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PUT 

READ 

Identifier 

READLN 

RESET 

REWRITE 

UNPACK 

WRITE 

WRITELN 

Pascal-86 Vocabulary 

Table F -8 _ Predefined Procedures (Cont'd _) 

Parameter List-

[(file-var)] 

([ file- var,] variable 
[, variable] .. . ) 

([ textfile-var,] variable 
[,variable] ... ) or (textfile­
vary or none 

(packed-array, 
unpacked-array,ord-expr) 

([ file-var,] write-param 
[ ,write-param] ... ) 

([ textfile-var,] write-param 
[,write-param] ... ) or 

(textfile-var) or 
none 

Operation 

outputs one file component 

inputs one or more file compo­
nents to variables 

inputs zero or more text file 
components to variables and 
skips to next line 

prepares a file for reading 

prepares a file for writing omitted 
from the syntax. 

unpacks an array 

outputs one or more file compo­
nents from variables 

outputs zero or more text file 
components from variables and 
starts new line 

*For readability, optional blanks have been omitted from the syntax. 

F-5 



I . ' 

n 

ASCII HEX PASCAL-a6 
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 OB 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 
ETB 17 no 
CAN 18 no 
EM 19 no 
SUB 1A no 
ESC 1B no 
FS 1C no 
GS 10 no 
RS 1E no 
US 1F no 
space 20 yes 
! 21 no .. 22 no 
# 23 no 
$ 24 no 
0/0 25 no 
& 26 no 
I 27 yes 
( 28 yes 
) 29 yes 
* 2A yes 
+ 2B yes 

2C yes 
- 20 yes 

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

3A yes 
3B yes 

< 3C yes 
= 3D yes 
> 3E yes 
? 3F no 

APPENDIX G 
CHARACTER SETS AND 
COLLATING SEQUENCE 

ASCII HEX PASCAL-a6 
CHARACTER CHARACTER? 

@ 40 yes 
A 41 yes 
B 42 yes 
C 43 yes 
0 44 yes 
E 45 yes 
F 46 yes 
G 47 yes 
H 48 yes 
I 49 yes 
J 4A yes 
K 4B yes 
L 4C yes 
M 40 yes 
N 4E yes 
0 4F yes 
P 50 yes 
Q 51 yes 
R 52 yes 
S 53 yes 
T 54 yes 
U 55 yes 
V 56 yes 
W 57 yes 
X 58 yes 
Y 59 yes 
Z 5A yes 
[ 5B yes 
\ 5C no 
] 50 yes 

1\( t) 5E yes 
- 5F yes 

\ 60 no 
a 61 yes 
b 62 yes 
c 63 yes 
d 64 yes 
e 65 yes 
f 66 yes 
9 67 yes 
h 68 yes 
i 69 yes 
j 6A yes 
k 6B yes 
I 6C yes 

m 60 yes 
n 6E yes 
0 6F yes 
p 70 yes 
q 71 yes 
r 72 yes 
s 73 yes 
t 74 yes 
u 75 yes 
v 76 yes 
w 77 yes 
x 78 yes 
y 79 yes 
z 7A yes 
{ 7B yes 
I 7C no 
} 70 yes 

,......, 7E no 
DEL 7F no 

G-l 



APPENDIX H 
RUN-TIME OAT A REPRESENTATIONS 

The Pascal-86 compiler determines the amount of storage needed at run-time for 
each data type, and the run-time support software allocates the storage when you 
execute the Pascal program. This appendix details the amount of storage allocated 
for each data type, and the method used to assign storage to these types and locate 
them in memory. You need this information if you intend to pass data as arguments 
to procedures written in other languages. See Appendix J for more information about 
communicating to modules written in other languages. 

H. 1 Simple Types 

Table H-l summarizes the storage allocated at run-time for each simple type. The 
figure under the BITS heading is the minimum number of bits needed to store values 
of the corresponding data type. The figure under the BYTES heading is the number 
of bytes allocated to store values of the corresponding data type. You only need to 
know the number of bytes for each data type in order to match a Pascal-86 data type 
with the appropriate data type in another Intel language. 

In all of these discussions, a byte is eight bits, and a word is two consecutive bytes 
(16 bits). The byte with the higher memory address contains the eight most signifi­
cant bits of a word, and the byte with the lower memory address contains the eight 
least significant bits. The significant bits of a value are right-justified in the bytes the 
value occupies. For all simple types, the run-time support software assigns the most 
significant bits of their binary representations to the highest bit positions. For real 
values, the run-time support software assigns the fractional part to the lowest bit 
positions (to the bytes with the lowest addresses), and the exponent part to the highest 
bit positions. 

NOTE 
All real arithmetic in Pascal-86 is performed in 80-bit TEMPREAL 
(extended precision) format, which is used both internally and as a prede­
fined data type. Calculated values are converted to REAL or LONGREAL 
precision only upon assignment to such a variable. REAL values are in the 
intervals (-2128, -2- 127 ), (0,0), and (2- 127 , 2128). LONGREAL values are 
in the intervals (- 21024, - 2- 1023 ), (0,0), and (2- 1023, 21024). TEMPREAL 
values are in the intervals (-2 16384, -2-16383), (0,0), and (2-16383, 216384). For 
further information on the interval formats for real values, see 7.l.8. 

Decimal approximations for the powers of two are: 

2- 127 is approximately 5.877471754 X 10- 39 

2128 is approximately 3.412823668 X 1038 

2- 1023 is approximately l.11253693 X 10-308 

21024 is approximately l.797693131 X 10308 

2-16383 is approximately l.168105158 X 10-4932 

216384 is approximately l.1897 31472 X 104932 

H-J 
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Table H-l. Run-Time Storage Allocation of Simple Data Types 

NOTES: 

Data Type 

BOOLEAN 
CHAR(1) 
INTEGER(2) 

Subrange (n .. m)(9) 

Enumerated (n elements)(10) 

Bits 

1 
8 

16 

subbit 
enumbit 

Bytes 

1 
1 
2 

subbyte 
enumbyte 

(1) Values of type CHAR are eight-bit ASCII codes stored in eight bits (one byte). In Pascal programs, 
you can express the characters carriage return (ASCII 13) and line feed (ASCII 10) as the prede­
fined constants CR and LF, respectively. All other characters can be expressed by enclosing 
the character in single quotes (ASCII 39). CHR is defined in the range 0 to 255. 

(2) Values of type INTEGER are in the range - 32767 to + 32767. 

(3) Values of type LONGINT are in the range - 2147483647 to + 2147483647. 

(4) Values of type LONGREAL are in the intervals (-21024, - 2 - 1023), (0, 0) , and (2 - 1024, 21023) to 
53 bits of precision. 

(5) Values of type REAL are in the intervals (- 2128, - 2 - 127), (0, 0) , and (2 - 127, 2128) to 24 bits of 
precision. 

(6) Values of type TEMPREAL are in the intervals (-216384, - 2- 16383), (0, 0), and (2 - 16383, 216384) 
to 64 bits of precision. 

(7) Values of type WORD are in the range 0 to 65535. 

(8) If the SMALL( -CONST IN OAT A-) model of segmentation is used (10.3.18) pointers are only 
16 bits long (2 bytes). 

(9) The value of subbit and subbyte can be calculated as follows: 

If the subrange n .. m is in the range 0 .. 255, subbit is equal to eight bits and subbyte is equal to 
one byte; otherwise, subbit is equal to 16 bits , and subbyte is equal to two bytes. 

(10) The value of enumbit and enumbyte can be calculated as follows: 

For an enumeration of n elements, enumbit is equal to the smallest positive integer greater than 
or equal to the base-two logarithm of n, and enumbyte is equal to the smallest positive integer 
greater than or equal to (enumbitj8). 

H.2 Structured Types 

All structures are byte-aligned and occupy an integral number of bytes; i.e., each 
field of a structure starts at a bit position that is evenly divisible by eight and occupies 
a multiple of eight bits (bit positions are numbered from zero). 

H.2.1 Record Types 

The run-time support software assigns storage to record types in two steps: first the 
fields are assigned to a string of bits, and then the bit string is assigned to bytes in 
memory. 

The fields of a record are assigned storage in the order in which they are defined in 
the record. The first field occupies the lowest address. Each field is byte-aligned and 
occupies an integral number of bytes. 
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Structured fields are aligned on the next available bit position that is evenly divisible 
by eight (byte-aligned), and they occupy an integral number of bytes (multiples of 
eight bits). 

A structured type field can itself contain simple type and structured type fields, just 
as a record can contain records. If such a structure contains structured type or simple 
type fields, the structure is aligned to satisfy the byte-aligned requirement of its 
components. 

The following figures illustrate the storage allocation scheme, which has two parts: 
first the fields are assigned to a long bit string, then the bit string is assigned to bytes 
of memory (shown in figure H-2). 

TYPE A = RECORD 
A 1 0 •• 7 j 

AREC RECORD (*fields are byte-aligned*) 
A2 IHTEGER 
A3 IHTEGER 
EHDi 

A4 0 •• 7 
EHDi 

Figure H-I shows the first step of this storage allocation scheme: assigning the fields 
to bytes in a long bit string. 

00000000 00111111 11112222 22222233 33333333 44444444 
01234567 89012345 67890123 45678901 23456789 01234567 

+ -- + --+ -- + --+--+ --+ 
I A 1 I A2 I A3 I A4 I 

+--+--+--+--+--+--+ 

Figure "-1. Record (A) Containing a Record (AREC) 121539-36 

Storage for type A is allocated in this fashion (" +" denotes a byte boundary). 

The second and last step is the assignment of the bit string to actual bytes, as shown 
in figure H-2. Within each byte, the more significant bits (higher bit positions) are 
actually on the left side, contrary to the bit numbering in figure H-l. Figure H-2 
shows the actual bit positions of the fields defined in figure H -I as they are assigned 
to bytes in memory. 

00000000 11111100 22221111 33222222 33333333 44444444 
76543210 54321098 32109876 10987654 98765432 76543210 
+--+--+--+--+--+--+ 

I A 1 I A2 I A3 I A4 I 

+--+--+--+--+--+--+ 

Figure "-2. Actual Bit Positions within Memory Bytes 

H.2.2 Array Types 

121539-37 

Since an array can contain arrays, the components of the innermost nested array are 
allocated first; that is, storage is allocated in row-major order, with the rightmost 
index expression varying the fastest. For example, a two-dimensional array of rows 
and columns can be simulated in Pascal-86 by providing an array of rows, where each 

H-3 
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row is an array of columns. The array of columns (selected by the rightmost index 
expression in a pair of index expressions) is allocated first. 

The first component is assigned the lowest address. Each component is byte-aligned 
and occupies an integral number of bytes. 

Using ASM86 to Reference an Element in a Pascal-86 Large Array 

As mentioned in section 10.3.12, the data sections of certain modules may be placed 
in more than one data segment. In particular, arrays that require more than 64K 
bytes of data storage are placed in more than one data segment. These data struc­
tures are called large arrays. 

This section describes the process whereby a large array is mapped onto memory 
segments. In addition, this section provides two examples that illustrate the mapping 
of large arrays, along with assembly source code that allows you to access a single 
element in each of these arrays. 

Large arrays are mapped onto memory segments based on two static attributes of the 
structure: the component size and the component number. The component size of a 
large array is the number of bytes per individual component on the array. The 
component number is the total number of components on the array. The Pascal-86 
compiler uses these numbers to map the elements of a large array onto a given number 
of segments. The first n segments are full; i.e., the number of elements they contain 
is a power of two. The final segment contains the remainder. 

The algorithms presented in this section perform more efficiently when the compo­
nent size of a large array is a power of two. This stems from a balance between the 
time needed to access an element in a large array and efficient memory usage. You 
may want to pad your data structure with unused bytes to construct a large array 
with a component size that is a power of two, thereby improving access time. 

This section presents two examples in which a component in a large array is accessed. 
The first example presents a static array whose component size is a power of two; the 
second example presents a dynamically allocated array whose component size is not 
a power of two. 

To partition the elements of a large array, the Pascal-86 compiler must first deter­
mine the total number of elements to place in a full segment. (A full segment is one 
whose component number is a power of two.) The following equation determines the 
number of elements in a full segment: 

LgNumc = Floor (Log base 2 (65536/Components Size)) 

(65536 represents the maximum number of bytes in a given segment.) 

Based on the results of this calculation, the compiler can partition elements into 
memory segments by calculating the number of bytes in a full segment and the number 
of bytes in the final segment of a large array. Another calculation that can be 
performed results in the number of full segments in a large array. Note that the 
Pascal-86 compiler performs these calculations; the equations are included here only 
to make the examples easier to understand. 

These calculations are 'as follows: 

1. Equation to calculate the number of bytes in a full segment: 

Size of a full segment = 2LgNumc * Component Size 
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2. Equation to calculate the number of bytes in the last segment of a large array: 

(REM Component Number) * Component Size 

3. Equation to calculate the number of full segments in a large array: 

Number of Full Segments = MOD Component Number 

The following paragraphs present an example of the memory representation of a large 
array whose component size is a power of two. 

Consider the large array representation for the following Pascal-86 program fragment: 

Public ThisModulei 
For SomeOtherModule 

Var LargeArray: array[1 .. 100000] of integeri 

The number of elements in this array is 100,000 and the type is integer. Each integer 
in this 100,000-element array requires 2 bytes of storage; therefore, the total number 
of bytes needed to represent this array is 200,000. 

Based on the equations presented above, this large array is represented in memory as 
three segments of 65536 bytes each and a final segment of 3392 bytes, as indicated 
in figure H-3. 

64K BYTES 
SELECTOR 1 32768 

------------ 32769 

SELECTOR 2 64KBYTES 
55536 

------------
65537 

SELECTOR 3 64KBYTES 
98304 ------------

SELECTOR 4 98305 
3392 BYTES 

100000 

Figure H-3. The Memory Representation of a Large Array Whose 
Component Size Is a Power of Two 121539-45 

The following section of source code (written in ASM86) allows you to access a single 
element in this static large array: 

SAL 
RCL 

assume normalized index expr in DX:AX 

A X , 
OX, 

Mult by Component Size (2 bytes) 

OX contains offset 
AX contains offset 

i n t 0 

i n t 0 

selector 
segment 

tab 1 e 

MOV OI,OX Copy table index into index reg 
SHL 01,1 Each selector is 2 bytes, so (* 2) 
MOV ES,SelectorTableOisp [ DI ] 

ES contains' correct selector for this element 

H-5 
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MDV 
MDV 

Copy seg offset into index reg 
D I ] 

CX contains the integer array element 

The following paragraphs present an example of the memory presentation of a large 
array whose component size is not a power of two. 

Consider the Pascal-86 representation for the following dynamically allocated large 
array whose component size is not a power of two: 

Type 
ThreeByte 

record 
field1 
field2 

endj 

o .. 1 0 j 

integer 

DynamicLargeArray array [1 .• 40000] of ThreeBytej 
Pntr tDynamicLargeArrayj 

Var 
DynLAPtr 

beg in 

P n t r j 

Hew(DynLAPtr)j 

Dispose( DynLAPtr )j 

Here, the component size is three and the component number is 40,000. Based on the 
equations presented above, this large array is allocated to memory segments as two 
segments of 49152 bytes each and one remaining segment of 21696 bytes, as indicated 
in figure H-4. 

DynLAPtr • SELECTOR 1 
49152 BYTES 

16384 

1------------ 16385 
SELECTOR 2 49152 BYTES 

32768 

~-----------. 
SELECTOR 3 32769 

21696 BYTES 
40000 

Figure H-4. The Memory Representation of a Large Array Whose 
Component Size Is Not a Power of Two 121539-46 

The following section of source code (written in ASM86) makes it possible to access 
a single element in this large data array: 

assume normalized index expr DX:AX 
assume EA is in ES:BX 

MOV CX,14 LgNumC, used as shift count 

MOV save low 16 bits of index expr 

compute selector 
first divide the 

table offset 
index expr 
by 2**LgNumC 
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DIVIDELOOP SHR DX, 32 bit division 
RCR AX, 

LOOP DIVIDELOOP 

MOV 
5 H L 

D I , A X 
D I , 1 

copy MOD into 
each selector 

MOV ES,ES:[ 8X + DI 

index reg 
is 2 bytes, so (* 2) 

ES contains correct selector for this element 

compute the offset into the seg 

AND 51,00111111111111118 const is 2**LgNumC 
MOV AX,3 constant is Component Size 
MUL 51 component size * offset portion 
MOV SI,AX copy offset into index reg 

ES: [SI] is ADDRESS of selected array element 

MOV CL,ES: [ 51 ] C L· i s a r r [D X : A X] , fie 1 d 1 

H.2.3 Set Types 

Sets may have at most 32767 elements, and the ordinal value of each member must 
lie in the range of integers. 

The run-time support software stores a set such that the set element whose ordinal 
value is zero, modulo eight, is assigned to the least significant bit of the first byte 
(bit 0). The smallest set element in the base type of the set is also assigned to the 
first byte. Figure H-5 shows a sample assignment. 

VAR ITEMS: SET OF 3 .. 10; 

ITEMS ,= [3,5,7,9]; 

Storage for ITEMS is allocated in this fashion. 

76543210 76543210 

+--+--+ 
110101·** 1 ·*··*0101 

+--+--+ 

Figure H-5. Bits Assigned for a Set 121539-38 

The asterisk (*) denotes an unassigned bit and the plus sign (+) denotes a byte 
boundary. 

H-7 
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H.2.4 File Types 

A file variable occupies six bytes in its data area in addition to the space occupied by 
the buffer variable (which is allocated according to the rules for its type). Two of the 
six bytes hold the file's connection number, and the other four ar~ used as a pointer 
to a structure in the constant area of the file variable's defining procedure. 

The structure in the defining procedure's constant area consists of the name of the 
file variable, preceded by a byte holding the length of the name. The most significant 
bit of the length byte is set if the file is a program parameter. 

Each component of a file starts on a byte boundary and occupies an integral number 
of bytes. 
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APPENDIX I 

PASCAL-a6 EXTENDED 
SEGMENTATION MODELS 

n 

I. 1 Introduction 

Program segmentation is a technique used to optimize the object code produced by 
the compiler and to allow easier, more efficient memory addressing. 

The simplest way to compile Pascal-86 code is to use the segmentation controls 
(LARGE, COMPACT, and SMALL) outlined in Chapter 10. However, to take full 
advantage of the segmented iAPX 86 architecture and to simplify the development 
of very large programs, Pascal-86 provides extended segmentation facilities. This 
appendix discusses the segmentation control options available to you. 

Each compilation produces an object module made up of several sections (see 11.2). 
At link time, the sections from separately compiled modules are combined into 
segments depending on compiler-generated attributes and your input to the link 
program. Once combined into a segment, all constituent sections can be addressed 
from the same 8086 segment register. The compiler uses this segment address ability 
to improve the code produced for data references and procedure calls. This is the 
primary purpose of the segmentation controls-to tell the compiler how separately 
compiled code and data will be located in memory. 

Most Pascal-86 programmers need not be concerned about memory addressing 
techniques on the iAPX 86, as the SMALL, COMPACT, and LARGE controls 
automatically handle the mechanics of program segmentation. If needed, a descrip­
tion of iAPX 86 memory concepts is given in Appendix J. 

By making the variety of segmentation schemes open to you virtually unlimited, these 
controls can reduce the storage required for pointers and the code required to refer­
ence external variables and procedures. 

I. 1. 1 Extended Segmentation 

The segmentation controls adopted by Pascal-86 are a simple extension of the 
SMALL, COMPACT, and LARGE controls originally supported by PLJM-86. Using 
these simple controls, you can create a large program where each module is compiled 
with the same segmentation control, or you can use the extended controls to partition 
'your program into a number of loosely-coupled subsystems. 

A subsystem is a collection of tightly coupled, logically related modules that obey 
the same model of segmentation. A program is made up of one or more subsystems. 
(If you use only the simple controls to compile your program modules, then your 
program consists of one subsystem.) The subsystems within a program can use differ­
ent segmentation models if appropriate. Within a subsystem, calls and data refer­
ences are long or short depending on the segmentation model selected for the 
subsystem. Between subsystems, all calls are long and most data references require 
32-bit pointers. 

Optimized code is obtained by breaking LARGE programs (greater than 64K of 
code, data, or both) into COMPACT or SMALL subsystems having less than 64K 
each of code and data. References between modules in the same subsystem can then 
use more efficient 16-bit addresses. (Only references outside a subsystem need to use 
the full 32-bit address.) Use of these extensions also allows easier ac<;:ess to the one­
megabyte address ·space. 

1-1 
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1.2 Subsystems 

By carefully constructing subsystems, you can minimize references to outside resources 
(code and data) and, in return, receive highly optimized code for all internal resource 
references. This section describes how to create subsystems using the extended 
segmentation controls. 

Note that all modules in your program should be compiled with the same set of 
subsystem definitions, so that the compiler makes consistent assumptions about the 
location of externals. This can be done by putting the subsystem definitions and the 
interface specification into one INCLUDE file and inserting it in every compilation. 
(See figure 1-1 for a sample INCLUDE file.) If inconsistent subsystem definitions 
are used when compiling modules, LINK86 will generate an error. 

There is one segmentation control for each subsystem in a Pascal program. It takes 
the form: 

$ model ( [ subsystem-idl [ submode/] HAS module-list [ { HAS module-list } ] ) 
E X P 0 R T 5 public-list ... 

where 

model specifies the model of segmentation that the subsystem 
will follow (SMALL, COMPACT, and LARGE are 
allowed, but LARGE subsystems will not provide optim­
ized code). All modules in the subsystem must be 
compiled with the same model of segmentation. 

subsystem-id specifies a unique name for each subsystem, and can be 
up to 31 characters long. 

$SMALL(SmaIIHeap -CONST IN DATA- HAS WithSmallHeap; 
$ EXPORTS TinyPtr; 
$ EXPORTS WithSmallHeapNewLargeRee, NewLargeNumber; 
$ EXPORTS wi thSmallHeapGenerateTwo) 
~UBLIC withSmallHeap; 

FOR WithLargeHeap, Evaluator; 
TYPE TinyPtr = -INTEGER; 

FOR WithLargeHeap; 
FUNCTION WithSmallHeapNewLargeRee (vall, val2 : integer) : LargeReePtr; 
FUNCTION NewLargeNumber (val: integer) : LargePtr; 

FOR Evaluator; 
PROCEDURE I'<i thSmallHeapGenerateTwo (FUNCTION e (reel, ree2 : LargeReePtr) BOOLEAN; 

vall, val2 : INTEGER); 

$LARGE (LargeHeap -CONST IN CODE- HAS Wi thLa rgeHeap, Evaluato r; 
$ EXPORTS LargePtr; 
$ EXPORTS LargeReePtr, LargeRee; 
$ EXPORTS WithLargeHeapNewLargeRee, NewTinyNumber; 
$ EXPORTS WithLargeHeapGenerateTwo; 
$ EXPORTS eompar) 
PUBLIC WithLargeHeap; 

FOR withSmallHeap, Evaluator; 
TYPE LargePtr = "INTEGER; 

LargeReePtr = -LargeRee; 
LargeRee = RECORD 

TinyVal : Tinyptr; 
LargeVal : LargePtr 

END; 
FOR Wi thSmallHeap; 

FUNCTION WithLargeHeapNewLargeRee (VAR vall, val2 : integer) : LargeReePtr; 
FUNCTION NewTinyNumber (val: integer) : TinyPtr; 

FOR Evaluator; 
PROCEDURE WithLargeHeapGenerateTwo (FUNCTION e (reel, ree2 LargeReePtr): BOOLEAN; 

vall, val2 : INTEGER); 

PUBLIC Evaluator; 
FOR WithSmallHeap, WithLargeHeap; 

FUNCTION eompar ,(reel, ree2 : LargeReePtr) BOOLEAN; 

Figure 1-1. INCLUDE File Containing Subsystem Definitions and Interface 
Specification 
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submodel specifies the placement of constants. It can be either: 

-CONST IN CODE-
(for burning into ROM-default case for LARGE) 

-CONST IN DATA-
(for efficient access to constants in programs that are 
loaded into RAM-default case for SMALL and 
COMPACT) 

HAS module-list specifies all the modules that make up the subsystem. 
Each identifier in the module-list is the name of a module, 
which can be up to 31 characters long. 

