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HOW TO USE THIS MANUAL

This manual gives instructions for programming in Pascal-86 and for using the
Pascal-86 compiler to prepare programs for iAPX 86 and iAPX 88 microcomputer
systems. It is primarily a reference manual for use when you are writing or compiling
Pascal-86 programs; however, it also contains some introductory information to
help you familiarize yourself with Pascal-86 as you start to use it.

The manual assumes you are familiar with basic programming concepts, including
structured programming. For further study in this and related areas, refer to the
textbooks listed in the Bibliography. This manual, however, does define the
language completely, assuming no prior knowledge of Pascal.

Following the description of the language, this manual provides instructions for
compiling your Pascal programs, linking and locating the compiled code, and
executing the final program. It explains how to interpret compiler output, including
error messages. These portions assume you are familiar with the console operation
of your development system.

Finally, appendixes provide quick reference information, plus supplementary
instructions for interfacing Pascal-86 modules to modules in other languages and to
your own operating system software.

Manual Organization

Figure 0-1 illustrates the structure of this manual. As shown in the figure, it contains
four kinds of information:

e Introductory and general reference information, including installation
instructions

e Language information, for use when you are programming in Pascal-86

e Operating instructions for the compiler and run-time support, including
descriptions of compiler controls

e Interfacing information you need if you supply some of your own systems
software in place of that supplied by Intel (e.g., a non-Intel operating system or
your own real arithmetic error handler), or if you are interfacing Pascal-86
modules to modules written in other languages such as ASM86 or PL/M-86

If you are a manager evaluating Pascal-86 to determine whether it fits your needs,
you will find most of the information you need in Chapter 1, which is an overview of
the product. You might also skim through Appendixes A through F for a summary
of the language; note that the shaded portions of Appendixes D, E, and F describe
extensions to ISO standard Pascal (Draft Proposal 7185).

To get started with Pascal-86, first read this preface (How to Use this Manual) and
Chapter 1. (If you are familiar with assembly languages but not with high-level
languages, see section 1.2.1 for a discussion of the advantages of a high-level
language such as Pascal.) Then install the compiler using the instructions in Chapter
1, and try compiling, linking, locating, and running sample program 1 at the end of
Chapter 1 to verify that the software operates correctly.

After that, if Pascal is a new language for you, study the sample programs in
Chapter 9 and run some of them following the instructions in that chapter. Finally,
skim through the manual from Chapter 2 to the end, and try writing and running a
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few programs of your own. Once you have become familiar with Pascal-86, you will
find this manual useful as a complete reference. For quick reference, see the
Pascal-86 Pocket Reference.

If you wish to transport existing Pascal programs to your iAPX 86 or 1APX 88
application system, refer to Appendix A for a list of the differences between
Pascal-86 and other dialects of Pascal. This appendix indicates the areas of your
programs that may require modification. If your programs are written completely in
standard Pascdl as defined by the ISO Drafr Proposal, you need not modify them at
all before you recompile them with Pascal-86.

Once you have coded your programs, you are ready to compile, link, locate, and run
them. Refer to Chapter 10 for the use of compiler controls, and Chapter 11 for inter-
pretation of the output listing. Chapter 12 describes how to link, locate, and execute
your compiled programs. Chapters 13 and 14 help you interpret error messages you
may receive when compiling or running your programs. Note that Chapter 12 gives
only a brief outline of the linking and locating process and the associated error
messages; for details, refer to the IAPX 86, 88 Family Utilities User’s Guide.

If you are coding some of your application software in another language such as
ASMES or PL/M-86, refer to Appendixes H and J for the information you need. If
you are interfacing to your own operating system or providing your own file/device
drivers, refer to Appendix K for instructions.

Notational Conventions

Section Numbers

All chapters and appendixes are section-numbered for easy cross-referencing: for
instance, the heading number 5.3.2 denotes Chapter 5, section 3, sub-section 2.
When the text of one section refers to another section, the reference is made by
number, for example, “‘as described in 7.1.3.”” Figures, tables, and sample programs
are also numbered to aid in cross-referencing, for example, ‘‘in table 7-1,”" “‘see
figure 9-5,” ““Sample Program 1 illustrates...”’

Shading for Extensions to Standard Pascal

In the parts of this manual that describe the Pascal-86 language (Chapters 2 through
8 and Appendixes D, E, and F), extensions to standard Pascal (as defined by the ISO
Draft Proposal) are shaded in gray. Appendix A summarizes these extensions.

Notation for Computer Dialogue

Interactive computer dialogue in this manual consists of commands you enter,
which are immediately echoed on the console display, and text displayed by the
operating system, the Pascal-86 compiler, and other Intel-supplied programs. The
text you enter is shown in reverse type (white on a black background), and the text
displayed by Intel programs is shown in normal black type. The notation <cr>
stands for the RETURN key on the console keyboard.

Syntax Notation

This manual employs a notation similar to that used in Jensen and Wirth’s Pascal
User Manual and Report to define the syntax of the language precisely. The syntax
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of the entire Pascal-86 language, in this notation, is given in Appendix D. For those
who prefer the syntax diagrams used in an appendix to the Pascal User Manual and
in a number of textbooks on Pascal, Appendix E provides the syntax of the language
in that form.

In thersyntax notation, the following conventions apply:

e Keywords, letter symbols, and punctuation symbols that you use verbatim in
your programs—the terminal symbols of the language—are represented in
monospace type, in which every character has the same width, just as they do in
output media such as CRT console displays and printouts. All letters in terminal
symbols are shown in upper case in the notation; however, you may use either
upper case or lower case for these symbols in your programs. For example:

E FOR PROCEDURE
( TO TYPE
s DO ARRAY

are all terminal symbols.

e Terms standing for language elements or constructs that are defined elsewhere
in this notation—in other words, nonterminal symbols—are represented in
italicized lower-case letters in non-monospace type, in which the width of a
character varies. For example:

digits variable
sign expression
binary-digit statement

are all nonterminal symbols.

e When two adjacent items must be concatenated, they appear with no space
between them. A blank space between two items indicates that the two items
may be separated by one or more /ogical-blanks. For example:

digits . digits[E[sign]digits]
specifies that the first set of digits, the . symbol, and the second set of digits
must be concatenated, with no blanks between them. Likewise, the E symbol,

the sign if included, and the third set of digits must be concatenated. Blanks are
permitted only between the second set of digits and the E symbol.

e Optional constructs are enclosed in square brackets set in light type, or in square
brackets that are taller than a single line. (Square bracket symbols that are part
of the Pascal-86 language are set in monospace type, a heavier type face, and are
never taller than a single line of type.) For example, in the construct represented
by:

digits . digits|E[sign]digits]
the first and second sets of digits and the . symbol are required, and the entire
part following the second set of digits is optional. If this optional part is
included, the sign may still be omitted.

e Optional constructs that can be repeated a number of times are marked by a
three-dot ellipsis following the closing square bracket. For example:

binary-digit[binary-digit]...B

stands for a concatenated sequence of one or more binary-digits followed
immediately by a B symbol.



Alternative constructs are represented as vertically adjacent items separated by
extra vertical spacing and enclosed between curly braces that are taller than a
single line of type. When these braces appear, choose any one of the constructs
enclosed between the braces. For example:

digits

binary-digit|binary-digit]...B

octal-digit|octal-digit]...Q

digitl[hex—digit] ...H
indicates that the construct described may have any one of the four forms listed
between the large braces.

Text enclosed between the character sequence (* and the sequence *), when these
symbols are in light, non-monospace type, is a prose definition of the given con-
struct. Such definitions are used when symbolic definitions would be more
cumbersome. For example:

(* any upper-case or lower-case letter of the alphabet *)
is used to avoid listing 52 separate characters vertically between braces.

The start of a new line in the notation does not mean you must start a new line at
that point in your program; however, you may do so for readability. For exam-
ple, when you use the construct:

FOR variable :=expression T0 expression
DO statement

you need not include a carriage return after the second expression, but in many
programs doing so makes the statement more readable.
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CHAPTER 1
OVERVIEW

This chapter introduces Pascal-86 and explains how it fits into the process of
developing software for your iAPX 86 or iAPX 88 application system.

1.1 Product Definition

Pascal-86 is a high-level language designed for programming the iAPX 86, 88 family
of microprocessors. It is a superset of standard Pascal as defined in the ISO Draft
Proposal for standard Pascal (see Bibliography), and includes additional features
useful in microprocessor applications.

The Pascal-86 compiler translates your Pascal-86 source programs into relocatable
MCS-86 object modules, which you can then link to other such modules, coded in
Pascal or in other iAPX 86, 88 languages. The compiler provides listing output,
error messages, and a number of compiler controls to aid in program development

and debugging.

With the compiler comes a set of relocatable object libraries to be linked in with
your own code; these libraries provide complete run-time support, including
input/output and an optional interface to the Intel 8087 Numeric Data Processor to
optimize arithmetic operations. After linking your own modules together with these
Intel-supplied library modules, you can locate your final linked program to run on
an Intellec development system, or in RAM, PROM, or ROM in your own iAPX 86
or iAPX 88 microcomputer system.

To perform the steps following compilation, use the 8086-based iAPX 86, 88 Family
software development wutilities — LINK86, LIB86, LOC86, CREF86, and OH86.
You debug your programs using the DEBUG-86 applications debugger, PSCOPE
(the interactive symbolic debugger), or the ICE-86A or ICE-88 In-Circuit Emulator.
For firmware systems, you then use the Universal PROM Programmer (UPP) with
its Universal PROM Mapper (UPM) software to transfer your programs to PROM.

1.2 The Pascal-86 Language

1.2.1 Using a High-Level Language

High-level languages (Pascal in particular) more closely model the human thought
process than lower-level languages such as assembly language. They therefore are
easier and faster to write, since one fewer translation step is required from concept
to code. High-level language programs are also more likely to be correct, since there
is less occasion to introduce error.

Programs in a high-level language are easier to read and understand, and thus easier
to modify. As a result, you can develop high-level language programs in a much
shorter period of time, and these programs are easier to maintain throughout the life
of the product. Thus high-level languages result in lower costs for both development
and maintenance of programs.

In addition, programs in a high-level language, particularly a standardized language:

like Pascal, are easily transferred from one processor to another. Programs that can
be transferred between processors without modification are said to be portable.
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As you might expect, these advantages have a price: the resulting translated machine
programs normally require more memory space and may run more slowly. For this
reason, after the initial software design is complete, you may wish to re-code your
most time-critical and space-critical routines in assembly language.

If Pascal-86 is your first high-ievel language, you probably want to know how pro-
gramming in a high-level language differs from assembly-language programming.
When you use a high-level language:

® Youdonot need to know the instruction set of the processor you are using.

® You need not be concerned with the details of the target processor, such as
register allocation or assigning the proper number of bytes for each data item—
the compiler takes care of these things automatically.

®*  You use keywords and phrases that are closer to natural English.

e You can combine many operations (including arithmetic, Boolean, and set
operations) into expressions; thus you can perform a whole sequence of opera-
tions with one statement.

® You can use data types and data structures that are closer to your actual
problem; for instance, in Pascal you can program in terms of Boolean variables,
characters, arrays, and files rather than bytes and words.

The introductory example at the end of this chapter (section 1.7) illustrates these
points. Compare this Pascal program with an assembly-language program you
might write to solve the same problem.

Coding programs in a high-level language involves thinking at a different level than
coding in assembly language. This level is actually closer to the level of thinking you
use when you are planning your overall system design.

1.2.2 Why Pascal?

Many high-level programming languages are available today; some of them have
been around far longer than Pascal. So once you have decided to use a high-level
language, your next questions may be: How does Pascal differ from other high-level
languages? What advantages does it have? When is it the right language to use?

Here are some of the characteristics of Pascal:

e It has a block structure similar to that of PL/M, plus control constructs that
aid—in fact, encourage and enforce—structured programming.

e [t includes facilities for such data structures as multi-dimensional arrays,
records, sets, files, and pointer-based dynamic variables, and also allows you to
define new data types related to your problem, e.g., weekday, patientrecord.

e It is a strongly typed language—that is, the compiler does extensive data type
compatibility checking and range checking to help you detect logic errors in
your programs at compile time.

e It includes run-time support for sequential file [/O and floating-point
arithmetic.

e Its data structuring facilities and control statements are designed in a logically
consistent way. Thus Pascal is a particularly good language for expressing
algorithms, and has been used for this purpose in many textbooks.

e [ts control constructs make program correctness relatively easy to verify.

e It is a standard language used on many computers, so Pascal programs are
portable.
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For 1APX 86 and 88 systems, Intel offers Pascal, PL/M, and FORTRAN. Your
choice among these should depend on your implementation. Pascal-86, with its run-
time I/O support, data-structuring facilities, user-defined types, and special-
purpose built-in procedures and functions, is a higher-level language than PL/M-86,
and is therefore better suited to applications programming. Pascal-86 also provides
more extensive type checking than either PL/M-86 or FORTRAN-86, thus reducing
program debugging time. Because Pascal is a standard language, programs in Pascal
are portable — they can be used on a number of different processors. On the other
hand, PL/M-86 allows you to program at a level closer to your microprocessor
hardware, making it generally more suitable for systems programming, while
FORTRAN-86 has a rich set of arithmetic operations which make it best suited to
scientific and numerical applications.

The philosophy behind the Pascal and PL/M languages is fundamentally different.
Pascal’s strong typing and other language features impose a strict discipline on you,
the programmer, to enforce good structured programming practice and help you
detect errors in your programs. Certain programming practices that make errors
hard to find — such as defining one data type on top of another — are forbidden in
Pascal. PL/M, on the other hand, was designed for programmers (generally systems
programmers) who need such features and are willing to take the risk and extra
debugging time required by programs that use them.

What about the differences between Pascal and older, better-established languages
like BASIC and COBOL? Pascal has many more features than BASIC; and thanks
to more consistent standardization, it is also more portable. It is a more general-
purpose language than COBOL, which is tailored for business data processing. In
addition, Pascal differs from these other languages in its strong typing and block
structure.

Pascal was designed in 1973 by Niklaus Wirth, who had two main objectives: to pro-
duce a language suitable for teaching programming concepts, and to design that
language so that its implementations on existing computers could be reliable and
efficient. Wirth found the more traditional languages (including FORTRAN,
COBOL, and PL/I) unsuitable for teaching: their features and constructs often
cannot be explained logically, making them more difficult to learn.

Even more important, he was convinced that the language in which a programmer
learns to program profoundly influences his thinking, and therefore his pro-
gramming style and his reasoning in problem solving. He concluded that teaching
programming using a logically constructed language can lead to better programmers
and better programs.

Pascal’s principles of structuring and form of expressions were patterned after those
of Algol 60. However, other constructs were changed from Algol to accommodate
Pascal’s additional data structuring facilities. Record and file structures more useful
for solving commercial-type problems were added to Pascal.

For a fuller discussion of the Pascal language, see the references listed in the
annotated bibliography at the end of this manual.

1.2.3 Portability

As mentioned earlier, Pascal-86 conforms to standard Pascal as defined in the ISO
Draft Proposal. This means that you can take Pascal programs written for other
processors, compile them using Pascal-86, and run them on an iAPX 86 or iAPX 88
microcomputer system, provided you use only standard features. The same pro-
grams can run on iAPX 86 systems and iAPX 88 systems without change.

Overview
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You can write complete programs in Pascal-86 without using any Intel extensions to
standard Pascal, thus keeping your programs completely portable. In this manual,
the descriptions of Intel extensions are shaded in gray to distinguish them from stan-
dard features. You can also use a compiler option (the NOEXTENSIONS control)
to direct the compiler to print out warning messages wherever such extensions
appear in your program.

1.2.4 Intel Extensions to Standard Pascal

If you are concerned with the ease of programming for your microprocessor applica-
tions, you will probably want to use the language extensions and compiler controls
that tailor Pascal-86 to the iAPX 86, 88 environment. These include 32-bit
arithmetic, language constructs for building separately compiled modules, and built-
in procedures for port input/output and interrupt control.

Separately compiled modules allow you to divide a program into smaller, more
manageable parts, and to locate different parts of your program in memory of
different types or in different hardware locations. Port input/output provides fast
data transfer by means of direct communication with microprocessor ports. The
interrupt control procedures allow you to write Pascal routines to handle interrupts
in your system.

1.3 The Compiler and Run-Time System

1.3.1 Compiler Features

The Pascal-86 compiler includes a number of features to make programming and
debugging easier. Compiler controls allow you to specify the form and content of
your source code, object code, and output listing.

Controls are provided to copy (INCLUDE) source code from other files in addition
to the main source file, to output type and debug information in the object file for
use by LINK86 and the ICE-86A and ICE-88 emulators, and to specify interrupt
procedures tailored to your hardware. The compiler also provides the
NOEXTENSIONS control to flag extensions to standard Pascal, an optional cross-
reference listing, and a control to aid in program checkout and debugging.

1.3.2 Run-Time Support Libraries

The run-time support libraries, provided in relocatable object code form to be linked
to your compiled object program, allow you to run your program in a number of
environments. You simply choose the run-time libraries that match the
hardware/software configuration you are using.

These libraries provide all I/0 support needed to run your programs. You may also
choose to have floating-point arithmetic operations performed using either floating-
point software routines on your 8086 or 8088 processor, or the on-chip capabilities
of an 8087 Numeric Data Processor for higher performance; in either case, all
required arithmetic and interface software is included in the run-time libraries. In
addition, the modular structure of these libraries allows you to substitute your own
file/device drivers.
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1.4 Hardware and Software Environments

1.4.1 Program Development Environment

To run the compiler, you must have the following hardware and software:

e Intellec Series III development system and resident operating system (see
Appendix L).

®  Four double-density diskette drives or a hard disk unit is recommended. (Note
that for hard disk users, initial installation of the compiler requires a single- or
double-density diskette drive, since the product is delivered in diskette form;
thereafter, hard disk alone is sufficient.)

A system with a diskette or hard disk unit and a printer is also recommended for
producing hard-copy output listings. This system may be separate from the one used
to compile programs.

To link and relocate programs after you have compiled them, and to prepare them
for loading (or PROM programming) and execution, you need the following 8086-
based software:

¢ LINKS6
° LIB86

e LOC86
» CREF86
e (OHS6

Instructions for using these utility programs are given in the (APX 86, 88 Family
Utilities User’s Guide.

Depending on your development environment and your final run-time environment,
you may also wish to use the following hardware and software:

. The DEBUG-86 applications debugger

¢ The PSCOPE symbolic debugger

e The ICE-86A or ICE-88 In-Circuit Emulator

e The SDK-86 System Design Kit, optionally with the SDK-C86 Software and
Cable Interface

e TheiSBC 957A Intellec-iSBC 86/12A Interface and Execution Package

® The Universal PROM Programmer (UPP) with the Universal PROM Mapper
(UPM) software

1.4.2 Run-Time Environment

Your compiled, linked, and located program code may run in either of the following
environments:

e A Series Il development system with its ISIS-II based resident operating system

e An iSBC system with an i1SBC 86/12 or 86/12A CPU board, or a
custom-designed iAPX 86 or iAPX 88 microcomputer system

In the latter case (an environment without Intel operating system support), you will
need to provide your own operating system support for the run-time libraries.
Appendix K gives instructions for writing your own file/device drivers and the soft-
ware interface required by the run-time libraries.

Overview
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You may increase the speed of floating-point arithmetic operations in your pro-
grams by including an 8087 Numeric Data Processor in your system. Detailed
specifications are provided in the JAPX 86,88 User’s Manual.

1.5 Compiler Installation

The Pascal-86 software package includes this manual (the Pascal-86 User’s Guide),
the Pascal-86 Pocket Reference, supplementary literature including a customer letter
and Problem Report forms, and one double- and two single-density program
diskettes. The diskettes contain the following files:

PASCRg6.86 E8087.LIB PROGS5.SRC
P86RNO.LIB 8087.LIB PROG6.SRC
P86RNI1.LIB 87NULL.LIB PROG7.SRC
P86RN2.LIB PROGI1.SRC PROG8.SRC
P86RN3.LIB PROG2A.SRC PROG9Y.SRC
RTNULL.LIB PRG2B1.SRC SIII87.SRC
DCONBS87.LIB PRG2B2.SRC DATA2
CEL87.LIB PROG3.SRC- DATA3
EHS87.LIB PROG4.SRC DATA4
E8087

The file named PASC86.86 contains the Pascal-86 compiler. The files PSB6RNO.LIB,
P86RN1.LIB, P86RN2.LIB, P86RN3.LIB, RTNULL.LIB, DCONS87.LIB,
CEL.LIB, EH87.LIB, E8087, E8087.LIB, 8087.LIB, and 87NULL.LIB are the run-
time support libraries and modules. (Detailed descriptions of the 8087 libraries are
located in the 8087 Support Library Reference Manual.) PROGI1.SRC,
PROG2A.SRC, PROG2BI1.SRC, PROG2B2.SRC, PROG3.SRC, PROG4.SRC,
PROGS.SRC, PROG6.SRC, PROG7.SRC, PROGS8.SRC, and PROG9.SRC are
the source code for the sample programs in Chapters 1, 2, and 9. SIII87.SRC is the
source code for a program that is used with an 8087 in the Series III environment
(see Appendix L). DATA2, DATA3, and DATAA4 are the data files for the sample
programs.

Once you have your compile-time environment configured as described in section
1.4.1, copy the compiler and run-time library files from the release diskette to the
single- or double-density diskette or hard disk you are using on your system.

The sample programs provided on the release diskette may be used for demonstra-
tion and checkout in your development environment. Operating instructions for
these programs are given in Chapter 9.

1.6 The Program Development Process

The Pascal-86 compiler and run-time libraries are part of an integrated set of tools
that make up the total iAPX 86 or iAPX 88 development solution for your
microcomputer system. Figure 1-1 shows how you use these tools to develop pro-
grams. The shaded boxes represent Intel products.

The steps in the software development process are as follows:
1. Define the problem completely.

2. Outline the proposed solution in terms of hardware plus software. Once this
step is done, you may begin designing your hardware.

3. Design the software for your system. This important step may consist of several
sub-steps, including breaking down the task into modules, choosing the pro-
gramming language, and selecting the algorithms to be used.

4. Code your programs and prepare them for translation using a text editor.
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5. Translate your Pascal program code using the Pascal-86 compiler.
6. Using the text editor, correct any compile-time errors; then recompile.

7. Using 8086-based LINK86 (and LOCS6 if needed), link the resulting relocatable
object module to the necessary run-time libraries supplied with Pascal-86, and
locate your object code. The use of LINK86 and LOC86 depends on your
application; for detailed instructions, see the IAPX 86, 88 Family Ultilities
User’s Guide.

8. You can then run your programs and debug them, with the aid of run-time error
messages and diagnostic output generated by the compiler’s program checkout
control. Your execution vehicle for debugging can be an operating system with
the DEBUG-86 or PSCOPE applications debugger and an ICE-86A or ICE-88
In-Circuit Emulator, or RAM on an SDK-86 System Design Kit or iSBC 86/12A
Single Board Computer with resident monitor.

9. Translate and debug your other system modules, including those coded in other
languages. Once you have performed the desired amount of testing on your
individual modules, you can link them together and locate them using 8086-
based LINK86 and LOCS86.

10. Testand debug your software in your chosen debugging environment (see step 8).

11. Produce a final debugged object module and transfer it to your run-time
environment. How you do this depends on the nature of that environment and
the tools you are using.

e If it is a Series III, use the Series III RUN command to load and run your
program.

e If it is RAM on an SDK-86 kit or an iSBC 86/12A Single Board Computer
system, use OHS86 to obtain a hexadecimal object code file. Then, if you
have been developing your programs on a Series I1I, use an appropriate tool
for downloading them into your execution board (the ICE-86A or ICE-88
In-Circuit Emulator, the SDK-C86 Software and Cable Interface, or the
iSBC 957 Interface and Execution Package).

e If it is ROM on an SDK-86 kit, iSBC Single Board Computer system, or
your own custom-designed hardware, use the Universal PROM Pro-
grammer (UPP) with its Universal PROM Mapper (UPM) software to
transfer your program to PROM.

Note that you can do your hardware development in parallel with software develop-
ment, and that you can take intermediate hardware/software integration steps if you
are using the ICE-86A or ICE-88 In-Circuit Emulator.

For instructions on the use of other Intel products discussed in this section, refer to
the manuals listed in your specific operating-system appendix.

1.7 An Introductory Sample Program

Figure 1-2 is a Pascal-86 program that converts Fahrenheit temperatures to Celsius
as you enter them from the console. The source code for this program is provided on
the release diskette as the file named PROG1.SRC. This section explains, step by
step, how to compile, link, and run the program on your development system.

NOTE
This introductory sample program is intentionally an extremely simple one.

Larger sample programs appear in Chapters 2 and 9.

The interactive computer dialogue in this section consists of commands you enter,
which are immediately echoed on the console display, and text displayed by the
operating system, the Pascal-86 compiler, and other Intel-supplied programs. The
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system-id Pascal-86, V2.0

Source File: PROG1l.SRC
Object File: PROG1.0BJ
Controls Specified: <noned>.

STMT LINE NESTING SOURCE TEXT: PROGl.SRC
1 1 06 @ (* This program converts Fahrenheit temperatures to Celsius. It
prompts the user to enter a Fahrenheit temperature, either real or
integer, on the console. The program computes and displays the equivalent
Celsius temperature on the console until the user has no more input. *)

program FahrenheitToCelsius(Input,Output);

2 8 B 8 var CelsiusTemp,FahrenheitTemp : real;
3 9 0 @ QuitChar : char;
4 11 9 8 begin
4 13 8 1 repeat
4 15 80 2 writeln; writeln;
6 17 2 write('Fahrenheit temperature is: ');
7 19 8 2 readln(FahrenheitTemp) ;
8 21 B8 2 CelsiusTemp := (( FahrenheitTemp - 32.8 ) * ( 5.0 / 9.0 ));
9 23 @ write('Celsius temperature is: '); writeln(CelsiusTemp:5:1);
11 25 0 2 writeln;
12 27 0 2 write('Another temperature input? :');
13 29 B 2 read (QuitChar); writeln;
15 31 8 2 until not (QuitChar in [‘'Y','y"'])
16 33 8 2 end. (* FahrenheitToCelsius *)
Summary Information:
PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE
FAHRENHEITTOCELSIUS @881H 0161H 353D @019H 25D @O0EH 14p
-CONST IN CODE= BU81H 129D
Total @lE2H 482D Q@@19H 25D ©0042H 66D

33 Lines Read.
® Errors Detected.
49% Utilization of Memory.

Figure 1-2. Sample Program 1: Temperature Conversion

text you enter is shown in reverse type (white on a black background), and the text
displayed by the Intel programs is shown in normal black type. The notation <cr>
stands for the RETURN key on the console keyboard. Note that the operating
system prompt (indicating that it is ready to accept a command) and, for some
systems, the name of the loader (e.g., RUN on the Series III) are not included — see
your specific operating-system appendix for details. The two-asterisk prompt
indicating the beginning of a continuation line is given here.

To prepare this sample program for execution on your operating system, make a

copy of the file PROG1.SRC. (If this were your own program, you would first type
it in using a text editor.) You can invoke the compiler using the command:

PASC86 PROG1T.SRC<cr>
The compiler responds on the console with a sign-on message:
system-id Pascal-86, Vx.y

where system-id is the name of your operating system, and x.y is the version number
of the compiler.
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As the compiler processes the program, a trace of the various compilation phases is
displayed below the sign-on message. For this example, the final completed trace
line is:

PARSE(O), ANALYZE(O), NOXREF, OBJECT
This is followed by the console sign-off message:
COMPILATION OF FAHRENHEITTOCELSIUS COMPLETED, 0 ERRORS
DETECTED.
END OF Pascal-86 COMPILATION.

Next, link the resulting object program with the necessary run-time libraries. To do
this, enter the following command:

LINK86 PROGT.0BJ, PB6RNO.LIB,
ERIP86RNZ.L18B, P86RN3.LIB, EB087.LIB,
LBd L ARGE.LIB TO PROG1.86 BIND<cr>

P86RNT.LIB, &<cr>
E8087, &<cr>

LINKS86 displays the sign-on message:
system-id 8086 LINKER, Vx.y
then links your program, returning control to the operating system when it finishes.
To run the program, first give the command:
The program displays the message:
Fahrenheit temperature is:

Type in a temperature in Fahrenheit degrees. If you mis-type, you may edit the line
using the RUBOUT key. Then strike the RETURN key.

The program calculates the Celsius temperature and displays the output:
Celsius temperature is: n

where n is the Celsius equivalent of the temperature you typed in. Finally, the pro-
gram skips a line and displays:

Another temperature input?
Type Y or y if you want to do another calculation. This causes the program to skip a
space and display the starting message again, allowing you to type in another

temperature. You may do this as many times as you wish.

When you wish to stop, answer the final query with any character other than Y or y,
and the program will skip a line and return control to the operating system.
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CHAPTER 2
PROGRAM STRUCTURE

Before we begin defining the specific rules for coding declarations, statements, and
other language constructs in Pascal-86, let us look at the overall structure of a
Pascal-86 program. This chapter provides a frame of reference for the six chapters
that follow it (Chapters 3 through 8), which fill in the details of the language.

The features of Pascal are extremely interdependent. For this reason, this manual
will sometimes need to refer to terms or concepts, such as statements, variables, and
types, before it has defined or discussed them. If Pascal is a new language for you
and you are reading this manual for the first time, you do not need to understand
every concept thoroughly the first time you encounter it. Concepts that are men-
tioned briefly will be explained more fully in subsequent chapters.

Even if you are familiar with the block structure of standard Pascal, you should read
this chapter before you start programming. It introduces the concept of a separately
compiled module—an Intel extension to standard Pascal—and shows how the
module construct fits in with standard Pascal program structure.

2.1 Structure of a Standard Pascal Program

Pascal is a block-structured language. Programs in such a language are composed of
sections (called blocks) that perform logically related functions and may be nested
inside one another. PL/M, PL/I, and Algol are also block-structured languages;
FORTRAN, BASIC, COBOL, and most assembly languages are not. Block struc-
ture in a programming language has several advantages:

* [t permits you to concentrate on one part of a program at a time, isolating that
part from the rest of the program.

e Itresults in programs whose logical structure is easy to read and understand.

e It allows the compiler to impose certain rules and checks over the scope of
variables and the flow of control in a program, enabling you to discover and
correct many types of logical errors at compile time.

Figure 2-1 illustrates the structure of a Pascal program. (Section 9.2 gives a more
detailed explanation of the sample program in figure 2-1.)

A block in Pascal consists of the following three parts:
1. Definitions and declarations

2. Procedure and function declarations

3. Statements

The first part defines data items—constants, types, and variables—and labels used
within the block. Definitions introduce items that have meaning only at compile
time, and declarations introduce items that have meaning at run time as well.
Procedure declarations and function declarations define subprograms, which are
blocks nested, or contained, within the block in question. Statements specify the
actions to be performed by the block. Of the three parts, only the statement part is
required in every block.

The program block is the outer-level block in a program. The procedure and func-
tion declarations contained within the program block are also blocks. In standard
Pascal, procedure and function blocks cannot stand alone; however, they may con-
tain all three parts of a block, including other procedure and function declarations.
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2-2

(¥ Tnis program builds a binary tree of characters from
user input data and prints out the nodes of a tree in
infix, prefix, and postfix notatiomn. An input line con-
sists of the character, its position in the tree, and the
position of its two children; each item is separated from
the next by a blank.

Variables =
MaxNumNodes - maximum number of nodes in a tree
One - index of the root
NodeCharagter - constitutes 2 node in the tree
NodeIndex - position of node in the tree
ExpressionTree - binary tree which is created
DataFile - file which holds user data *)

b,

BLOCK 1 (PROGRAM BLOCK)

program TreeTraversal(Input,Output); e=————— PROGRAM HEADING

const MaxNumNodes = 20; CONSTANT DEFINITIONS
One = 1;

type Subscr = 0..MaxNumNodes; @e————mmreerm— TYPE DEFINITIONS
Node = record
Symbol : char;
Left : Subsecr;
Right : Subscr

end;
Tree = arrayl[Subscr] of node;
var NodeCharacter : char; VARIABLE DECLARATIONS

NodeIndex : integer;
ExpressionTree : Tree;
DataFile : text;

" BLOCK 2 (PROCEDURE DECLARATION)

(* =—emccrccccccccanne——— e e csmeecemceeaseg )

procedure BuildTreer (% build tree from user input #)
var FindRoot : booleans; VARIABLE DECLARATION

BLOCK 6 (PROCEDURE DECLARATION) PROCEDURE HEADING
procedure AddNode; (* add 2 node to the tree =)

begin
write(NodeCharacter : 3, Nodelndex: 3)7
with ExpressionTreelNodeIndex] do begin
Symbol:=NodeCharacter;
read(DataFilesLeft); write(Left : 3)/
read(DataFile,Right): write(Right : 3); EKG;FMENT
readln(DataFile)’;
writeln
end
end; (* AddNode x)

begin
FindRoot := false’;
writeln(“INPUT IS:®): writeln;
AddNodes
repeat
read(DataFilesNodeCharacters,Nodelndex);
if NodeIndex = 1 then FindRoot := true
else AddNode
until (FindRoot) or (eof(DataFile))’,
wuriteln
ands; (* BuildTree »)

STATEMENT
PART

BLOCK 3 (PROCEDURE DECLARATION)
(¥ w=mmm—mcrccer e cw s e e c s acesscassca o ow bbbt - %)
procedure Infix(NodeIndex : Subscr); (* write out the
tree in infix notation *) e __ PROCEDURE HEADING
begin
with ExpressionTreelNodeIndex] de
if Left <> 0 then begin
write( (¢ : 17
Infix(Left):
write(Symbol : 2)’;
Infix(Right)s
write()° : 1)
end (* if =)
else write(Symbol : 2)
end; (* Infix =x)

STATEMENT
PART

Q,..

Figure 2-1. Sample Program 2A: Binary Tree Traversal in Standard Pascal
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BLOCK 1 (PROGRAM BLOCK) (CONTINUED)

/\W\M

BLOCK 4 (PROCEDURE DECLARATION)
( ===emececcccccacaa= cememm———— T 3 )

procedure Prefix(NodeIndex : Subscr); (* write out the

begin
with ExpressionTreelNodeIndex] do
if Left <> 0 then begin
write(Symbol : 2);
Prefix(Left)’
Prefix(Right)
end (« if »)
else write(Symbol : 2)
end; (* Prefix »)

STATEMENT
PART

tree in prefix notation *) «—————— PROCEDURE HEADING

BLOCK 5 (PROCEDURE DECLARATION)

[ B e 2 )

procedure Postfix(NodeIndex : Subscr); (* write out the

begin
with ExpressionTree[NodeIndex] do
if Left <> 0 then begin
Postfix(Left)/
Postfix(Right)’
write(Symbol : 2)
end (* if x)
else write(Symbol : 2)
end; (* Postfix *)

STATEMENT
PART

tree in postfix notation *) «————————— PROCEDURE HEADING

L et L memmmmeeeeem )

(* The main program reads in user data and displays the
tree in Infix, Prefix, and Postfix notation. *)
begin (* TreeTraversal =*) \
reset(DataFile, " :F1:DATAR"),
writeln; writeln, writeln’;
read(DataFile,NodeCharacter,NodeIndex)’;
while not eof(DataFile) do begin
BuildTree,
writeln; writeln( INFIX: )/
Infix(0One);
writeln; writeln(°PREFIX:");
Prefix(0One),
writeln; writeln(°POSTFIX:)/
Postfix(One)’;
writeln; writeln
end;
writeln; writeln
end. (* TreeTraversal *) Y,

& STATEMENT
PART

Figure 2-1. Sample Program 2A: Binary Tree Traversal in Standard Pascal

(Cont’d.)
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Figure 2-1 comnsists of a program block containing four second-level procedure
declarations, marked BLOCK 2, BLOCK 3, BLOCK 4, and BLOCK 5. BLOCK 2
itself contains another procedure declaration, marked BLOCK 6. Thus the structure
is hierarchical.

This block structure encourages top-down development and stepwise-refinement
techniques of program design. The nesting level of a procedure or function may
correspond to the level of that operation in a stepwise breakdown of the problem.
For example, for the tree traversal program of figure 2-1, the programmer first
divided the task into four main parts: build tree from user input, write out tree in
infix notation, write out tree in prefix notation, and write out tree in postfix nota-
tion. The program may perform each of these tasks more than once. Next, within
the “‘build tree from user input’’ task, he identified a sub-task: add a node to the
tree. Larger programs may include many more levels of nesting.

The program block defines the main program, with which execution starts when you
run the program. During execution, the outer statement part of the program block
may make calls to subprogram blocks (procedures and functions) contained within
the program block. Thus, the statement part specifies the order in which the pro-
gram performs the sub-tasks.

Procedures and functions are similar structurally, but differ in how they are invoked
and in their purpose. A procedure is invoked via a procedure statement (similar to a
““call” in some other languages). A function is invoked by giving its name and a list
of arguments in an expression within a statement. The function returns a value to
the calling program; this value replaces the function name and argument list in the
expression. Thus procedures often perform actions that change many values, but the
primary purpose of a function is to return a single value.

