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PREFACE 

This is a programming manual for the PL/M-80 language, as implemented by the PL/M-80 Compiler . 
Throughout th is manual, the name " PL/ M " refers specifically to this implementation . 

For information on the use of the PL/M-80 Compiler itself, the reader is referred to the /SIS-II PL/M-
80 Compiler Operator 's Manual, Intel document number · 98-300. For information on the ISIS-11 
operating system facilities related to PL/M-80 programming, see !SIS-II System User's Guide, Intel 
document number 98-306. 

Readers of the previous version (Rev. A) of this manual should note the following significant changes 
in this revision: 

• Section 8 .1.6 - revised to reflect the support of interrupt numbers higher than 7, for 
systems with the necessary hardware. 

• Section 8.1 .7 - revised to state that a procedure called by a reentrant procedure 
should also be reentrant . 



HOW TO USE THIS MANUAL 

This manual is intended to be read from front to back by a new PL/ M programmer. Chapter 1 
contains a synopsis intended to give an intuitive feel for the language, and also introduces certain 
important concepts in preparation for the complete discussions of language features in subsequent 
chapters. 

An index is included at the end of the manual for reference purposes. 

Appendix A contains a complete formal syntax description, written in a modified BNF notation . Most 
readers will not need this formal syntax, but it is included for completeness. Note that the terminology 
of Appendix A is not exactly the same as the less formal terminology of the main body of the manual. 

The remaining appendices are lists of ASCII codes, PL/ M special characters, PL/ M reserved words, 
and PL/ M predeclared identifiers, included for convenience in using the manual for reference 
purposes . 

ii 



CONTENTS 

PREFACE .... .. .. ..... ... .. ...... ............ ............. .... ........ .... .. .................... ........ .... .. ... ....... ........................ ........ i 

HO W TO USE THIS M AN UAL .... .... ... ....... ... ....... ... ....... ... ... ... .. .... ............ ..... .... ... ............................... ii 

LI ST O F ILLUSTRATI O NS ....... ..... ... .. ... .... .. ....... ... .... ........ ........... .... ..... .. .... ... ... ... ..... ...... .. .... .. .... ....... .. v ii 

Chapter 1: INTRODUCTIO N .. ....... ... .... .. .... ... .... ... ...... .... ............... ...... ... ...... .. ..... .... ......... ...... ... .. ... ..... 1 
1.1 W hat Is PL / M ? .... .. .. .... ........ ........ .......... .. ... ... .. ........... .... ... ................... .... .... ..... ....... ........ ... .. ... l 
1.2 Overview of the Language ......... ... .. .. .. ..... ... .... .. ....... .......... ........ .... ... ......... ...... ... .. ......... ... ........ 2 

1 .2 .1 Identifiers .. ..... ... ... ....... .. ... .. ....... .. .. .. ..... .. ..... .. ........ ... ... ...... ... .... ............. ....... ..... ..... ...... 2 
1.2.2 DECLA RE Statements ................. ... ..... ........ ...... ... ... ....... ...... ... ............................... .... ... 2 
1.2 .3 Procedure Declarations ... ... ... ... ..... ...... ...... .... ......... .. ................ ... .......... .. ....... ........ ...... 4 
1 . 2 .4 Executable Statements ... .... ........ ... ..... .... .... ...... .. .... .............. ..... ......... ............. ............. 5 
1.2 .5 Block Structure and Scope ... .. .. .. .... .. ........ ... ..... ... ... ... .. ........ .. .... ......... ...... ....... ... ...... .... 8 
1.2.6 .Expressions ....... .. .. ..... ....... ... ... ....... ......... ........ .. ........ .... ......... ..... .... .... .. ... ................ ... .. 8 
1.2.7 M odular Structure of PL / M Programs .... ..... ...... ..... .............. ... ...................................... 9 
1.2.8 Input and O utput .. ..... .... .. ... ...... .. .. ... ............... ... ... .. ..... ...... .............. ..... ........ ............... 9 

1 .3 Notational Conventions in This M anual ... .. ..... ... .. ............ ... .. ......... ... ........ .. ..... ......... .. ... ... ...... 1 O 

Chapter 2: BAS IC CONSTITUENTS O F A PL/M PROG RAM ......... .. ... ...•.................. .. ... .... ... ..... ... .. .... 11 
2. 1 PL/ M Character Set .. ......... ... .. ... ... ... .. ...... .. ... ..... .. .............. ...... .. .. ....... ........ ........ .. ... ....... .... .... 1 1 
2.2 Identifie rs and Reserved W ords .. .......................... ............. ........ ... ... ................ .......... ............. 12 
2.3 Tokens, Separators, and the Use of Blanks ...... .... ........ .. .... ........ ....... .... ..... ... ... .................... ... 12 
2.4 Comments ........ ......... ............. ...... ...... ... .. .... .... .................. ..... .............. ..... ......... ................... 13 

Chapter 3: PL/M DATA ELEME NTS AND INTRO DUCTI O N TO DECLA RATI O NS ...... ... ........ ...... ..... 15 
3.1 Numeric Constants ... ............. ................. .. ... ..... .. .......... ... ... .. .......................... ..... .... ... ............ 15 
3.2 Character String Constants ... ... .. ............ .. ......... .... .... ..... .. ......... .. .... ... .... .... ....... ........ .. ... ...... ... 16 
3.3 Scalar Variables and Introduction to Declarations ............................................................... ... 16 

3.3.1 Types ...... .. .... ....... .... .. ......... .. .... ... ............... ..... ......... ........ .............. ........ ............ ...... . 16 
3.4 Arrays .......................... ... .. ..... .... .... ...... ...... .... .... ................. .. .. ... ................. ............. ............... 17 

3.4 .1 Array Declarations .... .. .. .. .... ............. ..... ..... ......... .... ....... .. .......... ...... ....... ..... .... ... ....... 17 
3.4.2 Subscripted Variables .. .. .... ... .. ... .. .......... .... ... .. .... .. ........ ........ .. ...... ... ............ ... ............ 18 

3.5 Structures .. .. .. ... .... .. ..... .. .......... .. ... ...... ...... ........... ... ........... ....... ...... ............. ........ .. ... ....... ....... 19 
3 .5 .1 Arrays of Structures ....... .... .. ... .... .... ... .......... ...... ... .. ......... .... ..... ........... ......... ..... ........ 19 
3.5.2 Arrays Within Structures .. .. ... ..... .. ... ..... ....... ... ..... ..... .. ..... .......... .... .... .... ... .......... ... ...... 20 
3.5.3 Arrays of Structures with Arrays Inside the Structures ................ .... .... .. .... ..... .. ...... .... .. 20 

3.6 Reference to Variables ......... ......... .... ... ...... .. .... ....... .. .. ...... ....... ...... ... .... ...... ........... ....... ... .... ... 21 
3 .6. 1 Fully Qualified Variable References ... ........... .. ........ ... ......... ........ ..... ....... ..... ...... ......... 21 
3.6.2 Unquali fied and Partially Q uali fied Variable References .. .............. ........ .................... . 21 
3 .6.3 Po inters and Indirect References : Based Variables ..................... .. ................. .. ........... 2 1 

3.7 Contiguity of Storage .. ......................... ... .................... ... ....................... .... .... .. ... .. ... .... ..... ... .... 23 

Chapter 4: EXPRESSIONS A ND ASSIGNME NTS ..... .. .. .. .. .... .. .. ... ..... ..... ... ... ....... ... ..... ......... ... .. ..... ... .... 25 
4.1 O perands ... .. ... ... .. .. .. .. ..... ..... ...... ... ... ..... .. .. ... .... ... ..... .... ... .. ......... ......... ..... .... ..... ....... .. .. ... ....... 25 

4 .1.1 Constants ... ... .. ......... ... ....... .. ...... ...... ......... ................. ... ................ ... ....... .... ............... 25 
4 .1 .2 Variable References .. ... .... .......... ..... ...... ... .... ... ......... .. .. ..... ......... .... ... ....... ........ ........... 25 
4. 1.3 Location References: the Dot O perator ............. .. .... ... ....... .. ....... ...... .... .. ... .... ..... ........ 26 
4 .1.4 Subexpressions ....... ... .......... ... .. .. ................ ..... ... ... ......... ... ....... .. .. .......... .. ....... .......... 27 

4. 2 Ari thmetic O perato rs ..... .... ... ....... ... .. ... ... .. .... ............. ...... ............... ...... .. ..... .... ................... ... 28 
4 . 2 .1 The "+" and "-" O perators .. ... ... ... .. ... ... ........ ....... .............. ... .... ..... .... .. .. ... ....... .... ... . 2 8 

iii 



4.2.2 The Unary "-" Operator .. ..... .. ............... ... .... .... .... ........ .... ......... ... .. ....... ....... .. ........... 28 
4.2.3 The "*" and "/" Operators ......... ...... .. ..... .... .......... ... .... ........ .. ........ ... ..... ...... ... .. ....... 28 
4.2.4 The " MOD" Operator ... .. ....... .... .... .. ........ ...... ..... .. ..... ... ...... .. ... .......... ... ....... ... ....... ... 28 

4 .3 Logica l Operators ... ..... .... ...................... .. ... ... ..... .. ... ... ... .. .. ... ............ .... .............. ... ... .. ..... ...... . 28 
4.4 Relational Operators .... .... .......... ... .. .. ... ........ .. .... .............. ............ .. .. ... ......... ... .. .... ..... ..... .. ..... 29 
4.5 Express ion Evaluation .............................. .. ... .. ..... .... ....... .......... .. .. ... ..... ........ .... .... .. .. .. ............ 30 

4 .5. 1 Precedence of Operators .. ...... .... ... .... ...... ..... .. ........ ........ .. ..... ... .... .. ...... .... .......... ...... . 30 
4.5 .2 Unsigned Integer Arithmeti c .... ... .... ..... ... .. ... ... ...... ..... ... ... ..... ..... .... ......... .............. ..... 31 

4.6 Ass ignment Statements ...... .. ............. .... ........... ... ................... ... ... ...................... ... .. ........... .... . 31 
4 .6. 1 Type Conversions ...... ..... .. ............. ... ....... .. ..... ...... ...... .... .... .. ... ..... ......... ..... ...... .... ... ... 31 
4.6 .2 Multiple Assignment ............ ............... ..... ... ....... ........ ... .... .... .. ..... ....... ...... .. ........ .... ... 31 
4 .6.3 Embedded Assignments ... .. .. ..... ... .... ... ........... ..... ... .. .. ....... ....... .................. ... .. ... .. ...... 32 

Chapter 5 : FLOW CONTROL STATEMENTS .. .. ... ....................... ................. .. ..... ... ....... ... .................. 33 
5.1 DO and END Statements : DO Blocks .. ....... ..... ...... ... .......... .. ...... ... ... ...... ...... ... .. .. .. ..... .... ....... 33 

5.1.1 Simple DO Blocks ... ... .. ........................................................... ... ... .. ..... ... ................... 33 
5.1.2 " True" and "Fa lse" Values ..... ..... ... .... ...... .. ... ... .. ... .. .. ... ............. .. ... ......... ..... .. ..... ...... 35 
5.1.3 DO WHILE Blocks .... .... .... .. .. ... .. ..... .. .... .. ...... .. ... .. .. .......... .. .. ... .......... ... ... ..... ... ........ ... 35 
5.1.4 Iterati ve DO Blocks ..... ....... .. ...... .. ................... .. .. ............ ... ...... ... ...... .. .... .... ... .... ...... . 36 
5.1 .5 DO CASE Blocks ....... .. .............. .. ... .. ...... ... ... .... .... .. .......... .... .... ... .. ....... ................ ..... 38 

5.2 The IF Statement ...... ............ .. ............. .. .... .. ........ ........ ..... ...... .... .... ... ..... ..... .. ................. ... ... .. 40 
5 .2 .1 Nested IF Statements ...... ...... ..... ..... .. .. ..... ... ..... ... ..... .. .... .. .... ............ .... ... .... .. .. .. .. .. .... .. 41 

5 .3 Statement Labels and GOTOs ........................... ...... ... ........ ... .. ... .. ..... .... .... .. ..... ... ..... .... ........... 42 
5.3.1 Labels and Label Definitions .. ..... ....... .... ......... .. .. ... ..... .. ... ... ...... ...... ..... ....... ... .. ... .. .. ... 42 
5.3. 2 GOTO Statements ............. .... .... ... ...... ... ..... ..... .. .. ...... ........ .......... .... ...... .. ...... ... .. ... .... 42 

5 .4 The HALT Statement ... ... .. ... ..... ..... .. ... ... ....................... .... ........ ....... .... .............. ..... .... ... ...... ... 43 
5.5 The CALL and RETURN Statements .... .... ..... ....... .. .... .. .. .. .... ... .... ....... .. ........ ... .... ............ ... ..... 43 

Chapter 6: DECLARE STATEMENTS .. .............. ....... ....... ... ... .. ...... ... ..... ... .. ....... ....... ....... .... ..... .. ..... .... 45 
6.1 General .. ........ ... .... ... .... .... .. ..... ............... ... .. ..... .. .... ..... ............. ............ ........ ............. ............. 45 

6.1.1 Purpose of Declarations .. ... .. .... .... ......... ... ....... .. ...... ..... ............. ... ......... .... ..... ..... ....... 45 
6.1.2 Scope ..... .. ..... ... .............. ..... ... ... .. ....... ... .. ..... ... ... ............. .......... .. ..... ... ... ..... .. .......... .. 45 
6.1 .3 Where Decla rations May Occur .... ... ... .. .. .... ..... ..... .... .. .. .... .............. .. ...... ... .. ... ......... .. 46 
6.1.4 Note on Syntax .... .. .......... .... ... .............. ..... .... .. ....... .... ... ... .. ... .. ........ ... .... ..... .. .. .. ... ... .. 46 

6.2 Variab le Declarations .. .. ... ... .. .......... .... .. .... .. ............... .... .. .. ..... ... .. ...... .... .... ........ ... ....... .... ...... .46 
6.2.1 Basic Syntax of a Variable Declaration ...... .. .. ..... ................... .. ................ .. ....... ... ....... 46 
6.2 .2 Identifiers ..... .. .......................... ......... ........ .. .. .... ....... ... .... .. ... .. ........ ......... .. .... ......... .... 46 
6.2.3 Base Specifiers .. .. .......................... .. ....... .. .... .... ...... ... .. .... ......... .... ....... .......... .. .. ......... 47 
6.2.4 Factored Variable Dec larations ...... ... .... ...... ............... ....... ........................ .... .... .... ...... 47 
6.2.5 Dimension Specifiers ... ..... .. .... .... .. .... ..... ....... ... ... ......... ..... .... .... ....... .... .... ... .. ....... ...... .48 
6.2 .6 The BYTE and ADDRESS Types ......... .. ........ ..... ............ .. ........ ........................ ... ........ . 48 
6.2.7 The STRUCTURE Type ........ ............... .. ........ ... .. .. ....... ........ ..... ........ .... ... ........ .... .. ..... 48 
6.2.8 Attributes ... ... .................... ...... ...... .... .. .. ... .. .... ........ ..... ........ ..... ........... .. ...... ....... ........ 50 
6.2.9 Initializations ..... .. ........ .. .... ...... .... .. ..... ... ........ .. .... ... ............. ...................... ..... ... .... ... .. 53 

6.3 Label Declarations ... .. ...... ...... ... ........ ........ .... ... ... .... .. .. ..... ... .... .... ..... ..... .. .... .... .... .. .. ..... .... .. .... 56 
6.3.1 Implicit Label Declarations .. .. .. ........ .. ... .. ........................ ... ... .. ....................... ............. 56 
6.3. 2 Explicit Label Declarations - Basic Syntax ...... ... ...... ..... .. .. .. ...... .. .. ....... .......... .... ... ..... 56 
6 .3.3 Factored Label Declarations ......... ............. ..... ...... .......... ... ... ... .. .. ..... ... .... ... .......... ... ... 57 
6 .3.4 Attributes of Labels .. ........ ... ... .. ........ ......... .... .... .... .............. .. .. .. ... .. ....... .. .... ....... ... .... .. 57 

6.4 Macro Declarations (" LITERALLY" Declarations) ...... ......... ..... .... .. ......................... .......... ...... 57 
6.5 Combining DECLARE Statements ........ ..... ... ......... ........... ...... ..................... .... ... ... ... ............... 58 

Chapter 7: SAMPLE PROGRAM #1 ....... ..... .... ... ............ .... ... .... ............... ... .. ... .......... ............. ..... .... 61 

iv 



Chapter 8: PROCEDURES .. ... ....... ................... ..... ... ...... .. ........ ...... ...... .... .................. ....... .. ... .. ..... .. .... 65 
8.1 Procedure Declarations ... ...... ...... ....... .... ... .. .. .......... ... .. ...... ... .. ........... ........ ...... ..... ... ... ..... .. .. .. 65 

8 .1 .1 Parameters ............... ........................ .......... .... .... ....... .... .......... ........ ........ ................... 66 
8.1 .2 Typed and Untyped Procedures .. .. ...... ... .... .. .. .. ... .... .... .. ..... ....... ... ..... ... ... .. .. .. ........ .... 67 
8.1.3 Exit From a Procedure: The RETURN Statement .... ... .......... ..... .......... .. ................ .. .... 68 
8.1 .4 The Procedure Body ............... .... ..... ..... .... ..... ... ...... .. ......... ....... .. ......... ..... .. ...... ......... 68 
8.1.5 The PUBLIC and EXTERNAL Attributes .. ................ .... .......... ............. ...... ... ....... .......... 70 
8.1.6 Interrupts and the INTERRUPT Attribute .......... ........ ...... .. ... .. ..... .. ...... ...... .. .. ..... .......... 71 
8 .1.7 Reentrancy and the REENTRANT Attribute ........ .... ... .......... .............. .. .... ... .. .. ..... ....... . 73 

8.2 Procedure Calls ...... ...... .. .... ...... .... ........ .... .. ... ... ........ .. .. ..... ... ..... .......... ....... ..... .... .... ... ........ .... 74 
8 .2.1 Calling a Procedure by its Address .. ............ .. ... .... .. ... .... .... ................ .... ... .. ... ..... .. ... .. .75 

8.3 Sample Program #2 ...... ... ............................. ... .... .... .. ....... .. ............................ ...... .. ... ... ........ 75 

Chapter 9: BLOCK STRUCTURE AND SCOPE ........................ .. ... ..... ...... ... ....... ... ..... .. ........ .. ..... .. ...... 79 
9.1 Blocks ... .. ... .................... ..... ......... .... .. ..... .... ........ ....... ....... .. ....... ....... .......... ... ......... ... .. .......... 79 
9.2 Scope ... ... ...... ......... ... .................. ... ................... .. .... .. .. ..... .... .. ...... ............ .. .......... .......... ..... ... 79 
9.3 Scope of Labels and Restrictions on GOTOs ..... ......... ... ..... ........ ..... .......... ... ..... .... .. .. .... ..... ... . 82 

Chapter 10: PROGRAM MODULES ..... ....... ............. ........ ......... ....... .... .... ..... .. .. ........ ... .... .. ........ ........ 85 
10.1 Definitions .... ...... .. .. ........... .......... .. ............. ..... ......... ...... ... ............ ...... ....... .. .... .. ................. 85 
10.2 Modular Structure of a Compilation ......... .. .. ...... .... ... ... .... ... ... ......... ... .... ..... .... .. ...... .... ... ... .... 85 
10.3 Modular Structure of a Program .......... ........ ............ .......... ........ .............. ..... .... .... .. .... ..... ..... 85 
10.4 Linkage ... .. .. .... ....... ... .... ....... .... ..... ... ... ...... .. ........ ... ... ... ...... ...... .................... .. .... .. .... .... .... .. .. 85 
10.5 Example of Modular Program Structure ................ ........... .... ....... ...... ... ....... .. .. ............... ..... .. 86 

Chapter 11 : BUil T-IN PROCEDURES AND PREDECLARED VARIABLES .... .............. ... ... .. ..... ...... ...... 89 
11 .1 Built-in Procedures .. ..... ......... .. ... .. .. .. ....... ........... .... ....... ...... .. .. .... ................ .. ... .... .... .... ..... ... 89 

11 .1.1 INPUT Procedure ....... .. ...... ... ... .. ... ..... ... .... ... .. ............. ...................... ..... .. ....... ... .... .. 89 
11 .1.2 LENGTH, LAST, and SIZE Procedures ............. ..................... ....... ....... ... ... .. ............. . 89 
11.1 .3 LOW, HIGH, and DOUBLE Procedures ...... ....... ..... .... ... ..... ........... .. ....... ... ... ...... ..... 91 
11 .1 .4 Shifts and Rotations .............. .. ... .......... ....................... ....... ................. ... .. ... .... .. ....... 91 
11 .1.5 The MOVE Procedure ... ...... .... .. .... .. ... .... .. .... ... .. ...... .... ... .. .... ......... ............ .. ..... ... ... . 92 
11 . 1.6 The TIME Procedure .. .. ........................... .. ....... .................. .... ......... .. ......... ... .... ....... 93 

11 .2 Predeclared Variables .... ... ........ .......... .... .. ...... .. ....... ....... ... ........ ...... ........ ... ..... .. .... .. .... ........ 93 
11.2.1 The OUTPUT Array ........... ... .. ......... .. .. ................ ...................... .. .. .... .... ... ... .......... .. 93 
11.2 .2 The MEMORY Array ........ ... .... .... ... .... ..... ........ .. ............................ ......... ... ....... ...... .. 93 
11 .2 .3 STACKPTR .. ..... ...... .. ... .. ... ....... ... .. .. ... .. ..... .. ........ .. ... ......... .............. .... ........... ... ... ..... 94 

Chapter 12: PL/M FEATURES INVOLVING 8080 HARDWARE FLAGS .............. ... ..... .... .. ... ..... ....... .. 95 
12.1 Optimization and the 8080 Hardware Flags ... ... ... ....... .. .. .. .......... .. .. .... .... .... ......... .. .............. 95 
12.2 The " PLUS" and " MINUS" Operators ..... ........ ... .... .... ....... .. ... ... ... .............. .... .. ... .. ...... ... ..... 95 
12.3 Carry-Rotation Procedures ... ...... .. •.. ..... ...... ... ... ... ....... ............. ........ ... ..... .. .. ....... .. .... ........ ..... 96 
12.4 The DEC Procedure .... .... .......... ...... .. ..... .... .. ........ ..... ...... ... ...... ..... .............. .. ..... ................... 96 
12 .5 CARRY, SIGN, ZERO, and PARITY Procedures ............ ... ...... .. .... ......... ................ .. ... .. ......... 96 

V 



Appendix A: GRAMMAR OF THE PL/M LANGUAGE .. .......... .. ........ .. .... ....... ... ... ...... .. ..... .. .......... .... . 97 

Appendix B: ASCII CODES ..... ... ... .. ................... ... ... .. ... ..... .... .. ...... .... .... ..... ... ...... .. ... .. ... .. .. ..... .... .. .. . 111 

Appendix C: PL/M SPECIAL CHARACTERS ..... ............ ... ... ... ... ......... ... ...... .. .. .. .... ...... ............. .. .. .... 113 

Appendix D: PL/M RESERVED WORDS ........ ..... ..... ............ ......... ... ... ..... ........ ... ... ... .. .. ... .. ........ ..... . 115 

Appendix E: PL/M PREDECLARED IDENTIFIERS ....... ............. ... ... .... .... ...... ... .. ... .. .. .... .. ... ... .... .... .. ... 117 

INDEX .......... ... ... ... ....... ..... ... .... .. .. .... ..... ... ... ...... ....... ............. .... ..... ... .... ...... ... ... .. ... .... ..... ... ... ... .... .. .. 119 

vi 



ILLUSTRATIONS 

Figure 1: INCLUSIVE EXTENT OF A BLOCK .......................... .................................................... ........ 80 

Figure 2: EXCLUSIVE EXTENT OF A BLOCK .... .. .. .. ............ ... ... ... ... ...... .... .......... ....... .. .. .. ........... ... ..... 81 

vii 



1.1 WHAT IS PL/M? 

CHAPTER 1 
INTRODUCTION 

PL/M is a high-level language designed fo r system and appli cation s programming fo r the Intel® 8080 
microprocessor. 

A PL / M program is a sequence of PL/ M statements. The PL/ M-80 Compiler accepts the statements 
as input and produces a machine-code program module as output. As w ill be seen in the remainder of 
thi s chapter, a PL / M statement may be translated by the compiler into a single 8080 instruct ion , o r a 
sequence of instructi ons, or none at all - it may cause the compiler to allocate storage, fo r example, 
instead of producing any machine instructions. 

PL/ M statements are divided into two basic ca tegories : 

1. DECLARE and PROCEDURE statements. DECLA RE statements ca use computati onal 
" obj ects" (such as variabl es) to be defined, assoc iate " identifi ers " (that is, names) with 
obj ects, and all oca te memory storage for obj ec ts. PROCEDURE statements are 
described later in this chapter. 

2. Executable statements, whi ch are all the PL / M statements other than DECLARE and 
PROCEDURE statements. Most executable statements cause machine code to be 
generated . 

The fo llowing is a simple example o f a DECLA RE statement: 

DECLA RE WIDTH BYTE; 

This statement introduces an identifier, WIDTH, and assoc iates it w ith the co ntents of one byte of 
memory . The programmer need not know the locati on of the byte - he w ill henceforth refe r to th e 
contents of this byte by using th e identifi er, WIDTH. 

Notice the semico lon at the end of the statement . Every PL / M statement is terminated w ith a 
semicolon. 

The follow ing is a simple executabl e statement 

CLEARANCE = WIDTH + 2; 

Here we have an identifi er, CLEA RAN CE, and another identifier, WIDTH. Both must be decla red 
previous to thi s executable statement. Thi s executabl e statement is ca ll ed an assignment statement, 
and it product:: machine code to do th e following: 

• Retrieve the vJ lue associated with the identifi er WIDTH from memory. 
' 

• Add 2 to this value. 

• Store th e sum into a memory location assoc iated with the identifier CLEARA NCE. 
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But the PL/M programmer need not think in term s of memory locations. CLE ARANCE and WIDTH 
are variables, and the ass ignment statement ass igns the va lue of the expression W IDTH + 2 to the 
variable CLEARANCE. The compiler automati ca ll y generates all the machine code necessary to 
retrieve data from memory, evaluate the express ion, and store the result in the proper location. 

PL / M also provides facil ities for decla ring and ca lling procedures. A procedure declaration is a block 
of PL/M code that is not executed at the point w here it is wr itten, but may be "acti vated" from other 
points in the program . A reference to the procedure ca uses the procedure to be activated. The 
activation may include passing parameters to the procedure and passing a va lue back from the 
procedure. W hen a procedure is fini shed executing, control is returned to the point from which it was 
activated . 

This procedure capability perm its programs to be constructed in a modular fashion, which has 
numerous advantages incl uding effi c iency of coding, readability of programs, ease of debugging, and 
the poss ibility of using the sa me procedure in more than one program. 

In the following overview, these and o ther fea tures of Pl /M are examined in greater detail. 

1.2 OVERVIEW OF THE LANGUAGE 

The following sections are capsule descri ptions of some of the important features of PL / M . 

1.2 .1 IDENTIFIERS 

In the examples above, we saw the characters CLEARANCE and WIDTH used as identifiers - that is, 
names for objects. CLEARANCE and W IDTH were used as iden ti fie rs fo r va ri ables. However, PL /M 
identifiers can be assoc iated with a w ide range of di ffe rent kinds of ob jects - variab les, co llections of 
variab les, procedures, PL / M statements, and macros. PL/ M identifiers are chosen by the programmer 
and are not restri cted to alphabetic characters as in the examples above. 

The following are examples of PL / M identifiers: 

ABC 

X2 

PRODUCT 

K 

Further discuss ion of ident ifiers will be fou nd in Chapter 2. 

1. 2.2 DECLARE STATEMENTS 

A simple DECLARE statement has already been shown above. A DECLARE statement is a non­
executable statement that i"ntroduces some object or co llection o f objects, assoc iates an identifi er or 
identifiers with them, and allocates storage if necessary. The most important use of DECLARE is fo r 
declaring variables. 

A variable may be a scalar - that is, a si ngle quantity - or an array, or a structure. 

2 
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An array is a co llection of sca lars which are all assoc iated w ith the sa me identifier and differentiated 
from each other by the use of subscripts. 

A structure is a collection of scalars and / or arrays all associated with the same identifier and 
differentiated from eac h other by their own m ember-identifiers. 

