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PREFACE

This manual describes the PL/M-51 language as implemented by the PL/M-51
compiler. It provides you with all the information necessary for programming in the
PL/M-51 language, and explains how to operate the compiler.

This manual is not intended to be a tutorial for high-level language programming,
nor is it an introductory manual for the MCS-51 family of microcomputers. Previous
experience with high-level languages, as well as with the architecture of the
MCS-51, is desirable but not mandatory. The sections explaining the “suffix” will
provide you with the necessary background to start programming without knowing
all the details of the 8051.

This manual is intended to be read from front to back by a new programmer of
PL/M-51. Some sections in the beginning and middle of this manual use terms and
concepts that are fully defined and explained near the end. It is best to first read the
manual cover-to-cover, then re-read it, paying more attention to the areas that you
feel you do not fully understand.

Readers who are familiar with PL/M-80 may find it helpful to start by reading
Appendix E, which describes the main differences between PL/M-80 and PL/M-51.

Related Literature

The following manuals may be of help in using this manual and may aid you in the
development of your own application.

e MCS-51 Family of Single-Chip Microcomputers User’s Manual, Order number
9800935

e MCS-51 Utilities User’'s Manual, Order number 121737-002 (describes RL51
Relocator and Linker and LIB51 librarian)

e MCS-51 Macro Assembler User’s Guide, Order number 9800937

e ICE-51 In-Circuit Emulator Operating Instructions for ISIS-II User’s, Order
number 9801004

o ISIS-II User’s Guide, Order number 9800306

Notational Conventions

UPPERCASE Characters shown in uppercase must be entered in the order
shown. You may enter the characters in uppercase or lower-
case.

italic Italic indicates a meta symbol that may be replaced with an

item that fulfills the rules for that symbol. The actual symbol
may be any of the following:

directory-name Is that portion of a pathname that acts as a file locator by
identifying the device and/or directory containing the
filename.

filename Is a valid name for the part of a pathname that names a file.
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pathname
pathname1,
pathname2, ...

system-id

Vx.y

[]

[-]

punctuation

<crd

Is a valid designation for a file; in its entirety, it consists of a
directory and a filename.

Are generic labels placed on sample listings where one or more
user-specified pathnames would actually be printed.

Is a generic label placed on sample listings where an oper-
ating system-dependent name would actually be printed.

Is a generic label placed on sample listings where the version
number of the product that produced the listing would
actually be printed.

Brackets indicate optional arguments or parameters.

One and only one of the enclosed entries must be selected
unless the field is also surrounded by brackets, in which case
it is optional.

At least one of the enclosed items must be selected unless the
field is also surrounded by brackets, in which case it is
optional. The items may be used in any order unless other-
wise noted.

The vertical bar separates options within brackets [ ] or
braces { }.

Ellipses indicate that the preceding argument or parameter
may be repeated.

The preceding item may be repeated, but each repetition must
be separated by a comma.

Punctuation other than ellipses, braces, and brackets must be
entered as shown. For example, the punctuation shown in the
following command must be entered:

SUBMIT PLMB86(PROGA,SRC,*9 SEPT 81°')

In interactive examples, user input lines are printed in white
on black to differentiate them from system output.

Indicates a carriage return.

PL/M-51
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CHAPTER 1
OVERVIEW

This chapter introduces the PL/M-51 language and explains the process of develop-
ing software for your system using PL/M-51.

1.1 Product Definition

PL/M is a high-level language for programming various families of microprocessors
and microcontrollers. It was designed by Intel Corporation to meet the software
requirements of computers in a wide variety of systems and applications work.

The PL/M-51 compiler is a software tool that translates your PL/M-51 source
programs into relocatable object modules that you can link to other modules coded
in PL/M, assembly, or other high-level languages. The compiler provides a listing
output, error messages, and a number of compiler controls to aid in program devel-
opment and debugging. The compiler runs on an 8080/8085-based Intel microcom-
puter development system and consists of several overlays.

