
































































































































































































































































































































































































PL/M-86 User's Guide Error Messages 

75. INVALID NESTED REENTRANT PROCEDURE 

Reentrant procedures may not contain nested procedures. See section 
10.5. 

76. LIMIT EXCEEDED: FACTORED LIST (64) 

Too many variables were named in a factored declaration. Break it into 
several declarations. 

77. L 1M I T EX C E ED ED: S T RUe T U R EEL EM E N T S (64) 

Too many elements were declared in a structure. 

78. MIS SING PRO C ED U R E N AM E 

Every procedure must have a name. See section 10.1. 

79. M U L TIP L E PRO C E D U REt ABE L S 

Procedures must have exactly one name; no more, no less. See section 
10.1. 

80. DEC LA RAT I ON SMA Y NOT BEL ABE LED 

Labels may not be used on declaration statements. 

81. STAR DIM WITH FACTORED LIST NOT ALLOWED 

Star dimensions (*) are for initializations. See section 3.2. 

82. SIZE EXCEEDS 64K BYTES 

Storage for the declared item exceeds 64K bytes. 

(W) 83. PROCEDURE CONTAINS NO EXECUTABLE STATEMENTS 

88. LIM I T EX C E E D ED: PRO GRAM TOO COM P LEX 

The program has too many complex expressions, cases, etc. Break it into 
smaller procedures. 

89. CaMP I lER ERROR : BAD ERROR RECOVERY 

An unrecoverable error occurred. Trying a different copy of the compiler 
on a different drive might reveal that the first copy had been damaged or 
gone bad. Contact InteL 
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91. PROGRAM TOO COMPLEX 

The program has too many complex expressions, cases, etc. Break it into 
smaller procedures. 

93. LIMIT EXCEEDED: PROGRAM TOO COMPLEX 

The program has too many complex expressions, cases, and procedures. 
Break it into smaller modules. 

95. COMPILER ERROR: PARSE BUFFER OVERFLOW 

See 89. 

96. LIM I T EX C E E DE D: B L 0 C K N EST I N G ( 18) 

The program has too many nested DO blocks. Break it into smaller 
procedures. 

97. COM P I L ERE R R 0 R: S T A C K UN D E R FLO W 

See 89. 

98. LIM I T EX C E E DE D: S TAT EM EN T TOO COM P LEX 

The statement is too large for the compiler. Break it into several smaller 
statements. 

99. COM P I L ERE R R 0 R: S EM ANT I C UN D E R FLO W 

See 89. 

100. S T R I N G CON S TAN T TOO LON G 

String constants may have a maximum of 4 characters. 

101. UNSUBSCRIPTED ARRAY 

In the context of the flagged statement, the array reference requires a 
subscript. See sections 4.4, 10.2, and Chapter 6. 

102. U N QUA L I FIE D S T RUe T U R E 

This statement was ambiguous as to which structure or member was 
intended. See sections 4.4, 10.2, and Chapter 6. 

103. NOT AN AR RA Y 

Subscripts are permitted only on identifiers declared as arrays. Check 
spelling consistency. See Chapter 6. 
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104. MULTIPLE SUBSCRIPTS 

For any array TING, references of the form TING(2,4) or TING(3 9 7,9,6) 
are invalid because of multiple subscripts. Only references of one subscript 
are valid 9 e.g., TING(5). See section 6.1. 

105. NOT A STRUCTURE 

For example, a reference of the form GNU.Fl where GNU was not 
declared a structure. See Chapter 6. 

106. UNDEFINED IDENTIFIER 

Every identifer must be declared. See Chapter 3. 

107. UN D E FIN E D ME M B E R 

For example, KAPI.HORN where KAPI is a valid, declared structure but 
HORN was never declared. See Chapter 6. 

108. ILLEGAL INDEX TYPE. 

Only BYTE, WORD, and INTEGER can be used. See section 6.1. 

109. NOT A LAB E L 

The identifier following GOTO must be a label; the flagged item was 
declared otherwise. 

110. MISSING RETURN VALUE 

A typed procedure must return a value, so its RETURN statement must 
specify one. See section 10.3. 

111. INVALID RETURN WITH UNTYPED PROCEDURE 

An untyped procedure does not return a value, so its RETURN statement 
may not specify one. See section 10.3. 

112. INVALID INDIRECT TYPE 

Only WORD or POINTER scalars can be used for indirect calls. This 
excludes WORD or POINTER expressions, BYTE or REAL scalars, all 
structures, and all arrays. See section 10.2. 

113. INVALID PARAMETER COUNT 

The number of actual parameters supplied in a CALL must be equal to the 
number of formal parameters declared in the procedure. See section 10.2. 
(See also Chapter 11 for the requirements of built-ins.) 
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114. QUALIFIED PROCEDURE MAME 

Procedure names may not be qualified. 

115. INVALID FUNCTION REFERENCE 

Typed procedures are validly invoked only by use in an expression, not by 
a CALL. See sections 10.1 and 10.2. 

116. INVALID CASE EXPRESSION TYPE 

Case expressions must be of type BYTE, WORD, or INTEGER. 

117. LIMIT EXCEEDED: CASES 

See Appendix B for correct limit. 

118. TYPE CONFLICT 

See section 5.6. 

119. INVALID BUILT-IN REFERENCE 

Built-in reference was qualified with a member name, or OUTPUT / 
OUTWaRD did not appear on the left side of an assignment. 

120. I N V A LID PRO C E D U R ERE FER E N C E 

Untyped procedures must be invoked by a CALL statement; references to 
such procedures are not permitted in expressions. See sections 10.1 and 
10.2. 

121. INVALID LEFT-HAND SIDE OF ASSIGMMENT 

An example is PROCEDURE=4 or INWORD(7)=9. See sections 3.2 and 
5.7. 

122. I N V A LID REF ERE N C E 

Invalid label reference 

123. Not used 

124. PRO C E D U R E NAME R E QUI R ED 

Procedure name is required for SET$INTERRUPT and 
INTERRUPT$PTR built-ins. 
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125. PRO C E DU R E N AM EON L Y 

Parameters are not allowed on the procedure name in SET$INTERRUPT 
and INTERRUPT$PTR. 

126. BAD I NT ERR U P T N. U M B E R 

Interrupt numbers must be whole-number constants between 0 and 255. 
Thus, -7 and 272 would be invalid. See section 10.5. 

127. CON S TAN TON L Y 

In this instance, a constant is required. 

128. A R RAY R E QUI RED 

Some built-ins need an array name. See section 11.1. 

129. I N T ERR U P T PRO C E D U R ERE QUI RED 

Procedure names for SET$INTERRUPT and INTERRUPT$PTR must 
have the INTERRUPT attribute. 

130. I N V A LID RES T RIC TED 0 PER AND 

For example, PL/M-86 reserved words and predeclared identifiers would 
be invalid. See Appendixes C, D, and section 11.1. 

131. INVALID RESTRICTED OPERATOR 

Only + and - may be used in restricted expressions. 

132. REAL CONSTANT EXPRESSION 

A constant expression with REALs is not allowed. 

133. REFERENCE REQUIRED 

A variable reference is required for LENGTH, LAST, and SIZE. 

134. VARIABLE REQUIRED 

The operand to LENGTH, LAST, and SIZE must be a variable. 

135. VALUE TOO LARGE 

A value is too large for its contextually determined type. 
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136. ABSOLUTE POINTER WITH SHORT POINTERS 

An absolute pointer was used in the SMALL case. 

137. INVALID RESTRICTED EXPRESSION 

Only addresses or constant types are allowed in restricted expressions. 

138. PUB L I C AT EXT ERN A L 

See sections 3.2, 9.2, for example: 

DECLARE DARTH BYTE EXTERNAL; 
DECLARE VADER BYTE PUBLIC AT {.DARTH)i 

139. PUB L I C AT A B SOL UTE 

Absolute locations for PUBLICs are supported only under the LARGE 
option. See Chapter 17. 

140. PUBLIC AT MEMORY 

PUBLIC AT (@MEMORY)isnotsupported by SMALL. 

141. AT BASED VARIABLE 

Based variables cannot be used in AT clauses. See section 4.8. 

142. I LLEGAL FORWARD REFERENCE 

An AT expression cannot have a forward reference. 

143. VARIABLE TYPE REQUIRED IN AN AT EXPRESSION 

The expression must be AT a variable. 

144. LIMIT EXCEEDED: DATA OR STACK SEGMENT TOO LARGE 

See Appendix B for correct limit. 

145. LIMIT EXCEEDED: CODE OR CONST SEGMENT TOO LARGE 

See Appendix B for correct limit. 

146. LIM I T EX C E E D ED: TOO MAN Y EXT ERN A L S 

See Appendix B for correct limit. 
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147. LABEL NOT AT LOCAL OR MODULE LEVEL 

See sections 7.3 and 9.3. 

148. A B SOL UTE ADD RES S REF ERE N C E INS MAL L 

See section 15.4. 

149. ILLEGAL MODULE NAME REFERENCE 

Module names cannot be referenced. 

(W) 150. USE 0 F "." WIT H FAR PRO C E D U R E 

A subsequent indirect call made through the respective address/pointer 
generates the wrong type of call. 

(W) 151. USE 0 F .. Ii .. WIT H S H 0 R T PRO C E D U R E 

See 150. 

152. INVALID "." OR "0)" OPERAND 

Must be used with a variable, procedure, or constant list. 

153. INVALID RETURN IN MAIN PROGRAM 

A main program must have no returns. See section 10.3. 

154. S TAR DIM ENS ION E D EXT ERN A L WIT H LEN G T H, LAS T, 0 r S I Z E 

The LENGTH, LAST, and SIZE built-in functions cannot be used with variables 
declared with * and the EXTERNAL attribute. 

155. PUBLIC SYMBOL EXPORTED FROM ANOTHER SUBSYSTEM 

A PUBLIC symbol in this module is also exported by another subsystem. 
See Appendix G. 

156. LONG POINTER REQUIRED FOR THIS CONSTRUCT 

A model with long pointers is required. 

157. MEMORY MAY NOT BE USED WITH LENGTH, LAST, OR SIZE 

Memory has no compile-time determinable dimension. 
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162. LIM I TE X C E E DE D: PROG R AMt OMP LE X I T Y 

Too many complex expressions, cases, etc. Break it into smaller 
procedures. 

163. C OMP I LE R ERROR: S EMANT IC UNDERF LOW 

See 89. 

164. COM PILE RE RR 0 R: IN V A LID NODE 

See 89. 

165. COMPILER ERROR: INVALID OPERATOR 

See 89. 

166.C OM P I L E R ERROR: I N VA LID TREE 

See 89. 

167. C OMP I LE RE RROR:S COPE STACK UNO ER FLOW 

See 89. 

168. LIMIT EXCEEDED: PROGRAM COMPLEXITY 

Too many complex expressions, cases, etc. Break it into smaller 
procedures. 

169. COM P I L ERE R RO R: I N V A LID R E COR D 

See 89. 

170 . INVALID DOC AS E BLOCK, AT LEAST ONE CASE REQUIRED 

See section 7.1. 

171. LIMIT EXCEEDED: NUMBER OF ACTIVE CASES 

See Appendix B for correct limit. 

172. LIMIT EXCEEDED: NESTING OF TYPED PROCEDURE CALLS 

See Appendix B for correct limit. 
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173. LIMIT EXCEEDED: NUMBER OF ACTIVE PROCEDURES OR DO 
CASE GROUPS 

See Appendix B for correct limit. 

174. ILL EGA L N EST IN G 0 F B L 0 C K S, END S NOT B A LA N CEO 

For every DO, an END is needed. See section 7.1. 

175. COMPILER ERROR: INVALID OPERATION 

See 89. 

176. LIMIT EXCEEDED: REAL EXPRESSION COMPLEXITY 

The REAL stack has eight registers. Heavily nested use of REAL func­
tions with REAL expressions as parameters could get excessively complex. 
See Chapter 13. 

177. COM P I L ERE R R 0 R: REA L S T A C K UNO E R FLO W 

See 89 and 176. 

178. LIMIT EXCEEDED: BASIC BLOCK COMPLEXITY 

You have a very long list of statements without labels, CASEs, IFs, 
GOTOs, RETURNs, etc. Either break the procedure into several smaller 
procedures, or add labels to some of your statements. 

179. LIM I T E X C E E D ED: S TAT EM E N T S I Z E 

The statement is too large for the compiler. Break it into several smaller 
statements. 

199. LIMIT EXCEEDED: PROCEDURE COMPLEXITY OF OPTIMIZE(2) 
(terminal error) 

The combined complexity of expressions, user labels, and compiler­
generated labels is too great. Simplify as much as possible, perhaps break­
ing the procedure into several smaller procedures. 

200. ILLEGAL INITIALIZATION OF MORE SPACE THAN DECLARED 

The number of intitialization values exceeds the number of declared 
elements. See section 3.2. 

201. I N V A LID LAB E L: U N D E FIN E D 

No definition for this label was found. See sections 3.4 and 7.3. 
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202. LIM I T EX C E E D ED: N U M B E R 0 F EXT ERN A LIT EMS 

See Appendix B for correct limit. 