The following statements declare sca lars: 

DECLARE APPROX ADDRESS; 
DECLARE (OLD, NEW) BYTE; 
DECLARE POINT ADDRESS, VAL BYTE; 

A scalar always has a type, either BYTE or ADD~ESS. A BYTE scalar is an 8-b,it quantity occupying 
one byte of memory. An ADDRESS ~ alar is a 16-bit quantity occupying two contiguous bytes of 
memory. Values of sca lars are always interpreted as unsigned integers. 

The first example above declares a single scalar variable of type ADDRESS, with the identifier 
APPROX . 

The second example declares two scalars, OLD and NEW, both of type BYTE. 

The third example decla res two scalars of different types - POINT is of type ADDRESS, and VAL is 
of type BYTE. 

The following statements declare arrays: 

DECLARE DOMAIN (128) BYTE; 
DECLARE GAMMA (10) ADDRESS; 

The first statement declares an array ca lled DOMAIN , with 128 scalar elements each of type BYTE. 
These elements are distinguished by subscripts ranging from O to 127 - for example, the third 
element of the array can be referred to as DOMAIN(2). 

The second statement declares an array called GAMMA, with 10 scalar elements of type ADDRESS . 
The subscripts for this array range from O to 9. . 

The following statement declares a structure with two scalar members: 

DECLARE RECORD STRUCTURE (KEY BYTE, INFO ADDRESS); 

The two members are a BYTE scalar that can be referred to as RECORD.KEY and an ADDRESS scalar 
that can be referred to as RECORD.INFO. 

Further discussion of variables and variable declarations will be found in Chapters 3 and 6. 
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1.2 .3 PROCEDURE DECLARATIONS 

A procedure declaration begins with a PROCEDURE statement and ends with a matching END 
statement. It may be thought of as a " sub-program " which w ill be executed when ca ll ed from 
elsewhere in the program. 

PROCEDURE Statements 

The following is an example of a PROCEDURE statement: 

SUMSQUARE: PROCEDURE (A, B) ADDRESS; 

This statement introduces a complete procedure declaration , which will be show n in the next section . 
The name o f the procedure is SUMSQUARE. Thi s name is used fo r ca lling the procedure. 

A and B are identifiers for formal para meters. They will appear again as variables in the proced ure 
body. Specifying them in the PROCEDU RE statement indi cates that we w ill suppl y va lues fo r them 
w hen the procedure is ca lled. Not all procedures have parameters; they are left out of the 
PROCEDURE statement if not needed. 

This is a typed procedure, with type ADDRESS. The appea rance of a type in the PROCEDURE 
statement means that the procedure will return a value to the point from which it is ca lled - in this 
case, a 16-bit (ADDRESS) value. (The meaning of this is explained below.) 

Procedure Declaration Blocks 

Using the same PROCEDU RE statement given above, we can construct the complete decla rati on of 
the procedure (known as a proced ure decl aratio n block o r simply a procedure decla ration ): 

SUMSQUARE: PROCEDURE (A, B) ADDRESS; 
DECLARE (A, B) ADDRESS; 
RETURN A*A + B* B; 

END SUMSQUARE; 

A and B are declared to be scalar variables of type ADDRESS. The RETURN statement contains an 
expression in which A and B are both squared (note the use of the * as a multiplication operator), and 
the squares are added. The effect of the RETURN statement is to ca use' this value to be returned to 
the point of ca ll. 

A typed procedure, such as SUMSQUARE, is ca lled by referring to it as an operand in an expression. 
Suppose that having written the procedure decla ratio n above, we now w rite an ass ignment statement 
like the following: 

NEWVAL = OLDVAL - SUMSQUARE(PREV, NEXT); 

where NEWVAL, OLDVAL, PREV, and NEXT are all previously decla red variables. The text 
SUMSQUARE(PREV, NEXT) is a procedure call to the procedure SUMSQUARE, with actual 
parameters PREV and NEXT. 

The values of PREV and NEXT are passed to the procedure SUMSQUARE as parameters . 
SUMSQUARE takes the sum of their squares and returns thi s value. The returned value replaces the 
procedure ca ll, and the expression in the assignment statement can now be evaluated. 
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For example, suppose that w hen the above ass ignment statement is executed, OLDVAL has a value of 
100, PREV has a value o f 4, and NEXT has a va lue of 5. Th en SUMSQUARE returns a value o f 16 + 
25, or 41. This is subtracted from the va lue of O LDVAL and the result, 59, is ass igned to the va riable 
NEWVAL. 

Not all procedures return va lues . A procedure that has no type in its PROCEDURE statement does not 
return a va lue, and is ca lled an untyped procedure. An untyped procedure is acti vated by means of a 
CALL statement. 

A complete discuss io n of procedures w ill be found in Chapter 8 . 

1 .2 .4 EXECUTABLE STATEMENTS 

The following is a list of all PL/ M executable statements and the numbers of the sections in w hich 
they are fully di scussed : 

Ass ignment Statement (Section 4. 6) 
GOTO Statement (Section 5.3) 
IF Statement (Section 5.2) 
Simple DO Statement (Section 5.1 .1) 
Iterati ve DO Statement (Section 5 .1 .4) 
DO WHILE Statement (Section 5. 1.3) 
DO CASE Statement (Section 5. 1.5) 
END Statement (Section 5 .1) 
CALL Statement (Section 8.2) 
RETURN Statement (Section 8.1 .3) 
HALT Statement (Section 5.4) 
ENABLE Statement (Section 8. 1 .6) 
DISABLE Statement (Section 8.1 .6) 
Null Statement (Section 5. 1.5) 

The fo llowing sections give simplified descripti ons of some of the executable statements, in order to 
provide a fee ling fo r PL/ M before going on to the full desc ripti ons in later chapters. 

Assignment Statement 

The assignment statement has already been introduced. It is fundamental to PL/ M programming, and 
although its form is quite simple, the expression in an assignment statement may be quite complex 
and result in a considerable amount of computation, as will be seen in Chapter 4 . 

IF Statem ent 

The following is an example of ;:in IF statement: 

IF WEIGHT > MINWT 
THEN COUNT= COUNT+ 1; 
ELSE COUNT = O; 

Notice how this has been broken into three lines, with indentation, to make it more readable. As 
explained in Chapter 2, blanks (spaces, tabs, ca rri age returns, and line feeds) may be freely inserted 
between the elements of a statement without changing the meaning. 

Mnemonics copyright (C) Intel Corporation 1976, 1977. 
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WEIGHT, MINWT, and COUNT are assumed to be previously declared sca lar va ri ables. Thi s IF 
statement has three parts: 

• An " IF part " consisting of the reserved word IF and a condition, WEIGHT > M INWT 

• A "TH EN part" consist ing of the reserved word THE and a statement, COUNT = 
COUNT+ 1; 

• An " ELSE part" consisting of the reserved word ELSE and another statement, COU T 
= O;. 

The meaning of the IF statement is th at if the condition in the IF part is " true," then the statement in 
the THEN part will be executed . Otherwi se, the statement in the ELSE part w ill be executed. 

In this parti cular case, if the value of WEIGHT is grea ter than the value of M INWT, then the va lue of 
COU Twill be incremented by 1. Otherwise, the value O w ill be ass igned to COUN T. 

The ELSE part of an IF statement may be omitted . Chapter 5 contains a full description of IF 
statements. 

DO and ENO Statem ents 

DO and END statements are used to construct " DO blocks. " A DO block begins w ith a DO 
statement and ends with a matching END statement (just as a procedure dec laration block begins with 
a PROCEDURE statement and ends with a matching END statement). 

There are four kinds of DO statements, used to construct four kinds of DO blocks . 

A simple DO block begins with a simple DO statement and has the property (like all blocks) that it 
may be used wherever a single statement can be used . The fo llowing is an example of a simple DO 
block used in place of a single statement in the THEN part of an IF statement: 

IF TMP > = 4 THEN 
DO; 

IN CR = INCR*2; 
COUNT= COUNT+ INCR; 

E D; 
ELSE COUNT= O; 

This allows two assignment statements to be executed if the condition is " true." 

An iterative DO statement introduces an it erative DO block, and causes the executable statements 
within the block to be executed repeated ly . The fo llowing is an example: 

DO J = 0 TO 9; 
VECTOR(J) = O; 

END; 

where J is a previously declared scalar va riab le and VECTOR is a previously declared array having at 
least 10 elements. The assignment statement is executed 10 times, with va lues of J starting at O and 
increasing by 1 each time around until all of the integers from O through 9 have been used. Since J is 
used as a subscript for spec ifying which element of VECTOR is referenced in the assignment 
statement, the effect of this iterative DO block is to ass ign the value O to all elements of VECTOR 
from element O through element 9. 
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The 00 WHILE statem ent contains a condition (like the condition in the IF part of an IF statement) 
and causes the executable statements in a DO WHILE block to be executed repeatedly as long as the 
condition is " true." 

In the following example a DO WHILE block is used to step th rough the elements of an array ca lled 
TABLE, until an element is found that is not greater than the va lue of a scalar var iable ca ll ed LEVEL. 

I = O; 
DO WHILE TABLE(!)> LEVEL; 

I = I+ 1; 
END; 

H ere TABLE is a previously declared array and LEVEL and I are previous ly decl ared sca lars. I is first 
ass igned a va lue of 0, and then used as a subscript for TABLE. It is incremented each time throug~ the 
DO WHILE block, so each time the DO WHILE statement is executed, a different element of TABLE is 
compared with LEVEL. When an element is found that is not greater than LEV EL, th e conditi on in the 
DO WHILE statement is no longer true and the block is not repeated aga in - control passes to the 
next statement after the EN D statement. At this point the va lue of I is still th e subscript of the first 
element of TABLE that is not greater than LEVEL. 

Finall y, th ere is the 00 CASE block, introduced by a DO CASE statement, which all ows the va lue of 
some express ion to be used to select a statement to be executed . In the fo ll owing example, assume 
that the express ion TST - 1 in the DO CASE statement can have any va lue from O to 3: 

DO CASE TST - 1; 
RED = O; 
BLUE = O; 
GREEN = O; 
GREY = O; 

END; 

If the value of the expression is 0, then onl y the first ass ignment statement will be executed, and the 
value O will be ass igned to RED. If the va lue of the expression is 1, th en on ly the second assignment 
statement wil l be executed, and the value O will be ass igned to BLUE . Expression values of 2 or 3 w ill 
cause GREEN or GREY, respectively, to be assigned the va lue 0. 

DO statements and DO blocks are considered flow control statements and are discussed in Chapter 5. 

Statem ent Labels 

An executable statement may be labeled by prefixing it with an identifier and a co lon, as in the 
following example: 

SET: SUM = 0; 

The identifier SET is the label of the ass ignment statement. A statement may also have more than one 
label. Labels are useful fo r readability, and in connection with GOTO statements. Labels are discussed 
in Section 5.3. 
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1.2.5 BLOCK STRUCTURE AN D SCOPE 

Block Structure 

W e have already noted five kinds of blocks: the procedure declaration block, and the four ki nds of 
DO blocks. A PL/ M program consists entirely of one or more blocks. (The compiler accepts as its 
input file one " module, " and a module is simply a labeled simple DO block that is not nested inside 
any other block .) 

Blocks may be nested within each other. Thi s leads to the concept of " levels" w ithin a program -
the outermost level is that of the module, and the contents of a block nested w ithin the module are at 
an " inner" level. 

Thi s structure makes it possible to have rul es of scope fo r declared objec ts. 

Scope 

The concept of scope is important in PL /M. The scope of an object (such as a variable o r procedure) 
is simply the pa rt of the program in w hich its identifier is recognized and the object handled 
according to its decla ration. 

In simpli fied form, the rul es of scope are as fo llows: 

• The scope of an objec t does not extend beyond the block in w hich it is decla red. 

• The scope of an object does not incl ude any block that is nested inside the block 
w here the object is decla red, if the nested block conta ins a new decla ration using the 
same identifier. 

The complete rules of scope involve some slight modi fications of these statements, as explained in 
Chapter 9. However, the above rul es w ill suff ice fo r understanding Chapters 2 through 8. 

The effect of these rul es is that when w riting a block, and declaring objects solely fo r use inside the 
bloc::k, one does not need to worry about whether the same identi f ier has already been used in 
another block. Even if the same identi f ier is used elsewhere, it refers to a di fferent object. 

1.2.6 EXPRESSIO NS 

W e have already seen simple expressions. A PL/ M expression is made up o f operands and operators, 
and resembles a conventional algebraic expression. 

O perands include numeric constants (such as 3 or 105) and variables -(as w ell as other types di scussed 
in Chapter 4). The operators include + and - fo r addition and subtraction, * and / fo r multiplication 
and division, and MO D fo r modulo arithmetic. 

As in an algebraic expression, elements of a PL/ M expression may be grouped w ith parentheses. 

Expressions are evaluated using unsigned integer arithmetic - that is, the value of an express ion is 
always a positive integer (e ither type BYTE or type ADDRESS). 
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1.2.7 MODULAR STRU CTURE OF PL/M PROG RAM S 

The definiti o n of a PL/ M program is that it consists of one o r mo re modules, one of w hich must be a 
" main program module." A main program module is a module that contains executabl e statements at 
its outer level. O ther modules contain nothing but DECLA RE and PROCEDURE statements at their 
outer levels. 

The modules of a program (if there are more th an o ne) are w ritten and compiled sepa rately and 
combined into a program by use of the linking fac ility of ISIS-I1. 

1.2.8 INPUT AND OUTPUT 

PL/M does not provide 1/0 functions in the usual sense of the term. In pa rti cular, PL / M 1/0 does not 
resemble FORTRA N 1/0. 

There are four basic methods fo r moving data to or from memory under PL / M program contro l. 

The IN PUT and OU TPUT Facilities 

The built-in procedure INPUT and the built-in variable array O UTPUT are desc ribed in deta il in 
Chapter 11 . INPUT causes the program to read the 8-bit quantity latched in one of the 256 input 
ports of the 8080 . A reference to O UTPUT causes the program to latch an 8-bit quantity into one of 
the 256 output ports of the 8080 . 

!SIS-II Facilities 

In a system running under ISIS-II , the program can make use of faci li ties desc ribed in the !SIS-II 
System User 's Guide, Intel® Document number 98-306. 

Direct M emory Access (OMA) Techniques 

A peripheral device that has direct access to 8080 memory is ca lled a OMA device . The program can 
use INPUT and O UPUT fac ilities to communicate w ith such a device (if the system is appro priately 
configured) and cause it to perfo rm data input and output functions. 

M emory-M apped l / 0 Techniques 

In memory-mapped I/ 0 , the program executes o rdinary read and sto re operations using addresses 
that do not correspond to any actual locations in memory. A peripheral device connected to the CPU 
recognizes these addresses when they appear o n the address bus, and either accepts data for output 
(if the CPU operatio n is a store) or supplies data for input (if the CPU operatio n is a read). 

In effect, the peripheral device appears to the CPU as if it were part of memo ry (altho ugh timing is, of 
course, different fro m the timing for an actual memory access). 

Caution: The PL/ M-80 Compiler optimizes the machine code that it produces. This optimization may 
interfere with the o peration of memory-mapped I /0. If a variable is located in memory by means of 
the AT attribute (see Section 6.2.8), accesses to that variable are not optimi zed . 
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1.3 NOTATIONAL CONVENTIONS IN THIS MANUAL 

Throughout this manual, certain conventions are used to represent the syntactic fo rm of PL /M 
statements. 

W ords in capital letters are reserved words in the PL / M vocabu lary, and are to be entered as shown. 
Semicolons are to be entered as shown. 

The items in lower case are to be replaced by actual PL/ M code. 

Square brackets [ ] around an item indica te that it is optional - that is, the statement is syn tactically 
correct if the item is omitted. 

For example, in Section 5 .1 the form of the END statement is given as follows: 

END [label]; 

This means that an END statement consists of the following parts: 

• The reserved word END 

• A label, which may be omitted as shown by the square brackets 

• A semicolon. 

Note that this is not all the important information about the END statement - it is onl y the syntax . 
There is, for example, an important restriction on the label (if any) in an END statement. Such 
information about PL/ M statements is given in the text. 

Note also that these notational conventions apply onl y to the way that the forms of PL/ M statements 
are shown. When an example of an actua l Pl/M statement is given, capital letters are used for all of 
the code and lower-case is used only for comments (see Section 2 .4) . 

In examples it is sometimes necessary to indicate that part of a sequence of statements has been 
omitted. Three periods (. .. ) are used fo r this purpose. 
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CHAPTER 2 
BASIC CONSTITUENTS OF A PL/M PROGRAM 

PL/M programs are wr itten free-form . That is, the input lines are co lumn-independent and blanks may 
be freely inserted between the elements of the program. 

2.1 PL/M CHARACTER SET 

The character set used in PL / M is a subset of both ASC II and EBCDIC character sets. The va lid PL/ M 
characters consi st of th e alphanumerics 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 

a b c d efg hijklmn opqrstuvwxyz 

0 1 2 3 4 5 6 7 8 9 

along with the spec ial characters 

+ - I * < > 

and the blank characters 

space tab ca rri age-return line-feed 

If a PL/ M program contains any character that is not in thi s set, the compiler may trea t the character 
as an error. 

Upper- and lower-case letters are not distingui shed from each other (except in string constants - see 
Sect ion 3.2). For example, xyz and XYz are interchangeable. In this manual, all PL/M code is in 
upper-case letters to help distinguish it v isually from explanatory text. 

Blanks are not distinguished from each other. Any blank is considered to be the same as any other 
blank. Moreover, any unbroken sequence of bl anks is considered to be the same as a single bl ank. 

Special characters and combinations of special characters have particular meanings in a Pl/ M 
program, as desc ribed in the remainder of this manual. Appendix C is a concise li st of special 
characters and their meanings. 

The above applies to everything in a PL/ M program except character string constants (see Section 3 .2) 
and comments (see Section 2 .4). 
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2.2 IDENTIFIERS AND RESERVED WORDS 

Identifiers are used to name variables, procedures, macros, and statement labels. An identifier may be 
up to 31 characters in length. The first character must be alphabetic, and the remainder may be either 
alphabetic or numeric. 

Embedded doll ar signs are tota ll y ignored by the compiler, and may be used to improve the 
readability of an identifier . An identifier conta ining a dollar sign is exactly equivalent to the same 
identifier with the dollar sign deleted. 

Examples of valid identifiers are 

X 
GAMMA 

LONGIDE TIFIERWITHNUMBER3 
INPUT$COUNT 
INPUTCOUNT 

The last two examples are interchangeable. 

There are a number of otherwise valid identifiers w hose meanings are fixed in advance. Because they 
are actually part of the PL /M language, they may not be used as identifiers. A list of such reserved 
words is given in Appendix D . 

2.3 TOKENS, SEPARATORS, AND THE USE OF BLANKS 

Just as an English sentence is made up of words - the smallest meaningful units of Engli sh - so a 
PL/ M statement is made up of tokens. Every token belongs to one of the following classes: 

• Identifiers . 

• Reserved words. 

• Simple delimiters - all of the specia l charac ters, except the dol lar sign, are simple 
delimi ters. 

• Compound delim iters - these are certain combinations of two special characters, 
namely 

<> <= >= /* */ 

• Numeric constants (see Chapter 3). 

• Character string constants (see Chapter 3). 

For the most part, it is obvious where one token ends and the next one begins. For example, in the 
ass ignment statement 

EXACT=APPROX *(OFFSET-3)/ SCALE; 

EXACT, APPROX, OFFSET, and SCALE are identifiers, 3 is a numeric constant, and all the other 
characters are simple delimiters. 
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In some cases, identifiers, reserved words, and numeri c constants must be separated from each o ther. 
If a simple or compound delimiter does not occur between two identifi ers, reserved word s, or 
numeric constants, a blank must be placed between them as a separator. (Instead of a single blank, 
any unbroken sequence of blank characters may be used.) 

A lso, a comment (see below) may be used as a separator . 

Blanks may also be in serted freely around any token, without changing the meaning of the Pl / M 
statement. Thus the ass ignment statement 

EXACT = APPROX * ( OFFSET - 3 ) / SCALE ; 

is equivalent to 

EXACT=APPROX *(OFFSET-3) /SCALE; 

2.4 COMMENTS 

Explanatory comments should be interl eaved with PL/M program text, to improve readability arid 
provide program documentation. A PL/ M comment is a sequence of characters delimited on the left 
by the character pair / * and on the right by the character pair * /. These delimiters instruct the 
compiler to ignore any text between them, and not to consider such text part of the program proper. 

A comment may contain any printable ASC II character and may also include space, ca rri age-return, 
line-feed, and tab characters . 

A comment may not be embedded inside a character string constant (see Chapter 3). Apart from thi s, 
it may appea r anywhere that a blank character may appear - that is, anywhere except embedded 
within a token. Thus comments may be freely d istributed throughout a PL/ M program. 

Here is a sa mple PL/M comment: 

I* This procedure copies one structure to another. * / 

In this manual , comments are presented in upper and lower case letters, to help distinguish them 
visually from program code, which is always presented in upper case. 
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CHAPTER 3 
PL/M DATA ELEMENTS AND INTRODUCTION TO DECLARATIONS 

PL/ M data elements can be either variables or constants. Vari ables are data objects whose values may 
change during execution of the program and are referred to by identifiers. Constants have fixed va lues 
and are referred to directly. The expression 

APPROX * (OFFSET - 3) / SCALE 

involves the variables APPROX, OFFSET, and SCALE, and the constant 3. 

3.1 NUMERIC CONSTANTS 

A constant is a value known at compile-time, which does not change during execution o f the 
program. A constant is either a number or a character string. Numeric constants may be expressed as 
binary, octal, dec imal , and hexadec imal numbers. 

In general, the base (o r radix) of a number is represented by one of the letters 

BOQDH 

fo llowing the number. The letter B denotes a binary constant. The letters O and Q denote octa l 
constants . The letter D may optiona ll y follow decimal numbers. Hexadec imal numbers consist of 
sequences of hexadecimal digits (0, 1, 2, 3, 4, 5, 6, 7, 8, 9 , A, B, C, D, E, F) terminated by the letter 
H . The leading character of a hexadecimal number must be a numeric digit, to avoid confusion with a 
PL/ M identifier. A lead ing zero is always sufficient. Any number not followed by one of the letters B, 
0, Q, D, or H is assumed to be dec imal. Numbers must be representable in 16 bits. The fo llowing are 
examples of valid constants in PL / M: 

2 33Q 11 OB 33F H 55 D 55 0BF3H 65535 

The dollar sign may be freely inserted between the characters of a constant to improve readability. 
The two following binary constants are exactl y equivalent : 

1 1 1 1 011 001 1 B 
111$1011$0011 B 

Numeric constants may range in va lue from 0 to 65535, or 0FFFFH, or 177777Q, or 
1111 $1111 $1111 $1111 B. The upper limit is the largest number that can be represented in two bytes 
( 1 6 bits). 
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3.2 CHARACTER STRING CONSTANTS 

Character strings are denoted by printable ASC II characters enclosed w ithin apostrophes . (To include 
an apostrophe in a st ring, w rite it as two apostrophes : e.g. the string '" Q' comprises 2 characters, an 
apostrophe fol lowed by a Q.) Spaces are allowed . The compi ler rep resents character st rings in 
memory as ASCI I codes, one 7-bit character code to each 8-bit byte, wi th a high-order zero bit . 
Strings of length 1 translate to single-byte va lues. Strings o f length 2 translate to double-byte va lues. 
For example, 

'A' is equ ivalent to 4 1 H 
'AG ' is equiva lent to 4147H 

(see Appendi x B for ASC II character codes). Character strings longer than 2 characters cannot, of 
course, be used as numeric va lues, since numeric va lues are li mited to 1 6 bits. However, longer 
character strings can be used in certain ways (see Sect ions 4. 1.3 and 6 .2.9). 

The maximum length o f a string constant is limited by the PL / M -80 Compiler. See !SIS- II PL/ M-80 
Compiler Operator 's Manual. 

3.3 SCALAR VARIABLES AND INTRODUCTION TO DECLARATIONS 

A scalar va riabl e is an object w hose va lue is not necessaril y known at compi le time and may change 
during the execution o f the program . It is therefore referred to by means of an identifier. In thi s 
manual, the term " sca lar va riable" or simpl y " sca lar" always means a va riable having a single 
numeric va lue. 

The term " variable" has a more general meaning: a variab le may be a sca lar variable, or it may be a 
set of scalars referred to by a single identifier. Such va riables (" arrays" and " st ructures") are 
introduced in Sections 3.4 and 3.5. 

Each variable used in a PL / M program must be declared in a DECLARE statement before it ca n be 
refe rred to. This declaration defines the va riable by introducing the identi fier and givi ng necessary 
in fo rmati on about it. In the simplest type of DECLARE statement, the on ly information provided is a 
" type." (Onl y simple declarations are described in this chapter. Chapter 6 describes DECLARE 
statements in complete detail.) 

3.3 .1 TYPES 

A scalar va riable takes one of two " types" : type BYTE, or type ADD RESS . A BYTE va ri able is an 8-bit 
va lue occupying a single byte of sto rage. An ADDRESS va ri able is a 16-bit va lue occupying two bytes 
of storage. The type of every variable must be fo rmall y decla red in its DECLARE statement. 

A DECLARE statement fo r a variab le (or a list of variables) begins with the reserved word DECLARE . 
Each si ngle identifier, o r list of identi fiers enclosed in parentheses, is fol lowed by one of the two 
reserved words BYTE or ADDRESS. Sample PL/M declarations are 

DECLARE UNKNOWN BYTE; 
DECLA RE POINTER ADDRESS; 
DECLARE (WIDTH, LENGTH , HEIGHT) ADDRESS; 
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The first of these DECLARE statements introduces the identi fier UNKNOWN and states that it refers to 
a BYTE va lue. The compiler, when it processes thi s decl aration, w ill all ocate one byte of storage for 
this scalar variab le. 

The second DECLA RE statement introd uces the identifier PO INTER and states that it refers to an 
ADDRESS value. The compiler, wh en it processes this decl aration, will allocate two bytes of sto rage 
fo r this scalar variable. 

The statement 

DECLA RE (W IDTH, LE GTH , H EIGHT) A DDRESS; 

is equi va lent to the fo ll owing sequence: 

DECLA RE WIDTH ADDRESS; 
DECLARE LENGTH ADDRESS; 
DECLARE HEIGHT ADDRESS; 

(except that contiguous sto rage is guaranteed fo r va riables declared in a single parenthesized li st, w hile 
variables declared in consecuti ve declarations may not be stored cont iguously) . 

The three identifiers WIDTH , LENGTH, and HEIGHT are introd uced and stated to refer to three 
distinct scalars of type ADDRESS - that is, 16-bit, 2-byte values. Two contiguous bytes of sto rage are 
allocated for each of these scalars. 

3.4 ARRAYS 

It is often des irable to use a single identifier to refer to a who le group o f sca lars, and di stinguish the 
individual sca lars from one another by means of a subsc ript. Such a group is ca lled an array. 

3 .4 .1 ARRAY DECLARATIONS 

An array is declared by using a " dimension spec ifier." The dimension spec ifi er is a numeri c constant 
enclosed in parentheses . The va lue of the constant specifi es the number of array elements (indiv idual 
sca lar var iables) making up the array. For example, 

DECLARE ITE MS (100) BYTE; 

causes the identifier ITEMS to be assoc iated with 100 array elements, each of type BYTE. O ne byte of 
storage is allocated for each of these scalars. 

The declaration 

DECLARE (WIDTH, LENGTH, HEIGHT) (100) ADD RE SS; 

is equivalen t to the fo llowing sequence: 
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DECLARE WIDTH (100) ADDRESS; 
DECLARE LENGTH (100) ADDRESS; 
DECLARE HEIGHT (100) ADDRESS; 

(except that co ntiguous storage is guaranteed for variables declared in a single parenthesized list, w hile 
vari abl es decl ared in consecutive decla rations may not be stored contiguousl y). 

Thi s causes the 3 identi fiers WIDTH, LENGTH , and HEIGHT each to be assoc iated with 100 array 
elements of type ADDRESS, so that 300 elements of type ADDRESS have been decla red in all. For 
each of these sca lars, two contiguous bytes of storage are allocated. 

3.4.2 SUBSCRIPTED VARIABLES 

To refer to a single element of an array (prev iously declared), one uses the array identifier followed by 
a subscript enclosed in parentheses. This is ca lled a "subscripted variable. " 

For example, the DECLARE statement 

DECLARE ITEMS(l 00) BYTE; 

actuall y decla res 100 sca lars of type BYTE, which ca n be referred to as ITEMS(0), ITEMS(l ), ITEMS(2), 
and so on up to ITEMS(99) . 

Notice that the first element of an array has subscript 0 - not 1. 