For example, the following function returns the absolute value of the argument
corresponding to x:

function abs (x:real): real;
const zero = 0.0;
begin
if x>=zero then abs := x
else abs := -x
end

A reentrant procedure or function is one that can be invoked again before the first
invocation is finished. This may occur, for example, if an interrupt occurs while the
procedure is executing. In Pascal, all procedures and functions are automatically
reentrant, as long as they do not change any global variables (defined in 4.1.2). Thus
you do not need to make any special provisions for a procedure which may be inter-
rupted during its execution, and subsequently invoked to process the interrupt.

Another important capability of Pascal is recursion. A recursive procedure or func-
tion is one that calls itself—either directly or indirectly. For instance, if procedure A
contains a call to procedure A, it is (directly) recursive. If A calls B and B calls A, the
two procedures are both indirectly (mutually) recursive. If A calls B, B calls C, C
calls D, and D calls A, all four procedures are indirectly (mutually) recursive. A
recursive procedure or function is frequently a natural way to express an algorithm.
In figure 2-1, the procedures Infix, Prefix, and Postfix (BLOCK 3, BLOCK 4, and
BLOCK 5) are directly recursive.

Certain useful procedures and functions are included as part of the Pascal-86
language. These include arithmetic and conversion functions, ordinal and Boolean
functions, input/output procedures, procedures for allocating dynamic variables,
and procedures and functions to communicate directly with microprocessor hard-
ware. Some of these are from standard Pascal; others are Intel extensions. You need
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not declare these predefined procedures and predefined functions in your program;
simply invoke them, using procedure statements or expressions, when needed. The
program of figure 2-1 calls the predefined procedures read, readln, write, and
writeln.



Program Structure ,
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.

MODULE 1 (MAIN, OR PROGRAM, MODULE)

module BinaryTreeMain;
public BinaryTreeOutput?
procedure Infix{(Nodelndex : Subscr)’;
procedure Prefix(NodeIndex : Subscr);
procedure Postfix{(NodelIndex : Subscr);
public BinaryTreeMain:
const MaxNumNodes = 202

type Subscr = O..MaxNumNodes:?
Node = record
Symbol : char:
Left : Subscr;
Right : Subscr
end;
Tree = array[Subscrl] of Nodes

var NodeCharacter : char/;
NodelIndex : integer;
ExpressionTree : Tree;

h

MODULE HEADING

INTERFACE
SPECIFICATION

BLOCK 1 (PROGRAM BLOCK)

(# This program builds a binary tree of characters from
user input data and prints out the nodes of a tree in
infix, prefix, and postfix notation. An input line con-
sists of the character, its position in the tree, and the
position of its two children; each item is separated from

the next by a blank. *)

program B8inaryTreeMain(Input,Dutput); «———— PROGRAM HEADING

const QOne = 1/

var DataFile : texts

CONSTANT DEFINITION
VARIABLE DECLARATION

BLOCK 2 (PROCEDURE DECLARATION)

(k ===o=m-ccecccemmememeeececcc—ee——— cemcemcecmcaan =)

PROCEDURE HEADING
VARIABLE DECLARATION

procedure BuildTree’,
var FindRoot : boolean/

BLOCK 3 (PROCEDURE DECLARATION)
procedure AddNode’;

begin
write(NodeCharacter : 3, Nodelndex: 3)/
with ExpressionTreelNodeIndex] do begin
Symbol:=NodeCharacter’
read(DataFilesLeft); write(Left : 3);
read(DataFile,Right), write(Right : 3)’
readln(DataFile)’
writeln
end
end; (* AddNode =*)

{PROCEDURE HEADING

STATEMENT
PART

begin
FindRoot := false’
writeln(“INPUT IS:"); writeln/
AddNodes
repeat
read(DataFile,NodeCharacter,NodeIndex)’
if NodeIndex = 1 then FindRoot := true
else AddNode
until (FindRoot) or (eof(DataFile));
writeln
end; (* BuildTree *)

L STATEMENT
PART

(% =cecececccrrr e e o - =--o- LD i il L

*)

(* The main program reads in user data and displays the

tree in Infix, Prefix, and Postfix notation. %)
begin (x BinaryTreeMain =*)
reset(DataFile, " :F1:DATA2");
writeln; writeln; writeln:
read(lataFilesNodeCharacters,NodeIndex)/;
while not eof(DataFile) do begin
BuildTree,
writeln; writeln(“INFIX:")/
Infix(0One)’
writeln; writeln(’PREFIX: )/
Prefix(2ne)’;
writeln; writeln(°“POSTFIX:")J
Postfix(One)’;
writeln; writeln
end;
writeln; writeln
end. (* 3inaryTreeMain =*)

3

STATEMENT
” PART

/

Compiled Modules

Figure 2-2. Sample Program 2B: Binary Tree Traversal Using Separately

—
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MODULE 2 (NON-MAIN MODULE)

module BinaryTreeOutput’ MODULE HEADING
public BinaryTreeOutput:
procedure Infix(NodeIndex : Subscr); }

procedure Prefix(NodeIndex : Subscr);

procedure Postfix(NodeIndex : Subscr)’;
public BinaryTreeMain;

const MaxNumNodes = 207

type Subscr = (O..MaxNumNodes;
Node = record
Symbol : char;
INTERFACE

Left : Subscr:?
Bioht : SuBecr ¢ SPECIFICATION

end;
Tree = array[Subscrl] of Node’;

var NodeCharacter : char;
NodeIndex : integer’?
ExpressionTree : Tree’

private BinaryTreeOutput’ J

BLOCK 4 (PROCEDURE DECLARATION)

(kR mmmcecc e e e e e e e e e e r e e s s s —memea—- *)
procedure Infix(NodeIndex : Subscr); (* write out the
tree in infix notation *) e—————— PROCEDURE HEADING
begin
with ExpressionTreelNodeIndex] do
if Left <> 0 then begin
write( C° : 1)7
Infix(Left)’
write(Symbol : 2)7; STATEMENT
Infix(Right); PART
write(”)’ = 1)
end (* if =x)
else write(Symbol : 2)
end; (* Infix *x)

BLOCK 5 (PROCEDURE DECLARATION)
(% =======---ceeoee mmmmmmm e ————meeeee- -= )
procedure Prefix(NodeIndex : Subscr); (* write out the

tree in prefix notation *) «——————— PROCEDURE HEADING
begin
with ExpressionTreelNodeIndex] do
if Left <> 0 then begin
write(Symbol : 2);

i - STATEMENT
Pref%x(Lgft), PART
Prefix(Right)
end (% if *)
else write(Symbol : 2)
end; (* Prefix x)
BLOCK 6 (PROCEDURE DECLARATION)
(k == mccc e e e c e e e c e e c e c e e c r e r e c e e e e e e e e = oo *)

procedure Postfix(NodeIndex : Subscr); (* write out the
tree in postfix notation *) «———— PROCEDURE HEADING
begin
with ExpressionTreelNodeIndex] do
if Left <> 0 then begin
Postfix(Left)’
Postfix(Right)’
write(Symbol : 2)
end (*x if x)
else write(Symbol : 2)
end; (x Postfix x)

STATEMENT
PART

Figure 2-2. Sample Program 2B: Binary Tree Traversal Using Separately

Compiled Modules (Cont’d.)
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CHAPTER 3
LANGUAGE ELEMENTS

Chapter 2 presented the overall structure of a Pascal-86 program. This chapter, and
the chapters following it through Chapter 8, define the details of the Pascal-86
language.

Rules governing the coding of programs are of two types: syntax rules and semantic
rules. The syntax of a programming language is the set of rules defining what
sequences of symbols make up acceptable programs in the language. The semantics
of a language is the set of rules for determining, given a syntactically acceptable
program, what that program means—that is, what actions it will cause the processor
to take. It is possible for a program to be syntactically correct but semantically
meaningless.

In this manual, the syntax of each part of a program is generally defined using the
syntax notation described in the preface (How To Use This Manual). In cases where
such symbolic definitions would be cumbersome, the syntax is presented in prose.
Most of these cases occur in this chapter.

Along with the syntax definition of each language construct, the accompanying
semantic rules are given in prose. The syntax and the semantic rules are generally
followed by one or more examples of the language construct being defined.

The syntax of the entire Pascal-86 language, in syntax notation, is given in Appendix
D. For those who prefer the syntax diagrams used in an appendix to the Pascal User
Manual and in a number of textbooks on Pascal, Appendix E provides the syntax of
the language in that form.

This chapter defines the symbols that make up the building blocks, or ‘‘words,”’ of a
program. These elements, such as digits, blanks, keywords, identifiers, and special
punctuation symbols, make up the larger ‘‘sentences’’ of the language as defined in
the chapters that follow.

3.1 Basic Alphabet

The basic building blocks of a Pascal-86 program are
¢ The upper-case and lower-case letters

e The digits 0 through 9

® The following keywords (word symbols):

AND GOTO PROCEDURE
ARRAY IF PROGRAM
BEGIN IN PUBLIC
CASE LABEL RECORD
CONST MOD REPEAT
DIV MODULE SET

DO NIL THEN
DOWNTO NOT T0

ELSE OF TYPE
END OR UNTIL
FILE OTHERWISE VAR

FOR PACKED WHILE
FUNCTION PRIVATE WITH
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e  The following punctuation symbols:

+  plussign [ left bracket
- minus sign ] right bracket
*  star { left brace
/ slash 3 right brace
= equal sign := assignment symbol
<> ‘“‘notequal’”’ symbol . period, or dot
< ““less than’’ symbol , comma
>  ‘“‘greater than’’ symbol H semicolon
<= ‘‘less than or equal to”’ : colon
symbol ! apostrophe
> = ‘‘greater than or equal to”’ T up-arrow
symbol . ellipsis
left parenthesis _ underscore
) right parenthesis @ “at’ sign

The keywords are reserved words; that is, you cannot use them as identifiers. In the
syntax notation and in the syntax diagrams, keywords are written in all capital
letters. However, you need not capitalize them in your programs.

In keywords and identifiers, a lower-case letter is equivalent to its upper-case
counterpart, unless the letter is within a literal character string as defined in 3.3.5.
For example:

BEGIN begin Begin
are all the same Pascal-86 keyword. Likewise:
TIMEQUT timeout TimeOut
are all the same identifier.

The use of most of the keywords and punctuation symbols is defined in Chapters 2,
4,5,6,and 7. However, here are a few notes about two of the punctuation symbols.

First, a period, or dot (.), marks the end of every compilation (main program
module or non-main module).

Second, the semicolon (;) serves as a separator between phrases of the language in a
program. This differs from the way the semicolon is used in some other high-level
languages, including PL/M and PL/I. In these other languages the semicolon is a
statement terminator; that is, it marks the end of every statement. In Pascal, there is
no such terminator. To illustrate the distinction, notice that in a PL/M program,
every statement in a BEGIN block ends with a semicolon:

BEGIN;
TEMP = A;
A = B;
B = TEMP;
END;

whereas in a Pascal compound statement, the semicolon appears only between the
component statements:

BEGIN
TEMP := A;
A = B;
B := TEHMP
END
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and the punctuation after END depends upon the context.

Note that in the IF statement defined in 7.2.4, the ELSE clause (if included) is a part
of the statement, so you may not precede the ELSE clause with a semicolon. The
syntax notation and examples in Chapters 4, 5, 6, and 7 make clear when you need
to use the semicolon separator.

3.2 Logical Blanks

Declarations, statements, and other constructs in Pascal are in free format; in other
words, they are separated from one another by appropriate punctuation or blanks
rather than by their positions in the input line. Thus you may extend a declaration or
statement over several input lines and indent it for maximum readability and
understandability by inserting carriage returns and blanks. Continuation line
markers (such as those used in FORTRAN programs) are not needed in Pascal.

Logical blanks are blank characters or blank substitutes that may separate symbols
in a Pascal-86 program. The entities that can substitute for a blank are the carriage
return character (CR), the line feed character (LF), the tab character (HT), and the
comment. The following rules govern the use of logical blanks:

1. Wherever a logical blank is permissible, a sequence of logical blanks is
permissible.

2. If a symbol ends in a letter or digit, and the symbol immediately following it
begins with'a letter or digit, at least one logical blank is required to separate
them.

3. Embedded logical blanks are not permitted within a keyword, punctuation
symbol, identifier, integer, or real number. If such embedded logical blanks do
appear, the separated parts become two distinct symbols.

4. One or more logical blanks are permitted, but not required, between any pair of
symbols not fitting the cases covered in rules 2 and 3.

3.2.1 Comments

A comment in Pascal is a sequence of characters enclosed between a left and a right
comment bracketing symbol (and including those symbols). The compiler ignores
comments in translating your source program into object code (except that it treats
them as logical blanks), but it copies all comments verbatim into the print file along
with the rest of your source program. Thus they provide a means for you to insert
explanations into your program.

The left comment bracketing symbols are { and (*. The right comment bracketing
symbols are } and *). Either right bracketing symbol may match either left
bracketing symbol.

Because the carriage return and line feed are part of the ASCII character set, com-
ments are not limited to a single line. The following are all legal Pascal-86
comments:

{this is a comment}
(* this is also a comment *)
(xthis is

a comment,
tool
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3.3 Tokens

From section 3.2, it follows that a Pascal-86 source program compilation consists of
a sequence of symbols called tokens, or entities indivisible by logical blanks, which
may be separated from each other by logical blanks. A token in Pascal is a keyword
or punctuation symbol as defined in 3.1, an identifier, an integer, a real number, or
a string.

3.3.1 ldentifiers

Identifiers in a Pascal program are names used to denote modules, procedures,
functions, constants, types, variables, parameters, and field designators. An iden-
tifier is a sequence of letters, underscores, and/or digits, of which the first must be a
letter. An identifier may be up to 255 characters long. All characters are significant
in distinguishing between identifiers.

For example, the following are all legal identifiers:
DirectorySearch COLOR pi CARS4

You define identifiers in module and program headings, procedure and function
declarations, constant definitions, type definitions, and variable declarations. In
addition, certain predefined identifiers are part of the Pascal-86 language. These
stand for predefined procedures and functions, predefined constants, and pre-
defined types that you may use without defining them explicitly. Examples of
predefined identifiers are INTEGER, REAL, MAXINT, ABS, READLN, and
TEXT. Appendix F gives a complete list.

The association of an identifier with the object it represents must be unique within
the scope of the definition or declaration. (Section 4.1.2 discusses scope.) For
instance, if you define the identifier INCREMENT as the constant 1.0 in the outer
level of a given procedure, you cannot later declare INCREMENT a REAL variable
in the outer level of the same procedure.

The Pascal-86 keywords listed in section 3.1 are reserved words, i.e., you may not
use them as identifiers. However, the directive FORWARD and the predefined iden-
tifiers are not reserved words, so you may use these names. If you use a predefined
identifier in a declaration or definition, the effect is to redefine that identifier for the
scope of your declaration or definition; thus the predefined meaning is not available
within that scope. However, you can declare or define FORWARD as an identifier
and also use it in its Pascal-defined meaning as a directive as described in 6.5—the
context determines which meaning is intended. The scope of a predefined identifier
is the entire compilation, except for the scope of any definitions or declarations that
redefine it.

3.3.2 Integers

A literal integer is the textual representation of a decimal, binary, octal, or hex-
adecimal integer. It is therefore a sequence of decimal digits; a sequence of binary
digits (0’s and 1’s) terminated by the letter B (upper-case or lower-case); a sequence
of octal digits (digits 0 through 7) terminated by the letter Q; or a sequence of hex-
adecimal digits (digits 0 through 9 plus letters A through F), of which the leftmost
digit must be in the set 0 through 9, terminated by the letter H. Note that hex-
adecimal numbers must begin with a decimal digit.
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A signed integer denotes a value of an integer type as defined in 5.3.1, preceded by
an optional plus or minus sign. The integer part cannot contain embedded logical
blanks, but logical blanks are permitted between the sign and the integer part. An
unsigned integer denotes an integer value that is not preceded by a plus or minus
sign.

The following examples are all legal signed integers. Note that the four signed
integers in the top row all represent the same value.

10 +12Q 10108 0Ah
1 -490000 63535 -32749

3.3.3 Real Numbers

A literal real number is the textual representation of a decimal number that includes
a fractional part—that is, one or more digits to the right of the decimal point—or a
decimal scale factor, or both. A signed real number is a real number preceded by an
optional plus or a minus sign. Thus a real number has one of these two forms:

[sign]digits . digits[E[sign]digits]
[sign]digits E[sign]digits

where sign is a plus or a minus sign, and digits is a sequence of one or more decimal
digits. As the syntax shows, if a real number contains a decimal point, it must have
at least one digit on each side of the decimal point; for example, —1. and .5 are not
legal real numbers.

A real number denotes a constant value of a real type as defined in 5.3.1. It is inter-
preted as a floating-point number in scientific notation, where the E symbol means
“‘times 10 to the power.”” The value of a real number must lie in the range per-
mitted for the 80-bit extended precision, or TEMPREAL, numbers, as defined in
Appendix H.

The signed real number syntax given in this section applies only to real numbers
specified literally in programs. Run-time real text file input to the predefined pro-
cedures READ and READLN has the less restrictive syntax defined in 8.7.5.

The following are all legal signed real numbers:

0.1 87.35E+8 0.456E+308
5E-3 1E4932 +9.231E-1023
.0

3.3.4 Labels

A label is a sequence of decimal digits that mark a statement so that a GOTO state-
ment may refer to it. It looks the same as a decimal integer, and is distinguished
from other labels by its integral value. (For instance, the labels 5 and 005 are the
same label and cannot both be used in the same block.) In standard Pascal, label
values must lie in the range 0 to 9999, inclusive; however, in Pascal-86 a label may be
any string of decimal digits that fits on a single line.

A label is distinguished from an integer constant by its context. If a sequence of
digits appears in a label declaration, in a GOTO statement, or in the label position at
the beginning of a statement, it is interpreted as a label; otherwise, it is considered an
integer constant.
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3.3.5 Character Strings

A literal string is a sequence of one or more characters enclosed by apostrophes.
Strings consisting of a single enclosed character denote constants of the predefined
type CHAR (5.2.1). Strings consisting of n enclosed characters (n>1) denote con-

stants of the type PACKED ARRAY [1..n] OF CHAR (5.2.2). Hﬂwever, a smgle~:

Strings may contain any of the printable characters in the ASCII character set;
however, an apostrophe within a string must appear twice. The printable characters
are all the characters with code values from 20H to 7FH inclusive, as defined in
Appendix G.

The following are all legal strings. The first three are of type CHAR; the last two are
of type PACKED ARRAY [1..16] OF CHAR.

1. ‘A’
2. '
3. [ LI |
4. 'OVERFLOW ERROR 5°'
5. 'This is'
''a string'
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CHAPTER 4
PROGRAM HEADINGS, SEPARATE COMPILATION
FACILITIES, AND LABEL DECLARATIONS

Using the basic building blocks defined in Chapter 3, which you can think of as
“words,”” you write headings, definitions, declarations, statements, and the other
larger constructs, or ‘‘sentences,”” of the Pascal-86 language. This chapter defines
the syntax and semantics of the ‘‘sentences’’ appearing at the beginning of a pro-
gram, module, or block, before the data definitions: program headings, separate
compilation facilities (module headings, interface specifications, and private
headings), and label declarations.

Before describing these constructs, this chapter provides necessary information on
program structure, filling in details not covered in Chapter 2.

4.1 Details of Program Structure
4.1.1 Parts of a Program

Figure 4-1 shows the parts of a standard Pascal program and of a block, in the order
in which they must appear.

PROGRAM

PROGRAM HEADING

BLOCK

LABEL DECLARATION

CONSTANT DEFINITIONS

TYPE DEFINITIONS

VARIABLE DECLARATIONS

PROCEDURE AND FUNCTION
DECLARATIONS
(MAY INCLUDE EMBEDDED BLOCKS)

STATEMENT PART
(COMPOUND STATEMENT)

.(PERIOD)

Figure 4-1. Parts of a Standard Pascal Program and Block 121539-30
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The program heading gives the module a name. The program heading may also
include a program parameter list, which is a list of files used for input and output in
the program.

The label declaration defines statement labels used in the statement part. The
constant definitions, type definitions, and variable declarations define the data
items used. The procedure and function declarations are blocks that define sub-
programs, and may themselves include embedded blocks.

The statement part is a compound statement, which consists of one or more
embedded statements enclosed between the keywords BEGIN and END. These
embedded statements specify the actions to be performed when the block is invoked
during execution. The statement part at the outer level contains the statements that
are invoked by the operating system to start execution of the program.

The block shown in figure 4-1 is a basic Pascal block. Program blocks and pro-
cedure and function blocks consist of the basic block preceded by an appropriate
heading and—for a program block—followed by a period.

For an example of program structure, refer to figure 2-1. Note that there are no label
declarations (none are needed, since no statements are labeled and there are no
GOTO statements). Also note the block nesting in the procedure and function
declarations. A block is always recognizable by its statement part; the other parts
may be absent.

Main and Non-Main Modules

As discussed in Chapter 2, you may partition your Pascal-86 program into smaller
units, called modules, for separate development and compilation. These modules
are of two types: the main program module and the non-main modules. Every pro-
gram must have one and only one main program module; it need not be coded in
Pascal. Information on coding main and non-main modules in other languages is
discussed in Appendix J.

Figures 4-2 and 4-3 show the parts of a Pascal-86 main program module and a non-
main module when the separate compilation facilities are used. Note that the main
program module is the same as a standard Pascal main program, with a module
heading and an interface specification added at the beginning.

Each compilation, whether it is a main program module or a non-main module, may
begin with a module heading followed by an interface specification. Following that
is either the program heading (for a main program module) or the private heading
(for a non-main module).

Notice the similarities and differences between the main program module and the
non-main module. Every module begins with an (optional) module heading and
interface specification followed by either a program heading or a private heading,
and ends with a period. Between the interface specification and the period, however,
the main program module contains a complete block, whereas the non-main module
contains a declaration/definition part—which is similar to a block but lacks a label
declaration and a statement part. Thus the main program module is the only module
in a program that may have a label declaration or a statement part at its outer level.

The module heading identifies the module by name. This name must match the
name given in the program heading or private heading. The interface specification
provides the only means for modules to communicate with each other. It defines the
objects in other modules that may be referenced by this module, and also defines the
objects in this module that may be referenced by other modules. Both these items are
optional, since you do not need them if your program consists of only one module;
but if you include an interface specification, you must include a module heading.
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MAIN PROGRAM MODULE

MODULE HEADING

INTERFACE SPECIFICATION

PROGRAM HEADING

BLOCK

LABEL DECLARATION

CONSTANT DEFINITIONS

TYPE DEFINITIONS

VARIABLE DECLARATIONS

PROCEDURE AND FUNCTION
DECLARATIONS
(MAY INCLUDE EMBEDDED BLOCKS)

STATEMENT PART
(COMPOUND STATEMENT)

. (PERIOD)

Figure 4-2. Parts of a Pascal-86 Main Program Module 121539-31

 NON-MAIN MODULE

MODULE HEADING

INTERFACE SPECIFICATION

PRIVATE HEADING

DECLARATION/DEFINITION PART
(NOT A BLOCK)

CONSTANT DEFINITIONS

TYPE DEFINITIONS

VARIABLE DECLARATIONS

PROCEDURE AND FUNCTION
DECLARATIONS
(MAY INCLUDE EMBEDDED BLOCKS)

.(PERIOD)

Figure 4-3. Parts of a Pascal-86 Non-Main Module 121539-32
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The program heading gives the main program module a name; the private heading
names the non-main module. This name must match the name you give in the
module heading. Only the program heading may include a program parameter list.

For an example of a separately compiled main module and non-main module, see
figure 2-2.

In syntax notation, a main program module has the following form:

[module-heading ;
linterface-spec]]
program-heading ;
block

and the syntax of a block is:

[label-decl]

[CONST constant-defn ; [constant-defn ;]...]
[TYPE type-defn ; [type-defn ;]...]

[VAR variable-dec! ; [variable-dec! ;]...]
lproc-or-func ;]...

statement-part

Similarly, the syntax of a non-main module is as follows:

[module-heading ;
linterface-spec]]
private-heading ;
declordefn

where declordefn is the declaration-definition part, with the following syntax:

[CONST constant-defn ; [constant-defn ;]...]
[TYPE type-defn ; [type-defn ;]...]

[VAR variable-decl ; |variable-dec! ;]...]
lproc-or-func ;]...

In the syntax definitions, /interface-spec stands for an interface specification; defn
and dec/ stand for definition and declaration, respectively; and proc-or-func
denotes either a procedure declaration or a function declaration. The notation for
the latter indicates that procedure declarations and function declarations can be
intermixed.

Section 4.2 of this chapter defines module headings, interface specifications, pro-
gram headings, private headings, and label declarations. Chapter 5 discusses data
definitions and declarations (constant definitions, type definitions, and variable
declarations). Chapter 6 covers procedure and function declarations, and Chapter 7
defines the statements that can appear in the statement part.

4.1.2 Program Objects and Scope

Objects in a Pascal program include modules, programs, functions, procedures,
parameters, constants, types, variables, fields, and labels. You choose appropriate
names as symbols for these objects; for instance, the programmer used the name
Tree Traversal for the program of figure 2-1, and likewise chose descriptive names
for the constants, types, and variables in the program. Identifiers in Pascal can be as
long as a line of text (255 characters), so you can choose names that make your pro-
grams easy to understand.
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A definition or declaration introduces an object and associates it with, or binds it to,
a symbol. This symbol must be an identifier (for most objects) or a decimal integer
constant (for a label). The scope of a definition or declaration is the part of the
source program over which that association holds. Generally, a scope is a block,
statement, parameter list, field designator, or other language construct, excluding
any enclosed constructs that set up another scope for the same symbol.

Public and'P‘ﬁVaté Objects

The objects of a module, which include labels, constants, types, variables, pro-
cedures, and functions, may be either private or public. Private objects are those
that only that program module may reference. Public objects are objecty that other
designated modules of the program may freely reference.

The private section of a module defines the private objects, and the body of public
procedures, belonging to that module, The public section of a module specifies
which objects belonging to that module are public objects. A module always has
one, and only one, private section; this is the main body of the module (the part
following the program heading or private heading). A module may have more than
one public section, buit all public sections are optional.

Local and Global Objects

Objects declared or defined at the outer level of a program block, and thus usable by
all subprograms, arc globai objects. Object declared or defined within a procedure
or function are local objects, said to be local to that procedure or function. When
several programmers are working on a large program, each programmer is con-
cerned only with the global objects, such as global variables shared by all parts of
the program, and with the local objects in the procedures he is writing. Note that all

public objects declared in the interface specification (4.2.2) have global scope.

The tree traversal program, for example, defines two constants and three types, and
declares four variables and four procedures, at its outer level. These are all global
objects. The constants are MaxNumNodes and One; the types, Subscr, Node, and
Tree; the variables, NodeCharacter, Nodelndex, ExpressionTree, and DataFile; the
procedures, BuildTree, Infix, Prefix, and Postfix. The scope of these declarations
and definitions is the entire program, excluding the one-line program heading.

On the other hand, the local variable FindRoot is declared within the procedure
BuildTree, so its scope is only the procedure BuildTree. This scope includes the
statement part of BuildTree plus the contained procedure AddNode, but does not
include any of the other procedures or the outer-level statement part. If the program
had also declared a variable named FindRoot at its outer level, two variables with
that name would exist. The scope of the inner FindRoot variable would remain the
same, and the scope of the outer FindRoot would be the entire program except for
the scope of the inner FindRoot. If another procedure, such as Infix, had declared a
variable named FindRoot, the scope of that variable would be its containing pro-
cedure, so there would be no conflict with the other variables of the same name.

Thus if several programmers are working on a large program, they need not care
whether they use some of the same names for local variables. All the programmers
need to agree upon are the names of global objects.

Only global data exist during the entire execution of a Pascal program; data local to
a subprogram are created automatically each time the subprogram is invoked, and
disappear when execution returns from the subprogram. This rule enforces program
clarity, since the programmer must declare all permanent data in one place in the
program—at the outer level. As a side effect, the release of local storage saves

memory space.
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A program must open files explicitly using the predefined procedure RESET or
REWRITE. However, the run-time system closes files automatically at the end of
the program.

Defining Identifiers

The program objects represented by predefined identifiers (discussed in 3.3.1) are
assumed to be declared or defined at the outer level of every program or module. If
you define one of these identifiers for your own purposes, your own declaration or
definition, within its own scope only, overrides the predefinition. Thus you need not
be concerned with such name conflicts unless you wish to use the predefined items.
Also, you may easily replace most predefined procedures, functions, or other
objects with your own versions.

All labels and identifiers you use in a program, except predefined identifiers, must
be declared or defined for the parts of the program in which you use them. For
instance, if a procedure in your program uses the identifiers X and Y as variables in
a calculation, you must declare them either within that procedure, within a con-
taining procedure, or at the outer level of the program. This rule helps eliminate
invisible side effects in programs, and allows the compiler to perform type and range
checking to detect errors.

Parameters

A parameter list is a list of identifiers in the heading of a program, procedure, or
function. These identifiers denote objects through which the program, procedure, or
function communicates with its environment. Parameters define explicitly the
nature of the interface between the program or subprogram and its environment.
They also allow the compiler to check for certain kinds of programming errors.

In the tree traversal program, the procedures BuildTree and AddNode have no
parameters. The procedures Infix, Prefix, and Postfix each have one parameter:
Nodelndex, of type Subscr.

In a program heading, the parameters denote objects that exist outside the
program—that is, files used for input and output. For example, the tree traversal
program names the standard files INPUT and OUTPUT as program parameters.

In a procedure or function heading, the parameters likewise refer to objects in the
environment outside the procedure or function. However, these parameters match
up with corresponding identifiers in an argument list in the statement or expression
that invokes the procedure or function. Because of this matching, the objects inside
the procedure or function do not need to have the same names as the corresponding
objects outside. This naming independence is useful when you need to perform the
same operation on several different variables in a program.

For instance, if you have written a matrix multiplication procedure with the
heading:

procedure MatrixMult (Matrix1, Matrix2: Matrix Type;
VAR QutMatrix: MatrixType);

and you need to multiply the three matrix pairs A X B, C x D, and E x F (all six
matrices, plus the result matrices X, Y, and Z, being of type MatrixType, defined as:

type MatrixType = array [1..10,1..10] of REAL;
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you could perform the multiplications with the statements:

MatrixMult(A,B,X);
MatrixMult(C,D,Y);
MatrixMult(E,F,2);

4.2 Program Headings and Separate
Compilation Facilities

This section gives the syntax and semantics of the parts of a program that establish
its identity as a program and its division into separately compiled modules. These
parts include the module heading, the interface specification, the program heading,
and the private heading.

4.2.1 Module Headihg

The module heading identifies, by name, the module to be compiled. This name
must match the name you give in the program or private heading. The syntax of a
module-heading is:

MODULE identifier

where identifier is the module name given in the program heading (4.2.3) or private
heading (4.2.4).

In the interface specification (4.2.2), the public section with the same name as the
module heading defines this module’s public objects; they are available for use by
other modules. Public sections with different module names define the objects that
are external to this module.

4.2.2 Interface Specification

The interface specification part of a module contains that module’s public section
and the public sections of other modules that communicate with it. The interface
specification thus defines the public objects in this module that may be referenced by
other modules, and also the public objects in other modules that may be referenced
as external objects by this module.

The syntax of the interface-spec is as follows:

PUBLIC J/dentifier ;
section

[PUBLIC identifier ;
section]...

where section is:
subsection [subsection]...

and subsection is:
[FOR identifier [, identifier]... ;]
[label-decl]
[CONST constant-defn ; [constant-defn ;]...]
[TYPE type-defn ; [type-defn ;]...]

[VAR variable-decl ; [variable-dec| ;]...]
[prochdg-or-funchdg ;]...
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Here, defn and dec/ stand for definition and declaration, respectively; and prochdg-
or-funchdg stands for either a procedure heading or a function heading.

Note from the syntax that the same PUBLIC section is used when declaring one
module’s public objects as when referencing them as external objects from other
modules. Thus, the interface specification is designed to be kept in separate files and
included in each compilation as needed by means of the INCLUDE control. This
practice also ensures that each module’s public section is the same in every
compilation.

Public Section

The identifier following the keyword PUBLIC is the name of the module whose
public section is being defined. For each module, the public section includes those
objects defined by the module that can be referenced as externals by all other
modules in the program.

Constants, types, and variables are fully defined in the public section, while public
procedures and functions are designated only by their headings (similar to
FORWARD definitions). You must define the body of each PUBLIC procedure and
function in the private section of the corresponding module. Public procedures and
functions may not be nested within other procedures and functions.

When a module is compiled, its public section (if it exists) must be present in the
interface specification of the module. Other public sections must be present if the
private section of the module references objects defined in them, or if other public
sections in the compilation do so. (A public section may reference constants or types
defined in another public section. In such cases, it is not necessary that the public
section defining the objects precede the public section that uses them.) Additional
public sections that are not referenced at all may also be included.

FOR-Clause. The identifiers in the optional FOR-clause are the names of other
modules that are legal recipients of the definitions and declarations in the section—
that is, modules whose public and private sections can reference the objects defined
and declared in the section. If the FOR-clause is present in a subsection, the only
legal recipients of that subsection’s definitions and declarations are the modules
named in the FOR-clause (and the module whose public section this is, since a
module may always access its own public objects). If no FOR-clause is present, all
modules in the compilation are legal recipients.

NOTE

To ensure that files are initialized properly, all global file variables must be
accessible to the main program module; that is, declared PUBLIC without a
FOR clause or a PUBLIC FOR the main module.

Scope of Public Objects. The names of the objects defined in a public section are
called public symbols. Each public symbol must be unique among the public sym-
bols of a program. In a given compilation, the scope of a public symbol definition is
the composite of all the legal recipient sections, public and private, in the compila-
tion. A public symbol always refers to the same object in every compilation in which
it is defined. That object is the one specified in the defining public section.

Any identifier referenced in a public section must be a public identifier that the
public section may legally receive.

Public Labels.Your main program module may declare a label PUBLIC, so that
other modules can jump back to the main program for error recovery. These labels
must be in the statement-part of the outer program block. Non-main modules can-
not define public labels.
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For example, you might write the following public section for a module named
MODI1:

PUBLIC MOD1;
CONST zero = 0.0;
FOR MOD2, MOD3;
TYPE name = packed array [1..20]1 of char;
state = packed array [1..2] of char;
VAR 1, 1, k: integer;
FOR MOD3, MOD&4;
VAR m. n: integer:
FOR MOD2;
LABEL 110. 120, 130:
TYPE complex = RECORD re, im: real END;
VAR x, vy, 2% real:
FUNCTION sinh (arg: real): real;
FUNCTION cosh (arg: real): vreal;
PROCEDURE graph (abscissa, ordinate: real);

The constant zero is accessible to all modules. The types name and state and the

variables i, j, and k are accessible only to MOD1, MOD2, and MOD3. The variables
m and n are accessible only to MODI1, MOD3, and MOD4. The labels 110, 120, and
130, the type complex, the variables x, y, and z, the functions sinh and cosh, and the
procedure graph are accessible only to MODI1 and MOD2. The private section of
MODI1 must give declarations (including the procedure or function body) for sinh,
cosh, and graph.

For a complete sample program including interface specifications, see figure 2-2 at
the end of Chapter 2.

4.2.3 Program Heading

The program heading gives a name to a main program module and introduces the
private section of that module. The syntax of a program-heading is:

PROGRAM identifier [( prog-parameter-list )]

where identifier is the name given to the main program module. It must match the
name given in the module heading, if there is one. The prog-parameter-list is a list of
program parameters, separated by commas, that are names of external objects used
by the program. These names should be the names of file variables; objects of any
other type cause the compiler to generate a warning.

Pascal predefines the standard program parameters INPUT and OUTPUT, which
are text file variables as defined in 5.3.2 and 8.7. If no file argument is given in calls
to the predefined procedures and functions READ, READLN, EOF, and EOLN,
they assume the file INPUT. Likewise, the procedures WRITE, WRITELN, and
PAGE assume the file OUTPUT.

You must not declare these files as variables in your program, but you must list them
as program parameters if you use them in your program. The appearance of these
files as program parameters causes them to be declared implicitly in the program
block, and the initializing statements RESET (INPUT) and REWRITE (OUTPUT)

are automatically generated if required.

You may reference the standard files INPUT and OUTPUT in a non-main module.
Both implicit references (using READ, READLN, WRITE, WRITELN, PAGE,

EOF, or EOLN without specifying a file variable) and explicit references to
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undf:clared files named 1 "T and OUTPUT are walu:l However, if you make suth,g

where /denilflar is the name to be given to the module Thls name must matrh the

name given in the module statement.

4.3 Label Declaration

A label declaration specifies the integers you use to label statements in the statement
part of a block. The syntax of a label declaration is:

LABEL J/abel [, label]...
where /abel is an integer label as described in 3.3.4.
An example is:

LABEL 20, 40, 110

Each label listed in the declaration must appear in the label position of exactly one
statement in the statement part. The scope of a label declaration is the block in
which the declaration occurs.

Within the scope of the declaration, integers are interpreted as references to a label
only when they appear in GOTO statements and in the label position of a statement.
In all other cases, they are interpreted as signed integers.

You need labels and label declarations only when you use GOTO statements in your
program. It is considered good programming practice either to avoid using GOTO
statements altogether, or to use them only when there is a very good reason for
doing so (such as program clarity).

