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Introduction

INFORMIX-4GL is a fourth-generation language designed speci cally for
relational database applications. It allows you, the developer, to move
quickly from the conceptual stage to an application program. 4GL includes
statements that allow you to provide your users with all the essential opera-
tions for manipulating information. By offering you procedural statements
and allowing calls to C functions, 4GL also offersa ner granularity of control
when needed.

For example, within one 4GL program you can:

* Create windows, menus, and screen forms that facilitate the user s task of
entering and retrieving data.

* Extract information and display it in an attractive report format.

About This Manual

This manual is an annotated tour of the programming facilities available with
4GL. You do not need 4GL experience to use this manual. However, a knowl-
edge of SQL (Structured Query Language) is assumed. The Informix imple-
mentation of SQL is described in detail in a separate set of manuals: Informix
Guide to SQL: Tutorial, Informix Guide to SQL: Reference, and Informix Guide to
SQL: Syntax. Your 4GL manual set also includes some SQL information.

If you are new to the language, this manual will introduce you to the
principal 4GL programming techniques. If you are an experienced 4GL
programmer, this manual will provide models for programming many com-
mon projects. Note that this is not a complete reference to 4GL. It is intended
to work with the INFORMIX-4GL Reference Manual.

INFORMIX-4GL by Example contains a series of 30 programming examples that
range in complexity from simple procedures like creating ring menus
through more advanced topics like handling locked rows and using update
cursors.
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Summary of Chapters
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Each chapter begins with a chapter overview, which consists of a general
description of the program, followed by a discussion of the programming
techniques demonstrated in the example. A summary of all functions used in
the example appears at the end of the chapter overview. The remaining pages
of the chapter consist of the annotated code examples: code appears on the
right page with the corresponding descriptive notes on the left page.

The examples appear in generally increasing order of complexity; later
examples build on techniques and functions explained in earlier examples.

Summary of Chapters

Introduction

This manual contains the following chapters:

Example 1, Writing a Simple 4GL Program. Explains basic 4GL program
structure by describing how to implement an application logo: a screen that
displays the name of the application being started.

Example 2, Displaying a Message Window. Explains how to implement a
generic message window.

Example 3, Populating a Ring Menu with Options. Describes how to
program a simple 4GL ring menu.

Example 4, Displaying a Row on a Form. Illustrates how to use forms to
provide an interface for interacting with the database.

Example 5, Programming a Query by Example. Demonstrates how to
collect search criteria from the user and then to construct and run a query.

Example 6, Querying and Updating. Explains how to allow the user to
update or delete a row quali ed through a query by example.

Example 7, Validating and Inserting a Row. Contains routines to add a
row to the database.

Example 8, Displayinga Screen Array ina Popup Window. Demonstrates
how to manage a simple screen array.

Example 9, Accessing a Table with a Single-Row Form. Combines
techniques demonstrated in earlier examples to provide a menu and form
interface for the standard SQL operations on a table.

Example 10, Accessing a Table with a Multi-Row Form. Demonstrates
how to manage a screen array for the standard SQL operations on a table.

Example 11, Implementing a Master-Detail Relationship. Illustrates how
to program a single-row master form with a multi-row detail form.



Summary of Chapters

Example 12, Displaying an Unknown Number of Rows. Demonstrates
how to handle an unknown number of entriesina xed-sized program array.

Example 13, Callinga C Function. Describes how to integrate C functions
with a 4GL program.

Example 14, Generating a Report. Illustrates how to produce a simple
report.

Example 15, Reporting Group Totals. Demonstrates how to create a more
complex report that includes group totals.

Example 16, Creating Vertical Menus. Illustrates two ways of creating
vertical menus: using a simple INPUT statement and a form with menu
options, and using an INPUT ARRAY statement and a generic menu form.

Example 17, Using the DATETIME Data Type. Demonstrates how to
handle DATATIME data in a 4GL program.

Example 18, Using TEXT and VARCHAR Data Types. Explains how to
display and update TEXT and VARCHAR columns available with Informix
Dynamic Server.

Example 19, Browsing with a Scroll Cursor. Demonstrates how to use a
scroll cursor to let the user browse through a set of selected rows.

Example 20, Combining Criteria from Successive Queries. Describes how
to revise a query with additional constraints produced by successive query
by example operations.

Example 21, Usingan Update Cursor. Demonstrates how to use an update
cursor to let the user selectively update database rows.

Example 22, Determining Database Features. Demonstrates how to
interpretthe elds in the SQLCA.SQLAWARN array upon opening a database.

Example 23, Handling Locked Rows. Illustrates how to handle locked
rows in your 4GL programs.

Example 24, Using a Hold Cursor. Demonstrates how to write batch-
oriented programs that take advantage of the hold cursor.

Example 25, Logging Application Errors. Demonstrates how to use an
error log to record application errors.

Example 26, Managing Multiple Windows. lllustrates how to program a
multi-window application.

Example 27, Displaying Menu Options Dynamically. Describes how to
display menu options based on a user s database permissions.
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How to Use This Manual

Example 28, Writing Recursive Functions. Demonstrates how to use
recursive algorithms in 4GL.

Example 29, Generating Mailing Labels. Illustrates how to produce multi-
column mailing labels.

Example 30, Generating a Schema Listing. Demonstrates how to interpret
the information in the system catalogs and produce a listing of a database
schema.

Appendix A. Lists the contents of the demonstration database.

Function Index. Identi es the location of all functions used in the programs
in 4GL by Example.

How to Use This Manual
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This manual contains a series of examples that, in general, build on one
another. Later examples use techniques and functions introduced in earlier
examples.

The manual was written to meet the needs of 4GL programmers with varying
levels of experience:

* [f you are new to 4GL, you will probably want to begin with Example 1
and read through the examples sequentially.

While this manual provides a detailed introduction to many common
programming techniques, it is not a comprehensive review of all 4GL fea-
tures, statements, and built-in functions. You will want to refer regularly
to the INFORMIX-4GL Reference Manual.

* If you are familiar with 4GL, you may want to concentrate on the code
listings for each example and refer to the annotations when you need
clari cation. If you nd that you do not understand something, you may
want to turn to an earlier example.

* Ifyou are an experienced 4GL programmer, you can review examples that
address programming tasks of interest.

How to Use The Examples

Introduction

The programs in this manual illustrate how to use 4GL to solve many
common programming tasks. They are presented in a style and sequence that
should be helpful to all 4GL programmers, including those who are new to
the language.



The Demonstration Database and Application Files

The examples illustrate how to perform particular programming tasks; they
are not the only ways to program with 4GL. A task may have many possible
solutions, and the one best suited to your application may depend on a vari-
ety of factors, including your hardware platform, programming conventions
and needs, and the database server.

The examples appear in increasing order of complexity. Many examples omit
important validations that should appear in a nished application. Indeed,
they are not industrial-strength programs, and should not be used asis in
your applications. Rather, they provide a model for addressing various 4GL
tasks and should be treated as the beginning point if you are preparing end-
user applications.

Whether you are an experienced 4GL programmer or someone just getting up
to speed in the use of the language, you are encouraged to experiment with
the programs to make them more complete and more appropriate for your
needs. For this reason, on-line versions of all les are provided as part of this
release. Suggestions for extensions to the programs appear in the annotation.
Similarly, alternate coding methods are discussed at several points.

Typographical Conventions

This manual uses a standard set of conventions to introduce new terms,
illustrate screen displays, identify 4GL keywords, and so forth.

When new terms are introduced, they are printed in italics. Illustrations that
show what you see on the screen as you use 4GL appear in computer font.
All keywords are shown in UPPERCASE LETTERS for ease of identi cation.
However, 4GL is case insensitive, and you need not use uppercase when writ-
ing your 4GL programs.

The Demonstration Database and Application Files

The examples in this manual assume that you are using the stores7 demon-
stration database. The demonstration database contains information about a
ctitious wholesale sporting-goods distributor and is described in detail in

Appendix A.

Also included in the software are all the les for the examples referenced in
this manual. The examples are installed with the software in the
$INFORMIXDIR/demo/fglbe directory. For the U.S. English locale, they are
located in the en_us/0333 subdirectory within the fglbe directory.
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Two scripts exist to help you make a copy of the database and the examples:

* The script you use to make a copy of the demonstration database is called
dbaccessdemo7; it is located in the $INFORMIXDIR/bin directory.

* The script you use to make a copy of the examples is called fglexcopy;
it also is located in $SINFORMIXDIR/bin.

Instructions on how to use these two scripts appear in the next sections.

If you installed your 4GL software according to the installation instructions,
the les that make up the demonstration database and examples are pro-
tected so that you cannot make changes to them. You can run dbaccessdemo?7
and copy the example les again whenever you want a fresh demonstration
database and application.

Creating the Demo Database on Informix Dynamic Server

Introduction

Use the following procedure to create and populate the demonstration
database:

1. Set the INFORMIXDIR environment variable so that it contains the name
of the directory in which your Informix products are installed.

See the Informix Guide to SQL: Reference for a full description of environ-
ment variables. An appendix in the INFORMIX-4GL Reference Manual also
describes environment variables.

2. Set the SQLEXEC environment variable to the pathname of Informix
Dynamic Server ($INFORMIXDIR/lib/sqlturbo).

3. Create the demonstration database by entering:
dbaccessdeno?

The examples in this book are written to work with a non-ANSI-compliant
database that supports transactions.

When you run dbaccessdemo7, the data for the database is put into the root
dbspace for your database server.

To give other users SQL privileges to access the database, use the GRANT and
REVOKE statements. These statements are described in the Informix Guide to
SQL: Syntax.
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Creating the Demo Database on INFORMIX-SE

Use the following procedure to create and populate the demonstration
database in an INFORMIX-SE environment:

1. Set the INFORMIXDIR environment variable so that it contains the name
of the directory in which your Informix products are installed.

See the Informix Guide to SQL: Reference for a full description of environ-
ment variables. An appendix in the INFORMIX-4GL Reference Manual also
describes environment variables.

2. Set the SQLEXEC environment variable to the full pathname of the
INFORMIX-SE database server ($INFORMIXDIR/lib/sqglexec).
3. Create a new directory for the demo database by entering:

nkdir dirnanme
You also might want to place the 4GL by Example application les in this
directory.
4. Make the new directory the current directory by entering:

cd dirnane
5. Create the demonstration database by entering:

dbaccessdenpn7

The examples in this book are written to work with a non-ANSI-compliant
database that supports transactions.

When you run the dbaccessdemo7 script, it creates a subdirectory called
dbname.dbs (by default, stores7.dbs) in your current directory and places the
database les there.

To use the database, you must have UNIX READ and EXECUTE permissions
for each directory in the pathname of the directory that contains the database.
Check with your system administrator for more information about operating
system le and directory permissions. UNIX permissions are discussed in the
INFORMIX-SE Administrator s Guide.

To give other users the SQL privileges to access the database, use the GRANT
and REVOKE statements. These statements are described in the Informix Guide
to SQL: Syntax and in the INFORMIX-4GL Reference Manual.
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Copying the Example Files

Use the following procedure to copy the example les into your current
working directory:

1. If you have not already done so, create a new directory for the example
les by entering:
nkdir dirnanme
2. Make the new directory the current directory by entering:

cd dirnane
3. Copy the example les.
If you use the fglexcopy script to copy the example les, you can specify
the name of the database that appears in all DATABASE statements. If you
copy the les from the command line, you must edit the DATABASE
statements.

To run the fglexcopy script, enter the following command:

f gl excopy

The fglexcopy script copies a complete set of all application source les into
your current directory. These les are not executable. To run the examples,
you must rst compile the les. The compilation procedure is described in
the next section.

Running an Example

Introduction

Before you can run an example, you must rst compile the 4GL module along
with any form speci cations and help message le used in the example. The
following paragraphs brie y outline this process. See Chapter 1, Compiling
INFORMIX-4GL Source Files, of the INFORMIX-4GL Reference Manual for
information about compiling source les.

Use the following procedure to produce an executable example:
1. Compile the form speci cations for the example.
At the command line, enter a command of the form:
formdgl fornfile.per
This generates the compiled form le.frm le.

Because a compiled form requires little disk space, you may want to
compile all forms at one time.
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2. Compile the 4GL source module for the example:
* To compile a 4GL source le using the C Compiler, enter:

c4gl source. 4gl -0 output.4ge
where source is the name of the source le and output is the name of
the output le. This command generates the compiled output.4ge le.
You can run the compiled source le at the command line by entering:
out put . 4ge
* To compile a 4GL source le using the Rapid Development System,
enter the following command:
fgl pc source. 4gl
where source is the name of the source le. This generates the
compiled source.4go le. You can run the compiled source le at
the command line by entering:
fglgo source

Compiled 4GL programs are quite large. If your disk space is limited, you
can wait to compile a program until you are ready to use it.

3. Compile the help message le.
To compile the help message le, at the command line, enter:

nkmessage hl pnsgs. src hl pnsgs

This generates the compiled hlpmsgs le. This help le name appears in
the OPTIONS statement in those examples that use a help le.

Example 13, Calling a C Function, requires additional compilation
steps. The example overview includes detailed information about how to
run the example.
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Files Used in Each Example

The following table lists all les used in each example.

Example
Number

exl
ex2
ex3
ex4
ex5
ex6
ex?
ex8
ex9
ex10
ex11

ex12
ex13
ex14
ex15

ex16
ex17

ex18
ex19
ex20
ex21
ex22
ex23
ex24
ex25
ex26
ex27
ex28
ex29
ex30

Files Accessed in the Example

ex1.4qgl, f_logo.per

ex2.4gl

ex3.4gl, hlpmsgs.src

ex4.4gl, f_custkey.per, f_custsum.per

exb5.4gl, f_customer.per

ex6.4gl, f_customer.per, hipmsgs.src

ex7.4gl, f_stock.per

ex8.4gl, f_stock.per, f_manufsel.per

ex9.4gl, f_customer.per, f_statesel.per, hlpmsgs.src

ex10.4gl, f_manuf.per

ex11.4gl, f_orders.per, f_custsel.per, f_stocksel.per, f_ship.per,
hlpmsgs.scr

ex12.4qgl, f_ship.per, f_custsel.per, f_ordersel.per, hlpmsgs.src

ex13.4gl, ex13a.4gl, f_name.per, fgiusr.c, fglgets.c, ex13r.sh, ex13i.sh

ex14.4qgl

ex15.4gl, f_orders.per, f_custsel.per, f_stocksel.per, f_ship.per,
hlpmsgs.src

ex16a.4gl, ex16b.4gl, f_menu.per, f_menu2.per, hlpmsgs.src

ex17.4qgl, f_custcall.per, f_customer.per, f_edit.per, f_statesel.per,
hlpmsgs.src

ex18.4qgl, f_catalog.per, f_catadv.per, f_catdescr.per

ex19.4gl, f_customer.per, hipmsgs.src

ex20.4qgl, f_customer.per, f_answer.per, hlpmsgs.src

ex21.4gl, f_custkey.per, f_custsel.per, f_date.per, f_payord.per

ex22.4gl

ex23.4gl, f_customer.per, f_custkey.per, f_custsel.per, hipmsgs.src

ex24.4gl, ex24.unl

ex25.4gl, f_customer.per, f_statesel.per, hipmsgs.src

ex26.4qgl, f_logo.per, f_customer.per, f_orders.per, f_stock.per

ex27.4gl, f_customer.per, f_answer.per, hlpmsgs.src

ex28.4gl, ex28pa.unl, ex28pt.unl

ex29.4gl

ex30.4gl, f_name.per

The names of all les used in an example appear in the comment header at
the top of each 4GL program module.
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Naming Conventions

The programming examples follow a standard set of conventions to name
various 4GL identi ers in the application programs. The naming conventions
used in these examples are summarized in the following table.

Program Object

Global records and arrays:
global records
global arrays
global variables

Module records and arrays:
module records
module arrays
module variables

Local records and arrays:
local records
local arrays
local variables

Screen records and arrays:
screen records
screen arrays
screen variables

Other objects:
cursors
windows
forms

Pre x

ar_
ga_
9_

mr_
ma_
m_

pr_
pa_
no pre x used

sr_
sa_
no pre x used

f

queries (in CONSTRUCT) q_

prepared statement

st

record elements de ned with LIKE;
same name as the table’s column

Example

gr_customer
gr_items
g_custnum

mr_currcust
ma_kidstack
m_nextkid

pr_orders
pa_manuf
stock_cnt

sr_customer
sa_items
stock_num

c_cust
w_warn
f_customer
g_cust
st_selstmt

The portion of the name that follows a pre x attempts to describe, as fully as
possible, the purpose of the variable.

Using the Examples with Prior Releases

The application programs in 4GL by Example were written for releases 4.1 and
later, of INFORMIX-4GL. You can use the manual and the sample programs
with earlier versions of the product. However, for releases prior to 4.1, you
may need to remove or replace code in several of the examples.
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If you are using a release prior to 4.1, consider the following:

¢ Example 3 includes a MENU statement featuring two options that begin
with the same letter.

* Examples 6,9, 17, 19, and 25 include an AFTER CONSTRUCT clause and
a CONTINUE CONSTRUCT statement, and use the HELP clause of the
CONSTRUCT statement.

e Examples 10, 12, and 16b include calls to the FGL_LASTKEY() and the
FGL_KEYVAL() built-in functions.

e Examples 19, 20, and 27 include calls to the FIELD_TOUCHED() built-in
function, as well as HIDE OPTION, SHOW OPTION, and CONTINUE
CONSTRUCT statements, and BEFORE MENU and AFTER CONSTRUCT
clauses.

e Example 23 includes a WHENEVER ANY statement.

* Example 26 includes a variable as the form name in an OPEN FORM
statement.

Additional Documentation
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For additional information, you might want to refer to the following types of
documentation:

¢ Documentation included with 4GL
* On-line manuals

* On-line help

* On-line error messages

¢ Related reading

Documentation Included with 4GL

Introduction

The 4GL documentation set includes the following additional manuals:

* INFORMIX-4GL Installation Guide is a pamphlet that describes how to
install the various 4GL products.

* INFORMIX-4GL Reference Manual is a day-to-day, keyboard-side compan-
ion for 4GL programmers. It describes the features and syntax of the 4GL
language, including 4GL statements, forms, reports, and the built-in func-
tions and operators.
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* INFORMIX-4GL Concepts and Use introduces 4GL and provides the context
needed to understand the other manuals in the documentation set. It cov-
ers 4GL goals (what kinds of programming the language is meant to
facilitate), concepts and nomenclature (parts of a program, ideas of data-
base access, screen form, and report generation), and methods (how
groups of language features are used together to achieve particular
effects).

* Guide to the INFORMIX-4GL Interactive Debugger is both an introduction to
the Debugger and a comprehensive reference of Debugger commands
and features. The Debugger allows you to interact with your 4GL pro-
grams while they are running. It helps you learn more about the 4GL
language and determine the source of errors within your programs.

* Documentation Notes, which contain additions and corrections to the
manuals, and Release Notes are located in the directory where the product
is installed. Please examine these les because they contain vital informa-
tion about application and performance issues.

On-Line Manuals

The Informix Answers OnLine CD allows you to print chapters or entire
books and perform full-text searches for information in speci ¢ books or
throughout the documentation set. You can install the documentation or
access it directly from the CD. For information about how to install, read, and
print on-line manuals, see the installation insert that accompanies Answers
OnLine. You can also access Answers OnLine on the Web at the following
URL: www.informix.com/answers.

On-Line Help

4GL provides on-line help; invoke help by pressing CONTROL-W.

On-Line Error Messages

Use the nderr script to display a particular error message or messages on
your screen. The script is located in the $INFORMIXDIR/bin directory.

The nderr script has the following syntax:
finderr nsg_num

where msg_num indicates the number of the error message to display. Error
messages range from -1 to -32000. Specifying the minus sign ( - ) is optional.
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For example, to display the -359 error message, you can enter either of the
following:

finderr -359
or, equivalently:
finderr 359

The following example demonstrates how to specify a list of error messages.
The example also pipes the output to the UNIX more command to control the
display. You can also direct the output to another le so that you can save or
print the error messages:

finderr 233 107 113 134 143 144 154 | nore

A few messages have positive numbers. These messages are used solely
within the application tools. In the unlikely event that you want to display
them, you must precede the message humber with the + sign.

The messages numbered -1 to -100 can be platform-dependent. If the message
text for a message in this range does not apply to your platform, check the
operating system s documentation for the precise meaning of the message
numbper.

Related Reading

The following publications provide additional information about the topics
that this manual discusses:

* Informix database servers and the SQL language are described in separate
manuals, including the Informix Guide to SQL: Tutorial, Informix Guide to
SQL: Syntax, and Informix Guide to SQL: Reference.

* Information about setting up Informix database servers is provided in the
Administrator s Guide for your particular server.

Informix Welcomes Your Comments
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Introduction

Let us know what you like or dislike about our manuals. To help us with
future versions of our manuals, we want to know about any corrections or
clari cations that you would nd useful. Include the following information:

* The name and version of the manual that you are using
* Any comments that you have about the manual
* Your name, address, and phone number



Informix Welcomes Your Comments

Write to us at the following address:

Informix Software, Inc.
SCT Technical Publications
4100 Bohannon Drive
Menlo Park, CA 94025

If you prefer to send electronic mail, our address is:
doc@informix.com

We appreciate your suggestions.
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Writing a Simple 4GL
Program

This example shows how to display a logo banner to identify a program
while the program is initializing. You can copy and adapt the 4GL code to
provide a logo banner for your own application.

This example also illustrates the fundamentals of 4GL in much the same way
that the classic hello, world program illustrates the C programming language.
4GL enhances the set of standard SQL database statements with screen inter-
action statements, ow control statements, and other statements that make it
easier to program a database application.

This example demonstrates the following display techniques:

¢ Displaying a form.

¢ Displaying information ina eld on the form.

* Displaying text at a row and column location.

e Setting display attributes such as reverse video.

Example 1 also demonstrates the following 4GL programming techniques:

* De ning a MAIN function for the 4GL program.
* De ning supporting functions.

¢ Calling functions with parameters.

* De ning variables.

¢ Assigning values to variables.

* Opening and closing forms.

Later examples will show you how to display database information and how
to collect information from the user.
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Displaying Information Using a Form

Forms are the most important screen interaction element provided by 4GL.
Forms visually organize information, making it easy for the end-user to inter-
act with the database.

A form displays static text and elds. The static text in the form never
changes, but information ina eld can change during the execution of the
program. For example, a eld can display the value of a column in the data-
base. The value might be different in each database row. You can also activate
a form so that the user can position the cursor in the form elds and change
the values displayed in the elds.

You specify the layout of the form in a form speci cation le, not in the code of
afunction. The form speci cation le iscompiled separately. The structure of
the form is independent of the use of the form. For example, one function can
use a form to display a database row, another to let the user enter a new data-
base row, and still another to let the user enter criteria for selecting database
rows. After compiling a satisfactory form, you rarely need to change the form
speci cation.

In Example 1, the f_logo form uses a eld to display the current date.

The MAIN Function
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The MAIN function is a special function that executes automatically when the
user starts the program. The program starts with the rst statement in the
MAIN function and ends with the last statement.

To use a block of statements in several locations or to organize a series of
statements into a well-de ned unit, you place the statements in a function
de ned with the FUNCTION statement. You can invoke the function with the
CALL statement to execute the statements within the function. The effect is
much the same as if the function s statements had been inserted at the loca-
tion of the CALL statement.

In Example 1, the statements that display the logo appear in the dsply_logo()
function to simplify the MAIN function.

Writing a Simple 4GL Program
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The DISPLAY Statements

The dsply_logo() function uses three versions of the DISPLAY statement:

DISPLAY FORM Displays a form containing the xed text of the logo.

DISPLAY AT Displays text at a speci ¢ row and column location. The
DISPLAY AT statement is not associated with a form but
rather displays information ontop of the form.

DISPLAY TO Displays a value ina eld on the form.

DISPLAY FORM DISPLAY AT

Function Overview
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DISPLAY TO

Function Name Purpose

dsply_logo() Displays the logo form with the current date.

To locate any function de nition, see the Function Index on page 730.

Example 1
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When the elds on aform correspond to columns in a database, you can take
advantage of some 4GL shortcuts by identifying the database. The f_logo
form does not display values from any database column, so the DATABASE
section speci es the form as formonly. The DATABASE section is required.

In the SCREEN section, the lines enclosed by the braces (shaded in gray on the
opposite page) are a template for the screen display. All text outside of the
brackets is static, displaying as it appears in the le.

Within the SCREEN section, brackets indicate the beginningand end ofa eld.
Each eld must have an identi er tag. In the f_logo form, there is one eld
with the d1 tag.

The ATTRIBUTES section mapsa eld identi ertagto a screen variable name.

The screen variable name is what you use in a4GL program to addressa eld.

In the f_logo form, the screen variable name is appdate. Because the eld tag

is distinct from the screen variable name, you can embed a terse tag in a short
eld and still use a longer, more readable name for the screen variable.

The ATTRIBUTES speci cation for the screen variable includes the data type.
The data type speci es the kind of information handled by a database col-
umn or 4GL variable. Because you specify the data type, 4GL can manipulate
the information ef ciently and appropriately. In the f_logo form, the appdate
screen variable displays dates.

The ATTRIBUTES speci cation for a screen variable can also specify

formatting for the information displayed in the eld. The format controls

the insertion of punctuation into the value. The formatting makes the

information much more readable without interfering with editing in the
eld. Special tokens represent the components of the value:

Token Represents

ddd alphabetic day of the week
nmm alphabetic month

dd two-digit day of the month
yyyy four-digit year

Here is an example: (Thu) Nov 21, 1998.

Ordinarily, the elds of a form have bracket delimiters so the user can clearly
distinguish the elds for editing values. If the user can never edit the values,
it is a good idea to change the delimiter character to a space so the elds
appear to be text within the form. The INSTRUCTIONS section of the f_logo
form makes this change.

Writing a Simple 4GL Program
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f_logo form file

10 DATABASE fornonly

SCREEN
20 ¢
4 4 ceecee L BBBBB \% \%
4 4 G L B B Y oY
4 4 G L B B Y Y
444444 G L BBBBB Y
4 G GGG L B B Y
4 G G L B B \%
4 GGGG LLLLLL BBBBB Y
EEEEEE X X AAAA M M  PPPPPP L EEEEEE
E X X A A MMMM P P L E
E X X A A MMM P P L E
EEEEE X AAAAAA M M PPPPPP L EEEEE
E X X A A M M P L E
E X X A A M M P L E
EEEEEE X X A A M M P LLLLLL  EEEEEE
30 [d1 ]
}
ATTRI BUTES

4[] d1 = fornonly. appdate type date, format = "(ddd) mm dd, yyyy";

I NSTRUCTI ONS
50 DELIM TERS " "
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The statements between the MAIN and END MAIN statements constitute the
MAIN function, which is the special function started when the user runs the
program.

The MAIN function uses the CALL statement to execute the dsply_logo()
function. When the dsply_logo() function nishes, the line after the CALL
statement executes, which in Example 1 isthe END MAIN statement. The END
MAIN statement terminates the MAIN function and thus the program.

You can execute function calls from within the body of any other function.
For example, the dsply_logo() function could call other functions. You can
call functions within expressions as well as with the CALL statement.

The CALL statement passes the length of time for displaying the logo as a
parameter to the function. In the example, the parameter is three seconds, but
in another context, you could call the dsply_logo() function with more or
fewer seconds.

The dsply_logo() Function
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The de nition for the dsply_logo() function starts with the FUNCTION
statement and ends with the END FUNCTION statement.

The FUNCTION statement for dsply_logo() speci es a single parameter
named sleep_secs. You must call a function with the speci ed number of
arguments.

The DEFINE statement de nes the thedate and sleep_secs variables. As with
the screen variable in the f_logo form speci cation le, the speci cation for
each variable indicates the type of data stored by the variable. For example,
thedate is a variable of type DATE.

Because these variables are de ned within the function, they are local to
dsply_logo(). That is, the variables exist from the start through the end of
dsply_logo() but not outside the function. Also, the variables do not retain
their values from one invocation of dsply_logo() to the next.

The sleep_secs variable corresponds to the parameter of the dsply_logo()
function. You must de ne each function parameter as a local variable within
the function. 4GL automatically assigns the value of the parameter to the
sleep_secs variable when the dsply_logo() function is called.

Writing a Simple 4GL Program
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4GL source file

CALL dsply_l ogo(3)
END MAI N

FUNCTI ON dspl y_| ogo(sl eep_secs)

DEFI NE sl eep_secs

t hedat e

SMALLI NT,

DATE

Example 1
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The OPEN FORM statement loads the f_logo form into memory and assigns
the app_logo identi er to the form. After the OPEN FORM statement, you
always use the form identi er to manipulate the form rather than the le
name.

The OPEN FORM statement does not display the f_logo form. To do that, you
use the DISPLAY FORM statement. You can display a form any number of
times without having to open it again. You must display a form before you
can use it in user interaction statements.

Displaying the form takes much less time if the form is already open. Thus,
you may want to open the principal forms in your program when the pro-
gram is starting up so that the forms can be displayed quickly thereafter.

The f_logo form is available until closed with the CLOSE FORM statement. In
Example 1, the form is closed near the end of the dsply_logo() function, but
the form could have been closed in the MAIN function or anywhere else in the
program. That is, in contrast with a local variable, the form identi er is not
restricted to the function containing the OPEN FORM statement. The form
associated with the form identi er is available until you close it explicitly.

The DISPLAY AT statement places a phrase on the screen starting at the
second row and the 15th column.

You can think of the terminal screen as a grid composed of each position
where you can display a character. On many terminals, the screen grid has
24 rows and 80 columns. The rst row is at the top of the screen and the rst
column at the far left of the screen.

The DISPLAY AT statement does not make use of the f_logo form and could
have positioned the phrase at any screen location far enough away from the
right screen edge to show the entire phrase.

The ATTRIBUTES clause displays the phrase in reverse video and, on color
monitors, in green. Many of the 4GL screen statements let you customize the
display with an ATTRIBUTES clause.

The ability to display information at a speci ¢ row and column is handy
when you need to display status information or other information that
changes frequently. As in the dsply_logo() function, you can use the DISPLAY
AT statement to give a form a title speci c to the context in which the formis
being used.

The LET statement assigns the current date to the variable thedate. To
generate the value, Example 1 uses the TODAY function, which is built into
4GL. In the same way, you can use one of your functions to generate a value
for assignment with a LET statement.
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OPEN FORM app_l ogo FROM "f _| ogo”
DI SPLAY FORM app_| ogo

DI SPLAY " | NFORM X-4GL By Exanple Application" AT 2,15
ATTRI BUTE ( REVERSE, GREEN)

LET thedate = TODAY
DI SPLAY t hedate TO fornonly. appdat e

Example 1
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The DISPLAY TO statement displays the value of the date in the eld
associated with the screen variable appdate, which was speci ed in the
f_logo form speci cation le. As in all statements that move data to and from
a form, you must supply a corresponding program variable for each screen
variable.

A value displayed in a form eld must be convertible to the data type of the
associated screen variable. Similarly, a value entered in a form eld must be
convertible to the data type of the program variable that receives it.

For example, 4GL can convert a character value consisting of numbers for
storage in an INTEGER variable. 4GL cannot, however, generate a numeric
value for an alphabetic character value.

The safest approach is to use the same data type in both the program variable
and the screen variable. In the dsply_logo() function, both appdate and
thedate variables are of type DATE.

You can also use closely related data types with con dence as long as the
target variable can store a larger value than the source variable. For example,
it is safe to display the value of a SMALLINT screen variable in an INTEGER
screen variable, but not vice versa.

In the DISPLAY TO statement, the formonly quali cation for the appdate
variable is optional. You must supply the quali cation if the form mixes
FORMONLY screen variables with screen variables that correspond to data-
base columns.

The SLEEP statement suspends execution to give the user time to view the
logo. The number of seconds slept was passed by the sleep_secs parameter in
the call to the dsply_logo() function.

If you create a logo function, you can omit the SLEEP statement if the program
spends enough time opening forms and performing other initialization tasks
to let the user view the logo.

The END FUNCTION statement terminates the dsply_logo() function,
returning control to the statement that called dsply_logo().

In this case, control returns to the MAIN function.

Writing a Simple 4GL Program



The dsply_logo() Function

s SLEEP sl eep_secs
CLOSE FORM app_| ogo

9[] END FUNCTION -- dsply_logo --

To locate any function de nition, see the Function Index on page 730.
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Displaying a Message
Window

One of the most important interface features of 4GL is its support for
windows. You can enclose a form or other information in a window.

This example uses a window to display a message. The message can report
an error or convey any other useful information. Because the message
appears in a window, you can use it in any context without confusing the
user.

L )

AFPLTCATIIN MESTABE

When you display a window on the screen, the window overlays some or all
other information on the screen. Some portion of the user s previous activi-
ties are behind the window, which can have a border to prevent confusion
with the background. When you close the current window, the overlaid infor-
mation redisplays so the user can resume work.

This example demonstrates the following 4GL programming techniques:
* Opening and closing a window.

¢ Testing for conditions before performing actions.

¢ Performing actions repeatedly in a loop.

¢ De ning global variables.

* Manipulating a list of values with an array.
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De ning Global Variables

* Prompting the user.
* Modifying values with character and arithmetic expressions.

De ning Global Variables

In this program a GLOBALS statement de nes an array to store the lines in an
error message. An array is a list of variables or records with the same de ni-
tion. Because Example 2 de nes the array globally, the array can be used in
any module in a multi-module program.

The MAIN Function

The MAIN function detects an imaginary error condition of which the user
should be noti ed. MAIN assigns each line of the error message to an element
of the global array and then calls the message_window() function.

The message_window() function could be called from any other function of
the program. That is, this function provides a common subroutine for dis-
playing messages within the application.

Displaying Messages in a Window
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The message_window() function performs the following actions:
1. Counts the number of elements of the array that contain text.
2. Opens a message window with enough lines for the text.

3. Displays each element of the array as a separate line of text in the message
window.

4. Prompts for con rmation that the user has read the error message.
5. Closes the message window.
Because the program places the text of the message in the global array rather

than passing the text as parameters, the call to message_window() does not
have to spend time copying the message text to the function variables.

Displaying a Message Window



Function Overview

To remove the dependence on a global message array, you could create a
message function that accepts the message text as an argument:

FUNCTI ON nessage_box()

DEFI NE caution_mnsg CHAR(50),
confirmnsg CHAR( 50) ,
dunmy SMALLI NT
LET confirmnsg = "Press any key to continue."
CALL yesno_box(caution_nsg, confirmnsg) RETURNI NG dunmy
END FUNCTI ON -- nessage_box --
FUNCTI ON yesno_box(caution_nsg, confirm nsg)
DEFI NE cauti on_nsg CHAR( 50) ,
confirmmsg CHAR(50),
yes_no CHAR( 1)

OPEN W NDOW w_yesno AT 10, 10
WTH 4 ROA5, 56 COLUWNS
ATTRI BUTE ( BORDER, MESSAGE LI NE Fl RST+1,
PROWVPT LI NE FI RST+2)

MESSAGE cauti on_nsg
PROWPT confirm nmsg CLI PPED FOR CHAR yes_no
CLOSE W NDOW w_yesno

RETURN ( DOWNSHI FT(yes_no) = "y")
END FUNCTI ON -- yesnho_box --

However, to display several lines of text in a message box, you may need to
create a function that can separate a single message argument into separate
lines.

Example 4 contains a function called prompt_window() that implements a
Yes/No box using the global message array.

Function Overview

Function Name Purpose

message_window() Opens a window and displays the contents of the
ga_dsplymsg global array.
init_msgs() Initializes the members of the ga_dsplymsg array to null.

To locate any function de nition, see the Function Index on page 730.
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The GLOBALS statementde nesthe ga_dsplymsg array as a global array. The
array contains ve identical character variables that are 48 characters long.

In a program with multiple modules, the global de nitions must appear in
each module. To reduce maintenance problems, it is usually easier to put the
de nitionsina le and specify the le with the GLOBALS statement.

Also note that, to make a variable visible in all functions within a module,
you can place the de nition outside any function.

The MAIN function uses the INITIALIZE statement to set each element in the
ga_dsplymsg array to null. This step is important because the program later
tests the value of each element in the array. In general, you must assign a
value to a variable at least once before testing the variable. In this example,
elements in the array that are null are not displayed in the message window.

After the ga_dsplymsg array is initialized, the program can use it in any
function to display a message to the user. As it happens, the MAIN function
immediately uses the array, but many lines could have separated the initial-
ization and the use.

MAIN sets the rst array element to the rst line of the message and the
second array element to the second line of the message. You supply the num-
ber of the array element within brackets after the array name.

The program constructs the second line of the message using a character
expression. The rst component of the expression is a character constant
stated within quotation marks (the phrase database due to an error:). The
comma, which is the concatenation operator, appends the value of the dbstat
variable to the phrase. Finally, the USING keyword introduces a format that
controls the punctuation and justi cation of the value of dbstat. The format-
ting tokens are the same as those used in the speci cation ofaform eld. The
format for dbstat justi es the value on the left and pre xes the value with a
minus sign if the value is negative.

After assigning the message to the array, MAIN calls the message_window()
function to display the message placed in the array. The parameters to
message_window() control the row and column at which the top left corner
of the window is anchored.

Displaying a Message Window



The GLOBALS Statement and MAIN Function

4GL source file

GLOBALS
# used by init_msgs(), nessage_w ndow(), and pronpt_w ndow() to allow
# wuser to display text in a nessage or pronpt w ndow.

10 DEFI NE ga_dspl ymsg ARRAY[ 5] OF CHAR(48)
END GLOBALS
MAI N
DEFI NE i SMALLI NT,
dbst at | NTEGER

LET dbstat = -3720
20 I NI TI ALI ZE ga_dspl ynsg TO NULL

30 LET ga_dspl ynsg[ 1] "The record has not been inserted into the"
LET ga_dspl ynsg[ 2] dat abase due to an error: ",
dbstat USI NG " - <<<<<<<<<<<"

CALL nessage_wi ndow( 3, 4)
END MAI N
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The array_sz variable acts as a constant for the size of the ga_dsplymsg global
array. The array_sz variable is assigned 5 with rst LET statement and keeps
the value for the rest of the message_window() function. The bene t of this
approach is that, if you change the size of the array, you need only modify the
LET statement rather than all of the code that works with the array.

The message_window() function rst determines the height of the message
window in lines. It starts by setting the numrows variable to 4 to reserve
space for the border and margin of the window.

The function then counts the number of elements in the ga_dsplymsg array
that are not null, using a FOR statement. The ISNOT NULL operator compares
the value of the array element to null.

When an array element has a value, the code block within the IF statement
executes. In this case, the block consists of a single LET statement, which adds
one to the current value of the numrows variable.

At the end of the FOR loop, the message_window() function has added the
number of text lines in the array to the initial value of numrows.

The OPEN WINDOW statement creates a new window and assigns the w_msg
identi er to the window. Like forms, windows remain open until explicitly
closed. As it happens, the w_msg window is closed at the end of the
message_window() function, but it could be closed in the MAIN function or
elsewhere.

The row and column coordinates of the top left corner of the window are
obtained from the x and y parameters, which were passed to the
message_window() function by the CALL statement in the MAIN function.

To set the number of rows in the height of the window, the OPEN WINDOW
statement evaluates the numrows variable. The number of columns in the
width of the window is set to 52, which is the maximum length of a text line
in the ga_dsplymsg array plus four characters for the margin and border on
the left and right sides.

The ATTRIBUTES clause displays the window with a border and sets the
location of the prompt. The border takes up an extra character position
outside the stated positions for the window.

For example, a window with a stated width of 40 columns actually occupies
42 columns when you add a border. Thus, on a 24-row by 80-column termi-
nal, the maximum size for a bordered window is 22 by 78, and the position

for the maximum window would be at row 2 and column 2.
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The message_window() Function

FUNCTI ON nmessage_wi ndow( X, Y)

DEFI NE nunt ows SMALLI NT,
X,y SMALLI NT,
rownum i SMALLI NT,
answer CHAR(1),
array_sz SMALLINT -- size of the ga_dsplynsg array

LET array_sz =5
LET nuntows = 4 -- * nunrows val ue:
* 1 (for the wi ndow header)
* 1 (for the wi ndow border)
.- 1 (for the enpty line before
* the first line of nessage)
* 1 (for the enpty line after
.- the last line of nessage)
FORi =1 TO array_sz
| F ga_dsplynmsg[i] IS NOT NULL THEN
LET nuntows = nuntows + 1
END I F
END FOR

OPEN W NDOW w_nsg AT X, Yy

W TH nunt ows ROA5, 52 COLUWNS
ATTRI BUTE (BORDER, PROWPT LI NE LAST)
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Some terminals scroll the screen if you display a character in the bottom right
character position. You should also avoid positioning a window border or
other display in this location.

The DISPLAY AT statement displays a generic title for the message.

DISPLAY AT, like FORM and most of the 4GL screen statements, displays
within the current window. When no window is current, the screen is
regarded as a window the size of the terminal monitor.

The row and column coordinates apply within the current window. Thus, the
title APPLICATION MESSAGE appears at the rst row and 17th column of the
w_msg window.

Note that some terminals, such as some Televideo and Wyse models, cannot
display a character immediately before or after a border or other special
attribute (such as reverse video). These terminals have an sg#1 eld in their
entry in the termcap le. In case someone runs your program on one of these
terminals, be sure to leave the rst and last column positions blank on each
line of the window, as well as a blank character before the text that is dis-
played in reverse video.

In much the same way that the message_window() function previously used
the numrows variable and a FOR statement to calculate the number of lines
required for the message, the function uses the rownum variable and a FOR
statement to control the display of the message.

The message_window() function sets the rownum variable to 3 so that the
rst line of the message displays on the third line of the window.

The FOR statement then iterates through the ga_dsplymsg array. When the IF
statement discovers an array element with a value, message_window() uses
a DISPLAY AT statement to display the value on the row speci ed by the
rownum variable and at the second column of the current window. The IF
statement also increments the rownum variable so that the next value
displays on the next lower line of the window.

The CLIPPED operator within the FOR loop removes all trailing spaces before
displaying the value. You improve the performance of your program by not
displaying the spaces. When concatenating values, clipping trailing spaces
can be essential.

Displaying a Message Window
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DI SPLAY " APPLI CATI ON MESSAGE" AT 1, 17
ATTRI BUTE ( REVERSE, BLUE)

LET rownum = 3 -- * start text display at third line
FORi =1 TO array_sz
I F ga_dsplymsg[i] IS NOT NULL THEN

DI SPLAY ga_dspl ynsg[i] CLI PPED AT rownum 2
LET rownum = rownum + 1
END | F
END FOR

Example 2
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The PROMPT statement suspends execution until the user enters a single
value. In the message_window() function, the purpose of the prompt is to
keep the w_msg window on the screen until the user is ready to close it.

The PROMPT statement assigns the value entered by the user to the answer
variable. This variable is supplied only because it is required by the PROMPT
statement. The value of the answer variable is never used.

The message_window() function calls the init_msgs() function to initialize
the members of the ga_dsplymsg array to null before returning.

You should clear the array to prevent 4GL from displaying extraneous
messages. To see why this step is necessary, consider two messages. The rst
uses all ve elements of the array. The second uses only the rst three ele-
ments. When the message_window() function is called for the second mes-
sage, the last two elements of the array still store lines from the rst message.
To prevent this, the init_msgs() function initializes the array.

The init_msgs() Function
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The init_msgs() function is a separate function rather than part of the
message_window() function because the prompt_window() function needs
the same service. For more information about the prompt_window() func-
tion, see Example 4.

The init_msgs() function uses LET statements in a loop to initialize the
ga_dsplymsg array. You could also use the INITIALIZE statement; however,
it is somewhat slower.
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9[d PROVPT " Press RETURN to continue." FOR answer
CLOSE W NDOW w_ns g

100 CALL init_nsgs()

END FUNCTION -- nessage_w ndow - -

DEFI NE i SNVALLI NT

110 FORi =1T05
LET ga_dsplynsg[i] = NULL
END FOR

END FUNCTION -- init_nsgs --

To locate any function de nition, see the Function Index on page 730.
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Populating a Ring Menu
with Options

When you need to offer the user a set of possible options, you can create a
menu. Each option on the menu executes a separate block of code. You can
use menus to prompt the user for an option before continuing with an action.
You can also create a hierarchy of menus that structures your program.

This example creates the following menu:

( MO HE® k] Faurtn  Ewls \

This example introduces the following 4GL programming techniques:
* Populating a menu with options.

* Providing concealed options for experts.

* Running operating system commands.

e Con guring program execution options.

* Placing help in an external le.

Opening a Menu

The MAIN function sets options for execution of the program and then
displays a menu with supporting help messages. You place the help
messages in a separate le for faster lookup and to make translation easier.
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Demonstrating the Choice of a Menu Option

Demonstrating the Choice of a Menu Option

For demonstration purposes, the dsply_option() function reports the option
that was chosen. In your programs, options initiate distinct actions or set a
ag to distinct values.

Executing a Command Supplied by the User

The bang() function lets the user enter and execute any number of operating
system commands. The option that calls this function does not appear on the
menu.

Function Overview

Function Name Purpose

dsply_option() Creates an appropriate message and calls
message_window() to report the menu option chosen.

bang() Prompts the user for acommand and executes the command.

message_window() Opens a window and displays the contents of the
ga_dsplymsg global array. See the description in Example 2.

init_msgs() Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

To locate any function de nition, see the Function Index on page 730.
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The OPTIONS statement con gures the execution of Example 3. The

HELP FILE clause speci esthatthe hlpmsgs le stores the help messages. The
PROMPT LINE clause speci es that the PROMPT statement should display on
the last line of the screen.

Program execution options remain in effect until you change them. Some 4GL
statements let you change an option for a speci c entity. For instance, as
shown in Displaying a Message Window on page 43, the OPEN WINDOW
statement can set the prompt line for prompts within the window.

You can use the OPTIONS statement to specify the line location for forms,
menus, and most of the other 4GL screen statements. 4GL provides the special
constants FIRST and LAST for specifying line locations. You can use addition
or subtraction to specify a line location relative to FIRST or LAST.

The DISPLAY AT statement displays a separator line on the third line. As a
menu occupies two lines and displays by default on the rst two lines, the
separator falls immediately below the menu. You would want to position
other screen displays on the fourth line or below.

A visual separation between the menu and the information brought up by
the menu can improve the quality of the user interface.

The demonstration menu exists from the MENU statement to the END MENU
statement. Unlike a form or window, a menu is a continuous control block
residing within a single function.

The MENU statement speci es DEMO MENU for the title of the menu. The
title providesa xed point of reference when the menu contains more options
than can display at one time.

The COMMAND statement speci es an option for the demonstration menu.
The rst character string ( First ) is the title of the option within the menu.
The second character string ( This is the rst option of the menu. ) appears
on the line below the menu whenever the user highlights the option title.

In Example 3, the option description provides a short explanation. You can
also use the option description to provide a preview of the next set of options
in a hierarchical menu structure. This technique is used in many popular
spreadsheets.

When the user chooses an option, 4GL executes the code block between the
current COMMAND statement and the next COMMAND statement or, for the
last option, the END MENU statement. When the code block nishes execut-
ing, 4GL reactivates the menu. You can terminate the block prematurely using
the CONTINUE MENU or EXIT MENU statement.

Populating a Ring Menu with Options
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4GL source file

10 OPTI ONS
HELP FILE "hl pnsgs”,
PROVPT LI NE LAST

20 DI SPLAY

30  MENU "DEMD MENU'
40 COWAND "First" "This is the first option of the nmenu."
CALL dsply_option(1)
COWAND "Second" "This is the second option of the nmenu
CALL dsply_option(2)
COWRAND "Third" "This is the third option of the menu."
CALL dsply_option(3)
COWAND "“Fourth" "This is the fourth option of the nmenu
CALL dsply_option(4)

See Example 2.

HELP 1

." HELP 2

HELP 3

." HELP 4

Example 3
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In Example 3, most of the options call the dsply_option() function, which
reports the selected option for demonstration purposes. Your options will
initiate distinct, meaningful actions.

The order of the COMMAND statements determines the order in which
options appear on a menu. If all of the option titles will not t within the
screen width, 4GL displays ellipsis points to indicate the undisplayed options
and lets the user scroll to the undisplayed options.

The HELP clause speci es a message that 4GL displays if the user presses the
Help key (usually CONTROL-W) while highlighting the option. The OPTIONS
statement speci es the name of the message le.

The KEY clause of the COMMAND statement speci es the exclamation point
as the accelerator key for the menu option. While the menu is active, the user
can press an exclamation point to trigger execution of the code block, which
calls the bang() function.

An option can have either or both a title and an associated key or set of keys.
To hide dangerous or confusing options from most users, while making the
options available to expert users for whom you have provided documenta-
tion, use an option with a key only (no title). In this example, the option is
hidden because the bang() function executes operating system commands.

This technique does not provide a reliable security mechanism. For that, you
can provide restricted application administration functions to maintain a
database table of user accounts and their permissions. Example 25 and
Example 27 demonstrate how to retrieve the user name of the current user.

The Exit option on the demonstration menu executes the EXIT MENU
statement. When the user chooses this option, the menu terminates and 4GL
resumes execution with the line following the END MENU statement. As in
the example, the option that exits the menu is typically the last option.

If you do not provide an option or other mechanism for executing the
EXIT MENU statement, the user can never leave the menu. The menu reacti-
vates after the code block for an option nishes.

You can also use a menu to prompt the user to select one of a set of values,
rather than to execute one of a set of actions as here. In such a menu, each
command block would consist of a LET statement to store the selected value,
followed by EXIT MENU.

Example 3 executes the CLEAR SCREEN statement at the end of the MAIN
function so the screen is not confused when the command interpreter or
other calling program resumes.
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50 COWAND KEY ("!")
CALL bang()
60 COWAND "Exit" "Exit the program" HELP 100
EXI T MENU
END MENU

70 CLEAR SCREEN
END MAI N
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The dsply_option() Function
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800 The CASE statement tests for possible values of the option_num variable and

sets the option_name variable to an appropriate name. You could also test the
option_num variable with a series of IF statements, but the CASE statement is
more readable.

You can also use the CASE statement to list a series of independent tests rather
than a series of values. You can use the OTHERWISE clause of the CASE state-
ment as a catch-all for unanticipated cases.

900 After setting the option_name variable, dsply_option() uses the

message_window() function to report the selected option. As in Example 2,
the text of the message is assigned to the global array ga_dsplymsg before
calling message_window(). The GLOBALS statement de ning the array
appears at the top of the source le but is omitted here for brevity. For more
information about the message_window() function, see Example 2.
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FUNCTI ON dspl y_opti on(option_num

DEFI NE option_num
opti on_nane

s CASE option_num

WHEN 1

LET option_nane
WHEN 2

LET opti on_nane
WHEN 3

LET option_nane
WHEN 4

LET option_nane
END CASE

9l LET ga_dspl ynsg[ 1]

LET ga_dspl ynsg[ 2]

SNMALLI NT,

CHAR( 6)

"First"
" Second"
"Third"

"Fourth"

= "You have

option

CALL nessage_w ndow 6, 4)

END FUNCTION -- dsply_option --

sel ected the ", option_nanme CLI PPED,

fromthe"

DEMO menu. "
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The bang() Function

64

100

110

120

130

140

The bang() function uses a WHILE statement to let the user execute any
number of operating system commands. Unlike the FOR statement, which
loops for aspeci ed number of times, the WHILE statement loops inde nitely
until a condition is no longer met.

The WHILE statement in the bang() function requires that the user press the
bang (!) key before executing each operating system command. An alternate
WHILE statement, which would allow the user to type a series of operating
system commands without having to press the bang key, follows.

WHI LE key_stroke = "!"
PROVPT "uni x! " FOR cnd
I F LENGTH(cnmd) > O THEN -- test for enpty input
RUN crd
ELSE
LET key_stroke = ""
END | F
END VWHI LE

The approach demonstrated in the example works much like the bang facility
present in the UNIX vi editor; this WHILE statement would be preferable if
you expected users to type multiple operating system commands.

The key_stroke variable controls repetition of the loop. The LET statement
immediately before the WHILE statement sets key_stroke so that the loop will
execute at least once.

The rst PROMPT statement obtains an operating system command from the
user. It displays the following prompt: UNI X!

The RUN statement suspends the 4GL program and invokes the command.
The command has complete control of the screen for the duration of its exe-
cution. For example, the RUN statement can start up a command interpreter
to execute a batch e or to start an interactive session with the user.

When the operating system command terminates, the 4GL program resumes.
You can use the RETURNING clause to capture the exit status of the command.
You can also use the WITHOUT WAITING clause to run a command in the
background while the 4GL program continues to execute.

The second PROMPT statement preserves the nal display of the command
until the user is ready to restore the previous 4GL display. The CHAR clause
ends input on any keystroke. This contrasts with the rstPROMPT statement,
which (to let the user correct errors) requires that the user press the RETURN
or Accept key to end input.
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The bang() Function

1000 FUNCTI ON bang()

1100

1200
130
140

DEFI NE cnd

CHAR( 80) ,

key_stroke CHAR(1)

LET key_stroke = "!"
WH LE key_stroke = "!I"
PROWPT "uni x! " FOR cnd

RUN cnd

PROVPT "Type RETURN to continue."

END VWHI LE

END FUNCTI ON

bang --

FOR CHAR key_stroke

Example 3
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Because the key_stroke variable receives the keystroke, the expert user can
type an exclamation point to trigger repetition of the loop. Any other key-
stroke exits the loop (and the bang() function).

The hlpmsgs Message File

66

10 The help text for this example resides in a message le that is separate from

the 4GL source code les.

Within a message le, each message starts with a message identi er line. The
message identi er line consists of a period followed by a unique message
number that identi es the help message. The message number must be a pos-
itive small integer; negative numbers are reserved for Informix error mes-
sages. The message consists of all lines between the message identi er line
and a new message identi er line or the end of the le.

To use the help message leinaprogram, you must rstcompile the message
le with the mkmessage utility. An appendix in the INFORMIX-4GL Reference
describes the mkmessage utility.

Within the program, you use the OPTIONS statement to specify the message

le that contains the help messages. You can associate a help message num-
ber with an option in the COMMAND clause of the MENU statement. For
notes on using the help le with the example, see The MAIN Function on
page 58.

You can also associate a help message with a form eld in the eld speci ca-
tion within the ATTRIBUTES section of the form le.
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hlpmsgs message file

10 .2
This is the first option of the sanple nenu: DEMO MENU. It can be
sel ected by:
1. typing the letter "f" followed by the letter "i". The
second letter is required to distinguish between the "First"
and the "Fourth" option (also selected with the letter "f").
2. nmoving the cursor to the "First" option and pressing RETURN

.2
This is the second option of the sanple menu: DEMO MENU. It can be
sel ected by:
1. typing the letter "s"
2. noving the cursor to the "Second" option and pressing RETURN

.3
This is the third option of the sanple nenu: DEMO MENU. It can be
sel ected by:
1. typing the letter "t"
2. noving the cursor to the "Third" option and pressing RETURN

.4
This is the fourth option of the sanple menu: DEMO MENU. It can be
sel ected by:
1. typing the letter "f" followed by the letter "0". The
second letter is required to distinguish between the "Fourth"
and the "First" option (also selected with the letter "f").
2. nmoving the cursor to the "Fourth" option and pressing RETURN

. 100
This option | eaves the nenu and exits the program You are returned to
the environnent from which you called the program It can be selected by:
1. typing the letter "e"
2. nmoving the cursor to the "Exit" option and pressing RETURN

To locate any function de nition, see the Function Index on page 730.
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Displaying a Row on a Form

1.Writing a Simple 4GL Program
2.Displaying a Message Window
3.Populating a Ring Menu with Options
4.Displaying a Row on a Form
5.Programming a Query by Example
6.Querying and Updating
7.Validating and Inserting a Row
8.Displaying a Screen Array in
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26.Managing Multiple Windows
27.Displaying Menu Options Dynamically
28.Writing Recursive Functions
29.Generating Mailing Labels
30.Generating a Schema Listing



Displaying a Row
on akForm

This example uses forms to collect a customer number from the user and then
display a summary of all information about the customer. It demonstrates the
value of 4GL forms, which give the user an interface for interacting with the
database.

To move information from the database to a form, you rst retrieve the
information into program variables and then display the information on the
form. Similarly, to update a database row, you set program variables based
on the values of form elds and then update the database row from the
variables.

The following form appears in this example:
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De ning Records

This example introduces the following 4GL programming techniques:
* Retrieving information from the database.

* Collecting information from the user with a form.

* Handling data entry, database, and program errors.

* Returning values from functions.

* Manipulating a record composed of values of different types.

e Extracting and addressing a substring within a character value.

De ning Records

This example de nes a record to store several kinds of information about
customers. Resembling a C struct de nition or a Pascal record, a 4GL record is
a variable that speci es a set of other variables. The advantage of de ning a
record is that you can manipulate the components of the record as a unit.

A record differs from an array in that an array is a list of values of the same

type, whereas a record is a single collection of values that may have many dif-
ferent types. The example de nes the record globally so that it is available in
all functions.

Returning Values from Functions

70

A 4GL function can return values to the calling statement. You list the
variables that receive the values in the RETURNING clause of the CALL
statement.

If the function returns a single value, you can also call the function in an
expression to supply a value for the expression. For example, a function can
return a true or false value that is tested by a CASE, IF, or WHILE statement.

Testing a single value may seem strange if you are used to testing Boolean
expressions containing an equals sign or other logical operator. You should
recognize that a Boolean expression always evaluates to the true or false
value. Thus, the conditional statement really determines whether to execute
its code block based on a single value.
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Entering Information on a Form

Example 2 and Example 3 use the PROMPT statement to collect a single value
from the user. This example introduces the INPUT statement, which activates
a form so that the user can enter multiple values.

To use a form for data entry, you rst open and display the form. Then, you
use the INPUT statement to associate a list of program variables with the
screen variables that correspond to the elds on the form. When the user n-
ishes the data entry session, 4GL assigns the values of the elds to the pro-
gram variables.

As demonstrated in this example, an INPUT statement can reference a subset
ofthe eldsonthe form. The unlisted eldsare notactivated. Thatis, the user
cannot enter these elds.

This example also gives you a brief introduction to the AFTER FIELD clause of
the INPUT statement. The AFTER FIELD clause lets you perform actions such
as validationon a eld-by- eld basis. For more information about using the
AFTER FIELD clause, see Example 7.

The form used in this example prompts the user for a customer number. You
can also use forms to update existing database rows (see Example 6) or insert
new database rows (see Example 7).

Selecting Database Information

To qualify rows in the database and retrieve a single value or row, you use the
SQL SELECT statement.

One common use of the SELECT statement is to determine whether a value
entered by the user corresponds to a row in the database. This example
accomplishes this task by using the built-in COUNT(*) aggregate function to
count the number of rows that match the value entered by the user.

The COUNT(*) function is also used to count the number of orders and calls
outstanding for a customer, while the SUM() aggregate function totals the
charges for those orders.

Other SELECT statements retrieve the company and state for a particular
customer.
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Recovering from Runtime Errors

72

By default, 4GL terminates whenever a statement generates an error. This
behavior is desirable in most cases because you do not want to continue exe-
cuting with an unknown program state.

However, in some situations you may want to recover from the error within
the program and continue executing the program. The following technique
suppresses termination for the statement that can generate the recoverable
error:

® Suppress termination with the WHENEVER ERROR CONTINUE statement.
* Execute the statement.
* Resume termination with the WHENEVER ERROR STOP statement.

* Use an IF statement to execute the recovery code when the built-in status
variable has a value less than zero.

4GL automatically sets the status variable to zero when a statement succeeds
and to a negative number when a statement fails. After an SQL statement, the
status variable shows the same number as the built-in SQLCA.SQLCODE vari-
able. Unlike SQLCODE, however, 4GL also sets the status variable after a 4GL
screen statement.

The prompt_window() function uses this technique to adjust the positioning
of awindow, but later examples make extensive use of this technique for SQL
statements. SQL statements are particularly appropriate for recovery because
an SQL statement can be invalidated at runtime by changes in the database
schema or by locks on the desired rows.

You should always use the standard termination behavior for statements for
which you are not providing recovery code. The continuation behavior
increases the size of the executable code compiled from the 4GL code. In addi-
tion, terminating the program is the appropriate recovery mechanism for
statements for which you have not provided explicit recovery code.

Note that the WHENEVER statement is not a runtime statement that applies
to statements in the thread of execution. Instead, WHENEVER is an instruc-
tion to the compiler that takes effect when the module is compiled. That is,
the WHENEVER statement applies to all lower lines within the module until
the next WHENEVER statement or the end of the module. The WHENEVER
statement does not apply to functions called from the covered lines.
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Function Overview

Function Name
cust_summary/()
get_custnum()
get_summary()

dsply_summary()
tax_rates()
init_msgs()

prompt_window()

Purpose
Loops through the action until the user is done.
Obtains a customer number from the user.

Uses a series of SELECT statements to fetch from the database
and summarize customer information.

Displays the customer summary on a form.

Supplies the appropriate tax schedule for a customer.
Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Displays a message and prompts the user for con rmation.
This function is a variation of the message_window()
function that appears in Example 2.

To locate any function de nition, see the Function Index on page 730.
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The f_custkey and f_custsum Forms
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The SCREEN and ATTRIBUTES sections of the form speci cation ful Il the
same purpose as described in the section The f_logo Form Speci cation on
page 34. In contrast with Example 3, for which the database was FORMONLY,
the f_custkey form and f_custsum form are de ned to work with the stores7
demonstration database.

The TABLES section speci es the relevant tables from the database. The
ATTRIBUTES section can associate a eld tag with a database column to
assign the data type of the database column to the corresponding screen
variable.

Note that, if the data type of the database column changes, you must
recompile the form.

The f001 eld in the f_custkey form is speci ed as a member of the
FORMONLY table. You use this pseudo-table within the speci cation of a
database form for elds that cannot or should not correspond to a database
column.

The customer_num column of the customer table has a SERIAL data type. To
prevent a user from inputting or updating a SERIAL value, 4GL automatically
moves the cursor out of a screen eld that is de ned like a SERIAL eld.
Because the user must be able to enter a customer number to select the cus-
tomer, the f_custkey form speci cation de nes the customer_num screen
variable as a member of the FORMONLY table. The customer_num name
merely clari es for any programmer reading the code that the information
entered in the eld corresponds to the database column. The name does not
apply any characteristics of the column.

The f002, f003, and f004 elds in the f_custsum form are also speci ed as
members of the FORMONLY table. These formonly elds display information
synthesized from several columns in several tables.
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f_custkey form file

DATABASE st or es7

SCREEN

{
Cust omer Nunber:[f 001 ] Conpany Nane: [ f 002

}

TABLES
cust oner

ATTRI BUTES
f001 = fornonly. custoner_num
f 002 = custoner. conpany;

f_custsum form file

DATABASE st ores7

SCREEN
{

CUSTOMER:
Cust omrer Nunber: [ f 000 ] Conpany Nane:[f 001

ORDERS:
Nunber of unpaid orders:[f002 ] Total anmpunt due:[f003

CALLS:
Nunber of open calls:[f004 ]

}
TABLES
cust omer
ATTRI BUTES
f 000 = custoner. custoner_num
f 001 = custoner. conpany;
f002 = fornonly. unpaid_ords;
f003 = fornonly. anount _due;
f004 = fornonly. open_calls;

Example 4
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The DATABASE and GLOBALS Statements
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The DATABASE statement opens the stores7 demonstration database.

The program uses information in the database to assist with the de nition of
the program variables. In the same way that the DATABASE section of a form
speci cation le declares a database for eld de nitions, this program reads
information from the database and de nes variables based on columns.

If you are developing an application for an existing database, you may want

to make a copy of the database that has the same schema but fewer rows. You

can test your program against the copy without affecting the performance or

the data in the real database. When your program is ready for use, change the

database name from the test database to the real database in the form speci-
cations and all modules, and then recompile.

For convenience, the program groups several variables as a record. For
example, the dsply_summary() function displays the gr_customer record in
the f_custsum form with a single statement. The gr_custsum record is

de ned as a global variable so any function can access the record.

Each member of the record is a variable that, like all variables, is de ned with
adata type. The LIKE clause assigns the data type of a column in the database.
Because the data type is determined when the code is compiled, you must
recompile the module if the data type of the column changes.

Each member of the gr_custsum record corresponds to a screen variable of
the same name in the f_custsum form. Because the names are the same, the
program need not specify both the variable and its corresponding eld
names when exchanging data between the record and the form.

The MAIN Function
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Along with the prompt line, the OPTIONS statement lets you specify the line
on which a message appears. The MESSAGE statement displays a line of text
that does not require a response from the user.

The INPUT ATTRIBUTE clause sets the display attributes for elds in which
the user can position. This technique gives the user a visual cue to distinguish
input elds from read-only elds.
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4GL source file

100 DATABASE stores?

GLOBALS
20 DEFI NE gr _cust sum RECORD
custoner _num LI KE custoner. cust omer _num
conpany LI KE cust omer. conpany,
unpai d_ords SMALLI NT,
anmount _due MONEY( 11),
open_cal l s SMALLI NT
END RECORD
See Example 2.
END GLOBALS
MAI N

30 orTions
| NPUT ATTRI BUTE ( REVERSE, BLUE),
PROWPT LI NE 13,
MESSAGE LI NE LAST
CALL cust_sunmmary()

END MAI N
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The cust_summary() function executes a loop to let the user see a summary
for several different customers.

The search_again variable is the controlling variable for the WHILE loop. The
LET statement assigns the value of the built-in TRUE constant. 4GL also pro-
vides a built-in FALSE constant.

While the IF and WHILE statements usually test a Boolean expression using a
logical operator, these statements can in fact test any expression that yields a
single value that is TRUE or FALSE. As demonstrated in cust_summary(), you
can evaluate a variable to generate the tested value. You can also generate the
tested value using a function call that returns a single value.

The call to get_custnum() uses the RETURNING clause to Il the
gr_custsum.customer_num variable with the value returned by the function.
Here only one value is returned, but the RETURNING clause lets you assign a
list of values to a list of variables.

If a function returns a single value, you can call it within an expression
instead of using the CALL statement. In particular, you can use a function call
to generate the value assigned to a variable by the LET statement. For exam-
ple, you could rewrite the call to get_custnum() as follows:

LET gr_custsum custoner_num = get_custnun()

If the function call requires a return value and the function does not supply
it, 4GL reports a runtime error. Remember that you can return a null value if
no other value is appropriate.

Note that the RETURNING clause refers to the gr_custsum.customer_num
variable. To address the customer_num member, you qualify it with the
gr_custsum record and a separating period.

The loop calls the dsply_summary() function to generate and display the
summary for that customer. The dsply_summary() function sets the
search_again variable to TRUE if the user wants to see the summary for
another customer and to FALSE if the user is done.
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FUNCTI ON cust _summary()
HHBHHBHHBH R H BB B AR
DEFI NE sear ch_again SMALLI NT

LET search_again = TRUE
WH LE search_again
CALL get_custnum() RETURNI NG gr_cust sum cust oner _num

CALL dsply_summary() RETURNI NG search_again
END WHI LE

CLEAR SCREEN

END FUNCTI ON
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The get_custnum() function opens and displays the f_custkey form and uses
the DISPLAY AT statement to give the form a title appropriate to the context.

The INPUT statement suspends execution of the get_custnum() function
while the user lls in the input elds of the f_custkey form.

The INPUT statement associates the cust_num local variable with the
customer_num screen variable of the form. (See Note 2 on page 74). When the
user nishes entering data, 4GL assigns the value of the customer_num eld
to the cust_num local variable. Although only one variable appears here, the
INPUT statement can associate multiple program variables with screen
variables.

Note that although the f_custkey form speci cation includes the company
screen variable, the INPUT statement does not refer to this variable. As a
result, the user cannot move into the company eld.

The INPUT statement applies to the currently displayed form. You can open
two forms and switch the user between forms by executing a new DISPLAY
statement for the appropriate form before executing the INPUT statement.

The user terminates data entry by using the Accept key (typically ESCAPE).
Data entry also terminates when the user leaves the last activated eld on the
form, although you can use INPUT WRAP setting of the OPTIONS statement
to cycle back to the rst eld. Because only the customer_num eld is acti-
vated on the f_custkey form, tabbing exits the form.

The user can terminate the program at any time by using the Cancel key. Also
referred to as the Interrupt key, the Cancel key is typically CONTROL-C. To
stop data entry but continue the program, use the DEFER INTERRUPT state-
ment (see Example 5).

The AFTER FIELD clause speci es a block of code that 4GL executes when the
user leaves the customer_num eld or terminates data entry while in the

eld. As in get_custnum(), the typical use of the AFTER FIELD clause is to val-
idate the value entered by the user.

The form activation statements also provide a BEFORE FIELD clause, which
you can use to initializea eld when the user enters the eld (see Example 7).

4GL assigns the value of the customer_num eld to the cust_num variable
before executing the AFTER FIELD clause. The rst IF statement checks the
value of the cust_num variable to determine whether the user lled in the
customer_num eld.
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FUNCTI ON get _cust nun()
HHBHHBHHBH R H BB B AR
DEFI NE cust_num | NTEGER,
cust _cnt SMVALLI NT

70 OPEN FORM f _custkey FROM "f_cust key"
DI SPLAY FORM f _cust key

DI SPLAY " "
AT 2, 30

DI SPLAY " CUSTOVER KEY LOOKUP"
AT 2, 20

DI SPLAY " Enter customer nunber and press Accept."”
AT 4, 1 ATTRIBUTE (REVERSE, YELLOW

8] I NPUT cust _num FROM cust omer _num
9[d AFTER FI ELD cust oner _num
100 I F cust_num IS NULL THEN

ERROR "You nust enter a custoner nunber. Please try again."
NEXT FI ELD cust oner _num
END I F
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If the user did not enter a value, the ERROR statement causes the terminal to
beep and displays an explanation of the error.

The NEXT FIELD statement then returns the cursor to the same eld. By
positioning the cursor in the form, the NEXT FIELD statement implicitly
prevents the termination of the form. Thus, this statement is necessary even
in asingle- eld form if you want to stop the user from leaving the form. The
NEXT FIELD statement appears within the IF statement code block so that the
user can leave the eld if the customer exists.

The AFTER FIELD clause executes a SELECT statementtotryto nd a
customer that has the customer number entered by the user.

The COUNT(*) aggregate function counts the number of rows quali ed by the
query. The INTO clause lls the cust_cnt variable with the value generated by
the query. The WHERE clause quali es only the rows in the customer table in
which the customer_num column matches the value entered by the user.

The second IF statement tests the cust_cnt variable to determine whether a
customer was found. If not, the ERROR statement reports the problem to the
user, and the NEXT FIELD statement reactivates the form so that the user can
correct the customer number.

As Example 4 calls the get_custnum() function in a loop, 4GL opens and
closes the f_custkey form on each repetition of the loop. You could make the
example more ef cient by opening the form once before the loop, displaying
the form on each call to get_custnum(), and closing the form after the loop.

Example 4 takes the less ef cient approach of opening and closing the form

entirely within the get_custnum() function so that the function can be reused
in other contexts with nothing more than the function call. In your own pro-
grams, you will encounter similar trade-offs between ef ciency and reusabil-
ity that you must evaluate on a case-by-case basis.

The RETURN statement returns the customer number entered by the user. The
RETURNING clause of the call to get_custnum() assigns this value to the
gr_custsum.customer_num variable. Because the record is global, the
get_custnum() function could have made the assignment instead of returning
the value. The return technique was adopted so that get_custnum() could be
reused in other programs without requiring the gr_custsum global record.

The RETURN statement terminates the current function immediately. The
RETURN statement can return multiple values or, when only termination is
required, no values.
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SELECT COUNT(*)
I NTO cust _cnt
FROM cust oner
WHERE cust oner _num = cust _num

IF (cust_cnt = 0) THEN
ERROR " Unknown cust oner
LET cust_num = NULL

NEXT FI ELD cust oner _num

END I F

END | NPUT

CLOSE FORM f _cust key

RETURN (cust _num)

END FUNCTI ON

get _custnum - -

nunber .

Pl ease try again."
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The dsply_summary() function (which is called in the WHILE loop in the
cust_summary() function) calls get_summary() to build the summary of cus-
tomer information. The get_summary() function executes a series of queries
to build the summary.

The rst query retrieves the company and state information from the
customer table for the customer supplied by the user in the get_custnum()
function. The query places the company name in the company member of the
gr_custsum global record for later display in the dsply_summary() function.
The query places the state in a local variable for later use within the
get_summary() function.

The second query uses the built-in COUNT(*) aggregate function to count the
number of orders for which the customer has not paid. The count is stored in
the gr_custsum global record for later display. The count is also used to deter-
mine whether or not to calculate the amount owed on the outstanding orders.

Only the SELECT statement and reports offer the aggregate functions.

The third query uses the built-in SUM() aggregate function to total the value
of the items belonging to the outstanding orders.

The query includes the orders table because the paid_date column, which
indicates whether the order has been paid, resides only in the orders table.

The query includes the items table because the total_price column, which is
totaled by the SUM() aggregate function, resides only in the items table.

The WHERE clause requires the order_num column to be the same in both the
orders and items tables to join the related rows. The other conditions restrict
the query to the appropriate customer and to unpaid orders.

The fourth query uses the built-in SUM() aggregate function to total the
shipping charges for the unpaid orders.

To calculate the total tax on the unpaid orders, the get_summary() function
rst calls the tax_rates() function with the customer s state as a parameter.
The tax_rates() function returns the applicable tax rate.

The get_summary() function then calculates the sales tax based on the total
value of the items established in a previous query.

The get_summary() function then adds the total value of the items, the sales
tax on the items, and the total shipping charge on the orders to obtain the
total amount outstanding and saves this gure in the amount_due member
variable of the gr_custsum record. For customers without unpaid orders, the
ELSE clause sets the total to zero.
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FUNCTI ON get _summary()
HHBHHBHHBH R H BB B AR

DEFI NE cust_state LI KE st at e. code,
itemtotal MONEY(12),
ship_total MONEY( 7) ,
sal es_t ax MONEY(9) ,
tax_rate DECI MAL( 5, 3)

--* Get custoner’s conpany nane and state (for later tax eval uation)
SELECT conpany, state
I NTO gr_custsum conpany, cust_state
FROM cust oner
WHERE cust omer _num = gr _custsum cust omer _num

--* Cal cul ate nunber of unpaid orders for custoner
SELECT COUNT(*)
I NTO gr _cust sum unpai d_or ds
FROM or der s
WHERE cust oner _num = gr_cust sum cust omer _num
AND pai d_date |'S NULL

--* |f custonmer has unpaid orders, calculate total anount due
I F (gr_custsumunpai d_ords > 0) THEN
SELECT SUMtotal _price)
INTO i tem t ot al
FROM i tens, orders
WHERE or ders. order_num = i tens. order_num
AND cust onmer _num = gr_cust sum cust oner _num
AND pai d_date |'S NULL

SELECT SUM shi p_char ge)

I NTO shi p_t ot al

FROM or der s

WHERE cust oner _num = gr_cust sum cust omer _num
AND pai d_date |'S NULL

LET tax_rate = 0.00
CALL tax_rates(cust_state) RETURNING tax_rate

LET sales_tax = itemtotal * (tax_rate / 100)
LET gr_custsum anpbunt _due = itemtotal + sales_tax + ship_total

--* |f custoner has no unpaid orders, total anount due = $0.00
ELSE
LET gr_custsum anount _due = 0. 00
END | F
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The nal query counts the number of customer calls that have not received a
response. The query searches the cust_calls table for rows that contain the
appropriate customer number and a null value in the res_dtime column. The
query saves this value in the open_calls member variable of the gr_custsum
global record.
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The dsply_summary() function is called by the cust_summary() function.
It opens and displays the f_custsum form.

The customer summary appears in this form. The DISPLAY AT statement
clears the form title from the f_custkey form.

The CALL statement executes the get_summary() function to generate the
summary and place the values in the gr_custsum global record. The call
could return the values, but it is faster to place the values in a record accessi-
ble in both functions.

The DISPLAY BY NAME statement uses the asterisk notation to refer to every
member of the record, assigning the values of the member variables to the
form elds. You can use this mechanism only where each member of the
record has a corresponding screen variable with the same name in the form.

The bene t of the asterisk notation is that a change in the record structure
does not require a change to a statement using the record. However, you may
need to change the form speci cation to accommodate new members.

The dsply_summary() function then prompts the user to determine whether
the user wants to view the summaries for additional customers.

The prompt window operates in much the same way as the message window.
(See Displaying a Message Window on page 43.) You assign the text of the
prompt to the ga_dsplymsg global array before calling the prompt_window()
function.

The get_more variable stores the user s decision. By default, the decision is
TRUE. The IF statement executes a call to the prompt_window() function to
obtain the user s decision. If prompt_window() returns FALSE, the get_more
variable is also set to FALSE. The value of the get_more variable is then
returned to the cust_summary/() function to control repetition of the loop.

The IF statement provides an example of a context in which you can call a
function to generate a value. The statement calls the prompt_window() func-
tion in the same way as the CALL statement calls a function. The only
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--* Cal cul ate nunber of open calls for this custoner
SELECT COUNT(*)
I NTO gr _custsum open_cal |l's
FROM cust _cal I's
WHERE cust oner_num = gr_cust sum cust oner _num
AND res_dtinme I'S NULL

END FUNCTION -- get_summary --

FUNCTI ON dspl y_summary()
HHBHHBHHBH AR H B H BB B R R AR R

DEFI NE get _nore SMVALLI NT
OPEN FORM f _cust sum FROM "f _cust sunt'
DI SPLAY FORM f _cust sum
DI SPLAY "

AT 2, 20
CALL get _summary()
DI SPLAY BY NAME gr_custsum *
LET ga_dsplynsg[1] = "Custonmer summary for custonmer ",

gr_cust sum cust oner _num USI NG " <<<<<<<<<<<”

LET ga_dsplynsg[2] =" (", gr_custsum conpany CLIPPED, ") conplete."
LET get_nore = TRUE
I F NOT pronpt_wi ndow("Do you want to see another summary?", 14, 12)
THEN

LET get_nore = FALSE
END I F
RETURN get _nore
CLOSE FORM f _cust sum

END FUNCTION -- dsply_summary --
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difference is that, instead of assigning the return value to a variable using the
RETURNING clause, the IF statement tests the value to see if it is the same as
the TRUE constant.

The tax_rates() Function

280 The tax_rates() function executes a large CASE statement on the customer s

state, which is passed as a parameter, and returns the appropriate tax rate for
the state. The tax scheme applied here has been simpli ed for demonstration
purposes.

For the sake of ef ciency, the comparison is done at two levels. The outer
CASE statement uses the substring operator, which is a set of brackets, to
extract the initial letter of the state. The inner CASE statements such as the
ones under A and C compare the second letter when several state abbrevia-
tions start with the same letter. The OTHERWISE clause sets the tax rate to zero
if the rate is not known.

It would be more ef cient and convenient to store the tax rate in a table. As
used by Example 4, the tax rate could be a column in the state table. Or, more
realistically, the tax rate might appear in a separate table for the county or dis-
trict that would be joined to the customer table separately.

Sometimes, however, a developer must upgrade a program without
modifying the database. The tax_rates() function shows you how to store
static information in a function.

The prompt_window() Function

88

290 The prompt_window() function is another generic function that you can

incorporate into your own programs without changes.

Before calling the prompt_window() function, the program de nes the global
ga_dsplymsg array and assigns the text of the prompt to the elements of the
global array.

The prompt_window() function is similar to the message_window() function
described in Example 2. An important difference is that prompt_window()
checks the success of opening the window. This feature is deliberately omit-
ted from the message_window() function so you can compare the two.

Another difference is that the prompt_window() function requires an
additional parameter that is used as the prompt string.
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FUNCTI ON t ax_r at es( st at e_code)
HHBHHBHHBH R H BB B AR
DEFI NE st ate_code LI KE st at e. code,

tax_rate DECI MAL( 4, 2)
280 CASE state_code[ 1]
WHEN " A"
CASE st ate_code
WHEN " AK"
LET tax_rate = 0.0
WHEN " AL"
LET tax_rate = 0.0
WHEN " AR’
LET tax_rate = 0.0
WHEN " AZ"
LET tax_rate = 5.5
END CASE
WHEN " C'
CASE st ate_code
WHEN " CA"
LET tax_rate = 6.5
WHEN " CO'
LET tax_rate = 3.7
WHEN " CT"
LET tax_rate = 8.0
END CASE
WHEN " D"
LET tax_rate

1
o
o

-- * tax rate for

OTHERW SE
LET tax_rate = 0.0
END CASE
RETURN (tax_rate)

END FUNCTION -- tax_rates --

29[] FUNCTI ON pronpt _wi ndow( question, x,y)

DEFI NE question CHAR( 48),
X,y SMALLI NT,
nunT ows SMALLI NT,
rownum i SMALLI NT,
answer CHAR(1),

See source file.
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The yes_ans, invalid_resp, and unopen variables are ags set to control
execution of IFand WHILE statements within the prompt_window() function.
As in the message_window() function, the array_sz variable stores a constant
value so that you can later change the value in one location.

As in the message_window() function, the rst FOR loop counts the elements
in the array lled with text in the calling function.

The prompt_window() function uses a WHILE statement to permit a second
attempt to open the w_prompt window if there are errors in the rst attempt.
The unopen variable controls execution of the loop.

By default, 4GL terminates if an error occurs. The loop forces continuation
after an attempt to open the w_prompt window by preceding the OPEN
WINDOW statement with the WHENEVER ERROR CONTINUE statement. The
WHENEVER ERROR STOP statement restores the termination behavior.

To determine whether the w_prompt window was opened successfully, the
IF statement tests the built-in status variable. The LET statement assigns the
value of status to a local status variable called local_stat. The local variable
enables the program to test the success of the OPEN WINDOW statement even
if any other 4GL statements along the way reset status.

4GL sets the status variable to -1138 when a window does not  t on the screen
and to -1144 when a top left corner of a window is off the screen. You could
write code to calculate the window size and positioning, but it is easier to let
4GL perform these calculations for you.

The loop recovers from these problems by setting the top left corner of the

w_promptwindow to a coordinate that is guaranteed to ton the screen. The

maximum width of the window is 52 characters and the maximum length of

the window is 9 lines (the sum of the 5 elements of the array and the 4 lines

required for the window margin and borders). The MESSAGE statement noti-
es the user that the program is recovering from an internal error.

You might consider replacing this message with to a call to the ERRLOG()
function to make a permanent entry in the error log. For more information
about using error logs, see Example 25.

The rst ELSE statement executes when the attempt to open the w_prompt
window fails with a negative error number other than -1138 or -1144. The
MESSAGE statement noti es the user that the prompt_window() function
cannot recover from the error. The EXIT PROGRAM statement terminates the
program.

Displaying a Row on a Form



The prompt_window() Function

300

310

3200

330

340
350

360

yes_ans SMALLI NT,
ny_added SMALLI NT,
invalid_resp SMALLI NT,
ques_l ngth SMALLI NT,
unopen SMALLI NT,
array_sz SMVALLI NT,
| ocal _stat SMALLI NT
LET array_sz =5
LET nuntows = 4 -
- *
.
- - *
- *
- - *
- *
FORi =1 TO array_sz

| F ga_dsplynsg[i] |'S NOT NULL THEN
LET nuntows = nuntows + 1
END | F
END FOR

LET unopen = TRUE
VWH LE unopen

WHENEVER ERROR CONTI NUE

OPEN W NDOW w_pr onpt AT X, Yy
W TH nunr ows ROAS, 52 COLUWNS
ATTRI BUTE (BORDER, PROVPT LI NE LAST)

WHENEVER ERROR STOP

LET | ocal _stat = status
I F (local _stat < 0) THEN

nunr ows val ue:

1 (for the wi ndow header)

1 (for the w ndow border)

1 (for the enpty line before
the first line of nessage)

1 (for the enpty line after
the last line of nessage)

IF (local _stat = -1138) OR (local _stat = -1144) THEN

MESSAGE " pronpt _wi ndow() error:
SLEEP
LET x = 3

3

mnnnN

MESSAGE " pronpt_wi ndow() error: ",

changi ng coordinates to 3,3."

I ocal _stat USI NG "- <<<<<<<<<<<"
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The second ELSE statement executes when the w_prompt window opens
successfully. The unopen variable is set to FALSE to prevent repetition of the
loop.

As in the message_window() function, the rownum variable controls the
vertical placement of text for the prompt. The FOR loop displays the lines in
the array that have text, and it increments the row number.

If the question string has enough room, the function appends the character
string (n/y): to this variable. The built-in LENGTH() function determines
the length of the question parameter. The IF statement checks to make sure
that this length is less than the maximum text line in the window (48 charac-
ters) less the appended (n/y): string (6 characters) and an additional space.
If the question string already exceeds a length of 41, the function does not
append the (n/y): string.

The rst LET statement uses the substring brackets to refer to the last six
character positions in the question variable. The (n/y): string is stored in
these positions.

This WHILE loop executes until the user enters an answer that can be con-
verted to a TRUE or FALSE value. The invalid_resp variable is the controlling
variable for the loop.

The PROMPT statement then displays the modi ed question.

The rst IF statement following the PROMPT statement uses the MATCHES
operator to guarantee that the user enters a character that falls within the set
of valid characters: ay or n in either upper- or lowercase. The second IF sets
the yes_ans variable to TRUE for a positive answer.

As in the message_window() function, the init_msgs() function initializes the
global array. The w_prompt window is then closed, and the value of the
yes_ans variable is returned. The function that called prompt_window()
must determine what to do with the user s response.
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ELSE
LET unopen = FALSE
END I F
END VHI LE

DI SPLAY " APPLI CATI ON PROVPT" AT 1, 17
ATTRI BUTE ( REVERSE, BLUE)

LET rownum = 3 -- * start text display at third line
FORi =1 TO array_sz
IF ga_dsplynmsg[i] 'S NOT NULL THEN
DI SPLAY ga_dspl ynmsg[i] CLI PPED AT rownum 2
LET rownum = rownum + 1
END | F
END FOR

LET yes_ans = FALSE
LET ques_| ngth = LENGTH(questi on)
I F ques_Ingth <= 41 THEN -- * room enough to add "(n/y)" string
LET question [ques_Ingth + 2, ques_Ingth + 7] = "(n/ly):"
END | F
LET invalid_resp = TRUE
WHI LE invalid_resp
PROWPT question CLIPPED, " " FOR answer
I F answer MATCHES "[nNyY]" THEN
LET invalid_resp = FALSE
I F answer MATCHES "[yY]" THEN
LET yes_ans = TRUE
END I F
END | F
END WHI LE

CALL init_nsgs()
CLOSE W NDOW w_pr onpt
RETURN (yes_ans)

END FUNCTION -- pronpt_w ndow - -

To locate any function de nition, see the Function Index on page 730.
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Programming a Query
by Example

This example executes a query by example using form and dynamic SQL
statements. In query by example, the user enters any information known
about the target rows, creating an example of what the query should retrieve.

