
MODULA-2
TABLE OF CONTENTS

Introduction 17
Structure of This Manual 17
Typography 18
Acknowledgements 19

Chapter 1. Getting Started 21
Before Use 21
Files on Disk 21
Preparing a Work Disk 23
Running Turbo Modula-2 26

Chapter 2. A Brief Tour of Turbo Modula-2 29
The Menu System 29

* Chapter 3. Language Elements 37
Character Set 37
Vocabulary 38
Numbers 38

,.•

Whole Numbers 38
Real Numbers 40
Strings and Characters 40
Strings 40
Characters 41

/ ^°limiters and Comments 41
Delimiters 41
Comments 42
Operators 42
Reserved Words 43
Identifiers 44
Standard Identifiers 44
User-Defined Identifiers 45
Library Identifiers 45



MODULA

c

Chapter 4. Expressions 49
Properties of an Expression 49
Operands 50
Operators 50
Operator Precedence 51

Chapter 5. Data Structure 53
Data Objects 53
Elementary Data Types 54
Declarations 56
Constant Declarations 57
Type Declarations 58
Variable Declarations 58
User-Defined Unstructured types 59
Enumeration Types 59
Subrange Types 60
Pointer Types 61
Structured Types 62
Array Types 62
Record Types 64
Variant Records 66
Set Types 67
Procedure Types 68

Chapter 6. Statements 71
Assignment Statements 72
WITH Statements 73
Conditional Statements 75
IF Statements 75
CASE Statements 76
Repetitive Statements 77
FOR Statements 77
WHILE Statements 79
REPEAT Statements 79
LOOP Statements 80
EXIT Statements 80
Procedural Statements 81
Procedure Calls 82
Procedure Declarations 82
Parameters 84



Open Array Parameters 86
Function Procedures 89
RETURN Statements 90
Nested Procedures 91
Scope of Visibility 92
FORWARD Statements 93
Standard Procedures 94

Chapter 7. Modules 97
The Main Module 97
Library Modules 100
! nition and Implementation Modules 101
Compiled Modules 104
Opaque Export 105
Local Modules 106
Scope and Local Modules 107

Chapter 8. Low-Level Facilities ill
TVpe-Transfer Functions 113
Type Transfer and Type Conversion 114
Low-Level Types and the Pseudomodule System 115
Untyped Parameters 116
Absolute Addresses 117
Coroutines and Interrupts 118
Coroutines 118
Interrupts 119

Chapter 9. Turbo Modula-2 Extensions 121
Input and Output Extensions 121
String Extensions 122
/ ' 'tidimensional Open Arrays 122
i^or-Handling Extensions 122
Syntax and Semantics of Exception Handling 123
Declaration of Exceptions 124
Raising Exceptions 124
Exception Handlers 125
Exception Propagation 127



MODULA

Chapter 10. System Operations 131
File Management Utilities 132
Options 135
Avoiding the Menus 137
The Turbo Editor 138
Operating the Editor 139
Editing Commands 139
Cursor Movement Commands 141
Extended Movement Commands 143
Insert and Delete Commands 144

{ Block Commands 145
Find and Replace Commands 147
Miscellaneous Editing Commands 149
The Librarian 151
Searching Libraries 151
The Compiler 152
Operating the Compiler 153
The Listing 154
Error Correction 157
Running Out of Memory 159
When the Compiler Runs Out of Memory 159
When Your Program Runs Out of Memory 160
Symbol Files 162
Compiler Options and Switches 163
The Linker 167
Linking with Overlays 169
Linking the Linker 173
Version Control 174
Utilities 175

f , Linking Microsoft Relocatable Files 175
^ ' Profile 178

Chapter 11. The Standard Library 181
Overview of Input and Output Modules 182
Overview of Utility Modules 183
Overview of System and Low-Level Modules 183
Details of the Module Library 184
Input and Output 184
Streams 186
Logical Devices 187



The Texts Module 188
Standard Text Streams 188
Stopping the Program During Input and Output 192
Opening, Creating, and Closing a Text 193
Renaming, Deleting, and Other File Operations 195
Reading and Writing 195
READ and WRITE Statements 201
User-Defined I/O Drivers 205
The InOut Module 207
The Files Module 210
Errors During File Handling 210