203. COM P I L ERE R R 0 R: BAD LAB E LAD D RES S 

See 89. 

204. LIM I T E X C E E DE 0: COD ESE G MEN T S I Z E 

See Appendix B for correct limit. 

205. COM P I L ERE R R 0 R: BAD COD E G ENE RAT E 0 

See 89. 

251. COM P I L E R ERROR: I N V A LID 0 B J E C T 

See 89. 

252. COMPILER ERROR: SELF NAME LINK 

$ee 89. 

253. COM P I L ERE R R 0 R: S ELF AT T R LIN K 

See 89. 

254. LIMIT EXCEEDED: PROGRAM COMPLEXITY 

The program has too many complex expressions, cases, and procedures. 
Break it into smaller modules. 

255. LIM I T E X C E E D ED: S Y M B 0 L S 

See Appendix B for correct limit. 

NOTE 
If a terminal error is encountered, program text beyond 
the point of error is not compiled. A terminal error 
message will appear at the beginning of the program 
listing and at the point of error in the program listing. 
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18.2 Fatal Command Tail and Control Errors 

Fatal command tail errors are caused by an improperly specified compiler invoca­
tion command or an improper control. The errors that may occur here are as 
follows: 

ILLEGAL COMMAND TAIL SYNTAX OR VALUE 
UNRECOGNIZED CONTROL IN COMMAND TAIL 
INCLUDE FILE IS NOT A DIRECT ACCESS FILE 
INVOCATION COMMAND DOES NOT END WITH <cr><LF> 
INCORRECT DEVICE SPECIFICATION 
SOURCE FILE NOT A DIRECT ACCESS FILE 
SOURCE FILE NAME INCORRECT 
SOURCE FILE EXTENSION INCORRECT 
ILLEGAL COMMAND TAIL SYNTAX 
MISPLACED CONTROL: WORKFILES ALREADY OPENED 

18.3 Fatallnput/Output Errors 

Fatal input/output errors occur when the user incorrectly specifies a pathname for 
compiler input or output. These err~r messages are of the form: 

PL/M-86 ERROR -
FILE: 
NAME: 
ERROR: 
COMPILATION TERMINATED 

18.4 Fatal Insufficient Memory Errors 

The fatal insufficient memory errors are caused by a system configuration with not 
enough RAM memory to support the compiler. . 

The errors that may occur due to insufficient memory are as follows: 

NOT ENOUGH MEMORY FOR COMPILATION 
DYNAMIC STORAGE OVERFLOW 
NOT ENOUGH MEMORY 

18.5 Fatal Compiler Failure Errors 

The fatal compiler failure errors are internal errors that should never occur. If you 
encounter such an error, please report it to Intel Corporation, 3065 Bowers Avenue, 
Santa Clara, California 95051, Attn: Software Marketing Department. The errors 
falling into this class are as follows: 

89. COM P I L ERE R R 0 R: BAD ERR 0 R R E C 0 V E R Y 
95. COM PI L ERE R R 0 R: PAR S E B U F FER 0 V E R FLO W 
97. COM P I L ERE R R 0 R: S T A C K U N D E R FLO W 
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99. COM P I L ERE R R 0 R: S E MAN TIC UNO E R FLO W 
163. COM P I L ERE R R 0 R: S EM ANT I C UNO E R FLO W 
164. C OM P I L ERE R R 0 R: I N V A LID N ODE 
165. COM PI L ERE R R 0 R: I N V A LID 0 PER A TOR 
166. C OM P I L ERE R R 0 R: I N V A LID T R E E 
167. COM PI L ERE R R 0 R: S COP EST A C K UNO E R FLO IrJ 
169. COM P I L ERE R R 0 R: I N V A LID R E CO R 0 
175. COMPILER ERROR: INVALID OPERATION 
177. COM P I L ERE R R 0 R: REA L S T A C K UNO E R FLO IrJ 
203. COM P I L ERE R R 0 R: BAD LAB E LAD 0 RES S 
205. COMPILER ERROR: BAD CODE GENERATED 
251. COM P I L ERE R R 0 R: I N V A LID 0 B J E C T 
252. COMPILER ERROR: SELF NAME LINK 
253. COMPILER ERROR: SELF ATTR LINK 

PL/M-86 User's Guide 
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APPENDIX A 

GRAMMAR OF THE 
PL/M-86 LANGUAGE 

n 

This appendix lists the entire BNF syntax of the PL/M-86 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. Its 
appearance differs substantially from the main body of the 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. When items are stacked vertically 
between square brackets, only one of them may be used. 

Following the syntax, the nonterminals in the syntax are listed in alphabetical order. 
Each nonterminal is tagged with the section number (within this appendix) where its 
primary definition can be looked up. 

A.1 Lexical Elements 

A.1.1 Character Sets 

<character>::= <apostrophe> 
I <non-quote character> 

<non-quote character>::= <letter> 
I <decimal digit> 
I $ 
I <special character> 
I blank 

<Ietter>::= <upper case letter> 
I <lower case letter> 

<upper case letter>::= AIBICIDIEIFIGIHIIIJIKILIMINIOIPIQIRI SITIUIVIWIXI YIZ 
<lower case letter>::= alblcidielflglhliljlklllminiolplqlrlsitlulvlwixlylz 
<decimal digit>::= 0111213141516171819 
<special ch~racter>::= + I-I*III<I>I=I:I;I.I,I(I)I@'_ 
<apostrophe>::= ' 

A.1.2 Tokens 

<token>::= <delimiter> 
I <identifier> 
I <reserved word> 
I <numeric constant> 
I <string> 

A-I 
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A-2 

A.1.3 Delimiters 

<delimiter>::= <simple delimiter> 
I <compound delimiter> 

<simple delimiter>::= + 1-1*1I1<1>1=1:1;1.I,1(I)I@ 
<compound delimiter>::= <> 

I <= 
I >= 
I := 

A.1.4 Identifiers and Reserved Words 

<identifier>::= <letter> [<letter> ] ... 
<decimal digit> 

$ 

<reserved word> see list, Appendix C 

A.1.S Numeric Constants 

<numeric constant>::= <binary number> 
. I <octal number> 

I <decimal number> 
I <hexadecimal number> 
I <floating point number> 

<binary number>::= <binary digit> [<binary tgit> ] 

<octal number>::=<octal digit> [<octal$di9it> ] 

... B 

<decimal number>::= <decimal digit> [<decimalS digit> ] [DJ 

<hexadecimal number>::= <decimal digit> [ <hexadec~mal digit>] '" H 

<floating point number>::= <digit string> <fractional part> [<exponent part>] 
<fractional part>::=. [<digit string>] 
<exponent part>::= E [+ 1-] <digit string> 
<digit string>::= <decimal digit> [<decima~ digit> ] 

<binary digit>::= 011 
<octal digit>::= <binary digit> 121314151617 
<decimal digit>::= <octal digit> 1819 
<hexadecimal digit>::= <decimal digit>IAIBICIDIEIF 

A.1.6 Strings 

<string>::= ' <string body element> 
<string body element>::= <non-quote character> 

1 " 
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A.1.7 PL/M Text Structure: Tokens, Blanks, and Comments 

<pl/m text>::= [<token> ] 
<separator> 

<separator>::= blank 
I <comment> 

<comment>::= 1* [<character>] ... * I 

A.2 Modules and the Main Program 

<compilation>::= <module> [EOF] 
<module>::= <module name> : <simple do block>: 
<module name>::= <identifier> 

A.3 Declarations 

<declaration>::= <declare statement> 
I <procedure definition> 

A.3.1 DECLARE Statement 

<declare statement>::= DECLARE <declare element list>; 
<declare element list>::= <declare element>[,<declare element>] ... 
<declare element>::= <factored element> 

I <unfactored element> 

<unfactored element>::= <variable element> 
I <literal element> 
I <label element> 

<factored element>::= <factored variable element> 
I <factored label element> 

A.3.2 Variable Elements 

<variable element>::= <variable name specifier> 
[<array specifier>] <variable type> 
[<variable attri butes>] 

<variable name specifier>::= <non-based name> 
I <based name> BASED <base specifier> 

<non-based name>::= <variable name> 
<based name>::= <variable name> 
<variable name>::= <identifier> 
<base specifier>::= <identifier> [.<identifier>] 

<variable attributes>::= [PUBLIC] [<Iocator>][<initialization>] 
I [EXTERNAL][<constant attribute>] 

<Iocator>::= AT «expression» 
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<constant attribute>::= DATA 

<array specifier>::= <explicit dimension> 
I <implicit dimension> 

<explicit dimension>::= «numeric constant» 
<implicit dimension>::= ( * ) 

<variable type>::= <basic type> 
I <structure type> 

<basic type>::= INTEGER 
I REAL 
I POINTER 
I SELECTOR 
I BYTE 
I WORD 
I DWORD 

A.3.3 Label Element 

<label element>::= <identifier> LABEL [PUBLIC ] 
EXTERNAL 

A.3.4 Literal Elements 

<literal element>::= <identifier> LITERALLY <string> 

A.3.S Factored Variable Element 

<factored variable element>::= ( <variable name specifier> 
[,<variable name specifier>] ... ) 
[<explicit dimension>] <variable type> 
[<variable attributes>] 

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> 

I«identifier>[, <identifier>] .. ) 

A.3.8 Procedure Definition 

<procedure definition>::= <procedure statement> 
[<declaration> ... ][~unit> ... ] <ending> 

<procedure statement>::= <procedure name> : PROCEDURE 
[<formal parameter list>][<procedure type>] 
[<procedure attributes>] ; 
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<procedure name>::= <identifier> 
<procedure type>::= <basic type> 
<basic type>::= INTEGER 

I REAL 
I POINTER 
I SELECTOR 
I BYTE 
I WORD 
I DWORD 

<formal parameter list>::= «formal parameter> [,<formal parameter>] ... ) 
<formal parameter>::= <identifier> 

<procedure attributes>::= EXTERNAL 
{

<interrupt> } 

{

<interrupt> } 
PUBLIC 
REENTRANT 

A.3.9 Attributes 

A.3.9.1 AT 

<Iocator>::= AT ( <expression> ) 

A.3.9.2 INTERRUPT 

<interrupt>::= INTERRUPT <numeric constant> 

A.3.9.3 Initialization 

<initialization>::= IINITIALJ 
DATA 

( <initial value> [,<initial value>] ... ) 

<initial value>::= <expression> 
I <string> 

A.4 Units 

<unit>::= <conditional clause> 
I <do block> 
I <basic statement> 
I <label definition> <unit> 

<basic statement>::= <assignment statement> 
I <call statement> 
I <goto statement> 
I <null statement> 
I <return statement> 
I <iAPX 86 dependent statement> 

<scoping statement>::= <simple do statement> 
I <do-case statement> 
I <do-while statement> 
I <iterative do statement> 
I <end statement> 
I <procedure statement> 

<label definition> ::= <identifier>: 
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A.4.1 Basic Statements 

A.4.1.1 Assignment Statement 

<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> 

I <identifier>. <identifier> 

A.4.1.3 GOTO Statement 

<goto statement>::= 
{
GOTO} 
GOTO 

A.4.1.4 Null Statement 

<null statement>::= ; 

A.4.1.S RETURN Statement 

<identifier> ; 

<return statement>::= <typed return> 
I <untyped return> 

<typed return>::= RETURN <expression> ; 
<untyped return>::= RETURN; 

A.4.1.6 iAPX 86 Dependent Statements 

<iAPX 86 dependent statement>::= <disable statement> 
I <enable statement> 
I <halt statement> 
I <cause interrupt statement> 

<disable statement>::= DISABLE; 
<enable statement>::= ENABLE; 
<halt statement>::= HALT; 
<cause interrupt statement>::= CAUSE$INTERRUPT (numeric constant); 

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> ; 

PL/M-86 User's Guide 
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A.4.2.3 DO-WHILE Statement 

<do-while statement>::= DO WHILE <expression> ; 

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 variable>::= <simple variable> 
<start expression>::= <expression> 
<bound expression>::= <expression> 
<step expression>::= <expression> 

A.4.2.S END Statement 

<end statement>::= END [<identifier>] ; 

A.4.2.6 Procedure Statement 

<procedure statement>::= <procedure name>: PROCEDURE 
[<formal parameter list>][<procedure type>] 
[<procedure attributes>] ; 

A.4.3 Conditional Clause 

<conditional clause>::= <if condition> <true unit> 
I <if condition> <true element> ELSE <false element> 

<if condition>::= IF <expression> THEN 
<true element>::= [<label definition> ... ] <do block> 

I [<label definition> ... J <basic statement> 

<false element>::= <unit> 
<true unit>::= <unit> 

A.4.4 DO Blocks 

<do block>::= <simple do block> 
I <do-case block> 
I <do-while block> 
I <iterative do block> 

A.4.4.1 Simple DO Blocks 

<simple do block>::= <simple do statement>[<declaration> ... ][<unit> ... ]<ending> 
<ending>::=[<Iabel 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> 
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A.5 Expressions 

A.S.1 Primaries 

<primary>::= <constant> 
I <variable reference> 
I <location reference> 
I <subexpression> 