Query by example is a user interface technique for querying a database.
Because database applications frequently use query by example, 4GL pro-
vides several statements to make it easy to collect criteria from a user and
construct and run a query.

The following form appears in this example:

Praws &Scepl LD deErc® Fdr duilisar date. Cencel 1o asll witel descchling.

This example introduces the following 4GL programming techniques:

* Constructing Boolean criteria from a user entry on a form.

* Preparing SQL statements dynamically at runtime.

* Accessing each row within a quali ed set of database rows.

* Enabling the Interrupt key as a signal for abandoning entry on a form.
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In this example, the query_cust1() function performs all of the actions
necessary to build and run a query by example.

The rststep in query by example is to display a form. You then activate the
form with the CONSTRUCT statement for entry of the query criteria. The
CONSTRUCT statement differs from the INPUT statement as follows:

* The INPUT statement validates the data entered by the user to ensure that
the value is appropriate for the data type of the eld.

The CONSTRUCT statement, by contrast, accepts logical operators in any
eld to indicate ranges, comparisons, sets, and partial matches.

* When the user nishes work with the form, the INPUT statement assigns
the value in each eld to a corresponding variable.

The CONSTRUCT statement, by contrast, lls a single variable with a
character string that describes a Boolean expression. The CONSTRUCT
statement creates the Boolean expression by generating a logical expres-
sion for each eld with a value and then applying unions (AND relations)
to the eld statements.

As demonstrated in this example, you can create a valid SELECT statement by
concatenating the constructed Boolean expression to other character values
that state the rest of the SELECT statement. You typically use character con-
stants to state the xed structure of a SELECT statement, including the source
tables, projected columns, and join conditions. You use the constructed Bool-
ean expression for selection criteria that vary under the control of the user.

You must supply the WHERE keyword to convert the Boolean expression into
a complete WHERE clause. This feature gives you the freedom to take advan-
tage of the CONSTRUCT statement anywhere you can use a Boolean expres-
sion stated as a character value. This feature also gives you the ability to
combine join conditions or program-supplied selection criteria with the con-
structed Boolean expression. You must supply the AND operators when com-
bining the constructed Boolean expression with logical expressions in the
WHERE Clause. Make sure that you supply the spaces required to separate
the constructed Boolean expression from the other parts of the SELECT
statement.
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Executing an SQL Query Dynamically

To convert the character value that represents the SELECT statement into an
executable instruction, you use the PREPARE statement. The PREPARE state-
ment is not limited to the SELECT statement. You can specify most of the SQL
statements dynamically at runtime using this statement.

For statements that simply run with no further interaction with your 4GL
function, you can run the prepared statement with the EXECUTE statement.

For query by example, however, one-time execution often is not suf cient.
You need to access one of the rows quali ed by the query and perform an
action on that row before going on to the next.

Accessing Multiple Rows with Cursors

To access the quali ed rows at the discretion of your function, you declare a
cursor for the query. Like the screen cursor in an editor that shows you the
current line, the query cursor points to the current row within the set of qual-
i edrows.

You create a cursor using the DECLARE CURSOR statement. The DECLARE
CURSOR statement can operate on a SELECT statement that is stated explicitly
in the code or on one that is prepared dynamically at runtime. After declaring
the cursor, you have two choices for accessing the quali ed rows:

* You can use the FOREACH statement to state a loop that retrieves each
row into a set of variables and then executes a block of 4GL code.

* You can use the OPEN statement to start accessing the quali ed rows, the
FETCH statement to retrieve rows as needed, and the CLOSE statement to
stop accessing the rows.

You can achieve the same effect as the FOREACH statement using the FETCH
statement at the top of a WHILE loop. That is, FETCH gives you greater control
than FOREACH. However, in many cases, FOREACH is more convenient.

The query_custl() function uses the OPEN and FETCH statements. For each
retrieved row, query_custl() executes the DISPLAY BY NAME statement to
show the row on the form. Thus, the sequence of the principal commands in
the query is as follows:

* OPENFORM

* DISPLAY FORM
® CONSTRUCT
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* PREPARE

* OPEN

* DECLARE CURSOR
* OPEN (cursor)

* FETCH

* DISPLAY BY NAME
* CLOSE (cursor)

¢ CLOSE FORM

Handling User Interrupts
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When 4GL receives the Interrupt signal, it immediately stops executing the
program. This behavior means that when the user uses the Interrupt key
(typically CONTROL-C) the program exits. However, often you want to pro-
vide the user with a means of cancelling an action without exiting the pro-
gram.

For example, suppose the user performs a query by example to select a
customer row and begins to update it. The user then realizes that the wrong
customer row is being updated. Unless you add interrupt handling code to
your program, using the Interrupt key will both cancel the update and exit
the program. What the user needs is a way to cancel the update and to remain
in the program.

To provide such capability, you can use the DEFER INTERRUPT statement to
tell 4GL to change how it handles the Interrupt signal. Once a program exe-
cutes a DEFER INTERRUPT statement, 4GL takes the following actions when it
receives the Interrupt signal:

1. Sets aglobal variable called int_ ag to TRUE.

2. Exits the current user interaction statement (INPUT, CONSTRUCT, INPUT
ARRAY, DISPLAY ARRAY, PROMPT, MENU).

3. Continues program execution.

To determine when the user uses the Interrupt key, the program needs to:
1. Include the DEFER INTERRUPT statement in the main program.

2. Initialize the int_ ag to FALSE before user interaction statements.

3. Check the setting of the int_ ag after each user interaction statement
exits. Ifint_ ag is TRUE, the program needs to perform whatever action
is appropriate for cancelling the current task.
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The DEFER statement also supports the QUIT keyword so you can change the
way 4GL responds to the Quit signal. Normally, an application just includes
the DEFER INTERRUPT statement so that the Quit key (typically CONTROL-\)
still exits the application in an emergency.

Because 4GL never resets int_ ag to FALSE, your program must reset this
variable before the next user interaction statement executes. Otherwise,

int_ ag may have been set to TRUE in some other statement, and the program
will incorrectly assume that the user used Interrupt in the statement just com-
pleted.

You should reset int_ ag at either of two points in your programs:

¢ Immediately before each user interaction statement.

* When you check for int_ ag after each user interaction statement and
nd that it is currently TRUE.

This example combines the two methods so that you can see how either
might be implemented. However, you only need to use one method to reset
int_ ag. Whichever method you choose, you should be consistent through-
out your application.

If you choose the second approach, you can create a function to automatically
resetint_ ag when the program checks its value. The following interrupted()
function demonstrates this approach:

FUNCTI ON i nterrupted()

DEFINE | ocal _intflg SMVALLI NT

LET local _intflg = int_flag -- save current val ue of
-- global int_flag variable

LET int_flag = FALSE -- reset global int_flag

RETURN | ocal _intflg --* return the original

--* value of int_flag
END FUNCTION -- Interrupted --

To check int_ ag, you call the function following each user interaction
statement. For example:

CONSTRUCT BY NAME q_cust ON custoner_num
IF interrupted() THEN

END | F
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Utility Functions

This example also introduces some convenient utility functions that display
asingle line without opening a new window. The msg() function corresponds
to the message_window() function from Example 2, and the answer_yes()
function corresponds to the prompt_window() function from Example 4.

Function Overview

Function Name Purpose

query_custl() Executes a query by example using the f_customer form.
answer_yes() Gets a yes or no answer for a single-line question.

msg() Displays a brief, informative message.

To locate any function de nition, see the Function Index on page 730.
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As with the f_custkey and f_custsum forms from Example 4, the f_customer
form speci es the database and table in order to base the characteristics of
form elds on corresponding database columns. As described in the rest of
the notes on this page, the elds make use of some special formatting
attributes.

The NOENTRY attribute prevents update of the customer_num eld. 4GL
statements can assign a value to the eld, but the user cannot move into the
eld to update the value. As with the customer_num eld, which is a serial
eld, the NOENTRY attribute is typically used with elds for which your 4GL
program or the database server supplies the value.

4GL ignores the NOENTRY attribute when constructing a query because there
is no need to validate query criteria. Thus, the NOENTRY attribute is irrele-
vant in this example. However, you can also use the f_customer form for data
entry; in that case 4GL will apply the NOENTRY attribute.

The UPSHIFT attribute automatically translates lowercase letters to uppercase
letters. This attribute is particularly useful in code elds, such as the state

eld, to ensure consistent values. If some New York customers have a state
code of NY and others a state code of Ny or ny, itis dif cultto perform actions
such as joins on the state eld.

4GL also supplies a DOWNSHIFT attribute.

The PICTURE attribute states a punctuation format for a character column.
Note that the punctuation is actually stored in the value. This result contrasts
with the FORMAT clause, which states a punctuation format that is not stored
in the value. The FORMAT clause applies only to date and numeric values.
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f_customer form file

100 DATABASE stores?

SCREEN

{

Cust onmer
Addr ess:

Cty :

Nunber :[f000
[f002 ]

[f003 ]

Cont act Nane:
Tel ephone

}

TABLES

cust oner

ATTRI BUTES

20 foo0
001
002
003
f004

30 5 =
006
007
008

40 fo009

L 1 T T O O VR L O |

cust onmer
cust oner

custoner.
custoner.
custoner.

[f004 ] State:[f5]

[f007 11f008
[f009 ]

.custonmer _num NOENTRY;
. conpany;

addressl;

addr ess2;

city;

ust orer. state, UPSHIFT;

cust oner
cust oner
cust oner
cust oner

. zi pcode;
. fnane;
.| nane;

] Conpany Nane

Zip Code

]

:[foo1

:[f006

.phone, PICTURE = "###- ###- #### XXOXX";
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The program uses the gr_customer global record to access customer
information. In many applications, multiple functions need to access data
retrieved from a table. A global record corresponding to the table row is one
way to make this data available to many functions.

The program places prompts and messages on different lines so the two types
of displays will not be confused and so that both can appear at the same time.
They occupy lines 14 and 15, which places them immediately under the
f_customer form.

The DEFER INTERRUPT statement continues execution of the program after
the user uses the Interrupt key (typically CONTROL-C) rather than terminat-
ing the program. Because the program takes this approach, the user can sig-
nal different intentions with the Interrupt and Accept keys.

Note that the Quit key (typically CONTROL-\) still exits the application in an
emergency. You can trap this key as well with the DEFER QUIT statement.

The DEFER statement must appear in the MAIN function and applies to all
subsequent statements executed in the course of a program.

The MAIN function opens and displays the f_customer form and then uses
the DISPLAY AT statement to give the form an appropriate title.

The MAIN function then calls the query_cust1() function to perform the
actual query. When the query_cust1() function nishes accessing the form,
the MAIN function closes the form and clears the screen for the bene t of the
environment that invoked the program.
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4GL source file

DATABASE st ores7

GLOBALS
DEFI NE gr _custoner RECORD LI KE custoner. *
END GLOBALS

OPTI ONS
PROVPT LI NE 14,
MESSAGE LI NE 15

DEFER | NTERRUPT

OPEN FORM f _custonmer FROM "f_cust oner”

DI SPLAY FORM f _cust oner

DI SPLAY " CUSTOVER QUERY BY EXAMPLE' AT 2, 25
CALL query_cust1()

CLOSE FORM f _cust oner

CLEAR SCREEN
END MAI N
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Most of the query_cust1() function resides within a WHILE loop that lets the
user query for and view customers any number of times. Note that this
WHILE loop is an in nite loop because the controlling condition is the con-
stant TRUE (it never evaluates to FALSE). The only way to exit this loop is with
an EXIT WHILE statement, as described later in this section.

This type of in nite loop should only be used when the exit conditions are
limited and the programming required to set a control ag to FALSE is exten-
sive. If this example used a control variable, both the IF statement in Note 9
and the IF in Note 20 would need ELSE clauses setting the control variable to
FALSE and preventing the remaining code from being executed.

The rst act of the loop is to display appropriate instructions to the user for
entering query criteria.

The LET statement sets the built-in int_ ag variable to FALSE immediately
before the CONSTRUCT statement so that it can be tested when CONSTRUCT
exits. See Handling User Interrupts on page 98 for more information about
the int_ ag variable.

The CONSTRUCT statement activates the most recently displayed form (the
f_customer form) so the user can enter selection criteria. The g_cust variable
is a large variable that receives the character representation of the criteria.

The CONSTRUCT statement must know which database column corresponds
to each form eld to generate a logical statement for the value entered in the

eld. The ON clause speci es the database columns. The BY NAME clause is
a shortcut that maps a form eld to a database column based on the name of
the screen variable associated with the eld. If the names of the screen vari-
ables and database columns differ, you must specify the mapping explicitly
using the FROM clause instead of the BY NAME clause.

The size of the constructed query value depends on the number of elds
lled in, the size of the values, and the complexity of the criteria. Filling in
every eld of the f_customer form with its maximum value would supply 140
characters. Because the 10 values must be linked with AND operators, a valid

query requires another 45 characters for a total of 185 characters. The user
could increase this total by using logical operators in the elds. Unless the
user lls outan extraordinarily detailed query, the 200-character de ned stor-
age of the g_cust variable will be adequate.
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FUNCTI ON query_cust 1()

DEFI NE g_cust CHAR( 200),
sel stnt CHAR( 250) ,
answer CHAR(1),

f ound_sone SMALLI NT,

invalid_resp SMALLI NT

VWH LE TRUE

DI SPLAY

Press Accept to search for custoner data, Cancel
AT 15,1 ATTRI BUTE ( REVERSE, YELLOW

LET int_flag = FALSE

CONSTRUCT BY NAME ¢g_cust ON cust oner. cust omer_num
. conpany,

cust oner.
cust oner .
cust oner.
cust oner .

cust oner

cust oner

addressl,
addr ess2,
city,
state,

. zi pcode,
cust omer .
cust omer .
cust omer .

f nane,
| nane,
phone

to exit w out searching.”
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The test for the int_ ag variable checks whether the user used the Interrupt
key to exit the query by example. If so, the EXIT WHILE statement terminates
the loop and executes the rst statement after the END WHILE statement. The
remainder of the query_cust1() function cleans up before returning.

The LET statement resets the int_ ag variable to FALSE. This approach is an
alternative to setting int_ ag to FALSE before a user interaction statement.
This program shows both approaches, but the latter is safer because it does
not depend on good coding practices elsewhere in the program.

The DISPLAY AT statement removes the direction for entering criteria.

The test for the g_cust variable determines whether the user has entered any
criteria. When the user ends the CONSTRUCT statement without entering cri-
teria, all records are quali ed by the query, which might take a long time for
a large table. The program gives the user the opportunity to reconsider and

enter more speci c selection criteria.

If the user enters no criteria, CONSTRUCT must generate a logical statement
thatis valid as a WHERE clause and yet true for all rows. It produces the string
1=1 (with aleading space), which the program tests for here.

The answer_yes() function displays its argument in a prompt and returns a
TRUE value if the user enters y, or a FALSE value if the user enters n. Because
answer_yes() returns only a single TRUE or FALSE value, the call can be used
as the Boolean expression evaluated by the inner IF statement. If the user
chooses not to select all rows, the CONTINUE WHILE statement restarts the
loop and thus enters the CONSTRUCT statement again.

The assignment to the selstmt variable includes a character constant that
states the basic structure of a SELECT statement that retrieves all columns
from the customer table. The comma operator concatenates the user s selec-
tion criteria to complete the WHERE clause.

The CLIPPED operator removes trailing spaces from the value of the g_cust
variable. When you name a character variable, you always get its full de ned
length, including trailing spaces. Thus, if the user s selection criteria occupy
150 positions in g_cust, the evaluation includes 50 extra spaces at the end.
The CLIPPED function removes any trailing spaces.

The PREPARE statement converts the character value into an executable SQL
statement. The st_selcust identi er stands for the prepared SELECT state-
ment. You can execute the SQL statement in any function within the module
that is called after you prepare the statement.
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IF int_flag THEN
LET int_flag = FALSE
EXIT WH LE

END I F

--* User hasn’t pressed Cancel, clear out selection instructions
DI SPLAY

AT 15, 1

--* Check to see if user has entered search criteria
IF g_cust =" 1=1" THEN
I F NOT answer_yes("Do you really want to see all custoners? (n/y):")
THEN
CONTI NUE WHI LE
END | F
END | F

--* Create and prepare the SELECT st at enent

LET selstnt = "SELECT * FROM custonmer WHERE ", q_cust CLI PPED
PREPARE st _sel cust FROM sel st nt
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The cust_queryl() function immediately declares the c_cust cursor for the set
of rows that the prepared SELECT statement will qualify.

4GL opens the ¢_cust cursor and executes the prepared SELECT statement. At
the time the cursor is opened, 4GL does not know whether the query will
yield zero rows, one row, or many rows. In part, this is because the set of rows
quali ed by the query can change even after the cursor is opened.

The found_some variable isa ag de ned by the program to indicate
whether the program has a row to display to the user. The assignment
assumes that the query has quali ed no rows.

The FETCH statement then tests this assumption by trying to retrieve a row
into the gr_customer global record. After the FETCH statement, the status
variable re ects the success or failure of the statement. For FETCH, status has
a value as follows:

* A negative number if an error occurred. Because the program has not
executed the WHENEVER ERROR CONTINUE statement, an error here will
terminate the program.

* The value of the NOTFOUND built-in constant if no quali ed rows exist.

* Zeroif arow was retrieved. In this case, the gr_customer record contains
a row to display, and found_some is set to TRUE.

Besides retrieving the rst database row, the FETCH statement also advances
the database cursor so that it points to the next database row or, if no follow-
ing row exists, to the end of the set of selected rows.

The inner WHILE loop rst displays the row that was previously fetched into
the gr_customer record and then attempts to fetch another row. After the loop
displays the last quali ed row, the next fetch fails and the inner loop
terminates.

Note that this loop is different from the outer loop, which repeatedly lets the
user enter query criteria and see the quali ed customer rows.

The DISPLAY BY NAME statement displays the values of the member
variables of the gr_customer record in the corresponding elds of the
f_customer form. This statement performs the same action as the DISPLAY TO
statement but provides a shortcut by mapping the program variables to the
form screen variables using their names.

The FETCH NEXT statement retrieves the next quali ed row and advances the
database cursor.
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DECLARE c_cust CURSOR FOR st _sel cust

Execute the SELECT statenent and open the cursor to access the rows

OPEN c_cust

Fetch first row. |f fetch successful,

LET found_sone = 0

FETCH c_cust | NTO gr_custoner.*

| F (status = 0) THEN

LET found_sonme =
END | F

WHI LE (found_sone =

1

1

Di splay first custoner
DI SPLAY BY NAME gr_custoner. *

Fetch next custoner
FETCH NEXT c_cust

(fetch ahead)
I NTO gr_custoner. *

rows found
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If the FETCH statement nds no more quali ed rows, the status variable has
the same value as the built-in NOTFOUND constant. In this case, the test ter-
minates the inner WHILE loop because there are no more rows to display.

The call to the answer_yes() function answers two needs. First, the
query_custl() function suspends execution during the prompt so the user can
view the customer row for as long as the user desires.

Second, the user can skip the remaining quali ed rows. The IF statement tests
the value returned by answer_yes() and sets the controlling variable for the
loop, found_some, to a value that terminates the loop.

After the inner viewing loop terminates, the CASE statement examines the
found_some variable to determine the reason for termination. Each case calls
the msg() function to report the cause to the user.

See Note 20 for the assignment of the -1 value, Note 16 for the 0 value, and
Note 21 for the -2 value. The actual ag values are arbitrary. For example,
query_custl() could have used 1 instead of -1 to indicate that no more rows
exist.

After nishing working with the rows, the query_cust1() function closes the
cursor associated with the query. The next cycle of the outer query loop
prompts the user for new selection criteria and opens a new cursor for the
new query.

The outer query loop terminates when the user chooses to stop querying for
customers. The query_cust1() function cleans up by removing the query
instructions with a DISPLAY AT statement and clearing the values from the
form.
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| F (status

= NOTFOUND) THEN

LET found_sone = -1
EXIT WH LE

END I F

--* Ask user

if going to view next
I F NOT answer _yes("Di splay next custoner? (n/y):") THEN

LET found_sone = -2

END I F
END WHI LE

--* Notify user of various "error" conditions

CASE f ound_sone

WHEN -1

row

CALL msg("End of selected custoners.")

WHEN 0

CALL nmsg("No custoners match search criteria.")

WHEN -2

CALL nsg("Display term nated at your

END CASE

CLCSE c_cust

END VWHI LE
DI SPLAY

AT 15,1
CLEAR FORM

END FUNCTI ON

query_custl --

request.")
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The answer_yes() function uses a WHILE loop to prompt until the user
responds af rmatively or negatively. The invalid_resp variable controls
repetition of the loop.

The PROMPT statement displays the parameter from the call to answer_yes()
as the text of the prompt. By applying the CLIPPED character operator to the
value of the parameter, the statement positions the cursor immediately after
the last character other than a SPACE or TAB. Otherwise, 4GL would supply a
space for each unused position in the question parameter, forcing the cursor
out to the end of the line.

The rst IF statement uses the MATCHES logical operator to compare the
user s entry with the valid response characters. The assignment to the
invalid_resp controlling variable guarantees that the loop terminates before
completing another cycle.

The ans_yes variable stores the return value for the answer_yes() function.
The rst assignment to the ans_yes variable assumes that the answer is af r-
mative. The inner IF statement corrects this assumption if the user enters
Norn.

The msg() Function
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The msg() function displays a brief informative message, which the program
passes to msg() as a parameter. The rst MESSAGE statement displays the
text. After three seconds, the second MESSAGE statement clears the text.

By using the msg() function instead of the three statements, you provide
somewhat more compact code. More importantly, you make it possible to
change how the message is displayed in the future by modifying the msg()
function rather than making changes to every location in which the program
displays a message.
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FUNCTI ON answer _yes(questi on)

DEFI NE question CHAR(50),
invalid_resp SMALLI NT,
answer CHAR(1),
ans_yes SMVALLI NT

2500 LET invalid_resp = TRUE
WHI LE invalid_resp
260 PROWMPT question CLI PPED FOR answer
270 | F answer MATCHES "[NnYy]" THEN
LET invalid_resp = FALSE
LET ans_yes = TRUE
| F answer MATCHES "[Nn]" THEN
LET ans_yes = FALSE
END | F
END I F
END WHI LE

RETURN ans_yes

END FUNCTION -- answer_yes --

DEFI NE str CHAR( 78)
280 MESSAGE st r
SLEEP 3
MESSAGE ""
END FUNCTION -- nBg --

To locate any function de nition, see the Function Index on page 730.
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Querying and Updating

Example 6 lets the user modify or delete rows quali ed through a query by
example. Over time the data stored in the database may need to be updated
or deleted. You can present the information on a form to make it easier for the
user to perform these data maintenance tasks. The user can then search for a
set of rows that may require modi cation, and the program can present one
row at a time to the user for modi cation.

Example 6 uses one form to collect the query criteria, to display a row, and to
collect changes to the values of the columns in the row.

Example 6 introduces the following 4GL programming techniques:

¢ Using a single form for multiple interactions.

¢ Using a menu with a form to manage the user s interaction with a table.
* Preserving referential integrity in the database.

¢ Updating and deleting database rows.

Modifying the Rows Quali ed by a Query

Like Example 5, this example uses a form to collect selection criteria from the
user, prepares a query from the user s criteria, and (using a database cursor
to keep track of the current row) displays each row quali ed by the query.

Example 6 117



Checking for Dependent Rows

Example 6 goes beyond Example 5 in that the user is not restricted to
passively viewing the retrieved row. After displaying the row, this example
activates a menu.

The user can choose menu options to update the displayed row using the
form, or to delete the displayed row. When nished with the row, the user can
display the next row or stop browsing through the quali ed rows.

Checking for Dependent Rows

Before deleting a customer, Example 6 checks the orders and cust_calls tables
and refuses to delete any customer who has an order or call. This check
ensures referential integrity: each reference to a customer in the orders and
cust_calls tables must have a corresponding customer row. You must main-
tain referential integrity in your database to prevent meaningless data.

When the user deletes a customer, Example 6 displays the row for the
previous customer as a mechanism of showing the actual sequence of rows.
That is, the user sees the previous row and then the following row without
the intervening deleted row.

Function Overview

Function Name
query_cust2()
browse_custs()
next_action()

change_cust()
update_cust()
delete_cust()

verify_delete()
clear_lines()
message_window()

init_msgs()

Querying and Updating

Purpose
Lets the user create a query by example.
Retrieves each row quali ed by the query.

Operates a menu to let the user perform actions on the
current row.

Collects changes to current row.

Updates the database row to re ect the changes.

Deletes the current row if it does not have dependent rows in
other tables.

Checks for dependent rows in other tables.

Clears any number of lines starting at any line.

Opens a window and displays the contents of the
ga_dsplymsg global array.

See the description Example 2.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.



Function Overview

prompt_window() Displays a message and prompts the user for af rmation or
negation. This function is a variation on the
message_window() function that appears in Example 2.
See the description in Example 4.

msg() Displays a brief, informative message.
See the description in Example 5.

To locate any function de nition, see the Function Index on page 730.
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The GLOBALS statement de nes two global records. The program stores the
current customer row in the gr_customer record and the previous customer
row in the gr_workcust record.

The OPTIONS statement speci es the help le (hot shown) that is used by this
example and positions various screen entities at appropriate locations.

The DEFER INTERRUPT statement lets the program trap the Interrupt key,
thus giving the user a graceful mechanism for aborting an action and, if nec-
essary, terminating the program under program control.

The OPEN FORM statement opens the f_customer form, and the DISPLAY
FORM statement makes the form visible to the user. Because the program
does not open any other forms, it can display the f_customer form once at the
start of the MAIN function.

The query_cust2() function manages construction of a query by example. The
query_cust2() function returns the query in the form of a character value,
which is saved in the st_cust local variable. If the query_cust2() function does
not succeed in constructing a query, it returns null.

If the st_cust variable stores a query, the MAIN function calls the
browse_custs() function to present each quali ed row to the user.

After the user nishes working with the quali ed rows, the MAIN function
closes the f_customer form, clears the screen to avoid confusion in other
applications, and terminates.

You could integrate the browsing mechanism demonstrated in Example 6
into a larger application. For example, you could execute the query_cust2()
and browse_custs() function calls within a WHILE loop to let the user browse
through the results of several queries. Or, you could create a menu option on
one of the menus in your program that executes all of the statements between
the OPEN FORM statement and the CLOSE FORM statement.

The query_cust2() Function
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The clear_lines() function clears any existing text on line 4 to avoid confusion
with any previous displays on this line.

This DISPLAY AT statement provides a title for the f_customer form to
indicate that the form is being activated for query by example.

These DISPLAY AT statements provides a caption for the form with detailed
instructions.
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4GL source file

DATABASE st or es7
GLOBALS

DEFI NE gr _cust oner RECORD LI KE custoner. *,
gr _wor kcust RECORD LI KE cust oner. *

See Example 2.

END GLOBALS

MAI'N

DEFI NE st_cust CHAR( 150)

OPTI ONS
HELP FILE "hl pnsgs”,
FORM LI NE 5,

COMMENT LI NE 5,
MESSAGE LI NE 19

DEFER | NTERRUPT

OPEN FORM f _cust omer FROM "f _cust oner”
DI SPLAY FORM f _cust oner

CALL query_cust2() RETURNI NG st _cust

I F st_cust 1S NOT NULL THEN
CALL browse_custs(st_cust)
END | F

CLCSE FORM f _cust oner
CLEAR SCREEN
END MAI N

HHBHHBHHBHHHH BB H B AR
FUNCTI ON query_cust 2()
HHBHHBHHBHHHH B HHBHH B H B R AR R
DEFI NE g_cust CHAR(100),
sel stnt CHAR(150)

CALL clear_lines(1,4)

DI SPLAY " CUSTOMER QUERY- BY- EXAMPLE 2" AT 4, 24

CALL clear_lines(2,16)

DI SPLAY " Enter search criteria and press Accept. Press CTRL-Wfor Help."
AT 16,1 ATTRI BUTE ( REVERSE, YELLOW

DI SPLAY " Press Cancel to exit w out searching."
AT 17,1 ATTRI BUTE ( REVERSE, YELLOW
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The LET statement initializes the built-inint_ ag variable to FALSE. Itis TRUE
after the CONSTRUCT statement only if the user uses the Interrupt key
(typically CONTRL-C).

The CONSTRUCT statement activates the f_customer form so that the user can
create a query by example. The BY NAME clause maps the elds of the form
to the listed database columns using the names of the screen variables asso-
ciated with each eld. The CONSTRUCT statement assigns to the g_cust vari-
able the character value stating the criteria. It also includes a HELP clause to
specify the help message to display when the user presses CONTROL-W from
any eld on the form.

The AFTER CONSTRUCT clause of the CONSTRUCT statement, like the
AFTER INPUT clause of the INPUT statement, executes when the user leaves
the form by using either the Interrupt key or the Accept key. Here the AFTER
CONSTRUCT clause checks for an empty query, which quali es every row in
the target table and thus might take more time and return more rows than the
user intended.

The IF statement testing the int_ ag variable makes sure the user has
terminated construction by using the Accept key. If the user uses the
Interrupt key, the query validation code block is skipped.

The FIELD_TOUCHED() built-in function is called with arguments of all of the
screen variables on the f_customer form. If the user did not enter a value in
any of the screen variables, the FIELD_TOUCHED() function returns FALSE,
and the code block displays a prompt window to let the user indicate
whether to continue or revise the query. The CONTINUE CONSTRUCT state-
ment terminates the AFTER CONSTRUCT code block and reactivates the form
in the CONSTRUCT statement.

If the user did use the Interrupt key, the int_ ag variable is TRUE and the
msg() function con rms the interruption for the user. Finally, the assignment
to the selstmt variable sets the return value to prevent execution of the
browse_custs() function.

If the user used the Accept key, this assignment appends the user s criteria to
the static portion of the SELECT statement.

The query_cust2() function concludes by clearing the title and instruction
spaces and returning the constructed SELECT statement.

The function returns the character string with the WHERE clause conditions
for the user s search criteria. This return string is limited to 150 characters in
size. If user queries become extremely complex, you may need to increase the
size of the selstmt variable. However, keep in mind that you are limited to
returning a maximum of 512 characters.
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LET int_flag = FALSE

CONSTRUCT BY NAME g_cust ON customer.custoner_num customer. conpany,

cust oner . address1, custoner. address2,
custoner.city, custoner.state,
cust oner . zi pcode, custoner. f nane,
cust oner. | nane, custoner. phone

HELP 30

AFTER CONSTRUCT
IF (NOT int_flag) THEN
I'F (NOT FI ELD_TOUCHED( cust oner.*)) THEN

LET ga_dsplynsg[1] = "You did not enter any search criteria."
I F NOT pronpt_wi ndow("Do you really want to see all rows?", 9, 15)
THEN
CONTI NUE CONSTRUCT
END | F
END | F
END | F

END CONSTRUCT

IF int_flag THEN
LET int_flag = FALSE
CALL clear_lines(2,16)
CALL nsg("Custoner query term nated.")
LET selstnt = NULL
ELSE
LET selstnt = "SELECT * FROM custonmer WHERE ", q_cust CLI PPED
END | F
CALL clear_lines(1,4)
CALL clear_lines(2,16)

RETURN (sel stnt)

END FUNCTION -- query_cust2 --

Example 6
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The MAIN function passes the SELECT statement created by query_cust2() as
the selstmt parameter of the browse_custs() function. The PREPARE state-
ment prepares an executable SQL statement from this character value.

The DECLARE statement associates a database cursor with the prepared
statement because the statement may qualify more than one row.

The LET statement initializes two ag variables that are used to determine
what to report to the user. The fnd_custs variable identi es whether or not
the query has quali ed any rows. The end_list variable identi es whether or
not the user has reached the end of the list of quali ed rows. The initial
assignments assume that no rows were found and that the last row has not
been displayed.

The gr_workcust global record stores the record previous to the currently
displayed record. The INITIALIZE statement sets the members of this variable
to a null value because the rst record displayed will not have a previous
record.

The FOREACH statement executes the user s query and opens the ¢_cust
database cursor for the quali ed rows. FOREACH then loops by fetching a
quali ed row into the gr_customer global record and executing the code
block between the FOREACH and the END FOREACH statements. When the
loop terminates in any way, FOREACH closes the database cursor.

Within the code block, the fnd_custs ag is set to TRUE. If the query does not
nd any rows, the code block never executes and thus the fnd_custs ag
retains the initial value of FALSE.

The DISPLAY BY NAME statement displays the row that was fetched into the
gr_customer record on the f_customer form. The BY NAME clause maps the
members of gr_customer to the screen variables of the form having the same
names.

The browse_custs() function delegates to the next_action() function the
management of the user s interaction with the displayed row. It returns
FALSE when the user wants to skip the remaining rows.

The next_action() function returns a TRUE value when the user wants to view
the next row. In this case, the ELSE clause sets the end_list ag to TRUE
because, if no following row is found, the last row would have been reached.
The assignment to the gr_workcust row saves the last row displayed before
the FOREACH statement assigns a new row to gr_customer.
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FUNCTI ON browse_cust s(sel stnt)
HHBHHBHHBH R H BB B AR

DEFI NE sel stnt CHAR( 150) ,
fnd_custs SMALLI NT,
end_|ist SMALLI NT

PREPARE st _sel cust FROM sel st nt
DECLARE c_cust CURSOR FOR st _sel cust

LET fnd_custs = FALSE
LET end_list = FALSE
I NI TI ALI ZE gr _wor kcust.* TO NULL

FOREACH c_cust | NTO gr _custoner. *
LET fnd_custs = TRUE
DI SPLAY BY NAME gr_customer. *

I'F NOT next_action() THEN

LET end_list = FALSE
EXI T FOREACH
ELSE

LET end_list = TRUE
END | F
LET gr_workcust.* = gr_custoner.*
END FOREACH
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After the FOREACH loop nishes, the browse_custs() function displays
messages to con rm the cause of the termination:

¢ If FOREACH did not nd any rows, the loop never executed and the
fnd_custs ag remains FALSE. The msg() function reports the failure of
the query criteria.

* If FOREACH exited because the last quali ed row was displayed, the
end_list ag is TRUE. The msg() function reports this condition.

The browse_custs() function does not display a message if the user chose to
skip the remaining rows.
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The nxt_action variable stores the return status, which controls whether or
not the browse_custs() function exits or continues the FOREACH loop. The
LET statement sets nxt_action to TRUE because the default action is to con-
tinue the loop.

The DISPLAY statement noti es the user that help is available for the current
menu. It displays this information at the third line of the form so it appears
under the active menu.

The next_action() function opens a menu of user options for responding to
the current displayed row. The Next and Exit options both terminate the
menu. The code block for the Next option leaves the nxt_action variable with
its default value, signaling continuation of the FOREACH loop.

The code block for the Update option calls the change_cust() function to
manage input of the changes. If the change_cust() function returns TRUE, the
user entered the changes successfully. The IF statement then calls the
update_cust() function to apply the changes to the database row.

The NEXT OPTION statement positions the user on the Next option when the
menu reactivates to make this option the default for the user s next action.
Otherwise, the Update option would remain the current position.

The code block for the Delete option calls the delete_cust() function to
manage deletion of the current displayed row.
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CALL cl ear_lines(2,16)
I F NOT fnd_custs THEN
CALL nmsg("No custonmers match search criteria.")
END | F
IF end_list THEN
CALL nmsg("No nore custoner rows.")
END I F
CLEAR FORM

END FUNCTION -- browse_custs --

DEFI NE nxt _action SMALLI NT
CALL clear_lines(1,16)
LET nxt_action = TRUE

DI SPLAY
B e Press CTRL-Wfor Help---------- "
AT 3, 1
MENU " CUSTOVER MODI FI CATI ON'
COWAND “Next" "View next selected custoner." HELP 20
EXI T MENU

COWAND "Update" "Update current custonmer on screen." HELP 21
| F change_cust () THEN
CALL update_cust ()
CALL clear_lines(1,16)
END | F
NEXT OPTI ON "Next"

COWAND "Del ete" "Del ete current customer on screen." HELP 22
CALL del ete_cust()
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After the deletion, the IF statement checks if the gr_workcust global record
contains values. The test checks the customer_num member variable because
this column should have a value in any row. If gr_workcust is not empty,
more than one row has been selected and the program tries to display the pre-
viously selected row. The gr_workcust record contains the previous dis-
played row, unless the deleted row was the rst selected row. The LET
statement assigns the contents of gr_workcust to gr_customer, and the
DISPLAY BY NAME statement displays the gr_customer.

If the gr_workcust record is empty, only one row was selected. In this case,
the program clears the gr_customer record and sets the nxt_action ag to
FALSE. By setting nxt_action to FALSE, the function tells the calling program
that there are no more rows to display.

Before terminating the menu, the code block for the Exit option sets the
nxt_action variable to FALSE and thus signals the browse_custs() function to
terminate the FOREACH loop.

The RETURN statement returns the value of the nxt_action variable so the
browse_custs() function can act on the user s decision.

The change_cust() Function

128

3601

370

380

390

The change_cust() function manages updating of a customer row. The
function starts by executing the DISPLAY AT statements to give the user
appropriate instructions.

The INPUT statement activates the f_customer form so the user can modify
the values in the elds. The WITHOUT DEFAULTS clause leaves the current
values (those displayed by the browse_cust() function) in the elds rather
than Iling the form with default values. The HELP clause speci es the help
message to display when the user presses CONTROL-W from any eld on the
form.

The AFTER FIELD clause makes sure that the company eld has a value in the
row. Before the user leaves the eld, 4GL assigns the value of the eld to the
corresponding program variable, which in this case is the company member
of the gr_customer record. The IF statement tests the program variable rather
than directly testing the eld. If the value is null, the ERROR statement noti-
es the user of the problem and the NEXT FIELD statement positions the user
back in the company eld rather than letting the user move to a new eld.

When the user uses the Interrupt key, FALSE is returned to signal the
next_action() function not to apply the changes. Otherwise, TRUE is returned
to af rm the changes.
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Displaying Information in an Array Form

An array form displays multiple rows to the user at one time. The advantage
is that the user can view several rows without having to page through the
rows individually. As a result, the user has a better sense of the contents of
the table and can work with the data more conveniently and more ef ciently.

152

The basic technique for implementing a lookup list using an array form is as
follows:

1.

7.
8.

De ne a program array large enough to store the database rows.

If you cannot anticipate how many rows will be retrieved or if you cannot
reserve enough memory for all of the rows, execute steps 3 through 5ina
WHILE loop.

Open and display the array form in a window.
Read the database rows into the program array.

Although you typically populate an array from the database, you can also
populate an array with explicit assignments. For example, you could use
this technique to provide a pulldown menu using an array form.

It is a good idea to read the rows from the database after opening the
window so the user has something new to look at in the interim.

Call the built-in SET_COUNT() function to tell 4GL how many rows are
stored in the program array.

Execute the DISPLAY ARRAY statement to activate the array form for
viewing the rows in the program array.

Call the built-in ARR_CURR() function to nd out the row in the program
array that corresponds to the current screen array row at the time the user
exits the DISPLAY ARRAY statement.

Close the array form and window.
Access the values of the row pointed to by the array element.

You can also use an array form to insert, update, and delete the displayed
rows (see Example 10).

Displaying a Screen Array in a Popup Window
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Triggering Form Actions with Keys

In much the same way that you can provide an AFTER FIELD code block for
aform eld, you can associate a code block with a CONTROL or FUNCTION
key using the ON KEY clause. When the user presses the key while inputting
data or constructing a query on the form, the ON KEY clause executes.

The program uses an ON KEY clause in an INPUT statement to display the
popup window containing the screen array. Unless the ON KEY clause
includes an EXIT statement to terminate the user s session with the form, the
form reactivates when the ON KEY code block nishes.

Function Overview

Function Name Purpose
input_stock2() Collects a new row from the user.
insert_stock() Inserts the row into the database.
See the description in Example 7.
manuf_popup() Reads all rows from the manufact table, displays the rows to

the user in an array form, and returns the values of the row
on which the user positioned before leaving the form.

msg() Displays a brief, informative message.
See the description in Example 5.
unique_stock() Determines if combined stock number and manufacturer

code is unique.
See the description in Example 7.

To locate any function de nition, see the Function Index on page 730.
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The speci cation for an array form differs from the speci cation for a single-
record form in that the same eld tag is applied to multiple elds in the
SCREEN section.

The set of distinct eld tags constitutes a record, and the duplicate sets of eld
tags are elements of the form s array. In the f_manufsel form, the f001 and
f002 tags make up a single record, and there are ve elements in the array.

The ATTRIBUTES section speci es the characteristics for each unique eld tag.
Thus, the f_manufsel form speci es the attributes for the f001 and f002 elds
once. The elds have the same attributes in each element of the array.

In the INSTRUCTIONS section you must group the array and the screen
variables that make up an element in the array as a SCREEN RECORD. The
number 5 appears in brackets after the name of the array because the SCREEN
section has ve positions for elements of the array.

Although you use the SCREEN RECORD keywords to specify the array;, it is
typically called a screen array, not a screen record.
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f_manufsel form file

DATABASE st or es7

SCREEN

{
Code Nane
[f001] [fO002
[fo01] [fo002
[fo0o1] [foO002
[fo0o1] [fo002
[fo01] [foO02

}

TABLES

manuf act

ATTRI BUTES

f001 = manufact. manu_code;
f 002 = nanuf act. manu_nane;

I NSTRUCTI ONS

SCREEN RECORD sa_nmmanuf[5] (manufact.manu_code THRU manuf act. manu_nane)

Example 8
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The input_stock2() function differs from the input_stock() function in
Example 7 in the following ways:

* A BEFORE FIELD clause for the manu_code eld appears in this function.
* The AFTER FIELD clause associated with the manu_code eld differs.
* AN ONKEY clause is associated with the manu_code eld in this function.

The BEFORE FIELD clause displays an instruction for Iling in the manu_code
eld.

The SELECT statement validates the manu_code by verifying that this code is
de ned in the manufact table.

The input_stock?2() function also revises the error message displayed for an
invalid manufacturer code to remind the user about the lookup key.

The ON KEY clause contains code that is executed when the user presses the
F5 function key or CONTROL-F. When choosing control keys, avoid control
keys that are reserved for editing in 4GL forms. Also, avoid keys that are used
by the operating system. For example, CONTROL-S often stops output to a
terminal, and CONTROL-J generates the newline character.

The block of code associated with the key ends with another clause of the
INPUT statement or an END INPUT statement.

The IF statement uses the INFIELD() built-in function to verify that the user
pressed the F5 key or CONTROL-F while positioned in the manu_code eld. If
not, these keys do not perform an action. If so, the ON KEY clause calls the
manuf_popup() function to get the code and name for a manufacturer, which
are placed in the member variables of the gr_stock record.

To perform different lookup actions in different elds, you can use a series of
INFIELD() functions as the WHEN clauses of a CASE statement. Each WHEN
clause can execute the appropriate lookup action for the eld.

The IF statement tests the manu_code member of the gr_stock record to nd
out whether the user selected a manufacturer. If not, the NEXT FIELD state-
ment positions the cursor back in the manu_code eld because a manufac-
turer is still required.
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4GL source file

100 FUNCTI ON i nput _st ock2()

See input_stock() in Example 7.
20 BEFORE FI ELD nanu_code
MESSAGE "Enter a manufacturer code or press F5 (CTRL-F) for a list."

AFTER FI ELD nmanu_code
| F gr_stock. manu_code 1S NULL THEN
ERROR "You nust enter a nanufacturer code. Please try again."
NEXT FI ELD manu_code
END | F

30 SELECT manu_name
I NTO gr _st ock. manu_nane
FROM manuf act
WHERE manu_code = gr_stock. manu_code

I F (status = NOTFOUND) THEN
40 ERROR
"Unknown manufacturer’s code. Use F5 (CTRL-F) to see valid codes."

LET gr_stock. manu_code = NULL
NEXT Fl ELD manu_code

END I F

DI SPLAY BY NAME gr _stock. manu_nane

MESSAGE " "

END I F

See input_stock() in Example 7.
50 ON KEY (F5, CONTROL-F)
60 | F I NFI ELD( manu_code) THEN
CALL manuf _popup() RETURNI NG gr_st ock. manu_code, gr_stock. manu_nane
70 | F gr_stock. manu_code 1S NULL THEN
NEXT FI ELD manu_code
ELSE
DI SPLAY BY NAME gr_stock. manu_code
END | F
MESSAGE ""
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80 The unique_stock() function determines if the stock number and manufac-

turer code justentered de ne a unique stock item. This function returns TRUE
if no stock item currently exists with this combination of stock number and
manufacturer code. In this case, the program displays the manufacturer
name on the form and moves the cursor to the next eld.

If unique_stock() returns FALSE, the program clears out the elds and returns
the cursor to the stock_num eld so the user can rede ne the stock item.

The manuf_popup() Function
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9] The DEFINE statement creates the pa_manuf local array to store the rows

retrieved from the manufact table. Each element in the array consists of a
record with two member variables: manu_code and manu_name.

1000 The LET statement assigns the size of the pa_manuf array to the local variable

array_sz. The function uses the array size to make sure there is enough room
in the program array to store the selected manufact rows.

110 The manuf_popup() function opens a new window to display the popup list

on top of the f_stock form. The manuf_popup() function displays the form
with appropriate instructions to the user.

120 Example 5 introduced the use of cursors for dynamically prepared queries.

As in the manuf_popup() function, you can also state the query in the decla-
ration for the cursor. This technique prepares the query during compilation
and thus executes more ef ciently.

The query orders the manufacturers by the code sequence so the listing
appears in a natural sequence. Otherwise, the manufacturers would appear
in their physical sequence in the database table.
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s I F uni que_stock() THEN
DI SPLAY BY NAME gr _stock. manu_nane
NEXT FI ELD uni t
ELSE
DI SPLAY BY NAME gr_stock. description, gr_stock.manu_code,
gr_st ock. manu_nane
NEXT FI ELD st ock_num
END I F
END | F
END | NPUT

IF int_flag THEN
LET int_flag = FALSE
CALL nsg("Stock input termnated.")
RETURN ( FALSE)
END | F
RETURN ( TRUE)

END FUNCTION -- input_stock2 --

FUNCTI ON manuf _popup()
HHBHHBHHBH AR H BB H BB R AR R
9[J DEFI NE pa_manuf ARRAY[ 200] OF RECORD
manu_code LI KE manuf act. manu_code,
manu_nane LI KE manuf act. manu_nane

END RECORD,
i dx SMALLI NT,
manuf _cnt SMALLI NT,
array_sz SMVALLI NT,
over_si ze SMALLI NT
100 LET array_sz = 200 --* match size of pa_manuf array

110 OPEN W NDOW w_nanuf pop AT 7, 13
WTH 12 ROAS, 44 COLUWNS
ATTRI BUTE( BORDER, FORM LI NE 4)

OPEN FORM f _manuf sel FROM "f _manuf sel "
DI SPLAY FORM f _manuf sel

DI SPLAY "Move cursor using F3, F4, and arrow keys."
AT 1,2

DI SPLAY "Press Accept to select a manufacturer."
AT 2,2

120 DECLARE c_manuf pop CURSOR FOR
SELECT manu_code, manu_nane
FROM manuf act
ORDER BY manu_code
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The FOREACH statement retrieves all of the rows from the manufact table and
stores them in the pa_manuf array. The manuf_cnt variable stores the num-
ber of the next unoccupied element of the array. Thus, before the FOREACH
loop starts executing, the next unoccupied element is the rst element. Each
iteration of the FOREACH loop increments the manuf_cnt variable before
retrieving the next row into the array.

The array was de ned with 200 elements. If the manufact table exceeds 200
rows, the manuf_popup() function cannot store the excess rows in pa_manuf.
To prevent the FOREACH loop from failing at runtime, the program compares
the current loop index (manuf_cnt) with the size of the array (array_sz).

If there is no more room in the pa_manuf array, the function sets the
over_size ag to indicate that the program array only contains the rst 200
manufacturers.

See Example 12 for a technique for displaying an unknown number of rows
in a screen array.

The IF statement tests whether the query retrieved a row. If no rows are
returned, the FOREACH loop is not executed and the manuf_cnt variable
keeps its initial value of 1. The call to the msg() function informs the user of
this problem and the assignments to the idx variable and manu_code array
member ensure that the manuf_popup() function returns a null value.

Ordinarily the query should run without a problem and should return all
rows in the manufact table; however, an unforeseen database problem could
prevent the query from retrieving rows.

After the FOREACH loop retrieves rows, the ELSE clause displays the rows to
the user. If the pa_manuf array is full, the program noti es the user that more
manufact rows exist but are not displayed.

The call to the built-in SET_COUNT() function tells 4GL how many rows are
stored in the array. The call subtracts one from manuf_cnt because, when the
FOREACH loop nishes, the variable stores the number of the element after
the last element that was lled.

The DISPLAY ARRAY statement displays the contents of the pa_manuf array
in the f_manufsel form. Unlike the DISPLAY BY NAME and DISPLAY TO state-
ments for a single-row form, the DISPLAY ARRAY statement activates the
form so the user can scroll rows into the form from the program array and can
position on the appropriate manufacturer row.

The syntax requires a list of screen variables in the TO clause. That is, the
DISPLAY ARRAY statement requires the asterisk after the name of the screen
record.
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LET over_si ze FALSE
LET manuf _cnt 1
FOREACH c_manuf pop | NTO pa_manuf [ manuf _cnt] . *
LET manuf_cnt = manuf_cnt + 1
I F manuf _cnt > array_sz THEN
LET over_size = TRUE
EXI T FOREACH
END I F
END FOREACH

I'F (manuf _cnt = 1) THEN

CALL msg("No manufacturers exist in the database.")

LET idx = 1
LET pa_manuf[i dx]. manu_code = NULL
ELSE

I F over _size THEN
MESSAGE "Manuf array full: can only display ",
array_sz USI NG " <<<<<<"
END I F

CALL SET_COUNT( manuf _cnt-1)
LET int_flag = FALSE
DI SPLAY ARRAY pa_manuf TO sa_manuf. *
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The built-in ARR_CURR() function returns the number of the array element on
which the user was positioned when the user accepted or interrupted the
form session. The idx variable stores this number so the manuf_popup()
function can return the values stored in this array element.

Note that the array element is different from the user s current line number
on the array form. To obtain this number, you can execute the built-in
SCR_LINE() function.

The IF statement tests the int_ ag built-in variable to determine whether the
user has cancelled the lookup action by pressing the Interrupt key (typically
CONTROL-C). The msg() function con rms that no row was selected, and the
assignment to the manu_code member variable ensures that manuf_popup()
does not return the value of the row the user happened to be on.

The manuf_popup() function nishes up by closing the popup window and
returning the values of the appropriate array element, which are null if the
manufact table did not have any rows or if the user pressed the Interrupt key
to leave the form.

Displaying a Screen Array in a Popup Window
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190 LET i dx = ARR CURR()

200 IF int_flag THEN
LET int_flag = FALSE
CALL msg("No manufacturer code selected.")
LET pa_manuf[i dx]. manu_code = NULL
END | F
END | F

210 CLOSE W NDOW w_nanuf pop
RETURN pa_nmanuf [i dx] . manu_code, pa_manuf[i dx]. manu_nane

END FUNCTION -- manuf _popup --

To locate any function de nition, see the Function Index on page 730.
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Accessing a Table with a
Single-Row Form

This example combines the techniques demonstrated in the previous
examples to provide a menu and form interface for all of the standard SQL
operations on a table. The user can insert, query for, view, update, and delete
customer rows. This example also provides a lookup function so the user can
select a customer s state from a list displayed in a popup window.

. ,

This example also introduces a technique for using a single INPUT statement
to collect data for insertion or update. Because much of the eld validation is
likely to be the same whether the row is inserted or updated, this technique
can reduce coding and improve maintainability.
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Function Name
cust_menul()

browse_custsi()

next_action2()

addupd_cust()

state_popup()

insert_cust()

message_window()

init_msgs()
bang()

prompt_window()

msg()
query_cust2()
update_cust()

delete_cust()

Accessing a Table with a Single-Row Form

Purpose

Operates a menu so the user can choose whether to add new
customers or query for existing customers.

Retrieves and displays the rows quali ed by the query so the
user can act on the rows.

This function differs from browse_custs() in Example 6 only
in that it calls next_action2() rather than next_action().
Operates a menu so the user can choose the appropriate
processing for the current row.

This function differs from next_action() in Example 6 only in
that help is not provided for the menu options and the Up-
date option calls the addup_cust() function rather than the
change_cust() function of Example 6.

Combines insertion and update functions in a single routine
to eliminate duplication of code.

This function resembles the input_stock2() function in
Example 8.

Displays a lookup list of the states from the state table so the
user can choose the appropriate state.

This function resembles the manuf_popup() function in
Example 8.

Adds a new row to the customer table.

This function resembles the insert_stock() function in
Example 7.

Opens a window and displays the contents of the
ga_dsplymsg global array.

See the description in Example 2.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Prompts the user for a command and executes the command.
See the description in Example 3.

Displays a message and prompts the user for af rmation or
negation. This function is a variation on the
message_window() function that appears in Example 2.

See the description in Example 4.

Displays a brief, informative message.

See the description in Example 5.

Lets the user create a query by example.

See the description in Example 6.

Updates the database row to re ect the changes.

See the description in Example 6.

Deletes the current row if it does not have dependent rows in
other tables.

See the description in Example 6.



Function Overview

verify_delete() Checks for dependent rows in other tables.
See the description in Example 6.
clear_lines() Clears any number of lines starting at any line.

See the description in Example 6.

To locate any function de nition, see the Function Index on page 730.
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The f_statesel Form

The f_statesel Form

10 Thisform is used as a popup window to display valid state codes and names.
These state codes are stored in the state table.

2[0 The INSTRUCTIONS section de nes the sa_state screen array to hold the state
codes and names. To implement this popup window, the program must list
this screen array in the TO clause of the DISPLAY ARRAY statement.
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The f_statesel Form

f_statesel form file

DATABASE st ores7

SCREEN
{

Code State
[foo1 ] [fo02 ]
[fOo01 ] [fO002 ]
[foo1 ] [fo02 ]
[foo1 ] [fo02 ]
[foo1 ] [fo02 ]
[foo1 ] [fo02 ]
[foo1 ] [fo002 ]
[foo1 ] [fo02 ]
}

TABLES
state

10 ATTRI BUTES
f001 = state.code;
f 002 = state.snane;

20 I NSTRUCTI ONS
SCREEN RECORD sa_state[8] (state.code THRU state. snane)
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The MAIN Function

10

20

30

40

The OPTIONS statement assigns appropriate lines to the top of the form, the
comments for elds from the form speci cation le, and messages. It also
speci esthat help messages used in this example come from the hipmsgs le.

The DEFER INTERRUPT statement traps the Interrupt key (typically
CONTROL-C).

The cust_menul() function executes SQL actions on the customer table. In
your own applications, you might have a menu of tables at this point and call
the appropriate equivalent to the cust_menul() function for each table.

The CLEAR SCREEN statement clears the 4GL display from the monitor for the
bene t of whatever program the user returns to after exiting the program.
While Example 9 does not close the w_main window or the f_customer form
explicitly, 4GL closes all open forms, windows, and cursors when terminating
the program.

The cust_menul() Function

170

50

60

70

The Add menu option calls the addupd_cust() function to collect a new
customer row from the user. The A parameter instructs addupd_cust() to
apply insertion validation to the row.

If addupd_cust() succeeds in creating a valid row, the insert_cust() function
inserts the row. To restore the form to its default state, the CLEAR FORM
statement clears the data from the elds and calls clear_lines() to remove the
instructions.

The Query menu option calls the query_cust2() function to collect query
criteria from the user. The query_cust2() function returns the criteria to the
st_custs variable. If the st_custs variable is null, query_cust2() failed to con-
struct a query. Otherwise, the Query code block calls the browse_custs1()
function to retrieve and process the quali ed rows.

The unnamed menu option provides an expert option for executing an
operating system command. The bang() function manages the construction
of the command.

Accessing a Table with a Single-Row Form
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10

20

50

60

70

4GL source file

See Example 2 and Example 6.

HELP FILE "hl pnsgs”,
FORM LI NE 5,

COMVENT LI NE 5,
MESSAGE LI NE LAST

DEFER | NTERRUPT

OPEN W NDOW w_rai n AT 2, 3
WTH 18 ROWS, 75 COLUMNS
ATTRI BUTE ( BORDER)

OPEN FORM f _customer FROM "f _cust oner”
DI SPLAY FORM f _cust oner

CALL cust_nenul()

CLEAR SCREEN

END MAI N

HAHHH BB HBHHRH B R R
FUNCTI ON cust _nenul()

-------------------------------------------- Press CTRL-Wfor Help

AT 3, 1
MENU " CUSTOVER'

COWAND "Add" "Add new custoner(s) to the database." HELP 10

| F addupd_cust ("A") THEN
CALL insert_cust()

END I F

CLEAR FORM

CALL clear_lines(2,16)

CALL clear_lines(1,4)

COWAND "Query" "Look up custoner(s) in the database."
CALL query_cust2() RETURNI NG st_custs
IF st_custs IS NOT NULL THEN
CALL browse_custsl(st_custs)
END I F
CALL clear_lines(1, 4)

COMMAND KEY ("!")
CALL bang()

HELP 11
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The browse_custs1() Function

800 The Exit menu option lets the user terminate the menu and, thus, the function

and program. For the convenience of the user, the KEY clause speci es many
accelerator keys for this important command.

The browse_custs1() Function

90 The browse_custs1() function prepares the query, declares a cursor, and

executes a FOREACH statement to retrieve the quali ed rows one at a time.

The browse_custs1() function is almost identical to the browse_custs()
function. (See The browse_custs Function on page 124.) The only difference
is that, within the FOREACH statement, the IF statement calls the
next_action2() function rather than the next_action() function to let the user
act on the current row.

The next_action2() Function

172

1000 The next_action2() function opens a menu to let the user update or delete the

current row. The next_action2() function returns FALSE, exiting the FOREACH
loop in the browse_custs1() function, if the user does not want to see the rest
of the quali ed rows. The next_action2() function returns TRUE if the user
wants to view the next row.

The next_action2() function is almost identical to the next_action() function.
(See The next_action() Function on page 126.) The only difference is that
the Update menu option collects the changes to the row by calling the generic
addupd_cust() function rather than the change_cust() function from
Example 6. In the call to addupd_cust(), the U parameter triggers validation
speci ¢ to updating rather than inserting.

The row is updated only if the return value of addupd_cust() indicates that
the user accepted the modi cations.

Accessing a Table with a Single-Row Form



The next_action2() Function

8l COVMAND KEY ("E',"X") "Exit" "Exit the program" HELP 100
EXI T MENU
END NENU
END FUNCTION -- cust_nenul --

9[] FUNCTI ON browse_cust si(sel stnt)

See browse_custs() in Example 6.
FOREACH c_cust | NTO gr_custoner. *
LET fnd_custs = TRUE
DI SPLAY BY NAME gr_customer. *

I F NOT next_action2() THEN

LET end_list = FALSE

EXI T FOREACH
ELSE
LET end_list = TRUE
END I F
LET gr_workcust.* = gr_customer.*
END FOREACH
See browse_custs() in Example 6.
END FUNCTION -- browse_custsl --

1000 FUNCTI ON next _action2()
WHHH T T R I R

See next_action() in Example 6.
MENU " CUSTOMER MODI FI CATI ON'
COMWWAND "Next" "View next selected custoner." HELP 20
EXI T MENU

COMVAND " Updat e" "Update current custoner on screen." HELP 21
| F addupd_cust ("U') THEN
CALL update_cust ()
END | F

CALL cl ear_lines(1,16)
NEXT OPTI ON " Next"

See next_action() in Example 6.
END MENU

RETURN nxt _action
END FUNCTION -- next_action2 --
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The addupd_cust() Function

174

110

121

130

140

150

160

170

180

The addupd_cust() function enhances the technique used in the
input_stock?2() function of Example 9 to handle both inserts and updates.

The LET statement regularizes the parameter value by calling the UPSHIFT()
built-in function to put it in uppercase.

The IF statement makes sure that the calling statement has not called
addupd_cust() with a ag value that is outside the A and U values that
addupd_cust() knows. If so, the ERROR statement noti es the user about this
internal problem and the EXIT PROGRAM statement terminates the program.

It would be too dangerous to continue in this unknown state. Defending
against such programming mistakes is a good practice.

If addupd_cust() is called for insertion, the code block for the IF clause
displays an insertion title and initializes the program variables to null.

If there were appropriate default values for a new row, you could assign them
to the program variables individually.

If addupd_cust() is called for update, the code block for the ELSE clause
displays an update title and places a copy of the current values of the row in
the gr_workcust record in case the row must be restored later.

Before executing the INPUT statement, addupd_cust() sets the int_ ag built-
in variable to FALSE so that int_ ag can be tested later to see if the user used
the Interrupt key (typically CONTROL-C).

The INPUT statement uses the WITHOUT DEFAULTS clause so that the values
of the program variables are assigned to the elds of the form rather than
defaults from the form speci cation le or the syscolval system table.

The individual program variable names are listed so that the cursor will visit
the corresponding screen elds in the speci ed order. If you did not care
about this particular ordering, you could substitute the gr_customer.* nota-
tion for the variable name list.

The BEFORE FIELD clause saves the current company name to avoid
validating it in the AFTER FIELD clause if the user does not change the name
(see Note 19).

The rstIF statement of the company AFTER FIELD clause checks whether the
company eld has a value and, if not, repositions the user in the eld.

Accessing a Table with a Single-Row Form
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HHEAH B H AR HH R A TR R A A TR R R A R
110 FUNCTI ON addupd_cust (au_f | ag)

DEFI NE au_flag CHAR(1),

cust _cnt | NTECGER,
state_code LI KE custoner. state,
orig_conp LI KE cust oner. conpany

120 LET au_flag = UPSH FT(au_fl ag)

130 IF au_flag <> "A" AND au_flag <> "U' THEN
ERROR "I ncorrect argunent to addupd_cust()."
EXI T PROGRAM
END I F

CALL clear_lines(1,4)
140 IF au_flag = "A" THEN
DI SPLAY "CUSTOVER ADD' AT 4, 29
I NI TI ALI ZE gr _custoner.* TO NULL
150 ELSE --* au_flag = "U'
DI SPLAY "CUSTOVER UPDATE" AT 4, 29
--* save current values of custoner; if update is term nated, can
.- then redisplay original values.
LET gr_workcust.* = gr_custoner.*
END I F

CALL clear_lines(2, 16)

DI SPLAY " Press Accept to save new custoner data. Press CTRL-Wfor Help."
AT 16,1 ATTRI BUTE ( REVERSE, YELLOW

DI SPLAY " Press Cancel to exit w out saving."
AT 17,1 ATTRI BUTE ( REVERSE, YELLOW

160 LET int_flag = FALSE
I NPUT BY NAME gr _custoner.conpany, gr_custoner. addressl,
gr_custoner. address2, gr_custoner.city,
gr_custoner.state, gr_custoner. zipcode,
gr_custoner. fname, gr_custoner.|nanme, gr_custoner. phone
W THOUT DEFAULTS

170 BEFORE FI ELD conpany
LET orig_conp = gr_custoner.conpany

1801 AFTER FI ELD conpany
I F gr_custoner.conpany | S NULL THEN
ERROR "You nust enter a conpany nane. Please re-enter."
NEXT FI ELD conpany
END | F

LET cust_cnt = 0
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176

190

200

210

The company eld is not the key for the customer table and thus is not
required for the integrity of the database. The eld is, however, the most sig-
ni cant label for the row. That is, the customer data will not be meaningful if
there are customers without company names.

The next IF statement in the company AFTER FIELD clause veri es that the
company name is unique in the database. The clause always performs the test
when inserting a row but only applies the test if the company has changed
when updating the row.

The prompt_window() function noti es the user of a problem and gives the
user a chance to correct it. If the user chooses to change the company name,
the LET statement restores the original value and the NEXT FIELD statement
repositions the user in the eld.

Again, duplicate company names are a problem for the meaningfulness of
the customer data rather than for the integrity of the database.

The BEFORE FIELD clause for the state eld displays instructions for looking
up states. An ON KEY clause implements the lookup action (see Note 22).

The AFTER FIELD clause for the state eld uses a SELECT statement to verify
that the state exists in the database. If not, the ERROR statement informs the
user, and the NEXT FIELD statement repositions the user in the state eld.
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190 IF (au_flag = "A")
OR (au_flag = "U'" AND orig_conp <> gr_custoner.conpany)
THEN
SELECT COUNT(*)
I NTO cust _cnt
FROM cust oner
WHERE conpany = gr_custoner. conpany

IF (cust_cnt > 0) THEN

LET ga_dsplynsg[1] = "This conpany nane already exists in the "

LET ga_dsplynsg[2] =" dat abase. "

I F NOT pronpt_wi ndow ("Are you sure you want to add another?", 9, 15)
THEN

LET gr_customer. conpany = orig_conp
NEXT FI ELD conpany
END I F
END | F
END | F

AFTER FI ELD | nane
I'F (gr_custoner.lnane IS NULL) AND (gr_custoner.fnane 1S NOT NULL) THEN
ERROR "You nust enter a last nane with a first nane."
NEXT FI ELD f nane
END | F

200 BEFORE FI ELD state
MESSAGE
"Enter state code or press F5 (CTRL-F) for a list."

2100 AFTER FIELD state
I F gr_custoner.state 1S NULL THEN
ERROR "You nust enter a state code. Please try again."
NEXT FI ELD state
END I F

SELECT COUNT(*)

I NTO cust _cnt

FROM st at e

WHERE code = gr_custoner.state

IF (cust_cnt = 0) THEN
ERROR

"Unknown state code. Use F5 (CTRL-F) to see valid codes."
LET gr_custoner.state = NULL
NEXT FI ELD state

END | F

VESSAGE " "
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178

2200

230

240

The ON KEY clause executes when the user presses the F5 function key or
CONTROL-F in any eld on the form. The IF statement uses the INFIELD()
built-in function to restrict the lookup action to the state eld. In other elds,
the function key has no effect.

The lookup action calls the state_popup() function to display a list of states.
If the user does not select a state, state_popup() returns null, and the inner IF
statement positions the user in the eld. Otherwise, state_popup() returns
the selected state, the DISPLAY BY NAME statement displays the value in the

eld, and the NEXT FIELD statement positions the user in the zipcode eld.
The explicit NEXT FIELD statement skips the validation in the AFTER FIELD
clause for the state eld, which is appropriate because the state_popup() can
only return a valid state.

You could use similar AFTER FIELD and ON KEY actions in your own
programs to provide friendly validation for foreign keys. See Example 8 for
a more detailed description of this technique.

The second ON KEY clause de nes eld-level help for each of the elds of the
f_customer form. Because CONTROL-W is the default Help key (and the
OPTIONS statement does not rede ne the Help key), this ON KEY executes
when the user requests help. The section uses the built-in INFIELD() function
to determine which eld the cursor is in and uses the built-in SHOWHELP()
function to specify which help message to display. These help messages must
existin the help le speci ed in the OPTIONS statement (hlpmsgs in this
example). An alternative to eld-level help is to use the HELP clause of the
INPUT statement to specify a help message for all elds in the INPUT (see
Example 6). The advantage of de ning eld-level help is that you can cus-
tomize the help message that displays for each eld.

The IF statement tests the int_ ag built-in variable to check whether the user
left the form by pressing the Interrupt key (typically CONTROL-C).

In this case, the inner IF statement checks to see if the action is an update and,
if so, restores the original version of the row that was saved in the
gr_workcust record (see Note 15). The IF statement returns FALSE to avoid
inserting or updating the row in the calling function.

If the user used the Accept key (typically ESCAPE), the addupd_cust()
function returns TRUE to authorize the insertion or update.
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220 ON KEY (CONTROL-F, F5)
I F I NFI ELD(state) THEN
CALL state_popup() RETURNI NG state_code

| F state_code IS NULL THEN
NEXT FI ELD state
END | F
LET gr_custoner.state = state_code
DI SPLAY BY NAME gr_customer.state

MESSAGE " "
NEXT FlI ELD zi pcode
END | F
230 ON KEY ( CONTROL-W

I F I NFI ELD( conpany) THEN
CALL SHOWHELP(50)

END I F

I F I NFI ELD( addr ess1) OR | NFI ELD( addr ess2) THEN
CALL SHOWHELP(51)

END I F

I'F INFIELD(city) THEN
CALL SHOWHELP(52)

END | F

I'F I NFI ELD(state) THEN
CALL SHOWHELP(53)

END I F

I'F I NFI ELD( zi pcode) THEN
CALL SHOWHELP(54)

END I F

I F I NFI ELD(f nane) OR | NFI ELD(| name) THEN
CALL SHOWHELP(55)

END | F

I F I NFI ELD( phone) THEN
CALL SHOWHELP(56)

END I F

END | NPUT

2401 IF int_flag THEN
LET int_flag = FALSE
CALL clear_lines(2, 16)
IF au_flag = "U' THEN
LET gr_custoner.* = gr_workcust.*
DI SPLAY BY NAME gr_customer. *
END I F
CALL msg("Customer input termnated.")
RETURN ( FALSE)
END I F

RETURN ( TRUE)

END FUNCTI ON -- addupd_cust --
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250

260

270

2801

2900

300

The state_popup() function uses the same technique as the manuf_popup()
function of Example 8 to display a popup list of values to the user.

The OPEN WINDOW statement displays the w_statepop window on top of
any existing open windows. The function then opens and displays the
f_statesel array form and displays instructions for using the list.

The DECLARE statement declares a cursor for retrieving all rows from the
state table. The ORDER BY clause of the SELECT statement sorts the retrieved
rows alphabetically by state code.

The FOREACH loop retrieves all of the state rows into the pa_state array.

If more than 200 manufacturers exist in the database, the program prevents
the pa_state array from over owing and sets the over_size ag to TRUE so
that only the rst 200 manufacturers will display.

The IF statement tests the value of the state_cnt variable. If this variable s
value is 1, the FOREACH statement did not nd any rows and thus did not
loop. The msg() function noti es the user, and the assignments prepare to
return null.

If the FOREACH clause did retrieve rows, the code block for the ELSE

statement checks the over_size variable to determine if all retrieved rows can
t into the program array. If not, the program noti es the user that only the
rst 60 will display.
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2500 FUNCTI ON state_popup()
W T TR R

DEFI NE pa_state ARRAY[60] OF RECORD
code LI KE state. code,
sname LI KE st ate. sname
END RECORD,
i dx | NTEGER,
state_cnt I NTEGER,
array_sz SMVALLI NT,
over_si ze SMALLI NT
LET array_sz = 60 --* match size of pa_state array

260 OPEN W NDOW w_st at epop AT 7, 3
WTH 15 ROWS, 45 COLUWNS
ATTRI BUTE( BORDER, FORM LI NE 4)

OPEN FORM f _statesel FROM "f_statesel "
DI SPLAY FORM f _st at esel

DI SPLAY "Move cursor using F3, F4, and arrow keys."
AT 1,2

DI SPLAY "Press Accept to select a state.”
AT 2,2

270 DECLARE c_st at epop CURSOR FOR
SELECT code, snane
FROM st ate
ORDER BY code

2801 LET over_size = FALSE
LET state_cnt = 1
FOREACH c_statepop | NTO pa_state[state_cnt].*
LET state_cnt = state_cnt + 1
|F state_cnt > array_sz THEN
LET over_size = TRUE
EXI T FOREACH
END | F
END FOREACH

290 |F state_cnt = 1 THEN
CALL nmsg("No states exist in database.")
LET idx =1
LET pa_state[idx].code = NULL
3000 ELSE
| F over_size THEN
MESSAGE "State array full: can only display ",
array_sz USI NG " <<<<<<"
END I F
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310

3200

As with any array form, the program rst calls the SET_COUNT() built-in
function to specify the number of lled elements in the array. The assignment
resets the int_ ag variable so state_popup() can trap the Interrupt key after
the form session.

The call to the ARR_CURR() built-in function returns the number of the array
element corresponding to the user s current position in the form.

Once the size of the program array has been de ned, the DISPLAY ARRAY
statement then activates the f_statesel form so the user can select a state code.

The IF statement tests the int_ ag to determine whether the user left the form
by using the Interrupt key. If so, the assignments prepare to return null.

The RETURN statement at the end of state_popup() returns the chosen row or,
if there have been errors or the user interrupted the form, null.

The insert_cust() Function
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330

330

350

3601

The insert_cust() function uses the same technique as the insert_stock()
function of Example 7 to insert a row into the database.

The WHENEVER ERROR CONTINUE and WHENEVER ERROR STOP statements
bracket the INSERT statement to suppress termination of the 4GL program if
the INSERT encounters a runtime error. The IF statement tests the built-in sta-
tus variable to see if the insertion succeeded and noti es the user of the prob-
lem if the insertion failed.

Use of this technique for SQL statements lets the program recover gracefully
from the runtime errors that can arise with dynamic entities such as a
database.

Because the customer_num column is a serial column, the database server
generates a unique customer number when inserting a new customer row.
After the insertion, the server places this number in the second element of the
SQLERRD array, which is a member of the built-in SQLCA record. SQLERRD is
the SQL error detail, and SQLCA is the SQL communication area.

The LET statement assigns this unique number to the customer_num member
of the gr_customer record so that the DISPLAY BY NAME statement can show
the number to the user.

The message_window() reports the successful insertion to the user.
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310 CALL SET_COUNT(state_cnt - 1)
LET int_flag = FALSE
DI SPLAY ARRAY pa_state TO sa_state.*

LET i dx = ARR CURR()

320 IF int_flag THEN
LET int_flag = FALSE
CALL nsg("No state selected.")
LET pa_state[idx].code = NULL
END | F
END | F

CLOSE W NDOW w_st at epop
RETURN pa_stat e[ i dx] . code

END FUNCTION -- state_popup --

330 FUNCTION insert_cust(

3400 WHENEVER ERROR CONTI NUE

I NSERT | NTO CUSTOMVER

VALUES (0, gr_custoner.fnanme, gr_custoner.!|nane,
gr_custoner. conpany, gr_customner. addressl,
gr_custoner. address2, gr_custoner.city,
gr_custoner.state, gr_custoner. zi pcode,
gr_cust oner. phone)

WHENEVER ERROR STOP

IF (status < 0) THEN

ERROR status USI NG "-<<<<<<<<<<<", ": Unable to conplete custoner insert."
ELSE
350 LET gr_custoner. custoner _num = SQLCA. SQLERRD| 2]
DI SPLAY BY NAME gr_customer. cust oner _num
3601 LET ga_dsplynsg[1] = "Customer has been entered in the database."
LET ga_dsplynsg[2] =" Nunber: ",
gr _custoner. cust omer _num USI NG " <<<<<<<<<<<",
" Name: ", gr_custoner.conpany
CALL nessage_w ndow( 9, 15)
END | F
END FUNCTION -- insert_cust --

To locate any function de nition, see the Function Index on page 730.

Example 9

183



184

Accessing a Table with a Multi-Row Form

1.Writing a Simple 4GL Program
2.Displaying a Message Window
3.Populating a Ring Menu with Options
4.Displaying a Row on a Form
5.Programming a Query by Example
6.Querying and Updating
7.Validating and Inserting a Row
8.Displaying a Screen Array in
a Popup Window
9.Accessing a Table with a Single-Row
Form
10.Accessing a Table with a
Multi-Row Form
11.1mplementing a Master-Detail
Relationship
12.Displaying an Unknown
Number of Rows
13.Calling a C Function
14.Generating a Report
15.Reporting Group Totals
16.Creating Vertical Menus
17.Using the DATETIME Data Type
18.Using TEXT and VARCHAR Data
Types
19.Browsing with a Scroll Cursor
20.Combining Criteria from Successive
Queries
21.Using an Update Cursor
22.Determining Database Features
23.Handling Locked Rows
24.Using a Hold Cursor
25.Logging Application Errors
26.Managing Multiple Windows
27.Displaying Menu Options Dynamically
28.Writing Recursive Functions
29.Generating Mailing Labels
30.Generating a Schema Listing



Accessing a Table with a
Multi-Row Form

This example demonstrates how to use an array form to edit database rows.
It uses the INPUT ARRAY WITHOUT DEFAULTS statement to initialize the
form with rows fetched from the manufact table. The user can modify or
delete these rows, or add new rows on the form.

The following form appears in this program:

é )

| Frees BopspE o e EErAfEcharsrs, Cencrl ta ssdt <faut esuing.

HESLUFACTURALR MATMTENAMNCE

T &Y Lemd Tims
Liv aays

LHEL | Hakoliu

i Froam ETBL-E #o dremrt & 1ine, ETAL=T to delwts o 1dirs.

The program does not perform the database operations while the user is
editing. Instead, it keeps track of the operations performed and, after the user

presses the Accept key (typically ESCAPE), processes the inserts, updates,
and deletes.
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Modifying Information in an Array Form

An array form displays multiple rows to the user at one time. This type of
form isintroduced in Example 8. Example 8 explains how to display multiple
lines on a form using the DISPLAY ARRAY statement.

The INPUT ARRAY statement allows the user to enter multiple lines on an
array form. The statement provides an Insert key (F1 by default) and Delete
key (F2 by default) to add and delete rows in the array. The INPUT ARRAY
statement, like the INPUT statement, supports the WITHOUT DEFAULTS
clause to initialize form elds. You can use INPUT ARRAY WITHOUT
DEFAULTS to initialize the rows of the array with data fetched from the
database. The user can update or delete these rows as well as add new lines
to the array (and to the database).

The basic technique for programming an array form is as follows:

1. Create a form speci cation that includes a screen array.

De ne a program array large enough to store the database rows.
Open and display the array form in a window.

Query the database and store the rows in the program array.

Call the built-in SET_COUNT() function to tell 4GL how many rows are
stored in the program array. You must call SET_COUNT() before using the
WITHOUT DEFAULTS clause of INPUT ARRAY.

6. Execute the INPUT ARRAY WITHOUT DEFAULTS statement to activate the
array form for editing the rows in the program array.

7. Call the built-in ARR_CURR(), SCR_CURR(), and ARR_COUNT() functions
in a BEFORE ROW clause to identify the current cursor position in the
screen and program arrays.

8. Use the other clauses of INPUT ARRAY to perform data validation.

a M wD

Handling Empty Fields

186

Onany eld in aline of the screen array, the user may choose to:

* Move to another eld (with RETURN or TAB)

* Move to another line (with the up or down arrow)

e Exit the screen array (with Accept or Cancel)

In each of these cases, 4GL executes the AFTER FIELD clause (if there is one)

associated with the current eld. Because a program can validatea eld s
value in an AFTER FIELD clause, this clause may need to deal with these three
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Identifying Keystrokes

possible user actions. For elds that require data, an AFTER FIELD clause can
check for a null value. If the eld is null, the program can notify the user that
a value is required and return the cursor to the eld.

If the user tries to move to another eld on the line (by pressing RETURN or
TAB), and a value is required in the current eld, a null value is invalid. The
program should prevent the user from continuing to another eld.

However, the rst eld of a line is a special case. When the cursor is on the
last line of the array, a null value in the rst eld is valid if the user is exiting
the screen array (with Accept or Cancel) or moving to another line (with the
arrow keys). For this reason, the AFTER FIELD clause for the rst eld must
perform additional checking when it encounters a null value. This checking
requires the following built-in functions:

* The ARR_CURR() and ARR_COUNT() functions determine whether the
cursor is on the last line of the array.

* The FGL_LASTKEY() and FGL_KEYVAL() functions determine which key
sequence the user used.

Extensive eld validation should ordinarily appear within a separate
function. The AFTER FIELD clause can call the function when it encounters a
null value. In this example, the valid_null() function performs these tasks. It
returns TRUE or FALSE to indicate whether the null eld is valid. If the null is
not valid, AFTER FIELD handles the empty eld as it would any other eld by
returning the cursor to the eld and notifying the user that a value is
required. If the null is valid, it allows the user to leave the eld blank.

Identifying Keystrokes

A program can take different actions, depending on which key the user
presses. In this example, an empty manufacturer code eld is allowed in
some cases and not allowed in others. The program can determine whether
to allow the user to leave the eld empty based on the key the user pressed
to leave the eld. See the preceding section Handling Empty Fieldst for
more information about checking empty elds.

To identify keystrokes, 4GL provides two built-in functions:

* FGL_LASTKEY() returns an integer value that identi es the last key
pressed by the user.

* FGL_KEYVAL() returns the integer value for a speci ed key name.
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By using the two functions together, the program need not be concerned with
the actual integer representations of the keys. Instead, it can compare the
return values from the two functions to identify a key.

For example, to see if the user has used the Accept key, a program can call
these two functions as follows:

| F FGL_LASTKEY() = FGL_KEYVAL("accept") THEN

END I F

The IF statement compares the value that represents the last keystroke with
the value that represents the Accept key to see if they are the same. For por-
table code, it is a good idea to avoid using the actual integer representations.

To check if a keystroke is among a list of keys, assign the return value of
FGL_LASTKEY() to a variable and then include the variable in the compari-
sons:

DEFI NE | ast_key SMALLI NT

LET last_key = FGL_LASTKEY()
IF ( last_key = FG_KEYVAL("return")

OR | ast _key = FGL_KEYVAL("tab")

OR | ast _key = FGL_KEYVAL("right") )
THEN
END | F

By assigning the result of FGL_LASTKEY() to a variable, you only have to call
this function once. Because the user s key does not change during the execu-
tion of the IF statement, there is no reason to call FGL_LASTKEY() each time
you call FGL_KEYVAL().

For more information on using the FGL_LASTKEY() and FGL_KEYVAL()
functions, see the INFORMIX-4GL Reference.
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Function Overview

Function Name
dsply_manuf()
valid_null()

reshuf e()
verify_mdel()
choose_op()
insert_manuf()
update_manuf()

delete_manuf()
verify_rowid()

save_rowid()

msg()
init_msgs()

message_window()

prompt_window()

Purpose

Displays the f_manuf form and controls the array editing.
Checks to see if the current key stroke is valid when the
manu_code eld is empty.

Reshuf es the ga_mrowid array when an item is added to or
deleted from the ga_manuf program array.

Veri es that the manufacturer to be deleted does not current-
ly have items in the stock table.

Checks the operation ag (op_ ag) in the ga_mrowid array
for updates and inserts to perform. Checks the ga_drows
array for deletes to perform.

Adds a manufact row to the database.

Updates an existing manufact row.

Deletes an existing manufact row.

Veri es that the ROWID of the row to be updated or deleted
has not been deleted by another user.

Saves the ROWID and the manufacturer code of the row to be
deleted in the ga_drows array (before this information is
deleted when the ga_mrowid array is reshuf ed).

Displays a brief, informative message.

See the description in Example 5.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Opens a window and displays the contents of the
ga_dsplymsg global array.

See the description in Example 2.

Displays a message and prompts the user for con rmation.
This function is a variation on the message_window()
function that appears in Example 2.

See the description in Example 4.

To locate any function de nition, see the Function Index on page 730.
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The f_manuf Form

190

10

20

30

40

The DATABASE section lists the name of the database that the compiler
should check for the tables listed in the TABLES section. This form can work
with any version of the demonstration database.

The f00, f01 and f02 elds make up a single record (or line) of the array. Five
lines appear in the screen array, so these tags are repeated for each array line.

The ATTRIBUTES section de nes the special features or attributes for each
screen eld. Inthe f_manuf form, all three elds are associated with the man-
ufact table. The fO0 eld uses the UPSHIFT attribute to shift all letters entered
in this eld to uppercase. This attribute ensures that all manufacturer codes
are stored in the database in uppercase letters.

The INSTRUCTIONS section de nes the screen array for the form. This screen
array has ve elements because ve lines appear in the SCREEN section. Each
element is a screen record containing the three manufact elds: manu_code,
manu_name, and lead_time.

Remember to de ne a program array in your 4GL program with elements
that match those of this screen array.
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f_manuf form file

DATABASE st or es7

SCREEN

{

Manuf act ur er Manuf act ur er Lead Tine
Code Narme (in days)
[f00] [fo1l 1 [ fo2]
[fO0] [fOo1 ] [ fo2]
[fO00] [fOo1 ] [ fo2]
[fO0] [fo1 ] [ fo2]
[fO00] [fo1 ] [ fo2]

}

TABLES

manuf act

ATTRI BUTES

f00 = manuf act. manu_code, UPSHI FT;

f01 = manufact. manu_nane;

f02 = manufact. | ead_ting;

I NSTRUCTI ONS

SCREEN RECORD sa_nmanuf[5] (manu_code THRU | ead_ti ne)
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The DATABASE and GLOBALS Statements

10 The program works with any version of the stores7 database. It uses the

manufact table.

200 The ga_manuf global array is the program array for the manufacturer rows.
It is initialized with the manufacturer code, name, and lead_time of each
manufact in the database. It corresponds to the sa_manuf screen array

de ned in the f_manuf form le.

30 The ga_mrowid global array holds the ROWIDs of the manufact rows. Each
element of ga_mrowid corresponds to a line in the ga_manuf program array.
The ROWIDs are used to quickly access a speci ed manufact row if the user
modi es the row. This array also holds a ag to indicate the operation per-
formed by the user on the associated line of pa_manuf. The possible values

for this ag are:

* NULL no operation has been performed on the row
* | anew line has been inserted (mrowid is null)

e U theline has been updated

40 The ga_drows global array holds the ROWIDs of the lines the user has deleted
on the f_manuf form. The ROWIDs of deleted rows cannot be stored in the
ga_mrowid array because the ga_mrowid array must maintain a one-to-one
correspondence with ga_manuf. Once a line is deleted from the screen array
on the form, 4GL automatically deletes the line from the ga_manuf program
array, and the program deletes the line from ga_mrowid. Thus, the program

stores the ROWID of each to-be-deleted row in ga_drows.