E X P 0 R T S public-list lists the labels, procedures, and variables exported by this 
subsystem. Any object not named in an EXPORTS list 
will be local to its subsystem and not accessible from 
outside the subsystem. Each identifier in this list is the 
name of a public object, which can be up to 40 charac­
ters long. 

Within a program, the subsystem name must be distinct from all module names, 
since they share the same name space. The names used to declare public objects must 
also be unique. Identifiers used to define subsystems and modules, however, may also 
be used to declare public objects. 

In most applications of the subsystem controls, the HAS and EXPORTS lists will 
have several dozen entries apiece. To accommodate lists of this length, a subsystem 
control may be continued over more than one control line. (The continuation lines 
must be contiguous, and each must begin with a $ in the first column). Also, note 
that any number of HAS and EXPORTS lists may appear in a control, in any order, 
allowing you to format your subsystem specification so it can be easily read and 
maintained. 

Consider the following subsystem definition: 

$COMPACT(Room -CONST 1M CODE- HAS Chair, Door, Window); 
$COMPACT(Diner HAS Booths, Waitress, Jukebox 
$ EXPORTS Lunches); 
$LARGE(Allocate EXPORTS CodeSize, DataSize, 
$ MemSize, FreeSpace); 

This sample program contains three subsystems: Room, Diner, and Allocate. Room 
and Diner use the COMPACT model of segmentation, while Allocate uses the 
LARGE model. Constants are stored with the code in Room and Allocate. The Room 
subsystem, containing the modules Chair, Door, and Window, is apparently the main 
program, since it exports no objects. Allocate supplies four objects: CodeSize, 
DataSize, MemSize, and FreeSpace. 

1.2.1 Open and Closed Subsystems 

The subsystems that make up your Pascal-86 program may be either open or closed. 
The subsystem definition for an open subsystem does not list the modules that it 
contains; it does not have a name. Modules can be added to this subsystem at any 
time without changing the subsystem definition. Each program may have only one 
open subsystem. 

The subsystem definition for a closed subsystem does contain a HAS list, which 
specifies all modules in the subsystem. It also contains a subsystem-id as a name. 

1-3 
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In an open subsystem, only the submode/ and EXPORTS modifiers are permitted. 
By omitting the subsystem name, you automatically create an open subsystem that 
contains all modules not claimed in another subsystem's HAS list. (Note that use of 
the simple segmentation controls also creates an open subsystem.) 

One advantage of using an open subsystem is that it simplifies dealing with a SMALL 
program whose code has grown too large. When your program exhausts its 64K code 
size, take a subset of your modules and put them into a closed subsystem, leaving the 
rest of the modules in the open subsystem. 

For example, assume that your original program contained the modules ATTACH, 
OPEN, CLOSE, ERRORS, ALLOCATE, and FREE, which were all compiled with 
the simple control: 

SSMALL 

If you factor out the modules ALLOCATE and FREE from the original program, 
creating SUBSYSl, its subsystem definition would be: 

SSMALL (SUBSYS1 HAS ALLOCATE, FREE) 

Now, suppose that the modules remaining in the closed subsystem reference entry 
points AllocBuff and FreeBuff in SUBSYBSI. These must be exported from 
SUBSYS 1 as follows: 

$SMALL (SUBSYS1 
$ 

or: 

SSMALL (SUBSYS1 
$ 

HAS ALLOCATE, FREEj 
EXPORTS AllocBuff, FreeBuff) 

HAS ALLOCATEj EXPORTS AllocBuffi 
HAS FREEi EXPORTS FreeBuff) 

The second form illustrates how multiple HAS and EXPORTS lists can be used to 
document the items exported from each module. It also illustrates the use of a contin­
uation line. 

Likewise, if a routine in SUBSYSI references the procedure FatalError in the module 
ERRORS, the definition of the open subsystem would then be: 

$SMALL (EXPORTS FatalError> 

No data structures need to be changed, since data reference values can still be 16 
bits. All procedures will still use the short call and return mechanism, except for 
AllocBuff, FreeBuff, and FatalError. 

1.2.2 The_Exports List 

A symbol included in a subsystem's EXPORTS list should be defined in the PUBLIC 
section of one of the modules in that subsystem. It is called an exported symbol, and 
may be referenced by modules in other subsystems. A public symbol defined within 
a subsystem, but not listed in its EXPORTS list, is called a domestic symbol. It may 
be referc!nced only by modules within the same subsystem. 

A procedure should be -exported only if it must be referenced outside the defining 
subsystem, since accessing exported procedures will generally require more code and 
more time than is normally required for domestic procedures. 
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Exported procedures have the following characteristics: 

• They use the long form of call and return. 

They save and restore the caller's DS register upon entry and exit. 

• They reload OS with their associated data segment upon entry. 

• They accept V AR parameters using long or short addresses according to the 
segmentation model they were compiled with. 

Public Symbols and the FOR-clause. As explained in 4.2.2, the FOR-clause defines 
the scope of public symbols in the interface specification. For domestic symbols, this 
scope may not extend beyond the defining subsystem. Hence, the FOR-clause for 
domestic symbols may name as recipients only modules that belong to the subsystem 
containing the symbol definitions. (Symbols not restricted by a FOR-clause can be 
accessed by all modules; consequently, only exported symbols should appear in an 
unrestricted definition list.) The FOR-clause for exported symbols may name any 
module in the program as a recipient. 

1.2.3 Placement of Controls 

The segmentation controls have special restrictions associated with their placement. 
These rules are as follows: 

• Only the definition of the open subsystem (with no EXPORTS list) can be placed 
on the invocation line; definitions of all other subsystems must occur inside the 
source program. 

The subsystem definitions must appear before any PUBLIC section that is 
included in the subsystem. 

• The definition of the open subsystem (if present) must be the last segmentation 
control specified. 

The subsystem definitions for your entire program can be included in the compilation 
of each module using the INCLUDE control. The compiler will extract the infor­
mation it needs to correctly and efficiently compile each module's intra- and inter­
subsystem references. 

Figure I-I gives a sample INCLUDE file containing the segmentation controls and 
interface specifications for two subsystems, SmallHeap and LargeHeap. 

Progamming Restrictions 

Variable parameters of a procedure or function defined in a SMALL( -CaNST IN 
DATA-) subsystem have restrictions on the objects that can be passed as 
arguments. They must be either variables defined in a SMALL subsystem, dynamic 
variables whose pointer types were defined in SMALL( -CONST IN DATA-) 
subsystems, or variable parameters to a procedure defined in a SMALL (-CaNST 
IN DA T A-)subsystem. 

Variable parameters of a procedure or function in a SMALL( CONST IN 
DA T A-)subsystem use short addresses. Corresponding arguments must be varia­
bles in a SMALL( -CaNST IN DA T A-) subsystem or referenced through a 
16-bit pointer (type defined in SMALL (-CaNST IN DATA-) subsystem). 

Any other invalid mixing of the short and long pointers will be prohibited by the 
strong typing mechanism in Pascal. 

1-5 



APPENDIX J 
LINKING TO MODULES WRITTEN 

IN OTHER LANGUAGES 

This appendix describes the calling conventions used by iAPX 86,88 family languages. 
These calling conventions are standardized so that a main module written in 
Pascal-86 can freely call procedures, subroutines, and subprograms in other modules 
written in other iAPX 86,88 family languages. (For information on coding main 
program modules in other iAPX 86 languages, such as FORTRAN-86 or PL/M-86, 
see 1.6.) 

As a Pascal-86 programmer calling Pascal-86 procedures and functions from 
Pascal-86, you do not need the information in this appendix. You need to know infor­
mation about parameters and arguments as described in Chapter 6. 

As a Pascal-86 programmer calling FORTRAN-86 subprograms from Pascal-86, you 
must know the FOR TRAN-86 data types that match Pascal-86 data types, and the 
order and number of arguments to supply for the FORTRAN-86 parameters. A table 
of the corresponding data types is provided at the end of this appendix (1.5). Note 
that FORTRAN uses call by reference for all parameters, which corresponds to V AR 
parameters in Pascal. (FORTRAN-86 programs conform to the LARGE model of 
segmentation. ) 

As a Pascal-86 programmer calling PL/M-86 procedures from Pascal-86, you must 
read the special note in 1.4.1 (Stack Usage). You must also know the PL/M-86 data 
types that match Pascal-86 data types, and the order and number of arguments to 
supply for the PL/M-86 parameters. A table of the corresponding types is provided 
at the end of this appendix. 

As a Pascal-86 programmer calling ASM86 subroutines or linking to the data in 
8086 Macro Assembly Language programs from Pascal-86, 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 Pascal-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 
PL/M-86 programs. (Since Pascal-86 and PL/M-86 use the same calling conven­
tions, these examples also apply when linking ASM86 programs with Pascal-86 
programs.) 

As a Pascal-86 programmer, PL/M-86 programmer, or macro assembly language 
programmer, you also need to know how to link modules properly, as described in 
Chapter 12 and in the iAPX 86,88 Family Utilities User's Guide. 

J. 1 Introduction 

Since Pascal-86 allows you to write and compile separate Pascal-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 Pascal-86-you can choose the appropriate 
language for each module. (Information on coding the main module in other languages 
is given in 1.6.) Be sure to link the modules properly with LINK86, the 8086-based 
linker (to satisfy references to externals). Since the iAPX 86,88 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, because languages treat some data structures 
differently. 

J-1 
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NOTE 

The term procedure is used in Pascal and in PL/M, subprogram in 
FORTRAN, and subroutine in assembly language. In this appendix, subpro­
gram denotes any entity written in any iAPX 86,88 language that can call a 
Pascal-86 procedure or function or be called from a Pascal-86 module. 

The interface specification of a Pascal-86 module contains that module's public section 
and the public sections of other modules that communicate with the Pascal-86 module. 
Public sections are explained in Chapter 4. You have to define the public objects 
which the other modules refer to, and the external objects that can be referred to by 
the Pascal-86 module. These objects include the names of external procedures and 
functions that can be called from the module, and public procedures and functions in 
the module that can be called from other modules. 

By specifying arguments in a reference to an external subprogram (procedure, 
function, or subroutine), you pass data to the external subprogram. 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 subprogram's declaration (see 
6.1 ). 

All arguments for parameters are passed on the 8086 stack or the 8087 register stack 
in the order that they are 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. Pascal-86 functions do not return structured values. 

There are two methods of passing arguments to other subprograms: call by value and 
call by reference. The first method, call by value, passes the actual value of the 
argumen-t to the subprogram. The second method, call by reference, passes the address 
of the argument to the subprogram. The called subprogram uses the address to find 
the data structure associated with the argument. In both cases, the called subprogram 
must know the structure of the data. 

Pascal-86 passes arguments to variable parameters by reference, and arguments to 
value parameters by value. 

J.2 iAPX 86 Memory Concepts 

The allocation and arrangement of run-time program memory (via relocation and 
linkage) depend on the size control (SMALL, COMPACT, or LARGE) that you 
specified when compiling your program modules. These controls also influence how 
locations are referenced in the compiled program, leading to certain program size 
restrictions. 

Each compilation produces an object module containing several sections, for example, 
code, data, and stack (see 11.2). At link time, sections from separate modules can be 
combined into segments, depending on compiler-generated attributes and user input 
to the link program. Once they are combined into a segment, all the sections can be 
addressed without reloading an iAPX 86 segment register. 

iAPX 86 memory space has an extent of one megabyte, but the 16-bit word length 
of the 8086 can only address 64K locations. A complete physical address requires 20 
bits. Therefore, two separate words (a segment address and an offset) are used in a 
special way to form this 20-bit address, as follows: 

• A segment is defined as a portion of the 8086's one megabyte address space, 
consisting of up to 64K bytes of contiguous memory and beginning at a 16-byte 
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boundary. Thus, the hexadecimal representation of the 20-bit address for the 
beginning of every segment ends in 0, for example, OOOOOH, 00010H, ... 12340H, .... 
This definition permits a 16-bit word to represent any segment starting address 
since the extra four bits not included are always O. A 16-bit word used in this 
way is called a segment address. Four CPU registers (CS, DS, SS, and ES) are 
used to hold segment addresses. 

The second word used to form the full 20-bit address identifies a specific location 
within the segment, starting at the segment address. This 16-bit quantity is called 
the offset. 

To form a 20-bit address, the iAPX 86 CPU shifts a segment address left four bits 
and adds an offset. 

J.3 Segment Name Conventions 

Table 1-1 summarizes the segmentation of a subsystem under the possible models of 
segmentation by giving the name of the segment and group where each type of 
program section is stored for each model of segmentation. 

J.4 Calling Sequence 

The calling sequence for each subprogram activation (procedure reference, CALL, 
or function reference) places the arguments for the subprogram parameters on the 
8086 stack or 8087 register stack and then activates the subprogram with a CALL 
instruction. You can see an approximate assembly code listing of this sequence by 

Table J-l. Summary of Pascal-86 Segment and Group Names 

SubModel Code 
Data Data Data 

Constants Model Static Heap Memory 

SMALL IN DATA sCODE sDATA MEMORY MEMORY sCONST 
sCGROUP DGROUP DGROUP DGROUP DGROUP 

SMALL IN CODE sCODE sDATA dynamic MEMORY sCODE 
sCGROUP DGROUP DGROUP sCGROUP 

COMPACT IN DATA sCODE sDATA dynamic MEMORY sCONST 
sCGROUP sDGROUP -- sDGROUP 

COMPACT IN CODE sCODE sDATA dynamic MEMORY sCODE 
sCGROUP sDGROUP -- sCGROUP 

LARGE IN DATA mCODE mDATA dynamic MEMORY mDATA 
-- -- -- --

LARGE IN CODE mCODE mDATA dynamic MEMORY mCODE 
-- -- -- --

NOTES: 

sCGROUP denotes a group name composed of the subsystem name and _CGROUP 
sDGROUP denotes a group name composed of the subsystem name and _DGROUP 
sCODE denotes a segment name composed of the subsystem name and _CODE 
sDATA denotes a segment name composed of the subsystem name and _DATA 
mCODE denotes a segment name composed of the module name and _CODE 
mDAT A denotes a segment name composed of the module name and _DATA 

Pointers 

16 bits 

32 bits 

32 bits 

32 bits 

32 bits 

32 bits 

J 3 
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compiling with the CODE control a Pascal-86 module that contains a reference to an 
external procedure or function. 

J.4.1 Stack Usage 

The arguments are placed on the 8086 stack or the 8087 register stack in left-to-right 
order. Since the stack grows from higher locations to lower locations, the first 
argument occupies the highest position on the stack. 

In a list of arguments for value parameters, the leftmost seven real argument values 
(if any) are passed on the 8087 register stack, with each argument value occupying 
one 80-bit register. If there are more than seven real argument values, the rest (after 
the leftmost seven) are passed on the 8086 stack. 

Three 8086 stack words are required to hold arguments for functional and procedural 
parameters. The first two words hold a four-byte address of the code, and the third 
word holds a two-byte static link to the environment of the code. 

NOTE 

In PL/M-86, arguments for procedural parameters have no static link to the 
environment of the code, only a four-byte address of the code. There are two 
restrictions on the use of procedural or functional arguments passed between 
Pascal-86 and PL/M-86 subprograms: 

1. The PL/M-86 subprogram must declare a dummy WORD parameter 
immediately after the procedural or functional parameter, in order to 
accommodate the stack space occupied by the static link to the environ­
ment of the code. 

2. You can only pass outermost procedures and functions (those not nested 
within other procedures -or functions) between PL/M-86 and Pascal-86 
subprograms. 

When an assembly language program calls a Pascal-86 procedure or function, the 
assembly language program must first push the arguments onto the stack. For 
example, suppose an assembly language program is calling the Pascal-86 procedure 
PROCl, which is declared in the PUBLIC section of the Pascal-86 module as follows: 

. 
PROCEDURE proc1(PARM1 ,PARM2,PARM3: INTEGERi 

REALPARM1 ,REALPARM2:REAL) i 

The assembly language program must push the argument for PARMI first, the 
argument for PARM2 second, and the argument for PARM3 third, onto the 8086 
stack, and push the arguments for REALP ARMI and REALPARM2 onto the 8087 
register stack since they are REAL parameters. (The seven leftmost real arguments 
in an argument list are passed on the 8087 register stack.) 

When a Pascal-86 program calls an assembly language subprogram, the program 
must use a reference to the name of the assembly language subprogram, and supply 
an argument list in a left-to-right order that corresponds to the first-to-Iast order of 
parameters expected by the assembly language subprogram. 

Figure J-l shows the state of the 8086 and 8087 stacks after a call is made to the 
Pascal-86 procedure PROCI. The stack layouts would be the same if a Pascal-86 
procedure called an assembly language subprogram which expected the parameters 
PARMI, PARM2, REALPARMl, PARM3, and REALPARM2 in that order. 
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8086 STACK 

(The + symbol denotes a byte boundary; each stack slot holds one word.) 

BITS 15 + 
... STACK MARKER (CONTENTS OF REGISTER BP) 

HIGH ADDRESSES PARM1 

PARM2 EACH ARGUMENT OCCUPIES AT LEAST ONE WORD 

PARM3 

RETURN 

LOW ADDRESSES ADDRESS 

8087 REGISTER STACK 

RETURN SEGMENT ADDRESS AND OFFSET OCCUPIES 
TWO WORDS 

.... STACK POINTER (CONTENTS OF REGISTER SP) 

(Each of the eight registers in the 8087 register stack is 80 bits wide.) 

BITS 79 

.... ST (ST FIELD IN THE 8087 STATUS WORD) 
REALPARM2 

REALPARM1 

Figure J-l. 8086 and 8087 Stack Layouts When Subprogram 
Is Activated 121539-39 

Each 8086 stack slot holds one word. Single-byte arguments are pushed onto the 
8086 stack as words. Single-byte arguments are not sign-extended when pushed onto 
the 8086 stack (the high-order byte is undefined). Arguments for functional and 
procedural parameters occupy three 8086 stack words: the first two for the four-byte 
address of the code, and the third for a two-byte static link to the environment of the 
code. 

Each REAL argument occupies one 8087 stack register. There are only eight regis­
ters in the 8087 stack; therefore, if more than ·seven REAL arguments are passed in 
one call, the leftmost (first) seven are passed on the 8087 stack, and the rest are 
passed on the 8086 stack. 

For other arguments to value parameters, space on the 8086 stack is allocated 
according to their type. For example, records, arrays, and sets will usually require 
more than two bytes; see Appendix H for run-time data representations. Arguments 
may take up to 65535 bytes; consequently, any data structure can be passed by value 
on the stack. 

A function (or PL/M-86 typed procedure) that returns a simple value returns the 
value in a register as described in the next section. A real value is returned on the 
8087 register stack; the real value occupies the top 8087 stack register. 

A Pascal-86 program that calls an assembly language subprogram expects the stack 
to look the same after the subprogram returns as it looked before the subprogram 
was called; that is, before arguments were pushed onto the stack. A called assembly 
language subprogram can restore the stack to its former condition by using the RET 
n instruction, where n is the number of bytes occupied by the arguments passed to it. 

J-5 
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An assembly language program can expect the stack, upon return from a Pascal-86 
subprogram, to no longer contain the arguments it pushed, because the Pascal-86 
subprogram's object code adjusts the Stack Pointer (contents of the SP register). 

Figure 1-2 shows the 8086 stack layout during the execution of a called subprogram. 

J.4.2 Register Usage 

When an external subprogram IS called, the register contents are as shown In 

table 1-2. 

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

If an assembly language subprogram expects to be called by a Pascal-86 program, 
and the subprogram alters the segment registers DS or SS, the subprogram must save 
the contents of these registers upon entry and restore them prior to returning to the 
Pascal-86 program. 

8086 STACK 

81TS 15 + 

HIGHER ADDRESSES . 
1ST ARGUMENT 

LAST ARGUMENT 

SEGMENT (RETURN 
OFFSET ADDRESS) 

OLD DATA SEGMENT 

OLD STACK MARKER 

LOCAL DISPLAY 

NEW STACK MARKER 

LOCAL VARIABLES 

TEMPORARY STORAGE 

: IF REG. DS WAS CHANGED 

I~ 
J.- CURRENT STACK MARKER (CONTENTS OF 

REGISTER BP) 

} IF USED BY SUBPROGRAM 

.- CURRENT STACK POINTER (CONTENTS OF 
REGISTER SP) 

Figure J-2. 8086 Stack Layout during Subprogram Execution 121539-40 
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Table J-2. 8086 Register Contents When Calling an External Subprogram 

Register Contents 

AX Unknown; need not be saved. 
BX Unknown; need not be saved. 
CX Unknown; need not be saved. 
OX Unknown; need not be saved. 
BP Calling program's stack marker. 
SP Top of stack pointer. 
SI Unknown; need not be saved. 
01 Unknown; need not be saved. 
OS Calling program's data segment (static link). 
CS Called program's code segment. 
SS Calling program's stack segment. 
ES Unknown, need not be saved. 

Pascal-86 uses the BP register to address the stack. A called assembly language 
subprogram must save the contents of the BP register upon entry, and restore its 
contents before returning control to the Pascal-86 program, if the called subprogram 
uses the BP register. Before returning, the called subprogram must also adjust the 
SP register to remove all parameters from the 8086 stack. 

The registers AX, BX, CX, DX, SI, DI, and ES do not neeq to be preserved. A called 
assembly language subprogram can freely use these registers. If the called subpro­
gram returns values, they are returned in the registers described in the next section. 

An assembly language program calling a Pascal-86 subprogram cannot expect the 
contents of the 8086 general-purpose registers, except BP and SP, to be preserved. If 
they are needed, they must be saved prior to calling the Pascal-86 subprogram. 

Table J-3 summarizes the use of registers. 

Table J-3. Summary of 8086 Register Usage 

Register Must Preserve Usage 

AX no Return BYTE (AL), WORD, and 
INTEGER values. 

BX no Return POINTER offset. 

CX no -

OX no -

SP yes* Stack pointer. 

BP yes Stack marker. 

SI no -

01 no -

FLAGS no -

CS no Called subprogram's code segment. 

OS yes Caller's data segment. 

SS yes Caller's stack segment. 

ES no Return POINTER segment address. 

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

J-7 



Linking to Modules Written in Other Languages Pascal-86 User's Guide 

1-8 

J.4.3 Returned Values 

Pascal-86 functions, PL/M-86 typed procedures, and other called subprograms that 
return a value to the calling program use the registers to hold simple data types. 
REAL values are returned on the 8087 register stack. 

Table J-4 shows the registers used to return values. 

Table J-4. Registers Used to Return Simple Values 

Register PL/M-86 Type F ortran-86 Type Pascal-86 Type 

8086: 
AL BYTE INTEGER*1 CHAR, BOOLEAN, unsigned 

LOGICAL*1 subrange, or enumeration 
stored in 8 bits. 

AX INTEGER, INTEGER*2 INTEGER, WORD, subrange, or 
WORD, or LOGICAL*2 enumeration stored in 16 bits. 
SELECTOR 

DX:AX DWORD INTEGER*4 LONGINT 
LOGICAL*4 

ES(segment) POINTER (all Pointer (all models except 
BX(offset) models except SMALL(-CONST IN DATA-» 

SMALL RAM) 

BX(offset only) POINTER Pointer (SMALL (-CONST IN 
(SMALL RAM) DATA-) model) 

8087: 
ST REAL REAL REAL, LONGREAL, 

TEMPREAL 

J.4.4 NEAR and FAR Proc~dures 

To call a Pascal-86 subprogram from assembly language, your ASM86 procedure 
must declare the Pascal procedure to be either NEAR or FAR. The choice depends 
on the segmentation model used to compile the module containing the Pascal-86 
subprogram, and whether or not the subprogram is exported from its subsystem. 

To call an assembly language subprogram from Pascal-86, you must provide a Pascal 
definition of the external procedure in one of the PUBLIC sections in the interface 
specification. 

Use the following chart to determine the appropriate attribute for the ASM86 
subprogram. 