/ ~ Derations on Entire File 214
V ..e Processing 216

Files with Elements of Mixed Types 222
The Terminal Module 224
The ComLine Module 229
Redirection of Input and Output 229
Utility Modules 233
The MathLib and LongMath Modules 233
The Strings Modules 237
The Convert Module 241
The Doubles Module 242
System-Dependent Modules 243
The Processes Module 243
The Pseudomodule SYSTEM 248
Low-Level Access to Data 248
Array of Word 248
Coroutines and Interrupts 251
Z80-Specific Procedures 253
Interface to CP/M 253
Assembler Interface 254
* ̂ odules in Memory Management 258

.ie STORAGE Module 260
Standard Procedures Dependent on Storage 260
Heap Pointer 260
Dynamic Variable Errors 263
The Loader Module 264

Chapter 12. Turbo Modula-2 -Reference Directory 271
ABS 273
ADDRESS 273
ADR 275



c

8 •_ MODULA

ALLOCATE 276
AND 277
Append 278
Arctan 279
ArgumentError 280
ARRAY 281
available 284
Awaited 285
BADOVERLAY 286
BDOS 287
BEGIN 288
BIOS 288
BITSET 290
BOOLEAN 291
BusyRead 292
BYTE 294
Call 295
CAP 296
CAPS 296
CARD 297
CARDINAL 298
CardToStr 299
CASE 300
CHAR 303
CHR 304
clearEol 305
ClearScreen 306
CleaiToEOL 307
Close 308
Closelnput 309
CloseOutput 310
CloseText 311
CODE 312
Col 313
ComLine 314
commandLine 317
ConnectDriver 318
console 319
CONST 320
Convert 321

i

!



Copy 322
Cos 323
Create 324
CreateText 325
DeadLock 326
DEALLOCATE 327
DEC 328
DEFINITION 330
Delete Files 332
Delete Strings 333
DeleteLine 334

( viceError 335
DiskFull 336
DISPOSE 337
DIV 339
Done InOut 339
Done Texts 340
DOUBLE 341
Doubles 342
DoubleToStr 343
END 343
EndError 344
Entier 345
EOF 346
EOL 347
EOLN 348
EOT 349
EXCEPTION 350
EXCL 351
EXIT 352

:tScreen 353
353

EXPORT 354
FALSE 356
FILE 356
Files 357
FileSize 359
FILL 360
firstDrive 360
FLOAT 361



c

c

10 MODULA

Flush 362
FOR 363
FORWARD 364
FREEMEM 365
GetName 366
GotoXY 367
HALT 368
haltOnControlC 368
HIGH 370
Highlight 371
highlightNormal 372
HLRESULT 373
IF 374
IMPLEMENTATION 375
IMPORT 378
INC 379
INCL 382
Init 382
InitScreen 383
inName 384
InOut 385
IORESULT 386
INP 387
input 388
insert 389
InsertDelete 389
InsertLine 391
INT 392
INTEGER 393
IntToStr 394
IOTRANSFER 395
legal 396
Length 397
LoadError 397
LongMath 398
LONGREAL 399
Ln 401
Loader 402
LONG 403
LONGINT 404



11

LongMath 405
LongToStr 406
LOOP 407
MARK 408
MathLib 409
MAX 410
MIN 411
MOD 412
MODULE 413
NEW 414
NEWPROCESS 416

( ^xtPos 417
NIL 419
Normal 419
NoTrailer 420
numCols 421
numRows 422
ODD 423
Open 423
Openlnput 425
OpenOutput 426
OpenText 427
OpSet 428
OR 429
ORD 430
OUT 431
outName 432
OUTOFMEMORY 433
output 434
OVERFLOW 435