50 The g_idx global variable is an index into the ga_drows array. It indicates the
position of the most recent entry. Before 4GL deletes the line from the screen
array, the program rst increments g_idx and then stores the ROWID and

op_ ag of the line in ga_drows[g_idx].

The MAIN Function

60 This program rede nes the Insert and Delete keys to CONTROL-E and
CONTROL-T, respectively. It also displays a message notifying the user of the

control sequences that perform these tasks.

700 The DEFER INTERRUPT statement prevents the Cancel key (typically
CONTROL-C) from terminating the program. Instead, using Cancel sets the
global variable int_ ag to TRUE (as discussed in Example 5). This ag is
tested after the INPUT statement to see if the user has used Cancel to exit the

menu.
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50

6l

70

4GL source file

DATABASE st or es7
GLOBALS

DEFI NE ga_manuf ARRAY[ 50] OF
RECORD
manu_code LI
manu_name LI
lead_tinme LI
END RECORD,

ga_nrow d ARRAY[ 50] OF
RECORD
nrowi d
op_flag
END RECORD,

ga_dr ows ARRAY[ 50] OF
RECORD
nrow d
manu_code
END RECORD,
g_i dx SMALLI NT

DEFI NE ga_dspl ynsg ARRAY[5] OF CHAR(48)

END GLOBALS

OPTI ONS
FORM LI NE 4,
MESSAGE LI NE LAST,
COMMENT LI NE 2,
I NSERT KEY CONTROL- E,
DELETE KEY CONTROL-T

DEFER | NTERRUPT

KE manuf act . manu_code,
KE manuf act . manu_nane,
KE manufact.lead_tine

| NTEGER
CHAR( 1)

| NTEGER,
LI KE manuf act . manu_code
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80

9Ul

The dsply_manuf() function controls the display and update of the manufact
rows on the f_manuf form. It returns TRUE if the user uses the Accept key
(typically ESCAPE) to save the rows and FALSE if the user presses the Cancel
key.

The choose_op() function cycles through the ga_manuf and ga_drows arrays
to determine the operations to perform on the rows. The ga_manuf array con-
tains lines that have been inserted or updated on the form. The ga_drows
contains lines that have been deleted.

The dsply_manuf() Function
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100

110
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130

1401

The pr_nullman record is a null record for the ga_manuf array. It has the
same elds as a line of the ga_manuf array, but each eld has a null value. To
clear a line in ga_manuf, the program assigns pr_nullman to the appropriate
line (see Notes 16 and 20). This technique is more ef cient than:

* Using the INITIALIZE statement each time the program must clear out
aline.

* Usinga LET statement to assign a null value to each member of the record.

INITIALIZE is easier to code than the LET statements because it can set all
members of a record to null in asingle statement. However, it is slightly more
CPU-intensive than setting individual member variables with LET. By using
INITIALIZE only once to initialize pr_nullman (see Note 12), and then taking
advantage of the record.* syntax available with LET (see Note 20), the pro-
gram is able to clear a line most ef ciently.

The pr_workman record is a work buffer for the ga_manuf array. It has the
same elds as a single line in ga_manuf. This array stores the original values
in a line before the user begins editing. It is used to determine whether the
user has performed an Insert or an Update (see Note 26) and for restoring the
original values to the screen if the user makes a data entry error (see Note 25).

The program initializes the pr_nullman record to null. When the program
needs to clear out a record, it calls the more ef cient LET statement (rather
than INITIALIZE) to assign the contents of pr_nullman to the record being
cleared (see Note 16).

The manufacturer form f_manuf displays in a bordered window called
w_manufs. The DISPLAY statements notify the user of available control keys.

The ¢_manufs cursor de nes the information to select from manufact. It
includes the selection of the ROWID for each manufact row so the program
can quickly locate the row when it needs to be updated or deleted.
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8] | F dsply_manuf () THEN
9[d CALL choose_op()
CALL msg( " Manufacturer maintenance conplete.")
END | F
END MAI N

HHBHHBHHBHHHH BB H B B R AR R
FUNCTI ON dspl y_manuf ()
HHBHHBHHRHHRH B HH BB B R AR

DEFI NE i dx SMALLI NT,
curr_pa SMALLI NT,
curr_sa SMALLI NT,
total _pa SMALLI NT,
manuf _cnt SMALLI NT,

100 pr_nul | man RECORD

manu_code LI KE manuf act. manu_code,

manu_nane LI KE manuf act. manu_nane,

lead_time LI KE manufact.lead_tine
END RECORD,

110 pr_wor kmman RECORD
manu_code LI KE manuf act. manu_code,
manu_nane LI KE manuf act. manu_nane,
lead_time LIKE manufact.|ead_tinme
END RECORD

120  INITIALI ZE pr_nul | man. * TO NULL

130 OPEN W NDOW w _manufs AT 4,5
W TH 13 ROAS, 67 COLUWNS
ATTRI BUTE ( BORDER)

OPEN FORM f _manuf FROM "f _manuf"
DI SPLAY FORM f _manuf

DI SPLAY " Press Accept to save manufacturers, Cancel to exit w out saving."
AT 1, 1 ATTRI BUTE ( REVERSE, YELLOW

DI SPLAY " Press CTRL-E to insert a line, CTRL-T to delete a line."
AT 13, 1 ATTRI BUTE ( REVERSE, YELLOW

DI SPLAY " MANUFACTURER MAI NTENANCE"
AT 3, 15

140 DECLARE c¢_manufs CURSOR FOR
SELECT RON D, manu_code, manu_nane, |ead_tinme FROM manuf act
ORDER BY nmmanu_code

LET idx =1
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150

160

170

180

190

200

Notes 21 to 230

196

210

The FOREACH statement opens the c_manufs cursor and stores the selected
data in the ga_manuf and ga_mrowid arrays. The ga_manuf array holds the
data to display in the screen array, and the ga_mrowid array holds the
ROWID for each line of the screen array.

If idx is 1, then no rows exist in the manufact table. The function clears out
the rst line of ga_manuf.

The built-in SET_COUNT() function tells the INPUT ARRAY WITHOUT
DEFAULTS statement the size of the program array it will display. This
statement must know how many lines are in the program array so it can
determine how to control the screen array. The SET_COUNT() function
initializes the value that is returned by the built-in ARR_COUNT() function.

The INPUT ARRAY statement controls cursor movement through the
sa_manuf screen array. The WITHOUT DEFAULTS clause tells 4GL to initialize
the screen array with the contents of the ga_manuf program array. This pro-
gram array contains the manufact rows arranged in alphabetical order

(see Note 15).

4GL executes the BEFORE ROW clause each time the cursor moves to a new
line of the screen array. This clause obtains the current position of the cursor
in the screen array (SCR_LINE()), the current position in the program array
(ARR_CURR()), and the total number of items in the program array
(ARR_COUNTY()). By calling these built-in functions in BEFORE ROW, the
respective variables are evaluated each time the cursor moves to a new line
and are available within other clauses of the INPUT ARRAY.

4GL executes the BEFORE INSERT clause just after the user uses the Insert key
(CONTROL-E in this example) and before 4GL inserts a new line into the
screen and program arrays. This clause initializes the work buffer,
pr_workman, to null so the program can identify the line as an Insert. Lines
that are updated will have non-null values in pr_workman (see Note 26).

The BEFORE DELETE clause performs data validation after the user uses the
Delete key (CONTROL-T in this example) and before 4GL deletes the current
line from the screen and program arrays.

The save_rowid() function saves the ROWID and manufacturer code of the
current line in the ga_drows array. This information is used to delete the
appropriate manufact row once the user exits the INPUT ARRAY with Accept.
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160

17d

1801
190

2000

2100

FOREACH c_manufs | NTO ga_nrow d[i dx].nrow d, ga_manuf[idx].*
LET idx = idx + 1
END FOREACH

IF idx = 1 THEN
LET ga_manuf[1].* = pr_nul |l man. *
END I F

CALL SET_COUNT(idx - 1)

I NPUT ARRAY ga_nmanuf W THOUT DEFAULTS FROM sa_nanuf . *
BEFORE ROW
LET curr_pa = ARR CURR()
LET curr_sa SCR_LI NE()
LET total _pa = ARR_COUNT()
LET pr_workman.* = ga_manuf[curr_pa].*

BEFORE | NSERT
LET pr_workman.* = pr_nul |l man. *

BEFORE DELETE
CALL save_row d(ga_nrow d[ curr_pa].nrow d,
ga_manuf [ curr_pa] . manu_code)
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2200

230
2401

Notes 25 to 300

250

The reshuf e() function deletes the current line from the ga_mrowid array
and moves the successive lines up one line. 4GL has automatically deleted the
line and reshuf ed the ga_manuf array because ga_manuf is the program
array. However, the program must delete the line from ga_mrowid if this
array is to remain parallel with the ga_manuf array.

The program assigns the values of the new current line to the work buffer.

4GL executes this BEFORE FIELD clause just before the cursor stops in the
manu_code screen eld. This LET statement stores the current value of the
manu_code eld in the work buffer. After the cursor leaves the eld, the
program can compare the original value (in the work buffer) with the value
in the eld (in ga_manuf[curr_pa)). If these values are different, the user has
updated the eld value.

The curr_pa variable serves as the index for the program array. This variable
is evaluated in the BEFORE ROW section by ARR_CURR() (see Note 19) and
contains the line of the program array which corresponds to the cursor s
current position.

The AFTER FIELD clause performs data validation after the cursor has left the
manu_code eld.

This IF statement determines whether a null value is valid in the manu_code
eld. From this eld, the user may choose to:

* Move to the next eld in the current line (with RETURN or TAB).
* Move to another line of the array (with the up or down arrow).
¢ Exit the screen array (with Accept or Cancel).

Inthe rstcase, anull eld value is invalid because it means that the user is
de ning a manufacturer but has not entered a manufacturer code. However,
in either of the other two cases, a null value is valid if the cursor is on the last
line of the array. The program calls the valid_null() to check for these three
cases. The function returns TRUE if a null value is valid and FALSE otherwise.
If the null is invalid, the program noti es the user that a value must be
entered, redisplays the original value (stored in the work buffer), and then
uses the NEXT FIELD statement to move the cursor back to the manu_code
eld. NEXT FIELD prevents the user from moving to the next eld without
rst entering a manufacturer code.

For more information about why these three cases must be handled differ-
ently, see the section Handling Empty Fields on page 186.
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240
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CALL reshuffle("D")
LET pr_workman.* = ga_manuf[curr_pa].*

BEFORE Fl ELD nanu_code
LET pr_wor kman. manu_code = ga_manuf[curr_pa] . manu_code

AFTER FI ELD manu_code
I F (ga_manuf[curr_pa] . manu_code 1S NULL) THEN
I'F NOT valid_null(curr_pa, total _pa) THEN
ERROR "You nust enter a manufacturer code. Please try again."
LET ga_manuf[curr_pa] . manu_code = pr_wor kman. nanu_code
NEXT FI ELD manu_code
END I F
END | F
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260

270

2800

290

300

310

If execution reaches this point, the manu_code eld is not empty. The user
has either entered a new manufacturer code as part of an insert or has modi-

ed an existing one as part of an update. To determine which of these opera-
tions the user is performing, the program checks the value of manu_code in
the work buffer. Before an insert, this eld of the work buffer is initialized to
null (see Note 20). Before an update, the work buffer is initialized to the exist-
ing value of the manufacturer code (see Note 24).

If the user is performing an insert, the program veri es that the manufacturer

code just entered is unique. The SELECT statement checks the manufact table

for the new manufacturer code. If this code already exists, the program noti-
es the user and returns the cursor to the manu_code eld.

If the new manufacturer code is unique, then the program calls the reshuf e()
function to create a new line in the ga_mrowid array. 4GL has automatically
added a line to ga_manuf because ga_manuf is the program array. However,
this function must add the line to ga_mrowid if this array is to remain parallel
with the ga_manuf array.

Note that the reshuf e() function is called when the cursor is on any but the
last line of the screen array (curr_pa <> total_pa). There is no need to create
an empty slotin ga_mrowid if the user is simply adding a new line to the end
of the array. No existing lines need to be reshuf ed to make room for the
empty line.

In the new line of ga_mrowid (see Note 28) the program sets theop_ ag eld
to | toindicate that this line is the result of an insert operation. An insert
will not have a value in the mrowid eld because the ROWID is not assigned
until after the new row is added to the manufact table.

If the condition in Note 26 is FALSE, the user is performing an update on the
current line. However, the program does not permit the user to modify the
value of the manu_code eld because this eld is the key of the manufact
table. The program tells the user to delete the incorrect line and add a new
one with the correct manu_code value. It then restores the manu_code to its
original value (contained in the work buffer) and returns the cursor to the
manu_code eld.

This BEFORE FIELD clause stores the original value of the manu_name eld
in the work buffer.
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260 I F (pr_workman. manu_code |'S NULL) --* if doing an Insert
AND (ga_manuf [ curr_pa].manu_code |'S NOT NULL)
THEN
270 SELECT COUNT(*)

I NTO nmanuf _cnt
FROM nanuf act
WHERE manu_code = ga_manuf [ curr_pa]. manu_code

I F manuf _cnt > 0 THEN
ERROR

"Thi s manufacturer code already exists. Please choose another code."
LET ga_manuf[curr_pa] . manu_code = NULL
NEXT FI ELD manu_code

ELSE --* no manufs exist with new code
280 IF curr_pa <> total _pa THEN --* if not at the last position,
CALL reshuffle("I") .- * clear a position in the array
END | F
2901 LET ga_nmrowid[curr_pa].op_flag = "I" --* mark the line as new
END | F
300 ELSE --* el se doing an Update

I F (ga_manuf [ curr_pa] . manu_code <> pr_wor kman. manu_code) THEN
LET ga_dspl ynsg[ 1] "You cannot nodify the manufacturer code."
LET ga_dspl ynsg[ 2] " "

LET ga_dspl ynsg[ 3]

LET ga_dspl ynsg[ 4]
LET ga_dspl ynsg[ 5]
CALL nessage_wi ndow 7, 7)

"To nodify this value, delete the incorrect”
" entry and enter a new one with the correct”
manuf acturer code."

LET ga_manuf[curr_pa].manu_code = pr_wor kman. manu_code
NEXT Fl ELD nmanu_code
END | F
END | F

310 BEFORE FI ELD nanu_nane
LET pr_wor kman. manu_nane = ga_nanuf [ curr_pa] . manu_nane
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Notes 32 to 330

Notes 34 to 3501

Notes 36 to 3801
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320

330

340

350

3601

370

380

390

The AFTER FIELD clause performs data validation after the cursor leaves the
manu_name eld.

The IF statement ensures that the user enters a manufacturer name. Because
manu_name is notthe rst eld of the line, this AFTER FIELD need not check
whether a null is valid (see Note 25). It can assume that an empty eld is
always invalid.

If the user has modi ed the eld, the program checks the corresponding
op_ ag eldinga_mrowid. If the user is performing an insert,op_ agis |
(see Note 29). If op_ ag is null, the user is performing an Update and the pro-
gramsetsop_ agto U .

The BEFORE FIELD clause performs data validation before the cursor stops on
the lead_time eld.

The program sets an empty lead_time eld to zero and stores this value in the
work buffer.

The MESSAGE statement tells the user how to enter the lead time value.
Because this value is stored in the database in an INTERVAL column, the user
must follow a strict format for its data entry. Unless the interval is entered as
a space followed by three digits 4GL displays an error.

The AFTER FIELD clause performs data validation after the cursor leaves the
lead_time eld.

If the lead time eld is empty, the program displays a zero in the eld. This
assignment guarantees that the lead_time eld will have a non-null value
when it is stored in the database.

Note that to display the new lead_time value from within the AFTER FIELD
clause, the program must use the DISPLAY statement. To display the new
value in the BEFORE FIELD clause, the DISPLAY statement is not needed
because 4GL automatically displays the eld value after it nishes executing
the BEFORE FIELD.

If the user modi ed the lead time, the program setstheop_ ag eldto U .
The op_ ag is only set if it does not already contain a value (see Note 33).

The MESSAGE statement clears the message line (see Note 35). Because the
message line is de ned as the last line of the window, the text had erased the
user message identifying the key sequences for the insert and delete (see
Note 13). The DISPLAY statement redisplays this information in the last line.

If the user uses the Cancel key (typically CONTROL-C) to terminate the INPUT
ARRAY, 4GL sets the int_ ag variable to TRUE. This IF resets the ag and noti-
es the user that the maintenance has been terminated. The dsply_manuf()
function returns FALSE to indicate that the user has used Cancel (see Note 8).
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340
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AFTER Fl ELD manu_nane
| F ga_manuf[curr_pa] . manu_nane | S NULL THEN
ERROR "You nust enter a nmanufacturer nane. Please try again."
NEXT FlI ELD manu_nane
END | F

I F (ga_manuf[curr_pa] . manu_nane <> pr_wor kman. manu_nane) THEN
IF ga_mow d[curr_pa].op_flag IS NULL THEN
LET ga_nrowi d[curr_pa].op_flag = "U"
END | F
END I F

BEFORE FI ELD | ead_ti me
I F ga_manuf[curr_pa].lead_tine 1S NULL THEN
LET ga_manuf[curr_pa].lead_time = 0 UNITS DAY
END I F

LET pr_workman. |l ead_tine = ga_manuf[curr_pa].lead_tine
MESSAGE "Enter the lead_tine in the form ### (e.qg. 001)."

AFTER FI ELD | ead_time
I F ga_manuf[curr_pa].lead_tine IS NULL THEN
LET ga_manuf[curr_pa].lead_tine = 0 UNITS DAY
DI SPLAY ga_manuf[curr_pa].lead_time TO sa_manuf[curr_sa].lead_time
END | F

I F (ga_manuf[curr_pa].lead_tine <> pr_worknman.|ead_tine) THEN
I F ga_nrowi d[curr_pa].op_flag I'S NULL THEN
LET ga_nrowi d[curr_pa].op_flag = "U"
END I F
END | F

MESSAGE ""
DI SPLAY " Press CTRL-E to insert a line, CTRL-T to delete a line."
AT 13, 1 ATTRI BUTE ( REVERSE, YELLOW

END | NPUT

IF int_flag THEN
LET int_flag = FALSE
CALL nsg("Manufacturer maintenance termnated.")
RETURN ( FALSE)

END I F
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400

If execution reaches this point, the user has used Accept (typically ESCAPE)
to leave the INPUT ARRAY. The program prompts the user to con rm that
changes made to the manufact rows should be made in the database. If the
user answers Y, the dsply_manuf() function returns TRUE to indicate that exe-
cution should continue. If the user answers N, dsply_manuf() returns FALSE
to indicate that the maintenance has been cancelled (see Note 8).

The valid_null() Function

204

410

420

430

440

450

The valid_null() function returns TRUE or FALSE to identify whether the rst
screen eld of a line can be null. Two tests determine the validity of the null:

* Which key did the user press to leave the eld?
* Isthe cursor on the last line of the screen array?

When the cursor is on the last line, the manu_code eld can be null if the user
presses the up arrow or the Accept key. However, this eld cannot be null if
the user presses RETURN, TAB, or right arrow to move to the next eld. If the
cursor is not on the last line, then the manu_code can never be null. The func-
tion displays a message to explain why the null is invalid. If the user presses
up arrow, down arrow, or Accept, then a null manu_code eld is not valid
because it leaves a gap in the array. If the user presses RETURN, then the null
manu_code eld is invalid because it would allow input of a null value.

The FGL_LASTKEY() and FGL_KEYVAL() functions identify the last key

pressed by the user. FGL_LASTKEY() returns an integer representation of the

key. This value is saved in the last_key variable so it can be compared against

several key values. For more information on using these two functions, see
Identifying Keystrokes on page 187.

The LET statement uses the Boolean OR operator to assign a Boolean value to
the next_ d value. If the user presses a key that moves to the next eld
(RETURN, TAB, or right arrow), next_ d is set to TRUE. Otherwise, next_ dis
set to FALSE.

The cursor is on the last line of the array if the current cursor position
(array_idx) is the size of the screen array (array_size). The array_idx
argument is returned by the ARR_CURR() built-in function and the array_size
argument is returned by the ARR_COUNT() built-in function.

If the cursor is on the last line of the array, then the function checks which key
the user has pressed. If next_ d is TRUE, the user has tried to move to the next
eld in the screen array line. The function returns FALSE to indicate that a

null eld is not valid in this case.
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400

410

4200
430

440
4500

I F pronpt _wi ndow("Are you sure you want to save these changes?", 8, 11)

THEN
RETURN ( TRUE)
ELSE
RETURN ( FALSE)
END | F

END FUNCTION -- dsply_manuf --

ize)

DEFI NE array_i dx
array_si ze

next_fld
| ast _key

LET | ast _key
LET next _fld

(1 ast_key

OR (| ast_key
OR (|l ast_key

FGL_LASTKEY()

SMALLI NT,
SVALLI NT,

SMALLI NT,

| NTEGER

FGL_KEYVAL("right"))
FGL_KEYVAL("return"))
FGL_KEYVAL("tab"))

IF (array_idx >= array_size) THEN

I F next _fld THEN
RETURN ( FALSE)
END I F

*

AND user

--* cursor is on |last,
noves to next field

enpty line
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460
470

480

The reshuf

206

490

5001

510

5201

530

54(]

If the cursor is not on the last line of the array, then the null eld is invalid.

If next_ d is FALSE, the user has pressed either the Accept key or the up
arrow in an attemptto move out of the empty line. The function noti esthe
user that empty lines cannot exist in the middle of the array and tells the user
to deletethe lineor Ilinthecurrentline. The manu_code eld cannotremain
null, so the function returns FALSE.

If execution reaches this point, the cursor is on the last line of the array and
the user has pressed either Accept or up arrow. The function returns TRUE to
indicate that this condition allows a null manu_code eld.

e() Function

The direction variable holds one of two possible values: | indicates an
insert while D indicates a delete. This variable controls the direction that
lines are moved within the ga_mrowid array. The clear_it variable contains
the array index of the line to clear when the reshuf e is complete.

The function calls the ARR_CURR() and ARR_COUNT() functions to obtain the
current cursor position (pcurr) and the current number of lines in the array
(ptotal).

If the user is performing an insert, the function needs to move all lines from
the cursor position to the end of the array down one line to make room for an
empty line in ga_mrowid.

The FOR statement starts with the last line in ga_mrowid, moving data down
one line at a time until it reaches the current cursor position. The STEP clause
de nes the increment by which the counter variable (i in this case) is changed
each time the FOR loop iterates. With no STEP clause, the FOR loop increments
the counter variable by one. The STEP -1 clause tells the FOR to decrement the
counting variable, i, by one for each iteration.

The clear_it variable is set to the current cursor position. This line still
contains values and needs to be cleared before the new manufact row can be
stored. The line is cleared by the code described in Note 56.

If the user is performing a delete, the function needs to move all lines from
the current cursor position to the end of the array up one line to remove the
line associated with the line to be deleted. The FOR statement starts with the
line after of the current cursor position, moving the data up by one line until
it reaches the last line of ga_mrowid.

The STEP clause is not required because incrementing the counting variable
by one is the default behavior of FOR.
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4601

470

4801

4901

5001

5101

5200

5301

5401

ELSE --* cursor is on an enpty line
.- within the array

I F NOT next_fld THEN .- user presses key that

.- does NOT nove to next field
"You cannot |eave an enpty line in the middle
" of the array. To continue, either:
- enter a manufacturer in the |ine"
- delete the enpty line "

LET ga_dspl ynsg[ 1]
LET ga_dspl ynsg[ 2]
LET ga_dspl ynsg[ 3]
LET ga_dspl ynsg[ 4]
CALL message_wi ndow( 7, 12)

END I F

RETURN ( FALSE)

END I F

RETURN ( TRUE)

END FUNCTION -- valid_null --

DEFI NE direction CHAR(1),

pcurr, ptotal, i SMALLI NT,
clear_it SMALLI NT

LET pcurr = ARR _CURR()
LET ptotal = ARR_COUNT()

IF direction = "I" THEN --* reshuffle to create an open
--* position in the array
FOR i = ptotal TO pcurr STEP -1
LET ga_nrowid[i + 1].* = ga_nrowid[i].*
END FOR

LET clear_it = pcurr
END I F

IF direction = "D' THEN --* reshuffle to get rid of the
.- open position in the array

IF pcurr < ptotal THEN

FOR i = pcurr TO ptotal
LET ga_nmrowid[i].* = ga_nrowid[i + 1].*
END FOR
END I F
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550

560

This FOR loop is only executed if the user is not deleting the last line of the
array. To delete the last line, the program need not shuf e the lines of
ga_mrowid. The program just removes the deleted line (see Note 56).

The clear_it variable is set to the last line of the array. After reshuf e() has
moved up all lines of ga_mrowid, the program needs to clear only the last
line. The line is cleared by the code described in Note 56.

These LET statements clear the clear_it line of ga_mrowid.

The verify_mdel() Function

208

570

580

5901

The nested SELECT statement determines if the manufacturer about to be
deleted has any stock items currently de ned in the database. It performs this
veri cation in the following steps:

1. Obtain the ROWID of the row to be deleted from the ga_drows array at the
index location speci ed by array_idx.

2. Use this ROWID as a WHERE condition for the subquery to nd the
manufacturer code for the row to be deleted.

3. Use the manufacturer code returned by the subquery as a WHERE
condition for the outer SELECT to count the number of rows in the stock
table that have this manufacturer code.

4. Store the result of the query in the stock_cnt variable.

If stock items exist, the program noti es the user that the program cannot
delete the associated manufacturer. The data in the stock table would be
inconsistent if this manufact row was deleted, so the verify_mdel() function
returns FALSE.

If no stock items for this manufacturer exist, verify_mdel() returns TRUE to
indicate that the manufact row can be deleted without leaving inconsistent
data.
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5501 LET clear_it = ptotal
END | F

560 LET ga_mow d[clear_it].nrowid = 0
LET ga_nmrowi d[clear_it].op_flag = NULL

END FUNCTION -- reshuffle --

FUNCTI ON veri f

DEFI NE array_idx SMALLI NT,
st ock_cnt SMALLI NT

570 SELECT COUNT(*)
I NTO st ock_cnt
FROM st ock
WHERE manu_code = ( SELECT manu_code
FROM nmanuf act
WHERE RON' D = ga_drows[array_idx].nrowi d )

580 | F stock_cnt > 0 THEN
LET ga_dsplynsg[1] = "Inventory currently has stock itens nade"
LET ga_dsplynsg[2] = " by manufacturer ", ga_drows[array_idx].nmanu_code
LET ga_dspl ynsg[3] = "Cannot del ete manufacturer while stock itens"
LET ga_dsplynsg[4] = exist."

CALL nessage_wi ndow 6, 9)

RETURN ( FALSE)
END | F

59000 RETURN ( TRUE)
END FUNCTION -- verify_ndel --
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600

610

620

630

The FOR statement moves through the ga_mrowid array, checking the

op_ ag eldineach line. This eld indicates what operation to perform on
the row identi ed by the associated mrowid eld. If op_ ag is null, no
operation is performed because the user has neither modi ed nor added data
at this position.

Iftheop_ agis | ,the user has added the line. The program calls the
insert_manuf() function to insert a new manufact row. The data for this new
row is stored at the same index location in the ga_manuf array.

If the op_ agis U ,the user has updated the line. The program calls
update_manuf() to update the row identi ed by the ROWID in
ga_mrowid[idx] with the data in ga_manuf[idx].

This FOR statement moves through the ga_drows array. Each line of this
array contains the ROWID and manufacturer code of a row to be deleted. The
program calls the delete_manuf() function to delete the row indicated by
ga_drows[idx].

The insert_manuf() Function

210

640

650

6601

The WHENEVER ERROR statements surround INSERT to prevent automatic
error checking. The function does its own error checking to test the success of
the insert (see Note 66).

The INSERT statement adds a new manufact row to the database. To access
the new row s values, it uses the array_idx variable to index into the
ga_manuf array.

If the insert is not successful, the function displays an error message
containing the error code and the manufacturer code that was not inserted.
The error code identi es the cause of the failure, and the manufacturer code
identi es which manufacturer failed. It is useful to identify which row was
not added because all inserts are performed after the user uses the Accept key
(typically ESCAPE). If the program cannot add one of the manufacturers, the
user needs to know which one failed.

If the insert is successful, the function displays a window notifying the user
of the row that has been added.
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HHBHHBHHBHHRHBHH B H BB AR R
FUNCTI ON choose_op()

DEFI NE i dx SMALLI NT

60 FOR idx = 1 TO ARR_COUNT()
CASE ga_nrow d[idx].op_flag
6101 WHEN " 1"
CALL insert_manuf (idx)
6201 WHEN " U’
CALL updat e_manuf (i dx)
END CASE
END FOR

6300 FORidx = 1 TO g_idx
CALL del et e_manuf (i dx)
END FOR

END FUNCTION -- choose_op --

FUNCTI ON i nsert _manuf (array_i dx)

DEFI NE array_i dx SMALLI NT

640 WHENEVER ERROR CONTI NUE
650 I NSERT | NTO manuf act (manu_code, manu_nane, |ead_tine)
VALUES (ga_nanuf[array_i dx]. manu_code,
ga_manuf [ array_i dx] . manu_nane,
ga_manuf[array_i dx] .l ead_tine)
WHENEVER ERROR STOP

66 ] IF (status < 0) THEN
ERROR status USI NG " - <<<<<<<<<<<",
Unabl e to conpl ete manufact insert of ",
ga_manuf[array_i dx] . manu_code
ELSE
LET ga_dspl ynmsg[1] = "Manufacturer ", ga_manuf[array_i dx].manu_code,
" has been inserted."
CALL nessage_wi ndow( 6, 6)
END I F

END FUNCTION -- insert_manuf --
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The update_manuf() Function

670

6801

6901

The program obtains the ROWID for the current row from the ga_mrowid
array and the current row s manu_code value from the ga_manuf array.
These values are needed as arguments to the verify_rowid() function.

The verify_rowid() function makes sure that the ROWID of the row about to
be updated still correctly identi es the row selected for update. Even though
a ROWID uniquely identi es a row, the ROWIDs in the ga_drows array were
selected from the database at the beginning of the program. In the interven-
ing period, another user may have updated or deleted this row, and the
database server may have reassigned this ROWID to a new row.

In any of these cases, this ROWID no longer contains the desired
manufacturer information. This check prevents the UPDATE statement
(see Note 69) from updating the wrong manufact row.

The UPDATE statement updates the row identi ed by the ROWID in
ga_mrowid[array_idx]. This row is updated with the values in
ga_manuflarray_idx].

The delete_manuf() Function

212

700

710

720

The verify_mdel() function veri es that the row about to be deleted does not
have stock items currently de ned in the stock table. If stock items exist,
verify_mdel() returns FALSE and the delete_manuf() function does not delete
the row.

The verify_rowid() function makes sure that the ROWID of the row about to
be deleted still correctly identi es the row selected for deletion. See Note 68
for the ways in which the ROWID can become incorrect. This check prevents
the DELETE statement (see Note 72) from removing a row that the user did
not intend to delete.

If ROWID in ga_drows[del_idx] still identi es the desired manufact row, the
DELETE statement deletes this row.
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HHBHHBHHBHHRHBHH B H BB AR R
FUNCTI ON updat e_manuf (array_i dx)

DEFI NE array_i dx SMALLI NT,
nr owi d | NTEGER,
ncode LI KE manuf act . manu_code

670 LET mrowid = ga_nrow d[array_i dx].nrow d
LET ntode = ga_manuf[array_i dx]. manu_code
680 IF verify row d(nrowi d, ntode) THEN

WHENEVER ERROR CONTI NUE
690 UPDATE nanufact SET (manu_code, manu_nane, |lead_tine) =
(ga_manuf [array_i dx] . manu_code, ga_manuf[array_i dx]. manu_nane,
ga_manuf[array_i dx] .l ead_tine)
WHERE RON' D = nrowi d
WHENEVER ERROR STOP

| F (status < 0) THEN
ERROR status USI NG " - <<<<<<<<<<<",

": Unabl e to conpl ete manufact update of ", ntode
END I F
LET ga_dspl ynsg[ 1] = "Manufacturer ", ntode, " has been updated."
CALL nmessage_w ndow 6, 6)
END I F
END FUNCTI ON -- update_manuf --

BHHIH RS RRHTRA RE RHIR RRHe

FUNCTI ON del et e_manuf (del _i dx)
HHBHHBHHBHHHH B HHBHH BB R AR R

DEFI NE del _i dx SMALLI NT,
neg_t ext CHAR( 40),
nrow d I NTEGER
700 I F verify_mdel (del _idx) THEN
LET nrowid = ga_drows[del _idx].nrow d
710 IF verify_row d(nrow d, ga_drows[del _idx].manu_code) THEN

VHENEVER ERROR CONTI NUE
720 DELETE FROM manuf act
WHERE rowi d = nrow d

VHENEVER ERROR STOP

| F (status < 0) THEN
ERROR status USI NG " - <<<<<<<<<<<",
": Unable to conpl ete manufact delete of ",
ga_drows[ del _i dx] . manu_code
END I F
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The verify_rowid() Function

730

740

750

The SELECT statement checks for a manufact row with the speci ed ROWID
(mrowid is passed in as an argument).

If no manufact row has this ROWID, SELECT returns a status of NOTFOUND.
If manu_code has been updated or the ROWID has been reassigned to another
manufact row, then code_on_disk no longer matches
ga_drows[mrowid].manu_code. In any of these cases, the function noti es
the user that the row to be deleted has already been deleted. It returns FALSE
to indicate that the ROWID is no longer valid.

If the manufacturer code of the row identi ed by mrowid still matches the
manufacturer code of this row on disk, the function returns TRUE.

The save_rowid() Function

760

770

The g_idx variable is a global variable to indicate the last line of the ga_drows
array. If this variable is still null, the LET statement initializes it to zero.

The function increments the g_idx index to move to the next available line of
ga_drows. It then stores the ROWID and manufacturer code of the row to be
deleted at this location of ga_drows. This information is now saved so the
rows can be deleted at a later time.
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LET ga_dsplynmsg[ 1] = "Manufacturer ", ga_drows[del _idx].manu_code,
" has been deleted."
CALL nmessage_w ndow 6, 6)
END I F
END I F

END FUNCTION -- del ete_manuf --

FUNCTI ON verify_row d(nrow d, code_in_nemn)
DEFI NE nr owi d I NTEGER,
code_in_mem LI KE manuf act. manu_code,

code_on_di sk LI KE manuf act. manu_code

730 SELECT manu_code
I NTO code_on_di sk
FROM manuf act
VWHERE RON' D = nvowi d

740 | F (status = NOTFOUND)
OR (code_on_di sk <> code_i n_nmem
THEN

ERROR " Manuf acturer ", code_in_nmem
has been del eted by another user."
RETURN ( FALSE)
END I F

750 RETURN ( TRUE)

END FUNCTION -- verify_rowd --

DEFI NE nrow d | NTEGER,
ntode LI KE manuf act . manu_code
760 IF g_idx IS NULL THEN
LET g_idx = 0
END | F

770 LET g_idx = g_idx + 1
LET ga_drows[g_idx].nrowid = nrow d
LET ga_drows[g_i dx] . manu_code = ntode

END FUNCTION -- save_rowi d --

To locate any function de nition, see the Function Index on page 730.
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Implementing a
Master-Detail Relationship

This example demonstrates a relatively complicated user interaction, one that
involves multiple forms in a master-detail relationship. The INPUT ARRAY
statement controls input to the detail form.

A key usability issue in such an interaction is the provision of a reliable escape
route for the user. The user should have a way of abandoning the interaction at
any point without being required to pass through meaningless input steps and
without risk of entering false or inaccurate data in the database. This program
is designed so that the user can use the Interrupt key (typically CONTROL-C) to
exit cleanly at any point in the interaction.

Program Overview

The program handles the entry of one new sales order for the demonstration
database. An order is associated with a set of items, each with a price, quantity,
and total price. This sort of master-detail relationship is common in business
data processing.

The program executes the following sequence of steps:

1. The program collects the information about the order as a whole (the
customer and purchase order numbers).

2. The program collects multiple items as rows in a scrolling array.

It calculates the total price (line-item extension) automatically and updates
the order subtotal as each item is completed.

3. When the user indicates that all items have been entered, the program
calculates sales tax.

4. The user enters shipping instructions, if necessary, and con rms the nal
order, which is then inserted in the database.

Example 11 217



Program Overview

Although large and fairly complete, this program would typically be only
one phase of an order-entry system. However, it illustrates most of the
features of this kind of an interaction.

To help you follow the actions of the code, here are sample screens as the
program displays them.

Input begins with entry of a customer number in function input_cust().

JLuwt owir | Compeny Noes |
|Drder Na:| | Erdsr Osts:| 1 PO Humbsr:|

frdey Tesmli

F) Far o Tisk.
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Program Overview

The user can request a list of customer numbers; the cust_popup() function
displays a scrolling list in a new window.

OEOER &Op

jLumtimmer Rimbier:| | Company Heamz|

Jirder No:| | Arder Daks:| 1 PE Hmbar:]
P e e Ml S AR g, P S

1L Pave cursar uslng F3, Fd, and erros bays.

il Fress Accapt bo sl ech 8 COMESNMRg.

[umbamsr H Compimrs Nass

| [A1y Spared Supglias |
| Sporee Spat 5
[PREL & SPares
[Flwy BalL!
[Lig HLTOE S8aFCH

B T T T LT T BN 8

Example 11 219



Program Overview

The program automatically supplies the customer name and the current date.
After entry of the purchase order (PO) number, the cursor is positioned to
enter a stock number for the rst line item. Each item must be identi ed with
a stock number and a manufacturer code. The INPUT ARRAY is handled in
the input_items() function.

SHLEN ADLD
jCinpE ey Wb | 1] Compary Heser[ Flayp Osll!
jdrdmr Ho:[ | Order Detw=|BS 200990 ) Pl Sunsarc] I2
1
] Pawerdgtian Qusnkity Price
i

Swb-Toral ¢
Zalen Taw:

Droer Totml:

| _ERCeF Chip irds LATarsacion 4ng Eilil':-s AoOipn. Prags [TAL-H Tor
]

JEnter & Steck numbed oF press F5 (CTRL-FI Tor & Qdst,
'

If the user requests a list of existing stock numbers, stock_popup() displays a
scrolling list of rows joined from the stock and manufact tables.

i
I
i UHLEH AL

jCunnpErr Huspsr: 1] Comparyg Sewmei [Fie Ball' |
| Ordmr Ho:|[ | Drder Detm:[ B 3170990 PO Aombes: [ 22099932

owe furdar uidng F3, Fa, and eriow Baye.
reae Accept ta salect ® #Tnck 1oes.

Zkacik Hz. [ameriptizn Huraifscborsr [ade/Hess
1] [Ddi=pal] ldvid] [HBD 1] HeFi

1] |omeabml]l glzves] |HIK ]| H=aimg S HEE .
1] I[nafapel]l Glved]| [9AT ] t=ics FAEH,
T] |ommsball ] |HFQ ]| Hero 1.
3] [oogabell oer ] THEK 1] Hediog 11
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Program Overview

The item description is supplied from the database, and the total price is
recalculated when the cursor leaves the Quantity column. The Subtotal eld
is updated as each item is completed. The user is allowed to move back to
previous rows with the up and down arrow keys, and to edit previous entries
of stock number, manufacturer, and quantity. If such corrections were not
allowed, the only way to correct a typing error would be to cancel the entire
order and start over, which would not be acceptable to most users.

ORLCE ADG
10d] Compam Wews:[Fley Eall! |
] raer Dmep:|BS 31 FLAGL] PO Aumbesr: | ITEIGEIT

|
tack Ha Fanef Omecripelan i
L) [HEE] [pedapall glaves] [ fEAbAD])
3 |3w] |bse=ball bet 1 §IABE.AH]|
] [HRD] |oesaralt ] | FI5z.an)
! I 1 l 11
S —— |
SubsTotal: |
E51ea Tawp |

OFgsr Tors |
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Function Overview

When the user uses the Accept key (typically ESCAPE) the program asks if the
order is to be shipped now. If the answer is yes, shipping instructions are
taken in another window.

ADEA aDD
Curtomar Humber: | LA&] Cospang Hems:-|Flsy Oxll 1
| Orsar Dace:|B5/2L/1591) P Mgwpar ] 22003950

SHIFPING LHFOPSATLOM
Lustomstr Busder | 184] Losmparg Heser[ Plesy Ball!
Drder Nao:| | Urder Cmbs:|85/31/1%9F1 ]
Zhip Uetwe:z [A5/21519F%1 )
Sigping Inetruceiang: |

“hippi=g Wwight [tn Lbm.|:

Urdmr femsusl (1Sl i FldBL.12]
- 7 - T :

SUABL.1E]

When all input has been gathered, the user is asked to con rm the order
before itis nally recorded in the database.

Function Overview

222

Function Name Purpose

add_order() Calls routines needed to add an order.

input_cust() Accepts user input for the customer number.

cust_popup() Displays a popup window of customers.

input_order() Accepts user input for date, PO number.

input_items() Accepts user input for order line items.

renum_items() Renumbers the item numbers when an item is added or
deleted in the items array.

stock_popup() Displays a popup window for stock numbers and
manufacturer codes.

dsply_taxes() Displays the retail tax rate and sales tax amount based on the

state in the customer s address. Also calculates the order s
total by adding in sales tax amount.

order_amount() Calculates the total cost of the order by summing the items
entered so far.
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Function Overview

tax_rates()

ship_order()
input_ship()

order_tx()

insert_order()
insert_items()
clear_lines()

init_msgs()
msg()

message_window()

prompt_window()

Supplies the appropriate tax schedule for a customer.

See the description in Example 4.

Opens a window and a form for shipping information.
Accepts user input for shipping information. This function
resembles the change_cust() function from Example 6.
Performs database operations to insert the order and items in
a single transaction.

Adds an order row to the database.

Adds associated items rows to the database.

Clears any number of lines, starting at any line.

See the description in Example 6.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Displays a brief, informative message.

See the description in Example 5.

Opens a window and displays the contents of the
ga_dsplymsg global array.

See the description in Example 2.

Displays a message and prompts the user for con rmation.
This function is a variation on the message_window()
function that appears in Example 2.

See the description in Example 4.
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The f_orders Form

The f_orders Form

224

10

20

30

40

This form is visible at all times, although it is partly covered by popup
windows during some phases of the order-entry process. Its principal feature
is a scrolling array of order items. The INPUT ARRAY statement is used to
connect this screen array to the program array of records, ga_items.

To construct a screen array, you rstde ne arepeating set of elds. All the
elds with the same tag (for example, all f005 elds) must be the same size.
They do not have to be arranged in regular columns, but any other arrange-

ment would be hard for the user to understand.

The same eld tag number must appear in each eld. This is only common
sense, but the form compiler does check for this.

Each eldinanarray row is described once in the ATTRIBUTES section. Here,
the f005 elds are associated with the item_num column of the items table.
This column of elds is marked NOENTRY; the item numbers are maintained
by the program, not input by the user.

The SCREEN RECORD statement de nes the array of records. It speci esa
name for the array (sa_items), which is used in the INPUT ARRAY statement.
It speci es the number of rows in the array (4). This is the number on the
screen, not the size of the program array that receives the input. In this
program, up to 10 item rows can be entered, and the INPUT ARRAY statement
lets the user scroll through them using the four lines of the screen array.

This statement also speci es which elds are part of a row of the array.
It names them by their table and column, not by the screen eld tags used
earlier.
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The f_orders Form

f_orders form file

100 DATABASE stores?

SCREEN
{
Cust omrer Numnber: [ f 000 ] Conpany Nare:[f001 ]
Order No:[f002 ] Order Date:[f003 ] PO Nunber:[f004 ]
Item No. Stock No Manuf Descri ption Quantity Price Tot al
200 [foos ] [fooe ] [fO7] [f008 ] [fo09 ] [foO10 ] [fol1 ]
[foo5 ] [foo6 ] [fO7] [fO08 ] [fo09 ] [foO10 ] [fol1 1
[foo5 ] [foo6 ] [foOo7] [fO08 ] [fo09 ] [foO10 ] [fol1 ]
[foo5 ] [fooe ] [foO7] [fO008 ] [fo09 ] [foO10 ] [fol1 1
Sub- Total : [f012 ]
Tax Rate [f013 1% [f014 ] Sal es Tax: [fO015 ]
O der Total: [f016 ]
}
TABLES
custoner orders itens stock state
ATTRI BUTES
f 000 = orders. custonmer_num
f001 = custoner. conpany;
f002 = orders. order_num
f003 = orders. order_date, DEFAULT = TCODAY;
f004 = orders. po_num
30 f005 = itens.itemnum NOENTRY;
f006 = itemns.stock_num
f07 = itens.manu_code, UPSHI FT;
f 008 = stock. description, NCENTRY;
f009 = itens.quantity;
f010 = stock.unit_price, NCENTRY;
f011 = itens.total _price, NCENTRY;
f012 = fornonly. order_anount;
f013 = fornonly.tax_rate;
f014 = state.code, NOENTRY;
f015 = fornonly. sal es_tax TYPE MONEY;
f016 = fornonly.order_total;
| NSTRUCTI ONS

4[] SCREEN RECORD sa_items[4] (items.itemnum itens.stock_num itenms. manu_code,
stock. description, itens.quantity, stock.unit_price, itens.total _price)
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The f_custsel Form

10 The f_custsel form is used as a popup window to display valid customer
numbers and company names. These customer numbers are stored in the
customer table.

2[0 The form de nes the sa_cust screen array to use with this popup window.

The f_stocksel Form

10 The f_stocksel form is s used as a popup window to display stock items
de ned in the stock table. The form displays related information from the
manufact table as well.

200 The screen array for this popup window is sa_stock.
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The f_stocksel Form

10

20

10

20

f_custsel form file

DATABASE st or es7

SCREEN

{
Cust orrer No. Conpany Nane
[foO01 ] [fo02
[foO01 ] [fo002
[foO1l ] [fo02
[foO1 ] [fo002
[foO01 ] [fo02

}

TABLES

cust omer

ATTRI BUTES

f001 = custoner. custonmer_num ZERCFI LL;

f 002 cust omer . conpany;

I NSTRUCTI ONS

SCREEN RECORD sa_cust[5] (custoner.custoner_num THRU cust oner. conpany)

f_stocksel form file

DATABASE st or es7

SCREEN

{
St ock No. Descri ption
[foo1 ] [fO002 ]
[foo1 ] [f002 ] [f003]
[foo1 ] [fO002 ] [f003]
[foo1 ] [fO002 ] [f003]
[foo1 1 [fO002 ] [f003]

}

TABLES

st ock

manuf act

ATTRI BUTES

f 001 = stock.stock_num

f002 = stock. description;

f 003 = st ock. manu_code;

f 004 = manuf act. manu_naneg;

f005 = stock.unit;

f 006 = stock.unit_price;

| NSTRUCTI ONS

SCREEN RECORD sa_stock[5] (stock.stock_num THRU st ock

Manuf act ur er Code/ Nane
[f003][fO004
f 004
f 004
f 004
f 004

Uni t

Unit Price

[f006

.unit_price)
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The f_ship Form

The f_ship Form

228

10

20

30

40

50

This form displays the shipping information. In this example, it accepts the
shipping information for the order currently being entered. The customer
number, company name, and order date of the current order display in the

elds at the top of the form. The order number eld is blank because the
order has not yet been saved in the database. Only then is an order assigned
an order number.

The order_num eldisde nedas FORMONLY so that it can accept user input
(see Example 21). Because the order_num column is de ned as SERIAL, the
database maintains its value. 4GL prevents the user from modifying SERIAL
values by preventing the cursor from entering any eld associated with a
SERIAL column. If the eld were de ned as orders.order_num, the user
would be unable to enter search criteria in this eld.

The ship_date eld uses the DEFAULT attribute and the TODAY function to
initialize an empty ship_date eld with today s date.

The order_amount eld is de ned as NOENTRY because this eld does not
require user entry. The order amount value is calculated by the application
program.

The form de nes the sr_ship screen record so an INPUT statement can access
all input elds on the form using the record.* notation.
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The f_ship Form

f_ship form file

100 DATABASE stores?

SCREEN

{
Cust omer Nunber: [f 000 ] Conpany Nane:[f001
O der No:[f002 ] O der Date:[f003
Ship Date: [f004 ]

Shi ppi ng I nstructions:[f005
Shi pping Weight (in Ibs.): [f006 ]

O der Amount (incl. Tax) : [f007
Shi ppi ng Charge ($1.50/1Db): [f008
Order Total: [fO009
}
TABLES

cust omer orders

ATTRI BUTES
f000 = orders. customer_num
f001 = custoner. conpany;
2] f002 = fornonly.order_num
f003 = orders. order_date;
30 f004 = orders. shi p_date, DEFAULT = TODAY;
f005 = orders. ship_instruct;
f 006 = orders. ship_weight, DEFAULT = 0.00;
4[] 007 = formonly. order_anount, NOENTRY;
f 008 = orders. ship_charge;
f009 = fornonly.order_total, NCENTRY;
I NSTRUCTI ONS

50 SCREEN RECORD sr_ship(orders. ship_date, orders.ship_instruct,
orders. shi p_wei ght, orders.ship_charge)

]

Example 11

229



The DATABASE and GLOBALS Statements

The DATABASE and GLOBALS Statements

10 Transaction processing is necessary to ensure that the order row and all of the
item rows are inserted successfully, or that none are inserted.

200 The gr_customer record holds a row from the customer table.

The gr_orders and ga_items records are used to construct rows for those
tables. Note that ga_items is an array of records. Its size determines how
many line items may be entered for any order.

300 The gr_charges record is used to collect tax and shipping charges.

40 The gr_ship record is used to collect shipping information. These elds
eventually contribute to the order row.

All these records could, in this program, be module variables. Global
variables are only required when the functions that use a record are in
different modules.

230 Implementing a Master-Detail Relationship



The DATABASE and GLOBALS Statements

4GL source file

100 DATABASE stores?

GLOBALS

20 DEFINE gr_customer RECORD LIKE custoner.*,

gr_

orders RECORD
order_num LI KE orders. order_num
order_date LIKE orders. order_date,
po_num LI KE orders. po_num
order_amount MONEY(S8, 2),
order_total MONEY(10, 2)

END RECORD,

ga_|

tems ARRAY[ 10] OF RECORD
itemnumLIKE items.itemnum
stock_num LI KE itens. stock_num
manu_code LI KE itens. manu_code,
description LIKE stock.description,
quantity LIKE items.quantity,
unit_price LIKE stock.unit_price,
total _price LIKE itens.total _price

END RECORD,

30 gr_

char ges RECORD
t ax_r at eDECI MAL( 5, 3),
shi p_char geLl KE orders. shi p_charge,
sal es_t axMONEY(9),
order _t ot al MONEY(11)

END RECORD,

40 gr_

shi p RECORD
shi p_dat eLI KE orders. shi p_date,
ship_instruct LI KE orders. ship_instruct,
shi p_wei ght LI KE orders. shi p_wei ght,
shi p_char geLlI KE orders. shi p_charge

END RECORD

# used by init_nsgs(), nessage_w ndow(), and pronpt_wi ndow() to allow
# user to display text in a nessage or pronpt w ndow.

DEFI NE

END GLOBALS

ga_dspl ynsg ARRAY[5] OF CHAR(48)
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The MAIN Function

The MAIN Function

50

60

70

As in other examples, the Interrupt key (typically CONTROL-C) is deferred so
that its use will not terminate the program. The use of the key is tested after
each input operation, and taken as a signal that the user wants to quit.

This OPEN WINDOW and the following OPEN FORM and DISPLAY FORM
statements could be combined into a single OPEN WINDOW WITH FORM
statement.

All the processing for a single order entry has been delegated to this function.

This example program manages only a single order; in a real application the
add_order() function might be called in a loop, or from a vertical menu.

The add_order() Function

232

84

90

100

The new order will be constructed in this record. Fields not lled in by the
following code will be null.

This legend reminds the user that the Cancel (or Interrupt) key is available to
exit the current transaction without saving. It remains on the screen through-
out. It could be part of the form de nition, but that would commit any pro-

gram using this form to implement Cancel in the same way.

The input process has been divided for simplicity into three phases, each in
a separate function. The user might choose to cancel in any of the phases. If
the user does so, the subsequent phases should not be performed.

This set of IF statements shows one way to deal with such a serial depen-
dency among functions. Each function returns TRUE when the user does not
cancel. If the user does not cancel in input_cust(), input_order() is called; if
the user does not cancel in that function, input_items() is called; if it returns
TRUE, the remainder of the entry process begins.

When there are more than three sequential dependencies, the IF stack
becomes uncomfortably deep. Another method is to accumulate the status
using AND as in this hypothetical fragment, which can be replicated as
needed.

| F ok_so_far THEN
LET ok_so_far = next_phase()
END | F
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The add_order() Function

B R T e
MAI N

OPTI ONS
HELP FI LE "hl pmsgs”,
FORM LI NE 2,
COMMENT LI NE 1,
MESSAGE LI NE LAST
50 DEFER | NTERRUPT

601 OPEN W NDOW w_rrai n AT 2, 3
WTH 18 ROA5, 76 COLUWNS
ATTRI BUTE ( BORDER)
OPEN FORM f _orders FROM "f _orders"
DI SPLAY FORM f _orders

70 CALL add_order ()

CLCSE FORM f _orders
CLOSE W NDOW w_nai n
CLEAR SCREEN

END MAI N

FUNCTI ON add_or der ()

80  INITIALIZE gr_orders.* TO NULL

DI SPLAY "ORDER ADD' AT 2, 34
CALL clear_lines(2, 16)
9l DI SPLAY " Press Cancel to exit wi thout saving."
AT 17, 1 ATTRI BUTE ( REVERSE, YELLOW

100 I F input_cust() THEN
I F i nput _order() THEN
I'F input_itens() THEN
CALL dsply_taxes()
I F pronpt _wi ndow("Do you want to ship this order now?", 8, 12) THEN
CALL ship_order()
ELSE
LET gr_shi p.ship_date = NULL
END I F

CALL clear_lines(2, 16)

LET ga_dsplynsg[1] = "Order entry conplete."

Example 11

233



The input_cust() Function

110

121

A similar technique is used to control the actual insertion process.
Prompt_window() returns TRUE when the user replies Y; order_tx() inserts
the order and returns TRUE when the rows are inserted successfully.

The order number is a SERIAL value, created only when the order row is
inserted. Here it is reported to the user, to be recorded on the entry
documents.

The input_cust() Function

234

130

140

150

160

170

180

This function assists the user in entering the customer number, and makes
certain that a valid one is entered. A valid customer number is essential
because the customer number is the key that joins the orders and customer
tables.

By clearing the int_ ag just before the start of the INPUT statement, then test-
ing it just afterward, the program can tell whether the INPUT was terminated
by the Interrupt key (typically CONTROL-C) or by the Accept key (typically
ESCAPE).

The INPUT statement begins here and extends onto the next page. Only the
single-form eld named in the INPUT statement is accessible to the cursor.

Whenever a eld is entered by the cursor, its BEFORE FIELD clause is exe-
cuted. That includes the initial entry to the rst (and in this case, only) eld.

Whenever the cursor leaves a eld, either due to a cursor-movement key or
to the Accept key, its AFTER FIELD clause is executed. This is the normal place
to put validation and veri cation code such as that which follows here.

The AFTER FIELD clause is not executed when the Interrupt key is used.

This test ensures that the user cannot leave this form without entering a
customer number of some kind. Even if the Accept key is used, the NEXT
FIELD statement forces the input process to continue.

If there were truly no exit, of course, users could be very frustrated. However
the message Press Cancel is visible, and Interrupt will work.
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The input_cust() Function

110 I F pronpt _wi ndow("Are you ready to save this order?", 8, 12) THEN
| F order_tx() THEN
CALL clear_lines(2, 16)

120 LET ga_dsplymsg[1] = "Order Nunber: ",
gr_orders. order _num USI NG " <<<<<<<<<<<"
LET ga_dsplynsg[2] = " has been placed for Custoner: ",
gr _customer. cust omer _num USI NG " <<<<<<<<<<<”
LET ga_dsplynsg[3] = "Order Date: ", gr_orders.order_date
CALL nmessage_w ndowm( 9, 13)
CLEAR FORM
END I F
ELSE
CLEAR FORM
CALL nmsg("Order has been termnated.")
END | F
END I F
END I F
END I F
END FUNCTION -- add_order --

R
130 FUNCTION i

DI SPLAY
" Enter the custoner nunber and press RETURN. Press CTRL-Wfor Help."
AT 16, 1 ATTRI BUTE ( REVERSE, YELLOW

140 LET int_flag = FALSE
150 I NPUT BY NAME gr_cust oner. cust omer _num HELP 60
160 BEFORE FI ELD cust omer_num
MESSAGE "Enter a custoner nunber or press F5 (CTRL-F) for a list."

170 AFTER FI ELD cust oner _num
I F gr_custoner.customer_num | S NULL THEN
ERROR "You nust enter a custoner nunber. Please try again."
180 NEXT FI ELD cust omer _num
END I F
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The input_cust() Function

236

190

200

210

22[]

230

24[]

The number entered by the user is validated against the database. Because
there is a unique index on the customer.customer_num column, this SELECT
can return at most one row, so no cursor is needed.

If the speci ed customer number is not in the database, the cursor is returned
to the customer_num eld, and the user is asked to enter another number.

If the customer number is valid, the program gives visual feedback by 1ling
in the customer name from the database.

The AFTER FIELD block for the customer number eld ends at this point in
the code.

When the user presses either key during the INPUT, the following code block
is executed. The cust_popup() function displays a list of customers and
returns null only if the user cancels, in which case the NEXT FIELD statement
returns the user to input state. If the user does not cancel, the desired data is
selected from the popup list and saved, and the input is ended.

Following the input, if the Interrupt key was used, this ag contains TRUE.
The cancellation is con rmed with a message, and the function returns
FALSE, signalling its caller to proceed no further (see Note 10).

Note that the user might use the Interrupt key while looking at the popup list
of customers. The cust_popup() function clears the int_ ag before returning,
so this IF can be affected only by Interrupt during this INPUT.
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190

200

2100
22[1]
230

240

SELECT conpany, state

I NTO gr _cust oner. conpany, gr_custoner.state
FROM cust orrer

WHERE cust oner _num = gr_cust oner. cust omer _num

I F (status = NOTFOUND) THEN
ERROR
"Unknown Custoner nunber. Use F5 (CTRL-F) to see valid custoners.”
LET gr_custoner. custonmer _num = NULL
NEXT FI ELD cust oner _num
END I F

DI SPLAY BY NAME gr_cust omer. conpany
MVESSAGE " "
EXI T | NPUT

ON KEY (CONTROL-F, F5)
I F I NFI ELD( cust oner _nun) THEN
CALL cust_popup()
RETURNI NG gr _cust oner. cust omer _num gr_cust omer . conpany

I F gr_custoner. custoner_num | S NULL THEN
NEXT FI ELD cust oner _num
ELSE
SELECT state
INTO gr _custoner. state
FROM cust oner
WHERE cust onmer _num = gr _cust oner. cust omer _num
DI SPLAY BY NAME gr_customer. customer_num gr_cust omer. conpany
END | F
END | F

END | NPUT

IF int_flag THEN
LET int_flag = FALSE
CALL clear_lines(2, 16)
CLEAR FORM
CALL nmsg("Order input termnated.")
RETURN ( FALSE)
END I F

RETURN ( TRUE)
END FUNCTION -- input_cust --

Example 11

237



The cust_popup() Function

The cust_popup() Function

238

250

260

270

280

2901

300

310

320

The cust_popup() function is called from input_cust() when the user requests
a display of customer numbers. It displays the list of numbers and names. If
the user selects one, it returns both the number and the name. If the user can-
cels with Interrupt, it returns a null customer number.

The function loads all, or as much as will t, of the customer table into the
pa_cust array.

Because the array is a local variable, it exists only while the function is active
and has to be reloaded each time the function is called. In some applications
this could cause performance problems, in which case the array could be
made global and lled just once, when the program starts up. While that
would x the performance problem, it would mean that the program would
not re ect additions or deletions in the customer table until it was restarted.

Thiswindow intentionally covers up the legend Press Cancel to exit without
saving in the main window. If the user presses Cancel in this routine it will
not cancel the entire order, but merely the popup display.

The FOREACH loop loads all customer numbers and names into the pa_cust
array for display. The array has a xed size while the size of the table is
unknown. The function counts the rows as they are fetched and if it lls the
array, it ends the loop early.

The IF statement checks for the (remote) possibility that no customers exist in
the database. In that case the program sets up to return a null value and does
not display the popup list.

A more likely event is that the array gets lled before the end of the table is
reached. The display can still be performed, but the user is told that the list is
incomplete.

The SET_COUNT() library function tells DISPLAY ARRAY how many rows of
the array are valid.

The ARR_CURR() library function returns the row number where the cursor
rested when the display ended.
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2601

270

280

2901

300

310

320

S
2500 FUNCTI ON cust

opup()

DEFI NE pa_cust ARRAY[ 200] OF RECCRD

cust orer _num LI KE cust oner. cust oner _num
conpany LI KE cust oner. conpany

END RECORD,

idx | NTEGER,

cust _cnt | NTECGER,

array_sz SMALLI NT,

over_si ze SMALLI NT

LET array_sz = 200 --* match size of pa_cust array

OPEN W NDOW w_cust pop AT 7, 5
W TH 12 ROAS, 44 COLUWNS
ATTRI BUTE( BORDER, FORM LI NE 4)
OPEN FORM f _custsel FROM "f_custsel "
DI SPLAY FORM f _cust sel
DI SPLAY "Mve cursor using F3, F4, and arrow keys."
AT 1,2
DI SPLAY "Press Accept to select a conpany."
AT 2,2

DECLARE c_cust pop CURSOR FOR
SELECT custoner_num conpany
FROM cust oner
ORDER BY cust oner _num

LET over_size = FALSE
LET cust_cnt =1
FOREACH c_cust pop | NTO pa_cust[cust_cnt].*
LET cust_cnt = cust_cnt + 1
I F cust_cnt > array_sz THEN
LET over_size = TRUE
EXI T FOREACH
END | F
END FOREACH

I F cust_cnt = 1 THEN
CALL nsg("No custoners exist in the database.")

LET idx =1
LET pa_cust[idx].custoner_num = NULL
ELSE

| F over_size THEN
MESSAGE "Custoner array full: can only display ",
array_sz USI NG " <<<<<<"
END I F
CALL SET_COUNT(cust_cnt - 1)
LET int_flag = FALSE
DI SPLAY ARRAY pa_cust TO sa_cust.*

LET i dx = ARR CURR()
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330

340

An Interrupt at this stage of the program cancels only this interaction and not
the entire order entry. The int_ ag is cleared so that it will not affect the call-
ing function. A null value is forced into the current row of the array.

The customer_num value in this row will be null in two cases: if the customer
table was empty, and if the display ended with Interrupt. Otherwise, the cus-
tomer number re ects the user s choice and input_cust() can terminate.

The input_order() Function

240

350

360

370

380

The input_order() function collects the rest of the order header elds: the date
and the customer s purchase order number. It returns TRUE normally, or
FALSE to indicate that the user cancelled.

The BEFORE FIELD clause is executed when the cursor entersa eld. It enters
the order_date eld as soon as the INPUT statement begins, because it is the
rst eld listed in the BY NAME clause. Thus today s date, the most likely

choice, is displayed initially.

When the cursor leaves the eld, it can only be null if the user has cleared it
with CONTROL-D. In that case, today s date is again supplied to make sure
that a valid date is available.

Handling of Interrupt is similar to that in the input_cust() function.
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IF int_flag THEN
330 LET int_flag = FALSE
CLEAR FORM
CALL nmsg("No custoner selected.")
LET pa_cust[idx].custoner_num = NULL
END I F
END I F

CLOSE W NDOW w_cust pop
340 RETURN pa_cust [i dx].custoner_num pa_cust[idx].conpany

END FUNCTION -- cust_popup --

350] FUNCTION input_order()

CALL clear_lines(1, 16)

DI SPLAY

" Enter the order information and press RETURN. Press CTRL-Wfor Help."
AT 16, 1 ATTRI BUTE ( REVERSE, YELLOW

LET int_flag = FALSE
I NPUT BY NAME gr_orders.order_date, gr_orders.po_num HELP 61
360 BEFORE FI ELD order _date
| F gr_orders.order_date 1S NULL THEN
LET gr_orders. order_date = TODAY
END I F

370 AFTER FI ELD order _date
IF gr_orders.order_date IS NULL THEN
LET gr_orders. order_date = TODAY
END | F
END | NPUT

380 IF int_flag THEN
LET int_flag = FALSE
CALL clear_lines(2, 16)
CLEAR FORM
CALL msg("Order input termnated.")
RETURN ( FALSE)
END | F

RETURN ( TRUE)
END FUNCTION -- input_order --
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242

390

400

410

420

The input_items() function manages the input of the line items. Item rows are
entered into the ga_items array of records. The user is allowed to go back and
change item rows previously entered.

As with input_cust() and input_order(), if the user cancels the operation, the
function returns FALSE as a signal.

The BEFORE ROW block is executed each time the cursor moves to a new row,
including the move to the rst row when the INPUT ARRAY begins. Two
important indexes are captured here: curr_pa gets the row in the program
array, ga_items, and curr_sa gets the current screen row.

The BEFORE INSERT block is executed each time a new row is added to the
array. This can happen at the bottom of the array or at another position. The
renum_items() function revises the item row numbers and redisplays them.

The stock number is the primary piece of information in an item row.
Nothing else can be determined without a valid stock number. This block
executes whenever the cursor leaves the stock number eld of a row. This can
be caused by several different key signals, processed as follows:

Accept The user claims to be nished, so a stock number is not
required for this row. However, at least one item row must
be entered for the order to be valid; if none has been, the user
is returned to the form to enter one.

Up/down The user wants to move to a different row, so it is not
essential that the current row have a stock number.

Other keys The user is required to enter a stock number.

The library function FGL_LASTKEY() is used to get the code for the last key
pressed, and FGL_KEYVAL() is used to translate from words like up to the
codes used in this particular implementation.
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HHEAHBH AR R R A TR R A A R R R AR
390 FUNCTI ON i nput _i tens()

DEFI NE curr_pa | NTEGER,
curr_sa I NTEGER,
st ock_cnt | NTEGER,
stock_item LI KE st ock. st ock_num
popup SMALLI NT,
keyval | NTEGER,
val i d_key SMALLI NT

CALL clear_lines(1, 16)

DI SPLAY

" Enter the iteminformation and press Accept. Press CTRL-Wfor Help."
AT 16, 1 ATTRI BUTE ( REVERSE, YELLOW

LET int_flag = FALSE
I NPUT ARRAY ga_itens FROM sa_itens.* HELP 62

4001 BEFORE ROW
LET curr_pa = ARR _CURR()
LET curr_sa = SCR_LI NE()

4101 BEFORE | NSERT
CALL renum.itens()

BEFORE FI ELD st ock_num
MESSAGE

"Enter a stock nunber or press F5 (CTRL-F) for a list."
LET popup = FALSE

4201 AFTER FI ELD st ock_num
I'F ga_itens[curr_pa].stock_num|S NULL THEN

LET keyval = FG._LASTKEY()
| F keyval = FGL_KEYVAL("accept") THEN
IF curr_pa =1 THEN --* enpty itens array
LET int_flag = TRUE--* code sinulates a Cancel
EXI T | NPUT
END | F
ELSE --* FGL_LASTKEY() <> FGL_KEYVAL("accept")
LET valid_key = (keyval = FG._KEYVAL("up"))
OR (keyval = FG_KEYVAL("prevpage"))
I'F NOT valid_key THEN
ERROR "You nust enter a stock nunber. Please try again."
NEXT FI ELD st ock_num
END | F
END I F
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430
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460
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The cursor is leaving the stock number eld and the eld is not null. The
following IF ensures that the user entered a valid number by counting the
rows of the stock table that have this number. Multiple rows may appear in
the table because the manufacturer code is needed for uniqueness, but the
user s entry is invalid unless SELECT retrieves at least one row.

The popup variable is set when the stock_popup() function is used to select
a stock number and manufacturer code. Because that function returns only
good values, validation is not required.

This statement marks the end of the AFTER FIELD block for the stock number.
The cursor will typically enter the manu_code eld from stock number.

Like stock number, a manufacturer code is required to make an item valid.
When the cursor leaves the eld, this code ensures that something has been
entered.

Something was entered to manu_code. This passage validates it in
combination with the previously entered stock number by selecting other
stock information using these values as the key. As before, if stock_popup()
was used to obtain the value, validation is not needed. If no row was found,
something is wrong, and the user is forced to enter another manufacturer
code.

It is possible that the user entered an invalid stock number. However, the
stock number is known to exist in the table. A corresponding manu_code
exists and stock_popup() can be used to nd it.

The stock number and manufacturer have proved valid. Visual feedback is
given by lling in the item description and unit price. The cursor is then sent
to the quantity eld.
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440

45[0]
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ELSE --* stock nunber is not null, continue
I F NOT popup THEN
LET stock_cnt =0

SELECT COUNT( *)

I NTO st ock_cnt

FROM st ock

WHERE st ock_num = ga_itens[curr_pa].stock_num

I F (stock_cnt = 0) THEN
ERROR

"Unknown stock nunber. Use F5 (CTRL-F) to see valid stock nunbers.

LET ga_itens[curr_pa].stock_num = NULL
NEXT FI ELD st ock_num
END I F
END I F
END | F
MESSAGE ""

BEFORE Fl ELD manu_code
MESSAGE
"Enter the manufacturer code or press F5 (CTRL-F) for a list."

AFTER FI ELD manu_code
| F ga_itens[curr_pa].manu_code IS NULL THEN
ERROR

"You nust enter a manufacturer code. Use F5 (CTRL-F) to see valid codes.

LET ga_itens[curr_pa].manu_code = NULL
NEXT FI ELD manu_code

ELSE
I F NOT popup THEN
SELECT description, unit_price
I NTO ga_itens[curr_pa].description, ga_itens[curr_pa].unit_price
FROM st ock
WHERE st ock_num
AND nanu_code

= ga_itens[curr_pa].stock_num
= ga_i tens[curr_pa].mnu_code
I F (status = NOTFOUND) THEN

ERROR

"Unknown manuf code for this stock nunber. Use F5 (CTRL-F) to see valid codes.

LET ga_itens[curr_pa].manu_code = NULL
NEXT Fl ELD manu_code
END I F
DI SPLAY ga_itens[curr_pa].description, ga_itens[curr_pa].unit_price
TO sa_itens[curr_sa].description, sa_itens[curr_sa].unit_price
MESSAGE ""
NEXT FI ELD quantity
END | F
END I F
MESSAGE ""
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550

When the cursor enters the quantity eld in this row for the rst time, the
eld is initialized to 1.

When the cursor leaves the quantity eld, the program validates that the user
has entered a reasonable value. If appropriate, the cursor is returned to the

eld. Otherwise, the total price (often called the extension of the line item) is
calculated and displayed.

Once the total price for a line is known, the program can generate the order
subtotal. The order_amount() function performs this operation.

When a new array row has been completed, this block ensures that the order
subtotal is up to date.

This block is probably redundant because it could hardly be executed unless
the AFTER FIELD for quantity was executed rst.

When a row is deleted, the item rows must be renumbered, and the order
subtotal must be recalculated and displayed.

The user can request a display of stock numbers and manufacturer codes at
any time during input. If the cursor is in the quantity column, the key is
ignored. If the cursor is in the stock or manu_code column, the stock_popup()
function is called to display a list and return a selected stock item.

The stock_popup() function can present all stock items, or only the stock with
a particular stock number. If the cursor is in the stock number eld, the pro-
gram assumes the user does not know a stock number, and sets up to display
all. If the cursor is not in the stock number eld, it must be in the manu_code

eld; the program assumes the user is interested only in the stock number
that was already entered.

The stock_popup() function returns a null stock_num and manu_code if the
user cancels a popup initiated from the stock_num eld. It returns a null
manu_code if the user cancels a popup initiated from the manu_code eld.
In any event, the program returns the user to input in the eld that was
active.
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48[ BEFORE FI ELD quantity
| F ga_itens[curr_pa].quantity IS NULL THEN
LET ga_itens[curr_pa].quantity = 1
END | F

49[] AFTER FI ELD quantity
IF ga_itens[curr_pa].quantity IS NULL
OR ga_itens[curr_pa].quantity < 0
THEN
ERROR "Quantity must be greater than 0. Please try again."
NEXT FI ELD quantity
END I F

LET ga_itens[curr_pa].total _price = ga_itens[curr_pa].quantity
* ga_items[curr_pa].unit_price
DI SPLAY ga_itens[curr_pa].total _price TO sa_itens[curr_sa].total _price
500J CALL order_anount () RETURNI NG gr_orders. or der _anount
DI SPLAY BY NAME gr_orders. order_anpunt

510 AFTER | NSERT
CALL order_anount () RETURNI NG gr_orders. order_anount
DI SPLAY BY NAME gr_orders. order_anpunt

5201 AFTER DELETE
CALL renum.itens()
CALL order_anount () RETURNI NG gr_orders. or der _anount
DI SPLAY BY NAME gr_orders. order_anpunt

AFTER | NPUT
CALL clear_lines(1, 16)
MESSAGE ""
530 ON KEY (CONTROL-F, F5)
I F I NFI ELD( st ock_nun) OR | NFI ELD( manu_code) THEN
540 I F I NFI ELD( st ock_nun) THEN
LET stock_item = NULL
ELSE
LET stock_item = ga_itens[curr_pa].stock_num
END | F

CALL st ock_popup(stock_item
RETURNI NG ga_i tens[curr_pa].stock_num ga_itens[curr_pa].manu_code,
ga_itens[curr_pa].description, ga_itens[curr_pa].unit_price
5501 IF ga_itenms[curr_pa].stock_num IS NULL THEN
NEXT FlI ELD st ock_num
ELSE
| F ga_itens[curr_pa].nmanu_code IS NULL THEN
NEXT FI ELD manu_code
END | F
END | F
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5600 The user made a choice in stock_popup(), and now everything is known
about the stock number. The information is displayed on the form, and the
cursor is sent to the quantity eld.

570 As with input_cust() and input_order(), this function returns FALSE if the
user has cancelled with Interrupt, or TRUE otherwise.

The renum_items() Function

5801 This function maintains the line numbers in the left-most column of the line
item display. Itis called each time a line is inserted or deleted. It resets the line
numbers from the current row to the end of the array. There is no need to
revise numbers on lines preceding the current line.

5900 The ARR_CURR() function returns the index into the current array row. The
ARR_COUNT() function returns the total number of rows created during the
INPUT ARRAY.

600 Items can be inserted in the middle of the array, so the last lines of the array
might be off the screen. The function updates the screen display of lines that
are on the screen.

There is no function to return the line number of the last row of the screen
array. This limit must be written into the program.
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561 DI SPLAY ga_itens[curr_pa].stock_num TO sa_itens[curr_sa].stock_num
DI SPLAY ga_itens[curr_pa].manu_code TO sa_itens[curr_sa].manu_code
DI SPLAY ga_itens[curr_pa].description TO
sa_itens[curr_sa].description
DI SPLAY ga_itens[curr_pa].unit_price TO
sa_itens[curr_sa].unit_price
NEXT FI ELD quantity
END | F
END | NPUT
570 IF int_flag THEN
LET int_flag = FALSE
CALL clear_lines(2, 16)
CLEAR FORM
CALL nmsg("Order input termnated.")
RETURN ( FALSE)
END I F
RETURN ( TRUE)
END FUNCTION -- input_itens --

WHHH T T A R T R
58] FUNCTI ON renum.itens()
HHHH R R R TR A R i A R

DEFI NE pcurr | NTEGER,
pt ot al | NTEGER,
scurr | NTEGER,
st ot al | NTEGER,
k | NTEGER

59] LET pcurr = ARR_CURR()
LET ptotal = ARR _COUNT()
LET scurr = SCR_LI NE()
LET stotal = 4
600 FOR k = pcurr TO ptotal
LET ga_itens[k].itemnum = k
IF scurr <= stotal THEN
DI SPLAY k TO sa_itens[scurr].itemnum
LET scurr = scurr + 1
END | F
END FOR

END FUNCTION -- renum.itens --
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660

This function is much like cust_popup(). (See The cust_popup() Function
on page 238.) Itis called from input_items() to display a list of stock items and
to let the user make a selection.

The user may have speci ed a stock number. If so, only rows with that
number are shown. Otherwise, all rows (that will t the array) are shown.
This means that the SELECT statement must use a different WHERE clause,
depending on whether the argument, stock_item, is null.

Thiswindow intentionally covers up the legend Press Cancel to exit without
saving. If the user presses Cancel in this routine, it will only end the popup
display, not the entire order.

The SELECT statement that will retrieve stock items from the database is
initialized here.

When the function argument is null, all stock numbers are wanted and the
WHERE clause contains only a join condition.

When the function argument is not null, only rows with that number are
wanted and the WHERE clause has two conditions.

The SELECT statement is prepared and associated with a cursor.
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6100 FUNCTI ON st ock_popup(stock_item
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630

640

650

6601

DEFI NE stock_item | NTEGER,
pa_stock ARRAY[200] OF RECORD
st ock_num LI KE st ock. st ock_num
description LI KE stock. descri ption,
manu_code LI KE st ock. manu_code,
nanu_nane LI KE manuf act . manu_nane,
uni t LI KE stock. unit,
unit_price LI KE stock.unit_price
END RECORD,
i dx | NTEGER,
st ock_cnt | NTEGER,
st _stock CHAR(300),
array_sz SMVALLI NT,
over_size SMALLI NT
LET array_sz = 200 --* match size of pa_stock array

OPEN W NDOW w_st ockpop AT 7, 4
W TH 12 ROA5, 73 COLUWNS
ATTRI BUTE( BORDER, FORM LI NE 4)
OPEN FORM f _st ocksel FROM "f_stocksel "
DI SPLAY FORM f _st ocksel
DI SPLAY "Move cursor using F3, F4, and arrow keys."
AT 1,2
DI SPLAY "Press Accept to select a stock item"
AT 2,2

LET st_stock =
"SELECT stock_num description, stock.mnu_code, manufact.mnu_nane, ",
"unit, unit_price FROM stock, manufact”

IF stock_item|S NOT NULL THEN
LET st_stock = st_stock CLIPPED, " WHERE stock_num = ", stock_item
" AND st ock. manu_code = manufact. manu_code",
ORDER BY 1, 3"
ELSE
LET st_stock = st_stock CLI PPED,
" WHERE st ock. manu_code = manuf act. manu_code",
ORDER BY 1, 3"
END I F

PREPARE sl ct _run FROM st _stock
DECLARE c_st ockpop CURSOR FOR sl ct_run

FALSE
1

LET over_si ze
LET stock_cnt
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The FOREACH loop loads stock items into the pa_stock array. The array has a
xed size while the size of the table is unknown. The function counts the
rows as it loads them, and if the array lls up, it ends the loop early.

There is a remote possibility that no rows will be found. Rather than present
the user with an empty list, the function displays a message and returns a
null stock number to its caller.

The remainder of the function closely follows the pattern of the cust_popup()
function.

If the user chooses to cancel the popup window, the function indicates the
cancel by setting return values to null. If the user initiated the popup from the
stock_num eld, the function sets both stock_num and manu_code to null. If
the user initiated this popup from the manu_code eld, the function only sets
the manu_code eld to null. The stock_num eld must retain the value cur-
rently displaying on the form.

The dsply_taxes() Function

252

710

The dsply_taxes() function updates the order total to re ect the sales tax rate.
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FOREACH c_st ockpop | NTO pa_stock[stock_cnt].*
LET stock_cnt = stock_cnt + 1
I F stock_cnt > array_sz THEN
LET over_size = TRUE
EXI T FOREACH
END | F
END FOREACH
I F stock_cnt = 1 THEN
CALL nmsg("No stock data in the database.")
LET idx = 1
LET pa_stock[idx].stock_num = NULL
ELSE
| F over_size THEN
MESSAGE "Stock array full: can only display ",
array_sz USI NG " <<<<<<"
END | F
CALL SET_COUNT(stock_cnt - 1)
LET int_flag = FALSE
DI SPLAY ARRAY pa_stock TO sa_stock. *
LET idx = ARR_CURR()
IF int_flag THEN
LET int_flag = FALSE
CLEAR FORM
CALL nmsg("No stock item selected.")
LET pa_stock[idx].manu_code = NULL
I F stock_item 1S NULL THEN
LET pa_stock[idx].stock_num = NULL
END I F
END I F
END | F
CLOSE W NDOW w_st ockpop
RETURN pa_stock[idx].stock_num pa_stock[idx].manu_code,
pa_stock[idx].description, pa_stock[idx].unit_price
END FUNCTION -- stock_popup --

LET gr_charges.tax_rate = tax_rates(gr_custoner.state)
DI SPLAY gr _custoner.state TO code
DI SPLAY BY NAME gr_charges.tax_rate

LET gr_charges. sal es_tax = gr_orders. order_anount

* (gr_charges.tax_rate / 100)
DI SPLAY BY NAME gr_char ges. sal es_t ax
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The order_amount() Function

7200 The function updates the order subtotal to re ect the sum of all items.

It is called from input_items() each time the order subtotal might have
changed: when line items are inserted or deleted and whenever the cursor
leaves the quantity eld.

The ship_order() Function

730 This function is called when the user replies yes to the question, Do you
want to ship this order now? It presents a form containing the data elds
related to shipping and accepts input for them.

7400 The w_ship subwindow also covers up the message about Cancel in the main
window. Cancelling from this input phase will only cancel the entry of ship-
ping information.

750 For clarity, the details of the INPUT statement are located in the input_ship()
function. It returns TRUE normally, or FALSE if the user uses the Interrupt key
(typically CONTROL-C).
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LET gr_charges.order_total = gr_orders.order_anount +
gr_charges. sal es_t ax
DI SPLAY BY NAME gr_charges. order _t ot al

END FUNCTION -- dsply_taxes --

HHHH R A A A AR R R R R R
720 FUNCTI ON order _anount ()
HHEGH SRR R AR R R A R R A R
DEFI NE or d_anount MONEY( 8) ,
i dx | NTEGER

LET ord_anount = 0.00
FOR idx = 1 TO ARR_COUNT()
IF ga_itens[idx].total _price I'S NOT NULL THEN
LET ord_anmount = ord_anount + ga_itens[idx].total _price
END I F
END FOR

RETURN (ord_anount)

END FUNCTION -- order_anount --

7300 FUNCTI ON shi p_or der ()

CALL clear_lines(1, 1)

7401 OPEN W NDOWN w_ship AT 7, 6
W TH FORM "f _shi p"
ATTRI BUTE ( BORDER, COWMMENT LINE 3, FORM LI NE 4)
DI SPLAY " Press Accept to save shipping information."
AT 1, 1 ATTRI BUTE ( REVERSE, YELLOW
DI SPLAY " Press Cancel to exit w out saving. Press CTRL-Wfor Help."
AT 2, 1 ATTRI BUTE (REVERSE, YELLOW

DI SPLAY " SHI PPI NG | NFORVATI ON'
AT 4, 20

DI SPLAY BY NAME gr_orders.order_num gr_orders. order_date,
gr_custoner. cust omer _num gr_cust oner . conpany

INITIALI ZE gr_ship.* TO NULL

750 | F i nput _shi p() THEN
CALL nsg("Shipping information entered.")
END | F

CLOSE W NDOW w_shi p

END FUNCTION -- ship_order --
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If the number_to_see variable exceeds the array_size variable, there are more
customer rows to store in the pa_cust array. The MESSAGE statement noti es
the user about the key used to trigger the next repetition of the paging loop.

You could enhance this message to display the number of quali ed rows (the
value of total_custs) and the number of rows remaining (the value of idx
subtracted from number-to-see).

The idx variable is zero only if the inner WHILE loop could not retrieve a row
on the rst execution of the loop. The IF statement sets up cust_popup2() to
return null to indicate that the user did not choose a row.

If idx is greater than zero, the inner WHILE loop retrieved some rows, and
cust_popup2() activates the f_custsel form so the user can view the rows.

The SET_COUNT() built-in function tells 4GL how many elements of the array
were populated. All elements will be lled except on the last execution of the
paging WHILE loop.

The LET statement resets the int_ ag built-in variable so the cust_popup2()
function can trap the Interrupt key (see Note 44).

The ON KEY clause traps the F5 function key or CONTROL-B to give the user
a mechanism for advancing to the next page of customer rows.

The cust_popup?2() function allows paging to the next set of rows only from
the last row of the current set. This restriction forces the user to view all rows
and thus prevents skipping over a row that might be the desired row.

The ARR_CURR() function returns the number of the array element
corresponding to the row on which the cursor is currently positioned. The IF
clause executes only when the cursor is on the last element.

The assignment to number_to_see subtracts the number of rows displayed in
this execution of the paging WHILE loop to nd the new number remaining.

If there are rows remaining, the IF clause resets the idx variable and ends the

display session. Resetting idx to zero indicates that no row has been selected

(see Note 43) so the function needs to retrieve the rst row of the next set into

the rstarray element (see Note 35). If no rows remain, the ELSE clause noti-
es the user.

If the user is not positioned on the last row in the current set, the ELSE clause
noti es the user and then restores the paging instructions.
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I F (nunber _to_see > array_size) THEN
MESSAGE "On | ast row, press F5 (CTRL-B) for nore custoners."
END I F

IF (idx = 0) THEN
CALL nsg("No custoners exist in the database.")
LET idx =1
LET pa_cust[idx].custonmer_num = NULL

ELSE

CALL SET_COUNT(i dx)
LET int_flag = FALSE
DI SPLAY ARRAY pa_cust TO sa_cust.*
ON KEY (F5, CONTROL-B)
LET curr_pa = ARR CURR()

I'F (curr_pa = idx) THEN

LET nunber _to_see = nunber_to_see - idx
I F (nunber _to_see > 0) THEN
LET idx = 0
EXI T DI SPLAY
ELSE
CALL nsg("No nore custoners to see.")
END | F
ELSE
CALL msg("Not on |ast customer row ")
MESSAGE
"On last row, press F5 (CTRL-B) for nore custoners."
END I F
END DI SPLAY
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430

440

450

The idx variable is zero only if the ON KEY clause has reset it to prepare for
another repetition of the paging WHILE loop (see Note 41). Otherwise, the
user ended the form session with the Accept or Interrupt key. In this case, the
ARR_CURR() function returns the number of the array element corresponding
to the row on which the user was positioned. The program sets fetch_custs to
FALSE to exit the outer paging WHILE loop.