To perform the steps following compilation, use software development utilities RL51
and LIB51. Debug your programs using the ICE-51 In-Circuit Emulator or the EV-
51 execution vehicle. For firmware systems, use the Universal Prom Programmer
(UPP) with its Universal Prom Mapper (UPM) software to transfer your programs
to PROM.

1.2 The PL/M-51 Language
Using a High-Level Language

High-level languages more closely model the human thought process than lower-level
languages such as assembly language. High-level languages require one less transla-
tion step from concept-to-code than do lower-level languages; consequently, high-level
languages are relatively easy to write and can be written- faster than low-level
languages. High-level language programs also are more likely to be correct because
less chance exists to introduce error.

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

In addition, programs in high-level languages are easily transferred from one proces-
sor to another and are thus considered portable.

If PL/M-51 is your first high-level language, you should know how programming in

high-level languages differs from assembly-language programming. When you use a

high-level language:

e You do not need to know the instruction set of the processor you are using.
However, you do need to understand its memory structure.

e You need not be concerned with the details of the target processor, such as regis-
ter allocation or assigning the proper number of bytes for each data item—the
compiler takes care of these things automatically.
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o You use keywords and phrases that resemble English.

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

e You can use data types and data structures that are closer to your actual problem.
For instance, in PL/M-51 you can program in Boolean variables, characters,
arrays, and other data structures instead of bits, bytes or words.

Coding programs in high-level languages rather than in assembly languages requires
a different thought process. Coding in high-level languages is actually closer to the
level of thinking you use when you are planning your overall system design.

Why PL/M?

Many high-level programming languages are available today. Some have been around
far longer than PL/M. So, once you have decided to use a high-level language, you
might ask: How does PL/M differ from other high-level languages? What advan-
tages does it have? When is it the right language to use?

Following are some of the characteristcis of PL/M:

o It has a block structure and control constructs that aid—in fact, encourage and
enforce—structured programming.

o It includes facilities for such data structures as structured arrays and pointer-
based dynamic variables.

o Itis a typed language, that is, the compiler does data type compatibility checking
to help you detect logic errors in your programs at compile time.

o Its data structuring facilities and control statements are designed logically. Thus,
PL/M is a good language for expressing algorithms for systems programming.

o Its control constructs make program correctness relatively easy to verify.

o It is a standard language used on Intel microcomputers; consequently, PL/M
programs are portable across Intel processors.

PL/M was designed for programmers (generally systems programmers) who need
access to microprocessor features (such as indirect addressing (BASED) and direct
I/0) for optimum use of all system resources.

PL/M differs from older, more established languages like FORTRAN, BASIC, and
COBOL in many ways. PL/M has many more features than BASIC and is a more
general-purpose language than either FORTRAN (best suited for scientific applica-
tions) or COBOL (tailored for business data processing). Additionally, PL/M differs
from these other languages in its typing and block structure.

1.3 Two Categories of PL/M-51 Statements

PL/M-51 has two types of statements: declarations and executable statements. A
simple example of a declare statement is:

DECLARE WIDTH BYTE;

This declare statement introduces the identifier WIDTH and associates it with the
contents of one byte (8 bits) of memory. You need not know the location of the byte,
i.e., its actual address in memory. Simply refer to the contents of this byte by using
the name WIDTH.

PL/M-51
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An example of an executable statement is:
CLEARANCE = WIDTH + 2;

This executable statement has two identifiers, CLEARANCE and WIDTH. Both
must be declared prior to this executable statement, which produces machine code to

retrieve the WIDTH value from memory, adds 2 to it, and stores the sum in the
memory location for CLEARANCE.

For most purposes, you, the PL/M-51 programmer, need not think in terms of memory
locations. CLEARANCE and WIDTH are variables, and the assignment statement
assigns the value of the expression WIDTH + 2 to the variable CLEARANCE. The
compiler automatically generates all the machine code necessary to retrieve data from
the right type of memory, evaluates the expression, and stores the result in the proper
location.