If we want to add the third element of the array ITEMS to the fourth , and store the result in the fifth , 
w e can write the PL/ M ass ignment statement 

ITEMS(4) = ITEMS(2) + ITEMS(3); 

Much of the power of a subscripted variable lies in the fac t th at the subsc ript need not be a numeric 
constant, but ca n be another var iable, or in fac t any PL / M express ion. Thus the construction 

VECTOR (ITEMS(3) + 2) 

refers to some element of the array VECTOR; wh ich element depends on the express ion ITEMS(3) + 
2, and thi s in turn depends on the va lue stored in ITEMS(3), th e fourth element of array ITEMS, at the 
time when the reference is processed by the running program. 

If ITEMS(3) contains the value 5, then ITEMS(3) + 2 is equal to 7 and the _reference is to VECTOR(7), 
the eighth element of the array VECTOR. 

The following sequence of statements w ill sum the elements of the 10-e lement array NUMBERS by 
using an " index va riable, " I, which takes on values from Oto 9: 
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DECLARE SUM BYTE; 
DECLARE NUMBJRS (10) BYTE; 
DECLARE I BYTE; 

SUM= O; 
DO I = 0 TO 9; 

SUM = SUM + NUMBERS(! ); 
END; 

Subscripted variables are permitted anywhere PL/ M permits an expression. 

3.5 STRUCTURES 

Just as an array allows one identifier to refer to a collection of elements of the sa me type, a structure 
allows one identifier to refer to a co llection of structure members which may have different types. 
Each member of a structure has a member-identifier. 

The following is an example of a structure declaration: 

DECLARE AIRPLANE STRUCTURE (SPEED BYTE, ALTITUDE ADDRESS); 

This declares two sca lars - a BYTE scalar and an ADDRESS scalar - both associated with the 
identifier AIRPLANE . A byte of storage is allocated for the BYTE scalar, and two bytes for the 
ADDRESS scalar. Once this declaration has been made, the first scalar can be · referred to as 
AIRPLANE.SPEED and the second can be referred to as AIRPLANE.ALTITUDE. These are the two 
members of this structure. 

A structure may have multiple members (see !SIS-II PL/ M-80 Compiler Operator 's Manual for limits 
on the number of members allowed). 

3.5.1 ARRAYS OF STRUCTURES 

We have already seen arrays of BYTE scalars and arrays of ADDRESS scalars. PL/M also allows arrays 
of structures. The following DECLARE statement declares an array of structures which can be used to 
store SPEED and ALTITUDE (as in the previous example) for twenty AIRPLANEs instead of one: 

DECLARE AIRPLANE (20) STRUCTURE (SPEED BYTE, ALTITUDE ADDRESS); 

This declares twenty structures associated with the array identifier AIRPLANE, distinguished by 
subscripts from O to 19. Each of these structures consists of two members: a BYTE scalar and an 
ADDRESS scalar. Thus storage is allocated for 20 BYTE scalars and 20 ADDRESS scalars. 

To refer to the ALTITUDE of AIRPLANE number 17, one would write AIRPLANE(l 7).AL TITUDE . 
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3 .5.2 ARRAYS WITHIN STRUCTURES 

An array may be used as a member of a structure, as in the following DECLARE statement: 

DECLARE PAYCHECK STRUCTURE ( 
LAST$NAME (15) BYTE, 
FIRST$NAME (15) BYTE, 
Ml BYTE, 
DOLLARS ADDRESS, 
CENTS ADDRESS); 

This structure co n si sts of th e follo w in g members: two 15-e le m ent BYTE arr ays, 
PAYCHECK.LAST$NAME and PAYCHECK.F IRST$NAME; th e BYTE scalar PAYC HECK.M l; and the two 
ADDRESS scalars PAYCHECK.DOLLARS and PAYCHECK.CENTS. 

To refer to th e fourth element of th e array PAYROLL.L ASTNAME, we would wr ite 
PAYROLL.LASTNAME(3). 

3 .5 .3 ARRAYS OF STRUCTURES WITH ARRAYS INSIDE THE STRUCTURES 

We have just seen that an array can be made up of structures, and a structure can have arrays as 
members. By combining these two constructions, we ca n write a DECLARE statement like the 
following: 

DECLARE X (100) STRUCTURE (Y (100) BYTE); 

The identifier X refers to an array of 100 structu res, each of which contains one array of 100 BYTE 
scalars . This could be thought of as a 100-by- l 00 matrix of BYTE scalars. To reference a panicular 
scalar value - say element 46 of structure 35 - we would write X(35).Y(46). 

We can alter the PAYCHECK structure decla ration above to make it an array of structures, as follows: 

DECLARE PAYROLL (100) STRUCTURE ( 
LAST$NAME (15) BYTE, 
FIRST$NAME (1 5) BYTE, 
Ml BYTE, 
DOLLARS ADDRESS, 
CENTS ADDRESS); 

Now we have an array of 100 structures, each of which ca n be used during program execution to 
store the last name, first name, middle initial, dollars, and cents for one employee. LAST$N AME and 
FIRST$NAME in each structure are 15-BYTE arrays for sto ring the names as character strings. To refer 
to the Kth c ha rac t e r of th e first nam e of the Nth e mpl oyee, we would write 
PAYROLL(N).FIRST$NAME(K), where N and K are previousl y declared variables to which we have 
assigned appropriate va lues. This might be convenient in a routine for printing out payroll informati on. 

With this much complexity - an array of structures with arrays inside the structures - we have 
reached a limit, since PL/M does not allow structures within structures. 
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3.6 REFERENCE TO VARIABLES 

In the preceding secti ons, we have seen numerous examples of va ri abl e refe rences. A va ri able 
reference is simply the use, in program text, of the identifier of a va riable that has been dec lared. 

A va riable reference may be " full y quali fied," " partiall y quali fied ," o r " unquali f ied. " 

3 .6. 1 FULLY Q U A LIFIED V A RI AB LE REFERE NCES 

A fully qualified va riable refe rence is one that uniquely specifies a single BYTE or ADDRESS sca lar. Fo r 
example, if we have the decl arations 

DECLARE AVERAGE ADDRESS; 
DECLARE ITEMS (100) BYTE; 
DECLARE RECORD STR UCTURE (KEY BYTE, IN FO ADDRESS); 
DECLARE NODE (25) STRUCTURE (SUBLIST (100) BYTE, RANK BYTE); 

then AVE RAGE, ITEM S (5), RECORD .I NFO, and NODE(2 1 ).SU BLI ST(32) are all full y quali fied va ri able 
references : each refers unambiguously to a single scalar. 

It should be noted that quali fication may only be applied to vari ables that have been appropriately 
declared . A subscript may onl y be applied to an identi fie r that_ has been decla red w ith a dimension 
spec ifier. A member-identifier may onl y be applied to an identi f ier declared as a structure identifier. 

3.6.2 U NQU A LIFIED AND PA RTI A LLY Q U A LIFIED VA RI A BLE REFERE NCES 

Unqualified and pa rti all y quali fied va riable references are allowed onl y in " location references" (see 
Section 4. 1.3) and in the built-in procedures LENGTH, LAST, and SIZE (see Secti on 11 .1 .2). 

An unquali fied variable reference is the identifier of a structure or array, w ithout any member­
identifier or subsc ri pt. For example, w ith the above decla rations, ITE M S and RECORD are unqual ified 
va ri able references. An unqualified va riable reference is a reference to the entire array o r structure. 

A part iall y quali f ied va riable reference is the use of an identi f ier with a subsc ript and / o r member­
identi fier, if the reference does not uniquely refer to a single BYTE or ADDRESS va lue. Fo r example, 
NODE(l 5) and NODE(l 2) .SUB LI ST are partiall y quali fied va riable references, given the above 
declarations. Note that NO DE.SUBLI ST is not permitted : in referring to an array made up of structures, 
a subscript must be given before a member- identifier can be added to the reference . 

3.6.3 POINTERS AND INDIRECT REFERENC ES : BASED V A RI A BLES 

Sometimes a direct reference to a PL/ M data element is either impossible or inconvenient. This 
happen s, fo r example, w hen the location of a data element must remain unknown until it is-computed 
at run-time. In such cases it may be necessary to write PL/M code to manipulate the addresses of 
data elements rather than the data elements themselves, considering that the addresses " po int to " the 
data. 

To permit this type of manipulation, PL/M uses " based va riabl es ." A based va riable is a va riab le 
which is pointed to by another variable, ca lled its " base." A based variable is not allocated sto rage by 
the compiler. At different times during the program run it may actually be in di ffe rent places in 
memory, since its base may be changed by the program. A based variable is declared by first 
declaring its base, which must be of type ADDRESS, and then decla ring the based va riable itse lf: 
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DECLARE ITEM$POINTER ADDRESS; 
DECLARE ITEM BASED ITEM$POINTER BYTE; 

Given these declaration s, a reference to ITEM is, in effec t, a reference to whatever BYTE value Is 
pointed to by the current value of ITEM$POINTER. This means that the sequence 

ITEM$POINTER = 34AH ; 
ITEM= 77 H ; 

will load the BYTE value 77 (hex) into the memory location 34A (hex) . 

A variable is made BASED by inserting in its declaration the w ord BASED and the identifier of the 
base (whi ch must already have been declared). 

The following restri ctions appl y to bases: 

• The base must be of type ADDRESS. 

• The base may not be subscripted - that is, it may not be an array element. 

• The base may not itself be a based variable. 

The word BASED must immediately foll ow the name of the based vari able in its declaration, as in the 
foll owing examples: 

DECLARE (AGE$PTR, INCOME$PT~ RATING$PTR, CATEGORY$PTR) ADDRESS; 
DECLARE AGE BASED AGE$PTR BYTE; 
DECLARE (INCOME BASED INCOME$PTR, RATING BASED RATING$PTR) 

ADDRESS; 
DECLARE (CATEGORY BASED CA TEGORY$PTR) (100) ADDRESS; 

In the first DECLARE statement, the ADDRESS variables AGE$PTR, INCOME$PTR, RATING$PTR, and 
CATEGORY$PTR are declared . They are used as base variables in the nex t three DECLA RE 
statements. 

In the second DECLARE statement, a BYTE variable ca lled AG E is declared . The declaration implies 
that whenever AGE is referenced by the running program, its value will be found at the location given 
by the value of the ADDRESS variable AGE$PTR at that sa me time. 

The third DECLARE statement declares two based variables, both of type ADDRESS. 

The fourth DECLARE statement defines a 100-element ADDRESS array ca lled CATEGORY, based at 
CA TEGORY$PTR. This means that when any element of CA TE GORY is referenced at run time, the 
value of CATEGORY$PTR at that sa me time is the address of the first element of CATEGORY . The 
other elements follow contiguously. The parentheses around the tokens CA TE GORY BASED 
CATEGORY$PTR are optional. They help to make the statement more readable, and may be omitted . 

For example, CATEGORY(S) is a reference to the sixth element of array CATEGORY. The address of 
CA TEGORY(S) will be the value of CA TEGORY$PTR (at the time of the reference) plus 1 0 (since 1 0 
bytes are required for 5 ADDRESS elements). 

So far, the examples have only shown numeric constants being assigned to bases. As will be seen in 
Section 4 .1 .3 , a PL/ M construct ca lled the " dot operator" allows much greater fl exibility by 
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permitting the address of a variable to be assigned to another variable, which is the base for a based 
variable. 

3.7 CONTIGUITY OF STORAGE 

PL/ M guarantees that variables will be stored in contiguous memory locations in certain si tuat ions: 

• The elements of an array are stored contiguously, with the 0th element in the lowest 
address and the last element in the highest address . (No sto rage is allocated for a 
based array, but the elements are considered to be contiguous in memory.) 

• The members of a structure are stored contiguously, in the o rder in which they are 
specified . (No storage is allocated for a based structure, but the members are 
considered to be contiguous in memory .) 

• Non-based variables declared in a "factored" declaration - that is, variables within a 
parenthesized list - are stored contiguously, in the order spec ified. (H a based variable 
occurs in a parenthesized list, it is ignored in allocat ing storage.) 

These are the only guarantees. 
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CHAPTER 4 
EXPRESSIONS AND ASSIGNMENTS 

A PL/ M expression consists of operands (va lues) combined by means of the various arithmetic, 
logical, and relational operators. Examples are 

A+B 
A+ B - C 
A*B + C/D 
A*(B + C) - (D - E)/F 

where +, -, *, and / are operators fo r add ition, subtract ion, multiplicat ion, and division, and A, B, C, 
D, E, and F represent operands. The parentheses serve to group operands and operators, as in 
ordinary algebra. 

4.1 OPERANDS 

Operands are the building blocks of expressions. An operand must be something which has a specifi c 
value at run time. Thu s in the examples above, A, B, C, etc. might be the identifiers of sca lar vari ables 
which have values at run time. 

Numeric constants and fully qualified variable references may appear as operands in expressions. The 
following sections describe all of the types of operands that are permitted. 

4.1 .1 CONST ANTS 

Any numeri c constant may be used as an operand in an expression. 

A numeric constant is implicitl y of type BYTE if it is not greater than 255. If it is greater than 255, it is 
implic itly of type ADDRESS. 

A string constant containing not more than two characters may also be used as an operand. If it has 
only one character, it is treated as a BYTE numeric constant whose value is the eight-bit ASCII code 
for the character. If it is a two-character string, it is treated as an ADDRESS numeric constant whose 
value is formed by stringing together the ASCII codes for the two characters, with the code for the 
first character forming the most significant eight bits of the sixteen-bit number. 

4 .1.2 VARIABLE REFERENCES 

As we have seen, a fully qualified variable reference refers unambiguously to a single sca lar va lue. 
Any fully qualified variable reference may be used as an operand in an expression. When the 
expression is evaluated, the reference is replaced by the va lue of the scalar. 

In addition to the kinds of variable reference described in Section 3.6, there is another .kind ca lled a 
"function reference." 
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A function reference is the name of a " typed procedure" that has previously been dec lared, along 
with any parameters required by the procedure dec laration. The value of a function reference is the 
va lue returned by the procedure. Fo r a complete di scuss ion of procedures and function references, 
see Chapter 8. 

4.1.3 LOCATION REFERENCES: THE DOT OPERATOR 

A " locat ion reference" is formed by using the dot operator. There are two fo rm s of loca tion 
reference. The first is 

.identifier 

where the identifier is a fu ll y qua lifi ed, partially qua li fied , or unquali fi ed var iab le reference. The value 
of this location reference is the locati on - the actual memory address at run time - of the variab le. 
Thus the value of any location reference is always of type ADDRESS. 

If the var iable reference is partia ll y quali fied or unqualified, it spec ifies an array or stru cture. The 
location is the location of the first element or member of the array or structure. If it is partia ll y 
qualified, it is the location of the first sca lar of the smallest group of sca lars that is uniquely identified 
by the var iable reference. 

For example, suppose that we have the following declarations: 

DECLARE RESULT ADDRESS; 
DECLARE XNUM (100) BYTE; 
DECLARE RECORD STRUCTURE (K EY BYTE, INFO(25) BYTE, HEAD ADDRESS); 
DECLARE LIST (128) STRUCTURE ( 

KEY BYTE, 
INFO (25) BYTE, 
HEAD ADDRESS); 

Then .RESULT is the address of the ADDRESS scalar RESULT, whi le .XNUM (S) is the address of the 
6th element of the array XNUM and .XNUM is the address of the beginning of the array - that is, 
the address of the first element (e lement 0). 

Also, .RECORD.HEAD is the address of the ADDRESS scalar RECORD.HEAD, whi le .RECORD is the 
address of the BYTE sca lar RECORD.KEY; and .RECORD. INFO is the address of the first element of 
the 25-BYTE array RECORD.INFO, whereas .RECORD. INFO(?) is the address of the 8th element of 
the same array. 

LIST is an array of structures . The location reference .LIST(S) .KEY is the address of the scalar 
LIST(S).KEY. Note that .LIST.KEY is ill ega l. The loca tion reference .LIST(0).INFO(6) is the address of the 
scalar LIST(0). INFO(6) . Also, .LIST(0).INFO is the address of the first element of the sa me array . 

A special case exists when the identifier is the name of a procedure. The procedure must be decla red 
at the outer level of the program module (see Chapter 10). No actual parameters may be given (even 
if the procedure declaration includes forma l parameters) . The va lue of the location reference in thi s 
case is the address of the entry point of the procedure. 

The other form of location reference is 
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.(constant li st) 

where the "constant list" is a sequence of one or more constants separated by commas, and enclosed 
in parentheses. When thi s type of locat ion reference is made, space is alloca ted fo r the constants, the 
co nstan ts are stored in thi s space (cont iguously, in the ord er given by the li st), and the va lue o f the 
locat ion reference is the address of the first constant. 

Strings may be included in the list. For exa mple, if the operand 

.(' NEXT VALUE') 

appea rs in an express io n, it causes the string NEXT VALUE to be sto red in memo ry (one character per 
byte, thus occupy ing 1 2 contiguous bytes of storage). The va lue of the operand is the address of the 
first of these bytes - in other words, a pointer to the string. 

Location References and Based Variables 

An important use of loca ti on references is to suppl y va lues for bases . Thus the dot operator, together 
w ith the based va riable concept, gives PL/ M a complete fac ility fo r manipulating pointers. 

For exampl e, suppose that we have three different BYTE va riables, NORTH$ERROR, EAST$ERROR, 
and HEIGHT$ERROR . W e want to be able to refer to them at different times by means of the single 
identifier ERROR. This ca n be done as fo ll ows: 

DECLARE ( ORTH $ERROR, EAST$ERROR, HEIG HT$ER ROR) BYTE; 
DECLARE ERROR$POINTER ADDRESS; 
DECLAR E ERROR BASED ERROR$PO INTER BYTE; 

ERROR$POINTER = . ORTH$ER ROR; 

At this point, the va lue of ERROR$POINTER is the address of NORTH $ER ROR. A reference to ERROR 
will be, in effec t, a reference to NORTH$ERROR. Later in the program, we ca n write 

ERROR$POINTER = .HEIGHT$ERROR; 

Now a reference to ERROR w ill be, in effec t, a reference to H EIG HT$ERROR. In th e sa me way, we 
ca n cause the va lue of the pointer to be the add ress of EAST$ERROR, and a reference to ERROR w ill 
be a reference to EAST$ERROR. 

Thi s kind of technique is useful fo r manipulating compli ca ted data structures and fo r passing add resses 
to proced ures as param eters. Exampl es are given in Chapter 8. 

4. 1 .4 SUBEXPRESSIONS 

A subexpression is simpl y an express ion enclosed in parentheses. A subexpression may be used as an 
operand in an express io n. This is the same as saying that paren theses may be used to group portions 
of an express ion together, just as in ordinary algebraic notation. 

27 



4. EXPRESSIONS AND ASSIGNMENTS 
4.2 ARITHMETIC OPERATORS 

4.2 ARITHMETIC OPERATORS 

There are five princ ipa l arithm etic operato rs in PL/ M (two others are desc ribed in Chapter 1 2) . The 
five principal operators are 

+ - * I MOD 

A ll of the above operators perform unsigned integer (binary) arithmetic, combining two operands . 
Each operand may have ei th er a BYTE or an ADDRESS va lue. 

4.2. 1 THE " + " AND " -" OPERATORS 

The operators + and - perfo rm additi on and subtrac ti on. If both operands are o f the sa me type, the 
result is also of that sa me type. If one operand is of type ADDRESS and the other operand is of type 
BYTE, the BYTE operand is extended by 8 high-order zero bits, th e operat ion is performed in 1 6-bit 
arithmetic, and the result is of type ADDRESS . 

See Section 4.5 .2 for the case wh ere a larger va lue is subtracted from a small er one. 

4.2 .2 THE UN A RY "-" OPERATOR 

A unary"-" operato r is also defined in PL/M. It takes a single operand, to whi ch it is prefixed. In 
other words, a minus sign that does no t have an operand to the left of it is taken to be a unary minus. 

Its effect is such that (- A) - where A is any operand - is equivalent to (0- A). Thus - 1, for example, 
is equiva lent to 0-1 , resulting in the BYTE va lue 255 or OF FH as expl ained below in Section 4. 5 .2 . 

The result of a unary " -" is always of the same type as the operand. 

4. 2.3 THE " *" AND " /" OPERATORS 

The operators * and / perform unsigned binary multipli ca ti on and di v ision, on operands of type BYTE 
or ADDRESS . The result is always of type A DDRESS. In the event that arithmetic overflow occurs 
during multiplication, the result is undefined . The d ivi sion operator always rounds down to an integer 
result, and the result of division by zero is undefined. 

4. 2.4 THE " MOD" OPERATOR 

MOD perfo rm s simil arl y to /, except that the result of the operati on is not the quotient from the 
di v isio n, but the remainder. 

4.3 LOGICAL OPERATORS 

There are 4 logica l (boolean) operators in PL / M. These are 

NOT AN D O R XOR 

These operators perform logica l operat ions on 8 or 16 bits in parallel. 

NOT is a unary operator, taking one operand only. It produces a result in w hich each bit Is the 
complement of the corresponding bit of its operand . 
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The remaining operators each take 2 operands, and perform bitwise "and," "or," and " exclusive or" 
respectively. If both operands are of type BYTE, the operation is an 8-bit operat ion, and delivers a 
result of type BYTE. If at least one operand is of type ADDRESS, the operation is a 16-bit operat ion, 
and delivers a result of type ADDRESS. In this case, the BYTE operand, if any, is first extended to 16 
bits by the addition of 8 high-o rder zero bits. Examples are 

NOT 110011008 - result is 00110011 B 

1010101 OB AND 110011008 

101010108 O R 110011008 

1010101 OB XOR 110011008 

- result is 1000 10008 

- resu lt is 111 0 11108 

- result is 0110011 OB 

4.4 RELATIONAL OPERATORS 

Relational operators are used to compare operands. They are 

< less than 
> greater than 
<= less than o r equal to 
>= greater than or equal to 
<> not equal to 

equal 

Relational operators are always binary operators, tak ing two operands. The operands may be of type 
BYTE or ADD RES S. The compari son is always performed assuming that the operands are unsigned 
binary integers . If the specified relation between the operands is " true," a va lue of 0FF H (or 
1111 $1111 B) results. O therwise the result is OOH (o r 0000$00008) . Thus in all cases the result is of 
type BYTE, w ith all 8 b its set to 1 fo r a " true" condition, o r to 0 fo r a "false" condition. For example: 

(6 > 5) 

(6 <= 4) 

- result is 0FFH (" true") 

- result is OOH (" fa lse") 

Also, notice that " true" and "fa lse" values ca n be combined meaningfull y by means of logica l 
operato rs. Thus 

NOT(6 > 5) 

(6 > 5) AND (1 > 2) 

(6 > 5) OR (1 > 2) 

(LIM = Y) XOR (Z < 2) 

- result is OOH ("false") 

- result is OOH ("false") 

- result is 0FFH (" true") 

- result is 0FFH (" true") if LIM = Y 
or if Z < 2, but result is OOH 
("fa lse") if both relations are 
"true" or both "fa lse." 

Values of " true" and "false" resulting from relational operations are useful in conjunction with DO 
WHILE statements and IF statements, as will be seen in Chapter 5. (In the context of a DO WHILE 
statement o r IF statement, only the least significant bit of a " true" o r "false" value is used .) 
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4.5 EXPRESSION EVALUATION 

4 .5 .1 PRECEDENCE OF OPERATORS 

Operators in PL/ M have an implied precedence, which is used to determine the manner in w hich 
operators and operands are grouped together. A+B*C causes A to be added to the product of B and 
C. In this case B is sa id to be " bound" to the operato r * rather than the operator +, as a result of 
w hich the multiplication is performed first. 

In general, operands are bound to the adjacent operator of highest precedence, or to the left one in 
the case of a tie. 

NOTE 

Technicall y speaking, Pl / M does not guarantee the o rder of 
evaluation of operands and operations within an express ion, but 
merely defines the assoc iation (binding) of operators and operands. 
Thi s is significant in any case w here the order of evaluation of 
operands can affect the va lue of the expression, as may occur when 
embedded assignments (see Sect ion 4 .6.3) o r function references are 
used as operands. In such cases, the va lue of the express ion is 
undefined. 

Valid PL/ M operators are listed below from highest to lowest precedence . Operators li sted on the 
same line are of equal precedence. 

unary " - " 
* I MOD 

+ -
< <= <> = >= > 

NOT 
AND 

OR XOR 

The application o f the precedence ranking can be seen in the following: 

A + B + C + D is equiva lent to 
A + B * C is eq-uivalent to 
A + B - C * D is equivalent to 

((A + B) + C) + D 
A+ (B * C) 
(A + B) - (C * D ) 

Parentheses can be used to override the assumed precedence in the same way as they are used in 
o rdinary algebra. Thus the expression (A + B) * C w ill cause the sum of A and B to be multiplied by 
C, instead of adding A to the product of B and C. 
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4. EXPRESSIONS AND ASSIGNMENTS 
4.5 EXPRESSION EVALUATION 

4.5.2 UNSIGNED INTEGER ARITHMETIC 

When writing a PL/M express ion, it is important to bear in mind that all numerical va lues in PL/M -
i.e, numeric constants, values of variables, and va lues of expressions - are trea ted as unsigned binary 
integers. Unsigned binary arithmetic is used in eva luating expressions. 

This means, in particular, that if a larger value is subtracted from a sma ller one, the result is the twos 
complement of the absolute difference between the two values . For exa mple, 0- 1 is equal to 255. 

Note that since the relat ional operators perform unsigned compari sons, if EXP stands fo r some -var iable 
or express ion, EXP >= 0 is always "true" for any va lue of EXP. 

4.6 ASSIGNMENT STATEMENTS 

Results of computat ions can be stored as va lues of scalar va riables. At any given moment, a scalar 
va riable has only one va lue - but this value may change with program execution. The PL / M 
assignment statement changes the value of a variable. Its fo rm is 

variable = expression ; 

The express ion to the ri ght of the equal sign may be any PL / M expression, as described in the 
preceding sections. This express ion is evaluated, and the resulting value is assigned to (that is, sto red 
in) the variable named on the left side of the equal sign. This variable may be any fully qualified 
variable reference except a funct ion reference. The old va lue of the va riable is lost. 

For example, fo llowing execution of the statement 

RESULT = 3; 

the variable RESULT will have a new va lue of 3. 

4 .6. 1 TYPE CONVERSIONS 

If the type of the value of the expression is not the same as the type of the variable on the left side of 
an ass ignment statement, the va lue of the express ion is automatica ll y converted to match the type of 
the variab le. 

Conversion from BYTE to ADDRESS is done by appending 8 high-order zero bits to the BYTE va lue. 
Conversion from ADDRESS to BYTE is done by dropping the 8 high-order bits of the ADDRESS value. 

4.6.2 MULTIPLE ASSIGNMENT 

It is often convenient to assign the same va lue to several var iables at the same time. Thi s is 
accompli shed in PL/ M by listi ng all the variables to the left of the equa ls sign, separated by commas . 
The variables LEFT, CENTER, and RIGHT can all be set to the value of the expression INIT + CORR 
with the single assignment statement 

LEFT, CENTER, RIGHT= INIT + CORR; 
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4. EXPRESSIONS AND ASSIGNMENTS 
4.6 ASSIGNMENT STATEMENTS 

4.6.3 EMBEDDED ASSIGNMENTS 

A special form of the assignment is used within PL/ M expressions . The form of this "embedded 
assignment" is 

variable := expression 

and may appear anywhere an expression is allowed. The expression to the right of the := assignment 
symbol is evaluated and then stored into the variable on the left. The value of the embedded 
assignmen_t is the same as that of its right half. For example, the expression 

ALT + (CORR := TCORR+PCORR) - (ELEV := HT /SCALE) 

results in exactly the same value as 

ALT + (TCORR+PCORR) - (HT /SCALE) 

The only difference is the side-effect of storing the intermediate results TCORR+PCORR and 
HT /SCALE into CORR and ELEV, respectively . These intermediate results can then be used at a later 
point in the program without calculating them again. 
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CHAPTER 5 
FLOW CONTROL STATEMENTS 

This chapter desc ribes statements that affect the sequence of execution of statements in a PL / M 
program and the grouping of PL/ M statements into blocks. 

5.1 DO AND END STATEMENTS: DO BLOCKS 

DO and END statements act as brackets to fo rm " DO blocks." There are four d ifferent kinds of DO 
statements, described in the fo llowing sections. They are 

• The simple DO statement 

• The DO WHILE statement 

• The iterative DO statement 

• The DO CA SE statem ent 

The END statement has the fo rm 

END [label] ; 

where the optional label, if used, must be the label of the DO statement that begins the DO block. 

For example, the statement 

END FIND; 

could be used to end a block that begins with a DO statement bearing the label FIND. 