<subexpression>::= «expression» 

A.5.1.1 Constants 

<constant>::= <numeric constant> 
I <string> 

A.5.I.2 Variable References 

<variable reference>::= <data reference> 
I <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.I.3 Location References 

<location reference>::= <constant list> 

{ @ I <variable reference> 

<constant list>::= «constant>[,<constant>] ... ) 

A.S.2 Operators 

<operator>::::::: <logical operator> 
I <relational operator> 
I <arithmetic operator> 

<logical operator>::= AND 
I OR 
I NOT 
I XOR 

<relational operator>::= < I > I <= I >= I <> I = 
<arithmetic operator>::= + I-I PLUS I MINUS I * III MOD 

A.S.3 Structure of Expressions 

<expression>::= <logical expression> 
I <embedded assignment> 
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<embedded assignment>::= <variable reference> := <logical expression> 
<logical expression>::= <logical factor> 

I <logical expression> <or operator> <logical factor> 

<or operator>::= OR 
I XOR 

<logical factor>::= <logical secondary> 
I <logical factor> <and operator> <logical se'tondary> 

<and operator>::= AND 
<logical secondary>::= [<not operator>] <logical primary> 
<not operator>::= NOT 
<logical primary>::= <arithmetic expression> 

[<relational operator> <arithmetic expression>] 

<relational operator>::= < I > I <= I >= I <> I = 

<arithmetic expression>::= <term> 
I <arithmetic expression> <adding operator> <term> 

<adding operator>::= + I-I PLUS I MINUS 
<term>::= <secondary> 

I <term> <multiplying operator> <secondary> 

<multiplying operator>::= * III MOD 
<secondary>: :=[<unary minus>] <primary> 

<unary plus> J 

<unary minus>::=­
<unary plus>::= + 

NONTERMINALS SECTION 

<actual parameters> ................................... A.5.1.2 
<adding operator> A.5.3 
<and operator> ........................................ A.5.3 
<apostrophe> A.I.I 
<arithmetic expression> ............................... A.5.3 
<arithmetic operator> A.5.2 
<array specifier> ...................................... A.3.2 
<assignment statement> A.4.1.1 
<base specifier> ...................................... A.3.2 
<based name> A.3.2 
<basic statement> ..................................... A.4 
<basic type> A.3.2 
<binary digit> ......................................... A.I.5 
<binary number> A.I.5 
<bound expression> ................................... A.4.2.4 
<by part> A.4.2.4 
<call statement> ....................................... A.4.1.2 
<character> A.I.I 
<comment> ........................................... A.I.7 
<compilation> A.2 
<compound delimiter> ................................. A.I.3 
<conditional clause> A.4.3 
<constant list> ........................................ A.5.1.3 
<constant> A.5.1.1 
<data reference> ...................................... A.5.1.2 
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<decimal digit> A.1.5 
<decimal number> ..................................... A.I.5 
<declaration> A.3 
<declare element list> ................................. A.3.1 
<declare element> A.3.1 
<declare statement> ................................... A.3.1 
<delimiter> A.I.3 
<digit string> .......................................... A.1.5 
<disable statement> A.4.1.6 
<do block> ............................................ A.4.4 
<do-case block> A.4.4.2 
<do-case statement> .................................. A.4.2.2 
<do-while block> A.4.4.3 
<do-while statement> .................................. A.4.2.3 
<embedded assignment> A.5.3 
<enable statement> ................................... A.4.1.6 
<end statement> A.4.2.5 
<ending> ............................................. A.4.4.1 
<explicit dimension> A.3.2 
<exponent part> ....................................... A.l.5 
<expression> A.5.3 
<factored element> .................................... A.3.1 
<factored label element> A.3.6 
<factored member> .................................... A.3. 7 
<factored variable element> A.3.5 
<false element> ....................................... A.4.3 
<floating point number> A.I.5 
<formal parameter list> ................................ A.3.8 
<formal parameter> A.3.8 
<fractional part> ....................................... A.I.5 
<function reference> A.5.l.2 
<goto statement> ...................................... A.4.l.3 
<halt statement> A.4.1.6 
<hexadecimal digit> ................................... A.I.5 
<hexadecimal number> A.I.5 
<identifier> ........................................... A.I.4 
<if condition> A.4.3 
<implicit dimension> .................................. A.3.2 
<index part> A.4.2.4 
<index variable> ....................................... A.4.2.4 
<initial value> A.3.9.3 
<initialization> ........................................ A.3.9.3 
<interrupt> A.3.9.2 
<iterative do block> .................................... A.4.4.4 
<iterative do statement> A.4.2.4 
<label definition> ...................................... A.4 
<label element> A.3.3 
<left part> .............................................. A.4.1.1 
<letter> A.I.I 
<linkage> ............................................. A.3.8 
<literal element> A.3.4 
<location reference> .................................. A.5.l.3 
<locator> A.3.9.1 
<logical expression> .................................. A.5.3 
<logical factor> A.5.3 
<logical operator> ..................................... A.5.2 
<logical primary> A.5.3 
<logical secondary> ................................... A.5.3 
<lower case letter> A.I.I 
<member element> .................................... A.3. 7 
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<member name> A.3.7 
<member specifier> ................................... A.5.I.2 
<module name> A.2 
<module> ............................................. A.2 
<multiplying operator> A.5.3 
<name> ............................................... A.5 .1.2 
<non-based name> A.3.2 
<non-quote character> ................................. A.I.l 
<not operator> A.5.3 
<null statement> ...................................... A.4.1.4 
<numeric constant> A.l.5 
<octal digit> ........................................... A.l.5 
<octal number> A.l.5 
<operator> ............................................ A.5.2 
<or operator> A.5.3 
<parameter list> ....................................... A.4.1.2 
<pl/m text> A.I.7 
<primary> ............................................. A.5.1 
<procedure attributes> A.3.8 
<procedure definition> ................................ A.3.8 
<procedure name> A.3.8 
<procedure statement> ................................ A.3.8 
<procedure type> A.3.8 
<relational operator> .................................. A.5.2 
<reserved word> A.l.4 
<return statement> .................................... A.4.1.5 
<scoping statement> A.4 
<secondary> .......................................... A.5.3 
<separator> A.l.7 
<simple delimiter> ..................................... A.I.3 
<simple do block> A.4.4.1 
<simple do statement> ................................. AA.2.1 
<simple variable> A.4.1.2 
<special character> .................................... A.l.l 
<start expression> A.4.2.4 
<step expression> ..................................... A.4.2.4 
<string body element> A.l.6 
<string> .............................................. A.l.6 
<structure type> A.3.7 
<subexpression> ...................................... A.5.1 
<subscript> A.5.I.2 
<term> ................................................ A.5.3 
<to part> A.4.2.4 
<token> ............................................... A.l.2 
<true element> A.4.3 
<true unit> ............................................ A.4.3 
<typed return> A.4.I.5 
<unary minus> ........................................ A.5.3 
<unary plus> A.5.3 
<unfactored element> ................................. A.3.1 
<unfactored member> A.3.7 
<unit> ................................................. A.4 
<untyped return> A.4.I.5 
<upper case letter> .................................... A.l.l 
<variable attributes> A.3.2 
<variable element> .................................... A.3.2 
<variable name specifier> A.3.2 
<variable name> ....................................... A.3.2 
<variable reference> A.5.1.2 
<variable type> ........................................ A.3.2 
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APPENDIX B I 
PROGRAM CONSTRAINTS 

Certain fixed size tables within the compiler constrain various features of a user pro­
gram to certain maximums. Theselimits are summarized below: 

MAXIMUM: 

Nesting of LITERALLY invocations ......................... . 
Nesting of INCLUDE controls .............................. . 
Number of nested procedures and DO cases ................... . 

5 
5 
7 

Number of labels on a statement ............................. . 
Nesting of blocks ......................................... . 
Number of nested typed procedures .......................... . 
Number of elements in a factored list ......................... . 
Number of members in a structure ........................... . 

unlimited 
18 
20 
32 
64 

Structure size ............................................. . 

Numbers of characters in a line .............................. . 
Length of a string constant ................................. . 
Number of DO blocks in a procedure ......................... . 
Number of cases in a DO CASE block ........................ . 
Number of active cases ..................................... . 
Number of EXTERNAL items .............................. . 
Number of procedures in a module ........................... . 
Segment Size ............................................. . 

NOTE 
The PL/M-86 compiler has a symbol capacity of approximately 
5000 symbols. Of these, 800 are held in memory when the compiler 
has a partition size of 96K. Any symbols over this amount will spill 
onto the work files disk, causing performance degradation. If 
another 64K of memory is added to the compiler's partition (either 
by adding more memory to the system or by increasing its share of 
available memory), a total of 2300 symbols will then be held in 
memory. For large programs or programs with a lot of symbols, 
providing the compiler with more memory to work in will improve 
its performance. 

64K 

128 
255 
255 
255 
255 
255 
253 
64K 
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APPENDIX C I 
PL/M-86 RESERVED WORDS 

These are the reserved words of PL/M-86. They may not be used as identifiers. 

ADDRESS 
AND 
AT 
BASED 
BY 
BYTE 
CALL 
CASE 
CAUSEINTERRUPT 
DATA 
DECLARE 
DISABLE 
DO 
DWORD 
ELSE 
ENABLE 
END 
EOF 
EXTERNAL 
GO 
GOTO 
HALT 
IF 

INITIAL 
INTEGER 
INTERRUPT 
LABEL 
LITERALLY 
MINUS 
MOD 
NOT 
OR 
PLUS 
POINTER 
PROCEDURE 
PUBLIC 
REAL 
REENTRANT 
RETURN 
SELECTOR 
STRUCTURE 
THEN 
TO 
WHILE 
WORD 
XOR 
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I . " APPENDIX D 
PL/M-86 PREDECLARED IDENTIFIERS n 

These are the identifiers for the builtin procedures and predeclared variables. If one 
of these identifiers is declared in a DECLARE statement, the corresponding built-in 
procedure or predeclared variable becomes unavailable within the scope of the 
declaration. 

ABS 
BUILDPTR 
CARRY 
CMPB 
CMPW 
DEC 
DOUBLE 
FINDB 
FINDRB 
FINDRW 
FINDW 
FIX 
FLOAT 
HIGH 
lABS 
INPUT 
INT 
INTERRUPTPTR 
INWORD 
LAST 
LOCKSET 
LENGTH 
LOW 
MEMORY 
MOVB 
MOVE 
MOVRB 
MOVRW 
MOVW 

OFFSETOF 
OUTPUT 
OUTWORD 
PARITY 
ROL 
ROR 
SAL 
SAR 
SCL 
SCR 
SELECTOROF 
SETB 
SETINTERRUPT 
SETW 
SHL 
SHR 
SIGNED 
SIZE 
SKIPB 
SKIPRB 
SKIPRW 
SKIPW 
STACKBASE 
STACKPTR 
TIME 
UNSIGN 
XLAT 
ZERO 
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APPENDIX E 
PL/M-80 AN 0 PL/M-86 

E.1 General Comparison 

PL/M-86 may be regarded as an extension of the PL/M-80 language, described in 
Intel document 9800268. PL/M-86 differs from PL/M-80 in three principal 
respects: 

• Floating-point arithmetic and signed integer arithmetic are provided. These are 
supported by two new data types, REAL and INTEGER. 

• The extended addressing capability of the iAPX 86 is supported by two new 
data types, POINTER and SELECTOR, for storage of iAPX 86 locations, and 
a new location reference operator, @. 

• The set of built-in procedures is greatly expanded. 

In addition, the PL/M-80 reserved word ADDRESS is replaced by the PL/M-86 
reserved word WORD. Thus where PL/M-80 has only the two data types, BYTE 
and ADDRESS, PL/M-86 has seven: BYTE, WORD, DWORD, INTEGER, 
REAL, POINTER, and SELECTOR. 

The PL/M-86 rules for expression evaluation are more complete than those of 
PL/M-80, to make proper use of the extended capabilities. There are also various 
other differences which stem from the ones noted here. In particular, an iterative 
DO block operates differently if its index variable is an INTEGER variable. 

E.2 Compatibility of PL/M-80 Programs and the 
PL/M-86 Compiler 

PL/M-80 programs that operate correctly on an 8080 can be recompiled with the 
PL/M-86 compiler to produce code that will run on an iAPX 86. The PL/M-80 
source code must first be edited as follows: 

• All identifiers in the PL/M-80 source code must be examined and changed if 
they are PL/M-86 reserved words. The PL/M-86 reserved words that might 
occur as identifiers in a PL/M-80 source program are WORD, DWORD, 
INTEGER, REAL, POINTER, SELECTOR, andCAUSEINTERRUPT (since 
these are not reserved words in PL/M-80). 

• It is not necessary to change ADDRESS to WORD; ADDRESS is a PL/M-86 
reserved word with the same meaning as WORD. 