Your main program may declare a label PUBLIC, so that other modules can jump,
back to the main program for error recovery. These labels must be defined in the
statement part of the puter pmgram block. Non~mam modules cannot defire pubhc
labels..
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CHAPTER 5
CONSTANTS, TYPES, AND VARIABLES

An algorithm or computer program consists of two parts: a description of the data,
and a description of the actions to be performed on it. To describe the data in a
Pascal program, you write declarations and definitions; to describe the actions, you
write statements. This chapter describes how to define your data—using constants,
types, and variables—and denote it in statements. Chapter 7 describes how to write
Pascal staiements and the expressions within them.

5.1

Constants are daia items whose values cannot change during execution of a pro-
gram; variables are data items whose values can change, and which the program
processes. Every constant and variable in a Pascal program has a type.

Basic Concepts

The type is a central concept in Pascal. A type denotes a set of values which a data
item can assume; any definition, declaration, or program operation that requires the
data item to assume a value not in that set causes an error. Examples of data types
used in other programming languages are INTEGER and REAL; these are also
types in Pascal. However, Pascal offers a richer variety of data types than most
other languages, and even allows you to define your own.

The type of a variable may be either directly described in the variable declaration, or
referenced by a type identifier. In the latter case, the identifier must first be
described by a type definition. The compatibility of variables is based primarily on
the types associated with them.

Variables in Pascal can be generated statically, automatically, or dynamically.
Global variables (those declared at the outer level of a module) are static; that is,
they exist for the entire program run. Variables that you declare explicitly within a
procedure or function are automatic; that is, they are generated at run time in
accordance with the structure of the program. For example, if you have declared a
certain variable local to a procedure in your program, one instance of that variable is
created whenever the procedure is called, and that instance of the variable is
destroyed upon return from that invocation. When you declare a static or automatic
variable in your program you give the variable a name, by which you can reference it
in the statements of your program, and a type. The block level at which you place
that declaration in the program determines the scope of the variable, and thus deter-
mines when it is created and destroyed.

For example, in the program of figure 2-1, the global (static) variables
NodeCharacter, Nodelndex, ExpressionTree, and DataFile exist for the entire pro-
gram run. In contrast, an instance of the local (automatic) variable FindRoot is
created each time the BuildTree procedure is called, and this instance of the variable
disappears when control returns from the invocation of the procedure.

Dynamic variables, on the other hand, are generated by statements within your pro-
gram, without regard to program structure. You do not declare them explicitly. You
create dynamic variables using the predefined procedure NEW, and destroy them
using the procedure DISPOSE. Whenever you call NEW to create a dynamic
variable, it assigns a value to a variable of a pointer type, which you can then use to
reference the dynamic variable. Although a dynamic variable is not declared, it still
has a type, which is determined by the type you declared for the pointer variable.
Dynamic variables are useful in creating complex data structures, such as linked lists
and trees, that must change in form or size as the program runs.

5-1



Constants, Types, and Variables

5-2

The values of Pascal variables are initially undefined, so you must explicitly
initialize all variables in your program. This rule forces you to make clear exactly

what initial values you are assuming.

You may represent constants either literally, by their values (e.g., 3.14159, string,
TRUE), or by symbolic names (e.g., PI). In the latter case, you must define the
name and value of each constant in a constant definition. (The type of the constant
is implied by its value.)

The passing of data to procedures and functions by means of parameters is subject
to special rules. Parameters are objects that differ from the types, constants, and
variables described in this chapter. As is true for constants and variables, every
parameter has a type. Parameters are discussed in detail in Chapter 6.

The remainder of this chapter first discusses constant definitions and the various
kinds of data types available in Pascal-86, giving the syntax and semantic rules for
defining them and examples of their use with static variables. Following this, the
discussion turns to pointer types and dynamic variables. The final sections of the
chapter define the form of variable declarations and denotations.

The major headings in the remainder of this chapter (Constants, Types, and
Variables) correspond to the order in which you define or declare these objects in
your programs. Standard Pascal requires that you define or declare each object
before you use it in another definition or declaration. (In a pointer type definition,
however, you may make a forward reference to the base type of the pointer.)
Pascal-86 does not make this requirement.

5.2 Constants

As mentioned earlier, constants are data items whose values cannot change during
execution of a program. You may represent constants either literally (as integers,
real numbers, or character strings as defined in Chapter 3) or as named constants.

To use a named constant, you must first define it in a constant definition, which
introduces an identifier as a synonym for a constant value (or for another named
constant). Then you may use the constant identifier freely in place of its literal value
in expressions and in any other places where a constant of its type is permitted.

The constant definitions in a Pascal block or non-main module appear in a list
following the keyword CONST, between the label declarations and the type defini-
tions, as indicated in 4.1.1. The syntax of a constant definition (constant-defn) is as
follows:

identifier = constant

where identifier is unique, and constant is an integer (3.3.2), a real number (3.3.3), a
character string (3.3.5), a constant identifier, or a numeric constant identifier.

The constant identifier may have been defined either in a constant definition or in
the definition of an enumerated type (5.3.1). The type of the constant identifier is
the type of the given constant.

Note that a real constant (3.3.3) is always represented in TEMPREAL precision, as
defined in 5.3.1. (See Appendix H for the internal format of TEMPREAL
numbers.)

In Pascal-86, you may make indexed references to individual characters in a named
string constant as if it were an array variable (5.4.2).

Pascal-86



Pascal-86 Constants, Types, and Variables

The following are all legal constant definitions (to be preceded by the keyword
CONST and separated by a semicolon if there are several, as indicated in 4.1.1):

ScaleFactor = 12
Gamma = 0.577216

EulersConstant = Gamma
filler = "kkkkx!

Named constants allow you to write programs that are more meaningful and easier
to modify. For instance, if you use a constant scaling factor of 12 in a number of
places in your program, you can first define the identifier ScaleFactor as the value 12
as shown in the first example above; then write ScaleFactor, rather than 12,
everywhere in the program that the scale factor is needed. Someone reading the pro-
gram can tell at once, from the name, what the constant means. If you later wish to
change the value of the scale factor, you need make only one change in the
program—just change the constant definition.

5.3 Types

Pascal is a strongly typed language. This means that every data item has a type, and
that you must follow strict rules in the use of types in definitions, declarations, and
expressions. The compatibility of variables depends primarily on the type associated
with them; violation of a type compatibility rule causes an error. Strong typing
enables the compiler to do extensive type and range checking, so that you can catch
many program errors earlier in the development process—at compile time rather
than at run time. Types in Pascal also allow you to phrase your program in mean-
ingful terms—terms related to the problem you are solving.

Figure 5-1 shows the relationship between the various kinds of types in Pascal-86.
Simple types, called scalar types in standard Pascal, are types whose variables have a
single value. Structured types are types whose variables are made up of a number of
single values; these structured types are built up from simple types. Pointer types are
types whose variables you use to access dynamic variables in your program.

DATATYPES
(SS(I;T\E&%) STRUCTURED POINTER
/\
ORDINAL REAL ARRAY RECORD SET FILE
/\\
PREDEFINED ENUMERATED SUBRANGE
Figure 5-1. Data Types in Pascal 121539-33
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The type definitions in a Pascal block or non-main module appear in a list,
separated by commas, following the keyword TYPE, as defined in4.1.1.

A type definition associates a name (identifier) with a set of values. The syntax of a
type-defn is:

identifier = type-spec

where identifier is unique—that is, it is not defined for any other purpose in that
block—and type-spec, a type specification which identifies a set of values, has a
form that depends on the type being defined. The scope of a type definition is the
block in which the definition falls, excluding the parameter list associated with the
block.

TYPE counter = INTEGER;
color = (red, yellow, blue, green, orange, violet);
colour = color;
shade = color;
primarycolor = red .. blue;
Score = 1..100;
alfa = PACKED ARRAY [1..80]1 OF CHAR;
complex = RECORD re,im: REAL END;
person = RECORD name, firstname: alfa;
age: integer;
married: Boolean;
father, child, sibling: tperson;
END;
alphabet = SET OF CHAR;
characters = FILE OF CHAR;
manuscript = TEXT;
Link = Tcomplex;

In the examples just given, the type counter is the same as the predefined simple type
INTEGER. The types color, colour, and shade are enumerated types. Type alfa is an
array type; complex and person are record types; alphabet is a set type; and
characters and manuscript are file types. (TEXT is a predefined file type.) Type
Link is a pointer type.

As shown in these examples, you may define a type T2 in terms of another type T1.
In such cases, in standard Pascal you must always define T1 before using it to define
T2. (The Pascal-86 compiler, however, does not check for this violation.) You may
not use a recursive type definition—that is, define a type in terms of itself—except in
a pointer type specification nested within a structured type specification, as shown in
the type definition for person. When 1T is used as a type-spec, you may define T
anywhere within the type definition part of that block or the type definition part of
an enclosing block.

5.3.1 Simple Types

A constant, variable, or parameter of a simple type consists of a single value. The
type specifies the set of values to which that value must belong. For instance, the
predefined type INTEGER includes all integers that lie within the representable
integer range (in Pascal-86, —32767 through +32767). Thus 5, —20000, and 999 are
acceptable values for INTEGER variables, but —40000, 3.6, and blue are not.

The set of values denoted by a simple type always has an order, so that one may
compare two values of the same type and determine whether the first is greater than,
equal to, or less than the second.

A simple type is either an ordinal type or a real type.
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Ordinal Types

An ordinal type is a simple type whose values can be assigned sequence numbers—
that is, mapped onto the set of whole numbers. All types denoting a finite set of
values, such as (red, yellow, blue) or (FALSE, TRUE), are ordinal, since you can
count the values. The predefined Pascal-86 types INTEGER, WORD, and
LONGINT are also ordinal.

The predefined’functions ORD, LORD, WRD, CHR, PRED, and SUCC operate on
the mapping between ordinal types and the whole numbers. ORD, LORD, and
WRD take an expression of ordinal type and return a value of type INTEGER,
LONGINT, or WORD, respectively. CHR takes an integer expression and returns
the corresponding value of type CHAR (defined in the next section). PRED and
SUCC take an expression of ordinal type and return the value of the type that
precedes or succeeds it, respectively, in the ordering. Complete descriptions of these
functions are given in 8.1.

Predefined Ordinal Types. Three ordinal types are predefined in standard Pascal.
These types are denoted, respectively, by the type identifiers INTEGER,
BOOLEAN, and CHAR. In addition, Pascal-86 includes three more predefined
types, denoted by the identifiers WORD, LONGINT, and AT87EXCEPTIONS (a
special type, discussed in 8.10).

The type definition for a predefined ordinal type is specified at the outermost level
of the program. You operate on values of a predefined ordinal type by using
operators such as addition, comparison, and the Boolean AND, and by invoking
predefined procedures and functions.

INTEGER is an ordinal type whose values are a subset of the whole numbers. In
Pascal-86, these values are two bytes long and lie in the range —32767 through
+32767. INTEGER values are denoted by signed integers (3.3.2) whose values fall
within the defined subset. The predefined constant MAXINT specifies the upper
bound of the INTEGER range. (In Pascal-86, MAXINT has a value of 32767.)

WORD is an ordinal type whose values are a subset of the whole numbers. In
Pascal-86, these values are two bytes long and lie in the range 0 through 65535.
WORD values are denoted by unsigned integers (3.3.2) whose values fall within the
defined subset. The predefined constant MAXWORD specifies the upper bound of
the WORD range. (In Pascal-86, MAXWORD has a value of 65535.)

LONGINT is an ordinal type whose values are a subset of the whole numbers. In
Pascal-86, these values are four bytes long and lie in the range —2,147,483,647
through +2,147,483,647. LONGINT values are denoted by signed integers (3.3.2)
whose values fall within the defined subset. The predefined constant
MAXLONGINT specifies the upper bound of the LONGINT range. (In Pascal-86,
MAXLONGINT has a value of 2,147,483,647.)

Note that LONGINT is intended primarily for arithmetic operations; its use in type
definitions is relatively restricted. LONGINT cannot be used as the index type of an
array, the base type of a set, the tag type of a variant record, or the control variable
of a FOR loop. However, since LONGINT is compatible with INTEGER and
WORD, a LONGINT expression can appear anywhere that an INTEGER or
WORD expression can appear. Although an array cannot be defined to have a
LONGINT index type, a LONGINT expression can be used as the index expression"
in an array reference, provided that the value of the expression is in the range
specified by the index type of the array.

5-5
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BOOLEAN is an ordinal type whose values are the truth values denoted by the
predefined identifiers TRUE and FALSE, where FALSE precedes TRUE. Boolean
operators are defined on values of type BOOLEAN, and the results of relational
operators are always of type BOOLEAN.

CHAR is an ordinal type whose values are a defined set of characters. In Pascal-86,
this set is the ASCII character set. They are denoted by the characters themselves
enclosed within apostrophes or by the predefined constant identifiers CR and LF,
which stand for the ASCII characters carriage return and line feed, respectively.
Note that values of type CHAR always consist of a single character; apostrophe-
enclosed character strings of more than one character are of type PACKED ARRAY
[1..n] OF CHAR, as discussed in 5.3.2.

The ordering properties of the character values are defined by the ordering proper-
ties (ordinal values) of the characters in the character set. In other words, the rela-
tionship between character values c1 and c2 is the same as the relationship between
ORD(cl) and ORD(c2), as defined in 8.1.1. In all Pascal implementations, the
following relations hold:

¢ The subset of character values representing the digits 0 to 9 is ordered
numerically and is contiguous.

e The subset of character values representing the upper-case letters A to Z, if
available, is ordered alphabetically, but is not necessarily contiguous.

e The subset of character values representing the lower-case letters a to z, if
available, is ordered alphabetically, but is not necessarily contiguous.

Appendix G gives the ordering of the character set defined for Pascal-86 (the ASCII
set).

Enumerated Types. An enumerated type is an ordinal type you define yourself by
specifying a list of items; for instance, a list of colors. These items, represented by
identifiers, are the set of values that variables of the enumerated type can assume.
For instance, if you define a type called primarycolor consisting of red, yellow, and
blue, and then define a variable of that type called wallcolor, the only permissible
values for wallcolor would be red, yellow, and blue.

The ordering of the values of an enumerated type is determined by the order in
which the identifiers are named in the type-spec, which has the syntax:

( identifier [, identifier]... )

All the identifiers in the list are unique—that is, none appears in the list more than
once, and none is defined for any other purpose in that block. Naming these iden-
tifiers in the enumerated type-spec automatically defines them as constants of that

type.
Examples of enumerated type-specs:

(red, yellow, blue, green, orange, violet)
(club, diamond, heart, spade)

(Monday, Tuesday, Wednesday, Thursday, Friday,
Saturday, Sunday)

Enumerated types allow you to call the items you are dealing with by meaningful
names, instead of having to use objects of a more general type (such as integers or
Boolean variables) to represent them. Enumerated types can be extremely helpful to
you in writing readable, understandable programs.
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Also note that the built-in ordering in enumerated types allows you to compare
values and variables of these types. For instance, if you define a type SUIT using the
second type specification given above, a variable of type SUIT whose value is spade
will always be greater than a variable whose value is club.

The Pascal-86 predefined type AT87EXCEPTIONS, discussed in 8.10, is an
enumerated type.

Subrange Types. A subrange type is a type you define as a subrange of an ordinal
type, called the host type. A subrange type denotes a consecutive subset of the values
of a previously defined type, such as the integers 1 through 100, the integers —10
through +10, or the days Monday through Friday. To specify a subrange type, you
must identify the smallest and the largest value in the subrange. A subrange type-
spec has the syntax:

ordinal-constant .. ordinal-constant

where the two ordinal-constants are constants of the host type. The first constant
specifies the lower bound of the subrange, and the second, the upper bound. The
subrange is a closed interval—that is, the bounds are included. The first constant
must not be greater than the second constant.

A variable of a subrange type possesses all the properties of a variable of the host
type, with the restriction that its value must lie within the specified range.

Examples of valid subrange type-specs:

1..100
-10..+10
Monday..Friday
0..65535

The third example assumes that an enumerated type including the constants
Monday and Friday has already been defined—for instance, the third example in
the preceding section.

Examples of invalid subrange type-specs:

..100

99..0
..32768

=100000..100000

In the first example, the subrange bounds are of incompatible types. The second
example has the lower bound greater than the higher bound ‘

Subrange types allow you to specify bounds on the values in your program when the
problem so dictates. The compiler can then perform range checking to help detect



Constants, Types, and Variables

5-8

errors; if the bounds are exceeded during a program run, an error will be reported if
you compiled your program using the CHECK control (10.4.1). Note that you
cannot specify bounds for real numbers, since real types are not ordinal.

Real Types

A real type is a simple type that represents a real (floating-point) number. There are
infinitely many real numbers (limited only by the discreteness of internal computer
representations) whose values fall between two given real numbers; hence it is
impossible to assign meaningful integral sequence numbers to the real numbers.
Certain operations that can be performed on variables of ordinal types are invalid
when applied to variables of a real type. These include the ordinal functions ORD,
LORD, WRD, CHR, PRED, and SUCC, which are described in 8.1.

Pascal-86 predefines three real types: REAL, LONGREAL, and / ,
type-spec for these types are the identifiers REAL, LO t‘REAL ‘.and
TEMPREAL, respectively. You operate on values of a real type by using operators
such as addition and comparison, and by invoking predefined procedures and
functions.

REAL is a real type whose values are a subset of the real numbers. In Pascal-86,
REAL values are single-precision floating-point numbers, which are always four
bytes long and have 24 bits of precision. (Appendix H gives the range of REAL
values.) Values of type REAL are denoted by real numbers (3.3.3) whose values fall
within the defined subset.

LONGREAL is a real type whose values are a subset of the real numbers. In
Pascal-86, LONGREAL values are double-precision floating-point numbers, which
are always eight bytes long and have 53 bits of precision. (Appendix H gives the
range of LONGREAL values.) Values of type LONGREAL are denoted by real
numbers (3.3.3) whose values fall within the defined subset.

Whlch are lways ten bytes lon
range of TEMPREAL valu
numbers 3.3. 3) whose values fall w

5.3.2 Structured Types

Variables of a structured type are collections of values. A structured type is
characterized by the types of its components and by its structuring method. SubJect
to certain rules and restrictions, component types of a structured type may
themselves be structured, resulting in a structured type with several levels of struc-
turing. For instance, you might declare an array of records, each of which contains
another array.

There are four structuring methods, or type constructors, in Pascal: ARRAY,
RECORD, SET, and FILE. A structured type-spec has one of the following forms:

[PACKED] array-type
[PACKED] record-type
[PACKED] set-type
[PACKED] file-type
identifier

where array-type, record-type, set-type, and file-type are as defined in the following
sections, and identifier is the name of a previously defined structured type.

Pascal-86
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The PACKED Prefix

By prefixing a structured type specification with the keyword PACKED, you direct
the compiler to economize storage for variables of the specified type. Such packing
will be done even at the price of some loss in efficiency of access, and even if this
may increase the size of the compiled code needed to access components of the struc-
ture. Thus, your decision whether to use packed or unpacked structures will depend
on which is more important to you: saving data space, or saving code space and
increasing speed of access to structure elements. The internal representation of
packed structures may differ from compiler to compiler.

If a type has several levels of structuring, an occurrence of the PACKED prefix
affects only the level of the structured type whose definition it precedes. If a com-
ponent is itself structured, the component’s representation is packed only if the
PACKED prefix occurs in the definition of the component type as well.

The predefined procedures PACK and UNPACK convert the format of unpacked
array variables to packed, and vice versa. These procedures are described in 8.6.

Array Types

An array type is a structured type consisting of a fixed number of items, or com-
ponents, that are all of the same type (called the component type). For instance, you
might define an array of 100 integers. A component of an array is designated by an
array selector, or index, which is a value belonglng to the index type. The index type,
which must be any ordinal type except LONG T is usually a programmer-defined
scalar type or a subrange of the type INTEGE . Given a value of the index type, an
array selector yields a value of the component type. The time needed for a selection
does not depend on the value of the index; thus an array is a random-access
structure.

The array-type specification defines the component type and the index type. Its
syntax is:

ARRAY [ index-type [, index-typel... 1 OF component-type

where index-type is the type specification of any ordinal type ¢
and component-type is any type specification.

Examples of one-dimensional array-type specifications:

ARRAY [1..100] OF REAL

ARRAY [Booleanl OF color

ARRAY [Monday..Fridayl OF AppointmentSchedule
If the component type of an array type is also an array type, resulting in an array of
two or more dimensions, you may use an abbreviated form of definition. In this

form, the index type of the component and the index type of the array are enclosed
within the same set of square brackets. For example:

ARRAY [Boolean] OF ARRAY [1..10]
OF ARRAY [sizel OF LONGINT

is equivalent to:
ARRAY [Boolean, 1..10, sizel OF LONGINT
and:

PACKED ARRAY [1..10]1 OF PACKED ARRAY [1..8] OF Boolean

5-9
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is equivalent to:

PACKED ARRAY [1..10, 1..8]1 OF Boolean

The term string type is a generic term for any type defined to be:

PACKED ARRAY [1..n]1 OF CHAR

where n is a constant of type INTEGER or WORD. In Pascal-86; aiéingle-character
constant may be used as a string constant of type PACKED ARRAY [1..1] OF
CHAR, except in the RESET and REWRITE procedures (see section 8.7.1 and
8.7.2).

In program statements, you refer to a component of an array variable by giving the
variable’s denotation (the name of the array variable, if it is not itself a component)
followed by an index expression enclosed in brackets. This index expression must be
assignment-compatible with the index type of the array type, as defined in 5.3.4.
Section 5.4.2 gives syntactic details and examples.

Record Types

A record type is a structured type consisting of a fixed number of components,
possibly of different types. For instance, a record might consist of a person’s name
(a character string), height (an integer), and weight (an integer). Records in Pascal
are similar to structures in ASM86 and in PL/M. .

Components of a record, called fields, are selected by means of unique identifiers,
called field identifiers, which are defined in the record type specification. As with
arrays, the time needed to access a selected component does not depend on the selec-
tor, so a record is a random-access structure.

A record type may be specified as consisting of several variants. The presence of
variants implies that different variables, although of the same record type, may
assume structures that differ in a certain manner. The difference may consist of a
different number and different types of components. For example, one variant of a
record type might consist of a person’s name, height, weight, and year of birth;
another variant might consist of the person’s name, height, weight, sex, and place of
birth.

The variant which is assumed by the current value of a record variable may be
indicated by a component field which is common to all variants and is called the tag
field. Usually, the part common to all variants will consist of several components,
including the tag field.

The syntax of a record-type specification is:
RECORD

[field-list [;]]
END

where field-list is either:

field-id [, field-id]... : type-spec [;
field-id [, field-id]... : type-spec]...
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or:

[field-id [, field-id]... : type-spec [;
field-id |, field-id]... : type-spec]... ;]
CASE [field-id :] tagtype-id OF
case-const [, case-const]...

[fiela-tist [;1] ) [;
case-const [, case-const]... )

[field-ist [;]] )]...

In this syntax, each field-id (field identifier) is a unique identifier, distinct from all
other field-id’s at the same level in the record specification. The type-spec for each
record component can be any type-spec defined in the program, including another
record type specification. The portion of the syntax between the keywords CASE
and OF is called a tag; the tagtype-id is the identifier of any ordinal typ 7
LON T. Each case-const is a unique ordinal constant of a type that is compati-
ble with the tag type. The set of case constant values need not equal the set of values
in the tag type.

—~ o~

The occurrence of an identifier as a fie/d-id is a definition of the identifier as a field
identifier, which is the name of a component of a record. The scope of this defini-
tion is as follows:

e  All field designators that contain a record variable whose type is the record type
in which the field-id occurs, plus

e  The statement of each WITH statement that specifies a record variable whose
type is the record type in which the field-id occurs

To refer to a component of a record variable in program statements, you use a field
designator. A field designator consists of the record variable’s denotation (the name
of the record variable, if it is not itself a component), followed by the field identifier
of the component. Section 5.4.2 gives syntactic details and examples.

The WITH statement, described in 7.2.9, allows you to use a shorter notation in
referring to components of a record variable: in the statement embedded inside the
WITH statement, you need only name the individual field identifiers rather than the
full field designators.

Examples of record-type specifications for simple (non-variant) record types:

RECORD day: 1..31;
month: 1..12;
year: integer;

END

RECORD node: PACKED ARRAY [1..20] OF CHAR;
leftbranch, rightbranch: *TreeElement;
END

In the first example, the field identifiers are day, month, and year; in the second,
they are node, leftbranch, and rightbranch. If you declare a record variable of the
first type and call it TODAYSDATE, for example, you refer to the fields of that
variable using the field designators TODAYSDATE.DAY,
TODAYSDATE.MONTH, and TODAYSDATE.YEAR.

The second form of the field-list in the syntax denotes a variant record type. The
variant part begins with the keyword CASE. Note that this form of the syntax is
defined recursively, since it contains a field-list. The variant part provides for the
specification of a tag type with an optional tag field (field-id). If present, the tag
field contains a value indicating which variant is assumed by the record variable at a
given time. An error occurs if you make a reference to a field of a variant other than
the current variant; however, the Pascal-86 compiler does not detect this error.
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Each variant is introduced by one or more constants. All the case constants are
distinct, and are of an ordinal type that is compatible (5.3.4) with the tag type. The
set of case constant values need not equal the set of values in the tag type.

For a record with a tag field, a change of variant occurs only when your program
assigns to the tag field a value associated with a different variant. At that moment,
fields associated with the previous variant cease to exist, and those associated with
the new variant come into existence with undefined values.

For a variant record without a tag field, a change of variant occurs when your pro-
gram performs an assignment to a field that is associated with a new variant. Again,
fields associated with the previous variant cease to exist, and those associated with
the new variant come into existence with undefined values.

Examples of record-type specifications with variants:

RECORD x, y: real;
area: real;
CASE s: shape OF
triangle: (side: real;
inclination, anglel, angle2:
angle);
rectangle: (sidel, side2: real;
skew, angle3: angle);
circle: (diameter: real);
END

RECORD title: alfa;
CASE p: pubtype OF
book: (author, publisher: alfa;
copyrightdate: integer);
album: (label: alfa;
recordingdate: integer;
CASE recordingtype OF
popular: artist: alfa;
classical: (orchestra: alfa;
conductor: alfa);
spoken: (narrator: alfa;
humorous: Boolean));

END

Set Types

A set type is a structured type consisting of a collection of objects. Examples are the
set of alphanumeric characters, the set of positive integers less than or equal to 100,
and the set of ingredients (out of a finite number of possible ingredients) called for
in a recipe. Pascal defines a number of operators—such as union, intersection, and
inclusion—on set-type operands. These are described in 7.1.6 and 7.1.7.

In Pascal, all members of a set must be of the same type, called the base type, which
must be any ordinal type except WORD or LONGINT.

A set type specification, or set-type in the syntax, defines all the values that are
possible members of a set of that type. In mathematical terms, it defines the power
set, or collection of all subsets, of the base type (recall that a type is itself a set, that
is, a collection of permissible values). Its syntax is:

SET OF ordinal-type
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where ordinal-type is the base type. It may be the name of a predefined or user-
defined simple, enumerated or subrange type (except a subrange of type WORD), or
the type specification of an enumerated or subrange type. Restrictions on set
elements in Pascal-86 are given in Appendix C.

Examples of set-type specifications are:

SET OF 1..1000

SET OF CHAR

SET OF color (x color = (red, yellow, blue, green,
orange, violet) *)

The value of an object of a set type is denoted by listing all its members within
brackets, separated by commas. The elements listed in brackets, which may
themselves be expressions, must all be of the base type. (These values may be of type
WORD or LONGINT only if they lie in the range —32767 to +32767.) The notation
[] denotes the empty set, which contains no elements and belongs to every set type.
The set [X..Y] denotes the set of all values of the base type within the closed interval
from X to Y; for instance, [1..100] denotes the set of all integers from 1 to 100.
(Note the analogy, in both syntax and meaning, to a subrange type.) If X is greater
than Y (in ordinal value), then [X..Y] denotes the empty set.

For example, the following are all permissible values for a variable of the set type
SET OF color defined above:

[red .. bluel [red, bluel [bluel
[yellow, blue, redl [blue, redl [ 1]
[red..blue, orangel

Since a set is a collection of values in which order does not matter, the first two sets
in the first column are equivalent; likewise, the two sets in the second column are
equivalent.

If W and L are values of type WORD and LONGINT that lie in the range 1 to 1000,
then the following are all permissible values for a variable of the set type SET OF
1..1000:

I1..101 (W..L]
(W] (1..L, NI

The Pascal-86 predefined type AT87ERRORS, discussed in 8.10, is a set type.

File Types

File types in Pascal allow variables to correspond to physical files, such as disk files,
in the world outside the program. Thus they are the means by which a Pascal pro-
gram obtains input and output data.

You specify the files your program uses as parameters in the program heading at the
beginning of your main program block. Within your Pascal program, your file type
definitions and variable declarations are independent of the nature of the physical
files with which they are associated. You specify the logical file/physical file associa-
tion by using the file preconnection feature described in 12.4, or by naming the
physical file explicitly as a second parameter to the file handling procedures
REWRITE and RESET, as detailed in 8.7.

A Pascal program views a physical file as a variable of a file type, which is struc-
tured like a magnetic tape. A file type consists of a sequence of components, like
blocks on a tape, that are all of the same type. The number of components, called
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Vsequence carriage return and line feed.:

the length of the file, is not fixed, so your program can add or delete components as
it runs. You do this by appending components, one by one, to the end of the file.
Only one component of a file is accessible at any time, and you can change the
currently accessible component only by moving sequentially through the file. Thus a
file is a sequential-access structure.

A file with zero components is called empty.

The syntax of a file-type specification is:

FILE OF type-spec

The type-spec can be any type-spec defined in this chapter, except a file type or a
type that contains a file.

Examples of file-type specifications (given the sample type definitions in 5.3):

FILE OF CHAR
FILE OF person
FILE OF 1..10
FILE OF color

A file variable can be a text file or a non-text file. Text files are of the predefined file
type TEXT, which has components of type CHAR and is substructured into lines
terminated by a special sequence of characters called the line marker. In the
Pascal-86 loglcal record system (K.3), th lme mark r AS ha

ind, respectively, for the
parame ers INPUT and OUTPUT are text flles Non text files are any files not
declared to be of type TEXT.

You can open a file for reading or writing, read or write one file component (one
character for a text file), read or write a sequence of file components, and check for
the end of an input file. On text files, you may also read a sequence of characters
from a line and skip to the next line, write a line, check for the end of the current
line, and write a form feed indicator to start a new page of printed output. You per-
form all these operations by using the predefined file procedures described in 8.7.
Note that the nature of your physical file may impose restrictions; for instance, you
cannot read from a file connected to a line printer or write to a file connected to a
console keyboard.

In standard Pascal and in Pascal-86, there is no procedure for closing a file. Files are
closed automatically when execution returns from the program block.

Whenever you declare a file variable F with components of type T, this also causes
the implicit declaration of a variable of type T, denoted by Ft or F@. The pre-
defined file input and output procedures fill, empty, and test this variable, called the
buffer variable of the file. As long as the value of the buffer variable is defined, you
may use it in expressions just as you would any other variable of type T. The syntax
of the buffer variable is, as already suggested:

file-variable t* or file-variable @

where file-variable is the name of a file variable. (The t ana @ are interchangeable.)

Sections 8.7, 8.2.2, and 8.2.3 give a fuller explanation of file input and output
operations, and the sample programs in Chapter 9 illustrate these operations.

- The predefined program’
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5.3.3 Pointer Types

A pointer type is a special type that represents an address—i.e., points to an area of
storage. You use pointer types to allocate, access, and deallocate dynamic variables.

You generate dynamic variables within your program as you need them, rather than
declaring them explicitly within a block. Dynamic variables are useful in creating
complex data structures, such as linked lists and trees, that must change in size and
form as the program runs.

The type-spec for a pointer type has the syntax:
* type-id or @ type-id

where type-id is the identifier of a type (this may be another pointer type). A pointer
type thus consists of an unbounded set of values pointing to variables of the same
type—the type specified in the syntax just given. (The t and @ are interchangeable.)

You create a dynamic variable by calling the predefined procedure NEW with a
pointer variable as an argument. NEW allocates a variable of that pointer’s base
type, and also assigns a value to the pointer so that it points to the newly allocated
dynamic variable. The storage for dynamic variables is taken from a special pool of
memory called the heap, which is provided through the Pascal run-time system. You
cannot use the heap except as described here, by means of NEW, referenced
variables, and DISPOSE.

Once you have allocated a dynamic variable, you access it as a referenced variable
by referring to the associated pointer variable with the syntax:

pointer-id * or pointer-id @

which is referred to as dereferencing the pointer, and is interpreted to mean ‘‘the
variable pointed to by pointer-id,”’ where pointer-id is the name of a pointer
variable. (The * and @ are interchangeable.) For example, if P is declared as a
variable of type 1T, then P denotes that pointer variable and its value, whereas Pt
denotes the dynamic variable of type T that is referenced by pointer P.

When you have finished using a dynamic variable, you may de-allocate it by calling
the procedure DISPOSE. This causes the variable to become undefined and frees its
storage on the heap for other dynamic variables.

Because of the special purpose of pointer types, no operations are defined on objects
of this type except assignment and test for equality; that is, you can assign the value
of one pointer variable to another or compare two pointer values, as long as they are
both pointers to the same type.

Two pointer variables have the same type only if they are declared as follows:

VAR I,J: TINTEGER;
or:

TYPE INTEGER_PTR = TINTEGER;
VAR I: INTEGER_PTR;
J: INTEGER_PTR;
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Because each type specification defines a new and different type (5.3.4), when I and
J are defined as:

VAR I: tINTEGER;
J: TINTEGER;

they have different, and incompatible, types.

If two pointers are equal, the dynamic variables that they point to always occupy the

same storage space. However, the internal representation of a pointer value is not .

defined by the language, so you should not attempt to work with it directly in your
program.

The pointer value NIL belongs to every pointer type; it points to no object at all.
You may assign the value NIL to a pointer to indicate, for instance, the end of a
linked list.

Because pointer variables may also occur as components of structured variables
which are themselves dynamically generated, the use of pointers permits you to
represent any finite graph.

It is best to take special care in the use of dynamic variables in your programs. Pro-
grams using dynamic variables are more prone to logic errors than those using only
static variables, and are generally more difficult to debug.

Sample Program 8 in Chapter 9 illustrates the use of dynamic variables.

5.3.4 Type Compatibility

This section gives the rules you must follow to make the types of your program
objects consistent. It defines two terms used in many other sections of this manual—
compatible and assignment-compatible. As a foundation for these definitions, it
first defines real, integer, and string types.

Two types may be said to be compatible, whereas an expression may be said to be
assignment-compatible with a type. Assignment compatibility is the more important
concept to remember when you are writing programs. The compatibility of types is
the basis for defining assignment compatibility.

Section 6.4.7 defines the compatibility of parameter lists.

With one exception, each instance of a type specification in a Pascal program
defines a unique type. The one exception is the type specification that consists of g
single identifier, which serves only to refer to a type object that has already been
defined and does not generate a new one. For example, given:

TYPE color = (red, yellow, blue, green,
orange, violet);
colour = color;

the identifiers color and colour are synonymous names for the same type.

With few exceptions, you can combine data objects in computations only if they
have the same type. This section defines terms used in later sections of this manual
to describe those objects of different types that can be combined in given types of
computations.

A type is an integer type if it is the same as any one of the predefined types
INTEGER, WORD, or LONGINT, or is a valid subrange of these types.
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A type is

a real type if it is the same as one of th

e predefined types REAL,
L EA PRB it

A type is a string type if it is defined to be:

PACKED ARRAY [1..n]1 OF CHAR
where n is an integer constant in the range 0 to 32767.

Two types are compatible if any one of the following is true:
® They are the same type.
e Oneis a subrange of the other, or both are subranges of the same type.

e They are set types having compatible base types, and are either both packed or
both unpacked.

e They are string types with the same number of components.

For example, given the following type definitions:

TYPE inttypel = INTEGER;
inttype2 = 1..10;
inttype3 = 11..20;

(red, yellow, blue, green, orange,
violet, brown, black):
(red..blue);

(brown..black);

colortypel

colortype?
colortype3

SET OF colortypel;
SET OF colortype?;
SET OF colortype3;

settypel
settype?
settype3

ARRAY [1..801 OF CHAR;
ARRAY [1..801 OF CHAR;
PACKED ARRAY [1..801 OF CHAR;
PACKED ARRAY [1..801 OF CHAR;

card
line
alfa
beta

person = RECORD name, firstname: alfa;
age: integer;
married: Boolean;
father, child, sibling: “tperson;
END;

then inttypel, inttype2, and inttype3 are compatible; colortypel, colortype2, and
colortype3 are compatible; and settypel, settype2, and settype3 are compatible. The
identifiers card and line denote different and incompatible types. On the other hand,
alfa and beta denote different but compatible types, because they are string types.
Note also that the types of the father, child, and sibling fields of a person record are
not compatible with person pointers outside of person records, because the pointer
type specification has not been named.