( HINTER 436
r'OS 438

PROC 439
PROCEDURE declaration 440
PROCEDURE type 441 -
PROCESS 443
Processes 445
progName 446
PromptFor 446
QUALIFIED 448



c

12 MODULA

RAISE 449
Random 450
Randomize 451
READ 452
ReadAgain (Terminal) 453
ReadAgain (Texts) 454
ReadByte 455
ReadBytes 456
ReadCard 458
ReadChar (Terminal) 459
ReadChar (Texts) 459
ReadDouble 460
Readlnt 461
ReadLine (Texts) 462
ReadLine (Terminal) 463
READLN 464
ReadLong 465
ReadReal 466
ReadRec 466
ReadString 468
ReadWord 468
REAL 470
REALOVERFLOW 472
RealToStr 473
RECORD 475
Redirectlnput 479
RedirectOutput 480
RELEASE 481
Rename 482
REPEAT 484
ResetSys 484
RETURN 485
SEND 486
SET 487
SetCol 489
SetPos 490
SIGNAL 491
Sin 492
SIZE 493
SpecialOps 494



13

Sqrt 495
StartProcess 496
StatusError 497
STORAGE 498
String 499
StringError 500
Strings 501
StrToCard 502
StiToDouble 503
StiToInt 504
StiToLong 505

( ToReal 506
SYSTEM 506
termCH 508
TEXT 510
TextDriver 511
TextFile 512
TextNotOpen 513
Texts 514
TooLarge 516
TooManyTexts 517
TRANSFER 518
TRUE 519
TRUNC 520
TSIZE 521
TYPE 522
UseError 523
VAL 524
VAR 525
WAIT 526

/ THILE 527
»VITH 528
WORD 529
WRITE 531
WriteByte 532
WriteBytes 533
WriteCard 533
WriteChar (Terminal) 534
WriteChar (Texts) 535
WriteDouble 536



14 MODULA

WriteHex 537
Writelnt 538
WRITELN 538
WriteLn (Terminal) 540
WriteLn (Texts) 541
WriteLn (InOut) 541
WriteLong 542
WriteOct 543
WriteReal 544
WriteRec 545
WriteString (Terminal) 545
WriteString (Texts) 546
WriteWord 547

Appendices

Appendix A. Turbo Modula-2 and Turbo Pascal 549
What's the Difference 550
Vocabulary 551
Identifier Names 551
Characters 551
Numbers 551
Strings 552
Set Constants 553
Comments 553
Declarations 554
Constant Declarations 554
Type Declarations 555
Arrays 555
Records 556
Procedure Types 557
Variable declarations 559
Procedure Declarations 559
Open Array Parameters 559
Untyped Parameters 560
Function Procedures 560
Expressions 561
Set Operators 562
Statements 564
Procedure Calls 564



15

Looping Statements 564
CASE Statements 565
WITH Statements 566
RETURN Statements 566
Standard Procedures in Turbo Modula-2 566

Appendix B. Installation Procedures 571
Installing M2 571
Screen Installation 572
Manual Installation 573
Using the Turbo Pascal TINST.DIA File 574
/ Bering Terminal Codes 574
terminal Properties 575
Installation of Editing Commands 577
Compiler Installation (Miscellaneous) 581

Appendix C. Summary of Compiler Directives 583

Appendix D. Error Diagnosis 585
Format of a Runtime Error Message 585
Errors Detected by the Interpreter 586
Errors Detected by Support Modules 589
Exceptions Issued by Module Files 589
Exceptions Issued by Module Loader 589
The Calling Chain 590
Finding Runtime Errors 592
Compiler Error Messages 592

Appendix E. BNF Syntax for Turbo Modula-2 597



c

c



Introduction •*.. 17

Introduction

This book is a reference manual for the 1\irbo Modula-2 system, implemented for
the CP/M-80 operating system running on Z80 computers. Although there are
many examples throughout the book, this is not a tutorial for Modula-2 program-
ming; a basic knowledge of Modula-2 or Pascal is assumed.

The Modula-2 language was designed in 1980 by Niklaus Wirth, who also
( lored Pascal. While Modula-2 provides the powerful data and statement struc-
tures of Pascal, it also incorporates a modular structure as well as basic facilities
for multiprogramming applications. Turbo Modula-2 is Borland's practical im-
plementation of Modula-2. It follows closely the definition of standard Modula-2
as defined by N. Wirth in his book, Programming in Modula-2 (3rd Ed. New
York: Springer Verlag, 1984). However, it differs from Modula-2 in two main
areas: It has an easy-to-use I/O library and optional extensions.