A group of statements intended to perform a function, i.e., a subprogram or sub-
routine, can be given a name by declaring them to be a procedure:

ADDER_UPPER: PROCEDURE (BETA);

The statements that define the procedure then follow. This block of PL/M-51 state-
ments is invoked from other points in the program, which may involve passing param-
eters to it and returning a value. When a procedure has finished executing, control is
returned immediately to the position following the point at which the procedure was
called. This capability is the major feature permitting modular program construction.

1.4 Block Structure

PL/M-51 is a block-structured language. That is, every statement in a PL/M-51
program is part of at least one block. (A block is a group of statements that begins
with a DO statement or a procedure declaration and ends with an END statement.)
The compilation unit in PL/M-51 is a module, which is a labeled simple DO-block;
therefore, a module must begin with a labeled DO statement and end with an END
statement. Between those end points (within that DO-block) other statements provide
the definitions of data and processes that make up the program. These other state-
ments are part of the block, contained within the block, or nested within the block. A
module can contain other blocks but is never itself contained within another block.

(The DO-block is described as simple because it is just one of four DO-blocks; the
other three are explained later in this manual.)

Every PL/M-51 program consists of one or more modules, separately compiled, each
consisting of one or more blocks. PL/M-51 has two kinds of blocks: DO-blocks and
procedure definition blocks.

A procedure definition block is a set of statements beginning with a procedure decla-
ration (as shown in section 1.3) and ending with an END statement. Other declara-
tions and executable statements, which can go between these endpoints, are used later
when the procedure is actually invoked or called into execution.

A definition block is really a further declaration of everything the procedure will use
and do. Since it is only executed later, a procedure definition block is considered just
another form of declaration; it is not regarded as immediately executable.

Overview
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Block Nesting and Scope of Variables: An Introduction

Some blocks contain entire other blocks, as shown in the following examples.

Example 1
start: DO;
DECLARE (A,B,C,D,E,F,G,H,L) BYTE;
A = 17
C = B + D;
middle: DO;
DECLARE (J,K) BYTE;
E = F + G
H = J + K + A
END middle;
last: L = H + C;
END start ;
Example 2
start: DO;
DECLARE (CA,B,C,D,E,F,G,L) BYTE;
A = 17
C = B+ D;
middle: DO
DECLARE (H,J,K,L) BYTE;
E = F + G;
H = J + K + A
END middle;
last: B = H + C; /* This is an error
since H undeclared
at outer level */
END start ;

(As shown in examples 1 and 2, multiple names of the same type can be declared in
one staternent; consequently, all the names within the parentheses are of the same

type.)

The block called MIDDLE is completely contained inside the block labeled START;
MIDDLE is said to be nested within the START block.

The START block is called an outer block. The phrase outer level is used to refer to
statements that are in START but not in MIDDLE. For example, the statements
beginning with A=, C=, and B= are all in at the outer level in the blocks shown in

examples 1 and 2.

PL/M-51 permits each block to be independent of other blocks in that any names
declared at an outer level can be redeclared, with new meanings and values, inside a
nested block. If names declared at an outer level are not redeclared, they keep their
original locations and present contents.

PL/M-51
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Thus, A will still be 17 inside MIDDLE unless you add a new declaration to make it
have a new, local meaning there. Variables declared inside a nested block have only
that local meaning while statements in that block are being executed. The variables
lose their local meaning as soon as execution passes to statements outside that block.

Therefore, if H is only declared inside MIDDLE, as it is in Example 2, its value will
be unknown in the statement labeled “last:” the statement will be invalid and the
compiler will say so. If H is also declared in START, the valued used in last will be
the outer level meaning, unrelated to the one created in MIDDLE because that H is
unique. They will only be the same if their sole declaration is in START and not in
MIDDLE, as in Example 1.

The effect of these rules is that, when writing a block and declaring objects solely for
use inside that block, you need not worry about whether the same identifier has already
been used in another block. Even if the same name is used elsewhere, it refers to a
different object. This subject is dealt with in detail in Chapter 9.