An expression E of type T2 is assignment-compatible with type T1 if any of the
following statements are true:

e T1 and T2 are the same type, which is neither a file type nor a structured type
that contains a file type in any of its substructures.

e Tlisarealtype and T2 is an integer or real type, and the value of expression E is
within the range specified by T1.
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T1 and T2 are compatible ordinal types, and the value of expression E is within
the range specified by the type T1.

T1 and T2 are compatible set types, and all the members of the set given by set
expression E are within the range specified by the base type of T1.

T1 and T2 are compatible string types.
T1is a CHAR type, and T2 is of type PACKED ARRAY [1...1] of CHAR.

At any place where the rule of assignment compatibility applies, any one of the
following situations causes an error:

T1 and T2 are compatible ordinal types, and the value of expression E is not
within the range specified by T1.

T1 and T2 are compatible set types, and any member of set expression E is not
within the range specified by the base type of set type T1.

T1is a real type and T2 is any real or integer type, and the value of expression E
is outside the range specified by T2.

For example, given the following type definitions:

TYPE inttypel = INTEGER;

realtypel = REAL;

(red, yellow, blue, green, orange,
violet, brown, black);

colortype? (red..blue);

colortypel (brouwn..black);

colourtypel = colortypetl;

colortypel

settypel = SET OF colortypet;
settype2 = SET OF colortype?;
settype3 = SET OF colortype3;

Then expressions of type colortypel are assignment-compatible with type colour-
typel, and vice versa. Expressions of inttypel are assignment-compatible with
realtypel, but expressions of realtypel are not compatible with expressions of
inttypel. Expressions of colortype2 and colortype3 are assignment-compatible with
colortypel and colourtypel, but expressions of colortype2 are never assignment-
compatible with colortype3, nor are expressions of colortype3 assignment-
compatible with colortype2 (the two types are compatible, but their expression
values cannot fall within the same subrange). Also, expressions of settype2 and
settype3 are always assignment-compatible with settypel.

5.4 Variables

5.4.1 Variable Declarations

Variables are items of data whose values can change, and which the program
manipulates. You must declare each variable in your Pascal program by means of a
variable declaration, which assigns it a name and a type. The variable declarations in
a Pascal block or non-main module appear in a list, separated by semicolons,
following the keyword VAR (2.5.2).

The syntax of a variable declaration (variable-dec/) is:

identifier [, identifier]... : type-spec;
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where each identifier is unique, and type-spec is as defined in 5.3. The variable
declaration defines all the identifiers in the list to be distinct variables of the given
type. The scope of a variable declaration is the block in which the declaration
occurs.

Assuming your program includes the sample type definitions given in 5.3, the
following are all legal variable declarations:

VAR
complex,

' j: INTEGER

q: BOOLEAN

erator: (plus, minus, times);
ARRAY [0..63] OF REAL:;
ARRAY [color, BOOLEAN]) OF complex;
color;

f: FILE OF CHAR;

huel,hue2: SET OF color;

pl,p2: “tperson;

5.4.2 Variable Denotations

When you use variables in expressions and statements in your program, you may
designate an entire variable, a component of a structured variable, or a referenced
variable.

Entire Variables

An entire variable is denoted by its identifier. Thus its syntax is simply:
identifier

For instance, if you declared a REAL variablie x as in 5.4.1, you would use the
identifier x to stand for the variable in expressions and statements.

Components of Array Variables

A component of an array variable is denoted by an indexed variable, which is the
array variable’s denotation followed by an index expression enclosed in brackets. If
the array variable is itself a component of an array variable, you may use an
abbreviated form in which both index expressions are enclosed in the same set of
brackets.

Thus the syntax of an indexed variable is:
array-variable [ expression [, expression]... 1

where array-variable is the denotation of an array variable, and each expression is
an index expression of any ordinal type. The index expressions need not have the
same type as the corresponding index type of the array, though the two must be
assignment-compatible (5.3.4). Consequently, a LONGINT expression can. beused
to index an array with an INTEGER or WORD index type, as long as its valne szs in
the specified range.
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Assuming that your program makes the sample variable declarations given in 5.4.1,
the following are all legal denotations of components of array variables:

(121

[i+j]
[(L-700001
[red]

[red] [truel
[red,truel

oo oo

Note that a[it+j] is permissible only if the value of i+j is within the range 0 through
63. Likewise, a[l-70000] is permissible only if the value 1-70000 is within the range 0
through 63. The denotation b[red] stands for a one-dimensional array that is itself a
component of the two-dimensional array b. The last two denotations, which are
equivalent, stand for a single scalar component.

Components of Record Variables

A component of a record variable is denoted by a field designator, which consists of
the record variable’s denotation followed by a dot, followed by the field identifier of
the component. The syntax of a field designator, therefore, is:

record-variable . field-id

where record-variable is the denotation of a record variable, and field-id is the field
identifier of the component.

Assuming the sample type definitions given in 5.3 and the sample variable declara-
tions in 5.4.1, the following are examples of field designators:

u.re
b [red, TRUE].im
p2t.size

Inside a WITH statement, you may use a shorter form—the field identifier only—to
denote a record component, as described in 7.2.9.

Components of File Variables

At any time, only one component of a file variable may be referenced; the position
of the file determines which component. This component is called the current file
component, and is denoted by the buffer variable of the file. The syntax of a buffer
variable is:

file-variable * or file-variable @

where file-variable is the denotation of the file variable. (The t and @ are
interchangeable.)

Hence, every declaration of a file variable F with components of type T implies the
additional declaration of a variable of type T, denoted by Ft or F@. For instance,
assuming the sample variable declarations in section 5.4.1, the buffer variable ft
exists and is of type CHAR. You use the buffer variable to append components to
the file during generation and to access the file during inspection. To change the
position of a file, you use the file input and output procedures described in 8.7.
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An error occurs if you alter the position of a file F while the buffer variable F? is
either an argument to a variable parameter or an element of the record variable list
of an active WITH statement. However, the Pascal-86 compiler does not detect this
error.

Referenced Variables

A dynamic variable you allocate using the predefined procedure NEW (8.5.1) exists
until you deallocate it with the predefined procedure DISPOSE (8.5.2). Once you
have allocated a dynamic variable, you access it as a referenced variable by referring
to the associated pointer variable, with the syntax:

pointer-variable * or file-variable

which is interpreted to mean ‘‘the variable pointed to by pointer-variable,”’ where
pointer-variable is the denotation of a pointer variable. (The t and @ are inter-
changeable.) For example, if P is declared a variable of type 1T, then P denotes that
pointer variable and its pointer value, whereas Pt denotes the variable of type T that

is referenced by pointer P.

An error occurs if the pointer value is NIL (pointing to no value) or undefined at the
time you use it to reference a dynamic variable.

Assuming the sample type definitions given in 5.3 and the sample variable declara-
tions in 5.4.1, the following exampies of referenced variables are valid:

plt.father
pit.siblingd.child
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CHAPTER 6
PROCEDURES AND FUNCTIONS

6.1 Basic Concepts

Procedures and functions are subprograms that are contained within your main pro-
gram and that may be nested within one another. They are callable from your main
program, from containing procedures and functions, and from themselves. You
activate a procedure (that is, invoke it or transfer control to its statement part) by
using a procedure statement. You activate a function by referencing it in an expres-
sion within any statement.

A procedure or function declaration consists of a heading and either a block or the
directive FORWARD. The heading consists of an identifier, by which the procedure
or function is referenced, and a list of parameters.

The block consists of a compound statement which may contain embedded
statements. The block also may include a set of constant definitions, type defini-
tions, variable declarations, and additional procedure and function declarations.
The statement part of the block specifies the actions to be performed when the pro-
cedure or function is invoked.

As described in 4.1.2, the constants, types, variables, procedures, and functions
defined or declared in the block can be referenced only within the procedure or func-
tion itself, and are therefore called Jocal to the procedure. Their identifiers refer to
them only within the program text that constitutes the procedure or function
declaration, which is called the scope of the local declarations and definitions. Since
you may declare procedures and functions local to other procedures and functions,
scope may be nested. Entities that you declare at the outer level of a module, i.e.,
not local to any procedure or function, are called global.

A procedure or function has a fixed number of parameters, each denoted within the
procedure by an identifier. These parameters denote program objects through which
the procedure or function communicates with its environment. When you invoke the
procedure or function, you must indicate an actual quantity, or argument, to corre-
spond to each parameter.

You declare functions analogously to procedures; the only difference is that a func-
tion yields a result, which you must specify in the function declaration. You may
therefore use functions as operands in expressions. In order to eliminate side effects,
you should avoid making assignments to non-local variables and variable
parameters within functions.

6.2 Procedure Declarations

A procedure declaration associates an identifier with a part of a program so that you
may activate it via procedure statements, as described in 7.2.2. Its syntax is:

PROCEDURE identifier [( parameter-list )] ;
block

or:

PROCEDURE identifier [( parameter-list )] ;
FORWARD
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The identifier in the procedure heading, which must be unique, is the name you use
in a procedure statement to invoke the procedure. The syntax of a parameter-list is
given in 6.4.1, and the syntax of a block is specified in 2.1. For an explanation of the
second form of the procedure declaration, using the FORWARD directive, see 6.5.

The scope of the declaration of a procedure identifier is the block in which the pro-
cedure declaration occurs.

When you use the procedure identifier in a procedure statement within the pro-
cedure’s block, you cause the procedure to be executed recursively.

The following are examples of procedure declarations:

procedure Product(var ProdMatrix : Matrices;
OneMatrix,TwoMatrix = Matrices);
var I, J, K, Result : integer;
begin
for I := 1 to MatrixSize do
for J := 1 to MatrixSize do begin
Result := 0;
for K := 1 to MatrixSize do
Result := Result + OneMatrix[I,K] x
TwoMatrix[K,d1;
ProdMatrix[I,J] := Result
end
end: (* Product *)

procedure BuildTree;
var FindRoot : Boolean;

procedure AddNode; (* add a node to the tree *)
begin
write(NodeCharacter : 3, Nodelndex: 3);
with ExpressionTree[Nodelndex] do begin
Symbol:=NodeCharacter;
read(DataFile,Left); write(Left : 3);
read(DataFile,Right); write(Right : 3);
writeln
end
end: (* AddNode x)

begin
FindRoot := false;
writeln(*INPUT IS:'); writeln;
AddNode:
repeat
readin(DataFile);
read(DataFile,NodeCharacter,Nodelndex);
if NodeIndex = 1 then FindRoot := true
else AddNode
until (FindRoot) or (eof(DataFile));
writeln
end; (x BuildTree *)

The first procedure, which multiplies two matrices, has three parameters, all of type
Matrices. The type Matrices, an array of integers, must be defined in the enclosing
block. (Section 9.6 gives the complete program.) The second procedure, BuildTree,
builds a binary tree. This procedure contains an embedded procedure, AddNode.
Neither procedure has any parameters. (Section 9.2 gives the complete program,
which was first introduced in Chapter 2.)
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6.3 Function Declarations

A function declaration designates a part of a program that computes a value. You
activate a function by referencing it by name in function designators in expressions
in your program, as described in 7.1.3. Its syntax is:

FUNCTION identifier [( parameter-list )] : type-id ;
block

or.

FUNCTION identifier [( parameter-list Y] : type-id ;
FORWARD

The identifier in the function heading, which must be unique, is the name used in
an expression to invoke the function. The type-id specifies the type of the result
returned by the function; this result type must be a scalar or pointer type. The syntax
of a parameter-list is given in 6.4.1, and the syntax of a block is specified in 2.1.
Section 6.5 gives an explanation of the second form of the function declaration,
using the FORWARD directive.

The scope of the declaration of a function identifier is the block in which the func-
tion declaration occurs.

Within the statement part of the block in a function declaration, there must be at
least one assignment statement that assigns a value to the function identifier. The
result of the function is the last value so assigned. If no assignment occurs, the value
of the function is undefined. The function identifier serves within the function block
as a structured variable identifier, which may be used in denotations for the
components of the result.

Inside the function’s block you may reference the result variable only on the left-
hand side of an assignment statement. All other occurrences of the function iden-
tifier within its function block cause the function to be executed recursively.

The following are examples of function declarations:

FUNCTION Sart(x: REAL): REAL;
CONST eps = 0.0001;

VAR x0, x1: REAL;

BEGIN (* Newton's Method *)

x1 == Xx;
REPEAT
x0 = x1;
x1 2= (x0+x/x0)*0.5;

UNTIL abs(x1-x0) < eps*x1;
Sqrt := x0;
END

FUNCTION RtoI(x: LONGREAL; i: INTEGER) : LONGREAL; (x 1
VAR z: LONGREAL;
BEGIN
z = 1;
WHILE i > 0 DO BEGIN
IF ODD(i) THEN 2z := z*x;
i =4 DIV 2;

X SQR(x);
END;
Rtol := z; (*x z = x**xj *)

END
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The first function computes the square root of a real number using Newton’s
Method. The single parameter and the returned value are of type REAL. The second
function computes x.

6.4 Parameters

The parameters given in the parameter list in a2 procedure or function heading are
objects providing communication between the procedure or function and its
environment. There are four kinds of parameters: value parameters, variable
parameters, procedural parameters, and functional parameters. Value parameters
are evaluated once, at invocation time, and the procedure or function can use the
value but cannot change the argument. The arguments for value parameters may be
expressions. Arguments for variable parameters must be variables, and the pro-
cedure or function may change their values. For procedural and functional
parameters, the argument is a procedure or function identifier.

6.4.1 Parameter List Syntax

The syntax of a parameter-list is:
parameters [; parameters]...

where parameters has one of the following forms:
identifier [, identifier]... : type-id
VAR identifier [, identifier]... : type-id

PROCEDURE identifier

fier]... [( parameter-ist )]

FUNCTION identifier {, ',ﬁgmified};; [C parameter-list )] : type-id

Each identifier in the syntax of parameters must be unique. In the first two forms of
parameters, type-id may denote any type. In the last form, type-id must denote a
simple type.

In a parameter list, a parameters group written without an initial special symbol
(the first form shown) specifies that the constituent identifiers denote value
parameters. Variable, procedural, and functional parameters are specified by a
prefix of VAR, PROCEDURE, or FUNCTION, respectively.

When an identifier appears in a parameters specification for a value or variable
parameter, it is defined as a parameter identifier within the parameter-list
immediately containing it, and also as a variable identifier for the corresponding
procedure or function block, if any.

When an identifier appears in a parameters specification for a procedural
parameter, it is defined as a parameter identifier within the parameter-fist immedi-
ately containing it, and also as a procedure identifier for the corresponding pro-
cedure or function block, if any.

When an /identifier appears in a parameters specification for a functional
parameter, it is defined as a parameter identifier within the parameter-fist immedi-
ately containing it, and also as a function identifier for the corresponding procedure
or function block, if any.
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Note

If the parameter-list is within a procedural or functional parameter
specification, there is no corresponding procedure or function block.

The following are examples of parameter lists:
VAR f: TEXT
x: REAL; i: INTEGER

FUNCTION f(x: REAL): REAL;
a,b: REAL;
VAR z: REAL

6.4.2 Value Parameters

The argument corresponding to a value parameter is evaluated once, at the time the
procedure or function is invoked; the procedure or function can use the value but
cannot change the argument. The argument may be any expression of the proper

type.

The parameter represents a local variable within the procedure or function. At
invocation, when the argument is evaluated, this value is assigned to the local
variable before the procedure or function is executed. Thus a value parameter serves
as an input to the procedure or function, but not as an output.

The argument must be assignment-compatible with the type of the parameter, as
described in 5.3.4; thus you may not use file-type value parameters. Arguments
passed to a value parameter of type LONGINT are computed using LONGINT
arithmetic (7.1.4).

6.4.3 Variable Parameters

The argument corresponding to a variable parameter may be changed within the
procedure or function. The argument to a variable parameter must be a variable
(which may be a component of a structured variable), and the parameter represents
this variable during the execution of the block. Any operation involving the
parameter is performed directly on the argument variable. Thus a variable
parameter serves as both an input to, and an output from, the procedure or
function.

The argument and the parameter must be of the same type as defined in 5.3.4. If the
selection of the argument variable involves indexing an array or referencing a
dynamic variable (dereferencing a pointer), these actions are performed before the
activation of the block.

The argument to a variable parameter may not be a component of a packed
structure or array.

6.4.4 BYTES Parameters

A variable parameter of the predefined type BYTES lets you call external routines
written in languages that are not as strongly typed as Pascal. Essentially, the BYTES
type directs the Pascal-86 compiler not to type-check these parameters.
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The argument m a procedure or function invocation corresponding to a BYTES
‘ 'gable functwnf or procedu of any type. It may alsﬁ he a

The BYTES type is particul '
operating sysiem routmes aﬁd utility packages

For example, most op ,,atmg systems have a ,READ routine that reads an arbitrary
number of characters into a buffer of any type. Standard Pascal would require that
this READ routine be defined to read an arbitrary number of characters into a
buffer of a specific Pascal type. All calls to the READ routine would have to pass a
buffer of this speciﬂc Pascal type, Consequently, the generic nature of the operating
system has been lost in the translation to Pascal.

TYPE BUFFTY, ARRAY[1..1024] of CHAR, '
PPGCEDURE REAQ(LEH INTEGER' VAR BUFFER BUFFTYPE)'

The BYTES type cam be used to resiore the generic nature of the READ routine by
allewmg a buffer of an: ftype to be pamed (mcluamg BU FFTYPE)

PRDCEEURE READ(LEN IMTEGER, VAR B'UFFER BYTES);

The BYTES type 1dent1f1€1 may only appear asa variabie parameter type in pro-
cedure or function hﬁadmgs in an external module’s PUBLIC section (see 4.2).
BYTES may not be used in procedure or function definitions in the PUBLIC section
of the module currently being compiled, or in any local procedures or functions.
Thus, Pascal-86 procedures cannot manlpulate a parameter or variable of type
BYTES.

Passing a procedure or function as an argument t6 a BYTES parameter is similar to
passing a procedure unction as an argument to a FUNCTION or PROCEDURE
parameter. FUNCTION and PROCEDURE parameters include the context of the
argument procedure or function, as well as a pointer to the code (see Appendix J).
BYTES parameters only get a pointer to the code. Since the context information is
needed for the proper execution of nested procedures, a warning is issued if a nested
procedure is passed as an argument to a VAR BYTES’?‘parameter.

NOTE

BYTES parameters dre permntted to allow an escape window in the type
structure of Pascal-86. They should be used with caution,

6.4.5 Procedural Parameters

A procedural parameter allows you to write a procedure or function that itself
invokes a variety of different procedures.

The argument corresponding to a procedural parameter is a procedure identifier,
and the parameter denotes the argument procedure during the entire activation of
the block. If the argument procedure, upon its activation through the parameter
identifier, accesses any non-local object, the object accessed is the one that was
accessible to the procedure when its procedure identifier was passed as a procedure
argument.

The predefined procedures described in Chapter 8 cannot be used as procedural
parameters. Interrupt procedures, discussed in 10.4.9, also cannot be used as pro-
cedural parameters.

The argument and parameter procedures must have compatible parameter lists, as
defined in 6.4.7.

f want to mterface to gencral&purpose ‘
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Procedural parameters are analogous to functional parameters, which are described
in the next section. An example of a routine using a functional parameter appears at
the end of that section.

6.4.6 Functional Parameters

A functional parameter allows you to write a procedure or function that itself
invokes a variety of different functions.

The argument corresponding to a functional parameter is a function identifier, and
the parameter denotes that argument function during the entire activation of the
block. If the argument function, upon its activation through the parameter
identifier, accesses any non-local object, the object accessed is the one that was
accessible to the function when its function identifier was passed as a function
argument.

The predefined functions described in Chapter 8 cannot be used as functional
parameters.

The argument function and the parameter function must have compatible parameter
lists (6.4.7) and the same result type.

For example, the following procedure computes the integral of a given function
between limits A and B, using the trapezoidal rule with eight intervals:

PROCEDURE integrate (FUNCTION f(X:REAL): REAL;
a,b: REAL;
VAR integral: REAL);
CONST n = 8;
VAR w, sum: REAL;
i: INTEGER;
BEGIN
w := (b-a)/n;
sum := (f(a)+f(b))/2;
FOR i:=1 TO0 n-1 DO
sum := sum + f(at+i*w);
integral := sumxw
END

To invoke this procedure to integrate sin(x) (given a user-written sine function called
‘‘sine’’) between the limits -pi/2 and pi/2, you would use the procedure statement:

integrate(sine,-pi/2,pi/2,int)

In the resulting invocation of integrate, wherever f occurs sine will be substituted for
f, and the sine function will be called.

6.4.7 Parameter List Compatibility

Two parameter lists are compatible if they contain the same number of parameters
and if the parameters in corresponding positions match. Two parameters match if
one of the following is true:

® They are both value parameters of the same type.
® They are both variable parameters of the same type.

® They are both variable parameters, and one of them is of the predefined type
BYTES (6.4.4).
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® They are both procedural parameters with compatible parameter lists.

® They are both functional parameters with compatible parameter lists and the
same result type.

6.5 The FORWARD Directive

In standard Pascal, you must declare each procedure or function before you
reference it in other parts of your program. When two or more procedures or
functions are mutually recursive (e.g., A calls B and B calls A), declaration before
reference is impossible to do with a single declaration for each procedure or
function; so standard Pascal provides the forward declaration, which uses the
FORWARD directive.

In the syntax for procedure and function declarations, you may use the directive
FORWARD in place of the procedure or function block. FORWARD indicates that
the block associated with the preceding heading appears later in the program text.
Subsequently, when you introduce the associated block, you must precede it with a
procedure or function heading having the same name as the forwarding declaration;
but here, you may omit the parameter list and the return type (for a function). (In
standard Pascal, you must omit them.) The forward declaration and the body
declaration (the declaration containing the block) are local to the same containing
block or module (their scope is that containing block or module), and together they
constitute the declaration of the procedure or function identifier.

A procedure or function identifier is considered to be declared as soon as it is given
in a procedure or function heading. Hence, a directly recursive procedure or
function—one that calls itself within its statement part—does not need a forward
declaration.

The following sample program fragment shows a forward declaration and its
corresponding body declaration later in the program. Note that in this particular
example the procedure shows only simple recursion, so the forward declaration is
not really needed; but this simple example (examples of indirect recursion are more
complex) illustrates the syntax.

FUNCTION 6CD(m,n: INTEGER): INTEGER;
FORWARD;

FUNCTION max(A: arrayofreals): REAL;
(* arrayofreals is defined in the enclosing block *)
VAR m: REAL; i: INTEGER;
BEGIN
x = A[11;
FOR i:=2 TO n DO IF x<A[i] THEN x:=A[i];
max := X;
END;

FUNCTION G6CD; (* no parameter list needed here *)
BEGIN
IF n=0 THEN GCD:=m
ELSE GCD:=GCD(n,m MOD n)
END;

To make your programs easier to follow, especially when doing top-down pro-
gramming, you may find it useful to give FORWARD declarations for all your
procedures and functions. Once you have done this, you can place the body declara-
tions after the forward declarations in any order you wish.
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FORWARD is not a reserved word, so you may use it as an identifier in your pro-
gram. Unlike predefined identifiers, however, FORWARD does not lose its original
meaning as a directive when you define or declare it as an identifier. In such a case,
each time FORWARD appears, the context determines which of the two meanings
(directive or identifier) applies.

NOTE

The Pascal-86 compiler does not check for non-standard forward
references, so the FORWARD directive is not required in Pascal-86
programs. However, you should use it if you wish your programs to be
portable.
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CHAPTER 7
EXPRESSIONS AND STATEMENTS

Statements in Pascal describe the actions to be performed on the data in your pro-
grams. Statements may include expressions, which denote rules for generating new
values by applying operators to operands. The expressions are evaluated during pro-
gram execution as required by the statements that contain them.

7.1 Expressions

Expressions are combinations of operands—variables and constants of scalar or set
types—and operators that use the operands to compute new values. An expression
may include one or more matched pairs of parentheses which serve to group
operands and operators as desired. You use function designators (references to func-
tions) in the same way as operands; thus you may use functions, as well as operators,
to operate on values. An error is caused if any variable or function you use as an
operand in an expression has an undefined value at the time the expression is
evaluated. You will probably use expressions most often in assignment statements
(7.2.1), which assign a newly computed value to a variable or a component of a
variable.

Pascal provides four kinds of operators:

e The arithmetic operators: addition, subtraction, negation, multiplication,
division, and remainder. Results are of type INTEGER, WORD, LONGINT,
or TEMPREAL.

e The Boolean operators: negation (NOT), disjunction (OR), and conjunction
(AND). Results are of type BOOLEAN.

® The set operators: union, intersection, and set difference. Result types are sets
based on ordinal types.

e Therelational operators: equality, inequality, ordering, set membership, and set
inclusion. Results are of type BOOLEAN.

No operators producing new arrays, records, or files are defined. You assign new
values to these by changing their scalar components individually. In addition, you
may transfer the values of entire structures among variables associated with the
same explicit type definition.

The relative precedence of operators determines which ones are applied first when
an expression is evaluated during program execution. Operators are of four levels of
precedence. From highest to lowest, they are

1. The negation operator (NOT)

2. The multiplying operators: multiplication or set intersection (*), division (/),
division with truncation (DIV), remainder (MOD), and conjunction (AND)

3. The adding operators: addition, unary identity, or set union (+); subtraction,
unary negation, or set difference (—); and disjunction (OR)

4. The relational operators: equality (=), inequality (<>), less than (<), greater
than (>), less than or equal to or set inclusion (<=), greater than or equal to or
set inclusion (>=), and set membership (IN)

When an expression is evaluated upon execution of the statement that contains it,
operators of highest precedence are applied first.
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The order in which the operands of a binary operator are evaluated (if they are
subexpressions or function designators, or involve indexing an array or dereferenc-
ing a pointer) is undefined, so you should make no assumptions about this order. If
the order of evaluation of subexpressions is important, put them in separate
statements.

7.1.1 Expression Syntax

An expression may be composed of subexpressions called simple expressions, terms,
and factors. Syntactically, factors are combined via multiplying operators to form
terms; terms are combined via adding operators to form simple expressions; and
simple expressions are combined via relational operators to form expressions.

By definition, simple expressions, terms, and factors are always expressions, too.
Thus a variable identifier is an expression; so is a constant.

The syntax of an expression is:
simple-expression [relational-op simple-expression)

where relational-op is a relational operator, and simple-expression is a simple
expression with the syntax:

[sign] term [adding-op term]...

Here, sign is a plus or minus sign used as a unary operator, adding-op is an adding
operator, and term is given by:

factor [multiplying-op factor]...

where multiplying-op is a multiplying operator as defined in 7.1, and factor is any
one of the following:

an entire variable, structured variable component, or referenced variable (5.4.2)

anamed constant (5.2)

a literal integer (3.3.2)

a literal real number (3.3.3)

a literal string (3.3.5)

a function designator (7.1.3)

NIL (5.3.3)

(expression)

NOT factor

{element |, element]... 1 where element is given by
expression [.. expression]

The last item in the list of forms for factor represents a set, and each e/lement stands
for one or more set members. If two expressions joined by ellipses are given, the
element represents all the elements within the given subrange of the base type of the
set.

The following are some examples of factors, terms, simple expressions, and
expressions.
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Factors:

X
15

(x+y+z)

abs (x+y)
[red,c,green]
(1,5,10..19,231
NOT p

Terms:

X*y

i/(1-i)

p AND ¢

(x <= y) AND (y > 2)

Simple expressions:
Xty
=X
huel + hue?
i*j+1
Expressions:

1.5

AN

Z A1
fol

i (j > k)

I

O ~T X

) =
uel

=5 —

Note that all the examples of factors, terms, and simple expressions are also
expressions.

7.1.2 Operands

As defined in the syntax for an expression, an operand may be an entire variable,
structured variable component, referenced variable, constant, literal value (integer,
real number, or string), the pointer value NIL, or a sequence of set elements
enclosed in brackets. It may also be a function designator, which itself directs an
operation to be performed.

Note that some operations are defined only for certain operand types or forms. Also
note that certain type conversions occur automatically when expressions are
evaluated at run time.

Automatic Conversions from Subrange Type to Host Type

Any operand whose type is S, where S is a subrange of T, is treated as if it were of
type T. Similarly, any operand whose type is SET OF S is treated as if it were of type
SET OF T. Consequently, expressions of subrange types and set expressions based
on a subrange type can never occur. Even an expression consisting of a single
operand of type S is itself of type T, and an expression consisting of a single operand
of type SET OF S is itself of type SET OF T.

7-3



Expressions and Statements

Precision of Real Expressions

Any value whose type is REAL or LONGREAL is automatically converted to 80-bit
extended precision, or TEMPREAL, format when it appears in an expression, and
all arithmetic is performed in this extended precision. The result is converted to type
REAL or LONGREAL, respectively, only upon assignment to such a variable.

For example, if x, y, and z are of type REAL, then the statement:
Z = Xx*y

will be processed, in effect, by first converting both x and y to extended precision,
then multiplying them and converting the extended precision result to type REAL
upon assignment to z.

Section 7.1.8 discusses the TEMPREAL format in more detail.

Set Expressions

An expression (factor) consisting of a list of elements enclosed between square
brackets represents a set, and is called a set constructor. The expressions that form
the elements of a set constructor must be compatible with the base type of the set.

A left bracket immediately followed by a right bracket [ | denotes the empty set,
which contains no elements and belongs to every set type. The set [x..y] denotes the
set of all values of the base type in the closed interval from x to y. If x is greater than
y, then [x..y] denotes the empty set. An error occurs if the value of an expression
that is a member of a set is outside the limits set by the compiler. In Pascal-86, the
ordinal values of set members must be one of the integer types in the range —32767
through +32767.

For example, given the following type definitions:

TYPE color = (red, yellow, blue, green,
orange, violet);

then the following are all permissible set expressions of type SET of color:

[red..bluel [red, bluel [bluel
[yellow, blue, red]l [blue, redl] [ 1]
[red..blue, orangel

Since a set is a collection of values in which order does not matter, the first two set
expressions in the first column are equivalent; likewise, the two set expressions in the
second column are equivalent.

If W and L are values of type WORD and LONGINT that lie in the range 1 to 1000,
then the following are all permissible values for a variable of the set type SET OF
1..1000:

(1..10] [W..L]
(W] (1.1, W]

7.1.3 Function Designators

A function designator specifies the activation of the function denoted by the func-
tion identifier. You use a function designator in an expression as if it were an
operand. When the expression is evaluated, the function is activated and the result is
computed and substituted in the expression.
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A function designator may contain a list of arguments to be substituted in place of
their corresponding parameters in the function declaration. The correspondence is
established by the order of the items in the lists of arguments and parameters,
respectively; the first argument matches the first parameter, and so on. The number

of arguments must equal the number of parameters.

The order in which the arguments are evaluated and associated with their parameters
may vary, so you should make no assumptions about this order.

The syntax of a function designator is:

function-id [( argument [, argument]... )]

where function-id is a function identifier, and each argument is either an expression
or a procedure or function identifier.

Examples:

Sum(a,100)
GCD(147, k)
ABS (x-y)

EOF (f)

ORD(blue)

7.1.4 Arithmetic Operators

Table 7-1 summarizes the binary and unary arithmetic operators.
Table 7-1. Arithmetic Operators

Binary
. . . Level of
Symbol Operation Type of Operands Type of Result Precedence

+ addition integer or real integer or 3
TEMPREAL

- subtraction integer orreal integer or 3
TEMPREAL

* multiplication integer or real integer or 2
TEMPREAL

/ division integer orreal TEMPREAL 2

DIV division with integer integer 2

truncation
MOD remainder integer integer 2
Unary
. . N Level of
Symbol Operation Type of Operand Type of Result Precedence

+ identity integer or real integer or 3
TEMPREAL

- negation integer or real integer or 3
TEMPREAL

*As used here, an integer type is one of the predefined types INTEGER, WORD, or
LONGINT. A real type is one of the predefined types REAL, LONGREAL, or TEMPREAL.
All real expressions are evaluated in TEMPREAL format and, if necessary, are converted
to type REAL or LONGREAL upon assignment.
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The symbols +, —, and * also denote operations on sets, which are defined in 7.1.6.
Subexpressions of INTEGER, WORD, and LONGINT types can be operands of the

same expression. The minimum result type for each operation is determined
according to table 7-2.

Table 7-2. Result Types of Mixed-Mode Arithmetic

el
TEMPREAL
TEMPREAL

INTEGER WORD | LONGINT

INTEGER INTEGER © LONGINT | LONGINT
| LoNGINT - WORD LONGINT
LONGINT LONGINT LONGINT TEMPREAL

TEMPREAL TEMPREAL TEMPREAL | TEMPREAL

NOTE: Constants in the range 0 to 32K, and ordinal variables and functions with
subrange types in the range 0 to 32K are typed as either INTEGER, WORD, or LONGINT
(matching the type of the other operand). If both operands lie in this range, they are
typed as INTEGER.

‘Constants in the range 32K to 84K are typed as WORD only if the other eperand is of type

cherwnse operands in this range aretyped as LONGINT.

of ‘the operands is of a real type (REAL, LONGREAL, or TEMPREAL),
th Perands are converted to the TEMPREAL (extended precision) format,
etic is performed in TEMPREAL precision. Results are converted to a
e upon assignment. Note that all real expressions are evaluated in
AL precision. ' o .
Arithmetic operations are performed on two integer values according to the follow-
ing rules:

s If both operands are of the same predefined type, the result is of that type.

1e operand is of type LONGINT, the result is of type LONGINT.

perand is of type INTEGER and the other i is of type WORD the result
e LONGINT.

1ry negatlon operator is used ona WORD value, ‘the};‘,esult is of type

LONGINT, the
til all operands
1 evaluating the

aluation of any expression creates a result of ty ,
type will be propagated back through the expression
ONGINT. This helps to avmd run-time excepnons wh

If your Pascal-86 program attempts an operation that would yield a value outside
the range of the indicated result type, a run-time exception condition is caused.
Sections 14.3 and 14.6 discuss run-time arithmetic exceptions.

For nonzero values of j, i DIV jis equivalent to TRUNC(/j) as defined in 8.4.1; for
j=0, i DIV j causes an error. The term i MOD j is an error if j is zero or negative;
otherwise the value of i MOD j will be the value of (i—(k*j)) for integral k such that 0
<iMOD j <j. Note that the relation i MOD j = i—(i DIV j)*j holds only fori >0.

Arithmetic on real types in Pascal-86 follows additional special rules, as described in
7.1.8.

Pascal-86



Pascal-86 Expressions and Statements

7.1.5 Boolean Operators

Table 7-3 summarizes the Boolean operators in Pascal. These operate on
BOOLEAN values and return BOOLEAN results.

Table 7-3. Boolean Operators

Binary
Symbol Operation Type of Operands Type of Result Prlenilzle%fce
OR logical OR BOOLEAN BOOLEAN 3
AND logical AND BOOLEAN BOOLEAN 2
Unary
Symbol Operation Type of Operand Type of Resuit Prti:gle?lfce
NOT logical BOOLEAN BOOLEAN 1
negation

The result of a Jogical OR is TRUE if one or both operands are TRUE, and FALSE
otherwise. The result of a logical AND is TRUE if both operands are TRUE, and
FALSE otherwise. The result of logical negation (NOT) is TRUE if the operand is
FALSE, and FALSE if the operand is TRUE.

The values of some Boolean expressions (e.g., SWITCH1 OR ODD(N) when

SWITCHI=TRUE) can be determined by partial evaluation. The language does not
define whether such expressions will be evaluated partially or completely.

7.1.6 Set Operators

Table 7-4 summarizes the set operators in Pascal. These operate on sets and return
set results.

Table 7-4. Set Operators

Symbol Operation Type of Operands Type of Result Pr:i:ile(::ce
+ set union any settype T T 3
- set difference any settypeT T 3
* set intersection any settype T T 2

The union, or sum, of two sets A and B is the set of all items that are members of A,
members of B, or both. The intersection, or product, of two sets A and B is the set
of all items that are both members of A and members of B. The difference between
set B and set A, also called the relative complement of A with respect to B and
written B-A, is the set containing all items that are members of B but not members
of A.

For example, if sets A and B have the following members:

A
B

[red, orange, yellow, green, blue, violet]
[red, blue, yellow, brown, black]l
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then the following relational expressions hold:

A+B
A*B
A+B

B+A
BxA

[red, orange,

brown, black]
[red, yellow, bluel
[orange, green, violet]
[brown, black]

7.1.7 Relational Operators

yellow, green, blue,

violet,

Table 7-5 summarizes the relational operators in Pascal. These test relations between
two operands and return BOOLEAN results.

Table 7-5. Relational Operators

. Level of
Symbol Operation Type of Operands Type of Result Precedence
= equality / any set, simple, BOOLEAN 4
equivalence string, or pointer
type
<> inequality / any set, simple, BOOLEAN 4
inequivalence string, or pointer
type
< less than any simple or string BOOLEAN 4
type
> greater than any simple or string BOOLEAN 4
type
<= less than or any set, simple or BOOLEAN 4
equalto / string type
logical
implication /
setinclusion
(contained in)
>= greater than any set, simple or BOOLEAN 4
orequal to / string type
logical
implication /
setinclusion
(contains)
IN set right operand: BOOLEAN 4
membership SETOFT;
left operand: any type
compatible with T

The operands represented by the symbols =, <>, <, >, <=, and >= are either of
compatible types, or else one operand is of a real type and the other is of an integer

type.