If the DO statement has more than one label, the label in the END statement must match the last -
that is, the rightmost - of these labels. The label in an END statement has no effect on the program. 
It is allowed as a means of making programs easier to understand and as a debugging aid . The 
compiler will detect an incorrect label and may thus alert the programmer to a mistake in his program 
structure. 

5.1 .1 SIMPLE DO BLOCKS 

A simple DO block begins with a simple DO statement and has the form 
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5. FLOW CONTROL STATEMENTS 
5.1 DO AND END STATEMENTS: DO BLOCKS 

DO; 
statement-1; 
statement-2; 

statement-n; 
END; 

The fo llowi ng is an example: 

DO; 
NEW$VALUE = OLD$VALUE + TEMP; 
COUNT = COUNT+ 1; 

END; 

There are three princ ipal uses of simple DO blocks: 

• A simple DO block may be regarded as a single PL /M statement, and may appear 
anywhere in a program that a single executable statement may appear. This is useful in 
DO CASE blocks and IF statements, as wi ll be seen in Sections 5. 1.5 and 5.2 . 

• A simple DO block del imits the scope of variables as explained in Chapter 9. 

• As explained in Chapter 10, a program module is a simple DO block (with certain 
other requirements). 

Each statement within a simple DO block may be any PL/M statement, including both executable 
statements and declarations, w ith the restri ction that all declarations within the outer level of the DO 
block must appear before the first executable statement that occurs at the outer level. 

The executable statements (if any) within the DO block are executed in normal sequence just as if 
they were not enclosed within DO and END statements. (Notice that if any other fl ow control 
statements occur within the DO block, they may alter the normal sequence as explained in the 
fo llowing sections.) 

DO blocks may be nested within each other as shown in the fo llowi ng: 

DO; 
statement-1 ; 
statement-2 ; 
DO; 

statement-a; 
statement-b; 
statement-c; 

END; 
statement-3; 
statement-4; 

END; 

The first DO statement and the second END statement bracket one simple DO block. The second DO 
statement and the first END statement bracket a different DO block inside the first one . Notice how 
indentation (using tabs or spaces) can be used to make the sequence readable, so that it ca n be seen 
at a glance that one DO block is nested inside another. It is recommended that this practice be 
followed in writing PL/M programs. 
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5. FLOW CONTROL STATEMENTS 
5.1 DO AND END STATEMENTS: DO BLOCKS 

Nesting is not restricted to simple DO blocks. Any DO block may be nested within any other DO 
block. 

The number of levels to which DO blocks ca n be nested is limited by the PL/M-80 Compiler. See 
/SIS-II PL/ M-80 Compiler Operator's Manual. 

5.1.2 " TRUE" AND " FALSE " VALUES 

Before desc ribing DO WHILE blocks, it is worth commenting here on the relationship between the 
logical operators and the DO WHILE statement. These comments also apply to the IF statement (see 
Section 5 .2). W e have seen (Section 4.4) that relational operations result in 0FFH for " true" o r OOH 
for " false. " Such values may be used to control a DO WHILE statement or IF statement. However, DO 
WHILE and IF statements examine only the least significant bit of the va lue of the expression, and the 
expression need not have a value of OOH or 0FFH . It may have any BYTE or ADD RESS value. If the 
value is an odd number (least signifi ca nt bit = 1) it will be considered " true. " If it is even (least 
significant bit = 0) it will be considered "fa lse ." 

5.1.3 DO WHILE BLOCKS 

A DO WHILE block begins with a DO WHILE statement, and has the form 

DO WHILE expression; 
statement-1; 
statement-2; 

statement-n; 
END; 

The effect of this statement is as follows: 

• First the expression following the reserved word WHILE is evaluated. If the result is a 
quantity whose ri ghtmost bit is 1, then the sequence of statements up to the END is 
executed. 

• When the END is reached, the WHILE express ion is evaluated again, and again the 
sequence of statements is executed only if the value of the expression has a ri ghtmost 
bit of 1 . 

• The block is executed over and over until the expression has a value whose rightmost 
bit is 0, at which time execution of the statements in the block is skipped, and program 
control passes to the statement following the END statement. 

NOTE 

The above description assumes that the block does not contain any 
flow control statements that could cause control to pass out of the 
block prematurely. For example, a GOTO statement (see Section 
5 .3 .2) could transfer control out of the block without regard to the 
condition in the DO WHILE statement. 
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5. FLOW CONTROL STATEMENTS 
5.1 DO AND END STATEMENTS: DO BLOCKS 

Consider the following example: 

AMOUNT = 1; 
DO WHILE A MOUNT < = 3; 

AMOUNT = AMO UNT+l ; 
END; 

The statement. AMOUNl = AMOUNT + 1 is executed exactl y 3 times . The value of AMOUNT when 
program control passes out of the block is 4. (This exemplifies the programming rule that " completion 
of a DO WHILE causes its condition to become fa lse. " ) 

Like a simple DO block, a DO WHILE block ca n be considered as a single PL / M statement. 

However, unlike a simple DO block, a DO WHILE block may not contain declarations at its 
outermost level. (It may contain a nested simple DO block which contains declarations.) 

5.1.4 ITERATIVE DO BLOCKS 

An iterative DO block begins with an iterative DO statement and executes the statements w ithin the 
block repeatedly as described below. 

The simplest form of the iterative DO block is 

DO index = initial-expr TO limit-expr; 
statement-1 ; 
statement-2; 

statement-n; 
END; 

where the " index" is a reference to a scalar va riable (not subsc ripted), and " initial-expr" and " lim it­
expr' ' are both PL/M expressions. 

This block operates as follows: 

1. The initial-expr is evaluated and its value is assigned to the index variable. This is done 
only once, before the first time through the block. 

2. The limit-expr is evaluated and its value is compared to that of the index variable. If 
the value of the index variable is greater than the value of the limit-expr, Steps 3 and 4 
below are skipped and control passes to the statement following the END statement. 

3. The executable statements in the block are executed . 

4. The value of the index variable is incremented by 1. If this causes the new value to be 
less than the old value (because of " wrap-around " due to modulo arithmetic), control 
passes immediately to the statement following the END statement and the block will 
not be repeated. If the new value of the index variable is not less than the old value, 
w e go back to Step 2 above. 
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5. FLOW CONTROL STATEMENTS 
. , ., 

5.1 DO AND END STATEMENTS: DO BLOCKS 

An example is 

NOTES 

The values of both the initi al-expr and the limit-expr are converted to 
the same type as the index variable. 

The initial-expr is evaluated only once. The limit-expr Is evaluated 
each time the block is repeated . 

Step 4 above provides for stopping the repetition if the va lue of the 
index variab le is incremented past 255 (for a BYTE index variab le) or 
65535 (for an ADDRESS index variable). 

The above desc ription assumes that the block does not contain any 
flow control statements that could cause control to pass out of the 
block prematurely . For example, a GOTO statement (see Section 
5.3 .2) could transfer control out of the block without regard to the 
va lues of the index-variable and the limit-expr. 

DO I = 1 TO 10; 
CALL BELL; 

END; 

where BELL is the name of a procedure that causes a bell to be rung. The bell is rung ten times. 

Another example shows how the index-variable can be used within the block. 

AMOUNT= O; 
DO I = 1 TO 10; 

AMOUNT= AMOUNT+ I; 
END; 

Both AMOUNT and I are scalar vari ables. The ass ignment statement is executed 10 times, each time 
with a new value fo r I. The result is to sum the integers from 1 to 10 (inclusive) and leave the sum 
(namely 55) as the value of AMOUNT. 

The more general form of the iterative DO block allows a stepping va lue other than 1. Thi s more 
general form is 

DO index = initial-expr TO limit-expr BY step-expr; 
statement-1 ; 
statement-2; 

statement-n; 
END; 

In this case, the index variable following the DO is stepped by the value of the step-expr, instead of 1, 
each time the END .is reached. An example of this form is the fo llowing: 
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5. FLOW CONTROL STATEMENTS 
5.1 DO AND END STATEMENTS: DO BLOCKS 

/ *Compute the product of the first N odd integers * / 

PROD = 1; 
DO I = 1 TO (2*N- 1) BY 2; 

PROD= PROD * !; 
END; 

NOTES 

Since PL / M uses on ly unsigned arithmetic, there is no such th ing as 
a negative step. For example, if the step-expr is -5, it means the 
same as a step-ex pr of 2 5 1 . 

In PL/M, it is not possible to step "downward s" to a limit-expr val ue 
that is less than the i nitial-expr va lue, because the iterat ive DO block 
wi ll always terminate if the va lue· of the index-variable is greater 
than the value of the limit-expr. 

The va lue of the step-expr is converted to the same type as the 
index-variable. 

The step-expr is evaluated each time through the b lock, just after the 
executable statements in the block are executed. 

Like a simple DO block, an iterative DO block can be cons idered as a single PL/ M statement. 

However, unlike a simple DO block, an iterative DO block may not contain declarations at its 
outermost level. (It may contai n a nested simple DO block w hich contains declarations.) 

5.1.5 DO CASE BLOCKS 

A DO CASE block begins with a DO CASE statement, and selectively executes one of the statements 
in the block . The statement is selected by the va lue of an expression. The form of the DO CASE block 
is 

DO CASE expression; 
statement-1 ; 
statement-2; 

statement-n; 
END; 

First, the expression in the DO CASE statement is evaluated. The resu lt of this is a value w hich must 
lie between 0 and n- 1. (Call this value K.) K is used to select one of the n statements in the DO CASE 
block, which is then executed. The first case (statement-1) corresponds to K=0, the second case 
(statement-2) corresponds to K=l, and so forth . Only one statement from the block is selected . This 
statement is then executed only once. Control then passes to the statement following the END 
statement of the DO CASE block . 
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5. FLOW CONTROL STATEMENTS 
5.1 DO AND END STATEMENTS: DO BLOCKS 

NOTE 

The above description assumes that the block does not contain any fl ow control 
statements that could cause control to pass from one case to another. For example, a 
GOTO statement (see Section 5.3.2) could transfer control from the selected case to 
another case, or out of the DO CASE block. 

If the run -t ime value of the express ion in the DO CASE statement is greater than the number of cases 
(statements) in the DO CASE block, then the effect of the DO CASE statement is undefined . 

An example of a DO CASE block is 

DO CASE SCORE; 

CONVERSIONS= CONVERSIONS+l; 
SAFETIES= SAFETIES+l; 
FIELDGOALS = FIELDGOALS+l; 

TOU CHDOWNS = TOUCHDOWNS+l ; 
END; 

When execution of this CASE statement begins, the variable SCORE must be in the range 0 - 6. If 
SCORE is 0, 4, or 5 then a null statement (consisting of only a semicolon, and having no effect) is 
executed; otherwise the appropriate variable is incremented. 

A more complex DO CASE block is the following: 

DO CASE COUNT-5; 

X = X+l ; 

DO; 
X = X+l0; 
Y = Y+l ; 

END; 

DO I = LAST$Hl+l TO TOP; 
CALL WRITEOUT(.T ABLE(I), 1 ); 

END; 

END; 

/* Case 0 * I 

I* Begin Case 1 * / 

I* End Case 1 * / 

/* Begin Case 2 */ 

I* End Case 2 * / 

I* End DO CASE block * / 

Thi s example illustrates the use of a simple DO block as a single PL / M statement. The DO CASE 
statement can select Case 1 and cause two statements to be executed. This is only possible because 
they are grouped as a simple DO block, which acts as a single statement. Also, the iterative DO block 
of Case 2 appears as a single statement. The CALL statement within the iterative DO block is executed 
repeatedl y. 

Like a simple DO block, a DO CASE block can be considered as a single PL/M statement. 

How ever, unlike a simple DO block, a DO CASE block may not contain declaration s at its outermost 
level. (It may contain a nested simple DO block which contains decla rations. ) 
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5. FLOW CONTROL STATEMENTS , . 
5.1 DO AND END STATEMENTS: DO BLOCKS 

5.2 THE IF STATEMENT 

The IF statement provides conditional execution of statements. It takes the fo rm 

IF expression TH EN statement-1 
[ELSE statement-2 ;] 

The reserved word THEN and the statement following it are ca lled the " TH EN part," w hile the 
reserved w ord ELSE and the statement fo llowing it are the optional "ELSE pa rt. " 

The IF statement has the foll owing effect : first the express ion fo llowing the reserved wo rd IF is 
evaluated . If the result is " true" (see Section 5. 1.2) then statement-1 is executed . If the result is 
"fa lse" then statement-2 is executed . Following execution of the chosen alternati ve, control passes to 
the next statement foll owing the IF statement. Thus of the two statements (statement-1 and statement-
2) one and only one is executed . 

Consider the foll owing program fragment : 

IF NEW> O LD THEN RESULT=N EW; 
ELSE RESUL T= OLD; 

Here RESULT is assigned the value of NEW or the value of O LD, whichever is greater. This code 
causes exactl y one o f the two assignment statements to be executed . RESULT always gets ass igned 
some va lue. However, onl y one ass ignment to RESULT is executed . 

In the event that statement-2 is not needed, the ELSE part may be omitted entirely . Such an IF 
statement takes the fo rm 

IF expression TH EN statement-1; 

Here statement-1 is executed only if the value of the expression has a ri ghtmost bit of 1 . O therwi se 
nothing happens, and control immediately passes on to the next statement following the IF statement . 

Fo r example, the fo llowing sequence of PL/M statements will ass ign to INDEX either the number 5, o r 
the value of THRESHO LD, w hichever is larger. The va lue of INIT will change during execution of the 
IF statement onl y if THRESHO LD is greater than 5. The final va lue of INIT is copied to IN DEX in any 
case. 

INIT = 5; 
IF THRESHO LD > IN IT THEN INIT = THRESHO LD; 
INDEX = INIT; 

The pow er of the IF statement is enhanced by using DO blocks in the THEN and ELSE parts. Since a 
DO block is allow ed w herever a single statement is allow ed, each of the two statements in an IF 
statement may be a DO block. For example: 
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5. FLOW CONTROL STATEMENTS 
5.2 THE IF STATEMENT 

IF A=B THEN 
DO; 

EQUAL$EVENTS = EQUAL$EVENTS + 1; 
PAIR$VALUE = A; 
BOTTOM= B; 

END; 
ELSE 

DO; 
UNEQUAL$EVENTS = UNEQUAL$EVENTS + 1; 
TOP= A; 
BOTTOM = B; 

END; 

DO blocks nested w ithin an IF statement ca n contain further nested DO blocks, IF statements, 
variab le and procedure declarations, and so on. 

5.2.1 NESTED IF STATEMENTS 

An IF statement (including the ELSE part, if any) may be considered a single PL/M statement (a lthough 
it is not a block). Thus IF statements may be nested within one another. 

There is only one restri ction when an IF statement is nested in an outer IF statement : 

• If an IF statement is nested within the TH EN part of an outer IF statement, the outer IF 
statement may not have an ELSE part. 

In other words, the construction 

IF condition-1 THEN 
IF condition-2 THEN statement-1 ; 
ELSE statement-2; 

would be ambiguous if it were not for this restriction - to which IF statement wou ld the ELSE part 
belong? Because of the restri ction, it is illega l for the ELSE pa rt to belong to the outer IF statement, and 
so it must belong to the inner one. The construction above is equiva lent to the fo llowing: 

IF condition-1 THEN 
DO; 

IF condition-2 THEN statement-1; 
ELSE statement-2 ; 

END; 

and it should be noted that if it is written thi s way it is much more readable and offers less 
opportunity for error . 

If the intention is for the ELSE part to belong to the outer IF sta tement, then the nest ing must be done 
by means of a DO block: 
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5. FLOW CONTROL STATEMENTS 
5.2 THE IF STATEMENT 

IF condition-1 THEN 
DO; 

IF condition-2 THEN statement-1; 
END; 

ELSE statement-2 ; 

5.3 STATEMENT LABELS AND GOTOs 

5. 3. 1 LABELS AND LABEL DEFINITION S 

PL/ M executable statements may be labeled fo r identification and reference (DECLA RE and 
PROCEDURE statements may not be labeled). A labeled statement takes the fo rm 

label-1 : label-2: ... label-n : statement; , 

where each label is a valid Pl / M identi fier. Multiple labels may precede the statement. See /SIS-II 
PL! M-80 Compiler Operator's Manual fo r limits on the number of labels allow ed. 

The appearance of a label in the format shown above - that is, in front of a statement and separated 
by a co lon - is ca lled a " label definiti on," and it implicitly declares the label, exactl y as if the label 
w ere explicitly declared w ith a label declaration at the beginning of the block . 

Here are some examples of labeled statements: 

LOOP: INIT = INIT +1 ; 
L 1: CLEAN$UP: I = O; 

The text LOOP: is the definition of the label LOO P, the text L 1: is the definiti on of the label L 1, and 
the text CLEAN$UP: is the definition of the label CLEAN$UP. L 1 and CLEAN$UP are labels fo r the 
sa me statement. 

5 .3.2 GOTO STATEMENTS 

A GOTO statement alters the sequential order of program execution by transferring control directl y to 
a labeled statement whose label is referenced in the GOTO statement. Sequential execution then 
resumes, beginning with the " target" statement. The GOTO statement has the foll owing form : 

GOTO label ; 

An example is the foll owing: 

GOTO ABO RT; 

The appearance of a label in a GOTO statement is not a " label definiti on" - it is a label reference. 

The reserved word GOTO can also be written GO TO, with an embedded blank. 

Discussion of label scope, which affects the legality of certain GOTOs, is postponed to Section 9.3. 
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5. FLOW CONTROL STATEMENTS 
5.3 STATEMENT LABELS AND GOTOs 

NOTE 

In addition, there is an important restri ction on the use of a GOTO 
to exit from a procedure: the label in the GOTO must be the label o f 
a statement in the outermost level of the main program module (see 
Chapters 9 and 1 0). 

The use of GOTOs is necessary in some situations. How ever, in most situations w here control 
transfers are desired, the use of iterati ve DO, DO WHILE, DO CASE, IF, o r a procedure ca ll (see 
Chapter 8) is preferable. Indiscriminate use of GOTOs w ill result in a program that is di fficult to 
understand, correct, and maintain. 

5.4 THE HALT STATEMENT 

The HALT statement has the fo rm 

HALT ; 

It causes the 8080 to come to a halt w ith interrupts enabled (see Sect ion· 8. 1 .6). 

5.5 THE CALL AND RETURN STATEMENTS 

The CALL and RETURN statements are mentioned here only for completeness, since they do control 
the flow o f a program. H owever, they are not discussed in detail until Chapter 8 . 

The CALL statement is used to activate an untyped procedure (one that does not return a value). 

The RETURN statement is used within a procedure body to cause a return from the procedure to the 
point from which it w as ca lled. 
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6.1 GENERAL 

CHAPTER 6 
DECLARE STATEMENTS 

As we have seen in Chapter 3, a variable must be declared before it can be referred to by its 
identifier. This is done by means of a DECLARE statement. Chapter 3 provided some examples of 
simple DECLARE statements, without describing all the kinds of information that can be included in 
declarations. This chapter gives complete information on DECLARE statements. 

Labels may also be declared in DECLARE statements, although this is usuall y not necessary, as has 
been seen in Chapter 5. Label decla rations are covered in this chapter, as are macro declarations . 

Procedures must also be decla red. However, the declaration of procedures is treated as a separate 
topi c in Chapter 8. 

6. 1 .1 PURPOSE OF DECLARATIONS 

The purpose of a declaration is to introduce an identifier and defi ne it by giv ing a list of its properti es. 
Depending on the properti es, the identifier then becomes either a label, a macro, or the name of a 
variab le. 

The DECLARE statement also causes storage to be allocated fo r var iables, in cases where this Is 
necessary (see Section 3 . 7 for rul es on contiguity of storage). 

6.1.2 SCOPE 

The scope of a declared object is the portion of the program withi n wh ich it is recogni zed according 
to its decla ration . The scope depends on the location of the declaration within the program text. 

When a DECLARE statement has been made, all occurrences of the declared identifier that are within 
the scope are recognized and treated according to the information in the DECLARE statement. 

As mentioned in Section 1.2.5, PL/M is a block-structured language, and the scope defined by any 
declaration is limited to the block in which it occurs (unless it has extended scope as described below 
in Section 6.2.8). 

Furthermore, if any sub-block nested within the block conta ins a decla ration which declares the same 
identifier, then the scope defined by the outer declaration excludes the sub-block. 

Scope is discussed in detail in Chapter 9. 
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6. DECLARESTATEMENTS 
6.1 GENERAL 

6.1.3 WHERE DECLARATIONS MAY OCCUR 

Declarations may occur only at the head of a sim ple DO block (see Chapter 5) or procedure block 
(see Chapter 8) - that is, between the DO or PROCEDURE statement and the first executable 
statement in the block. 

Once a declaration has been made, it is illegal to make a new decla ration using the same identi fier at 
the outer level of the same block. 

In addition, decla rations containing certain " attributes" and " initializations" may occur only at the 
outer level of a program module (see Chapter 10). 

6.1 .4 NOTE ON SYNTAX 

The general syntax of DECLARE statements is quite complex . Accordingly, rather than try to start by 
giving the general syntax, we build up by starting with the simplest cases and proceeding to more 
complex ones. 

Complete formal syntax rul es for PL/ M can be found in Appendix A. 

6.2 VARIABLE DECLARATIONS 

6.2 .1 BASIC SYNTAX OF A VARIABLE OECLARA TION 

In simple form, the syntax of a variable declaration is as follows: 

DECLARE identifier [base specifier] [dimension specifier] type [attributes] [initialization]; 

(Attributes and initiali zations are di scussed below in Sections 6.2 .8 and 6.2.9.) 

Thus the simple.st poss ible variable decla ration consists of the reserved word DECLARE, an identifier, a 
type, and the terminating semicolon. 

An example is 

DECLARE HIGH$VALUE BYTE; 

In subsequent sections, we will see mo re complex fo rms of the va riable decla ration. 

6 .2.2 IDENTIFIERS 

Identifiers are di scussed in Section 2 .2. In the above syntax, the identifier is the name of the variable 
being declared . 
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6.2.3 BA SE SPECIFIERS 

Immed iately after the identi fier, we ca n insert a base spec ifier to decla re a based variable. Based 
va riables have already been described in Sections 3 .6.3 and 4 .1 .3 . 

A base specifier has the fo rm 

BASE D base- identifier 

where the base-identifier is the identifier of an ADDR ESS scalar w hich has already been decla red . The 
base may not be subscripted, and it may not itself be a based variable. It may be a structure member. 

No sto rage is allocated fo r a based variabl e. Instead, the va lue of the based variable is defined to be 
the contents of the memory location w hose address is the va lue of the base. 

A declaration of a single based variable has the fo rm 

DECLA RE identifier BAS ED base-identi fier [dimension spec ifier] type; 

Notice that the word BASED must immediately fo llow the identifier, and the base- identifier 
immediately fo llow s the word BASED. A based variable may not have any attributes or initializations 
in its declaration . 

The foll owing is an example of a decla ration of a based variable: 

DECLA RE LI ST$1TEM BAS ED LI ST$1TEM$PTR BYTE; 

It is assumed that LIST$1TEM$PTR is an ADD RESS va riable that has already been declared . Now 
LI ST$1TEM is a BYTE va riable w hose value is the contents of the byte w hose address is found in 
LIST$1TEM$PTR when a reference is made to LI ST$1TEM . 

6 .2 .4 FACTORED VA RIABLE DECLARATIONS 

Instead of using a DECLARE statement to declare a single variable, we can w rite a parenthesized li st of 
identifiers (with o r w ithout base spec ifiers) as in the fo llowing example: 

DECLA RE (RATE, PRICE, NUM BAS ED NUM$PTR, K) ADDRESS; 

This is a "factored" variable decl aration, which is equi va lent to 

DECLARE RATE ADDRESS; 
DECLA RE PRICE ADDR ESS; 
DECLA RE NUM BAS ED NUM $PTR ADDRESS; 
DECLARE K ADDRESS; 

(except that contiguous storage is guaranteed fo r non-based va riables decla red in a single 
parenthes ized li st, while va riables decl ared in consecutive declarati ons may not be stored 
contiguously). 

Type information that fo llow s the parenthesized list (in this case the type A DDRESS) applies to each 
va riable in the list. If a dimension specifier or a PU BLI C or EXTERN AL attribute is present, it also 
applies to each identi f ier in the list. The meaning of an AT attribute with a facto red list is explained in 
Section 6.2.8. The meaning of an initialization w ith a factored li st is explained in Section 6.2 .9. 
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The number of variables that can be declared in a single fac tored decla ration is limited by the PL/M-
80 Compiler. See 1515-II PL! M-80 Comp iler Operator 's M anua l. 

6.2.5 DIMENSION SPECIFIERS 

Arrays have already been introduced in Chapter 3. 

A dimension specifier is a numeric constant in parentheses, and gives the number of array elements to 
be associated with the identifier. If no dimension spec ifier is used in the DECLARE statement, each 
identifier that is decl ared in that statement refers to a single variable, w hich may be either a BYTE or 
ADDRESS scalar or a structure. 

The numeric constant in the dimension specifier may not be zero. 

An implicit dimension spec ifier is an asteri sk enclosed in parentheses . It ca n be used onl y w ith 
initializations, and is discussed below in Section 6.2 .9. 

The elements of an array are located in contiguous memory locations, w ith the first element (e lement 
0) at the lowest address. 

6.2.6 THE BYTE AND ADDRESS TYPES 

Every PL I M va riable must be decl ared w ith a " type ." There are three types: BYTE, ADDRESS, and 
STRUCTURE. The STRUCTU RE type is discussed separately in Section 6.2.7 below. 

Each BYTE data element is an 8-bit scalar va lue occupying a single byte of storage. Each ADDRESS 
data element is a 1 6-bit scalar value occupying two contiguous bytes of storage. The type of each 
variable element must be fo rmally declared in its DECLARE statement. 

A BYTE va riable may assume any va lue from O to 255 (or OF FH, or 3 77Q, or 1111 $1 111 B). 

An ADDRESS vari able may assume any value from O to 65535 (or OF FFFH, or l 77777Q, or 
1111 $1111 $1111 $1111 8). 

6.2.7 THE STRUCTURE TYPE 

Structures have already been introduced in Chapter 3. Notice that in terms of the syntax of DECLARE 
statements, STRU CTURE is a "type" like BYTE and ADDR ESS, and occupies the same position in the 
statement - immediately fo ll owing the dimension specifier (if any), o r the identifier or list of 
identi fiers. 

However, the STRU CTURE type does not consist of the single word STRUCTUR E, but also incl udes 
the parenthesized list of structure members. The fo llowing are examples of va lid DECLARE sta tements 
usi ng the STRUCTU RE type. 

48 

•· 



6. DECLARESTATEMENTS 
6.2 VARIABLE DECLARATIONS 

DECLARE ENTRY(12)STRUCTURE ( 
HEAD ADDRESS, 
NEXT ADD RE SS, 
INFO ADDRESS, 
SIZE BYTE); 

DECLARE POINT STRUCTURE ( 
A$COORD (3) BYTE, 
B$COORD (3) BYTE, 
RANGE ADDRESS); 

DECLARE ITEM BASED ITEM$POINTER STRUCTURE ( 
HEAD ADDRESS, 
PREDECESSOR ADDRESS, 
SUCCESSOR ADDRESS, 
INFO (2 00) BYTE ); 

Notice that an array can be made up of structures (first example), that a structure can contain arrays 
(second and third examples), and that a structure ca n be based (thi rd examp le). 

The members of a structu re are physica ll y located in contiguous memory locat ions, in the o rder in 
which they are spec ified. 

Structure Member Specifications 

Structure member spec ifi cations are the items inside the parentheses of a STRU CTURE type. A 
structure member spec ification has the fo rm 

member-identifier [dimension specifier] type 

where a member-identifi er is fo rmed in the same way as any PL/ M identifier - that is, a string of up 
to 31 alphanumeri c characters, the first of w hich must be a letter. Dollar signs may be embedded. 

The following restri ctions appl y to structure member spec ificat ions: 

• Facto red structure member spec ifications are not allowed. Each member-identifier must 
be written with its own dimension specifier (if any) and type. 

• M ember-identifiers may not be based, although the structure itse lf may be based. 

• The type must be BYTE or ADDRESS - no structures w ithin structures are permitted . 

• No attributes or ini tializations are all owed in a st ructure member spec ificat ion, 
although the structure itse lf may have attributes and may be initialized, as w ill be seen 
below. 

The number of member-identifiers that ca n be included in the decl aration of a structure is limited by 
the PL/M-80 Compiler. See !SIS-II PL! M-80 Compiler Operator 's Manual. 
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6.2.8 ATTRIBUTES 

There are three "attributes" that can be used in a var iable decl arat ion: PUBLIC, EXTERNAL, and AT. 
As explained below, PUBLIC and AT may be used together but "no o ther combinations of attributes 
are permitted . The PUBLIC and EXTERNAL attributes allow the programmer to extend the scope of 
certain variables beyond the boundaries of a module. The AT attribute allows the programmer to force 
a variable to be located at a specified address in memory. 