Model Exported Domestic 

SMALL FAR NEAR 
COMPACT FAR NEAR 

LARGE FAR FAR 

J.4.S Example: Pascal-86 Calling an Assembly Language 
Subprogram 

The following simple example shows a partial Pascal-86 program calling an ASM86 
subprogram SUBPRG, as shown in figure J-3. This example assumes that the default 
segmentation model. LARGE is used. For examples using the other models, see the 
ASM86 Macro Assembler Operating Instructions. 
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system-id 8086/87/88/186 MACRO ASSEMBLER V2.0 ASSEMBLY OF MODULE EXMPL 
OBJECT MODULE PLACED IN EXMPL.OBJ 
ASSEMBLER INVOKED BY: ASM86.86 EXMPL.ASM 

LOC OBJ 

0000 
0002 
0004 
0008 
OOOA 
00 DE 
J012 
0014 
0016 
0017 

LINE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1 9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 

SOURCE 

NAME EXMPL 

This program demonstrates procedure linkage to PASCAL-86, 
focusing on the parameter passing conventions. 

This procedure takes five arguments for five parameters: 
a byte, a word, an integer, an integer variable and 
an integer function. 
They are pushed onto the stack in that order. 
They must be popped at exit (with the R=T instruction). 

The prologue code saves BP, and points 6P to the 
structure defined below. After the prologue executes, 
the stack looks like this: 

high memory 

PARM1 ----> argument A 

PAR M2 ----> argument 

PARM3 ----> argument C 

I (segment) I} 
-----PARM4------}----> argument 0 
I (offset> I} 

I (segment) I} 
-----PARM5------} 
I (offset) I}----> argument FUNC 
-----PARM5------} 
I (environment) I} 

(s egmen t) 
-Return Address­
I (offset) I 

old DS 
---------------- } saved ~n prologue 

old BP 
<---Sp, BP po~nt to here 

low memory 

The required STRUCTURE definition is: 

DSA STRUC 

OLD_ gp OW Prologue code saves SP here 
OLD OS OW Prologue code saves OS here 
RETU~N DO Double word for FAR procedures 
ENVIRON OW PARM5 static link to environment 
CODEPTR DO Pointer to code of PARMS function 
PARM4 DO Pointer to variable 
PARM3 DW A PASCAL-86 integer value 
PARM2 JW ? A PASCAL-86 enumeration in 16 bits 
PARM1 DS but is stored on stack in one word, 
XXX DB with the high order byte undefined 

DSA ENDS 

Inside the subprogram, value arguments are accessed simply by 
using a STRUCTURE reference, with BP as the base, and the 
appropriate field name as the qualifier; example: [BPJ.PARM3. 

NOTE: The STRUCTURE fields for the arguments are declared in 
reverse order in which they were pushed, due to the fact 
the 8086 stack grows towards low memory. 

The saved value of BP and the return address must be declared 
in the structure, since these two items are pushed between the 
arguments and the spot pointed to by SP. 

Figure J-3. An ASM86 Subprogram Called from Pascal-86 
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0000 ?? 

OOJO 
0000 H 
JOD 1 68----

0004 55 
0005 8BEC 

0007 55 
0008 8oF5 
OODA 8B6E08 

SUSPRG_DATA 
A_LOCAL 

SUBPKG JATA 

SUBPRG CaDi: 

SEG~lENT 

Do 
ENDS 

not comblnable 
local variables go nere 

not combinable 

SUBPRG does nothin9 but call the function PARMS and access 
the f~rst four arguments. The prologue code saves BP, and 
then copies SP to SP, allowing the value arguments to be 
picked up conveniently with the BP register. 

PUBLI C SUSPRG 
SU8P~G PROC FAR 

PUSH OS 
MOV lIX,SU3PRG ::lATA -ASS Ut·1 E CS:SU6PRG CODE, -PUSH BP 
MOV 3P,SP 

call the function argument 
PUSrl 3P 
MaV SI,BP 
MOV BP,[BP].ENVIRON 

; prologue code, preserve OS 
; address local data segment 

QS:SU3PRG_OATA 
preserve BP for PASCAL-86 

PAR t~ 5 
save BP across call 

,JOOO 36FF5COA 

73 
74 
75 
76 
77 
78 
79 
30 
81 
82 
83 
34 
85 
86 
87 
83 
89 
90 
91 
92 
93 
94 
95 
96 
:;7 

CALL SS:[SIJ.CODEPTR 
establish static link 
indirect call to parms 

0011 

0012 
0015 
0018 
0019 
001E 

0021 
0022 
D023 

50 

8A4E16 
8B5614 
884612 
C4SEOE 
268B07 

50 
1F 
CA1000 

98 
99 

100 
1 Cl1 
102 
103 
1 Cl4 
1 Cl5 
106 
107 
108 
109 
110 
111 

SUBPRG 
SUBPRG 

POP 

MOV 
f"OV 
MaV 
LES 
MOV 

POP 
POP 
RET 

CODE 

BP 

CL,[SP].PARM1 
OX, [SP]. PAR~12 
AX,[BP].PARM3 
BX,[BP].PAR"14 
AX,ES:[BX] 

9P 
DS 
16 

ENOP 
EN OS 
END 

PARM1 is at BP+22 
PARM2 is at BP+20 
PARM3 is at BP+18 
ptr to PARM4 is at 9P+14 
access PARM4 

return and POP 16 parameter bytes 

ASSEMBLY COMPLETE, NO ERRORS FOUND 

J-lO 

Figure J-3. An ASM86 Subprogram Called from Pascal-86 (Cont'd.) 

The interface specification for the Pascal-86 program must contain a reference to the 
external procedure SUBPRG: 

PUBLIC SEPARATEMODi 
PROCEDURE SUBPRG(bval :CHARi 

wval:objects 
ivaI: INTEGERi 
VAR ivar: INTEGERi 
FUNCTION ff: INTEGER) 

The value parameters for SUBPRG are BVAL (one byte), WVAL (one word) of type 
"objects" ("objects" is defined elsewhere as an enumeration of greater than 256 but 
less than 32768 elements), and IVAL of type INTEGER. In addition, SUBPRG has 
a variable parameter IV AR of type INTEGER, and a functional parameter FF of 
type INTEGER. Assume that the Pascal-86 program assigns values to variables, and 
uses those variables and a function reference as arguments (A, B, C, D, and FUNC) 
in the statement that calls SUBPRG: 

The arguments A, B, and C are passed using call by value to satisfy the parameters 
BVAL, WVAL, and IVAL. The arguments D and FUNC are passed using call by 
reference to satisfy the parameters IV AR and FF. The assembly language subpro­
gram SUBPRG picks up the values of A, B, and C, the reference to D, and the address 
and static link to FUNC, by using an ASM86 structure to describe the stack, 3S 

shown in figure J-3. 
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J.S Compatible Data Types 

Table J-5 presents the compatible PL/M-86, ASM86, and FORTRAN-86 data types 
for each Pascal-86 type. For run-time data representations of Pascal-86 types, see 
Appendix H. 

Table J-5. Data Types Compatible with Pascal-86 Data Types 

Pascal-86 Data Type PLlM-86 ASM86 Fortran-86 

CHAR, enumeration, unsigned BYTE DB none 
subrange, or set stored in 8 
bits 

BOOLEAN BYTE ·DB LOGICAL*1 

INTEGER or subrange stored INTEGER DW INTEGER*2 
in 16 bits 

WORD, enumeration, or set WORD DW none 
stored in 16 bits, or subrange 
O .. 64K-1 

LONGINT none none INTEGER*4 

Pointer (all models except POINTER (all models except DD none 
SMALL(-CONST IN SMALL(-CONST IN 
DATA-)) DATA-)) 

Pointer (SMALL(-CONST IN POINTER(SMALL (-CONST DW none 
DAT A-) model) IN DATA-) model) or WORD 

REAL REAL DD REAL 

LONGREAL none DQ REAL*8 or 
DOUBLE PRECISION 

TEMPREAL none DT TEMPREAL 

ARRAY(m .. n) of same base ARRAY none ARRAY** 
type 

RECORD of fields of match- STRUCTURE STRUC none 
ing type 

PROCEDURE (argument *PROCEDURE (argument PROC (no SUBROUTINE 
definitions must match) definitions must match) argument (argument definitions 

definitions) must match) 

FUNCTION (argument defini- *PROCEDURE (argument none FUNCTION (argument 
tions and return types must definitions and return types definitions and return 
match) must match) types must match) 

* See note, J.4.1 (Stack Usage). 
** Note that mUlti-dimensional arrays in Fortran-86 have their dimensions reversed relative to Pascal-

86 arrays. 

J.6 Coding the Main Module in Other Languages 

Pascal-86 performs I/O and floating-point initialization right in the main module. 
Consequently, when combining PASCAL modules with modules written in other 
languages, it is expected that the main module is written in Pascal. However, you 
may want to code the main module in another language. If yeu code it in PL/M-86 
or ASM86, you must follow all five steps given below. If you want to code the main 
module in FORTRAN-86, you need only perform steps 2,3, and 4. 

1. Initialize the Universal Transput System (UTS). To do this, the main module 
must call two parameterless external procedures, INITFP (or INIT87) and 
TQ_OOI. These perform floating-point and I/O initialization, respectively. (Note 
that INITFP unmasks the invalid exception, while INIT87 masks it.) 
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Linking to Modules Written in Other Languages Pascal-86 User's Guide 

J-12 

2. Allocate file variables for the predefined text files INPUT and OUTPUT, if 
necessary. All other files to be used in the Pascal portions of your system should 
be declared in the PUBLIC section of one of the Pascal modules. To allocate file 
variables for the INPUT and OUTPUT files, use the names PQ_INPUT and 
PQ_OUTPUT, respectively. Include declarations of these file variables in the 
PUBLIC section of one of your Pascal modules, as follows: 

PUBLIC PASCMOD; 
VAR PG_I~PUT, PG_OUTPUT: TEXT; 

3. Initialize global Pascal files. To do this, the main module must set the first six 
bytes of each file variable to zero. 

4. Call a Pascal program that resets (opens) PQ_INPUT and PQ_OUTPUT to 
specific files and devices. To open these files, use the Pascal-86 built-in routines 
RESET and REWRITE. (RESET and REWRITE must be called from a routine 
coded in Pascal, since they do not follow the standard calling sequence). 

RESET (PG_I~PUT, ':CI:'); 
REWRITE (PG_OUTPUT, ':CO:'); 

5. After the Pascal program has ended, call TQ_999, another parameterless exter­
nal procedure, which performs I/O close-down. 

Figure J-4 is an example of a main module coded in PL/M-86; Figure J-5 is a sample 
Pascal-86 subroutine called from the main module. Note that LINK86 generates 
three "type mismatch" warnings that may be ignored. 

SLARGE 
main:do; 

declare realfile(6) byte external; 
declare (pq_input, pq_output)(6) byte external; 
declare i integer; 
declare y real; 
writeit: procedure(x) external; 
declare x real; 
end writeit; 

initfp: procedure external; 
end initfp; 

tq_001: procedure external; 
end tq_001; 

tq_999: procedure external; 
end tq_999; 

do; 
do i = 0 to 5; 
realfile(i) 0; 
pq_input(i) 0; 
pq_output(i) = OJ 

end; 
call initfp; 
call tq_001; 
y = 1 0 .5 ; 
call writeit(y)j 
call tq_999; 

endj 
end main; 

Figure J-4. PL/M-86 Main Module Calling Pascal-86 Subprogram 
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module ProcWithIO; 

public ProcWithIO; 
var PG_IHPUT, PG_OUTPUT: text; 

RealFile: text; 
procedure Writeit(x:real); 

private ProcWithIO; 

procedure Writeit(x:real)j 
be 9 i n 

reset(PG_IHPUT, ':CI:')j 
rewrite(PG_OUTPUT, ':CO:')j 
rewrite(RealFile, 'echo')j 
writeln('PARAMETER PASSED IS x:8:4)j 
write(' IHPUT AHOTHER REAL HUMBER'); 
readln(x)j 
writeln('THE HUMBER YOU EHTERED IS', x:8:4)j 
writeln(RealFile, x:8:4) 

endj 

Figure J-5. Pascal-86 Subprogram Called from PL/M-86 Main Module 
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APPENDIX K 
RUN-TIME INTERFACE 

This appendix describes the run-time system that supports Pascal-86 programs, and 
shows how to interface an operating environment to the run-time system in order to 
execute Pascal-86 programs. Depending on the operating system you are using, you 
may be able to disregard this information. See your specific host-system appendix for 
details. 

The first section describes run-time interrupt handling and provides background 
information. You can use this information to supply your own interrupt handlers. 
(See your specific host-system appendix for information on real arithmetic interrupt 
handling.) 

The second section describes Pascal-86 run-time storage management. This includes 
a discussion of the heap mechanism for SMALL programs (see 10.3.18). You can 
use this information to supply your own memory managers. 

The third section describes the logical record interface, which is a set of procedure 
names and calling conventions that provide an interface between the Pascal-86 run­
time support software and an operating system. You can provide your own proce­
dures using these names and calling conventions in order to hook your own operating 
system or operating environment to this interface, and thereby use the Pascal-86 run­
time software along with Pascal-86 programs in your own operating environment. 

A more detailed discussion of the run-time support system can be found in the iAPX 
86,88 Run- Time Support Manual. 

K. 1 Run-Time Interrupt Processing 

You need to read this section only if you intend to provide your own interrupt handlers 
and/or override the default handlers. 

There are two interrupt pins on the 8086 processor: the "non-maskable interrupt" pin 
(NMI) and the "maskable interrupt" pin (INTR). The "non-maskable interrupt" 
cannot be ignored by the processor, whereas the "maskable interrupt" can be enabled 
or disabled. 

Each "maskable interrupt" has an interrupt number that designates the type of inter­
rupt. For example, interrupt number 4 tells the processor that an interrupt of type 4 
(integer overflow) is occurring, and the processor looks for the procedure associated 
with interrupt number 4 in order to execute the procedure to handle the interrupt. 

Interrupt numbers range from 0 to 255. Interrupt number 0 is reserved for integer 
divide-by-zero errors. Interrupt numbers 1 through 3 are reserved for single stepping, 
"non-maskable interrupts," and the INT instruction, respectively. Interrupt number 
4 is reserved for integer overflow, and integer number 5 is reserved for compiler range 
checks. The run-time system uses interrupts 16 through 31. Interrupt number 16 is 
reserved for real arithmetic exceptions, and interrupt number 17 is reserved for stack 
overflow and case out-of-range checks. 

You can use other interrupt numbers for your own procedures. If you intend to override 
the default procedures provided for the above interrupt numbers, you must use the 
above interrupt numbers for those procedures. 
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An interrupt occurs when the CPU receives a signal on its "maskable interrupt" pin 
from some peripheral device. The CPU responds, however, only if interrupts are 
enabled. The "main program prologue" (code inserted by the compiler at the begin­
ning of the main program) does not alter the state of interrupts. (This differs from 
the PL/M-86 Compiler.) In other words, when you execute a Pascal program, the 
interrupts are in the same state as they were before execution. 

If interrupts are enabled, the following actions take place: 

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

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

3. Interrupts are disabled by clearing the IF flag. 

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

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

You can specify Pascal-86 procedures as interrupt procedures by using the INTER­
RUPT control (10.3.11). Using the INTERRUPT control or the SETINTERRUPT 
built-in procedure (8.9.1), you can assign an interrupt number to each interrupt 
procedure. These interrupt numbers form an interrupt vector, which is an absolutely­
located array of entries beginning at location O. Thus, the nth entry is at location 4 
times n, and contains the address of the interrupt procedure associated with interrupt 
number n. Each entry is a four-byte value containing a segment address and an offset 
(i.e., a long pointer). 

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

An interrupt procedure can also be activated by a procedure statement. If you intend 
to use a procedure statement in a module to activate an external interrupt procedure 
in another module, you must use the INTERRUPT control in the PUBLIC decla­
rations of the external interrupt procedure (in the interface specifications of both 
modules); otherwise, an error will occur during the linking process (LINK86). A 
procedure statement will activate the interrupt procedure as if an interrupt occurred, 
and the interrupt status will be altered as if an interrupt occurred. 

If an interrupt procedure terminates normally (other than by a GOTO statement), 
the interrupt mechanism and registers are reset to the condition that existed prior to 
the activation of the procedure. 

Figure K-I shows the stack layout at the point where the procedure is activated. 

higher 
locations 

:.:::!:i! (.)1-

"'Z I-~ 
11)0 

(.) 

lower 
locations 

Flag reg. contents 

return segment address 

return offset 

2 bytes 

Present regardless of 
program size 

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

Figure K-l. 8086 Stack Layout When Interrupt Procedure 
Gains Control 121539-41 
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K. 1. 1 Interrupt Procedure Preface and Epilogue 

At the beginning of each interrupt procedure, before the usual procedure prologue 
inserted by the compiler, the compiler inserts an interrupt procedure preface that 
performs the following actions: 

1. Push the ES register contents onto the stack. 

2. Push the DS register contents onto the stack. 

3. Push the AX register contents onto the stack. 

4. Push the ex register contents onto the stack. 

5. Push the DX register contents onto the stack. 

6. Push the BX register contents onto the stack. 

7. Push the SI register contents onto the stack. 

8. Push the DI register contents onto the stack. 

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

Figure K-2 shows the stack layout at the point where the procedure prologue starts. 

Figure K-3 shows the stack layout after the procedure prologue is executed and the 
code compiled from the interrupt procedure body starts executing. 

When the interrupt procedure body finishes, the interrupt procedure epilogue contin­
ues with the following steps: 

10. Pop the stack into the DI register. 

11. Pop the stack into the SI register. 

12. Pop the stack into the BX register. 

13. Pop the stack into the DX register. 

14. Pop the stack into the ex register. 

higher 
locations 

II: 
W ... 
Z 
:;) 

o 
(.) 

~ 
(.) 
« ... en 

lower 
locations 

Flag reg. contents 

return segment address 

return offset 

ES reg. contents 
OS reg. contents 
AX reg. contents 
CX reg. contents 
OX reg. contents 
BX reg. contents 
SI reg. contents 
01 reg. contents I 

2 bytes 

Present regardless of 
program size 

CPU status information 

..---. Stack pOinter 

Figure K-2. 8086 Stack Layout after Interrupt Procedure Preface and 
before Procedure Prologue 121539-42 
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FLAG REG.CONTENTS 

RETURN SEGMENT ADDRESS 

RETURN OFFSET 

OLD ES REG. CONTENTS 

OLD DSREG.CONTENTS 

OLD AX REG. CONTENTS 

OLD CX REG. CONTENTS 

OLD OX REG. CONTENTS 

OLD BX REG. CONTENTS 

OLD SI REG. CONTENTS 

OLD 01 REG. CONTENTS 

OLD STACK MARKER (BP REG.) 

DISPLAY (1) 

LOCAL VARIABLES 

· · · 
THIS SPACE MAYBE USED 

DURING PROCEDURE EXECUTION · · · 

I 2 BYTES 

..-SP AT ENTRY 

SP WILL CHANGE DURING 
PROCEDURE EXEcunON 

...... BP I CURRENT BP VALUE 

Figure K-3. 8086 Stack Layout during Execution of 
Interrupt Procedure Body 

15. Pop the stack into the AX register. 

16. Pop the stack into the DS register. 

17. Pop the stack into the ES register. 

121539-43 

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

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

The INTERRUPT compiler control gives you the opportunity to associate an inter­
rupt number with an interrupt procedure during compile time. You can also declare 
procedures as interrupt procedures without associating them to interrupt numbers, 
and create the interrupt vector at a later time, to be linked to the program. 

Similarly, you could have a library of interrupt procedures that are not yet associated 
with an interrupt vector. Any program could then have any of these procedures linked 
in, with a separately created interrupt vector. 

NOTE 

An interrupt procedure that uses any of the built-in functions EXP, LN, 
SIN, COS, TAN, ARCSIN, ARCCOS, ARCTAN, TRUNC, ROUND, 
LTRUNC, or LROUND (functions in the CEL87.LIB run-time library) 
must allocate 50 bytes of 8086 stack space (200 bytes if the 8087 emulator 
is used) for each level of recursion. The 8087 chip or emulator cannot be 
accessed from both a Pascal interrupt procedure and a concurrent Pascal 
program unless the interrupt procedure saves the status of the 8087. 
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K.2 Pascal Run-Time Storage Management 

Pascal run-time storage management, required by the predefined procedures NEW 
and DISPOSE, is provided by two memory management systems. The Pascal compi­
ler automatically determines which system to use, depending on what model of 
segmentation the program is compiled under. Programs compiled with the SMALL 
control (with ~CONST IN DA T A~) use 16-bit pointers and require that the storage 
allocated be in DGROUP. All other models use 32- bit pointers and have no restric­
tion on what segment or group they point to. Both systems may be used in the same 
program if it contains both SMALL and non-SMALL subsystems. 

K.2.1 Memory Managers 

The SMALL Model 

The SMALL memory manager allocates storage from an area called the heap (by 
default, the entire MEMORY segment in DGROUP). If your program uses the NEW 
procedure, the memory manager will create this segment with a size of 4096 bytes. 
You may adjust the size of MEMORY at link time by using the LINK86 controls 
MEMPOOL or SEGSIZE. For example, using SEGSIZE(MEMORY( +0, 
OFFFFH)), the MEMORY segment will expand to fill DGROUP, whose maximum 
size is 64K. You can reduce the size of MEMORY below 4096 bytes, but LINK86 
will generate a warning. 

The memory manager determines the size of MEMORY from the size of DGROUP, 
which it gets by calling the UDI primitive DQGETSIZE. This is possible because 
the relocatable loader uses DQALLOCA TE to get the storage for segments and 
groups. However, to use the SMALL memory manager with an absolute program 
(one located with LOC86), you must indicate the size of the heap to the memory 
manager. If you fail to do so, an exception occurs. 

You may override the default location and/or the size of the SMALL heap by 
providing your own version of the Logical Record System routine TQGETSMALL­
HEAP. The memory manager calls this routine the first time an allocation request is 
made to determine the location and size of the SMALL heap. 

The TQGETSMALLHEAP primitive is called as a procedure and does not return a 
value, hence it cannot be a typed procedure. It receives three V AR WORD arguments 
that are assigned the following values: the offset in DGROUP of the start of the 
heap, the size of the heap (in bytes), and an exception code if it occurs. (The run­
time system does not require non-zero exception codes.) 

The following is a sample PL/M-86 procedure heading for TQGETSMALLHEAP: 

TGGETSMALLHEAP: PROCEDURECOFFSET_PTR, 
SIZE_PTR, 
EXCEPTION_PTR) PUBLICi 

DECLARE OFFSET_POINTER POINTER, 
5 I Z E _ P T R POI N T E R , 
EXCEPTION_PTR POINTERi 

END TQGETSMALLHEAPi 

The heap returned by TQGETSMALLHEAP must be entirely within DGROUP, 
and must be at least 16 bytes long. 

Refer to the Run-Time Support Manual for iAPX 86,88 Applications for more 
information on the SMALL heap. 
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The LARGE Model 

The LARGE memory manager is used for all subsystems that are not SMALL with 
(-CONST IN DA T A-). This memory manager gets storage from the operating 
system by using the LRS routine TQALLOCA TE. Memory is requested from the 
operating system in l024-byte "pages." All requests for 251 bytes or less are satisfied 
from these pages. If no page contains a large enough block of free storage, another 
page is requested from the operating system. When all of the storage in a page has 
been released by the Pascal program, the page is returned to the operating system 
through the LRS procedure TQFREE. Requests for more than 251 bytes are passed 
directly to TQALLOCA TE. 

K.2.2 Reentrancy 

The LARGE model is designed so that it can be used in a multi-tasking environment. 
All of the non-reentrant code in the memory manager is in the run-time library 
P86RNO.LIB. Each task must contain its own copy of these library routines; simply 
link P86RNO.LIB to each task before they are linked together. If the individual tasks 
are not linked with the PURGE option before being linked together, LINK86 will 
generate warnings about duplicate publics. Refer to the Run-Time Support Manual 
for iAPX 86,88 Applications, Order Number 121776, to determine how each task 
interacts with its heap. The routines in P86RN1.LIB, P86RN2.LIB, and P86RN3.LIB 
are reentrant and may be shared among concurrently executing tasks. 

The SMALL memory manager is not reentrant, since all SMALL subsystems in a 
job share the same heap in the MEMORY segment of DGROUP. If you want more 
than one task to use the SMALL memory manager, you can supply your own version 
of TQGETSMALLHEAP that returns a different heap area to each task. You could 
also provide a synchronized Pascal program, ensuring that no two SMALL model 
tasks are executing a call to a NEW or DISPOSE procedure at the same time. 