Except when applied to sets, the operators <= and >= mean less than or equal to and
greater than or equal to, respectively. If P and Q are BOOLEAN operands, then
P<=Q means P implies Q, and P>=Q means Q implies P (since FALSE < TRUE).
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For instance, if A, B, and C are integers and P and Q are BOOLEAN variables such
that A=1, B=3, C=9, P=FALSE, and Q=TRUE, then the following relational
expressions hold:

(A+B)<C = TRUE
(P<=Q) = TRUE
(P=Q) = FALSE
((C<A)=Q) = FALSE

When you use the relational operators =, <>, <, >, <=, and >= to compare
operands of string type (i.e., PACKED ARRAY [1..n] OF CHAR), the results are
determined by the lexicographical ordering of the character set; in Pascal-86, this
character set is the ASCII collating sequence as given in Appendix G. Thus, if R, S,
and T are strings of type PACKED ARRAY [1..10] OF CHAR and:

R := 'and !
§ := 'band !
T 2= 'an !
then:
((T<R) and (R<S)) = TRUE
S<>T = TRUE
$>T = TRUE
$>=T = TRUE
R<T = FALSE

If A and B are set operands, A=B means A is equivalent to B (i.e., has exactly the
same members), and A<>B means A is not equivalent to B. A<=B means A is
included in B, and A>=B means B is included in A.

The IN operator returns TRUE if the value of the operand is a member of the set;
otherwise, it returns FALSE. If the right operand is a set of an integer type, the left
operand may be an INTEGER, WOED, or LONGINT type whose value lies in the
range —32767 through +32767. If the left operand is outside this range, an exception
occurs.

For example, assume that A, B, and C are sets such that:
[red, orange, yellow, green, blue, violet]

[red, blue, yellow, brown, blackl
[orange, green, violet]

A
B
C
then the following relational expressions hold:

(A=B) = FALSE

(A<>B) = TRUE
(C<=A) = TRUE
(A>=C) = TRUE

(violet IN A) = TRUE
(black IN A) = FALSE
(black IN (A+B)) = TRUE

7.1.8 Real Arithmetic

Real arithmetic in Pascal-86 conforms to the IEEE proposed standard for floating-
point arithmetic (cited in Bibliography). All run-time real arithmetic is performed on
an 8087 Numeric Data Processor or by the 8087 software emulator provided as part
of the Pascal-86 run-time system. Whether the 8087 processor or the 8087 emulator
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performs the wmputatmng is determined at link time,
time libraries you link in (see Chapter 12). The resul nt of which one
you select. Unless you wish to do specialized error handh reed not be con-
cerned with the 8037 pmcessor or the 8087 emulator when wri cmg Pascal programs.

This section presents the mformanon you normally necd m wriie Pascal 86 pro-
grams using real arithmetic. For further information you may need to determine the
cause of real arithmetic errors, see 14.6 and 14.7. Completve information on the
functionality and use of the 8087 processor and emulator is pmwded in the JAPX
86,88 US@‘J‘ 5Manua! o ,

The dzsx:usswn of real arlthmetnc in this sectmn and in and 14.7 applies to the
operations of real addition, subtraction, multlphcatmn nd division, the predefined
arithmetic and transfer functions (8.3, 8 4), and asmgnme ts, input, and output
involving real types.

Repmsentatmn of Real Numbers

A real value v is represented in a binary floating- pomt format wnsxstmg of a sign bit
s, a biased exponent ¢, and a significand S such that v=(—1)3-§-2¢ (see figure 7-1).
The szgmﬁcand is always a non-negative value sts than two. In Pascal-86, three
precisions are used Tor real numbers: the 24-bit precmwn used for REAL variables
(23-bit significand with implicit leading bit, 8-bit exponent, plus sign bit, or 32 bits
total); the 53-bit precision used for LONGREAL mnables {(52-bit mgmfwand with
1mphc1t leading bit, 11-bit exponent, plus sign bit, or 64 bits total), or the 80-bit
precision used for TEMPREAL variables and for all mtermediate results (64-bit
significand, 15-bit exponent, plus sign bit, or 80 bits mtal) All expressions and sub-
expressions are computed in TEMPREAL precision values are converted to
REAL or LONURFAL precision only when ihe fin edu?lt is a@mgned to such a
varlabla‘ ‘ ,

d dep ids upon which run-

Pascal-86
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values, the floating-point representation allows for valu
not actual numbers. These are called NaN’s (for **Not a Number”’). The ;
NalN’sina compumtmn generally mdmate@ areal arlthmeuc exception ccm

The greater range of the exponer‘t in T,;EMPREAL format greatly reﬂ
likelihood of underflow and overflow, and eliminates roundoff as a source
until the final asmgmnent of the result i is peﬁormed These advantage«’ arise

pmatlons than for ihe final result. For example; an intermediate underﬂa /
might later be multxphed by a very largc factor providing a final result of ac
magnitude.

Real Arlthmetic Errors

Six types of reai arlthmeng exceptmns (corxdltmns razsed by run- nma o
detected in Pascal-86: invalid operation, denormalized operand, zero
overflow, underflow; and precision. (All but the Denormalized Opemnd -
are specified in the IEEE floating-point stam:}ard ) For each CXC(:ptlm’l a sta
set on any Occurrence of the corresponding mc&ptmn

After the status bit is set, the action taken ds:psnds on the setting of the error
the 8087 chip or emulator. If the exception type is masked, the chip or emul
forms a generally appropriate fixup—such as loading zero or a N al‘*@}-&
tinues, leaving the status bit set for that exception. If the exception is unmas
chxp or emulatm gencrateﬂ an 8086 mterrupt which mvokes the real arxthme

or émulator cannot recoVer will eventuaﬂy result i'n an Invalid Operatisn excﬁ ion.

NOTE e
The 8087 emulator and the 8087 processor run-time interface hbrames wse
interrupt level 16 -for real arithmetic error handling. If you are uvmg ih{‘ L
emulator, you must reserve interrupt level 16 for that purpose. If you are
using the 8687 processor, you musteithet (1) connect the 8087 processor to
8086 interrupt level 16, or (2) connect the 8087 processor to some other 8(1&6" o’
interrupt level, then link int a routine to redirect the interrupis.

If you do not wish to use the default error mask setting, you may set thf: ﬁ‘}‘I‘OI‘ mas»:
in'some other way usmg the predefmed procedure MASKS087ERRORS.

If you are usingthe default error mask setting, or any other setting in whi h on or
more errors are 'masked, it is recommended that your program call the pw f-imed
procedure GETEO8TERRORS (8.10.1) at the end of any significant mmpmaimn
sequence, to check for masked exceptions. If a masked exception occurred, you can
find out where the error occurred by re-running the computation sequence with that
exception unmasked by means of the predefined procedure MASKSO&?EK&ORS
(8.10.2). The Pascal-86 default exception handler will then print out a message and
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exit when the error occurs. When masked exceptions occur, the presence of NaN’s,
infinities, or unnormalized or denormalized numbers may provide clues to the
nature of the problem. However, it is rare that such exceptions will occur, and cause
results that cannot be relied upon, without leading to an Invalid Operation
exception.

7.2 Statements

Statements denote algorithmic actions, and are said to be executable. A statement
may be prefixed by a label (followed by a colon), which can be referenced by GOTO
statements (7.2.10). The following is an example of a labeled statement:

100: C: = SQRT(SQR(A)+SQR(B))

Statements in Pascal can be classified as simple statements and structured
statements. A simple statement contains no other statements; a structured statement
contains embedded statements. Simple statements may be assignment statements,
procedure statements, GOTO statements, or empty statements. Structured
statements may be compound statements, IF statements, CASE statements, WHILE
statements, REPEAT statements, FOR statements, or WITH statements.

An empty statement consists of no symbols and performs no action; unless it is
labeled, it does not result in any compiled code. Empty statements may be useful as
place-holders during top-down development and debugging.

Also, the existence of the empty statement means that if you inadvertently insert a
semicolon between two statements where one is not needed (i.e., after the last state-
ment in a sequence of statements), your program will still compile and run correctly.

Statements may also be classified according to function, as listed below:

¢ Computing new values: assignment statement

®  Procedure invocation: procedure statement

e Statement grouping: compound statement

e  (Conditional execution: IF and CASE statements

e Repetitive execution (looping): WHILE, REPEAT, and FOR statements

¢ Identification of record names in references to record types: WITH statement
e  Unconditional branching: GOTO statement

The following sections describe the various Pascal statements in the order just given.

7.2.1 Assignment Statements

The assignment statement replaces the current value of a variable by a new value
specified as an expression. Its syntax is:

variable := expression

where variable is an entire variable, a component of a structured variable, or a
referenced variable, and expression must be assignment-compatible (5.3.4) with the
type of the variable. If variable is of type LONGINT, then expression is computed
as a LONGINT result (7.1.4).

Note that variable may be of any type, including an array or record. Thus you may
use a single assignment statement to transfer all the values of an array or record
variable to another array or record variable, provided the types of the two variables
are assignment-compatible.
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If the selection of the variable involves the indexing of an array or the dereferencing
of a pointer, then whether these actions precede or follow the evaluation of the
expression is undefined.

Examplés:
X 1= y+z
p = (1<=i) AND (i<100)

i 1= SQR(k) - (i*j)
huel := [blue,SUCC(c)]
L:=MAXINT*3

7.2.2 Procedure Statements

A procedure statement specifies execution of the procedure denoted by the pro-
cedure identifier. The procedure statement may contain a list of arguments to be
substituted in place of the corresponding parameters in the procedure declaration.
The correspondence is established by the order of the items in the lists of arguments
and parameters, respectively; the first argument matches the first parameter, and so
on. The number of arguments must equal the number of parameters.

The order in which the arguments are evaluated and associated with their parameters
isundefined, so you should make no assumptions about this order.

The syntax of a procedure statement is:
identifier [( argument [, argument]... )]

where identifier is a procedure identifier, and each argument is either an expression
or a procedure or function identifier.

The argument corresponding to a value parameter of type LONGINT will be com-
puted as a LONGINT result (7.1.4).

Examples:
BuildTree

Product(a,n,m)
Bisect(fct,-1.0,+1.0,x)

7.2.3 Compound Statements
A compound statement specifies that its component statements are to be executed in
the sequence in which they appear. Thus a compound statement groups several
statements into a single statement. The keywords BEGIN and END act as statement
brackets.
The syntax of a compound statement is:

BEGIN statement [; statement]... END
where each statement is any statement described in this chapter.
You must always use a compound statement as the statement part of every block in

your program; in other words, you must group the statements in each block into a
single compound statement enclosed within BEGIN and END brackets.

7-13



Expressions and Statements

7-14

Examples:
BEGIN z:=x; x:=y; y:=z END

BEGIN
RESET(f);
REWRITE(g);
WHILE NOT EOF(f) DO
BEGIN
g :=f1r; PUT(g); GET(f)
END
END

7.2.4 IF Statements

A conditional statement (IF or CASE statement) selects for execution one of its
component statements. The IF statement includes a Boolean expression, which it
evaluates to determine whether to execute the first, or the optional second, compo-
nent statement.

The syntax of the IF statement is:
I1F expression THEN statement [ELSE statement]

The expression following the IF must be of type BOOLEAN; each statement may
be any statement.

NOTE

No semicolon is permitted between the first statement and the keyword
ELSE.

If the Boolean expression has the value TRUE, the statement following the keyword
THEN is executed. If the Boolean expression is FALSE, the action depends on the
existence of the ELSE clause. If the ELSE clause is present, the statement following
the keyword ELSE is executed; otherwise, an empty statement is executed (no action
is performed).

The construct:
IF e7 THEN IF e2 THEN s7 ELSE s2
is equivalent to:
IF e7 THEN
BEGIN
IF e2 THEN s7 ELSE s2
END

In other words, the ELSE belongs to the most recent IF. To associate an ELSE with
the first IF, you can enclose the second IF in a compound statement:

IF e7 THEN
BEGIN
IF e2 THEN st
END
ELSE s2
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Examples:

IF x<1.5 THEN z:=x+y ELSE z:=1.5
IF p1<>NIL THEN pl:=pi1t.father

7.2.5 CASE Statements

The CASE statement specifies the execution of one of a list of component
statements, based on the value of an expression that serves as a selector. Each state-
ment is prefixed by one or more constants, called case constants; the statement
executed is the one whose case constant is equal to the current value of the selector.

If none of the case constants is equal to the value of the selector, then the action of
the CASE statement depends on“the presence of the OTHERWISE clause. If the
OTHERWISE clause is present, the statement sequence following OTHERWISE is
executed; if this clause is not present, an error is caused.

The syntax of the CASE statement is:
CASE expression OF
[case-const [, case-const]... : statement ;]...
case-const [, case-const]... : statement [;]

END

0, {[ ,,casa@unsﬂ smﬂmﬂenrjlh;;]ii
HE NIS‘E statement [ statement]

where expression must be of an ordinal type, each case-const must be distinct and
of an ordinal type compatible with the expression, and each statement may be any
Pascal statement. Restrictions on case constants in Pascal-86 are given in Appendix C.

In the following examples, i is a variable of an integer type, x is a REAL variable,
and operator is a variable of an enumerated type that may have the value plus,
minus, or times:

CASE operator OF CASE i OF
plus: X 1T x+y; 1: x = TRUNC(x);
minus: x = X-y; 2: x := ROUND(x); .
times: X 1= x*y; GTHERHISE Write ',("CA'SE
_ERROR): = .
END END

7.2.6 WHILE Statements

The repetitive statements (WHILE, REPEAT, and FOR) execute their component
statements repeatedly. The WHILE statement executes its component statement
repeatedly as long as a given condition remains satisfied. Each time through the
loop, the condition is tested before the statement is executed. Thus the WHILE
statement is most useful when the loop is not performed at all in some
circumstances.

7-15



Expressions and Statements

7-16

The syntax of the WHILE statement is:
WHILE expression DO statement

where expression must be a BOOLEAN expression, and statement may be any
statement. Since only a single statement is allowed, you may wish to use a com-
pound statement here.

The statement is repeatedly executed while, prior to each execution, the value of the
BOOLEAN expression is TRUE. If its value is FALSE at the beginning, the state-
ment is never executed at all.

The statement:
WHILE b DO s
is equivalent to:

IF b THEN BEGIN
S5
WHILE b DO s
END

Examples:

WHILE switch=TRUE DO
BEGIN
sample(input);
IF ABS(input)>toler THEN fixup;
IF operatorstop THEN switch=FALSE;
END

WHILE NOT eof DO
BEGIN
read(number);
sum := sum+number;
END

7.2.7 REPEAT Statements

The REPEAT statement executes its component statements until the given condition
is satisfied. Each time through the loop, the condition is tested after the statement is
executed. This means that one iteration of the loop is always performed.

The syntax of the REPEAT statement is:
REPEAT statement [; statement]... UNTIL expression

where each statement may be any statement, and expression must be a BOOLEAN
expression.

The statement sequence between the symbols REPEAT and UNTIL is executed
repeatedly until the Boolean expression is TRUE after some execution of the
sequence.
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The statement:
REPEAT s UNTIL b
is equivalent to:

BEGIN s;
WHILE NOT b DO s;
END

Examples:

REPEAT k
i

J .

UNTIL j

: MOD j;
H

i
J
k

0

REPEAT Process(f?); GET(f) UNTIL EOF(f)

7.2.8 FOR Statements

The FOR statement executes its component statement repeatedly while a given finite
progression of values is assigned to a variable, which is called the control variable of
the FOR statement. The FOR statement is useful when the number of iterations is
known at the time of the first iteration.

The syntax of the FOR statement is:

FOR variable := expression T0 expression D0 statement

or:

FOR variable := expression DOWNTO expression DO statement

where variable is an entire local variable of any ordinal type except LONGINT, and
the two expressions are assignment-compatible with this type. The statement may
be any Pascal statement; since only one is permitted, you may wish to use a com-
pound statement.

The control variable serves as a counter. The progression of values assigned to the
control variable starts with the value of the first expression and ends with the value
of the second expression. If the TO form of the statement is used, the values in the
ordinal type of the control variable are stepped through in order; if the DOWNTO
form is used, the values are stepped through in reverse order. On each iteration, the
appropriate value is first assigned to the control variable, and then the statement is
executed. If the starting value is greater than the ending value for the TO form, or if
the starting value is less than the ending value for the DOWNTO form, the state-
ment will never be executed.

An error is caused if the control variable is altered by the repeated statement or by
any statement activated by the repeated statement. However, the compiler does not
check for such alterations occurring in a procedure or function invoked from within
the FOR loop. After a FOR statement is executed, the value of the control variable is
defined only if the FOR statement is terminated by a GOTO statement leading out
of it, in which case the control variable has the value it had at the time of the GOTO.
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Apart from the restrictions just given, the FOR statement of the form:
FOR v := e71 T0 e2 DO s

is equivalent to the statement sequence:

BEGIN
templ := e7;
temp2 := e2;

IF templ <= temp2 THEN BEGIN
v := templ;
S;
WHILE v <> temp2 BEGIN
v 1= SUCC(v);
S;
END
END
END

Similarly, a FOR statement of the form:
FOR v := e7 DOWNTO e2 DO s
is equivalent to the statement sequence:

BEGIN
templ := er;
temp2 := eZ;
IF templ >= temp2 THEN BEGIN
v := temp1;
S;
WHILE v <> temp2 BEGIN
v 1= SUCC(v);
S;
END
END
END

In both cases, templ and temp2 are auxiliary variables, of the host type of the
variable v, that do not occur elsewhere in the program.

Examples of FOR statements:

FOR i:=2 TO 63 DO
IF alil > max THEN max:=alil

FOR i:=1 TO n DO
FOR j:=1 T0 n DO BEGIN
x := 0;
FOR k:=1 T0 n DO
x == x + mlli, k] » m2[k,j]);
mli,jl := x
END

FOR c:=blue DOWNTO red DO display(c)
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7.2.9 WITH Statements

The WITH statement allows you to access the components of a record variable as if
they were simple variables. Inside the WITH statement, including its component
statement, all the field identifiers of the given record variables are defined as
variable identifiers. Thus the WITH statement effectively extends the scope of the
field identifiers of the records listed, so that they may be accessed as simply and effi-
ciently as local variables.

The syntax of the WITH statement is:
WITH variable [, variable]... DO statement
where each variable must be a variable of a record type, and statement may be any

Pascal statement. Since only one statement is permitted, you may wish to use a com-
pound statement here.

The statement:
WITH v1, v2, v3, ..., vn DO s
is equivalent to:
WITH v1 DO
WITH v2 DO
WITH v3 DO

WITH vn DO s

The record variables vl through vn may be embedded inside each other (representing
records within records) or completely separate.

If the selection of a variable in the list following the keyword WITH involves the
indexing of an array or the dereferencing of a pointer, then these actions are
executed before the component statement is executed.

To illustrate the WITH statement, let us assume that the following type definitions
and variable declarations are given:

TYPE date = RECORD day: 1..31;
month: 1..12;
year: integer;

END;
name = RECORD lastname:

PACKED ARRAY [1..20]1 OF CHAR;
firstname:
PACKED ARRAY [1..20]1 OF CHAR;
middleinit: CHAR;
END;
studentrec = RECORD studentname: name;
birthdate: date;
END;
VAR currentrec: studentrec;
todaysdate: date;
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Then the WITH statement:

WITH currentrec, studentname,

BEGIN
lastname := 'Smith
firstname := 'Susan
middleinit := 'K';
day := 28;
month := 5;
year := 1948;

END

is equivalent to:

birthdate DO

[

§
L]
)

currentrec.studentname.lastname

:= 'Smith

1]
currentrec.studentname.firstname

:= 'Susan
currentrec.studentname.mid
currentrec.birthdate.day
currentrec.birthdate.month
currentrec.birthdate.year

Likewise, the WITH statement:

WITH todaysdate DO
IF month=12 THEN BEGIN
month := 1; year :=
END
ELSE month := month+1

is equivalent to:

IF todaysdate.month = 12 T
todaysdate.month := 1;
todaysdate.year := toda
END

ELSE todaysdate.month :=

7.2.10 GOTO Statements

The GOTO statement, a simple statement, specifies that further processing is to con-
tinue at some other part of the program, namely, at the statement marked by the
given label. The GOTO statement is presented last in this chapter because it is con-
sidered good programming practice to avoid GOTO statements whenever possible.
Eliminating all or most GOTO statements improves the clarity and reliability of

your programs.

The syntax of the GOTO statement is:

GOTO /abel

where /abel is a statement label. The /abe/ must have been declared in a label
declaration (4.2) whose scope includes the block in which the GOTO falls, and it
must appear in the label field of some statement within its declared scope.

dleinit 1= 'K';

1= 28;

= 5
= 1948;

year+1;

HEN BEGIN
ysdate.year+1;

todaysdate.month+1
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The following restrictions apply to the placement of GOTO statements:

e A GOTO statement leading to the label that prefixes a statement S causes an
error unless the GOTO statement is activated either by S or by a statement in the
statement sequence (list of statements separated by semicolons) to which S
immediately belongs. In other words, jumps into subordinate statements are not
permitted.

e A GOTO statement may not refer to a case constant within a CASE statement.

e To avoid unreachable statements, a GOTO statement must be the last statement
in a statement sequence (list of statements separated by semicolons), or else it
must be followed by a labeled statement.

* A GOTO statement leading out of a procedure causes the termination of the
procedure containing the GOTO and all procedures activated by the procedure
containing the label. If more than one activation of the target procedure exists,
the activation selected is the one containing the variables that are accessible at
the GOTO statement. This is usually the most recent activation of the
procedure.

Examples of GOTO statements:

G0TO 3500
GOTO 1
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CHAPTER 8
PREDEFINED PROCEDURES
AND FUNCTIONS

This chapter defines the predefined, or built-in, procedures and functions in
Pascal-86. You may invoke these from any part of a program—the procedures by
means of procedure statements, the functions by means of function designators
within expressions.

You may also redefine any of these procedures or functions within your program by
declaring your own routines with the same names. Within the scope of an explicit
procedure or function declaration, this declaration overrides the prcdefmed pro-
cedure or functlon

The following kinds of predefined procedures and functions are provided in
Pascal-86:

¢ Functions that operate on values of ordinal type

® Predicates or Boolean functions

e  Arithmetic functions operating on integer or real values

® Transfer functions that perform numeric conversions on real values
®  Procedures for allocation of dynamic variables

* Data transfer procedures for packing and unpacking of arrays

° Procedurés for handling files and text files

®  Procedures for input and output via microprocessor ports

e Interrupt handlmg procadur&s '

® - Procedures to communicate with an-Intel 8087 Numenc Data Processor or its
emulator

For each predefined procedure and function, this chapter gives a definition of what
it does, the syntax of the procedure statement or function designator to invoke it,
other pertinent discussion, and examples. In the syntax, optional blanks within the
parameter lists have been omitted for readability.

NOTE

The predefined procedures and functions cannot be passed as arguments to
procedural or functional parameters.

An expression is of an integer type if it is the same as one of the predefined types
INTEGER, WORD, or LONGINT, or is a valid subrange of these types (5.3.1). An
expression is of a real type if it is the same as one of the predefined types REAL,
LONGREAL, or TEMPREAL.

8.1 Ordinal Functions

The predefined ordinal functions—ORD, LORD, WRD, CHR, PRED, and
SUCC—all operate on a single value of an ordinal type and return values of an
ordinal type.
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8.1.1 ORD

The function ORD takes an expression of an ordinal type and returns a result of type
INTEGER. Its calling syntax is:

ORD (ord-expr)
where ord-expr is an expression of an ordinal type.

The result depends on the type of the argument x:
e Ifxisan INTEGER type, ORD(x) returns the value unchanged.

e Jfxisa WORD or LONGINT type whose value lies in the INTEGER range,
ORD(x) returns the equivalent INTEGER value. If x isa WORD or LONGINT
value outside the INTEGER range, an error occurs.

o If x is a CHAR-compatible type, ORD(x) returns the INTEGER value of the
character’s ordinal position in the character set. (In Pascal-86, this is the ASCII
character set as defined in Appendix G).

e If x is any other ordinal type, ORD(x) returns the ordinal number determined
by mapping host-type values onto consecutive non-negative INTEGER values,
starting at zero. (Thus, ORD(FALSE) yields 0, and ORD(TRUE) yields 1.)

For example, given the type definition:

TYPE primarycolor = (red, yellow, blue);

then:
ORD(5) =5
ORD('A') = 65 (% 41H *)
ORD(red) =0

ORD(blue) = 2

8.1.2 LORD

The function LORD takes an expression of an ordinal type and returns a result of
type LONGINT. Its calling syntax is:

LORD (ord-expr)
where ord-expr is an expression of an ordinal type.

The result depends on the type of the argument x:
e [fxisa LONGINT type, LORD(x) returns the value unchanged.

e If x is an INTEGER or WORD type, LORD(x) returns the equivalent
LONGINT value.

e Ifxisa CHAR-compatible type, LORD(x) returns the LONGINT value of the
character’s ordinal position in the character set. (In Pascal-86, this is the ASCII
character set, as defined in Appendix G.)

e If x is any other ordinal type, LORD(x) returns the ordinal number determined
by mapping host-type values onto consecutive non-negative LONGINT values,
starting at zero. (Thus, LORD(FALSE) yields 0, and LORD(TRUE) yields 1.)

When applied to an arithmetic expression, the LORD function causes the entire
expression to be computed in LONGINT precision, due to the result-type propaga-
tion described in 7.1.4.
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B13WRD

The functmn WRD takes an expressxon of an ordinal type and returns a result of

type WORD. Its calling syntax is:

MWRD (ord-expr}

where ord-expr is an expression of an ordinal type.

“The result depends on the type of argument x:

e Ifxisa WORD type, WRD(x) returns the vatue unchanged.

® Ifxisan INTEGER or LONGINT type whose value lies in the WORD range,
WRD(x) returns the equivalent WORD value. If x is an INTEGER or
LONGINT value outside the WORD range, an error occurs,

e Ifxisa CHAR»compauble type, WRD(x) returns the WORD \}alue of the
character’s ordinal position in the character set. (In Pascal 86, this is the ASCII
character set as defined in Appendix G.)

° Ifxis any other ordinal type, WRD(x) returns the ordinal number determmed
by mapping host-type values onto consecutive WORD values, starting at zero.
{Thus, WRD(FALSE) yields 0, and WRD(TRUE) vields 1.)

8.1.4 CHR

The function CHR takes an expression of an integer type and returns the correspon-
ding CHAR value according to the character collating sequence defined in
Appendix G. If a corresponding character value does not exist, an error occurs.
Its calling syntax is:

CHR (int-expr)
where int-expr is an expression of an integer type.
For any CHAR value, CHR(ORD(x)), where x is of type CHAR, always yields x.
For example, in Pascal-86:

CHR(25H) "%t

CHR(38H) '8!
CHR(99) = tc' (x 63H *)

8.1.5 PRED

The function PRED takes an expression of an ordinal type and returns the value
of the same type whose ordinal number is one less than that of the value of the
expression, if such a value exists. In other words, it returns the predecessor of the
argument in the ordinal type sequence.
Its calling syntax is:

PRED (ord-expr)

where ord-expr is an expression of an ordinal type.

If no predecessor value exists, an error occurs.
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For example, given the type definition:
TYPE primarycolor = (red, yellow, blue);
then:
PRED(blue) = yellow
PRED(yellow) = red
PRED(red) causesan error
PRED(TRUE) = FALSE
8.1.6 SUCC
The function SUCC takes an expression of an ordinal type and returns the value of
the same type whose ordinal number is one greater than that of the value of the
expression, if such a value exists. In other words, it returns the successor of the argu-
ment in the ordinal type sequence.
Its calling syntax is:
SUCC (ord-expr)
where ord-expr is an expression of an ordinal type.
If no successor value exists, an error occurs.
For example, given the type definition:
TYPE primarycolor = (red, yellow, blue);
then:
SUCC(red) = yellow
SUCC(yellow) = blue
SUCC(blue) causesan error
SUCC(FALSE) = TRUE
8.1.7 Enumerated Type Transfer Functions
For every enumerated type, the compiler defines a transfer function with the same
name. It may be used to map integers into values of the enumerated type. For exam-

ple, if TYPE MONTH = (May, June, July), then June and MONTH (1) are seman-
tically equivalent.

8.2 Predicates (Boolean Functions)

The predefined functions ODD, EOF, and EOLN all take a single argument and
return a value of type BOOLEAN.

8.2.1 ODD

The function ODD takes an expression of an integer type and returns TRUE if it is
odd, FALSE otherwise. Its calling syntax is:

00D (int-expr)
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where int-expr is an expression of an integer type.
For example:

0DD(0) FALSE
0DD(7) TRUE
0DD(300) = FALSE

8.2.2 EOF

The function EOF takes a file argument; it returns TRUE if the associated buffer
variable is positioned at the end of the file, FALSE otherwise. Its calling syntax is:

EOF [(file-var)]

where file-var is a variable of a file type. If the file-var argument is omitted, the stan-
dard file INPUT is assumed.

If the file is not open, EOF is undefined, and a call to EOF causes an error.
EOF is useful as an exit condition in loops, for example:
WHILE NOT EOF(f) DO BEGIN

g := f1; PUT(g); GET(f)
END

8.2.3 EOLN

The function EOLN takes a text file argument; it returns TRUE if the associated
buffer variable is positioned at the end of a line in the text file, FALSE otherwise. Its
calling syntax is:

EOLN [(textfile-var) ]

where textfile-var is a variable of a text file type. If the textfile-var argument is
omitted, the standard file INPUT is assumed.

If the file is not open, EOLN is undefined, and a call to EOLN causes an error.
Like EOF, EOLN is useful as a loop exit condition, for example:
WHILE NOT EOLN DO BEGIN
READ (number) ;

sum := sum + number;
END

8.3 Arithmetic Functions

For the following arithmetic functions, the operands and the returned result are of
an integer or real type. An error occurs if the result value lies outside the range of the
indicated result type. The arithmetic functions include ABS, SQR, SQRT, EXP,
LN, SIN, COS, TAN, ARCSIN, ARCCOS, and ARCTAN.
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8.3.1 ABS

The function ABS computes the absolute value of an integer or real argument. The
result type is the same as the argument type.

Its calling syntax is:
ABS (arith-expr)
where arith-expr is an expression of an integer or real type.

For example:

ABS(-5) =5
ABS(3.777) = 3.777
ABS(0) = 0

ABS (-78000) = 78000

8.3.2 SQR

The function SQR computes the square of an integer or real argument. The result
type is the same as the argument type.

Its calling syntax is:
SQR (arith-expr)
where arith-expr is an expression of an integer or real type.

For example:

SQR(-5) = 25

SQR(1.2) = 1.44

SQR(0.0) = 0.0
SQR(-41000) = 1681000000

8.3.3 SQRT

The function SQRT computes the square root of a non-negative integer or real argu-
ment. The argument is converted to TEMPREAL format before computation, and
the result is always TEMPREAL.

Its calling syntax is:

SQRT (arith-expr)

where arith-expr is an expression of an integer or real type. An error occurs if arith-
expr is negative.

For example:

SQRT(25) = 5.0
SQRT(1.44) = 1.2

SQRT(0.0) = 0.0 .
SQRT(1681000000) = 41000
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8.3.4 EXP

The function EXP takes an integer or real argument x and computes the base of
natural logarithms raised to the power x—that is, ¢*. The argument is converted to
TEMPREAL format before computation, and the result is always TEMPREAL.
Its calling syntax is:
EXP (arith-expr)
where arith-expr is an expression of an integer or real type.
For example:
EXP(0)

= 1.0
EXP(1) = 2.7183 (x approximately )
EXP(-1.0) = 0.367879 (* approximately %)

8.3.5 LN

The function LN computes the natural loganthm of a posmve (greater than zero)
integer or real argument. The argument is converted to TEMPREAL format before
computation, and the result is always TEMPREAL.

Its calling syntax is:
LN (Carith-expr)

where arith-expr is an expression of an integer or real type. An error occurs if arith-
expr is not greater than zero.

For example:

LNCT) = 0.0
LN(2.7183)

= 1.0 (x approximately *)
LN(0.367879) = -

1.0 (* approximately *)

8.3.6 SIN

The function SIN computes the sine of an integer or real argument x, where x is in
radians. The argument is converted to TEMPREAL format before computation,
and the result is always TEMPREAL. ’

Its calling syntax is:
SIN (arith-expr)
where arith-expr is an expression of an integer or real type.

For example:

SINCO) = 0.0
SIN(3.1416)
SINC1.5708)
SIN(-1.0) = -0.8

0 (x approximately x)
0 (x approximately *)
46147 (* approximately )

0.
1.
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8.3.7 COS
The function COS computes the cosine of an integer or real argument x, where x is
in radians. The argument is converted to TEMPREAL format before computation,
and the result is always TEMPREAL.
Its calling syntax is:

C0S (arith-expr)

where arith-expr is an expression of an integer or real type.

For example:

€0S(0) = 1.0

C0S(3.1416) = -1.0 (* approximately *)

€0S(1.5708) = 0.0 (% approximately *)

C0S(-1.0) = 0.54030 (* approximately *)
8.3.8 TAN

The function TAN computes the tangent of an integer or real argument x, where x is
in radians. The argument is converted to TEMPREAL format before computation,
and the result is always TEMPREAL.
Its calling syntax is:

TAN (arith-expr)

where arith-expr is an expression of an integer or real type.

For example:

TANCO) = 0.0
TAN(3.1416) = 0.0 (* approximately *)
TANCO.7854) = 1.0 (* approximately x)

TANC-1.0) = -1.5574 (% approximately *)

8.3.9 ARCSIN

The function ARCSIN computes the principal value, in radians, of the arcsine of an
integer or real argument. The argument is converted to TEMPREAL format before
computation, and the result is always TEMPREAL.

Its calling syntax is:
ARCSIN (arith-expr)

where arith-expr is an expression of an integer or a real type. If the absolute value of
arith-expr is greater than 1, an error occurs.

For example:
ARCSINCO) 0.0

ARCSINC(C1) = 1.5708 (* approximately *)
ARCSIN(-0.84147) = -1.0 (x approximately *)
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8.3.10 ARCCOS
The function ARCCQS computes the prmc1pai value, in radians, of the arccosine of
an integer or real argument. The argument is converted to TEMPREAL format
before computatwn and the resultis always TEMPREAL
Its calling syntax e

ARCCO S (anm expr)

where anth-expr is an expressmn of an integer or real type If the abso}ute value of
arith-expr is greater than 1, an error occurs.

For example:
ARCCOS(1) = 0.0
ARCCOS(-1) = 3.1416 (% approximately *)
ARCCOS(0) = 1.5708 (* approximately *)
ARCCOS(0.54030) = 1.0 (* approximately *)
8.3.11 ARCTAN
The function ARCTAN computes the principal value, in radians, of the arctangent
of an integer or real argument. The argument is converted to. TEMPREAL format
before computation, and the result is always TEMPREAL
Its calling syntax is:
ARCTAN (arith-expr)

where arith-expr is an expression of an integer or real type.

For example:

ARCTANCO) = 0.0
ARCTAN(1) = 0.7854 (*x approximately *)
ARCTAN(-1.5574) = -1.0 (* approximately *)

8.4 Transfer Functions

The transfer functions TRUNC, LTRUNC, ROUND, and LROUND perform
numeric conversions. They take a single argument of a real type.

8.4.1 TRUNC

The function TRUNC takes a real expression and returns an INTEGER result that is
the integer part of the real argument. The absolute value of the result is never greater
than the absolute value of the argument. An invalid error occurs if the result would
be outside the range of INTEGER values.

The calling syntax is:

TRUNC (real-expr)

where real-expr is an expression of a real type.
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For example:

TRUNC(3.7) = 3
TRUNC(-3.7) = -3

8.4.2 LTRUNC

The function LTRUMNC takes a real expression and returns a LONGINT result that
is the integer part of the real argument. The absolute value of the result is never
greater than the absolute value of the argument; An invalid erroroccurs if the result
would be outside the range of LONGINT values.

The calling syntax is:

LTRUNC Creal-expr)
whem real-expr is an expression of a real type.
For example:

LTRUNC(69553.0787)

= 69553
LTRUNC(-824000.9215) =

-824000

8.4.3 ROUND

The function ROUND takes a real expression and returns an INTEGER result that
is the value of the real argument rounded to the nearest integer. If the argument x is
non-negative, then ROUND(x) is equivalent to TRUNC(x+0.5); otherwise, it is
equal to TRUNC(x—0.5). An invalid error occurs if the result is outside the range of
INTEGER values.

The calling syntax is:
ROUND (real-expr)
where real-expr is an expression of a real type.

For example:

ROUND(3.2) = 3
ROUND(-3.7) = -4

8.4.4 LROUND

The function LROUND takes a real expression and returns a LONGINT result that
is'thevalue of the real argument rounded to the nearest integer. If the argument x is
non-negative, then LROUND(x) is equivalent to LTRUNC{x+0.5); otherwise, it is
equal to LTRUNC(x=0.5). An invalid error occurs if the result would be outside the
range of LONGINT values.

The calling syntax is:
LROUND (real-expr)

where real-expr is an expression of a real type.
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For example:

LROUND(69553.0787) = 69553
LROUND(-824000.9215) = -824001

8.5 Dynamic Allocation Procedures

The predefined procedures NEW and DISPOSE allocate and deallocate dynamic
variables. Each takes a pointer argument and may also, for variant record types,
take one or more tag values as arguments.