The notion of nested blocks, inner and outer levels, is central to successful PL/M-51
programming. For example, the modules of a program must conform to the rule that
only one module may have executable statements at the outer-most level. That module
is called the main module (or sometimes, the main program). The outer-most level of
all other modules must only contain procedure definition blocks and other declara-
tions, as discussed in the sections that follow.

Most of the rules discussed in this book, including those just covered, relate to creat-
ing and preserving unambiguous meanings, addresses, and values for each name you
use. This uniqueness must be true in every block and in communicating values between
blocks.

1.5 Executable Statements

The following is a list of all PL/M-51 executable statements and the chapters in
which they are discussed:

Assignment Statement Chapter 5
GOTO Statement Chapter 7
IF Statement Chapter 7
Simple DO Statement Chapter 7
Iterative DO Statement Chapter 7
DO WHILE Statement Chapter 7
DO CASE Statement Chapter 7
END Statement Chapter 7
Null Statement Chapter 7
CALL Statement Chapter 10
RETURN Statement Chapter 10
ENABLE and DISABLE Chapter 10

The following sections, which give simple descriptions of some of the executable
statements, should help make you more familiar with PL/M-51 and should aid you
when you encounter the full descriptions found in later chapters.

Assignment Statement

The assignment statement has already been introduced. It is fundamental to
PL/M-51 programming. 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 5.

Overview
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The simplest form of the assignment statement is:
identifier=expression ;

where
identifier is the name of a variable.

The expression is evaluated, and the resulting value becomes the value of the
variable. Variations of this form are given in Chapter 5.

IF Statement

The following is an example of an IF statement:

IF WEIGHT < MINWT THEN

COUNT = COUNT + 1;
ELSE

COUNT

0;

This has been broken into four indented lines to make it more readable. As will be
explained in Chapter 2, blanks (spaces, tabs, carriage returns, comments and line
feeds) may be freely inserted between the elements of a statement without changing
the meaning.

WEIGHT, MINWT, and COUNT are assumed to be previously declared variables.
The IF statement example has three parts:

e An IF part, consisting of the reserved word IF and a condition, WEIGHT <
MINWT

e A THEN part, consisting of the reserved word THEN and a statement,
COUNT=COUNT + 1

e An ELSFE part, consisting of the reserved word ELSE and another statement,
COUNT =0

If the condition in the IF part of an IF statement is “true,” then the statement in the
“THEN part” will be executed. Otherwise, the statement in the ELSE part will be
executed.

In example given, if the value of WEIGHT is less than the value of MINWT, then
the value of COUNT will be incremented by 1. Otherwise, the value O will be assigned
to COUNT. ‘

The ELSE part of an IF statement is optional. Chapter 7 contains a full description
of IF statements.

DO and END Statements

DO and END statements are used to construct DO blocks. A DO block begins with
a DO statement and ends with a matching END statement.

PL/M-51 has four kinds of DO statements, which are used to construct four kinds
of DO blocks.
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A simple DO block begins with a simple DO statement and (like all DO blocks) may
be used wherever a single statement can be used. The following 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;
INCR = INCR * 2;
COUNT = COUNT + INCR;
END;
ELSE
COUNT = 0;

This example allows two or more executable statements to be executed if the condi-
tion is true.

An iterative DO statement introduces an iterative DO block and causes the executa-
ble statements within the block to be executed repeatedly. The following is an example
of an iterative DO statement:

po J = 0 TO 9;
VECTORCJ) = 03

END;
where
J is a previously declared BYTE or WORD variable (which
are discussed in detail in Chapters 3, 4, and 5).
VECTOR must be a previously declared array having at least 10

elements.

The assignment statement is executed 10 times, with values of J starting at 0 and
increasing by 1 each time around until all of the integers 0-9 have been used. Since
J is used as a subscript for specifying which element of VECTOR is referenced in
the assignment statement, this iterative DO block assigns the value O to all elements
of VECTOR from element 0 through element 9.