K.2.3 Replacing the Memory Manager 

For some applications, such as interfacing to certain operating system routines, it is 
necessary for a pointer to have an offset part of o. This type of pointer may be trans­
lated to a two-byte SELECTOR (as in PL/M and RMX-86). Note that routines 
using pointers this way must be written in assembly language or PL/M, since PascaL 
does not support tokens. You can also generate pointers with an offset of zero using 
the NEW procedure. Replace the normal memory manager with routines that pass 
all allocation and release requests directly to the UDI routines DQALLOCATE and 
DQFREE (or to the LRS routines TQALLOCATE and TQFREE). The Pascal 
compiler generates code to call the following routines for the LARGE memory 
manager: 

NEW 
Entry point: 
Parameters: 
Returns: 

DISPOSE 
Entry point: 
Parameters: 

PQ_310 
AX 
ES:BX 

(FAR) 

PG_320 (FAR) 
Stack 1 :Stack2 
AX 

-size of area to allocate 
-pointer to area allocated 

-pointer to area to dispose 
-size of area 

Stack2 is the WORD on top of the stack, and Stackl is the second WORD from the 
top. The routines you write to replace the normal memory manager need to be linked 
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in before the first Pascal library P86RNO.LIB. This method cannot be used for 
SMALL programs, since the allocated storage must be in DGROUP. 

K.2.4 Memory Usage Summary 

The following values help determine the actual amount of memory that will be used 
by the program: 

SMALL Memory Manager: 

Overhead (per allocation)- 2 bytes (If necessary, another byte is used to make 
the length of the allocated storage block 
even.) 

Global overhead 6 bytes 
Minimum allocation 6 bytes (without padding) 

LARGE Memory Manager (request -< 251 bytes): 
Overhead (per allocation) 2 bytes (If necessary, another byte is used to make 

Minimum allocation 
Size of page requested 

from operating system -
Overhead (per page) 

the length of the allocated storage block 
even.) 

6 bytes (without padding) 

1024 bytes 
6 bytes 

LARGE Memory Manager (request> 251 bytes): 
Allocation requests are made to the operating system. 

The run-time system initialization routine (TQ-OO 1) allocates an eighteen-byte data 
area for run-time system use. 

The Pascal I/O system also dynamically requests storage from the operating system. 
When a file is opened, a 48-byte file descriptor is allocated by the LRS procedure 
TQFILEDESCRIPTOR. The default TQFILEDESCRIPTOR uses DQALLO­
CA TE to allocate this storage. A file is opened when the first RESET or REWRITE 
is performed on it (including the implicit RESET and REWRITE performed on the 
files INPUT and OUTPUT). 

The default LRS also uses DQALLOCA TE to allocate a 1054-byte buffer for each 
disk file that is opened. This buffer is returned to the operating system when the file 
is closed. 

The Pascal I/O system also allocates an 86-byte line buffer when a REWRITE is 
performed on a file of type TEXT or FILE OF CHAR. This buffer is allocated above 
the level of the LRS by using the LRS routine TQALLOCA TE; its purpose is to 
improve the efficiency of output to a console. The buffer is released using TQFREE 
when a RESET is performed on the file or when the file is closed. The I/O system 
will not buffer the output to files of type TEXT or FILE OF CHAR if TQALLO­
CA TE returns a non-zero exception code. This allows you to write your own LRS 
without providing TQALLOCA TE, yet still be able to use these files. 

K.2.S Allocate a New Memory Block 

The run-time system calls this LRS allocation primitive whenever a Pascal-86 program 
uses the NEW procedure for dynamic memory allocation (to obtain memory blocks 
from the heap). The run-time system sends two argument values to this primitive: a 
WORD containing· the number of contiguous bytes to be allocated, and a POINTER 
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to a location where this primitive should return a status WORD containing an excep­
tion condition (if an exception occurs). There are no exception codes required by the 
run-time system. 

The procedure you supply for this primitive must return the address of the first 
segment boundary of the memory block allocated for use by the Pascal-86 program. 

The following is a sample PL/M-86 typed procedure heading for the TQALLO­
CA TE primitive: 

TGALLOCATE: PROCEDURECSIZE1STATUS_PTR) SELECTOR PUBLICi 
DECLARE SIZE WORDi 
DECLARE STATUS_PTR POINTERi 
DECLARE MEM_SEL SELECTORi 

RETURN MEM_SELi 
END TGALLOCATEi 

The argument sent to the SIZE word parameter contains the number of contiguous 
bytes of memory that the Pascal-86 program wants to obtain from the heap. The 
argument sent to the ST ATUS_PTR pointer parameter is the location where the 
TQALLOCA TE procedure should return a status WORD with an exception code if 
an exception occurs (an exception code is not required). In addition, the TQALLO­
CATE procedure must return MEM_SEL, a SELECTOR containing the address of 
the first segment boundary of the obtained block of memory. 

Your TQALLOCA TE primitive can allocate memory with a byte granularity of 
sixteen, since the run-time system has a memory manager to manage large blocks. 

K.2.6 Free a Previously Allocated Memory Block 

The run-time system calls this LRS primitive to free the block of memory obtained 
by the TQALLOCA TE primitive described in the previous section. When a 
Pascal-86 program uses the DISPOSE procedure to dispose of the memory obtained 
from the heap, the run-time system calls this TQFREE primitive to return the memory 
to the heap. 

The TQFREE primitive is called as a procedure, and it does not return a value (hence 
it cannot be a typed procedure). The primitive receives a SELECTOR argument 
containing the address of the first segment boundary of a memory block obtained via 
the TQALLOCA TE primitive described in the previous section. The primitive also 
receives a pointer to a location where the primitive should place a status WORD with 
an exception code if an exception occurs (no exception codes are required for the run­
time system). 

The following is a sample PL/M-86 procedure heading for the TQFREE primitive: 

TGFREE: PROCEDURECMEM_SEL 1 STATUS_PTR) PUBLICi 
DECLARE MEM_SEL SELECTORi 
DECLARE STATUS_PTR POINTERi 

END TQFREEi 
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K.3 Logical Record Interface 

Intel provides a logical record interface that allows you to hook an operating environ­
ment or application-dependent device drivers to the run-time support system for 
Pascal-86. 

The diagram in figure K-4 shows typical execution paths for Pascal-86 . programs. 
The default path uses the interface libraries to the Series III operating system. If you 
intend to use this path, you do not need the information in this appendix. 

Another path shows a deviation at level (2), where you can interface your own logical 
record system to the logical record interface. Your logical record system would be a 
collection of primitives, file drivers, and/or device drivers, or an interface library to 
your own operating system. 

You can also use Intel's logical record system at level (2) and hook your own operat­
ing system to it at level (3), as shown. To hook your own operating system to Intel's 
logical record system and run-time system, you have to supply primitives that have 
the same names as the primitives used to interface the Series III operating system 
with the Pascal-86 run-time system and logical record system. A list of the names 
appears at the end of this appendix. 

Real arithmetic support (via the 8087 or emulator) is not depicted in this diagram, 
but you must use either the 8087 processor and its library (8087.LIB), the emulator 
and its library (E8087, E8087.LIB), or 87NULL.LIB for floating-point programs, as 
described in Chapter 12. 
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RUN-TIME SUPPORT SOFTWARE 
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Figure K-4. Execution Paths for Pascal-86 Programs 121539-44 
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K-IO 

The Pascal-86 run-time support system at level (l) in figure K-4 considers a file to 
be a series of logical records. A logical record contains exactly one object of a non­
text file, or one line of a text file. 

A user-defined logical record system that interfaces to the run-time system at level 
(2) in figure K-4 must be able to store a logical record in a physical record on a 
storage medium (such as a disk), and must be able to delimit such records. The run­
time system uses the logical record interface primitives to call the user-defined logical 
record system, which formats logical file records onto physical media either explicitly 
through a set of device drivers, or implicitly through a set of file drivers and an 
operating system. 

The logical record interface consists of a set of calling sequences to primitives; you 
substitute your own procedures or functions using the names of these primitives, which 
in turn use your logical record system routines. The primitives can be written in 
PL/M-86 (conforming to the LARGE model of segmentation), Pascal-86, or ASM86. 
The run-time system requires that some of these primitives return a status word to 
indicate a status or exception condition, which directs the functionality of the run­
time system. 

If you code your logical record system in Pascal-86, in some cases you will have to 
supply your own operating system primitives to provide the run-time support for your 
logical record system (since the supplied run-time system relies on the default logical 
record system, or your logical record system). If you code them in PL/M-86 or in 
ASM86, you won't need run-time support for your logical record system; therefore, 
we show sample procedure headings in PL/M-86. 

The following descriptions show sample PL/M-86 procedure headings, with param­
eter lists for each procedure you should supply. You use these parameters to pick up 
arguments sent to these primitives from the run-time system. In Pascal-86, these 
primitives must be functions in order to return a status value; in PL/M-86, they must 
be typed procedures. 

These parameters are described in terms of PL/M-86 data types. For a table of 
Pascal-86 data types and their corresponding PL/M-86 types, see Appendix J of this 
manual. Appendix J also describes the universal calling sequence used by Pascal-86 
and other iAPX 86,88 family languages, so that modules written in one of these 
languages can easily call modules written in another. 

The logical record system you supply must handle file input/output, file preconnec­
tion, exception conditions, and memory (heap) allocation. You can, however, use Intel's 
logical record system (default primitives) found in library P86RN2.LIB, and still 
provide your own device drivers by supplying your own TQDEVICE primitive (K.3.2), 
as long as you link in your TQDEVICE primitive and device drivers before linking 
in the P86RN2.LIB library (in order to override default external references). 

The logical record system you supply must set up two data structures: a file/device 
descriptor used by both the run-time system and your logical record system to hold 
status information about each file or device (one descriptor for each file or device), 
and a file/device driver table defined by your logical record system that provides the 
addresses of your file/device driver routines. The P86RNO.LIB and P86RN1.LIB 
libraries do not perform any buffering. Depending on your execution environment, 
you may want to implement buffering in your logical record system to improve execu­
tion speed. 

After writing your logical record system pnmltlves, you must follow the linking 
conventions described in K.3.7 to link them to your Pascal-86 program modules. 
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K.3.1 Setting Up the File/Device Descriptor 

The run-time system calls the TQFILEDESCRIPTOR primitive after a file precon­
nection, or before a call to open a file if there is no file preconnection, to set up a 
block of memory (called a file/device descriptor) used to store attributes of a file or 
device. This block of memory is reserved for the file or device attributes until the file 
is closed. After the file is closed, the file/device descriptor block is used again by the 
run-time system for other files. Replace this primitive only if you are not using a 
UDI operating system. 

The file/device descriptor must be 48 bytes, and must start on a segment boundary 
(i.e., it must begin at a location that is a multiple of 16 bytes). The initial (least 
significant) 16 bytes of the file descriptor are for your file attributes-the run-time 
system does not disturb this area if you are also providing your own device drivers 
(discussed in the next section). The run-time system uses the last (most significant) 
32 bytes to contain file management information. 

The run-time system expects the TQFILEDESCRIPTOR pnmItIve to have one 
parameter and to return one value, and it must be declared to be public. The 
TQFILEDESCRIPTOR primitive returns a status WORD value that holds an 
exception condition code if an exception occurs, but none are required by the run­
time system (the exception codes required for the other primitives are listed in K.3.6). 
The run-time system calls TQFILEDESCRIPTOR in an assignment statement: 

STATUS=TQFILEDESCRIPTOR(FDSEGPTR) 

The following is a sample PL/M-86 typed procedure heading for the TQFILEDES­
CRIPTOR primitive: 

TQFILEDESCRIPTOR: PROCEDURE(FD_SEG_PTR) WORD PUBLICj 
DECLARE(FD_SEG_PTR) POINTERj 

END TQFILEDESCRIPTORj 

The primitive receives an argument for the POINTER parameter FD_SEG_PTR, 
which contains the address for a SELECTOR that contains the selector of the file 
descriptor. This selector word is sent as an argument to the parameter FD_SEL used 
in every device driver. 

Since TQFILEDESCRIPTOR is a PL/M-86 typed procedure, it must use a 
RETURN to return the WORD status value. If you intend to code it in Pascal-86 as 
a function, the function must assign the status value to the name of the function 
(TQFILEDESCRIPTOR). 

K.3.2 Connecting File/Device Drivers 

Routines that actually transfer data and communicate with external files or devices 
are called file/device drivers. The run-time system provides two default drivers in 
P86RN2.LIB and P86RN3.LIB: one for text files, and one for non-text files. The 
run-time system assumes that ten actions can be performed for each file: opening the 
file, closing the file, reading, writing, moving forward, marking the end of a record, 
rewinding, seeking, marking the end of a file, and getting information about a file. 

K-ll 
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The Logical Record System (LRS) interface has been modified to accommodate 
random I/O. If you have written your own LRS interfaces, and if you plan to use the 
random access I/O capability, you will be affected by this change. (If you use the 
random access feature and Intel libraries, you will be able to use this I/O capability 
immediately.) 

The random access features will use two VDI primitives, DQFILEINFO and 
DQSEEK, which previously were not used by Pascal-86. Thus, if you have written 
your own UDI interface but did not implement all the VDI primitives, you must add 
these before using random access I/0. 

Two new entries have been added to the device driver table: file information and an 
entry reserved for future use. The new device driver table is shown in figure K-5. 

You can replace or supplement these drivers with your own drivers that communicate 
with your operating environment by formatting your driver routines to correspond to 
the calling sequence and parameter lists that the run-time system expects to find. 
The run-time system uses the default drivers unless you explicitly create your own 
TQDEVICE primitive as part of your logical record system. If you supply your own 
TQDEVICE, you can associate a file with your own set of drivers. To supply your 
own TQDEVICE primitive, use the name TQDEVICE, declare it to be public, and 
follow the module linking conventions described in K.3.7. 

Before opening any file, the run-time system calls TQDEVICE and sends arguments 
for three parameters: a POINTER to the physical filename, a BYTE containing the 
length of the filename, and a POINTER to the base of a table containing the addresses 
of the drivers. TQDEVICE must return a WORD status value containing a zero if it 

TABLE OF DRIVERS 

RESERVED HIGHER LOCATIONS 

FILE INFORMATION 

END FILE 

RESERVED 

REWIND A FILE 

MARK RECORD END 

MOVE FORWARD 

SEEK 
(used only for random I/O 

WRITE A BLOCK 

READ A BLOCK 

CLOSE A FILE LOWER LOCATIONS 

OPEN A FILE BASE ADDRESS OF FILE/DEVICE DRIVERS 

Figure K-5. Table of Addresses for File/Device Drivers 121539-26 
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is successful, or an exception code if an exception occurs. The following is a sample 
PL/M-86 typed procedure heading for the TQDEVICE primitive: 

TGDEVICE: PROCEDURE(NAME_PTR, 
NAME_LENGTH, 
DRIVER_TABLE_PTR) WORD PUBLICi 

DECLARE DRIVER_BASE BASED 
DRIVER_TABLE_PTR POINTERj 

/* Assign the new table base to 
DRIVER_BASE to override the 
default assignment */ 

DECLARE (NAME_PTR,DRIVER_TABLE_PTR) POINTERi 
DECLARE NAME_LENGTH BYTEi 

END TGDEVICEi 

If you wish to provide device drivers for some but not all files, your TQDEVICE 
primitive should examine the filename by using the pointer NAME_PTR (and the 
length byte NAME_LENGTH) to find the filename. For files that need your new 
set of device drivers, your primitive would alter the value pointed to by DRIVER­
_ T ABLE_PTR, in order to use the new base address of your table of driver addresses 
(as described below). For files that need the default device drivers supplied for the 
Intel Series III operating system, your primitive would not alter the value pointed to 
by DRIVER_ TABLE_PTR, and the base address for the default table would be used. 

To supply your own set of device drivers, you must write the drivers and place the 
address of each driver in a file/device driver table, as shown in figure K-S. Each 
driver is described following this table. Your version of TQDEVICE would use the 
base address of this table (the address of the driver to open a file) as the value pointed 
to by DRIVER_ T ABLE_PTR for any file that needs this table of drivers. You can 
easily create alternatives in your TQDEVICE for certain files that need different 
kinds of drivers. 

Since the run-time system calls these drivers by using the addresses in this table, the 
drivers themselves do not have to have special names. These drivers are described 
below. 

Open a File 

Before the run-time system performs any input/output, it calls a driver to open a file 
by using the address in the file/device driver table shown in figure K-S. To open a 
file, the file must be already rewound; i.e., the "file pointer" must be pointing to the 
beginning of the file. The following is a sample PL/M-86 typed procedure heading 
for the OPEN_FILE"driver: 

OPEN_FILE: PROCEDURE(FD_SEL, NAME_PTR, 
NAME_LENGTH, ATTRIBUTE, 
REC_LENGTH) WORD PUBLICi 

DECLARE (FD_SEL, ATTRIBUTE, REC_LENGTH) 
SELECTORi 

DECLARE NAME_PTR POINTERi 
DECLARE NAME_LENGTH BYTEi 

K-13 
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This driver must be a typed procedure that returns a WORD value containing either 
an exception code if an exception occurs, or zero if the open action is successful. The 
run-time system obtains the arguments for the NAME_PTR pointer and the 
NAME_LENGTH byte from either the Pascal-86 program (the object module) or 
the TQGETPRECON primitive (described in K.3.4). If the argument for 
NAME_LENGTH equals zero, the driver should assume that it is a scratch file to 
be deleted after the close file operation. 

The argument for the FD_SEL selector parameter comes from the 
TQFILEDESCRIPTOR primitive described in K.3.1. The argument for the 
REC_LENGTH word parameter is the record length to be associated with the file, 
supplied by the Pascal-86 program (the object module); a value of zero indicates that 
the record length is variable, as in a text file. 

The argument for the ATTRIBUTE word parameter contains information and file 
attributes that your OPEN_FILE driver can use or ignore, depending on whether the 
information and attributes are relevant for the device you are associating with the 
file. The bits of this WORD are defined as follows: 

Bits 0, I-reserved, set to 00. 

Bit 2-reserved, set to O. 

Bit 3-form of file: 

O-non-text file. The file will contain binary data, not character data. 

I-text file. The file will contain character data. The run-time system will not 
perform run-time checks on input or output. 

Bit 4-reserved. 

Bit S-reserved, set to o. 

Bit 6-interactive file: 

O-not interactive file. 

I-possibly interactive file. The device should be treated as an interactive console 
(indicating a file of type CHAR). 

Bit 7-reserved, set to O. 

Bits 8 and 9-mode of file: 

O---destructive write only. The file can only be written to (as after a REWRITE). 

OI-read only. The file can only be read (as after a RESET). 

IO-reserved 

II-update. The file can be written to. 

The remaining bits are reserved. 

Close a File 

The run-time system calls this driver to close a file by using the address provided in 
the file/device driver table shown in figure K-S. The run-time system reuses the file/ 
device descriptor for the next open file operation; that is, it will avoid calling the 
TQFILEDESCRIPTOR primitive. This driver returns a status WORD with an 
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exception code if an exception condition occurs (none are required by the run-time 
system). 

The following is a sample PL/M-86 typed procedure heading for the CLOSE_FILE 
driver: 

CLOSE_FILE: PROCEDURECFD_SEL! DISPOSE) WORD PUBLICj 
DECLARE FD_SEL SELECTORj 
DECLARE DISPOSE BYTEj 

END CLOSE_FILEj 

The argument for the FD_SEL selector parameter is the same as the argument in 
the OPEN_FILE driver, described in the previous section. The argument for the 
DISPOSE byte parameter can be ignored by this driver. 

Read a Block from a File 

The run-time system calls this driver to read a block of data from a file. This driver 
must return a status WORD containing an exception code if the end of a record or 
the end of the file condition is reached. These codes are listed in K.3.6. The following 
is a sample PL/M-86 typed procedure heading for the READ_BLOCK driver: 

READ_BLOCK: PROCEDURECFD_SEL! BUFFER! 
COUNT! ACTUAL_PTR) WORD PUBLICj 

DECLARE CFD_SEL! COUNT) SELECTORj 
DECLARE CBUFFER!ACTUAL_PTR) POINTERj 

END READ_BLOCKj 

The argument for FD_SEL comes from the TQFILEDESCRIPTOR primitive 
described in K.3.1. The other arguments are sent from the run-time system. The 
argument for the BUFFER pointer parameter is the base address of an area where 
this driver must store the block of data read. The argument for the COUNT word 
parameter is the length in bytes of the data item to be read. The driver should store 
the actual number of bytes read in the WORD addressed by ACTUAL_PTR. 

For files that have fixed-length records, the run-time system never tries to read more 
bytes than the fixed number defined for the record. However, this read block driver 
must be able to recognize the end of a record, and be able to position the "file pointer" 
to the beginning of the next record for each read operation. This record delimiter 
might be the carriage return/line feed (CR/LF) combination (for text files) or a gap 
between records on a tape drive. 

Write a Block to a File 

The run-time system calls this driver to write blocks of data to a file. The run-time 
system calls this driver by using the address found in the file/device driver table 
shown in figure K-S. There might be more than one call to this driver to write an 
entire record, and this driver must handle any buffering. After calling this driver, the 
run-time system calls the "mark end of record" driver to mark the end of a record, 
even if the records are fixed in length. 

K-15 
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The following is a sample PL/M-86 typed procedure heading for the 
WRITE_BLOCK driver: 

WRITE_BLOCK: PROCEDURE(FD_SEL, BUFFER, 
COUNT) WORD PUBLIC; 

DECLARE (COUNT) WORD; 
DECLARE (FB_SEL) SELECTOR; 
DECLARE BUFFER POINTER; 

END WRITE_BLOCK; 

This driver returns a status WORD that contains the exception code of an exception 
condition if one occurs (none are required by the run-time system). The argument 
for the FD_SEL selector parameter comes from the TQFILEDESCRIPTOR primi­
tive described in K.3.1. This driver uses the argument for the BUFFER pointer 
parameter as an address to find the data to be written, and it uses the argument for 
the COUNT word parameter as the length of the data block to be written. 

Seek In A File 

This routine is called for files opened for direct access to position the file pointer 
before a read or write operation. The run-time system calls this routine by using the 
address found in the table in figure K-S. The following is a sample PL/M-86 typed 
procedure heading for the SEEK driver. 

SEEK: PROCEDURE (FD, MODE, HIGHSOFFSET, LOWSOFFSET) WORD 
PUBLIC REENTRANT; 

DECLARE FD SELECTOR, 
MODE BYTE, 
LOWSOFFSET WORn, 
HIGHSOFFSET WORD; 

END SEEK; 

where 

FD 

LOW$OFFSET 
HIGH$OFFSET 

MODE 

identifies the file descriptor for the file to be affected. 

together form a four-byte (DWORD) unsigned integer (here 
called offset) that represents either a position in the file or 
the number of bytes to move the file position pointer, depend­
ing on the setting of mode. 

indicates the type of seek required. The values of mode are 
defined as: 

o - Seek to the record number specified in offset. 
Note that the first record of a file is record number 1. 

1 - Move file pointer back by offset bytes within current 
record. 

2 - Set file pointer to offset within current record. 

3 - Move file pointer forward by offset bytes within current 
record. 

4 - Move file pointer to end of file. 
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This is a typed procedure (function). The value of the procedure is a WORD that 
indicates the result of calling this procedure. The required exception code is E$OK 
and the RTNULL version will cause processing to halt. Modes 1 through 4 are not 
currently supported or required. 

Move Forward to the End of the Record 

The run-time system calls this driver to skip to the end of the record and prepare the 
file for the next sequential access. The run-time system uses the address in the file/ 
device driver table shown in figure K-5 to call this driver. This driver is called whenever 
the processing of a record has finished, even if the record was only partially read. 

The following is a sample PL/M-86 typed procedure heading for the MOVE_ 
FOR WARD driver: 

MOVE_FORWARD: PROCEDURE(FD_SEL) WORD PUBLIC; 
DECLARE FD_SEL SELECTOR; 

END MOVE_FORWARD; 

The argument for the FD_SEL selector parameter comes from the TQFILEDES­
CRIPTOR primitive described in K.3.1. This driver must return a WORD contain­
ing a zero for a successful move operation, or the exception code for an end of file if 
that condition occurs. The exception codes are listed in K.3.6. 

