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C.4.2.3 00-WHILE Statement 

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

C.4.2.4 Iterative 00 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> 

C.4.2.5 END Statement 

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

C.4.2.6 Procedure Statement 

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

C.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> ... ] <basic statement> 

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

C.4.4 DO Blocks 

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

<do-while block> 
<iterative do block> 

C.4.4.1 Simple DO Blocks 

<simple do block>::= <simple do statement>[<declaration> ... ][ <unit> ... )<ending> 
"<ending>:: =[ <label definition> ... )<end statement> 

C.4.4.2 DO-CASE Blocks 

<do-case block>:: = <do-case statement> {<unit> ... } <ending> 

C.4.4.3 00-WHILE Blocks 

<do-while block>::=<do-while statement> [ <unit> ... ) <ending> 

C.4.4.4 Iterative 00 Blocks 

<iterative do block>:: = <iterative do statement> [<unit> ... ]<ending> 
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c.s Expressions 

C.S.1 Primaries 

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

<location reference> 
<subexpression> 

<subexpression>:: = ( <expression> ) 

c.s.t.t Constants 

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

C.S.t.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> 

C.S.t.3 Location References 

<location reference>:: = <constant list> 

{~rV'ri'ble reference> 

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

C.S.2 Operators 

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

<logical operator>:: = AND 
I OR 

NOT 
XOR 

<relational operator>:: = < I > I <= I >= I <> I = 
<arithmetic operator>:: = + I - I PLUS I MINUS I * 1/1 MOD 

C.S.3 Structure of Expressions 

<expression>:: = <logical expression> 
I <embedded assignment> 

PL/M-86 User's Guide 
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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 secondary> 

<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 <> 1= 

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

<adding operator>:: = + 1- I PLUS I MINUS 
<term>:: = <secondary> 

I <term> <multiplying operator> <secondary> 

<multiplying operator>:: = * 1/1 MOD 
<secondary>::=r<unary minus>l<primary> 

L<unary plus> J 

<unary minus>:: = -
<unary plus>:: = + 

NONTERMINALS SECTION 

<actual parameters> ...................................................................... , ......... ................ C.S.1.2 
<adding operator> ......... ..... ...... ....... ........ .... ......... .................... ..... .... ........ ........ ...... C.S.3 
<and operator> ........................................................................................................ C.S.3 
<apostrophe> .......................................................................................................... C.l.l 
<arithmetic expression> ................................................................................. ... ...... C.S.3 
<arithmetic operator> ........................... ,. ..................... ................. ..... ... .......... ......... C.S.2 
<array specifier> ............. .... ........ ......... .... ....... ........... .............. ....... ..... ....... .... .... ..... C.3.2 
<assignment statement> ..... ... ..... ..... .... ....... ...... ... .............. .... .............. ... ................ C.4.l.1 
<base specifier> ...................................................................................................... C.3.2 
<based name> ......................................................................................................... C.3.2 
<basic statement> .............. ...... ................ ... ... ................................ ...... ....... ....... ..... C.4 
<basic type> ........................ ........... ..... ............. .... ....................... ......... ..... .............. C.3.2 
<binary digit> .... ......... ......... .... ......... ....... ..... ... ................................ ..... ........ ....... ..... C.l.S 
<binary number> ..................................................................................................... C.l.S 
<bound expression> ................................................................................................ C.4.2.4 
<by part> ............................................................................................................ , ..... C.4.2.4 
<call statement> ....................... ... ... ...... ....... ...... ... ............................. ........ .............. C.4.l.2 
<character> ..... ........... ..... .... .... ......... .... ...... ..... ................................ ......... ........... ..... C.l.l 
<comment> ........................................... , ............................................................ , ..... C.l.7 
<compilation> .......................................................................................................... C.2 
<compound delimiter> .... ..................... ..... ...... ........... .................. .............. ...... ........ C.l.3 
<conditional clause> ................................................................................................ C.4.3 
<constant list> ............... ...... ... ........ ........... ....... .............................. ...... .......... .... ..... C.S.l.3 
<constant> ............................................ ,. ...................... .................. ........... ....... ....... C.S.l.1 
<data reference> ....................... ... ....... ............ ................................... ...... ............... C.S.l.2 
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<decimal digit> ......................................................................................................... C.1.S 
<decimal number> ................................................................................................... C.1.S 
<declaration> ........................................................................................................... C.3 
<declare element list> ............................................................................................. C.3.l 
<declare element> .... ...... ... ... ........ ..... ... ... .......... ... .... ..... ............ ... ... ... ..... .... .... ........ C.3.l 
<declare statement> ............................................................................................ .... C.3.l 
<delimiter> ............................................................................................................... C.l.3 
<digit string> ............................................................................................ ........ ........ C.l.S 
<disable statement> ... ..... ............. ............ ... ......... ..... ... ..... ........ ........ ........... ... .... .... C.4.l.6 
<do block> ............................................................................................................... C.4.4 
<do-case block> ...................................................................................................... C.4.4.2 
<do-case statement> ............................................................................................... C.4.2.2 
<do-while block> ....... ........... ............ .... .... ....... ... .......... ...... .... ...... ........... ............ .... C.4.4.3 
<do-while statement> ............. ...... .......... ......... ..... ......... ...... ...... .......... ..... .... ....... .... C.4.2.3 
<embedded assignment> ..... ... ........ ........ ..... ...... ................ .......... ...... ...... ............... C.S.3 
<enable statement> ................ ...... ........ .... ....... ..... ......... ...... ...... ......... ............. .... .... C.4.1.6 
<end statement> .... ............... .... ... .... ........... .......... ...... ....... ......... ......... .... ... ......... .... C.4.2.S 
<ending> .......... ............... ........ ...... ........... ..... ........ ......... .... ..... ...... ...... ........... ....... ... C.4.4.1 
<explicit dimension> ............................................................................................ .... C.3.2 
<exponent part> ..... ................ ................. ........... ............ .... .......... ................. .......... C.1.S 
<expression> . ......... ................ ......... ..... ........ ...... ........... ......... ....... ......... ..... ........ .... C.S.3 
<factored element> ... ............. ......... ......... .......... ........... ....... ......... .......... ..... ........... C.3.1 
<factored label element> ......................................................................................... C.3.6 
<factored member> .............. ........... ......... ............ ...... ........ ........ ......... ................ .... C.3.7 
<factored variable element> ............ ............ ......... ...... ........... ........ .............. ............ C.3.S 
<false element> ........................ ....... ............ ......... ......... ....... ... ...... ..... ........ ......... .... C.4.3 
<floating point number> ............. .............. ....... ......... ............ ...... ............................. C.1.S 
<formal parameter list> ... .............................. ....... ..... .......... ............... ..................... C.3.8 
<formal parameter> .................... ...... ........ ..... ....... ..... .... ..... ........... .... ....... ... ............ C.3.8 
<fractional part> ........... ................ ............................................. .... .......................... C.1.S 
<function reference> ................................ ........................................................... .... C.S.1.2 
<goto statement> ... .................................................. ..................... .......................... C.4.l.3 
<halt statement> .......................................................................................... ............ C.4.1.6 
<hexadecimal digit> ..................................................................................... ........ .... C.l.S 
<hexadecimal number> ................ ........................................................................... C.l.S 
<identifier> ................................................ ..................................... ...................... .... C.l.4 
<if condition> .................................................................. .......................................... C.4.3 
<implicit dimension> ................................................................................................ C.3.2 
<index part> ............................................................................................................. C.4.2.4 
<index variable> ...................................................................................................... C.4.2.4 
<initial value> ........................................................................................................... C.3.9.3 
<initialization> .......................................................................................................... C.3.9.3 
<interrupt> ............................................................................................................... C.3.9.2 
<iterative do block> ..................................................................................... ............ C.4.4.4 
<iterative do statement> .......................................................................................... C.4.2.4 
<label definition> ..................................................................................................... C.4 
<label element> ....................................................................................................... C.3.3 
<Ieftpart> ...................... : ......................................................................................... C.4.l.l 
<letter> ..................................................................................................................... C.l.l 
<linkage> ................................................................................................................. C.3.8 
<literal element> ...................................................................................................... C.3.4 
<Iocati<?n reference> ................................................................................................ C.S.l.3 
<locator> .................................................................................................................. C.3.9.1 
<logical expression> ............................................................................................... C.S.3 
<logical factor> ........................................................................................................ C.S.3 
<logical operator> .................................................................................................... C.S.2 
<logical primary> ..................................................................................................... C.S.3 
<logical secondary> ................................................................................................ C.S.3 
<lower case letter> ........................................................................... ........... ............ C.l.1 
<member element> .................................................................................................. C.3.7 
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<member name> ...................................................................................................... C.3.7 
<member specifier> .... ....... ..... ..... ....... .... ... ............. .... .......... ........................ ........... C.S.1.2 
<module name> ....................................................................................................... C.2 
<module> ................................................................................................................. C.2 
<multiplying operator> ...... ....... ... ............. .... ..... ..... ..... ...... ..... .... ....... ... .... ......... ...... C.S.3 
<name> .................................................................................................................... C.S.1.2 
<non-based name> .... ...... .... .... .... ........ ... ... ... ....... ........ ........ ............ ........ .......... ... ... C.3.2 
<non-quote character> .. ... ... .... .... ...... ..... ... ... ..... ..... ..... ........... ... ...... ............. ...... ..... C.1.1 
<not operator> .................................................................... ,. ...... .................. ..... ...... C.S.3 
<null statement> ...................................................................................................... C.4.1.4 
<numeric constant> ................................................................................................. C.1.S 
<octal digit> ... ............. ....... ..... ..... ........ ... ..... ................ .... ....... ...... ........ ... ..... ..... ...... C.1.S 
<octal number> .... ..... ........ ........ ............. ....... ..... ..... ..... ........... ..... ........... ...... ..... ... ... C.1.S 
<operator> .. ......... ..... ........ ............ ....... .............. ..... ..... ........ ......... .................. ... ... ... C.S.2 
<or operator> .... ... ........ ..... ..... ...... ........ ... ... ........ .......... ........... .... .................. ..... ...... C.S.3 
<parameter list> ....................................................................................................... C.4.1.2 
<pl/m text> ... ..... ... ............ .... ........ ..... ... ..... ......... ..... .... ....... ..... ............. ..... .... ........... C.1.7 
<primary> ................................................................................................................. C.S.1 
<procedure attributes> ............................................................................................ C.3.S 
<procedure definition> ............................................................................................ C.3.S 
<procedure name> .................................................................................................. C.3.S 
<procedure statement> . ... ..... ........ ...... ..... .............. ..... ...... ..... ..... .... .......... ... ..... ...... C.3.S 
<procedure type> ...... ....... ...... ..... ...... ..... ............. ... ..... ..... ...... ........... ........ ... ........... C.3.S 
<relational operator> ........ ........ ......... ..... ........ ... .......... ...... ........... ........ ......... .......... C.5.2 
<reserved word> ............. .................................. ...................................................... C.1.4 
<return statement> .................................................................................................. C.4.1.S 
<scoping statement> ............................................................................................... C.4 
<secondary> ............................................................................................................ C.5.3 
<separator> ..................... .... .... .............. .... ........ ........ .... ......... ...... ... ....... ... ... ..... ...... C.1.7 
<simple delimiter> ....................... ...................... ...................................................... C.1.3 
<simple do block> .... ................................................... ............................................ C.4.4.1 
<simple do statement> ..................... ...................... ................................................. C.4.2.1 
<simple variable> ......................................................... " .......................................... C.4.1.2 
<special character> ......... ........................................................................................ C.1.1 
<start expression> ........... ................................. ...................................................... C.4.2.4 
<step expression> ............................ ...................... ........................................... ...... C.4.2.4 
<string body element> ............................................ ........................................... ...... C.1.6 
<string> .................................................................................................................... C.1.6 
<structure type> ...................................................................................................... C.3.7 
<subexpression> ......................... ................................ ............................................ C.S.1 
<subscript> .............................................................................................................. C.5.1.2 
<term> ...................................................................................................................... C.5.3 
<to part> ..... ..... ... ...... .... ...... .......... .......... ........... ..... .... ...... .... ........ ....... .... ..... ..... ...... C.4.2.4 
<token> .................................................................................................................... C.1.2 
<true element> . ... ........ ........ ...... .... ..... .... .................... ...... ....... ...... .......... .... .... ... ...... C.4.3 
<true unit> ................................................................................................................ C.4.3 
<typed return> .............................................................................................. ........... C.4.1.S 
<unary minus> .................. ....................................................................... .......... ...... C.S.3 
<unary plus> ............................................................................................................ C.S.3 
<unfactored element> ................. ...................................................................... ...... C.3.1 
<unfactored member> ............................................................................................. C.3.7 
<unit> ....................................................................................................................... C.4 
<untyped return> .......................................................... ; .......................................... C.4.1.S 
<upper case letter> ....... .......................................................................................... C.1.1 
<variable attributes> ................................................................................................ C.3.2 
<variable element> ... ... ...... ........... .......... ...... ........... ..... ........... ..... .... .... .... .......... ...... C.3.2 
<variable name specifier> ....................................................................................... C.3.2 
<variable name> ................................ ..................... ........................................... ...... C.3.2 
<variable reference> .................... ............................................................................ C.5.1.2 
<variable type> ........................................................................................................ C.3.2 
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APPENDIX 01 
PL/M-80 AND PL/M-86 