The IF clause executes if the user uses the Interrupt key. The msg() function
con rms the interrupt for the user and the assignments prepare to return a
null value as after the last row (see Note 37).

The cust_popup2() function nishes by closing the popup form and window
and returning the customer and company values. The return values of
cust_popup2() have to distinguish a chosen customer, no rows in the cus-
tomer table, and voluntary exit without choosing a customer.

The order_popup() Function

Notes 46 to 561 The logic of the order_popup() function is essentially similar to the

282

460

cust_popup2() function. The main difference is, instead of qualifying all
order rows, the order_popup() function restricts the query to rows belonging
to a customer for whom the customer number is passed by parameter. As the
customer table is smaller than the orders table, it is ef cient to restrict the
selected rows for the larger table. In addition, as customers have a one-to-
many relationship with orders, this hierarchical approach is intuitive.

The SELECT saves the count of the total number of orders for the customer in
the total_orders variable. If the customer does not have any orders, the test
returns all null values to indicate this condition to the calling function.
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4401

4501

4601

IF (idx <> 0) THEN
LET idx = ARR_CURR()
LET fetch_custs = FALSE
END I F

IF int_flag THEN
LET int_flag = FALSE
CALL msg("No custoner nunber selected.")
LET pa_cust[idx].custoner_num = NULL
END | F

END I F
END VHI LE

CLOSE FORM f _cust sel
CLOSE W NDOW w_cust pop
RETURN pa_cust[idx].custoner_num pa_cust[idx].conpany

END FUNCTION -- cust_popup2 --
HAHHH BB HHBH AR H B R R R

FUNCTI ON or der _popup( cust _num)
HHHHH BB H R H R B R R

DEFI NE cust _num LI KE cust oner. cust omer _num

pa_order ARRAY[ 10] OF RECORD
order_num LI KE orders. order_num
order_date LI KE orders. order_dat e,
po_num LI KE orders. po_num
shi p_date LI KE orders. shi p_date,
pai d_date LI KE orders. pai d_date

END RECORD,

idx SMALLI NT,

i SMALLI NT,

order_cnt SMALLI NT,

fetch_orders SMALLI NT,

array_si ze SMALLI NT,

total _orders | NTEGER,

nunber _to_see | NTEGER,

curr_pa SMALLI NT

LET array_size = 10
LET fetch_orders = FALSE

SELECT COUNT(*)

I NTO total _orders

FROM or ders

WHERE cust omer _num = cust _num
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284

470

4801

4901

The order_popup() function opens a window and form in which to display
the popup list and instructions to the user.

The assignments set the variables that keep track of the number of rows
remaining to be viewed and the number of rows retrieved in the current
execution of the paging WHILE loop.

The function then declares a cursor and query, opens the cursor, and veri es
that the server did not encounter any problems in attempting to open the cur-
sor. If the OPEN fails, the function returns null values for order_num and
order_date.

The outer WHILE loop shows the user a different set of rows on each
repetition.

The inner WHILE loop fetches as many rows as the array will hold,
terminating prematurely only after the last row has been retrieved. After the
loop nishes, the idx variable stores the number of elements in the array that
are populated.
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IF total _orders = 0 THEN

LET pa_order[1].order_num = NULL

LET pa_order[1].order_date = NULL

RETURN pa_order[1].order_num pa_order[1].order_date
END I F

470 OPEN W NDOW w_or derpop AT 9, 5
WTH 12 ROAS, 71 COLUWNS
ATTRI BUTE( BORDER, FORM LI NE 4)

OPEN FORM f _ordersel FROM "f_ordersel "
DI SPLAY FORM f _or der sel

DI SPLAY "Mbve cursor using F3, F4, and arrow keys."
AT 1,2

DI SPLAY "Press Accept to select an order."
AT 2,2

481 LET nunber _to_see = total _orders
LET idx = 0

DECLARE c_or der pop CURSOR FOR
SELECT order_num order_date, po_num ship_date, paid_date
FROM or ders
WHERE cust omer _num = cust _num
ORDER BY order_num

WHENEVER ERROR CONTI NUE
OPEN c_or der pop
WHENEVER ERROR STOP

I|F (status = 0) THEN
LET fetch_orders = TRUE

ELSE
CALL msg("Unable to open cursor.")
LET idx =1

LET pa_order[idx].order_num = NULL
LET pa_order[idx].order_date = NULL
END I F

4901 VWH LE fetch_orders
WH LE (idx < array_size)
LET idx = idx + 1
FETCH c_orderpop | NTO pa_order[idx].*
| F (status = NOTFOUND) THEN --* no nore orders to see
LET fetch_orders = FALSE
LET idx = idx - 1
EXIT WH LE
END | F
END WHI LE
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500

510

5200

530

54(]

550

560

If the outer WHILE loop has not reached the last set of rows, a message tells
the user how to advance to the next set.

If no further rows existed for retrieval, the assignment sets up the return
values to indicate that the user did not select a row.

If rows were retrieved, the ELSE clause displays the populated subset of the
array in the f_ordersel form.

The ON KEY clause traps the paging key:

* If the user was positioned on the last row of the current set before press-
ing the key and the current set is not the last set, the idx variable is reset
to zero to read a new set of rows starting with the rst array element.

* If the current set is the last set, a message noti es the user.
* If the user was not on the last row, a message noti es the user.

If the user did not press the paging key, the assignment sets idx to the row on
which the user positioned and sets fetch_orders to FALSE to prevent repeti-
tion of the paging WHILE loop.

If the user used the Interrupt key, the assignment sets the returned order
number to null but not the order date, which is used in the calling function to
distinguish customers without orders from leaving without selecting an
order.

The order_popup() function nishes by closing the popup form and window
and returning the appropriate values.
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500 I F (nunber _to_see > array_size) THEN
MESSAGE "On | ast row, press F5 (CTRL-B) for nore orders."
END | F
510 IF (idx = 0) THEN
CALL nsg("No orders exist in the database.")
LET idx =1
LET pa_order[idx].order_num = NULL
5201 ELSE

CALL SET_COUNT(i dx)
LET int_flag = FALSE
DI SPLAY ARRAY pa_order TO sa_order.*
530 ON KEY (F5, CONTROL-B)
LET curr_pa = ARR _CURR()

I'F (curr_pa = idx) THEN

LET nunber _to_see = nunber_to_see - idx
I'F (nunber_to_see > 0) THEN
LET idx = 0
EXI T DI SPLAY
ELSE
CALL nmsg("No nore orders to see.")
END I F
ELSE

CALL nsg("Not on last order row ")
MESSAGE "On | ast row, press F5 (CTRL-B) for nore orders."
END I F
END DI SPLAY

5401 IF idx <> 0 THEN
LET idx = ARR_CURR()
LET fetch_orders = FALSE
END | F

5500 IF int_flag THEN
LET int_flag = FALSE
CALL nsg("No order nunber selected.")
LET pa_order[idx].order_num = NULL
END I F
END I F
END WHI LE

560  CLOSE FORM f_or der sel
CLOSE W NDOW w_or der pop
RETURN pa_order[idx].order_num pa_order[idx].order_date

END FUNCTION -- orders_popup --
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The calc_order() Function

Notes 57 to 5900 The calc_order() function uses a series of SELECT statements to retrieve

570

5801

5901

summary information for an order from several tables in much the same
manner as the get_summary() function. See Example 4 for a more complete
description of the techniques used in this function.

The rst query uses a join to get the ship_charges column from the orders
table and the state code from the customer table. The join is necessary to
identify the customer based on the order. If the ship_charges column is empty
(null), the function sets the ship_charges variable to zero.

The second query totals the charges associated with the order from the items
table. Again, if the total is null the default is zero.

The tax_rates() function returns the percentage of sales tax applied within the
state (simplifying the real sales tax structures for demonstration purposes).

The assignment to the sales_tax variable calculates the sales tax on the total
item charges. The assignment to the order_total variable subtotals the order
charges (the shipping charges are added in the input_ship() function).

The upd_order() Function
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600

The upd_order() function updates the order row in the database. As in
previous examples, upd_order() supports recovery from an SQL error at
runtime by:

* Suppressing termination on errors with the WHENEVER ERROR
CONTINUE statement.

* Executing the SQL statement.

The UPDATE statement updates only those columns that were accessed
by the input_ship() function.

* Resuming termination on errors with the WHENEVER ERROR STOP
statement.

* Evaluating the status variable to determine whether an error occurred.

The upd_order() function returns the status to the MAIN function, which
noti es the user of the error or of the success of the update.
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HHBHHBHHBHHRHBHH B H BB AR R
FUNCTI ON cal c_order (ord_num

DEFI NE ord_num LI KE orders. order_num
state_code LI KE custoner.state

570 SELECT shi p_charge, state
I NTO gr _char ges. shi p_charge, state_code
FROM orders, custoner
VWHERE order _num = ord_num
AND or ders. custonmer _num = cust oner. cust oner_num

| F gr_charges. ship_charge I'S NULL THEN
LET gr_charges. shi p_charge = 0.00
END | F

5801 SELECT SUMtotal price)
I NTO gr _char ges. order _t ot al
FROM i t ens
VWHERE order _num = ord_num

| F gr_charges.order_total IS NULL THEN
LET gr_charges. order_total = 0.00
END I F

5900 CALL tax_rates(state_code) RETURNING gr_charges.tax_rate

LET gr_charges. sal es_tax = gr_charges. order_total *
(gr_charges.tax_rate / 100)

LET gr_charges.order_total = gr_charges.order_total +
gr_charges. sal es_t ax

END FUNCTION -- cal c_order --

600 FUNCTI ON upd_or der (ord_num)
HHBHHBHHBHHHH BB R AR R
DEFI NE ord_num LI KE orders. order_num

WHENEVER ERROR CONTI NUE
UPDATE orders SET (ship_date, ship_instruct, ship_weight, ship_charge)
= (gr_ship.ship_date, gr_ship.ship_instruct,
gr_shi p. shi p_wei ght, gr_shi p. shi p_charge)
WHERE or der _num = ord_num
WHENEVER ERROR STOP

RETURN (st at us)
END FUNCTION -- upd_order --

To locate any function de nition, see the Function Index on page 730.
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Calling a C Function

When something cannot easily be done in 4GL, you can code that operation
in a C function and call it from the 4GL program. This example displays a C
function of moderate size and shows how it is invoked from a 4GL program
compiled with either the INFORMIX-4GL C Compiler or the INFORMIX-4GL
Rapid Development System.

The fglgets.c module examined here enhances 4GL with the ability to write
command-line utility programs in addition to interactive applications more
typical of 4GL. It allows, for example, programs driven by data in text les.

The Interface Between C and 4GL

This section provides a brief, conceptual overview of the interface between
4GL and C. For further detail, see Chapter 2 of the INFORMIX-4GL Reference
manual.

The Argument Stack

Within a 4GL program, arguments are passed to functions and results are
returned on a pushdown stack of values. When a function is called, its
arguments are pushed on the stack. Upon entry to the function, the argu-
ments are popped into local variables. When a function executes the RETURN
statement, copies of the returned value or values are pushed on the stack.
Upon return to the point of call, returned values are popped from the stack.
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Each value on the argument stack carries its data type as well as its contents.
As a result, values can be type-converted as they are popped. This explains
how a function can de ne its arguments with a different type than its caller
may have passed. The types are converted when the arguments are popped.
In the same way, a function can return a value of a type different from what
the caller receives. Any conversion supported by the LET statement is
allowed.

Passing Arguments to a C Function

A function written in C and linked with a 4GL program must also receive its
arguments from the argument stack. A function receives exactly one formal
parameter by the normal C calling conventions. This is an integer that con-
tains a count of the number of arguments that were pushed on the 4GL argu-
ment stack when the function was called. The number of arguments pushed
can differ from one call to the next.

The C function acquires the actual values of its arguments by popping them
from the argument stack. It does this by calling one of the pop functions built
into 4GL. There is one pop function for each data type. For example, popint()
pops the top stack item as an integer. The type popped need not be the same
as the type pushed by the caller, so long as type conversion is possible.

Returning Values from a C Function

A C function can return one or more values to the calling 4GL program. The
number of values it returns must agree with the number expected by the
caller.

To return a value, the C function uses a return function built into 4GL. There
is one return function for each data type. For example, retquote() pushes a
character string onto the stack. The return functions make a copy of the value,
so that the function can return the contents of local variables that will disap-
pear when it terminates. The type pushed need not be the same as what the
caller will pop, so long as type conversion is possible.

The formal value returned from the C function using the RETURN statement
must be an integer giving the number of values pushed on the argument
stack. Thus a function that returns no values on the stack should exit with the
statement return(0). One that pushed a single value before terminating
should end with return(1), and so on.
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The fglgets.c Module

The C function in this example is named fglgets(). Its purpose is to read lines
from text les. It is named after the C library routine fgets(), which it uses.

The fglgets() function adds considerable new power to 4GL. The usual
strengths of 4GL are in interactive applications, where menus and screen
forms make it easy to build an attractive user interface. With fglgets() you can
use 4GL to write command-line utility programs. That is, programs that are
driven by data in text les or data produced by other command-line utilities.
You can write database-access programs that can be used in a command
pipeline with other utility programs.

Using fglgets()

The fglgets() function takes one argument, the name of atext le. It reads the
next line of input from that le and returns the line as a parameter to the call-
ing function. A return code is available by calling fglgetret(). The following
program fragment shows how a 4GL program can use these two functions.

DEFI NE f name CHAR(80), fline CHAR(255)
PROWT "Enter file pathnane: " FOR fnane

CALL fglgets(fname) RETURNING fline -- read first line
VWH LE fglgetret() = 0 -- while not end-of-file or error
DI SPLAY fline
CALL fglgets(fname) RETURNI NG fline
END WHI LE

Each call to fglgets() returns the next line of text from the speci ed le. The
fglgetret() function returns a nonzero value at end-of- le. The code in the pre-
ceding example merely displays the data, but any kind of processing is pos-
sible. For example, each input line could have been:

¢ Inserted into a table in a database.
e Used as the key to retrieve a row from a database.
* Prepared as an SQL statement and executed.
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Access to the standard input stream is provided by fglgets() as a special case.
When the lename is omitted, or contains a null string or the string stdin,
fglgets() reads from stdin. A 4GL program that reads from standard input can
be used in a command pipeline, processing data that is generated by another
program. The DISPLAY statement writes to standard output, so processed
data can be passed on to the next program in the pipeline.

As many as eight named les can be open simultaneously, in addition to the
standard input.

The Design of fglgets()

The function maintains a list of up to eight standard C le pointers (that is,
FILE * values as returned by fopen()). Each one is associated with a character
string containing the pathname associated with it.

When it is called, the function checks the number of arguments that were
pushed for it. If there were none (that is, if it was called with an empty
argument list), or if the argument proves to be an empty string, it uses stdin.
Otherwise it looks for that string in its list of lenames. If it does not appear
there, fopen() is called to open the le. If it succeeds, the resulting le pointer
is saved, along with its name.

After identifying the le, the function reads a line from the le with fgets()
and returns it by pushing it on the argument stack.

Returning Both a Value and a Code

The fglgets() function has two pieces of information to return to its caller. One
is the line of text from the le; the other is a return code. Six codes are possi-
ble:

0 success; a line was read from the le.

100 end-of- le was reached.

-1 error opening le.

-2 too many les open at once.

-3 unable to allocate space to store lename string.

-4 wrong number of arguments passed (more than one).

Three ways of returning such codes were examined during the coding of this
example. They are described in the following sections.
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Using a Global Variable

The rstmethod is to store the return code in some global variable and let the
4GL program fetch it from there. Unfortunately, a 4GL program can refer to C
global variables only when it has been compiled by the C Compiler. When the
same program is compiled under the Rapid Development System, it can no
longer access C external global variables.

In order to make fglgets() usable from all 4GL programs, its return code must
be returned in a different way.

Returning Two Values

When a 4GL function has two values to return, it may simply return two
values. The 4GL RETURN statement accepts a list of one or more values,
separated by commas. Any C function, too, may return two or more values
by pushing them on the argument stack. So fglgets() could have been written
to return both a string of text and an integer return code.

The only problem with returning two values is that it restricts the form of a
CALL statement. If fglgets() returned two values, it could only be called in a
statement like the following one.

CALL fglgets(fname) RETURNING text _line, ret_code

So long as the function returns a single value, it may also be used in a LET
statement or in an expression, as in the following examples.

LET text_line = fgl gets()
or
VWH LE LENGTH(f gl gets(fnanme)) <> 0
DI SPLAY “flushing..."
END WHI LE

Using an Access Function

The third method is to provide a function that will retrieve the return code.
This is the method used in this example. A small function, fglgetret(), picks
up the most recent return code and stacks it as its return value.

This solution works in all versions of 4GL, and allows both the input function
and the return code to be used in LET statements and expressions.
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Handling Arguments

C functions have only incomplete control over the number of arguments that
will be passed to them on the 4GL argument stack. When a function is used
with the Rapid Development System, the maximum number of arguments it
permitsisde ned inthefglusr.c le (thisisdiscussed in the next section). 4GL
functions cannot call it with more arguments. However, the C Compiler has
no information about the interface to an external function. It will permita4GL
function to call a C function (or a 4GL function in a different source module)
with any number of arguments. The only restriction is that the same number
of arguments must be used in every call within one source module.

As a result the C function must be prepared to handle different numbers of
arguments. It can insist on an exact number, or it can de ne defaults for omit-
ted arguments.

The fglgets() function accepts either zero or one argument. If no argument is
passed, it assumes stdin . One argument is taken to be a lename. If more
than one argument is passed, the function sets an error code and returns an
empty string.

A function is always supposed to clear the argument stack before pushing
return values. When too many arguments are passed, it faces a problem: how
to pop arguments of unknown type. If it pops an argument using a type that
is incompatible with the stacked value, 4GL will stop with a runtime error.
The simplest policy is to pop unknown arguments as character strings. Any
data type except BYTE or TEXT can be converted to a character string, and if
the string is too long, 4GL will truncate it without error.
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Running the Example

All examples in this manual can run in both the Rapid Development System
(r4gl) and the C Compiler (i4gl) environments. However, these two environ-
ments differ in the way they call a 4GL program that uses C functions. To
enable Example 13 to run the fglgets() function in either environment, this
example is divided into two 4GL programs:

e Theex13.4gl leis afront-end menu-driven program that asks:
* Whether to run the example under i4gl or r4gl.

¢ Whether to expect the input lines from an ASCII le or from the screen
(stdin).

* Theex13a.4gl leisthe program thatactually calls the C function fglgets()
to read and display the input lines.

The ex13.4gl le displays menus to gather the information it needs to deter-
mine how to call the ex13a.4gl program. The actual command to execute
ex13a.4gl is stored in a shell script. For i4gl, this script is the ex13i.sh le and
for r4gl, this script is called ex13r.sh. The ex13.4gl program builds a string
with the appropriate executable les and then uses the RUN command to the
appropriate shell script.

To run this example, you must:

1. Compile the two 4GL source les. To create the ex13.4go (or ex13.4gi) and
ex13a.4go (or ex13a.4gi) les, follow the same procedure you have used
to compile the other examples in this manual.

2. Create the executable les that recognize the fglgets() C function. This
procedure depends on the environment you are using. It is described in
the following section.

3. Runthe ex13.4gl program using the same procedure you have used to run
the other examples in this manual.
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Creating the Executable Files

You must link the binary executable form of the C function with the 4GL
program before you can use it. This procedure depends on the programming
environment you are using:

i4gl Add the C source le to the de nition of a program, using the
Program Modify menu. The C source le will be included when the
program is compiled.

c4gl List the C source le along with the 4GL source lesasan argument
to the c4gl command.

fglpc Compile 4GL source lesas usual. Create a custom program runner
to link the C module with fglgo.

ragl Compile 4GL modules as usual. Create a custom runner program
and then use the Program Modify menu to specify this custom run-
ner for the program.

This section outlines the procedure to follow to compile and run Example 13.
Refer to Chapter 1 of the INFORMIX-4GL Reference manual for more detailed
information.

Note: To create the executable les, you must have a C compiler installed on your
system.

Using r4gl or fglpc

When you compile the 4GL modules with r4gl (or fglpc), the resulting
program is executed by a runner, or execution module. The standard run-
ner, fglgo, supports only the built-in functions that are standard with 4GL.
However, if your program calls a C function, that function must be linked
into the runner.

You compile and link the program in two steps:

1. Add lines that describe the C function (or functions) in the fgiusr.c le.
This step has been done in the fgiusr.c le that is released with these
examples.

2. Use the cfglgo (compile fglgo) command to compile and link the fgiusr.c
le and the C source les with the base code of the runner. The resultis a
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custom runner, that is, a version of fglgo that contains your C functions as
well as the standard ones.

To create the custom runner for Example 13, use the command:

cfglgo fgiusr.c fglgets.c -o fglgol3

This command creates the fglgo13 custom runner to run the ex13a.4go
(or ex13a.4gi) le.

Note: Because the name of the custom runner (fglgo13) is hard-coded in the
ex13.4gl le, you must use this name to execute this example.

Using i4gl or c4gl

When you compile the 4GL modules with i4gl (or with c4gl), the resulting
program can be executed directly. To compile and link modules, you just list
the module names as arguments to the c4gl command. No custom runner is
required.

You compile in a single step:

¢ The c4gl command compiles 4GL and C source les and links them to
produce an executable program.

To create the executable program for Example 13, use the command:

c4gl ex13a.4gl fglgets.c -o exl3a. 4ge

This command creates the ex13a.4ge executable le.

Note: Because the name of the executable le (ex13a.4ge) is hardcoded in the
ex13.4gl le, you must use this name to execute this example.

Calling the Executable File

The fglgets() function accepts at most one argument. If it receives no
argument, fglgets() reads input lines from standard input (stdin). If it receives
an argument, it reads input lines from this le.
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The program menu treatsitasa lename and asks the user to choose whether
input lines are to come from standard input (Stdin) or an ASCII le (Ascii):

¢ Ifyou select the Stdin option, ex13.4gl calls the appropriate executable le
without an argument:

* i4gl and c4ql:

ex13a. 4ge

* r4gl and fglgo:

fgl gol3 ex13a

¢ Ifyou select the Ascii option, ex13.4gl provides a form for the entry of the
lename. It then calls the appropriate executable le with the lename as
an argument:

* i4gl and c4qgl:

ex13a. 4ge fil enane

* r4gl and fglgo:

fgl gol3 ex13a fil enane

C Module Overview

C Module Purpose
fgiusr.c Used to make a custom runner including fglgets.c
fglgets.c De nes a C function for reading stream input using the

fgets() function from the standard C library.
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Function Overview

Function Name Purpose

fdump() Displays an error message if the pathname cannot be saved
or opened, or if the le is empty.

getquote() Gets an argument from the stack as a character string.

fglgetret() Gets the most recent return code and stacks it as its return
value.

fglgets() Reads lines from text les using the C library routine.

To locate any function de nition, see the Function Index on page 730.
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The f_name Form

10 This form does not need to specify a speci c database because it does not
contain elds de ned like database columns.

200 The form contains a single 50-character eld. The TYPE CHAR keywords
de ne the type of data accepted in this eld.
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f_name form file

100 DATABASE fornonly
SCREEN
{

Nane: [ f 000 ]

}

ATTRI BUTES
2[] f000 = fornonly.a_char TYPE CHAR;
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The MAIN Function

10 NUM_ARGS() is a 4GL built-in function that returns a count of the command-
line arguments to the program. When the program is given no command-line
arguments, it passes an empty lename, which fglgets() interprets as mean-
ing stdin.

2[0 Each command-line argument is fetched by culling the built-in function
ARG_VAL() and is passed in turn to the fdump() subroutine. If that function
returns a status other than NOTFOUND the loop ends.

30 If the loop ends because error status is returned, the error is displayed to the
user. Note the use of \n to get additional line spaces in the output. The
PROMPT start lets the user read the error message before the screen is cleared
by the end of the program.
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1d
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30

4GL source file

MAI N
DEFI NE arg SMALLI NT,
fstat SMVALLI NT,
anar g CHAR( 80)
I'F NUM ARGS() = 0 THEN
LET anarg = " "
CALL fdunp(anarg) RETURNI NG f st at
ELSE

FOR arg = 1 TO NUM _ARGS()
LET anarg = ARG _VAL(ar Q)
CALL fdunp(anarg) RETURNI NG f st at
I F fstat <> NOTFOUND THEN

EXIT FOR
END I F
END FOR
END I F
I F fstat <> NOTFOUND THEN -- quit due to a problem diagnose
CASE f st at
WHEN -1
DI SPLAY "\ nUnable to open file ", anarg CLIPPED, ".\n"
WHEN - 2
DI SPLAY "\ nToo many files open in fglgets().\n"
WHEN -3
DI SPLAY "\nCall to malloc() failed. Couldnt open the file.\n"
WHEN - 4
DI SPLAY "\ nToo many paraneters to fglgets().\n"
OTHERW SE
DI SPLAY "\ nUnknown return ",fstat," fromfglgets().\n"
END CASE
PROVPT "Press RETURN to continue." FOR anarg
END | F
END MAI N
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The fdump() Function

400 Errors are diagnosed when fglgets() is rst called with a new lename. If
fglgets() cannot save the pathname or cannot open it, a call to fglgetret() will
return a negative number. Also, if the le is empty, the end-of- le code of 100
is returned after this rst use.
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HHBHHBHHBHHRHBHH B H BB AR R
FUNCTI ON f dunp(f nane)

DEFI NE f name CHAR( 80) ,
inline CHAR( 255) ,
ret SMALLI NT
4[] CALL fgl gets(fnanme) RETURNING inline
LET ret = fglgetret()
IF ret = 0 THEN -- successful read of first line
IF fnane <> " " THEN
DI SPLAY "------mi oo - dunping file ",

f name CLI PPED,
END | F
WH LE ret =0
DI SPLAY inline CLIPPED
CALL fglgets(fname) RETURNING inline
LET ret = fglgetret()
END WHI LE
IF ret = NOTFOUND AND fnane <> " " THEN
DI SPLAY "\nN-------------- end file ",
f nanme CLI PPED,

SLEEP 3
END | F
END | F
RETURN r et
END FUNCTION -- fdunp --
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The fgiusr.c Module

10 By special arrangement you are allowed to read the following material.

2[0 Forward declarations of the functions make it possible to compile their
addresses into the table that follows.

30 Each row of the table consists of the name of the function (in characters), its
address, and the limit on arguments. Because fglgets() allows zero or one
argument, its limit is given as a negative number.
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10

20

30

The fgiusr.c source file

[ FR KA K A kK Ak K K KKK A KK A K KA KKK KA F A I A KKK KA KKK A I A KKK KA KR I R I I A I I KR Ak kA Kk

*

* I NFORM X SOFTWARE, | NC.

*

* PROPRI ETARY DATA

*

* THI S DOCUMENT CONTAI NS TRADE SECRET DATA WHI CH IS THE PROPERTY OF

* I NFORM X SOFTWARE, INC. TH S DOCUMENT |I'S SUBM TTED TO RECI PI ENT | N
* CONFI DENCE. | NFORMATI ON CONTAI NED HEREI N MAY NOT BE USED, COPI ED OR
* DI SCLOSED I N WHOLE OR I N PART EXCEPT AS PERM TTED BY WRI TTEN AGREEMENT
* SI GNED BY AN OFFI CER OF | NFORM X SOFTWARE, | NC.

*

* THI S MATERI AL IS ALSO COPYRI GHTED AS AN UNPUBLI SHED WORK UNDER

* SECTI ONS 104 AND 408 OF TI TLE 17 OF THE UNI TED STATES CODE.

* UNAUTHORI ZED USE, COPYI NG OR OTHER REPRODUCTI ON | S PROHI BI TED BY LAW
*

* Title: fgiusr.c

* Sccsid: @#)fgiusr.c 7.2 7/8/90 13:50: 19

* Description: definition of user C functions
*

Kh KKK KK I KK I KKK KKK IR KKK KKK I A KKK KKK KK KKK IR K I KKK KKK KKK I AR Ik khkkhkkkkkkk* */

ISR R R R R e R e e e R e e R RS R ]

* This table is for user-defined C functions.
* Each initializer has the form

"name", name, nargs,
Vari abl e # of argunents:

set nargs to -(maxi mum# args)

* ok k% ok

Be sure to declare nane before the table and to | eave the
line of Os at the end of the table.

*

*

* Exanpl e:

* You want to call your C function named "mycfunc" and it expects
* 2 argunments. You nust declare it:

* int nycfunc();

* and then insert an initializer for it in the table:

* "mycfunc", nycfunc, 2,

Kh KK I KK I KK I KK KKK KKK KKK K I KK I KRR KKK KKK K IR K I KKKk Ak kKK kK IRk I Kk hkkhkkkkk k% */

#i ncl ude "fgicfunc. h"

int fglgets(); /* declaring the names of the function */
int fglgetret();

cfunc_t usrcfuncs[] =
"fglgets", fglgets, -1,
"fglgetret", fglgetret, O,

0, 0, 0
}s
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The fglgets.c Module

10 fglgets() never closes a le. It does not support rereading of les, nor can it
reuse entries in its array of le pointers. It would not be dif cult to add these
abilities. Possible methods include:

* Closea lewheneverend-of- leisseen. This would present the problem
that, if the caller does not note the end-of- le status when it appears, the
next call would reopen the same le and start reading it from the top
again.

* Require two arguments on every call: a lename string and an operation
code (perhaps O, R, and C for open, read, and close).

* Provide a separate function that closes a le, given its name string.
You might want to enhance this module along one of these lines.

2[] Static variables are used to record the les that fglgets() has opened. The vari-
able n les represents the number of les open at any given time. Pointers to
their name strings are in fnames[0 n les-1]. File pointers returned by
fopen() arein les[0 -1].
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10

20

/*

The fglgcts.c source fite

This nmodul e defines a C function for reading streaminput using
the fgets() function fromthe standard C library. The main
use intended is to read fromstandard input so that a 4G program
can act as a UNIX filter; however any ascii file may be read.
In 4G notation the interface to this nodule is
DEFINE input_line, file_pathname CHAR(255)
CALL fglgets(file_pathname) RETURNING i nput_line
fglgets() returns the next input line, to a maxi mum of 255
bytes, fromthe specified file.

The input file will be standard input in any of three cases:
* the filenane paraneter is not specified
* the filenane paraneter is a null string (or all-blank)
* the filenanme paranmeter is "stdin"
O herwi se the specified file is opened node "r" (if necessary).
A file is only opened once. Its nane and file pointer are
saved and used on subsequent calls for that name. Several files
may be opened concurrently (see MAXOPEN bel ow).

The function returns the line of data as a string result. The
terminating newine is not returned. Thus a blank string is
returned where the file contains a null line.

This function should not be used for interactive input. The
reason is that stdout is not flushed prior to input, so a
pronpt string witten with DI SPLAY may not be seen by the user.
For interactive applications use PROVWPT or | NPUT.

The function has a result code which can have any of the
foll owi ng val ues:

0 successful read
100 end of file
-1 UNI X woul d not open the file (fopen returned NULL)
-2 too nmany files open (MAXOPEN exceeded)
-3 mal loc failed, we couldnt save the fil enane
-4 too nmany paraneters to fglgets()

When the return code is other than O, the returned string is
always null (all-blank). However, to retrieve the return code
the 4G program nust call fglgetret(), which returns an integer.

*/
#i ncl ude <stdio. h>
#i ncl ude <strings. h>
#def i ne MAXOPEN 8
#def i ne MAXSTR 256 /* includes the null - nax data is 255! */
static short nfiles = 0; /* how many fil enames we know about */
static char *fnames[ MAXOPEN] ; /* ->saved filename strings for conpares */
static FILE *fil es[ MAXOPEN ; /* saved fileptrs for open files */

Example 13

311



The getquote() Function

The getquote() Function

30 The getquote() function gets an argument from the 4GL argument stack as a

character string. The built-in function popquote() does this; however,
popquote() always extends the popped value to the size of the receiving
buffer. The remaining code strips the trailing blanks so that, if an empty
string is passed, it will have zero length.

Note that 4GL versions 4.1 and later include the built-in function popvchar(),
which does precisely this: popping a value as a character string with no trail-
ing spaces. It could be used in place of this function.

The fglgetret() Function

312

40

50

The fglgetret() function returns the value last stored in the static retcode
variable. It does not test the number of arguments passed to it. If it is passed
any, they will remain on the stack when it returns and the program will
probably terminate with a 4GL error message.

The built-in function retshort() pushes a short integer on the argument stack.
The formal return value is the count of return values pushed, namely 1.
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static short retcode = 100; /* return code with initial value */
/*
This function performs a 4gl "popquote" or argunment fetch.
*/
30 void getquote(str,|en)
char *str; /* place to put the string */
int len; /* length of string expected */
{
regi ster char *p;
register int n;
popquot e(str, |l en);
for( p =str, n=1len-1;
(n>=0) & (p[n] <= );
--n )
p[n+l] = \0;
}
/*
This function returns the last retcode, using 4G conventions.
*/
4[] int fglgetret(numargs)
int numargs; /* nunber of paraneters (ignored) */
{
50 retshort(retcode);
return(1); /* nunber of val ues pushed */
}
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The fglgets() Function
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The C switch statement is very useful for determining the number of
arguments. First, set up appropriate default values. In this instance a default
null string is placed in astring. Then, enter a switch in which the acceptable
numbers of arguments are listed as cases in descending order. In each case,
pop one argument. Because there is then one fewer argument on the stack,
control can fall through into the next case.

The default is reached when an unknown number of arguments has been
passed. Because their types are not known, the safest thing is to pop them as
character strings.

A lename string is looked up in the list of known lenames and opened if
necessary. The structure of this passage is described in C commentary on the
preceding page.

This code assumes that all elements of the arrays les and fnames from
0 through n les-1 are in use. If this module is enhanced to close les (as
discussed in Note 1), the close function must maintain this invariant,
probably by compacting the arrays.
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60

70

84

/*

*/

{

The steps of the fglgets operation are as follows:

1. check nunmber of paraneters; if >1 return null & -4
2. get filename string to scratch string space
3. if we do not have stdin,

a. if we have never seen this filenane before,

i. if we have our Ilimt of files, return null & -2
ii. if unix will not open it, return null & -1
iii. if we cannot save the filenane string, return null & -3

iv. else save filenane and matching FI LE*
b. else pick up FILE* matching filename
el se pick up FILE* of stdin
apply fgets(astring, MAXSTR, file) and note result

No ok~

if fgets() returned NULL, return null & 100
check for and zap the trailing newine, return line &0
int fglgets(nunargs)
int numargs; /* nunber of paraneters in 4gl call */
register int ret; /* running success flag --> sql code */
register int j; /* msc index */
regi ster char *ptr; /* msc ptr to string space */
FILE* afile; /* selected file */
char astring[ MAXSTR] ; /* scratch string space */
astring[0] = \0; /* default paraneter is null string */
ret = 0; /* default result is whoopee */
afile = stdin; /* default file is stdin */

swi tch (numargs)

{
case 1: /* one paraneter, pop as string */
get quot e(astri ng, MAXSTR) ;
case O: /* no paraneters, ok, astring is null */
break;
defaul t: /* too many paraneters, clear stack */
for( j = numargs; j; --j)
popquot e(astri ng, MAXSTR) ;
ret = -4
}
if ( (ret == 0) /* paraneters ok and.. */
&% (astring[0])/* ..non-blank string passed.. */
&%  (strcnp(astring,"stdin")) )/* ..but not "stdin".. */
{ /* ..look for string in our list */

for (j =nfiles-1;

(j >=0) && (strcnp(astring, fnanes[j]));
--1)
if (j >=0) /* it was there (strcnp returned 0) */

afile = files[j];

el se

{

/* it was not; try to open it */
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90 If control reaches this point without error, a le contains a valid le handle
and a line can be read.

100 If control reaches this point without error, a line has been read. If not, this
statement prepares an empty string to be returned.

110 Because one value, a string, is always pushed on the stack, the function
always exits with a formal return value of 1.
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o0

100

110

if ((j = nfiles) < MAXOPEN)
/* not too many files, try fopen */
afile = fopen(astring,"r");
if (afile == NULL)

ret = -1;
}
elseret = -2;
if (ret == 0)/* fopen worked, get space for name */
{
ptr = (char *)malloc(1+strlen(astring));
if (ptr == NULL) ret = -3;
}
if (ret == 0)/* have space, copy nane & save */
{
files[j] = afile;
fnames[j] = ptr;
strcpy(ptr,astring);
++nfil es;
}
}
}
if (ret == 0) /* we have a file to use */
{
ptr = fgets(astring, MAXSTR, afile);
if (ptr !'= NULL)/* we did read sone data */
{ /* check for new ine, renove */
ptr = astring + strlen(astring) -1;
if (\n == *ptr) *ptr = \0;
}
else ret = 100; /* set eof return code */
}
if (ret) /* not a success */
astring[O] = \0;/* .. ensure null string return */
retcode = ret; /* save return for fglgetret() */
retquote(astring);/* set string RETURN val ue.. */
return(1); /* .. and tell 4gl how many pushed */

To locate any function de nition, see the Function Index on page 730.
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3.Populating a Ring Menu with Options
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6.Querying and Updating
7.Validating and Inserting a Row
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Generating a Report

This example shows you how to produce a basic report. The 4GL report tools
are among the most important for database application development because
they let you view and analyze the data stored in the database.
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This example introduces the following 4GL programming techniques:
* Sending rows to a report.

* Setting page margins.

* Providing headers and footers for the page.

* Formatting database columns as columns in the report.

¢ Sending the report to the screen.
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The Program Model

4GL contains extensive facilities for generating reports based upon a two-part
program model:

database row producer report generator

The row producer provides a supply of rows of data. The report generator
(which is a single function) formats those rows into a pleasing report with
pagination, group headings, and other features.

This two-part model allows you to structure your report programs in the
following ways:

* The row producer, which comprises the MAIN function and most of the
functions in the program, is concerned only with the content of the data.
It does not format the information.

This portion of the program essentially fetches rows and passes them, a
row at a time, to the report generator.

* Thereportgenerator is concerned only with the format of the data. It need
not be concerned with the source of the data or with its content, except as
it relates to the format.

Steps in Generating a Report

320

The basic sequence of actions in the row producer portion of the 4GL program
is as follows:

DECLARE You declare a cursor for the query that quali es the
CURSOR appropriate rows for the report.

The column list for the SELECT statement should specify
only those columns needed for the report, because the
unneeded columns will slow down the report generation.

The ORDER BY clause of the SELECT statement is extremely
important because it determines the sorting sequence of
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Basic Parts of a Report

rows in the report. The WHERE clause is also important if the
report covers a subset of the rows.

START REPORT You prepare the report generator to run the report.

FOREACH You retrieve the rows quali ed by the query one at a time
into variables of the report driver function. You can also use
a WHILE loop that executes a FETCH statement, but the
FOREACH statement is more convenient in many cases.

OUPUT TO Within the FOREACH loop, you use the OUTPUT TO REPORT
REPORT statement to pass the data, one row at a time, to the report
generator function.

The OUTPUT TO REPORT statement is to a report generator
function what the CALL statement is to a standard 4GL func-
tion. As with any function call, the report generator must
de ne a parameter for each value passed by the OUTPUT TO
REPORT statement.

FINISH REPORT You signal the report generator to end the report after
passing the last row.

So long as each row sent to the report has the same structure, you can make
variations in this basic procedure.

For example, you could declare two different queries on the same table, start
the report, send the rows from the rst query to the report, send the rows
from the second query to the report, and then close the report.

Alternatively, you could retrieve all rows into an array and traverse the array
in a special sequence, sending each row to the report as visited.

Basic Parts of a Report

A report generator function cannot execute SQL statements or 4GL screen
interaction statements. Instead, the report generator is dedicated to specify-
ing the format of the report. The following sections control the layout of the
report on the page:

OUTPUT You de ne the page size and margins. The space available
for printing report data is the space within the margins.

The right margin is speci ed as an offset from the left edge
of the page rather than from the right edge of the page,
which keeps you from having to specify the page width and
right margin separately.
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FORMAT

Page
Length™ |

You de ne the blocks that make up the report. A report block
consists of the text and data that is output in response to
rows passed by the row producer portion of the program.

Right Margin

Top Margin

Page Header

Left On Every Row
Margin

Page Footer

Bottom Margin

The basic report blocks are as follows:

PAGE HEADER

ON EVERY
ROW

PAGE FOOTER

Generating a Report

Appears at the top of every page under the top margin. The
page header typically contains the page number, the date,
and heading text for columns within the report.

Appears for each row passed to the report. This block for-
mats the body of the report. Be sure to leave enough space
between the page header and page footer for at least one ON
EVERY ROW block.

Appears at the bottom of each page above the bottom
margin. The report generator inserts empty lines between
the last ON EVERY ROW block and the PAGE FOOTER block
so that the PAGE FOOTER block is ush against the bottom
margin. The PAGE FOOTER is also a good place to display the
page number or date.



Directing a Report to the Screen

Directing a Report to the Screen

By default, reports go to the screen, though you can also use the OUTPUT
section of the report generator function to send the report to a printer, le, or
operating system command. When sending reports to the screen, you can use
the PAUSE function in the PAGE HEADER or PAGE FOOTER block to let the
user view the current page before displaying the next.

Function Overview

Function Name Purpose

manuf_listing() Retrieves manufacturer information and sends it to the
report.

manuf_rpt() Formats the manufacturer information as a report.

init_msgs() Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

prompt_window() Displays a message and prompts the user for con rmation.

This function is a variation on the message_window()
function that appears in Example 2.
See the description in Example 4.
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The MAIN Function

10 The MAIN function calls the prompt_window() function to con rm that the

report should be generated. The reason for this caution is that if the number
of rows sent to the report is very large, the report might prevent other activ-
ities for some time. If the number of rows is small or the user generates
reports frequently, you might want to omit this test.

The manuf_listing() Function

324

200 The DECLARE statement declares a cursor for a query to retrieve

manufacturers. No WHERE clause appears in the SELECT statement because
the report covers all manufacturers and no other tables are joined with the
manufact table.

The ORDER BY clause ensures the intelligibility of the report by sorting the
rows on the manufacturer code. Without the ORDER BY clause, the sequence
of rows in the report would be that of the physical order in which the manu-
facturer rows are stored.

30 The START REPORT statement invokes the report generator to prepare the

manuf_rpt report.

You can use the START REPORT statement to send a reporttoa le, printer, or
operating system command. If the START REPORT statement does not specify
the destination, the report generator uses the destination from the OUTPUT
section of the report function. If the destination is not speci ed explicitly, the
report goes to the screen.

4[] The FOREACH statement opens the cursor at the start of the loop, fetches the

next row into the pa_manuf record on each iteration of the loop, and closes
the cursor at the end of the loop.

Within the loop, the OUTPUT TO REPORT statement sends the row currently
stored in the pa_manuf record to the report generator to be formatted accord-
ing to the speci cation in the manuf_rpt() report function and added to the
report.

500 The FINISH REPORT statement terminates the report generator and ends the

report.
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4GL source file

DATABASE st ores7

GLOBALS
DEFI NE ga_dspl ynsg ARRAY[5] OF CHAR(48)
END GLOBALS
MAI N
LET ga_dsplynsg[1] =" Manuf acturer Listing Report"

I F pronpt _wi ndow("Do you want to display this report?", 5, 10)
THEN
CALL manuf _listing()
END | F
END MAI N

FUNCTI ON manuf _Ii sting()

DEFI NE pa_ranuf RECORD

manu_code LI KE manuf act . manu_code,

manu_nane LI KE manuf act . manu_nane,

| ead_tinme LI KE manuf act.|ead_tine
END RECORD

DECLARE c_manuf CURSOR FOR
SELECT manu_code, manu_nane, |ead_tine
FROM nmanuf act
ORDER BY manu_code
START REPORT manuf _r pt
FOREACH c_manuf | NTO pa_nanuf . *
QUTPUT TO REPORT manuf _r pt (pa_manuf. *)
END FOREACH
FI'NI SH REPORT manuf _r pt

END FUNCTION -- manuf_listing --
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The manuf_rpt() Report Function

326

60 As with all report functions, the de nition of manuf_rpt starts with the

REPORT keyword rather than the FUNCTION keyword.

700 The OUTPUT section of the manuf_rpt() report function speci es no right and

left margins because the destination of the report is the screen. The top and
bottom margins are 1 line for readability. The page length is 23 lines so that,
on a standard 24-line screen, the paging prompt will not scroll the display.

800 The FORMAT section speci es the formatting applied to the rows passed to

the manuf_rpt() report function.

90 The PAGE HEADER block speci es the layout generated at the top of each

page. The speci cation for the block extends to the start of the next block,
which in the manuf_rpt() report function is the ON EVERY ROW block.

The page header block does not consume a row but rather appears in addi-
tion to the ON EVERY ROW block that appears for the rst row on the page.

The SKIP statement inserts empty lines, while the PRINT statement starts a
new line containing text or a value. The COLUMN clause speci es the offset
of the rstcharacter from the rst position after the left margin.

The complete page header occupies 13 lines. In your own reports, you may
prefer a more terse header to leave more space for the rows.

1000 The page header uses the built-in TODAY function to generate the current

date and the built-in PAGENO function to generate the page number of the
current page. The USING clauses format these values. The USING clause
employs the same formatting tokens as form elds.

1100 The PRINT statement can have multiple COLUMN clauses, which all print on

the same line.

1200 The page header uses hyphens to place a separator line between the page

header and the rows displayed below the header. Another common character
for a separator line is the equals sign. The semicolon at the end of the rst
PRINT statement suppresses the new line so the two sets of hyphens appear
on asingle line.

13[0 The ON EVERY ROW block speci es the layout generated for each row. As in

the manuf_rpt() report function, you would typically keep this block to one
line if possible so that data can be read more easily.

1400 The PAGE TRAILER block speci es the layout generated at the bottom of each

page. The SKIP statement puts an empty line under the last row, and the
PAUSE statement displays a prompt and suspends output until the user
presses a key.

Generating a Report
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100

110

1201

130

1401

B R T e

REPORT manuf _r pt ( pa_nmanuf)
DEFI NE pa_nmanuf RECORD
manu_code LI KE manuf act . manu_code,
manu_nane LI KE manuf act . manu_nane,
lead_tine LI KE manufact.|ead_tine
END RECORD

QUTPUT
LEFT MARG N O
RI GHT MARG N 0
TOP MARG N 1
BOTTOM MARG N 1
PAGE LENGTH 23

FORVAT
PAGE HEADER
SKIP 3 LINES
PRI'NT COLUWN 30,
PRI NT COLUWN 31,
PRI'NT COLUWN 31,
SKIP 5 LINES

" MANUFACTURER LI STI NG’
TODAY USI NG "ddd. mmm dd, yyyy"
"Screen Nunber: ", PAGENO USI NG " ##&"

PRI NT COLUW 2, "Manufacturer",

COLUWN 17, "Manufacturer",

COLUWN 34, "Lead Tine"
PRI NT COLUW 6, "Code",

COLUWN 21, "Nane",

COLUWN 36, "(in days)"
PRINT M ememmm e e e e e X
PRI NT "o m e m e e e e e "
SKIP 1 LINE

ON EVERY ROW
PRI NT COLUWN 6, pa_nmanuf. manu_code,
COLUW 16, pa_manuf. manu_nane,
COLUWN 36, pa_nanuf.lead_tine

PAGE TRAI LER
SKIP 1 LINE
PAUSE "Press RETURN to display next screen."

END REPORT -- nmanuf_rpt --

To locate any function de nition, see the Function Index on page 730.
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This example demonstrates more advanced 4GL report features. It extends
the order-entry program of Example 11 (see Implementing a Master-Detail
Relationship on page 217) to produce a printed invoice. The invoice is
generated as a report.

This example program has the following simple structure:

1. Accept input for a single customer order.
2. Store the order in the database.
3. Generate an invoice report.

In areal application, the program would be designed to accept more than one
customer order. Either the order-entry function would be called repeatedly,
or else order entry would be one option in a menu. Because the logic for
entering one order is isolated in a single function, it can be used in either of
these ways.

The invoice report at the heart of this example would also be used differently
in a real application. Rather than printing an invoice immediately after an
order is entered, a real application might print all new orders, or a range of
new orders, in a batch. The invoice logic is isolated to two functions here, so
it could be adapted in this way.

Other examples that concentrate on reports include Generating a Report
on page 319 and Generating Mailing Labels on page 657.

Choosing a Report Destination

A report is a series of lines of text. These lines can be directed to one of four
destinations:

* The screen (the default destination)
* The default printer
e Adisk le
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* Another program using a pipe (UNIX only)
You can specify the report destination in one of two ways:

* You can code it directly into the report using the REPORT TO statement in
the OUTPUT section.

This is the least exible method, because no way exists to override the
choice at execution time. The only way to change the report destination is
to alter the REPORT TO statement and recompile the module.

* You can specify a destination on the START REPORT statement.
Because this statement is executable (not declarative like REPORT TO), the

program can start the report to different destinations under different
circumstances.

This example allows the user to specify the report destination. After an order
has been inserted in the database, the invoice() function is called to manage
the production of the invoice report. It displays a three-item menu in a popup
window and prompts the user to choose a report destination.

( Y

T Swew rEpart owipet in o File. Smlam Tom:

.
i
i UEIEE &0h
jLumtomsr Niwshsr | Cro@pmniy Aamsi| 1
| irder No:| roar Data:]| | Pl Humber: | j
el gl S P S R o S el N S T W M e T T Y B P
Illeem W=, SEipck Ao Harul Uedcripklor LemniLiE rics Total
il I 1 11 1 1 1 1 I 1
1l ] ] | [N I I
il 11 11 | ] 1 L 11
il 11 11 | I [ 11
i e e ool 2
|OFJER TWJDLCE R Frincar SCFes ub-Torali |
|
I
I

. J

Based on the user s response, the program executes one of three START
REPORT statements. When le output is chosen, the program generatesa le
name from the order number.

The use of the MENU statement is discussed in the annotation of the
report_output() function.
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The Report Contents

The following is a sample of an invoice report.

O
WEST COAST WHOLESALERS, I NC. :
1400 Hanbonon Drive O
Menl o Park, CA 94025 :
O Tue. Apr 30, 1991 O
O L O

i Invoice Nunmber: 00000001029 Bill To: Customer Nunber 104 i
O Invoice Date:  Tue. Apr30, 1991 Play Ball! O

' PO Nunber: 7799099 East Shopping Cntr. '
O 422 Bay Road O

: Redwood City, CA 94026 .
O: Ship Date: Tue. Apr 30, 1991 ; o

'+ Ship Wight: 32.00 Ibs. ATTN: Ant hony Hi ggins '

. Shipping Instructions: UPS Bl ue .
O O
O Item Stock Manuf Uni t Item

© Nunber Nunber Code Description Qy Unit Price Tot al '
O 1 000005 ANZ  tennis racquet 3 each $19.80 $59.40 @ O

2 000103 PRC  frnt derailleur 2 each $20.00 $40.00
O 3 000104 PRC rear derailleur 2 each $58.00 $116.00 'O

' 4 000009 ANZ vol | eybal | net 1 each $20.00 $20.00
(G O

: Sub-total: $235.40
O ! Sal es Tax ( 6.500% : $19.72 O

! Shi ppi ng Char ge: $48.00
OF e O

: Total: $371.12
'Y e

The heading (name and address of West Coast Wholesalers ) is constant
data generated in the report function. In a real application it might not be
necessary, because pre-printed forms would normally be used.

The BillTo and Attn information is selected from the customer table. The
invoice number, date, PO number, and shipping information are selected
from the orders table. The item information is selected from the items, stock,
and manufact tables.
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Function Overview

Function Name
add_order2()

invoice()

report_output()
invoice_rpt()
input_cust()
cust_popup()
input_order()
input_items()

renum_items()

stock_popup()

order_amount()

ship_order()

input_ship()

order_tx()

insert_order()
insert_items()
tax_rates()

clear_lines()

Reporting Group Totals

Purpose

Allows the user to add an order to the database. It is similar
toadd_order() in Example 11, except it also calls the invoice()
routine to print an invoice after the order is inserted.
Manages the process of generating the invoice report: selects
data from the database, starts the report, calls the report func-
tion, nishes the report.

Displays the Report Destination menu and returnsa ag
indicating the user s choice.

The report function, called once for each detail row, generates
the report output.

Accepts user input for the customer number.

See the description in Example 11.

Displays a popup window of customers.

See the description in Example 11.

Accepts user input for the date and PO number.

See the description in Example 11.

Accepts user input for order line items.

See the description in Example 11.

Renumbers the item numbers when an item is added or
deleted in the items array.

See the description in Example 11.

Displays a popup window for stock numbers and
manufacturer codes.

See the description in Example 11.

Calculates the total cost of the order by summing the items
entered so far.

See the description Example 11.

Opens a window and a form for shipping information.

See the description in Example 11.

Accepts user input for shipping information. This function
resembles the change_cust() function from Example 6.

See the description in Example 11.

Performs database operations to insert the order and items in
a single transaction.

See the description in Example 11.

Adds an order row to the database.

See the description in Example 11.

Adds associated items rows to the database.

See the description in Example 11.

Supplies the appropriate tax schedule for a customer.

See the description in Example 4.

Clears any number of lines, starting at any line.

See the description in Example 6.



Function Overview

init_msgs() Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.
msg() Displays a brief, informative message.

See the description in Example 5.

message_window() Opens a window and displays the contents of the
ga_dsplymsg global array.
See the description in Example 2.

prompt_window() Displays a message and prompts the user for con rmation.
This function is a variation on the message_window()
function that appears in Example 2.
See the description in Example 4.
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The DATABASE and GLOBALS Statements

10 This program must be used with a version of the demonstration database
that supports transactions.

2[00 For a discussion of the uses of these global records and arrays, see The
DATABASE and GLOBALS Statements on page 230.

The MAIN Function

30 This MAIN program section is identical to that in Example 11, except that it
calls the add_order2() function. See  The MAIN Function on page 232.
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10

20

4GL source file

DATABASE st or es7

GLOBALS

DEFI NE gr_custonmer RECORD LI KE custoner. *,

gr_orders RECORD
order_num
order_date
po_num
or der _anount
order_total
END RECORD,

LI KE orders. order_num
LI KE orders. order_dat e,
LI KE orders. po_num

MONEY( 8, 2) ,
MONEY( 10, 2)

ga_items ARRAY[10] OF RECORD

itemnum
st ock_num
manu_code
description
quantity
unit_price
total _price
END RECORD,

gr_charges RECORD
tax_rate
shi p_charge
sal es_t ax
order_total
END RECORD,

gr_shi p RECORD
shi p_date
shi p_i nstruct
shi p_wei ght
shi p_charge
END RECORD

DEFI NE ga_dspl ymsg ARRAY[ 5]

END GLOBALS

LI KE itens.
LI KE itens.
LI KE itens.
LI KE stock.
LI KE itens
LI KE st ock.
LI KE itens.

item num

st ock_num
manu_code,
description,

.quantity,

unit_price,
total _price

DECI MAL( 5, 3),
LI KE orders. shi p_char ge,

MONEY( 9) ,
MONEY( 11)

LI KE orders. shi p_date,

LI KE orders. ship_instruct,
LI KE orders. shi p_wei ght,
LI KE orders. shi p_charge

OF CHAR( 48)

HELP FILE "hl pnsgs”,
FORM LI NE 2,

COMVENT LI NE 1,
MESSAGE LI NE LAST

Example 15

335



The add_order2() Function

The add_order2() Function

40 The add_order2() function is the same as the version in Example 11 (see the
The add_order() Function on page 232) with one addition. When an order
has been completely entered and inserted in the database, add_order2() calls

the invoice() function to generate the invoice.
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DEFER | NTERRUPT

OPEN W NDOW w_rai n AT 2, 3
WTH 18 ROAS, 76 COLUMNS
ATTRI BUTE ( BORDER)

OPEN FORM f _orders FROM "f _orders"
DI SPLAY FORM f _orders

CALL add_order2()

CLEAR SCREEN

END MAIN

4[] FUNCTI ON add_or der 2()

I NI TI ALI ZE gr _orders.* TO NULL

DI SPLAY "ORDER ADD' AT 2, 34

CALL clear_lines(2, 16)

DI SPLAY " Press Cancel to exit without saving."
AT 17, 1 ATTRI BUTE ( REVERSE, YELLOW

I F i nput_cust() THEN
I'F input_order() THEN
I'F input_itens() THEN
CALL dsply_taxes()
I F pronpt _wi ndow("Do you want to ship this order now?", 8, 12) THEN
CALL ship_order()
ELSE
LET gr_ship.ship_date = NULL
END | F

CALL clear_lines(2, 16)

LET ga_dsplynsg[1] = "Order entry conplete."
I F pronpt _wi ndow("Are you ready to save this order?", 8, 12) THEN
| F order_tx() THEN
CALL clear_lines(2, 16)

LET ga_dsplynsg[1] = "Order Nunber: ",
gr_orders. order_num USI NG " <<<<<<<<<<<"

LET ga_dsplynsg[2] = " has been placed for Custoner: ",
gr _customer. cust omer _num USI NG " <<<<<<<<<<<"
LET ga_dsplynsg[3] = "Order Date: ", gr_orders.order_date
CALL nmessage_wi ndow( 9, 13)
CLEAR FORM
CALL invoice()
END I F
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50

60

70

84

9U

100

The invoice() function manages the production of the invoice for an order.

The function is almost completely independent of the other functions in this
program. It depends on a small number of values prepared by add_orders()
and its subroutines: gr_customer.customer_num (for the customer key) and
gr_orders.order_num (for the order number). It reads all other data out of the
database. It also depends on gr_charges.sales_tax, but this dependency only
exists because there is no column for sales tax in the orders table in the dem-
onstration database.

When few dependencies exist between functions, they can easily be moved
to other programs.

All information about one line of one order is collected in the pr_invoice
record. The elds of the record must agree one-for-one with the columns that
are listed in a SELECT statement that follows (see Note 13). The record is also
passed as an argument to the invoice_rpt() report function, which must

de neitidentically.

The report_output() function queries the user for a report destination and
returnsa ag indicating the choice.

An F indicates that the user speci ed le output. A lename is constructed
from the order number, and the report is started to that destination. No
pathname is used, so the le will be in the current working directory.

You could redesign this portion of the program to specify a different
directory.

A P indicates that the user speci ed printer output. In this and the previous
case, nothing will be visible on the screen while the report is being written,
so a message is displayed.

An S indicates that the user speci ed screen output. A message is
displayed because the report may take a feww moments to appear on the
screen.

Reporting Group Totals



The invoice() Function

ELSE
CLEAR FORM

CALL msg("Order has been terninated.

END I F
END I F
END | F
END I F

END FUNCTION -- add_order2 --

50 FUNCTI ON i nvoi ce()

6] DEFI NE pr_invoi ce RECORD
order_num LI KE
order_date LI KE
ship_instruct LIKE
po_num LI KE
shi p_date LI KE
shi p_wei ght LI KE
shi p_char ge LI KE

item num LI KE
st ock_num LI KE
description LI KE
manu_code LI KE
manu_narme LI KE
quantity LI KE
total _price LI KE
uni t LI KE
unit_price LI KE

END RECORD,

file_nane CHAR( 20),

inv_nsg CHAR( 40),

print_option CHAR(1),

scr_flag SMALLI NT

")

orders. order_num
orders. order_date,
orders. ship_instruct,
orders. po_num
orders. ship_date,
orders. shi p_wei ght,
orders. shi p_charge,
items.itemnum
itens. stock_num
stock. descri ption,

i tens. manu_code,
manuf act . manu_nane,
itenms.quantity,
itens.total _price,
stock. unit,
stock.unit_price

70 LET print_option = report_output ("ORDER | NVO CE", 13, 10)

CASE (print_option)

8l WHEN " F"
LET file_name = "inv", gr_orders.order_num USING "<<<<&",".out"
START REPORT invoice_rpt TO file_nane
MESSAGE "Witing invoice to ", file_name CLIPPED," -- please wait."
9[J WHEN " P"
START REPORT invoi ce_rpt TO PRI NTER
MESSAGE " Sending invoice to printer -- please wait."
100 WHEN " S"

START REPORT i nvoi ce_r pt

MESSAGE " Preparing invoice for screen --

END CASE

pl ease wait."
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110
121

130

1401

150

160

Since this SELECT retrieves a single customer row, no cursor is needed.

The scr_ ag variable is passed as an argument to the report function. For its
use, see Note 29.

This cursor produces the rows that will be passed to the report function. Each
row represents one line item of the order. Each row contains the data unique
to that line item (stock number, quantity, and so on) as well as data common
to the entire order (order number, date, and so on).

The SELECT statement joins four tables: orders, items, stock (for unit of
measure and description) and manufact (for manufacturer name). The order
number in gr_orders.order_num determines which order is retrieved. The
stock number and manu_code in each item select appropriate rows from
stock and manufact.

The ORDER BY 8 clause causes the rows to be returned in ascending order
based on the value in the eighth selected column, the item number. Because
the item number corresponds to the order in which the items were inserted
into the database, they would probably be retrieved in that sequence even
without the ORDER BY clause, but it would be unwise to depend on it. The
database server is not required to return rows in their physical sequence, and
in fact in a multi-table join like this one, it might produce them in an order
other than the insertion order.

After fetching the row, all the information for one item of the order is
available. It is passed to the report function for output.

4GL nishes areport by writing any nal output, including output
generated by an AFTER GROUP OF block, and closing the output le.

A con rmation message is prepared and displayed before the function ends.

The report_output() Function
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170

The report_output() function prompts the user for a choice of report destina-
tionsand returnsthe S, F ,or P forscreen, le, or printer respectively.
The choices are presented using a MENU statement in a popup window that
is just large enough to contain the menu title, options, and option descrip-
tions. This is a good general technique for prompting the user to make a
choice. For another method, see The answer() Function in Example 20 and
Example 27.
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SELECT *

I NTO gr _customer. *

FROM cust orrer

WHERE cust oner _num = gr_cust oner. cust omer _num

LET gr_charges. ship_charge = gr_shi p. shi p_charge
IF print_option = "S" THEN
LET scr_flag = TRUE
ELSE
LET scr_flag = FALSE
END | F

DECLARE c_i nvoi ce CURSOR FOR
SELECT o.order_num o.order_date, o.ship_instruct, o.po_num
o. ship_date, o.ship_weight, o.ship_charge, i.itemnum
i.stock_num s.description, i.manu_code, m nmanu_nane,
i.quantity, i.total_price, s.unit, s.unit_price
FROM orders o, itens i, stock s, manufact m
WHERE ( (o.order_num = gr_orders. order_num AND
(i.order_num = o.order_num AND
(i.stock_num = s.stock_num AND i . manu_code = s. nmanu_code) AND
(i.manu_code = m nmanu_code) )
ORDER BY 8

FOREACH c_i nvoi ce | NTO pr_i nvoi ce. *
OUTPUT TO REPORT
invoice_rpt (gr_custoner.*, pr_invoice.*, gr_charges.*, scr_flag)
END FOREACH

FI NI SH REPORT i nvoi ce_r pt

CASE (print_option)
WHEN " F"
LET inv_nsg = "Invoice witten to file ", file_nane CLI PPED
WHEN " P"
LET inv_nsg = "Invoice sent to the printer."
WHEN " S"
LET inv_nmsg = "lnvoice sent to the screen.”
END CASE
CALL msg(inv_nsg)

END FUNCTION -- invoice --

DEFI NE menu t| tI e CHAR( 15)

X SMALLI NT,
y SMALLI NT,
rpt_out CHAR( 1)
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180

190

200

210

The coordinates of the upper left corner of the window are passed as
arguments to the function.

The menu title is also passed as an argument to the function. This approach
gives the calling function control over the title of the menu, but not the
choices in it.

Because choices are displayed in a menu, you can include an explanation
(option description) along with the choice.

If the user chooses Screen output, the function requests con rmation.

Two LET statements calculate the location of the prompt window relative to
the screen coordinates of the menu window. If the user has second thoughts,
the menu continues with the File option highlighted. If the user is sure of the
choice of Screen, the menu ends.

The invoice_rpt() Report Function

342

2200 A -report function is similar to other 4GL functions, except that it contains

sections such as OUTPUT and AFTER GROUP. A report function is never called
directly using the CALL statement. Its sections are invoked automatically
when 4GL executes the OUTPUT TO REPORT statement.

This function receives three records and a character ag as function
arguments.

With a normal function you often have to make a design choice: should you
pass all data to the function as arguments, or should you put the data in glo-
bal variables for the function to access? With a report function, the use of glo-
bal variables is not always an option. When the BEFORE GROUP and AFTER

GROUP clauses are used, as they are in this report, all data must pass into the
report as arguments. Otherwise the grouping logic will not work correctly.
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1801 OPEN W NDOW w_rpt AT x, y
WTH 2 ROAS, 41 COLUWNS
ATTRI BUTE ( BORDER)

190 MENU nenu_title
COMVAND "Fil e" "Save report output in a file. "
LET rpt_out = "F"

EXIT MENU
200 COWAND "Printer" "Send report output to the printer.
LET rpt_out = "P"
EXIT MENU
210 COMWAND "Screen" "Send report output to the screen. "

LET ga_dsplynsg[1] = "Qutput is not saved after it is sent to "
LET ga_dsplynsg[2] =" the screen.”
LET x = x - 1
LETYy =y + 2
I F pronpt _wi ndow("Are you sure you want to use the screen?", Xx, y)
THEN
LET rpt_out = "S"
EXI T MENU
ELSE
NEXT OPTION "“File"
END | F
END MENU
CLOSE W NDOW w_r pt
RETURN r pt _out

END FUNCTION -- report_output --

22[] REPORT invoice_rpt(pr_cust, pr_invoice, pr_charges, scr_flag)

DEFI NE pr_cust RECORD LI KE cust oner . *,
pr_i nvoi ce RECORD

order_num LI KE orders. order_num
order_date LI KE orders. order_date,
shi p_i nstruct LI KE orders. ship_instruct,
po_num LI KE orders. po_num
ship_date LI KE orders. shi p_date,
shi p_wei ght LI KE orders. shi p_wei ght,
shi p_charge LI KE orders. shi p_char ge,
itemnum LIKE itens.item num
st ock_num LI KE itens. stock_num
description LI KE st ock. descri pti on,
manu_code LI KE it ems. manu_code,
manu_nane LI KE manuf act . manu_nane,
quantity LI KE itens. quantity,
total _price LIKE itens.total _price,
uni t LI KE stock. unit,
unit_price LI KE stock.unit_price
END RECORD,
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230

24[]

250

The OUTPUT section of a report function is static and declarative. These
choices cannot be changed at execution time.

The FORMAT section of a report speci es actions to be performed at certain
times during the report. These actions are in blocks of code headed by such
clauses as ON EVERY ROW, BEFORE GROUP OF, and the like.

The BEFORE GROUP OF clause is invoked each time the value of the order
number group changes from one row to the next. In this program only one
order is printed, so this code will be called just once, on the rst row of out-
put. However, if the report function were moved to another program it could
be used for a series of orders, and this code would be executed each time the
order number changed. That is, the code would be executed at the beginning
of each order.

To help you follow the actions of the code, the lines of a sample report
heading produced by this code follow:

Nunber Nunber Code Description Qy Unit Price Tot al

O
WEST COAST WHOLESALERS, I NC. ‘
1400 Hanbonon Drive )
Menl o Park, CA 94025 '
@) Tue. Apr 30, 1991 O
O PO

I nvoice Number: 00000001029 Bill To: Custoner Number 104 |
O Invoice Date:  Tue. Apr30, 1991 Play Ball! r O

'+ PO Nunber: 2799099 East Shopping Cntr. !
Ol 422 Bay Road O

' Redwood City, CA 94026 |
Oi Ship Date: Tue. Apr 30, 1991 | o

'+ Ship Wight: 32.00 Ibs. ATTN. Ant hony Hi ggi ns '

' Shi pping Instructions: UPS Blue !
O O
¢! Item Stock  Manuf Uni t Item O
O O
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240
250

pr_charges RECORD

tax_rate DECI MAL(5, 3),
shi p_charge LI KE orders. shi p_char ge,
sal es_tax MONEY( 9) ,
order_total MONEY( 11)
END RECORD,
scr_flag SMALLI NT,
name_str CHAR(37),
sub_total MONEY( 10, 2)

QUTPUT
LEFT MARG N O
RI GHT MARG N 0
TOP VARG N 1
BOTTOM VARG N 1
PAGE LENGTH 48

FORMAT
BEFORE GROUP OF pr _i nvoi ce. order _num
LET sub_total = 0.00
SKIP TO TOP OF PAGE
SKIP 1 LINE
PRI NT 10 SPACES,
WE ST COAST WHOLESALERS, I NC."
PRI NT 30 SPACES, " 1400 Hanbonon Drive"
PRI NT 30 SPACES, "Menlo Park, CA 94025"
PRI NT 32 SPACES, TODAY USING "ddd. nmmm dd, yyyy"
SKIP 4 LI NES

PRI NT COLUWN 2, "lnvoice Nunber: ",
pr_invoi ce. order _num USI NG " &8&&&&EE&E&" ,
COLUWN 46, "Bill To: Custonmer Nunber ", pr_cust.custonmer_num
USI NG " <<<<<<<<<<&"
PRI NT COLUW 2, "lnvoice Date:",
COLUWN 18, pr_invoice.order_date USING "ddd. nmm dd, yyyy",
CCLUWN 55, pr_cust. conpany
PRI NT COLUWN 2, "PO Nunber:",
COLUWN 18, pr_invoice. po_num
COLUWN 55, pr_cust. addressl
I'F (pr_cust.address2 IS NOT NULL) THEN
PRI NT COLUWN 55, pr_cust. address2

ELSE
PRI NT COLUWN 55, pr_cust.city CLIPPED, ", ",
pr_cust.state CLIPPED, " ", pr_cust.zi pcode CLI PPED
END I F

I'F (pr_cust.address2 IS NOT NULL) THEN
PRI NT COLUWN 55, pr_cust.city CLIPPED, ", ",
pr_cust.state CLIPPED, " ", pr_cust.zi pcode CLI PPED
ELSE
PRI NT COLUWN 55, " "
END | F
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The invoice_rpt() Report Function

I'F (pr_cust.lname IS NOT NULL) THEN
LET nane_str = "ATTN. ", pr_cust.fnane CLI PPED, " ",
pr_cust. | name CLI PPED
ELSE
LET nane_str =" "
END | F

PRI NT COLUW 2, "Ship Date:";
I'F (pr_invoice.ship_date IS NULL) THEN
PRI NT COLUWN 15, “Not Shi pped";
ELSE
PRI NT COLUWN 15, pr_invoice.ship_date USING "ddd. mm dd, yyyy";
END | F
I'F (pr_cust.address2 IS NOT NULL) THEN
PRI NT COLUWN 55, "
ELSE
PRI NT COLUWN 49, nane_str CLI PPED
END | F

PRI NT COLUWN 2, "Ship Wight: ";
I'F (pr_invoice. ship_weight IS NULL) THEN
PRINT "N A";
ELSE
PRI'NT pr_i nvoi ce. shi p_wei ght USING "<<<<<<<& &&', " |bs.";
END I F
I'F (pr_cust.address2 IS NOT NULL) THEN
PRI NT COLUWN 49, name_str CLI PPED
ELSE
PRI NT COLUWN 55, " "
END I F
PRI NT COLUWN 2, "Shipping Instructions:";
I'F (pr_invoice.ship_instruct 1S NULL) THEN
PRI NT COLUWN 25, "None"

ELSE
PRI NT COLUWN 25, pr_invoice. ship_instruct
END I F
SKIP 1 LINE
PRINT e m e s e e e e
PRINT "o m e e e e e

PRI NT COLUW 2, "ltent,
COLUWN 10, "Stock",
COLUWN 18, "Manuf",
COLUWN 56, "Unit"

PRI NT COLUWN 2, "Nunber",
COLUWN 10, "Nunmber",
COLUWN 18, "Code",
COLUWN 24, "Description",
COLUWN 41, "Qy",

COLUWN 49, "Unit",
COLUWN 56, "Price",
COLUWN 68, "ltem Total "
[ N | I e R R "
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2600 Thiscommentappears in the program as a convenient reference while coding
the PRINT statement that appears in the following ON EVERY ROW block.

270 The ON EVERY ROW block is invoked as a result of any OUTPUT TO REPORT
statement.

280 The AFTER GROUP OF block is invoked following the last row of each order
group. Itis entered prior to the BEFORE GROUP block if more than one order
is printed.

In this program, it only is entered as a result of the FINISH REPORT statement
because the report consists of a single order. A sample of its output follows.

e} Sub-total: $235.40 | O
! Sal es Tax ( 6.500% : $19.72 |
S ‘ Shi ppi ng Char ge: $48. 00 ‘ S

Total : $371.12

290 The scr_ ag variable contains the user s choice of report destination. It is
passed on every call, but is only tested in the AFTER GROUP OF block. If out-
putis to the screen, the program pauses before the end of the report, at which
time the screen is cleared.
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2600 ¢

2801

2901

PRINT " —eeemao-- "
Item St ock Manuf Uni t
Nunber Nunber Code Description Qy Uni t Price Item Tot al

ON EVERY ROW
PRI NT COLUWN 2, pr_invoice.itemnum USI NG "#####&"

COLUWN 10, pr_invoice.stock_num USI NG " &&&&&&",
COLUWN 18, pr_invoi ce. manu_code,
COLUWN 24, pr_invoice. description,
COLUWN 41, pr_invoice.quantity USING "#####&",
COLUWN 49, pr_invoice.unit,
COLUWN 56, pr_invoice.unit_price USING "$, $$& &&",
COLUWN 68, pr_invoice.total _price USING "$$$, $$& &&"

LET sub_total = sub_total + pr_invoice.total _price

AFTER GROUP OF pr_i nvoi ce. order_num
SKIP 1 LINE

PRINT COLUW 53, "Sub-total: ",
CCLUWN 65, sub_total USING "$$, $$$, $$& &&"

PRI NT COLUWN 43, "Sales Tax (",
pr_charges.tax_rate USING "#& &&"', "%: ",
COLUWN 66, pr_charges.sal es_tax USING "$, $$$, $$& &&"

I'F (pr_invoice.ship_charge IS NULL) THEN
LET pr_i nvoi ce. shi p_charge = 0.00
END I F
PRI NT COLUWN 47, "Shipping Charge: ",
COLUWN 70, pr_invoice. ship_charge USING "$, $$& &&"

PRI NT COLUWN 64, "-------------- "
PRI NT COLUW 57, "Total: ",
pr_charges. order _total USING "$$$, $$$, $$&. &&"
| F scr_flag THEN
PAUSE "Press RETURN to continue."
END | F

END REPORT {i nvoice_rpt}

To locate any function de nition, see the Function Index on page 730.
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Creating Vertical Menus

This example demonstrates two ways to create vertical menus using 4GL.
Avertical menu is one in which the menu options are presented vertically
(one under the other) on the screen. For example, the form le used in
Example 16a displays the following vertical menu:

| Lt PGS ERhn g
% i 31 FVE feFli oD
N1 VL B
A FsnuTactirar MHalnes i
Bi € ser [alla Hsjincenancs

¥ twts FEaintsrancs
Cadt MalH WEKL

Menu Gelaction;

Enfir & sofl SpLion mmbee o préss Gbaepl b SETORN.

Chanem epkian 7 ta sxit the sssa. Press CTAL-H far Help.

\. J

You can automatically create a horizontal ring menu with the 4GL MENU
statement. Example 3 demonstrates the MENU statement.

This example consists of two parts:

e Example 16a contains a vertical menu implemented with a form le and
a simple INPUT statement.

e Example 16b contains a generic vertical menu implemented with an
INPUT ARRAY statement.

Both programs accept the option number entered by the user and, using a
CASE statement, execute the appropriate function.
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A Hard-Coded Vertical Menu Example 16a

Example 16a implements a vertical menu whose menu options are
hard-coded in the f_menu form speci cation le. That is, each menu option
is entered as text on the form le.

The form has a single input eld for the menu option number. To select a
menu option, the user enters the number of the option to execute in this eld.
The example performs input validation on this option number to ensure that
it is a valid menu option.

The advantage of this method is that it is very straightforward to code. It is
just a simple INPUT statement on a single numeric eld.

The following functions appear in the Example 16a program:

Function Name Purpose

main_menu() Displays the f_menu form that contains the vertical menu.

cust_maint() Displays a message indicating that the routine called was
under the Customer Maintenance menu option.

stock_maint() Displays a message indicating that the routine called was
under the Stock Maintenance menu option.

order_maint() Displays a message indicating that the routine called was
under the Order Maintenance menu option.

manuf_maint() Displays a message indicating that the routine called was
under the Manufacturer Maintenance menu option.

ccall_maint() Displays a message indicating that the routine called was
under the Customer Call Maintenance menu option.

state_maint() Displays a message indicating that the routine called was
under the State Maintenance menu option.

init_msgs() Initializes the members of the ga_dsplymsg array to null.

See the description in Example 2.
message_window() Opens a window and displays the contents of the

ga_dsplymsg global array.

See the description in Example 2.
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A Generic Vertical Menu Example 16b

Example 16b uses the f_menu2 form speci cation le to implement a generic
vertical menu. This menu is generic because the same form le can be used
to display any vertical menu in an application.

The form le de nes ascreen array with elds for the option number and
option name. The example lls a corresponding program array with the
desired option names and displays them in this screen array using INPUT
ARRAY WITHOUT DEFAULTS. To select a menu option, the user moves the
cursor to the desired option and uses the Accept key (typically ESCAPE).

Because the menu options are not hard-coded on the f_menu2 form, the form
can be used to implement all menus in the application. You would just need
to write the necessary initialization routine for each vertical menu.

While coding for this menu is more complex than Example 16a, this version
provides the following additional features:

* Because the example uses a screen array, the user can scroll through the
menu options. This feature allows the menu to contain more options than
can be displayed at one time on the screen.

¢ Each menu option is highlighted when the cursor is on it.

This example uses an INPUT ARRAY WITHOUT DEFAULTS statement to
simulate the behavior of DISPLAY ARRAY and to highlight the current line.
To simulate DISPLAY ARRAY, the INPUT ARRAY statement has the following
features turned off :

¢ Inserting and deleting lines of the array.

¢ Scrolling past the end of the items in the array.

* Movingto each eld in one line of the screen array.
* Modifying eld input.

The following functions appear in the Example 16b program:

Function Name Purpose

dsply_menu() Displays the f_menu2 form that contains the generic vertical
menu form.

init_menu() Initializes the global menu structure with the names of the
menu options to be displayed.

init_opnum() Initializes the global menu structure with the option num-
bers of the menu options to be displayed.

choose_option() Implements the INPUT ARRAY statement that simulates

DISPLAY ARRAY and the vertical menu selection.
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354

cust_maint()

stock_maint()

order_maint()

manuf_maint()

ccall_maint()

state_maint()

init_msgs()

message_window()

Displays a message indicating that the routine called was
under the Customer Maintenance menu option.
See the description in Example 16a.

Displays a message indicating that the routine called was
under the Stock Maintenance menu option.
See the description in Example 16a.

Displays a message indicating that the routine called was
under the Order Maintenance menu option.
See the description in Example 16a.

Displays a message indicating that the routine called was
under the Manufacturer Maintenance menu option.
See the description in Example 16a.

Displays a message indicating that the routine called was
under the Customer Call Maintenance menu option.

See the description in Example 16a.

Displays a message indicating that the routine called was
under the State Maintenance menu option.

See the description in Example 16a.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Opens a window and displays the contents of the
ga_dsplymsg global array.

See the description in Example 2.

Creating Vertical Menus



A Generic Vertical Menu Example 16b

Example 16 355



Example 16a: The f_menu Form

Example 16a: The f_menu Form

10 The f_menu form is not designed to work with a particular database. The
single form eld is de ned as formonly, as is the database in the DATABASE
statement.

2[0 The items on the vertical menu are text strings that appear in the form
speci cation. This compares with the use of a screen record in the f_menu2
form in Example 16b.

30 Thefl eld accepts the menu choice.
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f_menu form file

100 DATABASE fornonly

4G Test MAIN MENU 1

Cust omrer Mai nt enance

Order Mai ntenance

St ock Mai nt enance

Manuf act urer Mai nt enance

Custonmer Calls Maintenance

St at e Mai nt enance

Exit MAIN MENU

200 SsCreeN
{
1)
2)
3)
4)
5)
6)
7)
Menu Sel ection: [f1]
]ATTRl BUTES
30 f1 = fornonly. option_num
| NSTRUCTI ONS
DELIMTERS " "

Example 16
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The DATABASE and GLOBALS Statements

10 Any version of the stores7 database can be used here.

2[0 The ga_dsplymsg array is used as input to the message_window() function
as described in Example 2.

The MAIN Function

300 The OPTIONS statement establishes the hipmsgs le as the help le for the
program. It also establishes screen lines for the menu: FORM LINE sets the
rst line of the form to line 1 of the window, and COMMENT LINE sets the
comment line to be the blank line after the menu title. This COMMENT LINE
setting prevents form text from being erased when the comment line is
cleared after the cursor leaves the input eld.

4[] The DEFER INTERRUPT statement prevents use of the Interrupt key (typically
CONTROL-C) from terminating the program. Instead, it sets the global vari-
able int_ ag (as discussed in Example 5). The int_ ag variable is tested fol-
lowing the INPUT statement in the main_menu() function to see if the user
has chosen to exit the menu.

500 The main_menu() function displays the vertical menu and accepts user input.

The main_menu() Function

6] The LET statement sets the Boolean ag dsply to TRUE. This ag is used to
determine whether to reprompt the user for a menu option. The program
redisplays the menu selection prompt in the following cases:

¢ If the user enters an invalid menu option number.
¢ If the user enters no option number.
s After the completion of a menu task.

700 The OPEN WINDOW statement opens a window and displays the vertical
menu contained in the f_menu for the speci cation le. Usage instructions
are then displayed.
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10

20

30

40
50

60
70

4GL source file

DATABASE st ores?7

GLOBALS
DEFINE  ga_dspl ymsg ARRAY[5] OF CHAR(48)
END GLOBALS

B R Ry L RN R L R R LR Ry RN iR Rty RN Al
MAI N

OPTI ONS
HELP FILE "hl pnsgs",
FORM LI NE FI RST,
COMMENT LI NE 2
DEFER | NTERRUPT
CALL mai n_menu()

END MAI N

FUNCTI ON mai n_nmenu()

DEFI NE dsply SMALLI NT,
opti on_num SMALLI NT

LET dsply = TRUE

OPEN W NDOW w_nenu AT 2, 3
WTH 19 ROWN5, 70 COLUWNS
ATTRI BUTE (BORDER, MESSAGE LI NE LAST)

OPEN FORM f _nmenu FROM "f _menu”
DI SPLAY FORM f _nenu

DI SPLAY

" Enter a menu option nunber and press Accept or RETURN."
AT 18, 1 ATTRI BUTE (REVERSE, YELLOW

DI SPLAY
Choose option 7 to exit the nenu. Press CTRL-Wfor Help."
AT 19, 1 ATTRI BUTE ( REVERSE, YELLOW
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80

90l

100

110

120

130

The WHILE loop controls user input of the menu option number. Because
dsply is initially set to TRUE, execution initially enters this loop to allow the
user to enter a menu choice. If the user either uses the Interrupt key or
chooses the Exit option, dsply is set to FALSE and this loop exits.

Theint_ ag ag is set to FALSE before INPUT begins. The INPUT statement
accepts the user input from the form s option_num eld and stores it in the
option_num variable.

If the user exits the INPUT statement by using the Interrupt key (typically
CONTROL-C), the program automatically setsint_ ag to TRUE. The LET state-
ment then sets dsply to FALSE. This exits the WHILE loop and leaves the
menu. Otherwise, the option number entered by the user determines which
function is called in a CASE statement.

When the user selects option 1, Customer Maintenance, the program calls the
cust_main() function. The CASE statement contains a WHEN clause for each
of the menu s valid menu options. Each clause invokes the function to per-
form the associated menu task. When the function completes execution, the
program redisplays the f_menu menu and the user can select another item
from the menu (because dsply remains TRUE).

When the user selects option 7, Exit, the dsply ag is set to FALSE. This exits
the WHILE loop and the function.

If the user enters a number not on the menu, an ERROR statement displays a
message. Because dsply remains TRUE, the WHILE statement iterates and the
user is allowed to enter another option number.

The cust_maint() Function

1401

Two LET statements load strings containing a message into the ga_dsplymsg
array. The call to the message_window() function displays the message. This
function would ordinarily contain statements to perform customer
maintenance.

The Remaining maint() Functions

360

150

The stock_maint(), order_maint(), manuf_maint(), ccall_maint(), and
state_maint() functions are nearly identical to the cust_maint() function
described above.

The text of the functions appears in the on-line example code.
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The Remaining maint() Functions

80  VHILE dsply

90 LET int_flag = FALSE
I NPUT BY NAME option_num HELP 120

100 IF int_flag THEN
LET dsply = FALSE
ELSE
CASE opti on_num
WHEN 1
110 CALL cust_maint()

CALL order_maint ()
CALL stock_maint ()
CALL manuf _mai nt ()
CALL ccal | _maint()

CALL state_mmint()
120 VHEN 7
LET dsply = FALSE
130 OTHERW SE
ERROR "I nvalid menu choice. Please try again."
END CASE
END | F
END WH LE

CLCSE FORM f _menu
CLOSE W NDOW w_nenu

END FUNCTION -- main_nmenu --

FUNCTI ON cust _nai nt ()

140 LET ga_dspl ynmsg[ 1] "This function would contain the statements to"
LET ga_dspl ynmsg[ 2] i mpl ement the Customer Maintenance option."
CALL message_w ndow 6, 12)

END FUNCTION -- cust_mmint --

See the source file for the text of the remaining maint() functions.