8.5.1 NEW
The procedure NEW allocates a new dynamic variable. Its calling syntax is:
NEW (pointer [, case-const]... )

where pointer is a pointer variable with base type T. If one or more case-const
arguments are present, T must be a record type with variants, and the case-const
values correspond to consecutive tags of the type T, listed in the order of the match-
ing tags in the type definition.

NEW allocates a new variable v of type T and assigns the pointer to v to pointer.

If case-const arguments are present, the allocated variable must be of a record type
with variants. The allocated variable will have nested variants that correspond to the
specified case-consts, in order of increased nesting of the variant parts. Any variant
not specified must be at a deeper level of nesting than that of the last case-const. An
error occurs if your program changes any variant part of the allocated variable to
another variant. The Pascal-86 compiler does not detect this error.

In standard Pascal, an error is caused if an entire referenced variable created by a
call to NEW with tag arguments is used as an operand in an expression, or as the
variable on the left side of an assignment statement, or as an argument. (Such a
variable does not possess the full properties—i.e., all fields—of variables of its
declared record type.) However, you may reference individual components of such
variables. Pascal-86 does not check for this error.

Sample program 8 in Chapter 9 illustrates the use of NEW.

8.5.2 DISPOSE

The procedure DISPOSE releases the storage allocated to a dynamic variable. Its
calling syntax is:

DISPOSE (pointer [, case-const]... )

where pointer is a pointer variable with base type T, and the case-const values are
tags of T as for NEW.

DISPOSE indicates that storage occupied by the variable pointert is no longer
needed. All pointer values that referenced this variable become undefined.

If you used case-const arguments in the call to NEW that allocated the variable,
you must use at least as many case-const arguments in the call to DISPOSE.
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An error is caused if the value of the pointer parameter is NIL or undefined, or if the
pointer parameter refers to a variable that is currently a variable parameter or an
element of the record variable list of an active WITH statement. Pascal-86 does not
check for this error.

8.6 Transfer Procedures
The transfer procedures PACK and UNPACK provide efficient packing and
unpacking of array data.

8.6.1 PACK

The procedure PACK assigns, to all elements of a packed array, corresponding
elements of an unpacked array. Its calling syntax is:

PACK (unpacked-array,ord-expr,packed-array)
where unpacked-array is the unpacked array variable, packed-array is the packed
array variable, and ord-expr is an expression compatible with the index type of the
unpacked array. The two array variables must have assignment-compatible compo-
nent types. Furthermore, the number of components in packed-array must be less
than or equal to the number of components in unpacked-array.
Let the variables a and z be declared by:

a: ARRAY [m..n]l OF T
z: PACKED ARRAY [u..v] OF T

where the following relations hold:

ORD(n)-ORD(m) >= ORD(v)-ORD(u)
ORD(m) <= ORD(i) <= (ORD{(n)-ORD(v)+ORD(u))

Then the statement:

PACK(a,i,z)

means:
k 1= i;
FOR j:=u TO v DO BEGIN
z{j]l := alk];
k := sucCc(k);
END

where j and k denote auxiliary variables of appropriate type not occurring elsewhere
in the program.

Note that PACK is defined for one-dimensional arrays only. To pack multi-
dimensional arrays (arrays within arrays), you must use a loop.

8.6.2 UNPACK

The procedure UNPACK assigns, to all elements of an unpacked array, corre-
sponding elements of a packed array. Its calling syntax is:

UNPACK (packed-array,unpacked-array,ord-expr)
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where packed-array is the packed array variable, unpacked-array is the unpacked
array variable, and ord-expr is an expression compatible with the index type of the
packed array. The two array variables must have assignment-compatible component
types. Furthermore, the number of components in packed-array must be less than or
equal to the number of components in unpacked-array.

Let the variables a and z be declared by:

a: ARRAY [m..nl OF T
z: PACKED ARRAY [u..v] OF T

where the following relations hold:

ORD(n)-0RD(m) >= ORD(v)-0RD(u)
ORD(m) <= ORD(i) <= (ORD(n)-O0RD(v)+ORD(u))

Then the statement:
UNPACK(z,a,1)

means:

k 1= 1i;

FOR j:=u TO v DO BEGIN
alkl := z[j];
k == SUCC(k);
END

where j and k denote auxiliary variables of appropriate type not occurring elsewhere
in the program.

Note that UNPACK is defined for one-dimensional arrays only. To unpack multi-
dimensional arrays (arrays within arrays), you must use a loop.

8.7 File and Text File Input and Output Procedures

You can perform the following input and output operations on files, which are
variables of file types as defined in 5.3.2.

®  Open a file for input (RESET) or output (REWRITE)
e Read (GET) or write (PUT) one file component

e Read (READ) or write (WRITE) a sequence of file components, with automatic
conversion of numbers from or to type CHAR if the file is a text file

e For text files, read a sequence of characters from a line and skip to the next line
(READLN)

e  For text files, write a line (WRITELN)

e For text files, write a form feed character to start a new page of printed output
(PAGE)

®  Check for the end of the file (EOF)
e  For text files, check for the end of the current line (EOLN)

This section defines the procedures RESET, REWRITE, GET, PUT, READ,
WRITE, READLN, WRITELN, and PAGE. Sections 8.2.2 and 8.2.3 define the
Boolean functions EOF and EOLN.

In standard Pascal and in Pascal-86, there is no procedure for closing a file. Files are
closed auotmatically when execution returns from the program block.
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The predefined procedures RESET and REWRITE correspond to rewinding a tape
and preparing to read from it or write to it, respectively. The procedures GET and
PUT perform reading and writing, respectively, of a single file component, and also
advance the position of the file. The procedures READ and WRITE transfer a
sequence of file components. The predefined function EOF checks for the end of the
file.

RESET positions an input file at its beginning in preparation for reading from it,
and also transfers information from the first component of the file into the buffer
variable; your program may then copy the value of the buffer variable into a pro-
gram variable. GET advances the current file position to the next component, then
assigns it. READ copies the buffer variable into a program variable you specify as a
parameter, then performs a GET to fetch the next file component, repeating until
the list of variables is exhausted.

REWRITE positions an output file at its beginning, in preparation for writing; it
also destroys any existing information in the file. To write 2 new component to the
file, you first assign the desired value to the file’s buffer variable, then call PUT.
The call to PUT appends the value of the buffer variable to the file, then causes the
buffer variable’s value to become undefined. WRITE copies into the buffer variable
the value of an expression you specify as a parameter, then performs a PUT opera-
tion, repeating until the list of variables is exhausted.

You must use RESET before reading from, and REWRITE before writing to, any
file except the predefined files INPUT and OUTPUT. In addition, you may not
follow a write operation (PUT, WRITE, or WRITELN) by a read (GET, READ, or
READLN), or a read by a write; so if you are using the same file for both input and
output, you must rewind it with REWRITE, write to it, rewind it with RESET, then
read from it, and so on.

In standard Pascal, an error is caused if you alter the position of a file while the
buffer variable F1 is either an argument to a variable parameter or an element of the
record variable list of an active WITH statement or both. However, the Pascal-86
compiler does not check for this non-standard usage.

With non-text files declared as FILE OF CHAR, the procedures GET and READ
read in the characters, one a time, just as they appear in the file. With text files,
however, GET, READ, and READLN interpret end-of-line markers as single blanks
and ignore form feed characters.

The action of the standard Pascal input buffering scheme, as described in the
preceding explanation of RESET, GET, and READ, is to read ahead in the file so
that input may be overlapped with computations for efficiency. However, this
scheme is not appropriate for interactive programs, since it may allow a program to
query the terminal for input before the terminal has prompted the user for that
input. For this reason, the Pascal-86 run-time system uses an alternative scheme,
called lazy input, for files declared as type TEXT or FILE OF CHAR (but not
PACKED FILE OF CHAR, for which the run-time system uses the standard buffer-
ing scheme).

Under lazy input, a “‘buffer full’’ flag associated with the file controls the filling of
the buffer variable. RESET and GET always clear the flag to indicate that new data
is needed. Whenever the buffer variable is referenced, the flag is tested, and if it is
cleared, the buffer variable is filled from the file (e.g., the terminal). After the
buffer variable has been filled, the ‘“‘buffer full”’ flag is set, so that subsequent
references to the buffer variable (without intervening calls to GET) will not initiate
another read from the file. Invocations of EOF and EOLN make sure the buffer is
full before testing for end of file or end of line.
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Note that the calling sequences of READ, WRITE, READLN, and WRITELN
differ from those of other predefined and user-defined procedures and functions in
Pascal. Each of these procedures takes a variable number of parameters, and the
types of the parameters are not predetermined by the procedure.

8.7.1 RESET

The procedure RESET opens a file for input. It positions the file at its beginning in
preparation for reading from it, and also transfers information from the first com-
ponent of the file into the buffer variable. Your program may then copy the value of
the buffer variable into a program variable. You must use RESET before using
GET, READ, or READLN to read from any file except the predefined file INPUT.

1ts calling syntax is:
ESET (file-var|,string-expr])

where file-var is the name of a file variable, and the optional string-expr is a string-
type (PACKED ARRAY [1..n] OF CHAR) expression that specifies a physical file
o be associated with the fife-var. Mote that siring-expr cannot be a CHAR variable
or string constant of length one; it must be either a variable with a Emng type ora
string constant with two or more characters. , ;

RESET resets the current file position at its beginning. If the specified file f is not
empty, RESET assigns the buffer variable f1 to the value of the first component of f,
and causes EOF(f) to become FALSE. If f is empty or does not exist, f becomes
undefined, and EOF(f) becomes TRUE.

The string-expr, if present, must be in a form acceptable to the operating system
under which you run your programs, and can be at most 45 characters long. If a
siring-expr is given, the specified physgcal file name overrides any preconnectlon for
that file variable. (Preconnection is described in 12.5.1.)

If no string-expr is given, the physical file last associated with the file variable is
assumed. If the first reference to a file variable has no physical file associated with it
(either by preconnection or by a string-expr parameter to RESET or REWRITE), a
default physical file is assigned to it. If the file variable is a program parameter
specified in the program heading, the default physical file name is the same as the
file variable name. If the file variable is not a program parameter, the run-time
system creates an empty temporary file, which will be deleted at the end of the
program. ‘

Sample programs 2A, 2B, 3, and 4 in Chapter 9 give examples of the use of RESET.

8.7.2 REWRITE

The procedure REWRITE opens a file for output. It positions a file at its beginning
in preparation for writing to it and also destroys any existing information in the file.
You must use REWRITE before using PUT, WRITE, or WRITELN to write to any
file except the predefined file OUTPUT.

Its calling syntax is:

REWRITE (file-var|,string-expr])
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where file-var is the name of a file variable, and the optional string-expr is a
type (PACKED ARRAY [1..n] OF CHAR) expression that specifies a phy
to be associated with the file-var. Note that string-expr cannot be a CHAR
or string constant of length one; it must be either a variable with a string
string constant with two or more characters. o

REWRITE positions the specified file f such that a new file may be generated,
causes EOF to become TRUE, and causes the buffer variable f! to become
undefined.

The string-expr, if present, must be in a form acceptable to the operatin;
under which you run your programs, and can be at most 45 characters lon;
sfrmg~sxpr is given, the specified physn:al file name overrides any preconne
that file variable. (Preconnection is described in 12.5.1.)

If no sfring-expr is given, the physical file last associated with the file variable is
assumed. If the first reference to a file variable has no physical file associated with it
(either by preconnection or by a string-expr parameter to RESET or REWRITE), a
default physical file is assigned to it. If the file variable is a program parameter
specified in the program heading, the default physical file name is the same as the
file variable name. If the file variable is not a program parameter, the run-time
system creates a temporary file, which will be deleted at the end of the program.

If the file already exists, REWRITE will delete it and create an empty new file; in
essence, it will erase the contents of the file.

Sample program 3 in Chapter 9 gives an example of the use of REWRITE.

8.7.3 GET

The procedure GET advances the current file position to the next component, then
assigns the value of this component to the associated buffer variable, allowing your
program to copy it.

Its calling syntax is:

GET (file-var)
where file-var is the name of a file variable.
If the predicate EOF(f) is FALSE prior to the execution of GET(f), then GET
advances the current file position to the next component and assigns the value of this
component to the buffer variable f*. If no next component exists, then EOQF(f)
becomes TRUE, and the value of f1 becomes undefined. If EOF(f) is TRUE prior to
execution, an error occurs.
When GET is applied to a file f, an error occurs if f is undefined. An error also
occurs if the file is set for output rather than input; that is, if REWRITE(f) has been
called since the last call to RESET(f).

Sample program 3 in Chapter 9 gives an example of the use of GET.

8.7.4 PUT

The procedure PUT appends the value of the buffer variable to the specified file,
then causes the value of the buffer variable to become undefined.
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Its calling syntax is:
PUT (file-var)
where fife-var is the name of a file variable.

If the predicate EOF(f) is TRUE prior to the execution of PUT(f), then PUT
appends the buffer variable 1 to the file f, EOF(f) remains TRUE, and the value of
ft becomes undefined. If EOF(f) is FALSE prior to execution, an error occurs.

When PUT is applied to a file f, an error occurs if f is undefined. An error also
occurs if the file is set for input rather than output; that is, if RESET(f) has been
called since the last call to REWRITEC(f).

Sample program 3 in Chapter 9 gives an example of the use of PUT.

8.7.5 READ

The READ procedure copies the file buffer variable into a program variable you
specify as an argument, then performs a GET to fetch the next file component,
repeating until the list of variables is exhausted. The file must be a text file; READ
automatically converts the input from type CHAR to the appropriate variable

type(s).
Its calling syntax is:

READ ([file-var,|variable[,variable]...)
where file-var is the name of a file variable; if file-var is omitted, the predefined text
file INPUT is assumed. Each variable parameter may be an entire variable, a com-
ponent of a structured variable (indexed variable, field designator, or buffer

variable) or a referenced variable.

When READ is applied to a file f, an error occurs if f is undefined. An error also
occurs if the file is set for output rather than input; that is, if REWRITE(f) has been
called since the last call to RESET(f).

Sample programs 2A, 2B, 4, 6, 7, and 8 in Chapter 9 give examples of the use of
READ.

Each variable must be of a character, integer, or real type, or a valid subrange of
these types as defined in 5.3.1.

The statement:
READ(f,v1,...,vn)

is equivalent to:

BEGIN READ(f,v1); ... ; READ(f,vn) END

Character Variables. If v is a variable of type CHAR or a subrange of CHAR,
then:

READ (f,v)
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is equivalent to:

BEGIN v:=ft; GET(f) END

Integer Variables. If v is a variable of type INTEGER, WORD, or LONGINT, or
a valid subrange of these types, then:

READ (f,v)

reads from file f a sequence of characters that form a decimal integer; that is, a
sequence of decimal digits. The value of the integer, which must be assignment-
compatible with the type of v, is assigned to v. Preceding spaces and end-of-line
markers are skipped. Reading ceases as soon as the buffer variable f! contains a
character that does not form part of the integer. If the sequence of characters read
does not form a legal integer, an error occurs.

NOTE

READ will not skip characters other than a space, carriage return, or line
feed. In particular, the comma (,) is not skipped and will cause an error if
used as a delimiter.

Real Variables. If vis a variable of a real type, then:
READ(f,v)
reads from file f a sequence of characters that represent a real number.

In standard Pascal, the characters read must be legal real numbers, as defined in
3.3.3; in other words, they must follow the syntax rules for compile-time real con-
stants. In Pascal-86, the syntax for real input from a text file is less restrictive. A real
number recognized by READ or READLN in Pascal-86 may have any of the follow-
ing five forms:

[sign][digits]| - ldigits [E[sign]digits]
[s[ig]n]digits[ .|[digits] [E[sign]digits]
Tit]..
=1-1.
b

where sign is a plus or a minus sign, and digits is a sequence of one or more decimal
digits.

A string of two or more plus signs is interpreted as plus infinity. A string of two or
more minus signs is interpreted as minus infinity. A string of two or more periods is
interpreted as the NaN that represents an indefinite value.

A maximum of 20 significant digits will be interpreted. If more than 20 digits are
given, the least significant digits will be ignored.

The value of the real number is assigned to v. Preceding spaces and end-of-line
markers are skipped. Reading ceases as soon as the buffer variable ft contains a
character that does not form part of the real number. If the sequence of characters
read does not form a legal real number, an error occurs.

NOTE
You cannot apply READ to non-text files. You must use GET(f).
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8.7.6 WRITE

The WRITE procedure copies into the file buffer variable the value of an expression
you specify as an argument, then performs a PUT, repeating until the list of
arguments is exhausted. The file must be a text file; WRITE automatically converts
all arguments to type CHAR before writing them.

Its calling syntax is:

WRITE ([file-var,|write-param|, write-param]...)
where write-param is of the form:

expression [: total-width-expn [: frac-digits-expn]]

The file-var is the name of file variable; if file-var is omitted, the predefined text file
OUTPUT is assumed. Each expression is an expression whose value will be written
to the file f; it may be of a character, integer, real, Boolean, or string type. The items
total-width-expn and frac-digits-expn are expressions of an integer type; their values
must be greater than or equal to 1, or an error occurs.

The statement:
WRITEC(f,p1,...,pn)
(where pl,...,pn are write-params) is equivalent to:
BEGIN WRITE(f,p1); ... ; WRITE(f,pn) END

When WRITE is applied to a file f, an error occurs if f is undefined. An error also
occurs if the file is set for input rather than output; that is, if RESET(f) has been
called since the last call to REWRITEC(f).

Sample programs 1, 2A, 2B, 3, 4, 6, and 7 in Chapter 9 give examples of the use of
WRITE.

WRITE for Text Files

In each write-param in the calling syntax, expression is the value to be written, and
total-width-expn and frac-digits-expn are the field width parameters. The value of
total-width-expn is the total number of characters to be written, unless expression
requires more than total-width-expn characters to represent it; in this case, the
number of characters written will be the smallest number necessary to represent
expression. If total-width-expn is omitted, a default total width value is assumed. In
Pascal-86, this default value is 1 for character, integer, real, and Boolean
expressions, and n for string expressions (the number of characters specified for the
string type).

The field width parameter frac-digits-expn may be used only when expression is of
a real type. Its presence specifies output in fixed-point representation, and its
absence specifies floating-point representation. For details, see the discussion of real
output later in this section.

Character Expressions. If the expression to be written is of type CHAR, the value
written is right-adjusted in an output field of the specified width, and any remaining
positions to the left are filled with blanks.
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Integer Expressions. If the expression to be written is of type INTEGER, WORD,
or LONGINT, the decimal representation of its value will be written, preceded by a
minus sign if the number is negative. The representation of zero is a single zero digit.
If the specified total width of the output field is large enough to contain the decimal
representation (and the minus sign if the number is negative), the value written is
right-adjusted in an output field of the specified width, and any remaining positions
to the left are filled with blanks. Otherwise, the value is written using an output field
of as many characters as needed.

Real Expressions. If the expression to be written is an expression of a real type, a
decimal representation of the value, rounded to the specified number of significant
digits or decimal places, is written. If frac-digits-expn is given, the number is written
in fixed-point representation; otherwise, it is written in floating-point representation.

In Pascal-86, floating-point arithmetic may preduce negative zeros, positive and
negative infinities, and NalN's. WRITE represents these as follows:

¢ Negative zero is shown as a zero digit preéeded by a minus sign.
e  Positive infinity is shown as a string of plus signs (+) that fill the specified field.

s Negative infinity is shown as a string of minus signs (=) that fill the specified
field.

o A NaN (Not a Number) is shown as a string of dots (.} that fill the specified
field.

Floating-Point Representation. If a real expression is to be written and frac-digits-
expn is not given, the value of the expression is written in floating-point
representation.

This is a decimal representation in scientific notation form, with one digit to the left
of the decimal point, truncated to fit the actual width of the output field. If the value
of total-width-expn is greater than or equal to 10, the actual width of the output field
is as specified by total-width-expn; otherwise, the actual width is 10.

The floating-point representation has the following form:
1. Thessign of the real value (— or blank)

2. The most significant digit of the scientific notation representation (0 if the value
is zero)

3. The decimal point (.)

4. The next f significant digits of the scientific notation representation, where
f = actual width - 9 (all zeros if the value is zero)

A capital E
The sign of the exponent (— or +)
The exponent in four digits, with leading zeros if necessary

Note that making total-width-expn larger will only increase the number of signifi-
cant digits written out. If you desire padding blanks, your program must write them
out explicitly.

Fixed-Point Representation. If a real expression is to be written and frac-digits-
expn is given, the value of the expression is written in fixed-point representation.

Like the floating-point representation, this is a decimal representation. The number
of digits to the left of the decimal point (f) is the number of digits needed to repre-
sent the integer part of the value, and the number of digits to the right of the decimal

Pascal-86



Pascal-86

Predefined Procedures and Functions

point (f) is specified in frac-digits-expn. 1f the specified length of the significand is
less than or equal to 18 digits, the number will be rounded to fit the output field.
Otherwise, the number will be truncated to 18 significant digits, adding trailing zeros
if needed.

The minimum number of characters written (im) is thus (i+f+1) for a positive or zero
value, or (i+f+2) for a negative value. If the value of total-width-expn is greater than
or equal to m, the output value is right-adjusted in an output field of the specified
width, and any remaining positions to the left are filled with blanks. Otherwise, the
value is written in an output field of width m.

NOTE

The fixed-point equivalent of a real expression may have over 4000 decimal
places. For this reason, your program should check the ranges of real values
before printing them out in fixed-point form.

Following the leading blanks if any, the fixed-point representation has the following
form:

1. A minus sign (—) if the value is negative
2. The first 7 digits of the value

3. The decimal point (.)

4. The next f digits of the value

String Expressions. If the expression to be written is of a string type, the value of
the string will be written as a sequence of characters. If the specified width of the
output field is greater than or equal to the length of the string, the string is right-
adjusted in an output field of the specified width, and any remaining positions to the
left are filled with blanks. Otherwise, the string is truncated on the right to the
widths of the output field before it is written.

NOTE
You must use PUT(f) for writing non-text files.

8.7.7 READLN

The READLN procedure is applicable only to text files. It performs the same func-
tions as READ; but after it has read in all the specified data, it moves the position of
the file to just past the end of the current line. Unless this is the end-of-file position,
READLN thus positions the file at the start of the next line, skipping over the last
part of the line just read. You may call READLN without specifying any variables;
in this case, it simply moves the position of the file.

Its calling syntax may be any one of the following:

READLN ([textfile-var,|variable[,variable]...)
READLN (textfile-var)
READLN

where textfile-var is the name of a text file variable; if textfile-var is not present, the
predefined text file INPUT is assumed. Each variable parameter may be an entire
variable, a component of a structured variable (indexed variable, field designator, or
buffer variable) or a referenced variable. Furthermore, each variable must be of a
character, integer, or real type, or a valid subrange of these types as defined in 5.3.1.
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The statement:
READLN(f,v1,...,vn)
is equivalent to:
BEGIN READC(f,v1,...,vn); READLN(f) END
where:
READLN ()
is equivalent to:
BEGIN WHILE NOT EOLN(f) DO GET(f); GET(f) END

When READLN is applied to a text file f, an error occurs if f is undefined. An error
also occurs if the file is set for output rather than input; that is, if REWRITE(f) has
been called since the last call to RESET(f).

Sample programs 1, 2A, 2B, 4, 6, 7, and 8 in Chapter 9 give examples of the use of
READLN.

8.7.8 WRITELN

The WRITELN procedure is applicable only to text files. It performs the same
functions as WRITE; but after it has written all the specified data, it writes an end-
of-line marker (in the Pascal-86 logical record system, an ASCII carriage return
followed by a line feed), thus terminating the current line. You may call WRITELN
without specifying any variables; in this case, it simply writes an end-of-line marker
(producing a skipped line on printed output).

Its calling syntax may be any one of the following:

WRITELN ([textfile-var,|write-param|, write-param]...)
WRITELN (textfile-var)
WRITELN

where write-param is of the form:

expression [: total-width-expn [: frac-digits-expn]]
The textfile-var is the name of a text file variable. If textfile-var is not present, the
predefined text file OUTPUT is assumed. Each expression is an expression whose
value is to be written to the file f; this expression may be of a character, integer, real,
Boolean, or string type. The items fotal-width-expn and frac-digits-expn are expres-
sions of type INTEGER. Their values must be greater than or equal to 1, or an error

occurs. The total-width-expn and frac-digits-expn parts are explained further in the
section on WRITE for text files.

The statement:
WRITELN(f,p1,...,pn)
is equivalent to:

BEGIN WRITE(f,p1,...,pn); WRITELNCf) END
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When WRITELN is applied to a text file f, an error occurs if f is undefined. An
error also occurs if the file is set for input rather than output; that is, if RESET(f)
has been called since the last call to REWRITE(f).

In standard Pascal, WRITELN is the only means for writing the line marker. In
Pascal-86, WRITEing CR followed by LF has the same effect.

Sample programs 1, 2A, 2B, 3, 4, 6, 7, and 8 in Chapter 9 give examples of the use of
WRITELN.

8.7.9 PAGE

The procedure PAGE is applicable only to text files. It writes a form feed character
(in Pascal-86, ASCII OCH) to the file. This causes a page eject in the file when it is
printed, so that subsequent output to the file will be on a new page. If the last
character sequence written before the call to PAGE was not an end-of-line marker
(CR followed by LF for Pascal-86), PAGE performs an implicit WRITELN to the
file.

Its calling syntax is:
PAGE [(textfile-var)]

where textfile-var is a text file variable. If textfile-var is omitted, the predefined text
file variable OUTPUT is assumed.

When PAGE is applied to a text file f, an error occurs if f is undefined. An error
also occurs if the file is set for input rather than output; that is, if RESET(f) has
been called since the last call to REWRITEC({).

For example:

PAGE(edittext)

causes a page eject in the file edittext.

8.8 Port Input and Output Procedures

The port input and output procedures provide access to the I/0 ports of the 8086 or
8088 CPU. INBYT and OUTBYT transfer a single byte of data; INWRD and
OUTWRD transfer two consecutive bytes. No formatting is done. These procedures
provide fast data transfer by means of direct communication with the
microprocessor hardware. Sample program 5 in Chapter 9 illustrates their use.

You must avoid using 1/0 ports that are reserved for your operating system.

8.8.1 INBYT

The procedure INBYT transfers a single byte of data from an 8086 or 8088 input
port. Its calling syntax is:

INBYT (port-address,variable)

where port-address is an integer expression in the range —32767 to 65535, inclusive,

and variable is a variable of any type that occupies a single byte. The value of port- -

address designates the input port number (65536 + port-address for negative
values), and variable designates the variable to receive the data.
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For example, if nextchar is a variable of type CHAR, then:
INBYT(5,nextchar)

transfers one byte from input port 5 to the variable nextchar.

8.8.2 INWRD

The procedure INWRD transfers two consecutive bytes of data from an 8086 or
8088 input port. Its calling syntax is:

INWRD (port-address,variable)
where port-address is an integer expression in the range —32767 to 65535, inclusive,
and variable is a variable of any type that occupies a word (two consective bytes).
The value of port-address designates the input port number (65536 + port-address
for negative values), and variable designates the variable to receive the data.
For example, if int is a variable of type INTEGER, then:

INWRD(18,int)

transfers one word from input port 18 to the variable int.

8.8.3 OUTBYT

The procedure OUTBYT transfers a single byte of data to an 8086 or 8088 output
port. Its calling syntax is:

OUTBYT (port-address,expression)
where port-address is an integer expression in the range —32767 to 65535, inclusive,
and expression is an expression of any type that occupies a single byte. The value of
port-address designates the output port number (65536 + port-address for negative
values), and expression designates the value to be output.
For example, if switchl and switch2 are variables of type BOOLEAN, then:
OUTBYT (1, switchl AND switch?2)

transfers the value of the Boolean expression switchl AND switch2 to output port 1.

8.8.4 OUTWRD

The procedure OUTWRD transfers two consecutive bytes of data to an 8086 or 8088
output port. Its calling syntax is:

OUTWRD (port-address, expression)
where port-address is an integer expression in the range —32767 to 65535, inclusive,
and expression is an expression of any type that occupies a word (two consecutive
bytes). The value of port-address designates the output port number (65536 + port-
address for negative values), and expression designates the value to be output.
For example, if int is a variable of type INTEGER, then:

OUTWRD (20, int+1)

transfers the value of the INTEGER expression int+1 to output port 20.
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8.9 Interrupt Control Procedures

Four procedures are prov1ded 1o aldz interrupt processing on the 8086 or 8088 CPU
SETINTERRUPT, ENABLEINTER RUPTS, DISABLEINTERRUPTS, and
CAUSEINTERRUPT. Sample program 5 in Chapter 9 illustrates the use of these
procedures.

The 8086 and 8088 mtenupt handling mechanism has two states: epabled and
disabled. At the start of a Pascal-86 program, interrupts are enabled. ,

You must avoid using ,interrup,t le‘vels that are reserved for the Pascal-86 run-time
system or (if your program performs real arithmetic) the interrupt level reserved for
the 8087 processor or emulator. For details, see section K.1 in Appendix K. You
must also avoid using interrupt levels that are reserved for your operating system.

NOTE

The software scheme used for interrupt processmg is dependent on the
operating system. For some operating systems, these procedures may
conflict with the way the operating system views the interrupt model.
Consequently, you may need to call the oper&tmg system directly to achieve
the desired mtﬁrrupt ccmtrol

8.9.1 SETINTERRUPT
The procedure SETINTERRUPT provides a way to dynamically associate an inter-
rupt procedure (de&gnated as such by using the INTERRUPT control descmbed in
10.4.7 wuh a gwen interrupt nunhen s callmg syntaxis:

SETINTERR l}PT (mt—expr, zdsnttfler)
where inf-expr is.an integer expression in the range 0 to 255, inclusive, and identifier
is the name of an interrupt procedure (see 10.4.8), SETINTERRUPT associates the
named interrupt procgdure with the interrupt whose number is the value of int-expr.
For example: '

SETINTERRUPT(? overtemp)

where overtemp is an mterrupt procadure, wm cause overtemp to be assocxated with
mterrupt number 7 ‘ ,

8.9.2 ENABLE!NTERRUPTS

The procedure ENABLEINTERRUPTS forces the 8086 or 8088 mterrupt
mechanism into the enabled state. Its calling syntax is: :

ENABLEINTERRUPTS "

8.9.3 DISABLEINTERRUPTS

Theprocedure DISABLEINTERRUPTS forces the 8086 or 8088 mterrupt mechamsm
to-be disabled, $0 that all mtcrrupts w1lI be tgnored Its calhng syntax is:

DISABLEINTERRUPTS
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8.9.4 CAUSEINTERRUPT

The procedure CAUSEINTERRUPT causes an interrupt of the specified number to
occur. Its calling syntax is:

CAUSEINTERRUPT (int-expr)

where int-expr is an integer expression in the range 0 to 255, inclusive.
CAUSEINTERRUPT causes interrupt n to occur, where n is the value of int-expr.

For example:
CAUSEINTERRUPT(33)

causes interrupt 33 to occur.

8.10 8087 Procedures

Pascal-86 provides two procedures to communicate with the floating-point (real)
arithmetic error handling mechanism of the 8087 processor or emulator:
GET8087ERRORS and MASK8087ERRORS.

It is recommended that you use these procedures to check for real arithmetic errors,
as described at the end of section 7.1.8. Section 14.6 gives a fuller discussion of real
arithmetic error handling.

Two predefined types, AT87ERRORS and AT87EXCEPTIONS, are provided in
Pascal-86 for use with these procedures. These types are defined as follows:

TYPE AT87ERRORS = SET OF ATB7EXCEPTIONS;
ATB7EXCEPTIONS =
(AT87NVLD,AT87DENR,AT87ZDIV,AT870VER,
AT87UNDR,AT87PRCN,AT87RSVD,AT87MASK) ;

AT8TNVLD stands for the invalid operation exception, AT87DENR for the

denormalized operand exception, AT87ZDIV for zero divide, AT870VER for

overflow, AT87UNDR for underflow, AT87PRCN for precision, AT87MASK for
the 8087 interrupt enable mask bit, and AT87RSVD for a bit in the error field that is
currently reserved. The types AT87ERRORS and AT87EXCEPTIONS and the con-
stants AT87NVLD, AT87DENR, AT87ZDIV, AT870VER, AT87UNDR,
AT87PRCN, AT87RSVD, and AT87MASK are predefined in Pascal-86. Sections
7.1.8 and 14.6 discuss these errors and the real error handling mechanism in
Pascal-86.

8.10.1 GET8087ERRORS

The procedure GET8087ERRORS returns the error field of the 8087 status word,
then clears the error field. Its calling syntax is:

GET8087ERRORS (variable)

where variable, the variable in which the error field is to be returned, is of type
AT87ERRORS.

Unless you are running your program with all real errors unmasked, you should call
GET8087ERRORS at the end of any significant computation sequence, to check for
masked exceptions.
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For example:
GET8087ERRORS(errors)
where errors is a variable of type AT87ERRORS as defined above, stores the value
of the 8087 error mask in errors.
8.10.2 MASK8087ERRORS

The procedure MASK8087ERRORS sets the real error mask in the 8087 chip or
emulator to a given value. Its calling syntax is:

MASK8087ERRORS (expression)
where expression, the value to be set in the error mask, is of type ATS7TERRORS.
The initial setting of the error mask is:
[AT87DENR,AT87ZDIV,AT870VER,AT87UNDR,AT87PRCN]
That is, all exceptions but AT87NVLD are masked, and interrupts are enabled. In a
procedure or function in which the 8087 error mask is changed, the value of the
error mask is saved on entry to the procedure or function, and the saved value is
automatically reinstated on exit. Sections 7.1.8 and 14.6 give details on floating-
point error handling.
For example:

MASK8087ERRORS([1)

resets the error mask so that all errors are unmasked.
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CHAPTER 9
SAMPLE PROGRAMS

This chapter includes nine sample programs illustrating important features of the
Pascal language. Two of these have already been introduced in Chapters 1 and 2.

Source code for all these programs is provided on the release diskette, so that you
may run them yourself. For examples of linking, locating and executing programs,
see Chapter 12.

9.1 Sample Program 1

The program of figure 9-1, introduced in Chapter 1, converts Fahrenheit degrees to
Celsius as you enter them from the console.

When you run this program, it first displays the message:
Fahrenheit temperature is:

Type in a temperature in Fahrenheit degrees. If you mistype, you may edit the line
using the RUBOUT key. Then type RETURN.

system-id Pascal-86, V2.0

Source File: PROG1l.SRC
Object File: PROG1.0BJ
Controls Specified: <none>.

STMT LINE NESTING SOURCE TEXT: PROG1l.SRC
1 1 0 o (* This program converts Fahrenheit temperatures to Celsius. It
prompts the user to enter a Fahrenheit temperature, either real or
integer, on the console. The program computes and displays the equivalent
Celsius temperature on the console until the user has no more input. *)

program FahrenheitToCelsius(Input,Output);

2 8 9 0 var CelsiusTemp,FahrenheitTemp : real;
3 9 0 @ QuitChar : char;
4 11 @ o begin
4 13 0 1 repeat
4 15 8 2 writeln; writeln;
6 17 8 2 write('Fahrenheit temperature is: ');
7 19 8 2 readln(FahrenheitTemp);
8 21 9 2 . CelsiusTemp := (( FahrenheitTemp = 32.0 ) * ( 5.0 / 9.0 ));
9 23 8 2 write('Celsius temperature is: '); writeln(CelsiusTemp:5:1);
11 25 0 2 writeln;
12 27 9 2 write('Another temperature input? :');
13 29 90 2 read (QuitChar); writeln;
15 31 8 2 until not (QuitChar in ['Y','y'])
16 33 8 2 end. (* FahrenheitToCelsius *)

Summary Information:

PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE
FAHRENHEITTOCELSIUS P@81H @161H 353D 0019H 25D @@OEH 14D
-CONST IN CODE=- 0081H 129D

Total @lE2H 482D @019H 25D @042H 66D

33 Lines Read.
@ Errors Detected.
40% Utilization of Memory.

Figure 9-1. Sample Program 1: Temperature Conversion
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The program calculates the Celsius temperature and displays the output:
Celsius temperature is: n

where n is the Celsius equivalent of the temperature you typed in. Finally, the pro-
gram skips a space and displays:

Another temperature input?

Type Y or y if you want to do another calculation. This causes the program to skip a
line and display the starting message again, allowing you to type in another
temperature. You may do this as many times as you wish.

When you wish to stop, answer the final query with any character other than Y or y,
and the program will skip a line and return control to the operating system. This
program must be linked to CEL87.LIB, the run-time support libraries
(P86RNO.LIB, P86RNI1.LIB, P86RN2.LIB, P86RN3.LIB), the appropriate 8087
libraries (either 8087.LIB or E8087.LIB and E8087), and any interface libraries
required by your operating system.

9.2 Sample Programs 2A and 2B

These programs, introduced in Chapter 2, build a binary tree and print out the nodes
of the tree in three notations: infix, prefix, and postfix. These notations represent
the three methods of tree traversal—inorder, preorder, and postorder,
respectively—used in most computer programs that deal with trees. Such a tree may
represent, for example, an arithmetic expression to be interpreted by a parsing pro-
gram, with the nodes being symbols or tokens. Here, for simplicity, each node is a
single character.