D. 1 General Comparison 

PLfM-86 may be regarded as an extension of the PLfM-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 PLfM-80 reserved word ADDRESS is replaced by the PLfM-86 
reserved word WORD. Thus where PLfM-80 has only the two data types, BYTE 
and ADDRESS, PLfM-86 has seven: BYTE, WORD, DWORD, INTEGER, REAL, 
POINTER, and SELECTOR. 

The PLfM-86 rules for expression evaluation are more complete than those of 
PLfM-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. 

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

PLfM-80 programs that operate correctly on an 8080 can be recompiled with the 
PLfM-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 PLfM-86 reserved words. The PLfM-86 reserved words that might occur 
as identifiers in a PLfM-80 source program are WORD, DWORD, INTEGER, 
REAL, POINTER, SELECTOR, and CAUSEINTERRUPT (since these are 
not reserved words in PLfM-80). 

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

Note that where PLfM-86 programs would normally have POINTER variables and 
location references formed with the @ operator, PLfM-80 programs have ADDRESS 
(WORD) variables and location references formed with the "dot" operator. 
PLfM-80 usage is therefore slightly less restricted than normal PL/M-86 usage, since 
arithmetic operations are allowed on WORD values. To provide upward compatibil­
ity, the PLfM-86 compiler in general supports PL/M-80 usage. However, some 
restrictions are imposed, affecting the types of expressions allowed in the AT attrib­
ute, 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 fM -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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I . ~ 

ASCII HEX PL/M-86 
CHARACTER CHARACTER? 

NUL 00 no 
SOH 01 no 
STX 02 no 
ETX 03 no 
EOT 04 no 
ENQ 05 no 
ACK 06 no 
BEL 07 no 
BS 08 no 
HT 09 no 
LF OA no 
VT 08 no 
FF OC no 
CR 00 no 
SO OE no 
SI OF no 
OLE 10 no 
OCI 11 no 
OC2 12 no 
OC3 13 no 
OC4 14 no 
NAK 15 no 
SYN 16 no 
ET8 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 
+ 28 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 
; 38 yes 
< 3C yes 
= 3D yes 
> 3E yes 
? 3F no 

ASCII 
CHARACTER 

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

/\(.) 
-

\ 

a 
b 
c 
d 
e 
f 
9 
h 
i 
j 
k 
I 

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

I 
} 

---DEL 

HEX 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
4A 
48 
4C 
40 
4E 
4F 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
5A 
58 
5C 
50 
5E 
5F 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
6A 
68 
6C 
60 
6E 
6F 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
7A 
78 
7C 
70 
7E 
7F 

APPENDIX EI 
ASCII CODES 

PL/M-86 
CHARACTER? 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
no 
no 
no 
yes 
no 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
no 
no 
no 
no 
no 

E-l 





APPENDIX F 
LINKING TO MODULES WRITTEN 

IN OTHER LANGUAGES 

This appendix describes the calling conventions used by iAPX 86 family languages. 
These calling conventions are standardized so that a module written in PLfM-86 can 
freely call procedures, subroutines, and subprograms in other modules written in other 
iAPX 86 family languages. 

As a PLfM-86 programmer calling PLfM-86 procedures and functions from 
PLfM-86, you do not need the information in this appendix. You need to know infor­
mation about parameters and arguments as described in Chapter 8. 

As a PLfM-86 programmer calling ASM86 subroutines, you need to know the calling 
conventions of stack and register usage described in this appendix. You also need to 
know the corresponding data types listed at the end of this appendix in order to write 
a subroutine that can pick up the data your PLfM-86 program passes to it. Refer to 
the ASM86 Macro Assembler Operating Instructions for more information about 
linking to ASM86 programs and for examples of linking such programs to PLfM-86 
programs. 

The easiest way to ensure compatibility between assembly-language subroutines that 
are linked to PLfM-86 programs or procedures is to write a dummy procedure in 
PLfM-86. This procedure would have the same argument list and the same attributes 
as the desired assembly language subroutine. The PLfM-86 procedure would then be 
compiled 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 
copied as the prologue and epilogue of the assembly language subroutine. 

F. 1 -Introduction 

Since PLfM-86 allows you to write and compile separate PLfM-86 modules that can 
be linked together at a later time, you can solve a big problem with a solution composed 
of separately-tested modules that are linked together after they are internally bug­
free. Not all modules have to be in PLfM-86-you can choose the appropriate 
languages for each module. Be sure to link the modules properly with the iAPX 86 
Linker (LINK86) to satisfy references to externals. Since the iAPX 86 family 
languages follow the same calling sequence (described in the following section), control 
will pass to a called module correctly. However, the called module might not be able 
to deal intelligently with the data passed to it since languages treat some data 
structures differently. 

By specifying arguments in a reference to an external procedure, you pass data to the 
external procedure. The number of arguments and the order in which you specify 
them must match the number and order of the corresponding parameters in the 
external procedures declaration (see Chapter 8). 

All arguments for parameters are passed on the iAPX 86 stack or the 8087 register 
stack in the order in which they were specified. Functions that return values return a 
simple-type value (except REAL values) in a register, or a REAL value on the top 
of the 8087 register stack. 
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F.2 Calling Sequence 

The calling sequence for each procedure activation places the procedure's actual 
parameters (if any) on the stack then activates the procedure with a CALL 
instruction. 

Parameters are placed on the iAPX 86 stack or the 8087 register stack in left-to­
right order. Since the stack grows from higher locations to lower locations, the first 
parameter occupies the highest position on the stack, and the last parameter occupies 
the lowest position. Note that a BYTE parameter occupies two bytes on the stack; 
the lower byte holds the value, the higher byte is undefined. A POINTER parameter 
in the SMALL(ROM), COMPACT, MEDIUM, and LARGE cases consists of a 
selector and an offset. The 16-bit selector is pushed first, followed by the 16-bit offset. 

The leftmost seven REAL parameters are passed on the top of the 8087 stack. If 
more than seven REAL parameters are present, the rest (after the leftmost seven) 
are passed on the iAPX 86 stack. 

After the parameters are passed, the CALL instruction places the return address on 
the stack. In the SMALL and COMPACT cases with local procedures, 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, and for procedures exported from COMPACT, 
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 16-bit offset and occupies two contiguous bytes on the stack. For a public 
procedure in the MEDIUM or LARGE case, and for procedures exported from a 
subsystem, the return address is a POINTER value consisting of a selector and an 
offset; it is passed in the same way a POINTER parameter is passed. The 16-bit 
segment selector (contents of the CS register) is pushed first, then the 16-bit offset 
(IP register contents) is pushed. 

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

Figure F-l shows the stack layout at the point where the procedure gains control. 
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Figure F-l. Stack Layout at Point Where a Non-Interrupt Procedure is Activ~ted 
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F.3 Procedure Prologue 

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

I. If the procedure has the PU BLIC attribute and the program size is LARGE, or 
if it is exported from a subsystem, the contents of the OS register are placed on 
the stack. The OS register is then updated with a value that is found in the 
current code segment (i.e., the segment containing the procedure). (The OS 
register contains the segment selector for the current data segment; thus, this 
step implements the pairing of code and data segments in the LARGE case. It 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 param­
eters 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 OA TA attribute, or variables with the AT 
attribute ). 

Control then passes to the code compiled from the executable statements in the 
procedure body. Figure F-2 shows the stack layout at this point. 
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Figure F-2. Stack Layout During Execution of a Non-Interrupt Procedure Body 
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F.4 Procedure Epilogue 

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

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 
temporary 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 subsystem, the old data segment selector is restored by 
popping the stored value from the stack into the DS register. 

4. If the program size is SMALL, the stored return address (a 16-bit offset) is 
popped into the IP register. Any parameters stored on the stack are discarded. 

If the program size is MEDIUM or LARGE and the procedure is local, a return is 
performed using the same actions described above. If the program size is MEDIUM 
or LARGE and the procedure is public, the stored return-address offset from the 
stack is popped into the IP register and the return-address selector is popped into the 
CS register. Any parameters not stored on the stack are discarded. 

F.5 Register Usage 

Table F-l provides a summary of iAPX 86 register usage. 

In addition, the 8087 stack contains the first seven REAL arguments passed by the 
calling program. The 8087 status word is unknown and need not be saved; if it is 
changed, the 8087 mode word must be saved on entry and restored before exit. 

If an assembly language subroutine alters the DS or SS registers, and expects to be 
called by a PL/M-86 program, it must save the contents of these registers upon entry 
and restore them before returning to the PLfM-86 program. 

PLfM-86 uses the BP register to address the stack. If it uses the BP register, a called 
assembly language subroutine must save the contents of this register upon entry and 
restore its contents before returning control to the PLfM-86 program. Before return­
ing, the called subroutine must also adjust the SP register to remove all 
parameters from the iAPX 86 stack. 