The PUBLIC and EXTERNAL Attributes: Extended Scope 

The PUBLIC and EXTERNAL attributes permit the programmer to ex tend the scope of va riables (see 
Chapter 9) so as to allow linkage between separate modul es of a program (see Chapter 10). They may 
only be used in decla rations at the outer level of a module, and may not be used with based 
variables . 

For example, the fo llowing declaration makes FLAG accessible from other program modules: 

DECLARE FLAG BYTE PUBLIC; 

The following declaration would be used in another module to indicate that all references to FLAG 
within that module are references to th e FLAG declared PUBLIC in the declaration above: 

DECLARE FLAG BYTE EXTERNAL; 

The PUBLIC and EXTERNAL attributes are mutuall y exclusive. That is, they may not be used together 
in the same declaration. 

A declaration with the PUBLIC attribute is ca lled the " defining" declaration of each va riable declared. 
It is the declaration that gives all necessary information about each variab le and causes storage to be 
allocated. 

A declaration with the EXTERNAL attribute is ca lled a " usage" declaration . It says that each variabl e 
declared in the declaration is defined in a defining declaration in another module. The usage 
declaration does not cause any storage to be allocated. 

The effect of declaring a variab le PUBLIC in one module is to extend its scope to include every other 
module in which it is declared EXTERNAL. More specificall y, within each module the PUBLIC or 
EXTERNAL declaration of the variable gives it a certain scope. The extended scope is the combination 
of these scopes (see Chapter 9 fo r a di scuss ion of scope). 

The following rul es apply to declarations wi th the PUBLIC attribute: 

• Within any program, each vari able with extended scope must have exactly one 
defining declaration . 

• The PUBLIC attribute may on ly be used in a declaration at the outer level of a module 
(see Chapter 10). 

• The PUBLIC attribute may not be used with a based variab le (however, the base of a 
based variable may be PUBLIC). 

The following rul es apply to declarations with the EXTERNAL attribute: 
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• The EXTERNAL attribute may only be used in a declaration at the outer level of a 
module (see Chapter 1 0). 

• The EXTERNAL attribute may only be used with a variab le that is declared PUBLIC in 
another module (see Chapter 10) of the sa me program . 

• The EXTERNAL attribute may not be used w ith a based variable (however, the base of 
a based variable may be declared EXTERNAL). 

• The EXTERNAL attribute may not be used in combinat ion w ith the AT attribute, o r with 
an initiali zation. Note, however, that the defining declaration of a variab le may have 
the AT attribute and /or an initiali zation. 

• When a sca lar variable is declared EXTERNAL, it must have the sa me type as in the 
defining declaration . 

• When an array is declared EXTERNAL, it must have the same number of elements and 
the same type as in the defining declaration . 

• When a structure is declared EXTERNAL, it must have the sa me li st of members as in 
the defining declaration. Strict ly speaking, the members do not have to have the same 
member-identifiers - it is on ly necessary to have the members correspond as to their 
dimension specifiers (if any) and their types . However, it is good practi ce to make the 
member-identifiers the same also. 

It should be noted that the PUBLIC and EXTERNAL attributes may also be applied to procedure 
declarations . When thi s is done, there are some additional rules. These rules are given in Chapter 8. 

Th e AT Attribute 

The AT attribute has the fo rm 

AT (restri cted expression) 

A restricted expression is a sequence of one or more operands separated by operators, with the 
fo llowing restri ctions : 

o The first operand may on ly be a numeric constant or a locat ion reference. If it is a 
location reference, it must refer to a variab le that has already been declared; and if the 
location reference contains a subscript expression, this expression may not contain any 
operands except numeric constants or any operato rs except + and - . 

o If any operands fo llow the first operand, they may onl y be numeric constants. 

o On ly the + and - operators are allowed. 

The fo llowing are examples of valid AT attri butes : 

AT (4096) 

AT (. BUFFER) 
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AT (.BUFFER+ 128) 

AT (. NAMES(INDEX + 1) + OFFSET - 3) 

In the last example, INDEX and OFFSET represent numeric constants that have been prev iously 
declared with " LITERALLY" declarations (see Section 6.4). The compiler replaces these names with 
the declared numeric constants, thus satisfying the restri ctions given above. 

The effect of an AT attribute is to cause a va riable to be located at the address specified by the 
restricted expression. The variabl e located is the first scalar in the declaration. O ther scalars in the 
same declaration will follow in sequence . 

For example, the declaration 

DECLARE (CHAR$A, CHAR$B, CHAR$C) BYTE AT (. BUFFER); 

causes the BYTE variable CHAR$A to be located at the add ress of the array BUFFER. The variabl es 
CHAR$B and CHAR$C are located in the next two bytes after CHAR$A. 

The declaration 

DECLARE T (10) STRUCTURE( 
X (3) BYTE, 
Y (3) BYTE, 
Z (3) BYTE) 
AT (.DATA$B UFFER); 

causes the beginning of the structure T - namely the scalar T(0).X (0) - to be located at the sa me 
address as a previously declared variable ca lled DATA$BUFFER. The other scalars making up the 
structure will follow thi s address in logica l order: T(0).X(l ), T(0).X(2), and so on up to T(9).Z(2 ), the 
last scalar, which is located in the 89th byte after the address of DATA$BUFFER. 

However, no memory locations for these 90 scalars are allocated by this declaration. It is up to the 
programmer to know what else, if anything, will be stored in the memory space starting at 
.DATA$BUFFER. 

The following rul es apply to the AT attribute: 

• The AT attribute cannot be used with based variables. 

• It can be used with the PUBLIC attribute, in w hich case it immediately follows the 
word PUBLIC. 

• It cannot be used with the EXTERNAL attribute. 

The AT attribute can be used to make variables "equivalent," providing more than one w ay of 
referring to the ,same in formation . For example, 

DECLARE DATUM ADDRESS; 
DECLARE ITEM BYTE AT (. DATUM ); 
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causes ITEM to be declared a BYTE variable at the sa me locat ion that has just been all ocated for the 
ADDRESS va riable DATUM . The result is that any reference to ITEM is in effec t a reference to the 
low-order byte of DA TUM. 

The following is another example: 

DECLARE VECTOR (6) BYTE; 
DECLARE SHORT$VECTOR STRUCTURE ( 

FIRST (3) BYTE, 
SECOND (3) BYTE) 
AT (.VECTOR); 

Here we first declare a six-element BYTE array, VECTOR. Then we declare a structure of two three­
BYTE arrays, SHORT$VECTOR .FIRST and SHORT$VECTOR.SECOND. The first sca lar of this structure 
- SHORT$VECTOR .FIRST(0) - is located at the same address as the first element of the array 
VECTOR. 

Thus we have two different ways of referring to the sa me six bytes. For example, the fifth byte in the 
group can be referenced as ei ther VECTOR(4) or SHORT$VECTOR.SECOND(l ). 

When a variab le is decl ared with the AT attribute, the PL/ M-80 Compiler does not opt imize the 
machine code generated for accesses to that variable. Thi s is useful in connection with memory­
mappe_d 1/0. 

6.2.9 INITIALIZATIONS 

Initializations are used to supply values for va riables at compile time. There are two kinds of 
initial ization, IN ITIAL and DATA. 

INITIAL causes init iali zation during program loading of a variable that has storage allocated for it. Thus 
a vari able that is initialized with INITIAL can subsequently be changed during the program run, like 
any other var iabl e. It will not be reinitiali zed on a program restart. 

The DATA initiali zation not only initiali zes a variab le, but also causes it to be stored w ith the program 
code. In ROM-based systems, this means that a variab le initialized in this way can never be changed 
by the program. It is a "variable" in form only, and should never appear on the left side of an 
assignment statement. 

The fo llowing rul es apply to IN ITIAL and DATA initializa tions: 

• INITIAL and DATA may not be used together in the same declaration. 

• INITIAL may on ly be used in a declaration at the outer level of a program module (see 
Chapter 10). DAT A may be used in a DECLARE statement at any level in the program 
structure. 

• No initializations may be used with based variab les or w ith the EXTERNAL attribute. 

-
• An initializat ion may be used with the AT attribute. However, if this causes multiple 

initialization, the result is undefined . Also, if the AT attribute causes a variable to be 
externally located, the variable may not have an initialization . For example, if a 
variab le ABC has been declared EXTERNAL, and another variable XYZ is declared with 
the attribute AT (.ABC), then XYZ is externally located and may not have an 
initialization. 
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The INITIAL Initialization 

The INITIAL initialization has the form 

INITIAL (va lue li st) 

where the value list is a sequence of one or more values separated by commas. Each va lue may be 
either a restricted expression as desc ribed in Section 6.2.8 in connection with AT, or a string . 

Values are taken one at a time from the value list and used to initialize the individual sca lars being 
declared. The declaration 

DECLARE THRESHOLD BYTE INITIAL (48); 

declares the BYTE scalar THRESHOLD in the usual way, and also initiali zes it to a value of 48. 

The dec laration 

DECLARE (COUNTER, LIMIT, INCR) ADDRESS INITIAL (0, 1024, 2); 

declares the ADDRESS scalars COUNTER, LIMIT, and INCR, and initializes COUNTER to a va lue of 0, 
LIMIT to a value of 1024, and INCR to a va lue of 2. 

The declaration 

DECLARE EVEN (5) BYTE INITIAL (2, 4,6,8, 1 0); 

declares the BYTE array EVEN and initializes its five scalar elements to 2, 4, 6, 8, and 1 0 respectively. 

The declaration 

DECLARE COORD STRUCTURE ( 
HIGH$BOUND ADDRESS, 
VALUE (3) BYTE, 
LOW$BOUND BYTE) 

INITIAL (3 02 , 3, 6, 12, 0); 

declares the structure COORD and in itia li zes it as fo llows: 

COORD.HIGH$BOUND to 302 
COORD.VALUE(0) to 3 
COORD.VALUE(l) to 6 
COORD.VALUE(2) to 12 
COORD.LOW$BOUND to 0. 

When a restricted expression is used to initialize a BYTE sca lar, its va lue must not be greater than 255. 
If it is used to initialize an ADDRESS sca lar, its va lue must not be greater than 65535. 

If a string appears in the constant li st, it is taken apart from left to right and the pieces are sto red in 
the scalars being initi alized. One character is stored in each BYTE scalar, and two in each ADDRESS 
scalar. For example, 

DECLARE GREETING (5) BYTE INITIAL (' HELLO'); 
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ca uses GREETING (0) to be initi alized with the ASCII code for H, GREETING (1) with the ASCII code 
for E, and so forth. 

So far, all of the examples have shown constan t li sts that match up one-for-one w ith the scalars being 
declared. It is permi ss ible for the constant li st to have fewer elements th an are being declared. Thu s 

DECLARE DATUM (100) BYTE IN ITIAL (3, 5, 7, 8); 

is permissible. The first 4 elements of the array DATUM are initiali zed with the 4 elements in the 
constant li st, and the remainder of the array is left uninitiali zed . However, the constant li st may not 
have more elements than are being declared. 

Often, w hen one ini t ializes an array, one wants the array to have the same number of elements as the 
constant li st. Thi s can be done convenientl y by using the implicit dimension specifier. Thi s is used in 
place of an ordinary dimension specifier (that is, a parenthesized constant), and has the fo rm 

(*) 

The impli cit dimension specifier may not be used in the following cases: 

• After the parenthesized li st of identifi ers in a factored dec laration. 

• To specify an array whose elements are structures. 

• To spec ify an array which is a member of a structure. 

It may on ly be used with an initializa tion. 

The impli cit dimension specifier ca uses the number of elements in the array to be the same as the 
number of elements in th e constant list of th e initiali za tion. Thus the declaration 

DECLARE FAREW ELL (*) BYTE INITIAL ('GOODBYE, NOW'); 

declares a BYTE array, FAREWELL, with enough elements to contain the string 'GOODBYE, NOW' 
(namely 12), and initiali zes the array elements w ith the characters o f the string. 

The impli cit dimension spec ifier may be used with any constant list - it is not restri cted to use with 
strings. 

The DA TA Initialization 

The DAT A initializa tion has the form 

DAT A (value list) 

The DAT A initiali zation is identica l to the INITIAL initi alizati on, except fo r three differences w hich 
have already been mentioned. They are: 

o The DATA initialization causes storage to be allocated along with the program code. In 
ROM-based systems, this means that variables decla red with a D.AT A initiali zat ion can 
never be changed by the program. 
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• An identifier decla red w ith the DAT A initi ali zation should never appear on the left side 
of an ass ignment statement. 

• Unlike the INITIAL initiali zation, the DATA initial ization can be used in a declarat ion at 
any block level in the program. 

NOTE 

Thi s description assumes that the AT attribute is not used with the 
DAT A initialization . Since the AT attribute fo rces a variable to be 
located at a spec ified add ress, it may defea t the purpose of the 
DATA initialization. 

6.3 LABEL DECLARATIONS 

A label is an identifier that is assoc iated with a particular executable statement in a PL/ M source 
program and refers to it. Normally, it is not necessary to decla re labels, since a label is implicitly 
declared when it appears in a " label definition " as explained in Section 5.3 .1. Under certain 
c ircumstances, however, it may be desirable to dec lare a label explic itly in order to give it extended 
scope (see Section 6.2 .8). The label declaration makes this poss ible. 

6.3 .1 IMPLICIT LABEL DECLARATIONS 

As noted in Section 5.3. 1, the appearance of a label in front of an executable statement is ca lled a 
" label definition ." 

If the label is not explic itly declared by a label declaration at the beginning of the sma ll est block that 
encloses the label definition , then the label definition not onl y defines the label but also declares it 
implic itly. The resulting scope of the label is as if the label had been declared explicitly at the 
beginning of the smallest enclosing block. 

If a label is explicitly declared at the beginning of the smallest enclosing block that encloses the label 
definition, then the label definit ion does not implici tly declare the label (if it did, it would be illegal, 
si nce it is illegal to re-declare something within the outer level of the same block where it was fi rst 
declared). 

Some spec ial consequences of implic it label declaration are desc ribed in Section 9.3 . 

6.3.2 EXPLICIT LABEL DECLARATIONS - BASI C SYNTAX 

In simple form, the syntax of a label declaration is as follows: 

DECLARE identifier LABEL [attribute]; 

The identifier is the PL / M identifier being declared as a label. The attribute may be PUBLIC or 
EXTERNAL (see Section 6.3.4 below), o r may be omitted, as indicated by the brackets. 

Note that this syntax is much simpler than the syntax for a variable decla ration - there is no type, 
dimension spec ifier, or initi alizati on. 
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6.3. 3 FACTORED LABEL DECLARATIONS 

Instead of a single identifier, we can w ri te a parenthesized li st of identifi ers separated by commas, as 
in the foll owing example: 

DECLARE (ENTRY, EX IT, M AIN, ERRO Rl , ERRO R2) LA BEL PUBLI C; 

which is exactl y equi va lent to 

DECLARE ENTRY LABEL PUBLIC; 
DECLARE EXIT LA BEL PUBLIC; 
DECLARE M AIN LABEL PUBLIC; 
DECLARE ERRO Rl LABEL PUBLIC; 
DECLARE ERRO R2 LABEL PU BLIC; 

When a factored label declarati on has an attribute (PUBLI C or EXTERNAL), it appli es to each identi fier 
in the list. 

The effect of this example is to declare fi ve labels - ENTRY, EXIT, M AIN, ERRO Rl , AN D ERRO R2 -
and give them all the PUBLIC attribute. These labels can be decla red EXTERNAL in other program 
modules, making it poss ible to transfer control from other modules to thi s one by means of GOTO 
statements (subject to restri ctions given in Section 9.3) . 

The number of labels that can be decla red in a single factored label declaration is limited by the 
PL/M-80 Compiler. See !SIS-II PL! M-80 Comp iler Op era tor 's M anual. 

6.3 .4 ATTRIBUTES OF LABELS 

The only attributes allow ed for labels are PUBLIC and EXTERNAL. They may onl y be used in label 
declarations at the outer level of a program module (see Chapter 1 0). The effect of these attributes is 
to give labels extended scope, just as w ith va riables. The rul es given in Section 6.2.8 above apply to 
label decla rations as well as to variable declarations. 

To be meaningful, an explic it label declaration with the PUBLIC attribute must be accompanied by a 
label definiti on (s ince the explic it declaration does not define the location of the label). Th is label 
definition must be at the outer level of the sa me block as the expli c it declaration - otherwi se, it will 
be an implicit decl arati on, that is, it will not be the same label declared in the explic it declaration. In 
fact, for reasons given in Chapter 9, both the explic it declaration and the label definition must be at 
the outer level o f the " main program module" (see Chapter 10 fo r discuss ion o f modules). 

6.4 MACRO DECLARATIONS ("LITERALLY" DECLARATIONS) 

A declaration using the reserved w ord LITERALLY defines a parameterl ess macro fo r expansion at 
compile-time. A n identifier is declared to represent a character string, whi ch will then be substituted 
fo r each occurrence of the identifier in subsequent text. The form of the declaration is 

DECLARE identifier LITERALLY 'string'; 

where the identifier is any va lid PL/ M identifier, and the string is a sequence of arbitrary characters 
from the PL/ M set, not exceeding 25 5 in length . The following example illustrates the use o f thi s 
macro fac ility . 
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DECLARE TRUE LITER ALLY '0FF H ', FALSE LITERALLY '0 ' ; 

DECLARE ROUGH BYTE; 
DECLARE (X, Y, DELTA) ADDRESS; 

ROUGH = TRUE; 
DO WHILE ROUGH; 

X = SMOOTH(X, Y, DELTA); 
/ *SMOOTH is a procedure declared elsewhere.*/ 

IF (X-F INAU < DELTA THEN ROU GH = FALSE; 
END; 

The LITERA LLY declaration defines the boolean values TRUE and FALSE in a manner consistent w ith 
the way PL / M handles relational operators (see Section 4.4). This often makes a program more 
readable. 

Another use of the macro declaration is the declaration of quantities w hich are fixed fo r one 
compilation, but may change from one compilation to the next. Consider the example below: 

DECLARE BUFFER$SIZE LITERAL LY '3 2'; 

DECLARE PRINT$BUFFER (BUFFE R$ SIZE) ADD RE SS; 

PRINTBUFFER (BUFFERSIZE- 10) = 'G '; 

A future change to BUFFER$SIZE ca n be made in one place at the first declaration, and the compiler 
will propagate it throughout the program during compilation. Thus the programmer is saved the 
tedious and error-prone process of searching his program fo r the occurrences of " 32" that are buffer­
size references, and not some other 32's. 

6.5 COMBINING DECLARE STATEMENTS 

A separate DECLARE statement is not required fo r each and every declaration. Instead of w riting the 
two DECLARE statements 

DECLARE CHR BYTE INITIAL ('A '); 
DECLARE COUNT ADD RESS; 

we may write both decla rat ions in a si ngle DECLARE statement, like this: 

DECLARE CHR BYTE INITIAL ('A' ), COUNT ADDRESS; 

This DECLARE statement contains two " declaration elements," separated by the comma. Every 
DECLARE statement contains at least one declaration element. If it contains more than one, they are 
separated by commas. 
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6.5 COMBINING DECLARE STATEMENTS 

Previous to thi s ·section, all examples have shown only one declaration element in each DECLARE 
statement. A declaration element is the text for declaring one identifier (or one factored list of 
identifiers) . In the example above, the text CHR BYTE INITIAL ('A ' ) is one declaration element, and 
the text COUNT ADDRESS is another. 

The declaration elements appearing in a single DECLARE statement are completely independent of 
each other. It is as if they were declared in separate DECLARE statements. 
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SAMPLE PROGRAM #1 

At this point, we have examined all of the constructions available in PL/ M except procedures, and we 
can now consider a complete PL/M program . 

The following sample program implements a straight insertion so rt algorithm based on Knuth 's 
" Algorithm S" in The Art of Computer Programming, Vol. 3, page 81. Readers who look up Knuth 's 
algorithm should note the fo llowing differences: 

• The algorithm has been adapted to PL / M usage by using an array of structures to 
represent the records to be sorted. The sort key fo r each record is a member of the 
structure fo r that record . 

• It has been modified by using a DO WHILE block to achieve the sa me logica l effect as 
the GOTOs implied in steps S3 and S4 of Knuth 's algorithm. 

• The index I is used in a slightl y different manner (it is initi alized to J instead of J-1 ). 

The effect of the algorithm is to arrange 128 records in o rder according to th e va lues of their keys, 
with the sma llest key at the beginning (lowest memory address) and the largest key at the end (highes t 
address) . 

The sorting method is as fo llows. Assume that the records are all in memory, sto red as an array of 
structures. The key fo r each record is a member of the st ructure. 

Now we go through the array from the second record (reco rd number 1) upwa rd s. W hen we reach 
any given record (the "current" record ), we wi ll already have sorted the preceding record s. (The first 
time through, when we look at record number 1, record number O is the onl y preceding record. ) 

W e take the current record, store it temporaril y in a buffer, and look backwards through the 
preceding records until we find one w hose key is not greater than that of the current record. Then we 
put the cu rrent record just after this record . 

The program below is fo llowed by a deta iled explanation. Please study the program and the 
explanation until you understand how the program works (especiall y the DO WHILE block, which is 
controll ed by a more com plex condition express ion than w e have seen up to thi s point). 
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M : DO; /*Beginning of module* / 

DECLARE RECORD (128) STRUCTURE ( 
KEY BYTE, 
INFO ADDRESS); 

DECLARE CURRENT STRUCTURE( 
KEY BYTE, 
INFO ADDRESS); 

DECLARE (J, I) BYTE; 

, I* Data is read in to initialize the records .* / 

SORT: DO J = 1 TO 127; 
CURRENT.KEY= RECORD(J).KEY; 
CURRENT.INFO= RECORD(j).INFO; 
I=); 

FIND: DO WHILE I > 0 AND RECORD(l-1 ).KEY> CURRENT.KEY; 

END FIND; 

RECORD(l) .KEY = RECORD(l-1 ).KEY; 
RECORD(l) .INFO = RECORD{l- 1 ).INFO; 
I= 1-1; 

RECORD(l) .KEY = CURRENT.KEY; 
RECORO(l) .I NFO = CURRENT.INFO; 

END SORT; 

I* Data is written out from the records.*/ 

END M; I* End of module*/ 
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7. SAMPLE PROGRAM #1 

Let us now consider the code of this program. First we decla re the foll owing var iables : 

• RECORD, an array of 128 structures to hold the 1 28 record s. Each structure has a 
BYTE member which is the sort key, and an ADDRESS member which could conta in 
anything (in a working program, thi s would be the data content of the record ). 

• CURRENT, a st ructure used as a buffer to hold the current record wh ile we look back 
through the records already so rted. Its members are like those of one structure element 
of RECORD. 

• J, which will be used as an index variable in an iterative DO statement. J is always the 
subscript of the current record. When J becomes greater than 127, the sort is done. 

• I, which will be used like an index variable in controlling a DO WHILE block. 1- 1 is 
always the subscript of a previously sorted record . 

A working program would include code at this point to read data into the array RECORD. At the end 
of the program, there would be code to write out the data from RECORD. In thi s example, w e omit 
thi s code because it would make the example too lengthy and because the method used for I /0 
would depend on the particular system used to execute the program. Comments have been inserted 
in place of this code. 

The executable part of the program is organized as two DO blocks, one nested withtn the other. The 
outer block (labeled SORT) is an iterative DO block which goes through the records one at a time. 
The record selected by the index variable J each time through this block is the " current record. " 
(Notice that J is never O - because of the way the algorithm is defined, we must have a preceding 
element to look back at, and so we start with the second element of the array and look back at the 
first.) 

The first two assignment statements in the block transfer the current record into CURRENT. The next 
statement sets the initi al value for I, which will be used to control the inner block. 

The inner block.0abeled FIND) is the one that looks back through previously sorted records to find the 
right place to put the current record . The way this block is controlled is worth examining. The variable 
I is used like an index variable in an iterative DO, but it is changed explicitly inside the block, instead 
of automatica lly as in an iterative DO statement. The DO WHILE construction is used instead of an 
iterative DO because it allows two or more tests to be combined - in this case, by means of an AND 
operator. 

I is set to J before the first time through the DO WHILE block, and decremented each time through. 
As long as I remains greater than 0, the first half of the DO WHILE conditi on is sati sfied. 

The value 1- 1 is the subsc ript of the recqrd being " looked back at. " The second half of the DO 
WHILE condition is that the key of this record must be greater than the key of the current record . 

W e are looking for a previously sorted record whose key is not greater than the key of the current 
record . Thus the condition in the DO WHILE statement will cause the DO WHILE block to be 
repeated ly executed until such a record is found, or until I reaches O (meaning that all previously 
sorted records have been examined). 

Each time the DO WHILE block is executed, it moves the 1-:--1 st record " up" into the Ith position, and 
then dec rements I. 
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When the condition in the DO WHILE statement is not met, one of the fo llowing is true: 

• I = 0, because we have looked through all the previously sorted records w ithout 
finding one w hose key is not greater than that of the current record. All of the 
previously sorted records have been moved " up" by one. 

• 1-1 is the subsc ript of a record whose key is not greater than the key of the current 
record . All of the previously sorted records whose keys are greater than that of the 
current record have been moved " up" by one. 

In either case, the fa ilure of the DO WHILE condition means that the current record (being held in 
CURRENT) belongs in the Ith positio n. It is transferred into this posit ion by the two ass ignment 
statements that fo rm the remainder of the outer DO block. 

Now the outer DO block repeats wi th an incremented va lue of ), to consider the next unsorted 
record . 

Notice that the entire program is contained w ithin a simple DO block labeled M . This makes it a 
" module," as described in Chapter 10 . 
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CHAPTER 8 
PROCEDURES 

A " procedure" is a section of PL / M code whi ch is declared w ithout being executed, and then 
"called " from other parts of the program. The ca ll "acti vates" the procedure, causing the procedure 
code to be executed out of normal sequence: program control is transferred from the point of ca ll to 
the beginning of the procedure code, the code is executed, and upon ex it from the procedure code, 
program control is passed back to just beyond the point of the ca ll. 

The use of procedures fo rms the bas is of modular programming, fac ilitates making and using program 
libraries, eases programming and documentation, and reduces the amount of object code generated 
by a program. The fo ll owing sections tell how to decl are procedures, and how to ca ll procedures. 

8.1 PROCEDURE DECLARATIONS 

Procedures, like variables, must be declared . Any reference to a procedure must occur w ithin the 
scope defined by the procedure decl aration. Al so, a reference to a procedure may not occur until 
after the END statement of the procedure decla ration (except as noted below in Section 8.1. 7) . 

A procedure declarati on consists of three parts: a PROCEDURE statement, a sequence of statements 
forming the " procedure body," and an END statement. These parts take the fo llowing form : 

name: PROCEDU RE [(parameter li st)] [type] [attributes] ; 
statement-1 ; 
statement-2 ; 

statement-n ; 
END [n ame] ; 

The following is a simple example: 

DOOR$CHECK: PROCEDURE; 
IF FRONT$DOOR$LOCKED AND SIDE$DOOR$LOCKED THEN 

CALL POWER$O N; 
ELSE CALL DOOR$ALARM; 

END DOOR$CHECK; 

where POWER$ON and DOOR$ALARM are procedures declared elsewhere in the sa me program. 

NO TE 

The name in a PROCEDURE statement has the sa me appearance as 
a label definition - but it is not considered a label definiti on, and a 
procedure name is not a label. PROCEDURE statements may not be 
labeled . 
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The name is a Pl / M identifier, which is associated with this procedure. The scope of a procedure is 
governed by the placement of its decl aration in the program text, just as the scope of a va riabl e is 
governed by the placement o f its DECLARE statement (see Chapter 9 for a detailed descripti on). 
Within this scope, the procedure can be ca lled by the name used in the PROCE DURE statement. 

A procedure declarat ion, like a DO block, is a block . As such, it controls the scope of variables as 
described in Chapter 9. Al so, like a simple DO block, a procedure declaration may contain DECLARE 
statements, and they must precede the first executable statement in the procedure body . 

The procedure body must contain at least one executable statement, unless the procedure has the 
EXTERNAL attribute (see Section 8.1 .5). A null statement (consisting of nothing but a semicolon) is 
suffi cient. 

As in a DO block, the identifier in the END statement has no effect on the program, but helps 
legibility and debugging. If used, it must be the sa me as the procedure name. 

The parameter li st and the type are di scussed in the fo llowing two sec tions. 