Mark the End of a Record 

The run-time system calls this driver every time output to a particular record is 
completed. Your driver should mark the file as appropriate for the device associated 
with the file. For a file with fixed-length records, the driver may either increment the 
record pointer or pad the rest of the record with a distinguishable character. A call 
to this driver implies that the program has terminated output to the record, and that 
the rest of the record is either undefined or defined by this driver. 

The following is a sample PL/M-86 typed procedure heading for the END_RE­
CORD driver: 

END_RECORD: PROCEDURE(FD_SEL) WORD PUBLIC; 
DECLARE FD_SEL SELECTOR; 

END END_RECORD; 

The argument for the FD_SEL selector parameter comes from the TQFILEDES­
CRIPTOR primitive described in K.3.1. This driver returns a status WORD that 
contains the exception code of an exception condition if one occurs (none are required 
by the run-time system). 

Rewind a File 

The run-time system calls this driver to rewind a file, and the driver rewinds by movmg 
the "file pointer" to the beginning of the file. Nothing occurs for devices that cannot 
rewind. The driver returns a status WORD that contains the exception code of an 
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exception condition if one occurs (none are required by the run-time system.) The 
following is a sample PL/M-86 typed procedure heading for the REWIND driver: 

REWIND: PROCEDURECFD_SEL,MODE) WORD PUBLICj 
DECLARE FD_SEL SELECTORj 
DECLARE MODE BYTEj 

END REWINDj 

The argument for the FD_SEL selector parameter comes from the TQFILEDES­
CRIPTOR primitive described in K.3.1. The argument for the MODE byte param­
eter is the value specified in bits 8 and 9 of the ATTRIBUTE word parameter for 
the OPEN_FILE driver. When the file is rewound, the MODE byte defines subse­
quent access rights to the file. 

Mark the End of a File 

The run-time system calls this driver to mark the currenf position of the file pointer 
as the end of the file. The following is a sample PL/M-86 typed procedure heading 
for the ENDFILE driver. 

ENDFILE: PROCEDURE CFD) WORD PUBLIC REENTRANTj 
DECLARE FD SELECTORj 

END ENDFILEj 

This driver returns a status WORD that contains the exception code of an exception 
condition if one occurs (none are required by the run-time system). The argument 
for the FD parameter is the file descriptor for the file to be affected. If data is beyond 
the location indicated by the current file pointer, that data is truncated. 

Get File Information 

The run-time system may obtain information about a file by using the address provided 
in the file/device driver table shown in figure K-5. Following is a sample PL/M-86 
typed procedure heading for the FILE_INFORMATION driver. 

F I LE_ I NFORMAT I OH: PROCEDURE CFD, FILE_IHFO_P) WORDj 
DECLARE FD SELECTORj 
DECLARE FILE_INFO_P POINTERj 

END FILE_IHFORMATIONj 
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where FD identifies the file descriptor for the file to be affected and FILE_INFO_P 
is a POINTER to an area of memory with the following format: 

DECLARE FILE_INFO_STRUCTURE ( 
CURR_POS DWORD, 
FILE_LEN DWORD, 
RESERVED (2) WORD)i 

CURR pas is the record number at which the file is currently positioned, 
FILE_LEN is the record number of the last record in the file, and RESERVED is a 
two-word field that is reserved for future use. 

K.3.3 Initialize the Logical Record System 

The run-time system calls this initialization primitive before calling any primitive in 
the logical record system. You supply your own initialization primitive to initialize 
your logical record system, initialize any devices or tables you need for your logical 
record system, initialize the preconnection table of logical files connected to physical 
files, and provide your own semaphore mechanisms so that the run-time system can 
protect critical regions of code. In short, the run-time system calls this primitive to 
allow you to provide whatever special mechanisms you need to operate the run-time 
system in your environment. Do not replace Intel's default initialization primitive 
unless you are supplying your own logical record system. 

The following is a sample PL/M-86 typed procedure heading for the TQINITIAL­
IZE primitive: 

TQINITIALIZE: PROCEPURE(LRI_DATA_PTR) WORD PUBLICi 
DECLARE LRI_DATA_PTR POINTERi 

END TQINITIALIZEi 

The argument sent for the LRI_DA T A_PTR pointer parameter is the address of a 
location where this primitive must store a WORD. This WORD must contain the 
root address of a linked list of logical and physical file names which make up your 
preconnection table. This WORD will be used as an argument to a parameter of the 
TQGETPRECON primitive described in the next section. This primitive also returns 
a status WORD that may contain an exception code if an exception occurs (the run­
time system does not require an exception code). 

K.3.4 Return Physical File Name for Preconnection 

The run-time system calls this primitive to obtain the physical file name to be associ­
ated with a Pascal-86 logical name by means of a file preconnection specification on 
the command line that executes a Pascal-86 program. (See 12.4 for a description of 
preconnecting files on the execution command line.) 

This primitive must return a BYTE value for the length of the physical file name, 
and it must store a· pointer to the physiCal file name at a location specified by an 
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argument to the primitive. The following is a sample PL/M-86 typed procedure 
heading for the TQGETPRECON primitive: 

TGGETPRECON: PROCEDURE(UNIT1L_FILENAME_PTR 1 
L_FILENAME_LENGTH 1 
P_FILENAME_PTR 1 
PRE CON_ROOT) BYTE PUBLICi 

DECLARE (UNITIL_FILENAME_LENGTH) 
BYTEi 

DECLARE (L_FILENAME_PTR 1 
P_F I LENAME_PTR) PO INTER i 

DECLARE PRE CON_ROOT WORDi 
DECLARE P_FILENAME_LENGTH BYTEi 

RETURN P_FILENAME_LENGTHi 
EtiD TGGETPRECONi 

The argument sent for the UNIT byte parameter has no use in Pascal run-time 
preconnection. The argument sent for the L_FILENAME_PTR pointer parameter 
is the address of the location where the logical file name is stored. The argument sent 
for the L_FILENAME_LENGTH byte parameter is the length (in bytes) of the 
logical file name. Your primitive must use the pointer in L_FILENAME_PTR and 
the length in L_FILENAME_LENGTH to pick up the logical file name. 

The argument sent for the P _FILENAME_PTR pointer parameter is the address of 
the location where your primitive must store a pointer to the physical file name to be 
associated with the logical file name. The physical file name's length is the return 
value of the function, so that the run-time system can pick up the physical file name. 
If your primitive returns a zero as the physical file name's length, then the run-time 
system will assume that a match for the logical file name was not found in the 
preconnection linked list. The root of the preconnection linked list is sent for the 
PRECON_ROOT word parameter-this argument comes from the initialization 
primitive (TQINITIALIZE) described in the previous section. 

K.3.5 Exit from the Logical Record System 

The run-time system calls this primitive to terminate the logical record system. You 
can supply your own primitive to perform any routine measures you need to close 
down your logical record system. The TQEXIT primitive must not return a value 
(hence it cannot be a typed procedure). 

The following is a sample PL/M-86 procedure heading for the TQEXIT primitive: 

TGEXIT: PROCEDURECTERMINATIOti_TYPE) PUBLICi 
DECLARE TERMINATION_TYPE WORDi 

EtiD TGEXITi 

The run-time system sends either a zero or a one as an argument for the TERMI­
NATION_TYPE word parameter. A zero means a normal termination, and a one 
means a termination as a result of an exception condition. 

The run-time system uses a normal call to this primitive, and the primitive must not 
return. 
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K.3.6 Run-Time Exception Handling 

The run-time system expects the operating environment (your operating system or 
the device driver system) to provide the address of the exception handling procedure. 
The run-time system calls this exception handler using this address. 

To provide this address, you can implement two primitives in your logical record 
system: TQSETERH to establish the current exception handler, and TQGETERH 
to provide the address of the current exception handler to the run-time system. 

The following is a sample PL/M-86 procedure heading for the TQSETERH 
primitive: 

TQSETERH: PROCEDURE CPROC_ADDR> PUBLICi 
DECLARE PROC_ADDR POINTERi 

END TQSETERHi 

The TQSETERH primitive must allocate a storage area to store the address of the 
current exception handler. The TQGETERH primitive must return a POINTER in 
the location specified by the run-time system so that the run-time system can call the 
current exception handler. The following is a sample PL/M-86 procedure heading 
for the TQGETERH primitive: 

TQGETERH: PROCEDURE CPROC_ADDR_PTR> PUBLICi 
DECLARE PROC_ADDR_PTR POINTERi 
DECLARE PROC_ADDR BASED PROC_ADDR_PTR POINTERi 

END TQGETERHi 

The following exception condition is in operating environment exception returned by 
the default logical record system or your system to the run-time system: 

Exception Code Meaning 

1501H Command line preconnection facility has detected an invalid 
preconnection syntax. 

The run-time system expects to receive the following status codes from some of the 
primitives and drivers in the default logical record system or your system: 

Status Code Meaning 

15FFH A read was attempted but the "file pointer" painted to the 
end of the file. 

15FEH A read was attempted past the end of a record. 

The exception code range 1520 H to 15 FFH is reserved for exceptions you can define 
for your logical record system. 
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K.3.7 Linking Conventions 

To link your own set of logical record system primitives with the required library 
modules and Pascal-86 modules, specify on the linker's command line your logical 
record system module after specifying the other modules, so that references to the 
logical record system primitives that are in the run-time system libraries will be 
satisfied. 

In addition, you must link in the null library R TNULL.LIB to resolve run-time system 
references to the default primitives you are not using. If, however, you are using some 
of the default primitives found in the default libraries P86RN2.LIB and/or 
P86RN3.LIB, and you link in these default libraries, then you do not need 
RTNULL.LIB. 

If you are using the default libraries P86RN2.LIB and P86RN3.LIB (the default 
logical record system), yet you wish to supply some device driver primitives to override 
the default primitives, then link in your device driver primitives (and your version of 
the TQDEVICE primitive described in K.3.2) before linking in the default libraries 
P86RN2.LIB and P86RN3.LIB. 

For more examples of linking modules and for more information about the linking 
and locating process, see Chapter 12 or your specific operating-system appendix. 

K.3.S Interfacing to the Default Logical Record System 

To use Intel's logical record system (the libraries P86RN2.LIB and P86RN3.LIB) 
with your own operating system (other than an Intel operating system), you have to 
provide primitives with the same names as the following primitives, and link your set 
of primitives in place of the LARGE.LIB library used for the Series III. The names 
are: 

DQ$ALLOCA TE 
DQ$FREE 
DQ$GET$SIZE 
DQ$TRAP$EXCEPTION 
DQ$GET$EXCEPTION$HANDLER 
DQ$EXIT 
DQ$DELETE 
DQ$ATTACH 
DQ$OPEN 
DQ$CREATE 
DQ$CLOSE 
DQ$DETACH 
DQ$READ 
DQ$WRITE 
DQ$SPECIAL 
DQ$SEEK 
DQ$TRUNCATE 
DQ$GET$CONNECTION$ST A TUS 
DQ$GET$ARGUMENT 
DQ$FILE$INFO 

For details on the Intel versions of these primitives, see the Intellec Series III Micro­
computer Development System Programmer's Reference Manual, Order Number 
121618. 



APPENDIX L 
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 

Sample link, locate, and execute operations 

Examples of compiler control invocation lines 

Interrupt handling on the Series III 

Related publications 

L. 1 Compiler Operation 

The Pascal-86 compiler is a program that translates your Pascal instructions into 
object code modules that can be linked and located for execution. 

You create a Pascal program by typing instructions into a file using the CREDIT 
text editor, and submitting the file to the Pascal-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 Pascal-86 you 
can compile parts of a program, and each separate compilation is known as an object 
module. 

The following discussions assume that you have a Series III system up and running, 
and that you have a suitable copy of the Pascal-86 compiler. Chapter 1 of this manual 
leads you through a complete pr0gram development sequence using a sample Pascal 
program supplied with the compiler. Details on the operating system environment are 
provided in the Intellec Series III Microcomputer Development System Console 
Operating Instructions, Order Number 121609. 

L. 1. 1 Invoking the Compiler 

You invoke the Pascal-86 compiler by using the RUN command. The RUN command 
i~ used to load and execute any program specifically in the 8086 environment for the 
Series III system. The following is a sample compiler invocation: 

RUN PASC86 PROG1. SRC XREF<cr) 

The name P ASC86 is the name of the compiler as supplied, without the extension 
(i.e., the full name is PASC86.86, but you don't supply the .86 extension in the 
invocation line). PROG l.SRC is the name of the source file that contains the Pascal 
instructions. XREF is a primary control which tells the compiler to generate a cross­
reference listing of source program identifiers (XREF is described in 10.3.23). The 
XREF control, like all other compiler controls, is optional for the invocation line. 

The above example assumes that the compiler and the source program PROG I.SRC 
reside on drive 0 (:FO:). If PROGl.SRC is on drive 1, the invocation line is: 

RUN PASC86 :F1:PROG1.SRC XREF<cr) 

L-I 
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The invocation line takes this general form: 

RUN [:Fd:]P AS C a 6 [:Fd]source[controls] 

where 

RUN 

:Fd: 

PAsca6 
source 

controls 

< cr) 

is the name of the command to execute the compiler. 

specifies which drive PASC86.86 and/or source resides on, 
if not on drive O. The source file does not have to be on the 
same drive as the compiler. 

is the name you use for the compiler PASC86.86. 

is the name of the source file containing the Pascal program. 

are optional primary or general compiler controls described 
in Chapter 10. You can have many controls in the invocation 
line with a space between each control, and you can extend 
the invocation line by using the ampersand (&) as a contin­
uation character to replace a space. 

stands for use of the RETURN key on the keyboard. 

The following are some examples: 

RuN :F1:PAS,C86 :F1:MYPROG PRINT(:LP:) TITLE(\TEST 24')<cr> 

In this example, both PASC86.86 and MYPROG are on drive 1. PRINT and TITLE 
are compiler controls. 

RUN PASC86 :F1:KLUDGE.SRC NOPRINT<cr> 

In this example, PASC86.86 is on drive 0, but KLUDGE.SRC, the source program, 
is on drive 1. NOPRINT is a compiler control that prevents all printed output (except 
error messages) usually generated by the compiler. 

NOTE 
The RUN command assigns the extension 86 to any filename you specify 
without an extension. You must specify the filename's extension if it is not 
86. If you specify a filename that has no extension, specify a period (.) after 
the name in the RUN invocation line. For example, if you rename PASC86.86 
to COMPIL, include a period after the name COMPIL (i.e., COMPIL.) 
when you invoke it using RUN. If you choose a new name with a new exten­
sion, specify both the new name and the new extension on the RUN invoca­
tion line. 

L. 1.2 Files Used by the Compiler 

Input Files 

You supply the Pascal source program name for source in the invocation line (see 
the previous section). You can also include other source files by using the INCLUDE 
control, as described in 10.3. These files must be standard ISIS-II disk files contain­
ing the text of Pascal instructions. 
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Output Files 

By default, the compiler produces two output files, unless you use specific controls to 
suppress or redirect them: the listing file and the object file. Also by default, error 
messages appear at your console and in the listing file. 

The listing file (sometimes called the PRINT file) contains a listing of the source 
program, plus any other printed output generated by the compiler as specified by the 
listing selection controls described in Chapter 10. The object file (sometimes called 
the object code file or object module) contains the actual code in object module format, 
which can eventually be executed (after you use the linking and locating facilities 
described in Chapter 13). These files are described in more detail in Chapter 12. 

The listing file and the object file have the same name as the source file, except that 
the listing file has the extension LST, and the object file has the extension OBJ. The 
files are created if they do not exist, or overwritten if they do exist, and they appear 
on the same drive as the source file. You can optionally change the names and/or 
drives for the listing and object files by using the PRINT and OBJECT controls, 
respectively (described in 10.3). 

For example, if you invoke the compiler using the line: 

RUN PASC86 :F1:MYPROG<cr) 

the compiler creates (or overwrites) the file MYPROG.LST on drive 1 to contain the 
listing, and the file MYPROG.OBJ on drive 1 to contain the object module. 

You can optionally direct certain sections of printed output to files other than the 
default listing file described above. In addition to using the PRINT control to specify 
another file as the listing file, you can specify a different file to receive error messages 
by using the ERRORPRINT control. Section 10.3 gives details on the use of these 
controls. 

Work Files 

The compiler creates and uses work files during its operation, and deletes them at 
the completion of compilation. These files are designated :WORK: files and they 
cannot conflict with your files. 

The Series III operating system provides a mechanism to select the drive where work 
files can be temporarily stored. The default drive is drive 1 (:FI :), but you can select 
another drive using the RUN WORK command, as in this example: 

RUN WORK :FO:<cr) 

This example selects drive 0 as the drive to hold work files. 

L.1.3 Compiler Messages 

When you invoke the compiler, it displays the sign-on message: 

5 e r i e 5 - I I I 
Cop y r i 9 h t 

Pa5cal-86, 
1981, 1983, 

Vx.y 
1984 I n tel Corporation 

L-3 
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where 

x is the version number of the compiler. 

y is the change number within the version. 

As the compilation proceeds through its phases, the compiler displays messages that 
trace the compilation. As each phase starts, the name of the phase is displayed; when 
the phase terminates, the numeric parameter (if any) and comma are added. The 
name of the phase is prefixed by NO if the phase was not executed. The name of 
each phase (except for PARSE and ANALYZE) is the same as the control name 
that defines the phase. 

These messages take the form: 

PARSECn), ANALYZECn), [NO]XREF, [NOJOBJECT 

where 

n is the number of errors detected during execution of that 
particular phase. 

The output files controlled by the PRINT and ERRORPRINT controls may be 
directed to the console (:CO:), in which case the compilation trace messages are 
interrupted with END clauses to show when a phase ends. 

When a compilation is finished, the compiler terminates with the message: 

Com p i 1 a t ion 0 f module verdict, n Err 0 r 5 [ s] D e t e c ted . 
End of Pascal-86 Compilation. 

where 

module 

verdict 

n 

is the name of the source module, 

is either ABORTED or COMPLETED, and 

is the total number of errors detected during the compilation. 

L.2 Linking, Locating, and Executing on the Series III 

L.2.1 Sample Link Operations 

The following link operation takes two object modules, MYMODl.OBJ and 
MYMOD2.0BJ, links them together, then links in the Pascal run-time libraries to 
form the output module MYPROG.86. To extend the LINK86 command to the next 
line without transmitting the command, type the ampersand (&) character before 
the RETURN key, and continue typing the command on the next line (do not type 
the ampersand character between letters of a file name). The continued line will start 
with two asterisks (**): 

The linker first reads MYMOD 1.0BJ and MYMOD2.0BJ for external references 
and resolves those references between them. Then, the linker attempts to resolve any 
more external references in the modules by looking at the public symbols in the 
libraries P86RNO.LIB, P86RNl.LIB, P86RN2.LIB, P86RN3.LIB, 87NULL.LIB, 
and LARGE. LIB. Use of 87NULL.LIB implies that the modules do not perform real 
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arithmetic. The final output module is MYPROG.86, which can then be loaded and 
executed on the Series III. 

If the modules MYMOD1.0BJ and MYMOD2.0BJ do perform real arithmetic, then 
they must be linked with either the 8087 Numeric Data Processor or the 8087 
Emulator. If you are using the emulator, the LINK86 command would be: 

RUN LINK86 MYMOD1.0BJ, MYMOD2.0BJ, P86RNO .LIB, &<cr> 
f P86RN1.LIB, P86RN2.LIE, P86RN3.LIB, CEL87.LIB, &<cr> 
f E8087, E8087.LIE, LARGE.LIE TO MYPROG.86 BIND <cr> 

The inclusion of CEL87.LIB, E8087, and E8087.LIB provides support for real arith­
metic using the software emulator. This link sequence fully supports all of the features 
of Pascal-86. 

L.2.2 Sample Locate Operations 

The following is a sample locate operation using the default settings for controls: 

RUN LOC86 SAMPL1.LNK<cr> 

This sample locate operation binds the logical segments of SAMPL1.LNK to addresses 
beginning at 00200H (H is for hexadecimal), the default. The output module is called 
SAMPLI (the root name of the input module without the LNK extension). Unless 
you specify a TO clause, the output module (the absolutely located program) will 
always have the same root name as the input module. 

The following is a sample locate operation using the ORDER and ADDRESSES 
controls: 

In the invocation line, you can use the ampersand character (&) to continue a long 
line without executing it. 

This sample locate operation collected together the logical segments by class names 
in the order specified in the ORDER control. The locater then assigned addresses as 
specified in the ADDRESSES control to the logical segments collected into the CODE 
~nd STACK classes. The DATA class received its address assignment from the default 
algorithm. 

L.2.3 Executing Programs 

The output module from the locater can be loaded and executed in the 8086 environ­
ment by using the Series III RUN command. Position-independent (PIC) and 
loadtime locatable (LTL) modules produced by LINK86 with the BIND option can 
also be loaded and executed by the RUN command. These modules could also be 
used as input to the DEBUG-86 debugger or a similar debugging tool. 

To run correctly, a program must be complete, i.e., it must contain all modules neces­
sary to run. For example, in order to run in the Series III 8086 environment with 
run-time support, a program must contain modules from the run-time support librar­
ies described in 12.2.2. To run in a foreign environment, you must supply your own 
run-time support and follow the guidelines in Appendix K. 
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To run a complete program in the Series III 8086 environment, simply use the RUN 
command. In the example below, both the RUN program and the SAMPLI program 
are on drive O. To refer to any program on a different drive, specify the drive number 
d in the format :Fd:. 

RUN SAMPL1.<cr) 

Note that in the example, SAMPLI appears with a period at the end. This period 
tells the RUN command not to look for an .86 extension. If the program were named 
"SAMPL1.86", you would not put a period at the end: 

RUN SAMPL1<cr) 

If your program's name has an extension other than .86, you must specify the exten­
sion with the name. If its name has an .86 extension, you need not specify it. If its 
name has no extension, you must specify the final period. 

NOTE 

If you use the BIND option with LINK86 on a module that is ready to be 
processed by the RUN loader, and you do not specify its name in a TO 
clause, the linker will use the root name (and device) of the first file specified 
as input, but will not append the LNK extension. 

L.3 Series III-Specific Compiler Controls 

This appendix includes a fold-out page for system-specific examples of most of the 
Pascal-86 compiler controls. This page is designed to be opened out and used in 
conjunction with the corresponding text in 10.3. 

L.4 Interrupt Handling on the Series III 

The Intellec Series III maps the seven Multibus interrupt lines (INTO through INT7) 
onto interrupt vector entries numbered 56 through 63; therefore, your application 
may not use these for software interrupts. Interrupt vector entries available for user 
software include 64 through 183. Refer to the Intellec Series III Microcomputer 
Development System Programmer's Reference Manual, Order Number 121618 for 
details. 

8087 Support 

You may incorporate an 8087 Numeric Data Processor in your Series III by install­
ing the iSBC 337 Multimodule Numeric Data Processor. Refer to the iSBC 337 
Multimodule Numeric Data Processor Hardware Reference Manual for more infor­
mation. 

NOTE 

The Series III Operating System is designed for use by a single operator and 
supports neither reentrancy nor multitasking. 
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L.S Related Publications 

Below is a list of other Intel publications you are likely to need in order to use 
Pascal-86. Most of them describe related Intel products. The manual order number 
for each publication is given immediately following the title. 

Pascal-86 Pocket Reference, 121541 

A companion to this manual, providing summary information for quick reference. 

A Guide to the Intellec Series III Microcomputer Development System, 121632 

A guide to the use of the Series III and associated tools as a total development 
solution for your iAPX 86 and iAPX 88 microcomputer applications. This tutorial 
manual takes you through hands-on sessions with the Series III operating system, 
the CREDIT text editor, the Pascal-86 compiler, the iAPX 86, 88 Family Utili­
ties, the DEBUG-86 applications debugger, and the ICE-86A In-Circuit 
Emulator. 

Intellec Series III Microcomputer Development System 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 brief manual 
includes a description of each manual related to the Series III, plus a glossary of 
terms used in the manuals. 

Intellec Series III Microcomputer Development System Console Operating 
Instructions, 121609 
Intellec Series III Microcomputer Development System Pocket Reference, 121610 

Instructions for using the console features of the Series III, including the 
DEBUG-86 applications debugger. The Console Operating Instructions provides 
complete instructions, and the Pocket Reference gives a summary of this 
information. 