The AX, BX, CX, DX, SI, DI, and ES registers do not need to be preserved. A called 
assembly language subroutine can freely use these registers. 

An assembly language program calling a PLfM-86 procedure cannot expect the 
contents of the general-purpose registers, except BP and SP, to be preserved. If they 
are needed, they must be saved prior to calling the PLfM-86 procedure. 

Table F-2 summarizes the iAPX 86 registers used to hold simple data types that are 
returned by typed procedures. 
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F.6 Segment Name Conventions 

Table F-3 summarizes the segmentation of a subsystem under the program size 
controls by giving the name of the segment where each type of program section is 
stored for each model. 

Table F-l. Summary of iAPX 86 Register Usage 

Register Must Preserve Usage 

AX No Return BYTE (AL), WORD, OWORO 
INTEGER, and SELECTOR values 

BX No Return POINTER offset values 

CX No -
OX No Return OWORO values 

SP Yes· Stack pointer 

BP Yes Stack marker 

SI No -
DI No -
FLAGS No -
CS Yes Called procedure's code segment 

OS Yes Caller's data segment 

SS Yes Caller's stack segment 

ES No Return POINTER segment selector 

• SP must be adjusted so that all arguments are removed from the stack upon return. 

Table F-2. Registers Used to Hold Simple Data Types 

Procedure Type Register 

BYTE AL 

WORD AX 

OWORO OX:AX 

INTEGER AX 

POINTER (SMALL)· BX 

POINTER (COMPACT) ES:BX 

POINTER (MEDIUM) ES:BX 

POINTER (LARGE) ES:BX 

SELECTOR AX 

REAL Top of 
RMU stack 

* Under the ROM option, the result is returned in ES:BX. 
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Table F-3. Summary of PL/M-86 Segment Names 

Model SubModel Code Data Const 

SMALL IN DATA CODE DATA CONST 

IN CODE CODE DATA CONST 

COMPACT IN DATA CODE DATA CONST 

IN CODE CODE DATA CONST 

COMPACT IN DATA sCODE sDATA CONST 
(subsystem) 

IN CODE sCODE sDATA CONST 

MEDIUM IN DATA meODE DATA CONST 

IN CODE meODE DATA CONST 

LARGE IN DATA meODE mDATA mDATA 

IN CODE meODE mDATA meODE 

LARGE IN DATA meODE mDATA mOATA 
(subsystem) 

IN CODE meODE mDATA meODE 

NOTES: 

sCODE denotes a segment name composed of the subsystem name and CODE. 
sDATA denotes a segment name composed of the subsystem name and DATA. 
meODE denotes a segment name composed of the module name and CODE. 
rnDATA denotes a segment name composed of the module name and DATA. 

F.7 Floating-Point Linkage 

Stack 

STACK 

STACK 

STACK 

STACK 

STACK 

STACK 

STACK 

STACK 

STACK 

STACK 

STACK 

STACK 

This section deals with the issues of choosing the linkage specifications appropriate 
to your use of the REAL math facility: no use, PLJM-S6 use only, or use of routines 
not written in PLJM-S6. What is appropriate also depends on whether execution will 
use an actual S087 chip or an emulator. 

These linkage specifications make available to your program the libraries of floating­
point functions. The circumstances determining whiCh library is appropriate are given 
in table F -4. The libraries themselves are discussed briefly below the table. 

The interface libraries do the following: 

• SOS7.LIB resolves external references inserted by the translator of an iAPX S6 
program so that floating-point instructions will correctly invoke the 80S7 chip. 
SOS7.LIB is the library of floating-point functions written for the chip itself rather 
than for the Emulator. 

• ES087.LIB resolves such references to invoke the Emulator software instead of 
the actual SOS7 chip. 
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Emulation is performed by E8087 or PE8087. 

• E8087 is the actual library of emulation routines, which provide every function 
and feature of an actual 8087 chip except speed. Emulation is invoked automat­
ically as needed, using interrupts 20 through 31. The full Emulator occupies about 
16K bytes of code space. 

• PE8087 is a subset of E8087. The REAL arithmetic performed by PL/M-86 
programs does not require the complete set of routines in the full Emulator. The 
partial Emulator occupies about 8K bytes of code space. 

NOTE 

The 8087 Emulator processes exceptions exactly as the 8087 does. However, 
if your iAPX 86/8087 implementation includes some external interrupt 
masking device such as an 8259A, the effect of this external device cannot 
be simulated by the 8087 Emulator. With the Emulator, an Interrupt 16 will 
occur after the execution of any instruction when the (emulated) interrupt is 
active and the iAPX 86 interrupt is enabled, even" if the 8259A is disabled. 

(For examples of how to link interface libraries with your program, see specific host­
system appendix.) 

To locate the 8087 Emulator at a specifi~d memory location: 

• Locate the read-only code by referring to class AQMCODE in the LOC86 
invocation. 

• Locate the read-write data area by referring to class AQMDAT A. 

Table F -4. Linkage Choices for REAL..:Math Usage 

Link-List Should Include the 
Use of Emulator or Specifications Below (Not 

REAL Math Facility Actual Chip Used Necessarily in the Order 
Shown) After Object Modules 

NONE NEITHER (none) 

All Floating Point EMULATOR ESOS7.LlB, PESOS7 
in PLfM-S6 ONLY 

With Some Modules EMULATOR ESOS7.LlB, ESOS7 
that Use Floating Point 
NOT in PLfM-S6 

ANY ACTUAL SOS7 CHIP SOS7.LlB 
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APPENDIX G 
RUN-TIME INTERRUPT PROCESSING 

G. 1 General Information 

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

Note that the CPU does not respond to this signal unless interrupts are enabled. The 
compiler does not generate any code to enable or disable interrupts at the start of 
your main program. 

NOTE 

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

If interrupts are enabled and vectored through an interrupt gate, 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. 

S. 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 the state 
it was in when the interrupt was received, and control returns to the point where 
it was interrupted. 

The mechanism for this activation and restoration are described below. 

G.2 The Interrupt Vector 

If the NOINTVECTOR control is not used, an interrupt vector entry is automati­
cally generated by the compiler for each interrupt procedure. Collectively, the inter­
rupt vector entries form the interrupt vector. If NOINTVECTOR is used, the 
programmer must supply the interrupt vector as explained in section 6-4. 

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 proce­
dure declared with the INTERRUPT n attribute. 

G-I 
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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. 

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 {IP register contents) are placed on stack. 

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

G.3 Interrupt Procedure Prologue and Epilogue 

An interrupt procedure begins by declaring its name and nature. For example: 

HANDLER: PROCEDURE INTERRUPT 4; 

This alerts the compiler to create a code prologue appropriate to a routine that will, 
in general, be invoked by interrupts. 

At the beginning of each interrupt procedure, the interrupt procedure prologue inserted 
by the compiler accomplishes the following: 

1. Pushes the CPU registers to the stack in the following order-AX, ex, DX, BX, 
(SP and BP on the iAPX 186 only), SI, and DI. 

2. Pushes the ES register contents onto the stack. 

3. Pushes the DS register contents onto the stack. 

4. Loads the DS register with a new data segment address taken from the current 
code segment (i.e., the segment containing the interrupt procedure). 

5. Pushes the BP register contents onto the stack. 

6. Loads the stack marker (BP register) with the address taken from the current 
stack pointer (SP register). 

7. If the procedure is REENTRANT, reserves space on the stack for any local 
variables declared in the procedure. 

However, if the procedure is REENTRANT and contains local variables, steps 5, 6, 
and 7 will be replaced by the ENTER instruction (see the iAPX 86 Programmer's 
Reference Manual). 
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Figure G-l. Stack Layout at Point Where an Interrupt Procedure Gains Control 
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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. 

After the interrupt 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 G-2. 

The return from the procedure body is called the interrupt procedure epilogue; it 
restores the stack to the state it was in before the interrupt occurred. The interrupt 
procedure epilogue contains the following steps: 

8. If stack locations were used for temporary storage or local variables, loads the 
stack pointer (SP register) with the current stack marker (BP register). This 
discards the temporary storage. 

9. Pops the stack into the BP register, restoring the old stack marker. 

10. Pops the stack into the OS register. 

11. Pops the stack into the ES register. 

12. Pops the stack into the CPU registers in the following order-OI, SI (BP on the 
iAPX 186 only), BX, OX, CX, AX. Note that the SP register value is discarded 
by the POP A instruction on the iAPX 186. 

13. Executes an IRET instruction to return from the interrupt procedure. This restores 
the IP, CS, and the flag register contents from the stack. 
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Figure G-2. Stack Layout During Execution of an Interrupt Procedure Body 
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If the procedure is REENTRANT and has local variables, steps 8 and 9 will be 
replaced by the LEAVE instruction (see the iAPX 186 Programmer's Reference 
Manual). 

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

G.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 procedlJre's normal (i.e., 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 INTERRUPTSPTR can be used during execution to return the 
actual interrupt entry point. Discussion of this function appears in Chapter 9. 

The usefulness of a separate 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 assign­
ment 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 vector, the placement of the entry for 
a given interrupt procedure determines which interrupt number will activate that 
procedure. 

G.S Exception Conditions in REAL Arithmetic 

As indicated in section 10.4, six exception conditions apply to normal numeric 
operations: 

• Invalid operation 

• Denormalized operand 
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• Zero divide 

• Overflow 

• Underflow 

• Precision 

These exceptions are discussed in order below. In each case, only a few of the possible 
causes are described because most are not likely to occur with PL/M-86 usage. If 
you want to perform sophisticated numeric processing of extreme precision and flexi­
bility, see the iAPX 86,88 User's Manual. 

The six exceptions and their default responses are summarized in table G-l. 

As the following sections indicate, the masked, default response to most exceptions 
will provide the least abrupt, most appropriate action for PL/M-86 applications. Many 
real math exceptions that occur in other processors will not occur with the 8087 
because of the extended range of intermediate results it holds. The "soft" recovery of 
gradual underflow (described under the denormal exception), also extends the range 
of permissible execution rather than reporting a hard-failure condition. 

Programmers who use the recommended setting of the REAL Mode Word (see section 
10.4 ) need to handle only the invalid exception. Study of the other exception 
conditions is advised, however, to provide a general understanding of their use. 

Table G-l. Exception and Response Summary 

Exception Masked Response Unmasked Response 

Invalid If one operand is NAN, return it; Request interrupt. (8087 stack 
Operation if both are NANs, return NAN with unchanged.) 

larger absolute value; if neither is 
NAN, return indefinite NAN. 

Zerodivide Return co signed with "exclusive Request interrupt. (8087 stack 
or" of operand signs. unchanged.) 

Denormalized Memory operand: proceed as Request interrupt. (8087 stack 
usual. unchanged.) 
Register operand: convert to valid 
unnormal, then reevaluate for 
exceptions. 

Overflow Return properly signed 00. Register desti nation: adjust 
exponent, * store result, request 
interrupt. 
Memory destination: request 
interrupt. 

Underflow Denormalize result. Register destination: adjust 
exponent, * store result, request 
interrupt. 
Memory destination:; request 
interrupt. 