150
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Example 16b: The f_ menu2 Form

10 The f_menu2 form is not designed to work with a particular database. All
form elds are de ned as formonly, as is the database in the DATABASE
statement.

200 Allinformation displayed on the vertical menu will be passed to the form by
the calling program. This includes the title, the number of each option, and
the name of each option.

This compares with the use of literal text in the f_menu form in Example 16a.
300 The f000 eld displays the menu title.

40 The elds that comprise the menu options are grouped into a screen array.
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f_menu2 form file

100 DATABASE fornonly

20 SCREEN

f [f000 ]
[x]f1] [fo2 ]
[x]f1] [fo2 ]
[x]f1] [fo2 ]
[x]f1] [fo2 ]
[x|f1] [fo2 ]

}

3[] ATTRI BUTES
f000 = fornonly. nenu_title;

X = formonly. x;
f1 = fornonly. opti on_num NCENTRY;
f02 = fornonly. option_nanme, NCENTRY;

I NSTRUCTI ONS
DELIMTERS " "

40 SCREEN RECORD sa_nenu[ 5] (fornmonly. x THRU fornonly. opti on_nane)

Example 16 363



The DATABASE and GLOBALS Statements

The DATABASE and GLOBALS Statements

10 Any version of the stores7 database can be used here.

20

30

40

The ga_menu array is used to contain the menu option information: the
menu option name and number. This array of records is the program array
used with the INPUT ARRAY statement.

The g_menutitle variable contains the name of the menu. This variable is
initialized in the init_menu() function and displayed in the dsply_menu()
function.

The ga_dsplymsg array is used as input to the message_window() function
as described in Example 2.

The MAIN Function

50

60

70

The OPTIONS statement establishes the screen lines for the menu: FORM LINE
setsthe rstline of the form to line 1 of the window, and COMMENT LINE sets
the comment line to be the blank line after the menu title. This COMMENT
LINE setting prevents form text from being erased when the comment line is
cleared after the cursor leaves the input eld.

The DEFER INTERRUPT statement prevents the Interrupt key from
terminating the program. Instead, it sets the global variable int_ ag (as dis-
cussed in Example 5). The int_ ag variable is tested following the INPUT
ARRAY statement in the choose_option() function to see if the user wants to
exit the menu.

The dsply_menu() function displays the vertical menu and accepts user input.

The dsply_menu() Function

84

The OPEN WINDOW statement opens a window and displays the vertical
menu contained in the f_menu2 form speci cation le. Two DISPLAY
statements display the menu usage instructions.
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4GL source file

100 DATABASE stores?

GLOBALS
20 DEFI NE ga_menu ARRAY[ 20] OF RECORD
X CHAR(1),
opti on_num CHAR(3),
opti on_name CHAR( 35)
END RECORD,
30 g_nenutitle CHAR( 25)
40 DEFI NE ga_dspl ymsg ARRAY[ 5] OF CHAR(48)
END GLOBALS

MAI'N

50 OPTI ONS
HELP FILE "hl pnsgs”,
COVMENT LI NE FI RST,
MESSAGE LI NE LAST,
FORM LI NE 2

60 DEFER | NTERRUPT
70  CALL dsply_nenu()

END MAI N

FUNCTI ON dspl y_menu()

DEFI NE dsply SMALLI NT,
option_no SMALLI NT,
total _options SMALLI NT

80  OPEN WNDOWw_nenu2 AT 3,3
WTH 16 ROAS, 75 COLUMNS
ATTRI BUTE ( BORDER)

OPEN FORM f _menu FROM "f _menu2"
DI SPLAY FORM f _nenu

DI SPLAY " Use F3, F4, and arrow keys to nove cursor to desired option."
AT 15, 1 ATTRI BUTE ( REVERSE, YELLOW

DI SPLAY
Press Accept to choose option, Cancel to exit menu. Press CTRL-Wfor Help."
AT 16, 1 ATTRI BUTE ( REVERSE, YELLOW
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90

100
110

121

130

1401

150

The init_menu() function initializes the ga_menu program array with the
names and numbers of the menu options, along with the menu title. The
function returns total_options, the number of options in the menu.

The menu title is displayed to the menu_title eld on the current form.

The WHILE loop controls user input of the menu option number. Because
dsply is initially set to TRUE, execution initially enters this loop to allow the
user to enter a menu choice. If the user either uses the Interrupt key or
chooses the Exit option, dsply is set to FALSE and the loop exits.

The option_no variable is set to the value returned by the choose_option()
function. The choose_option() function allows the user to enter the INPUT
ARRAY statement. It expects the number of valid menu options
(total_options) as an argument and returns the menu number selected by the
user. A more detailed explanation of this function begins with Note 21.

When the user selects option 1, Customer Maintenance, the program calls the
cust_main() function. The CASE statement contains a WHEN clause for each
of the menu s valid menu options. Each clause invokes the function to per-

form the associated menu task. When the function completes execution, the
program redisplays the f_menu2 menu and the user can select another item
from the menu (because dsply remains TRUE).

When the user selects option 7, Exit, the dsply ag is set to FALSE. This exits
the WHILE loop and the function.

If the user chooses Cancel from the menu, the choose_option() function
returns zero (0) and the program sets the dsply ag to FALSE. This terminates
the WHILE loop.

The init_menu() Function

366

160

170

The LET statement assigns the menu title to the g_menutitle global variable.
The title will be displayed at the top of the f_menu2 form.

The series of LET statements assigns the option names to the option_name
eld in the ga_menu array. Options must be assigned in the order in which
they are to be displayed on the screen. For example, the name of Option 1 is
stored in ga_menu[1].option_name. Option names are restricted in length to

the size of the option_name eld (35 characters).
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The init_menu() Function

90
100

110
1201

130

140

150

160
170

CALL init_menu() RETURNI NG total _options

DI SPLAY g_nenutitle TO nmenu_title

LET dsply = TRUE
WHI LE dsply
LET option_no = choose_option(total _options)
IF (option_no > 0) THEN
CASE option_no

VWHEN 1

VHEN 7

END CASE

ELSE
LET dsply = FALSE
END | F
END VHI LE

cust _maint ()

order _|
stock_|
manuf _
ccal | _|

state_|

CLCSE FORM f _menu
CLOSE W NDOW w_nenu?2

END FUNCTION -- dsply_nenu --

mai nt ()
mai nt ()
mai nt ()
mai nt ()

mai nt ()

--* Exit option
LET dsply = FALSE

FUNCTI ON i ni t _nmenu()

DEFI NE

total _options

SNMALLI NT

LET g_nmenutitle = "4G Test MAIN MENU 2"

LET
LET
LET
LET
LET
LET
LET

ga_nenu[ 1]
ga_menu[ 2]
ga_menu[ 3]
ga_menu[ 4] . opti
ga_menu[ 5]
ga_nenu[ 6]
ga_menu[ 7]

.opti
.opti
.opti

.opti
.opti
.opti

on_name
on_nane
on_name
on_nane
on_nane
on_nane
on_nane

" Cust oner Mai nt enance"
"Order Maintenance”

" St ock Mai nt enance”

"Manuf act urer Mai nt enance”
"Customer Calls Maintenance"
"State Mintenance"

"Exit MAIN MENU'
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The init_opnum() Function

180 The call to the init_opnum() function initializes the option_num elds of the
ga_menu array with the option numbers.

190 The init_opnum() function returns the total number of options initialized in
the ga_menu array.

The init_opnum() Function

2000 The FOR loop initializes the option_num eld of the ga_menu array. The IF
statement checks the number of digits in the option number to ensure that the
numbers display as right-justi ed. Doing a straight string assignment of the
number (i ) to the eld would cause numbers to be left-justi ed.

The choose_option() Function

368

210 To highlight the current line of the menu, the choose_option() function uses
an INPUT ARRAY statement to simulate the DISPLAY ARRAY statement.
Because the DISPLAY ARRAY statement does not have the Insert and Delete
key functionality, this OPTIONS statement disables these keys in INPUT
ARRAY. The OPTIONS statement assigns to each of these keys the control
sequence of CONTROL-A. Because CONTROL-A is one of the special editing
features of the 4GL input statements (INPUT, CONSTRUCT, DISPLAY, INPUT
ARRAY, DISPLAY ARRAY), 4GL interprets it as an editing command. The
sequence never executes the Insert or Delete function because it is always
interpreted as an editing command.

221 Before the DISPLAY ARRAY statement can display the program array, you
must initialize the ARR_COUNT() function with the number of items to be dis-
played. The call to the SET_COUNT() function initializes the number of items
in the ga_menu array. This number is the number of menu options.

230 The INPUT ARRAY statement displays the current menu options on the
screen. The WITHOUT DEFAULTS clause simulates the behavior of the
DISPLAY ARRAY statement.

241 Before the cursor moves to a new line in the array, the BEFORE ROW clause
calculates the current position in the program array (curr_pa), the total num-
ber of lines in the program array (total_pa), and the current position in the
screen array (curr_sa). These values are needed to determine the line to
display.
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LET total _options = 7
1801 CALL init_opnun(total _options)

190 RETURN total _options

END FUNCTION -- init_menu --

FUNCTI ON i ni t _opnun(total _options)

DEFI NE total _options SMALLINT,
i SMALLI NT
200 FORi = 1 TOtotal options

IFi < 10 THEN
LET ga_menu[i].option_nunf2] =i

ELSE
LET ga_nenu[i].option_nun{1,2] =i
END | F
LET ga_nmenu[i].option_nun{3] = )
END FOR
END FUNCTION -- init_opnum --

FUNCTI ON choose_option(total _options)

DEFI NE total _options SMALLI NT,
curr_pa SMALLI NT,
curr_sa SMALLI NT,
total _pa SMALLI NT,
| ast key SMVALLI NT

210 OPTI ONS
DELETE KEY CONTROL- A,
I NSERT KEY CONTROL- A

22[0  CALL SET_COUNT(total _options)
LET int_flag = FALSE

230 I NPUT ARRAY ga_nenu W THOUT DEFAULTS FROM sa_nenu. * HELP 121
BEFORE ROW
240 LET curr_pa = ARR_CURR()

LET total _pa = ARR_COUNT()
LET curr_sa = SCR_LI NE()
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260

270

280

2901
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The current line of the program array (ga_menu[curr_pa].*) is displayed to
the current line of the screen array (sa_menu[curr_sa].*) in reverse video.
This statement causes the current option in the menu to be highlighted.

The x eld appears in both the program array and the screen array. It serves

asa resting point for the cursor and as a position for the highlight char-

acter that displays the line in reverse video. If the user enters input in this
eld, these statements erase the input.

The IF statement prevents the cursor from scrolling beyond the end of the
menu. This scrolling capability is another of the INPUT ARRAY features that
must be disabled to adequately simulate the behavior of the DISPLAY ARRAY
statement.

The FGL_LASTKEY() function returns the ASCII code of the last key the user
entered. The FGL_KEYVAL() function generates the ASCII code associated
with the speci ed character strings:

¢ Down arrow (down)

e Carriage return (return)
* Tab (tab)

* Right arrow (right)

If the user has pressed one of these keys, the cursor would normally move to
the next empty line of the array. To prevent this behavior, the code checks for
these keys and, if any one of them has been pressed, it noti es the user that
no more menu options are available. The NEXT FIELD statement returns the
cursor to the x eld of the last line.

Just before the cursor leaves the current line, the AFTER ROW clause recalcu-
lates the current positions in the program array (curr_pa) and screen array
(curr_sa) and displays the current menu option in normal display (turns off
the highlight).

If the user uses the Cancel key (typically CONTROL-C), 4GL sets the int_ ag
to TRUE. In this case, the program resets int_ ag to FALSE and returns a value
of zero (0). A zero return value indicates to the calling function that the user
wants to exit the menu.

The RETURN statement returns the current position of the cursor in the menu.
This position corresponds to the option number of the menu option the user
has selected by using the Accept key (typically ESCAPE) from within the
INPUT ARRAY statement.
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DI SPLAY ga_nenu[curr_pa].* TO sa_nenu[curr_sa].*
ATTRI BUTE ( REVERSE)

AFTER FI ELD x

I'F ga_nenu[curr_pa].x |'S NOT NULL THEN
LET ga_nenu[curr_pa].x = NULL
DI SPLAY BY NAME ga_nenu[ curr_pa] . X

END I F

| F curr_pa = total _pa THEN

LET | ast key

= FGL_LASTKEY()

IF ( (lastkey = FG_KEYVAL("down"))

OR (lastkey = FGL_KEYVAL("return"))
OR (lastkey = FGL_KEYVAL("tab"))
OR (lastkey = FGL_KEYVAL("right")) )
THEN
ERROR No nmore menu options in this direction.
NEXT FI ELD x
END | F
END I F
AFTER ROW
LET curr_pa = ARR_CURR()

LET curr_sa

SCR LI NE()

DI SPLAY ga_nenu[curr_pa].* TO sa_nenu[curr_sa].*

END | NPUT

IF int_flag THEN

LET int_flag = FALSE

RETURN (0)
END | F

RETURN (curr _pa)

END FUNCTI ON -- choose_option --

To locate any function de nition, see the Function Index on page 730.
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Using the DATETIME
Data Type

This example demonstrates how to handle DATETIME data in a 4GL program.
It uses the DATETIME data in the call_dtime and res_dtime columns of the
cust_calls table. To access the cust_calls table, this example adds a Calls
feature to the CUSTOMER MODIFICATION menu implemented in Example 9.

Rede ning the DATETIME Data Entry

To enter a DATETIME value, the user must follow a very strict format. 4GL can
only accept a DATETIME value in the form:

yyyy-nmon-ddd hh: mm ss. fff

where yyyy is the year, mon is the month, ddd is the day, hh is the hour, mm is
the minutes, ss is the seconds, and fff is the fraction of a second. The spaces
and the hyphens, colons, and decimal point must be entered exactly as
shown.

The DATETIME columns in the cust_calls table are de ned as YEAR TO
MINUTE. Unless the 4GL program manipulates the input values, the user
must enter the time 3:24 PM 2/25/98 as:

1998-2-25 15:24
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Any other format will generate a 4GL system error notifying the user of an
invalid format. Advantages of using this default DATETIME format is that
4GL can automatically perform the following data veri cation for the user:

* A month: between 1 and 12

* Aday:
* Between 1 and 28: if the month is February
¢ Between 1 and 30 if the month is April, June, September, or November
¢ Between 1 and 31 for all other months

* An hour value: between 0 and 23 (24-hour notation)

* A minute: between 0 and 59

The disadvantage is that this form is not very user-friendly for the novice
user.

To provide a friendlier data entry format, this program breaks entry of the
DATETIME value into three screen elds:

* Thecall_time eldisaCHAR(5) eld thatacceptsthe hoursand minutes
in the form:

hh: nm

It uses a PICTURE attribute ##:## in the screen form le to display the
colon between the hour and minute values and to limit entry of these val-
ues to numeric characters (0-9).

¢ Theam_pm eldisaCHAR(2) eldthatacceptsan AMorPM speci cation
so the user does not have to use 24-hour notation. It also uses a PICTURE
attribute XM in the screen form le to display the M as the second
character. This attribute also limits data entry of the rst character to a
letter (A-Z). The UPSHIFT screen attribute ensures that this rst character
is always an uppercase letter.

* Theyr_mon eldisaDATE eld that accepts the date in the form:

mon/ dd/yy OR non/dd/yyyy

Using the DATETIME Data Type



Conserving Screen Space

These screen elds are de ned on the f_custcall form and display after the
headings Call Received at and Call Resolved on :

I#%dd = rew cusitorar coll to the detisbaors.
(oAt MO P . AR ey w s P P e P Pt -Praag CTAL-H Tar Help-—————--
i CUSTEHEA [ALLS

Cuitiwsar Himbar : 188 Compony Mars PLay Bea1!

all Asislvad at
i Fwred vad By
I all die Ik
i [all Dawcripti

Call Ampglvad an
131 PasnLutip

\. J

This new data entry format necessitates that the program:

* Perform the data veri cation for the rsttwo screen elds (call_time and
am_pm) that 4GL would automatically have performed for the DATETIME
eld. 4GL can perform data veri cation on the month, day, and year val-

ues because the yr_mon eld is de ned as DATE.

* Convert these screen elds to a DATETIME value before the time can be
added to the appropriate column of cust_calls.

* Convert the DATETIME value to these screen eld values before the time
can be displayed on the f_custcall form.

This rst task is performed within the INPUT statement of the input_call()

function. The get_time ds() function performs conversions from screen
elds and the get_datetime() function performs conversions from screen
elds to DATETIME.

Conserving Screen Space

The program implements an additional data entry feature on the input of the
call_descr and res_descr columns of cust_calls. Both these columns are
de ned as CHAR(240). However, displaying both these columns would
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require two elds of 240 characters each. So, for each of these columns, the
program displays a single-character ag to indicate whether or not a value
currently exists for each of these elds:

e |Ifthe agis Y theassociated CHAR(240) eld containsanon-null value.
e |Ifthe agis N the associated CHAR(240) eld is null.

Using a single-character eld, the f_custcall form is able to save space for
other columns of cust_calls.

To access the actual value for the column, the user presses either the F2
function key or CONTROL-E from withinthe ag eld. These keys initiate the
edit_descr() function to display the CHAR(240) value in a special form
(f_edit).

Function Overview

Function Name Purpose

cust_menu2() Displays the CUSTOMER menu and allows the user to
choose whether to add a new customer or query for an exist-
ing customer. Differs from cust_menu() in Example 9 by call-
ing browse_cust2() instead of browse_custs().

bang() Prompts the user for acommand and executes the command.
See the description in Example 3.

query_cust2() Lets the user create a query by example.
See the description in Example 6.

browse_custs2() Displays results of a query on screen, one at a time and calls

next_action3() to allow the user to choose the next action. Dif-
fers from browse_custs() in Example 9 by calling
next_action3() instead of next_action2().

next_action3() Displays a menu that allows the user to choose the action to
take on the current customer row: see the next row, update
the current row, delete the current row, or see customer calls.

addupd_cust() Combines insertion and update functions in a single routine
to eliminate duplication of code.
See the description in Example 9.

state_popup() Displays a lookup list of the states from the state table so the
user can choose the appropriate state.
See the description in Example 9.

insert_cust() Adds a new row to the customer table.
See the description in Example 9.
update_cust() Updates the database row to re ect the changes.
See the description in Example 6.
delete_cust() Deletes the current row if it does not have dependent rows in

other tables.
See the description in Example 6.
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verify_delete()
open_calls()

call_menu()

addupd_call()

input_call()
browse_calls()

nxtact_call()

get_time ds()
get_datetime()
init_time()
edit_descr()

insert_call()
update_call()
init_msgs()

message_window()

prompt_window()

msg()

clear_lines()

Checks for dependent rows in other tables.

See the description in Example 6.

Opens the window and displays the form for the customer

calls (f_custcall).

Displays the CUSTOMER CALLS menu that allows the user

to choose whether to receive a new call or update an existing

call.

Combines the Add and Update operations on the cust_calls

table into a single routine. This enables the required eld val-

idation to be contained in a single routine.

Accepts user input for customer call information.

Displays customer call information on the screen, one at a

time, and then calls nxtact_call() to allow the user to choose

the next action.

Displays the CUSTOMER CALL MODIFICATION menu and

allows user to choose whether to view the next call or update

the currently displayed call.

Breaks a DATETIME value into three elds: time, AM/PM
ag, and date.

Creates a DATETIME value from three elds: time, AM/PM
ag, and date.

Initializes the time and AM/PM elds to the current system

time.

Displays a form (f_edit) to allow the user to edita CHAR(240)
eld.

Adds a new cust_calls row to the database.

Performs a database UPDATE on cust_calls.

Initializes the members of the ga_dsplymsg array to null.

See the description in Example 2.

Opens a window and displays the contents of the

ga_dsplymsg global array.

See the description in Example 2.

Displays a message and prompts the user for con rmation.

This function is a variation on the message_window() func-

tion that appears in Example 2.

See the description in Example 4.

Displays a brief, informative message.

See the description in Example 5.

Clears any number of lines, starting at any line.

See the description in Example 6.
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40
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Because this form contains elds connected to database columns, it must
specify which database to look up the column de nition. This form will work
with any version of the stores7 database.

This form uses columns from two tables: customer and cust_calls.

The f000 and f001 screen elds display the customer number and name of the
current customer. The current customer is the one the user has selected from
the CUSTOMER menu.

Describe how the three screen elds implement the data entry for the call
receipt time. The 4GL program combines the data in these elds to create the
DATETIME value stored in the call_dtime column of cust_calls.

The call_time eld accepts the call receipt time in the form: hh:mm where hh
is the hour and mm is the number of minutes. The PICTURE attribute simpli-
es user entry by specifying that this CHAR eld consists of two sets of two
digits separated by a semicolon. The AUTONEXT attribute automatically

moves the cursor to the next screen eld when this eldis lled.

Because this screen eld is de ned as CHARACTER, 4GL cannot perform
much data validation on the hour and minute values. The ## speci cation
in the PICTURE attribute does limit the character entry to only numeric char-
acters (0-9) but it cannot ensure that an hour value is between 0 and 23 or that
a minute value is between 0 and 59. These checks must be made by the 4GL
program.

The am_pm1 eld displays either AM or PM to indicate the time of day
for an hour. The PICTURE attribute simpli es user entry by specifying that the

rst character of this CHAR eld must be a letter (A-Z) and the second char-
acter will alwaysbe M . The AUTONEXT attribute automatically moves the
cursor to the next screen eld when this eld is lled.

Thisscreen eld does not limitentry of the rstcharactertoeither A or P .
The X speci cation in the PICTURE attribute limits the character entry to a
letter (A-Z) and the UPSHIFT attribute ensures that this character is always in
uppercase. But no attributes can ensure that this eld is either A or P .
This check must be made by the 4GL program.

The yr_monl eld accepts the date that the call was received. Because this

eldisde ned astype DATE, the 4GL program can ensure that the user enters
valid date values for the month, day, and year. The DEFAULT attribute initial-
izes an empty eld to today s date.
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f_custcall form file

DATABASE st or es7

SCREEN

{
Cust omer Nunber: [f000 ] Conpany Nane :[fO001
Call Received at: [f002 J[f3] [f004 ]
Recei ved By: [f005 ]

Call Code (B/DI/L/O: [a]
Cal | Description: [b]

Call Resolved on: [f006 J[f7] [f008 ]
Call Resolution: [c]

}

TABLES

cust onmer

cust_calls

ATTRI BUTES
f 000 = cust_calls. custonmer_num
f001 = custoner. conpany;

f002 = forrmonly.call_time TYPE CHAR, AUTONEXT, PICTURE = "##: ##";
f3 = fornonly. am pml TYPE CHAR, AUTONEXT, UPSHIFT, PICTURE = "XM',;

f004 = fornonly.yr_nonl TYPE DATE, DEFAULT = TODAY;
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The user_id eld accepts the name of the person entering the call. This eld
is initialized by the 4GL program with the name of the person currently run-
ning the program.

The call_code eld accepts a single character code that identi es the reason
for the customer call. The INCLUDE attribute limits valid input to only those
letters that represent valid codes, and the UPSHIFT attribute ensures that
these codes are always uppercase. The AUTONEXT attribute automatically
moves the cursor to the next screen eld after this code is entered.

The three screen elds described implement the data entry for the call receipt
time. The 4GL program combines the data in these elds to create the
DATETIME value stored in the call_dtime column of cust_calls.

Thecall_ ag eld indicates whether the current customer call has a non-null

value for the call description. The call description is stored in the call_descr

column of cust_calls. If this column is not null, then the call_ ag eld dis-

playsa Y .Otherwise, call_descr is null and the call_ ag eld displays a
N . The INCLUDE attribute limits eld inputto eithera Y oran N .

The res_time eld accepts the call resolution time. It is de ned in the same
way as the call_time eld. See Note 4 for more information.

The am_pm2 eld displays either AM or PM to indicate the time of day
for an hour. This eld is de ned in the same way as the am_pm1 eld. See
Note 5 for more information.

The yr_mon2 eld accepts the date that the call was received. This eld is
de ned in the same way as the yr_monl eld. See Note 6 for more informa-
tion.

Theres_ ag eld indicates whether the current customer call has a non-null
value for the call resolution description. This eld isde ned in the same way
asthecall_ ag eld. See Note 9 for more information.

Setting the DELIMITERS to blanks means that the f_custcall form uses blank
spaces to indicate the data entry eld. This assignment has the effect of not
displaying the width of the input elds.

The f_edit Form

10

20

The f000 eld is made up of six lines of 40 characters for a total of 240
characters.

The TYPE attribute de nes the f0O00 eld as CHARACTER. The WORDWRAP
attribute (with the COMPRESS option) speci es that data exceeding 40 char-
acters (the size of one line) will wrap to the next line of the f000 eld.
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f005 = cust_calls.user_id;

a = cust_calls.call_code, INCLUDE = ("B", "D', "I", "L", "OQ"),
UPSHI FT, AUTONEXT;

b = fornonly.call _flag TYPE CHAR, | NCLUDE = ("Y', "N'), UPSH FT;

f006 = fornonly.res_time TYPE CHAR, AUTONEXT, PICTURE = "##: ##";
f7 = fornmonly. am pn2 TYPE CHAR, AUTONEXT, UPSH FT, PICTURE = "XM';
f008 = fornonly.yr_non2 TYPE DATE, DEFAULT = TODAY;

c = fornmonly.res_flag TYPE CHAR, |NCLUDE = ("Y', "N'), UPSH FT;

I NSTRUCTI ONS
DELIM TERS " "

f_edit form file

DATABASE f or nonl y

SCREEN
Description :[f000 ]
[ f 000 1
[f000 ]
[ f 000 1
[f000 |
[f000 ]
}
ATTRI BUTES

f000 = fornonly. edit_str TYPE CHAR, WORDWRAP COWPRESS;
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The DATABASE and GLOBALS Statements

10 Any version of the stores7 database may be used here. This example uses the

customer and cust_calls tables.

200 The global record gr_custcalls holds the column values for a row in the
cust_calls table. Throughout this example, this record will be referred to as

the table record.

30 The global record gr_viewcall holds the screen eld values for information
about a single cust_calls row. The screen elds do not match the columns in

the table because the screen:

* Breaks each DATETIME column (call_dtime and res_dtime) into three
screen elds so the user does not have to use the DATETIME entry format:

¢ Time (hours and minutes)
* AnAM/PM ag (for 24-hour notation)
¢ A date (month, day, and year)

* Displays each description column (call_descr and res_descr) as a single
character so the entire column of CHAR(240) does not display on the
f_custcall screen. A Y indicates that the corresponding description col-
umn has a non-null value and an N indicates that this column is empty

(NULL). For more information on the f_custcall.per

le, see Note 19.

Throughout this example, this record will be referred to as the screen eld

record.

400 The gr_workcall record is a second copy of the gr_viewcall record. It serves
as a work buffer for the screen information. If the user decides to cancel an
update after having changed values on the screen, this working copy restores
the original eld values. If, after input completes, the work buffer is empty,
then the user must be performing an Add. See the function addupd_call() for

the implementation.

500 The ga_dsplymsg array is used as input to the message_window() function

as described in Example 1.
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4GL source file

DATABASE st ores7

GLOBALS
DEFI NE gr _cust oner
gr _wor kcust
gr_custcalls
gr_viewcal |
gr_wor kcal |
DEFI NE
END GLOBALS

RECORD LI KE custoner. *,

-- table record

RECORD LI KE custoner. *, -- screen field record
RECORD LI KE cust_cal ls.*,

RECORD
cust omer _num
conpany
call _tine
am pml
yr_nonl
user_id
cal | _code
call _flag
res_time
am _png
yr_nmon2
res_flag
END RECORD,
RECORD
cust ormer _num
conpany
call _time
am pml
yr_nonl
user_id
cal | _code
call _flag
res_time
am _png2
yr_nmon2
res_flag
END RECORD

ga_dspl ymsg ARRAY[ 5] OF CHAR(48)

LI KE cust omer. cust oner _num
LI KE cust oner. conpany,
CHAR(5) ,

CHAR(2) ,

DATE

LI KE cust_calls.user_id
LI KE cust_cal | s. cal | _code
CHAR(1),

CHAR(5) ,

CHAR(2),

DATE

CHAR( 1)

LI KE custoner. custonmer _num
LI KE cust oner. conpany,
CHAR(5),

CHAR(2) ,

DATE,

LI KE cust_calls.user_id
LI KE cust_cal | s. cal | _code
CHAR(1) ,

CHAR(5) ,

CHAR( 2),

DATE

CHAR(1)
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The OPTIONS statement establishes the hlpmsgs le as the help le for the
program. It also establishes screen lines for the menu: FORM LINE sets the

rst line of the form to line 5 of the window, COMMENT LINE sets the com-
ment line to be the blank line after the menu title, and MESSAGE LINE sets the
message line to the last line of the window. This setting prevents message text
from overwriting the screen.

The DEFER INTERRUPT statement prevents use of the Cancel key (typically
CONTROL-C) from terminating the program. Instead, using Cancel sets the
global variable int_ ag to TRUE, ASdiscussed in Example 5. This ag is tested
after INPUT to see if the user has used Cancel to exit the menu.

The customer form f_customer displays in a bordered window called
W_main.

The cust_menu2() function displays the CUSTOMER menu. See Note 11 for
more information about this menu.

When the program exits, you should deallocate the resources used and then
clear the screen. The CLOSE FORM statement deallocates the memory for the
f_customer form and CLOSE WINDOW deallocates the memory for the
w_main window, causing it to disappear.

The cust. menu2() Function

384

110

120

130

The CUSTOMER menu allows the user to choose the customer maintenance
task to perform: add a new customer (Add), query for an existing customer
(Query), or exit the menu (Exit). This menu is almost the same CUSTOMER
menu as implemented in Example 9 by the cust_menul() function. This ver-
sion calls the browse_custs2() function (instead of browse_custs1()) to dis-
play the CUSTOMER MODIFICATION menu with the Calls option.

The query_cust2() function implements a query by example on the customer
table. This function is described in Example 6.

If the user has entered search criteria, the browse_cust2() function locates the
matching customer rows and displays the rst matching row on the
f_customer form. This function also displays the CUSTOMER MODIFICATION
menu to allow the user to choose the next action to take on the customer. See
Note 17 for more information about this menu.
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The cust_menu2() Function

4GL source file

TR BT T f e

6] OPTI ONS
HELP FILE "hl pnsgs",
FORM LI NE 5,
COWMMENT LI NE 5,
MESSAGE LI NE LAST

70 DEFER | NTERRUPT

8l OPEN W NDOW w_mai n AT 2, 3
W TH 18 ROAS, 76 COLUWNS
ATTRI BUTE ( BORDER)

OPEN FORM f _custonmer FROM "f _cust oner”
DI SPLAY FORM f _cust oner
9[] CALL cust_nenu2()

100 CLOSE FORM f _cust oner
CLOSE W NDOW w_rrai n
CLEAR SCREEN

END MAI N

DEFI NE st_custs CHAR( 150)

110 MENU " CUSTOVER'

See cust_menul() in Example 9.

COWAND " Query" "Look up custoner(s) in the database." HELP 11

120 CALL query_cust2() RETURNI NG st_custs
I F st_custs |'S NOT NULL THEN

130 CALL browse_custs2(st_custs)
END | F

CALL clear_lines(1, 4)

See cust_menul() in Example 9.
END MENU

END FUNCTION -- cust_nenu2 --
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The browse_custs2() Function
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150

160

The browse_custs2() function is based on the browse_custs1() function

of Example 9. The only difference between the two functions is that
browse_custs2() calls the next_action3() function (instead of next_action2())
to display the CUSTOMER MODIFICATION menu. The next_action3() version
of this menu has an additional menu option for Customer Calls.

If next_action3() returns FALSE, then the user has chosen the Exit option from

the CUSTOMER MODIFICATION menu. The program sets the end_list ag to

FALSE and exits the ¢c_cust FOREACH loop. Because the FOREACH loop exits

before the last selected row, the end_list variable is set to FALSE to prevent the
No more customer rows message from displaying.

If next_action3() returns TRUE, then the user has chosen the Next option from
the CUSTOMER MODIFICATION menu. The program sets the end_list agand
saves the current row values in the working buffer gr_workcust. In case this
is the last row in the FOREACH loop, the end_list variable is set to TRUE so
that the No more customer rows message displays.

The next_action3() Function

386

170

180

The next_action3() function is based on the next_action2() function in
Example 9. The function was modi ed to add a Calls menu option to the
CUSTOMER MODIFICATION menu. This option provides the user with access
to calls received from the current customer. These calls are stored in the
cust_calls table.

The Calls option calls the open_calls() function to allow the user access to the
customer calls for the current customer.
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1400 FUNCTI ON browse_cust s2(sel stnt)

See browse_custs() in Example 6.
FOREACH c_cust | NTO gr _custoner. *
LET fnd_custs = TRUE
DI SPLAY BY NAME gr_customer. *

150 | F NOT next_action3() THEN
LET end_list = FALSE
EXI T FOREACH
160 ELSE
LET end_list = TRUE
END | F
LET gr_workcust.* = gr_custoner.*
END FOREACH

See browse_custs() in Example 6.
I F end_list THEN
CALL nmsg("No nore custoner rows.")
END I F

CLEAR FORM

END FUNCTION -- browse_custs2 --

1700 FUNCTI ON next _acti on3()

DEFI NE nxt _action SMALLI NT
LET nxt_action = TRUE

MENU " CUSTOVER MODI FI CATI ON'

See next_action2() in Example 9.

180 COVWWAND "Cal I s" "View this custoner s calls.” HELP 23
| F gr_custoner. custormer _num S NULL THEN
CALL nmsg("No custoner is current. Please use 'Query'.")
ELSE
CALL open_calls()
END I F

See next_action2() in Example 9.

END FUNCTI ON -- next_action3 --
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The open_calls() Function

190
200

210

22[]

The f_custcall displays in a bordered window called w_call.

The two DISPLAY statements display a form heading and initialize the form
with the current customer s number and name.

The call_menu() function displays the CUSTOMER CALLS menu. See Note 23
for more information about this menu.

The program closes the f_custcall form and the w_call window so that the
customer form (f_customer) is again visible.

The call_menu() Function

388

230

240

250

260

The CUSTOMER CALLS menu allows the user to perform the customer calls
maintenance tasks: receive a new call (Receive), look at existing calls for this
customer (View), and exit the menu (Exit).

The Receive option calls the addupd_call() function to receive a new call for
the current customer. Because this function can handle both an Add and an
Update on the f_custcall form, the add/update agissetto Add ( A ).
This function is modeled after the addupd_cust() function implemented in
Example 9.

The View option calls the browse_calls() function to view existing calls for the
current customer. To identify the current customer, the function call sends the
current customer number as an argument to browse_calls(). This function is
modeled after the browse_custs() function in Example 9.

The bang() function implements the bang ( ! ) escape to the operating
system. The bang escape is explained in Example 3. The Exit option
provides the user with a way out of the menu.
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FUNCTI ON open_cal | s()

190 OPEN W NDOW w _cal | AT 2,3
W TH 18 ROAS, 76 COLUWNS
ATTRI BUTE ( BORDER)

OPEN FORM f _custcall FROM "f_custcal | "
DI SPLAY FORM f _custcal |
200 DI SPLAY "CUSTOVER CALLS' AT 4, 29
DI SPLAY BY NAME gr_customer. custoner_num gr_cust oner. conpany

210 CALL cal | _nmenu()

2200 CLOSE FORM f_cust cal |
CLOSE W NDOW w_cal |

END FUNCTION -- open_calls --

FUNCTI ON cal | _nmenu()

DI SPLAY
B R R Press CTRL-Wfor Help---------- "
AT 3, 1
2300  MENU "CUSTOVER CALLS"
240 COMMAND "Recei ve" "Add a new customer call to the database."
HELP 70
CALL addupd_cal | ("A")
2501 COVWMAND "View' "Look at calls for this customer." HELP 71
CALL browse_cal | s(gr_custoner. custonmer_num
260 COWAND KEY ("!")
CALL bang()

COWAND KEY ("E","X") "Exit" HELP 72
"Return to the CUSTOVER MODI FI CATI ON nenu. "
EXI T MENU
END MENU

END FUNCTION -- call_nenu --
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390

270

2801

2900

300

310

3200

330

340

If the user is receiving anew call, thentheau_ agis A .Theglobal customer
call records are initialized to NULL, and the date eld in the screen eld
record (gr_viewcall) is initialized to today s date.

If the user is updating an existing call, then the au_ agis U . The global
work buffer record gr_workcall saves the current values on the screen. If the
user terminates an update, these values are used to restore the original col-
umn values to the screen.

The input_call() function accepts the user input values for the customer call.
It returns TRUE if the user has entered values, and FALSE if the user has
terminated the input with the Cancel key (typically CONTROL-C).

If input_call() returns TRUE, then the user has entered values (not used
Cancel) on the f_custcall form. The prompt_window() function then prompts
for acon rmation to save the call in the database.

If the user con rms the save, then the setting of the au_ ag determines which
database operation to perform. If this call is new, the insert_call() function
performs an INSERT. If this call is being updated, the update_call() function
performs an UPDATE.

If the user does not con rm the save, the keep_going ag is set to FALSE to
indicate that the original values should be restored to the screen.

If input_call() returns FALSE, then the user used Cancel during the data entry
onf_custcall. The keep_going ag is set to FALSE to indicate that the original
values should be restored to the screen.

If keep_going is FALSE, then the data on the f_custcall form has not been
saved. If the user was receiving a new call, clear the screen elds. If the user
was updating a call, restore the original values to the screen elds. These val-
ues were saved in the work buffer gr_workcall before the INPUT statement
began.
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280

2900
300

310

3200

330

3401

FUNCTI ON addupd_cal | (au_f1 ag)

keep_goi ng SMALLI NT

DI SPLAY
Press Accept to save call. Press CTRL-Wfor Help."
AT 16, 1 ATTRI BUTE ( REVERSE, YELLOW

DI SPLAY

" Press Cancel to exit w out saving."
AT 17, 1 ATTRI BUTE ( REVERSE, YELLOW

IF au_flag = "A" THEN
I NI TI ALI ZE gr _custcal I s.* TO NULL
I NI TI ALI ZE gr _viewcal | . * TO NULL
I NI TI ALI ZE gr _wor kcal | . * TO NULL
LET gr_viewcal | .yr_nonl = TODAY

ELSE --* au_flag = "U'
LET gr_workcal l.* = gr_viewcall.*
END I F

LET gr_vi ewcal | . custoner_num = gr_cust oner. cust oner _num
LET keep_goi ng = TRUE
I'F input_call() THEN

LET ga_dsplynsg[1] = "Custoner call entry conplete."

I F pronpt_wi ndow("Are you ready to save this custoner call?",
14, 14)

THEN

IF (au_flag = "A") THEN
CALL insert_call ()
CLEAR cal | _tinme, ampml, yr_nonl, user_id, call_code,
call _flag, res_tinme, ampn®2, yr_non2, res_flag

ELSE --* au_flag = U
CALL update_call ()
END I F

ELSE --* user doesnt want to update
LET keep_goi ng = FALSE
END | F
ELSE --* user pressed Cancel /| nterrupt
LET keep_goi ng = FALSE
END | F

| F NOT keep_goi ng THEN
IF au_flag = "A" THEN
CLEAR cal | _time, ampntl, yr_nonl, user_id, call_code,
call _flag, res_time, ampn®2, yr_non2, res_flag

ELSE --* au_flag = "U'

LET gr_viewcal |l .* = gr_workcall.*
DI SPLAY BY NAME gr_vi ewcal | . *
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350

3601

370

380

Notes 39 to 44

392

390

400

410

The pr_calltime record holds the call receipt time; the pr_restime record holds
the call resolution time. These local records hold the screen eld values for
the integer representation of the time values.

The edit_ d variable contains the description of either the call or the call
resolution; call_cnt contains the number of calls that exist for this customer
and have been received at the same time as the current call; d_ ag indicates
whether edit_ d contains the call description ( d_ ag= C ) or the call
resolution description ( d_ ag= R ); new_ ag is the value of the call_ ag
orres_ agscreen eld after the user has edited the call description or call
resolution description.

The INPUT statement lets the user enter values in the screen elds on the
f_custcall form. The THRU keyword limits data entry to the elds in the
gr_viewcall record, starting with call_time and ending with res_ ag. The
customer_num and company elds in this record do not require input values
because they have already been initialized with the number and name of the
current customer (see Note 20).

Before the user can enter data in the call_time eld, the program checks if the
eld is empty (NULL). If so, it uses the init_time() function to initialize the
eld to the current system time.

The AFTER FIELD clause performs data validation after the cursor leaves the
call_time eld.

If the user has cleared the eld, the program restores the default time (current
system time) and returns the user to the eld. This test ensures that the user
enters a call receipt time.

This LET statement uses data conversion to assign the character
representation of the hours in the call receipt time to the integer variable
pr_calltime.hrs. An integer value makes the data validation in the next step
easier.

The hour value must be between 0 and 23 to be valid. This validation is

required because the time eld is de ned as CHAR, not DATETIME. The only

validation that 4GL performs is to verify that the input is numeric characters.

This numeric validation is speci ed by the PICTURE attribute of the call_time
eld in the form le, f_custcall.per.
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END I F
CALL nsg("Custoner call input term nated.")
END I F

CALL clear_lines(2,16)
END FUNCTI ON -- addupd_cal |l --

FUNCTI ON i nput _cal | ()

350 DEFI NE pr_cal | ti me RECORD
hrs SMVALLI NT,
m ns SMALLI NT
END RECORD,
pr_restime RECORD
hrs SMALLI NT,
m ns SMALLI NT
END RECORD,
360 edit_fld LI KE cust _calls.call _descr,

call _cnt SMALLI NT,

fld_flag CHAR(1),
new fl ag CHAR( 1)

INITIALI ZE pr_cal I'time.* TO NULL
I NI TIALI ZE pr_restine.* TO NULL

LET int_flag = FALSE
370 I NPUT BY NAME gr_viewcall.call _time THRU gr_viewcall.res_flag
W THOUT DEFAULTS

BEFORE FI ELD cal | _tinme
3801 IF gr_viewcall.call _time IS NULL THEN
CALL init_time() RETURNING gr_viewcall.call_tine,
gr_viewcal | . am pnil
DI SPLAY BY NAME gr _vi ewcal | . am pnil
END | F

AFTER FI ELD cal | _tine
390 IF gr_viewcall.call time IS NULL THEN
CALL init_tinme() RETURNING gr_viewcall.call_tine,
gr_viewcal | . am pnl
DI SPLAY BY NAME gr _viewcal l.call _tinme

ELSE
400 LET pr_calltinme.hrs = gr_viewcal | .cal |l _tine[1,2]
410 IF (pr_calltime.hrs < 0) OR (pr_calltinme.hrs > 23) THEN
ERROR "Hour nust be between 0 and 23. Please try again."
LET gr_viewcall.call_tinme[1,2] = "00"
NEXT FI ELD cal | _tinme
END | F
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420

430

447

45(]

460

470

4801

This LET statement uses data conversion to assign the character
representation of the minutes in the call receipt time to an integer variable
pr_calltime.mins. An integer value makes the data validation in the next step
easier.

The minute value must be between 0 and 59 to be valid. Once again, this
validation is required because the time eld is de ned as CHAR, not
DATETIME (See Note 41).

If the hour is between 13 and 23, then the user entered a time in 24-hour

notation that is between 1:00 PM and 11:59 PM. The am_pm1 eld displays
PM and the cursor skips over this eld. If the hour is between 0 and 12, then

it could be either AM or PM so the cursor must continue to the am_pm1
eld.

After the cursor leaves the am_pm1 eld, the program veri es that the eld
is not empty and that the input is valid.

Before the user can enter data in the yr_monl eld, the program checks if the
eld is empty:. If so, it initializes the eld with today s date.

The AFTER FIELD clause performs data validation after the cursor leaves the
yr_monl eld.

If the user has cleared the eld, the program reinitializes the eld with
today s date. This test ensures that the call receipt date eld always has a
value.

The cust_calls table stores the call receipt time in a DATETIME column called
call_dtime. However, because the data entry format for DATETIME can be dif-
cult for the user to remember, the f_custcall form accepts the call time in
three different elds: call_time (time in hours and minutes), am_pm1 ( AM
or PM ), and yr_monl (month, day, and year). The get_datetime() function
converts these three screen eld values to a single DATETIME value.
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430

447

4507

460

470

48[

LET pr_calltime.mns = gr_viewcall.call_tine[4,5]
IF (pr_calltime.mins < 0) OR (pr_calltinme.mns > 59) THEN
ERROR "M nutes nust be between 0 and 59. Please try again."

LET gr_viewcall.call_time[4,5] = "00"
NEXT FI ELD cal | _tinme
END | F

IF pr_calltime.hrs > 12 THEN
LET gr_viewcal | .ampnl = "PM
DI SPLAY BY NAME gr_vi ewcal | . am pnil
NEXT FI ELD yr_nonl
END I F
END | F
AFTER FI ELD am pni
I'F (gr_viewcal |.ampnl |'S NULL)
OR (gr_viewcal | . am pml[ 1] NOT MATCHES "[ AP] ")
THEN
ERROR "Time nust be either AMor PM"
LET gr_viewcal | .ampni[1] = "A"
NEXT FI ELD am pni
END I F

BEFORE FIl ELD yr _nonl
IF gr_viewcal |l .yr_nonl IS NULL THEN
LET gr_viewcal | .yr_nonl = TODAY
END I F

AFTER FI ELD yr _nonl
IF gr_viewcal | .yr_nonl IS NULL THEN
LET gr_viewcal | .yr_nonl = TODAY
DI SPLAY BY NAME gr_viewcal | .yr_nonl
END | F

CALL get_datetinme(pr_calltine.*, gr_viewcall.am pnid,
gr_viewcal | . yr_nonl)
RETURNI NG gr_custcal I s.cal | _dtine
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490

5000

510

5200

530

540

550
560

This IF statement tests whether the INPUT statement is executed as a result of
an Add operation (receiving a new call) or an Update operation (changing an
existing call). If the customer_num eld of the work buffer is NULL, then the
gr_custcalls record was empty before the data entry began. An initial empty
record indicates that the user is receiving a new call, rather than updating an
existing call (see Notes 27 and 28).

If this is an Add operation, the program veri es whether the cust_calls table
already contains a row for the current customer that has the same receipt time
as the current call. The stores7 database has a UNIQUE index on the
customer_num and call_dtime columns of cust_calls. This index ensures that
two calls are not logged at the same time for the same customer. The receipt
time must be unique.

If an INSERT statement attempted to insert a cust_calls row with a customer
number and receipt time that already existed in the table, the INSERT would
fail. To prevent this error, this SELECT statement counts the number of rows
in the cust_calls table that have the same customer number and receipt time
as the current call.

If the SELECT statement in Note 50 nds any rows with the same customer
number and receipt time as the current call, then this call will not be unique
and cannot be inserted into the database. The program noti es the user of the
error, reinitializes the time elds to the current time and day, and returns the
cursor to the call_time eld so the user can reenter the time.

Before the user can enter data in the user_id eld, the program checks if the
eld is empty. If so, it initializes the eld with the current user s ID. To obtain

the user 1D, the program uses the USER function of the SELECT statement.

This dummy SELECT does not actually select data from the database. It just

runs the USER function. Because the SELECT statement must specify a table,

it uses the systables system catalog, and to ensure that it yields only one row,

the SELECT statement includes a WHERE clause to specify the row having the
systables table name.

If the user has cleared the eld, the program returns the cursor to the user_id
eld. This test ensures that the user enters a user 1D value.

Before the user can enter data in the call_code eld, the program noti es the
user of the valid call code values.

The IF statement ensures that the call_code variable has a value.

This MESSAGE statement clears the message line once the cursor leaves the
eld. Leaving this message on the screen could confuse the user because the
codes it lists apply only to the call_code eld.
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491 I F gr_workcal | . customer_num 1S NULL THEN
5001 SELECT COUNT(*)
I NTO cal | _cnt
FROM cust _cal I s
WHERE cust onmer _num = gr_custcal | s. cust omer _num
AND cal | _dtine = gr_custcalls.call_dtine

510 IF (call_cnt > 0) THEN
ERROR "Thi s custoner already has a call entered for:
gr_custcalls.call_dtine
CALL init_time() RETURNING gr_viewcall.call_tine,
gr_viewcal | . am pml

NEXT FIELD cal | _tinme

END I F
END | F
BEFORE FI ELD user_id
5200 IF gr_viewcal | .user_id I'S NULL THEN
SELECT USER

I NTO gr _viewcal | .user_id

FROM i nf or m x. syst abl es

VWHERE t abnane = "systabl es"”
END I F

AFTER FI ELD user_id
5300 IF gr_viewcal |.user_id I'S NULL THEN
ERROR "You nust enter the nanme of the person |ogging the call."
NEXT FI ELD user _id
END | F

BEFORE FI ELD cal | _code
541 MESSAGE "Valid call codes: B, D, I, L, O"

AFTER FI ELD cal | _code
550 IF gr_viewcall.call_code |'S NULL THEN
ERROR "You nust enter a call code. Please try again."
NEXT FI ELD cal | _code
END | F

56 MESSAGE ""
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Notes 57 to 6001

570

5801

5901

600

Notes 61 to 641

610

620

630

640

650

660

The BEFORE FIELD clause performs eld initialization before the user can
enter data in the call_ ag eld.

The program noti es the user how to use the special feature to edit the call
description. See Notes 73 to 76 for a description of the ON KEY section that
implements this feature.

This IF statement determines whether the current call is a new call or an
existing call. See Note 49 for more information about this test.

If this is a new customer call, the f_edit form displays automatically so the
user can enter the new call s description. Calling the edit_descr() function
with the C argument tells this function to assign input from f_edit for the
call description eld, call_descr. With an argument of R , this function can
also assign input to the call resolution description, res_descr (see Note 71).

The edit_descr() function returns the setting for call_ ag. If the user has
entered input for the call description, then gr_custcalls.call_descr is not null
and call_ ag remainssetto Y . If the user has not entered input for
call_descr, thencall_ agissetto N .

This DISPLAY statement initializes the call_ ag eld. It displays the call_ ag
value in the screen eld of the same name.

The AFTER FIELD clause performs data validation after the cursor leaves the
call_ ag eld.

If no call description exists for this call but the user has entered Y , the call
description eld needs to be corrected by changing the its valueto N .

If a call description exists for this call but the user has entered N , the call
description eld needs to be corrected by changing its valueto Y .

This MESSAGE statement clears the message line once the cursor leaves the
eld. Leaving the message on the screen could confuse the user because this
editing feature is only valid from within the call_ ag eld.

The user is asked whether to continue on to the call resolution elds. If the
user wants to continue, the cursor moves to the next eld: res_time. If the
user does not want to continue, data entry is complete so the INPUT
statement exits.

This BEFORE FIELD section performs the same eld initialization on the
res_time eld as was performed on the call_time eld. See Note 38 for more
information.

This AFTER FIELD section performs the same data validation on the res_time
eld as was performed on the call_time eld. See Notes 39 to 44 for more
information.
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BEFORE FI ELD cal | _fl ag
MESSAGE "Press F2 (CTRL-E) to edit call description."

I F gr_workcal | .customer_num 1S NULL THEN --* doing an insert
LET gr_viewcall.call _flag = edit_descr("C")
DI SPLAY BY NAME gr_viewcal | .call _flag

END I F

AFTER FIELD cal | _fl ag
| F gr_custcalls.call_descr I'S NULL
AND (gr_viewcall.call_flag = "Y")

THEN
ERROR "No cal | description exists: changing flag to N."
LET gr_viewcall.call _flag = "N’
DI SPLAY BY NAME gr _viewcal l.call _flag

END | F

IF gr_custcalls.call_descr I'S NOT NULL
AND (gr_viewcall.call _flag = "N")
THEN
ERROR "A cal |l description exists: changing flag to Y."
LET gr_viewcall.call _flag = "Y"
DI SPLAY BY NAME gr_viewcal l.call_flag
END I F

MESSAGE ""
LET ga_dsplynsg[1] = "Call receiving information conplete."
I F pronpt _wi ndow("Enter call resolution now?", 14, 14) THEN
NEXT FI ELD res_tinme
ELSE
EXI T | NPUT
END | F

BEFORE FI ELD res_tine
IF gr_viewcall.res_time IS NULL THEN
CALL init_tinme() RETURNING gr_viewcall.res_tine,
gr_viewcal | . am pn?
DI SPLAY BY NAME gr_vi ewcal | . am pn2
END | F

AFTER FI ELD res_tine
IF gr_viewcall.res_time IS NULL THEN
CALL init_tinme() RETURNING gr_viewcall.res_tine,
gr_viewcal | . am pn?
ELSE

LET pr_restinme.hrs = gr_viewcall.res_tine[1, 2]
IF (pr_restine.hrs < 0) OR (pr_restinme.hrs > 23) THEN
ERROR "Hour must be between 0 and 23. Please try again."

LET gr_viewcall.res_tinme[1,2] = "00"
NEXT FIELD res_tinme
END I F
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Handling BYTE Data

This program stores the pointer to the TEXT data in the g_txtblob global
variable. To access the TEXT value, the program must:

1. Use the LOCATE statement to assign a storage location for the TEXT data.
2. Use a SELECT statement to assign the TEXT value to this location.

3. Use an INPUT statement to display the TEXT value on a screen.
4

Allow the user to modify the TEXT value by pressing the exclamation
point ( ! ) from the TEXT eld of f_catdescr to access a text editor: the !
is a standard feature of TEXT elds and the text editor is speci ed as vi
by the PROGRAM attribute in the f_catdescr form.

5. Use the UPDATE statement to update the TEXT column with the new
value if the user modi es the eld.

6. Use the FREE statement to deallocate the storage used by the TEXT data.

The location of the LOCATE and FREE statements within the program are not

xed. However, LOCATE must be executed before the TEXT variable is rst
accessed (assigned a value or displayed). Trying to access a TEXT variable
before it has been located yields a runtime error. Similarly, the FREE statement
must follow all accesses of the variable. Otherwise, the program will encoun-
ter a runtime error when it tries to access a deallocated TEXT variable.

Handling BYTE Data

Although the main form lists whether or not a given catalog item has an
associated catalog picture, this example does not demonstrate use of
accessing BYTE information. BYTE values can only be effectively displayed on
a graphical user interface, and the program must know the speci ¢ graphical
interface being used.

The steps for de ning, locating, and selecting BYTE data are the same as those
for TEXT data. However, the step of displaying the value to the user depends
on the nature of the data, and usually involves running a program that is
external to the application.
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Function Name
is_online()

load_arrays()

open_wins()
close_wins()
dsply_cat()
show_advert()

show_descr()

upd_err()
msg()

init_msgs()

message_window()

Purpose

Checks to see if the current database is an Informix Dynamic
Server or SE database. Dynamic Server data types are not
available with an SE database.

Loads the contents of the catalog table into global arrays:
ga_catrows and ga_catrids. Instead of reading the values of
the catalog TEXT columns (cat_descr), this program marks a
character eldas Y or N ,indicating the presence of the
TEXT value.

Opens all windows used in the program.

Closes all windows used in the program.

Displays the contents of the catalog program array
(ga_catrows) on the form f_catalog.

Displays the contents of the VARCHAR column (cat_advert)
on the form f_catadv.

Displays the contents of the TEXT column (cat_descr) on the
form f_catdescr.

Reports an error if one occurs during an UPDATE.

Displays a brief, informative message.

See the description in Example 5.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Opens a window and displays the contents of the
ga_dsplymsg global array.

See the description in Example 2.
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The f_catalog Form

10 This form compiles and runs with any version of the stores7 database. Only
the Informix Dynamic Server version contains the catalog table.

2[0 The top portion of the f_catalog form contains the screen array that displays
the catalog information. The bottom portion displays instructions for using
the form.

30 This form uses descriptive eld names (cnum and snum) as eld tags.

4[] Fields on this form display information about a stock item retrieved from
several database tables. The NOENTRY attribute prevents the cursor from
entering all elds except chnum.
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f_catalog form file

DATABASE st or es7

SCREEN
{
)
| Catalog # Pic? Txt? Stock # Stock Description Manuf act ur er
| [cnum] [ p] [t] [snum] [sdesc ] [ manu ]
| [cnum] [ p] [t] [snum] [sdesc ] [ manu ]
| [cnum] [ p] [t] [snum] [sdesc ] [ manu ]
| [cnum] [ p] [t] [snum] [sdesc ] [ manu ]
| [cnum] [ p] [t] [snum] [sdesc ] [ manu ]
|
| ___________________________________________________________________________
| ACTI ONS KEY SEQUENCES
| To exit Accept twice or CONTROL- E
| To scroll up and down Arrow keys
| To view or update:
| catal og advertising (varchar) F4 or CONTROL-V
| catal og description (text) F5 or CONTROL-T
e eeeeeeees-seesssssesssssssssssssssssssssssssssseeeeseeeeeeeeee====
}
END
TABLES
catal og, stock, manufact
END
ATTRI BUTES

cnum = catal og. catal og_num

p = FORMONLY. has_pi ¢ TYPE CHAR, NCENTRY;
t = FORMONLY. has_desc TYPE CHAR, NCENTRY;
snum = catal og. st ock_num NOCENTRY;
sdesc = stock. description, NOENTRY;
manu = manuf act. manu_nane, NOENTRY;

| NSTRUCTI ONS

SCREEN RECORD sa_cat[5] (catal og_num stock_num manu_nane,
has_pi c, has_desc, description)

END
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This form compiles and runs with an Informix Dynamic Server version of the
stores?7 database. Only the Informix Dynamic Server version contains the
catalog table.

Catalog information for the current item displays at the top of the form in the
cnum, sdesc, and man elds.

The NOENTRY attribute prevents the cursor from entering these elds in an
INPUT statement.

The copy eld displays the VARCHAR value (cat_advert) for the catalog row.
This eld consists of four lines of 64 characters each. The WORDWRAP
attribute enables the multi-line editor so the user can enter text in the eld
without having to press RETURN at the end of each line. The COMPRESS
option prevents blanks produced by the editor from being included as part
of the input.

The xn and xu elds do not actually accept input text. Rather they serve as a
resting point for the cursor so that the user can choose the action to take on
the VARCHAR value. The program de nes CONTROL-E so that:

* |f the user presses CONTROL-E from within xn, the program exits this
form without saving the VARCHAR data.

* |f the user presses CONTROL-E from within xu, the program saves the
VARCHAR data in the catalog table and then exits the form.

The COMMENTS attribute de nes text displayed in the form s comment line.
This text noti es the user of the CONTROL-E feature.
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f_catadv form file

100 DATABASE stores7

SCREEN
{
Ad copy for cat# [cnum], [sdesc ] from[man ]
[ copy |
[ copy ]
[ copy 1
[ copy ]
Exit w o changes [xn] Update current ad copy [xu]
}
END
TABLES
catal og, stock, manufact
END
ATTRI BUTES
20 cnum = catal og. catal og_num NOENTRY;
sdesc = stock. description, NOENTRY;
man = manuf act. manu_nanme, NOENTRY;
30 copy = catal og.cat_advert, WORDWRAP COWPRESS
COMMENTS = "Press RETURN for next field.";
40 xn = FORMONLY. xn TYPE CHAR,

COMMENTS = "Press CONTROL-E now to exit with no changes."
Xu = FORMONLY. xu TYPE CHAR,
COWVENTS = "Press CONTROL-E now to update the ad copy.";

END
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The f_catdescr Form
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This form compiles and runs with an Informix Dynamic Server version of the
stores?7 database. Only the Informix Dynamic Server version contains the
catalog table.

Catalog information for the current item displays at the top of the form in the
cnum, sdesc, and man elds.

The copy eld displays the TEXT value (cat_descr) for the catalog row. This

eld consists of seven lines of 64 characters each. The WORDWRAP attribute
allows the form to display the TEXT value over several lines. To edit the TEXT
value, the user must type an exclamation point ( ! ) from the copy eld. The
PROGRAM attribute speci esthatthe vi texteditoris used to editthe eld.
Because vi is the default text editor, this attribute speci cation is not actually
required. The COMMENTS attribute de nes the comment line text to tell the
user how to edit the TEXT eld.

The xn and xu elds serve as a resting point for the cursor so the user can
choose whether to save the TEXT value in the catalog table.
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f_catdescr form file

DATABASE st or es7

SCREEN
{
Description for cat# [cnum], [sdesc ] from[man ]
[ copy ]
[ copy ]
[ copy ]
[ copy ]
[ copy ]
[ copy ]
[copy ]
Exit w o changes [xn] Update current ad copy [xu]
}
END
TABLES
catal og, stock, manufact
END
ATTRI BUTES
cnum = catal og. catal og_num NOENTRY;
sdesc = stock. description, NOENTRY;
man = manuf act. manu_nane, NOENTRY;
copy = catal og.cat_descr, WORDWRAP, PROGRAME"vi",
COMMENTS = "Press ! to invoke an editor, RETURN for next field";
Xxn = fornonly. xn TYPE CHAR,
COMMENTS = "Press CONTROL-E now to exit with no changes." ;
XU = fornonly. xu TYPE CHAR,
COMMENTS = "Press CONTROL-E now to update the catal og description."”;
END

Example 18

431



The DATABASE and GLOBALS Statements

The DATABASE and GLOBALS Statements
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This DATABASE statement tells the compiler which database to use when
resolving variable de nitions that contain the LIKE clause. For example,

the ga_catadv array is de ned to contain elements LIKE the column
catalog.cat_advert. For the compiler to correctly process thisde nition, it rst
must encounter the DATABASE statement.

Three parallel global arrays manage the information about each catalog item:

* The ga_catrows global array holds the data to be displayed on the
f_catalog form. This record structure must match the screen record
de ned in the form.

* The ga_catadv global array holds the VARCHAR column values of the
catalog table. It is in a separate array because it is not displayed on the
form.

* The ga_catrids global array holds the ROWIDs of the catalog rows. The
ROWIDs are used to quickly access the TEXT or VARCHAR data for a
speci ed catalog row on the f_catalog form.

The same index into each array is used to retrieve complete information
about a single catalog item.

The ga_dsplymsg array is used as input to the message_window() function,
as described in Example 2, and the prompt_window() function, as described
in Example 4.

The MAIN Function

432

40
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The OPTIONS statement sets up the screen options for the form.

The is_online() function checks whether the current database is an Informix
Dynamic Server database. If it is not, the program exits because the catalog
table does not exist in the demonstration database for the INFORMIX-SE
server.

The g_arraysz variable contains the size of the global program arrays used in
this program. When the code needs to reference the array size to check index
limits, it uses this variable rather than a constant value of 200.

If, in the future, the size of these arrays needs to be changed, you only need
to change the actual array de nitions (the DEFINE statements) and the value
assigned to this variable. You do not need to search through the code for
occurrences of the constant value.
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4GL source file

100 DATABASE stores7
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GLOBALS
DEFI NE g_txflag CHAR(1), -- TRUE if database uses transactions
g_arraysz SMALLI NT, -- size of arrays used in ARRAY stnts
g_txtbl ob TEXT, -- cat_descr value, located in nenory
ga_catrows ARRAY[ 200] OF RECORD
cat al og_num LI KE cat al og. cat al og_num
st ock_num LI KE st ock. st ock_num
manu_narne LI KE manuf act . manu_nane,
has_pi c CHAR(1),
has_desc CHAR(1),
description CHAR( 15)
END RECORD,
ga_cat adv ARRAY[ 200] OF LI KE catal og. cat _advert,
ga_catrids ARRAY[200] OF | NTEGER,
DEFI NE ga_dspl ymsg ARRAY[ 5] OF CHAR(48)
END GLOBALS
MAI N
DEFI NE cat _cnt SMALLI NT -- count of rows actually read
DEFER | NTERRUPT -- ...do not stop cold on error or ~"C
OPTI ONS

MESSAGE LI NE LAST,
PROWPT LI NE LAST,
COMMENT LI NE FI RST,
FORM LI NE FI RST+1

I'F NOT is_online() THEN
EXI' T PROGRAM

END I F

LET g_arraysz = 200
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All the forms are opened at this point in the program, as opposed to opening
the forms only when the form is accessed. Although this method requires
more time in the beginning of the program and more memory to store all
forms at once, it saves time when the individual form is accessed because the
form is already opened.

The LOCATE statement de nes a temporary le to store the value of the
cat_descr TEXT column.

The load_arrays() function loads the rows of the catalog table into the
ga_catrows, ga_catadv, and ga_catrids global arrays. It returns the number of
rows stored in these arrays.

The open_wins() function opens the windows needed to display the catalog
information. This is an alternative to opening the windows only when the
window is to display. Although this method requires more time in the begin-
ning of the program to open up all windows and more memory to store all
windows at once, it saves time when the individual window is to display
because the window is already open.

The dsply_cat() function displays the contents of the ga_catrows array on the
form f_catalog and allows the user to view the data for the catalog rows.

The close_wins() function closes all windows used by the example.

The is_online() Function
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To check whether the program is working with an Informix Dynamic Server
database, the function opens the database. The CLOSE DATABASE statement
is issued because an attempt to open a database when one is already open
produces an error (-917) if the application is communicating with a remote
machine.

However, if the application is not using a remote database, an attempt to
close a database when none is open produces an error (-349) as well. To
prevent the program from terminating at this point, the WHENEVER ERROR
statements surround CLOSE DATABASE. Automatic error checking is turned
off before CLOSE DATABASE and turned back on after CLOSE DATABASE is
performed. Because automatic checking is off when CLOSE DATABASE is exe-
cuted, the program must perform its own error checking to determine the
success of the statement.

The IF statement checks the status in SQLCA.SQLCODE to determine the
success of the CLOSE DATABASE statement. An SQLCODE value of zero
(success) or -349 (database is not open) is expected. Any other SQLCODE
value indicates that an error has occurred.
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OPEN FORM f _cat al og FROM "f _cat al og"
OPEN FORM f _catadv FROM "f _cat adv"
OPEN FORM f _cat descr FROM "f _cat descr”

LOCATE g_txtblob IN FILE -- ...locate the blob variable
CALL | oad_arrays() RETURNI NG cat _cnt

CALL open_wi ns()
CALL dsply_cat(cat_cnt)
CALL cl ose_wi ns()
CLEAR SCREEN

END MAI N

FUNCTI ON i s_online()

WHENEVER ERROR CONTI NUE
CLOSE DATABASE
WHENEVER ERRCR STOP

| F sql ca. sql code <> 0 AND sql ca. sql code <> -349 THEN
ERROR "Error ", sql ca.sqlcode," closing current database."
RETURN ( FALSE)

END I F -- either 0 or -349 is K here
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This (second) DATABASE statement allows the program to check the values
in the SQLCA record. By placing this DATABASE statement within the code
instead of before the MAIN program block at the top of the module, the func-
tion can check the values of SQLCA immediately after the statement is
executed. The program cannot check for these values after a DATABASE
statement located at the top of the le, because 4GL statements, like IF, can
only appear within a program block.

The SQLCA record contains a eld named SQLAWARN. SQLAWARN is an
eight-character string in which the individual characters signal various
warning conditions. In this example, the second and fourth characters are of
interest:

* SQLCASQLAWARNI[2] issetto W if the database just opened uses
transactions. It is set to blank () otherwise.

®* SQLCASQLAWARNI[4]issetto W if the database just opened is an
Informix Dynamic Server database. It is set to blank () otherwise.

The value of the g_tx ag indicates whether the current database uses
transactions. This ag is used throughout the program to determine whether
or not to execute the BEGIN WORK, COMMIT WORK, and ROLLBACK WORK
statements. If a database uses transactions, these statements are required to
delimit transactions. However, if the database does not use transactions, then
executing these transaction statements generates a runtime error.

If SQLCA.SQLAWARN[4] is not W , then the current database is not an
Informix Dynamic Server database. The function uses the ga_dsplymsg array
with the message_window() function to notify the user that this example can-
not continue and then returns a value of FALSE.

If execution reaches this point, the current database is an Informix Dynamic
Server version of the stores7 database. Because the catalog table exists, the
example can continue.

The load_arrays() Function
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The c_cat cursor selects the rows of the catalog table. It does a three-way join
between the catalog, manufact, and stock tables to obtain the data for the
f_catalog form. This SELECT statement also selects the ROWID for each row of
the catalog table. For more information about ROWID, see Example 10.

As the program loads the arrays, it displays a window with a message telling
the user to expect a pause in execution. This message lets the user know that
this pause is not a slow response time.
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150 DATABASE st or es7

160 LET g_txflag = FALSE
| F SQLCA. SQLAWARN[ 2] = "W THEN -- get use of transaction
LET g_txflag = TRUE
END | F

170 | F SQLCA. SQLAWARN] 4] <> "W THEN
LET ga_dspl ynsg[ 1] "Thi s database is not an | NFORM X OnLi ne"
LET ga_dspl ynsg[ 2] " database. You cannot run this exanpl e because"
LET ga_dspl ynsg[ 3] it accesses a table containing data types"
LET ga_dspl ynsg[ 4] " specific to OnLine (VARCHAR, TEXT, BYTE)."
CALL nessage_wi ndow( 4, 4)
CLEAR SCREEN
RETURN ( FALSE)
END | F

180 RETURN ( TRUE)
END FUNCTION -- is_online --

HHBHHBHHRHHRH BB R R
FUNCTI ON | oad_arrays()

DEFI NE i dx SMALLI NT

190  DECLARE c_cat CURSOR FOR
SELECT cat al og. cat al og_num cat al og. st ock_num
manuf act . manu_nane, stock. description,
cat al og. cat _advert, catal og. ROND
FROM cat al og, manuf act, st ock
WHERE cat al og. st ock_num = st ock. st ock_num
AND cat al og. manu_code = nanuf act. nanu_code
AND st ock. manu_code = manuf act.manu_code
ORDER BY 1

2000 OPEN W NDOW w_nsg AT 5,5
WTH 4 ROAS, 60 COLUWNS
ATTRI BUTE ( BORDER)

DI SPLAY " ACCESSI NG OnLi ne DATA TYPES'
AT 1, 20

DI SPLAY "Loadi ng catal og data into arrays, please wait..."
AT 3, 2

LET idx = 1 { invariant: idx-1 rows have been | oaded }
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437



The load_arrays() Function

438

210

22[]

230

240

250

The FOREACH statement opens the c_cat cursor and fetches the data into the
associated program variables:

* The ga_catrows array stores information to display on the f_catalog form
(catalog number, stock number, manufacturer name, and stock
description).

* The ga_catadv array stores the VARCHAR catalog advertising column
(cat_advert).

* The ga_catrids array stores the catalog row s ROWID.

The information for a single row of the cursor is stored in each array at the
same index location.

The FOREACH statement loads into global arrays all catalog data except the
TEXT value. This value is not loaded now because it would take too much
memory and because it is not displayed on the f_catalog form. However, it is
useful to tell the user if the current row has values for the TEXT and BYTE col-
umns. The f_catalog form displaysan N or Y intwo elds: one for the
TEXT value and one for the BYTE value.

To set the has_desc eld, the function initializes the has_desc array ag for
the currentrow to N and then selects a literal value of Y over it only if
the value of the cat_descr column is not null. Using the row s ROWID for the
search makes this access very ef cient. The function follows the same
procedure to set the has_pic eld.

Notice that the user cannot access the BYTE value from this example.

The idx variable is the index into each global array. It counts the number of
elements in these arrays and consequently the number of rows selected. This
variable is incremented after the arrays are lled so that the next row fetched
can be stored at the next location of the arrays.

Because the global arrays are limited to 200 elements (the value of g_arraysz),
the program must check that room is available for the next catalog row. If no
room exists, the program exits the FOREACH loop and fetches no more rows.

Because idx is incremented after the arrays are lled to prepare for the next
iteration of FOREACH, it contains one more than the actual number of rows
loaded when the FOREACH loop exits. The LET statement decrements idx by
one to obtain the correct number of rows selected.

Once the arrays are loaded, the function closes the message window and
returns the number of elements in these arrays.
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FOREACH c_cat

CLOSE W NDOW w_nsg
RETURN (i dx)

END FUNCTION -- |oad_arrays --

I NTO ga_cat rows[i dx] .
ga_catrows[idx].
ga_catrows[idx].
ga_catrows[idx].
ga_catadv[i dx],
ga_catrids[idx]

cat al og_num
st ock_num
manu_nane,
description,

LET ga_catrows[i dx].has_desc = "N'
SELECT "Y"
I NTO ga_catrows[i dx] . has_desc
FROM cat al og
VWHERE rowi d = ga_catrids[idx]
AND cat _descr |'S NOT NULL
LET ga_catrows[idx].has_pic = "N’
SELECT "Y"
I NTO ga_catrows[i dx] . has_pic
FROM cat al og
VWHERE RON D = ga_catrids[idx]
AND cat _picture |'S NOT NULL
LET idx = idx + 1
IF idx > g_arraysz THEN -- make sure we dont
EXI' T FOREACH
END I F
END FOREACH
LET idx = idx - 1 -- actual nunber of rows |oaded

run overfill

arrays
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The open_wins() Function
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The open_wins() function opens a window for each form used in this
example:

* The f_catadv form appears in the w_advert window.
* The f_catdescr form appears in the w_descr window.
* The f_catalog form appears in the w_cat window.

Windows are opened in the reverse order of their use so that the rstwindow
to be used appears ontop ofall others, thereby hiding the others from view
until they are needed.

The close_wins() Function

270

The close_wins() function closes each of the windows used in the example.

The dsply_cat() Function
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The CURRENT WINDOW statement ensures that the w_cat window is the
current window before displaying the f_catalog form. For a more complete
example of using the CURRENT WINDOW statement, see Example 26.

The built-in function SET_COUNT() initializes the built-in function
ARR_COUNT() with the number of catalog rows that have been selected.

The DISPLAY ARRAY statement displays the rst ve items of the ga_catrows
program array in the sa_cat screen array. DISPLAY ARRAY must be preceded
by a call to SET_COUNT() to know how many rows to display.

An ON KEY clause allows the user to press CONTROL-E to exit the DISPLAY
ARRAY (and the f_catalog form). The Cancel key (typically CONTROL-C) also
will exit the array.
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FUNCTI ON open_wi ns()

260 OPEN W NDOW w_advert AT 6, 6
WTH 11 ROAS, 68 COLUMNS
ATTRI BUTE( BORDER, COWMENT LI NE LAST)

OPEN W NDOW w_descr AT 4, 4
W TH 13 ROA5, 72 COLUWNS
ATTRI BUTE( BORDER, COMMENT LI NE LAST)

OPEN W NDOW w_cat AT 2, 2
W TH 20 ROWS, 77 COLUWNS

END FUNCTION -- open_wins --
HHBHHBHHBH B H BB B AR
FUNCTI ON cl ose_wi ns()
HHBHHBHHBHHHH BB B R AR R
270 CLOSE W NDOW w_adver t
CLOSE W NDOW w_descr
CLOSE W NDOW w_cat

END FUNCTION -- close_wins --

FUNCTI ON dspl y_cat (cat _cnt)

DEFI NE cat _cnt SMALLI NT

280 CURRENT W NDOW | S w_cat
DI SPLAY FORM f _cat al og

2900 CALL SET_COUNT(cat _cnt)
LET int_flag = FALSE
DI SPLAY ARRAY ga_catrows TO sa_cat.*
300 ON KEY ( CONTROL- E)
EXI T DI SPLAY
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This ON KEY clause de nes a special feature for the CONTROL-V or F4 key.
The user can press either key to view the VARCHAR advertising copy for the
current catalog row.

The show_advert() function implements this feature. The function accepts as
an argument the index position of the cursor (returned by the ARR_CURR()
function) so it can tell which catalog item is the current row. Before
show_advert() begins execution, 4GL evaluates ARR_CURR() and passes its
result as the argument to show_advert().

This ON KEY clause de nes a special feature for the CONTROL-T or F5 key.
The user can press either key to view the TEXT catalog item description for
the current catalog row.

The show_descr() function implements this feature. Like the show_advert()
function, this function accepts as an argument the current cursor position.

Once the user has exited the screen array, the FREE statement releases the
space used to store the TEXT value.

The show_advert() Function
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The CURRENT WINDOW statement ensures that the w_advert window is the
current window before the f_catadv form is displayed. For a more complete
example of using the CURRENT WINDOW statement, see Example 26.

The DISPLAY statement initializes the f_catadv form with the catalog
information for the current catalog row.

The LET statement assigns the VARCHAR value stored in the ga_catadv array
to a local variable. It uses the current cursor position as an index into the
array.

The exit_ d and upd_ d variables initialize the screen elds xn and xu,
respectively, to an underscore character ( _ ). These elds are not used to
accept user input but rather to receive the user s exit command. If the user
presses CONTROL-E from exit_ d, execution leaves the f_catadv form with-
out saving the contents of advert (the current catalog item s advertising
copy). If the user presses CONTROL-E from theupd_ d eld, execution saves
the current advert value in the catalog table and then leaves f_catadv.

The upd_advert ag is tested after the INPUT statement to see whether or not
to perform the update of the cat_advert column. Itis initialized here to FALSE
and set to TRUE in the BEFORE FIELD section for the xu eld (see Note 40).
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ON KEY (CONTROL-V, F4)
CALL show_advert (ARR_CURR())

ON KEY ( CONTROL- T, F5)
CALL show_descr (ARR_CURR())

END DI SPLAY

FREE g_t xt bl ob -- free tenp file

END FUNCTION -- dsply_cat --

HHBHHBHHBHHBH B H BB B R AR R
FUNCTI ON show_advert (r ownun)

DEFI NE rownum | NTEGER,
upd_advert SMALLI NT,
advert LI KE cat al og. cat _advert,
exit_fld CHAR( 2),
upd_fld CHAR( 2)

CURRENT W NDOW | S w_advert

DI SPLAY FORM f _cat adv

DI SPLAY ga_cat rows[ rownuni . cat al og_num ga_catrows[rownuni. descri ption,

ga_cat r ows[ r ownuni . manu_nane
TO catal og_num description, nmanu_nane

LET advert =
LET exit _fld
LET upd_fld ="_"

LET upd_advert = FALSE

ga_cat adv[ r ownunj

LET int_flag = FALSE
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The INPUT statement displays the initialized input elds and accepts user
input from the cat_advert eld. The input elds are initialized with the
values of the variables advert, exit_ d, and upd_ d, respectively, because
this INPUT statement contains a WITHOUT DEFAULTS clause.

These BEFORE FIELD sections set the value of the update ag upd_advert.
This ag is only set to TRUE when the cursor reaches the xu eld. If the user
presses CONTROL-E from this eld, the catalog row will be updated. If the
user presses CONTROL-E from either the cat_advert or the xn eld,
upd_advert is set to FALSE.

The AFTER FIELD section performs a wraparound function. If the user presses
RETURN, the cursor loops back to the cat_advert eld.

The ON KEY clause de nes a special feature for the CONTROL-E or ESC key
sequences. The user can press either key to exit the f_catadv form.

If the user has exited the INPUT from the xu eld, upd_advert is TRUE and
the function updates the cat_advert column of the catalog table.

The setting of the g_tx ag variable determines whether or not to execute the
BEGIN WORK statement. If the database uses transactions (stores7 does), then
BEGIN WORK marks the beginning of a new transaction. If the database does
not use transactions, the program skips over the BEGIN WORK to avoid gen-
erating a runtime error. In such a database, each SQL statement is a singleton
transaction. For a description of how g_tx ag is set, see Note 16.

The UPDATE statement updates the cat_advert column of the current catalog
row. The WHENEVER ERROR CONTINUE statement prevents the function
from terminating if the UPDATE generates an error. The function does its own
error checking by testing the value of the global status variable.

If the status is negative, the UPDATE statement has failed and the function
calls the upd_err() function to notify the user of the cause.

If the status is zero, the UPDATE statement is successful. The setting of the
g_tx ag variable determines whether or not to execute the COMMIT WORK
statement. If the database uses transactions (stores7 does), then COMMIT
WORK saves the database changes and ends the current transaction. If the
database does not use transactions, the program skips over COMMIT WORK
to avoid generating a runtime error. For a description of how g_tx ag is set,
see Note 16.
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I NPUT advert, exit_fld, upd_fld
W THOUT DEFAULTS FROM cat _advert

BEFORE Fl ELD cat _advert
LET upd_advert = FALSE

BEFORE FI ELD xn
LET upd_advert = FALSE

BEFORE FI ELD xu
LET upd_advert = TRUE

AFTER FI ELD xu
NEXT FI ELD cat _advert

ON KEY( CONTROL- E, ESC)
EXI T | NPUT

END | NPUT

| F upd_advert THEN -- user wants to update field

I F g_txflag THEN
BEG N WORK
END I F

WHENEVER ERROR CONTI NUE
UPDATE cat al og SET cat _advert =
WHERE rowi d = ga_catrids[rownunj
WHENEVER ERROR STOP

| F (status < 0) THEN
CALL upd_err()
ELSE
I F g_txflag THEN
COW T WORK
END I F

, XN,

advert

Xu
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490

If the advert eld has been updated, then the value in the global VARCHAR
array needs to be updated. This LET statement assigns the new advert value
to the appropriate element of the ga_catadv array.

When this function is done, the w_advert window no longer needs to be
current. This CURRENT WINDOW statement makes the window containing
the f_catalog form the current window.

The show_descr() Function
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The show_descr() function is almost identical to the show_advert() function.
While show_advert() displays the current row s VARCHAR value on the
f_catadv form, show_descr() displays the current row s TEXT value on the
f_catdescr form. Only steps that differ signi cantly from the behavior of
show_advert() are described here. Refer to the description of show_advert()
if you have questions about unmarked sections of this function.

The SELECT statement selects the current catalog item s description from the
catalog table. This TEXT value is stored in the temporary le pointed to by the
g_txtblob variable. This variable must be initialized with the location to store
the TEXT value before it can store the TEXT value (see Note 8).

To optimize the access of the TEXT column, the SELECT uses the row s ROWID.
The ROWID for each catalog row is stored in the ga_catrids array. When
show_descr() is called, the program passes in the result of the ARR_CURR()
function. This value is the index into the ga_catrids array where the current
row s ROWID is stored.

The upd_descr ag is tested after the INPUT statement to determine whether
to perform the update of the cat_descr column. It is initialized here to FALSE
and set to TRUE in the BEFORE FIELD xu program block (see Note 53).

The INPUT statement displays the initialized input elds and accepts user

input from the cat_descr eld. The input elds xn and xu are initialized with

the values of the variables exit_ d and upd_ d, respectively. The cat_descr
eld is initialized with the value pointed to by the g_txtblob variable.

Notice that to edit the value in the cat_descr eld, the user must escape to a
system editor with the exclamation point ( ! ). The editor brings up the value
pointed to by the g_txtblob variable and, if the user saves changes, writes the
new value to the location indicated by g_txtblob.
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4801 LET ga_catadv[rownuni = advert
END | F
END | F
490 CURRENT W NDOW | S w_cat

END FUNCTION -- show_advert --

5000 FUNCTI ON show descr (rownum)

DEFI NE rownum | NTEGER,
upd_descr SMALLI NT,
exit_fld CHAR( 2),
upd_fld CHAR( 2)

CURRENT W NDOW | S w_descr

DI SPLAY FORM f _cat descr
DI SPLAY ga_catrows[rownuni. catal og_num ga_catrows[rownunj.description,
ga_cat r ows[ r ownuni . manu_nane
TO catal og_num description, nmanu_nane

5100 SELECT cat_descr
I NTO g_t xt bl ob
FROM cat al og
WHERE ROW D = ga_catrids[rownuni

LET exit_fld = "__
LET upd_fld = "__"
5200 LET upd_descr = FALSE

LET int_flag = FALSE
530 INPUT g_txtblob, exit_fld, upd_fld WTHOUT DEFAULTS FROM cat_descr, xn, xu
BEFORE FI ELD xn
LET upd_descr = FALSE

BEFORE FI ELD xu
LET upd_descr = TRUE

AFTER FI ELD xu
NEXT FI ELD cat _descr

ON KEY( ESC, CONTROL- E)
EXI T | NPUT
END | NPUT

| F upd_descr THEN -- user wants to update field
I F g_txflag THEN
BEG N WORK
END I F
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540

The UPDATE statement updates the cat_descr column of the current catalog
row. The WHENEVER ERROR CONTINUE statement prevents the function
from terminating if UPDATE generates an error. The function does its own
error checking by testing the value of the global status variable.

The upd_err() Function
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The scode variable stores the status of the most recently executed SQL
statement. By containing the value of SQLCA.SQLCODE instead of the status
variable, this variable is guaranteed to re ect the status of the most recently
executed SQL statement. The status variable contains the value of the most
recently executed 4GL statement. The icode variable stores the current ISAM
error code. 4GL stores the ISAM error code in SQLCA.SQLERRDI[2] after an SQL
statement.

The g_tx ag variable determines whether or not to execute the ROLLBACK
WORK statement. If the database uses transactions (stores7 does), then ROLL-
BACK WORK cancels the changes made to the database by the current trans-
action and ends the current transaction. If the database does not use
transactions, the program skips over ROLLBACK WORK and avoids generat-
ing a runtime error. In such a database, each SQL statement is a singleton
transaction. For a description of how g_tx ag is set, see Note 16.

The function noti es the user of the failed database operation with the
ga_dsplymsg array and the message_window() function. This message
includes both the SQLCA.SQLCODE code and the ISAM error code.
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54[] WHENEVER ERROR CONTI NUE
UPDATE cat al og SET cat _descr = g_txtbl ob
WHERE ROW D = ga_catrids[rownuni
WHENEVER ERROR STOP

| F (status < 0) THEN
CALL upd_err()
ELSE
I F g_txflag THEN
COW T WORK
END I F
END I F
END I F

CURRENT W NDOW | S w_cat
END FUNCTI ON -- show descr --
HHBHHBHHBH AR H BB R R R
FUNCTI ON upd_err ()
HHHHHBH IR H BB AR R
DEFI NE scode, icode | NTEGER

5500 LET scode = SQLCA SQLCCDE

LET i code = SQLCA. SQLERRD[ 2] -- isamerror code
560 IF g_txflag THEN
ROLLBACK WORK
END I F
570 LET ga_dsplynsg[1] = "Update failed, sql code=",scode,", isam code=",icode
LET ga_dspl ynsg[2] = "Database not changed."