8 .1 .1 PARAMETERS 

Formal parameters are non-based scalar va riables decl ared wi thin a procedure declaration , w hose 
identifiers appea r in the parameter li st in the PROCEDURE statement. Th e identif iers in the li st are 
separated by commas and the li st is enclosed in parentheses. No subscripts or member-identifi ers are 
allowed in the parameter li st. 

If the procedure has no fo rmal parameters, the parameter list (incl uding the parentheses) is omitted 
from the PROCEDURE statement. 

Each formal parameter must be declared as a non-based scalar variable in a DECLARE statement 
preceding the first executable statement in the procedure body. 

When a procedure that has formal parameters is ca lled, the CALL statement or function reference 
contains a li st of actual parameters. Each actual parameter is an expression whose value is ass igned to 
the corresponding formal parameter in the procedure, before the procedure begins to execute. 

NOTE 

Parameters are not stored according to the same rules as other 
declared variables. In parti cular, do not assume that a parameter is 
stored contiguously with other variables decla red in the same 
factored vari able declarati on. 

For example, the following procedure takes four parameters, ca lled POINTER, N, LOWER, and 
UPPER. It examines N contiguousl y sto red BYTE variables. The parameter POINTER is the address of 
the first of these variables. If any of these variables is less than the parameter LOWER or greater than 
the parameter UPPER, the ERRORSET procedure (declared elsewhere in the program) is called . 

66 

•· 

• 

•· 



• 

8. PROCEDURES 
8.1 PROCEDURE DECLARATIONS 

RANGE$CHECK: PROCEDURE (POINTER, N, LOWER, UPPER); 
DECLARE POINTER ADDRESS; 
DECLARE (N, LOWER, UPPER, ITEM BASED POINTER, I) BYTE; 

DO I = 1 TON; 
IF (ITEM < LOWER) OR (ITEM > U PPER) 
THEN CALL ERRORSET; 

I* ERRO RSET is a procedure declared elsewhere.*/ 

POINTER = POINTER+ 1; 

/ *Next time around, look at the next item.*/ 

END; 
EN D RANGE$CH ECK; 

Having made this declaration, suppose that we have 25 va riab les stored contiguously in an array 
ca lled VALU ES. We want to check that all of these va riables have va lues wi thin the range defined by 
the va lues of two other BYTE variables, LOW and HIGH. 

W e write 

CALL RANGE$CHECK (.VA LUES, 25, LOW, HIGH ); 

When this CALL statement is processed, the fo llowing sequence occurs: 

• The four express ions in the CALL statement - .VALU ES, 25, LO W , and HI GH - are 
evaluated . These values are the actual parameters. 

• The four values are ass igned to the fo rmal parameters POINTER, N, LOWER, and 
UPPER, which are declared w ithin the procedure RANG E$CHECK and are named in 
the parameter list. 

• The executable statements of the procedure RANG E$CH ECK are executed, and if any 
of the elements of VALUES are less than the va lue of LOW or greater than the va lue of 
HIGH, the procedure ERRO RSET is ca lled . 

• Finally, control returns to the statement fo llowing the CALL statement. 

Notice how the use of a based variable, with the base passed as a parameter, al lows the proced ure to 
have its own unchanging name (ITEM) for a set of variables whi ch may be a different set each time 
the procedure is ca lled . 

8.1.2 TYPED AND UNTYPED PROCEDURES 

The procedure shown above is an " untyped" procedure. No type is given in the PROCEDU RE 
statement, and it does not return a va lue. An untyped procedure is ca lled by using its name in a CA LL 
statement, as shown above and as explained in Section 8 .2. 

A typed procedure has a type, either BYTE o r ADDRESS, in its PROCEDU RE statement, and it return s 
a value of this type. It is ca lled by using its name in an expression as a special kind of variab le 
reference ca lled a " function reference." As we have seen in Section 4 .1 .2, a function reference may 
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be an operand in an expression. 

When the express ion is processed at run time, the appearance of the function reference causes the 
procedure to be executed. The funct ion reference itse lf is then replaced by the va lue returned by the 
procedure. The expression is then evaluated, and program execution continues in normal sequence . 

Like an untyped procedure, a typed procedure may have parameters. They are handled in the same 
w ay as described above in Section 8.1 .1 . 

The body of a typed procedure must always contain a RETURN statement with an express ion, as 
explained in the follow ing section. 

8 .1.3 EXIT FROM A PROCEDURE: THE RETURN STATEMENT 

The execution of a proced ure is terminated in one of three ways : 

• By execution of a RETURN statement withi n the procedure body. A typed procedure 
must contain a RETURN statement w ith an express ion. 

• By reaching the END statement that terminates the procedure declarat ion. 

• By executing a GOTO to a statement outside the procedure body. The target of the 
GOTO must be at the outer level of the main program module (see Chapter 10). This 
method should be used only when necessary. 

The RETURN statement takes one of two forms: 

RETURN; 

or 

RETURN expression; 

The first form is used in an untyped procedure. The second form is used in a typed procedure. The 
value of the express ion is the value returned by the procedure. 

It is evaluated as a quantity of the type given in the PROCEDU RE statement - that is, if it yields a 
BYTE result and the procedure is type ADDRESS, then 8 high-order O bits are appended to form an 
ADDRESS value. If it yields an ADDRESS result and the procedure is type BYTE, the 8 high-order bits 
of the result are dropped to fo rm a BYTE va lue. 

8.1 .4 THE PROCEDURE BODY 

The statements within the procedure body may be any va lid Pl / M statements, including ca lls and 
nested procedure declarations . 

Example 7 

The following is a typed procedure declaration: 
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AVG: PROCEDU RE (X, Y) ADDRESS; 
DECLARE (X, Y) ADDRESS; 
RETURN (X + Y)l2; 

END AVG; 

This procedure cou ld be used as fol lows: 

LOW= 3; 
HIGH= 4; 
MEAN = AVG (LOW, HIGH); 

Th e effect would be to ass ign the value 3 to MEAN (because the division by 2 in the procedure body 
yields an integer result). 

Example 2 

The following is an untyped procedure: 

AOU T: PROCEDURE (ITEM); 
DECLARE ITEM ADDRESS; 
IF ITEM >= 0FFH THEN COUNTER= COUNTER+ 1; 
RETURN; 

END AOUT; 

Here COUNTER is some variable declared outside the procedure - that is, a " globa l" variable. This 
procedure could be cal led as follows : 

CALL AOUT(UNKNOWN); 

If the value of the variable UNKNOWN is greater than or equal to 0FFH, the va lue of COUNTER w ill 
be incremented. 

Example 3 

This example demonstrates an important use of based variables: 

SUM$ARRAY: PROCEDURE (PTR, N) BYTE; 
DECLARE PTR ADDRESS, 

ARRAY BASED PTR (1) BYTE, 
(N , SUM, I) BYTE; 

SUM=0; 
DO l=0 TON; 

SUM=SUM+ARRAY(I); 
END; 
RETURN SUM; 

END SUM$ARRAY; 

This procedure returns the sum of the first N+ 1 elements (from the 0th to the Nth) of a BYTE array 
po inted to by PTR. Notice that ARRAY is declared to have 1 element. Since it is a based variable, no 
space is allocated for it. It must be declared as an array, so that it can be subscripted in the iterative 
DO block. The choice of 1 as the constant in the dimension spec ifier is arbitrary, and does not restrict 
the value of N that may be supplied when the procedure is called. 
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The procedure cou ld be used as fo llows to sum the elements of a 100-element BYTE array named 
PRICE, and assign the sum to the variab le TOTAL: 

TOTAL= SUM$ARRAY(.PR ICE, 99); 

8.1.5 THE PUBLIC AND EXTERNAL ATTRIBUTES 

The PUBLIC and EXTERNAL attributes ca n be included in PROCEDURE statements to give procedures 
extended scope. Extended scope is discussed in Sect ion 6.2.8 and Chapter 10. 

A procedure declaration with the PUBLIC attr ibute is ca lled a " defining declaration." The fo ll owing 
rul es app ly to the use of the PUBLIC attribute in a PROCE DURE statement: 

• Within any program, each procedure w ith extended scope must have exact ly one 
defining declaration - that is, it must be dec lared once w ith the PUBLIC att ribute. 

• The PUBLIC attribute may only be used at th e outer level of a module (see Chapter 
10). 

A procedure declaration w ith the EXTERNAL attribute is ca ll ed a " usage declaration. " The following 
rules apply to use of the EXTERNAL attribute in a procedure decla ration: 

• The EXTERNAL attribute may onl y be used at the outer level of a module (see Chapter 
10). 

• The EXTERNAL attr ibute may on ly be used if the procedure is declared PUBLIC in 
another module of the same program. 

• The EXTERNAL attribute may not be used in the same PROCEDURE statement as a 
PUBLIC, INTERRUPT, or REENTRANT attr ibute (see below). Note, however, that the 
defining decl aration of a procedure may have th e INTERRUPT and REENTRANT 
attributes . 

• A usage declaration of a procedure shou ld have the same number of parameters as the 
defining declaration. Variable types and dimension specifiers should match up in the 
same sequence in both declarations. The names of the parameters need not be the 
same. Note th at the compiler ca nnot detect a di screpancy between the parameter li sts 
in the defining decla ration and a usage declaration. 

• The procedure body of a usage declaration may not contain anything except the 
decla rations of the formal parameters. The formal parameters must be declared with 
the same types as in the defining declaration. 

• The END statement of a usage dec laration may not be labeled. 

For example, we can alter the procedure AVG (from Section 8.1 .4) by giving it the PUBLIC attribute 
as follows: 
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AVG: PROCEDURE (X, Y) A DDRESS PUBLI C; 
DECLARE (X, Y) A DDRESS; 
RETURN (X + Y)/2; 

END AVG; 

In another module, w e ca n have a usage declaratio n: 

AVG: PROCEDURE (X, Y) ADDRESS EXTERNAL; 
DECLARE (X, Y) ADDRESS; 

END AVG; 

Now, in the module with the usage decl aration, w e ca n reference AVG in an executab le statement: 

MIDDLE= AVG(FIRST, LATEST); 

The effect o f thi s is to ac tivate the procedure AVG as decla red in the f irst modu le. 

8 .1.6 INTERRUPTS AND THE INTERRUPT ATTRIBUTE 

An untyped procedure w ith no parameters, declared at the o uter level o f a program module (see 
Chapter 10), may have the INTERRUPT attribute. A procedure with thi s attribute is ca lled an 
" interrupt procedure." 

The INTERRUPT attribute has the form 

INTERRUPT n 

where n is any numeri c constant from O to 255 (i nclusive). The effect of thi s attribute is th at th e 
procedure ca n be activated without being called, when the 8080 interrupt corresponding to n occurs 
during program execution . 

NOTE 

Interrupt numbers higher than 7 ca n only be handled in a system 
that incorpo rates an 8259 Programmable Interrupt Contro ller chip. 
The di scuss ion below appli es to a system without the 8259 , 
supporting only interrupts O through 7. 

To explain interrupt process ing, w e must first co nsider th e 8080 interrupt mechani sm and the PL / M 
statements ENABLE and DISABLE. 

The interrupt mechanism has two states, "enabled " and " disabled". The CPU always starts in the 
disabled state. The ENABLE statement forces it into the enabl ed state, and has the form 

ENABLE ; 

The HALT statement also forces interrupts to be enabled (see Section 5 .4). 

The DISABLE statement forces the interrupt mechani sm to be disa bled , and has the fo rm 

DISABLE ; 

An interrupt is initiated by two actions: 

• The 8080 interrupt line is driven high by some peripheral device. 

• The peripheral device " jams" an RST instruction onto the 8080 data bus. This 
instructio n co ntains a number from O to 7 (inclusive) . 
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If interrupts are disabled, the 8080 CPU ignores these actions. If interrupts are enab led, the RST is 
executed. 

If a procedure has been declared with an INTERRUPT attribute with the same number as the RST 
instruction, the effect of the RST is to disable interrupts and activate this procedure. After the 
procedure terminates (by executing a RETURN or reaching the END of the procedure), interrupts are 
enabled and control is returned to the point where the program was interrupted . It is also possible (as 
with other untyped procedures) for the procedure to term inate by executing a COTO with a target 
outside the procedure, in the outer level of the main program module. In this case, control will never 
be returned to the point where the program was interrupted, and interrupts will not be automatically 
enabled. 

Interrupt processing is discussed in greater detail in the !SIS-II PL/M-80 Compiler Operator 's Manual . 

The following is an example of an interrupt procedure for a hypothetica l system where a peripheral 
device jams an RST 3 instruction onto the data bus whenever the temperature of a device exceeds a 
certain threshold. The interrupt procedure turns on an annunciator light, updates a status word, and 
returns control to the program. 

HITEMP: PROCEDURE INTERRUPT 3; 
CALL ANNUNCIATOR (1); 

/ *This call will result in an output 
from the 8080 to turn on annunciator light 
number 1, the high-temperature warning.*/ 

ALERT= ALERT OR 0000001 OB; 
/ *This puts a 1 in one of the bit positions 
of ALERT, which contains a bit pattern representing 
current alerts.*/ 

END HITEMP; 

The following rules apply to the INTERRUPT attribute: 

• The INTERRUPT attribute may not be used in combinat ion with the EXTERNAL 
attribute. 

• It may only be used in a PROCEDURE statement at the outer level of a program 
module. 

• The numeric constant in the INTERRUPT attribute may be any number from O to 7 
(inclusive). Each number may be used only once within a program. 

• The procedure must be untyped and may not have any parameters. 

A procedure with the INTERRUPT attribute may also be activated by means of a CALL sta tement, like 
any other untyped procedure. However, when this is done, the programmer must bear in mind that 
interrupts are not automat ically disabled, and upon termination of the procedure by means of a 
RETURN statement or the END statement, interrupts are automatica lly enabled. In every other respect, 
an interrupt procedure activated by a CALL statement is like any other procedure so activated. 
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8 .1.7 REENTRANCY AND THE REENTRA NT ATTRIBUTE 

When a procedure does not have th e REE NTRAN T attribute, sto rage fo r its va ri ables is all ocated 
stati ca ll y in memory . Thi s causes an important limitation w hich ca n be understood from th e fo llowing 
hypothetica l example. 

Suppose that w e have a procedure PROC$A w hich is acti va ted both from the main program and from 
an interrupt procedure. The program run s, and PROC$A is ac ti va ted. Whil e PROC$A is running, an 
interrupt occurs and execution of PROC$ A is suspended. The interrupt procedure is activated, and 
w hile it is running it ac tivates PROC$A . In thi s "second inca rnation " of PROC$A, it run s no rmall y and 
uses the same storage space fo r variabl es as the suspended first inca rnati on. The second inca rn ation 
eventuall y terminates and return s to the point where it was ca ll ed w ithin th e interrupt procedure. 

Finally the interrupt procedure terminates and returns to the po int at whi ch the first inca rnation of 
PROC$A was suspended. 

But the variabl e va lues that were in use by the first inca rn ati on of PRO C$A have been changed by the 
second incarnation, and th e first incarn ation ca nnot produce correct results. 

A similar problem occurs if a procedure ca lls itself (this is known as " direct recursion" ) or if it ca ll s a 
second procedure with the result that the first procedure is ca ll ed aga in before the second procedure 
returns (" indirect recursion") . 

A procedure with the REE NTRANT attribute is ca lled a " reentrant procedure." When a procedure is 
reentrant, the problems o f multiple inca rnati ons are avoided. Instead of being sto red stati call y, the 
procedure's variabl es are stored on the stack, and each inca rnation o f the procedure uses separate 
storage. 

Al so, a procedure with the REE NTRANT attribute may be ca lled befo re it is decl ared, if it is ca lled 
from within the body of a reentrant procedure - possibl y the same procedure. 

Thi s permits " direct recursion," where th e procedure ca ll s itse lf, and " indirect recursion," where the 
procedure ca ll s another procedure and the second procedure ca ll s it back - o r ca lls a third 
procedure, which ca ll s a fourth, etc., w ith the result that the first procedure is ca lled before it 
terminates. 

The following rul es summarize the use of the RE EN TRANT attribute: 

• Any procedure that may be interrupted and is also activated from within an interrupt 
procedure should have the REENTRANT attribute. If this reentrant procedure calls any 
other procedures, they should also be reentrant. 

• Any procedure that is directly recursive (ca lls itself) should have the REENTRANT 
attribute. 

• Any procedure that is indirectly recursi ve (ca ll s another procedure and is ca lled back 
as a result) should have the REENTRANT attribute. 

The following rul es apply to the REENTRANT attribute. 

• The REENTRANT attribute cannot be used in the same decl aration as the EXTERNAL 
attribute. 

• The REENTRANT attribute may only be used in a PROCEDURE statement at the outer 
level of a module (see Chapter 10). 
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8.1 PROCEDURE DECLARATIONS 

• A procedure dec larati on w ith the REE NTRANT attribute may not have another 
procedure decla ration nested inside it . 

Example of Direct Recursion 

The procedure SUM$ARRAY (Example 3 in Section 8. 1.4 c;1bove) can be rewritten as a recursive 
procedure which would be ca lled in exactly the sa me way to do the sa me thing - namely, sum the 
elements of a BYTE array from 0 to N: 

SUM$AR RAY: PROCEDURE (PTR, N) BYTE REE NTRA T; 
DECLARE PTR ADDRESS, 

ARRAY BASED PTR (1) BYTE, 
N BYTE; 

IF N= 0 THEN RETURN A RRAY(0); 
ELSE RETURN ARRAY(N ) + SUM$ARRA Y(PTR, N- 1 ); 

END SUM$ARRAY; 

The iterative procedure used ea rli er may be paraphrased thus: " The sum is found by starting wi th 0 
and then adding each array element from 0 to N. " 

The recursive procedure can be paraphrased thus: " If N= 0, the sum is simpl y the va lue of the 0th 
element. Otherwise, the sum is found by taking the Nth element and adding to it the sum of th e 
elements below it. " 

8.2 PROCEDURE CALLS 

There are two forms of procedure ca ll , depending on whether the procedure is typed or untyped. An 
untyped procedure is ca lled by means of a CALL statement, w hich has the form 

CALL name [(parameter li st) ] ; 

An example is the fol lowing: 

CALL REORDER (. RANK$TABLE, 3); 

(An alternate form of the CALL statement is given in Section 8.2 .1 below.) 

A typed procedure is cal led by means of a function reference, which is an operand in an expression 
and has the form 

name ((parameter li st)] 

This occurs as an operand in an expression, as in the following example: 

TOTAL = SUBTOTAL+ SUM$ARRAY (. ITEMS, COUNT); 

where SUM$ARRAY is a previously declared typed procedure. 

In both forms of procedure ca ll, the elements of the parameter list are called " actual parameters," to 
distinguish them from the "formal parameters" of the procedure declaration. At the time of the ca ll , 
each actual parameter is evaluated, and its res_ulting value is ass igned to the correspond ing forma l 
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8. PROCEDURES 
8.2 PROCEDURE CALLS 

parameter in the procedure declarat ion . Then the procedure body is executed. An ac tual parameter 
may be any Pl /M expression. 

If the procedure is declared w ithout a formal parameter list, then no ac tual parameter li st is used in 
the ca ll. If the procedure declaration does have a fo rmal parameter list, then the ac tual parameter list 
must match it - that is, it must contain the same number of parameters. 

As in expression eva luation and assignment sta tements (see Chapter 4), automatic type conversions 
are performed as necessa ry in ac tivat ing and returning from a procedure. 

8.2 .1 CA LLING A PROCEDURE BY ITS AD DRESS 

The CALL statement, in the form shown above, ca lls an untyped procedure by its name. It is also 
poss ible to ca ll an untyped procedu re by its address . Thi s is done by means of a CALL statement with 
the form 

CALL identifier[ .member- identifier] [(parameter li st)] ; 

Th e identi fi er may not be subscr ipted. It must be a full y qua li fied ADDRESS type var iable reference, 
and its va lue is assumed to be the address of the entry point of the procedure bei ng ca ll ed. 

When a CALL statement that uses the name of the procedure is compiled, the compiler checks to 
make sure that the correct nu mber of parameters is supplied, and performs automatic type convers ion 
on the actual parameters. When a procedure is ca lled by address, the compiler does not check the 
number of parameters or perfo rm type convers ion. If the number of para meters is wrong or if an 
ac tual parameter is not of the sa me type as the co rresponding forma l parameter, the results are 
unpredictabl e. (The bui lt- in functions LOW, HIGH, and DOUBLE, described in Section 11.1 .3, can be 
used to fo rce the va lue of an express ion to the desired type.) 

8.3 SAMPLE PROGRAM #2 

In the sample program of Chapter 7, it is necessary at three di ffe rent po ints to move a record - that 
is, a structure with two members - from one locat ion to another. To do thi s, we used two 
assignment statements (one fo r each member) each time a record was moved. But if each reco rd had 
contained 30 members, it would have requ ired 30 assignment statements to move one record. 

Clea rl y, a different approach wou ld be needed, and the use of a procedure w ill so lve the problem 
convenientl y. Let us rewrite th e sa mple program of Chapter 7, with an untyped procedure named 
COPY which wi ll be ca lled each time a record is to be moved . 

Such a procedure may be useful in many· other si tuations as well, so w e w ill write a procedure that 
can move a record of any size up to 128 bytes from one location to another, and dec lare thi s 
procedure PUBLIC so that it can be ca lled from other modules. The record need not be a structure. It 
may be any co llec tion of up to 1 28 contiguous bytes . 

The procedure takes three parameters: 

• SRC$PTR is a pointer to the bytes to be moved (the "source"). Specifica ll y, it is the 
address of the fi rst byte. 

• DST$PTR is a pointer to the " destination. " Specifica ll y, it is the address the first byte is 
to be moved to. The remaining bytes will fo llow in sequence. 
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• COUNT is the number of bytes to be moved. 

SRC$PTR and DST$PTR are declared as variables, and then the arrays SOURCE and DEST - based 
on these pointers - are declared. Then COUNT is declared, along with J, which will be used as an 
index va riable, and Fl NAL, which will be the subsc ript of the last byte to be moved. 

The iterative DO block labeled LOOP moves COUNT number of bytes from the array SOURCE to the 
array DEST. Because these arrays are based at SRC$PTR and DST$PTR respecti vely, this is all that is 
required . 

This procedure is useful as an example. However, in an actual program it would be more effic ient to 
use the built-in procedure MOVE (see Section 11 .1.5). 

The remainder of the so rt program is exactl y as it appeared in Chapter 7, except that the pairs of 
ass ignment statements used to move records are replaced by ca ll s on the procedure COPY . Each ca ll 
supplies location references for SRC$PTR and DST$PTR, and the constant 3 fo r COUNT (each record 
contains 3 bytes) . 
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M : DO; /*Beginning of module*/ 

COPY: PROCEDURE (SRC$PTR, DST$PTR, COUNT) PUBLIC; 

I* Moves source record to destination record by treating 
both records as BYTE arrays. COUNT is the number of bytes 
to move (limited to 128), SRC$PTR points to SOURCE, DST$PTR 
points to DEST. */ 

DECLARE (SRC$PTR, DST$PTR) ADDRESS; 
DECLARE (SOURCE BASED SRC$PTR, DEST BASED DST$PTR) (128) BYTE; 
DECLARE (COUNT, J, FIN A L) BYTE; 

FINAL = COUNT - 1; 

LOOP: DO J = 0 TO FINAL; 
DEST(J) = SOURCE(J ); 

END LOOP; 

RETURN ; 
END COPY; 

DECLARE RECORD (128) STRUCTURE ( 
KEY BYTE, 
INFO ADDRESS); 

DECLARE CURRENT STRUCTURE ( 
KEY BYTE, 
INFO ADDRESS); 

DECLA RE (J, I) BYTE; 

I* Data is read in to ini t ialize record s.*/ 

SORT: DO J = 1 TO 127; 
CALL COPY (. RECORD()) , .CURRENT, 3); 
I = ); 

FIND: DO WHILE I > 0 AND RECORD{l- 1 ). KEY > CURRENT.KEY; 
CALL COPY (. RECORD{l - 1 ), .RECORD(I), 3); 
I= 1- 1; 

END FIND; 

CALL COPY (.CURRENT, .RECO RD(I), 3) ; 

END SO RT; 

I* Data is written out from records.*/ 

END M; /* End of module*/ 

77 



8. PROCEDURES 
8.3 SAMPLE PROGRAM #2 

One further point should be noticed . Within the body of the procedure COPY, a variable named J is 
declared and referenced. But J is also declared and used as an identifier for a variable outside the 
procedure, at the outer level of the module. If J refers to the same object in both places, the program 
will not work correctly: it is easy to see that the call to COPY from within the block labeled SORT 
would disrupt the use of J as index variable for this block. 

In fact, the two uses of J refer to entirely different objects. ThE: rules of scope (given in Chapter 9) 
guarantee that the scope of the J declared in the body of procedure COPY is restricted to the 
procedure declaration, while the scope of the J declared at the outer level of the module includes all 
of the module except the procedure declaration. No conflict is possible. 
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CHAPTER 9 
BLOCK STRUCTURE AND SCOPE 

PL/ M is a "block structured" language. This chapter deals with block st ructure and scope in programs 
where the PUBLIC and EXTERNAL attributes are not used - that is, w here there is no extended 
scope. Chapter 10 di scusses modules and extended scope. 

9.1 BLOCKS 

There are two kinds of blocks in PL/M : every DO block is a block, and every procedure declaration is 
a block. As will be seen in Chapter 10, a PL/ M program is made up of modules, and a module is a 
particular kind of DO block. Thus everything in a PL/ M program is part of some block. Any kind of 
block may be nested within any other kind of block. This nesting creates a multi-level structure of 
blocks in a typica l PL / M program. 

As we have seen, each type of block has special properti es and uses; but the important common 
property of all blocks is that they control the scope of the objects decla red in the program. 

In order to discuss scope, it will be useful to have the following definitions: 

• The inclusive extent of a block is everything from the DO or PROCEDURE statement 
that begins the block to the END statement that terminates it. The DO or PROCEDURE 
statement and the END statement are included in the inclusive extent of the block. 
However, any label attached to the DO statement that begins a DO block is not in the 
inclusive extent of the block; it is outside the block. See Figure 1. 

• The exclusive extent of a block is the inclusive extent of the block minus the inclusive 
extents of all blocks nested inside it . See Figure 2. 

In other words, the inclusive extent includes nested blocks, and the excl usive extent excludes them . 
Notice that the exclusive extent of a block is the sa me thing as the "outer level" of the block. 

9.2 SCOPE 

Every object that is dec lared in a PL/ M program has scope. This includes 

• Variables 

• Procedures 

• Labels 

• Macros 
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9.1 BLOCKS 

I* Beginning of module*/ 

DECLARE RECORD (128) STRUCTURE ( 
KEY BYTE, 
INFO ADDRESS); 

DECLARE CURRENT STRUCTURE ( 
KEY BYTE, 
INFO ADDRESS); 

DECLARE (J, I) BYTE; 

/ *Data is read in to initialize the records.*/ 
c----------

SORT: DO J = 1 TO 127; I - .:.J CURRENT.KEY= RECORD(J) .KEY; 
CURRENT.INFO= RECORD(J). IN FO; 

I I =J; 

I FIND: 

I 
······························································ : DO WHILE I > 0 AND RECORD(l-1 ). KEY > CURRENT.KEY; 

RECORD(l).KEY = RECORD(l - 1 ).KEY; 
RECORD(l).INFO = RECORD( l- 1 ). INFO; 

• I = 1- 1; 
: END FIND; .............•............................................... 

7 
I 
I 
I 
I 
I 
I 
I 

L 

RECORD(l).KEY = CURRENT.KEY; 
RECORD(l).INFO = CURRENT. INFO; 

END SORT; 
____ _J 

I* Data is written out from the records.*/ 

END M; I /*End of modu le*/ 

Figure 1: INCLUSIVE EXTENT OF A BLOCK 

Everything inside the solid line constitutes the inclusive extent of block M. Everything inside the 
dashed line const itutes the incl usive extent of block SORT. Everything inside the dotted line constitutes 
the inclusive extent of block FIND. 
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9. BLOCK STRUCTURE AND SCOPE 
9.1 BLOCKS 

M: DO; /* Beginning of module*/ 

DECLARE RECORD (128) STRUCTURE ( 
KEY BYTE, 
INFO ADDRESS); 

DECLARE CURRENT STRUCTURE ( 
KEY BYTE, 
INFO ADDRESS); 

DECLARE (J , I) BYTE; 

/ *Data is read in to initi ali ze the records. */ 

SORT: "'• 

··•··· 

•···· ::::;: :::::'. :::::: :; :;:: 

:::::: :::::: :::::: :<:> 
:::::: :::::: :::::: :::::: ;:;:: 

DO W HI LE I > O AND RECORD(\ 1 ).KEY> CURRENT.KEY; [i 
RECORD( l).KEY = RECORD(l- 1).KEY; 

1 I 
RECORD(l ).INFO = RECORD(l- 1 ).INFO; 
I = 1- 1 · t 

::;:: :::::: :::::: ;:;:;: 

···•·• ., ... 
·· ··· ·•·•·· 

····•· ·•···· 
····· ·•·•·• ··•·•· 

END FIND; l 
···•·• ··•········· ········••:•······· ·•·••·• ii, ······ •·•·· 

·•···· ······ 
·••:•: iiiii•• ·•·• 

······ ······ 
····· ·•···· ·•·•·• 

····•· ··•·•· •:.:. 
····•· 

·•···· •·•·•· 

•••••• ··••i .,., .... 