Precision Return rounded result. Return rounded result, request 
interrupt. 

* On overflow, 24,576 decimal is subtracted from the true result's expone~t; this forces·the exponent 
back into range and permits a user exception handler to ascertain the true result from the adjusted 
result that is returned. On underflow, the same constant is addedto the true result's exponent. 
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Invalid Operation Exception 

This exception generally indicates a program error. It could be caused by referencing 
an un initialized REAL variable or by referencing a location that does not contain a 
REAL value (as might occur with an out-of-range SUbscript for a REAL array). 
Attempting to take the square root of a negative number or to store a number too 
large for integer format would also generate this exception. 

Another interpretation of this exception is stack error. This may be caused by failing 
to restore the math unit status before returning from an interrupt routine that had 
saved the status. Another cause is the generation of more than 8 intermediate results 
during REAL arithmetic, which can arise if REAL procedure function calls are nested 
too deeply. The compiler ensures that no single procedure does this, but cannot check 
what may occur only at run time. This exception can also occur when REAL functions 
(typed procedures) are used as operands within longer REAL expressions. 
For example: 

DELTA$1 • ALPHA • (BETA/GAMMA) + CHI (PSI, RHO, PI) 

where all these names are typed REAL and CHI is some previously declared REAL 
function having three parameters. 

The following is less likely to cause an exception condition: 

EPS • CHI (PSI, RHO, PI) 
DELTA$1 • ALPHA • (BETA/GAMMA) + EPS 

because all REAL arithmetic is performed using the 8087 stack, which has eight 
registers. The first seven REAL parameters supplied in procedure calls are placed on 
this stack. If the procedure is typed (i.e., invoked as a function), it can be imbedded 
as one operand within a longer REAL expression. 

Since the evaluation of such an expression also involves the use of this stack for prior 
and subsequent arithmetic operations, stack overflow may occur. This overflow 
amounts to unpredictable destruction of original parameters or intermediate results. 
It becomes more likely as you increase the complexity of REAL expressions contain­
ing REAL functions. Thus, you are safer using an assignment statement first to store 
the function's value in a real variable-and using that variable in the larger 
expression. 

If stack error might apply to your program, modify the code for the affected proce­
dures to call the built-in procedures SA VE$REAL$ST ATUS and 
RESTORE$REAL$ STATUS as their first and last operations, respectively. 

The masked (default) response is to set the result to one of the special bit patterns 
called Not-A-Number (NANs), usually the indefinite value, the smallest NAN 
representable in the specified precision. It also sets Bit 0 of the REAL Error Byte. 

If Bit 0 of the REAL Mode Word is 0 (invalid exception unmasked), an interrupt 
occurs, transferring control to the user-written interrupt handler. 

Denormal Operand Exception 

This condition arises when numeric operations have resulted in a number whose 
exponent is literally zero and whose significand is non-zero, or a number whose sign i­
ficand does not begin with a one. Denormals usually arise in response to masked 
underflow. Gradual underflow is the masked, default response to underflow. A small 
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denormal added to a large normal REAL number can give an acceptable, in-range 
answer if the denormal exception is masked. In practice, denormals are very rare 
since intermediate results are kept in temporary real format (I5-bit exponent). 

This condition causes Bit 1 of the REAL Error Byte to be set to 1. If Bit 1 of the 
REAL Mode Word is 1, the response described above occurs; if Bit I is 0, an 
interrupt occurs, transferring control to the user-written interrupt handler. 

Zero Divide Exception 

This condition arises when in the course of some REAL computation a divisor turns 
out to be zero. The masked response, when Bit 2 of the REAL Mode Word is 1, is to 
return infinity appropriately signed. If Bit 1 is 0, an interrupt occurs, giving control 
to the user-written interrupt handler. In either case, Bit 2 of the REAL Error Byte 
is set to 1. 

Overflow Exception 

This error occurs when a real result is too large for the format in use. For REAL 
assignments, it occurs if the result is greater than about 3.37 X 1038

; for intermediate 
REAL computations, if the result is greater than about 104932

• The overflow exception 
can arise during assignment, addition, subtraction, multiplication, division, or 
conversion to integer. 

The masked, default response (Bit 3 of REAL Mode Word = 1) is to return infinity 
(signed if Affine Mode is set) and set Bit 3 of the REAL Error Byte to 1. Unmasked 
overflow must go through a user-written interrupt handler. 

Underflow Exception 

Underflow exception is caused by an exponent too small for the format in use. For 
REAL assignments, it occurs if the exponent is less than -127, and for intermediate 
results if the exponent is less than -16383. Underflow can be caused by the same 
type of REAL operations as overflow. 

The masked, default response (Bit 4 of REAL Mode Word = 1) is to use the denor­
mal number created by adjusting the very small result. It adjusts the significand, 
moving significant digits off to the right and raising the exponent until the latter 
becomes non-zero. For example, a 24-bit significand of .01 with an exponent of zero 
implies the number 1 X 2-129 because a zero exponent in this format means -127. If 
the denormal exception is masked, this would be adjusted into a significand of .001 
with an exponent of 1, i.e., 0.001 x 2-126

, prior to operation. This number would then 
be available for use in subsequent REAL operations that might yield valid results. 
Zero is returned if it is the rounded result. Bit 4 of the REAL Error Byte is set to 1. 
Unmasked underflow must go through a user-written interrupt handler. 

Precision Exception 

This error occurs when the result of an operation is inexact (i.e., rounded) or when" 
an overflow exception occurs. No special action is performed by a masked response 
(Bit 5 of REAL Mode Word = 1) other than setting Bit 5 of the REAL Error Byte. 
Unmasked response is as chosen by the user. 
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G.6 Writing a Procedure to Handle REAL Interrupts 

This section partially summarizes the information pertaining to interrupts, floating­
point usage, and procedures. (Additional facilities for handling REAL interrupts may 
be provided by your operating system.) 

An interrupt-handling procedure may, for example, begin as follows: 

HANDLER: PROCEDURE INTERRUPT 16; 

If HANDLER will do any REAL arithmetic or assignments, its first executable 
statements should be of the form: 

ERR. INFO = GET.REAL$ERROR; /1 must declare ERR.INFO. BYTE 
earlier 1/ 

or: 

CALL SAVE$REAL.STATUS (eLocal_Save_Area); /1 also declare 
earlier 1/ 

Each procedure clears the error byte. The latter procedure also clears out the REAL 
stack. Thus, after either procedure is used, the REAL Error Byte no longer contains 
the flagged cause of the exception condition that invoked HANDLER. 

Using SA VE$REAL$STATUS is a way of avoiding possible stack errors from 
cumulative usage. This· permits errors in HANDLER to be detected independently 
of the originating exception condition, and allows HANDLER to restore the state of 
the interrupted procedure despite HANDLER's own use of the REAL facility. 
SA VE$REAL$ST A TUS also makes available all the information as to the state of 
the 8087 exceptions, stack, and operations, as shown below. 

Thus, the beginning of a typical routine to handle REAL exception conditions could 
look like this: 

HANDLER: PROCEDURE INTERRUPT 16; 

DECLARE ERR.INFO BYTE; 
DECLARE LOCAL_SAVE_AREA (94) BYTE; 

ERRSINFO • GET.REALSERROR; 
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or, if you want to perform extensive manipulations on the save area, you could declare 
a structure permitting you access to its component parts by name and/or byte, as 
follows: 

HANDLER: PROCEDURE INTERRUPT 16; 

DECLARE ERRSINFO BYTE; 
DECLARE SAVE_AREA STRUCTURE 

( CONTROL(2) BYTE, 
STATUS(2) BYTE, 
TAG WORD, 
IHSTR_OFF WORD, 
IHSTR_SEL SELECTOR, 
OPERAND_OFF WORD, 
OPERAND_SEL SELECTOR, 
STACK_TOP(S) WORD, 
STACK_ONE(S) WORD, 
STACK_TWO(S) WORD, 
STACK_3 (5) WORD, 
STACK_4 (5) WORD, 
STACK_S (5) WORD, 
STACK_6 (5) WORD, 
STACK_7 (S) WORD); 

CALL SAVESREALSSTATUS (eSAVE_AREA); 

ERRSINFO = SAVE_AREA.STATUS(O); 

NOTE 
To make use of the words from TAG through OPERAND_SEL, you must 
employ masks and shifts to access the individual fields shown in figure G-3. 

You must call either the SA VE$REAL$STA TUS procedure or the 
GET$REAL$ERROR function, but not both. If you do not need the extra informa­
tion gained by the SAVE (i.e., if you need only the exceptions), use the 
GET$REAL$ERROR function. If you call both, the second call will produce 
incorrect results. 

The rest of HANDLER can perform any actions deemed appropriate. This is an 
application-dependent decision. Among the possibilities: 

• Incrementing an exception counter for later display 

• Printing diagnostic data, e.g., the contents of SA VE-AREA 

• Aborting further execution of the calculation causing exception 

• Aborting all further execution 

The format of the LOCAL_SAVE-AREA as it is filled by the save procedure is 
shown in figure G-3. 

The final action prior to returning (if desired) to the interrupted procedure is to restore 
the status of the REAL math unit: 

CALL RESTORESREALSSTATUS (ILOCAL_SAVE_AREA); 

However, if you did not use GET$REAL$ERROR prior to the 
SA VE$REAL$STATUS call, the local save area will contain the original contents 
of the error byte. Under these circumstances, you must first clear the lower byte of 
the saved status word before the above RESTORE so as to avoid retriggering the 
save exception that invoked HANDLER in the beginning. 

G-9 
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G-IO 

INSTRUCTION 
POINTER 

OPERAND 
POINTER 

TOP STACK 
ELEMENT:ST 

NEXT STACK 
ELEMENT:ST(1) 

LAST STACK 
ELEMENT:ST(7) 

NOTES: 
S = Sign 

15 

{ 
{ 

-< 

-'-
sl 

-< 

• sl 
~~ 

~ 

.. 
sl 

INCREASING ADDRESSES 

~ ;..---.t:: l CONTROL WORD 

STATUS WORD 

TAG WORD +4 

IP 15-0 +6 

IP 32-16 +8 

OP 15-0 +10 

OP 32-16 + 12 

SIGNIFICAND 15-0 + 14 

SIGNIFICAND 31-16 +16 

SIGNIFICAND 47-32 -t 18 

SIGNIFICAND 63-48 +20 

EXPONENT 14-0 +22 

SlGNIFICAND 15-0 +24 

SIGNIFICAND 31-16 +26 

SIGNIFICAND 47-32 +28 

SIGNIFICAND 63-48 +30 

EXPONENT 14-0 -+-32 

~ ::: 

SIGNIFICAND 15-0 +84 

SIGNIFICAND 31-16 +86 

SIGNIFICAND 47-32 +88 

SIGNIFICAND 63-48 +90 

EXPONENT 14-0 +92 

BIT 0 OF EACH FIELD IS RIGHTMOST, LEAST SIGNIFICANT BIT OF CORRESPONDING 
REGISTER FIELD. 
BIT 63 OF SIGNIFICAND IS INTEGER BIT (ASSUMED BINARY POINT IS IMMEDIATELY 
TO THE RIGHT). 