The input is in the form of a series of lines, each representing a node by means of
four items separated by blanks. The first item in the input line is the character at that
node. The second is a sequence number identifying the node; the program uses this
number as an index into an array of records representing the tree. The third and
fourth items are the sequence numbers of the left-hand and right-hand nodes,
respectively, that are connected below the given node. A zero means there is no node
connected below the given node at that (left-hand or right-hand) position. For
example:

WEO~CO | M+ +
O 00N ONUT BN
COOoOmMOoOOO N
COODOVONOWNIN

This input represents the tree of figure 9-2.
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Figure 9-2. Sample Input Tree for Sample Programs 2A and 2B 12153935

The three methods of tree traversal are all defined recursively. The starting point
(the first root) is at the top of the tree. For the three methods, the steps at each level
of recursion are as follows:

Traverse the left sub-tree.
Visit the root.
. Traverse the right sub-tree.

Inorder traversal:

(S

Visit the root.
. Traverse the left sub-tree.
Traverse the right sub-tree.

Preorder traversal:

W DN =

1. Traverse the left sub-tree.
2. Traverse the right sub-tree.
3. Visit the root.

Postorder traversal:

Thus, the output produced from the sample input is as follows:

INFIX:

(CCC A/ B)Y -C) D) + E)
PREFIX:

+ -/ ABCDE
POSTFIX:

AB/C-DxE+

These programs show the use of nested structures—in this case, an array of records.
The procedures infix, prefix, and postfix are all directly recursive, reflecting the
recursive definitions of the three methods of tree traversal.

Sample program 2A (figure 9-3) is a standard Pascal version of the tree traversal
program. Sample program 2B (figure 9-4) is the source program divided into two
separately compiled modules, using the separate compilation facilities of Pascal-86.

The programs must be linked to the run-time support libraries (P86RNO.LIB,"

P86RNI1.LIB, P86RN2.LIB, P86RN3.LIB), 87NULL.LIB, and any interface
libraries required by your operating system.
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system-id Pascal-86, V2

Source File: PROG2A
Object File: PROG2A.0BJ
Controls Specified: <non

STMT LINE NESTING

1 1 0 o
2 18 6 0
3 19 06 @
4 21 9 0
5 22 @ 0
5 23 6 1
6 24 0 1
7 25 ¢ 1
8 27 o @
9 29 6 @
ig 36 6 0
11 31 8 @
12 32 8 @
13 34 8 @
14 36 1 6
15 38 1 @
16 39 2 8
16 40 2 1
17 41 2 1
18 42 2 2
19 43 2 2
21 44 2 2
23 45 2 2
24 46 2 2
25 48 2 1
26 50 1 @
26 51 1 1
27 52 1 1
29 53 1 1
30 54 1 1
30 55 1 2
31 56 1 2
32 57 1 2
EX) 58 1 2
35 59 1 1
36 62 0 @

w
~
o
-
-
)

37 66 1 1
38 67 1 1
39 68 1 2
48 69 1 2
41 7 1 2
42 71 1 2
43 72 1 2

'S
S
N
IS
-
—

a7 7% 1 @
47 81 1 1
48 82 1 1
49 83 1 2
50 84 1 2
51 85 1 2
52 87 1 1
53 88 1 1

.0

e>.

SOURCE TEXT: PROG2A

(* This program builds a binary tree of characters from
user input data and prints out the nodes of a tree in
infix, prefix, and pestfix notation. An input line con-
sists of the character, its position in the tree, and the
position of its two children; each item is separated from
the next by a blank.

Variables -
MaxNumNodes - maximum number of nodes in 2 tree
One - index of the root
NodeCharacter - constitutes a node in the tree
NodeIndex - position of node in the tree
ExpressionTree - binary tree which is created
DataFile - file which holds user data *)

program TreeTraversal{Input,Output);

const MaxNMumNodes = 28;
One = 1;

type Subscr = @..MaxNumNodes;
Node = record
Symbol : char;
Left : Subscr;
Right : Subscr
end;
Tree = array[Subscr] of node;

var NodeCharacter : char;
NodeIndex : integer;
ExpressionTree : Tree;
DataFile : text;

(* *)
procedure BuildTree; (* build tree from user input *)
var FindRoot : boolean;

procedure AddNode; (* add a neode to the tree *#)
begin
write(NodeCharacter : 3, NodeIndex: 3);
with ExpressionTree[NodeIndex] do begin
Symbol:=NodeCharacter;
read (DataFile, Left); write(Left : 3);
read(DataFile,Right); write(Right : 3);
readln(DataFile);
writeln
end
end; (* AddNode *)

begin
FindRoot := false;
writeln('INPUT IS:'); writeln;
AddNode;
repeat
read (DataFile,NodeCharacter,NodelIndex);
if NodeIndex = 1 then FindRoot := true
else AddNode
until (FindRoot) or (eof(DataFile));
writeln
end; (* BuildTree %)

(* -
procedure Infix(NodeIndex : Subscr); (% write out the
tree in infix notation *)

#)

begin
with ExpressionTree[NodeIndex] do
if Left <> @ then begin
wrlte("(° : 1);
Infix(Left);
write(Symbol : 2);
Infix(Right);
write(')' : 1)
end (* if %)
else write(Symbol : 2)
end; (* Infix ¥)

(* *)
procedure Prefix(NodeIndax : Subscr); (* write out the
tree in prefix notation *)
begin
with ExpressionTree{NodeIndex] do
if Left <> # then begin
write(Symbol : 2);
Prefix(Left);
Prefix(Right)
end (% 1f *)
else write{Symbol : 2)
end; (* Prefix *)

Figure 9-3. Sample Program 2A: Binary Tree Traversal
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54 90 0 o (* *)
procedure Postfix(NodeIndex : Subscr); (* write out the

55 92 1 @ tree in postfix notation ¥*)
begin
55 94 1 1 with ExpressionTree[NodeIndex] do
56 95 1 1 if Left <> 0 then begin
57 96 1 2 Postfix(Left);
58 97 1 2 Postfix(Right);
59 98 1 2 write(Symbol : 2)
end (* if *)
60 100 1 1 else write(Symbol : 2)
61 11 1 1 end; (* Postfix *)
{
62 103 ¢ o (* . *)
(* The main program reads in user data and displays the
tree in Infix, Prefix, and Postfix notation. *)
begin (* TreeTraversal *)
62 198 B8 1 reset(DataFile,':F1:DATA2');
63 109 @ 1 writeln; writeln; writeln;
66 110 0 1 read (DataFile,NodeCharacter,NodeIndex);
67 111 @ 1 while not eof(DataFile) do begin
68 112 @8 2 BuildTree;
69 113 8 2 writeln; writeln('INFIX:');
71 114 @ 2 Infix(One);
72 115 8 2 writeln; writeln('PREFIX:');
74 116 8 2 Prefix(One);
75 117 8 2 writeln; writeln('POSTFIX:');
77 118 @8 2 Postfix(One);
78 119 © 2 writeln; writeln
79 120 @ 2 end;
81 121 @9 -1 writeln; writeln
e 1

end. (* TreeTraversal *)

Summary Information:

PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE
BUILDTREE @BES5H 8874H 116D 8010H 16D
ADDNODE 0038H OOADH 173D 9010H 16D
INFIX @159 P098H 152D @00ER 14D
PREFIX O1F1H @O6FH 111D @8OEH 14D
POSTFIX 0260H PO6FH 111D @@OEH 14D
TREETRAVERSAL @2CFH 017BH 379D @85AH 96D @66EH 14D
~CONST IN CODE- 8038H 56D

Total 944AH 1098D BO5AH 96D 988CH 146D

122 Lines Read.
@ Errors Detected.
43% Utilization of Memory.

Figure 9-3. Sample Program 2A: Binary Tree Traversal (Cont’d.)

system-id Pascal-86, V2.9

Source File: PRG2B1l.SRC
Object File: PRG2B1.0BJ
Controls Specified: <none>.

STMT LINE NESTING SOURCE TEXT: PRG2B1.SRC
module BinaryTreeMain;
public BinaryTreeOutput;
procedure Infix(NodeIndex : Subscr);
procedure Prefix(NodeIndex : Subscr);
procedure Postfix(NodeIndex : Subscr);
public BinaryTreeMain;
const MaxNumNodes = 28;

Noauawn
Nouvaw
escese®
CEEER T

8 9 9 @ type Subscr = @..MaxNumNodes;
9 16 0 @ Node = record
9 11 9 1 Symbol : char;

10 12 0 1 Left : Subscr;

11 13 9 1 Right : Subscr

end;

12 15 0 8 Tree = array[Subscr] of Node;

13 17 8 @ var NodeCharacter : char;

14 18 @ 0 NodeIndex : integer;

15 19 9 @ ExpressionTree : Tree;

16 21 0 @ (* This program builds a binary tree of characters from
user input data and. prints out the nodes of a tree in
infix, prefix, and postfix notation. An input line con-
sists of the character, its position in the tree, and the
position of its two children; each item is separated from
the next by a blank. ¥)
program BinaryTreeMain(Input,Output);

17 306 8 0 const One = 1;

18 32 0 0 var DataFile : text;

Figure 9-4A. Sample Program 2B1: Binary Tree Traversal, Separately

Compiled

Sample Programs
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N
=
w
o
-
=

(‘
procedure BuildTree; (*
var FindRoot : boolean;

*)
build tree from user input *)

21 38 1 @ procedure AddNode; (* add a node to the tree *)
22 39 2 @ begin

22 406 2 1 write(NodeCharacter : 3, NodelIndex: 3);

23 41 2 1 with ExpressionTree[NodeIndex] do begin

24 42 2 2 Symbol:=NodeCharacter;

25 43 2 2 read(DataFile,Left); write(Left : 3);

27 4 2 2 read (DataFile,Right); write(Right : 3);
29 45 2 2 readln(DataFile);

38 46 2 2 writeln

w
-
>
@
[N}
-

end
end; (* AddNode *)

ctiteln;

read (DataFile,NodeCharacter ,NodeIndex);

32 59 1 @8 begin

32 51 1 1 FindRoot := false;

33 52 1 1 writeln('INPUT IS:'); w
35 53 1 1 AddNode;

36 54 1 1 repeat

36 55 1 2

37 56 1 2 if NodeIndex = 1 th
38 57 1 2 else AddNode

39 58 1 2 until (FindRoot) or (eo
41 59 1 1 writeln

42 67 0 1
43 68 8 1
46 69 £ 1
a7 7% 6 1
48 71 8 2
49 72 € 2
51 73 8 2
52 74 @ 2
54 7% 8 2
55 76 8 2
57 77 8 2
58 78 8 2
59 79 8 2
61 s o 1
62 8l 8 1

Summary Information:

PROCEDURE
BUILDTREE
ADDNODE
BINARYTREEMAIN
»CONST IN CODE=

Total

81 Lines Read.
8 Errors Detected.

end; (* BuildTree *)

*

en FindRoot := true

f(DataFile));

*

(* The main program reads in user data and displays the
tree in Infix, Prefix, and Postfix notation. %)

begin (* BinaryTreeMain *)

reset(DataFile,':F1:DATA2");

writeln; writeln; write

read (DataFile,NodeChara

while not eof(DataFile)
BuildTree;

1n;
cter,NodeIndex);
do begin

writeln; writeln(’INFIX:');

Infix(One);

writeln; writeln(*PREFIX:');

Prefix(One);

writeln; writeln('POSTFIX:");

Postfix(One);
writeln; writeln
end;
writeln; writeln
end. (* BinaryTreeMain ¥)

OFFSET CODE SIZE
OBETH B874H 116D
803AH @OADH 173D

DATA SIZE

STACK SIZE
09180 16D
60168 16D %

B15BH #@181H 385D @@5AH 96D G@PEH 14D

B03AH 58D

62DCH 732D B@5AH 96D #8628 98D

43% Utilization of Memory.

Figure 9-4A. Sample Program 2B1: Binary Tree Traversal, Separately

Compiled (Cont’d.)

system-id Pascal-86, V2.9

Source File:
Object File:

PRG2B2.SRC
PRG2B2.0BJ

Controls Specified: <none>.

STMT LINE NESTING

SOURCE TEXT: PRG2B2.SRC

1 1 8 @ module BinaryTreeOutput;

2 2 8 9P public BinaryTreeQutput;

3 3 2 @ procedure Infix(NodeIndex : Subscr);
4 4 0 @8 procedure Prefix(NodeIndex : Subscr);
5 5 0 @ procedure Postfix(NodeIndex : Subscr);
6 6 0 @ public BinaryTreeMain;

7 7 6 @ const MaxNumNodes = 20;

8 9 B @ type Subscr = #..MaxNumNodes;

9 16 © @ Node = record

9 11 @8 1 Symbol : char;

190 12 8 1 Left : Subscr;
11 13 8 1 Right : Subscr

end;

12 15 0 0 Tree = array[Subscr] of Node;

13 17 8 @ var NodeCharacter : char;

14 18 @ 9 NodeIndex : integer;

15 19 @ 8 ExpressionTree : Tree;

Figure 9-4B. Sample Program 2B2: Binary Tree Traversal, Separately

Compiled

9-6
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private BinaryTreeOutput;

17 23 8 0 (= - *)
procedure Infix(NodeIndex : Subscr); (* write out the
18 25 1 8 tree in infix notation *)
begin
18 27 1 1 with ExpressionTree[NodeIndex] do
19 28 1 1 if Left <> # then begin
2p 29 1 2 write('(" : 1);
21 38 1 2 Infix(Left);
22 31 1 2 write(Symbol : 2);
23 32 1 2 Infix(Right);
24 33 1 2 write(")® : 1)
end (* if ¥)
25 35 1 1 else write(Symbol : 2)
26 36 1 1 end; (* Infix *)
27 38 @8 8 (* *)
procedure Prefix(NodeIndex : Subscr); (* write out the
28 46 1 9 tree in prefix notation %)
begin
28 42 1 1 with ExpressionTree[NodeIndex] do
29 43 1 1 if Left <> @ then begin
39 4 1 2 write(Symbol : 2);
31 45 1 2 Prefix(Left);
32 46 1 2 Prefix(Right)
end (* 1f *)
33 48 1 1 else write(Symbol : 2)
34 49 1 1 end; (* Prefix *)
35 51 & o (* - *)
procedure Postfix(NodeIndex : Subscr); (* write out the
36 53 1 9 tree in postfix notation ¥)
begin
36 55 1 1 with ExpressionTree[NodeIndex] do
37 56 1 1 if Left <> 8 then begin
38 57 1 2 Postfix(Left);
39 58 1 2 Postfix(Right);
48 59 1 2 write(Symbol : 2)
end (* if *)
41 61 1 1 else write(Symbol : 2)
42 62 1 1 end; (* Postfix *)
43 63 @ @

Summary Information:

PROCEDURE OFFSET CODE SIZB DATA SIZE STACK SIZE

INFIX BP0FE SHCIR 183D 88108 16D
PREFIX GOClH B68FE 143D 66104 16D
POSTFIX §15¢H BOS8CH 146D 88106H 16D
~CONST IN CODE~w 60801 8D

Total @1DCH 476D @000H 8D 98301 48D

63 Lines Read.
8 Errors Detected.
43% Utilization of Memory.

Figure 9-4B. Sample Program 2B2: Binary Tree Traversal, Separately
Compiled (Cont’d.)

9.3 Sample Program 3

The program of figure 9-5 computes the non-complex roots of a series of quadratic
equations of the form

y=a2+bx+c

The program takes the quadratic coefficients a, b, and ¢ from the file data, and
outputs the roots to the file quad. When the roots to an equation have an imaginary
part, the program does not compute the roots, but writes a message to the file
RESULT on device :FI:.

This program illustrates the use of REAL and TEMPREAL numbers, a non-text
file, and file input and output via GET and PUT.

Note that this program, like any other that performs input of numeric values using
GET rather than READ, cannot directly handle console input. This is because con-
sole I/0 is in the form of text files (i.e., files of CHAR values organized into lines),
and GET does no type conversions. The program assumes that the file data is
already in the correct (REAL) format.
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This program must be linked to CEL87.LIB, the run-time support libraries
(P86RNO.LIB, PS6RNI1.LIB, P86RN2.LIB, P86RN3.LIB), the appropriate 8087
libraries (either 8087.LIB, or E8087.LIB and E8087), and any interface libraries
required by your operating system.

system-id Pascal-86, V2.0

Source File: PROG3.SRC
Object File: PROG3.0BJ
Controls Specified: <none>.

STMT LINE NESTING SOURCE TEXT: PROG3.SRC

1 2 0 0 (* This program computes the non-complex roots of a quadratic equation
of the form a*x**2 + b*x + c. It performs I/O to a binary file, but
displays the input coefficients and outputs roots in a readable form
on the console. If the roots are imaginary, the program prints an
appropriate message.

Variables:

ZeroConst - real constant used to check for imaginary roots
InputCoef - real input file which holds the input coefficients
QuadResult - real output file which holds the quadratic results
AVar ,Bvar,CVar - real coefficients

TempVar - real value for temporary storage *)

program Quadratic(Output);

2 17 o o const ZeroConst = 0.0;
3 19 8 0 var InputCoef,QuadResult : file of real;
4 20 0 0 AVar ,Bvar,CvVar : real;
5 21 0 O TempVar : TEMPREAL;
6 23 8 0 begin
6 25 8 1 reset(InputCoef,":F1:DATA3'); (* position input file at beginning *)
7 26 2 1 rewrite(QuadResult,':F1:RESULT"); (* initialize output file *)
8 28 @0 1 while not EOF (InputCoef) do begin
9 30 0 2 Avar := InputCoef”; get (InputCoef); (* get ¥)
11 31 8 2 BVar := InputCoef”; get(InputCoef); (* coefficients *)
13 32. 0 2 Cvar := InputCoef”; get(InputCoef); (* from input file *)
15 33 90 2 write('Input. coefficients are: ',AvVar,BVar,Cvar); (* echo inputs *)
16 34 0 2 writeln; write('Roots are: ');
18 35 @8 2 TempVar := (BvVar * BVar) - (4 * Avar * CVar); (* compute discriminant *)
19 36 0 2 if TempVar >= ZeroConst then begin
20 37 8 3 TempVar := sqrt(TempVar);
21 38 8 3 QuadResult”™ := (-BVar + TempVar) / (2 * AvVar);
22 39 g 3 write(QuadResult”); put(QuadResult);
24 0 6 3 QuadResult” ;= =-(BVar + TempVar) / (2 * Avar);
25 41 @ 3 writeln(QuadResult”); put (QuadResult
26 42 0 3 end (* of 1f *)
27 43 0 2 else writeln(' imaginary'); (* print to default output file *)
29 45 8 2 end; (* of while ¥)
31 47 8 1 writeln

end.(* Quadratic *)

Summary Information:

PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE
QUADRATIC @055H 0261H 609D @032H 50D OQOPEH 14D
-CONST IN CODE- 8055H 85D

Total 82B6H 694D 0032H 56D @042H 66D

49 Lines Read.
@ Errors Detected.
41% Utilization of Memory.

Figure 9-5. Sample Program 3: Quadratic Roots
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9.4 Sample Program 4

The program of figure 9-6 is a simple text editor. It reads a preconnected file of
characters and echoes the input to the OUTPUT file, recognizing the following con-
trol characters and performing the indicated actions:

() Ignore all enclosed characters.
* Start new output line.
/ Exchange preceding and following characters.
+ Delete preceding character.

The control characters themselves do not appear in the output. In addition, the pro-
gram counts the number of occurrences of each capital letter in the input and prints
out the result following the text output.

Note that the input file is a text file; therefore, carriage returns and line feeds are
read as blanks. The output file (the standard file QOUTPUT) is, of course, a text file.

This program illustrates the use of arrays, sets, Boolean variables and preconnec-
tion, as well as file input and output. Execute this program with the invocation line:

This program must be linked to the run-time support libraries (P86RNO.LIB,
P86RNI1.LIB, P86RN2.LIB, P86RN3.LIB), 87NULL.LIB, and any interface
libraries required by your operating system.

system-id Pascal-86, V2.0

Source File: PROG4.SRC
Object File: PROG4.0BJ
Controls Specified: <noned>.

STMT LINE NESTING SOURCE TEXT: PROG4.SRC
1 1 0 @8 (* This simple text editor program reads a preconnected file of characters,
interprets certain control characters, and echoes the input to the default
OUTPUT file. It also reports the number of times each capital letter occurs.

The program recognizes the following control characters:
() ignore all enclosed characters
* start a new output line
/ exchange preceding and following characters
+ delete preceding charactev
Variables = -
LParen, RParen, Asterisk, Slash, Plus - control character constants
Ch - character variable to hold input character
TempCh - temporary character variable used for output character
CharInput ~ input file of characters which is preconnected
NewLine - boolean variable to-determine when & new line is needed
CapitalLetter - character set of capitol letters of the alphabet
CapCount - integer array to hold the -count of each letter
Edit - set of editing control characters %)

program TextEdit(CharInput,Output);

2 23 B 0 const LParen = '('; Rparen = ')‘%;

4 24 8 B Asterisk = '*'; Slash = '/*';

6 25 8 0 Plus = '+';

7 27 8 9 var Ch,TempCh : char;

8 28 @8 @ CharInput : text;

9 29 6 @ NewLine : boolean;
19 38 0 0 Capitalletter : set of 'A'..'Z';
11 31 8 @ CapCount : array['A'..'2'] of integer;
12 32 6 0 Edit : set of Lparen..Slash;

13 34 8 @ begin
13 35 4 1 CapitalLetter := ['A'..'2"']; (* perform initialization *)
14 36 @ 1 Edit == ['(',"+",'*','/'];

15 37 8 1 for Ch := 'AR' to 'Z' do CapCount{Ch] := 8;
17 38 8 1 reset(CharInput);

18 39 9 1 TempCh := '#*°;

Figure 9-6. Sample Program 4: Text Editor

9-9
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19 41 8 1 while not eof(CharInput) do begin
20 42 0 2 read (CharInput,Ch); (* input a character *)
21 43 2 2 if [Ch] * capitalLetter <> [] then CapCount{Ch] := CapCount{Ch] + 1;
23 4 6 2 if [Ch] * Edit <> (] then
24 5 8 2 case Ch of X (* action for control characters *)
25 46 B 3 LParen : begin (* ignore embedded text *)
25 47 8 4 repeat read(ChariInput,Ch) until Ch = RParen;
27 48 9 4 read (CharInput,Ch)
end;
29 5¢ 8 3 Asterisk : NewLine := true; (* flag a new line *)
30 51 8 3 Plus : read(CharInput,TempCh); (* delete preceding character *)
31 52 8 3 Slash : begin (* perform character exchange *)
31 53 0 4 Ch := TempCh;
32 54 8 4 read(ChariInput,TempCh);
33 55 8 4 end
34 56 9 3 end; (* case ¥)
36 57 8 2 if [TempCh) * Edit = [] then write(TempCh);
38 58 8 2 if NewLine then begin
39 59 @ 3 writeln;
40 66 9 3 NewLine := false

9-10

end; (* if *)

-
[
o
~
]
N

end; (* while *)

44 65 8 1 writeln(TempCh)f writeln; {* write out last character *)
46 66 @ 1 for Ch := 'A' to 'Z' do write(Ch : 3,CapCount{Ch} : 2);
48 67 8 1 writeln

end. (* TextEdit *)

Summary Information:

PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE

TEXTEDIT BB15H @2ABH 683D @854H 84D @EO0EH 14D
—CONST IN CODE- PO15H 21D
Total 82C6H 704D 9854H 84D @642d 66D

68 Lines Read.
@ Errors Detected.
43% Utilization of Memory.

Figure 9-6. Sample Program 4: Text Editor (Cont’d.)

TempCh := Ch (* assign output character for next loop %)

9.5 Sample Program 5

The program of figure 9-7, designed to run on an iSBC 86/12A system rather than
on a development system, initializes the 8253 interval timer on the iSBC 86/12A
board to interrupt the host processor every 10 milliseconds. This program illustrates
the use of Pascal-86 predefined procedures for port input/output (INBYT and
OUTBYT) and interrupt control (SETINTERRUPT and CAUSEINTERRUPT). It
also shows how to bypass Pascal’s type checking using variant records, and how to
manipulate bits using sets.

Since this program is designed to run in a bare machine (non-operating system)
environment, it need only be linked with the run-time support libraries PS6RN0.LIB
and P86RN1.LIB, and 87NULL.LIB.

9.6 Sample Program 6

The program of figure 9-8 reads in pairs of eight-by-eight two-dimensional matrices
of integers from the file INPUT, computes the product, and writes the output to the
file OUTPUT. It illustrates the use of multi-dimensional arrays, value and variable
parameters, array arguments, and text file input and output.

The algorithm used in this program was chosen for its simplicity. It may not be
mathematically optimal.

This program must be linked to the run-time support libraries (P86RNO.LIB,
P86RNI1.LIB, P86RN2.LIB, P86RN3.LIB), 87NULL.LIB, and any interface
libraries required by your operating system.
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system—id

Pascal-86, V2.0

Source File:
Object File:
Controls Specified: <none>.

STMT
1

- w

~ o

1o
11

12

18

19

20
29

21

22

23

24

25

26

26
27

28
29

PROG5.SRC
PROG5.0BJ

LINE NESTING SOURCE TEXT: PROG5.SRC
8 @ (* This program uses an 8253 interval timer on an iSBC 86/12A
board to interrupt the host processor every 18 millisecopds.
It assumes the 86/12A board is set up as a standard Series-III board
is set up, with:
- counter B of the on-board 8253 free, and its interrupt strapped
to level 2 of the on-board 8259A.
- The on-board 8259A initialized as on the Series-III, with its
8 interrupts mapped in from 58 to 63.
*)
program IntervalTimer;
13 9 8 (* 8253 Port address definitions. *)
const CountControlPort = @D6H;
15 6 8 CountRegf = PODOH;
16 9 @ InitializeRegd = B30H;
18 8 @ (* 8259a Port address and control word definitions. *)
IMaskRegPort = BC2H;
20 6 o IControlPort = @COH;
21 @8 0 EndofInterrupt = P20H;
23 8 @ (* Define a set of interrupts to use to mask the 8259A interrupt mask *#)
(* The 8259A assigns interrupt levels from right to left in its control
register, the same order that Pascal-86 assigns bits to set elements.
*)
type IntLevels = (18, I1, 12, I3, I4, IS5, 16, 1I7);
29 2 @ IntSet = Set of IntLevels;
31 8 0 var CountCounts : LONGINT; (* Extend timer here. Holds count of
32 9 ® + 10 msec. intervals recieved, *)
(* *
procedure ResetCount;
35 1 o (* This procedure loads the counter value with 12388
so that the counter will count down for exactly 10
milliseconds. ( The iSBC 86/12A clock rate is 1.23MHz.) *)
(* Use a variant record to map two bytes "on top of" & word.
Note that the low byte precedes the high byte. *)
var Count : RECORD CASE BOOLEAN OF
43 1 1 true: ( FullWord: WORD);
44 1 1 false: ( Low, High: 0..255)
END; .
47 1 o begin
48 1 1 Count.FullWord := 12300; (* 16 milliseconds € 1.23 Mhz *)
49 1 1 OUTBYT (CountReg# ,Count.Low);
56 1 1 OUTBYT (CountReg®,Count.High)
end; (* ResetCount ¥*)
53 0 9 (* *
procedure InitializeChip; (* Initialize the 8253 by setting the control
55 1 @ word to select counter @, read/load low-order byte then high-order
byte, interrupt on a terminal count, and accept count in binary.
(control word = 38H) ResetCount is called to load the counter.#)
var IMask : IntSet;
61 1 @ begin
62 1 1 (* Initialize Counter 8. *)
OUTBYT (CountControlPort,InitializeRegB);
64 1 1 RESETCOUNT;
66 1 1 (* Now, enable the interrupt level corresponding to timer 9.
On the Series-III board, it is mapped at interrupt level 2
on the 8259A, which maps to the 8086 level 58. *)
INBYT (IMaskRegPort, IMask);
71 1 1 (* The expression IMask - [I2] yields a set of interrupts with
I2 removed. This turns off the bit corresponding to interrupt
level 2 on the 8259, which is our timer.
(Turning the bit off in the mask register enables the interrupt) %)
OUTBYT (IMaskRegPort, IMask - [I2]);
77 1 1 end; (¥ InitializeChip *)
79 @ @ * %)
S$INTERRUPT (ServicelInterrupt)
procedure Servicelnterrupt; (* This procedure services interrupt 58 when that
82 1 9 interrupt occurs. To make the
program more useful, add code to take action before starting the
next interval. *)
begin
87 1 1 ResetCount;
88 1 1 CountCounts := CountCounts + 1;
9% 1 1 (* Must clear the interrupt on the 8259A. *)
OUTBYT (IControlPort, EndofInterrupt);
92 1 1 end; (* Servicelnterrupt ¥)

Figure 9-7. Sample Program 5: Interrupt Processing
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30

30
31
32
33
34

94

96
97
98
99
100

)

sSesss

el

(*
begin

SETINTERRUPT (58,Servicelnterrupt);
CountCounts := @;
InitializeChip;
while true do

end. (* IntervalTimer *)

Summary Information:

PROCEDURE
RESETCOUNT
INITIALIZECHIP

SERVICEINTERRUPT

INTERVALTIMER
~CONST IN CODE-

Total

100 Lines Read.

OFFSET
0090H
001AH
083AH
00728

9 Errors Detected.
44% vtilization of Memory.

Figure 9-7. Sample Program 5: Interrupt Processing (Cont’d.)

CODE SIZE DATA SIZE STACK SIZE
881AH 26D 0BB6H 6D
802010 32D 0008H 8D
0038H 56D 8026H 38p
003BH 59D 00044 4D 000AH 16D
@000OH oD
@@ADH 173D @@04H 4D @P72H 114D

system-id

Pascal-85, V2.0

Source File:
Object File:
Controls Specified: <none>.

STMT LINE NESTING

1

LS

NROVO®I

e

15
16

13
15

17
18

20

24
25
26

28
29

31
32

34

"]

= s

o

-

e

-

b b s

-

PROG6 . SRC
PROG6.0BJ

0

s

NS S

e

)

NN e S

-

NNNNFHeSS D

-

SOURCE TEXT:
(* This program reads in pairs of two-dimensional square matrices of
integers from the default input file, computes the product, and writes

PROG6 .SRC

the results to the default output file.

variables:

MatrixSize - number of rows or columns (all matrices are square)

InputMatrixOne, InputMatrixTwo - integer input matrices

OutputMatrix - integer output matrix

QuitChar - character variable to query the user to quit

program MatrixMult(Input,Output);

const MatrixSize

= 8;

*)

type Matrices = array(l..MatrixSize,l..MatrixSize] of LONGINT;

var InputMatrixOne,

QuitChar :

char;

(*

Prompts user to enter a matrix and reads it in by columns/rows *)

procedure ReadMatrix(var InMatrix : Matrices);
var 1,J : integ

begin

er;

writeln('INPUT AN 8X8 MAfRIX:');

for I := 1 to MatrixSize do begin

for J := 1 to MatrixSize do read(InMatrix[I,J]);

readln
end; (*

for *)

writeln; writeln
end; (* ReadMatrix *)

(*

Writes out a matrix by columns/rows

procedure WriteMatrix(OutMatrix : Matrices);
var I,J : integ

begin

writeln;

er;

writeln('MATRIX PRODUCT IS:'); writeln;

for I := 1 to MatrixSize do begin

for J := 1 to MatrixSize do write(OutMatrix([I,J]

writeln
end; (*

writeln; wr
end; (* WriteMatrix *)

for *)
iteln

Multiplies two input matrices

procedure Product(var ProdMatrix : Matrices;
OneMatrix,TwoMatrix : Matrices);

var I,

Result

begin

for I

J, K : integer;

LONGINT;

:= 1 to MatrixSize do

for J := 1 to MatrixSize do begin
Result := @;
K := 1 to MatrixSize do

for

Result := Result + OneMatrix([I,K] * TwoMatrix(K,J];

ProdMatrix[I,J]

end

(* for *)

end; (* Product ¥*)

:= Result

*)

InputMatrixTwo, OutputMatrix : Matrices;

*)

4)

Figure 9-8. Sample Program 6: Matrix Multiplication

H
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38 65 B @ (% == - *)
begin (* MultMatrix *)
38 67 08 1 repeat
38 68 0 2 ReadMatrix(InputMatrixOne); (* input first matrix *)
39 69 8 2 ReadMatrix(InputMatrixTwo); (* input second matrix *¢)
40 7 6 2 Product(OutputMatrix,InputMatrixOne,InputMatrixTwo); (* multiply them *)
41 71 B8 2 WriteMatrix (OutputMatrix); (* output the resulting matrix *)
42 72 6 2 write('ANOTHER MATRIX? '); (* query for another matrix ?*)
43 73 B 2 read(QuitChar); writeln
44 74 8 2 until not (QuitChar im ['¥','y'])
45 75 8 2 end. (* MultMatrix *)

Summary Information:

PROCEDURE OFFSET CODE SIZE PATA SIZE STACK SIZE
READMATRIX 0048H @B8SH 133D 001AH 26D
WRITEMATRIX P9CDH @899H 153D 601AH 26D
PRODUCT 0166H OOATH 167D @61EH 36D
MATRIXMULT @20DH @116H 272D @311H 785D (@206H 518D
~CONST IN CODE- 0048H 72D

Total 031DH 797D @311H 785D ©28CH 652D

75 Lines Read.
@ Errors Detected.
43% Utilization of Memory.

Figure 9-8. Sample Program 6: Matrix Multiplication (Cont’d.)

9.7 Sample Program 7

The program of figure 9-9 finds a path through a maze and writes out the solution.
The maze is a 7 by 7 square consisting of passageways (represented by dots) and
walls (represented by W’s); for example:

ce WO W,
WU WWW
WL LWL
caaWLL,
CoWLLW.
CoWLWL,
A .
The starting point is always the top left corner, and the exit is the bottom right
corner. Movement through the maze can be vertical or horizontal, but not diagonal.
If a path through the maze exists, the program prints out a square matrix in which
up-arrow ! symbols represent the path, X’s represent points visited that are not part

of the path, dots represent passageway points that were not visited, and W’s repre-
sent walls. For example, the output corresponding to the sample input above is:

TX X W oW
TWWXWWW
TWXXHW ..
X Wt
RN
TWTW Lt
LN N

If there is no possible path through the maze, the program writes out a message in
place of the solution. You must input the maze configuration without any blanks.
Blanks are added to the output for readability.

The procedure findpath, which does the work of finding a way through the maze, is

directly recursive—that is, it calls itself. This program must be linked to the run-time
support libraries (P86RNO.LIB, P86RNI1.LIB, P86RN2.LIB, P86RN3.LIB),
87NULL.LIB, and any interface libraries required by your operating system.
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system-id

Pascal-86,

Source File:
Object File:

Controls Specified:

STMT LINE NESTING

1

33
35
37
38
39
49
42
44

46

]

(SRR N NN Y

RPHERERERE 8  HEERER D 588

[

R o e e S S N )

]

V2.9

PROG7.SRC
PROG7.0BJ

]

NNFHEE &8 H NNHHDEe & Sse soanssses

-

)

NRNNNNRNNNNMNNNNE

(S

<none>,

SOURCE TEXT: PROG7.SRC

(* This maze game program first prompts the user to enter a seven-by-seven
maze, where a '.' indicates a path and a 'W' represents a wall. The program
then determines whether or not there is a way out by beginning in the upper
left~hand corner and trying to exit at the lower right-hand corner. The
program marks with 'X's the trail which actually leads out, if any. If there
is no way out of the maze, the program displays an appropriate message. Other-—
wise it displays the final maze and prompts the user to enter another maze. ¥)

program AMazeGame(Input,Output);

const Top = 1; (* constant to mark the smallest row number *)
Bottom (* constant to mark the largest row number *)
Left = (* constant to mark the smallest column number *)
Right (* constant to mark the largest column number *)
Path = (* constant to mark a path input by user ¥)
Trail (* constant to mark the trail the program took *)
Mark = (* constant to mark the path which was travelled %)
Size = (* number of columns or rows in the maze *)

var Maze : array[l..Size,l..Size] of char; (* array to hold maze *)

WayOut : boolean;
InputChar : char;

(* flag to indicate a way out *)
(* prompt user to play again *)

(* *)
procedure ReadMaze; (* procedure to input the user's maze ¥%)
var I, J : 1..Size;
begin
writeln('INPUT A MAZE:'); writeln;
for I :=1 to Size do begin
for J := 1 to Size do read(Maze[1,J));

end (* for %)
end; (* ReadMaze *)

* *)
procedure WriteMaze; (* procedure to output the maze *)
var I, J : 1l..Size;
begin
writeln('PATH THROUGH MAZE IS:'); writeln;
for I:= 1 to Size do begin
for J := 1 to Size do write(Maze[I,J] : 2);
writeln
end (* for *) /
end; (* WriteMaze *)

& *)

(* Recursive procedure to find a path through the maze. This procedure
continues to call itself until either the way out has been found or it has
determined there is no way out. The algorithm begins at the upper right-hand
corner of the maze and tries to move to the lower left-hand corner, marking
the path it has traveled with an X. The algorithm first tries to move

right, then down, then left, then up. If there is a way out, the procedure
marks the trail with up-arrow symbols as the recursion levels decrease.