,.z .. ... ,.. •·•····· ·•····· 
·•·•·· 

.. , ... , 
······ ······ ······ ······ 

.,.. .. 
''" ·•·•··· ····•·• ·•·•··· ·•·•·· 

·······" ······ ···•·• •·•·•· 
·•·•··· •·• ··· ··•·•· ii 

······ ·•···•· ······ ············ ·•·•·•·•· 
········ ·•·•···· ··•·•· 

•... 
····•·•· ······ ······· 

,.. ... ,.. ... ,.. ... , ... 
······ ······· ······ ······ ·•· •·• •······ 

·······••:•··········· ······· ·•·•·· •·•·•· ····•·· .,., .. 
········ ·············· 

··•·•···· •·•····· 
······ ·•···•· ········ ····················· , ... , ... ······ 

•·•·•· ,ii 

I* Data is written out from the reco rds.* / 

END M; I* End of module*/ 

Figure 2: EXCLUSIVE EXTENT OF A BLOCK 

The shaded area is the exclusive extent of b lock SORT. 
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9.2 SCOPE 

The scope of an object is defined as follows: 

• The scope of an object is the part of the program in which the object's identifier is 
recognized and handled according to its declaration. 

• The declaration of an object is in the exclusive extent of some block. The scope of the 
object is the inclusive extent of this block, minus the inclusive extent of any nested 
block(s) in which the same identifier is declared. 

• The scope of variables, non-reentrant procedures, and macros is rest ri cted: They may 
not be referred to until after they are declared. The restriction does not apply to 
reentrant procedures (see Section 8.1 .7) or to labels. 

The effect of this is that when writing a block, one does not need to worry about inadvertently using 
an identifier that is already in use elsewhere in the program. 

Suppose that we are writing a block ca lled NEWBLOCK, and we declare a variable (or other ob ject) 
ca lled VBL. Now, if VBL is also declared in some other block ca lled OLDBLOCK, what will happen? 

If NEWBLOCK is not nested inside OLDB LOCK, then it is outside the scope of the VBL decla red in 
OLDBLOCK, since the scope of the old VBL ca nnot go beyond the inclusive extent of OLDBLOCK. 
Therefore the VBL declared in NEWBLOCK is a different VBL from the one dec lared in OLDBLOCK, 
just as if a different identifier had been used. 

If NEWBLOCK is nested inside OLDBLOCK, then it " interrupts" the scope of the old VBL. The scope 
of the old VBL will now be the inclusive extent of OLDBLOCK minus the inclusive extent of 
NEWBLOCK. Again, the VBL declared in NEWBLOCK is an entirely different object from the VBL 
declared in OLDBLOCK. 

Now let us co nsider the reverse situation. Suppose that in NEWBLOCK we want to reference a 
variable XYZ declared in OLDBLOCK, and have it be the same variable. 

If NEWBLOCK is nested inside OLDBLOCK, we merely reference XYZ without declaring it in 
NEWBLOCK. The reference will thus be within the scope of the XYZ decla red in OLDB LOCK. 

If NEWBLOCK is not nested inside OLDBLOCK, there is no way to reference the XYZ declared in 
OLDBLOCK. The program must be rearranged, either by moving NEWBLOCK so as to nest it inside 
OLDBLOCK or by nesting both OLDBLOCK and NEWBLOCK inside another block and moving the 
declaration of XYZ into this outer block. 

9.3 SCOPE OF LABELS AND RESTRICTIONS ON GOTOs 

Labels are subject to exactly the same rules of scope just given for other objects. 

Let us reexamine the definition (Section 9.1) of the inclusive extent of a block. Note that the inclusive 
extent of a DO block does not include any label(s) attached to the DO statement that begins the 
block. This means that if the same identifier used as a label on the DO statement is used within the 
block to declare a label (implicitly or explicitly), this will interrupt the scope of the label on the DO 
statement and constitute a different label. 
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This has an important effect on the label of a DO statement that begins a module (modules are 
defined in Chapter 1 0): 

• It is not possible to expli citl y declare th e label of a module. Thi s means that the label 
of a module may not have the PUBLI C or EXTER NAL attribu tes . 

Moreover, the impli cit declaration of labels causes some spec ial effec ts. 

As explained in Secti on 6.3 .1 , a label definiti on impl icitl y decla res the label - unless the label has 
already been declared expli citly in the exclusive ex tent of the sa me block. An impli cit label 
declaration may occur anywhere in the bl ock structure of a program, w hereas expli cit declarations are 
limited to simple DO blocks and procedure decl arati ons, and may onl y appear before the first 
executable statement in the block. 

The rules of scope guarantee that the scope of an impli cit dec larati on is exactl y th e same as the scope 
of an explici t declaratio n at the beginning of the small est bl ock that encloses the impli cit decl aration. 
Thi s means that wherever a labeled statement appea rs, the scope of the label cannot extend beyond 
the smallest enclosing block. 

Thi s leads to certain important restri cti ons: 

• It is not possible for a GOTO to transfer control from an outer block to a labeled 
statement in a nested block. 

• Moreover, it is not possible for a GOTO to transfer contro l from one block to any 
block (in the sa me module) that does not enclose the block containing the GOTO. 

In addition, there is the following restri ction: 

• Any label with the PUBLIC attribute must be attached to an executable statement at 
the outer level of the main program module. 

In fact, the only possible GOTO transfers are the fo llowing: 

• From one point in the exclusive extent of a bl ock to a statement in the exclusive extent 
of the sa me block. 

• From an inner block to a statement in the exclu sive extent of an enclosing block (not 
necessaril y the smallest enclosing block). However, if the inner block is a procedure 
block, the transfer may onl y be to a labeled statement in the outer level of the main 
program module as stated in Section 8.1.3 . 

• From any point in one module, in w hich the label is declared EXTERNAL, to a 
statement in the outer level of the main program module, in which the label is 
declared PUBLIC. 
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CHAPTER 10 
PROGRAM MODULES 

10.1 DEFINITIONS 

In preceding chapters, we have referred to " modules, " the " outer level of a module," and the " main 
program module." The precise definitions of these terms are as follows: 

• A module is a labeled simple DO block which is not nested in any other block. 

• The " outer level of a module" or module level is the exclusive extent (see Chapter 9) 
of a module. 

• A main program module is a module that contains executable statements at the 
module level. 

10.2 MODULAR STRUCTURE OF A COMPILATION 

A "compilation" is o:ie module of Pl/ M statements. A compilation is not necessarily a complete 
program. After compilation, the module may be linked with modules from different compilations to 
build up a program, as described below. 

The number of DO blocks and the number of procedure declarations in a module are limited by the 
PL/M-80 Compiler. See /SIS-II PL/ M-80 Compiler Operator 's Manual. 

10.3 MODULAR STRUCTURE OF A PROGRAM 

A program is created by means of the linker, using compiled and/ or assembled modules as building 
blocks . A program is built up from one or more modules, including a main program module . 

10.4 LINKAGE 

The compiled modules produced by the PL/M-80 Compiler are relocatable code. Some of the 
identifiers have extended scope - those declared with the EXTERNAL and PUBLIC attributes. The 
references to identifiers declared EXTERNAL need to be associated with the defining declarations. This 
association of EXTERNAL and PUBLIC identifiers is called "linkage." 

To create a program with the linker, one specifies the modules making up the program, in the desired 
sequence. In choosing this set of modules, the following restrictions must be borne in mind: 

• The set of modules must contain a main program module. 

• Each identifier with extended scope must have exactly one defining declaration in the 
total set of modules - that is, exactly one declaration with the PUBLIC attribute. 

The linker combines the modules, "satisfying" all references to objects that are declared with the 
EXTERNAL attribute by associating them with the defining declarations. The effect is to extend the 
scope of each object declared with the PUBLIC attribute to include the scope of each object (in 
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another module) that has the EXTERNAL attribute and the same identifier. 

This results in a complete relocatabl e program in which every vari,able reference, procedure ca ll , and 
label reference is meaningful. 

10.5 EXAMPLE OF MODULAR PROGRAM STRUCTURr.-

Consider once again the sort program used in Chapter 7 and Section 8.3. Thi s program contains a 
procedure which might be useful in o ther programs. Therefore, it might be desirab le to compile this 
procedure as a separate module, so th at it can be linked to this sort program and also to any other 
program that needs to move st ructures. 

Broken into two modules, our example program appears as fo llows. 

COPY$MODU LE: 
DO; /*Beginning of module with COPY procedure*/ 

COPY: PROCEDURE (S RC$ PTR, DST$PTR, COUNT) PUBLIC; 

/* Moves source record to destination record by treating 
both records as BYTE arrays. COUNT is the number of bytes 
to move (limited to 128), SRC$ PTR points to SOURCE, DST$PTR 
points to DEST. */ 

DECLARE (SRC$ PTR, DST$PTR) ADDRESS; 
DECLARE (SOU RCE BASED SRC$PTR, DEST BASED DST$PTR) (128) BYTE; 
DECLARE (COUNT, J, LAST) BYTE; 

LAST= COUNT - 1; 

LOOP: DO J = 0 TO LAST; 
DEST(J) = SOURCE(J); 

END LOOP; 

RETURN; 
END COPY; 

END COPY$MODU LE; /*End of COPY module*/ 

Thi s module is compiled and ca n th en be kept avai lable for use by any program that is linked to it. 
The main program module is on the next page. It is the same as the program of Section 8.3, but a 
usage declaration of the COPY procedure has been substituted for the defining declaration, which is 
now in the above module. 
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SORT$PROGRAM: 
DO; /*Beginning of main program module*/ 

COPY: PROCEDURE (SRC$PTR, DST$PTR, COUNT) EXTERNAL; 

I* Usage declaration of COPY procedure, which is 
defined in module COPY$MODULE* / 

DECLARE (S RC$PTR, DST$PTR) ADDRESS; 
DECLARE COUNT BYTE; 

END COPY; 

DECLARE RECORD (128) STRUCTURE ( 
KEY BYTE, 
INFO ADDRESS); 

DECLARE CURRENT STRUCTURE ( 
KEY BYTE, 
INFO ADDRESS); 

DECLARE (J, I) BYTE; 

/*Data is read in to initialize records.*/ 

SORT: DO J = 1 TO 127; 
CALL COPY (.RECORD()), .CU RRENT, 3); 
I=); 

FIND: DO WHILE I > 0 AND RECORD(l-ll. KEY > CURRENT.KEY; 
CALL COPY (. RECORD(l- 1 ), .RECORD(!) , 3); 

I = 1- 1; 
END FIND; 

• CALL COPY (.CURRENT, .RECORD(!), 3); 

END SORT; 

I* Data is written out from records.* / 

END SORT$PROGRAM; /*End of main program module* / 
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CHAPTER 11 
BUILT-IN PROCEDURES AND PREDECLARED VARIABLES 

Built-in procedures and predeclared variabl es act as if they w ere decla red in an all-encompass ing 
global block invisible to the programmer. 

The identifiers are subj ect to the rul es of scope. This means that if the identifier of a built-in procedure 
or predeclared variable is used in a declaration within the program, th e scope of the predeclared 
va ri able or built-in procedure is interrupted by the scope of the declaration in the program. Note that 
this distingui shes these identifiers from reserved words, wh ich cannot be used as identifiers in 
decla rat ions. 

11.1 BUILT-IN PROCEDURES 

11 .1.1 INPUT PROCEDURE 

INPUT is a BYTE procedure. It is ca lled by a function reference, w ith the form 

INPUT (numeric constant) 

Notice that the actual parameter must be a numeric constant - not an expression. The constant must 
be in the range from O to 255 to spec ify one of the 256 input ports of the 8080 CPU . The value 
returned by INPUT is the BYTE quantity latched in the spec ified input port. 

Output is performed by using the predecla red variab le OUTPUT; see Section 11 .2. 1. 

11 .1.2 LE NGTH, LAST, AND SIZE PROCEDURES 

PL/ M has three bui lt- in procedures that take variable names as actual pa rameters and return 
informati on based on the declarations of the variables . 

LENGTH 

LENGTH is a typed proced ure whose type depends on the va lue that it ca lcu lates. If th is va lue is less 
than or equal to 255, it is returned as a BYTE va lue; otherw ise it is returned as an ADDRESS va lue. It 
is ca ll ed by a function reference, w ith the form 

LENGTH (identifier) 

where the identifier must be a non-subscripted reference to an array. The array may be a member of 
a structure; it may not be the MEMORY array (see Section 11 .2 .2). 

The BYTE or ADD RESS value returned is the number of elements in the array - that is, it is equal to 
the dimension specifier in the array decl aration. 

If the array is not a structure member, then the reference is an unquali fi ed var iable reference. If the 
array is a structure member, then the reference is a partiall y qua lified var iable reference (see Sect ion 
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11.1 BUILT-IN PROCEDURES 

3.6.2) . For example, given the dec larati on 

DECLA RE RECORD STRUCTURE ( 
KEY BYTE, 
INFO (3) ADDRESS); 

then LENGTH(RECORD .INFO) is a valid function reference and return s the value 3. 

If the array is a member of a structure, and the structure is an element of an array, a spec ial case 
ari ses. Given the declaration 

DECLARE LIST (4) STRUCTURE ( 
KEY BYTE, 
INFO (3) ADDRESS); 

then all of the foll owing functi on references are correct and return the va lue 3: 

LENGTH (LIST(0).INFO) 
LENGTH (LIST(l ).INFO) 
LENGTH (LIST(2). INFO) 
LENGTH(LIST(3). INFO) 

In other w ords, the subsc ript fo r th e array LIST is irrelevant, since the arrays within the structures are 
all the same length. Therefore, PL / M allow s a "shorthand" fo rm of partially quali f ied variable 
reference in the LENGTH function reference: 

LENGTH (LIST.IN FO ) 

Thi s is an exception to the rule given in Secti on 3.6 .2, whi ch says that the subscript is required in a 
case like thi s. The same exception applies to the LAST and SI ZE built-in procedures described below . 

LAST 

LAST is a typed procedure whose type depends on the value that it ca lculates. If this va lue is less than 
or equal to 255, it is returned as a BYTE value; otherwi se it is returned as an ADDRESS value. It is 
ca ll ed by a function reference, with the form 

LAST (identifier) 

where the identifier must be a non-subscripted reference to an array. The array may be a member of 
a structure; it may not be the MEMORY array (see Section 11 .2.2). 

The BYTE or ADDRESS value returned is the subscript of the last element of the array - note that fo r 
a given array, LAST will always be one less than LENGTH. 

As in the LENGTH procedure, a "sho rthand" form of partiall y qualified variable reference is allowed 
in the case where the array is a member of a structure and the structure is an array element. 

SIZE 

SIZE is an ADDRESS procedure. It is ca lled by a functi on reference, with the form 
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11.1 BUILT-IN PROCEDURES 

SIZE (variable-ref) 

where the variable-ref is a fully qualified, partially qualified, or unqualified reference to any scalar, 
array, or structure variable except the MEMORY array (see Section 11 .2.2). 

The ADDRESS value returned is the number of bytes required by the object referenced. 

If the reference is fully qualified, it refers to a sca lar and the value is 1 for a BYTE scalar or 2 for an 
ADDRESS scalar. If the reference is unqualified, it refers to an entire structure or array, and the value 
is the total number of bytes required for the structure or array. 

If the reference is partially qualifi ed, it refers either to a structure member which is an array, or to an 
array element which is a structure. The value is the number of bytes required for the array or 
structure . 

As in the LENGTH procedure, a "shorthand" form of partially qualified variable reference is allowed 
in the case where the array or scalar is a member of a structure and the structure is an array element. 

11.1.3 LOW, HIGH, AND DOUBLE PROCEDURES 

Two built-in BYTE procedures convert ADDRESS values to BYTE values. Calls to these procedures are 
function references with the following forms: 

LOW (expression) 
HIGH (expression) 

If the expression has an ADDRESS value, LOW returns the low-order (least significant) byte of the 
value, whereas HIGH returns the high-order (most significant) byte of the value. 

If the express ion has a BYTE value, then LOW will return this value unchanged. However, HIGH will 
return zero. 

The ADDRESS procedure DOUBLE converts a BYTE value to an ADDRESS value. A ca ll to DOUBLE is 
a function reference with the form 

DOUBLE (expression) 

If the expression has a BYTE value, the procedure appends 8 high-order zeros to convert it to an 
ADDRESS value and returns this ADDRESS value. If the expression has an ADDRESS value, the 
procedure returns this value unchanged. 

11 .1.4 SHIFTS AND ROTATIONS 

In shift and rotate operations, a value is handled as a pattern of 8 bits (for a BYTE value) or 16 bits 
(for an ADDRESS value). The pattern is moved to the right or left by a specified number of bits ca lled 
the "bit count." 

In a shift, bits moved off one end of the pattern are lost, and zeros move into the pattern from the 
other end. In a rotate, bits moved off one end move onto the other end . 
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11.1 BUILT-IN PROCEDURES 

Byte Rotation Procedures 

RO L and RO R are BYTE procedures . They are ca lled by function references, w ith the fo rms 

RO L (pattern , count) 
RO R (pattern , count) 

w here " pattern " and "count" are both express ions. The va lues of these express ions are converted, if 
necessary, to BYTE va lues. The first parameter is handled as an 8-bit pattern w hich is rotated to the 
left (by ROU or to the right (by RO R). The bi t count is given by the second pa rameter. If the va lue of 
this expression is 0, the result is undefined . 

The following are examples of the action of these procedures: 

RO R(l 0011101 B, 1) returns a value of 1100111 OB . 

ROL( l 0011101 B, 2) returns a va lue of 0111011 OB. 

Logica l-Shift Procedures 

SHL and SHR are procedures whose type depends on the type of the va lue of an express ion given as 
an actual parameter. They are ca lled by function references, with the forms 

SHL (pattern , count) 
SHR (pattern , count) 

where " pattern " and "count" are both express ions. 

The value of count w ill be converted, if necessary, to a BYTE quantity. If the va lue of count is z~ro, 
the result is undefined. 

The value of the pattern may be either a BYTE value o r an ADDRESS va lue and will not be converted . 
If it is a BYTE value, then the procedure w ill return a BYTE value. If it is an ADDRESS value, then the 
procedure will return an ADDRESS value. 

The value of the first parameter (pattern) is shi fted left (by SH U or ri ght (by SHR), w ith the bit count 
given by the second parameter (count). 

11.1.5 THE MOVE PROCEDURE 

The untyped procedure MOVE is used to transfer a set of contiguous bytes of in fo rmation from one 
location in memory to another. The form of the ca ll is: 

CALL M O VE (count, source, destin ation) ; 

where count, source, and destinatio n are all express ions and will be converted, if necessary, to 
ADDRESS values. 

The count parameter is the number of bytes of in fo rmation to be moved. The source parameter is the 
memory address of the first byte to be moved, and the destination parameter is the memory address 
to which this byte is to be moved. Subsequent bytes are taken from subsequent addresses fo llowing 
source and moved to subsequent addresses fo llowing destination. 
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11. BUILT-IN PROCEDURES AND PREDECLARED VARIABLES 
11.1 BUILT-IN PROCEDURES 

If the source and destination areas of memory overlap, the result is undefined . 

11 .1.6 THE TIME PROCEDURE 

The untyped procedure TIM E causes a time delay specified by its actual parameter. Th e form of the 
ca ll is 

CALL TIME (expression); 

where the expression is converted, if necessary, to a BYTE quantity . The length of time measured by 
the procedure is a multiple of 1 00 microseconds: if the actual parameter eva luates to n, then the 
delay caused by the procedure is 1 00n microseconds. For example, the procedure ca ll 

CALL TIME (45); 

causes a delay of 4 .5 milliseconds. Si nce the maximum delay offered by the procedure is 25 .5 
milliseconds, longer delays must be obtained by repeated ca ll s. The fo llowing block takes one second 
to execute: 

DO I = 1 TO 40; 
CALL TIME (250); 

END; 

The TIME procedure is based on 8080 CPU cycle times, and assumes that the system is running at 2 
MHz without interruptions. 

11.2 PREDECLARED VARIABLES 

11 .2. 1 THE OUTPUT ARRAY 

The predeclared variable OUTPUT is a BYTE array with 256 elements. Each element corresponds to 
one of the 256 output ports of the 8080 CPU. 

A reference to OUTPUT must always be subscripted with a numeri c constant in the range from 0 to 
255 and may only appear as the left part of an assignment statement or embedded ass ignment. 
Anywhere else it is illegal. The effect of such an ass ignment is to latch the BYTE va lue of the 
express ion on the right side of the ass ignment into the specified output po rt. (S ince OUTPUT is a 
BYTE array, the value of the expression will be automatically converted to type BYTE if necessary.) 

11 .2.2 THE MEMORY ARRAY 

MEMORY is a BYTE array of unspecified length which represents the free memory space allocated by 
the locator. References to MEMORY may be subscripted. The maximum subscript allowed depends 
on both the system environment and the program. References to MEMORY, either subscripted or 
unqualified, may be used in location references. Thus, for example, .MEMORY is the address of the 
beginning of free memory space. 

A reference to MEMORY may not be used as an actual parameter for the LENGTH, LAST, and SIZE 
procedures. 
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11.2· PREDECLARED VARIABLES 

11 .2.3 STACKPTR 

ST ACKPTR is a predeclared ADDRESS variable that provides access to the 8080 hardware stack 
pointer register. 

Care must be exercised in setting this register (that is, using STACKPTR on the left side of an 
assignment). Taking control of the stack away from the compiler frustrates the compile-time checks on 
stack overflow and invalidates the compiler 's assumptions about the run-time status of the stack . 
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CHAPTER 12 
PL/M FEATUR.ES INVOLVING 8080 HARDWARE FLAGS 

The PL/ M features described in thi s chapter make use, directl y or indirec tl y, of the 8080 hardware 
fl ags o r " toggles" - CARRY, ZERO, SIGN, and PARITY. As explained in the fo llowing section, these 
features ca nnot be guaranteed to produce correct results and the programmer should use them onl y 
with caution. 

Instead of using these fea tures, it may be more convenient to link the PL/ M program to modules 
containing code to perfo rm the same funct ions, but w ritten in assembly language . 

12.1 OPTIMIZATION AND THE 8080 HARDWARE FLAGS 

In order to produce an effi cient machine-code program from a PL/ M source, the PL / M-80 Compiler 
performs extensive optimi zation of the machine code. This means that the exact sequence o f machine 
code produced to implement a given sequence of PL / M source statements cannot be predicted. 

Consequentl y, the state of the 8080 hardware fl ags cannot be predicted fo r any gi ven point in the 
program. For example, suppose that a source program contains the fo llowing fragment: 

SUM = SUM + 25 0; 

w here SUM is a BYTE variabl e. Now, if the value of SUM before thi s ass ignment statement is grea ter 
than 5, the additi on will cause an overflow and the hardware CARRY fl ag will be set . 

If there were no optimi za tion of the machine code, one could fo llow this ass ignment statement w ith 
one of the PL/ M features desc ribed in the fo llowing sections, and be sure that the feature would 
operate in a certain fashion depending on w hether or not the addition caused the CARRY fl ag to be 
set. However, because o f optimiza tion, some machine code instructions may occur immediately after 
the addition, and change the CARRY fl ag. O ne cannot safely predict whether this w ill happen o r not. 

Acco rdingly, any PL / M feature that invo lves the CARRY fl ag (or any of the other hardware fl ags) may 
cause the program to run incorrectl y . These features must therefore be used w ith caution, and any 
program that uses them must be checked ca refully to make sure that it operates correctly . 

12.2 THE "PLUS" AND "MINUS" OPERATORS 

In addition to the arithmetic operators desc ribed in Section 4 .2, there are two more: PLU S and 
MINUS . 

PLUS and MINUS perfo rm similarl y to + and -, and have the sa me precedence. How ever, they take 
account of the current setting of the 8080 CPU hardwa re CARRY fl ag in perfo rming the operation. 
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12.3 CARRY-ROTATION PROCEDURES 

SCL and SCR are built-in procedures whose type depends on the type of the va_lue of an express ion 
given as an actual parameter. They are ca lled by function references, with the forms 

SCL (pattern, count) 
SCR (pattern , count) 

where "pattern " and "count" are both expressions. 

The value of count will be converted , if necessary, to a BYTE quantity. If the va lue of count is zero, 
the result is undefined . 

The va lue of the pattern may be either a BYTE va lue or an ADDRESS value and wil l not be converted . 
If it is a BYTE value, then the procedure will return a BYTE value. If it is an ADDRESS va lue, then the 
procedure will return an ADDRESS value. 

The value of the first parameter (pattern ) is rotated left (by SCL) or ri ght (by SCR), with the bit count 
given by the second parameter (count), just as w ith the ROL and ROR procedures described in 
Chapter 11. But with SCL and SCR, the rotation includes the CARRY fl ag: the bit rotated off one end 
of the argument is rotated into CARRY, and the old value of CARRY is rotated in to the other end of 
the argument. In effect, SCL and SCR perform 9-bit rotat ions on 8-bit values, and 17-bit rotations on 
1 6-bit va lues. 

12.4 THE DEC PROCEDURE 

DEC is a built-in BYTE procedure which uses the va lue of the hardware CARRY fl ag internall y. It is 
ca lled by a function reference, with the form 

DEC (express ion) 

where the value of the express ion wil l be converted, if necessary, to a BYTE value. The procedure 
performs a decimal ad just operation on the actual parameter value and returns the result of thi s 
operation. 

12.5 CARRY, SIGN, ZERO, AND PARITY PROCEDURES 

There are four built-in BYTE procedures that return the logical values of the 8080 hardware fl ags . 
These procedures take no parameters, and are ca lled by funct ion references with the fo llowing forms : 

CARRY 
ZERO 
SIGN 
PARITY 

An occurrence of one of these calls (in an expression) generates a test of the corresponding condition 
flag. If the flag is set (= 1 ), a value of OFFH is returned. If the flag is clear (= 0), a va lue of O is 
returned . 
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Appendix A 
GRAMMAR OF THE PL/M LANGUAGE 

This appendix lists the entire BNF syntax of the PL/M language. Since 
the semantic rules are not included here, this syntax permits certain 
constructions that are not actually allowed. Also, the terminology 
used in this BNF syntax has been designed for convenience in 
constructing concise and rigorous definitions. In some cases, this 
terminology differs from the terminology used in the main body of 
manual . 

The notation used here is slightly extended from standard BNF. A 
sequence of three periods ( ... ) is used to indicate that the preceding 
syntactic element may be repeated any number of times. Curly brackets 
are used to indicate that exactly one of the items stacked vertically 
between them is to be used. Square brackets indicate that whatever is 
between them may be omitted. Also, when items are stacked vertically 
between square brackets, only one of them may be used, if any. 

Following the syntax, the nonterminals in 
alphabetical order. Each nonterminal 
number (within this appendix) where its 
looked up. 