Intellec Series III Microcomputer Development System Programmer's Refer­
ence Manual, 121618 

Instructions for calling system routines from user programs for both micro­
processor environments, MCS-80/85 and iAPX 86, in the Series III. 

ISIS-II CREDIT CRT-Based Text Editor User's Guide, 9800902 
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 provides complete operating instructions, and the 
Pocket Reference summarizes this information for quick reference. 

iAPX 86,88 Family Utilities User's Guide, 121616 
iAPX 86,88 Family Utilities Pocket Reference, 121669 

Instructions for using the 8086-based utility programs LINK86, LIB86, LOC86, 
CREF86, and OH86 in 8086-based development environments to prepare 
compiled or assembled programs for execution. The User's Guide provides 
complete operating instructions, and the Pocket Reference summarizes this 
information for quick reference. 

ASM86 Language Reference Manual, 121703 
ASM86 Macro Assembler Operating Instructions, 121628 
ASM86 Macro Assembler Pocket Reference, 121674 

Instructions for using ASM86 in 8086-based development 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. 
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• PL/M-86 User's Guide, 121636 
PL/M-86 Pocket Reference, 121662 

• Fortran-86 User's Guide, 121570 
Fortran-86 Pocket Reference, 121571 

Instructions for using the PL/M-86 and Fortran-86 languages and compilers in 
iAPX 86-based development environments. The User's Guide gives a complete 
description of the language and compiler (or translator), and the Pocket Refer­
ence provides summary information for quick reference. You need these publi­
cations if you are coding some of your programs in PL/M-86 or Fortran-86. 

PSCOPE High-Level Program Debugger User's Guide, 121790 

Instructions for using PSCOPE, the symbolic debugger for high-level language 
programs. The User's Guide provides complete operating instructions. 

• ICE-86A In-Circuit Emulator Operating Instructions for ISIS-II Users, 9800714 
• ICE-86A 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-86A 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 Refer­
ence guides provide summary information for quick reference. You need the 
corresponding publications if you are using the ICE-86A or ICE-88 emulator. 

• The iAPX 86,88 User's Manual, 210201-001 

This manual contains general reference information, application notes, and data 
sheets describing the 8086, 8087, 8088, and 8089 microprocessors and their use. 
Extensive discussions of hardware and development software (including PL/M-
86, assembly language, LINK86, and LOC86), plus numerous examples of system 
designs and programs, are included. 

8087 Support Library Reference Manual, 121725 

This manual contains specific information on the 8087 support libraries that are 
available. It includes full descriptions of the DCON87.LIB, CEL87.LIB, and 
EH87.LIB, as well as a discussion of the IEEE math standard. 

Run- Time Support Manual for iAP X 86,88 Applications, 121776 

This manual describes in detail the run-time interface needed to run programs 
on the iAPX 86,88 family of microprocessors. It includes a description of the 
run-time libraries required by high-level language compilers, the concepts behind 
Intel's various operating system environments, the specifications for Intel's 
Universal Development Interface (UDI), and the definition of the Logical Record 
Interface (LRI). 
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Comments 

Causes subsequent code to implement checking in 
PROG1.SRC 

Lists the approximate assembly code for the object 
code and appends the listing to the source listing in 
drive 1 

Generates debug records in the object module 
PROG.OBJ compiled from the source file PROG.SRC 

Sends error messages to the file specified in the 
path name argument SAMPLE£RR on drive 1 

Causes extension warnings to occur for any Intel 
extension to standard Pascal in the file PROG.SRC 

Specifies procedures INTERRUPTA and INTER­
RUPTS as interrupt procedures. but does not gener­
ate the interrupt vector for the entry points 

Prevents the listing of source lines in the object file 
SOURCE.OBJ until a LIST control is encountered 

Prevents the creation of an object module from 
PROG3.SRC 

Sends printed output to the file L1ST2 on drive 1 

Causes the subtitle 'MODULE ONE' to appear on 
every page until another subtitle control (if any) 
appears in PROG1.SRC 

Causes the title 'EUCLIDS GCD PROGRAM' to 
appear on every page 

Directs the compiler not to include type records in 
the file TEMP.OBJ on drive 1 

Produces a cross-reference listing of all identifiers in 
the file SOURCE.SRC and appends the listing to the 
default listing file SOURCE.LST on drive 1 

Control 

CHECK/NOCHECK -

CODE/NOCODE -

DEBUG/NODEBUG -

ERRORPRINT INOERRORPRINT -

EXTENSIONS INOEXTENSIONS -

INTERRUPT -

LIST INOLIST -

OBJECT INOOBJECT -

PRINT I NOPRINT -

SUBTITLE -

TITLE -

TYPEI NOTYPE -

XREF I NOXREF -

Compiler Invocation and Additional Information for Series III Users 

Examples 

RUN PAS286 PROG1.SRC CHECK <cr> 

RUN PAS286 :F1:SDURCE.SRC CODE <cr) 

RUN PAS286 PROG.SRC DB <cr) 

RUN PAS286 SAMPLE.SRC EP(:F1:SAMPLE.ERR) <cr) 

RUN PAS286 PROG.SRC NOET <cr) 

RUN PAS286 PROG1.SRC IT(INTERRUPTA INTERRUPTB)<cr) 

RUN PAS286 :F1:S0URCE.SRC NOLIST <cr> 

RUN PAS286 PROG3.SRC NOOJ<cr) 

RUN PAS286 :F1:S0UR:E.SRC PRINT(:F1:LIST2)<cr> 

RUN PAS 286 PRO G 1 . S R: 5 U E TIT L E ( \ MOD U LEO N E ' ) < c r~ 

RUN PAS286 EUCLID.SRC TT(\EUCLIDS GCD PROGRAM') (cr> 

RUN PAS286 :F1:TEMP.SRC NOTY <cr> 

RUN PAS286 :F1:SDURCE.SRC XREF <cr) 

L-9/L-IO 
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COMPILER INVOCATION AND ADDITIONAL 
INFORMATION FOR iRMX™ 86 USERS 

n 

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 compiler control invocation lines 

• Examples of system-dependent floating-point library linkage 

• Calling iRMX 86 primitives 

• Related publications 

M. 1 Compiler Operation 

The Pascal-86 compiler is a program that translates your Pascal instructions into 
object code modules that can be linked and located for execution. 

You create a Pascal program by typing instructions into a file using a text editor 
(such as EDIT) and submitting the file to the Pascal-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 Pascal-86 you 
can compile parts of a program; each separate compilation is known as an object 
module. 

The following discussions assume that you have a suitable copy of the Pascal-86 
compiler and an iRMX 86 applic-ation system on which the compiler can run. To run 
the compiler on an iRMX 86 based system, you must have the following hardware 
and software: 

• The iRMX 86 Universal Development System Interface (and other iRMX 86 
layers necessary to support the Universal Development System 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). The memory requirement varies for different releases of the 
compiler, but the code, static data, and dynamic memory requirment is around 
150K. 

Chapter 1 of this manual leads you through a complete program development sequence 
using a sample Pascal program. Details of the Operating System environment are 
provided in the iRMX 86 Release 5 Operator' s Manual. 

M. 1. 1 Invoking the Compiler 

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: P ASC86. 

M-I 
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You can invoke the Pascal-86 Compiler from the system console using the standard 
command format described in the iRMX 86 Release 5 Operator's 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] PAS C 8 S sourcepath [controls] < c r ) 

where 

directory 

sourcepath 

controls 

( C r ) 

is that portion of the pathname that identifies the device and 
directories which contain the file PASC86. If you omit the 
directory portion of the pathname, the Operating System 
automatically searches several directories for the file 
P ASC86. The directories searched and the order of the search 
are iRMX 86 configuration parameters. 

is the path name of the file containing Pascal-86 source code. 
Refer to the iRMX 86 Release 5 Operator's Manual for more 
information about .pathnames. 

is the optional primary or general compiler controls described 
in Chapter 10. You can specify many controls in an invoca­
tion line if you separate them with spaces (the ampersand 
(&) creates a continuation line and also separates controls). 

indicates a carriage return. 

The following are some examples: 

-:FDO:PASC8S :WDO:DIR1/MYPROG.SRC PRINT(:LP:) TITLE('TEST 24')<cr) 

In this example, the compiler resides on device :FDO:. The compiler is directed to 
compile the source module :WDO:DIR 1 /MYPROG.SRC, send the output listing to 
:LP:, and place "'TEST 24" in the header on each page of the listing. 

-PASC8S :F1:PROG1.S0URCE NOPRINT<cr) 

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 :Fl :PROG l.S0URCE. This file 
resides on the device with the logical name :Fl: and has the name PROG.SOURCE. 
NOPRINT is a compiler control that suppresses all printed output (except error 
messages) usually generated by the compiler. 

M.1.2 Files Used by the Compiler 

Input Files 

You supply the Pascal source program name for sourcepath in the invocation line 
(see the previous section). You can also include other source files by using the 
INCLUDE control, as described in section 10.3 of this manual. These files must be 
standard iRMX 86 named files containing the text of Pascal instructions. 



Pascal-86 User's Guide Compiler Invocation and Additional Information for iRMXTM 86 Users 

Output Files 

By default, the compiler produces two output files (unless you use specific controls to 
suppress or redirect them): the listing file and the object file. Also by default, error 
messages appear at your console and in the listing file. 

The listing file (called the PRINT file) contains a listing of the source program, plus 
any other printed output generated by the compiler as specified by the listing selec­
tion controls described in Chapter 10. The object file (sometimes called the object 
code file or object module) contains the actual code in object module format, which 
can eventually be executed (after you use the linking and locatiing facilities in 
Chapter 12). These files are described in more detail in Chapter 11. 

The listing file and the object file have the same name as the source file, except that 
the last path name component of the listing file has the extension LST and the last 
pathname component of the object file has the extension OBJ. The compiler creates 
the files if they do not exist and overwrites them if they do exist. You can optionally 
change the pathnames for the listing and object files by using the PRINT and 
OBJECT controls, respectively (described in section 10.3). 

For example, if you invoke the compiler using the command line: 

-PASC86 :PROG:MVPROG.SRC<cr) 

the compiler creates (or overwrites) the file MYPROG.LST in directory :PROG: to 
contain the listing, and it creates (or overwrites) the file MYPROG.OBJ in directory 
:PROG: to contain the object modules. 

You can optionally direct certain sections of printed output to files other than the 
default listing file described previously. In addition to using the PRINT control to 
specify another file as the listing file, you can specify a different file to receive error 
messages by using the ERRORPRINT control. Section 10.3 gives details on the use 
of these controls. 

Work Files 

The compiler creates and uses work files during its operation which are deleted at 
the completion of the compilation. All of these files are created in the directory with 
logical name :WORK:. You should not place your own files in this directory if their 
names conflict with the compiler's work files. You can set the location of the :WORK: 
directory during system configuration. 

M.1.3 Compiler Messages 

When you invoke the compiler, it displays the sign-on message: 

i R M X 86 P a 5 cal - 86) V x.y 
Copyright 1981) 1983) 1984 Intel Corporation 

where 

x 

y 

is the version number of the compiler and 

is the change number within the version. 

As the compilation proceeds through its phases, the compiler displays messages that 
trace the compilation. As each phase starts, the name of the phase is displayed; when 
the phase terminates, the numeric parameter (if any) and commas are added. The 
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name of the phase is prefixed by NO if the phase was not executed. The name of 
each phase (except for PARSE and ANALYZE) is the same as the control name 
that defines the phase. 

These messages take the form: 

PARSE(n») AHALYZE(n») [HO]XREF) [HO]OBJECT 

where 

n is the numer of errors detected during execution of that 
particular phase. 

The output files controlled by the PRINT and ERRORPRINT controls may be 
directed to the console (:CO:), in which case the cempilation trace messages are 
interrupted with END clauses to show when a phase ends. 

When a compilation is finished, the compiler terminates with the message: 

Com p i 1 a t ion 0 f module verdict) n Err 0 r s [ s] 0 e t e c ted . 
End of Pascal-86 Compilation. 

where 

module 

verdict 

n 

is the name of the source module, 

is either ABORTED or COMPLETED, and 

is the total number of errors detected during compilation. 

M.2 Linking, Locating, and Executing on the iRMX™ 86 
System 

This section shows some examples of linking, locating, and executing Pascal-86 
programs in an iRMX 86 environment. When reading this section, keep in mind the 
following information: 

• In order to run a Pascal-86 program in an iRMX 86 environment, you must link 
it to the iRMX 86 universal development interface (UDI) library called 
LARGE. LIB. 

The 8087 emulator is not supported for use in an iRMX 86 environment. If you 
plan to use real arithmetic, you must include the 8087 Numeric Processor Exten­
sion in your system and you must link your programs to the libraries 8087.LIB 
and EH87.LIB. 

M.2.1 Sample Link Operations 

The following link operation takes two object modules, MYMOD 1.0BJ and 
MYMOD2.0BJ, links them together, and then links in the Pascal run-time libraries 
to form the output modules MYPROG. To extend the LINK86 command to the next 
line without transmitting the command, type the ampersand (&) character before 
the carriage return, and continue typing the command on the next line (do not type 
the ampersand character between characters of a path name ). The continued line will 
start with two asterisks (**): 

-LIHK86 MYMO~1.0BJ) MYMOD2.0BJ, P86RHO.LIB, &<cr) 
**P86RH1.LIB, P86RH2.LIB, P86RH3.LIB, 87HULL.LIB, &<cr) 
**LARGE.LIB TO MYPROG BIHO MEMPOOL(+4000H) &<cr) 
**SEGSIZE(STACK(+400H» 
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The linker first reads MYMODl.OBJ and MYMOD2.0BJ for external references 
and resolves those references between them. Then, the linker attempts to resolve any 
more external references in the modules by looking at the public symbols in the 
libraries P86RNO.LIB, P86RNl.LIB, P86RN2.LIB, P86RN3.LIB, 87NULL.LIB 
and LARGE. LIB. Use of 87NULL.LIB implies that the modules do not perform real 
arithmetic. The final output module is MYPROG, which can then be loaded and 
executed on an iRMX 86 system. 

If the modules MYMODl.OBJ and MYMOD2.0BJ perform real arithmetic, you 
must link them with the 8087 Numeric Processor Extension library (8087.LIB), the 
library that implements IEEE standarized math features (EH87.LIB), and the library 
that implements the real built-in functions (CEL867.LIB). This LINK86 command 
is: 

-LINK86 MYMOD1.0BJ, MYMOD2.0BJ, P086RNO.LIB, &<cr) 
**P86RN1.LIB, P86RN2.LIB, P86RN3.LIB, CEL87.LIB, &<cr) 
**8087.LIB, LARGE.LIB TO MYPROG BIND MEMPOOL{+4000H) &<cr) 
**SEGSIZE{STACK{+400H» 

M.2.2 Sample Locate Operations 

The following is a sample locate operation using the ORDER and ADDRESSES 
controls: 

-LOC86 SAMPLE2.LHK &<cr) 
**ORDER{CLASSES{CODE, STACK, DATA» &(cr) 
**ADDRESSES{CLASSES{CODE{2000H), STACKC4FOOH»)<cr) 

In the invocation link, you can use the ampersand character (&) to continue a long 
line without executing it. 

This sample locate operation collects together the logical segments by class names in 
the order specified in the ORDER control. The locator then assigns addresses as 
specified in the ADDRESSES control to the logical segments collected into the CODE 
and STACK classes. The DATA class receives its address assignment from the default 
algorithm. 

If you are locating your program for eventual execution in an iRMX 86 environment, 
ensure that the addresses you .assign to the program do not conflict with the memory 
reserved for the operating ~ystem and your application tasks. Also, ensure that you 
do not assign your program to memory locations that the Operating System normally 
assigns as dynamic memory. If you assign absolute addresses to your program, you 
must reserve those memory locations during iRMX 86 configuration. 

M.2.3 Executing Programs 

If you have used LINK86 BIND control to produce position-independent code (PIC) 
and load-time-Iocatable (LTL) modules, you can load and execute these modules in 
an iRMX 86 environment by entering their pathnames at the system console. Output 
from LOC86 can also be loaded and executed in the same manner, as long as you 
adhere to the restrictions outlined in the previous section. 

To run correctly, a program must be complete; that is, it must contain all modules 
necessary to run. For example, in order to run in an iRMx 86 environment with run­
time support, a program must contain modules from the run-time support libraries 
described in section 12.2.2. To run in a foreign environment, you must supply your 
own run-time support and follow the guidelines in Appendix K. 
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To run a complete program in an iRMX 86 environment, simply enter the pathname 
of the program. In the example that follows, the program SA MPL 1 resides in one of 
the directories that the Operating System automatically searches. The directories 
searched and the order of search are iRMX 86 configuration parameters. To refer to 
a program in a different directory, specify the complete pathname of the program. 

-SAMPL1<cr> 

M.3 Interrupt Handling in an iRMX™ 86 Environment 

Section 8.9 describes several procedures that aid in interrupt processing. Because the 
iRMX 86 Operating System implements its own form of interrupt processing (refer 
to the iRMX 86 Nucleus Reference Manual), Pascal-86 programs that run in an 
iRMX 86 environment must not use these Pascal-86 interrupt control procedures. 

M.4 Calling iRMX™ 86 Primitives from a Pascal Program 

The operating system primitives provided by the various layers of iRMX 86 are avail­
able to the Pascal-86 programmer. In order to call an iRMX 86 primitive from a 
Pascal-86 program, you must follow the instructions for calling a PL/M-86 program 
from Pascal as described in Appendix J of this manual. 

Calling iRMX 86 primitives also requires you to link to the interface libraries associ­
ated with the operating system primitives which your application program calls. The 
names of these interface libraries and order of linkage are described in the iRMX 86 
Configuration Guide. 

M.S Related Publications 

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

Pascal-86 Pocket Reference, 121541 

A companion to this manual, providing summary information for quick reference. 

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 Release 5 Operator's Manaul, 172764 
iRMX 86 Disk Verification Utility Reference Manual, 144133 

Instructions for entering commands at an iRMX 86 terminal. The operator's 
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 which examines and restores iRMX 86 
volumes. 

iRMX 86 Human Interface Reference Manual, 9803202 
iRMX 86 Nucleus Reference Manual, 9803122 
iRMX 86 Release 5 Basic I/O System Reference Manual, 172766 
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iRMX 86 Release 5 Extended I/O System Reference Manual, 172767 
• iRMX 86 Loader Reference Manual, 143318 

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. 

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 User's Guide, 121616 
iAPX 86,88 Family Utilities Pocket Reference, 121669 

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. The user's guide provides complete operating instruc­
tions and the pocket reference summarizes the information for quick reference. 

AMS86 Language Reference Manual, 121703 
ASM86 Macro Assembler Operating Instructions for 8086-Based Systerns, 
121628 
ASM86 Macro Assembler Pocket Reference, 121674 

Instructions for using ASM86 in iAPX 86-based development environments. The 
language reference manual gives a complete description of the assembly language. 
The operating instructions manual gives complete instructions for operating the 
assembler. The pocket reference provides summary information for quick refer­
ence. You need these publications if you are coding some of your routines in 
asserpbly language. 

PL/M-86 User's Guide, 121636 
PL/M-86 Pocket Reference, 121622 
FORTRAN-86 User's Guide, 121570 
FORTRAN-86 Pocket Reference, 121571 

Instructions for using the PL/M-86 and FORTRAN-86 languages and compi­
lers in iAPX 86-based development environments. The user's guide gives a 
complete description of the language and compiler, and the pocket reference 
provides summary information for quick reference. You need these publications 
if you are coding some of your programs in PL/M-86 or FORTRAN-86 

The iAPX 86,88 User's Manual, 210201 

This manual contains general reference information, application notes, and data 
sheets describing the 8086, 8087, 8088, and 8089 microprocessors and their use. 
Extensive discussions of hardware and development software (including PL/M-
86, assembly language, LINK86, and LOC86), plus numerous examples of system 
designs and programs, are included. 

8087 Support Library Reference Manual, 121725 

This manual contains specific information on the 8087 support libraries that are 
available. It includes full descriptions of the DCON87.LIB, CEL87.LIB, and 
EH87.LIB, as well as a discussion of the IEEE math standard. 

Run-Time Support Manualfor iAPX 86,88 Applications, 121776 

This manual describes in detail the run-time interface needed to run programs 
on the iAPX 86,88 family of microprocessors. It includes a description of the 
run-time libraries required by high-level language compilers, the concepts behind 
Intel's various operating system environments, the specifications for Intel's 
Universal Development Interface (UDI), and the definition of the Logical Record 
Interface (LRI). 
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This glossary defines terms used in the text of this manual. Some of these terms 
pertain to the Pascal language, some to the compiler, and some to the processor or 
system environment in which you develop or run programs. For further information 
concerning a term defined here, refer to the section(s) of this manual that are cited 
in parentheses after the definition. 

argument: a variable, expression, procedure, or function, specified in a procedure or 
function invocation, that communicates information to that procedure or function. It 
matches one of the parameters of the invoked procedure or function. (4.1.2, 6.1) 

argument list: a list of arguments given in a function designator or a procedure state­
ment. (4.1.2, 7.1.3, 7.2.2) 

array: a variable of an array type. (5.3.2) 

array type: a structured type consisting of a fixed number of components, or elements, 
that are all of the same type. (5.3.2) 

assignment-compatible: said of an expression and a type if the value of that expres­
sion can be assigned to a variable of that type. (5.3.4) 

automatic: said of variables that are created and destroyed in accordance with the 
structure of a program. In Pascal, these are all variables that are declared explicitly 
within a procedure or function. (5.1) 

base address: in an iAPX 86 or iAPX 88 microcomputer system, the 16-bit portion 
of an address that determines the location of the segment being addressed. (12.3.2) 

base type: the type of the components, or elements, of a set type; this must be an 
ordinal type. (5.3.2) 

block: 1. when used in discussing the Pascal language, a section of a source program 
that includes declarations, definitions, and statements; performs a particular function; 
and may have other blocks nested wIthIn It (or be nested wIthIn another block). 
(2.1) 2. when used in the source listing output from the Pascal-86 compiler, a 
BEGIN ... END, REPEAT ... UNTIL, or CASE ... OF ... END statement group, which 
may have other such statement groups nested within it. (11.1.2) 

block-structured language: a programming language in which the programs are 
composed of blocks. (2.1) 

buffer variable: the implicitly declared variable associated with a file variable and 
used to hold its current file component. (5.3.2, 5.4.2) 

call by reference: communication of an argument to a subprogram (procedure or 
function in Pascal) by passing the address of the argument. In Pascal-86, this method 
is used with arguments to variable parameters. (J.1) 

call by value: communication of an argument to a subprogram (procedure or function 
in Pascal) by passing the actual value of the argument. In Pascal-86, this method is 
used with arguments to value parameters. (J. I ) 
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comment: a sequence of characters, enclosed between a left and a right comment 
bracketing symbol and including those symbols, which supplies documentation infor­
mation not to be translated by the compiler. (3.2.1) 

compatible: said of two types that may be combined in expressions, or of two param­
eter lists whose parameter types match. (5.3.4, 6.4.7) 

compiler: the program that translates your Pascal instructions into object code ready 
to be linked and located. (11) 

component type: the type of the components, or elements, of an array type. (5.3.2) 

conditional compilation: process whereby the compiler skips selected portions of the 
source file if specified conditions are not met. 