The DO WHILE statement contains a condition (like the condition in the IF part of
an IF statement), and causes the executable statements in the block to be executed
repeatedly as long as the condition is true.

In the following example, a DO WHILE block is used to step through the elements
of an array (TABLE) until an element is found that is greater than the value of a
scalar variable called LEVEL. '

I = 0;

DO WHILE TABLEC(CI) <= LEVEL;
I = 1 + 13

END;

TABLE is a previously declared array, and LEVEL and I are previously declared
variables. I is first assigned a value of 0, then is used as a subscript for TABLE.
Because I is incremented in each execution of the DO WHILE block, a different
element of TABLE is compared with LEVEL each time the DO WHILE statement
is executed. When an element is found that is greater than LEVEL, the condition in
the DO WHILE statement is no longer true, the block is not repeated again, and
control passes to the next statement after the END statement. At this point, the value
of I is the subscript of the first element of TABLE that was not greater than LEVEL.

1-7



Overview PL/M-51

The DO CASE block, which is introduced by a DO CASE statement, uses the value
of the given expression to select a statement to be executed. In the following example,
assume that the expression TST -1 in the DO CASE statement can have any value

from O to 3.

DO CASE TST - 13
RED = 0
BLUE = 0
GREEN = 0
GREY = 0

END;

If the value of the expression is 0, only the first assignment statement will be executed,
and the value 0 will be assigned to RED. If the value of the expression is 1, only the
second assignment statement will be executed, and the value 0 will be assigned to
BLUE. Expression values of 2 or 3 will cause GREEN or GREY, respectively, to be
assigned the value 0. :

1.6 Built-ln Procedures

PL/M-51 has many built-in procedures. These procedures provide such functions as
shifts and rotations, data type conversions, and test-and-set. The built-in procedures
are described in Chapter 11.

1.7 Expressions

As already noted, a PL/M-51 expression is made up of operands and operators, and
resembles a conventional algebraic expression.

Operands include numeric constants (such as 378 or 105) and variables (as well as
other operands, discussed in Chapters 4 and 5). The operators include + and — for
addition and subtraction, * and / for multiplication and division, and MOD for modulo
arithmetic.

As in an algebraic expression, elements of a PL/M-51 expression may be grouped
with parentheses.

1.8 The Program Development Process

The PL/M-51 compiler and run-time libraries are part of an integrated set of tools
that make up the total MCS-51 development solution for your microcomputer system.

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

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

3. Design the software for your system. This important step consists of several sub-
steps, including breaking down the task into modules, choosing the programming
language, and selecting the algorithms to be used.
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Code your programs and prepare them for translation using a text editor.
Translate your PL/M program code using the PL/M-51 compiler.
Using the text editor, correct any compile-time errors; then, recompile.

Link the resulting relocatable object modules with PLM51.LIB and locate your
object code using RL51 for both purposes.

Test the resulting program using ICE-51, EV-51 or other tools, and repeat steps
6 through 8 until the program performs correctly.

Overview
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CHAPTER 2
BASICS OF A PL/M-51 PROGRAM

PL/M-51 programs are written free-form, which means it is insignificant where a
statement is placed on an input line, and blanks can be freely inserted between the
elements of the program.

2.1 PL/M-51 Character Set
The character set used in PL/M-51 is a subset of the ASCII character set, as follows:

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcedefghijklmnopqrstuvwxyz
0123456789

along with the special characters
=./()+ —=—"*,:;8%_< >
and the blank or space, plus the tab, carriage-return, and line-feed characters.

The rules in this section apply to everything in a PL/M-51 program except character
string constants, which are discussed in section 2.4, and comments, which are discussed
in section 2.5.

If a PL/M-51 program contains any character not in the set above, the compiler
treats it as an error.

Uppercase and lowercase letters are not distinguished from each other except in string
constants. For example, xyz and XYZ are interchangeable. In this manual, all
PL/M-51 code is in uppercase letters to help distinguish it from explanatory text.