CALL nessage_wi ndow( 2, 2)

END FUNCTION -- upd_err --

To locate any function de nition, see the Function Index on page 730.
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9.Accessing a Table with a Single-Row
Form
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Browsing with a Scroll
cursor

This example demonstrates how to use a scroll cursor to browse through a
selection of rows. The response time of the application is minimized by

reading ahead ;that s, by fetching the next row after displaying the current
row, while the user is busy viewing the current data.
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The Main Function

The main program contains a two-step loop. Inthe rst step, the user is asked
to enter selection criteria in a query-by-example form. If the user interrupts
this step, the program ends. This step is the same as that in Example 6.
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In the second step, the user s criteria are assembled into a SELECT statement
that is associated with a scroll cursor. The cursor is opened and the browsing
function is called. It returns a Boolean ag to indicate whether the user
selected the Exit menu choice. If so, the program ends.

The Browsing Function

The purpose of the browsing function is to display a menu across the top of
the familiar customer form and to execute the choices in that menu. The
following choices appear on the menu:

452

Query

Exit
First
Next
Prior
Last

Browsing with a Scroll Cursor

Stop browsing and return to the query-by-example phase
to specify new selection criteria.

Stop browsing and end the program.
Display the rst row in the selected set.
Display the next row in the set.
Display the prior row in the set.
Display the last row in the set.



The Browsing Function

A Simple Approach to Scrolling

The simplest way to implement the scrolling choices would be to translate
each choice into a corresponding FETCH statement. The code would read like
the following:

COVVAND "First"
FETCH FI RST cust_row I NTO curr_cust.*
DI SPLAY BY NAME curr_cust.*
COMVAND " Next "
FETCH NEXT cust_row | NTO curr_cust.*
| F SQLCA. SQLCODE = 0 THEN
DI SPLAY BY NAME curr_cust.*
ELSE
ERROR "There are no further rows in the selected set."
END | F
COVVAND " Prior"
FETCH PRI OR cust_row I NTO curr_cust.*
| F SQLCA. SQLCODE = 0 THEN
DI SPLAY BY NAME curr_cust.*
ELSE
ERROR "There are no preceding rows in the selected set."
END | F
COMVAND " Last"
FETCH LAST cust_row | NTO curr_cust
DI SPLAY BY NAME curr_cust.*

This approach works well and takes advantage of the features of a scroll
cursor. (An ordinary cursor supports only FETCH NEXT operations.) How-
ever, it has at least two drawbacks:

* Itdoes notwarn the user when the end of the list is reached. The user only
discovers it by asking for a next or prior record and receiving an error
message. This presents a minor usability problem.

* The desired row is fetched at the point when the user asks for it. If the
fetch takes more than half a second to execute, the user will perceive a
delay between choosing the menu option and seeing the display. Some
users may experience the delay as dead time.

Fetching Ahead

This example demonstrates methods for resolving each of these potential
problems. Both objections can be met if the program can stay one row ahead
of the user. When the user chooses Next or Prior, a row that was previously
fetched is displayed. While the user is looking at the current row, a FETCH
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Error Handling

statement is executed to retrieve the next row in the same direction. In most
instances, the fetch is completed before the user is ready to enter another
menu choice.

Manipulating the Menu

The rstobjection, that the user is not warned of the end of the list, is handled
by hiding all but the usable menu options. The following cases occur:

* When the selection produces no rows at all, only the Query and Exit
menu options are displayed.

* When no next row exists, the Next option is hidden.
* When no prior row exists, the Prior option is hidden.

In addition to hiding irrelevant options, the default menu option is
manipulated to anticipate the user s likely next action:

* When the selection produces no rows or only a single row, Query is the
default option. When multiple rows are retrieved, Next is the default.

* When the user reaches the end of the set going forward, First is made the
default option. A user can press RETURN and cycle through the list.

* When the user reaches the rst record by going backward, Last is made
the default option.

Error Handling

454

This program contains no WHENEVER statement; it does not trap errors. Ifan
SQL statement produces a negative return code, the program terminates with
amessage. In this program, no error conditions are expected. The only likely
error is one showing that a row is locked by another user. The simplest way
to minimize the risk of a locking con ict is to execute SET LOCK MODE TO
WAIT early in the program. You could insert the statement just after DEFER
INTERRUPT in the MAIN section. An alternative method of handling locked
rows is demonstrated in Example 23.
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Function Overview

Function Overview

Function Name
scroller_1()
query_cust2()

clear_lines()
init_msgs()

prompt_window()

message_window()

msg()

Purpose

Runs the browsing menu, fetching rows on request

Lets the user create a query by example.

See the description in Example 6.

Clears any number of lines, starting at any line.

See the description in Example 6.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Displays a message and prompts the user for af rmation or
negation. This function is a variation on the
message_window() function that appears in Example 2.
See the description in Example 4.

Opens a window and displays the contents of the
ga_dsplymsg global array.

See the description in Example 2.

Displays a brief, informative message.

See the description in Example 5.
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The DATABASE and GLOBALS Statements

10
20

This example works with any version of the demonstration database.

The ga_dsplymsg array is used as input to the message_window() function,
as discussed in Example 2.

The MAIN Function

456
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The more variable controls the main loop. As long as it is TRUE, more work
remains.

The DEFER INTERRUPT statement prevents the Interrupt key (typically
CONTROL-C) from terminating the program. Instead, it sets the global vari-
able int_ ag, as discussed in Example 5. It is tested following a CONSTRUCT
statement to see if the user cancelled the statement. Also, the Interrupt key is
associated with the Exit option of the browsing menu.

The program would still work if this statement were removed, but using
Interrupt would terminate the program immediately.

These options are used with the f_customer form, as described in Example 6.

The query_cust2() function, introduced in Example 6, executes a
CONSTRUCT statement using the f_customer form and returns a character
string that holds a SELECT statement. If the user cancels CONSTRUCT, the
function returns a null string, which is a signal to end the program.

The SELECT statement is prepared, associated with a scroll cursor, and
opened. Because no WHENEVER statement has been executed, any error in
these three statements terminates the program. An error could only occur on
PREPARE if the SELECT statement were syntactically invalid. An error on
DECLARE at this stage of a program is almost impossible.

An error might occur on the OPEN statement because the table or a column
could not be found. That would usually indicate that the wrong database had
been selected or the database schema had been changed. OPEN would also
fail if the table were locked by another user.
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The MAIN Function

4GL source file

100 DATABASE stores?

GLOBALS
20 DEFI NE ga_dspl ynsgs ARRAY[ 5] OF CHAR(48)
END GLOBALS
MAI N
DEFI NE stnt CHAR(150), -- select statenment from CONSTRUCT
30 more SMALLI NT -- continue flag

40 DEFER | NTERRUPT

50 OPTI ONS
HELP FILE "hl pnsgs",
FORM LI NE 5,
COVMENT LI NE 3,
MESSAGE LI NE 19

OPEN FORM f _cust omer FROM "f _cust oner”
DI SPLAY FORM f _cust oner

LET nore = TRUE

VWH LE nore
60 CALL query_cust2() RETURNI NG st nt
IF stnt 1S NOT NULL THEN
70 PREPARE prep_stnmt FROM stnt

DECLARE cust _row SCROLL CURSOR FOR prep_stnt

OPEN cust _row

LET nore = scroller_1()-- Query returns TRUE, Exit returns FALSE
CLOSE cust _row

ELSE -- query was cancel |l ed
LET nore = FALSE
END I F
END WHI LE

CLOSE FORM f _cust oner
CLEAR SCREEN
END MAI N
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The scroller_1() Function
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The scroller_1() function controls the order in which rows are fetched and
displayed to the user. It is called by the MAIN function and returns only when
the user chooses the Exit or Query menu option.

Three records contain cached rows that can be shown to the user. In general,
moving forward in the selection set involves:

e Copying curr_cust into prior_cust.

e Copying next_cust into curr_cust.

¢ Displaying curr_cust.

* Fetching the following record into next_cust.

Moving backward in the selection set is the same process, with the roles of
next_cust and prior_cust reversed. This simple picture is complicated by two
considerations:

* Afollowing record may not exist in the current direction. This end-of-list
condition requires special handling.

* The position of the cursor, relative to the three row records, depends on
which menu choice was used most recently. When the Next option is
selected, the cursor is used to fetch the row in next_cust. When the Prior
option is selected, the cursor is used to fetch the row in prior_cust. This
introduces complications when the user reverses the direction of travel.
For example, the user selects Next and then Prior, or Prior and then Next.

The fetch_dir ag shows the direction in which the user is displaying records,
that is, which menu option was executed most recently (Next or Prior). Its
value reveals the relationship between the cursor and the three cached rows,
as discussed in the preceding note.

4GL currently does not support a means of declaring constant values with
names, so read-only ag values like these must be de ned as variables and
assigned.

The MENU statement begins here and extends through the END MENU
statement at the end of this function.

The BEFORE MENU block is executed before the menu options are displayed
on the screen. It determines whether the selected set of rows contains zero,
one, or many rows and sets the menu options accordingly.

If NOTFOUND IS signalled on the very rst fetch, the menu is reduced to two
options: Exit and Query; Query is the default option.
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FUNCTI ON scrol ler_1()
HHBHHBHHBH R H BB B AR

DEFI NE curr_cust, -- the row now being displ ayed
next _cust, -- the row to display when Next is chosen
prior_cust -- the row to display when Prior is chosen

RECORD LI KE custoner. *,

retval, -- value to RETURN from function
fetch_dir, -- flag showing direction of travel
toward_| ast -- flag val ues: going Next-w se,
toward_first, -- ...going Prior-wse, or at
at _end SMALLINT  -- ...(either) end of the Iist

LET toward_|l ast = +1
LET toward first = -1
LET at_end = 0

DI SPLAY

———————————————————————————————————————————— Press CTRL-Wfor Help----------

AT 3, 1
MENU " Vi ew Cust oners”

BEFORE MENU -- Set up as for First, but with chance of zero rows

FETCH FI RST cust_row I NTO curr_cust.*
| F SQLCA. SQLCODE = NOTFOUND THEN
ERROR "There are no rows that satisfy this query."
H DE OPTI ON ALL
SHOW OPTI ON " Query"
SHOW OPTI ON "Exi t"
NEXT OPTI ON "Query"

Example 19
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The ELSE portion of the IF statement is executed when the fetch returns one
row. It is displayed to the user immediately. Because it is the rst row, no
prior record exists, and the Prior menu option is hidden. While the user
views this row, the next row is fetched.

If the fetch is successful, the second row is read into next_cust, and the Next
menu option, which is visible because it has not been hidden, is made the
default choice.

The ELSE is executed only when the query returns a single row. The Next
option is hidden. Only Query, Exit, First, and Last remain visible, and Query
is made the default.

The KEY keyword associates the ESCAPE key with the Query option. Users
should be told about such hidden accelerator keys in the program
documentation.

The First and Last choices perform a fetch while the user waits. In certain rare
cases, the rst or last row may be sitting in the prior_cust or the curr_cust
record. The program could be modi ed to detect these cases and avoid this
FETCH Operation, but the extra code does not seem to be justi ed.

The IF statement checks for a situation very similar to that present in the
BEFORE MENU section, (see Notes 16 and 17). The difference is that, before
the menu was displayed, the Next option was sure to be visible. In this
instance, the previous operation might have been Last, which hides the Next
choice, so the SHOW OPTION statement is used to make certain that Next is
visible.

The Next option is visible only when a next record exists. The option is stored
in the next_cust record. The rows are shuf ed around in the cache, and the
new current row is displayed.

The CASE statement uses the value of fetch_dir to fetch the row that the user
probably wants to see next.

The previous operation used the cursor to fetch the row that is now in
curr_cust, so fetching the following row requires only FETCH NEXT.

The previous operation used the cursor to fetch the row that is now in
prior_cust. It tried to fetch a row prior to that one, but there was none. The
row now in curr_cust is relative +1 to that; the one needed in next_cust is
relative +2.

The previous operation used the cursor to fetch the row that was in
prior_cust and has since been discarded. The row now in prior_cust was
relative +1 to that; the one needed in next_cust is +3.
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ELSE -- found at |east one row
DI SPLAY BY NAME curr_cust.*
H DE OPTION "Prior"
LET fetch_dir = toward_| ast
FETCH NEXT cust _row | NTO next _cust.*
I F SQLCA. SQLCODE = 0 THEN -- at least 2 rows
NEXT OPTI ON " Next "
ELSE -- only 1 rowin set
H DE OPTI ON "Next"
NEXT OPTI ON "Query"
END I F
END | F

COMVAND KEY(ESC, Q "Query"”

"Query for a different set of custoners" HELP 130
LET retval = TRUE
EXI T MENU

COWAND "First" "Display first custoner in selected set"

HELP 133
FETCH FI RST cust_row I NTO curr_cust.* -- this cannot return 100
DI SPLAY BY NAME curr_cust.* -- give user sonething to | ook at
H DE OPTION "Prior" -- cant back up from#1
LET fetch_dir = toward_| ast
FETCH NEXT cust_row | NTO next _cust.*

I F SQLCA. SQLCODE = 0 THEN -- at least 2 rows
SHOW OPTI ON " Next " -- it mght be hidden
NEXT OPTI ON " Next"

ELSE -- only 1 rowin set

HI DE OPTI ON " Next "
NEXT OPTI ON " Query"
END | F

COWAND "Next" "Display next custonmer in selected set"

HELP 134
LET prior_cust.* = curr_cust.*
SHOW OPTION “Prior"
LET curr_cust.* = next_cust.*
DI SPLAY BY NAME curr_cust.*
CASE (fetch_dir)
VWHEN t owar d_| ast
FETCH NEXT cust_row | NTO next _cust.*
WHEN at _end
FETCH RELATI VE +2 cust _row | NTO next _cust.*
LET fetch_dir = toward_| ast
WHEN t owar d_fi rst
FETCH RELATI VE +3 cust _row | NTO next _cust.*
LET fetch_dir = toward_| ast
END CASE
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No row exists after curr_cust. The Next option is hidden and First is made the
default.

The logic of the Prior option is just like the logic of the Next option, with the
roles of the cache records and the relative fetch offsets reversed.

The logic of Last is just like the logic of First, but with the roles of the cache
records reversed and with PRIOR replacing NEXT in both the FETCH and
HIDE OPTION statements.

The Interrupt signal is associated with the Exit menu choice. As aresult, if the
user interrupts the display function, the program terminates quietly.
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| F SQLCA. SQLCODE = NOTFOUND THEN
LET fetch_dir = at_end
261 H DE OPTI ON " Next"
NEXT OPTION "First"
END | F

COWAND "Prior" "Display previous custonmer in selected set"
HELP 135
270 LET next _cust.* = curr_cust.*
SHOW OPTI ON " Next "
LET curr_cust.* = prior_cust.*
DI SPLAY BY NAME curr_cust.*
CASE (fetch_dir)
WHEN t owar d_fi rst
FETCH PRI OR cust _row | NTO prior_cust.*
WHEN at _end
FETCH RELATI VE -2 cust_row | NTO prior_cust.*
LET fetch_dir = toward_first
WHEN t owar d_| ast
FETCH RELATI VE -3 cust_row | NTO prior_cust.*
LET fetch_dir = toward_first
END CASE
| F SQLCA. SQLCODE = NOTFOUND THEN
LET fetch_dir = at_end
H DE OPTION "Prior"
NEXT OPTION "Last"

END I F
COWAND "Last" "Display final custonmer in selected set"
HELP 136
2800 FETCH LAST cust_row I NTO curr_cust.* -- this cannot return 100

DI SPLAY BY NAME curr_cust.* -- give user sonething to | ook at
HI DE OPTION "Next"-- cant go onward from here
LET fetch_dir = toward_first
FETCH PRI OR cust _row I NTO prior_cust.*
I F SQLCA SQLCODE = 0 THEN-- at least 2 rows
SHOW OPTION "Prior" -- it mght be hidden
NEXT OPTION "Prior"
ELSE --only 1 rowin set
H DE OPTION "Prior"
NEXT OPTI ON "Query"

END | F
290 COWAND KEY(| NTERRUPT, "E", "X') "Exit" "Exit program" HELP 100
LET retval = FALSE
EXIT MENU
END MENU

RETURN r et val

END FUNCTION - scroller_1 -
To locate any function de nition, see the Function Index on page 730.
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Combining Criteria from
Successive Queries

This example builds on Example 19. It gives its user the new ability to revise
aquery, adding constraints to exclude rows from the selected set. This is done
by performing a subsequent CONSTRUCT operation and combining the new
conditions with those produced in prior CONSTRUCT operations.
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The Main Function

The main program contains a two-step loop. Inthe rststep, the user is asked
to enter selection criteria in a query-by-example form. The code is similar to
that of Example 6 and Example 19, but it differs in that it does not assemble
a complete SELECT statement. Instead, it returns only the conditional
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expression output from CONSTRUCT. If the user cancels the CONSTRUCT
operation, a null string is returned and the main loop takes this as a signal to
end the program.

In the second step, the conditional expression is passed to a browsing
function. The function prepares a SELECT statement, associates it with a
cursor, and opens it. A browsing menu like the one in Example 19 is
displayed. However, the menu includes a Revise option and a Show_cond
option.

If the user selects Revise, the program allows entry of additional selection
criteria. These new criteria are added to the previous conditional expression,
a new SELECT statement is prepared and opened, and browsing resumes.

The main program ends when the browsing function returns a Boolean value
indicating that the user chose the Exit menu option or pressed the Interrupt
key (typically CONTROL-C).

The Browsing Function

466

The browsing function, scroller_2(), is based on the scroller_1() function
found in Example 19. You should understand the read-ahead logic used in
Example 19 before studying scroller_2().

The browsing function supports the following menu choices:

Query Stop browsing and return to the query phase to choose a
new selection of rows.

Revise Place additional conditions on the current query.

Show_cond Display the conditional expression for the current query.

First Display the rst row of the selected set.

Next Display the next row in the set.

Prior Display the prior row in the set.

Last Display the last row in the set.

Exit Stop browsing and end the program.

The Query, Exit, and First through Last options are identical to those in
Example 19. The Revise and Show_cond options are new in this example.
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Revising a Query

The user completes a query by example to specify additional criteria. The 4GL
code that supports the query by example is the same as used in the initial
query, except for some informational messages. See the section The Query
By Example Functions on page 468. The new criteria are appended to the
existing criteria, creating a new conditional expression. A new SELECT state-
ment, incorporating the enhanced conditional expression, is prepared and
opened.

Note that the new set of selected rows might have no rows in it, or only one
row. The BEFORE MENU section of the browsing function checks for these
conditions.

The code to prepare, declare, and open a cursor already precedes the start of
the menu operation. Instead of repeating the same logic as part of the Revise
option, the program simply collects the new conditional expression, exits the
menu, and starts over again as if the extended condition had been the original
one.

This restart could be done in either of two ways:

e Cursor management could appear in the main loop. When Revise is
chosen, the browsing function could terminate, returning a ag so that
the main loop could tell the difference between the Query, Exit, and
Revise choices. It would be up to the main loop to close and reopen the
cursor and restart the browse.

e Cursor management could appear in the browsing function. When Revise
is chosen, it could close and reopen the cursor and resume the menu
execution.

This example uses the second design. You might try rewriting the example
using the rst design.

Displaying the Search Criteria

The menu option Show_cond displays the current search criteria as a text
string in a new window.

This feature is primarily a debugging aid while the program is being
developed. Whether it should appear ina nished application depends on
the audience for the program. It would be very useful to some kinds of users
and meaningless to others.
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The Query By Example Functions

This program contains two functions that execute CONSTRUCT statements
and collect query conditions. The rst, query_cust3a(), is the same as the
query_cust2() function of Example 6, except that it returns only the condi-
tional expression and not a complete SELECT statement. This allows the
calling function to store the conditions apart from the SELECT statement, so
they can be used in other statements or modi ed. In Example 27, the same
conditional expression will be used with two different SELECT statements
and with UPDATE and DELETE statements.

The second query function, query_cust3b(), is almost identical. It differs in
the prompting messages it displays on the form ( Enter additional condi-
tions instead of Enter query conditions ) and, more signi cantly, in the
way it handles a null response.

When query_cust3a() sees a null response to CONSTRUCT, it reminds the user
that an empty condition will select all rows. That is not the case when addi-
tional conditions are being collected; then, an empty condition merely leaves
the query unchanged. The prompt in query_cust3b() re ects this difference.

The answer() Function

468

This example introduces another general-purpose subroutine for warning or
prompting the user. The answer() function (as described in Note 15) takes a
message string and three answer strings, which may be null. The user is
shown the message and prompted for a choice from among the answers. The
MATCHES operator is used in an unusual way to detect valid responses.

Combining Criteria from Successive Queries



Function Overview

Function Overview

Function Name
scroller_2()
query_cust3a()

query_cust3b()
clear_lines()

answer()

msg()

Purpose

Runs the browsing menu, fetching rows on request.
Executes a CONSTRUCT statement and returns the resulting
conditional expression.

Like query_cust3a(), but with a different prompt message
and a different treatment of the null query.

Clears any number of lines, starting at any line.

See the description in Example 6.

A user-alert subroutine that takes one to three possible user
responses and returns the one the user chooses.

Displays a brief, informative message.

See the description in Example 5.
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The f_answer Form

10 The f_answer form displays an alert message and takes a one-character
response from a short list of possible responses.

20 Themsg eldis a multi-line eld that displays the alert message.
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f_answer form file

10 DATABASE fornonly

ﬁﬁéﬁ

}

ATTRI BUTES
20 nsg = fornonly. megt ext, VORDWRAP;

I NSTRUCTI ONS
DELI M TERS "
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The MAIN Function

10
20

30

Any version of the demonstration database may be used with this example.

DEFER INTERRUPT prevents the Interrupt key (typically CONTROL-C) from
terminating the program. Instead, it sets the global variable int_ ag, which is
tested following CONSTRUCT to see if the user cancelled the statement. The
Interrupt key also is used with the Exit option of the browsing menu.

The program will still work if this statement is removed, but using Interrupt
will terminate the program immediately.

This function is described in The query_cust3a() Function on page 476.

It uses CONSTRUCT to generate a conditional expression. If the user cancels
the operation, query_cust3a() returns a null string, which terminates the
WHILE loop and ends the program.

The scroller_2() Function

472

40

50

The second variable stores the current query condition. It is initialized from
cond, the function argument. When conditions are added by the Revise
operation, they are appended to recond. The full SELECT statement is stored
in selstmt.

The read-ahead scroll logic uses three records to cache customer rows. This is
discussed in the section Fetching Ahead on page 453.

Combining Criteria from Successive Queries



The scroller_2() Function

4GL source file

100 DATABASE stores?

DEFI NE cond CHAR(250), -- conditional clause from CONSTRUCT
nore SMALLI NT -- continue flag

20 DEFER | NTERRUPT

OPTI ONS
HELP FILE "hl pnsgs”,
FORM LI NE 5,

COMMENT LI NE 5,
MESSAGE LI NE 19

OPEN FORM f _cust omer FROM "f _cust oner”
DI SPLAY FORM f _cust oner

LET nore = TRUE

WHI LE nore
30 CALL query_cust3a() RETURNI NG cond
I'F cond I'S NOT NULL THEN
LET nore = scroller_2(cond) -- Query = TRUE, Exit = FALSE
ELSE -- query was cancel |l ed
LET nore = FALSE
END I F
END WHI LE
CLCSE FORM f _cust oner
CLEAR SCREEN
END MAI N

HHBHHBHHBHHBH BB H BB R R AR R R
FUNCTI ON scrol | er _2(cond)
HHBHHBHHRHHBH B H B H BB B R AR R R

DEFI NE cond CHAR(250), ~-- initial query condition

40 recond, -- query as extended/ contrained
sel st nt CHAR(500), ~-- full SELECT statenent

50 curr_cust, -- curr_cust: the row now bei ng displ ayed
next _cust, -- the row to display when Next is chosen
prior_cust -- the row to display when Prior is chosen

RECORD LI KE custoner. *,

retval, -- value to RETURN from function
fetch_dir, -- flag showing direction of travel in |ist
usi ng_next, -- flag values: going fwd using fetch next,
usi ng_pri or, -- ...going bwd using fetch prior, or
at _end SMALLI NT -- ...at either end of the list
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6] The Exit menu option sets retval to FALSE; the Query option sets it to TRUE.
The WHILE loop remains in control until one of them is chosen.

700 Note that the SELECT statement contains an ORDER BY clause. This contrasts
with Example 19, in which the ordering was physical.

800 The View Customers menu is similar to the menu present in Example 19. The
Revise and Show_cond options are new.

90 A discussion of this BEFORE MENU logic appears in  The scroller_1() Func-
tion on page 458, in Note 13.
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LET using_next = +1

LET using_prior = -1

LET at_end 0

LET recond cond-- initialize query condition

LET retval = 99-- neither TRUE nor FALSE
WHI LE retval <> TRUE AND retval <> FALSE -- ie while not Query or Exit

LET selstnm = "SELECT * FROM custoner WHERE ",
recond CLI PPED, " ORDER BY custoner _nunf

PREPARE prep_stnt FROM sel stnt

DECLARE cust _row SCROLL CURSOR FOR prep_stnt

OPEN cust _row

DI SPLAY
———————————————————————————————————————————— Press CTRL-Wfor Help----------"
AT 3, 1
MENU " Vi ew Cust oners"

BEFORE MENU -- Set up as for First, but with chance of zero rows
SHOW OPTI ON ALL
FETCH FI RST cust _row I NTO curr_cust.*
| F SQLCA. SQLCODE = NOTFOUND THEN
ERROR "There are no rows that satisfy this query."
HI DE OPTI ON ALL
SHOW OPTI ON " Query"
SHOW OPTI ON "Exi t"
NEXT OPTI ON "Query"
ELSE -- found at |east one row
DI SPLAY BY NAME curr_cust.*
H DE OPTION "Prior"
LET fetch_dir = using_next
FETCH NEXT cust_row | NTO next _cust.*
| F SQLCA. SQLCODE = 0 THEN-- at |east 2 rows
NEXT OPTI ON " Next"
ELSE -- only 1 rowin set
HI DE OPTI ON " Next"
NEXT OPTI ON "Query"
END I F
END I F

COMMAND KEY(ESC, Q "Query"
"Query for a different set of custoners." HELP 130
LET retval = TRUE
EXI T MENU

COWAND "Revi se" "Apply nore conditions to current query."
HELP 131
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100

110

120

The query_cust3b() function allows the user to specify additional selection
criteria. If the user interrupts the CONSTRUCT operation or enters no criteria
it returns a null string. This function is very similar to the query_cust3a()
function that appears later in this example.

The LET statement is executed when the user entered some criteria. The new
criteria are appended (along with the AND operator) to the previous condi-
tional expression. The EXIT MENU statement ends the menu.

Because retval has not been changed, the loop continues. The SELECT
statement is recreated, the cursor reopened, and the menu starts up again.

The answer() function uses the WORDWRAP option to display a string
(the CLIPPED recond variable) in a sub-window. The three null strings tell
answer() to display no choices and wait for the user to press the RETURN key.

The query_cust3a() Function

476

130

1401

This function collects the initial criteria at the start of the program and when
the user chooses the Query menu option.

The query_cust3b() function is not displayed. It is identical except for the text
of the messages it displays, for example where this function asks, Did you
really want to accept all rows? the other asks, Did you mean to add no new
conditions?

The answer() function is called with two nonempty responses. The function
returns the response the user selects.
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100
1101

120

130

1401

CALL query_cust3b() RETURNI NG cond

IF cond I'S NOT NULL THEN -- some condition entered
LET recond = recond CLIPPED, " AND ", cond CLI PPED
EXI T MENU -- close and re-open the cursor

ELSE -- construct clears form refresh the display
DI SPLAY BY NAME curr_cust.*

END | F

COWAND " Show cond" "Display the current query conditions."
HELP 132
CALL answer (recond CLIPPED,"","","")

See Example 19.

HHBHHBHHBHHBH BB H BB R AR R R
FUNCTI ON query_cust3a() -- used for initial query
HHBHHBHHBHHBH BB H BB B R AR R R
DEFI NE g_cust CHAR(120),
nmegt xt CHAR(150)

CALL clear_lines(1,4)
DI SPLAY " CUSTOVER QUERY- BY- EXAMPLE 2"
AT 4, 24
CALL clear_lines(2, 16)
DI SPLAY
Enter search criteria and press Accept. Press CTRL-Wfor Help."
AT 16,1 ATTRI BUTE ( REVERSE, YELLOW
DI SPLAY " Press Cancel to exit w out searching."
AT 17,1 ATTRI BUTE ( REVERSE, YELLOW

LET int_flag = FALSE
CONSTRUCT BY NAME g_cust ON customer.custoner_num customner.conpany,
cust orer . address1, customner. address2,
customer.city, custoner.state,
cust oner. zi pcode, custoner. fnane,
custoner. | name, custoner. phone
HELP 30
AFTER CONSTRUCT
I'F (NOT int_flag) THEN
I'F (NOT FI ELD_TOUCHED( cust omer. *)) THEN
LET nmsgtxt = "You did not enter any search criteria. ",
"Do you really want to select all rows?"
I'F "No-revise" = answer (nsgtxt,"Yes-all","No-revise","") THEN
CONTI NUE CONSTRUCT
END | F
END I F
END | F
END CONSTRUCT

IF int_flag THEN
LET int_flag = FALSE
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The answer() Function

1500 The answer() function is a general-purpose routine for displaying a message
to the user and getting a simple answer. Example 20 calls answer() at three
points in the program:

* The Show_cond menu option, to display the current query criteria.

* The query_cust3a() function, to determine whether the user wants to
select all rows.

* Thequery_cust3b() function, to determine whether the user wants to add
criteria to the query.

160 The f answer form has a four-line character eld with the WORDWRAP
option. It displays the message text.

170 The initial letters of the one, two, or three valid responses are converted to
uppercase and combined into a character class list in the form supported by
the MATCHES predicate (that is, three elements enclosed in brackets).

180 When the caller supplies no valid responses, the function simply displays the
message and waits for RETURN. In this case it returns no value to the caller.

190 When the caller supplies a response, the function sets up a prompt string that
reads either Choose Aor B orelse Choose A, Bor C.
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150

160

170

180

190

CALL clear_lines(2,16)
CALL msg("Custoner query termnated.")
LET g_cust = NULL

END I F

CALL clear_lines(1,4)
CALL clear_lines(2,16)

RETURN (g_cust)
END FUNCTI ON {query_cust 3a}

HHHHER IR R A AR R A R R R R R R 1
FUNCTI ON answer (nsg, ansl, ans2, ans3)
HHEBH SRR PR AR A A R R R A R R R i 1

DEFI NE nsg CHAR(255), ~-- input text for display
ansl, ans2, ans3 CHAR(10), -- possible user responses or nulls
inp CHAR(1), -- user s one-character reply
j SMALLI NT, -- msc index
codes CHAR(5), -- match string [abc]
choose CHAR( 50) -- pronpt string

OPEN W NDOW ans_wi n AT 10, 10

WTH FORM "f _answer"

ATTRI BUTE( BORDER, PROVPT LI NE LAST, FORM LI NE FI RST)
DI SPLAY nsg TO nsgt ext

LET codes = "[", UPSH FT(ans1[1]),
UPSHI FT(ans2[ 1]),
UPSHI FT(ans3[1]), "]" -- make a class

| F LENGTH(ans1) = 0 THEN -- all-blank or null
PROWPT "Press RETURN to continue: " FOR inp
ELSE
LET choose = "Choose ", ansl CLI PPED
| F (LENGTH(ans2) * LENGTH(ans3)) <> 0 THEN -- both given
LET choose = choose CLIPPED, ", ", ans2 CLI PPED,
" or ", ans3 CLI PPED
ELSE -- not both ans2 and ans3, possibly neither
| F LENGTH(ans2) <> 0 THEN
LET choose = choose CLIPPED, " or ", ans2 CLI PPED
END I F
END I F
LET inp = "\n" -- one thing a user cannot enter at a pronpt
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2000 The character class expression (see Note 17) is used to test the user s
response. Many people overlook the fact that MATCHES can be used in 4GL
statements, and that its comparison pattern need not be a literal string, but
can be a variable.
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2001 WHI LE NOT UPSHI FT(i np) MATCHES codes
PROWPT choose CLIPPED, " ", codes,": " FOR inp
END WHI LE
END I F

CLOSE W NDOW ans_wi n
| F LENGTH(ans1) <> 0 THEN
CASE
WHEN UPSHI FT(i np) = UPSHI FT(ans1[1])
LET choose = ansl
WHEN UPSHI FT(i np) = UPSHI FT(ans2[1])
LET choose = ans2
WHEN UPSHI FT(i np) = UPSHI FT(ans3[1])
LET choose = ans3
END CASE
RETURN choose
END | F
END FUNCTI ON

To locate any function de nition, see the Function Index on page 730.
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Using an Update Cursor

This example demonstrates the use of an update cursor. An update cursor
allows you to lock rows as the cursor selects them from the database. You can
then use the WHERE CURRENT CLAUSE of the UPDATE or DELETE statement
to update or delete the row. This example uses an UPDATE WHERE CURRENT
statement to allow the user to specify which orders to update with a paid
date.

Displaying Multiple Forms

Suppose that the stores7 database only tracked the orders that have been
paid; a different database contained the actual accounting tables. The user of
stores? receives a Paid Orders report from the Accounting department after
orders are paid in the accounting database. This report lists the orders to be
paid, sorted by date of payment and, within a single date by customer num-
ber. The user goes through this report and updates the orders.

To update an order, the user enters information in three steps:

1. The date the orders were paid is entered on the f_date form.

2. The customer number or company name of the customer whose orders
have been paid is entered on the f_custkey form.

3. Con rmation of the update of the order (currently displaying on the
f_payord form) is entered in a con rmation window.
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To assist the user in following these steps, this example leaves each of the
three forms on the screen:

f_date Form

f_custkey Form

f_payord Form

i Combtomsr Mustar:]

it et
pan & dan i i
R Wik} PP i S T i T el e oy s
| Lemtomer-s botal newmbar af ardars corrently unpaid:] | I
|
[ BER | Drder Dabe:[2357532/7109%1] PO Aumbes : [3005 ] ]
Thlp Dwts | 0%/ 3071530 5 Drdes Tatml: | §LSA0,.B4] i
APFLITATION PEINFT |

i

. J

10| FEzamy Home:|'Wak

|UpIBLE CRlS DEdeEE§ pELD J8Ea* [idyl

Because none of these forms is closed until data entry is complete, the user is
able to see all entered information at once.

Updating Rows

4GL provides two methods of updating or deleting rows:

* Using a WHERE clause in an UPDATE or DELETE statement to specify
which row or rows to affect as a group.

* Using a WHERE CURRENT OF clause in an UPDATE or DELETE statement
in conjunction with an update cursor to affect rows one at a time.

Using the WHERE clause in an UPDATE or DELETE statement is demonstrated
in Example 9. You specify the WHERE clause condition and the statement
updates or deletes all matching rows. If UPDATE (or DELETE) fails on one of
the rows, the entire UPDATE (or DELETE) statement fails. Any successful
updates performed on rows before the failure are cancelled, and any rows
after the failure are not processed. The update cursor provides a way to con-
trol an update on a row-by-row basis.
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Using an Update Cursor

With an update cursor, the SELECT statement requests an exclusive lock on
the row as it is fetched. The program can then update this row by using the
WHERE CURRENT OF clause of the UPDATE statement.

The update cursor offers the following advantages:

* The UPDATE or DELETE statement with the WHERE CURRENT OF clause
will not fail due to a locking con ict because the program has already
obtained a lock on each selected row.

* The user can page through the selected set of rows without being
concerned that the data within these rows will change. The exclusive lock
prevents other users from modifying or deleting the row.

* The program can test whether to update or delete each of the selected
rows speci ed. For example, the program can allow the user to choose
whether to reject or accept the update of a row.

* The program can test the success of the UPDATE or DELETE operation for
each selected row. If the operation fails, the program can choose to con-
tinue on to the next selected row, to exit the cursor, or to skip over the row.

The disadvantages of the update cursor are:

* The application loses some concurrency because an exclusive lock is
obtained on each selected row when it is fetched. No other user can mod-
ify the selected rows until the locks are released.

* When this exclusive lock is released depends upon whether or not the
database supports transactions:

¢ If the database supports transactions: the row lock is released when
the transaction ends (with COMMIT WORK or ROLLBACK WORK) if the
row has been updated, or when the next row is fetched if the row has
not been updated.

¢ If the database does not support transactions: the row lock is released
when the update cursor is closed (with CLOSE) or when the next row
is fetched (whichever occurs rst), regardless of whether the row has
been updated.

* The SELECT statement of the cursor cannot include the ORDER BY clause
and is limited to a single table.

* An update cursor cannot be a scrolling cursor.

For these reasons, you should not usually use an update cursor to just select
and view data. In such cases, use a normal cursor or a scrolling cursor
because they do not obtain locks as they fetch rows.
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Handling Locked Rows

This example does not check the locking status of rows found by the update
cursor. If this update cursor encounters a lock on one of the selected rows,
this program exits with a runtime error (ISAM = -107). To perform this check-
ing, the program should either:

* Replace the FOREACH statement with the FETCH statement within a loop
and check the status variable after the fetch for a possible locking error.

* Execute the SET LOCK MODE TO WAIT statement.

For more information on checking for locking errors, see Example 23.
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Function Overview

Function Name
input_date()
open_ckey()
close_ckey()
nd_cust()

cust_popup2()

nd_unpaid()

pay_orders()

calc_order()

tax_rates()
init_msgs()

message_window()

prompt_window()

msg()

clear_lines()

Purpose

Accepts user input for the date to mark the orders as paid.
Opens the f_custkey form.

Closes the f_custkey form.

Accepts user input of a customer number or company name
and then nds a customer based on either of these values.
Retrieves all customers and displays them in an array form
so the user can choose the appropriate customer.

See the description in Example 12.

Determines the number of unpaid orders for the speci ed
customer.

Finds, displays, and updates the unpaid orders for the cur-
rent customer with the speci ed paid date. This function uses
an update cursor.

Selects information from multiple tables to summarize an
order.

See the description in Example 12.

Supplies the appropriate tax schedule for a customer.

See the description in Example 4.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Opens a window and displays the contents of the
ga_dsplymsg global array.

See the description in Example 2.

Displays a message and prompts the user for con rmation.
This function is a variation on the message_window() func-
tion that appears in Example 2.

See the description in Example 4.

Displays a brief, informative message.

See the description in Example 5.

Clears any number of lines, starting at any line.

See the description in Example 6.
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The f_date Form

10

20

30

Because this form does not contain a eld based on columns of the database,
no database is speci ed. Therefore, the DATABASE statement speci es
formonly. Note that no TABLE section has been de ned.

The SCREEN section of the form le contains the image displayed on the
screen when the f_date form is open and displaying.

This form contains a single eld: a date. Because the eld is not connected to
a column of the database table, it needs to have its eld type de ned. By not
connecting the eld to a column, this form can accept input for any date
value.

The f_payord Form

488
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This form contains elds connected to a database column; it must specify the
database that contains the column de nition. This form will work with any
version of the stores7 database.

The SCREEN section of the form le contains the image displayed on the
screen when the f_payord form is open and displaying.

This form uses columns from a single table: orders.

All elds on this form are de ned as NOENTRY. This attribute prevents the
cursor from stopping in these elds during data entry. The effect of this
attribute is to create a display-only form: one that can display information
but that does not allow the user to enter input.

Because program execution will not stop on this form, the program must
have a way to pause to allow the user to see the data. In this example, the
pay_orders() function displays a con rmation window to allow the user to
see the order data and then decide whether or not to update this order with
a paid date.

Because the order amount is not stored in the database, the f005 eld must be
de ned as FORMONLY. The program calculates the order amount using the
calc_order() function and displays it in this eld.
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f_date form file

DATABASE f or nonl y

SCREEN

{

}

Dat e: [ f 000 ]

ATTRI BUTES
f000 = fornonly. a_date TYPE DATE;

f_payord form file

DATABASE st or es7

SCREEN

{

Custoner s total nunber of orders currently unpaid:[f000 ]

O der No:[f001 ] Order Date:[f002 ] PO Nunber: [f 003 ]
Ship Date:[f004 ] O der Total: [f005 ]

}

TABLES

orders

ATTRI BUTES

f000 = FORMONLY. total _unpai d, NCENTRY;

f001 = orders.order_num NOENTRY;

f002 = orders. order_date, NCENTRY;

f003 = orders. po_num NCENTRY;

f 004 = orders. ship_date, NCENTRY;

f005 = FORMONLY. order _total, NCENTRY;
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This program uses the stores7 database which supports transactions.

The global record gr_customer holds the column values for a row in the
customer table.

The global record gr_payord holds the columns values from the orders table
that are displayed on the f_payord form.

The global record, gr_charges, holds the values needed to calculate the order
total for a single order. This record is used by the calc_order() function.

The ga_dsplymsg array is used as input to the message_window() function,
described in Example 2, and the prompt_window() function, described in
Example 3.
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The input_date() function accepts user input of a date from the f_date form.
It returns TRUE if the user enters a date and FALSE if the user terminates the
input with the Cancel key (typically CONTROL-C). This date is the date of
payment for the orders, and it defaults to the current date.

The open_ckey() function opens a bordered window called w_custkey and
displays the f_custkey form in this window.

The WHILE loop enables the user to update order dates for several customers.
As long as the keep_going ag is TRUE, the program calls the nd_cust()
function to allow the user to enter a new customer number.

The nd_cust() function accepts user input for the customer number or
company name of the customer whose orders are to be marked as paid. It
returns TRUE if the user enters the customer information and FALSE if the
user terminates the INPUT operation with the Cancel key.

Because the nd_cust() function stores the user input in the gr_customer
record, these LET statements copy this information into gr_payord global
record, which stores the order paid data.

The nd_unpaid() function determines the number of unpaid orders for the
speci ed customer.
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4GL source file

DATABASE st ores7

GLOBALS
DEFI NE gr _cust oner RECORD LI KE cust omer. *,
gr_payord RECORD
pai d_date LI KE orders. pai d_dat e,
customer_num LI KE orders. custonmer_num
conpany LI KE cust oner. conpany,
order_num LI KE orders. order_num
order_date LI KE orders. order_date,
po_num LI KE orders. po_num
shi p_date LI KE orders. shi p_date
END RECORD,
gr_charges RECORD
tax_rate DECI MAL( 5, 3),
shi p_charge LI KE orders. shi p_char ge,
sal es_t ax MONEY(9) ,
order_total MONEY( 11)
END RECORD
DEFI NE ga_dspl ynsg ARRAY[ 5] OF CHAR(48)
END GLOBALS
MAI N
DEFI NE keep_goi ng SMALLI NT,
num unpai d SMALLI NT
OPTI ONS

FORM LI NE FI RST,
MESSAGE LI NE LAST

DEFER | NTERRUPT

| F input_date() THEN

LET keep_goi ng = TRUE

CALL open_ckey()

WHI LE keep_goi ng

I F find_cust() THEN

LET gr_payord. cust oner_num = gr_cust oner. custonmer _num
LET gr_payord. conpany = gr_cust onmer. conpany
LET num_unpai d = find_unpai d()
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If the speci ed customer has unpaid orders, then the pay_orders() function is
called to control the selection and update of these orders. The total number

of unpaid orders is passed to pay_orders() as an argument to be displayed on
the f_payord form.

If the user has terminated customer input with the Cancel key (typically
CONTROL-C), then keep_going is FALSE, terminating the WHILE loop (see
Note 8).

The close_ckey() function deallocates the memory used by the f_custkey
form and its window.
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The f_date form displays in a bordered window called w_paydate. At the top
of this window, the program displays instructions for the user on how to
enter data on the form.

The INPUT statement accepts the date from the screen eld a_date and stores
it in the program variable gr_payord.paid_date. This date is the date of
payment for the orders.

Before the user can enter data, the program initializes the date with today s
date if the eld is currently empty.

If the user has cleared the eld, the program moves the cursor back to the
paid_date eld. This test ensures that a value exists in the
gr_payord.paid_date eld.

The clear_lines() function clears the form instructions from the screen. These
instructions no longer apply once execution has left the f_date form.

If the user uses the Cancel key (typically CONTROL-C), the function resets the
int_ ag variable, closes the form and window, and returns FALSE.

If execution reaches this point, the user has entered a paid date so the
function returns TRUE. Note that the f_date form is left on the screen so the
user can see the speci ed paid date as the data entry continues.
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I F (numunpaid > 0) THEN
CALL pay_order s(num unpai d)

END | F

ELSE
LET keep_goi ng = FALSE

END | F

END WH LE
END I F

CALL cl ose_ckey()
CLEAR SCREEN
END MAI N

HHBHHBHHBH R H BB B AR R
FUNCTI ON i nput _dat e()
HHBHHBHHBHHHH B AR R

OPEN W NDOW w_paydate AT 2,3
WTH 6 ROAB, 76 COLUWNS
ATTRI BUTE (BORDER, COWMMENT LI NE 2)

OPEN FORM f _date FROM "f _date"
DI SPLAY FORM f _date

DI SPLAY "ORDER PAY DATE" AT 1,24

CALL clear_lines(1, 6)

DI SPLAY " Enter order paid date and press Accept. Press Cancel to exit."
AT 6, 1 ATTRI BUTE ( REVERSE, YELLOW

I NPUT gr_payord. pai d_date FROM a_date
BEFORE FI ELD a_date
| F gr_payord. paid_date I'S NULL THEN
LET gr_payord. pai d_date = TODAY
END | F

AFTER FI ELD a_date
| F gr_payord. paid_date 1S NULL THEN
ERROR "You nust enter a Paid Date for the orders."
NEXT FI ELD pai d_date
END | F

END | NPUT

CALL clear_lines(1, 6)

IF int_flag THEN
LET int_flag = FALSE
CLOSE FORM f _dat e
CLOSE W NDOW w_paydat e
RETURN ( FALSE)

END | F

RETURN ( TRUE)
END FUNCTION -- input_date --
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22[0 The f_custkey form displays in a bordered window called w_custkey. This

window rede nesthe COMMENT LINE and the FORM LINE statements so that
the f_custkey form displays at the top of the w_custkey window. By default,
FORM LINE is 3 and the f_custkey form would display on the third line of
w_custkey.

The close_ckey() Function

230

The close_ckey() function closes the f_custkey form and its window
w_custkey. These statements deallocate memory resources used by these two
screen structures.
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The program displays the user instructions for the f_custkey form at the top
of the w_custkey window. The call to clear_lines() clears out the instruction
lines so any previous text is removed before the new instructions display.

The INPUT statement accepts input for the customer number and company
name. The user can select a customer by entering either of these values.

Before the user can enter the customer number, the program displays a
message indicating the presence of a popup window. If desired, the user can
press either F5 or CONTROL-F to see the numbers and names of all customers
de ned in the database.

If the gr_customer.customer_num variable has a non-null value, then the
user has entered the customer number in the customer_num eld. The pro-
gram checks that a customer with this number exists in the database.

Note that if gr_customer.customer_num is null, execution is allowed to con-
tinue to the company eld. This feature allows the user to select a customer
by entering either the customer number or the company name. See Note 32

for more information.

If the SELECT statement in Note 27 does not nd a customer row for the
speci ed customer number, then the user entered an invalid number. The
program noti es the user of the error, clears out the customer number eld,
and returns the cursor to this eld so the user can enter another number.
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HHBHHBHHBHHRH BT R R AR R
FUNCTI ON open_ckey()

OPEN W NDOW w_cust key AT 6, 3
WTH 5 ROAB, 76 COLUWNS
ATTRI BUTE (BORDER, COMMVENT LINE 2, FORM LI NE FI RST)

OPEN FORM f _cust key FROM "f _cust key"
DI SPLAY FORM f _cust key

END FUNCTI ON -- open_ckey --

FUNCTI ON cl ose_ckey()

CLCSE FORM f _cust key
CLOSE W NDOW w_cust key

END FUNCTI ON -- cl ose_ckey --

FUNCTI ON fi nd_cust ()

DEFI NE cust _cnt SMALLI NT

CALL clear_lines(2, 3)

DI SPLAY " Enter custoner nunber or conpany nane."
AT 3, 1 ATTRI BUTE ( REVERSE, YELLOW

DI SPLAY " Press Accept to continue or Cancel to exit."
AT 4, 1 ATTRI BUTE ( REVERSE, YELLOW

LET int_flag = FALSE
I NPUT BY NAME gr_cust oner.cust oner_num gr_custoner. conpany

BEFORE FI ELD cust oner _num
MESSAGE "Enter a custoner nunber or press F5 (CTRL-F) for a list."

AFTER FI ELD cust oner _num
I F gr_customer.custoner_num | S NOT NULL THEN
SELECT conpany
I NTO gr _cust oner . conpany
FROM cust orrer
WHERE cust oner_num = gr_cust oner. cust omer _num

I F (status = NOTFOUND) THEN
ERROR

"Unknown Custoner nunber. Use F5 (CTRL-F) to see valid custoners.”
LET gr_customer. custoner_num = NULL
NEXT FI ELD cust omer _num

END | F
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If the SELECT statement in Note 27 nds a customer row for the speci ed
customer number, it selects the company name into the gr_customer.com-
pany variable. The program displays this variable on the f_custkey form.

If the user has entered a valid customer number, execution need not continue
to the company eld because the program has already selected this name
from the database and displayed it on the form. The EXIT INPUT statement
exits this INPUT statement and execution resumes after the END INPUT.

If execution continues to the company eld, the user has not entered a
customer number. Before the user can enter this value, the program displays
a message indicating the presence of a popup window. If desired, the user
can press either F5 or CONTROL-F to see the numbers and names of all
customers de ned in the database.

This test ensures that the user enters a company name. Unlike the
customer_num eld, the company eld cannot be left empty. The program
must have either the customer number or the company name to select a cus-
tomer from the database. If the user omits the customer number, execution
can continue to the company eld (see Note 27). However, if the user omits
the company name as well, the program cannot locate the customer.

The program checks that a customer with the speci ed name exists in the
database. When it veri ed the existence of a customer based on a customer
number, the program was able to assume that, if this customer existed, one
and only one customer row would have this number. This assumption is
valid because the customer number is the primary key of the customer table.

The SELECT statement in Note 27 is able to select the company name at the
same time it determines whether a matching customer row exists, because
this SELECT statement is guaranteed to return at most only one row. If the row
exists, then gr_customer.company is initialized with the company name, and
if it does not exist, gr_customer.company is null.

However, when the program veri es the existence of a customer based on a
company name, it cannot make this assumption about uniqueness. Several
customers in the database could have the same company name because this
column does not have to be unique. For this reason, the program cannot
select the customer number while it checks for the existence of the row. Such
a SELECT statement could possibly return more than one row, generating a
runtime error. To prevent such an error, the program breaks the veri cation
into two steps:

1. Count how many customer rows have a matching company name.

2. Select the customer number when the program can guarantee the
uniqueness of the company name.
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DI SPLAY BY NAME gr _cust oner. conpany

MESSAGE ""
EXI'T | NPUT
END I F

BEFORE FI ELD conpany
MESSAGE "Enter a conpany nane or press F5 (CTRL-F) for a list."

AFTER FI ELD conpany
| F gr_custoner.conpany |'S NULL THEN
ERROR "You nust enter either a custonmer nunber or conpany nane."
NEXT FI ELD cust oner _num
END I F

SELECT COUNT(*)

I NTO cust _cnt

FROM cust oner

VWHERE conpany = gr_cust oner. conpany
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To perform this rst step, this SELECT statement uses the COUNT(*)
aggregate. The code in Note 34 guarantees that a company name is unique so
the code in Note 36 can select the customer number.

If the SELECT statement in Note 33 nds more than one customer row with
this company name, the program must notify the user that the company
name is not unique. It suggests choosing the customer from the popup list
because this form cannot handle a non-unique company name.

A possible enhancement to this function would be to display the customer
numbers of all customer rows with this company name and allow the user to
select the one that is desired.

If the SELECT statement in Note 33 does not nd any customers with the

speci ed company name, then this name is invalid. The program noti es the

user of the error, clears the company name eld, and returns the cursor to this
eld so the user can enter another name.

If execution reaches this point, the SELECT statement in Note 33 has found
only one customer row with the speci ed company name. It is now possible
to select the customer number without using a cursor because the SELECT
statement is guaranteed to return only one row. See Note 33 for more
information.

The user can display the customer popup window from either the
customer_num eld or the company eld. The built-in function INFIELD()
returns TRUE or FALSE, indicating whether the cursor is currently in the spec-
i ed eld.Ifthecursorisineither of these elds,then CONTROL-F and F5 ini-
tiate a popup window. If the cursor is in any other eld, these keys have no
effect.

The cust_popup?2() function displays the customer popup window on the
f_custsel form. It returns the customer number and company name of the
customer that the user selected. This function is described in detail in
Example 12.

If gr_customer.customer_num is null, then the user terminated the customer
popup with the Cancel key (typically CONTROL-C), and no customer has
been selected. This LET statement initializes the gr_customer.company vari-
able to null so that the company eld on f_custkey is empty when the cursor
enters it.

If the user selects a customer from the popup window, the program displays
the customer number and company name on the f_custkey form. Note that it
is not necessary to verify the customer number in the ON KEY clause because
the values have come from the popup window, which only displays valid
customers.
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IF (cust_cnt > 1) THEN
ERROR " Conpany nane is not unique. Press F5 (CTRL-F) for a
NEXT FI ELD conpany

END I F

IF (cust_cnt = 0) THEN
ERROR "Unknown conpany nane. Press F5 (CTRL-F) for a list."
NEXT FI ELD conpany

END | F

SELECT cust onmer _num

I NTO gr_cust oner . cust oner _num

FROM cust orrer

WHERE conpany = gr_custoner. conpany

DI SPLAY BY NAME gr_custoner. custonmer _num
MESSAGE ""

ON KEY (F5, CONTROL-F)
I F I NFI ELD( cust onmer _nun) OR | NFI ELD( conpany) THEN
CALL cust_popup2()
RETURNI NG gr _cust oner. cust omer _num gr_cust oner. conpany

| F gr_customer. custoner_num | S NULL THEN
LET gr_custoner. conpany = NULL
ELSE

list."

DI SPLAY BY NAME gr_custoner. custonmer_num gr_cust oner. conpany

EXI'T | NPUT
END I F
END I F
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This AFTER INPUT clause ensures that the user does not press the Accept key
(typically ESCAPE) before selecting a customer:

e [Ifgr_customer.customer_num is null, then no customer has been selected
when the INPUT statement exits.

* [Ifint_ agisFALSE, then AFTER INPUT is being executed because the user
has used the Accept key to exit INPUT. The int_ ag variable would be
TRUE if the user had used the Cancel key (typically CONTROL-C).

Execution cannot continue to the next form until the user selects a customer.

If the user has terminated INPUT with Cancel, then the program resets the
int_ ag variable, erases the form s instructions, and returns FALSE.

If the user has exited INPUT with Accept, or RETURN from the last eld, this
function returns TRUE. Note that the f_custkey form is left on the screen so
the user can see the selected customer as data entry continues. The f_date
form also remains open so that the paid date displays.
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This SELECT statement uses the COUNT(*) aggregate to determine the
number of unpaid orders for the current customer. An unpaid order is one
that has a null value in the paid_date eld of the orders table.

If the current customer has no unpaid orders, then the function noti es the
user. It then returns zero to indicate that no orders can be paid for the speci-
ed customer.

If the current customer has unpaid orders, then the function prompts the user
to con rm whether to begin marking orders as paid.

If the user con rms the update, then the function returns the number of
unpaid orders. Otherwise, the function returns zero to indicate that no orders
should be paid for the speci ed customer.
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410 AFTER | NPUT
I'F (gr_custoner.customer_num | S NULL) AND (NOT int_flag) THEN
ERROR
"Cannot display the summary yet. Enter the custonmer or press Cancel to exit."
NEXT FI ELD cust oner _num
END I F

END | NPUT
420 IF int_flag THEN
LET int_flag = FALSE
CALL clear_lines(1, 4)
RETURN ( FALSE)
END | F
4301 RETURN ( TRUE)

END FUNCTION -- find_cust --

FUNCTI ON fi nd_unpai d()

DEFI NE unpai d_cnt SMALLI NT

4417 SELECT COUNT(*)
I NTO unpai d_cnt
FROM or der s
WHERE cust onmer _num = gr _payord. cust omer _num
AND pai d_date |'S NULL

450 IF (unpaid_cnt = 0) THEN
LET ga_dsplynsg[1] = "Custoner: ",
gr_payord. cust omer _num USI NG " <<<<<<<<<<<"
(", gr_payord.conpany CLIPPED, ")"
LET ga_dsplynsg[2] = " has no unpaid orders."
CALL nmessage_w ndow 8, 14)
RETURN ( 0)
END I F

460 LET ga_dsplynmsg[1] = "This customer has ", unpaid_cnt USING "<<<<<<",
unpai d order(s)."
470 I F pronpt_wi ndow("Are you ready to begin paying these orders? ", 8,14)
THEN
RETURN (unpai d_cnt)
ELSE
RETURN (0)
END I F

END FUNCTION -- find_unpaid --
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The f_payord form displays in a bordered window called w_payord. The
total_unpaid eld of this form is initialized with the total number of unpaid
orders, as determined by the nd_unpaid() function (see Note 47) and
passed in as an argument to this function.

This DECLARE statement declares an update cursor for the update of order
paid dates. It nds all unpaid orders for the current customer and selects only
those columns whose values display on the f_payord form.

Note that the FOR UPDATE clause is what makes this cursor an update cursor.
The update cursor uses the FOR UPDATE OF clause to restrict update of the
orders table to only the paid_date column.

Because the stores7 database uses transactions and is not MODE ANSI, the
entire update cursor must be within a transaction. This BEGIN WORK state-
ment precedes the opening of the update cursor.

The FOREACH statement opens the c_payord update cursor in the rst
iteration, obtains an exclusive lock on the rst matching row, and then places
the values into the corresponding variables in the gr_payord record. In sub-
sequent iterations, FOREACH obtains the exclusive lock, then places the val-
ues into the program variables. Note that these locks are not released until the
transaction is either committed or rolled back (see Note 60).

The calc_order() function calculates the total amount of the order. This
amount is displayed on the f_payord form so the user can check the paid
amount in the database against the paid amount on the hard-copy report.

This function does not include code to handle what happens if the selected
row is already locked by another user. The program exits with a runtime error
if it encounters such a locked row. See Handling Locked Rows on page 486
for more information about this limitation.

The CLEAR statement clears out the speci ed elds on the f_payord form.
The program does not use the CLEAR FORM statement because the eld
containing the number of unpaid orders does not need to be cleared. These
DISPLAY statements display the new order information on the f_payord
form.

The prompt_window() function prompts for con rmation before updating
the displayed order with the paid date.

As each row is selected by the cursor, upd_cnt is incremented by one. This
variable keeps the running total of the number of orders that have been
updated.
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FUNCTI ON pay_orders(total _unpai d)

DEFI NE total _unpaid SMALLI NT,
upd_cnt SMALLI NT,
neg_t xt CHAR(10),
success SMVALLI NT

OPEN W NDOW w_payord AT 8, 3
WTH 6 ROAS, 76 COLUWNS
ATTRI BUTE ( BORDER)

OPEN FORM f _payord FROM "f_payord"
DI SPLAY FORM f _payord

DI SPLAY BY NAME total _unpaid
LET success = TRUE

DECLARE c_payord CURSOR FOR
SELECT order_num order_date, po_num ship_date
FROM or ders
VWHERE cust oner _num = gr _payord. cust oner _num
AND pai d_date |'S NULL
FOR UPDATE OF pai d_date

BEG N WORK

LET upd_cnt = 0

FOREACH c_payord | NTO gr _payord. order _num
gr_payord. order _dat e,
gr_payord. po_num
gr_payord. shi p_date

CALL cal c_order (gr_payord. order_num

CLEAR order_num order_date, po_num ship_date, order_total
DI SPLAY BY NAME gr_payord. order _num
ATTRI BUTE ( REVERSE, YELLOW
DI SPLAY BY NAME gr_payord. order_date, gr_payord. po_num
gr_payord. ship_date, gr_charges. order_total

| F pronpt _wi ndow("Update this order s paid date?", 13, 14) THEN
LET upd_cnt = upd_cnt + 1
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The UPDATE statement is surrounded by the WHENEVER ERROR statement
to turn off automatic error checking before the update and to turn it back on
after the update has been performed. Because the automatic checking is off
when the update is executed, the program must perform its own error check-
ing to determine the success of the statement (see Note 58).

If the user con rms the update, the program updates the current order with
the paid date. The UPDATE statement uses the WHERE CURRENT OF clause to
access the update cursor s current row. This row has already been locked by
the cursor. Note that the update can only change the paid_date column
because the update cursor has restricted update access to this column with
the FOR UPDATE OF paid_date clause (see Note 49).

If the UPDATE statement is successful, 4GL sets the global variable status to
zero. If an error occurs, the status variable has a negative value. In the case of
an error, the function noti es the user and sets the success ag to FALSE. This

ag is checked after the FOREACH loop closes to determine whether to com-
mit or rollback the current transaction (see Note 60).

Note that this program chose to exit completely when it encountered an error.
However, because you can handle the success of the update on a row-by-row
basis, your program could instead perform a retry or skip to the next row
without generating an error.

This CLOSE statement closes the cursor. Even though open cursors are closed
by ROLLBACK WORK and COMMIT WORK, you should explicitly close an
update cursor when it is no longer needed so that resources allocated to the
cursor can be released. Since the stores7 database has transactions, but is not
MODE ANSI, this CLOSE statement must be issued from within a transaction
before the COMMIT WORK or ROLLBACK WORK statement.

Because the stores7 database uses transactions and is not MODE ANSI, the
program must end the transaction started by the BEGIN WORK statement (see
Note 50). The value of the success variable determines how to handle the cur-
rent transaction. If success is TRUE, then the COMMIT WORK statement saves
the changes in the database. Otherwise, the ROLLBACK WORK statement ter-
minates the transaction, without saving the changes. Both the COMMIT
WORK and the ROLLBACK WORK statements release all row and table locks
obtained by the update cursor. Either of these statements would also close
any open cursors, except WITH HOLD cursors, so heither can exist within the
FOREACH loop.

These statements deallocate the memory used by the f_payord form by
closing the form and its window.
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560 WHENEVER ERROR CONTI NUE
570 UPDATE orders SET pai d_date = gr_payord. pai d_date
WHERE CURRENT OF c_payord
WHENEVER ERROR STOP

5801 IF (status < 0) THEN
ERROR status USI NG "- <<<<<<<<<<<",

Unabl e to update order with paid date. No changes saved."
LET success = FALSE
LET upd_cnt = 0
EXI' T FOREACH

END I F
END I F
END FOREACH

590  QLCSE c_payord

600 | F success THEN
COW T WORK
ELSE
ROLLBACK WORK
END | F

610 CLOSE FORM f _payord
CLOSE W NDOW w_payor d
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620 Once the order update is complete, the program noti es the user of the
number of orders updated. If no orders have been updated (upd_cnt is zero),
then a message string called msg_txt is assigned the string 0 . For non-zero
numbers, the msg_txt string is formatted with a USING clause to left align the
numeric string. An upd_cnt of zero requires special formatting because the

<<<<<< notation displays a blank for a zero value.

The msg_txt string is then concatenated with text and stored in the
ga_dsplymsg global array for use with the message_window() function.
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620

I F upd_cnt = 0 THEN

LET meg_txt = "0"
ELSE
LET msg_txt = upd_cnt USING " <<<<<<"
END I F
LET ga_dsplynsg[ 1] = "Paid date updated for ", nsg_txt CLI PPED,

" order(s)."
CALL nmessage_w ndow( 10, 12)

END FUNCTION -- pay_orders --

To locate any function de nition, see the Function Index on page 730.
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Determining Database
Features

This example demonstrates how the features of a database are made
available in the SQLCA.SQLAWARN array immediately after the database is
opened, and how a program can save and use this information.

The SQLAWARN Array

The SQL Communications Area, or SQLCA, is updated by the database server
after any SQL operation. One component of the SQLCA is an array of eight
characters, the SQLAWARN array. In 4GL, the array is indexed starting from
1. (In an ESQL/C program, it is indexed starting from zero; this sometimes
causes confusion.) Full details on the settings of SQLCA elds are in your SQL
reference material.

Whenever the server opens a new database thatis, whenever it executes the
DATABASE or CREATE DATABASE statement it sets the SQLAWARN charac-
terstore ectthe features of the database and the server. The values set at this
time are:

SQLAWARN[2] Contains W only if the database has a transaction log. If so,
use of the COMMIT WORK statement is necessary; if not,
COMMIT WORK will cause an error.

SQLAWARNI3] Contains W if the database is ANSI-compliant. When this is
the case, the use of some Informix extensions to SQL cause a
warning (a W in SQLAWARNJ6]) and some will cause an
error.

SQLAWARNI[4] Contains W if the database server is Informix Dynamic
Server. Different servers use different syntax for a few
statements.
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SQLAWARN[5] Contains W if the database server stores FLOAT values in
DECIMAL format. This only affects a few desktop systems
that lack FLOAT support.

The SQLAWARN values can be saved and used to guide the operations of the
program. They must be captured immediately after the DATABASE statement
because the next SQL statement will overwrite them.

Opening the Database

The heart of this example is a function named open_db(). It opens a database
dynamically and stores the facts about it into a global record. It captures the
values from SQLAWARN as well as whether the server supports the SET LOCK
MODE statement.

The open_db() function takes a database name as its argument. The name
string may include the word EXCLUSIVE, so that the function may be used to
get exclusive access to a database as well as normal access. The name string
may also include a site name if the application is communicating with a
remote machine.

When it succeeds in opening the database, open_db() returns TRUE, other-
wise FALSE. When it fails to open the database, it uses the ERROR statement
to display information about the reason.

Conditional Transactions

510

Once the SQLAWARN values have been captured, the program can modify its
operations based on them. One area where knowledge of the database is
helpful is transaction processing.

A database can be switched from logging to not logging, and ANSI
compliance can be added after the database has been created and is in use.
This leaves your program open to the following kinds of problems:

* Every program that modi es data should specify explicit transactions.
They help to organize the application design and to ensure data integrity.
But if the program executes COMMIT WORK in a database without a log,
an SQL error results.

¢ If the ANSI database has a transaction log and the program does not use
explicit transactions, performance problems can occur. For example,
Informix Dynamic Server can run out of locks, or a logical log can 1l up,
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if a transaction goes on too long without an explicit COMMIT WORK
statement.

* In most databases the program should mark the start of each transaction
with BEGIN WORK. However, in an ANSI-compliant database the use of
BEGIN WORK is not allowed. Only COMMIT WORK and ROLLBACK WORK
are used.

These problems can be resolved with relative ease by writing short functions
that conditionally perform transaction statements based on the database
information left behind by open_db(). This example contains three such
functions:

begin_wk() Performs a BEGIN WORK statement if the current database
has a transaction log and is not ANSI-compliant.

commit_wk() PerformsaCOMMIT WORK statement if the current database
has a transaction log.

rollback_wk() Performs a ROLLBACK WORK statement if the current
database has a transaction log.

Calls to these functions can be written where transactions should logically
begin or end. If transactions are supported by the database, the correct
statements are executed.

Function Overview

Function Name Purpose

open_db() Opens a database using dynamic SQL and saves information
about it for later use. Returns TRUE or FALSE.

begin_wk() Executes a BEGIN WORK statement provided that
open_db() says the database uses Informix-style transactions.

commit_wk() Executes a COMMIT WORK statement provided that
open_db() says the database uses transactions.

rollback_wk() Executes a ROLLBACK WORK statement provided that

open_db() says the database uses transactions.
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The GLOBALS Statement and MAIN Function

10 The open_db() function llsinthe elds of the gr_database record. The

512

20

30

transaction functions such as begin_wk() test the elds, especially has_log.
The elds are declared as SMALLINT rather than CHARACTER so that they
can be used directly in conditional expressions: IF gr_database.has_log
THEN instead of IF gr_database.has log= W THEN.

If it encounters an error, open_db() documents it with an ERROR statement.
ERROR is a screen-oriented statement, and does not mix well with simple
DISPLAY statements. This use of DISPLAY AT puts the program into full-
screen mode so that ERROR will display properly. You can run the program
without the AT clause, naming a nonexistent database, to see what happens.
A real program would ordinarily be in full-screen mode as a result of display-
ing a form.

The return value from open_db() is Boolean; it returns TRUE when the data-
base is open. The remaining statements in the function display in words the
implications of the information that has been captured in the gr_database
record.
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4GL source file

GLOBALS
10 DEFI NE gr_dat abase RECORD
db_known  SNMALLI NT, -- following fields are usable
has_| og SMALLI NT, -- based on SQLAWARN 2]
i s_ansi SMALLI NT, -- based on SQLAWARN 3]
is_online SMALLINT, -- based on SQLAWARN 4]
can_wai t SMALLI NT -- supports "set lock node to wait"
END RECORD
END GLOBALS
MAI N
DEFINE db CHAR(50),
ret | NTEGER

20 DI SPLAY "Exanpl e 22, testing open_db function." AT 1,1
OPTI ONS PROVPT LI NE 3

PROVPT "Enter nane of database to try: " FOR db
30 | F open_db(db) THEN
DI SPLAY " Dat abase i s open."
| F gr_dat abase.is_online THEN
DI SPLAY "The server is Inform x Dynam c Server."
DI SPLAY "It supports SET LOCK MODE TO WAIT [n]"
ELSE
DI SPLAY "The server is Inform x-SE."
| F gr_dat abase. can_wait THEN
DI SPLAY "It supports SET LOCK MODE TO WAIT."
ELSE
DI SPLAY "1t does not support SET LOCK MODE. "
END I F
END | F
| F gr_dat abase.is_ansi THEN
DI SPLAY "The dat abase is ANSI-conpliant, that is,"
| F gr_dat abase.is_online THEN
DI SPLAY " it was created with LOG MODE ANS| . "

ELSE
DI SPLAY " START DATABASE...MODE ANSI was used on it."
END | F
DI SPLAY "A transaction is always in effect; COM T WORK ends. "
ELSE

DI SPLAY "The dat abase uses Inform x extensions to ANSI SQ.."
| F gr_dat abase. has_| og THEN
DI SPLAY "It has a transaction |og; BEG N COM T WORK used. "
ELSE
DI SPLAY "The dat abase does not have a transaction |og."
END I F
END | F
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40

In a real application, if the database fails to open, this would probably be the
best action: pause for a few seconds to allow reading the error message and
then to end the program.

The open_db() Function

514

50

60

70

84

The variable dbname is sized to accommodate a sitename and, optionally, the
word EXCLUSIVE. Possible arguments range from stores7 up to
uk_dossier@london exclusive .

It is not usually necessary to close the current database before executing
DATABASE, and if there is no database open at present, this statement will
return error -349. However, when the current database is in another server,
you must close the current database before opening another one. So here the
database is closed and the program tests for the expected error code.

Because 4GL allows you to supply the database name in a program variable
when you execute the DATABASE statement, it would have been possible to
write simply:

DATABASE dbname

A more elaborate method using PREPARE and EXECUTE is employed for two
reasons:

* |tallows the word EXCLUSIVE to be passed as part of the database name
string. The alternative would be to have two DATABASE statements, one
with and one without EXCLUSIVE, and a second function argument to
choose between them.

* The PREPARE statement checks the syntax of the contents of dbname. This
makes it possible to diagnose and report bad name syntax apart from
other errors.

A database has been opened successfully. When a prepared DATABASE
statement is successfully executed, the statement is automatically freed. An
attempt to free it will return an error. This passage of code can proceed to
record the information in SQLAWARN.
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40 ELSE -- error opening db?
DI SPLAY " Dat abase did not open correctly." AT 4,1
SLEEP 10 -- | eave error nessage visible before program end
END I F
END MAIN

FUNCTI ON open_db( dbnane)

50 DEFI NE dbnanme CHAR(50),

dbstnt CHAR(60), -- "DATABASE " plus the above
sqlr SMALLI NT

LET gr_dat abase. db_known = FALSE -- initialize with safe val ues
LET gr_dat abase. has_| og = FALSE

LET gr_dat abase.is_ansi = FALSE

LET gr_dat abase.is_online = FALSE

LET gr_dat abase. can_wait = FALSE

WHENEVER ERROR CONTI NUE
60 CLOSE DATABASE
| F SQLCA. SQLCODE <> 0 AND SQLCA. SQLCODE <> - 349 THEN
ERROR "Error ", SQLCA. SQLCODE, " cl osing current database."
RETURN FALSE
END IF -- either 0 or -349 is K here
LET dbstnt = "DATABASE ", dbnane
70 PREPARE prepdbst FROM dbst nt
I F SQLCA. SQLCODE <> 0 THEN -- big syntax trouble in "dbnane"
ERROR "Not an acceptabl e dat abase nane: ", dbnane
RETURN FALSE
END | F
EXECUTE pr epdbst
LET sqlr = SQLCA. SQLCODE
VWHENEVER ERROR STOP

IF sqglr = 0 THEN-- we have opened the database
8] LET gr_dat abase. db_known = TRUE
| F SQLCA. SQLAWARN[ 2] = "W THEN
LET gr_dat abase. has_|l og = TRUE
END I F
| F SQLCA. SQLAWARN 3] = "W THEN
LET gr_dat abase.is_ansi = TRUE
END I F
| F SQLCA. SQLAWARN[ 4] = "W THEN
LET gr_dat abase.is_online = TRUE
ELSE -- not online, check |ock support
SET LOCK MODE TO WAI' T
| F SQLCA. SQLCODE = 0 THEN -- didnt get -527 or -513
LET gr_dat abase. can_wait = TRUE
END I F
SET LOCK MODE TO NOT WAIT -- restore default, ignore return code
END I F

Example 22

515



The begin_wk() Function

90 If the prepared DATABASE statement was not successful, it was not
automatically freed, and the program should do it. An analysis of the most
likely errors that can follow a DATABASE statement then takes place.

The begin_wk() Function

1000 The begin_wk() function issues a BEGIN WORK statement if the database uses
transactions and is not ANSI-compliant. In an ANSI-compliant database a
transaction is always in effect and the program only marks the ends of trans-
actions, not their beginnings.
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ELSE -- the database did not open; display a nessage
9[d FREE prepdbst -- since not freed automatically when stnt fails
CASE
WHEN (sqlr = -329 OR sqlr = -827)
ERROR dbnare CLI PPED,
": Database not found or no system perm ssion."
VWHEN (sqlr = -349)
ERROR dbnane CLI PPED,
" not opened, you do not have Connect privilege."
WHEN (sqglr = -354)
ERROR dbname CLI PPED,
: Incorrect database name format."
WHEN (sqlr = -377)
ERROR "open_db() called with a transaction still inconplete."
WHEN (sqglr = -512)
ERROR "Unabl e to open in exclusive nbde, db probably in use
OTHERW SE
ERROR dbname CLI PPED,
error ",sqglr," on DATABASE statenent."

END CASE

END I F
RETURN gr _dat abase. db_known
END FUNCTION -- open_db --

1000 FUNCTI ON begi n_wk()

| F gr_dat abase. db_known
AND NOT gr_dat abase. i s_ansi
AND gr _dat abase. has_| og
THEN

VHENEVER ERROR CONTI NUE
BEG N WORK
| F SQLCA. SQLCODE <> 0 THEN
ERRCR "Error ", SQLCA SQLCODE,
“ on BEG N WORK (isam #', SQLCA SQLERRD{2], “)"
END | F
WHENEVER ERRCR STOP

END | F
END FUNCTION -- begin wk --
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The commit_wk() Function

1100 The commit_wk() function makes COMMIT WORK conditional on whether
the database uses transactions.

The rollback_wk() Function

120 Therollback_wk() function makes ROLLBACK WORK conditional on whether
the database uses transactions.

518 Determining Database Features



The rollback_wk() Function

110

120

T s T s T
FUNCTI ON cormi t_wk()

| F gr_dat abase. db_known
AND gr _dat abase. has_I og
THEN

WHENEVER ERROR CONTI NUE
COW T WORK
| F SQLCA. SQLCODE <> 0 THEN
ERROR "Error ", SQ.CA. SQ.CODE,
" on COWM T WORK (isam #", SQLCA SQLERRD[2], ")"
END | F
WHENEVER ERROR STOP

END | F
END FUNCTION -- commit_wk --

| F gr_dat abase. db_known
AND gr _dat abase. has_I og
THEN
WHENEVER ERROR CONTI NUE
ROLLBACK WORK
| F SQLCA. SQLCODE <> 0 THEN
ERROR "Error ", SQLCA. SQLCCDE,
" on ROLLBACK WORK (isam #", SQLCA SQLERRD{2], ")"
END | F
WHENEVER ERROR STOP

END I F
END FUNCTION -- rollback_wk --

To locate any function de nition, see the Function Index on page 730.
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Handling Locked Rows

This example demonstrates how to handle a failed row fetch when the row is
locked by another process. If a fetch fails due to a locked row, the program
can repeat the fetch aspeci ed number of times. If the lock is released during
these fetch attempts, the program can access the row. By distinguishing
between a locked row and other fetch errors, the program is able to retry the
fetch instead of exiting with an error:

e o
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Locks and Transactions

522

A transaction is the unit the database uses to group modi cations made

to data. The database makes sure that all modi cations made within a
transaction are either saved (committed to disk) or are rejected (the changes
are rolled back) as a group. To provide this capability, the database locks all
rows altered during a transaction and holds all locks until the transaction
ends. Locks prevent other processes from modifying the data.

The following 4GL statements acquire locks:

* UPDATE
* DELETE
* INSERT

* FETCH or FOREACH (if the cursor is declared as FOR UPDATE)
* LOCK T TABLE

The stores7 database uses transactions, so programs that access this database
must execute these statements within a transaction. For more information on
starting and ending transactions, see Example 11.

One of the bene ts of transactions is that database changes can be grouped.
The disadvantage is that other programs are likely to encounter a locked row
because other programs are retaining locks until the transaction ends. For
this reason, it is important to test for locked rows.

If your database is not MODE ANSI or does not use transactions, locks are
released as soon as an operation completes:

* ForanINSERT, UPDATE, or DELETE operation, locks are released when the
statement completes.

* For aFETCH (or FOREACH) operation of an update cursor, the lock is
released when the next row is fetched.

* For aLOCK TABLE statement, the lock is released with an UNLOCK TABLE
statement.

Even though locks are released more quickly in a database without
transactions, a program should still test for lock con icts as they can occur.
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Testing for Locked Rows

If another transaction holds a lock on a row when your program tries to
access it, 4GL returns an error. A program can anticipate locked rows in a
couple of ways:

* Use the SET LOCK MODE statement so 4GL waits on any locked row until
the competing process releases the lock.

e Performa retry for the locked row.

This example demonstrates the second solution. Although the SET LOCK
MODE statement requires much less programming, it has the disadvantage
that a program may appear to hang if it must wait for a long time before
the desired row is unlocked. Informix Dynamic Server supports a SET LOCK
MODE option that allows you to specify the number of seconds to wait for a
lock to be released. However, this option is not supported by INFORMIX-SE.

Performing a retry for a locked row has the following advantages:
* It works with both Informix Dynamic Server and INFORMIX-SE.
* Itnoti esthe user that the program is attempting the lock retries.

This solution waits for the lock to be released but then gives up ifitfails to
obtain the lock after a speci ed number of tries.

Running the Lock Test

To see how the program repeatedly attempts to fetch a locked row, you must
run this program at the same time on two different terminals. On one termi-
nal, you lock the customer table in shared mode. Shared mode allows other
transactions to read the table but prevents them from modifying the table
with updates or deletes. On the second terminal, you attempt to update a row
in this table. Because the customer table is locked by another transaction, you
can see the program trying to repeatedly fetch the row. If the lock is not
released before the speci ed number of retries, the update fails.

Run this program at two terminals as follows:

1. On Terminal 1, run the example and choose the Lock Table option.
This option places a shared lock on the customer table.
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524

On Terminal 2, run the example and choose the Lock Table option.

The response to this option depends on the type of database server you
are using:

* If you are using INFORMIX-SE, this second Lock Table request fails
because only one process can have a shared lock on a single table. The
option noti es you that another user has already locked the table.

* If you are using Informix Dynamic Server, this second Lock Table
request is successful. Both Terminal 1 and Terminal 2 can hold a
shared lock on the customer table. The option noti es you that the
lock is successful. However, even though Terminal 2 is able to obtain
a shared lock on the table, it will still encounter a lock con ict when
attempting to update a row, as described in step 5. Recall that a shared
lock allows a process to read rows in a table but prevents it from
updating or deleting these rows.

On Terminal 2, choose the Try Update option and specify the number of
times to retry a failed fetch. A good value to start with is 5.

On Terminal 2, enter the customer number or company name of the
customer to update and use the Accept key (typically ESCAPE).

The customer information displays on the screen because Terminal 1 has
locked the table in SHARE MODE.

On Terminal 2, make a change to a eld on the customer form and then
use the Accept key.

Because the table is locked by another user, the program cannot update
the customer row. It performs the speci ed number of retrys to acquire
the lock, waiting for the lock to be released. Because the lock is not
released from Terminal 1 within the time taken by these retries, the
update fails.

On Terminal 2, choose the Try Update option a second time. At the
prompt, specify a large number of retries (10 or more), and then enter the
desired customer number or name. Modify the data in one of the cus-
tomer elds but do not use the Accept key yet.

On Terminal 2, use the Accept key; then immediately return to Terminal 1.

On Terminal 1, choose the Release Lock option and immediately look at
the screen of Terminal 2.

On Terminal 2 you will see the Retry messages stop once the lock is
released at Terminal 1.

With the lock released, the program is able to update the customer row
with the new information.
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Function Overview

Function Name
lock_menu()

bang()

lock_cust()
try_update()

get_repeat()
open_ckey()
close_ckey()

nd_cust()

cust_popup2()

change_cust()

update_cust2()

test_success()

row_locked()

clear_lines()

msg()

Purpose

Displays the LOCK DEMO menu to allow the user to choose
whether to lock the customer table, try to update a customer
row, or release the lock on the customer table.

Prompts the user for acommand and executes the command.
See the description in Example 3.

Tries to obtain a lock on the customer table (SHARE MODE).
Finds a speci ed customer and then tries to update this
customer row.

Accepts user input for the number of repeats to perform in
getting the lock before giving up.

Opens the f_custkey form.

See the description in Example 21.

Closes the f_custkey form.

See the description in Example 21.

Accepts user input of a customer number or company name
and then nds a customer based on either of these values.
See the description in Example 21.

Retrieves all customers and displays them in an array form
so the user can choose the appropriate customer.

See the description in Example 12.

Collects changes to current row.

See the description in Example 6.

Checks for a locked row before updating a customer row. If a
locked row is found, the function performs the speci ed
number of retries to acquire the lock before giving up and re-
turning an error.

Tests the status value and returns 1 if the update was
successful, 0 if the update failed with a non-locking error, or
-1 if the update failed with a locking error).

Checks the value of SQLCA.SQLERRD[2] to see if the status
value is negative due to a locking con ict. ISAM errors: -107,
-113, -134, -143, -144, and -154 are treated as locking con icts.
Clears any number of lines, starting at any line.

See the description in Example 6.

Displays a brief, informative message.

See the description in Example 5.
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The DATABASE Statement and MAIN Function

10 This example requires the stores7 database.

200 The lock_menu() function displays the menu that allows the user to run the
locking tests. Notes about this menu begin with Note 6.

The lock_menu() Function

526

30 The another_user variable indicates whether the customer table is locked by
another user. This variable is initialized to U (Unknown) because the state
of the table lock is unknown until the user chooses the Lock Table option.
Once this option executes, another_user is set to either Y or N (see
Notes 8 and 12).

4[] The BEGIN WORK statement appears before the MENU statement because
each menu option performs a task that must be performed within a
transaction.

500 Thecurr_tx agindicates whether an active transaction exists. Itis initialized
to TRUE because the preceding BEGIN WORK statement starts a new transac-
tion. Because the program has no way of knowing which option the user has
previously chosen, each option must check the setting of curr_tx to determine
whether or not to begin or end the transaction.

600 The LOCK DEMO menu allows the user to choose a locking task to: lock (Lock
Table) the customer table, unlock this table (Release Lock), or attempt an
update on this table (Try Update). Each option checks the setting of curr_tx
to determine whether or not a transaction is active.

700 The Lock Table option requests a lock on the customer table. A lock request
needs to have a transaction active before it can lock the customer table, so this
option tests the curr_tx variable. (For more information about curr_tx, see
Note 5.) If curr_tx is TRUE, a transaction is current. However, if curr_tx is
FALSE no transaction is current, and the option issues the BEGIN WORK
statement to begin a new transaction. Once this new transaction begins, the
curr_tx ag is set to TRUE.
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4GL source file

100 DATABASE stores7

GLOBALS
DEFI NE gr _custonmer RECORD LI KE custoner. *,
gr_wor kcust RECORD LI KE cust omer. *
END GLOBALS

B R R L e L R i R R R At AR Al
MAI N
P IHHEEHEEEH

OPTI ONS
HELP FILE "hl pnsgs”,
COVMMENT LI NE LAST-3,
MESSAGE LI NE LAST,
FORM LI NE 5

DEFER | NTERRUPT

OPEN W NDOW w_| ockt st AT 2,3
WTH 18 ROA5, 76 COLUWNS
ATTRI BUTE ( BORDER)

20 CALL | ock_nenu()

CLOSE W NDOW w_| ockt st
CLEAR SCREEN

END MAI N

HHBHHBHHHH BB HHBHHBH R A H A H R
FUNCTI ON | ock_menu()
HHBHHBHHHH BB H B H B A H R H R
DEFINE curr_tx SMALLI NT,
anot her _user CHAR( 1)

30 LET anot her_user = "U'

40 BEG N WORK
50 LET curr_tx = TRUE

DI SPLAY
B Press CTRL-Wfor Help---------- "
AT 3, 1
601 MENU " LOCK DEMD'
COWAND "Lock Tabl e" "Lock the customer table." HELP 140

70 IF NOT curr_tx THEN
BEG N WORK
LET curr_tx = TRUE
END | F
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80

9Ul

100

110

120

130

140

150

The lock_cust() function attempts to lock the customer table. This function
returns a single character status code in the another_user variable to indicate
the success of the lock request. If the lock request fails because another user
has already locked the table, lock_cust() returns Y . If the lock request is suc-
cessful, lock_cust() returns N . See Note 3 for more information about the
another_user variable.