Note that where PL/M-86 programs would normally have POINTER variables and 
location references formed with the @ operator, PL/M-80 programs have 
ADDRESS (WORD) variables and location references formed with the "dot" 
operator. PL/M-80 usage is therefore slightly less restricted than normal PL/M-86 
usage, since arithmetic operations are allowed on WORD values. To provide 
upward compatibility, the PL/M-86 compiler in general supports PL/M-80 usage. 
However, some restrictions are imposed, affecting the types of expressions allowed 
in the AT attribute, the INITIAL and DATA· initializations, and location 
references. See also the discussions of size controls and the dot and @ operators in 
this manual. 

(In fact, all of these constructions are formally permitted by the PL/M-86 language, 
but their use in PL/M-86 programs is not recommended for most purposes, since 
they will not always produce correct results in a program where POINTER values 
also appear.) 
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ASCII HEX PL/M-86 
CHARACTER CHARACTER? 

NUL 00 no 
SOH 01 no 
STX 02 no 
ETX 03 no 
EaT 04 no 
ENO 05 no 
ACK 06 no 
8EL 07 no 
8S 08 no 
HT 09 no 
LF OA no 
VT OB no 
FF OC no 
CR 00 no 
SO OE no 
SI OF no 
OLE 10 no 
DCI 11 no 
OC2 12 no 
OC3 13 no 
OC4 14 no 
NAK 15 no 
SYN 16 no 
ETB 17 no 
CAN 18 no 
EM 19 no 
SUB 1A no 
ESC 18 no 
FS 1C no 
GS 10 no 
RS 1E no 
US 1F no 
space 20 yes 
! 21 no 
" 22 no 
# 23 no 
$ 24 yes 
% 25 no 
& 26 no , 27 yes 
( 28 yes 
) 29 yes 
* 2A yes 
+ 2B yes 
, 2C yes 
- 20 yes 

2E yes 
I 2F yes 
0 30 yes 
1 31 yes 
2 32 yes 
3 33 yes 
4 34 yes 
5 35 yes 
6 36 yes 
7 37 yes 
8 38 yes 
9 39 yes 

3A yes 
, 3B yes 
< 3C yes 
= 3D yes 
> 3E yes 
? 3F no 

ASCII 
CHARACTER 

@ 
A 
8 
C 
0 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
a 
P 
0 
R 
S 
T 
U 
V 
W 
X 
Y 
Z 
[ 
\ 
] 

t\(t) 
-, 
a 
b 
c 
d 
~ 
f 
9 
h 
i 
j 
k 
I 

m 
n 
0 
p 
q 
r 
s 
t 
u 
v 
w 
x 
y 
z 
{ 

I 
} 
~ 

DEL 

APPENDIX FI 
ASCII CODES 

HEX PL/M-86 
CHARACTER? 

40 yes 
41 yes 
42 yes 
43 yes 
44 yes 
45 yes 
46 yes 
47 yes 
48 yes 
49 yes 
4A yes 
4B yes 
4C yes 
40 yes 
4E yes 
4F yes 
50 yes 
51 yes 
52 yes 
53 yes 
54 yes 
55 yes 
56 yes 
57 yes 
58 yes 
59 yes 
5A yes 
58 no 
5C no 
50 no 
5E no 
5F yes 
60 no 
61 yes 
62 yes 
63 yes 
64 yes 
65 yes 
66 yes 
67 yes 
68 yes 
69 yes 
6A yes 
6B yes 
6C yes 
60 yes 
6E yes 
6F yes 
70 yes 
71 yes 
72 yes 
73 yes 
74 yes 
75 yes 
76 yes 
77 yes 
78 yes 
79 yes 
7A yes 
7B no 
7C no 
70 no 
7E no 
7F no 
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APPENDIX G 
PL/M-86 ADVANCED SEGMENTATION 

G.1 Basic Controls 

The simplest way to compile PL/M-86 code is to use the segmentation controls 
outlined in Chapter 17. However, these controls may severely restrict some applica­
tions, since MEDIUM and LARGE programs may produce non-optimal code, and 
COMP ACT and SMALL program modules are unable to call procedures or 
reference variables outside their 64K code and data areas. 

This appendix describes segmentation control extensions you can use to gain more 
optimal code. Optimization is obtained by breaking large applications (greater than 
64K of code, data, or both) into loosely-coupled subsystems (less than 64K each of 
code and data) whose variable and procedure references are largely self-contained. 
Each subsystem is a collection of tightly coupled, logically related modules that obey 
one of the specified models of segmentation. (Subsystems within a single program 
can use different segmentation models if appropriate.) 

Segmentation control extensions are best used to break LARGE and MEDIUM pro­
grams into separate subsystems that have few references between them. In SMALL 
and COMPACT programs, these extensions are used to specify that a procedure or 
variable is outside the current module, requiring a "far" reference. (Use of these 
extensions also allows easier access to the one megabyte address space.) 

G.2 Long Calls and Far References 

Occasionally programs compiled under SMALL or COMPACT must access data or 
procedures outside their limited address space. They do so using an EXPORTS list, 
which indicates that a "far" reference must be made to this data or procedure. 

A symbol included in a subsystem's EXPORTS list must be a public symbol defined 
in one of the modules belonging to that subsystem. It is called an exported symbol 
and may be referenced by modules in other subsystems. (A public symbol defined 
within a subsystem, but not listed in its EXPORTS list, is called a domestic symbol. 
It may be referenced only by modules within the same subsystem. 

Using the EXPORTS list, you can interract with operating systems or call shared 
routines that were loaded outside your program's 64K code space. It provides a 
means for generating long calls to procedures and simple far references to variables 
outside your 64K code or data address space. However, data references are assumed 
to be in separate segments, so segment register loading is not optimized. (If such 
optimization is required, see section G.3.) 

This ability to generate long calls also means that .operating systems and libraries 
need only supply one interface model-LARGE. To interface with these routines, 
you must provide the cOlIl:piler with the information it needs to generate long calls. 

The far extension takes the form: 

$ LARGE(subsystem name EXPORTS interface iist) 

where 

subsystem name is the name of the library or other subsystem being referenced. 
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interface list is the list of code entry points or data items, separated by commas, 
which are accessible to other modules via far references. 

This control may be used with any of the simple segmentation schemes described in 
Chapter 17 and has the following characteristics: 

• All references to variables in the interface list are long. 

• All references to procedures in the interface list are long calls. 

• Because the named subsystem is LARGE, optimization of segment register 
loading cannot take place, since two given variables may not be contained in the 
same segment. (If this optimization is required, see section G.3.) 

• The EXPORTS list can be kept small by tailoring it to the requirements of each 
referencing module. It can also be constructed as an INCLUDE file and made 
available to all modules. 

• Only those items that are referenced within this module need to be named in the 
EXPORTS list. Those that are referenced must be declared and have the same 
syntax as an EXTERNAL declaration (see section 9.2). Those items that are 
named in the EXPORTS list but are not referenced need not be declared. 

Exam'pIe 

$LARGE(dq$work EXPORTS dq$attach,dq$open,dq$read,dq$cLose) 

If this were included in a compilation that had used the SMALL control, all calls 
would be short except those to the exported routines (dq$attach, dq$open, etc.), 
which would be long. 

Note that the segmentation control extensions may be continued over more than one 
control line. To do this, simply begin each line with a $ in the first column. (The con­
trollines must be contiguous.) 

The follow restrictions apply when using far references in the SMALL case: 

1. POINTER functions and POINTER variables may not be exported to a 
SMALL module. 

2. The location addresses of variables or procedures exported to a SMALL module 
may not be obtained using the @ or dot operators. 

3. POINTER actual 'parameters passed to far procedures will always use the 
current contents of the DS register as the base portion of the long pointer. 

G.3 Subsystems 

By carefully constructing subsystems, you can mInImIZe references to outside 
resources (code and data) and, in return, receive highly optimized code for all inter­
nal resource references. This section describes how to create these subsystems. 

A subsystem control takes the form: 

$model (subsystem name [submodelJ [H A Sid-list; ] [exports list] ) 

where 

model specifies the model of segmentation that the subsystem will follow. 
(COMP ACT and LARGE are allowed, but only COMPACT subsystems pro­
vide optimized code.) This may be modified by the sub model specification. 
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subsystem name specifies a unique name for each subsystem and is any valid 
PL/M-86 identifier. 

sLlbmodel specifies the placement of constants. It can be either: 

-CONST IN CODE-
-CONST IN DATA-

provides for burning code and constants into ROM) 
(the default case) 

HAS id-list describes the mapping of module names to subsystems. This is 
optional for all subsystems except the one that includes the module currently 
being compiled. It takes the form: 

HAS module name [ , module name] . . . 

exports list is the list of procedures and variables exported by this subsystem. 
Any procedure or variable not named in this list will be local to its subsystem. 
This takes the form: 

E X PO R T S id [ , id] ... 

Examples 

1. Consider the following system definition: 

$COMPACT(Par -CONST IN CODE- HAS A1, A2, A3) 
$COMPACT(Quad HAS Q1, Q2, Q3, Q4; EXPORTS Middle) 
$LARGE(Name EXPORTS Number, Store) 

The sample program consists of three subsystems named Par, Quad, and Name. 
Par and Quad use the COMPACT model of segmentation, while Name uses the 
LARGE model. Constants are stored with the code in the Par and Name sub­
systems. The Par subsystem, consisting of the modules AI, A2, and A3, is 
apparently the main program since it exports no procedures. 

2. A SMALL program wishing to communicate with the TEMPREAL CEL 
library might have the following controls: 

$SMALL 
$LARGE(CEL EXPORTS MQERSGN, MQEROIM, MQERANT, MQERNIN, MQERMOO; 
$ EXPORTS MQEREXP, MQERLGE, MQERLGO, MQERSNH, MQERCSH, MQERTNH; 
$ EXPORTS MQERSIN, MQERCOS, MQERTAN, MQERASN, MQERACS, MQERATN; 
$ EXPORTS MQERY2X, MQERAT2, MQERRNT, MQERINT, MQERRMO) 

The LARGE model is used to generate long calls to the named procedures. It also 
forces the compiler to make no assumptions about the sharing of code or data within 
the library. 

3. Four subsystems (main_sub, read_sub, write_sub, sort_sub) have less than 
64K each of code and data. The modules in main_sub contain the following 
controls: 

$COMPACT(main sub 
$COMPACT(read sub 
$COMPACT(write sub 
$COMPACT(sort sub 

HAS main1~main2) EXPORTS buf,fi le,error$exit) 
EXPORTS read) 

EXPORTS write,consol) 
EXPORTS sort$buf,sorter) 
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Therefore, we know that the subsystems share the following resources: 

SUBSYSTEM NAME EXPORTEDID EXPORTED TYPE 

main_sub: buf (variable) 
file (variable) 
error$exit (procedure) 

read_sub: read (procedure) 
write_sub: write (procedure) 

consol (procedure) 
sort_sub: sort$buf (variable) 

sorter (procedure) 

Note from this example that: 

• Because each subsystem has only one segment for data (a characteristic of the 
CaMP ACT model), references to data exported by another subsystem can be 
optimized. 

• Each of the four subsystems follow the COMPACT model of segmentation. 
This will provide optimal code for references to data and procedures local to 
each subsystem. 

• The actual declarations for the procedures and variables in the EXPORTS list 
take the form of normal PUBLICs and EXTERNALs. The EXTERNALs need 
not be declared unless they are referenced within the module. 

Breaking an application that is currently using the LARGE model into loosely 
coupled CaMP ACT subsystems may reduce code size by 20-30%. 



APPENDIX H 
RUN-TIME PROCEDURE AND 

ASSEMBLY LANGUAGE LINKAGE 

This chapter describes the handling at run time of non-interrupt procedures. 
Assembly-language subroutines that are to be linked with PL/M-86 programs or 
procedures must be compatible with these conventions. The easiest way to ensure 
compatibility is simply to write a dummy procedure in PL/M-86 with the same argu­
ment list as the desired assembly language subroutine and with the same attributes. 
Then compile the dummy procedure with the correct size control and with the 
CODE control specified. This will produce a pseudoassembly listing of the 
generated iAPX 86 code, which may then be simply copied as the prologue and 
epilogue of the assembly language subroutine. This having been done, an 
understanding of the material in this chapter is not needed. 

For the handling of interrupt procedures, see Appendix I. 

H.1 Calling Sequence 

For each procedure activation (CALL statement or function reference) in the 
source, the object code uses a calling sequence. The calling sequence places the pro­
cedure's actual parameters (if any) on the stack and then activates the procedure 
with a CALL instruction. 

The parameters are placed on the stack in left-to-right order. Since the direction of 
stack growth is from higher locations to lower locations, this means that the first 
parameter occupies the highest position on the stack and the last parameter occupies 
the lowest position. Note that a BYTE parameter value occupies two bytes on the 
stack, with the value in the lower byte. The contents of the higher byte are 
undefined. A POINTER parameter value in the COMPACT, MEDIUM, and 
LARGE cases consists of a segment address and an offset. The I6-bit segment 
address is pushed first, and then the 16-bit offset is pushed.See Chapter 4 for details 
on data representations. 

After the parameters are passed, the CALL instruction places the return address on 
the stack. In the SMALL and COMPACT cases, this is a 16-bit offset (the contents 
of the IP register) and occupies two contiguous bytes on the stack. 