Blanks are not distinguished from each other except in string constants. The compiler
treats any unbroken sequence of blanks as a single blank.

Special characters and combinations of them have particular meanings in a
PL/M-51 program, as described in the remainder of this manual.

Table 2-1 presents a glossary of special characters and combinations.

2.2 |dentifiers and Reserved Words

Identifiers are used to name variables, procedures, symbolic constants, and statement
labels. Identifiers may be up to 31 characters in length. The first character must be
alphabetic, and the remainder may be either alphabetic, numeric, or the underscore
(L) or dollar sign ($).

Embedded dollar signs are totally ignored by the compiler, and may be used freely
to improve the readability of an identifier or constant (although the $§ may not be the
first character). An identifer or constant containing a dollar sign is exactly equivalent
to the same identifier with the dollar sign deleted.
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Table 2-1. PL/M-51 Special Characters

Symbol Name Use
= equal sign Two distinct uses:
(1) assignment operator
(2) relational test operator
dot Two distinct uses:
(1) structure member qualification
(2) address operator
/ slash division operator
/* beginning-of-comment delimiter
Wi end-of-comment delimiter
( left paren left delimiter of lists, subscripts and some
expressions
) right paren right delimiter of lists, subscripts, and some
expressions
+ plus addition operator or unary plus operator
- minus subtraction or unary minus operator
apostrophe string delimiter
* asterisk multiplication operator, implicit dimension specifier
< less than relational test operator
> greater than relational test operator
< less or equal relational test operator
>= greater or equal relational test operator
< not equal relational test operator
colon label delimiter
; semicolon statement delimiter
, comma list-element delimiter
_ underscore significant character in identifier
$ dollar non-significant character in identifier

Examples of valid identifiers are:

INPUT_COUNT

X
GAMM

LONGIDENTIFIERNUMBERS

LONGSS$SSIDENTIFIERSSSNUMBERSS$$3
INPUTSCOUNT
INPUTCOUNT

The two long identifiers are identical (as viewed by the compiler). The last two
examples are interchangeable, but different from the first.

Certain reserved words must not be used as identifiers because they are actually part
of the PL/M-51 language. These are listed in Appendix C.

PL/M-51 also has a set of predeclared identifiers naming built-in procedures. You
are permitted to declare these names for your own purposes, but, when you do so, the
built-in procedure with the same name becomes inaccessible. Appendix D lists these
identifiers.

PL/M-51
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2.3 Tokens, Separators, and the Use of Blanks

Just as an English sentence is made up of words, so a PL/M-51 statement is made
up of tokens. Every token belongs to one of the following classes:

°

Identifiers
Reserved words

Simple delimiters (all of the special characters, except the underscore and dollar
sign, are simple delimiters)

Compound delimiters—the following combinations of two special characters:
<> <= >= [* ¥/

Numeric constants (discussed in section 2.4)
Character string constants (discussed in section 2.4)

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

Sometimes a simple or compound delimiter does not occur between two identifiers,
reserved words, or numeric constants, e.g., DECLAREABYTE. In these cases, a blank
must be placed between them as a separator, i.e., DECLARE A BYTE. (Instead of
a single blank, any unbroken sequence of blank characters may be used.)

Also, a comment (see section 2.5) may be used as a separator.

Blanks may also be inserted freely around any token, without changing the meaning
of the PL/M-51 statement. Thus, the assignment statement

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

is equivalent to

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

2.4 Constants

A constant is a value that does not change during your program’s execution. An
explanation of constants follows.

Whole Number Constants

Whole-number constants can be binary, octal, decimal, or hexadecimal. The compiler
recognizes these by a suffix of B, O (or Q), D, or H, respectively. Numbers without
a suffix are considered decimal. If a constant contains characters invalid in the
designated number base, it will be flagged as an error.

For example, the maximum whole-number word constant is:

11118111181 111$1111B = 177777Q = 65535D = OFFFFH