SYNTAX 

A.1 LEXICAL ELEMENTS 

A.1 .1 Character Sets 

<character>::= <apostrophe> 
<non-quote character> 

<non-quote character>::= <letter> 
<decimal digit> 
$ 

the syntax are listed in 
is tagged with the section 
primary definition can be 

<special character> 
<blank> 

<letter>::= <upper case letter> 
<lower case letter> 

<upper case letter>:~= ABC DEF G H:I:J:K:LJM: 
No Po Rs T u:v:w:x:Y:z 

<lower case letter>::: ab c def g h:i:j:k:1:m: 
no p qr st u:v:w:x:y:z 

<decimal digit>::= o: 1:2 3 4 5 6 7 8 9 
<special character>::= + - * I < > = : : ; : . : , : (:) 
<apostrophe>::= 1 

Mnemonics copyright (C) Intel Corporation 1976, 1977. 
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A. 1. 2 

A. 1.3 

Tokens 

<token>::= <delimiter> 
<identifier> 
<reserved word > 
<numeric constant> 
<string> 

Delimiters 

<delimiter>::= <simple delimiter> 
: <compound delimiter> 

<simple delimiter>::= +i-i*ili< i> i=i::;:.:, i( i) 
<compound delimiter>::=<> 

<= 
>= 

A.1 .4 Identifiers and Reserved Words 

<identifier>: := <letter> 

U
letter> 

<dec imal 
$ 

A.1 .5 Numeric Constants 

<numeric constant >::= <binary number> 
<octa l number> 
<decimal number> 
<hexadecimal number> 

<binary number>: := <b inary digit> [ <binary$di git>J ... B 

<octal number>"• <octal digit> ~octa\ d i git>] . .. { g} 
<decimal number>::= <decimal digit> [ <decimal$digit>] 

<hexadec imal number>::= <decimal digit> 
[ <hexadeci;al digit>] ... H 

Mnemonics copyright (C) Intel Corporation 19 76, 1977 . 
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A. GRAMMAR OF THE PL/M LANGUAGE 
A.1 LEXICAL ELEMENTS 

<binary digit>::= o: 1 
<octal digit>::= <binary digit> i2i3i4i5i6i7 
<decimal digit>::= <octal digit> :s:9 
<hexadecimal digit>::= <decimal digit>iAiBiCiDiEiF 

A.1.6 Strings 

<string>::= ' <string body element> 
<string body element>::= <printable ASCII character> 

I I 

A.1 .7 PL/M Text Structure: Tokens, Blanks, and Comments 

<pl/m text>::= f<token> ] 
l_:separator> 

<separator>::= <blank> 
<comment> 

<comment>::= /* [<character>] ... */ 

A.2 Modules and Compilations 

<compilation>::= <module> [EOF] 
<module>::= <module name> : <simple do block> 
<module name>::= <identifier> 

A. 3 DECLARATIONS 

<declaration>::= <declare statement> 
<procedure definition> 

A.3.1 DECLARE Statement 

<declare statement>::= DECLARE <declare element list>; 
<declare element list>::= <declare element>[,<declare element>] ... 
<declare element>::= <factored element> 

<unfactored element> 

<unfactored element>::= <variable element> 
<literal element> 
<label element> 

<factored element>::= <factored variable element> 
<factored label element> 

Mnemonics copyright (C) Intel Corporation 1976, 1977. 
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A.3.2 Variable Elements 

<variable element>::= <variable name specifier> 
[<dimension specifier>] <variable type> 
[<variable attributes>][<initiilization>] 

<variable name specifier>::= <non-based name> 
<based name> BASED <base specifier> 

<non-based name>::= <variable name> 
<based name>::: <variable name> 
<variable name>::= <identifier> 
<base specifier>::= <identifier> [.<identifier>] 

<variable attributes>::= [PUBLIC] [<locator>] 
: [EXTERNAL] 

<locator>::= AT (<restricted expression>) 

<dimension specifier>::= <explicit dimension> 
<implicit dimension> 

<explicit dimension>::= ( <numeric constant> ) 
<implicit dimension>::= ( * ) 

<variable type>::= <basic type> 
<structure type> 

<basic type>::: ADDRESS 
BYTE 

A.3.3 Label Element 

<label element>::= <identifier> LABEL !PUBLIC ] 
l_EXTERNAL 

A.3.4 Literal Elements 

<literal element>::= <identifier> LITERALLY <string> 

A.3.5 Factored Variable Element 

<factored variable element>::= ( <variable name specifier> 
[,<variable name specifier>] ... ) 
[<explicit dimension>] <variable type> 
[<variable attributes>][<initialization>] 

Mnemonics copyright (C) Intel Corporation 1976, 1977 . 
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A. GRAMMAR OF THE PL/M LANGUAGE 
A.3 DECLARATIONS 

A.3.6 Factored Label Elements 

<factored label element>::= (<identifier> 
[,<identifier>] ... ) LABEL [PUBLIC ] 

EXTERNAL 

A.3.7 The Structure Type 

<structure type>::= STRUCTURE ( 
<member element> [,<member element>] .. . ) 

<member element>::= <member name> 
[<explicit dimension>] <basic type> 

<member name>::= <identifier> 

A.3.8 Procedure Definition 

<procedure definition>::= <procedur~ statement> 
[<declaration> ... ][<unit> ... ] <ending> 

<procedure statement>::= <procedure name> : PROCEDURE 
[<formal parameter list>][<procedure type>] 
[<procedure attributes>]; 

<procedure name>::= <identifier> 
<procedure type>::= <basic type> 
<basic type>: : : ADDRESS 

BYTE 
<formal parameter list>::= ( <formal 

[,<formal parameter>] ... ) 
<formal parameter>::= <identifier> 
<procedure attributes>::= {INTERRUPT 

<linkage> 
REENTRANT 

<linkage>::: PUBLIC 
EXTERNAL 

A.3 . 9 Attributes 

A.3.9.1 AT 

parameter> 

<numeric constant> } ... 

<locator>::= AT ( <restricted expression> ) 

Mnemonics copyright (C) Intel Corporation 1976, 1977. 
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A.3 DECLARATIONS 

A.3.9.2 INTERRUPT 

<interrupt>::= INTERRUPT <numeric constant> 

A.3.9-3 Initialization 

<initialization>::: 

<initial value>::= 

A.4 UNITS 

{
INITIAL} ( <initial value> 
DATA 

<restricted expression> 
<string> 

<unit>::= <conditional clause> 
<do block> 
<basic statement> 
<label definition> <unit> 

<basic statement>: = <assignment statement> 
<call statement> 
<goto statement> 
<null statement> 
<return statement> 
<8080 dependent statement> 

<scoping statement>:·= <simple do statement> 
<do-case statement> 
<do-while statement> 
<iterative do statement> 
<end statement> 

<label definition> 

A.4.1 Basic Statements 

A.4.1.1 Assignment Statement 

<procedure statement> 
= <identifier> : 

[,<initial value>] ... ) 

<assignment statement>::= <left part>= <expression> ; 
<left part>::= <variable reference> [, <variable reference>] 

A.4.1 .2 CALL Statement 

<call statement>::= CALL <simple variable> [<parameter list>]; 
<parameter list>::= (<expression> [, <expression>] ) 
<simple variable>::= <identifier> 

<identifier> . <identifier> 

Mnemonics copyright (C) Intel Corporation 1976, 1977. 
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A. GRAMMAR OF THE PL/M LANGUAGE 
A.4 UNITS 

A.4.1.3 GOTO Statement 

<goto statement>::= { GOTO l <identifier> 
GO TO) 

A.4.1 .4 Null Statement 

<null statement>::= 

A.4.1.5 RETURN Statement 

<return statement>::= <typed return> 
<untyped return> 

<typed return>::= RETURN <expression> 
<untyped return>::= RETURN ; 

A.4.1 .6 8080 Dependent Statements 

<8080 dependent statement>::= <disable statement> 
<enable statement> 
<halt statement> 

<disable statement>::= DISABLE 
<enable statement>::= ENABLE 
<halt statement>::= HALT ; 

A.4.2 Scoping Statements 

A.4.2.1 Simple DO Statement 

<simple do statement>::= DO 

A.4.2.2 DO-CASE Statement 

<do-case statement>::= DO CASE <expression> 

A.4.2.3 DO-WHILE Statement 

<do-while statement>::= DO WHILE <expression> 
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A.4 UNITS 

A.4.2.4 Iterative DO Statement 

<iterative do statement> ::= DO <index part><to part>[<by part>] 
<index part>::= <index variable>= <start expression> 
<to part>::= TO <bound expression> 
<by part>::= BY <step expression> 
<index variabl e> ::= <s imple variabl e> 
<start expression>::= <expression> 
<bound expression> ::= <expression> 
<s tep expression>::= <expr ession> 

• 

A.4.2.5 END Statement • 

<end statement> ::= END [ <identifier>] 

A.4.2.6 Procedure Statement 

<procedure statement> ::= <procedu r e name> : PROCEDURE 
[ <fo rm a l parameter list >][ <procedur e type>] 
[ <procedure attributes>]; 

<pr ocedure name>::=<identifier> 
<procedure type>::= <bas ic type> 
<basic type>::= ADDRESS 

BY TE 
<fo rma l parameter list> ::= ( <formal 

[ , <formal parameter>] . . . ) 
<formal parameter>::= <id entifier> 
<pr ocedure attributes>::= {INTERRUPT 

<linkage> 
REENTRANT 

<linkage> ::= PUBLIC 
EXTERNAL 

A.4.3 Conditional Clause 

parameter > 

<n um eri c constant> } ... 

<conditional clause> ::= <if condition> <true unit> 
<if condition> <true element> ELSE 

<false eleme nt> 
<if condition>::= IF <expr ession> THEN 
<t rue e l ement> ::= [ <labe l definition> ... ] <do block> 

[<label definit i on> ... ] <basic statement> 
<false element> ::= <unit> 
<true unit >::= <uni t > 

Mnemonics copyright (C) Intel Corporation 1976, 1977. 
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A. GRAMMAR OF THE PL/M LANGUAGE 
A.4 UNITS 

A.4.4 DO Blocks 

<do block>::= <simple do block> 
<do-case block> 
<do-while block> 
<iterative do block> 

A.4.4.1 Simple DO Blocks 

<simple do block>::= <simple do statement> 
[<declaration> ... ][<unit> ... ]<endin~> 

<ending>: :=[<label definition> ... ]<end statement> 

A.4.4.2 DO-CASE Blocks 

<do-case block>::= <do-case statement>{<unit> ... }<ending> 

A.4.4.3 DO-WHILE Blocks 

<do-while block>::= <do-while statement>[<unit> ... ]<ending> 

A.4.4.4 Iterative DO Blocks 

<iterative do block>::=<iterative do statement>[<unit> ... ]<ending> 

A.5 EXPRESSIONS 

A.5.1 Primaries 

<primary>::= <constant> 
<variable reference> 
<location reference> 
<subexpression> 

<subexpression>::= ( <expression> ) 

A.5.1 .1 Constants 

<constant>::= <numeric constant> 
<string> 
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A.5 EXPRESSIONS 

A.5.1.2 Variable References 

<variable reference>::= <data reference> 
: <function reference> 

<data reference>::= <name>[<subscript>][<member specifier>] 
<subscript>::= ( <expression> ) 
<member specifier>::= .<member name>[<subscript>] 
<function reference>::= <name>[<actual parameters>] 
<actual parameters>::= ( <expression>[,<expression>] ... ) 
<member name>::= <identifier> 
<name>::= <identifier> 

A.5.1 .3 Location References 

<location reference>::= .<constant list> 
: .<variable reference> 

<constant list>::= (<constant>[,<constant>] ... ) 

A.5.2 Operators 

<operator>::= <logical operator> 
<relational operator> 
<arithmetic operator> 

<logical operator>::= AND 
OR 
NOT 
XOR 

<relational operator>::= < 
<arithmetic operator>::=+ 

> 
I 

- I 

<= : >= : <> : = 
PLUS : MINus: * : / 

A.5.3 Structure of Expressions 

<expression>::= <logical expression> 
: <embedded assignment> 

<embedded assignment>::= <variable reference> ·­
<logical expression> 

<logical expression>::= <logical factor> 

MOD 

: <logical expression> <or operator> <logical factor> 
<or operator>::= OR 

XOR 
<logical factor>::= <logical secondary> 

: <logical factor> <and operator> <logical secondary> 
<and operator>::= AND 
<logical secondary>::= [<not operator>] <logical primary> 
<not operator>::= NOT 
<logical primary>::= <arithmetic expression> 

[<relational operator> <arithmetic expression>] 
<relational operator>::= < : > : <= : >= : <> : = 
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A. GRAMMAR OF THE PL/M LANGUAGE 
A.5 EXPRESSIONS 

<arithmetic expression>::= <term> 
: <arithmetic expression> <adding operator> <term> 

<adding operator>:::+ : - : PLUS : MINUS 
<term>::: <secondary> 

: <term> <multiplying operator> <secondary> 
<multiplying operator>::=* : / : MOD 
<secondary>::= [<unary minus>] <primary> 
<unary minus>::= -

A.5.4 Restricted Expressions 

<restricted expression>::= [<restricted reference> 
<restricted adding operator>] <restricted sum> 

<restricted reference>::= .<identifier> [<restricted subscript>] 
[ . <identifier> [ <restricted subscript>]] 

<restricted subscript>::= ( <restricted sum> ) 
<restricted sum>::= <restricted secondary> 

[<restricted adding operator> 
<restricted secondary>] ... 

<restricted adding operator>::=+ : -
<restricted secondary>::= [<restricted negation operator>] 

<restricted secondary> : <restricted primary> 
<restricted negation operator>::= -
<res~ricted primary>::= <numeric constant> 
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NONTERMINALS 

<actua l parameters> 
<adding operator> 
<and operator> 
<apostrophe> 
<arithmetic expression> 
<arithmetic operator> 
<assignment statement> 
<base specifier> 
<based name> 
<basic statement> 
<basic type> 
<binary digit> 
<binary number> 
<bound expression> 
<by part> 
<call statement> 
<character> 
<comment> 
<compilation> 
<compound delimiter> 
<conditional clause> 
<constant list> 
<constant> 
<data refere~ce> 
<decimal digit> 
<decimal number> 
<declaration> 
<declare element list> 
<declare element> 
<declare statement> 
<delimiter> 
<dimension specifier> 
<disable statement> 
<do block> 
<do- case block> 
<do- case statement> 
<do- while block> 
<do- while statement> 
<embedded assignment> 
<enable statement> 
<end statement> 
<ending> 
<explicit dimension> 
<expression> 
<factored element> 
<factored labe l element> 
<factored variab l e element> 
<false element> 
<formal parameter> 
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A.5 EXPRESSIONS 

<formal parameter list> 
<function reference> 
<goto statement> 
<halt statement> 
<hexadecimal digit> 
<hexadecimal number> 
<identifier> 
<if condition> 
<impl icit dimension> 
<index part> 
<index vari able> 
<initial value> 
<initialization> 
<interrupt> 
<iterat ive do block> 
<iterative do statement> 
<label definition> 
<label element> 
<left part> 
<letter> 
<linkage> 
<literal element> 
<l ocat i on reference> 
<locator> 
<logical expression> 
<logical factor> 
<logica l operator> 
<log i ca l primary> 
<logica l secondary> 
<l ower case letter> 
<member element> 
<member name> 
<member specifier> 
<module> 
<module name> 
<multiplying operator> 
<name> 
<non-ba sed name> 
<non- quote character> 
<not operator> 
<nul l statement> 
<numeric constant> 
<octal digit> 
<octal number> 
<opera tor> 
<or operator> 
<parameter list> 
<pl/m text> 
<printable ASCII charact er > 
<pr imary > 
<proc edur e attributes> 
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<procedure definition> 
<procedure name> 
<procedure statement> 
<procedure type> 
<relational operator> 
<reserved word> 
<restricted adding operator> 
<restricted expression> 
<restricted negation operator> 
<restricted primary> 
<restricted reference> 
<restricted secondary> 
<restricted subscript> 
<restricted sum> 
<return statement> 
<scoping statement> 
<secohdary> 
<separator> 
<simple delimiter> 
<simple do block> 
<simple do statement> 
<simple variable> 
<special character> 
<start expression> 
<step expression> 
<string body element> 
<string> 
<structure type> 
<subexpression> 
<subscript> 
<term> 
<to part> 
<token> 
<true element> 
<true unit> 
<typed return> 
<unary mirius> 
<unfactored element> 
<unit> 
<untyped return> 
<upper case letter> 
<variable attributes> 
<variable element> 
<variable name specifier> 
<variable name> 
<variable reference> 
<variable type> 
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Appendix B 
ASCII CODES 

The ASCI I (Ameri can Standard Code for Information Interc hange) was adopted by the American 
Nationa l Standards Institute, Inc. (ANS I) in 1968. The standard itself, as distinct from th.e summary 
here presented, is avai lable from ANSI, 1430 Broadway, New Yo rk, NY 10018, as USAS XJ.4-1968. 
A previous vers ion of thi s standard was adopted by the National Bureau of Standards as a Fed eral 
In format ion Process ing Standard (FIPS 1 ). ASCI I is a seven-bit code, w hic h w e are representing here 
by a pair of hexadecima l digits . 

00 NUL 20 SP 40 @ 60 
01 SOH 21 41 A 61 a 
02 STX 22 4 2 B 62 b 
03 ETX 23 # 43 C 63 C 

04 EOT 24 $ 44 D 64 d 
05 ENQ 25 % 45 E 65 e 
06 ACK 26 & 46 F 66 f 
07 BEL 27 47 G 67 g 
08 BS 28 48 H 68 h 
09 HT 29 49 I 69 
QA LF 2A * 4A J 6A J 
OB VT 28 + 48 K 68 k 
oc FF 2C 4C L 6C I 
OD CR 2D - 4D M 6D m 
OE so 2E 4E N 6E n 
OF SI 2F I 4F 0 6F 0 

10 OLE 30 0 50 p 70 p 
1 1 DCl 31 1 51 Q 71 q 
12 DC2 32 2 52 R 72 
13 DC3 33 3 53 s 73 s 
14 DC4 34 4 54 T 74 t 
15 NAK 35 5 55 u 75 u 
16 SYN 36 6 56 V 76 V 

17 ETB 37 7 57 w 77 w 
18 CAN 38 8 58 X 78 X 

19 EM 39 9 59 y 79 y 
l A SUB 3A SA z 7A z 
18 ESC 38 58 [ 78 { 

l C FS JC < SC \ 7C I 
1D GS 3D 5D 7D } 

1 E RS 3E > SE /\ 7E ~ 
lF us 3F SF 7F DEL 
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SYMBOL 

$ 

I 
/* 
* / 
( 

+ 

* 
< 
> 
<= 
>= 
<> 

Appendix C 
PL/ M SPECIAL CHARACTERS 

NAME 

dollar sign 
equal sign 

ass ign 
dot 

slash 

left paren 

right paren 

plus 
minus 
apostrophe 
asteri sk 
less than 
greater than 
less or equal 
greater or equal 
not equal 
co lon 
semico lon 
comma 

USE 

number and identi fier spacer 
Two distinct uses: 
( 1) relational test operator 
(2) ass ignment operator 
embedded ass ignment operator 
Tw o distinct uses: 
(1) address operator 
(2) structure member quali fica tion 
division operato r 
beginning-of-comment delimiter 
end-of-comment delimiter 
left delimiter of lists, 
subsc ripts, and expressions 
right delimiter of lists, 
subscripts, and expressions 
addition operator 
subtraction or unary minus operator 
string delimiter 
multiplication operator 
relational test operator 
relational test operator 
relational test operator 
relational test operator 
relational test operato r 
label delimiter 
statement delimiter 
list element delimiter 
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Appendix D 
PL/ M RESERVED WORDS 

RESERVED WORD USE 

IF 

} THEN conditiona l tests and alternative execution 
ELSE 

DO } statement grouping 
END 

~ DECLARE ., BYTE 
ADDRESS 
STRUCTURE 
LABEL 
INITIAL 
DATA 
LITERALLY declarations 
BASED 
PROCEDURE 

~ INTERRUPT ..., REENTRANT 
EXTERNAL 
PUBLIC 
AT 

GOTO 
GOTO 
TO unconditional branching and flow control 
BY .a. CASE 

~ WHILE 

CALL procedure call 
RETURN procedure return 
HALT machine stop 
ENABLE interrupt enable 
DISABLE interrupt disable 

OR 

1 
ANO boolean operators 
XOR 
NOT 

MOD remainder after division 

• PLUS add with carry 
MINUS subtract with borrow 

EOF end of input file (optional) 
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Appendix E 
PL/M PREDECLARED IDENTIFIERS 

These are the identifiers for the bui lt-in procedures and predeclared variables. 

CARRY 
DEC 
DOUBLE 
HIGH 
INPUT 
LAST 
LENGTH 
LOW 
MEMORY 
MOVE 
OUTPUT 
PARITY 
ROL 
ROR 
SCL 
SCR 
SHL 
SHR 
SIGN 
SIZE 
STACKPTR 
TIME 
ZERO 
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This index does not list every occurrence of each term. Boldface page references indicate the location 
of primary information on a term. Italicized page references indicate the location of primary 
information on a term . Other page references indicate the locations of significant references to the 
term in connection with some other topic. 

actual parameter: 4, 26, 66-67, 74-75 

ADDRESS (data type) : 3, 8, 76-77, 25, 31, 48, 91 

address (memory location): 27-23, 26-21, 75 

AND - see logical operator 

arithmetic (unsigned integer) : 8, 3 7, 36, 38 

arithmetic operator: 8, 28, 51, 95 

array: 2-3, 77- 79, 19-21, 23, 26, 48, 49, 51 , 54-55, 89-97, 93 

ASCII code: 11, 16, 25, 55, 7 77 

assignment statement: 1, 5, 3 7-32, 56 

AT attribute: 57-53, 56 

attributes of labels: 56-57, 83 

attributes of procedures: 70-74 

attributes of variables: 50-53 

base specifier: 4 7 

BASED - see based variable 

based variable: 27-23, 27, 47, 49-53, 67, 69-70 

binary number - see numeric constant 

binding - see precedence 

blanks : 7 7, 7 3 

block: 6-8, 33-39, 40-42, 45-46, 56, 66, 79-82, 82-83 

block structure: 8, 45-46, 79-87 

built-in procedures: 89-94 
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BYTE (data type): 3, 8, 76-77, 25, 31, 48, 91 

CALL statement: 5, 43, 67, 74-75 

calling a procedure: 4-5 , 43, 65-67, 74-75 

carriage return - see blanks 

CARRY (built-in procedure) - see hardware flags 

character set: 7 7 

character string - see string constant 

coercion - see type conversion 

comment: 10, 7 3 

compilation : 85 

compiler (also see PL/M-80 Compiler): 1-2, 11-12, 33, 58, 75 

condition (in DO WHILE statement): 6, 35-36 

condition (in IF statement): 6, 35, 40 

constant - see numeric constant, string constant 

contiguity of storage: 23 

DATA (initialization): 55-56 

data elements: 7 5- 7 6 

data types: 3, 8, 76-77, 19, 25, 31, 48-49, 67-68, 70, 91 

DEC (built-in procedure) - see hardware flags 

decimal number - see numeric constant 

declaration: 2-5, 8, 16-23, 34, 36, 38-39, 42, 45-59, 65-74, 79-83 

DECLARE statement: 1, 2-3, 9, 76-23, 42, 45-59 

dimension specifier: 7 7- 7 8, 48, 51, 55, 70, 89-90 

DO block: 6-8, 33-39, 41-42, 45-46, 79-82 

DO CASE block: 7, 34, 38-39 

DO WHILE block: 7, 29, 35-36 
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dot operator - see location reference 

DOUBLE (built-in procedure): 75, 97 

element (of array): 3, 17-19, 23, 48, 51, 54-55, 89-90 

ELSE part - see IF statement 

embedded assignment: 30, 32, 93 

END statement: 4, 6, 33-39, 65-66, 68, 70, 79 

executable statement: 1, 5-7, 34-36, 42, 46, 66, 83, 85 

explicit dimension specifier: 17-18, 48 

explicit label declaration: 56 

expression: 2, 4-5, 7, 8, 18-19, 25-32, 35-38, 40, 51, 54, 67-68, 74-75 

expression evaluation : 8, 30-31 

extended scope: 50-51, 57, 70-71, 85 

EXTERNAL attribute: 47, 50-51, 52-53, 56, 57, 70-71, 72, 73, 83-84, 85-86 

factored declaration: 23, 47-48, 55, 57 

"false" - see logical values 

flow control: 33-43 

formal parameter: 4, 26, 66, 70, 74-75 

function - see typed procedure 

function reference: 25-26, 31, 67-68, 14 

GOTO statement: 35, 37-38, 42-43, 68, 83 

grammar - see syntax 

hardware flags: 95-96 

HALT statement : 43, 71 

hexadecimal number - see numeric constant 

HIGH (built-in procedure): 75, 97 
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identifier: 1, 2, 7 2, 16, 45-46 

IF part - see IF statement 

IF statement: 5-6, 29, 35, 40-42 

implicit dimension specifier: 48, 55 

implicit label declaration : 42, 56, 57, 82-83 

INITIAL (initialization) : 54-55 

initialization: 53-56 

INPUT (built-in procedure): 9, 89 

INTERRUPT attribute: 70, 77-72 

interrupt mechanism (Intel® 8080): 77-72 

iterative DO block: 6, 36-38 

label: 7, 33, 42, 56-57, 79-83, 85 

label declaration: 42, 56-57, 79-83 

label definition: 42, 56, 57 

LAST (built-in procedure): 21, 90 

LENGTH (built-in procedure): 21, 89-90 

level - see block structure 

line feed - see blanks 

linkage: 50, 85-86 

LITERALLY - see macro 

location reference : 26-2 7, 51 

logical operator: 28-29 

logical value: 29, 35 

LOW (built-in procedure) : 75, 97 

macro: 57-58, 79 
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main program - see module 

member (of structure): 3, 79-27, 23, 26, 48-49, 51, 55 

member-identifier: 7 9, 21, 49, 51, 66 

MEMORY (predeclared array): 89-91, 93 

MOD - see arithmetic operator 

module: 8-9, 34, 85-86 

module level: 26, 46, 50-51, 53, 57, 68, 70-73, 83, 85, 99 

MOVE (built-in procedure): 92-93 

multiple assignment: 3 7 

NOT - see logical operator 

notation: 70 

number - see numeric constant 

numeric constant: 8, 12, 75, 17-18, 25, 31, 48, 51, 71-72, 89, 93 

octal number - see numeric constant 

operand: 8, 25-2 7, 28-31, 67, 7 4 

OR - see logical operator 

OUTPUT (predeclared array): 9, 93 

parameter: 4, 26-27, 66-67, 70-72, 74-75 

PARITY (built-in procedure) - see hardware flags 

PL/M-80 Compiler: i, 1, 9, 16, 19, 35, 48-49, 57, 85, 95 

pointer - see based variable 

precedence: 30, 95 

predeclared variables: 93-94 

procedure: 2, 4-5, 25-27, 65-78, 79, 83 

procedure body: 43, 65, 68-70 
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procedure call: 4-5, 25-26, 43, 74-75 

procedure declaration: 2, 4, 8, 65-74, 79 

PROCEDURE statment: 1, 4, 42, 65-67 

program: 1, 8, 11, 50-51 , 70, 72, 79-82, 85-87, 89 

PUBLIC attribute: 47, 50-57, 52, 56-57, 70-77, 83-84, 85-86 

qualification (of variable reference) : 27, 25, 26, 31, 75, 89-91 

recursive procedure: 73-74, 83 

REENTRANT attribute: 70, 73-74, 83 

relational operator: 29, 35 

relocatable code: 85-86 

restricted expression: 57, 54 

RETURN statement: 4, 43, 68 

ROL (built-in procedure) : 92 

ROR (built-in procedure): 92 

scalar: 2-3, 7 6- 7 7, 21, 25, 31, 36, 48, 52, 54, 66 

scope: 8, 34, 45, 50-57, 56-57, 65-66, 70-77, 78, 79-83, 89 

SCL (built-in procedure) - see hardware flags 

SCR (built-in procedure) - see hardware flags 

semicolon: 7, 7 2 

separator: 7 2- 7 3 

SHL (built-in procedure) : 92 

SHR (built-in procedure) : 92 

SIGN (built-in procedure) - see hardware flags 

simple DO block: 6, 8, 33-35, 36, 38-42, 46, 66, 85 

SIZE (built-in procedure): 90-97 
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space - see blanks 

STACKPTR (predeclared variable) : 94 

storage of variables - see contiguity of storage 

string constant : 76, 25-27, 54-55 

structure: 3, 19-20, 21 , 23, 26, 48-49, 51, 55, 89-91 

STRUCTURE (" type" in DECLARE statement syntax): 48-49 

subscript: 3, 6-7, 77-79, 21-22, 36, 47, 66, 75, 89-90, 93 

subscripted variable: 78-79, 22 , 36, 47, 66, 75, 89-90, 93 

syntax : 70, 97 

tab - see blanks 

THEN part - see IF statement 

TIME (built-in procedure) : 93 

token : 7 2- 7 3 

"true" - see logical value 

type - see ADDRESS, BYTE, data types, STRUCTURE 

type conversion: 28, 3 7, 75, 97, 92-93, 96 

typed procedure : 4, 25-26, 67-68, 74-75 

untyped procedure: 5, 67-68, 71-72, 7 4-75 

variable: 2-3, 8, 12, 76-27, 31-32, 36, 45, 46-56, 66-67, 75, 79, 89-90, 93-94, 109-110 

variable reference: 18-20, 27-23, 25-26, 31-32, 36, 75, 86 

XOR - see logical operator 

ZERO (built-in procedure) - see hardware flags 
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