The Try Update option attempts to update a row of the customer table.
Because the row is selected with an update cursor, the update must occur
within an active transaction. If curr_tx is FALSE, the option begins a new
transaction with BEGIN WORK and resets curr_tx to TRUE.

The try_update() function actually attempts the customer row update. If the
function returns TRUE, the update was successful and the current transac-
tion s work is saved in the database with COMMIT WORK. If the function
returns FALSE, the update was not successful and the transaction s work is
not saved.

Once the current transaction is ended (with either COMMIT WORK or
ROLLBACK WORK), the curr_tx ag is set to FALSE.

The Release Lock option attempts to unlock the customer table. To determine
the state of the customer table lock, the Release Lock option needs to be pre-
ceded by the Lock Table option, so the lock_cust() function is called. If the

another_user variable is still U , lock_cust() has not been called. See Note 8.

If the lock_cust() function has been called, then the Release Lock option
checks whether the current table is locked by another user or locked by the
current user. If the table is locked by another user, this user cannot release the
lock.

If this user has locked the table, then the lock can be released. However, an
unlock request must occur within an active transaction so this option tests the
curr_tx variable. (For more information about curr_tx, see Note 5). If curr_tx
is TRUE, then the program executes a COMMIT WORK statement to release all
locks and then sets the curr_tx ag to FALSE. If curr_tx is FALSE, then no
tables are locked because a lock can only be granted within a transaction.

The Exit option ends an active transaction with a COMMIT WORK. The call to
COMMIT WORK explicitly ends the transaction even though active transac-
tions are ended when the program exits.
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sl CALL | ock_cust () RETURNI NG anot her _user
NEXT OPTION "Try Update"

COWAND "Try Update" "Find and try updating a customer row. "

HELP 141
9U I'E NOT curr_tx THEN
BEG N WORK
LET curr_tx = TRUE
END I F
100 IF try_update() THEN
COW T VORK
CALL nmsg("Customer has been updated.")
ELSE

ROLLBACK WORK
CALL nsg("Custoner has not been updated.")
END I F
110 LET curr_tx = FALSE
CLEAR W NDOW w_| ockt st

COMVAND " Rel ease Lock" "Rel ease |ock on custoner table."
HELP 142
120 | F another _user = "U' THEN
CALL nsg("Status of table lock is unknown. Run Lock option.")
NEXT OPTION "Lock Tabl e"
ELSE
130 | F another _user = "Y' THEN
CALL msg("Cannot rel ease another user s |ock.")
ELSE
140 IF curr_tx THEN
COMWM T WORK
LET curr_tx = FALSE
CALL msg("Lock on custoner table has been rel eased.")
END | F
END | F
END | F

COWAND KEY ("!")
CALL bang()

COMMAND KEY ("E","X') "Exit" "Exit program"
HELP 100
150 IF curr_tx THEN
COMM T WORK
END | F
EXI T MENU

END MENU

END FUNCTION -- |lock_menu --
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The lock cust() Function

160

170

180

190

200

The another_user variable indicates whether or not the customer table is
locked. The state of the table lock is determined by the status variable after
the LOCK TABLE executes (see Note 18).

The LOCK TABLE statement requests a shared lock on the customer table.

A shared lock allows other users to read rows in this table but prevents them
from updating or deleting these rows. This statement is surrounded by
WHENEVER ERROR statements to turn off automatic error checking before
LOCK TABLE and to turn it back on afterward. Because the automatic check-
ing is off when the LOCK TABLE executes, the program must perform its own
error checking to determine the success of the statement.

If the LOCK TABLE is not successful, the function checks the cause of the
failure. If another user has already locked the table (status=-289), it sets the
another_user variable to Y . Otherwise, it displays an error message to
notify the user of the cause of the failure.

If the LOCK TABLE is successful, the function noti es the user that the
customer table is now locked.

The lock_cust() function returns the setting of the another_user variable so
that the calling program can determine whether another user has a lock on
the customer table (see Note 13).

The try _update() Function

210

22[]

230

The get_repeat() function prompts the user for the number of retries (the
number of times that the program tries to obtain the lock before giving up).
If a desired row is locked, it cannot be fetched by the cursor. This function
returns the speci ed number of retries or zero (0).

If the user uses the Cancel key (typically CONTROL-C) at the prompt,
get_repeat() returns zero. The program exits the Try Update option and
returns to the LOCK DEMO menul.

The open_ckey() function displays the f_custkey form in the w_custkey
window. This function is described in Example 21.
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FUNCTI ON | ock_cust ()

DEFI NE anot her _user CHAR( 1)

160 LET anot her_user = "N'
170 WHENEVER ERROR CONTI NUE
LOCK TABLE custoner | N SHARE MODE
WHENEVER ERROR STOP

180 IF (status < 0) THEN
IF status = -289 THEN
CALL nsg("Table is currently |ocked by another user.")
LET anot her _user = "Y"
ELSE
ERROR status USI NG " - <<<<<<<<<<<",
": Unable to lock custoner table."
END | F
190 ELSE
CALL msg("Customer table is now | ocked.")
END I F

200 RETURN anot her _user

END FUNCTION -- lock_cust --

FUNCTI ON try_updat e()

DEFI NE success SMALLI NT,
nunber _of _trys SMALLI NT

210 LET nunber _of _trys = get_repeat ()
220 I F nunber_of _trys = 0 THEN
RETURN FALSE
END | F
230  CALL open_ckey()

LET success = FALSE

Example 23 531



The get_repeat() Function

240

2501

260

270

2800

2901

The nd_cust() function allows the user to select a customer by entering
either a customer number or a company name. This function is described in
Example 21. If nd_cust() returns TRUE, the user has speci ed a valid
customer.

The close_ckey() function closes the f_custkey form. This function is
described in Example 21.

The program displays the customer information for the speci ed customer

on the f_customer form. A copy of the selected customer row is saved in the
gr_workcust global record so that the program can restore the original row

values to the screen if the user cancels the update (see Note 28).

If the user exits the f_customer form with the Accept key (typically ESCAPE),
the program calls the update_cust2() function. The update_cust2() function
uses an update cursor to lock the desired row. If the row is already locked,
update_cust2() tries to get the row for the speci ed number of retries. The
change_cust() function is described in Example 6.

If the update_cust2() function returns TRUE, the speci ed row has been
updated and the program clears the form. If update_cust2() returns FALSE,
the row has not been updated; either the row was locked or the update failed.
In either case, the program restores the original values of the row to the form.

The try_update() function returns TRUE if the row was updated and FALSE
otherwise.

The get_repeat() Function

532

300

The trys variable is de ned as type CHAR so that the user can enter any
character (numbers, letters, or symbols) without incurring a data type error.
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240
250

260]

270

2800

2901

300

IF find_cust() THEN
CALL cl ose_ckey()

OPEN FORM f _cust omer FROM "f _cust omer”
DI SPLAY FORM f _cust oner

SELECT *

I NTO gr _custoner. *

FROM cust orrer

WHERE custoner_num = gr_custoner. cust omer _num

LET gr_workcust.* = gr_custoner.*
DI SPLAY BY NAME gr_cust omer. *

I F change_cust () THEN
CALL update_cust2(nunber _of _trys) RETURNI NG success
I F success THEN
CLEAR FORM
ELSE
LET gr_custoner.* = gr_workcust.*
DI SPLAY BY NAME gr_customer. *
END I F
END | F

CLCSE FORM f _cust oner
ELSE
CALL cl ose_ckey()
END | F
RETURN success
END FUNCTION -- try_update --

HHBHHRH PR H B H B R H R R
FUNCTI ON get _repeat ()

DEFINE invalid_resp SMALLI NT,
trys CHAR( 2),
nuntrys SMALLI NT

OPEN W NDOW w_r epeat AT 6, 7
WTH 3 ROA5, 65 COLUWNS
ATTRI BUTE (BORDER, PROWPT LINE 3)

DI SPLAY
" Enter nunmber of retries and press Accept. Press CTRL-Wfor Help."
AT 1, 1 ATTRI BUTE ( REVERSE, YELLOW
LET invalid_resp = TRUE
VWHI LE invalid_resp
LET int_flag = FALSE
PROWPT "How many times should | try getting a | ocked row? "
FOR trys HELP 143
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310

3200

330

3401

350

3601

370

These WHENEVER statements use the ANY clause keyword to ensure that the
status variable is set, and execution does not stop, after each 4GL statement.
Without this keyword, status is only set after SQL and screen statements, in

i4gl, or after most statements, in r4gl.

The LET statement attempts to assign the input received from the PROMPT to
an integer variable. This assignment should execute without error because
4GL can convert the character representation of a number to an integer value,
and the user should have entered an integer value. However, if the user
entered letters or symbols, this conversion fails because 4GL cannot convert
these characters to an integer. The WHENEVER ANY ERROR statement pre-
vents the program from encountering a runtime error if such a conversion is
attempted.

If the data conversion in the LET statement fails, 4GL sets the status variable
to a negative value. The program tells the user the desired type of data and
reprompts for input.

If the user used the Cancel key (typically CONTROL-C) at the prompt, the
program interprets the key as a signal to exit the Try Update menu option. It
resets the int_ ag, sets the number of retries to zero to indicate that the user
does not want to continue, and exits the WHILE loop.

Because a negative value or zero is not valid, the program tells the user the
desired type of data and prompts for input.

If execution reaches this point, the data entered is valid. The program sets the
invalid_resp ag to FALSE to exit the WHILE loop.

This function returns the speci ed number of lock retries. If the user has
cancelled the PROMPT, the function returns zero. See Note 34.

The update_cust2() Function

534

380

This function declares an update cursor to select the speci ed customer row.
This update cursor locks the selected row as it is fetched. If the fetch is suc-
cessful, the UPDATE operation should succeed (a locking error was not
encountered). See Note 43.
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310
320

330

340

350

3601

370

380

WHENEVER ANY ERROR CONTI NUE --* convert character answer to
LET nuntrys = trys .- an integer and check for
WHENEVER ANY ERROR STOP - conversion errors
IF (status < 0) THEN --* encountered conversion error

ERROR "Pl ease enter a positive integer nunber"
CONTI NUE WHI LE
END I F

IF int_flag THEN
LET int_flag = FALSE
LET nunmtrys = 0
EXIT WH LE

END I F

I'F (nuntrys <= 0) THEN --* integer < 0
ERROR "Pl ease enter a positive integer nunber"
CONTI NUE WHI LE

END I F

LET invalid_resp = FALSE
END WHI LE

CLOSE W NDOW w_r epeat
RETURN nuntrys

END FUNCTION -- get_repeat --

HHBHHBHHHH BB H B H B A H R R

FUNCTI ON updat e_cust 2( nunber _of _trys)

HHBHHBHHHH BB H B H B A R H R
DEFI NE nunber _of _trys SMALLI NT,

try_again SMALLI NT,

try SMALLI NT,

cust _num LI KE custoner. cust omer _num
success SMALLI NT,

msg_t xt CHAR( 78)

DECLARE c_cust | ck CURSOR FOR

SELECT cust oner _num

FROM cust omer

WHERE custoner_num = gr_cust oner. cust omer _num
FOR UPDATE

LET success = FALSE

LET try_again = TRUE
LET try =0
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A WHILE loop controls the fetch of the customer row. If the fetch fails due to
a locking error, try_again is set to TRUE and the WHILE loops to retry the
fetch.

The example uses the OPEN, FETCH, and CLOSE statements instead of
FOREACH, so it can test the status of each row as it is fetched. The FOREACH
statement executes the statements within the FOREACH block if the status is
zero. If the status is not zero, FOREACH exits the loop and closes the cursor.
By using FETCH, the program can distinguish between a fetch that failed due
to a locked row and one that failed for some other reason, and it can perform
the appropriate actions.

The FETCH statement is surrounded by the WHENEVER ERROR statement so
the program can perform its own checking of the status variable.

The test_success() function examines the status variable and returns:

e 1if status is zero (the fetch was successful).
* 0if status indicates that the fetch failed due to some non-locking error.
¢ -1if status indicates that the fetch failed due to a locked row.

If the fetch was successful, the desired customer row is fetched and locked.
The program updates the row with the new customer information. The
success variable is set to TRUE to indicate that the customer update was
successful.

If the fetch failed because the program encountered some non-locking error,
the program noti es the user of the cause of the error and sets the success
variable to FALSE.

If the fetch failed because the desired row is locked, the program increments
its count of the number of retries performed and checks to see if this count
exceeds the number of retries speci ed by the user. If not, the program noti-
es the user that it is going to try again to obtain the lock. It sets the try_again
ag to TRUE and the WHILE loop reiterates. If it has already attempted the
speci ed number of retries, the program sets the success variable to FALSE to
indicate that the update failed.

The program closes the update cursor so that cursor resources can be
reallocated. Notice that any lock held on the customer row is not released
because the current transaction has not yet ended. See Note 10.

The function returns TRUE or FALSE, indicating whether or not the update
was successful.
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390 WH LE try_again
400 OPEN c_cust | ck
LET try_again = FALSE

41[] WHENEVER ERROR CONTI NUE
FETCH c_custl ck I NTO cust_num
VWHENEVER ERROR STOP

420 CALL test_success(status) RETURNI NG success

CASE success
430 WHEN 1 --* FETCH was successf ul

VWHENEVER ERROR CONTI NUE
UPDATE cust oner SET custoner.* = gr_custoner.*
WHERE CURRENT OF c_custlck

WHENEVER ERROR STOP

IF (status < 0) THEN
ERROR status USI NG " - <<<<<<<<<<<",
Unabl e to update current custoner."

ELSE
LET success = TRUE
END | F
4411 WHEN O --* FETCH encountered non-1|ocking error

ERROR status USI NG " - <<<<<<<<<<",

": Unabl e to open customer cursor for update.”
SLEEP 3
LET success = FALSE

450 WHEN -1 --* FETCH encountered | ocked row

LET try =try + 1

IF (try <= nunber_of _trys) THEN
LET msg_txt = "Customer row is |locked. Retry #",
CALL msg(nsg_txt CLI PPED)
CLCSE c_custl ck
LET try_again = TRUE

ELSE
LET success = FALSE

END I F

END CASE

END WHI LE
460 CLOSE c_cust | ck
470 RETURN success

END FUNCTION -- update_cust2 --

try USING "<<<"
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The test_success() Function

480

4901

500

The test_success() function expects to receive the status variable as an
argument. A negative value indicates an error.

The row_locked() function examines the ISAM error code to determine
whether a locked row caused the fetch to fail. If so, it returns TRUE, and
otherwise it returns FALSE.

The function sets the return code so that it returns 1 if the status variable is
zero, 0 if the status variable indicates a non-locking error, and -1 if the status
variable indicates a locking error.

The row_locked() Function

510

The CASE statement tests the value of the SQLCA.SQLERRD[2] variable. If the
fetch (see Note 41) fails, the status variable indicates a failure and the ISAM
error code indicates the cause of the failure.

ISAM error code values of -107, -113, -134, -143, -144, and -154 indicate that
a lock request cannot be granted. In this case, the function returns TRUE.
Otherwise, it returns FALSE.
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FUNCTI ON t est _success(db_st at us)

DEFI NE db_status SMVALLI NT,
success SMVALLI NT

480 IF (db_status < 0) THEN
490 I F row | ocked() THEN --* encountered | ocked row
LET success = -1
ELSE --* encountered non-|ocking error
LET success = 0
END I F
ELSE --* didnt encounter error
LET success =1
END | F

500 RETURN success

END FUNCTION -- test_success --

FUNCTI ON row_| ocked()

DEFI NE | ocked SMALLINT

5100  CASE SQLCA. SQLERRD 2]

WHEN - 107

LET | ocked = TRUE
WHEN - 113

LET | ocked = TRUE
WHEN - 134

LET | ocked = TRUE
WHEN - 143

LET | ocked = TRUE
WHEN - 144

LET | ocked = TRUE
WHEN - 154

LET | ocked = TRUE
OTHERW SE

LET | ocked = FALSE

END CASE

RETURN | ocked

END FUNCTION -- row_| ocked --

To locate any function de nition, see the Function Index on page 730.
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Function Overview

update_cust3()
delete_cust2()

log_entry()

get_user()
addupd_cust()

bang()
clear_lines()
init_msgs()

message_window()

msg()

query_cust2()

state_popup()

verify_delete()

Updates a customer row. Uses error logging to record
database errors occurring during UPDATE.

Deletes a customer row. Uses error logging to list database
errors occurring during DELETE.

Creates an error log entry noting that an error has occurred
in a speci ed function.

Returns the user-1D of the current user.

Combines insertion and update functions in a single routine
to eliminate duplication of code.

See the description in Example 9.

Prompts the user for acommand and executes the command.
See the description in Example 3.

Clears any number of lines, starting at any line.

See the description in Example 6.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Opens a window and displays the contents of the
ga_dsplymsg global array.

See the description in Example 2.

Displays a brief, informative message.

See the description in Example 5.

Lets the user create a query by example.

See the description in Example 6.

Displays a lookup list of the states from the state table so the
user can choose the appropriate state.

See the description in Example 9.

Checks for dependent rows in other tables.

See the description in Example 6.
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The DATABASE Statement and MAIN Function
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This program can be used with any version of the demonstration database.
It uses only the customer table.

See the discussion of this and the next statement in Example 17, The MAIN
Function on page 384.

When an error log is used, it should be initialized as early as possible in the
program, so it is available to record errors in other initialization steps.

For example, in an early version of this program, init_log() was not called
until create_index() had nished, but then create_index() had no way to
report an error that it encountered.

The program adds a unique index on the customer.company column. This
gives you a simple way to cause an SQL error that can be logged: by adding
a customer that has a duplicate company name.

For discussion of this and the following statement see Example 17.

When the program ends, it drops the unique index on customer.company
and restores the demonstration database to its normal condition.

The create_index() Function

570

70

The create_index() function creates the index mentioned in Note 4. If the
CREATE INDEX statement ends with an error, the function checks for one
common case: that the index already exists. This could occur, for example, if
you run the program under the Debugger and exit without completing all the
statements. If another error occurs, the function documents it on the error log
and returns FALSE, signalling that the program cannot continue.
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4GL source file

DATABASE st or es7

GLOBALS
DEFI NE gr _cust oner RECORD LI KE custoner. *,
gr_wor kcust RECORD LI KE custoner. *,
g_user nanme CHAR( 8)
DEFI NE ga_dspl ynsg ARRAY[5] OF CHAR(48)
END GLOBALS
MAI N
OPTI ONS
HELP FI LE "hl pnsgs”,
FORM LI NE 5,

COMMENT LI NE 5,
MESSAGE LI NE LAST

DEFER | NTERRUPT
CALL init_log("errlog")

I F create_index() THEN
OPEN W NDOW w_mai n AT 2,3
WTH 18 ROAS, 75 COLUWNS
ATTRI BUTE ( BORDER)

OPEN FORM f _custoner FROM "f _cust oner"
DI SPLAY FORM f _cust oner
CALL cust _nmenu3()
CLEAR SCREEN
CALL drop_i ndex()
ELSE
LET ga_dspl ynsg[ 1] "Unabl e to create a unique index on the"
LET ga_dspl ynsg[ 2] " conpany colum. Please check the "errlog
LET ga_dspl ynsg[ 3] " file for nore detailed information."
CALL nessage_wi ndow( 9, 15)
END I F

END MAIN

FUNCTI ON cr eat e_i ndex()
HHHHHBHHBHHBH AR H B R R R

WHENEVER ERRCR CONTI NUE

CREATE UNI QUE | NDEX conp_i x ON custoner (conpany)
VWHENEVER ERRCOR STOP
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The drop_index() Function

80 At the conclusion of the program, it calls the drop_index() function to drop

9Ul

100

the unique index on the company column. Errors are reported to the error
log.

At this point the status variable contains the result of the DROP INDEX
statement.

At this point the status variable contains the result of executing the ERROR
statement. The error code returned by DROP INDEX has been replaced.
However, the SQL error code is still present in SQLCA.SQLCODE, where it will
remain until the program executes the next SQL statement.

The init_log() Function

110

The init_log() function uses the built-in STARTLOG() function to initialize the
4GL log le. The lename is passed as an argument. In this program, itis a
simple character constant in the MAIN block. Other options include taking it
from the command line or from the database.

The cust. menu3() Function

120

The cust_menu3() function is identical to the cust_menu2() function in
Example 17, except that it calls browse_cust3() instead of browse_cust2(). For
more information see The cust_menu2() Function on page 384.
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|F (status < 0) THEN
IF (status <> -316) THEN --* if index already exists: OK
CALL | og_entry(SQ.CA SQLCODE, "create_index()")
RETURN ( FALSE)
END I F
END I F

RETURN ( TRUE)

END FUNCTION -- create_index --

8] FUNCTI ON drop_i ndex()

WHENEVER ERROR CONTI NUE
DROP | NDEX conp_i x
WHENEVER ERRCR STOP

9l |F (status < 0) THEN
ERROR st atus USI NG " - <<<<<<<<<<<",
": Unable to drop conpany colum index."

100 CALL | og_entry(SQ.CA SQLCODE, "drop_index()")
END | F
END FUNCTION -- drop_index --

110 FUNCTION init_I og(l ogname)

DEFI NE | ognane CHAR(10)
CALL STARTLOG(| ognane)
CALL get_user() RETURNI NG g_user nanme

END FUNCTION -- init_log --

1200 FUNCTI ON cust _menu3()
DEFI NE st_custs CHAR(150)

DI SPLAY
B e T T Press CTRL-Wfor Help----------

See cust_menul() in Example 9.
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The browse_custs3() Function

1300 After customer rows are selected, the browse_custs3() function manages the
user s access to them. It is identical to browse_custs2() in Example 17, except
that it calls next_action4() instead of next_action3(). See The
browse_custs2() Function on page 386 for more information.

140 This version of the browse function displays the number of customer rows
selected. It gets this number from an element in the SQLERRD array of global
SQLCA record. The database Ils SQLERRD[3] with the number of rows pro-
cessed. After a SELECT statement, this value is the number of rows selected.

574 Logging Application Errors



The browse_custs3() Function

COWAND " Query" "Look up custoner(s) in the database." HELP 11
CALL query_cust2() RETURNI NG st_custs
IF st_custs |'S NOT NULL THEN
CALL browse_custs3(st_custs)
END I F
CALL clear_lines(1,4)

See cust_menul() in Example 9.
END MENU
END FUNCTION -- cust_nenu3 --

1300 FUNCTI ON browse_cust s3(sel stnt)

DEFI NE sel stnt CHAR(150) ,
fnd_custs SMALLI NT,
end_li st SMALLI NT,
num f ound SMALLI NT

See browse_custs() in Example 6.
FOREACH c_cust | NTO gr _custoner.*

140 LET num found = SQLCA SQLERRD 3]
I'F numfound IS NULL THEN
LET num found = 0
END | F
DI SPLAY " Nunber of Custoners Selected: ", numfound USING "<<<<<<"
AT 14,1 ATTRI BUTE ( REVERSE, YELLOW

LET fnd_custs = TRUE
DI SPLAY BY NAME gr_custoner. *

I F NOT next_action4() THEN
LET end_list = FALSE

EXI T FOREACH
ELSE
LET end_list = TRUE
END I F
LET gr_workcust.* = gr_custoner.*
END FOREACH

CALL clear_lines(4, 14)

See browse_custs() in Example 6.
IF end_list THEN
CALL nmsg("No nore custoner rows.")
END | F
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The next_action4() Function

1500 After a customer record is located and displayed, the next_action4() function
presents a menu of possible next actions. It is quite similar to the
next_action() function in Example 6. See The next_action() Function on
page 126. It differs from Example 6 and from other similar functions in

Example 9 and Example 17 only in the names of the subfunctions it calls to
perform the user s actions.
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CLEAR FORM

END FUNCTION -- browse_custs3 --

150 FUNCTI ON next _acti on4()

DEFI NE nxt_action SMALLI NT
LET nxt _action = TRUE

MENU " CUSTOMER MODI FI CATI ON'
COMMAND "Next" "View next selected custoner." HELP 20
EXI T MENU

COWAND "Update" "Update current custoner on screen.”
HELP 21
CALL clear_lines(1,14) -- clear out "Nunber Selected" nessage
| F addupd_cust ("U') THEN
CALL update_cust 3()
END I F
CALL clear_lines(2,16)
NEXT OPTI ON " Next"

COMVAND "Del ete" "Del ete current custoner on screen.”
HELP 22
CALL clear_lines(1,14) -- clear out "Nunber Selected" nessage
CALL del ete_cust 2()
I F gr_workcust.custoner_num | S NOT NULL THEN

-- * there was a previous custoner in the list: restore it to the screen
LET gr_custoner.* = gr_workcust.*
DI SPLAY BY NAME gr _custoner. *
END I F
NEXT OPTI ON " Next "

COMVAND KEY ("E","X') "Exit" "Return to CUSTOMER Menu"
HELP 24
LET nxt _action = FALSE
EXIT MENU
END MENU
RETURN nxt _action

END FUNCTION -- next_action4 --
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The insert_cust2() Function

160 The insert_cust2() function is called from add_upd_cust() to insert a new
customer record. It differs from very similar functions in Example 9 and
Example 17 (see The insert_cust() Function on page 182) in that it reports
errors by calling log_entry(). The earlier versions of this function report an
SQL error with the ERROR statement, which appears on the screen only.

170 As before, this statement, and any other that involves screen or disk activity,
resets the contents of the status variable. This explains why in the following
statement, the SQL error code is passed by nhaming SQLCA.SQLCODE, not
status.

The update_cust3() Function

180 The update_cust3() function is called from add_upd_cust() to update a
customer record. It differs from very similar functions in Example 6 and
others in that it reports errors by calling log_entry(). (See The update_cust()
Function on page 130.) The earlier versions of this function report an SQL
error with the ERROR statement, which appears on the screen only.
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160

170

180

HAHHH BB HBH BB H B R R
FUNCTI ON i nsert _cust 2()

WHENEVER ERROR CONTI NUE
I NSERT | NTO CUSTOMVER
VALUES (0, gr_custoner.fnanme, gr_custoner.|nane,
gr _customer. conpany, gr_custoner. addressl,
gr_custoner. address2, gr_custoner.city,
gr_custoner.state, gr_custoner. zi pcode,
gr_cust oner. phone)
WHENEVER ERROR STOP

IF (status < 0) THEN

ERROR status USING "-<<<<<<<<<<<", ": Unable to conplete custoner insert."”

CALL | og_entry(SQ.CA SQLCODE, "insert_cust2()")

ELSE
LET gr_custoner. custoner _num = SQLCA. SQLERRD| 2]
DI SPLAY BY NAME gr_customer. cust oner _num

LET ga_dsplynsg[1] = "Customer has been entered in the database."
LET ga_dsplynsg[2] =" Nunber: ",
gr _customer. cust omer _num USI NG " <<<<<<<<<<<”,
" Name: ", gr_custoner.conpany
CALL nmessage_w ndowm 9, 15)
END | F
END FUNCTION -- insert_cust2 --

HAHHHBHHBHHBH AR H B R R R
FUNCTI ON updat e_cust 3()
HAHHH BB HBH R R R R R R

WHENEVER ERROR CONTI NUE
UPDATE cust onmer SET customer.* = gr_customer.*
WHERE cust onmer _num = gr _cust oner. cust omer _num
WHENEVER ERRCOR STOP

IF (status < 0) THEN
ERROR status USI NG "- <<<<<<<<<<<",
: Unable to conplete custoner update."
CALL | og_entry(SQ.CA SQLCODE, "update_cust3()")
END | F

END FUNCTION -- update_cust3 --
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The delete_cust2() Function

The delete_cust2() Function

1900 Thisfunction is called to delete a customer record. It differs from very similar

functions in Example 6 and others in that it reports errors by calling
log_entry(). (See The delete_cust() Function on page 130.) The earlier ver-
sions of this function report an SQL error with the ERROR statement, which
appears on the screen only.

The log_entry() Function

580

200 Thelog_entry() function reports an SQL error by writing several lines into the

error log le. This error log le was initialized with the 4GL STARTLOG()
function. See Notes 3 and 11. Here is a sample of its output:

Date: 06/28/1991 Time: 09:45:20

User: nerfball Function: insert_cust2()

Error Nunber: -239 |ISAM Error: -100

Error: Could not insert new row - duplicate value in a UNI QUE | NDEX col um.
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The log_entry() Function

HHEAH B H AR HH R A TR R R A TR R R AR
190 FUNCTI ON del ete_cust 2()

I'F (pronpt_wi ndow("Are you sure you want to delete this?", 10, 15)) THEN
I'F verify_del ete() THEN

WHENEVER ERRCR CONTI NUE

DELETE FROM cust oner

WHERE cust oner _num = gr_cust oner. cust omer _num
WHENEVER ERRCR STOP

IF (status < 0) THEN
ERROR status USI NG "- <<<<<<<<<<<”,
": Unable to conplete custoner delete."
CALL | og_entry(SQ.CA. SQLCODE, "delete_cust2()")
ELSE
CALL msg("Custoner has been deleted.")
CLEAR FORM
END I F
ELSE
LET ga_dspl ynsg[ 1] = "Custoner ",
gr _customer. cust omer _num USI NG " <<<<<<<<<<<”,
" has placed orders and cannot be"
LET ga_dsplynsg[2] =" del eted. "
CALL nessage_w ndow( 7, 8)
END I F
END I F

END FUNCTION -- delete_cust2 --
HHEAHBH R R R A TR R A A R R T

200 FUNCTION log entry(errstat, fname)

DEFI NE errstat | NTECER,
f nanme CHAR( 20) ,
isamerr | NTEGER,
errtxt CHAR(70) ,
errline CHAR( 225),
uname CHAR( 8)
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The get_user() Function

210

2200

The parts of the log entry come from the following sources:

* The date and time are supplied by 4GL.
* The user name is acquired by calling the get_user() function.
* The function name and the error number are passed as arguments.

* The ISAM error number is retrieved from the SQL Communications Area
(the function assumes that no other SQL statement has been executed
since the error occurred).

* The error message text is retrieved from the 4GL ERR_GET() library
function.

These elements are formatted into a single character variable with newlines
(indicated by \n ) to divide the three lines.

The get_user() function performs a SELECT statement to retrieve the user
name, thus updating the error codes in the SQL Communications Area. The
function must save the ISAM error code before calling get_user().

The built-in ERRORLOG() function makes the actual entry to the 4GL error log.
It sends the entry to the error log initialized by the STARTLOG() function. See
Note 11. In this example, the error log is the errlog le.

The get_user() Function

582

230

The get_user() function returns the user ID of the current user. Because the
USER function is not available in 4GL, a SELECT statement is used to retrieve
the user 1D of the current user. The FROM and WHERE clauses in the SELECT
statement reference a row in a table that always exists.

In order not to have to use a cursor, the SELECT statement must be written so
that it returns only one row. This function selects the row of systables that
names itself (systables); it is sure to exist and sure to be unique. The owner
name informix is required only in an ANSI-compliant database.
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The get_user() Function

210 LET isamerr = SQLCA. SQLERRD[2] -- save it before it vanishes

CALL ERR GET(errstat) RETURNI NG errtxt

LET errline = "User: ", g_usernane, " Function: ",
fname CLIPPED, "\n", "Error Nunber: ",
errstat USING "-<<<<<<<<z<<", " | SAMError: ",
isamerr USING "-<<<<<<<<<<<", "\n", "Error:

errtxt CLIPPED, "\n",

220 CALL ERRORLOG errline CLI PPED)

END FUNCTION -- log_entry --

2300 FUNCTION get_user()

DEFI NE ui d LI KE inform x. sysusers. user nane

SELECT USER I NTO uid

FROM i nformi x. systabl es -- table guaranteed to exi st
WHERE t abnanme = "systables" -- row sure to exist and be singular
RETURN ui d

END FUNCTION -- get_user --

To locate any function de nition, see the Function Index on page 730.
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Managing Multiple
Windows

Window w_app;
displays time

and program name.

Window w_menu;
displays menus.

Window w_form;
displays forms.

This example shows how you can put more than one window on the screen.
The program uses the windows to tile the screen instead of overlapping
them. When the program starts, the screen looks like this:

B R R R R R A R e

iHadn:  DEENEEREEN Orders Jepck Exib
| Time: 155§ IEntar and meintais ceatossr dabm. i
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Managing Windows

Managing Windows

Tiling windows gives you more control over the layout of the display. The
MENU command creates a menu that 1ls the window from left to right. This
program displays both a logo and the time to the left of the menu because the
logo and the menu appear in separate windows.

Windows can overlap to any extent. The CURRENT WINDOW statement
brings one window to the front and makes it the focus of keyboard input.
Although these windows appear to join neatly, their borders overlap by one
character, so that the vertical line between Demo and MAIN iscomposed
of the right border of window w_app and the left border of w_menu.

When a MENU statement or a DISPLAY FORM statement is executed, its
output goes to the current window. The current window is the one named in
the most recent CURRENT WINDOW or OPEN WINDOW statement. This
example is careful to make the menu window current before entering a
MENU statement, and to make the form window current before displaying a
form.

The forms displayed by this program are the same forms used in the other
examples. A form is not tied to any particular window or program; it can be
displayed in any window so long as the window has enough rows and
columns to hold it.

4GL does not offer multitasking, so it is not possible to operate the time
display asynchronously from the other windows. The clock will not advance
while the user is away from the keyboard. A function named new_time()
updates the time display. Calls to new_time() are inserted following each
point at which user input is requested.

Using Dummy Functions

586

While this program offers a two-level hierarchy of menus, neither menu
actually does anything. All functions that would add, update, query, or
report have been left unde ned. Instead, each menu command calls a dummy
function to display the string Function not implemented yet.

This is a valid and useful design technique: it permits you to design the inter-
face to an application, including forms, and to test it and get feedback from
the user population early in the development process. Then you can add
functions one at a time, concentrating on each function in isolation. Many of
the functions from other examples could be slotted into the framework of this
program. For instance, the query by example from Example 5 could be
dropped in with little change.
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Function Overview

Function Overview

Function Name
dsply_logo()
dsply_screen()
close_screen()

curr_wndw()
new_time()

dummymsg()
menu_main()

sub_menu()

bang()

msg()

Purpose

Displays the logo form with the current date.

See the description in Example 1.

Opens the three application windows.

Closes the three application windows.

Makes a new application window current.

Makes the application window (w_app) currentand displays
the updated system time in it.

Development routine: displays the message Function not
implemented yet.

Makes the menu window (w_menu) current and displays the
MAIN menu in it.

Displays the requested sub_menu (CUSTOMER, ORDERS,
or STOCK) and opens the appropriate form in the form
window (w_form).

Prompts the user for a command and executes the com-
mand.

See the description in Example 3.

Displays a brief, informative message.

See the description in Example 5.
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The MAIN Function

The MAIN Function

10 Thedsply_logo() function, which appears in Example 1, lls the screen with
a decorative application logo for the speci ed number of seconds.

200 The dsply_screen() function opens all windows. The call to menu_main()
starts the real business of the program.

The dsply_screen() Function

300 The OPEN WINDOW statement creates the small decorative window in the
upper-left corner. Two xed strings, the program name and the legend
Time: , are displayed in it.

An alternate way to initialize the contents of a static window is to display a
small form in it. This puts the text of the window outside the program and in
a form where it can be maintained separately.

4[] Each call to new_time() updates the time display in the w_app window.
These calls are scattered throughout the program in an attempt to keep the
time display reasonably current.

50 The left border of the w_menu window overlaps the right border of w_app.
On some terminals, the upper-left and upper-right corners of window bor-
ders are drawn with distinct symbols. On such a terminal the corner symbol
at row 2, column 22 will switch between left and right orientations as the
windows are alternately made current.

6] Window w_form is sized to hold most of the forms used in other examples.
Its upper border overlaps the lower borders of the other windows. It is not
essential to overlap borders in this way, but every row and column is
precious on most terminals.

The close_screen() Function

700 This function cleans up all windows at the termination of the program.
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The close_screen() Function

4GI menu file

DEFER | NTERRUPT

10 CALL dsply_l ogo(3)
CLEAR SCREEN

20 CALL dsply_screen()
CALL nmenu_nmai n()

CALL cl ose_screen()
CLEAR SCREEN
END MAI N

FUNCTI ON dspl y_screen()

30 OPEN W NDOW w_app AT 2,3
WTH 2 ROAS, 19 COLUWNS
ATTRI BUTE( BORDER, MESSAGE LI NE LAST)

DI SPLAY " | NFORM X-4GL Denp " -- blank before | allows for SG#1
AT 1, 1 ATTRIBUTE(REVERSE, RED) -- termnals
DI SPLAY "Tine:" AT 2, 2
40 CALL new_ tine()

50  OPEN WNDOWw nenu AT 2,23
WTH 2 ROAS, 56 COLUWNS
ATTRI BUTE( BORDER)

el] OPEN W NDOW w_f or m AT 5, 3
WTH 16 ROAS, 76 COLUWNS
ATTRI BUTE( BORDER, FORM LI NE 1,
MESSAGE LI NE LAST, PROVPT LINE LAST)

END FUNCTION -- dsply_screen --

700 FUNCTI ON cl ose_screen()

CLOSE W NDOW w_f orm
CLOSE W NDOW w_nenu
CLOSE W NDOW w_app

END FUNCTION -- cl ose_screen --
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The curr_wndw() Function

The curr_wndw() Function

80

This function encapsulates the process of switching windows so that the
names of the windows do not have to be propagated throughout the applica-
tion. Window names are not known outside the source module containing
the OPEN WINDOW statement, so a function in a different module could not
execute the CURRENT WINDOW statement in any event. This function is also
a convenient place for a breakpoint when debugging.

The new_time() Function

90

100

The new_time() function updates the time display. It is called from every-
where that a delay completes. No practical way is available to update the
time concurrently with other activities.

The time is displayed using row and column coordinates. This approach has
the disadvantage that knowledge of the window layout is incorporated into
the program. Another approach would be to initialize w_app with a very
small form containing a form-only eld for the time, and to use DISPLAY TO

eld name for the time. Then the function would not be dependent on the lay-
out of the window; they could be changed independently.

The dummymsg() Function

110

The dummymsg() function is called wherever a feature has not yet been
coded. It makes the form window current before displaying its message. If it
did not, the message might appear on top of the menu or might be truncated
within the time window.

The menu_main() Function

590

1201

The menu_main() function displays and executes the main menu. It rst
makes the menu window current; otherwise the menu would appear in
whichever window is current at the time.

When a menu command is selected, it calls the sub_menu() function and
passes a parameter indicating the selected menu command. When control
returns from sub_menu(), 4GL makes current the menu window.
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The menu_main() Function

HHEAH B H AR HH R A TR R R A TR R R AR
80 FUNCTI ON curr_wndw( wndw)

DEFI NE wndw CHAR( 1)

CASE wndw
WHEN " M'
CURRENT W NDOW | S w_nenu
WHEN " F"
CURRENT WNDOW IS w_form
WHEN " A"
CURRENT W NDOW I S w_app
END CASE

END FUNCTION -- curr_wndw - -

HHEAHBH AR R R A TR R A A R R R AR
900 FUNCTI ON new_ti ne()

DEFI NE the_time DATETI ME HOUR TO M NUTE

CALL curr_wndw("A")
LET the_time = CURRENT
100 DI SPLAY the tinme AT 2,8

END FUNCTION -- new_tine --

110 FUNCTI ON dummynsg(

CALL curr_wndw("F")
CALL msg("Function Not |nplenmented Yet")

END FUNCTION -- dummynsg --

1200 FUNCTI ON nrenu_mai n()

CALL curr_wndw("M")

MENU " MAI N'
COWAND "Custoner" "Enter and maintain custoner data."
CALL sub_nenu("C")
CALL curr_wndw("M")

COWAND "Orders" "Enter and maintain orders.”

CALL sub_rnenu(" Q")
CALL curr_wndw("M")
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The sub_menu() Function

1300 The KEY clause in the MENU statement allows you to associate a maximum
of four keys with a menu option.

The sub_menu() Function

1400 The sub_menu() function is called from the main menu. It displays the
appropriate menu and form for each menu choice.

The function takes advantage of the fact that the MENU statement accepts
variables for the menu title, command names, and command option descrip-
tions. It also uses a variable to specify the name of the form that appears in
the w_form window.

1500 The menu_opt variable receives the parameter passed to the function. It acts
asa ag to set the appropriate form and sets the index into the s_menu array.

The s_menu array holds the information about each submenu. The
appropriate record in the array is then passed to a MENU statement.

The idx variable serves as the index into the array.

1600 The series of LET statements loads the menu information into the array.
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The sub_menu() Function

130

1400
150

160

COWAND " Stock" "Enter and maintain stock list."
CALL sub_nenu("S")
CALL curr_wndw("M")

COMVAND KEY("!™")
CALL bang()
CALL curr_wndw("M")

COMVAND KEY ("E","X") "Exit"
"Exit programand return to operating system"
EXI' T MENU
END MENU

END FUNCTION -- nenu_nain --

FUNCTI ON sub_nenu( menuopt)

DEFI NE nenuopt CHAR(1),
s_menu ARRAY[ 3] OF RECORD
nmenunane CHAR(10),
optionl CHAR( 15),
optdescl CHAR( 50),
option2 CHAR( 15),
opt desc2 CHAR(50),
option3 CHAR( 15),
opt desc3 CHAR(50)
END RECORD,
i dx SMALLI NT,
f orm nane CHAR(10)
LET s_nenu[ 1] . nenunane = " CUSTOVERS"
LET s_nenu[1].optionl = "Add"
LET s_nenu[ 1] .optdescl = "Add new custoner(s) to the database."
LET s_menu[1].option2 = "Query"
LET s_nenu[ 1] .optdesc2 = "Look up custoners information."
LET s_menu[1].option3 = "Report"
LET s_nenu[1].optdesc3 = "Create custoner reports.”

LET s_menu[ 2] . menunane = " ORDERS"

LET s_nenu[2].optionl = "Place"

LET s_menu[ 2] . optdescl "Add new order to database and print invoice."
LET s_nenu[2].option2 = "Query"
[
[
[

LET s_nmenu[ 2] . optdesc2 = "Look up and display order information."
LET s_nenu[ 2] .option3 = "Report"
LET s_nenu[ 2] .optdesc3 = "Create order reports.”

LET s_menu[ 3] . nenunane = " STOCK"

LET s_menu[ 3] .optionl = "Add"

LET s_nmenu[ 3] . optdescl = "Add new stock iten(s) to the database."
LET s_menu[3].option2 = "Query"
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The sub_menu() Function

594

170
180

190

200

210

The current window is set to w_form.

The value of menuopt determines the setting of the form_name variable,
which is used in the following OPEN FORM statement, and the idx index into
the s_menu array, which loads the submenu.

Once the function displays the appropriate form in the w_form window, the
call to curr_wndw/() resets the current window. The following MENU state-
ment will display in the w_menu window.

The menu title, list of options, and list of option descriptions are contained in
one row in the s_menu array. The idx index into the array was set in the
previous CASE statement.

Some menu commands are set using variables, while others use literal
strings. Because all submenus include an Exit option and a bang option,
they are hard-coded into the statement and are not passed to the statement as
variables.

The 4GL MENU statement allows you to use variables for the name of the
menu, for command names, and for command descriptions. However, you
cannot use a variable for the help number associated with a command.

After each menu choice, the time display is updated.
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170
180

190
200]

2100

LET s_nenu[ 3] . optdesc2 = "Look up and display stock information."
LET s_nenu[ 3] .option3 = "Report"
LET s_nenu[ 3] . optdesc3 = "Create stock reports."

CALL curr_wndw("F")

CASE menuopt
WHEN " C*
LET formnnane = "f_custoner"
LET idx =1
WHEN " O'
LET formnnane = "f_orders"
LET idx = 2
WHEN " S"
LET formnane = "f_stock"
LET idx = 3
END CASE

OPEN FORM t he_opti on FROM f or m nane
DI SPLAY FORM t he_opti on

CALL curr_wndw("M")

MENU s_nenu[i dx] . menunane
COWAND s_nenu[idx].optionl s_nenu[idx].optdescl
CALL dunmmynsg()
COMWAND s_nenu[idx].option2 s_nenu[idx].optdesc2
CALL dummynsg()
COMWAND s_nenu[idx].option3 s_nenu[idx].optdesc3
CALL dunmmynsg()
COMMAND KEY ("!")
CALL bang()
COWAND KEY ("E","X') "Exit" "Return to MAIN Menu."
CLEAR W NDOW w_f orm
EXI'T MENU
END MENU

CALL new tine()

END FUNCTION -- sub_nenu --

To locate any function de nition, see the Function Index on page 730.
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Displaying Menu Options
Dynamically

This example shows how to use a scroll cursor to modify the database (insert,
update, and delete rows) while allowing concurrent updates. It is based on
Example 20. You should understand the read-ahead scrolling and query revi-
sion features of Example 20 before reading this program.

The Scroll Cursor and Volatile Data

The bene t of ascroll cursor is that it can fetch any row in a selected (active)
set of rows. In a static database, the contents of the selected set remains con-
stant. However, when multiple programs can modify the database concur-
rently, the set of selected rows may change from one moment to the next. At
any instant, another program might:

¢ Add a row that should be part of the selected set.
¢ Delete a row that was part of the selected set.

¢ Update a row that was part of the selected set in such a way that it should
no longer be selected.

¢ Update a row that was not selected in such a way that it now should be
included in the set of rows returned by the query.

The scroll cursor commands such as FETCH PRIOR, FETCH ABSOLUTE n, and
FETCH LAST require that the selected set remains constant until the cursor is
closed. If the set of rows can change from moment to moment, the very con-
cept of the next, the last, or the nth row becomes confused, particularly when
the rows being fetched are the result of a join.

To make FETCH work predictably and repeatably, the database server creates

a stable selection set by saving the rows in a temporary table as it rst nds

them. This saved set of rows a snapshot of the original data as it was when
rst fetched is retained until the cursor is closed.
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The Scroll Cursor and Volatile Data

598

You can use the program in Example 20 to test this aspect of a scroll cursor:

1. Start the program and view several rows.

2. From a different user session, open the same database and delete one of
the rows you viewed.

3. Return to the ex20 program. You will still be able to see the row that was
deleted. It has been cached in the temporary table.

4. Now use the Query option and enter the same criteria. When the cursor
is closed and reopened, the deleted row will be absent from the set.

This illustrates two things about a scroll cursor:

* Itcan display stale data, that is, rows that no longer accurately re ect the
database contents.

* It can be resynchronized by closing it and opening it again with the same
selection criteria. The set of rows found on reopening may be somewhat
different than they were before and will re ect the current state of the
database.

Resynchronizing a Scroll Cursor

The scroll cursor should be resynchronized whenever the program nds that
the database no longer matches the cached rows. This can happen whenever
the program displays a row, and will happen whenever a user modi es arow.

In this example, the loop that supports scrolling starts by opening the scroll
cursor. Next comes a MENU statement, followed by a close of the cursor.
When a menu option nds that the cursor is showing stale data, it forces
resynchronization by exiting the MENU statement. The cursor is closed at the
bottom of the loop, and then reopened at the top.

One problem exists with this plan: it may frustrate the user. If the set of
selected rows is large, the user may spend a lot of time nding a particular
row. It would be confusing for the program to suddenly reset the cursor to
the rst row of the set. After closing and reopening the cursor, the program
must try to position the cursor on, or at least near to, its previous position.

This is done by maintaining a count of the current scroll position in the
selected set. This scroll position is not the same as the row ID; the row ID is
relative to the whole table, while the scroll position is relative to the particu-
lar set of rows that match the current query.

The scroll position can be precisely maintained across most menu choices. It
is set to 1 at the start and whenever First is chosen. Each use of Next
increments it; each use of Prior decrements it. When the cursor is reopened,

Displaying Menu Options Dynamically



Updating Rows Fetched Through a Scroll Cursor

a FETCH ABSOLUTE command can set the cursor to the desired row in the set,
or nearly to it. The nth now in the current set may not be the same nth row as
before the cursor was closed. Rows might have been inserted or deleted, but
at least the cursor will be close to its former row.

There is one operation under which the scroll position cannot be maintained
exactly. When the user chooses Last, the program uses FETCH LAST to display
the last record in the set. But because the program does not know how many
rows are in the set, it cannot tell what scroll position it has reached.

However, the program does know its position relative to the last row. So the
program assigns the scroll position zero to the last row. The Prior choice dec-
rements this; the row prior to the last is row -1 relative to the last row. The
Next choice increments it, still maintaining the correct relative position with
respect to the last row.

Thus when the program reopens the cursor and nds that the scroll position
is a negative number, it can reestablish that position by performing a FETCH
LAST command followed by a FETCH RELATIVE of the desired row.

Updating Rows Fetched Through a Scroll Cursor

Because a scroll cursor does not necessarily show the database as it really is,
you cannot declare a scroll cursor for update. A cursor used to modify rows
(that is, either update or delete them) must be an ordinary cursor.

Then how can you modify a row that was fetched through a scroll cursor?
The answer is that you must use a regular cursor to fetch the row and modify
it through that cursor. However, you should keep in mind that when a row is
subsequently fetched through the update cursor, time has elapsed since it
was originally fetched through the scroll cursor. Various changes may take
place during this interim period such as:

* The row might have been modi ed by another program.
* The row might no longer exist.

Obviously, if the row is deleted, it cannot be modi ed. But if a row has been
changed, it should not be modi ed, because it is possible that the modi ca-
tion is no longer applicable to the changed row.

At a high level, the method of modifying a row fetched with a scroll cursor is
as follows:

1. Fetch the row with the scroll cursor.

2. Declare a second cursor for an update and associate it with a SELECT
statement that returns only the desired row.
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3. Open the cursor and fetch the row, locking it for exclusive use.

If the row is not found, it has been deleted or changed so that it no longer
ts the selection criteria.

4. Compare the column values to those returned through the scroll cursor.

If there is any difference, the modi cation might no longer be applicable
and the row should not be modi ed.

5. Perform the UPDATE or DELETE operation using WHERE CURRENT OF
the update cursor.

In every case, the scroll cursor is now stale; at least for this one row, it no
longer re ects the actual table. Hence it should be resynchronized by closing
and reopening it.

Using the Row ID

600

This example relies on the row ID, a unique integer that is associated with
every row of a table. The row ID may be thought of as another column in each
table, a column that is initialized with random integer values when the table
is created. A row retains its row ID as long as it exists. You can select ROWID
as if it were a column in the table, and you can use a comparison to ROWID
in a WHERE clause in order to retrieve a speci ¢ row.

Here are some cautions related to the use of the row ID. First, row ID values
are reassigned when rows are deleted and other rows inserted. Second, row
ID values change when a table is unloaded and reloaded. Thus, you can never
assume that a row will retain its row ID permanently. In particular, you
should never store row ID values in a table as foreign keys to other tables.
However, the row ID is extremely useful for keeping track of speci ¢ rows
during the life of a single cursor.

In this example, the scroll cursor selects only the row 1D value and nothing
else. The scroll cursor is used to generate a list of the row IDs of the rows that
meet the query criteria.

When it is time to display a row to the user, the row is fetched using an
ordinary cursor. ROWID is appended to the other query conditions when
building the WHERE clause. This prevents the unlikely case in which the
original row has been deleted and another, unrelated row inserted at the
same row ID. Including both the ROWID value and the user-speci ed query
conditions ensures that the query returns the intended row  or no row at all.
If the row is no longer found, it has been deleted and the scroll cursor needs
to be resynchronized. If it is found, the column values fetched are the very
latest ones; they re ect any update up to the present time.
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When the user asks to update a row, the row is re-fetched using an update
cursor, thus locking it for exclusive use. All elds of the returned row are
checked against the row as it rst was displayed to make sure it has not
changed.

Similarly, when the user asks to delete a row, the test of ROWID and the other
query conditions are used in a DELETE statement. This is a less stringent test
than is applied prior to UPDATE, when all the columns are tested to make
sure none has changed. It is possible to delete a row that had recently been
updated by a different user.

A fetch using the row ID is very fast; the row ID encodes the physical address
of the row on the disk, so not even an index lookup is needed. The fetches and
re-fetches take little time.

Checking User Authorization

This example permits the user to insert, update, or delete new rows.
However, not all users are authorized to do these things.

The program looks up the user s privileges in the systabauth system catalog
when it starts up. Then it only displays menu choices for the actions permit-
ted the user.

The get_tab_auth() function performs this task. It returns a character string in
the format used in systabauth, which contains one character for each table-
level privilege. The program checks the second character to see if the user has
the Update privilege, and the fth character to see if the Delete privilege has
been granted. It hides the menu choices that are not allowed.
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Function Overview

Function Name
scroller_3()

query_cust3a()

query_cust3b()

disp_row()
del_row()
upd_row()
get_user()

get_tab_auth()
sel_merged_auth()

merge_auth()

like()

open_db()

begin_wk()

commit_wk()

rollback_wk()

clear_lines()

Displaying Menu Options Dynamically

Purpose

Runs the browsing menu, fetching and modifying rows on
request. Uses row IDs to track rows.

Executes a CONSTRUCT statement and returns the resulting
conditional expression.

See the description in Example 20.

Like query_cust3a(), but with a different prompt message
and a different treatment of the null query.

See the description in Example 20.

Displays a row given its row 1D, checking that it still exists
and matches the query constraints.

Deletes a row given its row ID, checking that it still exists and
matches the query constraints.

Updates a row given its row ID, checking that it exists and is
unchanged from when it rst displays.

Returns the user ID of the current user.

See the description in Example 25

Returns the current user s privileges on a speci ed table.
Selects all privileges and returns the superset of privileges.
Because the key to systabauth is grantor+grantee+tabid, a
given grantee may have multiple grants for a given table.
Returns the superset of two tabauth strings, retaining any let-
ter in preference to a hyphen, and uppercase letters in prefer-
ence to lowercase.

Returns TRUE when two values are either equal or both null,
FALSE otherwise.

See the description in Example 24.

Opens a database using dynamic SQL and saves information
about it for later use. Returns TRUE or FALSE.

See the description in Example 22.

Executes a BEGIN WORK statement provided that
open_db() says the database uses Informix-style transactions.
See the description in Example 22.

Executes a COMMIT WORK statement provided that
open_db() says the database uses transactions.

See the description in Example 22.

Executes a ROLLBACK WORK statement provided that
open_db() says the database uses transactions.

See the description in Example 22.

Clears any number of lines, starting at any line.

See the description in Example 6.



Function Overview

answer() A user-alert subroutine that takes one to three possible user

responses and returns the one the user chooses.
See the description in Example 20.
msg() Displays a brief, informative message.
See the description in Example 5.
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The GLOBALS Statement and MAIN Function

10 Any version of the example database may be used here.

2[0 The gr_database record is set by the open_db() function to re ect the features
of the database.

30 The program prompts the user for the name of the database to use. Because
the database will be opened dynamically, the example gives the user the
opportunity to name a different database.
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1d

20

30

4GL source file

DATABASE st or es7

GLOBALS
DEFI NE gr _dat abase RECORD
db_known  SNMALLI NT, -- following fields are usable
has_| og SMALLI NT, -- based on sql awar n[ 2]
i s_ansi SMALLI NT, -- based on sqgl awar n[ 3]
is_online SMALLINT, -- based on sqgl awar n[ 4]
can_wai t SMALLI NT -- supports "set |lock node to wait"
END RECORD
END GLOBALS

# Modul e vari abl es shared by scroller_3() and disp_row()

DEFI NE m querycond CHAR(500), -- current query condition text
nr_currcust RECORD LI KE custoner. * -- current row contents
MAI N
HHBHHBHHBH AR H B H BB B R R R R
DEFI NE cond CHAR(150), -- conditional clause from CONSTRUCT
nore SMALLI NT, -- continue flag

dbnane CHAR( 10)
DEFER | NTERRUPT

OPTI ONS
HELP FILE "hl pnsgs”,
FORM LI NE 5,
COMMENT LI NE 5,
MESSAGE LI NE 19

OPEN W NDOW w_db AT 2, 3
W TH 4 ROA5, 65 COLUWNS
ATTRI BUTE ( BORDER, PROWPT LINE 3)

DI SPLAY "Enter nane of standard denp dat abase, or press RETURN to"
AT 2,2
LET int_flag = FALSE
PROWPT " use stores7 database: " FOR dbnane
IF int_flag THEN
LET int_flag = FALSE
CLOSE W NDOW w_db
EXI T PROGRAM
END | F

CLOSE W NDOW w_db

| F LENGTH( dbnane) =0 THEN
LET dbnanme = "stores7"

END | F
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40

The open_db() function attempts to open the speci ed database. It returns
FALSE only if it fails to open the database requested. This function is dis-
cussed in Example 24.

The scroller_3() Function

606

50

60

70

84

90

The cust_priv variable will receive the output of the get_tab_auth() function.
See Note 45. It is unconventional but valid to de ne avariable LIKE acolumn
of a system catalog. The name of the system catalog table systabauth is qual-
i ed with the owner name informix. This is allowed anywhere, but would
only be required in an ANSI-compliant database.

The variables curr_rid, next_rid, and prior_rid are used in this program the
same way the variables curr_cust, next_cust, and prior_cust were used in
Example 19 and Example 20: to hold the row currently being displayed and
the adjacent ones. However, in this program only a row ID is kept for each
row.

See The get_tab_auth() Function on page 624. It returns a string of charac-
ters that encodes the current user s privileges with respect to the given table.

The scroll_pos variable contains the scroll position, here initialized to 1
because the rst time this routine is entered, the rst row of the selected set
should be displayed to the user.

As in Example 19 and Example 20, the program remains in this loop (which
ends on page 617) until the user selects the Query or Exit menu choices. Each
time through the loop, the scroll cursor ¢_custrid is opened and then closed.
Thus the code for any other menu choice can force resynchronization of the
cursor simply by exiting the menu and thus iterating the loop.
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40

60

70
8u
9Ul

| F open_db(dbnane) =FALSE THEN -- open db, find out about | ogging
DI SPLAY "Unabl e to open that database, sorry." AT 20,1
EXI T PROGRAM

END | F

Remainder of function is identical to that in Example 20, except it calls scroller_3() instead of scroller_2().

END MAI N

FUNCTI ON scrol | er_3(start_cond)

DEFI NE start_cond CHAR(150),-- initial query condition
cust_priv LI KE i nform x. systabauth.tabauth, -- privilege in table
scrol | _sel CHAR(500), -- SELECT statenment for scroll cursor
curr_rid, -- row id of row now being displayed,
next _rid, -- ..of rowto display when Next is chosen,
prior_rid | NTEGER, -- ..of rowto display when Prior is chosen

-- (rowids are integers)

fetch_dir, -- flag showing direction of travel in |list
usi ng_next, -- flag values: going fwd using fetch next,
usi ng_pri or, -- ...going bwd using fetch prior, or
at _end, -- ...at either end of the list
retval, -- value to RETURN from function
m sc SMALLI NT, -- scratch nunber
scroll _pos SMALLINT -- abs or rel position in selection set

-- no one can manually scroll > 32K records

LET using_next = +1
LET using_prior = -1
LET at_end = 0

LET m querycond = start_cond -- initialize query condition
LET cust_priv = get_tab_auth("custoner") -- our user s privil eges
LET scroll _pos =1 -- initial position is First
LET retval = 99 -- neither TRUE nor FALSE
WHI LE retval <> TRUE AND retval <> FALSE -- ie while not Query or Exit
LET scroll_sel = "SELECT RON D FROM cust oner WHERE ", m querycond CLI PPED

PREPARE scrol | _prep FROM scrol | _sel
DECLARE c_custrid SCROLL CURSOR FOR scrol |l _prep
OPEN c_custrid

DI SPLAY
B e T T Press CTRL-Wfor Help---------- "
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100
110

120

130

140
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160

170

180

The MENU statement ends just before Note 27.

The set of selected rows could turn out to be empty for the following reasons:
* The initial query selected no rows.
* The conditions added following a Revise menu choice quali ed no rows.

* The selected rows have all been deleted or updated so they no longer
meet the conditions following a resynchronization.

The time needed to resynchronize depends on the previous scroll position.
If itis 1 or a small absolute number, only a few rows will have to be read. But
if it was Last, or relative to Last, the program will have to use FETCH LAST,
causing the server to read all rows and save them. Because some time may
pass, a message is displayed to warn the user.

Because at least one row exists, it is time to display or hide the Update and
Delete menu choices, based on the user s privileges in this table.

A scroll position greater than 1 indicates that the absolute position is known

and is not First. The following code tries to establish the prior, current, and

next rows as they would have been. However, any of these rows may no

longer be part of the selected set. These lines try to read the prior and
current rows; if they are found, the SQLCODE will be zero.

If the program gets this far, prior and current rows are known. The Next
menu choice is enabled, depending on whether a next row can also be
found. If it cannot be found, the current row is also the last in the set.

If the prior or current row is no longer in the set, the set has become
smaller. The program sets a scroll position of Last. See Note 17.

A negative scroll position is relative to the last row in the set. The following
lines try to establish the current and next rows. Success in fetching both
are re ected in SQLCODE. The FETCH LAST operation forces the database
server to nd and cache all selected rows, and could take a long time to
perform.

The current row, or a row at the same position, has been restored. Now the
Prior menu choice is enabled or disabled, depending on the existence of a
row in the prior position.
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100

110

1201
130

140

1501

1601

170

180

MENU " Vi ew Cust oner s"

BEFORE MENU -- Set up as for First, but with chance of zero rows
SHOW OPTI ON ALL -- should *not* be needed, see problem 8734
FETCH FIRST c_custrid INTO curr_rid -- test for enpty set
| F SQLCA. SQLCODE = NOTFOUND THEN

ERROR "There are no rows that satisfy this query."
H DE OPTI ON ALL

SHOW OPTI ON " Query"

SHOW OPTI ON "Exi t"

NEXT OPTI ON "Query"

ELSE -- set contains at |east one row
MESSAGE "Setting cursor position, be patient”
IF cust_priv[2] = "-" THEN
HI DE OPTI ON " Updat e"
END I F
IF cust_priv[5] = "-" THEN
HI DE OPTI ON "Del et e"
END I F
IF scroll_pos > 1 THEN -- try for former absolute position
LET misc = scroll_pos - 1 -- start with "prior" row
FETCH ABSOLUTE misc c_custrid INTO prior_rid
I F SQLCA. SQLCODE = 0 THEN -- that worked, get current
FETCH NEXT c_custrid INTO curr_rid
END I F
I|F SQLCA. SQLCODE = 0 THEN -- got current row, set up "Next"

LET fetch_dir = using_next
FETCH NEXT c_custrid I NTO next_rid
| F SQLCA. SQLCODE = 0 THEN
NEXT OPTI ON " Next"
ELSE
HI DE OPTI ON " Next"
NEXT OPTION "First"

END I F
ELSE -- current row unavailable, go for "Last"
LET scroll_pos = 0
END I F
END | F -- scroll_pos > 1
IF scroll_pos <0 THEN -- try for former relative position
FETCH LAST c_custrid INTO curr_rid -- establish position
LET misc = scroll_pos + 1 -- start with "next" row

FETCH RELATI VE misc c_custrid INTO next_rid
| F SQLCA. SQLCODE = 0 THEN -- ok, try for current
FETCH PRIOR c_custrid INTO curr_rid
END I F
| F SQLCA. SQLCODE = 0 THEN -- got current, set up "Prior"
LET fetch_dir = using_prior
FETCH PRIOR c_custrid INTO prior_rid
| F SQLCA. SQLCODE = 0 THEN
NEXT OPTION "Prior"
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190

200

210

22[]

If the current or next row is no longer in the set, the set has become
smaller. The program sets a scroll position of First. See Note 20.

The scroll position was, or has been forced to, Last. Fetch the last row (which
must exist because the set has been shown to contain at least one row) and
make it current. Display the Prior choice if more than one row exists.

The scroll position was, or has been forced to, First. Fetch the rst row. It may
already have been fetched, but if that is the case, this fetch will take little time.
Display the Next choice if more than one row exists.

As described in The disp_row() Function on page 616, column values are
fetched for a given row ID and are displayed in the form. If the row is no
longer part of the selected set, the function returns FALSE.

This IF statement appears in several menu commands. Whenever disp_row()
returns FALSE, the program exits the menu, thus forcing the cursor to
resynchronize.
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ELSE
H DE OPTION "Prior"
NEXT OPTION "Last"

END | F

ELSE -- current row unavailable, go for "First"
1901 LET scroll_pos =1

END | F

END | F -- scroll_pos <0

200 IF scroll _pos = 0 THEN -- do just as for "Last" choice

FETCH LAST c_custrid INTO curr_rid

HI DE OPTION "Next" -- cant go onward from here

LET fetch_dir = using_prior

FETCH PRIOR c_custrid INTO prior_rid

| F SQLCA. SQLCODE = 0 THEN-- at least 2 rows in set
NEXT OPTION "Prior"

ELSE -- only 1 rowin set
H DE OPTION "Prior"
NEXT OPTI ON "Query"

END | F
END | F -- scroll_pos = 0 = | ast
210 IF scroll _pos = 1 THEN -- do just as for "First" choice
FETCH FIRST c_custrid INTO curr_rid
HI DE OPTION "Prior" -- cant back up from #1

LET fetch_dir = using_next
FETCH NEXT c_custrid I NTO next _rid

IF SQLCA. SQLCCDE = 0 THEN -- at least 2 rows
NEXT OPTI ON "Next"
ELSE -- only 1 rowin set

HI DE OPTI ON " Next "
NEXT OPTI ON " Query"

END | F
END I F -- scroll_pos =1 = First
MESSAGE "" -- clear "please wait" nessage
220 IF disp_row(curr_rid) = FALSE THEN
EXIT MENU
END | F
END | F

COWAND KEY(ESC, Q "Query" "Query for a different set of custoners.”

HELP 130

LET retval = TRUE

EXI T MENU

COWAND "Revi se" "Restrict the current query by adding conditions."

HELP 131

CALL query_cust3b() RETURNI NG start_cond

IF start_cond IS NOT NULL THEN -- sone condition entered
LET m querycond = m querycond CLIPPED, " AND ", start_cond CLI PPED
EXI T MENU -- close and re-open the cursor
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2300 When the First choice is made, an absolute scroll position is established. The
remainder of the code in this section is essentially the same as that in the
scroller_1() function in Example 19, with row IDs replacing entire customer
rows.

2401 When the Next choice is made, the scroll position can be incremented. This is
true regardless of whether it is an absolute position counting from First or a
relative position counting from Last. The remainder of this section is essen-
tially the same as that in the scroller_1() function in Example 19.
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230

24[]

ELSE -- construct clears form refresh the display
I F disp_row(curr_rid) = FALSE THEN
EXI T MENU
END | F
END I F

COMWAND "First" "Display first custonmer in selected set."

HELP 133
FETCH FIRST c_custrid INTO curr_rid -- this cannot return NOTFOUND
I F disp_row(curr_rid) = FALSE THEN
EXIT MENU
END I F
LET scroll _pos =1 -- know an absol ute position
H DE OPTION "Prior" -- cant back up from #1

LET fetch_dir = using_next
FETCH NEXT c_custrid I NTO next _rid

IF SQLCA. SQLCODE = 0 THEN -- at least 2 rows
SHOW OPTI ON "Next"-- it m ght be hidden
NEXT OPTI ON " Next "

ELSE --only 1 rowin set

HI DE OPTI ON " Next "
NEXT OPTI ON "Query"
END I F

COWAND “Next" "Display next custoner in selected set."
HELP 134
LET prior_rid = curr_rid
LET curr_rid = next_rid
IF disp_row(curr_rid) = FALSE THEN
EXI' T MENU
END I F
LET scrol |l _pos = scroll_pos+1
SHOW OPTI ON " Prior"
CASE (fetch_dir)
VWHEN usi ng_next
FETCH NEXT c_custrid I NTO next_rid
WHEN at _end
FETCH RELATIVE +2 c_custrid I NTO next _rid
VWHEN usi ng_pri or
FETCH RELATI VE +3 c_custrid I NTO next _rid
END CASE
| F SQLCA. SQLCODE = NOTFOUND THEN
LET fetch_dir = at_end
HI DE OPTI ON " Next"
NEXT OPTION "First"
ELSE
LET fetch_dir = using_next
END I F
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2500 When the Prior choice is made, the scroll position can be decremented. This
is true regardless of whether it is an absolute position counting from First or
a relative position counting from Last. The remainder of this section is essen-
tially the same as that in the scroller_1() function in Example 19.

261 When the Last choice is made, the program no longer knows an absolute
position, because it never knows exactly how many rows are selected. This
statement establishes a relative position with respect to the last row. The
remainder of this section is essentially the same as that in the scroller_1()
function in Example 19.
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250

2601

COWAND "Prior" "Display previous custonmer in selected set."

HELP 135
LET next_rid = curr_rid
LET curr_rid = prior_rid
I F disp_row(curr_rid) = FALSE THEN
EXIT MENU
END I F
LET scroll_pos = scroll_pos-1
SHOW OPTI ON " Next "
CASE (fetch_dir)
WHEN usi ng_pri or
FETCH PRIOR c_custrid INTO prior_rid
WHEN at _end
FETCH RELATIVE -2 c_custrid INTO prior_rid
VWHEN usi ng_next
FETCH RELATIVE -3 c_custrid INTO prior_rid
END CASE
| F SQLCA. SQLCODE = NOTFOUND THEN
LET fetch_dir = at_end
HI DE OPTION "Prior"
NEXT OPTION "Last"
ELSE
LET fetch_dir = using_prior
END I F

COWAND "Last" "Display final customer in selected set."

HELP 136
FETCH LAST c_custrid INTO curr_rid
IF disp_row(curr_rid) = FALSE THEN

EXI' T MENU
END I F
LET scroll_pos = 0 -- position nowrelative to last row
HI DE OPTI ON " Next" -- cant go onward from here

FETCH PRIOR c_custrid INTO prior_rid
LET fetch_dir = using_prior

IF SQLCA. SQLCODE = 0 THEN -- at least 2 rows in set
SHOW OPTI ON "Prior" -- it mght have been hidden
NEXT OPTION "Prior"

ELSE -- only 1 rowin set

HI DE OPTION "Prior"
NEXT OPTI ON * Query"

END I F
COWAND "Update" "Mdify contents of current row "
HELP 137
CALL upd_row(curr_rid)
EXI'T MENU -- force cursor to reopen
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616

270

2801

2900

300

The disp_row() function takes a row ID, fetches the column values for that
row, and displays them in the screen form. The function checks for stale data
and, if it is found, displays nothing and returns FALSE. The caller function
then knows that the scroll cursor should be resynchronized.

The SELECT statement combines the query condition with a request for a
speci c row ID. The row ID was produced using the same initial query
conditions. If the row no longer matches this condition, it must have been
updated by another user.

This is the expected and usual result: a return code of zero from the FETCH
indicates that the row was found.

An SQL code of NOTFOUND means that one of the WHERE clauses failed.
Either there is no row with this row ID (it must have been deleted) or else it
does not match the criteria it matched previously, when the scroll cursor was
opened.
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COWAND "Del ete" "Delete the current row. "

HELP 138
IF "Yes" = answer ("Are you sure you want to delete this?",
"Yes","No","")
THEN
CALL del _rowcurr_rid)
CLEAR FORM
END I F

CLCSE c_custrid
NEXT OPTI ON "Query"

COMVAND KEY( | NTERRUPT, "E") "Exit" "Exit program"”
HELP 100
LET retval = FALSE
EXI T MENU
END MENU

CLOSE c_custrid
END VHI LE -- while retval neither FALSE nor TRUE
RETURN r et val

END FUNCTION -- scroller_3 --

2700 FUNCTI ON disp_row(rid)

DEFI NE rid I NTEGER,

err, ret SMALLI NT,
get _sel CHAR(500)

280 LET get_sel = "SELECT * FROM cust oner",
" WHERE ROWD = ", rid,
" AND ", m.querycond CLI PPED
PREPARE prep_get FROM get _sel
DECLARE c_get row CURSOR FOR prep_get
OPEN c_getrow

WHENEVER ERROR CONTI NUE
FETCH c_getrow I NTO nt _currcust. *
LET err = SQLCA. SQLCODE

WHENEVER ERROR STOP

CLCSE c_getrow
FREE c_getrow
LET ret = TRUE -- assune it wll work

CASE err
290 VHEN 0 -- good, got the data
DI SPLAY BY NAME nr_currcust.*
300 WHEN NOTFOUND -- row del eted or changed beyond recognition
ERROR "Sel ected row no | onger exists -- resynchronizing"
SLEEP 2

LET ret = FALSE
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310

Negative return codes are unlikely. However, if one occurs, this function
should not return FALSE. To do so would cause the cursor to be closed and
reopened, after which this function would be called again with the same row
ID, possibly resulting in an endless loop.

The del_row() Function

320

330

340

350

The del_row() function accepts a row ID and deletes it, provided that it still
matches the original query criteria. It does not impose a stringent test. (The
original criteria might be no more than customer_num > 1 ). Furthermore,
it takes no account of the dependencies in other tables on rows of this table.
Before a customer row is deleted, any orders with the same customer number
should be deleted, and before an order is deleted, its items should be deleted.

As in the preceding function, the prior query condition is appended to the
row ID value to create the WHERE clause.

Because of the use of the row ID, the DELETE operation will affect either one
row or none. Testing this number for 1 is equivalent to testing SQLCODE for
zero.

Use of either COMMIT WORK or ROLLBACK WORK will close all cursors,
including the scroll cursor.

The upd_row() Function

618

3601

The upd_row() function lets the user update a row. It performs the following
actions:

1. Inputis accepted in all elds except the primary key.
2. The user is asked for con rmation.

3. The row is fetched again and veri ed as unchanged.
4. The update is performed.
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310 OTHERW SE -- locked row? hardware error?
ERROR "SQ. error ",err," fetching row"
SLEEP 2 -- |eave screen unchanged, return TRUE, avoiding a | oop
END CASE
RETURN r et
END FUNCTION -- disp_row --

3200 FUNCTI ON del _row(ri d)
HHEGH R AR A A R R R R R
DEFI NE rid | NTEGER,

ret SMVALLI NT,
del _stm CHAR(500)

330 LET del _stm = "DELETE FROM cust oner",
" WHERE ROWD = ", rid,
" AND ", m.querycond CLI PPED
PREPARE prep_del FROM del _stm
CALL begi n_wk() -- do BEG N WORK i f supported

WHENEVER ERROR CONTI NUE
EXECUTE prep_del
340 LET ret = SQLCA. SQLERRD{ 3] -- count of rows del eted, should be 1
WHENEVER ERROR STOP

IF ret =1 THEN -- good, deleted that row
350 CALL commit_wk() -- nmke it official
ELSE -- bad, no row del eted

ERROR "SQ. problem delete not done -- resynchronizing"
CALL rollback_wk() -- end failed transaction
SLEEP 3
END I F
FREE prep_del
END FUNCTION -- del _row --

3600 FUNCTI ON upd_row(ri d)

DEFI NE rid | NTEGER,
reject, touched SMALLINT,
rej nsg CHAR( 80) ,
pr_updcust RECORD LI KE custoner. *,
pr_testcust RECORD LI KE cust omer. *,
cust _cnt SMALLI NT

LET pr_updcust.* = nr_currcust.*

LET int_flag = O

CALL clear_lines(2, 16)

DI SPLAY " Enter new data and press Accept to update.”
AT 16, 1 ATTRI BUTE ( REVERSE, YELLOW
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The user is explicitly not allowed to enter a new customer number.

This AFTERFIELD clause performs a very simple validation for the state code.
A more complete veri cation might provide a popup window with a list of
valid codes from the state table. See the AFTER FIELD clause for the state eld
in the addupd_cust() function in Example 9 for this more complete

veri cation.

The built-in FIELD_TOUCHED() function takes a list of screen elds and
returns TRUE if any were modi ed.

A series of tests within an IF statement ensures that the update is valid and
sets reject to TRUE if itis not. The rsttestis to see if the user ended the INPUT
operation with the Accept key (typically ESCAPE) rather than Interrupt
(typically CONTROL-C). The second is to make sure at least one eld was
modi ed. If these are so, then the user is asked for con rmation.

If those tests succeed, a transaction is begun and the row is fetched once
more. This SELECT statement tests only the row ID. The column values will
be checked later using program code. The cursor speci es FOR UPDATE, so
the server locks the row that is fetched.
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DI SPLAY " Press Cancel to exit w thout changi ng database."
AT 17, 1 ATTRI BUTE ( REVERSE, YELLOW
I NPUT BY NAME pr_updcust. conpany, pr_updcust. addressl, pr_updcust. address2,
pr_updcust.city, pr_updcust.state, pr_updcust.zi pcode,
pr_updcust. fnane, pr_updcust.|nanme, pr_updcust. phone
W THOUT DEFAULTS

AFTER FI ELD state
| F pr_updcust.state IS NULL THEN
ERROR "You nust enter a state code. Please try again."
NEXT FI ELD state
END I F

SELECT COUNT(*)

I NTO cust _cnt

FROM st ate

VWHERE code = pr_updcust.state

IF (cust_cnt = 0) THEN
ERROR
"Unknown state code. Please try again."
LET pr_updcust.state = NULL
NEXT FI ELD state
END I F

AFTER | NPUT
LET touched = FI ELD _TOUCHED( f nane, | nane, conpany,
addr ess1, addr ess2,
city,state,
zi pcode, phone)
END | NPUT

IF int_flag THEN
LET rejmsg = "Update cancel |l ed at your request - resynchronizing."
LET reject = TRUE
ELSE
I'F NOT touched THEN
LET rejnsg =
"No data entered so database unchanged - resynchronizing."
LET reject = TRUE

ELSE
IF "No" = answer("OK to go ahead and update the database?",
“Yes","No","")
THEN
LET rejnsg = "Database not changed - resynchronizing."
LET reject = TRUE
END | F
END I F
END | F

I'F NOT reject THEN
CALL begi n_wk()
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This IF statement applies two tests:

* The rst part tests whether the row was successfully fetched for update.

* The second part tests whether the fetched row is identical in every eld
to the row that previously was displayed.

The second test requires a verbose expression. 4GL does not allow compari-
son between whole record variables. Neither pr_testcust=mr_currcust nor
pr_testcust.*=mr_currcust.* is permitted, so the elds must be compared
individually. In this case, some of the elds may contain null values, and
nulls do not compare as equal. Therefore the like() function from Example 24
isusedto ndoutifthe elds are both null or else equal in non-null contents.

The UPDATE statement assigns the values in the pr_updcust record to the
current customer row. When you use the * notation in an update statement,
the program knows not to update the serial column.

An error at this point is very unlikely because the row was successfully
fetched and locked previously, and the user is known to have the Update
privilege. The UPDATE statement is not covered by WHENEVER ERROR CON-
TINUE, so if it should fail, the program would terminate and the transaction
would be rolled back automatically. Hence the unconditional call to
commit_wk() is valid.
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WHENEVER ERROR CONTI NUE
DECLARE c_updr ow CURSOR

FOR

SELECT * | NTO pr_testcust.* FROM custoner

WHERE ROWD = rid
FOR UPDATE

OPEN c_updr ow
FETCH c_updr ow
WHENEVER ERROR STOP

420 | F SQLCA. SQLCODE = 0
AND pr_testcust.custoner_num = nr_currcust. custonmer_num
AND | i ke(pr_testcust.fnane, nt_currcust.fnane)
AND | i ke(pr_testcust.!|nane, nt_currcust. | nane)
AND | i ke(pr_testcust.conpany, nt _currcust.conpany)
AND | i ke(pr_testcust.addressl, nt_currcust. addressl)
AND | i ke(pr_testcust.address2, nt_currcust. address2)
AND | i ke(pr_testcust.city,nr_currcust.city)
AND | i ke(pr_testcust.state,nt_currcust.state)
AND | i ke(pr_testcust.zipcode, nt_currcust. zi pcode)
AND |i ke(pr_testcust.phone, nr_currcust. phone)
THEN
UPDATE custoner SET fname = pr_updcust. f nane,
I name = pr_updcust. | nane,
conmpany = pr_updcust. conpany,
addressl = pr_updcust. addressl,
address2 = pr_updcust. address2,
city = pr_updcust.city,
state = pr_updcust.state,
zi pcode = pr_updcust. zi pcode,
phone = pr_updcust. phone
430 VHERE CURRENT OF c_updrow
44 CALL commit_wk()

MESSAGE " Dat abase updated -

ELSE

LET rejnmsg = "SQ probl emupdating row -

LET reject = TRUE
CALL rol | back_wk()
END | F
END I F
CALL clear_lines(2, 16)
I F reject THEN
ERROR rej nsg
END | F

END FUNCTION -- upd_row --

resynchroni zi ng. "

not done -

resynchroni zi ng"
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The get_tab_auth() function returns the table-level privileges of the current
user for aspeci ed table (or view). Privileges are encoded in the table systab-
auth. See the Informix Guide to SQL: Reference for details on the system catalogs
and the schema of the systables and systabauth tables.

Brie y, the privileges are encoded as a string of seven letters. Each letter
stands for one privilege. If the user lacks the privilege, there is a hyphen
rather than a letter in that position. A user might have more than one grant
of privileges, and also inherits any privileges granted to the public. This func-
tion produces the logical superset of all grants that apply to the current user
on the speci ed table.

In an ANSI-compliant database, table names may be quali ed with owner
names. The following passage checks the function argument for an owner
name and pulls it out to a separate variable.

The systables table maps owner names and table names to table ID numbers.
The following lines try to retrieve theTabid for the table name in the
argument.

No owner name was given, and if the database is not ANSI-compliant, none
is needed; table names will be unique. But in an ANSI-compliant database
there could be two or more tables with the same name and different owners.
In this case SELECT would cause an error by producing more than one row.
To prevent this, select the MIN of what is expected to be a set of 1.

The name tabname is both a variable and a column in systables. The pre x @
speci es that the column is intended here.

The combination of owner name and table name is unique in any database,
S0 no MIN is needed here.

Table ID numbers for user-de ned tables start at 100. If theTabid is less, either
the caller passed the name of a system table or, more likely, the table name
was not found so the initial value of -1 in theTabid has not been changed.
Definitions of the two functions called in this statement follow.
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45[] FUNCTI ON get _tab_aut h(t abnane)

BHHHH BRI TR R R R

DEFI NE t abname CHAR(32),

theTabl e LI KE i nform x. systabl es. tabnane, --
LI KE i nform x. syst abl es. owner, --
t heTabi d LI KE i nform x. systabl es. tabid, --

t heOwner

al | ow "owner. t abnane"

tabl enane part of above
ownerid part, if any
tabid from systables

auth LI KE inform x. systabaut h. tabaut h, -- final authorization string
ik SMALLI NT
461 LET theOmner = NULL -- assume owner not included
FORj = 1 to LENGTH(tabnane) - 1
I F tabname[j] = "." THEN
EXIT FOR
END | F
END FOR
| F tabnane[j] = "." THEN -- is an "owner." part, extract
LET theOmer = tabnane[1,j-1] -- save "owner" omtting "."
LET k = LENGTH(t abnane) -- not allowed in subscript!
LET tabname = tabnane[]j +1, k] -- drop "owner."
END | F
LET theTabl e = tabnane CLI PPED
LET auth = "------- -- assunme no privileges at all
LET theTabid = -1 -- sentinel value in case no such table
470 I F theOmer 1S NULL THEN
480 SELECT M N(tabi d) | NTO t heTabid
FROM i nf or m x. syst abl es
491 WHERE @ abname = theTabl e
ELSE
500] SELECT tabid | NTO t heTabi d
FROM i nf or m x. syst abl es
WHERE @ abnane = t heTabl e
AND owner = t heOaner
END | F
5100 I F theTabid >= 100 THEN -- table exists & is user-defined
LET auth = nerge_aut h( sel _nerged_aut hs(get_user (), theTabid),
sel _nmerged_aut hs("public", theTabid) )
END | F
RETURN aut h
END FUNCTION -- get_tab_auth --
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The sel_merged_auths() Function

52 The primary key of systabauth is composed of grantor, grantee, and table
name. That is, a given grantee may have more than one grant of privilege
with respect to a given table. For example, one from the table s owner and
one from a database administrator. This function nds all grants for one user
and one table and returns their superset. It uses a FOREACH loop to retrieve
the rows of systabauth.

The merge_auth() Function

530 The merge_auth() function merges two privilege strings. In its output it
preserves letters in preference to hyphens (privileges over lack of privilege)
and uppercase letters in preference to lowercase (privileges WITH GRANT
OPTION over those without).
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520 FUNCTI ON sel _nerged_aut hs(useri d, t heTabi d)
W T TR R
DEFI NE userid LI KE i nform x. sysusers. user nane,
t heTabi d LI KE i nform x. systabl es. t abi d,
al | Auth, oneAuth LIKE inform x.systabaut h. tabauth

LET all Auth = "------- "
DECLARE c_aut hval CURSOR FOR
SELECT tabauth | NTO oneAut h
FROM i nf or m x. syst abaut h
WHERE grantee = userid
AND tabid = theTabid

FOREACH c_aut hval
LET al | Auth = nmerge_aut h(al | Aut h, oneAut h)
END FOREACH

CLGCSE c_aut hval
RETURN al | Aut h
END FUNCTION -- sel _nerged_auths --

HHUHH R R A R R R A R R R A R
53[0 FUNCTI ON ner ge_aut h( ol daut h, newaut h)

DEFI NE ol dauth, newauth LIKE inform x. systabaut h. t abaut h,
k SMALLI NT
FOR k = 1 to LENGTH( ol daut h)
I'F (ol dauth[k] = "-") -- no privilege in this position
OR (UPSHI FT(ol dauth[k]) = newauth[k]) -- newis "with grant option"
THEN
LET ol daut h[ k] = newaut h[ k]
END I F
END FOR
RETURN ol daut h
END FUNCTION -- nerge_auth --

To locate any function de nition, see the Function Index on page 730.
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Writing Recursive
Functions

4GL supports recursion, although with some restrictions. The program in this
example demonstrates recursion with two different algorithms related to

bill of materials processing, that is, processing items that have a parent-
child relationship.