conditional statement: a statement that selects for execution one of its component 
statements; in Pascal, an IF or CASE statement. (7.2.4) 

constant: a data item that cannot change during program execution. It may be a 
literal constant (e.g., a signed integer or a literal string) or a named constant referred 
to by an identifier. (5.1, 5.2) 

control: an instruction to the compiler, given either in the compiler invocation line or 
in a control line within the source text. (10) 

control line: a line, within the text of a source program, that starts with a dollar sign 
in the leftmost column, and contains compiler controls rather than constructs that 
are part of the Pascal program. (10.1 ) 

current file component: the one component of a file variable that is accessible at a 
given time. (5.3.2, 5.4.2) 

declaration: a program construct that introduces an object having meaning at run 
time, such as a variable, procedure, function, or label. (2.1, 5) 

default value: the input parameter value or control value that is assumed by a program 
(such as a compiler) if no value is explicitly given. (I0.1) 

definition: a program constnict that introduces an object having meaning at compile 
time, such as a constant or a type. (2.1, 5) 

denormalized: said of a real value if it has a zero exponent and a zero explicit or 
implicit leading bit, but is not a normal zero. (14.7) 

dereferencing a pointer: accessing a dynamic variable by referring to its associated 
pointer variable. (5.3.3) 

directive: a word symbol that has a special meaning, but which can also be defined 
as an identifier in. programs. In Pascal-86, only one directive (FORWARD) is defined. 
(6.5, F) 

driver: a routine that transfers data or performs other communication with an exter­
nal device. (K.2.1) 

dynamic: said of variables that are generated at run time by statements within a 
program, rather th~n being declared explicitly. (5.1, 5.3.3) 
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dynamic symbol table: the compiler's dictionary. Information about all the symbols 
is recorded here. It is dynamic because it can grow from main memory to mass storage. 
(10.3.20) 

empty set: the set (object of a set type) that contains no elements. (5.3.2) 

empty statement: a statement that contains no symbols and performs no action. (7.2) 

entire variable: a complete variable of a given type, rather than a component of a 
structured variable. (5.4.2) 

enumerated type: a simple, ordinal type that defines an ordered set of values by listing 
the identifiers that denote these values. (5.3.1) 

error: 1. in the Pascal-86 compiler output listing, a mistake in the source program 
that is severe enough to prevent generation of an object module. (11.1.3, 13.1) 2. a 
run-time condition that may cause the output of a program to be wrong, due to a 
logical mistake in the source program or due to invalid input. (14.1) 

exception: a run-time condition that may cause the output of a program to be wrong, 
due to a logical mistake in the source program or due to invalid input; also called a 
run-time error. The use of the term "exception" implies that in some cases, a routine 
can be called to handle the situation, and then processing can continue normally. 
(14.1 ) 

executable: said of the parts of a program that cause the processor to perform actions 
at run-time. In Pascal, statements are executable, whereas definitions and declara­
tions are not. (7.2) 

exponent: in the internal representation of a real value, the part that designates (in 
binary) the base-2 exponent of the number. (7.l.8, H.l ) 

expression: a language construct, used in statements, which IS evaluated at 
run-time. (7.1 ) 

extension: a language feature not present in the corresponding standard language; in 
this manual, a feature in Pascal-86 that is not part of the Draft Proposed Standard 
Pascal (ISO lOP 7185). (l.2.4, 11.1.3) 

external: said of a procedure or function that is referenced 10 the module being 
compiled, but is declared in another module. (4.2.3) 

fatal error: an anomaly in the compiler or compile-time environment that makes it 
impossible to proceed with the compilation. (11.1.3, 13.1) 

field: a component, or element, of a record type. (5.3.2) 

field designator: the construct used to reference a component, or field, of a record 
variable. (5.3.2, 5.4.2) 

field identifier: the identifier by which a field of a record is referenced. (5.3.2) 

file: 1. a variable of a file type (5.3.2). 2. a collection of information on a physical 
input or output device. (5.3.2,1.2) 

file descriptor: a run-time data structure containing the attributes of a physical file; 
one exists for every file that is preconnected or open. (K.2.1 ) 
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file type: a structured type consisting of a sequence of components that are variable 
in number, are all of the same type, and are accessed sequentially. (5.3.2) 

floating-point number: see real number. 

function: a subprogram, or subordinate block, that returns a value and that is invoked 
by using its function designator in an expression. (2.1,6) 

function designator: a language construct, used as an operand in an expression, that 
invokes a function. It consists of the function name, followed by a parameter list if 
needed. (7.1.3) 

functional parameter: a function that is used as a parameter of a procedure or another 
function. (6.4.6) 

general control: a control that may appear either in the invocation line or in a control 
line anywhere in the source program text, and that may be changed later in the source 
program. (I 0.1) 

global: said of program objects that are declared or defined at the outer level of a 
program block or a module. (4.1.2, 6.1 ) 

group: in an iAPX 86 or iAPX 88 microcomputer system, a collection of logical 
segments that must be located within a 64K-byte range; that is, within a memory 
segment. (I2.3.2) 

heap: a pool of memory, provided through the Pascal-86 run-time system, from which 
storage for dynamic variables is taken. (5.3.3) 

host type: the ordinal type on which a sub range type is based. (5.3.1) 

identifier: a sequence of letters or digits, beginning with a letter, that dcnotes a 
module, procedure, function, constant, type, variable, parameter, or field designator. 
(3.3.1 ) 

INCLUDE file: a separate file of source code that is inserted, or included, in the 
source input to the compiler by means of an INCLUDE control in the source text. 
(10.2,10.3) 

index type: the type of the array selector, or index, used to reference an element of 
an array; it must be an ordinal type. (5.3.2) 

indexed variable: the construct used to reference a component of an array variable. 
(5.3.2, 5.4.2) 

integer (literal integer): a sequence of digits, optionally terminated by a numberbase 
symbol (8, b, Q, q, H, or h), that represents a decimal, binary, octal, or hexadecimal 
integer. (3.3.2) 

integer type: an ordinal type that represents a subrange of the whole numbers. (5.3.1, 
5.3.4) 

interface specification: the part of a module that follows the module heading and 
defines the interface between that module and other modules. This interface consists 
of the objects in other modules that may be referenced by this module, and the objects 
in this module that may be referenced by other modules. (4.2.3) 
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interrupt: a signal, sent when an external event occurs, that causes a microprocessor 
CPU to stop what it is doing, perform a special routine to handle the interrupt, and 
then resume the interrupted processing where it left off. (8.9.1, 10.3, K.l) 

interrupt procedure: a procedure that is called when an interrupt occurs, to handle 
that interrupt. (8.9.1,10.3, K.l) 

interrupt vector: an array of absolutely-located entries, starting at memory location 
0, that are reserved for the addresses of interrupt procedures, one for each interrupt 
number. (10.3, K.1) 

invocation line: the line of text used to invoke the compiler. (system-dependent 
appendix) 

keyword: a word symbol that has a special meaning' and cannot be defined as an 
identifier in programs. (3.1, F) 

label: a sequence of decimal digits (decimal integer) used to mark a statement so 
that a GOTO statement may refer to it. (3.3.4) 

lazy input: an input buffering scheme whereby the run-time system fills the buffer 
variable for an input file only after it ensures that new data has been requested. This 
scheme differs from the standard Pascal buffering method, which involves reading 
ahead in the file to allow overlapping of input with computations. Lazy input is neces­
sary for interactive programs, to ensure that a program does not query the terminal 
for input until it has prompted the user for that input. (8.7) 

library: a file that contains object modules and is created and maintained by a library 
utility such as LI B86. (12.2.1) 

line marker: the implementation-defined character or character sequence that 
indicates the end of a line in a text file. In Pascal-86, this is an ASCII carriage return 
followed by an ASCII line feed. (5.3.2) 

link: to combine together several compiled or assembled object modules to prepare 
them for locating and execution. (12.1, 12.2) 

listing file: the file containing printed output produced by the compiler. (system 
dependent appendix) 

literal integer: see integer. 

literal real number: see real number. 

literal string: see string. 

load-time locatable (LTL) code: object code that can be located at load time using 
the RUN loader, and that may refer to segment base addresses to access other 
segments in memory. Position-independent code (PIC) is always load-time locatahle, 
but load-time locatable code is not always position-independent. (12.3.3) 

local: said of program objects that are declared or defined within a subordinate block 
in a program, rather than at the outer level. (4.1.2, 6.1 ) 

locate: to bind the code in linked object modules to memory addresses so that it may 
be executed. (12.1,12.3) 

logical blank: a blank or blank substitute that may separate symbols in a program. 
(3.2) 
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logical record: a unit of data containing exactly one component of a non-text file, or 
one line of a text file. This is the unit of data that is processed by the Pascal-86 run­
time system. (K.2) 

logical record interface: the software interface between the Pascal-86 run-time support 
libraries and the operating system. (K.2) 

logical segment: a piece of an object module that is acted on by the programs that 
link and locate the object module. (12.1) 

LTL: see load-time locatable (LTL) code. 

main program module: see program module. 

memory segment: see segment. 

module: a separately compiled program unit. In Pascal-86, it may include a module 
heading and interface specification; global declarations for labels, data, procedures, 
and functions; and/or a main program block. (2.2, 4, I) 

module heading: a program construct that begins a module and identifies it by name. 
(4.2.2) 

named constant: a constant that has been associated with an identifier by defining it 
in a constant definition. (5.2) 

NaN: in real (floating-point) number representation, one of several bit patterns that 
are not actual numbers. (NaN stands for "Not a Number.") The presence of NaNs 
in a computation generally indicates a real arithmetic exception condition. (7.1.8) 

nested: contained; said of a procedure or function block that lies within an enclosing 
procedure or function block, of a statement block (BEGIN ... END, REPEAT ... 
UNTIL, or CASE ... OF ... END) that lies within another statement block, and of an 
INCLUDE control invoked because of a file brought in by a previously invoked 
INCLUDE control. (2.1, 11.1.2) 

neutral object: in a Pascal-86 program being compiled, an object whose type has 
been "neutralized" by the compiler because of a program error. This object is treated 
as compatible with any type, so that subsequent references to an incorrect type speci­
fication do not cause additional errors to be reported. (13.3) 

non-main module: a module other than the program module, that is, a module that 
does not contain the main program. (4.1.1 ) 

nonterminal symbol: in the syntax notation or other specification of a programming 
language, a term (such as identifier or expression) standing for a language element 
or construct that must be filled in by the programmer. (Preface, page viii) 

normal zero: the real value whose exponent is of minimum value and whose signifi­
cand is all zeros. (14.7) 

normalized: said of a real value if it is a normal zero or if its leading significand bit 
is one and the exponent is greater than zero. (I 4.7) 

object: one of the following user-defined or predefined entities in a Pascal program: 
module, procedure, function, constant, type, variable, parameter, field designator, or 
label. (3.3.1) . 



Pascal-86 User's Guide 

object code: program code that has been processed by an assembler or compiler, and 
that may have been processed further by a linking and/or a locating program. (system­
dependent appendix) 

object file: a file containing compiled object code. (system-dependent appendix) 

object module: the compiled code output by one separately compiled Pascal source 
module. (system-dependent appendix) 

offset: in an iAPX 86 or iAPX 88 microcomputer system, the 16-bit portion of the 
address that gives the position of the addressed location within the segment specified 
by the base address. (12.3.2) 

operand: an item, such as a variable or constant of some type, that can be evaluated 
and is combined with other such items in an expression by means of operators. (7.1) 

operator: a language element specifying an operation to be performed on one or two 
operands in an expression. (7.1 ) 

ordinal type: a simple type whose values can be mapped onto a subset of the nonne­
gative integers. (5.3.1) 

parameter: a program object, named in a program, procedure, or function heading, 
that provides communication between the program, procedure, or function and its 
environment. In the case of a procedure or function, the parameter is matched by an 
argument in the statement that invokes the procedure or function. (4.1.2, 6.4) 

parameter list: a list of parameter identifiers given in the heading of a program, 
procedure, or function. (4.1.2, 4.2.1, 6.4.1) 

physical record: a unit of data occupying one division of a physical I/0 device; for 
instance, a block on a disk. (K.2) 

PIC: see position-independent code. 

pointer type: a type whose variables are used to reference dynamic variables. (5.1, 
5.3, 5.3.3) 

portable: said of programs that can be transported from one processor to another 
without modification. (1.2.3) 

position-independent (PIC) code: object code that can be located at load time using 
the RUN loader, and that does not refer to segment base addresses in order to access 
other segments in memory. Position-independent code is always load-time locatable 
(L TL), but load-time locatable code is not always position-independent. (12.3.3) 

precedence: the rule determining in what order the operators in an expression are to 
he applied when the expression is evaluated. (7.1) 

preconnection: the association of a physical file with a logical file (file variable) before 
a program is run; that is, at invocation time. ( 12.4.1 ) 

predefined: said of a program object- such as a program parameter, type, constant, 
procedure, or function--whose definition or declaration is part of the Pascal-86 
language, so it need not be defined or declared in programs. Also said of an identifier 
that stands for such an object. (3.3.1 ) 

primary control: a control that must appear either in the invocation line or in a control 
line preceding the first non-control line in the source program text, and that serves 
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as a global control affecting the entire compilation. (10.1) Compare with general 
control. 

private: said of a program object that may be referenced only by the module in which 
it occurs; also said of a symbol (identifier or label) that stands for such an object. 
(4.2.3 ) 

private heading: in a non-main module, the heading that begins the private section 
of a module and gives the module a name. (2.5, 4.2.4) 

private section: the part of a module in which private objects~objects which only 
that module may reference~are defined. (4.2.3) 

procedure: a subprogram, or subordinate block, that is invoked by a procedure state­
ment. (2.1, 6) 

procedural parameter: a procedure that is used as a parameter of a function or another 
procedure. (6.4.5) 

program block: the block that defines the main program, with which execution will 
start when the program is run. (2.1, 4.1.1 ) 

program heading: in a program module, the heading that begins the program block 
and gives the program module a name. (2.5, 4.2.1) 

program module: the module that contains the main program, with which execution 
will start whcn the program is run. (2.2, 4.1.1 ) 

program parameter: a parameter, defined in a program heading, that denotes an input 
or output file to be used by the program. (4.1.2, 4.2.1 ) 

public: said of a program object that other designated modules may freely reference; 
also said of a symbol (identifier or label) standing for such an object. (4.2.3) 

public section: a part of a module in which public objects are defined. (4.2.3) 

real number (literal real number): a sequence of digits and symbols representing a 
decimal number that includes a fractional part. It specifies a significand (integral 
part) and either an exponent, a sequence of fraction digits, or both. (3.3.3) 

real type: a simple, non-ordinal type that represents a real, or floating-point, number. 
(5.3.1, 5.3.4) 

record: I. a variable of a record type. (5.3.2) 2. see logical record. 3. see physical 
record. 

record type: a structured type consisting of a fixed number of components (fields), 
possibly of different types, that are referenced by means of identifiers. (5.3.2) 

record variant: one of several different structures, or sets of fields, that data items of 
a record type may assume. (5.3.2) 

recursive: said of a procedure or function that calls itself, either directly or indirectly. 
(2.1 ) 

reentrant: said of a procedure or function that can be interrupted, then called again 
from an interrupt handler or another task before the first invocation is finished. (2.1) 
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referenced variable: the construct used to reference a dynamic variable by means of 
its associated pointer variable. (5.3.3, 5.4.2) 

repetitive statement: a statement that specifies that its component statements are to 
be executed repeatedly; in Pascal, a WHILE, REPEAT, or FOR statement. (7.2.6) 

scalar type: see simple type. 

scope: of a definition or declaration, the portion of the source program over which 
the stated symbol-object association holds. (4.1.2, 6.1) 

segment: in an iAPX 86 or iAPX 88 microcomputer system, an area of memory that 
starts at a 16-byte boundary, consists of up to 64K contiguous bytes, and can be 
addressed without changing the base register used. (12.3.2) 

semantics: the set of rules for determining, given a syntactically acceptable program 
in a given language, what that program means~that is, what actions it will cause the 
processor to take. (3) 

set: a variable of a set type. (5.3.2) 

set constructor: an expression, consisting of a list of elements enclosed between square 
brackets, which represents a set. (7.1.2) 

set type: a structured type whose values represent a collection of objects of an ordinal 
type, (5.3.2) 

sign bit: in the internal representation of a real value, the bit that indicates the sign 
of the number. (7.1.8, H.I) 

signed integer: an integer (literal integer) preceded by an optional plus or a minus 
sign. (3.3.2) 

signed real number: a real number (literal real number) preceded by an optional plus 
or a minus sign. (3.3.3) 

significand: in the internal representation of a real value, the part that designates (in 
binary) the significant bits of the number. (7.1.8, H.l) 

simple statement: a statement, such as an assignment statement or a procedure state­
ment, that contains no other statements. (7.2) 

simple type: a type whose variables have a single value; also called scalar type. (5.3, 
5.3.1 ) 

source code: code written in a programming language such as Pascal. (system­
dependent appendix) 

source file: a file containing source code. (system-dependent appendix) 

statement: 1. when used in discussions of the Pascal language, a program construct 
that defines an action to be performed by the program. (2.1, 2.5, 7.2) 2. when used 
in the source listing output from the Pascal-86 compiler, a construct delimited by a 
semicolon not within a parameter list or beginning with DO, THEN, ELSE, 
OTHERWISE, UNTIL, or the OF in a CASE statement. (11.1.2) 

static: said of variables that exist for the entire run of a program. In Pascal-86, only 
global variables are static. (5.1) 
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static symbol area: memory used by the compiler for context information necessary 
because of block structure. (10.3.20) 

string: a sequence of one or more characters enclosed by apostrophes, representing a 
value of type CHAR (if a single character) or of type PACKED ARRA Y [1 .. n] OF 
CHAR, where n is greater than 1 and is equal to the number of enclosed characters. 
(3.3.5 ) 

string type: a structured type defined as PACKED ARRA Y [1..n] OF CHAR, where 
n is a positive integer. (5.3.2, 5.3.4) 

strongly typed: said of a programming language, such as Pascal, in which every data 
item must have a type, and in which strict type compatibility rules must be 
followed. (5.3) 

structured statement: a statement, such as a compound statement or a REPEAT 
statement, that contains one or more embedded statements. (7.2) 

structured type: a type whose variables are made up of a number of single values; 
such a type is built up from simple types. (5.3, 5.3.2) 

subrange type: a simple, ordinal type defined as a subrange of an ordinal type. (5.3.1) 

syntax: the set of rules defining what sequences of symbols make up acceptable 
programs in a given programming language. (3) 

tag field: in a record containing record variants, a field, common to all variants, which 
identifies the variant assumed at a given time. (5.3.2) 

terminal symbol: in the syntax notation or other specification of a programming 
language, a symbol (such as a keyword, letter symbol, or punctuation symbol) that is 
to be used verbatim in programs. (Preface, page vii) 

text file: a file type that has components of type CHAR and is subdivided into lines 
by means of implementation-defined line markers. (5.3.2) 

token: a program symbol, such as a keyword, punctuation symbol, identifier, or literal 
string, that is divisible from other such symbols by one or more logical blanks. (3.3) 

type: a program object denoting a set of values which a data item can assume. Every 
constant, variable, parameter, and expression in Pascal has a type. (5.1, 5.3) 

type constructor: a keyword specifying a structuring method for a structured type. 
There are four type constructors in Pascal: ARRAY, RECORD, SET, and FILE. 
(5.3.2) 

unnormalized: said of a real value in the temporary real format if its exponent IS 

greater than zero and its explicit leading bit is zero. (14.7) 

value' parameter: in a procedure or function declaration, a parameter whose argument 
is evaluated once, when the procedure or function is invoked, and is not changed by 
the procedure or function. Its argument may be any expression of the proper 
type. (6.4.2) 

variable: a data item whose values can change during program execution, and which 
the program processes. It is referred to by an identifier. (5.1, 5.4) 
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variable parameter: in a procedure or function declaration, a parameter whose 
argument may be changed by the procedure or function. Its argument must be a 
variable. (6.4.3) 

variant: see record variant. 

variant record: a record type with record variants. (5.3.2) 

warning: in the output from the compiler, a message indicating an anomaly in 
programming style that may point to a problem, but that will not affect the validity 
of the compiled object code. A warning is less serious than an error. (11.1.3, 13.1) 

workfile: a temporary file created by a program (such as a compiler) for its own 
internal use and deleted when the program finishes. (system-dependent appendix) 
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ABS, 8-6 
adding operators, 7-1 
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allocating dynamic variables, 8-12 
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argument list, 4-6, 6-1, 7-5, 7-13 
arguments, 4-6, 6-1, 7-5, 7-13 
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errors, 14-1, 14-2 
floating-point, 7-10 
functions, 8-5 
mixed-mode, 7-6 
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array 
large, Appendix H 
types, 5-9 
variables, 5-9, 5-19 
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functions, 8-5 
opera tors, 7-7 

BOOLEAN, 5-6, Appendix H 
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built-in procedures, Chapter 8, Appendix F 
BYTES parameters, 6-6 

call 
to function, 7-4 
to procedure, 7-13 

call by reference (variable parameter), 6-5 
call by value (value parameter), 6-5 
carriage return character, 5-6, 11-2 
case constants 

in CASE statement, 7-15 
in record type specification, 5-10 

CASE statements, 7-15 
CAUSEINTERRUPT,8-28 
CHAR, 5-6, Appendix H 
character 

input/output program, 9-21 
sets, 5-6, Appendix G 
strings, literal, 3-6 
strings, as arrays, 5-10 

check exceptions, 14-4 
CHECK control, 10-10 
CHR,8-2 
closing files, 4-5, 5-14, B-1 
code listing 

approximate assembly language, 10-11, 1 1-6 
Pascal-86 source, 10-23, 11-2 

code segment (section) of object module, 11-6, 11-8, 12-1 
CODE control, 10-11 
collating sequence, 5-6, Appendix G 
command line, 10-2, 12-4, Appendix L 
comments, 3-3 
COMPACT control, 10-12, Appendix I 
compatibility 

assignment, 5-17 thru 5-19 
of parameter lists, 6-4 
of types, 5-17 thru 5-19 

compilation, conditional, 10-6, 10-20 thru 10-22 
compilation summary, 11-6 
compile-time errors and warnings, 13-3 
compiler 

capacity, Appendix C 
controls, Chapter 10 
features, summary of, 1-1, 1-4 
installation, 1-6 
operating instructions, Appendix L 
output, 11-1 
symbol table, 10-2, 10-37, 10-39 

component type, 5-9 
components 
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Index-l 



Index 

of records, 5-10, 5-21 
of sets, 5-13, 7-4 

compound statements, 7-14 
COND control, 10-14 
conditional compilation, 10-6, 10-20 thm 10-22 
conditional statements, 7-14 
conjunction (AND), 7-7 
constant definitions, 4-1, 4-4, 5-2 
constant segment (section) of object module, 11-8, 11-9 
constants, 5-1 

integer, 3-5 
literal, 3-4, 5-2 
named,5-2 
predefined, Appendix F 
real, 3-5 
string, 3-6 

control lines, 10-2 
control variable, in FOR statement, 7-17 
controls, 10-1 

CHECK, 10-10 
CODE, 10-11 
COMPACT, 10-12, Appendix I 
COND,10-14 
DEBUG,10-15 
EJECT, 10-16 
ERRORPRINT, 10-17 
EXTENSIONS, 10-19 
for listing device / file selection, 10-4 
for listing format and content, 10-5 
for object content and program checkout, 10-7 
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environment, 10-8 
for source selection and processing, 10-6 
general, 10-1 
IF /ELSEIF /ELSE/ENDIF, 10-20, 10-21 
INCLUDE, 10-22 
INTERRUPT, 10-23 
LARGE, 10-25, Appendix I 
LIST, 10-27 
MOD86/MOD186,10-28 
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NOCODE, 10-11 
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NODEBUG, 10-15 
NOERRORPRINT, 10-17 
NOEXTENSIONS, 10-19 
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NOOBJECT, 10-29 
NOPRINT, 10-31 
NOTYPE, 10-39 
NOXREF, 10-40 
OBJECT, 10-29 
OPTIMIZE, 10-30 
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PRINT, 10-31 
RESET, 10-32 
SET,10-32 
SMALL, 10-34, Appendix I 
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of temperatures, sample program, 1-9, 9-1 
of numbers, functions for, 8-6 
of types, automatic, 7-3, 7-6 