Figure G-3. Memory Layout of REAL SAVE AREA 

To do so, you can use a command of the form: 

or: 

0; '* should precede 
restore *' 

SAVE_AREA.STATUS (0) 0; 
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APPENDIX H 
COMPILER INVOCATION AND ADDITIONAL 

INFORMATION FOR SERIES III USERS 

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

• Compiler invocation and file usage 

• Examples of system-dependent compiler controls 

• Related publications 

H.1 Compiler Invocation 

The PL/M-86 compiler is a program that translates your PL/M instructions into 
object code modules that can be linked with the iAPX 86 Linker and executed. 

This compiler runs under ISIS V4.1 with RUN V1.2, ISIS V4.2 with RUN V1.3, or 
later versions of both products. 

You create a PL/M program by using the CREDIT text editor to type instructions 
into a file, and then submitting the file to the PL/M-86 compiler. The file you submit 
is called a source file, and the file containing the compiled program is called an object 
file. (The content of the object file is also known as object code.) In 
PL/M-86, you can compile parts of a program. Each separate compilation is known 
as an object module. 

The following discussion assumes that you have a Series III system up and running, 
and that you have a suitable copy of the PL/M-86 compiler. Details on the 
operating system environment are provided in the Intellec Series III Microcomputer 
Development System Console Operating Instructions. 

The invocation command has the general form: 

R U H [: F d: 1 P L M 8 6 [: F d: ] source [controls] (c r ) 

where 

RUN 

:Fd: 

PLM86 

source 

controls 

< cr) 

Examples: 

is the name of the command used to execute the compiler. 

specifies on which drive, if not drive 0, the PL/M-86 compi­
ler and/or source program resides. (The source file does not 
have to be on the same drive as the compiler.) 

is the name you use for the compiler PLM86.86. 

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

are optional compiler controls -described in Chapter II. You 
can have many controls on the invocation line· if you use a 
space between each control, and you can extend the invoca­
tion line by using the ampersand (&) as a continuation 
character. 

stands for use of the RETURN key on the keyboard. 

-R..,f-.! P_tr186 :~1:MY~2=3,5~: ;::~::--,-(:_;:::) -:-_:('-:5-
PR::;C,RAj"'I 4') (cr) 
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In this example, the compiler is on drive 0, but MYPROG.SRC, the source program, 
is on drive 1. The compiler will direct all printed output to :LP:, and place 'TEST 
PROGRAM 4' in the header on each page of the listing. 

In this example, both the compiler and the source program (PROG1.SRC) are on 
drive 1. NOPRINT will prohibit all printed output (except error messages) usually 
generated by the compiler. 

H.2 File Usage 

Input Files 

The compiler reads the PL fM -86 source from the source file specified on the command 
line (see previous section) and also from any files specified with INCLUDE controls 
(as described in Chapter 11). These files must be standard ISIS-II disk files. The 
source input should contain a PLfM-86 source module. 

Output Files 

Two output files are produced during each compilation unless specific controls are 
used to suppress them. The output files are the listing and object code files. Each of 
these may be explicitly directed to some standard Series II 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 then have the same file name as the input file but have the 
extensions LST for the listing and OBJ for the object code. For example, if the 
compiler is invoked by: 

the listing and all other printed output is written to :Fl :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 linkage facilities. (See the 
iAPX 86 Utilities User's Guide). 

Compiler Work Files 

The work files used by the compiler during its operation are deleted at the end of 
compilation. All of these files are on the device: WORK:. 

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-the operation of the compiler may destroy them. 

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

Suppose you write a PLfM-86 program called Easy that, at first, uses no REAL 
math. As modules are added, you supply a PLfM-86 REAL math routine called 
ACURAT, and revise EASY to call it. At this point you would need to add an 
interface library for floating-point math. 
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If you do not have a 8087 chip installed in your system, the correct linking statement 
is: 

LIHKS6 ACURAT.DBJ, EASY.DBJ, ESOS7.LIB, PESOS7 

However, if ACURAT were written in another language (e.g., FORTRAN86 or 
ASM86), use instead: 

LIHKS6 ACURAT.DBJ, EASY.DBJ, ESOS7.LIB, ESOS7 

If your system includes a 8087 chip, use: 

LIHKS6 ACURAT.OBJ, EASY.DBJ, SOS7.LIB 

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

H.4 Series III-Specific Compiler Controls 

This appendix includes a fold-out page for the system-specific examples of many of 
the compiler controls. This page is designed to be opened and used in conjunction 
with the corresponding text in Chapter 11. 

H.S 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. 

Itellec 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 Conssole 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 9CRT-Based Text Editor) User's Guide, 9800902 
ISIS-II CREDIT (CRT-Based Text Editor) Pocket Reference, 9800903 

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

iAPX 86,88 Family Utilities User's Guide, 121616 
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Instructions for using the utility programs LINK86, LIB86, LOC 86, CREF86, and 
OH86 in iAPX 86-based environments to prepare compiled or or assembled programs 
for execution. 

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

8086/8087/8088 Macro Assembly Operating Instructions for 8086-Based 
Development Systems, 121628 

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

Instructions for using the 8086/8087 /8088 macro assembly language and its assem­
bler 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 provides 
summary information for quick reference. You need these publications if you are 
coding some of your routines in assembly language. 

ICE-86 In-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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COMMENTS 

Causes a listing of standard assembly language code 
to be placed at the end of file PROG1.LST on drive 5. 

Causes file TEST6.0BJ (on drive 1) to include informa­
tion that will later be used to debug the program using 
a symbolic debugger. 

Causes source lines from file SYSLlB.SRC (on drive 1) 
to be placed in file SYSPRG.SRC (on drive 0). 

Sends file PROG1.0BJ to the disk in drive 1 instead of 
drive 0 (the default location). 

Directs the compiler to perform more than the default 
code optimizations when generating the object code for 
file SAMPLE.OBJ on drive 4. 

Prints file TSTLlB.LST with a pagewidth of 70. 

Sends printed output to the line printer. 

Causes the subtitle 'Module One' to appear on every 
page until another subtitle control (if any) appears in 
INIT1.SRC on drive 1. 

Causes a listing of all identifiers in file TSTOBJ.SRC, 
and their attributes, to appear in file TSTOBJ.LST. 

Causes the title 'TEST PROGRAM 5' to appear on every 
page. 

Prevents the type definitions of the variables output in 
symbols records from appearing in file MOD2.0BJ. 

Produces a cross-reference listing of all identifiers in file 
MYPROG.SRC and appends the listing to default listing 
file MYPROG.LST. 

CONTROL 

CODE/NOCODE 

DEBUG/NODEBUG 

INCLUDE 

OBJECT INOOBJECT 

OPTIMIZE 

PAGEWIDTH 

PRINT I NOPRINT 

SUBTITLE 

SYMBOLS/NOSYMBOLS 

TITLE 

TYPE/NOTYPE 

XREF/NOXREF 
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EXAMPLES 

RwN PLI'r186 :'1:iES-6,SRC DB (cr) 

RJN D~'18o 5'SPR=',SR~ & 

:N~~I"!J~(:rl :S'lSL:B,5R2) (cr) 

RlN Cl_~85 :JR~0',SR= & 

=B~:=-(::-':PRO:",=3J) <:r> 

RUN P~1'r18o TST,-!B,SRC PIH70) (cr) 

RLN ;::L~8o :='::N:-i,SRC & 

SvE-:i~~(\Y=:::J~: =!-,E') (C"J 

R\.~ ~_~8c ::~=~~.J~= ~ 

...:..-_~(\.,.-t:s~ ::;;:3RH Y 5') <c,..} 
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APPENDIX I 
COMPLERINVOCATION AND ADDITIONAL 

INFORMATION FOR iRMX™ 86 USERS 

This appendix contains information that is specific to the iRMX 86 Operating System. 
It covers the following areas: 

• System requirements 

• Compiler invocation and file usage 

• Examples of system-dependent floating-point library linkage 

• Examples of system-dependent compiler controls 

• Related pUblications 

I. 1 System Requirements 

To run the compiler on an iRMX 86-based system, you must have the following 
hardware and software: 

• The iRMX 86 Human Interface (and other iRMX 86 layers necessary to support 
the Human Interface). 

• At least one mass storage device. The installation of the compiler always requires 
a single- or double-density diskette drive, since the product is delivered in diskette 
form. 

• Enough memory to run the compiler (above and beyond that required for the 
Operating System). This ranges from 

minimum - 140K - Amount needed to run compiler assuming connection to only 
six files 

maximum - 512K - Largest amount the compiler can use. 

1.2 Compiler Invocation 

The compiler is supplied on an iRMX 86-format diskette. It may be desirable to copy 
the compiler to another disk or to one of the directories that the Operating System 
automatically searches when commands are entered. The compiler consists of a single 
file: PLM86. 

You can invoke the PL/M-86 Compiler from the system console using the standard 
command format described in the iRMX 86 Human Interface Reference Manual. 
You can specify continuation lines by using the ampersand (&) as a continuation 
character. The ampersand can appear any place there is a space or other delimiter. 

The invocation command has the general form 

- [ directory] P L M 8 6 sourcepath [ controls] (c r ) 

where 

directory is the portion of the pathname that identifies the device and 
directories that contain the file PLM86. If you omit the 
directory portion of the pathname, the Operating Systetn 
automatically searches several directories for the file PLM86. 
The directories searched and the order of search are 
iRMX 86 configuration parameters. 

1-1 
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sourcepath 

controls 

<cr> 

is the pathname of the file containing the PLM86 source 
module. The beginning portion of this pathname can consist 
of a logical name enclosed in colons (such as :Fl:). This 
indicates where the Operating System starts its search for 
the file. If you omit the logical name, the Operating System 
assumes that the file resides in the default directory (:$:). 

You can use the slashes (f) and up-arrows or circumflexes 
( ) as separators between individual components of the 
pathname (except immediately after the logical name). The 
slash separator tells the Operating System to search down 
one level in the directory tree for the next component. The 
circumflex separator tells the Operating System to search up 
one level in the directory tree. 

is an optional sequ'tnce of assembler controls (see 
Chapter 11). 

indicates a carriage return. 

In the interactive sequence shown in figure I-I, 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 the data. 

In the normal usage, the PLfM-86 compiler writes the compilation listing by default 
to a secondary storage file on the same device as the source file. This file has the 
same pathname as the source file, but the last component of the pathname has the 
extension LST. Thus, in the previous example, you can find the- listing in 
:PROG:MYPROG.LST. Similarly, the object code file is' on the same device and has 
the same pathname, but has the extension OBJ. In the example, 
:PROG:MYPROG.OBJ contains the object code produced by compiling 
:PROG:MYPROG.SRC. 

Examples 

1. 

2. 

In this example, the compiler resides in a directory that the Operating System 
automatically searches; thus it does not require a device or directory name. The 
compiler is directed to compile the source module on :FI:PROGl.SOURCE. This 
file resides on the device with logical name : F 1: and has the name 
PROG.SOURCE. 