Because of the wide range of possible external devices, and in order to make
the language truly machine-independent, the strict definition of Modula-2 does
not include any input/output or low-level facilities. Turbo Modula-2, however,
provides an extensive and flexible library of these facilities, which for the most
part follow Wirth's suggestions.

Turbo Modula-2 also includes several constructs not mentioned in the original
definition; for example, general-purpose READ and WRITE statements, string
comparison and assignment, multidimensional open arrays and exception handl-
ing.

Structure of This Manual

This manual is divided into four main areas: an introduction, the module library,
a look-up section, and appendices.

Chapter 1 will get you started using the Turbo Modula-2 system, walking you
through such operations as copying your distribution disk and running your first
program.
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Chapters 2 through 7 provide a thorough description of Turbo Modula-2 pro-
gramming, with a general discussion of the Modula-2 language elements and a
more detailed explanation of data, statement, and program structures, as well as
local and library modules. Chapters 5 and 6 serve as your guide to writing simple
Modula-2 programs.

Chapters 8 and 9 cover the more advanced topics in Turbo Modula-2, including
system-specific functions and extensions and low-level facilities.

Chapter 10 covers system operations, including discussion of the editor, the
compiler, the linker, the librarian, and other operational features.

Chapter 11 contains the library modules, which consist of 14 modules contain-
ing over 100 procedures. You may want to read the short description of each
library module now, and go back to study the specifics when you need to use a
particular module.

Chapter 12 comprises Turbo Modula-2's extensive alphabetical look-up section,
which contains entries of reserved words standard identifiers, and library iden-
tifiers.

The five appendices provide information on the operation of Modula-2, while
also presenting some comparisons between Turbo Pascal and Turbo Modula-2.
Appendix A provides the language comparisons. Appendix B details the instruc-
tions for installing Turbo Modula-2 on your system. Appendix C summarizes the
compiler directives discussed in Chapter 9. Appendix D lists error messages and
their definitions/diagnoses. Appendix E provides the BNF syntax diagrams of
Turbo Modula-2.

Typography

The body of this manual is printed in a normal typeface. Special typefaces are us- I
ed for the following purposes:

Alternate Alternate characters are used to illustrate program examples and
screen displays.

Italics Italics are used to emphasize certain concepts and first-mentioned
terms.
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Boldface Boldface is used to mark reserved words in text as well as in pro-
gramming examples.
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Chapter 1
Getting Started

Before Use

When you receive your Turbo Modula-2 disk, complete and mail in the license
agreement at the front of this manual. This agreement allows you to make as many

as you need for your personal use and backup purposes only.

For your own protection, make a backup copy of the distribution disk with your
file-copy or disk-copy program before you start using Turbo Modula-2. Make cer-
tain all files have transferred successfully, then store the original disk in a safe
place. If anything happens to the backup copy, you can make a new backup copy
from the original.

Files on Disk

The files you have just copied from the distribution disk to your backup disk are
described here.

System Files

M2.COM

r
M2.OVR

SHELL. MCD

The Turbo Modula-2 system file contains the M-code inter-
preter, the Overlay Manager, and the runtime system. Enter-
ing the command M2 on your terminal will load this file and
get Turbo Modula-2 up and running.

Overlay file for M2.COM.

The Turbo Modula-2 menu shell.

COMPILE.MCD The Turbo Modula-2 M-code compiler.

GENZ80.MCD The Turbo Modula-2 compiler's optional second-pass used
for generating native Z80 code.
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ERRMSGS.ÖVR Text file containing error messages.

LIBRARY. MCD A library manager that combines several compiled modules
into a single .LIB file.

SYSLIB.LIB

LINK. MCD

Installation Files

INSTM2.COM

INSTM2.OVR

INSTM2.DTA

Example Files

*MOD

Other Files

RE AD. ME

Utility Files

REL.MCD

The standard modules supplied with the Tbrbo Modula-2
system.