COS, 8-8 
CR, 5-6, 11-2 
cross-reference listing, 10-40, 11-4 
current file component, 5-21 

data 
constants, 3-4 thm 3-6, 5-1, 5-2 
declarations, 2-1, 4-4, 5-19 
definitions, 2-1, 4-4, 5-18 
representations, Appendix H 
segment (section) of object module, 11-6, 11-8, 12-1 
types, 5-3 thru 5-19 
variables, 5-1, 5-19 

deallocating dynamic variables, 8-12 
DEBUG control, 10-15 
DEBUG-86 applications debugger, 1-8 
debugging, 1-8 
declarations, 2-1 

function, 6-1, 6-3 
label,4-l0 
procedure, 6-1 
variable, 5-19 

default values for controls, 10-1, 10-2 
definitions, 2-1 

constant, 5-2 
type, 5-3 

denormalized numbers, 14-7 
denormalized operand exception, 14-6 
denotations of variables, 5-20 
dereferencing a pointer, 5-16 
descri ptions of Pascal language, 1-2 
development environment, 1-5 
development process, 1-6 
development system, Intellec, 1-5 
device drivers, Appendix K 
difference, set, 7-7 
differences between versions of Pascal, Appendix A 
directive, FORWARD, 6-8 
DISABLEINTERRUPTS, 8-28 
disjunction (OR), 7-7 
DISPOSE, 8-12, Appendix K 
DIY, 7-6 
division 

integer, 7-5 
real, 7-5 

drivers for I/O devices, Appendix K 
dynamic 

alloca tion procedures, 8-12 
variables, 5-1,5-15,5-21 
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effects of controls on other controls, 10-3 
EJECT control, 10-16 
EMPTY, Appendix B 
empty set, 5-13, 7-4 
empty statement, 7-12 
ENABLEINTERRUPTS, 8-28 
end of file, 8-5 
end of line, 8-5 
ENDPOSITION, Appendix B 
entire variables, 5-20 
enumerated types, 5-6 
environment 

program development, 1-5 
rtin-time, 1-5 

EOF,8-5 
EOLN,8-5 
equality operator, 7-8 
equivalence operator, 7-8 
ERRORPRINT control, 10-17 
error handlers, for floating-point arithmetic, 7-11, 

Appendix L 
error mask, 8087, 7-12, 8-28 
error messages, 11-3, Chapter 13 
error numbers, significance of, 13-1 
errors, 

compile-time, 13-3 
in invocation line, 13-2 
in primary controls, 13-2 
operating environment, 14-3 
run-time, 14-1 

examples 
assembly language subroutine called from Pascal-86, 

Appendix J 
binary tree traversal program, 2-2, 2-6, 9-3 
character input/output program, 9-15 
compiler output, 11-2, 11-3, 11-6, 11-7 
interrupt processing program, 9-13 
list processing program, 9-19 
matrix multiplication program, 9-15 
maze game program, 9-16 
quadratic roots progam, 9-9 
temperature conversion program, 1-9, 9-1 
text editor program, 9-11 

exceptions, Chapter 14 
check,. 14-4 
floating-point function, 14-4 
floating-point 8087, 14-4 
input/output, 14-1 
integer, 14-3 
operating environment and heap, 14-3 
range, 14-4 
set, 14-3 

executable, 7-12 
executing programs, Appendix L 
EXP, 8-7 
exponent, 7-10 
exponentiation, 8-7 
exports list, Appendix I 
expressions, 7-1 

evaluation of, 7-1, 7-2 
simple, 7-2 
syntax, 7-2 

extended precision format, 7-4, 7-10, 7-11, Appendix H 
extensions to standard Pascal, 1-3, 10-19, Appendix A 

messages noting, 11-2, 13-1, 13-2, 14-1 
EXTENSIONS control, 10-19 
external 
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11-8 
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Fahrenheit to Celsius conversion program, 1-9, 9-1 
FALSE, 5-6 
fatal errors, 11-4, 13-1 thru 13-3, 13-18 thru 13-20 
field 

designators, 5-11, 5-21 
identifiers, 5-1 ° 
list, 5-11 
of record, 5-10 

field, tag, 5-11 
file 

types, 5-14 
variables, 5-13, 5-21 

file/device description, Appendix K 
files 

closing of, 4-5, 5-14 
input to, 8-14 thru 8-16, 8-18, 8-23 
length of, 5-14 
non-text, 5-14, 8-13, 8-14 
on Pascal-86 release diskettes, 1-6 
opening of, 4-5, 5-14, 8-13 thru 8-15 
output from, 8-14, 8-20, 8-24 
physical, 5-14, 12-6, Appendix K 
preconnection of, 12-6 
text, 5-14, 8-14 thru 8-25 

floating-point 
arithmetic, 7-10,12-2,14-7 
exceptions, function, 14-4 
exceptions, 8087, 12-4 
number representations, 7-10 

FOR clause in interface specification, 4-8 
FOR statements, 7-17 
FORWARD directive, 6-8 
freeing dynamic variables, 8-12 
function 

declarations, 2-1,6-3,6-4 
designators, 7-4 
heading, 6-3 
references, 7-4 

functional parameters, 6-7 
functions, 6-1 

predefined, 2-5, 8-1, Appendix F 

general controls, 10-1, 10-2 
GET, 8-17 
GET8087ERRORS, 8-29 
global objects, 4-5 
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GOTO statements, 4-11,7-21 
greater than, 7-8 
greater than or equal to, 7-8 
group, 12-1, 12-5 

heap, 5-15, 8-12 
heap exceptions, 14-3 
high-level languages, 1-1 
horizontal tab character, 11-2 
host type, 5-7 
how to use this manual, v 
HT, 11-2 

iAPX 86, memory concepts, Appendix J 
iAPX 86,88 processor family, 1-1 

utilities, 1-6, 12-1 
iAPX support, 10-29 
ICE-86A emulator, 1-7, 1-8 
ICE-88 emulator, 1-7, 1-8 
identifiers 

defining, 4-6 
form of, 3-4 
predefined, Appendix F 

IF statements, 7-14 
IF /ELSEIF /ELSE/ENDIF control, 10-20, 10-21 
implication, logical, 7-7, 7-8 
implicit leading bit, 7-11 
IN,7-8 
INBYT,8-25 
INCLUDE control, 10-23 
INCLUDE files, 10-6, 10-22, Appendix L 
inclusion, set, 7-7 
index type, of array, 5-9 
indexed variables, 5-20 
inequality operator, 7-8 
inequivalence operator, 7-8 
infinity arithmetic, 14-8 
infix notation program, 9-3 
input 

file, 8-14 
port, 8-25 
text file, 8-14 thru 8-25 

input files to compiler, Appendix L 
input/ output exceptions, 14-1 
INPUT, 4-6, 4-7, 5-14, 8-14, 8-15, 8-23 
installing the compiler, 1-6 
integer 

arithmetic exceptions, 14-3 
constants, 3-5 
part, 8-9 
signed,3-5 
type, 5-16 

INTEGER, 5-5, Appendix H 
integers, literal, 3-5 
Intellec Series III system, 1-5, 1-8 
interface specification, 2-5, 4-2, 4-7 
internal representations of data, Appendix H 
interrupt 
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handling, for real arithmetic errors, 7-11, Appendix L 
handling, general, 8-27, 10-24, Appendix K 
procedures, 10-8, 10-24, Appendix K 
processing, Appendix K 
sample program, 9-13 
vector, Appendix K 

INTERRUPT control, 10-23 
intersection, set, 7-7 
invalid operation exception, floating-point, 14-5 
inverse trigonometric functions, 8-8 thru 8-10 
invocation line, 12-4, Appendix L 

errors, 13-2 
INWRD,8-25 
iSBC 86/12A system, 1-7, 1-8 
I/O device drivers, Appendix K 
iRMX, Appendix M 

keywords, 3-1, Appendix F 

labels, 3-6, 4-10, 7-20 
declarations of, 4-10 

language elements, 3-1 
large array, Appendix H 
LARGE control, 10-25, Appendix I 
lazy input, 8-13, 8-14 
length of file, 5-14 
less than, 7-8 
less than or equal to, 7-8 
lexical elements, 3-1 
LF, 5-6, 11-2 
libraries, 1-6,1-7,12-2 

run-time support, 1-6, 1-7, 12-2 
LIB86, 1-7, 12-2 
limit exceeded errors, 11-14, 13-1 thru 13-3, 13-17 thru 

13-19 
line feed character, 5-6, 11-2 
line marker, 5-14 
linking, 1-5, 1-8, 12-1,12-4 
LINK86, 1-7, 1-8, 12-1, 12-4 
LIST control, 10-27 
list processing, 5-13 

sample program, 9-21 
listing file, 11-1 

or device, selection and processing, 
controls for, 10-4 

listing format and content, controls for, 10-5 
listing preface, 11-1 
literal integers, 3-5 
literal real numbers, 3-5 
literal strings, 3-6 
LN,8-7 
load-time locatable code, 12-3, 12-4 
local objects, 4-5 
locating, 1-7, 1-8, 12-5, Appendix L 
LOC86, 1-7, 1-8, 12-5 
logarithm, natural, 8-7 
logical blanks, 3-3 
logical implication, 7-7, 7-8 
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logical record 
interface, Appendix K 
system, Appendix K 

logical segments, 11-6, 11-8, 12-1 
LONGINT, 5-5, Appendix H 
LONGREAL, 5-8, 7-11, Appendix H 
loop control statements, 7-16 
LORD,8-2 
lower-case letters, 3-2 
LROUND, 8-11 
LTL, 12-3 
LTRUNC, 8-11 

main program module, 2-5, 4-1 thru 4-4 
coded in other languages, Appendix J 

MASK8087ERRORS, 8-29 
matrix multiplication program. 9-15 
MAXINT, 5-5, Appendix F 
MAXLONGINT, 5-5, Appendix F 
MAXWORD, 5-5, Appendix F 
maze game program, 9-17 
membership, set 

denotation members, 5-13,7-2,7-4 
operator, 7-8 

memory 
allocation, on heap, 5-15, 8-11, Appendix K 
managers, Appendix K 
representation of data types, Appendix H 

messages, 11-2, Chapter 13 
error, 13-1 thru 13-3, 13-8 thru 13-17 
extension, 13-3 thru 13-5 
fatal error, 13-1 thru 13-3, 13-18 thru 13-20 
limit exceeded, 13-1 thru 13-3, 13-18, 13-19 
sign-on, Appendix L 
trace, Appendix L 
warning, 13-1 thru 13-3, 13-5 thru 13-8 

microcomputer development system, 1-5, 1-7 
mixed-mode arithmetic, 7-6 
MOD,7-6 
MOD86/MODI86, 10-28 
module heading, 4-7 
modules 

in other languages, Appendix J 
linking together, 12-1 
main program, 2-5, 4-1 thru 4-4 
non-main, 2-5, 4-1 thru 4-4 

multiplication, 7-5 
multiplying operators, 7-1 

named constants, 5-2 
NaN, 7-11, 14-6, 14-7 
negation 

arithmetic, 7-5 
logical, 7-7 

nesting 
of blocks, 2-1, 2-4, 4-2 
of INCLUDE files, 10-23, 11-2 
of procedures and functions, 2-4, 4-2, 11-2 
of statement "blocks," 11-2 

neutral objects, 13-3 
NEW, 8-12, Appendix K 
next value, 8-4 
NIL,5-16 
NOCHECK control, 10-10 
NOCODE control, 10-11 
NOCOND control, 10-14 
NODEBUG control, 10-15 
NOERRORPRINT control, 10-17 
NOEXTENSIONS control, 10-19 
NOLIST control, 10-27 
non-main module, 2-5, 4-1 thru 4-4 
non-text files, 5-14, 8-14, 8-15 
nonterminal symbols, vii, Appendix D 
NOOBJECT control, 10-29 
NOPRINT control, 10-31 
normal zero, 14-7 
normalized numbers, 14-7 
NOT,7-7 
notation 

for computer dialogue, vii 
for extensions to standard Pascal, vii 
for language syntax, vii, Appendix D 

NOTYPE control, 10-39 
NOXREF control, 10-40 
number conversion 

automatic, in expression evaluation, 7-6 
built-in functions for, 8-4 

Index 

Numeric Data Processor, 8087,1-1,1-6,7-10,12-2,14-4 

objects, program, 4-4 
neutral, 13-3 

object code, 12-1, 12-2 
content, controls for, 10-7 

object file, 11-1, 11-8 
object module, 11-8, 12-1,12-2 
OBJECT control, 10-29 
ODD,8-5 
offsets 

of entry points, 11-5 
OH86, 1-7, 1-8 
open and closed subsystems, Appendix I 
opening files, 4-5, 5-14, 8-13 thru 8-16 
operands, 7-1, 7-3 
operating environment exceptions, 14-2 
operating instructions, Appendix L 
operating system 

Intellec Series III, 1-5 
user-supplied, Appendix K 

operators, 7-1, 7-5 thru 7-9 
adding, 7-1 
addition, 7-5 
AND,7-7 
arithmetic, 7-5 
Boolean, 7-7 
conjunction (AND), 7-7 
difference, set, 7-7 
disjunction (OR), 7-7 
DIV, 7-5 
division, integer, 7-5 
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division, real, 7-5 
equality, 7-8 
equivalence, 7-8 
greater than, 7-8 
greater than or equal to, 7-8 
implication, logical, 7-7, 7-8 
IN,7-9 
inclusion, set, 7-7 
inequality, 7-8 
inequivalence, 7-8 
intersection, set, 7-7 
less than, 7-8 
less than or equal to, 7-8 
membership, set, 7-8 
MOD,7-6 
multiplication, 7-5 
multiplying, 7-1 
negation, arithmetic, 7-5 
negation, logical, 7-7 
NOT,7-7 
OR,7-7 
ordering, 7-9 
precedence of, 7-1 
relational, 7-8 
relative complement, for sets, 7-7 
remainder, 7-6 
set, 7-7 
subtraction, 7-5 
unary identity, 7-5 
unary negation, 7-5, 7-6 
union, set, 7-7 

OPTIMIZE control, 10-30 
OR,7-7 
ORD,8-1 
order of parts of a program, 4-1 thru 4-4 
ordering operators, 7-8 
ordinal 

functions, 8-1 
types, 5-5 

organization of this manual, v 
OTHERWISE,7-15 
OUTBYT, 8-26 
output 

file, 8-14 
port, 8-25, 8-26 
text file, 8-14, 8-15, 8-16 thru 8-25 

output files from compiler, 11-1, Appendix L 
OUTPUT, 4-6, 4-9, 5-14, 8-15,8-20,8-24 
OUTWRD, 8-26 
overflow exception 

floating-point, 14-6 
integer, 14-3 

overview of Pascal-86, 1-1 

PACK,8-13 
PACKED prefix, 5-9 
PAGE,8-24 
paging of output listing, 10-16, 11-1 
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parameter lists, 4-6, 6-4 
compatibility of, 6-7 

parameters, 4-6, 6-1, 6-4, 7-4, 7-12 
BYTES, 6-6 
functional, 6-7 
procedural, 6-7 
program, 4-6, 4-10 
value, 6-5 
variable, 6-6 

parentheses, in expressions, 7-2 
parts of a program, 4-1 thru 4-4 
period, at end of program, 3-2 
physical files, 5-14, 12-6, Appendix K 
physical records, Appendix K 
PIC, 12-3 
PL/M-86 
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communicating with modules in, Appendix J 
Pascal-86 compared to, 1-2, 1-3 

pointer 
dereferencing, 5-16 
types, 5-15 
variables, 5-15 

port input, 8-25, 8-26 
port output, 8-25, 8-26 
portability, 1-3' 
POSITION, Appendix B 
position-independent code, 12-3 
postfix notation program, 9-3 
PQCLOSE, Appendix B 
precedence of operators, 7-1 
preceding value, 8-3 
precision, 7-11, 14-6 

exception, floating-point, 14-5 
pre connection of files, 12-6 
PRED,8-3 
predefined 

constants, Appendix F 
functions, 2-5, 8-1, Appendix F 
identifiers, Appendix F 
procedures, 2-5, 8-1, Appendix F 
program parameters, Appendix F 
types, Appendix F 

predicates, 8-5 
prefix notation program, 9-3 
preparing a file 

for input, 8-14 
for output, 8-14 

primary controls, 10-1, 10-2 
errors in, 13-2 

PRINT control, 10-31 
private 

heading, 4-10 
objects, 4-5 
section, 4-5 

procedure 
call, 7-13 
declarations, 2-1, 6-1 
heading, 6-1, 6-2 
statements, 7-13 
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procedures, 0-1 

8087, 8-28 
predefined, 2-5,8-1, Appendix F 

procedural parameters, 6-7 
processor-dependent language features, Appendix B 
program 

block, 2-4, 4-2 
checkout, controls for, 10-8 
development environment, 1-5 
development process, 1-6 
examples, 1-9,2-2,2-6, 9-1 
execution, Appendix L 
heading, 4-9 
listing, 11-1 
module, 2-5, 4-1 thru 4-4 
parameters, 4-6, 4-9 
parts of, 4-1 thru 4-4 
segmentation, Appendix I 
structure, 2-1,4-1 

public 
objects, 4-5 
section, 4-5 
symbols, in compiler output, 11-5 

publications, related 
Intel, Appendix L, Appendix M 

punctuation symbols, 3-2, Appendix F 
PUT, 8-18 

quadratic roots program, 9-10 

RANDOM ACCESS I/O, Appendix B 
range exceptions, 14-4 
READ, 8-18 
READLN,8-23 
real 

arithmetic, 7-10, 12-2, 14-7 
arithmetic exception, 14-4 
constants, 3-5 
number representation, 7-10 
numbers, signed, 3-5 
types, 5-8, 5-17 

REAL, 5-8, 7-10, Appendix H 
recipients clause in interface specification, 4-7 
record 

types, 5-10 
variables, 5-10, 5-21 
variants, 5-10 

records, physical, Appendix K 
recursion, 2-4 
reentrancy, 2-4 
referenced variables, 5-21 
relational operators, 7-8 
relative complement, for sets, 7-7 
remainder, 7-6 
REPEAT statements, 7-17 
repetitive statements, 7-16 
reserved words, 3-1, Appendix F 
RESET, 8-15, Appendix B 
RESET control, 10-32 

resolving external references, 12-2 thru 12-5 
result type, of function, 6-3 
RETURN key on console, notation for, vii 
REWRITE, 8-15, Appendix B 
ROUND, 8-11 
rounding, floating-point, 14-7 
RUN command, Appendix L 
running Pascal-86 programs, Appendix L 
run-time 

data representations, Appendix H 
environment, 1-5 
errors, 14-1 
interface, Appendix K 
storage management, Appendix K 
support libraries, 12-2 
system, 1-4, 14-1, Appendix K 

Index 

sample assembly language subroutine called from Pascal, 
Appendix J 
sample compiler output, 11-2, 11-3, 11-6, 11-7 
sample programs 

binary tree traversal, 2-2, 2-6, 9-3 thru 9-9 
character input/output, 9-21 
interrupt processing, 9-13 
list processing, 9-19 
matrix multiplication, 9-15 
maze game, 9-17 
quadratic roots, 9-10 
temperature conversion, 1-10, 9-2 
text editor, 9-11 

scalar types, 5-3, 5-4 
scope, 4-4 
SDK-86 kit, 1-7, 1-8 
section numbers, in manual, vii 
sections 

of object module, 12-6 
of program, private and public, 4-5 

SEEKREAD, Appendix B 
SEEKWRITE, Appendix B 
segmentation, of program, Appendix I 
segments, logical, 11-6, 11-8, 12-1 

naming conventions, Appendix J 
semantics, 3-1 
semicolon, 3-2 
separate compilation, 2-5, 4-7 
set 

constructors, 7-4 
empty, 5-13, 7-4 
exceptions, 14-3 
operators, 7-7 
types, 5-13 
variables, 5-13 

set 8087 error mask, 8-29 
SET control, 10-32 
SETINTERRUPT, 8-27 
SETRANDOM, Appendix B 
severity levels, of errors, 13-1, 13-2 
sign bit, 7-10, 7-11 
signed integer, 3-5 
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signed real number, 3-5 
significand, 7-10, 7-11 
simple 

expressions, 7-2 
statements, 7-12 
types, 5-5 

SIN, 8-8 
SMALL control, 10-34, Appendix I 
source 

code, Appendix L 
files, Appendix L 
program listing, 11-1, 11-2 
selection and processing, controls for, 10-6 

special symbols, 3-2, Appendix F 
SQR,8-6 
SQRT,8-7 
stack segment (section) of object module, 11-8, 11-9, 12-2 
standard Pascal, 1-1, 1-4, Appendix A 
statements, 7-12 

assignment, 7-13 

CASE, 7-15 
compound, 7-14 
conditional,7-14 
empty, 7-12 
executable, 7-12 

FOR,7-17 
GOTO, 4-11, 7-21 

IF,7-14 
in compiler output, 11-2 
loop control, 7-16 
procedure, 7-13 

REPEAT,7-17 
repetitive, 7-16 
separator between, 3-2 
simple, 7-12 
structured, 7-12 
terminator for, 3-2 

WHILE,7-16 
WITH,7-19 

static variables, 5-1 
stepwise refinement, 2-4 
storage management, run-time, Appendix K 
string 

constants, 3-6 
types, 5-10, 5-17 

strings, literal, 3-6 
strongly typed language, 1-2, 5-3 
structured statements, 7-12 
structured types, 5-8 
subrange types, 5-7 
subsystems, 2-5, Appendix I 

open and closed, Appendix I 

SUBTITLE control, 10-36 
subtraction, 7-5 

SUCC,8-4 
symbol and cross-reference listing, 10-40, 11-4 

SYMBOLSPACE control, 10-37, 11-8 
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syntax, 3-1 
diagrams, Appendix E 
notation, vii, Appendix D 

tab character, 3-3 
tag field, 5-10, 5-12 
tags, in variant record, 5-10 
TAN, 8-8 
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temperature conversion program, 1-10, 9-2 
temporary real format, 7-4, 7-10,7-11, Appendix H 
TEMPREAL, 5-8, 7-10, Appendix H 
terms, 7-2 
terminal symbols, viii, Appendix D 
text editor sample program, 9-11 
text files, 5-14, 8-14 thru 8-25 
TEXT, 5-14, Appendix B 
tokens, 3-4 
top-down development, 2-4 
TITLE control, 10-38 
trace messages from compiler, Appendix L 
transcendental functions, 8-6 thru 8-10 
transfer functions, 8-10 
transfer procedures, 8-13 
tree traversal program, 2-2, 2-6, 9-3 thru 9-9 
trigonometric functions, 8-6 thru 8-10 
TRUE,5-6 
TRUNC,8-1O 
TYPE control, 10-39 
type 

constructors, 5-9 
definitions, 5-4 
specifications, 5-4 

types, 5-1, 5-3 
array, 5-9 
base, 5-13 
compatibility of, 5-17 thru 5-19 
component, 5-9 
conversion of, 7-3, 7-6, 8-10 
enumerated, 5-6 
file, 5-14 
host, 5-7 
index, 5-9 
integer, 5-16 
ordinal, 5-5 
pointer, 5-15 
predefined, Appendix F 
real, 5-8, 5-17 
record, 5-10 
result, of function, 6-3 
scalar, 5-3, 5-4 
set, 5-13 
simple, 5-5 
string, 5-10, 5-17 
structured, 5-8 
subrange, 5-7 

unary opera tors 
identity, 7-5 
negation, 7-5, 7-6, 7-7 
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underflow exception, floating-point, 14-6 
union, set, 7-7 
Universal PROM Mapper (UPM), 1-7, 1-8 
Universal PROM Programmer (UPP), 1-7, 1-8 
unnormalized numbers, 14-7 
UNPACK, 8-14 
unresolved external references, 12-2 thru 12-4 
uppercase letters, 3-2 

value parameters, 6-5 
variable 

declarations, 4-1, 4-3, 5-19 
parameters, 6-6 

variables, 5-1 
buffer, 5-14, 5-21,8-15 
control, in FOR statements, 7-17 
denotations of, 5-20 
entire, 5-20 
indexed, 5-20 
referenced, 5-21 

variant records, 5-10 
variants, of a record, 5-10 
versions of Pascal, differences between, Appendix A 

vocabulary 
of this manual, Glossary 
of the Pascal-86 language, 3-1, Appendix F 

warnings, 11-2, 13-1 thru 13-3 
WHILE statements, 7-16 
WITH statements, 7-19 
WORD, 5-5, Appendix H 
work files, Appendix L 
WRD,8-3 
WRITE,8-20 
WRITELN,8-24 

XREF control, 10-40 

zero divide exception 
floating-point, 14-4, 14-6 
integer, 14-3 

8087 
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emulator, 1-1, 1-6,7-9,12-2,12-4,12-6,14-4, 14-7 
Numeric Data Processor, 1-1, 1-6,7-10,12-2, 12-4, 14-4, 

14-7 
procedures, 8-28 
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