In the MEDIUM and LARGE cases, the type of the return address depends on 
whether the procedure is local or public. The return address for a local procedure, 
like any return address for the SMALL case, is a I6-bit offset and occupies two con­
tiguous bytes on the stack. For a public procedure in the MEDIUM or LARGE case, 
and for procedures exported from COMPACT, the return address is a POINTER 
value consisting of a segment address and an offset and is passed in the same way as 
a POINTER parameter. The 16-bit segment address (contents of the CS register) is 
pushed first, and then the 16-bit offset (IP register contents) is pushed. 

Control is then passed to the code of the procedure by updating the IP register. In 
"MEDIUM and LARGE cases, and for procedures exported from COMPACT, the 
CS register is also updated. 

At the~point where the procedure gains control, then, the stack layout is as shown in 
figure H-I. 

H-l 
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higher 
locations 

a: 
~UJ 
01-
«z 
I-~ 
(1)0 

o 

lower 
locations 

~--------_ ~ Stack marker (BP reg. contents) 

parameter 0 
parameter 1 

parameter n 

return segment address } 
1-----------1 

return offset 

Each parameter occupies 2 or 4 
bytes - see text 

Absent in SMALL or COMPACT 
program or local procedure 

...... ----------1......- Stack pointer (SP reg. contents) 

Figure H-l. Stack Layout at Point Where a Non-Interrupt 
Procedure is Activated 

H.2 Procedure Prologue 

121636-6 

In compiling the procedure itself, the compiler inserts at the beginning a sequence of 
code called the prologue. This code accomplishes the following steps: 

1. If the procedure has the PUBLIC attribute and the program size is LARGE, or 
if it is exported from a COMPACT subsystem, the contents of the DS register 
are placed on the stack. Then the DS register is updated with a value that is 
found in the current code segment (i.e., the segment containing the procedure). 
(The DS register contains the segment address for the current data segment; thus 
this step implements the pairing of code and data segments in the LARGE case 
and is not needed in the SMALL, COMPACT, and MEDIUM cases because the 
data segment does not change.) 

2. If any parameter of the procedure is referenced by a nested procedure, all 
parameters are removed from the stack and placed in space reserved for them in 
the data segment. 

3. The stack marker offset (BP register contents) is placed on the stack, and the 
current stack pointer (SP register contents) is used to update the BP register. 

4. If the procedure has the REENTRANT attribute, space is reserved on the stack 
for any variables declared within the procedure (this does not include based 
variables, variables with the DATA attribute, or variables with the AT 
attribute). 

Control then passes to the code compiled from the executable statements in the pro­
cedure body. At this point, the stack layout is as shown in Figure H-2. 

During execution of the procedure, further stack space may be used for temporary 
storage generated by the compiler. 
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higher 
locations 

a: 
w 
~ z 
;:) 

o 
(,) 

~ 
(,) 

< 
~ 
(/) 

lower 
locations 

parameter 0 
parameter 1 

parametern 

return segment address 

return offset 

old data segment 
address 

-- _ old stack marker 

local variables 

This s~ace may be 
used uring pro-
cedure execution 

} 

Absent if any parameter is 
referenced within a nested procedure. 

} Absent in SMALL or COMPACT 
program or local procedure 

} 
Only in PUBLIC procedure in 
LARGE program 

...- New stack marker (BP reg. contents) 

} Only in reentrant procedure 

Stack pointer may change 
during procedure execution 

Figure H-2. Stack Layout During Execution of 
Non-Interrupt Procedure Body 

H.3 Procedure Epilogue 

121636-7 

To return from the procedure, the compiler inserts a code sequence called the 
epilogue. This accomplishes the following steps: 

1. If the compiler has used stack locations for temporary storage or local variables 
during procedure execution, the stack pointer (SP register) is loaded with the 
stack marker (BP register contents). This has the effect of discarding the tem­
porary storage. 

2. The old stack marker is restored by popping the stored value from the stack into 
the BP register. 

3. If the procedure has the PUBLIC attribute and the program size is LARGE or it 
is exported from a COMPACT subsystem, the old data segment address is 
restored by popping the stored value from the stack into the DS register. 

4. A RET instruction is used to return from the procedure. If the program size is 
SMALL, the RET pops the stored return address (a 16-bit offset) into the IP 
register. It also discards any parameters stored on the stack. 

If the program size is MEDIUM or LARGE and the procedure is local, the RET per­
forms the same actions described above for a return in the SMALL or COMPACT 
case. If the program size is MEDIUM or LARGE and the procedure is public, the 
RET pops the stored return-address offset from the stack into the IP register and 
then Raps the return-address segment address into the CS register. It also discards 
any parameters stored on the stack. 

H-3 
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H.4 Value Returned from Typed Procedure 

The result of a typed procedure is returned as follows: 

Procedure Type Result Returned in: 

BYTE AL Register 
WORD AX Register 
DWORD OX and AX Registers 
INTEGER AX Register 
POINTER (SMALL size)* BX Register 
POINTER (COMPACT size) ES and BX Registers 
POINTER (MEDIUM size) ES and BX Registers 
POINTER (LARGE size) ES and BX Registers 
SELECTOR AX Register 
REAL Top of RMU stack 

·Under the ROM option, the result is returned in ES and BX registers. 

H-4 



APPENDIX I 
RUN-TIME INTERRUPT PROCESSING 

1.1 General 

An interrupt is initiated when the CPU receives a signal on its "maskable interrupt" 
pin from some peripheral device or control is transferred to an interrupt vector by 
the CAUSE$INTERRUPT statement. (If your program runs under an operating 
system that traps interrupts, you do not need the information in this appendix.) 

Note that the CPU does not respond to this signal unless interrupts are enabled. The 
"main program prologue" (code inserted by the compiler at the beginning of the 
main program) enables interrupts. 

NOTE 
If you require your program to begin with interrupts disabled, simply start 
with the instruction DISABLE;. Since the iAPX 86 processor does not 
actually allow an interrupt to occur until the first machine instruction 
following the enabling instruction has been processed, the resulting code 
sequence will not allow any maskable interrupts to occur. 

If interrupts are enabled, the following actions take place: 

1. The CPU completes any instruction currently in execution. 

2. The CPU issues an "acknowledge interrupt" signal and waits for the 
interrupting device to send an interrupt number. 

3. The CPU flag registers are placed on the stack (occupying two bytes of stack 
storage). 

4. Interrupts are disabled by clearing the IF flag. 

5. Single stepping is disabled by clearing the TF flag. 

6. The CPU activates the interrupt procedure corresponding to the interrupt 
number sent by the interrupting device. 

7. When that procedure terminates, the stack is automatically restored to its state 
when the interrupt was received, and control returns to the point where it was 
in terru p ted. 

The mechanism for this activation and restoration are described below. 

1.2 The Interrupt Vector 

If the NOINTVECTOR control is not used, an interrupt vector entry is auto­
matically generated by the compiler for each interrupt procedure. Collectively, the 
interrupt vector entries form the interrupt vector. If NOINTVECTOR is used, the 
programmer must supply the interrupt vector as explained below in section 1.4. 

The interrupt vector is an absolutely located array of POINTER values beginning at 
location O. Thus the nth entry is at location 4*n and contains the location of a pro­
cedure declared with the INTERRUPT n attribute. 

Note that the first and second bytes of each entry contain an offset, while the second 
two bytes contain a segment address. The entries are always four-byte pointers, and 
the segment address is always used in transferring to the interrupt procedure, even if 
the program size is SMALL. 

1-1 
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The CPU uses the interrupt vector entry to make a long indirect call to activate the 
appropriate procedure. At this point, the current code segment address (CS register 
contents) and instruction offset (lP register contents) are placed on the stack. 

At the point where the procedure is activated, the stack layout is as shown in figure 
1-1. 

higher 
locations 

~ffi! <.)1-
<z 
I-=> 
<no 

u 
lower 
locations 

Flag reg. contents 

return segment address 

return offset 

2 bytes 

Present regardless of 
program size 

.... ------.....t..- Stack pointer 

Figure 1-1. Stack Layout at Point Where an Interrupt 
Procedure Gains Control 

1.3 Interrupt Procedure Preface 

121636-8 

At the beginning of each interrupt procedure, before the prologue described in the 
preceding chapter, the compiler inserts an interrupt procedure preface that 
accomplishes the following steps: 

1. Push the ES register contents onto the stack. 

2. Push the DS register contents onto the stack. 

3. Load the DS register with a ne'w data segment address taken from the current 
code segment (i.e., the segment containing the interrupt procedure). 

4. Push the AX register contents onto the stack. 

5. Push the CX register contents onto the stack. 

6. Push the DX register contents onto the stack. 

7. Push the BX register contents onto the stack. 

S. Push the SI register contents onto the stack. 

9. Push the DI register contents onto the stack. 

10. At this point, a CALL instruction transfers control to the procedure prologue 
(described in Appendix H). 

NOTE 

The compiler may make temporary use of the DS register in some 
cases (e.g., string built-ins), but always restores it. Care must be 
taken when writing your own interrupt procedure in assembly 
language to note this possibility. 

At the point where the procedure prologue gains control, the stack layout is as 
shown in figure 1-2. 

After the procedure prologue is executed, at the point where the code compiled from 
the procedure body gains control, the stack layout is as shown in figure 1-3. 

The return from the procedure body transfers control back into the interrupt pro­
cedure preface. At this point the procedure epilogue (see Appendix H) has restored 
the stack to the layout of figure 1-2. The interrupt procedure preface continues with 
the following steps: 
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Figure 1-2. Stack Layout After Interrupt Procedure 
Preface and Before Procedure Prologue 
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Figure 1-3. Stack Layout During Execution 
of Interrupt Procedure Body 
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II. Pop the stack into the OI register. 

12. Pop the stack into the SI register. 

13. Pop the stack into the BX register. 

14. Pop the stack into the OX register. 

IS. Pop the stack into the CX register. 

16. Pop the stack into the AX register. 

17. Pop the stack into the OS register. 

18. Pop the stack into the ES register. 

19. Execute an IRET instruction to return from the interrupt procedure. This 
restores the IP, CS, and flag register contents from the stack. 

At this point the stack has been restored to the state it was in before the interrupt 
occurred, and processing continues normally. 

1.4 Writing Interrupt Vectors Separately 

In some cases it may be desirable to write the interrupt vector separately (in 
PL/M-86 or assembly language). This can be done by using NOINTVECTOR to 
prevent generation of an interrupt vector by the compiler. The separately created 
interrupt vector can then be linked into the program. 

Creation of a separate explicit interrupt vector requires some care. The @ operator 
in PL/M-86 provides access to a procedure's normal (Le., called) entry point, not to 
its interrupt entry point. The interrupt entry point first saves the status of the inter­
rupted program before invoking the interrupt procedure through its normal entry 
point. The exact length of these operations depends on the compilation options 
chosen, the attributes of the interrupt procedure, and the version of the compiler 
being used. The built-in function INTERRUPT$PTR can be used during execution 
to return the actual interrupt entry point. Discussion of this function appears in 
Chapter 11. 

The usefulness of a separately created interrupt vector can be seen by considering an 
example. 

Suppose that two modules for a multimodule program are developed separately. 
Both use interrupt procedures, but at the time when the modules are written the 
assignment of interrupt numbers to the various interrupt procedures has not been 
determined. 

The two modules are therefore compiled with the NOINTVECTOR control. When 
this is done, the n in an INTERRUPT n attribute is ignored-since normally it 
would only be used to put the procedure's entry in the proper location within the 
interrupt vector. 

Later, when the program is linked together, a separately created interrupt vector can 
be linked in. Within this interrupt vector, the placement of the entry for a given 
interrupt procedure determines which interrupt number will activate that procedure. 

Similarly, you could have a library of interrupt procedures, all compiled with 
NOINTVECTOR. Any program could then have any of these procedures linked in, 
with a separately created interrupt vector. 

The built-in procedure SET$INTERRUPT can be used during execution to create 
the correct interrupt vector for each interrupt routine. This procedure is discussed in 
Chapter 11. 



APPENDIX J 
COMPILER INVOCATION AND ADDITIONAL 

INFORMATION FOR SERIES III USERS 

This appendix contains information that is specific to the Intellec Series III 
Microcomputer Development System. It covers the following areas: 

• Compiler invocation and file usage 

• Examples of system-dependent floating-point library linkage 

• Examples of system-dependent compiler controls 

• Related publications 

J.1 Compiler Invocation 

The compiler is supplied on a diskette that does not contain an operating system or 
relocation software. It may be desirable to copy the compiler to another disk (such 
as a system disk). The Compiler consists of a single file: PLM86.86. 

The following example illustrates the normal sequence of operations used to compile 
a PL/M-86 program from system bootstrap to the end of compilation. The steps 
involved are as follows: 

1. Power up the Intellec hardware. 

2. Insert a system disk into drive O. In this example, the system disk contains the 
compiler. 

3. Insert a non system disk into drive 1. In this example, this disk contains a 
PL/M-86 source file to be compiled. 

4. Bootstrap the Operating System (full instructions appear in the Series III 
Console Operating Instructions). 

5. Compile the program with the PL/M-86 Compiler. After compilation, the 
program may be linked and relocated. 

The PL/M-86 Compiler is invoked from the system console using the standard com­
mand format described in the Series III Console Operating Instructions. Continua­
tion lines can be specified by using the ampersand (&) as a continuation character. 
The ampersand can be used any place there is a space or other delimiter . 