In this example, the compiler resides on device :FDO:. The compiler is directed 
to compile the source module on :WDO:DIRI fMYPROG.SRC, send the output 
listing to :LP:, and place 'TEST PROGRAM 4' in the header on each page of 
the listing. 

iRMX 86 HI V2.1 : user • WORLD the system identifies itself 

-PLM86 :PROG:MVPROG.SRC 

iRMX 86 PL/M-86 COMPILER V2.1 
PL/M-86 COMPILATION COMPLETE. 

the compiler is invoked 

o WARNINGS, o ERRORS 

; the program may now be linked and relocated 

Figure 1-1. iJlMX 86 Interactive Compllation Sequence 
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1.3 File Usage 

Input Files 

The compiler reads the PL/M-86 source from the source path file specified on the 
command line (see previous section) and also from any files specified with INCLUDE 
controls (as described in Chapter II). These files must he standard iRMX 86 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 iRMX 86 file or device by using the PRINT and 
OBJECT controls respectively. If the user does not control these outputs explicitly, 
the compiler writes them to secondary storage files on the device containing the input 
file. These files have the same pathname as the input file, but have the extensions 
LST (for the listing) and OBJ (for the object code). For example, you invoke the 
compiler with 

The compiler writes the listing and all other printed output to :FI :MYPROG.LST 
and the object code to :FI:MYPROG.OBJ. If these files already exist, the compiler 
overwrites them. 

The object code file may be used as input to the relocation and linkage facilities (see 
the iAPX 86,88 Family Utilities User's GUide). 

Compiler Work Files 

The compiler uses work files during its operation that are deleted at the completion 
of compilation. All of these files are in the directory with logical name :WORK: 
unless the WORKFILES control is used to specify another directory. 

All of the work files have names with the extension TMP. Therefore, if you place 
those files in the work files directory, you should avoid giving your files names with 
the extension TMP, because there is a possibility that the compiler will destroy them. 

1.4 Linking to Floating-Point Libraries with the 
iRMX 86 Operating System 

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 devel­
opment process, you supply a PL/M-86 REAL math routine call ACURAT, and you 
revise EASY to call it. 

In order to use the REAL math facility on the iRMX 86 Operating System, you 
must have an 8087 Numeric Processor Extension installed on your iRMX 86 system. 
In such a case, the correct linking statement is 

More detailed and advanced discussions of the features and functions of the 
iAPX 86 utilities appear in the iAPX 86,88 Family Utilities User's Guide. 
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1.5 IRMX 86 - Specific CompHer 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 11. 

1.6 Related Publications 

This section lists other Intel publications you might need in addition to this one. The 
manual order number for each publication immediately follow the title. The paragraph 
following each title describes the manual. 

Introduction to the iRMX 86 Operating System, 9803124 

A general introduction to the iRMX 86 Operating System. This manual discusses the 
features of the Operating System and introduces some of the terminology. It also lists 
and describes each of the manuals in the iRMX 86 manual set. 

iRMX 86 Human Interface Reference Manual, 9803202 
iRMX 86 Disk Verification Utility Reference Manual, 144133 

Instructions for entering commands at an iRMX 86 terminal. The Human Interface 
manual describes file-naming conventions and provides a complete description of all 
commands available with the Operating System. The Disk Verification Utility manual 
describes an interactive utility that examines and restores iRMX 86 volumes. 

iRMX 86 Nucleus Reference Manual, 9803122 
iRMX 86 Basic I/O System Reference Manual, 9803123 
iRMX 86 Extended I/O System Reference Manual, 143308 
iRMX 86 Loader Reference Manual, 143318 
iRMX 86 System Programmers Reference Manual,142721 
Run-Time Support Manualfor iAPX 86,88 Applications, 121776 

Instructions for invoking system calls from user programs. 

iRMX 86 Programming Techniques, 142982 
Guide to Writing Device Drivers for the iRMX 86 and iRMX 88 I/O Systems, 
142926 

Additional information about the Operating System that PL/M-86 users might 
require. 

EDIT Reference Manual, 143587 

Instructions for using EDIT, the text editor available for use on the iRMX 86 
Operating System. 

iAPX 86,88 Family Utilities Users 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. 

ASM86 Assembly Language Reference Manual, 121627 
ASM86 Macro Assembler Operating Instructions for 8086-Based Development 
Systems, 121628 
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Instructions for using the 8086/8087/8088 macro assembly language and its assem­
bler in iAPX 86-based environments. The Language Reference Manual gives a 
complete description of the assembly language. The Operating Instructions Manual 
gives complete instructions for operating the assembler. You need these publications 
if you are coding some of your routines in assembly language. 

8087 Support Library Reference Manual, 121725 

Instructions for calling procedures that implement the REAL math facility of the 
808 7 Numeric Processor Extension. 
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COMMENTS 

Causes object code to be written to file :PROG:TESTS/ 
A.SOURCE 

Causes printed output to be directed to the line printer 

Causes input of source lines from file :WDO:INCLUDE/ 
SYSLlB.SRC 

CONTROL 

OBJECT 

PRINT 

INCLUDE 

Compiler Invocation and Additional Information for iRMX 86 Users 

EXAMPLES 

OBJECT(:PROG:TESTS/A.SDURSE) 

PRINTC:LP:) 

INCLUDE(:WDD: INCLUDE/SYSLIB.SRC) 
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8087.LIB, Appendix F 
ABS, 9-4, 9-7 
actual parameters, 8-2 thru 8-5 
addition, 3-10, 4-1,4-3 
addresses 

physical,7-5 
relative, 11-17 
relocation, 1-5 
unique, 3-2 

affine, see infinity 
ambiguity 

in embedded assignments, 4-14 
in location references, 5-5 
of address/location, 7-4 

AND, 4-5 thru 4-8, 6-8, 11-32 
apostrophe, 2-2, 2-5 
arithmetic, 3-10 thru 3-12 

floating-point, 3-11, 3-12, Chapter 10, Appendix G 
modulo, 4-4, 6-6 
operators, 4-3, 4-4, 4-6 
signed, 3-11 
summary of rules, 4-10 thru 4-12 
unsigned, 3-10 

array, 3-2, 5-1 thru 5-5 
contiguity, 5-1 
declaration, 3-2, 5-1, 5-3 
elements, 5-1,9-1, 9-2 
initialization, 3-4 thru 3-6 
number of bytes, 9-1, 9-2 
number of elements, 5-1,9-1, 9-2 
reference, 3-13 
storage of, 5-1 
structures, 5-3, 5-4, Chapter 12 
subscripts, 5-1, 5-2 

ascending 
order in string moves, 9-9 thru 9-13 

ASCII, 2-1, 2-5, 3-5, 4-2, 6-10, 11-24, Appendix E 
assembly language linkage, Appendix F 
assignment 

embedded, 3-1,4-9,4-14,4-15 
floating-point, 3-11, 3-12, Appendix G 
statement, 1-4,3-4,4-12 thru 4-15, 5-2, 6-7 

asterisk, 2-1, 2-5, 3-6, 4-3 
@ operator, 2-1, 3-5, 3-13 thru 3-15, 8-3, 9-14 
AT, 3-1, 3-4, 3-7,3-13,3-17 thru 3-19, 7-5 
attributes, 3-1, 3-4, 5-2 

affecting section, 11-30 
initialization, 3-1, 3-4, 3-5 
linkage, 3-1, 3-4 thru 3-7, 8-7, 8-8 
location, 3-1 

BASED, 3-15 thru 3-17, 8-2, 8-7 
based, 3-4, 3-13, 3-15 thru 3-17, 5-2, 7-5,8-2,8-3,8-7,11-8 
binary 

number, see constant 
point, 3-12 
scientific notation, 3-12 

blank, 2-1, 2-3, 6-3 

INDEX 

block, 1-2, 1-3, 3-4 
kinds, 1-2 
levels, 1-4, 1-5 
names, 1-4 
nesting, 7-1 thru 7-5 
structure, 1-3, Chapter 7 

BLOCKINPUT, 10-5 
BLOCKINWORD,10-5 
BLOCKOUTPUT, 10-5 
BLOCKOUTWORD,10-5 
BNF, Appendix C 
BOOLEAN expressions 

see logical, short-circuit 
BUILD$PTR, 9-16 
built-in 

arrays, 10-5 
functions, 9-1 thru 9-11, 9-14 thru 9-16, 10-4 
REAL, 10-9 thru 10-11 
procedures, 1-4,9-9 thru 9-13, 10-5 

REAL, 10-8 thru 10-10 
variables, 1-4, 10-3, 10-4, 10-6, 10-8, 10-9 

By, see DO, iterative 
BYTE, 3-1, 3-10,4-1 thru 4-14 

CALL, 4-12,6-2,6-12, 8-1, 8-4 thru 8-6, 8-9 
calling sequence, Appendix F 
carriage return, 2-1, 2-5 
CARRY, 10-2, 10-3 
CASE,seeDO 
CAUSE$INTERRUPT, 8-10, 10-1 
character 

set, 2-1 
strings, see string 

closed subsystems, 13-3 
CMPB,9-1O 
CMPW, 9-10 
CODE control, 11-24, 11-25, Appendix F 
code 

section, 11-6, 11-8 thru 11-22 
space efficiency, 11-9 

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

see also parameters 
COMPACT control, 11-20, 11-21 

restrictions, 11-20, 11-21 
compilation 

constant, 3-1, 3-7, 3-8 
steps, 11-1 
summary, 11-31 

compiler controls, Chapter 11 
compiler files, Appendix H, Appendix I 

input, Appendix H, Appendix I 
output, Appendix H, Appendix I 
work, Appendix H, Appendix I 

compiler invocation, Appendix H, Appendix I 
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complement 
ones, 4-5 
twos, 3-11 

compound 
delimiter, 2-2 
operands, 4-2, 4-3, 4-7 

COND control, 11-36, 11-37 
conditional 

execution 6-7 thru 6-11 
compilation, 11-33 thru 11-37 

constant, 2-3 thru 2-5, 3-4 thru 3-8 
character, 2-5 
compilation, 3-1 
execution, 3-1, 3-6 
expression, 3-4, 4-13, 4-14, 6-3 
list, 3-14 
numeric, 4-1 

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, 2-3,2-4 
type, 2-4 

constraints, Appendix B 
context, signed or unsigned, 4-1, 4-10 thru 4-14 
contiguity, 3-2, 5-1, 8-2 

of storage, 3-3, 5-1, 5-2 
control line, 11-1 
controls, Chapter 11 

list, 11-2 
conversion 

explicit, 9-3 thru 9-7 
implicit,4-13, 8-5 

count, 9-6 thru 9-11 
counter, 6-1 
cross-reference listing, 11-28, 11-30 
CS register, 11-18 thru 11-22 