The Turbo Modula-2 static overlay linker that is used to pro-
duce stand-alone (.COM) files.

This installation program allows you to install the Turbo
Modula-2 compiler (M2.COM), as well as other .COM pro-
grams produced by the linker.

Installation program overlay file.

Installation data file compatible with Turbo Pascal's
TINST.DTA file (see Appendix B, »Installation Pro-
cedures«, for more details).

Sample Modula-2 programs.

If present, this file contains the latest corrections or sugges-
tions on the use of the system.

A Turbo Modula-2 utility that converts Microsoft REL
(relocatable) object files into the .MCD format used by Tur-
bo Modula-2.
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PROFILE.MCD A T\irbo Modula-2 utility that counts instructions in the
various procedures of ar. M-code program. This utility can
help you improve the efficiency of your Tbrbo Modula-2
programs.

Preparing a Work Disk

The most effective way to use Turbo Modula-2 is to have the system files on your
boot disk, allowing you to use other drives for programs and data. To make your
working disk, follow these steps:

1. Prepare a system boot disk, which will become your work disk; also include
a file-copy program such as PIP. For more information on this step, consult
your operating system's user manual.

2. Now boot your system using the work disk, and place the Turbo Modula-2
backup disk (the one you made after reading the first paragraph of this
chapter) into a free disk drive.

3. Copy the following files from your Tlirbo Modula-2 backup disk to the work
disk:

r

M2.OVR
M2.COM
SHELL.MCD
INSTM2.COM
INSTM2.MSG
INSTM2.DTA

^ . Now run the installation program by typing INSTM2 and pressing [ RET |at
the system prompt. This message will appear:

Install program ([RETURN] for M2.COM):

Press | RET | again and the following screen will appear:
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Modula-M2 system installation menu.
Choose installation item from the following:

[S]creen installation
[Miscellaneous

Enter S, C, M, or Q:

[C]ommand installation
I [Q]uit

5. Press | s | for Screen installation and pick the appropriate terminal type. For
more details on installing your system, see Appendix B.

Note: For Turbo Pascal owners with custom terminals, you may substitute
your Turbo Pascal terminal data file for INSTM2.DTA by copying the Pascal
data file to your work disk and renaming it from TINST.DTA to
INSTM2.DTA.

6. Now press | M | for Miscellaneous. Tell the system which drives to search in
for library and work files (generally, all your drives will be included).

Note: Do not try to install the keyboard commands until you become more
familiar with the editor.

7. Now select I Q I for Quit and delete the installation files from your work disk
(INSTM2.*). Then delete the file-copy program we had you install in Step 1.
Your bootable work disk should contain an installed copy of M2.COM,

- M2.OVR, and SHELL.MCD.

8. With your work disk in drive A and your backup disk in drive B, type M2
at the system prompt. The Turbo Modula-2 main menu will appear.

Selected drive: A

Work file:

Edit Compile Run

Link Options Quit

Dir Filecopy Kill

eXecute

liBrarian

reName Type
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I

!: Do not attempt to execute any menu items (except Filecopy) until all
fssary files have been copied to the work disk.

finish preparing your work disk, you must copy some files using Turbo
lula-2. To begin, press I F | for Filecopy at the main menu. Then at the

>py from:" prompt, type in the name of the file you want to copy; for ex-
Iple:

ipy from: B:*.MCD [RET]

ress | RET | to get the "Copy to:" prompt:

lopy to: A: [RET]

>r do it in one step, like so:

[Copy from: B:ERRMSGS.OVR A: [RET]

or

Copy from: BrSYSLTB.LIB A: [RET]

Copy the following files using any of the preceding procedures:

COMPILE. MCD
SYSLIB.LIB
ERRMSGS.OVR

And optionally, if there is room left on your disk, copy these files as well:
•

GENZ80.MCD*
LIBRARY. MCD
LINK. MCD
REL.MCD
PROFILE.MCD

(The files M2.COM, M2.OVR, and SHELL.MCD should already be on your
work disk.)