. The invocation command has the general form: 

RUN directory-name P L M 8 6 source-file [control] 

where 

directory-name identifies which device contains the compiler disk. In the Series III 
operating environment, this takes the form :Fn:, where n is the disk drive number. 
Directory-name may be omitted if the compiler is in Drive O. 

source-file is the name of the file containing the PL/M-86 source module. 

controls is an optional sequence of compiler controls. (See Chapter 15.) 

In the interactive sequence shown in figure 1-1, comments appearing to the right of 
semicolons are for clarification, not material entered by the user. This example 
shows how to compile a complete program that does not require more than 64K 
bytes of storage for the code or more than 64K bytes for data. 

J-l 
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ISIS-II V4. 1 ; the system identifies itself 

-RUN PLM86 :Fl:MIPROG.SRC ; the compiler is invoked 

SERIES-III PL/M-86 COMPILER V2.0 
PL/M-86 COMPILATION COMPLETE. 0 WARNINGS. 0 ERRORS 

; the program may now be linked and relocated 

Figure J -1. Interactive Compilation Sequence 

In the normal usage of the PL/M-86 Compiler the compilation listing is written by 
default to a disk file on the same disk as the source file. This file has the same name 
as a source file, but has the extension LST. Thus, in the example above, the listing is 
found in :Fl:MYPROG.LST. Similarly, the object code file is on the same disk and 
has the same file name, but has the extension OBJ. In the example 
:Fl :MYPROG.OBJ contains the object code produced by compiling 
:Fl:MYPROG.SRC. 

Examples 

1. RUN PLM86 : F1 : PROG1. SRC 

In this example, the operating system and the compiler are in drive O. The com­
piler is directed to compile the source module on :Fl:PROG1.SRC. This file 
resides on the disk in drive 1 and has the name PROG I.SRC. 

2. RUN :F1:PLM86 :F1:MVPROG.SRC PRINT(:LP:)TITLE('TEST PROGRAM 4') 

In this example, the compiler disk is in drive 1 and the operating system is in 
drive O. The compiler is directed to compile the source module on 
:Fl :MYPROG .SRC, directing all printed output to :LP:, and placing 'TEST 
PROGRAM 4' in the header on each page of the listing. 

J.2 File Usage 

Input Files 

The compiler reads the PL/M-86 source from the source-file specified on the com­
mand line (see previous section) and also from any files specified with INCLUDE 
controls (as described Chapter 15). These files must be standard Series III disk files. 
The source input should contain a PL/M-86 source module. 

Output Files 

Two output files are produced during each compilation unless specific controls are 
used to suppress them. These are the listing and object code files. Each of these may 
be explicitly directed to some standard Series III pathname (device or file) by using 
the PRINT and OBJECT controls respectively. If the user does not control these 
outputs explicitly, the compiler writes them to disk files on the disk containing the 
input file. These files have the same file name as the input file, but have the exten­
s'ions LST for the listing and OBJ for the object code. For example, if the compiler is 
invoked by: 

RUN PLM86 :F1:MVPROG.SRC 
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the listing and all other printed output is written to :FI :MYPROG .LST and the 
object code to :Fl:MYPROG.OBJ. If these files already exist they are overwritten. 
If they do not exist the compiler creates them. 

The object code file may be used as input to the ISIS-II relocation and linkage 
facilitie-s. (See theiAPX 86,88 Family Utilities User's Guide.) 

Compiler Work Files 

The compiler uses work files during its operation which are deleted at the comple­
tion of compilation. All of these files are on the device :WORK: unless the 
WORKFILES control is used to specify another device. 

All of the work files have names with the extension TMP. Therefore, you should 
avoid naming files with the extension TMP on any device used by the compiler for 
work files, as there is a possibility that they will be destroyed by the operation of the 
compiler. 

J.3 Linking to Floating-Point Libraries with 
the Series III 

Suppose you write a PL/M-86 program called EASY that, at first, uses no REAL 
math at all. No interface library is needed. As modules are added during the 
development process, you supply a PL/M-86 REAL math routine called ACURAT, 
and you revise EASY to call it. 

If you have no 8087 chip installed in your system, the correct linking statement for 
the above conditions would be: 

LINKS6 ACURAT.OBJ, EASY.OBJ, ESOS7.LIB, PESOS7 

However, if ACURAT were written in some other language such as FORTRAN86 
or ASM86, the following command should be used instead: 

LINKS6 ACURAT.OBJ, EASY.OBJ, ESOS7.LIB, ESOS7 

If you DO have an actual 8087 chip installed in your system, then the two examples 
above should become: 

LINKS6 ACURAT.OBJ, EASY.OBJ, SOS7.LIB 

More detailed and advanced discussions of the features and functions of the iAPX 
86 utilities appear in the manual titled iAPX 86, 88 Family Utilities User's Guide. 

,J.4 Series III-Specific Compiler Controls 

This appendix includes a fold-out page for the system-specific examples of several 
compiler controls. This page is designed to be opened out and used in conjunction 
with the corresponding text in Chapter 15. 

J-3 
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J.5 Related Publications 

Below is a list of other Intel publications you might need along with this manual. 
The manual order number for each publication is given immediately following the 
title. The paragraph below each title describes the book. 

Intellec Series III Product Overview, 121575 

A summary description of the set of manuals that describe the Intellec Series III 
development system and its supporting hardware and software. This short manual 
includes a description of each manual related to the Series III, plus a glossary of 
terms used in the manuals. 

Intellec Series III Console Operating Instructions, 121609 
Intellec Series III Pocket Reference, 121610 

Instructions for using the console features of the Series III, including the resident 
monitor. The Console Operating Instructions provides complete instructions, and 
the Pocket Reference gives a summary of this information. 

Intellec Series III Programmer Reference Manual, 121618 

Instructions for calling system routines from user programs for both microprocessor 
environments (8080/8085 and 8086) in the Series III. 

ISIS-II CREDIT (CR T-Based Text Editor) User's Guide, 9800902 
ISIS-II CREDIT (CR T-Based Text Editor) Pocket Reference, 9800903 

Instructions for using CREDIT, the CRT-basedtext editor supplied with the Series 
III. The User's Guide provides complete operating instructions, and the Pocket 
Reference summarizes this information for quick reference. 

iAPX 86,88 Family Utilities User's Guide, 121616 

Instructions for using the utility programs LINK86, LIB86, LOC86, CREF86, and 
OH86 in iAPX 86-based environments to prepare compiled or assembled programs 
for execution. 

8086/8087/8088 Macro Assembly Language Reference Manualfor 8086-Based 
Development Systems, 121627 

8086/8087/8088 Macro Assembler Operating Instructions for 8086-8ased 
Development Systems, 121628 

8086/8087/8088 Macro Assembly Language Pocket Reference, 121674 

Instructions for using the 8086/8087/8088 macro assembly language and its 
assembler in iAPX 86-based environments. The Language Reference Manual gives a 
complete description of the assembly language the Operating Instructions gives 
complete instructions for operating the assembler and the Pocket Reference pro­
vides summary information for quick reference. You need these publications if you 
are coding some of your routines in assembly language. 

ICE-86 Ill-Circuit Emulator Operating Instructions for ISIS-II Users, 9800714 
ICE-86 Pocket Reference, 9800838 
ICE-88 In-Circuit Emulator Operating Instructions for ISIS-II Users, 9800949 
ICE-88 Pocket Reference, 9800950 

Instructions for using the ICE-86 and ICE-88 In-Circuit Emulators for hardware 
and software development. The Operating Instructions manuals give complete user 
descriptions of the In-Circuit Emulators, and the Pocket Reference guides provide 
summary information for quick reference. You need the corresponding publications 
if you are using the ICE-86 or ICE-88 emulator. 
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Control 

WORKFILES 

OBJECT 

PRINT 

INCLUDE 

Examples 

WORKFILES(:FO:,: F1:) 

WORKF I LES (: FO: ,: FO:) 

OBJECT(: F1 :OTHER .OBJ) 

PRINT(:LP:) 

INCLUDE(:F1:SYSLIB.SRC) 
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8087.LIB, 13-14 
ABS, 11-3, 11-6 
actual parameters, 10-2 thru 10-5 
addition, 4-1, 5-1, S-3 
addresses 

physical, 9-S 
relative, IS-14 
relocation, 1-9 
unique, I-S, 3-3 

affine, see infinity 
ambiguity 

in embedded assignments, 5-14 
in location references, 6-S 
of address/location, 9-4 

AND, 5-S, 5-6, S-8, 7-8, 15-25 
apostrophe, 2-2, 2-5 
arithmetic, 1-8,4-1,4-2 

floating-point, 4-2, Chapter 13 
modulo, 5-4, 7-6 
operators, 5-3, 5-4, 5-6 
signed,4-1 
summary of rules, 5-9 thru 5-12 
unsigned, 4-1 

array, 3-2, 6-1 thru 6-S 
contiguity, 4-6, 6-1 
declaration, 3-3,6-1,6-3 
elements, 1-7, 6-1, 11-2 
initialization, 3-4 thru 3-6 
number of bytes, 11-2 
number of elements, 6-1, 11-1 
reference, 4-3 
structures, 6-3,6-4,8-1 thru 8-3 
subscripts, 6-1,6-2 
usage, 1-7 

ascending 
order in string moves, 11-11, 11-12 

ASCII, 2-1, 2-6, 3-S, 5-2, 7-10, IS-19, Appendix F 
assembly language linkage, Appendix H 
assignment 

embedded, 3-1, S-9, 5-14 
floating-point, 13-1, 13-6 
statement, 1-3,1-6,3-4,5-12 thru 5-14,6-2,7-7 

asterisk, 2-1, 2-S, 3-6, 5-3 
@ operator, 2-1, 3-5,4-2 thru 4-6,10-3,11-14,11-15,15-21 
AT, 3-1, 3-4, 3-7,4-2,4-7 thru 4-9, 9-S, IS-8, IS-9 
attributes, 3-1, 3-4,6-2 

affecting section, 15-22 
initialization, 3-1, 3-4 thru 3-7 
linkage, 3-1, 9-4 thru 9-7, 10-7, 10-8 
location, 3-1 

BASED, 4-S, 4-6, 10-2, 10-7 
based, 3-4, 4-2, 4-4 thru 4-6, 6-2, 9-5, 10-2, 10-3, 10-7, 

15-8, IS-14 
binary 

number, see constant 
point, 13-2 
scientific notation, 13-2 

blank, 2-1,2-3, 7-3 

INDEX I 

block, 1-3, 1-4, 1-7, 3-4 
kinds, 1-3 
levels, 1-4, I-S 
names 1-4 
nesting, 1-4, 1-5,9-1 thru 9-5 
structure, 1-3, Chapter 9 

BNF, Appendix A 
BOOLEAN expressions 

see logical, short-circuit 
BUILD$PTR,11-16 
built-in 

functions, 11-1 thru 11-8,11-10,11-11, 11-14thru 11-16 
procedures, 1-8, 11-3,11-9 thru 11-13,11-15 

REAL, 13-8 thru 13-10 
variables, 1-8,11-8, 11-9, 11-14 

By, see DO, iterative 
BYTE, 3-1,4-1, S-1 thru S-13 

CALL, 5-12, 7-2, 7-12, 10-1, 10-4 thru 10-6, 10-9 
calling sequence, Appendix H 
carriage return, 2-1, 2-5 
CARRY, 12-1,12-2 
CASE, see DO 
CAUSE$INTERRUPT, 7-11,10-10 
character 

set, 2-1 
strings, see string 

CMPB,11-1O 
CMPW, 11-10 
CODE control, 15-16, IS-17, 15-21, Appendix H 
code 

section, 15-15, 15-16, IS-22, Chapter 17, Appendix G 
space efficiency, 15-9 

colon, 2-1, 2-2 
comma, 2-1, 3-4, 3-9,10-4 
comment, 2-1,2-3, 2-S 
communicating values, 1-5 

see also parameters 
COMPACT control, 15-15, 17-4, 17-S 

restrictions, 17-5 
compilation 

constant, 3-1, 3-7, 3-8 
steps, IS-1 
summary, 15-22, 15-23 

compiler controls, Chapter 15 
compiler files, Appendix J 

input, Appendix J 
output, Appendix J 
work, IS-3, Appendix J 

compiler invocation, Appendix J 
complement 

ones, S-S 
twos, 4-1 

compound 
delimiter, 2-3 
operands, S-2, S-3, S-7 

COND control, IS-24, IS-27 
conditional 

execution 7-7 thru 7-10 
compilation, 15-24 thru 15-28 
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constant, 2-3, 3-1,3-4 thru 3-8 
character. 2-5 
compilation, 3-1 
execution, 3-1 
expression, 3-5,5-10 thru 5-12, 7-3 
list, 4-4 
numeric, 5-1 

binary, 2-3, 2-4 
decimal, 2-3, 2-4 
floating-point, 2-4 
hexadecimal, 2-3, 2-4 
octal, 2-3, 2-4 
real,2-4 

string, 2-5 
whole-number, 2-3 

type, 2-4 
constant section, 15-22, 17-2 thru 17-7 
constraints, Appendix B 
context, signed or unsigned, 5-1, 5-10 thru 5-13 
contiguity, 3-2, 4-4, 4-6, 6-1, 10-2 
control line, 15-1 
controls, Chapter 15 

list, 15-2, 15-3 
conversion 

explicit, 11-2 thru 11-6 
implicit, 5-12,5-13, 10-5 

count, 11-7 thru 11-13, 12-2 
counter, 7-1 
cross-reference listing, 15-21, 15-22 
CS register, 17-1 thru 17-7 