DATA, 3-1, 3-4 thru 3-7, 7-5 
data section, 11-6, 11-18 thru 11-22 
DEBUG control, 11-17 
DEC, 10-3 
decimal adjust, 10-3 
decimal point, 2-1, 2-4, 4-1 
DECLARE, 1-3,3-1 

combining, 3-3 
elements, 3-8, 3-9 

declarations, 1-3,3-1 thru 3-9 
elements, 3-8, 3-9 
factored, 3-2 
local,7-3 
multiple, 1-3, 3-1, 7-3 
procedure, 3-9 
variable, 3-1 

results, 3-3 
default 

control word setting, Appendix G 
recovery, Appendix G 

defIning 
declaration, 7-5, 8-7, 8-8 
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delay, 9-13 
delimiters, 2-2, 2-5 
denormal, Appendix G 
descending 
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order in string moves, 9-9 thru 9-13 
destination 

location in string moves, 9-10 thru 9-13 
dimension specifier, 5-1, 8-2, 8-7 

implicit, 3-6 
DISABLE, 10-1 
division, 3-10, 4-1 thru 4-4 
DO 

as unit, 6-2, 6-4, 6-8 
block, 1-2, 1-3, 6-4, 6-8 

CASE, 6-1, 6-3, 6-4 
iterative, 6-1, 6-5 thru 6-7 
simple, 6-1 thru 6-3 
WHILE, 6-1, 6-4, 6-5 

exit, 6-2 
labeled, 6-3 
loop, 6-1 
nested, 6-3, 7-1 thru 7-4 
statement, 1-3 

dollar sign, 2-2, 11-1 
dot operator, 2-1, 3-5, 3-15, 3-17 
DOUBLE,9-4 
DS register, 11-18 thru 11-22 
DWORD, 3-10, 4-1,4-3,4-10 thru 4-14 

E8087, Appendix F 
E8087.LIB, Appendix F 
EJECT control, 11-27 
element 

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

elimination of 
common subexpressions, 11-5 
superfluous branches, 11-5 

ELSE part, 6-9 
see IF statement or control 

embedded assignment, 4-9,4-14,4-15 
possible ambiguity, 4-15 

ENABLE, 10-1 
END, 1-3,3-9,6-1, 8-1, 8-5 
entry point, 3-13, 8-5, 8-9, Appendix F, Appendix G 
equal sign, 2-1, 2-2, 11-28 
errors, 2-1, 3-4, 5-4, 7-5, 11-30, Chapter 14 

REAL, handling, 10-9, Appendix G 
evaluation order, 4-6, 4-9 
exception conditions for REALs, 10-8, 10-9, Appendix G 
exception handling procedure, Appendix G 
executable statement, 1-4, 2-1, 2-8, 6-2, 8-1 
execution 

constant names, 3-1 
faster, 11-9 
suspending, 8-10 

exclusive extent, 7-1 thru 7-3 
explicit 

label declaration, 3-8 
type conversion, 9-3 thru 9-7 

exponent of REAL number, 3-11, 3-12 
EXPORTS list, 13-4 
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expression, 14, 3-2, 4-1 thru 4-15, 8-4 
analysis, 4-6 thru 4-9 
constant, 4-10 thru 4-14 
evaluation order, 4-9 
floating-point, 3-11, 3-12 
REAL, 3-11, 3-12 
restricted, 3-4 
subscript, 5-2 
summary of rules, 4-9 thru 4-14 

extended scope, 7-4, 7-5, 8-7, 8-8 
extended segmentation controls, Chapter 13 
extent, inclusive or exclusive, 7-1 thm 7-3 
EXTERNAL, 3-1, 3-6 thm 3-9, 6-11, 7-4 thru 7-7, 8-7, 

8-8, 11-23 

factored declaration, 3-3 
false, 3-11,4-5, 4-6,6-4,6-7 
far references to procedures, Appendix F 
fatal errors, 14-20 
fields of a REAL number, 3-11 
file usage, Appendix H, Appendix I 
FINDB,9-11 
FINDRB, 9-11 
FINDRW, 9-11 
FINDW,9-11 
FIX, 9-3, 9-5 
FLAGS, 10-3 
FLOAT, 9-3,9-5 
floating-point linkage, Appendix F 
floating-point number, 3-11, 3-12 

format in memory, 3-11 
flow control statements, 6-1 thru 6-12 
folding of constant expressions, 11-5 
formal parameters, 8-2 thru 8-7 
fraction of REAL number, 3-11 
function, 8-4 

REAL,10-15 
references, 4-2,4-9,4-12, 8-1 thru 8-5 
see also built-in 

genera.l controls, 11-1 
GET$REAL$ERROR, 10-8, 10-9, Appendix G 
GOTO, 3-9, 6-2,6-11, 7-6 thru 7-9, 8-5, 8-9 
gradual underflow, Appendix G 
grammar of PL/M-86, Appendix C 
greater than, see relational 

HALT,10-1 
hardware 

features, Chapter 10 
flags, 10-1 thru 10-3 
registers, 10-3, 10-4 

HIGH, 4-3, 9-4 
high-level languages, 1-1, 1-2 
HLT,10-1 

lABS, 9-4, 9-7 
identifier, 1-4,3-2,5-1,5-2 

definition, 2-3 
examples, 2-3 
listing, 11-28 
predeclared, Appendix A 

IF control, 11-33 

IF statement, 4-5, 4-11, 6-3, 6-7, 6-8 
enclosing DO blocks, 6-8 thru 6-10 
nested, 6-8 thru 6-10 

implicit 
dimension specifier, 3-6 
label declaration, 3-8 
type conversion, 4-13, 8-5 

INCLUDE control, 11-2, 11-32, 13-6, Appendix H, 
Appendix I 

inclusive extent, 7-1 thru 7-3 
index 

in string moves, 9-9 
variable, 5-2, 6-6 
see also DO, iterative 

infinity control, Appendix G 
INIT$REAL$MATH$UNIT, 10-8 
INITIAL, 3-1, 3-4 thru 3-7, 3-13, 7-5, 11-23 
initializations, 3-4 thru 3-7 

multiple, 3-4 
of REAL math facility, 10-6 
string constant, 2-5 

INPUT, 1-5, 10-4, 10-5 
inner level, 6-11 

see outer 
input/output, 1-5, 10-4, 10-5 

ports, 1-5 
insertion sort example, Chapter 12 
INT, 9-3, 9-5 
INTEGER, 3-11,4-1 thru 4-4 

least significant bits, 3-11 
interface list, 13-4 
intermediate results, 10-6, Appendix G 
internal REAL format, 3-11 
INTERRUPT attribute, 8-7 thru 8-9 
interrupt 

attribute, 8-7 
enabled or disabled, 8-8, 8-9, Appendix G 
emulator usage, Appendix F 
entry point, Appendix G 
epilogue, Appendix G 
gates, Appendix G 
masking, Appendix F, Appendix G 
mechanism, 8-9, Appendix G 
prologue, Appendix G 
procedures, 8-8 thru 8-10, Appendix G 
REAL, 10-6, Appendix G 
signal, 8-8, 8-9 
software, 9-13 
vectors, 8-8, 11-4, Appendix G 

interrupt request, 10-6 
INTVECTOR control, 11-4 
invalid operation, Appendix G 
invocation 

line, Appendix H, Appendix I 
of procedure, 1-3 

INWORD, 1-5, 10-4, 10-5 
iRMX, Appendix I 

LABEL, 3-1, 3-8 
label, 3-8, 6-2 

as target of GOTO, 6-11 
declaration, 3-8, 3-9, 7-1 

results, 3-9 
definition, 3-1, 3-8, 3-9, 8-2 

Index 
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generated, 11-28 
scope, 7-6 thru 7-9 

LARGE, 11-22, 11-23 
restrictions, 11-23 

LAST, 5-5, 9-2 
LEFfMARGIN,II-2 
left-to-right,4-6 thru 4-9 
LENGTH, 5-5, 9-1 
length 

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

upper and lower case, 2-1 
level 

block, 7-1 thru 7-4 
module, 3-7 
outer, 1-3 

libraries of floating-point functions, Appendix F 
line-feed, 2-1, 2-5 
LINK86, 3-10, 11-16 
linkage, 3-1 

assembly language, Appendix F 
floating-point, Appendix F 

list 
as array, 3-2, 5-1 
as structure, 3-2, 5-2 thru 5-5 
of controls on line, 11-1 
of initialization values, 3-4 thru 3-7 

restriction, 3-6, 3-7 
of parameters, Chapter 8 
of scalars, 3-2, 5-1 

LIST control, 11-24 
listing format controls, 11-26 thru 11-31 
listing, sample, 11-28 
listing selection and content controls, 11-24, 11-25 
LITERALLY, 3-1, 3-7, 3-8 
loading, 3-4 
LOC86, 1-1, 11-16 
local meaning, 9-1, 11-17 
locaLsave_area, Appendix G 
location 

address, 3-3 
attribute, 3-1 
eontents, 1-3 
references, 2-5, 3-5, 3-13 thru 3-19, 5-5, 9-1 
in string moves, 9-9 

lock, 9-14 
LOCKSET,9-14 
logical 

operation, 4-1 
operator, 4-1, 4-5 thru 4-9, 11-32 

loop optimization, 11-7 
LOW, 9-3, 9-4 

machine code optimization, 11-4, 11-5 
main 

module, 7-6, 7-9 
program, 1-4, 11-6 

manual organization, Preface 
masked error, 10-6, Appendix G 
matrix as structure, 5-4 
MEDIUM, 11-21, 11-22 

restrictions, 11-22 

Index-4 

member 
reference, 5-4, 5-5, 8-2 
structure, 5-2 thru 5-5 

MEMORY, 1-1,9-14 
memory 

concepts, 13-1 
free, 9-14 
shared, 9-14 

MINUS, 10-2 
minus sign, 4-3, 4-4, 4-6 
MOD, operator, 1-4,4-3,4-4,4-6 
MOD86/MODI86 

control, 11-2, 11-3 
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models of segmentation, 11-18 thru 11-22, Chapter 13 
modular programming, 6-1 

advantages, 7-1, 8-1 
use of procedures, 8-1 

module, 7-1 thru 7-9 
as block, 1-3 
level,3-7 
main, 1-4 
object, 11-16 

modulo arithmetic in DOs, 6-6 
MOVB,9-10 
MOVE,9-13 
MOVRB, 9-10 
MOVRW, 9-10 
MOVW, 9-10 
multiple 

assignment, 4-14 
declarations, 1-3,3-1, 7-3 
initializations, 3-4 

multiprocessor 
lock,9-14 

multi-tasking, Appendix G 

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

NAN, Appendix G 
negative values, 3-10 
nesting 

of blocks, 1-3,6-3, 7-1 thru 7-4, 11-28 
of procedures, 8-6, 8-10 

NIL pointers, 9-16 
NOCODE control, 11-25 
NOCOND control, 11-37 
NODEBUG control, 11-17 
NOINTVECTOR control, 11-4 
NOLIST control, 11-24 
NOOBJECT control, 11-16 
NOOVERFLOW control, 11-4 
NOPAGING control, 11-26 
NOPRINT control, 11-24 
NOSYMBOLS control, 11-25 
NOT,4-5, 11-32 
notation, Preface 
NOTYPE control, 11-18 
NOXREF control, 11-25 

object 
code, 11-16 
file controls, Chapter -II 
module, 11-16 
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OBJECT control, 11-16, Appendix H, Appendix I 
object module sections, 11-16 
offset 

of REAL exponent,' 3-11 
OFFSETSOF,9-16 
ones complement, 4-5 
open subsystems, 13-3 
operand, 1-4, 4-1 thru 4-15 
operator, 1-4,4-1,4-6 

precedence, 4-6 
optimization 

and hardware flags, 10-1 
OPTIMIZE controls, 11-4 thru 11-15 
optimizing 

indeterminate storage operations, 11-8 
machine code, 11-6 
pointer comparisons, 11-9 