Representing Hierarchical Data

Many kinds of data have a naturally hierarchical structure: family bloodlines,
business organizations, computer subroutine libraries, and assemblies of
manufactured parts. Such data is often displayed as a tree, as in the following
example.

The component parts of a product appear in the diagram. The product is a
large red wagon, which is composed of a wagon handle assembly, an 18-inch fixed
axle, and so on. The boxes represent objects; the vertical lines represent the
relationship is contained in or contains, depending on the direction of
travel. Some of the parts are themselves assemblies, although not all parts are
shown here.
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Large red
wagon

Wagon handle  18-in fixed axle  18-in swivelling Red wagon Large wagon
assembly axle assembly decal kit body pan
‘ i
i
Wheel pair 18-in axle rod
assembly

With a few changes, the same gure could represent the table of organization
of the personnel of a bank. Then the vertical lines would represent super-
vises or reports to.

The same data can be represented in a table that speci es parent-child
relationships.
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Parent Child Count
Large red wagon Wagon handle assembly 1
Large red wagon 18-inch xed axle 1
18-inch xed axle Wheel pair assembly 1
Wheel pair assembly 9-inch rubber wheel 2
Wheel pair assembly Plastic end cap 2
18-inch xed axle 18-inch axle rod 1
Large red wagon 18-inch swivelling axle assembly 1
Large red wagon Large wagon body pan 1
Large red wagon Red wagon decal kit 1

This table contains more information than the preceding diagram; it contains
a count of the number of child parts of each type. A large red wagon contains
one 18-inch xed axle, which contains one wheel pair assembly, which in turn
contains two 9-inch rubber wheel parts.

In a relational database, a table such as this is the natural way to represent
hierarchical data. As a practical matter, it would be a waste of space to store
so many redundant copies of atitle suchas Large red wagon. But that prob-
lem is easily handled by giving each unique part a numeric key, and storing
the descriptive titles just once in a table with other descriptive data.

Parent Child Count

76566 76549 1

76566 76561 1 (table PARTREE)
76561 76559 1

76559 76547 2

Part Description

76566 Large red wagon (table PARTS)
76569 Wagon handle assembly

It is easy to formulate some queries against this type of table. For example,
what are the top-level assemblies? They are the ones that are not part of any
other assembly; that is, they never appear in the Child column.

SELECT part, description FROM PARTS

WHERE 0 = (
SELECT COUNT(*) FROM PARTREE
WHERE PARTS. part = PARTREE.child )
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The unit parts (the ones that have no components) are the parts that never
appear in the Parent column. A similar query could list them.

The Parts Explosion Problem

Itis also simple to ask a question such as, what are the components of a large
red wagon? They are the parts that have large red wagon as their parent.

SELECT part, description FROM PARTS mai n, PARTREE
VWHERE nmmin.part = PARTREE. child
AND PARTREE. parent = (

SELECT part FROM PARTS sub
WHERE sub. description = "Large red wagon" )

But this only lists the parts that are the immediate children of 76566, Large
red wagon. The immediate children are the ones that are directly connected
to large red wagon in the tree, the ve that appear on the second row of the
tree diagram. In order to list all the parts of a large red wagon you must list
not only its immediate children, but also their immediate children, and the
children of those parts, and so on through the generations until only unit
parts remain. Here is a portion of such a list, as generated by this example.

076566 ( 1) large red wagon
076549 ( 1) wagon handl e assenbly
076540 (1) speed nut #8
076542 (1) plastic end cap
076550 (1) wagon handl e
076551 ( 1) handle clevis pin
076561 ( 1) 18-in fixed axle
076559 ( 1) wheel pair assenbly
076541 (  2) speed nut #2
076542 ( 2) plastic end cap
076546 ( 2) bracket nmount kit

076543 (

076544 (

076545 (

076547 (  2)
076557 ( 1)
076558 ( 1)
076560 (
076563 (
076556 (
076546 (
076543 (

2) stove bolt

2) flat washer
2) nut

9-in rubber wheel
axl e bracket left
axl e bracket right

1) 18-in axle rod
1) 18-in swivelling axle assenbly
1) swi vel
2) bracket nmount

mount kit
ki t
2) stove bolt
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The Parts Explosion in 4GL

A listing of this sort is called a parts explosion. Producing a parts explosion is
a recursive task. Its logic could be sketched as follows.

Functi on expl ode(part, | evel)
List the details of part, indented by /evel
For each child of part
cal |l explode(child,level+1)
End for
End function

A call to explode(76566,0) would produce an explosion of the parts in a large
red wagon. It remains only to implement the two lines List the details of
part and Foreachchildofpart  The rstcanbe done mostsimply with
a report function.

Given the tables shown on page 631, the natural way to implement For each
child of part  would seem to be with a cursor and a FOREACH loop, some-
thing like this fragment (which will not work).

DECLARE c_kid CURSCR FOR

SELECT child FROM PARTREE WHERE parent = part
FOREACH c_ki d

CALL expl ode(kid, | evel +1)

This is not a workable solution. The reason is that the data structures used to
implement a cursor are static objects. Even though the cursor is declared
within the body of a function, it is not local to that function; it is a module
variable.

If this function were actually implemented, it would fail in the following
way: on the rst call, the FOREACH statement would open the cursor and
produce the rst child of the top-level part. The function would then call
itself. The FOREACH statement would again OPEN the cursor. Opening a
cursor that is open causes it to be closed (losing the position of the top-level
function) and reopened.

The second-level function would read its rst child number and call itself at
athird level, where the cursor would be closed and reopened, and so on until
a level was reached at which there were no child parts. Here the FOREACH

loop would nd no data on the rst fetch, and would end, closing the cursor.

Each calling function would then get an error when its copy of the FOREACH
loop tried to fetch the next row from a closed cursor.
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To summarize this explanation: When using a cursor within a recursive
function, you cannot keep the cursor open across the recursive function call.
It must be used in one of two ways:

1. Opened before the rst recursive call and not closed until the recursion
has ended.

2. Opened, used completely, and closed again at each level of the recursion.
In this example, the second method is used for the parts explosion. At each

level, before the recursive call takes place, the cursor is opened, all relevant
rows are fetched and saved in an array, and the cursor is closed.

The Parts Inventory
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The parts explosion answers the question, what are the component parts of a
large red wagon? As an assembly list, it shows all the parts in the order they
would be assembled, and it shows sub-assemblies. A related question is,
what is the inventory of parts that compose a large red wagon? The inventory
is a summary of the parts explosion. It shows only the unit parts required,
along with a total of the number of times each is used. For example, the parts
explosion shows the use of a xed axle and a swivelling axle assembly, each
containing two 9-inch rubber wheel parts. The parts inventory would show
only that a total of four of the wheels are needed somewhere in the product.
Here is part of an inventory report as generated by the example:

Unit parts used in |large red wagon (076566)
1 of speed nut #8 (076540)
4 of speed nut #2 (076541)
5 of plastic end cap (076542)
12 of stove bolt (076543)
12 of flat washer (076544)
12 of nut (076545)
4 of 9-inch rubber wheel (076547)
1 of wagon handl e (076550)
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One way to produce an inventory isto walk the tree recursively using logic
that can be sketched as follows:

FUNCTI ON i nventory(part, count)
| F part has children THEN
FOR each child of part which is used child-count tines,
CALL inventory(child,count * child-count)
END FOR
ELSE it is a unit part,
Tally the use of count units of part.
END I F
END FUNCTI ON

The Inventory Report in 4GL

The method of implementing the loop over all child parts is the same as in
the parts explosion. In this problem, the interesting question is, how best to
keep a tally of parts? The units will be found in the order they appear in the
parts explosion. It will be as if you were keeping a tally on a pad while an
assistant called out numbers to you: A speed nut two wheels four
bolts another speed nut.

The parts will not be encountered in any particular order. Neither the number
of total entries nor the number of unique parts can be known in advance.
Indeed, in some applications there might be hundreds of each. After all the
unit parts have been tallied, it will be necessary to sort them by part and accu-
mulate the totals.

The usual programming solution to a problem of this kind is to list all the unit
parts in an array as they are found, and then to sort the array. However, sort-
ing and summing are particular skills of the SQL database server. Why not
call upon them? So this example stores each unit part in a temporary table in
the database. When the entire tree has been scanned, a nal phase of the pro-
gram opens a cursor on the temporary table. It uses a SELECT statement with
the GROUP BY and ORDER BY clauses so that it can simply read the summary
lines from the table in the order they should be printed.

This approach clearly takes more time to execute than would a program with
an in-memory table. The clause WITH NO LOG is used when creating the tem-
porary table to ensure the minimum amount of disk activity. Even so, there is
a call to the database server for each item to be tallied, and this is many times
as lengthy as an assignment to an array. The compensating bene ts are

Example 28 635



Function Overview

program simplicity and the speed with which the example is implemented.
Nevertheless, a production program to be used repeatedly would probably
implement an in-memory array and sort.

Function Overview
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Function Name Purpose
explode_all() Starts the report for the parts explosion listing, then calls the
recursive function explode() once for each top-level part.
explode() Recursive function that writes a parts explosion for one part.
kaboom() Report function that produces the parts explosion listing.
inventory_all() Starts the report for the inventory listing, then calls the
recursive function inventory() once for each top-level part.
inventory() Recursive function that writes an inventory for one part.
inven_rep() Report function that produces the inventory listing.
pushkids() Finds all child parts of a given part and pushes their numbers

and use counts onto a stack in memory. Returns the number
of child parts stacked for use as a loop count.
pop_a_kid() Pops one child part number and count from stack.
set_up_tables() Creates and loads the PARTS and PARTREE tables used by
the code example.

tear_down_tables() Removes PARTS and PARTREE tables so as to restore the
database to its original condition.
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10

20

30

The ma_kidstack array is a stack that holds the unprocessed child parts for
all recursive levels. The index m_nextkid points to top-of-stack. The function
pushkids() (Note 20) adds parts to the stack, and pop_a_kid() (Note 23)
removes one. These are module variables (variables de ned outside any
function but not in a GLOBALS section). If the functions were in a separate
source module, which would probably be the case if they were used in more
than one program, the variables would be global.

The set_up_tables() function prompts the user for the name of a database,
creates the PARTS and PARTREE tables, and loads them from a text le
distributed with the source.

The c_parent cursor is used to drive both functions. The method of identify-
ing top-level parts by using a subquery to count the number of rows in which
each candidate part appears as a child, is not as slow as might be supposed.
An index should be placed on the child column in a production database. The
database server will read only the index while executing the subquery.
Because index pages are often found in page buffers in memory, many; if not
most, of the subqueries will require no disk 1/0.

The explode_all() Function
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40 The rst part of the explode_all() function starts the explosion report to a

user-speci ed destination. If the user does not enter a lename, the program
sends the report output to the screen.
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4GL source file

--*Modul e vari abl es

DEFI NE nma_ki dst ack ARRAY[ 200] OF I NTEGER, -- two itens per pushed kid
m next ki d SVALLI NT, -- MJST BE I NI TI ALI ZED TO ZERO
m theDb, mfpath CHARACTER(80)

BHHIH BRI RO IR
MAI N
B R R R L L A R R AR R RS IR IR R AR

CALL set_up_tables() -- exits programunless tables are ok
LET mnextkid = 0

DECLARE c_parent CURSOR FOR
SELECT DI STI NCT mai ng. par ent
FROM PARTREE mai nq
WHERE 0 = ( SELECT COUNT(*)
FROM PARTREE subq
WHERE subgq. chi | d=nmi nq. parent )

CALL expl ode_all () -- parts explosion for all parents

CALL inventory_ all() -- parts inventory for all parents

CALL tear_down_tables() -- offers to renove tables & does
END MAI N

DEFINE  dada | NTEGER

DI SPLAY ""

DI SPLAY ""

DI SPLAY " DEMONSTRATI NG PARTS EXPLCSI ON'

DI SPLAY ""

DI SPLAY "Specify a filenane to receive the parts expl osion report"
DI SPLAY " file or just press RETURN for report to the screen."
DI SPLAY ""

PROWPT "File: " FOR mfpath

DI SPLAY ""

Dl SPLAY Cenerating the file , mfpath CLIPPED, . Please wait...
DI SPLAY ""

IF LENGTH(m fpath) = 0 THEN
START REPORT kaboom
ELSE
START REPORT kaboom TO m f pat h
END I F
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50

The function opens the c_parent cursor declared in the MAIN program, and
then calls the explode() recursive function for each top-level part.

The explode() Function
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The explode() function works with the kaboom() report function to
implement the recursive display of the parts explosion.

The function nds the description for the current part and then sends the part
information to the kaboom() report function to be printed.

The pushkids() function nds all the child parts of the current part. It
pushes these parts onto the stack, implemented by the ma_kidstack array.
This function returns the number of child parts.

The pushkids() function uses a cursor over the PARTREE tableto nd all child
parts of part pn. If a cursor was an object with local scope, it could be de ned
here and the following loop would use a FOREACH loop. Because this is not
the case, as discussed in  The Parts Explosion in 4GL on page 633, it is nec-
essary to open the cursor, read all the rows it nds (child parts), save them on
a stack, and close the cursor before beginning the recursion.

For each of the child parts, the explode() function:

1. Calls the pop_a_kid() function to take a single part off the top of the
ma_kidstack array and return the part number and the number of times
this part is used.

Decrements the number of child parts remaining on the stack.

3. Callsitself (the recursive call) to perform the same procedure on the child
part.

The recursion on a top-level part stops when there are no more child parts left
for this part.
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The explode() Function

50 FOREACH c_parent | NTO dada
CALL expl ode(dada, 1,0) -- used once at level 0O
END FOREACH

FI Nl SH REPORT kaboom
END FUNCTION -- explode_all --

HHEBH SRR R AR R A R R A R
600 FUNCTI ON expl ode(pn, pu, | n)

DEFI NE pn I NTEGER, -- this part nunber
pu I NTEGER, -- nunber of tinmes used at this |evel
I'n INTEGER, -- level in the tree
nki ds SMALLINT, -- nunber of children pn has
kn I NTEGER, -- part nunber of one kid
ku I NTEGER, -- its usage count
pdesc CHAR(40) -- description of pn

70 SELECT descr | NTO pdesc
FROM PARTS
VWHERE partnum = pn

QUTPUT TO REPORT kaboon(pn, pdesc, pu,ln) -- list current part

8] CALL pushki ds(pn) RETURNING nkids -- get, save all its children
900  WHILE nkids >0

CALL pop_a_ki d() RETURNI NG kn, ku

LET nkids = nkids - 1

CALL expl ode(kn, ku, I n+l) -- heres the recursion!
END WHI LE
END FUNCTION -- expl ode --
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The kaboom() Report Function

The kaboom() Report Function

1000 The report function uses the recursive level in two ways. In this statement,
it prints an extra line of space before a top-level part. In the next, it prints
indenting spaces to match the level number.

The inventory_all() Function

1100 Like the explode_all() function, the inventory _all() function starts the report
to a user-speci ed destination and then applies the recursive function, in
turn, to each top-level part.

1200 The function opens the c_parent cursor declared in the MAIN program a
second time, and then calls the inventory() recursive function for each top-
level part.
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100

1101

120

REPORT kaboon( part, desc, use, | evel)

DEFI NE part | NTEGER,
desc CHAR( 40),
use | NTEGER,
| evel | NTEGER,
j SMALLI NT

FORVAT

PAGE HEADER

PRI NT COLUWN 20, "PARTS EXPLOSI ON REPORT - PAGE",
PAGENO USI NG " ###"

PRI NT COLUWN 30, TODAY

SKIP 3 LINES

ON EVERY ROW

IF level = 0 THEN
PRINT -- blank Iine before each parent
END I F
FORj =1 TO |l evel
PRI NT 4 SPACES; -- indent to show recursive |levels
END FOR
PRINT part USING " &&&&&&", "
(",use USING "---",") ", desc CLI PPED
END REPORT
FUNCTI ON i nventory_all ()
DEFI NE papa I NTEGER
DI SPLAY " DEMONSTRATI NG PARTS USAGE | NVENTORY"
DI SPLAY ""
DI SPLAY "Specify a filenanme to receive the inventory report"
DI SPLAY " file or just press RETURN for report to the screen.”
DI SPLAY ""
PROWT “"File: " FOR mfpath
DI SPLAY "Generating the file ", mfpath CLIPPED, ". Please wait..."
DI SPLAY ""
I F LENGTH(m fpath) = 0 THEN
START REPORT inven_rep
ELSE
START REPORT inven_rep TO mfpath
END I F
FOREACH c_parent | NTO papa-- for each top-level part

CALL inventory(papa,0)-- this assenbly used O times
END FOREACH
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The inventory() Function

644
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1401

150
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180

The input to the inventory() function is a part number and the count of that
part that is needed. If the part proves to be a unit part, it must be tallied in the
temp table. If not, this function should be applied to each of its component
parts.

The tally must be initialized for each top-level part. A part count of zero is
passedasa ag, alerting the function that this is a top-level part and it should
initialize the temporary table at the start, and produce the report at the end.
Such special cases are not aesthetically pleasing. You might prefer to rewrite
this function, moving the setup and reporting passages out to the
inventory_all() function where they arguably belong.

This is the point at which a unit part is tallied by inserting a row in the table.
The recursion for a composite part takes place at this point in the code.

After processing a top-level part so all recursions have been unwound, lines
are generated for the inventory report. First a heading for the top-level part
is generated, and then the summarized rows of the table.

All of the work in this report is being done in the SELECT statement. Note that
the temporary table is being joined to the PARTS table to pick up descriptions.

Suppose that the PARTS table also contained a cost eld. It would be simple
to select a total cost for each unique unit part.
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The inventory() Function

FI NI SH REPORT i nven_rep

END FUNCTION -- inventory_all --

1300 FUNCTI ON i nvent or y(pn, un)

140

150

160

170

180

BHHIH RS R R IR R

DEFI NE pn | NTEGER, -- major assenbly to inventory
un | NTEGER, -- quantity needed (0 neans top |evel)
nki ds SMALLI NT, -- nunber of progeny of pn
mul fac SMALLINT, -- quantity of part pn needed
kn | NTEGER, -- one child
ku | NTEGER, -- nunber of parts kn in one part pn
desc CHAR(40) -- one descriptor
LET mul fac = un -- usually true except for kludge:
IF un = 0 THEN -- this is top-level call, initialize tenp table
CREATE TEMP TABLE invenTenp (partnum | NTEGER, used | NTEGER )
W TH NO LOG
LET mulfac = 1 -- even parent is used once
END I F
CALL pushki ds(pn) RETURNI NG nki ds-- stack all children
I F nkids = 0 THEN -- part pn is nonconposite: count it
I NSERT | NTO i nvenTenp VALUES( pn, mul f ac)
ELSE -- part pn is an assenbly, inventory it
WHI LE nkids > 0 -- by inventorying each of its kids

CALL pop_a_ki d() RETURNI NG kn, ku
LET nkids = nkids - 1

CALL inventory(kn, ku*mul fac) -- recursel!
END WHI LE
END I F
IFun = 0 THEN -- this is a top level call, now do the report
SELECT descr | NTO desc
FROM PARTS

WHERE partnum = pn
QUTPUT TO REPORT i nven_rep(pn, 0, desc)

DECLARE c_unitpart CURSOR FOR -- scanning the tenp table
SELECT t.partnum SUMt.used), p.descr
| NTO kn, ku, desc
FROM i nvenTenp t, PARTS p
WHERE t . partnum = p. partnum
GROUP BY t.partnum p.descr
ORDER BY t. partnum

FOREACH c_uni t part

QUTPUT TO REPORT i nven_rep(kn, ku, desc)
END FOREACH
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The inven_rep() Report Function

1900 The inven_rep() function receives rows passed by the inventory() function

and prints a line of the Inventory report.

The pushkids() Function

646

200

210

The pushkids() function pushes the component parts of a given part on a
stack. It would bene t from some additional code:

* You could add safeguards against running off the end of the stack.

* You could add code to measure and report the stack high-water mark so
that you could tune the size of the global array over time.

The ¢_kid cursor obtains the child parts for a speci ed parent part. In a
production system there should be an index on at least the parent column. In
that case, the set of rows with parent=pn could be found very quickly. The
ORDER BY clause is not strictly necessary at this point. It ensures that child
parts are pushed from largest to smallest number, and hence that they are
popped by the calling function in numeric sequence. This makes the reports
come out sorted. However, it would be better to remove the sort from such a
heavily used SQL operation if possible. The sorting could be done at other
stages of processing.

The simplest solution might be to sort the numbers on the stack in this very
function. The number of child parts pushed at any level is not likely to be
large, so a simple insertion sort would be satisfactory, and probably much
faster than invoking the database server s sort module on a small set of data.
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DROP TABLE i nvenTenp
END | F
END FUNCTION -- inventory --

190 REPORT inven_rep(part, use, desc)
HHBHHBHHBH AR H B H BB B R R AR

DEFI NE part, use | NTEGER,
desc CHAR( 40)
FORNMAT
PAGE HEADER

PRINT COLUWN 26, "I NVENTORY REPORT - PAGE "

PAGENO USI NG " ###"
PRI NT COLUWN 36, TODAY
SKIP 3 LINES

ON EVERY ROW
IF use > 0 THEN-- not the top |level part
PRI NT use USI NG "####", " of ",desc,"
(", part USING "&8&&&&&",")"
ELSE -- top level, do a control break
PRI NT
PRI NT "Base parts used in ", desc,
(",part USING "&&&&&&",")"

PRI NT
END I F
END REPORT -- inven_rep --

WH T T R T R
2000 FUNCTI ON pushki ds( pn)
HHHH IR R A A R i R R

DEFI NE pn, -- parent nunber
kn, -- kid nunber
ku I NTEGER, -- kid usage
oldtop SMALLINT -- save old stack top for counting nunber

210 DECLARE c_kid CURSOR FOR -- all children of part pn

SELECT child, used INTO kn, ku
FROM PARTREE

WHERE parent = pn

ORDER BY child DESC

LET ol dtop = mnextkid
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The pop_a_kid() Function

22[0 The c_kid cursor is opened, used, and closed again at each recursive level.

The pop_a_kid() Function

230 The pop_a_kid() function pops a single part from the stack implemented by
the ma_kidstack array. These parts are pushed onto this stack by the push-
kids() function.

This function would bene t from additional code that checks for popping
from an empty stack.

The set_up_tables() Function

24 The function prompts for the name of the database containing the PARTS and
PARTREE tables. These tables contain the part information used by this exam-
ple. If the user does not enter a database name, the program assumes it will
need to create these tables, so it prompts the user for the name of the database
in which to create them. By default, the program uses the stores7 database.
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22[]

230

240

FOREACH c_ki d
LET mnextkid = mnextkid + 1
LET ma_ki dstack[ m nextkid] = kn
LET mnextkid = mnextkid + 1
LET ma_ki dstack[ m nextkid] = ku
END FOREACH

RETURN (m nextkid - ol dtop)/2
END FUNCTION -- pushkids --

FUNCTI ON pop_a_ki d()
DEFI NE kn, -- kid nunber from stack
ku | NTEGER -- kid usage from stack

LET ku = ma_ki dst ack[ m next ki d]
LET mnextkid = mnextkid - 1
LET kn = ma_ki dst ack[ m next ki d]
LET mnextkid = mnextkid - 1

RETURN kn, ku
END FUNCTION -- pop_a_kid --

FUNCTI ON set _up_t abl es()
HHBHHBHHBH AR H B H BB B R AR R
DEFI NE i,k SMVALLI NT,
afile CHAR( 80)

WHENEVER ERROR CONTI NUE -- don’t crash if things don't exist

DI SPLAY " DEMONSTRATI NG A RECURSI VE FUNCTI ON'

DI SPLAY ""

DI SPLAY "Thi s program uses two tables naned PARTS and PARTREE."

DI SPLAY ""

DI SPLAY "Pl ease enter the nane of a database where these tables"

DI SPLAY " now exist. |f they do not exist now, just press RETURN "
DI SPLAY ""

PROVWPT " Dat abase nane: " FOR m_t heDb

DI SPLAY ""

| F LENGTH(m t heDb CLI PPED) = 0 THEN
DI SPLAY "Pl ease enter the nane of a database where we can create"
DI SPLAY " those two tables. Press RETURN to use the stores7"

DI SPLAY " dat abase. "

DI SPLAY ""

PROVPT " Dat abase nane: " FOR m_theDb
DI SPLAY ""

| F LENGTH(m t heDb) = 0 THEN
LET mtheDb = "stores7"
END | F
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The set_up_tables() Function

2500 The DATABASE statement attempts to open the speci ed database. If this
open fails because the database does not exist (status = -329), the function
asks the user whether to create this database. If the user wants a new data-
base, the CREATE DATABASE statement creates it.

If the speci ed database exists but the DATABASE statement cannot open it,
the program noti es the user and exits.

2600 Once the database is open, the program checks for the existence of the PARTS
and PARTREE tables. If these tables exist, the program prompts for the path-
name of the directory where the example sload les can be found. These load

les are called ex28pa.unl for the PARTS table, and ex28pt.unl for the
PARTREE table. By default these les exist in the same directory as the other
application les.
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2501

260

DATABASE m t heDb
| F SQLCA. SQLCCDE = -329 THEN
DI SPLAY "Dat abase ", m theDb CLI PPED,
" does not exist (or if it does, you"
DI SPLAY " do not have Connect privilege init). W wll try to"
DI SPLAY " create the database."
DI SPLAY ""
LET SQLCA. SQLCODE = 0 -- does create db not set this?
CREATE DATABASE m t heDb
| F SQLCA. SQLCODE = 0 THEN
DI SPLAY "Dat abase has been created."
DI SPLAY "
END I F

END | F
ELSE
DATABASE m t heDb
END | F
| F SQLCA. SQLCODE <> 0 THEN
DI SPLAY "Sorry, error ", SQLCA. SQLCODE,
opening or creating the database ", mtheDb CLI PPED
EXI T PROGRAM
END | F

LET j 0 -- in case no table is there
LET k = 0

SELECT COUNT( *)

I NTO j

FROM PARTS

SELECT COUNT(*)
I NTO k
FROM PARTREE

IF 0 < (j*k) THEN -- both tables exist, have rows
DI SPLAY "The needed tables do exist in this database. Thank you."
RETURN

END I F

at | east one table does not exist or is enpty

DI SPLAY "To | oad the tables we need the file pathnane for two files:"
DI SPLAY * ex28pa.unl and ex28pt.unl"

DI SPLAY " They cane in the sane directory as this programfile."

DI SPLAY ""

DI SPLAY " Enter a pathnane, including the final slash or backslash.”
DI SPLAY " If it is the current working directory just press RETURN. "
DI SPLAY ""

PROWPT "Path to those files: " FOR mfpath
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The tear_down_tables() Function

270

2800

If the PARTS and PARTREE tables do not exist, the program uses the CREATE
TABLE statement to create them. Because the WHENEVER ERROR STOP
statement precedes these CREATE TABLE statements, any error encountered
creates a runtime error.

This function could be enhanced to check for possible causes of failure for
each CREATE TABLE statement and to recover from them. This enhancement
would require moving the WHENEVER statement after the CREATE TABLE
statements and adding the appropriate error checking code to the program.

The LOAD statements load the data in the ex28pa.unl and ex28pt.unl lesinto
the PARTS and PARTREE tables.

The tear_down_tables() Function

652

2900

300

The function asks the user whether to drop the PARTS and PARTREE tables
from the database. By dropping these tables, the program restores the data-
base to its state before this example was run.

If the database is empty once these two tables are dropped, the program asks
the user whether to drop the entire database. It determines whether the data-
base is empty by counting the number of tables de ned in the system catalog
systables with table IDs greater than 99. User-de ned tables have table IDs
that start with 100.
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270

2801

2901

300

WHENEVER ERRCR STOP

CREATE TABLE PARTS(partnum | NTEGER, descr CHAR(40))
DI SPLAY "Tabl e PARTS has been created."

CREATE TABLE PARTREE(parent |NTEGER, child | NTEGER, used | NTEGER)
DI SPLAY "Tabl e PARTREE has been created."
DI SPLAY ""

LET afile = mfpath CLI PPED, "ex28pa.unl"

DI SPLAY "Loadi ng PARTS from", afile CLI PPED
LOAD FROM afil e | NSERT | NTO PARTS

DI SPLAY "Tabl e PARTS has been | oaded."

DI SPLAY ""

LET afile = mfpath CLI PPED, "ex28pt.unl"

DI SPLAY "Loadi ng PARTREE from ", afile CLI PPED
LOAD FROM afile | NSERT | NTO PARTREE

DI SPLAY "Tabl e PARTREE has been | oaded."

DI SPLAY "*"

END FUNCTION -- set_up_tables --

HHBHHBHHBHHBHBHH BB B R R AR
FUNCTI ON t ear _down_t abl es()

DEFI NE ans CHAR(1),
j SMALLI NT

DI SPLAY "We can | eave the PARTS and PARTREE tables for use again"
DI SPLAY " (or for you to nodify and experinment with), or we can"
DI SPLAY " drop them fromthe database."
DI SPLAY ""
PROVPT "Do you want to drop the two tables? (y/n): " FOR ans
| F ans MATCHES "[yY]" THEN

DROP TABLE PARTS

DROP TABLE PARTREE

DI SPLAY " Tabl es dropped. "

SELECT COUNT(*) I NTO j
FROM i nf or m x. syst abl es
WHERE tabid > 99

IFj =0 THEN -- no nore tables left

DI SPLAY "Dat abase ", mtheDb CLIPPED, " is enpty now. "
PROWPT "Do you want to drop the database also? (y/n): " FOR ans
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The tear_down_tables() Function

310 Ifthe user chooses to drop the database, the program providesacon rmation
prompt. Dropping a database destroys all data and cannot be undone.

320 Ifthe user does not want to drop the PARTS and PARTREE tables, the program
just exits.
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| F ans MATCHES "[yY]" THEN
DI SPLAY ""
310 DI SPLAY "You have chosen to REMOVE the ", m_theDb CLI PPED,
" database. This step cannot be undone."
PROWT "Are you sure you want to drop this database? (y/n):
FOR ans
I F ans MATCHES "[yY]" THEN
CLOSE DATABASE

WHENEVER ERROR CONTI NUE
DROP DATABASE m t heDb
WHENEVER ERRCR STOP
| F (status < 0) THEN
DI SPLAY "Sorry, error ", SQ.CA. SQLCODE,
" while trying to drop the database ", mtheDb CLI PPED

EXI T PROGRAM
END I F
DI SPLAY ""
DI SPLAY "The ", mtheDb CLI PPED, " database has been dropped."
ELSE
DI SPLAY "The ", mtheDb CLI PPED, " database has not been dropped."
END | F
END I F
END I F
320  ELsE

DI SPLAY "Tabl es PARTS and PARTREE renain in database ",
m t heDb CLI PPED, "."

END | F
END FUNCTION -- tear_down_tables --

To locate any function de nition, see the Function Index on page 730.
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Generating Mailing Labels

This example demonstrates the use of several report functions. The report in
this example prints three-up address labels; that is, labels in three columns
across the page. For a general discussion on reports in 4GL see Example 14.

The row producer portion of the program simply scans the customer table in
the demonstration database; it has no idea what format will be used for the
report. Any changes to the format, such as from three-up format to single col-
umn, are con ned to the report generator; no changes are necessary to the
row producer.

Label Stationery

In the United States, multi-column label stock is printed on sheets 8.5 by 11
inches (21.5 by 29 cm). Printers usually print at 10 characters per inch,
making an 85-character line. 4GL only supports xed-pitch printers; it does
not yet make provision for proportionally-spaced fonts.

These numbers may require adjustment to suit other paper sizes and other
printers. Such adjustments should be con ned strictly to the report generator.
They should not be allowed to affect the logic of the row-producing parts of
the program.

The code in this example produces three uniform columns on an 85-character
line. Because 3 does not divide 85 evenly, each column consists of a
3-character gutter (blank space) and a 24-column label width, leaving a
4-character margin on the right.
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The code of the report function explicitly sets these parameters. They can be
adapted easily to new formats.

Printing a Multi-Column Report

4GL includes no built-in support for multi-column reports. You must design
the logic for creating one into the report generator function. While the basic
idea is simple, the implementation can be tricky.

A report function contains a section headed ON EVERY ROW, which is
executed for each new row of data that comes out of the row producer. To
produce a three-column report, the report function must include a variable
containing the current column number (colno in this example). Then the ON
EVERY ROW section can proceed as shown in the following pseudo-code:

ON EVERY ROW
I ncrement col no
Save the current rows data in an array based on col no
IF colno = 3 THEN
print the accunul ated data
set colno to O
END | F
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This approach requires that you resolve two additional complications:

* First, the variable colno must be initialized.

That can be done in the FIRST PAGE HEADER section of the report
function.

e Second, one or two rows may remain to be printed at the end of the
program.

4GL provides an ON LAST ROW section in which these residual rows can
be displayed.

You can save the rows as they arrive in two ways. They can be saved as data
in program variables of the same types (INTEGER, MONEY, and so on), or they
can be formatted and saved as characters.

Under the rst scheme, the report function might contain code like the
following fragment:

DEFI NE troi ka ARRAY[ 3] OF RECORD LI KE
ON EVERY ROW
LET colno = colno + 1
LET troi ka[col no] = a global record variable
IF colno = 3 THEN
statenents to print data fromtroika[l to 3]
LET colno = 0
END | F

While this method is conceptually simple, it turns out that the PRINT
statements needed to print elds from three records across multiple lines
become quite convoluted. Therefore, this example presents a different
approach.

In the second method, each data row is formatted for printing as it is
received. However, instead of using the PRINT statement, the data is
converted to character strings and assigned to columns within page-wide
character strings. When the third row has been formatted, the wide strings
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Function Overview

contain an image of the print lines of the report. They can then be written
with very simple PRINT statements. For the full details, see the code listing.
The essence can be seen in this fragment.

DEFI NE margi ns ARRAY[ 3] OF SMALLI NT,
i nes ARRAY[ 6] OF CHAR(85)
ON EVERY ROW
LET colno = colno + 1
LET j = margi ns[col no]
LET k = | + 27
LET lines[1][],K]
LET lines[2][j,K]

first data field
second data field

These statements rely on two 4GL features. First, 4GL supports assignment
to a substring, even to a substring of an array element. In the example, the
variables j and k de ne a substring in the page-width character strings. The
expression on the right of the LET statement will be padded to the necessary
width. Second, functions such as USING, which are normally thought of in
connection with the PRINT statement, can actually be used in any expression.
Hence the formatting of the lines can be done in assignment statements.

Function Overview
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Function Name Purpose
three_up() The report function to print mailing labels.
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The MAIN Function

The MAIN Function

10 The report generator is initialized with the START REPORT statement. One of
two forms of the statement is used, depending on whether output is to the
screenortoa le.

2[0 Each execution of an OUTPUT TO REPORT statement sends the data, a row at
a time, to the three_up() report function.

30 The FINISH REPORT statement ends the report, including any LAST ROW
processing, and closes the output le.

The three_up() Report Function

40 The current_column variable stores the current column from zero to three.
The columnar format of the report is encoded in the column_width,
gutter_width, and margins variables.

50 Asan extra feature, the report function keeps track of the lowest (lo_zip) and
highest (hi_zip) zip codes displayed on each page and prints them in the
page footer.
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4GL source file

DATABASE st ores7

GLOBALS

DEFI NE gr _cust oner RECORD LI KE cust oner. *
END GLOBALS
MAI N

DEFI NE repfile CHAR(80) -- report pathnanme

DI SPLAY "Enter a filename to receive the |abels, or for"
DI SPLAY "output to the screen (stdout) just press RETURN."

DI SPLAY ""
PROWT "“Filenane: " FOR repfile
DI SPLAY ""
10 I F LENGTH(repfile)=0 THEN -- null response

START REPORT three_up

DI SPLAY "Preparing | abels for screen display..."
ELSE -- filenanme

START REPORT three_up TOrepfile

DI SPLAY "Witing |labels to file ", repfile CLIPPED,"..."
END I F

DECLARE c_cust CURSOR FOR
SELECT * | NTO gr_custoner. *
FROM cust oner
ORDER BY zi pcode, conpany

FOREACH c_cust

20 QUTPUT TO REPORT t hree_up()
END FOREACH

30 FI NI SH REPORT t hree_up

CLEAR SCREEN

END MAI N
REPORT three_up() -- the report function
40 DEFI NE  current_col um, -- current colum, fromO to 3
col utm_wi dt h, -- width of any label colum
gutter_wi dth SMALLINT, -- gap between col ums
mar gi ns ARRAY[ 3] OF SMALLINT, -- starting margin of each colum
pageno SVALLI NT, -- current page nunber
50 lo_zip, -- |l owest zipcode on current page
hi_zip LI KE custoner. zi pcode, -- highest ditto
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80

90

The lines array of strings holds the image of a row of address labels. The
variables are made wide enough to allow for 12-character-per-inch printing.

The j and k variables are used as subscripts into each string. The city_ d
variable holds the size of the city in the address and is used to determine the
position of the state and zip code values on the same line. The line_num
variable is the current line of the lines array and is used to keep track of
whether the address has one line (address2 is null) or two.

The OUTPUT section speci es the page dimensions along with the margins.

The left margin is set to zero. In this report it proved simpler to divide the
page into three uniform columns, each with its own left margin.

The FIRST PAGE HEADER allows you to print special material on the rst
report page. While no page header appears on the rst or any other page in
this report, this is the most convenient place to initialize the following
variables:

pageno A report must count pages explicitly; there is no system
count of pages.

current_column  This starts the column-counter off before the rst row
arrives.

lo_zip, hi_zip These are initialized the same way in the PAGE TRAILER
section, which follows.

column_width Here is encoded the columnar format, a repetition of

gutter_width gutter_width spaces followed by column_width data
across the page.
margins The decision encoded in the previous variables is

implemented as the starting point for each column.

At this point, j and k are the starting and ending points for a substring that
spans the data portion of the current column. In the following assignments,
the company name and the rst two lines of the address (address1 and
address?2) of the current row are assigned, if they are not null, to various lines
of the lines array. 4GL will automatically convert values of other types to
character, and pad short strings to length. The USING function can also be
employed to format the values.
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l'i nes ARRAY[ 6] of CHARACTER(127), -- one row of |abels
j, k SMALLI NT, -- msc indexes
city fld SMALLI NT, -- size of city field
I'i ne_num SMALLI NT -- current line in lines array
QUTPUT
PAGE LENGTH 66
LEFT MARG N 0 -- these nust be tuned to match the
TOP MARG N 4 -- label stock in use

BOTTOM VARG N 4

FORVAT

FI RST PACGE HEADER -- initialize sonme variables
LET pageno = 0
LET current_colum = 0
LET lo_zip = NULL
LET hi _zip = "00000"
LET col um_wi dth = 25
LET gutter_width = 3
LET margins[1] = gutter_width
LET margi ns[2] = margins[ 1] +col um_wi dt h+gutter_wi dth
LET margi ns[3] = margins[ 2] +col um_wi dt h+gutter_wi dth

FORj =1 TO6
LET lines[j] =" "
END FOR

ON EVERY ROW

IF (lo_zip I'S NULL) THEN -- starting new page
LET lo_zip = gr_custoner. zi pcode

END I F

I'F (hi_zip < gr_custoner. zi pcode) THEN
LET hi _zip = gr_custoner. zi pcode

END I F

LET current_colum = current_colum + 1
LET j = margins[current_col um]

LET k = j + colum_width - 1

| F gr_custoner.conpany |'S NOT NULL THEN
LET lines[2][]j, k] = gr_custoner.conpany

END | F

| F gr_custoner.addressl IS NOT NULL THEN
LET lines[3][j,k] = gr_custoner. addressl

END I F
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If the second line of the address is null, the program sets the line_num
variable to 4 so that the next line (city, state, and zip code) will printin line 4.
There is no need to assign a value to the lines array because this array is
already initialized with blanks. (See Note 14.) If the second address line is not
null, the program assigns the address to the fourth line of the lines array and
then sets line_num to 5 so that the city, state, and zip code will not overwrite
this line.

If the city column is null, skip past the space reserved for the city in the lines
array, which is 15 characters as de ned in the database. If the city column is
not null, print out the city name in the lines array at the line speci ed by
line_num. (See Note 10.) The city_ d variable keeps the length of the current
city name plus the trailing , string (a comma and a blank). If this name is
null, the variable stores the maximum length of 15 plus the two additional
characters.

If the state column is null, skip past the space reserved for the state code by

incrementing the j index variable. This index now indicates the starting posi-
tion of the zip code. If the state column has a non-null value, assign this value
at the end of the city name and then increment the j index to the beginning of
the zipcode eld.

The program assigns the zipcode value to the lines array only if it is non-null.
If this value is null, the blanks already in the array can be printed.

If the program has completed the third and nal column of the line, it clears
out the lines array to prepare this array for the next iteration.

The code in the ON LAST ROW section is called after the ON EVERY ROW code
for the nal row.

You might simply dump the lines array, but it may be empty. If the lines array
is empty, it will cause the program to print an extra, blank report page. Test-
ing for column_number greater than zero averts printing a blank page.
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| F gr_custoner. address2 |'S NULL THEN

LET line_num= 4 -- nove city, state up one line
ELSE

LET lines[4][j,k] = gr_custoner. address2

LET line_num= 5
END I F

| F gr_custoner.city IS NULL THEN

LET city_fld =j + 15 -- nove to 1st position past city
LET k = city_fld + 1 -- make roomfor 2 chars (", ")
LET lines[line_nunm[city_fld, k] =",
LET city_fld = 17 -- 15 for city, 2 for ", "
ELSE
LET city fld = LENGTH(gr_custoner.city) + 2
LET k = j + city_fld -- make roomfor city nane and ", "
LET lines[line_nuni[j,k] = gr_custoner.city CLI PPED, ",
END I F

| F gr_custonmer.state |I'S NULL THEN

LET j =j + city_fld +3 -- increment past state field
ELSE

LETj =j + city fld+ 1 -- nove to 1st position past ", "

LET k = + 2 -- make roomfor 2 chars (state)

--... plus 1 char (bl ank)
LET lines[line_num[j,k] = gr_customer.state, " *

LET j =k + 1 -- increnment past state field
END I F
| F gr_custoner. zi pcode 1S NOT NULL THEN
LET k =) + 4 -- make roomfor 5 chars (zip)
LET lines[line_nunj[j,k] = gr_custoner.zi pcode
END I F
IF current_colum = 3 THEN -- tinme to print lines and clear
FORj =1to 6

PRINT lines[j]
LET lines[j] =

END FOR
LET current_colum = 0 -- ready for next set
END | F
ON LAST ROW
IF current_colum > 0 THEN -- print short last |line

FORj =1TO6

PRINT lines[j]
END FOR
END I F
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160 The code in the Page Trailer section is called each time the page lls up. In
this case, the program prints a footer containing the low and high zip codes.
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PAGE TRAI LER

160 LET pageno = pageno + 1
PRI NT
PRI NT
PRI NT
PRI NT "page", pageno USING "-----
COLUWN 50,
"Custoners in zipcode ",lo_zip," to ",hi_zip

LET lo_zip = NULL
LET hi_zip = "00000"

END REPORT -- three_up --

To locate any function de nition, see the Function Index on page 730.
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Generating a Schema
Listing

This example demonstrates how to decode some of the contents of the system
catalog tables. Using these techniques, a program can discover at execution
time the names of the tables and columns in a database, as well as the data
types of the columns. This information is then prepared as a report.

The System Catalogs

The system catalogs are a group of tables that exist in every database and
describe the contents of the database. The database server creates the tables
when it creates a new database. It updates the tables each time it executes
data de nition statements such as CREATE TABLE or ALTER INDEX. It uses
the tables to process queries.

The system catalogs are not hidden from applications, and a program is free
to query them to learn about the contents of the database. This program takes
the catalog information and produces a schema listing.

The organization of the system catalogs is covered in depth in your SQL or
4GL reference documentation. Brie Y, the following tables are the most
important:

systables Contains a basic de nition of all permanent tables. The
primary key consists of owner name and table name. The
most important column is tabid, a serial number that repre-
sents each table in all other tables. All user-de ned tables
have tabid values >100.

syscolumns Contains the data type of each column. The primary key
consists of tabid and column number. Much of the code
in this example is devoted to decoding the data type
information.
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sysindexes De nes each index. The primary key consists of owner and
index names.

sysusers Lists the names of users who have been granted database
privileges. The primary key is user name.

systabauth Lists table-level privileges that have been granted. The
primary key consists of the user names of grantor and
grantee.

This example retrieves information from the systables and syscolumns
tables. For an example of how to decode systabauth, see The get_tab_auth()
Function on page 624.

Program Overview

The heart of this program is a very ordinary FOREACH loop. The program
declares a cursor joining systables with syscolumns as follows:

DECLARE c_schenma CURSOR FOR
SELECT tabnane, nindexes, col nanme, colno, coltype, collength
FROM i nf orm x. systabl es st, inform x.syscolums sc

WHERE st.tabtype = "T" -- tables, not views
AND st.tabid > 99 -- user tables, not systemtables
AND st.tabid = sc.tabid -- join condition

ORDER BY st.tabnane, sc.colno

Note that the names of system catalog tables are quali ed with the owner
name informix. This is only necessary in ANSI-compliant databases, where an
owner name is required whenever you query a table you do not own. The
owner name can be omitted in noncompliant databases, which is the usual
case.

This cursor produces all the necessary information about each table, one row
per column. In the central FOREACH loop the program decodes the data type
information from the coltype and collength columns to produce a character
string such as INTERVAL YEAR TO MONTH or DECIMAL(3,8) . The code
needed to do this occupies more than half the module. Then it displays the

information about a column with an OUTPUT TO REPORT statement.

672 Generating a Schema Listing



Decoding Data Type Information

Decoding Data Type Information

When you de ne the data type of a column, you use keywords, as in this
example:

CREATE TABLE exanp(
uneek SERI AL,
dough MONEY(9, 2) NOT NULL )

The keywords are encoded for the server s reference in the coltype and
collength columns of the syscolumns table. Each is a SMALLINT. The value of
coltype is a number between 0 and 16, giving the basic data type. 256 (hexa-
decimal 100) is added to this encoding when the NOT NULL clause is used.
The value in collength speci es the length or precision of the column. The fol-
lowing table shows how these columns are used for each datatype. MSB
means most signi cant byte ; LSB means least signi cant byte.

Data type Coltype value Collength value
CHARACTER 0 length

SMALLINT 1 n.a.

INTEGER 2 n.a.

FLOAT 3 n.a.

SMALLFLOAT 4 n.a

DECIMAL 5 precision in MSB, scale in LSB
SERIAL 6 n.a.

DATE 7 n.a.

MONEY 8 precision in MSB, scale in LSB
(not used) 9 n.a.

DATETIME 10 quali er, see text

BYTE 11 n.a.

TEXT 12 n.a.

VARCHAR 13 reserve size in MSB, max in LSB
INTERVAL 14 quali er, see text

The quali ers for DATETIME and INTERVAL types are encoded in
hexadecimal digits in the collength column. The four digits of the 16-bit
column can be labelled Opls, where

digit 0 is the leading digit and is always zero.

digitp is the precision of the rst eld of an INTERVAL, from 1to 5.
Remember that an INTERVAL, but not a DATETIME, has a
speci ed precision forits rst eld, asin DAY(4) TO HOUR.
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digit | stands for the left, or larger, quali er word (the YEAR in
YEAR TO DAY).
digits stands for the second or smaller quali er word, treating

FRACTION(1) through FRACTION(5) as separate keywords.

4GL is not particularly well suited to dissecting a bit eld like this into
hexadecimal digits, so the example code includes functions to do it.

Displaying Indexes

674

This example only reports the number of indexes on each table, a fact
recorded in systables. The sysindexes table contains the names of indexes and
their characteristics, but this information is not selected or displayed in the
program. It would not be dif cult to write a program to report on all indexes.
The following cursor would select the important items for display.

DECLARE c_i ndex CURSOR FOR

SELECT  idxname -- char(18)

, owner -- char (8)

, t abnane -- char(18)

, i dxtype -- char(1), "U'=unique, "D'=dups

,clustered -- char(1), "C'=clustered, else "
FROM i nf or mi x. sysi ndexes si, inform x.systabl es st
WHERE si.tabid > 99 -- user tables, not sys catal og
AND si.tabid = st.tabid -- join to get tabnane

ORDER BY t abname, idxnane

After reading the program in this example, you should be able to use this
cursor de nition to compose a program that prints a report listing all indexes.

The sysindexes table also contains a series of columns named partn, one for
each possible column that may be used in a composite index. These columns
specify which columns are covered by the index. If you understand the
design of relational databases you may be surprised to see that this table is
not normalized. A normalized table has no groups of repeated columns.
However, the system catalog was designed to meet speci ¢ needs of the
database server, not to support general queries.

Each partn column speci es one column from the indexed table. It contains
the colno value from syscolumns, as a positive number if the column has an
ascending index, and as a negative number if the column has a descending
index.
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For example, if the following statement is executed in the usual demonstra-
tion database it will create a test index on two columns of the customer table:

CREATE test_ix ON custoner (fnane,|nane DESC)

If you then display all columns of sysindexes for the row where idxname is
test_ix, you will nd that:

* The partl column contains 2, the column number of fname in the
customer table.

* The part2 column contains -3, the negative of the column number Iname
in the customer table.

* The remaining partn columns contain zero.

Informix Dynamic Server allows up to 16 columns in a composite index, so it
builds a sysindexes entry with columns partl through part16. Other Informix
servers support only eight columns, and in a database managed by one of
those servers the columns part9 through part16 do not exist. If you need to
select these columns you can detect which database server you are using at
the time of opening a database. See Example 22.

Function Overview

Function Name Purpose

get_dbname() Accepts user input of the name of a database whose schema
is to be printed, using the f_name form.

schema() Gathers the schema information from the system tables and
sends it to the report for formatting.

convert_type() Converts the integer column type and length information

stored in syscolumns into a string representation of the
column s data type.

cnvrt_varch() Converts the integer column length of a VARCHAR eld

( cIlngth ) into the maximum and minimum column lengths.
cnvrt_dt() Converts the integer column length of a DATETIME eld

( cIngth ) into quali er keywords (YEAR, MONTH, ).
cnvrt_intvl() Converts the integer column length of an INTERVAL eld

( cIngth ) into quali er keywords (YEAR, MONTH, ).
qual_ d() Converts a hex digit fvalue into the corresponding eld

quali er (YEAR, MONTH, ).
intvl_Ingth() Converts the eld quali er range values ( large_Ingth and

small_Ingth ) into quali ers (YEAR, MONTH, ).
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to_hex()
hex_digit()
dec_digit()
schema_rpt()
report_output()

init_msgs()

open_db()

prompt_window()

msg()

clear_lines()

Converts a decimal number into a string representation of a
hex number.

Converts a decimal digit into a hex character 0-9, A-F.
Converts a hex character (0-9, A-F) into a decimal value 0-15.
Report to create the schema listing.

Displays the Report Destination menu and returnsa ag
indicating the user s choice.

See the description in Example 15.

Initializes the members of the ga_dsplymsg array to null.
See the description in Example 2.

Opens a database using dynamic SQL and saves information
about it for later use. Returns TRUE or FALSE.

Seethe description in Example 22.

Displays a message and prompts the user for con rmation.
This function is a variation on the message_window() func-
tion that appears in Example 2.

See the description in Example 4.

Displays a brief, informative message.

See the description in Example 5.

Clears any number of lines, starting at any line.

See the description in Example 6.
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The GLOBALS Statement

10

20

30

This program contains no DEFINE LIKE statements and does not depend on
a database schema, so it does not begin with a DATABASE statement.

The gr_database record is lled by the open_db() function when it opens the
database. The is_online eld is copied and displayed in the rst report line.

This variable is used when communicating with the init_msgs() function.

The MAIN Function

40

50
60

70

The get_dbname() function asks the user to supply the name of a database.
If the user does not cancel with the Interrupt key (typically CONTROL-C), a
name is returned.

If the open_db() function succeeds in opening the database, it returns TRUE.

Once the database is open, the program calls a function to generate the
report.

If the open_db() function encounters an error it displays a message. If the
program ended immediately at that point, the screen would clear before the
user could read the error message, so the SLEEP statement leaves the message
visible for three seconds.

The get_dbname() Function

84

The f_name form is described in Example 13.
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4GL source file

10 aosALs
20 DEFI NE gr _dat abase RECORD
db_known SMALLI NT, -- following fields are usable
has_| og SMALLI NT, -- based on SQLAWARN 2]
i s_ansi SMALLI NT, -- based on SQLAWARN 3]
is_online SMALLINT, -- based on SQLAWARN 4]
can_wait SMALLI NT -- supports "set |ock node to wait"
END RECORD
30 DEFI NE ga_dspl ynsg ARRAY[ 5] OF CHAR(48)
END GLOBALS
MAI N
DEFI NE dbnane CHAR(50),
nmeg_t xt CHAR(110),
answer CHAR( 1)
OPTI ONS
FORM LI NE 2,

COMMENT LI NE 3,
MESSAGE LI NE 6,
ERROR LINE LAST - 1

OPEN W NDOW w_schema AT 2,3
WTH 9 ROA5, 76 COLUWNS
ATTRI BUTE (BORDER, COWENT LI NE 3)

40 CALL get _dbname() RETURNI NG dbnane
I F dbname 1S NOT NULL THEN
CALL clear_lines(5, 4)

50 | F open_db(dbname) THEN
6] CALL schena(dbnane)
70 ELSE -- unable to open specified db,
SLEEP 3 -- give user tinme to read open_db() s error nsg
END | F

END | F

CLOSE W NDOW w_schena

CLEAR SCREEN

END MAI N

FUNCTI ON get _dbnane()

DEFI NE dbnarme CHAR( 50)

s OPEN FORM f _name FROM "f _nane"
DI SPLAY FORM f _name
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90 The purpose of this function is to get a database name from the user. Here it
reads input from the one eld of the f_name form.

100 The user is not allowed to exit the eld without providing a database name.
This AFTER FIELD block is also executed when the user uses the Accept key
(typically ESCAPE).

The schema() Function

1100 The pr_schema record receives the items fetched from the systables and
syscolumns tables. This record is passed as an argument to the report
function.

120 The report_output() function is discussed in Example 15. It offers the user
three choices for the destination of a report: the screen, the printer,ora le. It
returns the single letter S, or P, or F, respectively.
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DI SPLAY " DATABASE SCHEMA LI STI NG'
AT 2, 20

DI SPLAY " Press Accept to print schema or Cancel to exit w out printing."
AT 8, 1 ATTRI BUTE (REVERSE, YELLOW

LET int_flag = FALSE
I NPUT dbnane FROM a_char
BEFORE FI ELD a_char
MESSAGE " Enter the nane of the database."

AFTER FI ELD a_char
I F dbname |'S NULL THEN
ERROR "You nust enter a database nane."
NEXT FI ELD a_char
END | F
END | NPUT
IF int_flag THEN
LET int_flag = FALSE
LET dbnane = NULL -- input ended with ~C, take the hint
END | F

CLCSE FORM f _nane
RETURN ( dbnane)

END FUNCTION -- get_dbnane --

FUNCTI ON schenma( dbnane)

DEFI NE dbnarme CHAR( 50),

pr_schema RECORD
dbnane CHAR(50) ,
is_online SMALLI NT,
t abnane CHAR(18),
ni ndexes SMALLI NT,
col nanme CHAR(18),
col no SMALLI NT,
col type SMALLI NT,
col l ength SMALLI NT

END RECORD,

col t ypenane CHAR(50),

print_option CHAR(1),

file_nanme CHAR( 20)

LET print_option = report_output("SCHEMA LI STING', 5, 10)
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The CASE statement constructs a lename that should be unique for the
database name, so that you can display the schema of several databases, each
toits le. You need to modify the form of the lename for PC/DOS.

The dbname and is_online elements of the pr_schema record are constant for
all rows of the report. They are included in the record only for convenience
in passing them to the report function.

This cursor de nition drives the report. As discussed in the overview,
it returns one row for each column of each non-catalog table.

The FOREACH loop processes the rows selected by the cursor.

All information about a column of a table is returned by the cursor, but the
data type is encoded. The convert_type() function converts it to a string of
keywords and numbers, just as would be used in a CREATE TABLE statement.

The report destination is passed as an argument to the report function so that
if output is to the screen, it can stop after each 22 lines of output and wait for
the user to press the RETURN Kkey.
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CASE (print_option)
WHEN "F" -- build filenane "DBxxx.|st" where "xxx" is the nane
-- of the database whose schema is being listed
LET file_nanme = "DB"

| F LENGTH(dbnane) > 10 THEN -- |imt |ength of nanme
LET file_name = file_name CLI PPED, dbnane[1, 10]
ELSE
LET file_name = file_name CLI PPED, dbnane CLI PPED
END I F
LET file_name = file_name CLIPPED, ".Ist"

START REPORT scherma_rpt TO fil e_nane

MESSAGE " Witing schema report to ", file_name CLI PPED,
" -- please wait."

SLEEP 2

WHEN " P"
START REPORT schenma_rpt TO PRI NTER
MESSAGE "Sendi ng schema report to printer -- please wait."
SLEEP 2

VHEN " S"
START REPORT schena_r pt
MESSAGE "Preparing report for screen -- please wait."

END CASE

LET pr_schema. dbnane = dbnane

LET pr_schema.is_online = gr_database.is_online

DECLARE c_schema CURSOR FOR
SELECT tabnane, nindexes, col name, colno, coltype, collength
FROM i nf or m x. systabl es st, inform x.syscolums sc

WHERE st .tabtype = "T" -- tables, not views
AND st.tabid > 99 -- user tables, not systemtables
AND st.tabid = sc.tabid -- join condition

ORDER BY st.tabnane, sc.colno
FOREACH c_schema | NTO pr_schema. t abnane THRU pr_schena. col | engt h
CALL convert_type(pr_schema.col type, pr_schena.collength)
RETURNI NG col t ypenane
QUTPUT TO REPORT schena_rpt (pr_schema.*, coltypenane, print_option)
END FOREACH

FI NI SH REPORT schena_r pt

END FUNCTION -- schema --
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This function controls the translation into words of the values from the
coltype and collength columns.

See the section Decoding Data Type Information on page 673 for a
description of how these columns store information.

The string not_null is appended to each data type display in the report.
It contains NOT NULL when a column has been de ned as such.

The IF statement initializes the variable to null, and then sets it to the string
only if the NOT NULL clause was used.

The CASE statement decodes all the coltype values once the NOT NULL ag
is stripped. WHEN clauses handle the easier cases internally and relegate
others to subroutines.

CHAR is a relatively easy case. The length from collength needs only to be
formatted for display inside parentheses.

The next few cases are easier still.

For DECIMAL, the precision and scale values must be extracted from the
individual bytes of collength. The LET statement divides by 256 to accom-
plish this. That is a safe procedure so long as the value in the most signi cant
byte is certain to be less than 128. 4GL always does signed division, and if the
MSB contained is in excess of 128, the result of the division would be negative.
However, the precision of DECIMAL never exceeds 32, so the value is always
positive.

The column is SERIAL when coltype_name is 6.

MONEY values are recorded much like DECIMAL values. However, MONEY
has a default scale value of 2, which DECIMAL does not. When the scale is
omitted from a DECIMAL declaration,a oating decimal is assumed. Here the
display of scale is suppressed unless it is other than the default.
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HAHHHHHHBHH R H BB
FUNCTI ON convert _type(colt

HHHH AR
e_num col _| ength)

DEFI NE

col type_num SMALLI NT,
col _length SMALLI NT,
nei ze SMALLI NT,
nsi ze SMALLI NT,
col type_nane CHAR(50),
dt_length CHAR( 35),
intv_length CHAR( 35),
not _nul | CHAR(9),

max_| ength SMALLI NT,
mn_|l ength SMALLI NT

LET not _null = NULL

I F col type_num >= 256 THEN
LET col type_num = col type_num - 256

LET not_null =" NOT NULL"
END | F
CASE col type_num
WHEN 0
LET col type_nanme = "CHAR(",
col _length USING "<<<<<<<<<<<", ")"
WHEN 1
LET col type_nane = "SMALLI NT"
WHEN 2
LET col type_nane = "| NTEGER"
WHEN 3
LET col type_name = " FLOAT"
WHEN 4
LET col type_nane = " SVALLFLOAT"
WHEN 5

LET nsize = col _length / 256
LET nsize = col _| ength nod 256
LET col type_nanme = "DECI MAL(", nsize USING "<<<<<",
",", nsize USING "<<<<<", ")"
WHEN 6 -- in the SERIAL field: no account has been made of serials
-- with starting val ues
LET col type_nane = "SERI AL"
WHEN 7
LET col type_nane = "DATE"
WHEN 8
LET nsize = col _length / 256
LET nsize = col _|l ength nod 256
nsi ze USI NG " <<<<<"
show it

LET col type_name = "MONEY(",
I|F nsize <> 2 THEN -- scale not default 2,
LET col type_nane = col type_nane CLI PPED,
""", nsize USING "<<<<<"

END I F
LET col type_nane = col type_nane CLI PPED, ")"

Example 30

685



The cnvrt_varch() Function

270 The extraction of the quali er of DATETIME is too complicated to tina
WHEN block. The cnvt_dt() function performs this operation.

2801 The extraction of the maximum and reserved sizes of VARCHAR is also
consigned to a subroutine. The reserved-size number is only included in the
output when it is different from the default of zero.

The cnvrt_varch() Function

290 Thecnvrt_varch() function extracts the sizes of a VARCHAR column. The two
sizes are in the most and least signi cant bytes of collength. Because they can
exceed 127, it is not safe to extract them by division.

300 The to_hex() function converts a SMALLINT value to four hexadecimal digits
and returns them as a character string.

310 The dec_digit() function returns the decimal value of a single hexadecimal
digit. Here the decimal values of the two digits of each byte are used to recon-
struct the byte value. This is one way to avoid the problems posed by signed
division.
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WHEN 9 -- shoul d not occur
LET col type_nane = "PLAN 9"
270 WHEN 10 -- datetine, handle in subroutine
CALL cnvrt_dt(col _l ength) RETURNI NG dt_I ength
LET col type_nane = "DATETIME ", dt_length CLI PPED

WHEN 11
LET col type_nane = "BYTE"
WHEN 12
LET col type_nane = "TEXT"
280 WHEN 13 -- varchar, handle in subroutine

CALL cnvrt_varch(col _l ength) RETURNI NG max_l ength, mn_length
LET col type_nane = "VARCHAR(", nax_| ength CLI PPED

IF min_length > 0 THEN -- min not default of zero, showit
LET col type_nane = col type_nane CLIPPED, ",", mn_|length CLI PPED
END | F
LET col type_nane = col type_nane CLIPPED, ")"
WHEN 14 -- interval, handle in subroutine
CALL cnvrt_intvl (col _length) RETURNING i ntv_l ength
LET col type_nane = "INTERVAL ", intv_|length CLI PPED
OTHERW SE -- 2?77
LET col type_nane = "UNDEFI NED: ", coltype_num
END CASE

LET col type_nane = col type_nane CLI PPED, not_null

RETURN (col t ype_nane)
END FUNCTION -- convert_type --

DEFI NE clngth SMALLI NT,

hex_| engt h CHAR( 4) ,
m n_l ength SMALLI NT,
max_| ength SMALLI NT

300 LET hex_length = to_hex(clngth, 4)

310 LET min_length = dec_digit(hex_length[1]) * 16
+ dec_digit(hex_length[2])

LET max_|l ength = dec_digit(hex_|length[3]) * 16
+ dec_di gi t (hex_| engt h[ 4])

RETURN nax_| ength, m n_|l ength
END FUNCTION -- cnvrt_varch --
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The cnvrt_dt() Function

320

330

340

350

The cnvrt_dt() function decodes the quali er of a DATETIME column.
Some typical quali ers include YEAR TO DAY, HOUR TO FRACTION, and
FRACTION TO FRACTION(4).

The quali er of aDATETIME column is encoded in the hexadecimal digits Opls
of the collength value. The to_hex() function returns the digits.

The qual_ d() function converts one digit to its corresponding keyword,
returning the word as a character string, saved here in large_ d. The function
also returns a default precision, which is not used here. It is needed only
when decoding an INTERVAL value.

The keyword for the smaller or second eld is saved. The rstargument to
qual_ d() tells it which eld it is decoding, because there are a few differ-
ences in representation between the larger and smaller keywords.

The cnvrt_intvl() Function

688

3601

370

380

The cnvrt_intvl() function decodes an INTERVAL quali er. The procedure

is similar to that for DATETIME but with one additional step. When the
precision of the larger eld is different from the default precision, it has to be
displayed. That is, INTERVAL HOUR TO SECOND uses the default precision
of 2 for the larger eld, HOUR. INTERVAL HOUR(4) TO SECOND uses a non-
default precision and the string (4) has to be produced and inserted in the
output.

The second value returned by qual_ d(), the default precision of the
keyword, is saved. (It was not signi cant when decoding DATETIME
columns. See Note 34.)

The task of deciding the default and actual precisions of the INTERVAL value
is deferred to the function intvl_Ingth(). It returns zero if the actual precision
is the default precision; otherwise, it returns the number to be displayed with
the larger eld.
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HHEAHHH R R TR A R R A A R R
3200 FUNCTI ON cnvrt_dt (cl ngt h)

DEFI NE clngth SMALLI NT,

large_fld CHAR(11),
smal | _fld CHAR(11),
dt _si ze CHAR( 35),
hex_l ength CHAR(3),

null _size SMVALLI NT

330 LET hex_length = to_hex(clngth, 3)

340 CALL qual _fld("l", hex_length[2])
RETURNING | arge_fld, null_size

350  CALL qual _fld("s", hex_length[3])
RETURNI NG snmal | _fld, null_size

LET dt_size = large_fld CLIPPED, " TO ", small _fld CLI PPED
RETURN (dt _si ze CLI PPED)
END FUNCTION -- cnvrt_dt --

36L] FUNCTION cnvrt _intvl (cl ngth)

DEFI NE clngth SMALLI NT,

large_fld CHAR(11),
| arge_si ze SMALLI NT,
smal | _fld CHAR(11),
smal | _si ze SMALLI NT,
intv_size CHAR( 35),
hex_l ength CHAR(3),

fld_I ngth SMALLI NT,
i SMALLI NT

LET hex_l ength = to_hex(cl ngth, 3)

370 CALL qual _fld("1", hex_length[2])
RETURNI NG | arge_fld, |arge_size

CALL qual _fld("s", hex_length[3])
RETURNI NG snal | _fld, snmall_size

380 LET fld_Ingth = intvl_Ingth(hex_length, large_size, small_size)
IF fld_Ingth > 0 THEN

LET i = LENGTH(large_fld) + 1
LET large_fld[i, i + 2] ="(", fld_Ingth USING "<", ")"
END I F

LET intv_size = large_fld CLIPPED, " TO ", snall _fld CLI PPED
RETURN (i ntv_si ze)
END FUNCTION -- cnvrt_intvl --
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390

400

410

420

The qual_ d() function uses a CASE statement to decode one hexadecimal
digit from collength as a DATETIME or INTERVAL quali er keyword. Note
two things about the encoding:

* Separate codes are devoted to each of the possible precisions of
FRACTION(1) through FRACTION(5).

* The encodings are so designed that subtracting the code of the larger
keyword from the code for the smaller, as in p=s-1+2, yields the number of
digits in the total quali er. For example, a quali er YEAR TO DAY has
6=4-0 digits.

The MATCHES operator is used just in case the hexadecimal translation
function is changed to generate lowercase instead of uppercase letters.

If the hexadecimal digitisa C (decimal 12), the data type contains a
FRACTION(2) eldquali er. The way this FRACTION eld is printed depends
on whether itis the rstorthe second quali er. Ifitisthe rstquali er, then
fvalue is | and the quali er is printed without the precision because an
INTERVAL value cannot specify precision on the rstquali er. If FRACTION
is the second quali er, then the precision of 2 is speci ed. (The default preci-
sion for the second quali er is 3).

If the hexadecimal digitisa C (decimal 12), the data type contains a
FRACTION(3) eld quali er. Because the default precision for the second
quali eris 3, this quali er does not specify the precision in the schema
listing.

Generating a Schema Listing



The qual_ d() Function

HHEAHHH R R TR A R R A A R R
3900 FUNCTI ON qual _fld(ftype, fvalue)

DEFI NE ftype, fvalue CHAR(1),

fld_nane CHAR(11),
fld_size SMALLI NT
CASE
WHEN (fvalue = "0") --* YEAR qualifier

LET fld_name = "YEAR'
LET fld_size = 4

WHEN (fvalue = "2") --* MONTH qualifier
LET fld_name = "MONTH'
LET fld_size = 2

WHEN (fval ue = "4") --* DAY qualifier
LET fld_nane = "DAY"
LET fld_size = 2

WHEN (fvalue = "6") --* HOUR qualifier
LET fld_name = "HOUR'
LET fld_size = 2

WHEN (fvalue = "8") --* MNUTE qualifier
LET fld_name = "M NUTE"
LET fld_size = 2

400 WHEN (fval ue MATCHES "[Aa]") --* SECOND qualifier

LET fld_name = " SECOND"
LET fld_size = 2

WHEN (fval ue MATCHES "[Bb]") --* FRACTION(1) qualifier
LET fld_name = "FRACTION(1)"
LET fld_size = 1

WHEN (fval ue MATCHES "[Cc]") --* FRACTION(2) qualifier
4100 LET fld_size = 2 --* (default for 1st qualifier)
IF ftype = "I" THEN
LET fld_nane = "FRACTI ON'
ELSE
LET f1d_name = "FRACTI ON(2)"
END | F

VHEN (fval ue MATCHES "[Dd]") --* FRACTION(3) qualifier
42[1 LET fld_name = "FRACTION' --* (default for 2nd qualifier)
LET fld_size = 3

WHEN (fval ue MATCHES "[Ee]") --* FRACTION(4) qualifier
LET fld_name = "FRACTI ON(4)"
LET fld_size 4
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430

The returned d_name string contains the keyword for the quali er. The
d_size number is used only for calculating the precision of the larger eld
of an INTERVAL.

The intvl_Ingth() Function
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447

45(]

460

470

480

4901

The intvl_Ingth() function examines the two quali er keywords and the total
precision of an INTERVAL to decide whether the rst eld of the INTERVAL
uses a non-default precision. If it does, the function returns that precision so
it can be included in the output.

Because the hexadecimal values for eld quali ers are sequential, the
difference between the rst and second quali ers indicates the number
of elds being tracked by the INTERVAL.

If num_ ds is zero, the same quali er keyword is in both the rstand the
second quali ers. If the internal length (hex_Ingth[1]) matches the default
length (large_Ingth), the function returns zero to indicate that the eld uses
the default precision. Otherwise, it returns the non-default precision.

The only combination for which the hexadecimal values of the two quali ers
differ by one is FRACTION(2) TO FRACTION(3). Because these are the default
precisions for each quali er, the function returns zero.

The hexadecimal values for the quali ers FRACTION(2) to FRACTION(1)
differ by a value of -1. Because FRACTION(2) is the default precision for the
rst quali er, the function returns zero.

For all other INTERVAL quali ers, the function calculates the default length
required for the eld. If this default length does not match the internal length
(hex_Ingth[1]), then the function returns the non-default precision used by
the rstquali er.
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WHEN (fvalue MATCHES "[Ff]") --* FRACTION(5) qualifier
LET fld_name = "FRACTI ON(5)"

LET fld_size =5

OTHERW SE
LET fld_name = "uh oh: ", fvalue
LET fld_size = 0

END CASE
4301 RETURN fld_nane, fld_size

END FUNCTION -- qual _fld --

441 FuncTI intvl _I ngth(hex_l ngth, large_lngth, small_Ingth)
DEFI NE hex_I ngth CHAR(3),
large_l ngth SMALLI NT,
smal | _I ngth SMALLI NT,
dec_l ngth SMALLI NT,
defaul t_I ngth SMALLI NT,
num f1ds SMALLI NT,
ret_lngth SMALLI NT

LET dec_I ngth = dec_digit(hex_|Ingth[1])
450 LET numflds = dec_digit(hex_Ingth[3]) - dec_digit(hex_Ingth[2])
CASE num f 1 ds
461 WHEN 0 -- intvl has only 1 field
I F dec_Ingth = large_I ngth THEN
LET ret_Ingth = 0

ELSE
LET ret_Ingth = dec_Ingth

END | F
470 WHEN 1 -- intvl is FRACTION(2) to FRACTION(3) (default)

LET ret_Ingth = 0
480 VHEN -1 -~ intvl is FRACTION(2) to FRACTI ON(1)

LET ret_Ingth = 0

OTHERWSE -- intvl has 2,3,4, or 5 fields

490 LET default_Ingth = (large_Ingth + small _Ingth) + (numflds - 2)

I F default_Ingth = dec_I ngth THEN
LET ret _Ingth = 0
ELSE
LET ret_Ingth = large_Ingth + ( dec_Ingth - default_lngth )
END I F
END CASE

RETURN ret _I ngth

END FUNCTION -- intvl _Ingth --

Example 30

693



The to_hex() Function

The to_hex() Function

500

510

5200

530

The to_hex() function converts a binary value to hexadecimal characters. The
argument dec_number contains the binary value. It is assumed to be a 16-bit
value. It is de ned as an INTEGER because there are some 16-bit values that
are not valid when stored in a SMALLINT variable (for example, -32768). In
this program it is always called to convert a value from systables.collength,
which is a SMALLINT column. The power argument speci es how many dig-
its to convert. Its output is a string of power characters representing the least
signi cant power digits of the input.

4GL does not support unsigned numbers. If this number appears to be
negative, the function assumes that it started out as a 16-bit value with

the most signi cant bit = 1. This sign bit would be propagated when the
SMALLINT is assigned to the INTEGER, dec_number. Subtracting 216 cancels
the sign bits, leaving an unsigned 16-bit value.

By initializing the output to zero characters, the function is made free to stop
converting as soon as only zero is left in the_number.

The digits are produced, from most signi cant to least, in this loop. The
method is similar to the hand method: divide by the largest power of 16 that
will t, take the quotient as the current digit, and use the remainder for the
next iteration. For example, convert dec_number=8194 for power=4:

1. Divide by 16%=4096; quotient is 2, remainder 2. Convert the quotient into
the character and leave in hex_number[1].

the_num=2 is less than 162; leave hex_number[2] set to zero.
the_num=2 is less than 161; leave hex_number[3] set to zero.

the_num=2 is greater than 160; convert to character and leave in
hex_number[4]. Result is 2002.

The hex_digit() Function
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540

The hex_digit() function converts a number in the range of 0 to 15 into the
corresponding hexadecimal digit character. It uses a CASE statement to select
the letter-digits from 10 to 15. In the OTHERWISE clause, 4GL automatic data
conversion is used to convert values 0-9 into the corresponding character.
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500 FUNCTI ON to_hex(dec_nunber, power)

DEFI NE dec_nunber | NTEGER,

power SMALLI NT,
t he_num | NTEGER,
i,] SMALLI NT,
hex_power | NTEGER,

hex_nunber CHAR( 4)

LET the_num = dec_nunber
510 IF the_num< O THEN -- greater than Ox7fff, force to unsigned status
LET the_num = 65536 + the_num
END I F
LET hex_power = 16 ** power
520 LET hex_number = "0000"

530 FORi = 1 TO power
IF the_num = 0 THEN
EXIT FOR
END | F

LET hex_power = hex_power / 16

I F the_num >= hex_power THEN
LET hex_nunber[i] = hex_digit(the_num/ hex_power)
LET the_num = t he_num MOD hex_power

END I F
END FOR
RETURN (hex_nunber[ 1, power])
END FUNCTION -- to_hex --

HHEAHBH R R R A TR R A A R R T
541 FUNCTI ON hex_di gi t (dec_num)

DEFI NE dec_num SMALLI NT,
hex_char CHAR( 1)

CASE dec_num

WHEN 10

LET hex_char = "A"
WHEN 11

LET hex_char = "B"
WHEN 12

LET hex_char = "C'
WHEN 13

LET hex_char = "D"
WHEN 14

LET hex_char = "E"
WHEN 15

LET hex_char = "F"
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The dec_digit() Function

5500 The function converts a single hexadecimal digit character into its numeric
value. A CASE statement is used for the digits A-F, while 4GL automatic data
conversion is used to convert characters 0-9 into the corresponding number.

The schema_rpt() Report Function

5600 The report function is very ordinary. The program sends each row of data
to the report function after the data type has been converted to a character
string. Rows arrive ordered by table name.
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OTHERW SE

LET hex_char = dec_num

END CASE
RETURN hex_char

END FUNCTION -- hex_digit --

FUNCTI ON dec_di git (hex_char)

DEFI NE hex_char

dec_num

5500 I F hex_char MATCHES
CASE hex_char
WHEN " A"
LET dec_num =
WHEN " B"
LET dec_num =
WHEN " C*
LET dec_num =
WHEN " D'
LET dec_num =
WHEN " E"
LET dec_num =
WHEN " F"
LET dec_num =
END CASE
ELSE

SVALLI NT

"[ ABCDEF] " THEN

10

11

12

13

14

15

LET dec_num = hex_char

END | F
RETURN dec_num

END FUNCTION -- dec_digit --

561 REPORT schema_rpt(r, coltypnanme, print_dest)

BRI AR R R R

DEFI NE r RECORD

dbnarne
is_online
t abnane
ni ndexes
col nanme
col no
col type
col I ength
END RECORD,

col typnane
print_dest

CHAR( 50) ,
SMALLI NT,
CHAR( 18) ,
SMALLI NT,
CHAR( 18) ,
SMALLI NT,
SMALLI NT,
SMALLI NT

CHAR( 50) ,

CHAR( 1)
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698

570

5801

5901

The OUTPUT section does not include a PAGE LENGTH speci cation. The
default page length (66) is used for all three kinds of output: to the printer, to
a le, and to the screen, even though the screen at least needs a shorter page.
The reason is that there is no way to specify page length dynamically. The
PAGE LENGTH statement only accepts a constant that is evaluated at compile
time. The special case of the screen is handled by EVERY ROW code.

Because the rows are passed to the report function in order by table name, a
change of table name can be recognized as a group boundary. In the BEFORE
GROUP section, the report prints lines describing the table as a whole.

After printing the data for one column, the EVERY ROW section checks the
report destination, which is passed in as an argument. When output is to the
screen, and when the line count exceeds a common screen size, the report
pauses. After the pause it forces the start of a new page. No way existsto nd
out the actual screen size at runtime.

The problem of a dynamic report page size could be generalized through the
use of a global variable. The ON EVERY ROW code could compare the built-
in LINENO function to the global variable, and force a new page whenever it
is exceeded. That would permit the program to take a desired page size from
the user at the same time the user selects the report destination.
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570 QUTPUT
LEFT MARG N 0
R GHT MARG N 80

FORNMAT
FI RST PAGE HEADER
PRI NT COLUWN 40, "DATABASE SCHEMA LI STING FOR ",
r.dbnane CLI PPED
PRI NT COLUWN 42, "I NFORM X-";
IF r.is_online THEN
PRI NT COLUWN 51, "OnLi ne Dat abase"

ELSE
PRI NT COLUWN 51, "SE Dat abase"
END | F
PRI NT COLUWN 50, today
SKIP 3 LINES
PAGE HEADER
PRI NT COLUWN 60, "PAGE ", PAGENO USI NG "#&"
SKIP 2 LINES
5801 BEFORE GROUP OF r.tabnane
NEED 6 LI NES
PRI NT "TABLE: ", r.tabnane CLI PPED,
COLUMN 30, "NUMBER OF | NDEXES: ", r.nindexes USING "&<<<<"
2 "
T "
PRI NT COLUWN 4, "Colum", COLUWN 27, "Type"
g "
2 "

AFTER GROUP CF r.tabnane
SKIP 2 LINES

5901 ON EVERY ROW
PRI NT COLUWN 4, r.col nanme, COLUW 27, coltypnane CLI PPED
I'F (print_dest = "S") AND (LINENO > 22) THEN
PAUSE "Press RETURN to see next screen”
SKIP TO TOP OF PAGE
END | F
END REPORT -- schena_rpt --

To locate any function de nition, see the Function Index on page 730.
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The Demonstration
Database

The stores7 demonstration database contains a set of tables that describe a

702

Appendix A

ctitious sporting-goods business. The examples in this book are based on

this database.

This appendix contains four sections:

The rst section describes the structure of the tables in the stores7
database and lists the name and the data type of each column. The
indexes on individual columns or on multiple columns are identi ed and
classi ed as unique or as allowing duplicate values.

The second section shows a map of the tables in the stores7 database and
indicates potential join columns.

The third section describes the join columns that link some of the tables
in the stores7 database, and illustrates how you can use these relation-
ships to obtain information from multiple tables.

The nal section shows the data contained in each table of the stores7
database.

If you have modi ed or deleted some or all of the data in these tables, you
can restore the stores7 database to its original form by running the sqldemo
script. See the section The Demonstration Database and Application Files
on page 19 for information about how to create the database.



Structure of the Tables

Structure of the Tables

The stores7 database contains information about a ctitious sporting-goods
distributor that services stores in the western United States. This database
includes the following tables:

® customer

e orders

* items

e stock

e catalog

e cust_calls
* manufact
* state

The customer Table

The customer table contains information about the retail stores that place
orders from the distributor. The columns of the customer table are as follows.

Column
Name

customer_num
fname

Iname
company
addressl
address2

city

state

zipcode

phone

Data
Type
SERIAL(101)
CHAR(15)
CHAR(15)
CHAR(20)
CHAR(20)
CHAR(20)
CHAR(15)
CHAR(2)
CHAR(5)
CHAR(18)

Description

system-generated customer humber
rst name of store s representative
last name of store s representative
name of store
rst line of store s address
second line of store s address
city
state
zip code
phone number

The customer_num column is indexed and must contain unique values. The
zipcode and state columns are indexed to allow duplicate values.
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Function Index

dsply_menu() 364, 365
dsply_option() 59, 62
dsply_screen() 588, 589
dsply_summary() 79, 86
dsply_taxes() 233, 252, 337
dummymsg() 590, 595

E

edit_descr() 412
ERR_GET() 583
ERRORLOG() 583
explode() 640, 641
explode_all() 638, 639

F

fdump() 305, 306
fglgetret() 312
fglgets() 307, 314
find_cust() 494
find_order() 270
find_unpaid() 500

G

get_custnum() 79, 80
get_datetime() 395, 405, 410
get_dbname() 678, 679
get_repeat() 532
get_summary() 84, 87
get_tab_auth() 624
get_timeflds() 405, 408
get_user() 573, 582
getquote() 312

H

hex_digit() 694

|
init_log() 571, 572
init_menu() 366, 367
init_msgs() 52, 53, 93
init_opnum() 368, 369

init_time() 393, 397, 410
input_call() 392
input_cust() 234
input_date() 492
input_items() 242
input_order() 240
input_ship() 256
input_stock() 144
input_stock2() 156
insert_call() 391, 414
insert_cust() 171, 182
insert_cust2() 578
insert_items() 260
insert_manuf() 210, 211
insert_order() 260
insert_stock() 143, 148
intvl_Ingth() 692
inven_rep() 646
inventory() 643, 644, 645
inventory_all() 639, 642
invoice() 337, 338
invoice_rpt() 342
is_online() 434

K

kaboom() 642

L
like() 560
load_arrays() 435, 436
lock_cust() 529, 530
lock_menu() 526, 527
log_entry() 573, 579, 580, 581

M

main_menu() 358, 359
manuf_listing() 324, 325
manuf_maint() 360, 361, 367
manuf_popup() 157, 158
manuf_rpt() 326
menu_main() 589, 590
merge_auth() 626

Bold number indicates where function is defined



message_window() 47, 48, 63, 133, 183,
201, 207, 209, 211, 213, 215,
235, 275, 337, 361, 437, 449,
501, 507, 571, 579, 581

msg() 113, 114, 123, 127, 131, 147, 149,
159, 161, 179, 181, 183, 195,
203, 235, 237, 239, 241, 249,
253, 255, 259, 271, 277, 279,
281, 283, 285, 287, 339, 341,
387, 393, 407, 415, 417, 529,
531, 537, 575, 581, 591

N
new_time() 589, 590, 595
next_action() 126
next_action2() 172
next_action3() 386
next_action4() 576
nxtact_call() 406

@)

open_calls() 387, 388
open_ckey() 494, 531
open_db() 514

open_wins() 435, 440
order_amount() 247, 254
order_maint() 360, 361, 367
order_popup() 275, 282
order_tx() 258

P

pay_orders() 493, 502
pop_a_kid() 641, 645, 648
prompt_window() 88
pushkids() 641, 645, 646

Q

qual_fld() 689, 690

query_custl() 105, 106

query_cust2() 120, 121, 171, 385, 457,
575

query_cust3a() 473, 476
query_cust3b() 476, 477, 611

R
renum_items() 243, 247, 248
report_output() 340
reshuffle() 199, 201, 206
restore_orders() 549, 556
rollback_wk() 518, 553, 619, 623
row_locked() 538

S

save_journal() 549, 560
save_orders() 549, 556
save_rowid() 197, 214
schema() 679, 680
schema_rpt() 696
scroller_1() 458
scroller_2() 472
scroller_3() 606
sel_merged_auths() 626

SET_COUNTY() 161, 183, 197, 239, 253,
281, 287, 369, 441

set_up_tables() 639, 648
ship_order() 233, 254, 337
show_advert() 442, 443
show_descr() 443, 446
SHOWHELP() 179
STARTLOG() 573

state_ maint() 360
state_maint() 361, 367
state_popup() 179, 180
stock_maint() 360, 361, 367
stock_popup() 247, 250
sub_menu() 591, 592, 593

T

tax_rates() 85, 88, 289
tear_down_tables() 639, 652
test_success() 537, 538
three_up() 662

to_hex() 694

try_update() 530

Bold number indicates where function is defined
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U
upd_err() 445, 448, 449
upd_order() 288
upd_rep() 552
upd_row() 615, 618
update_call() 391, 416
update_cust() 127, 130, 173
update_cust2() 533, 534
update_cust3() 577, 578
update_driver() 548, 549
update_manuf() 211, 212

\Y

valid_null() 204

verify_delete() 132
verify_mdel() 208
verify_rowid() 214

Bold number indicates where function is defined
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