DATA, 3-1,3-4 thru 3-7,9-5, 17-2 
data section, 15-15, 15-16, 15-22, Chapter 17, AppendixG 
DEBUG control, 15-14 
DEC, 12-2 
decimal adjust, 12-2 
decimal point, 2-1, 2-4, 5-1 
DECLARE, 1-3,3-1 

combining, 3-9 
elements, 3-10 

declarations, 1-3, 3-1 thru 3-10 
elements, 3-10 
factored, 3-3 
local,9-3 
mUltiple, 1-3,3-1,9-3 
outer level, 1-4 
placement, 1-4 
procedure, 3-10 
variable, 3-2 

results, 3-4 
default 

control word setting, 13-8 
recovery, 13-6 thru 13-8, 13-14 

defining 
declaration, 9-5, 10-7, 10-8 

delay, 11-13 
delimiters, 2-3, 2-5 
denormal, 13-5, 13-7, 13-8 
descending 

order in string moves, 11-10, 11-11 
destination 

location in string moves, 11-9 
dimension specifier, 6-1, 10-2, 10-7 

implict, 3-6 
DISABLE, 10,-8, 10-9 
division, 4-1,5-1,5-3,5-4 
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DO 
as unit, 7-2, 7-4, 7-8 
block, 1-3 thru 1-5, 7-4, 7-8 

CASE, 1-8,7-1,7-3,7-4 
iterative, 1-7,7-1, 7-5 thru 7-7 
simple, 1-7, 7-1 thru 7-3 
WHILE, 1-7,7-1,7-4,7-5 

exit, 7-2 
labeled,7-3 
loop, 7-1 
nested, 7-3, 9-1 thru 9-4 
statement, 1-7 

dollar sign, 2-2, 15-1 
dot operator, 2-1, 3-5, 4-4, 4-7, Appendix E 
DOUBLE, 11-4 
OS register, 17-1 thru 17-7 
DWORD, 3-2,4-1,5-1,5-3,5-10 thru 5-13 

E8087, 13-14 
E8087.LIB, 13-14 
EJECT control, 15-18, 15-20 
element 

in declarations, 3-1, 3-9, 10-2 
in initializations, 3-4 
in string moves, 11-9 
of expression, 1-8 

elimination of 
common subexpressions, 15-5 
superfluous branches, 15-6 

ELSE part, 1-6, 7-9 
see IF statement or control 

embedded assignment, 5-9,5-14 
possible ambiguity, 5-14 

emulation, 13-1, 13-10 thru 13-14 
ENABLE,IO-1O 
END, 1-4, 1-7,3-10,7-1,10-1,10-5 
entry point, 4-3, 10-5, 10-9, Appendix H, Appendix I 
equal sign, 1-6,2-1,2-2, 15-21 
error handling, 13-10 
errors, 2-1,3-4,6-4,9-5, 13-1, 15-23, Chapter 18 

REAL, handling, 13-10 
evaluation order, 5-6, 5-9 

. exception conditions for REALs, 13-5 thru 13-8 
exception handling procedure, 13-10 thm 13-13 
executable statement, 1-3 thru 1-8, 2-1, 2-8, 7-2, 10-1 
execution 

constant names, 3-1 
faster, 15-9 
suspending, 10-10 

exclusive extent, 9-1 thru 9-3 
explicit 

label declaration, 3-8 
type conversion, 11-2 thru 11-6 

exponent of REAL number, B-1, B-2, 13-7 
EXPORTS list, Appendix G 
expression, 1-6 thru 1-8, 3-3, 5-1 thru 5-14, 10-4 

analysis, 5-6 thru 5-9 
constant, 5-10 thru 5-12 
evaluation order, 5-9 
floating-point, Chapter 13 
REAL, Chapter 13 
restricted, 3-5 
subscript, 6-2 
summary of rules, 5-9 thru 5-12 

extended scope, 9-4, 9-5,10-7,10-8 
extent, inclusive or exclusive, 9-1 thru 9-3 
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EXTERNAL, 3-1, 3-6, 3-7, 3-10, 7-11, 9-4 thru 9-7, 10-7, 
lO-8, 15-16 

factored declaration, 2-9, 3-3 
false, 4-1,5-5,5-6, 7-4, 7-7 
far references to procedures, Appendix G 
fatal errors, 18-14 
fields of a REAL number, 13-1 
file usage, Appendix J 
FINDB, 11-11 
FINDRB, 11-11 
FINDRW,I1-11 
FINDW, li-ll 
FIX, 11-3 thru 11-5 
FLOAT, 11-3, 11-4 
floating-point linkage, 13-13 

-floating-point number, 3-4, 4-2, Chapter 13 
format in memory, 13-1 

flow control statements, 7-1 thru 7-12 
folding of constant expressions, IS-S 
formal parameters, 10-2 thru 10-7 
fraction of REAL number, 13-1 
function, 10-4 

REAL, 13-1, 13-3, 13-6, 13-10 
references, 5-2, 5-9, 5-12, 10-1 thru 10-5, 15-S 
see also built-in 

general controls, 15-1 
GET$REAL$ERROR, 13-9 thru 13-13 
GOTO, 3-9, 7-2, 7-11, 9-6 thru 9-9, IO-S, 10-9 
gradual underflow, 13-3, 13-5, 13-7, 13-8 
grammar of PL/M-86, Appendix A 
greater than, see relational 

HALT, 7-11,10-8 
hardware 

features, 12-1, 12-2 
flags, 12-1, 12-2 

HIGH, 11-3, 11-4 
high-level languages, -1-1, 1-2 
HLT,7-11 

lABS, 11-3, 11-6 
identifier, 1-3, 1-5, 1-6,3-2,6-1,6-2 

definition, 2-2 
examples, 2-2 
listing, 15-21, 15-22 
predeclared, Appendix D 

IEEE math standard, 13-1 
IF control, 15-25 
IF statement, 1-6,5-5, S-l1, 7-3, 7-7, 7-8 

enclosing DO blocks, 7-8 thru 7-10 
nested, 7-8 thru 7-lO 

implicit 
dimension specifier, 3-6 
label declaration, 3-9 
type conversion, 5-12, 5-13, 10-5 

INCLUDE control, 15-2, 15-21, 15-23, Appendix J 
inclusive extent, 9-1 thrn 9-3 
index 

in string moves, 11-9 thrn 11-12 
variable, 6-2, 7-6 
see also DO, iterative 

infinity control, 13-4, 13-5, 13-7, 13-8 

INIT$REAL$MATH$UNIT, 13-1, 13-8 
IN ITIAL, 3-1, 3-4 thru 3-7, 4-2, 9-5, IS-16 
initializations, 3-4 thru 3-7 

multiple, 3-4 
of REAL math facility, 13-1, 13-8, 13-10 
string constant, 2-S 

INPUT, 1-8, 11-9 
inner level, 7-11 

see outer 
input! output, 1-8, 11-8, 11-9 

ports, 1-8 
insertion sort example, 8-1 thru 8-3, 16-1 thru 16-3 
INT, 11-3, l1-S 
INTEGER, 3-2,4-1,4-2,5-1 thru 5-4, 15-4 

least significant bits, 3-2 
interface libraries, 13-13, 13-14, Chapter 14 
interface list, Appendix G 
intermediate results, 13-3 thru 13-6 
internal REAL format, 13-1, 13-4 
INTERRUPT attribute, 10-7 thru 10-9 
INTERRUPT$PTR,11-15 
interrupt 

attribute, 10-7 
enabled or disabled, 10-8, 10-9, 13-4, 13-10, 

Appendix I 
entry point, 11-5, Appendix I 
emulator usage, 13-1S 
masking, 13-10, 13-14 
mechanism, 10-9, Appendix I 
Preface, Appendix I 
procedures, 10-8 thru 10-10, 11-15, Appendix) 
REAL, 13-4 thru 13-18 
related procedures, 11-15 
signal, 10-8, 10-9 
software, 11-1S 
vectors, 10-9, 15-4, Appendix I 

interrupt request, 13-4 
INTVECTOR control, 15-4 
invalid operation, 13-5, 13-6, 13-8, 13-9 
invocation 

line, Appendix J 
of procedure, 1-3, 1-4 

IN WORD, 1-8, 11-8 

LABEL, 3-1, 3-8 
label, 3-8, 7-2 

as target of GOTO, 7-11 
declaration, 3-8, 3-9,9-1 

results, 3-9 
definition, 3-1, 3-8, 3-9, 10-2 
generated, 15-21 
scope, 9-6 thru 9-9 

LARGE, 15-16,17-1,17-7, 17,..8 
restrictions, 17-7, 17-8 

LAST, 1-1,6-5,11-2 
LEFTMARGIN, IS-I, IS-3, 15-24 
left-to-right, 5-6 thru S-9 
LENGTH, 6-S, 11-1 
length 

in string moves, 11-9 
less than, see relational 
letters 

upper and-lower case, 2-1 
level 

block, 9-1 thru 9-4 

Index 
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module, 3-7 
outer, 1-4 

libraries of floating-point functions, 13-13, 13-14 
line-feed, 2-1, 2-S 
LINK86, 1-9,3-10, 15-9 
linkage, 3-1 

assembly language, Appendix H 
floating point, 13-13, 13-14 

list 
as array, 1-7,3-2,6-1 
as structure, 3-2, 6-2 thru 6-5 
of controls on line, IS-1 
of initialization values, 3-4 thru 3-7 

restriction, 3-6, 3-7 
of parameters, 10-2 thru 10-10 
of scalars, 3-2, 6-1 

LIST control, 15-17, IS-24 
listing format controls, IS-19 thru IS-23 
listing, sample, IS-20, 15-21 
listing selection and content controls, IS-19 thru IS-23 
LITERALL Y, 3-1, 3-2, 3-7, 3-8,4-7 
loading, 3-4 
LOC86, 1-1, 1-9, IS-9 
local meaning, I-S, 11-1, IS-14 
local_save_area, 13-12, 13-13 
location 

address, 3-3 
attribute, 3-1 
contents, 1-3 
references, 2-5, 3-5,4-2 thru 4-7, 6-S, 11-1 
in string moves, 11-9 

lock, 11-14, II-IS 
LOCKSET, 11-14 
logical 

operation, 4-1 
operator, 4-1, S-5 thru S-9, IS-25 

long calls to procedures, Appendix G 
loop optimization, 15-7 
LOW,!11-3,11-4 

machine code optimization, 4-9, 15-6 
main 

module, 1-5,9-6,9-9 
program, 1-5, 15-7 

manual organization, Preface v 
masked error, 13-4, 13-6 thru 13-8 
matrix as structure, 6-4 
MEDIUM, 15-15, 17-1, 17-5, 17-6 

restrictions, 17-6 
member 

reference. 6-4, 6-5,10-2 
structure, 6-2 thru 6-5 

MEMORY, 1-1,11-2,11-13 
memory 

concepts, 17-1 
free, 11-13 
mapped lIO, 4-9 
shared, 11-14 

memory section, 15-15, 15-16, Chapter 17 
MINUS, 12-1 
minus sign, 5-3, 5-4, S-6 
MOD, 1-8,5-3, S-4, 5-6 
models of segmentation, Chapter 17, Appendix G 
modular programming, 7-1 

advantages, 9-1, 10-1 
use of procedures, 10-1 
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module, 9-1 thru 9-9 
as block, 1-3 
level,3-7 
main, 1-4 
object, 15-14 

modulo arithmetic in DOs, 7-6 
MOVB, 11-9, 11-10 
MOVE, 11-12, 11-13 
MOVRB, 11-10 
MOVRW, 11-10 
M 0 V W, 1 1-9, 11-10 
multiple 

assignment, 5-14 
declarations, 1-5,3-1,9-3 
initializations, 3-4 

multiprocessor 
lock, 11-14, 11-15 

multi-tasking, 13-9, 13-10 

name, 1-4, 1-7, 1-8, 3-2 
on a DO, 1-7 
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of procedure, 1-8,3-10,10-1,10-2,10-5 
recognized in blocks, 9-1 thru 9-9 