Row - parameter to indicate row number
Column - parameter to indicate column number *)

procedure FindPath(Row, Column : integer);
begin
if (Row = Bottom) and (Column = Right)
then WayOQut := true
else begin
Maze[Row,Column] := Mark;
if Column <> Right then
if Maze[Row,Column + 1) = Path then
FindPath(Row,Column + 1}); (* move right if possible *)
if (not WayOut) and (Row <> Bottom) then
if Maze[Row + 1,Column} = Path then
FindPath(Row + 1,Column); (* move down if possible *)
if (not WayOut) and (Column <> Left) then
if Maze[Row,Column - 1} = Path then
FindPath(Row,Column -~ 1); (* move left if possible #)
if (not WayOut) and (Row <> Top) then
if Maze[Row - 1,Column] = Path then
FindPath(Row -~ 1,Column) (* move up if possible *)
end; (* else *)
if wayOut then Maze[Row,Column} := Trail
end; (* FindPath *)
* 3 *)
(* The main program inputs a maze, initially assumes there is no way out, then
calls the recursive procedure FindPath to find a way out if there is one. If

there is no way out, the program prints a message; otherwise, it prints the
final maze. *)

Figure 9-9. Sample Program 7: Maze Game
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begin (* AMazeGame *)

59 87 8 1 repeat

50 88 @9 2 ReadMaze;

51 89 @ 2 WayOut := false;

52 9 8 2 FindPath(Top,Left);

53 91 9 2 if wayOut then WriteMaze

54 92 B 2 else begin {* if no way out, print message *)

55 93 4 3 writeln; writeln('NO PATH THROUGH MAZE FOUND.');
57 94 8 3 writeln :

end; (* else *)

59 9% 2 2 writeln; writeln('ANOTHER MAZE? (Y or N)');
61 97 8 2 readln(InputChar)

until not (InputChar in {‘y*,'Y'])
62 99 8 2 end. (* AMazeGame *)

Summary Information:

PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE
READMAZE @064H PP75H 117D 08188 24D
WRITEMAZE @9D9H @O7AH 122p 8818H 24D
FINDPATH 8153 GOEAH 234D B880AH 18D
AMAZEGAME 923DH @16EH 270D @043H 67D @80EH 14D
~CONST IN CODE- 20648 186D

Total #34BH 843D 0643H 67D @87CH 124D

99 Lines Read.
@ Errors Detected.
43% Utilization of Memory.

Figure 9-9. Sample Program 7: Maze Game (Cont’d.)

9.8 Sample Program 8

The program of figure 9-10 builds a list of first names in alphabetical order as they
are input. It reads in each name and inserts the name in an alphabetical linked list. It
illustrates the use of dynamic variables and pointers to form a linked list.

This kind of data structure is an alternative to non-dynamic data structures like the
array of records used for the tree in sample programs 2A and 2B. (Sample programs
2A and 2B could also have been implemented using dynamic variables.)

This program must be linked to the run-time support libraries (P86RNO.LIB,

P86RN1.LIB, P86RN2.LIB, P86RN3.LIB), 87NULL.LIB, and any interface
libraries required by your operating system.

9.9 Sample Program 9

The program of figure 9-11 echoes characters that are entered at the console. It

illustrates the use of FILE OF CHAR and lazy 1/0 to read characters one at a time.

from the console (instead of using line-edited TEXT files).

This program must be linked to the run-time support libraries (P86RNO.LIB,
P86RN1.LIB, P86RN2.LIB, P86RN3.LIB), 87NULL.LIB, and any interface
libraries required by your operating system.
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system—ia

Pasgal-86, V2.0

Source File:
Object File:

STMT LINE NESTING

1

[N}

avwnew

o
0o~

13

38
31

33
34

37

2

]

ssae s

[SESECRSRY

S

-

b b e

8

C R = R

-

NNH S

PROG8.SRC
PROG8.0BJ
Controls Specified:

0

©

Freaow

RSECE Y

=

NS

© R

HRHEES ©

-

<none>.

SOURCE TEXT: PROG8.SRC

(* This program reads in names of up to 20 characters and builds
an alphabetical list.

variables -
Head - pointer to mark the head of the list
Name - character array to hold a name in the list
ResponseChar - used to ask user for more input *)

program SortList(Input,Output);
const NameLength = 20;

type ListElement = packed array[l..NameLength] of char;
ListPtr = "ListRecord;
ListRecord = record
Person : ListElement;
Next : ListPtr
end; (*record®)

var Head : ListPtr;
Name : ListElement;
ResponseChar : char;
NameBuffer : array[l..NameLength] of char;
TempPtr : ListPtr;

(> - *)

procedure InsertName(Name : ListElement); (* Procedure to enter names to the
list. It add names to the front of the list unless they are
alphabetically greater. It scans the list, setting SwitchOrder
when the correct location is found and adding the name in that
location.

Variables -
Pointer - primary pointer used in setting up linked list
SwitchPointer - temporary pointer used when switching list order
NewPointer- pointer to point to new name being inserted
SwitchOrder - boolean flag to indicate order needs switching %)

var Pointer,SwitchPointer,NewPointer : ListPtr;
SwitchOrder : boolean;

begin
SwitchOrder := true;
Pointer := Head;
while (SwitchOrder) and (Pointer <> nil) do
if Name < Pointer”.Person then SwitchOrder := false
else begin
SwitchPointer := Pointer;
Pointer := Pointer”.Next
end; (* else *)

new(NewPointer);

NewPointer” .Person := Name;

NewPointer”.Next := Pointer;

if Pointer = Head then Head := NewPointer

else SwitchPointer”.Next := NewPointer
end; (* InsertName ¥*)

(* *)

procedure ReadName(var Name : ListElement); (* input a name *)
var i : integer;

begin
for i := 1 to NameLength do NameBuffer[{] := ' *;
for i := 1 to NameLength do
if not eoln then read(NameBuffer(i]);
pack (NameBuffer,1,Name) ;
readln N
end; (* ReadName *)

(* )
procedure WriteName; (* output a linked 1list *#)

begin
TempPtr := Head;
while TempPtr <> nil do begin
writeln(TempPtr”.Person);
TempPtr := TempPtr”.Next
end (* whlie *)
end; (* WriteName *)

Figure 9-10. Sample Program 8: List Processing
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44 83 0 (* - ®)
begin (* SortList ¥)

44 85 0 1 Head := nil;

45 86 0 1 writeln('Begin inputting names ');

46 87 © 1 repeat

46 88 9 2 ReadName (Name) ;

47 89 @ 2 InsertName (Name) ;

48 92 0 2 write('More names? ');

49 91 @ 2 readln(ResponseChar);

50 92 0 2 until (ResponseChar in ['n','N']);

52 93 0 1 WriteName

end.(* SortList ¥)

Summary Information:

PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE
INSERTNAME 6633H OOBEH 198D 0016H 22p
READNAME 00F1H @061H 97D 8014H 20D
WRITENAME 9152H @04DH 77D @00PEH 14D
SORTLIST B19FH @0OFFH 255D @P41H 65D @016H 22D
<CONST IN CODE- @033H 51D

Total @29EH 676D @041H 65D @@82H 138D

95 Lines Read.
@ Errors Detected.
42% Utilization of Memory.

Figure 9-10. Sample Program 8: List Processing (Cont’d.)

system-id Pascal-86, V2.0

Source File: PROGY9.SRC
Object File: PR0OG9.0BJ
Controls Specified: <none>.

STMT LINE NESTING SOURCE TEXT: PROG9.SRC
1 (* Illustrate the use of a FILE OF CHAR to obtain character at a time
input from the console (instead of line-editing).
Note that TEXT files are line-edited, so that INPUT, the "standard”
input file, since it is a TEXT file, will use line-editing for input. *)

(* Using Pascal I/O to interact with a console device is a little
tricky... Pascal-86 has taken the approach of Lazy I/0, as outlined
in chapter 8 of the manual (see discussion of RESET) ¥)

PROGRAM ECHO (INCHAR, OUTPUT);

2 12 @ o (* FILE OF CHAR is NOT line-edited: the run-time system
uses the DQ$SPECIAL routine to indicate that transparent
input is desired. (TEXT files use line-edited input). ¥)

VAR INCHAR: FILE OF CHAR;

3 16 0 0 CH: CHAR;
4 18 0 @ BEGIN
4 20 8 1 (* RESET and GET are defined to read in a character to the buffer

(before the prompt is written). But, Lazy I/0O delays the actual
read until the buffer variable (INCHAR") is referenced in the
middle of the loop.

RESET (INCHAR, °‘:CI:');

5 25 8 1 REPEAT
5 26 0 2 WRITE ("TYPE A CHAR: ');
6 27 0 2 (* Be sure to copy the character from the input buffer
("Filled” by RESET and GET) before doing another GET. *)
CH := INCHAR";
7 306 8 2 GET(INCHAR); (* WON'T actually do a READ until INCHAR" is referenced
8 31 8 2 the next time around the loop. ¥)
WRITELN ("YOU TYPED A: ', CH);
9 33 8 2 UNTIL CH = ' °*;
11 34 8 1 END.
Summary Information:
PROCEDURE OFFSET CODE SIZE DATA SIZE STACK SIZE
ECHO 9630H OBCFH 207D @011RH 17D @@0EH 14D
<CONST IN CODE« 8930H 48D
Total @0FFH 255D @P11H 17D 0042H 66D

34 Lines Read.
@ Errors Detected.
40% Utilization of Memory.

Figure 9-11. Sample Program 9: Character Input/Output
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CHAPTER 10
COMPILER CONTROLS

You control the operation of the Pascal-86 compiler by using compiler controls that
allow you to specify options such as inhibiting extension warning messages or
generating debug records. All controls have default values preset to their common
uses.

By default, the Pascal-86 compiler will produce two files: source.OBJ for the object
module with type records, and source.LST for the source listing including error
messages, where source is the filename (without extension) of the Pascal source file.
If the NOEXTENSIONS control is active, the compiler will also issue warning
messages when it detects an Intel extension to standard Pascal, and copy all errors
and warnings to the console.

If you do not want to change these default values, you can safely skip this chapter. If
you need to change any control defaults, you should read the following sections and
refer to individual controls in section 10.4. A summary of these controls is provided
in table 10-1.

10.1 Introduction to Compiler Controls

You can specify a control in the command line used to invoke the compiler, or in
control lines that appear as part of the source file. In your specific host-system
appendix, you will find information on the command line used to invoke the
compiler.

When you specify a control in the invocation command line, the control remains
active unless another control overrides it. A discussion of the types of controls and
the rules governing them follows; specific cases of controls overriding other controls
are discussed in 10.3. These cases are summarized in table 10-2.

To override the controls specified in the invocation line, controls must appear in the
source file itself. For example, if the invocation line specified only the NOLIST con-
trol (all others being set to their default values), then the control to override
NOLIST is its opposite form: LIST. It would appear in the source file as follows:

$LIST

A control line is a source line starting with a dollar sign ($) in the leftmost column.
In this example, the compiler will now list the source program lines until the next
occurrence, if any, of NOLIST. (All controls are described in 10.4.)

You use control lines to selectively control the compilation of sections of your
source file. For example, you might want to suppress the listing of sections of your
program or cause page ejects to start listings on new pages. Whenever the compiler
sees a dollar sign (8) in the leftmost column of a source line, it assumes that the line
is a control line, even if the dollar sign is embedded within a comment.

There are two types of controls: primary and general. Primary controls must occur
either in the invocation command line or in a control line that precedes the first non-
control line of the source file. You specify primary controls in the invocation line or
put an initial set of primary control lines before the first source program line. You
use primary controls as ‘‘global’’ controls that must be set before any compiling
begins. These controls cannot be changed during compilation.
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General controls may occur either in the invocation command line or in a control
line located anywhere in the source file. These controls may be changed during com-
pilation. General controls can override each other, but they cannot override primary
controls. General control lines in the source file are considered Intel extensions to
standard Pascal that cause warning messages if the NOEXTENSIONS control is

active.

All controls have default values that are active unless you explicitly specify their
opposite values. In typical compilations, you might not specify any controls and

employ only the default values.

If the compiler detects an error caused by a primary control in the invocation line or
in the initial set of primary control lines in the source file, it stops compiling and
issues an error message to the console. If the compiler detects an error in general
control lines (after the first set of primary control lines), it reports the error in the
same manner as other compiler errors. Chapter 13 provides a discussion of all com-

piler error messages.

10.2 Summary of Compiler Controls

Table 10-1 lists the controls for the Pascal-86 compiler. An asterisk (*) denotes a

primary control; all others are general controls.

Table 10-1. Summary of Pascal-86 Compiler Controls

Control

Abbreviation

Default

Action

CHECK/NOCHECK

CODE/NOCODE

*“DEBUG/NODEBUG

EJECT

“ERRORPRINT/NOERRORPRINT

*ERRORPRINT(file)

*EXTENSIONS/NOEXTENSIONS

INCLUDE(file)

CH/NOCH

CO/NOCO

DB/NODB

EJ

EP/NOEP

ET/NOET

NOCHECK

NOCODE

NODEBUG

paging is automatic

ERRORPRINT(:CO:)

EXTENSIONS

not applicable

Check for arithmetic
overflows, stack
overflow, and out-of-

‘range assignments

and subscripts during
compilation and run
time.

Allow or prevent listing
of approximate assem-
bly code.

Generate debug
records in the object
module.

Force start of new
page of printed output.

Write all compiler-
generated error mes-
sages to the specified
file.

Allow Intel extensions
to standard Pascal, or
(NOEXTENSIONS)
issue an extension
warning whenever the
source program con-
tains any Intel exten-
sions to standard
Pascal.

Include other source
files as input to the
compiler.
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Table 10-1. Summary of Pascal-86 Compiler Controls (Contd.)

Control

Abbreviation

Defauilt

Action

INTERRUPT(proc[=n][,...])

LARGE/COMPACT/SMALL

LIST/NOLIST

*OBJECT((file)]/NOOBJECT

*OPTIMIZE(n)

*PRINT((file)]/INOPRINT

SUBTITLE('subtitle’)

*TITLE(‘title’)

*“TYPE/NOTYPE

*XREF/NOXREF

IT

LA/CP/SM

LI/NOLI

OJ/NOOJ

oT

PR/NOPR

ST

T

TYINOTY

XR/INOXR

not applicable

LARGE

LIST

OBJECT(source.OBJ)

OPTIMIZE(1)

PRINT(source.LST)

no subtitle

module name in source

TYPE

NOXREF

Designate procedures
as interrupt pro-
cedures, and generate
interrupt vector.

Determines the mem-
ory addressing tech-
nigues of a module
under compilation.

Allow or prevent listing
of source lines.

Specify a filename for
the object module, or
prevent the creation of
an object module.

Governs level of
optimization per-
formed when generat-
ing object code.

Allow or prevent
printed output, or
select device or file to
receive printed output.

Put a subtitle on each
page of printed output,
and cause a page
eject.

Put a title on each
page of printed output.

Inciude type records in
object module.

Allow or prevent a
cross-reference listing
of source program
identifiers.

*Primary controls (all others are general).

Table 10-2. Summary of the Effects of Controls on Other Controls

s Control(s)
Control Affected or Control(s) that Control(s) that
Used Overridden by it Affect It Override it
CHECK NOCHECK *OBJECT *NOOBJECT
NOCHECK
CODE NOCODE *PRINT(file) NOCODE
*OBJECT *NOPRINT
COMPACT SMALL, LARGE *NOOBJECT
*DEBUG *NODEBUG *OBJECT(file) *NODEBUG
*NOOBJECT
EJECT *TITLE('title") *PRINT(file) *NOPRINT
SUBTITLE('subtitle’) NOLIST
*ERRORPRINT(file) *ERRORPRINT(.CO:) *NOERRORPRINT
*NOERRORPRINT
*NOERRORPRINT *ERRORPRINT(file ) *ERRORPRINT(file )
*NOPRINT
*NOEXTENSIONS *EXTENSIONS *ERRORPRINT(file) *EXTENSIONS
*NOERRORPRINT
*PRINT(file)
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Table 10-2. Summary of the Effects of Controls on Other Controls (Cont’d.)

Control
Used

Control(s)
Atfected or
Overridden by It

Control(s) that
Affect it

Control(s) that
Override It

INCLUDE(file )
INTERRUPT(proc [=n ],...))
LARGE

NOLIST

*OBJECT(file)

*NOOBJECT

*OPTIMIZE(n)

*PRINT(file)

*NOPRINT

SMALL

SUBTITLE('subtitle’)

“TITLE(itle’)

*TYPE

*XREF

SMALL, COMPACT

LisT
SUBTITLE('subtitle’)
EJECT

*OBJECT(source. OBJ)
INTERRUPT(proc (=n][,...])
“‘DEBUG

*TYPE

“OBJECT(file)
INTERRUPT(proc[=n],...})
*DEBUG
“TYPE
CHECK
CODE

CODE
*NOEXTENSIONS
NOLIST
EJECT
TITLE('title’)
SUBTITLE('subtitle')
PRINT(source .LST)

*PRINT(file)
*PRINT(source.LST}
CODE
EJECT
*NOERRORPRINT
*NOEXTENSIONS
NOLIST
TITLE('title')
SUBTITLE('subtitle")
XREF

COMPACT, LARGE

*NOTYPE

*NOXREF

*NOOBJECT

*PRINT(file)

*NOOBJECT

NOLIST
EJECT
PRINT(file)

NOLIST
PRINT(file)

"OBJECT(file)

*PRINT(file)

*NOOBJECT
LIST
*NOPRINT

*NOOBJECT

*OBJECT(file)

*NOPRINT

*PRINT(file)
*PRiINT(source.LST)

*NOOBJECT

*NOPRINT

*NOPRINT
*NOOBJECT
*NOTYPE

*NOXREF
*NOPRINT

*Primary control (all others are general)

10.3 Using Controls

Controls to the compiler govern the format, processing, and content of both the
input source file(s) and the output file(s). Certain controls in their default forms
override other controls that are explicitly stated. This section describes the use of
controls according to the areas they govern, and suggests which controls should be

used during specific stages of program development.

In the following sections, an asterisk (*) denotes a primary control (or control pair).

All other controls are general controls.

10.3.1 Listing Device or File Selection

The following controls govern the selection of the device or file to receive compiler

listings and error/warning messages:

*PRINT[(file)]/NOPRINT
*ERRORPRINT[(fife)]/NOERRORPRINT
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Use the PRINT control to select the device or file to receive all printed output.
Under NOPRINT, only error messages will be output to either the console or the
ERRORPRINT file, which you select with the ERRORPRINT control.

The NOPRINT control overrides all of the listing format controls described in
10.3.2, since it governs all printed output. You can, however, select a different file
or device to receive error messages. Even if the NOPRINT control is active, error
messages will always appear somewhere—either in a different file specified in an
ERRORPRINT control, or at the console if the ERRORPRINT control is not
specified (or if NOERRORPRINT is specified).

To generate a listing that includes error messages and the complete (or partial)
source listing (as governed by format controls discussed below), use the PRINT con-
trol to specify the listing file, or allow the default PRINT control to send the listing
to source.LST. If you select an ERRORPRINT file, error messages will appear
twice: once in the ERRORPRINT file, and once in the listing file governed by the
PRINT control.

10.3.2 Controlling Listing Format and Content

If PRINT is active, the following controls govern the format and content of printed
output. The default value of a control pair is listed first:

NOCODE/CODE

EJECT
*EXTENSIONS/NOEXTENSIONS
LIST/NOLIST

SUBTITLE ('subtitle")
*TITLE( 'title ')
*NOXREF/XREF

The default values allow listing of the source program without the approximate
assembly code listing (NOCODE), without the identifier cross-reference
(NOXREF), and without any extension warning messages (EXTENSIONS).

These default values assume the general case. If you need the approximate assembly
code listing of portions of the source file, use the CODE control. If you need to
suppress certain portions of the source listing, use NOLIST. Note that the NOLIST
control does not override the CODE control.

Under the default EXTENSIONS, extension warning messages are not issued (i.e.,
Intel extensions to standard Pascal are accepted without any warnings). If you
specify NOEXTENSIONS, extension warning messages will occur if the compiler
detects an Intel extension to standard Pascal. These warnings are directed to the file
governed by PRINT and ERRORPRINT, and they do not stop the compilation pro-
cess. Deviations that are not supported by Pascal-86 generate real errors. Control
lines in the source file (after the initial set of primary controls) are considered Intel
extensions to standard Pascal; under NOEXTENSIONS, they cause extension
warnings.

The XREF control directs the compiler to produce a symbol and identifier cross-
reference, as described in 11.1.5 and in 10.4. NOXREF (the default) suppresses this
action, and NOPRINT overrides XREF.

Although paging is automatic (every 60 lines), you can force a page eject on any line
by using the EJECT control. An EJECT in a control line is ignored if the control
line occurs in an area governed by the NOLIST control. TITLE and SUBTITLE
controls specify titles and subtitles in the listing. If NOLIST is in effect, the subtitle
specified is saved until listing resumes with the LIST control. All of these controls
are ignored if NOPRINT is active.
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10.3.3 Source Selection and Processing

The following controls govern the selection and processing of source files. The
default value of a control pair is listed first.

*EXTENSIONS/NOEXTENSIONS
INCLUDE (file)

There is only one primary source file, but you can include other source files in the
compilation by specifying them in INCLUDE controls. For example, you could save
the PUBLIC sections common to several modules in another source file, and
INCLUDE the other file with each module compilation at the place where the
PUBLIC sections are needed.

The INCLUDE control must be the rightmost (last) control on a source control line.
If controls are to the right of the INCLUDE control on a control line, the compiler
issues a non-fatal error message.

The EXTENSIONS control (default value) allows Intel extensions to standard
Pascal to pass through compilation without generating warning messages.
NOEXTENSIONS directs the compiler to check for these extensions and issue warn-
ings. Use NOEXTENSIONS for programs that you want to conform to standard
Pascal.

10.3.4 Object Content and Program Checkout

The following controls govern the selection and content of the object module, and
implement program checking. The default value of a control pair is listed first.

*QBJECT (file) /NOOBJECT

*NODEBUG/DEBUG

*TYPE/NOTYPE
NOCHECK/CHECK

The OBJECT control selects a file to receive the object module. The default file has
the same root name as the source file, with the extension OBJ (i.e., if PROGI1.SRC
is the source file, PROG1.0BJ becomes the object file). NOOBJECT prevents the
generation of an object module and directs the compiler to perform only a quick
syntax and semantic check of the source file. It also inhibits the execution of the
OBIJECT phase, overriding CODE and CHECK.

The DEBUG control generates debug records in the object module that are used by
symbolic debuggers such as PSCOPE, DEBUG-86, and the ICE-86 emulator. The
default value NODEBUG suppresses the generation of debug records. NOOBJECT
overrides DEBUG. The DEBUG control generates debug records and does not
affect any program checkout features.

The TYPE control (default value) generates type records in the object module that
are used for type checking by the linker. TYPE is the default, because type checking
is one of the advantages of using Pascal. Type records provide the mechanism for
enforcing type compatibility between separately-compiled modules. TYPE informa-
tion is also used by PSCOPE to display or modify memory variables. The NOTYPE
control suppresses the generation of type records. NOOBJECT overrides TYPE.

The CHECK control directs the compiler to check for out-of-range assignments,
out-of-bounds array subscripts, stack overflow, and integer overflow. If possible,
violations are checked at compile time, but some run-time checking may be
required. NOCHECK suppresses all checking activity. NOOBJECT overrides the
compile-time checking performed by CHECK.

Pascal-86



Pascal-86 Compiler Controls

10.3.5 Program Optimization and Run-Time Environment

The following controls optimize code and memory size requirements and affect the
run-time environment of a particular program. The default value of the control is
listed first.

*OPTIMIZE (n)
LARGE/COMPACT/SMALL
INTERRUPT (proc[=n][, ...])

The OPTIMIZE control allows you to specify the level of optimization you want the
compiler to perform when it generates object code. Two optimization levels are pro-
vided: OPTIMIZE(1) (the default), and OPTIMIZE(0). OPTIMIZE(0) performs
more limited optimization and is strongly recommended when you are debugging
your programs with PSCOPE or DEBUG-86.

The LARGE, COMPACT, and SMALL controls determine the memory addressing
techniques of a given object module. If you are unsure of your program’s memory
requirements, LARGE (the default) is recommended: it directs the compiler to make
no special assumptions. You can improve code efficiency by using the smallest con-
trol possible, given your program’s specific run-time memory requirements. Note
that every module in a program must be compiled with the same control. (Exten-
sions to these controls are discussed in Appendix I.)

The INTERRUPT control enables you to compile specific procedures as interrupt
procedures. Dynamic interrupt number assignments (via the SETINTERRUPT pro-
cedure) within the source program overrride the assignments made in the
INTERRUPT control. During run time, if an interrupt occurs that is associated by
number with an interrrupt procedure, the interrupt procedure gains control. Inter-
rupt handling is discussed in detail in Appendix K.

10.3.6 Use of Controls in Stages of Development

When you are compiling a program for the first time, use the default control settings
with the following exceptions:

e Use CHECK, OPTIMIZE(0), and DEBUG for program checkout; then use
PSCOPE, DEBUG-86, or ICE-86 for symbolic program debugging.

e Use XREF to generate a symbol and identifier cross-reference to aid your
debugging and maintenance efforts.

Definitions of PUBLIC procedures and functions (needed for an interface specifica-
tion that is common to several modules) can be maintained in a separate file and
included with the source file by using the INCLUDE control. (For information on
interface specifications, see 4.2.3.)

For quick compiling and error reporting, you can maximize compile speed by using
default settings for all but one control; use NOPRINT to supress printed output.
(Errors will be reported at the console, or use ERRORPRINT to redirect errors to a
file.)

When preparing programs to test with the ICE-86A or ICE-88 emulator, use the
CODE control during compilation to list the pseudo-assembly instructions and
addresses. The CODE control can help you recode certain portions in assembly
language.
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Use the NOLIST control to save time by not listing portions of the source code that
are already debugged. To make your listing more readable, use EJECT, TITLE, and
SUBTITLE. You can direct the final listing to a specific output file using the PRINT
control, and direct the final object module to a specific output file using the
OBIJECT control.

To enforce compatibility with the Pascal standard, use the NOEXTENSIONS con-
trol early in program development to generate warning messages whenever the com-

piler encounters an Intel extension to standard Pascal. You can also use the CODE
control to help recode non-standard areas in assembly language.

10.4 Descriptions of Individual Controls

NOTE

Sample invocation lines for most compiler controls are provided on a fold-
out page in your specific operating-system appendix.

10.4.1 CHECK/NOCHECK
Check for invalid references, overflow, and out-of-range assignments and
subscripts during compilation or at run time.
Syntax: CHECK
NOCHECK

Abbreviation: CH/NOCH

Default: NOCHECK
Type: General
Description:

The CHECK control provides a way to check for certain violations during compila-
tion and at run time. The compiled code checks for the following:

® Array subscripts out of bounds

e Stack overflow

®* Overflow in integer computations
® Qut-of-range assignments

Example:
$CHECK

In the above control line, the CHECK (abbreviated CH) control causes the subse-
quent code to implement checking.

Note:

® Violations detected at run time cause the execution of an error handler.
Overflow in integer computations generates an Interrupt 4, which in turn
invokes the trap handler in effect at the time of the interrupt. Appendix K pro-
vides information about run-time support and interrupts.
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10.4.2 CODE/NOCODE

Allow or prevent the listing of approximate assembly code.

Syntax: CODE
NOCODE

Abbreviation:” CO0/NOCO

Default: NOCODE
Type: General
Description:

The CODE control directs the compiler to produce a listing of the approximate
assembly code for the generated object code (in a form that resembles 8086 assembly
language). This listing occurs only for portions of the source code where the CODE
control is active—it stops when a NOCODE is encountered. No code listing is
generated if the NOOBJECT control is active. The approximate assembly code
listing is appended to the source listing in the listing file created by the PRINT con-
trol (see PRINT/NOPRINT).

The NOCODE control prevents the listing of the approximate assembly code. The
default control setting (if you specify neither control) is NOCODE.

Example:
$CODE

The CODE control in this control line lists the approximate assembly code for the
object code and appends the listing to the source listing.

$NOCODE

The NOCODE control in this control line turns off the action of the CODE control.

Notes:
® The CODE control cannot create printed output if the NOPRINT control is in
effect.

® Section 11.1.5 gives a sample a listing of approximate assembly code.
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10.4.3 COMPACT

Specify memory addressing techiniques of a program under compilation.
Syntax:

1. COMPACT J[(-CONST IN DATA-)]
(-CONST IN CODE-)

Pascal-86

2. COMPACT ([subsystem-id] [submodel] EXPORTS public-list[; EXPORTS public list]...)

3. COMPACT (subsystem-id [submodel] HAS module-list [ { iHAS module-list

Abbreviation: CP

Default: LARGE (see10.4.10)
Type: General
Description:

The COMPACT control directs the compiler to perform certain memory addressing
optimizations that help reduce the amount of code produced. If you do not need to
optimize your code size, or if you are not sure that you program meets the
COMPACT memory restrictions, simply use the default LARGE control. (For more
advanced methods of memory optimization, see Appendix I.)

This section discusses the COMPACT control in its simplest form (see (1) above).
The syntax in (2) and (3) applies only to the extended controls, which are discussed
in Appendix I.

Modules compiled with the COMPACT control have four sections: code, constant,
data, and stack (see 11.2). When these modules are linked, similar sections from
each module are combined to form segments. A COMPACT program has three
segments: code, data, and stack.

In the default COMPACT case (—CONST IN DATA—), the code sections from all
modules are allocated space in one segment, which is addressed relative to the CS
register. All constant and data sections (excluding dynamic variables) are combined
in a second segment, which is addressed relative to the DS register. The stack, con-
taining parameters and local variables, is addressed relative to SS.

If (—CONST IN CODE—) is specified, the code and constant sections from all the
modules are allocated space within one segment, which is addressed relative to the
CS register. The data sections (excluding dynamic variables) are combined in a
second segment, which is addressed relative to the DS register. The stack is
addressed relative to SS.

The maximum size each of the code segment (including constants if —CONST IN
CODE—), the data segment (including constants if —CONST IN DATA—), and
the stack segment, is 64K.

Dynamic variables are allocated on the heap, which is outside of the three segments
discussed above, and are addressed with 32-bit pointers. The maximum storage for
dynamic variables is one megabyte.

References to any location require only a 16-bit offset, using these segment
addresses. Since the code, data, and stack segments are fully defined by the time the
program is loaded, the addresses in the CS, DS, and SS registers are never changed.

;EXPORTS public—/isti] )
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10.4.4 DEBUG/NODEBUG

Generate debug records in the object module.

Syntax: DEBUG
NODEBUG

Abbreviation: DB/NODB

Default: NODEBUG
Type: Primary
Description:

The DEBUG control generates debug records which contain the name and relative
address of each symbol whose address or stack frame offset is known by the com-
piler, and the statement number and relative address of each source statement. The
DEBUG control generates debug records in the object module—it does not imply
the CHECK control checkout features.

The default setting, NODEBUG, prevents the generation of these records.
Example:
$DEBUG

The DEBUG control in this control line generates debug records in the object
module.

Note:
e The DEBUG control is ignored if the NOOBJECT control is in effect.
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10.4.5 EJECT

Force the start of a new page of printed output.

Syntax: EJECT

Abbreviation: EJ

Default: paging is automatic
Type: General
Description:

The EJECT control terminates the printing of the current page and starts a new
page. The control line containing the EJECT control is the last line printed (follow-

ing the page heading) on the old page.

If you do not use the EJECT control, a page eject will occur automatically after

every 60 lines.
Example:

$EJECT

The EJECT control in this control line forces the start of a new page, after this con-

trol line is printed.

Note:

e The EJECT control is ignored if the NOLIST or NOPRINT controls are in

effect.
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10.4.6 ERRORPRINT/NOERRORPRINT

Copy all compiler-generated error messages to the specified file.

Syntax: ERRORPRINT[(file)]
NOERRORPRINT

Abbreviation: EP/NQEP

Default: ERRORPRINT
Type: Primary
Description:

The ERRORPRINT control with the optional file argument directs all compile-time
error messages to both the file specified and the listing file (file specified in a PRINT
control, or source.LST by default), if the listing file is not suppressed by
NOPRINT. If the listing file is suppressed by the NOPRINT control, errors appear
only in the file specified. You must supply a legal pathname for file or an error will
occur.

The ERRORPRINT control without the file argument (i.e., the default setting
ERRORPRINT) directs all compile-time error messages to the console (:CO:) and
the listing file, if the listing file is not suppressed by NOPRINT. In other words, the
default argument for file in an ERRORPRINT control is :CO: for the console.

The NOERRORPRINT control directs all compile-time error messages to the listing
file only, i.e., the file specified in a PRINT control; or source.LST, the default
listing file (see the PRINT control). If the listing file is suppressed by NOPRINT, the
NOERRORPRINT control is ignored, and all compile-time error messages appear
at the console.

Example:
$NOERRORPRINT

The NOERRORPRINT control in this control line sends error messages to the
listing file only, or to the console if the listing file is suppressed by NOPRINT.

Note:

e Even if you use NOERRORPRINT and NOPRINT, error messages still appear
at the console. Without NOPRINT, NOERRORPRINT sends error messages
only to the listing file.
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10.4.7 EXTENSIONS/NOEXTENSIONS
Allow Intel extensions to standard Pascal, or issue an extension warning
whenever the source program contains any non- standard Pascal feature.
Syntax: EXTENSIONS
NOEXTENSIONS

Abbreviation: ET/NOET

Default: EXTENSIONS
Type: Primary
Description:

The NOEXTENSIONS control directs the compiler to check for any Pascal-86
features in the source program that are Intel extensions to standard Pascal as
defined in the ISO Draft Proposal for standard Pascal (see Bibliography). Whenever
the compiler finds such a feature, it issues an extension warning message as an error
message, but it continues to compile the program and produce the object module.
The compiler also issues an extension warning for any control line that occurs after
the initial set of primary controls.

The EXTENSIONS control allows legitimate Intel extensions to be processed
without warning messages. These controls do not adversely affect the compilation.

Example:
SNOEXTENSIONS

The NOEXTENSIONS control in this control line causes extension warnings to
occur for any Intel extension to standard Pascal.

Note:

e Extension warning messages are treated as compile-time error messages, and are
sent to the appropriate file or to the console depending on the setting of the
ERRORPRINT and NOPRINT controls (se¢ ERRORPRINT).
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10.4.8 INCLUDE

Include other source files as input to the compiler.

Syntax: INCLUDE (file)

Abbreviation: IC

Default: no included files
Type: General
Description:

Compiler Controls

When the compiler encounters the INCLUDE control in the source file, it reads
from the other source file named by file, until it reaches the end of the file. Then the
compiler resumes reading the source lines that follow the INCLUDE control line in

the original source file.
Example:
$INCLUDE(PUBLIC.SRC)
Read source lines from the file PUBLIC.SRC.

Notes:

e The INCLUDE control must be the rightmost control in a control line (or the

only control in that line).

¢ The included file may itself contain INCLUDE controls, but the nesting of

included files cannot exceed five (six included files).

* The compiler always forces an end-of-line after reading from an included file.

®  Your file must be a valid pathname, or an error will occur.
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10.4.9 INTERRUPT

Designate procedures as interrupt procedures, and generate the interrupt vector.

Syntax: INTERRUPT (procedure[=number][ , procedure{=number]]...)

Abbreviation: IT

Default: no interrupt procedures
Type: General
Description:

The INTERRUPT control allows you to specify procedures to be compiled as 8086
interrupt procedures, and to generate an interrupt vector.

The procedure you supply is the identifier for the procedure to be compiled as an
interrupt procedure. You can optionally specify an equal sign and a number for
each procedure, and you can specify multiple procedures, as well as multiple
INTERRUPT controls. The number is the number of the interrupt to be associated
with the specified procedure; this number must be in the range 0 to 255, or an error
will occur. You can only specify one number for each procedure.

When you include number, the compiler creates an interrupt vector consisting of a
4-byte entry for the interrupt procedure. For interrupt number n, the entry for the
interrupt procedure is located at absolute memory location n times four. )

Examples:
$INTERRUPT(INTT1=1, INT2=2, INT3=3)

This control line specifies procedure INTI as an interrupt procedure for interrupt 1,
at location 4; INT2 for interrupt 2, at location 8; and INT3 for interrupt 3, at
location 12.

Notes:

e The procedure specified must appear at the outer level of nesting (i.e., nested
only in the program block), without any parameters. The procedure may not be
passed as a procedural parameter.

e After the program is loaded, a procedure is executed whenever the 8086
interrupt associated with the procedure occurs. Section K.1 provides more
information about run-time interrupt processing, and section 8.9 describes the
predefined interrupt control procedures.

® If you use the SETINTERRUPT procedure within your program, at run time
the SETINTERRUPT procedure’s interrupt number assignment will take
precedence and override the INTERRUPT control assignment. The
SETINTERRUPT procedure is described in 8.9.1.
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10.4.10 LARGE
Specify memory addressing techniques of a program under compilation.
Syntax:

1. LARGE [(-CONST IN <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>