OR, 4-5, 11-32 
order 

of multiple assignments, 4-14 
of operand evaluation, 4-6, 4-9, 4-14 
of parameter evaluation, 8-3 

outer level, 1-3,3-4,3-13,6-11, 7-1 thru 7-9 
out-of-range 

case number, 6-3 
OUTPUT, 1-5, 10-4, 10-5 
OUTWORD, 1-5, 10-4, 10-5 
OVERFLOW control, 11-4 
overflow, Appendix G 

PAGELENGTH control, 11-26 
PAGEWIDTH control, 11-26 
PAGING control, 11-26 
parameters, 

control, 11-1 
parentheses, 2-2, 3-2 thru 3-7, 4-2, 4-6, 4-14, 4-15, 8-2, 8-4 
PARITY,10-2 
pathname, 11-16, 11-26 
PE8087, Appendix F 
PL/M-80, Appendix D 
PL/M-86 

compiler, Appendix H, Appendix I 
PL/M-80, Appendix D 
sample program, 1-6, Chapter 12 
statements, 1-4 

PLM86.LIB, 4-1, Chapter 14 
PLUS, 10-2 
plus sign, 2-2, 2-5, 4-3 thru 4-6 
POINTER, 3-2, 3-4, 3-13, ,4-13 
pointer, 3-4, 3-13 
POINTER and SELECTOR related functions, 9-16, 9-17 
precedence, 4-6 thru 4-9 
precision, 10-8, Appendix G 
predeclared identifiers, Appendix A 
primary 

controls, 11-1 
operands,4-3 

PRINT control, 11-24 
PROCEDURE, 3-9,8-1,8-2 
procedure, 1-3, 1-6 

activation, 1-3,6-11,6-12 
block, 7-1 thru 7-7 
body, 8-1, 8-6, 8-7 
declaration, 1-3, 3-1, 3-9 
definition block, 1-3, 3-9 

epilogue, Appendix F 
handling REAL interrupts, Appendix G 
invoking, 1-3, 1-6,6-12 
in location references, 3-13, 3-14 
name, 3-9 
parameters, 3-9, 4-2 
prologue, Appendix F 
reentrant, 7-1, 8-10 
termination, 1-3, 8-5 
typed, 4-2,8-3, Appendix F 
untyped, 6-12, 8-3 
value, 1-3, 4-2 

program, 1-2, 1-3, 7-1 
control, 8-1 
documentation, 2-5 
example, 1-6, Chapter 12 
main, 1-2 
size controls, 11-18 thru 11-22, Chapter 13 

program constraints, Appendix B 
program development process, 1-5 
projective, see infinity 
prologue, 8-8, Appendix F 

Index 

PUBLIC, 3-1, 3-6 thru 3-9,6-11, 7-4 thru 7-7,8-7, 8-8 

qualified references, 4-1, 4-2 
quote, see apostrophe 

RAM control, 11-28 
REAL,2-4, 3-11,3-12,4-1,4-3, 4-4, 4-7 thru 4-14, 

10-6 thru 10-10, Appendix G 
REAL error 

byte, 10-6, 10-7 
categories, Appendix G 

REAL exceptions, Appendix G 
REAL math facility, 10-6 thru 10-10 
REAL mode word, 10-6, 10-7 

initial value, 10-6 
suggested value, Appendix G 

REAL-parameter passing, Appendix F 
recursion, 8-10 
REENTRANT, 3-9, 8-10 
reentrant procedure, 7-1, 8-1, 8-10 
references 

to arrays and structures, 5-4, 5-5, 8-3, 9-1, 9-2 
external, see scope 
location, 2-5, 3-13 thru 3-15, 5-5,9-1 
qualified 

fully, 4-1, 4-2, 4-12, 5-4, 9-1 
partially, 5-4, 5-5, 9-1 thru 9-3 

unqualified, 5-4, 5-5 
related publications, Preface, Appendix H 
relational 

operation, 3-10,4-8,4-9 
operator, 3-10, 4-4 thru 4-9, 11-32 

removal of unreachable code, 11-6 thru 11-8 
representation of REAL values, 3-11, 3-12 
reserved words, 2-3, Appendix A 
RESET control, 11-35 
RESTORE control, 11-32 
RESTORESREALSSTATUS, 10-10, Appendix G 
restoring REAL status, 10-8 
restricted expression, 3-4, 3-5 
RETURN, 4-12,6-12,8-5,8-6 
return address, Appendix F 
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reuse of duplicate Code, 11-6, 11-7 
restriction, 11-6 

reversal of branch condition, 11-6 
ROL,9-7 
ROM control, 11.23 
ROR,9-7 
rotation functions, 9-7, 9-8, 10-3 
rounding, 10-8, Appendix G 
RUN, Appendix H 
run-time, 4-1, 6-3, 8-3, Appendix F, Appendix H 

SAL, 9-8 
sample 

listing, 11-28 
programs, 1-6, Chapter 12 

SAR,9-8 
SAVE control, 11-32 
saving REAL status, 10-9 
SA VESREALSSTATUS, 10-10, Appendix G 
scalar, 3-2 thru 3-5, 4-2, 4-12, 5-4 
SCL,10-3 
scope, 7-1 thru 7-9, 9-1 

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

SCR,10-3 
segment 

address, 13-1 
overlap, 11-8 

segmentation 
controls, 11-18 thru 11-22, Chapter 13 

selecLexpression, see DO CASE 
SELECTOR, 3-15, 4-3, 4-10, 4-13 
SELECTORSOF, 3-15, 9-16 
semicolon, 2-2 
separators, 2-2, 2-3 
SETB,9-12 
SET control, 11-35 
SETSINTERRUPT, 9-15 
SETSREALSMODE, 10-8 
SETW,9-12 
shared memory, 9-14 
shift functions, 9-7 thru 9-9 
SHL,9-8 
short-circuit Boolean evaluation, 11-4 
SHR,9-8 
side effects, 4-9,8-3,8-4 

see also order 
SIGN,10-2 
SIGNED,9-6 
sign of REAL number, 3-11 
SIZE, 5-5,9-1,9-2 
size controls, 11-18 thru 11-22, Chapter 13 
SKIPB,9-ll 
SKIPRB, 9-11 
SKIPRW, 9-11 
SKIPW, 9-11 
slash, 3-1, 4-3, 4-4 
SMALL, 11-18 thru 11-20 

restrictions, 11-19 
soft recovery f(Om REAL underflow, Appendix G 

see underflow, denormal 
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source 
code, 1-6, Chapter 12 
location in string moves, 9-9 

source inclusion controls, 11-32 
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source PL/M-86 errors, 14-1 thru 14-19 
space, see blank 
special characters, 2-1 thru 2-3 
SS, 11-18 thru 11-22 
STACKBASE, 10-4 
STACKPTR, 10-4 
stack, Appendix F 

market offset, Appendix F 
maximum, 11-30 
overflow, Appendix F 
pointer, 10-4, Appendix F 
REAL, Appendix F 
segment 

base address, 10-4, Appendix F 
usage, 8-10, Appendix F, Appendix G 

stack section, 11-17 thru 11-22 
starLexpr, 6-1 
statement number, 11-29 
step_expr, see DO, iterative 
strength reduction, 11-5 
string 

in compilation constant, 3-7, 3-8 
comparison, 9-9 
constant, 2-1, 2-3, 2-5, 3-1, 3-6, 3-15, 4-2 
copying, 9-9 
definition, 9-9 
index, 9-9 
manipulation, 9-9 thru 9-13 
order of copy, 9-9 
target, 9-11 
translation, 9-12 
type, 2-5 
value, 2-5, 3-5, 4-2 
value assignment, 9-12 

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

arrays, 5-2 thru 5-5 
as matrix, 5-4 
declaration, 5-2 
example, 3-3, 3-5, 3-18 
references, 5-5 
storage of, 5-2 
type, 5-2 

subexpression, 4-2, 4-6 thru 4-9, 11-5, 11-33 
subroutine, see procedure 
subscript, 3-2, 3-3, 3-9, 3-15 thru 3-17, 4-11, 

5-1 thru 5-5, 8-2 
subsystems 

modular, Chapter 13 
unnamed, 13-3 

SUBTITLE control, 11-27 
subtraction, 3-10,4-3 
suffix, 2-4 
superfluous 

branches, 11-5 
operations, 11-5 

support library, 3-10 
symbolic and cross-reference listing, 11-28, 11-30 
symbolic 

debugging, 11-17 
names, see variable, SYMBOLS 
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SYMBOLS control, 11-25, 11-28 
syntax 

BNF description, Appendix C 

tab, 2-1, 2-5, 6-3 
target 

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

THEN part 
see IF statement or control 

TIME,9-13 
TITLE control, 11-27 
token, 2-2 
true, 4-5, 4-6, 6-4, 6-7 
twos complement, 3-11 
type, 3-1 

of arithmetic, 1-4,3-10,4-3,4-4 
conflict, 7-5 
conversion 

explicit, 9-3 thru 9-7 
implicit, 4-8, 4-13 

of counter in iterative DO, 6-6 
data, 3-10 thru 3-15 
mixing, 4-8 
procedure, 8-3, 8-4, 8-7, Appendix F 

TYPE control, 11-18 

unary operators, 4-6 
underflow, Appendix G 
underscore, 2-3 
unmasked error, 10-8, Appendix G 
UNSIGN, 9-3,9-6 
untyped procedure, 6-12, 8-3, 8-4, 8-7 

usage 
declaration, 7-5, 8-7, 8-8 

variable, 1-4,3-1 tbru 3-3, 3-10 
area size, 11-30 
assignment, 4-12 thru 4-15 
based, 3-15 thru 3-17 
declaration, 3-1 

results, 3-3 
defmition, 3-1 
initialization, 3-1, 3-4 thru 3-7 
names, 1-4, 3-1 
negative, 3-10 
REAL, 3-11, 3-12 
references, 1-4,4-2 
reinitialization, 3-4 
subscripted, 5-1 thru 5-4 

Index 

types, 3-10 thru 3-15,4-3 thru 4-5, 4-8,4-10 thru 4-15 

WAIT state, 10-10 
warnings, 11-31, Chapter 14 
WHILE, see DO 
whole-numbers, 

context, 4-1 
WORD, 3-1, 3-10, 4-1 thru 4-14 

least significant bits, 3-10 

XLAT,9-12 
XOR, 4-5, 11-32 
XREF control, 11-25, 11-28 

ZERO, 10-2 
zero divide, Appendix G 
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