NAN, 13-7, 13-8 
negative values, 4-1 
nesting 

of blocks, 1-3 thru 1-5, 7-3, 9-1 thru 9-4, IS-21 
of procedures, 10-6, 10-10 

NOCODE control, 15-17 
NOCOND control, 15-27, 15-28 
NODEBUG control, 15-14 
NOINTVECTOR control, 15-4 
NOLIST control, 15-17 
NOOBJECT control, 15-f4 
NOOVERFLOW control, 15-4 
NOPAGING control, 15-18 
NOPRINT control, 15-17, 15-18 
NOSYMBOLS control, 15-18 
NOT, 5-5, 15-25 
notation, Preface vi, vii 
NOTYPE control, 15-14 
NOXREF control, 15-18 

object 
code, 15-14 
file controls, 15-4 thru 15-16 
module, 15-14 

OBJECT control, 15-14, Appendix J 
object module sections, 17-1 
offset, 17-1 

of REAL exponent, 13-1 
OFFSET$OF, 11-16 
ones complement, 5-5 
operand, 1-8,5-1 thru 5-14 
operator, 1-8,5-1,5-6 

precedence, 5-6 
optimization 

and hardware flags, 12-1 
OPTIMIZE controls, 15-5 thru 15-13 
optimizing 

indeterminate storage operations, 15-9 
machine code, 4-9, 15-6 
pointer comparisons, 15-9 

OR, 5-5, 15-25 
order 

of multiple assignments, 5-14 
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of operand evaluation, 5-6, 5-9, 5-14 
of parameter evaluation, 10-3 

outer level, 1-4,3-4,4-3, 7-11,9-1 thru 9-9 
out-of-range 

case number, 7-3 
OUTPUT, 1-8, 11-8, 11-9 
OUTWORD, 1-8, 11-8, 11-9 
OVERFLOW control, 15-4 
overflow, 13-3, 13-5, 13-7, 13-8 

PAGELENGTH control, 15-19 
PAGEWIDTH control, 15-19 
PAGING control, 15-18 
parameters, 

control, 15-1 
parentheses, 1-4, 1-5,2-2,3-2 thru 3-7, 5-2, 5-6, 5-14,10-2, 

10-4, 15-25 
PARITY, 12-1, 12-2 
pathname, 15-14, 15-17,15-23 
pattern, 11-7 thru 11-9, 12-2 
PE8087, 13-14 
PL/M-80, Appendix E 
PL/M-86 

compiler, Appendix J 
and PL/M-80, Appendix E 
sample program, 1-9, 1-10 
statements, 1-3 

PLM87.LIB, 4-1, Chapter 14 
PLUS, 12-1 
plus sign, 2-3, 2-5,4-6,5-3 thru 5-6 
POINTER, 3-2, 3-5,4-2, 5-13 
pointer, 3-4,4-4 

comparisons, 15-9 
POINTER and SELECTOR related functions, 11-16 
precedence, 5-6 thru 5-9 
precision, 13-5, 13-8, 13-9 
predeClared identifiers, Appendix D 
primary 

controls, 15-1 
operands, 5-3 

PRINT control, 15-17, 15-18 
PROCEDURE, 3-10, 10-1, 10-2 
procedure, 1-3, 1-4, 1-8 

activation, 1-3, 7-11, 7-12 
lock, 9-1 thru 9-7 
body, 10-1, 10-6, 10-7 
declaration, 1-3,3-1,3-2 
definition block, 1-3,3-10 
epilogue, Appendix H 
handling REAL interrupts, 13-10 thru 13-13 
invoking, 1-3, 1-8, 7-12 
in location references, 4-3 
name, 3-10 
parameters, 3-10, 3-11, 5-2 
prologue, Appendix H 
reentrant, 9-1, 10-10 
termination, 1-4, 10-5 
typed, 5-2, 10-4, Appendix H 
untyped, 7-12, 10-4 
value, 1-3,3-3,5-2 

program, 1-3 thru 1-5,9-1 
control, 10-1 
documentation, 2-6 
example, 1-9, 1-10,8-1 thru 8-3, 16-1 thru 16-3 
main, 1-3 
size controls, 3-3, 15-15, 15-16, Chapter 17, Appendix G 

program constraints, Appendix B 
program development process, 1-9 
projective, see infinity 
prologue, 10-9, Appendix H 
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PUBLIC, 3-1, 3-6 thru 3-8, 7-11, 9-4 thru 9-7, 10-7, 10-8 

qualified references, 5-1, 5-2 
quote, see apostrophe 

RAM control, 15-16 
REAL, 2-4, 3-1, 3-2, 3-5,4-1,4-2,5-1,5-3,5-4,5-7 thru 

5-13, Chapter 13 
REAL error 

byte, 13-3, 13-4, 13-7 thru 13-9 
categories, 13-4 

REAL exceptions, 13-5 thru 13-8, 13-11 thru 13-14 
REAL math facility, 13-1,13-3, 13-4 
REAL mode word, 13-4, 13-5 

initial value, 13-4 
suggested value, 13-6, 13-9 

REAL-parameter passing, 13-3 
recursion, 10-10 
REENTRANT, 3-10, 10-10, 17-2 
reentrant procedure, 9-1,10-1,10-10,10-11 
references 

to arrays and structures, 6-4, 6-5, 10-3, 11-1, 11-2 
external, see scope 
location, 2-5, 3-5, 4-2 thru 4-6,6-5, 11-1 
qualified 

fully, 5-1,5-2,5-12,6-4, 11-1 
partially, 6-4, 6-5, 11-1 thru 11-3 

unqualified, 6-4, 6-5 
related publications, Appendix J 
relational 

operation, 4-1,5-8,5-9 
operator, 4-2, 5-4 thru 5-9, 15-25 

removal of unreachable code, 15-6 thru 15-8 
representation of REAL values, 13-1, 13-2 
reserved words, 2-3, Appendix C 
RESET control, 15-26, 15-27 
RESTORE control, 15-24 
RESTORE$REAL$STATUS, 13-6, 13-9, 13-10, 13-13 
restoring REAL status, 13-9, 13-10 
restricted expression, 3-4, 3-5 
RETURN, 5-12, 7-12, 10-5, 10-6 
return address, Appendix H 
reuse of duplicate code, 15-6, 15-7 

restriction, 15-7 
reversal of branch condition, 15-6, 15-8 
ROL,11-7 
ROM control, 15-16, 17-2 thru 17-7 
ROR,11-7 
rotation functions, 11-7, 11-8, 12-2 
rounding, 13-3 thru 13-5, 13-8; 13-9 
RUN, Appendix J 
run-time, 4-3, 4-4, 5-1, 7-3, 10-3, Appendix H, Appendix 1 

SAL, 11-8 
sample 

listing, 15-20, 15-21 
programs, 1-9, 1-10,8-1 thru 8-3, 16-1 thru 16-3 

SAR, 11-8 
SAVE control, 15-24 
saving REAL status, 13-9, 13-10 
SAVE$REAL$STATUS, 13-1,13-6, 13-9thru 13-13 
scalar, 3-2 thru 3-5, 5-2, 5-12,6-4 
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SCL,12-2 
scope, 9-1 thru 9-9, 11-1 

extended, 9-4 thru 9-7, 10-7, 10-8 
of labels, 3-8 
of procedure name, 10-1, 10-2 
of variables, 1-4, 1-5 

SCR,12-2 
SDK-86, 13-1 
segment 

address, 17-1 
overlap, 15-8, 15-9 

segmentation 
controls, 15-15, 15-16, Chapter 17 

extensions, Appendix G 
select_expression, see DO CASE 
SELECTOR, 3-2,4-4,5-3,5-10,5-13 
SELECTOR$OF, 4-4, 11-16 
semicolon, 2-2 
separators, 2-2 
SETB, ll-12 
SET control, 15-26 
SET$INTERRUPT, 11-15 
SET$REAL$MODE, 13-1, 13-9 
SETW, 11-12 
shared memory, 11-14 
shift functions, 11-6 thru 11-8 
SHL,11-7 
short-circuit Boolean evaluation, 15-5 
SHR,11-7' 
side effects, 5-9, 10-3, 10-4 

see also order 
SIGN, 12-1,12-2 
SIGNED, 11-5 
sign of REAL number, B-1 
SIZE, 6-5, ll-I, 11-2 
size controls, 3-3, 15-15, 15-16, Chapter 17 
SKIPB, 11-11 
SKIPRB, 11-11 
SKIPRW, lJ-ll 
SKIPW,l1-11 
slash, 3-1, 3-6, 5-3, 5-4 
SMALL, 15-15, 17-4, 17-4 

restrictions, 17-3 
soft recovery from REAL underflow, 13-6 

see underflow, denormal 
source 

code; 1-9 
location in string moves, 11-9 
program, 15-14 

source inclusion controls, 15-23, 15-24 
source PL/M -86 errors, 18-1 thru 18-13 
SP,II-14 
space, see blank 
special charactes, 2-1 thru 2-3 
SS, 11-4, 17-1 thru 17-7 
STACKBASE,II-14 
STACKPTR, ll-14 
stack, 3-2, Appendix H 

market offset, Appendix H 
maximum, 15-22 
overflow, 13-1 
pointer, 11-14 
REAL, 13-3, 13-6, 13-11 thru 13-13 
segment 

base address, 11-14 
usage, 10-10, Appendix H, Appendix I 
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stack section, 15-15, 15-16, Chapter 17, Appendix G 
start_expr, 7-1 
statement number, 15-14, 15-21 
step_expr, see DO, iterative 
STI,7-11 
strength reduction, 15-5 
string 

in compilation constant, 3-7, 3-8 
comparison, 11-10 
constant, 2-1, 2-3, 2-5, 3-1, 3-6,4-4, 5-2 
copying, 11-9, 11-10 
definition, 11-9 
index, 11-9 thru 11-12 
manipulation, 11-9 thru 11-12 
order of copy, 11-9, 11-10 
target, 11-11 
translation, 11-12 
type, 2-6 
value, 2-6, 3-5, 5-2 
value assignment, 11-12 

STRUCTURE, 3-1, 3-3, 3-5,6-2 
structure, 3-2,3-5, 3-6,4-6,6-2 thru 6-5 

arrays, 6-2 thru 6-5 
declaration, 6-2 
example, 3-3, 3-5, 4-7 
as matrix, 6-4 
references, 3-11, 4-2, 6-5 
type, 3-5, 6-2 

subexpression, 5-2, 5-6 thru 5-9, 15-5, 15-25 
subroutine, see procedure 
subscript, 3-2, 3-3, 3-10,4-5,4-6,5-11,6-1 thru 6-5, 10-2, 

13-6, 15-9 
subsystems, modular, Appendix G 
SUBTITLE control, 15-19 
subtraction, 4-1, 5-3 
suffix, 2-4 
superfluous 

branches, 15-6 
operations, 15-5 

support library, 4-1, Chapter 14 
symbolic and cross-reference listing, 15-21, 15-22 
symbolic 

debugging, 15-14 
names, see variable, SYMBOLS 

SYMBOLS control, 15-18, 15-22, 17-3 
syntax 

BNF description, Appendix A 

tab, 2-1, 2-5, 7-3 
target 

label in GOTO, 7-11,9-6 thru 9-9 
in string moves, 11-12 

THEN part, 1-6 
see IF statement or control 

TIME,11-13 
TITLE control, 15-19 
token, 2-3 
true, 3-8,4-1, 5-5, 5-6, 7-4, 7-7 
twos complement, 4-1 
type, 1-7,3-1 

of arithmetic, 1-8,4-1, 5-3, 5-4 
conflict, 9-5 
conversion 

explicit, 11-3 thru 11-7 
implicit, 5-8, 5-12 thru 5-14 

of counter in iterative DO, 7-6 
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data, 4-1 thru 4-3 
mixing, 5-8 
procedure, 10-3, 10-4, 10-7, Appendix H 

TYPE control, 15-4 

unary operators, 5-6 
. underflow, 13-3, 13-5, 13-7, 13-8 

underscore, 2-2 
unmasked error, 13-4, 13-6 thru 13-9 
UNSIGN, 11-3, 11-6 
untyped procedure, 7-12, 10-3., 10-4, 10-7 
usage 

declaration, 9-5, 10-7, 10-8 

variable, 1-4, 1-8,3-1 thru 3-3, 4-1 
area size, 15-22 
assignment, 5-12 thru 5-14 
based, 3-4,4-5,4-6 
declaration, 3-2 

results, 3-4 
definition, 3-1 
initialization, 3-1, 3-4 thru 3-7 
names, 1-4, 1-8, 3-1 

negative, 4-1 
REAL, Chapter 13 
references, 1-8, 5-2 
reinitialization, 3-4 
subscripted, 6-1 thm 6-4 
types, 4-1 thru4-6, 5-3 thru 5-5, 5-8, 5-10 thru 5-14 

vector, interrupt, Appendix I 

WAIT state, 13-10 
warnings, 15-23, Chapter 18 
WHILE, see DO 
whole-numbers, 

context, 5-1 
WORD, 1-8,3-1,3-2,4-1,4-4,5-1 thru 5-13 

least significant bits, 3-2 
WORKFILES, 15-3 

XLAT,I1-12 
XOR, 5-5, 15-25 
XREF control, 15-18, 15-22, 17-3 

ZERO, 12-1, 12-2 
zero divide, 13-5, 13-7,13-8 

Index 
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