





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX F

PREDEFINED NAMES

DUAL FUNCTION KEYWORD/SYMBOLS

AND NOT
SYMBOLS

A CLD
AAA CLI
AAD CMC
AAM CMP
AAS CMPS
ADC CMPSB
ADD CMPSW
AH CS
AL CWD
AX CX
BH DAA
BL DAS
BP DEC
BX DH
CALL DI
CBW DIV
CH DL
CL ES
CLC DS

OR

DX
ES
ESC
FAC
FALC
HLT
IDIV
IMUL
IN
INC
INT
JB
INTO
IRET
JA
JAE
JB
JBCZ
JBE

NON-CONFLICTING KEYWORDS

DEBUG
EJECT
ERRORPRINT
GEN
GENONLY
INCLUDE
LIST
MEMORY
NODEBUG
NOERRORPRINT
NOGEN
NOLIST
NOOBJECT
NOPAGING

NOPRINT

NOSYMBOLS

NOXREF
OBJECT

PAGELENGTH
PAGEWIDTH

PAGING
PRINT
RESTORE
SAVE
STACK
SYMBOLS
TITLE

WORKFILES

HANDS-OFF KEYWORDS

ABS
ASSUME
AT

BYTE
COMMON
CODEMACRO
DB

DD

DuP

DW
DWORD
END
ENDM
ENDP

ENDS
EQ
EQU
EVEN
EXTRN
FAR
GE
GROUP
GT
HIGH
INPAGE
LABEL
LE
LENGTH

SHL SHR
JC JINZ
JE JO
JE JP
JGE JPE
JL JPO
JLE JS
JMP Jz
JNA LAHF
JNAE LDS
JNB LEA
JNBE LES
JNC LOCK
JNE LODS
JNG LODSB
JNGE LODSW
JNLE LOOP
JNO LOOPE
JNP LOOPNZ
JNS LOOPZ

LOW

LT

MASK

MEMORY

MOD

MODRM

NAME

NE

NEAR

NOTHING

OFFSET

ORG

PAGE

PARA

XOR

MOV
MOVS
MOVSB
MOVSW
MUL
NEG
NIL
ouT
POP
POPF
PUSH
PUSHF
RCL
RCR
REPE
REPNE
REPNZ
REPZ
RET

PREFX
PROC
PROCLEN
PTR
PUBLIC
PURGE
RECORD
RELB
RELW
SEG
SEGFIX
SEGMENT
SHORT
SIZE

ROR
SAHF
SAL
SAR
SBB
SCAS
SCASB
SCASW
S

SP

SS
STC
STD
STI
STOS
STOSB
STOSW
SuB
TEST
WAIT
XCHG
XLAT
XLATB
??SEG

STACK
THIS
TYPE
WIDTH
WORD
?







APPENDIX G
RELOCATION

Address expressions and numeric expressions may have results which cannot be
known until the program has been positioned in memory. These expressions are
relocatable. The following rules define (1) when an expression is relocatable
and (2) what kind of arithmetic is allowable with relocatable numbers and
relocatable address expressions.

NOTE

Associated with every relocatable value is a set of relocation attributes. The
assembler tells the R & L system how to calculate the final absolute value via
these attributes.

Relocatable Expressions

The following rules define when an expression is relocatable. The EQU facility of
the assembler allows a symbol to have as its value the results of a relocatable expres-
sion. Therefore, any relocatable expressions may be embodied in a single symbol.

1. Segments and Groups. A segment is considered ‘‘non-relocatable’’ if

a. It has either PARA or PAGE alignment type and it is not a PUBLIC or
STACK segment

b. Itisabsolute (i.e., defined via *“‘AT exp”’).

A non-relocatable segment has the property that the run-time offset of any byte
in the segment is known at assembly time.

The name of a segment or group may be used in an expression. The name then
stands for the paragraph number in 8086 memory space where the segment or
group will be located. If a segment is defined via ‘At exp’’, then this number is
known at assembly time and is ‘“absolute’’. Otherwise, the paragraph number
will not be known until the program has been located by LOC86 (or QRL86)
and is ‘‘base’’ relocatable

2. The offset of a variable or label is known at assembly time (called an
‘‘absolute’’ offset) if it meets both these tests:

a. its containing segment is non-relocatable

b. it was defined by appearing as a statement label, or to the left of a DB, DW,
DD, or LABEL directive, or by an expression of the kind ‘“THIS type”’

The variable’s offset is NOT known at assembly time, i.e., is ‘‘offset”’
relocatable, if it fails either (a) or (b). Variables or labels defined by an EX-
TRN statement always have relocatable offsets, (i.e., are ‘‘offset”
relocatable).

3. Numbers. A symbol is a number if
a. it was defined in an EXTRN statement with type ABS, or
b. itis the name of a group or segment, or
c. itisdefined by EQUating it to an expression evaluating to a number.

Numbers defined by (a) are always “‘offset’’ relocatable, numbers as in (b) are
either absolute or ‘‘base’’ relocatable as described in 1 above. Numbers defined
via (c) receive the relocation attributes of the expression. Rules governing
relocation of expressions are discussed below.

A number whose value is known at assembly time is called an ‘‘absolute”
number.

G-1
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4. Expressions. Expressions evaluate to either a number or an address expression.
The rules governing expression evaluation are given in Chapter 5. The following
rules define how relocation affects expression evaluation.

a. The SHORT operator does not affect relocation.

b. The operators OR, XOR, AND, and NOT may only operate on absolute
numbers. The result of one of these operations is always an absolute
number.

¢. The relational operators EQ, NE, GT, GE, LT, and LE may have operands
which are

i. both absolute numbers.

ii. both relocatable numbers. The numbers must have exactly the same
relocation attributes.

iii. Variables and/or Labels. The operands must have exactly the same
relocation attributes

The result of a relational operation is always an absolute Number.

d. The operators + and —. Two relocatable expressions may never be added.
A relocatable expression may appear to the right of ‘-’ if a relocatable ex-
pression is on the left, and the two expressions relate as in ¢ above. In this
case, the result is always an absolute number. An absolute number may be
added to or subtracted from a relocatable expression. A relocatable number
may be added to an indexing register. The result has an offset which is iden-
tical to the number.

e. The operators *, /, MOD, SHL, SHR only operate on absolute numbers
and the result is always an absolute number.

f. HIGH and LOW accept either a number or a variable or label as an
operand. If the operand is an absolute number, the result is an absolute
number. If the operand is a variable or label with an absolute offset, then
the result is an absolute number. If the variable or label has a relocatable of-
fset, then the offset is treated as a relocatable number and the following
rules apply:

Let RN be a relocatable number with relocation type
i. “low’’, then LOW RN = RN and HIGHRN =0
ii. “‘high”’, then LOW RN = RN and HIGHRN =0

iii. ‘“‘offset’’ then LOW RN = RN’, which is ‘‘low’’ relocatable and HIGH
RN = RN’, which is ‘‘high”’ relocatable

iv. “‘base’” then HIGH and LOW are illegal.

g. TYPE always returns an absolute number. The operand to the OFFSET
operator must be an expression evaluating to a variable or label. If the
operand has a relocatable offset, then the result is a relocatable number
with the same relocation attributes as the offset. If the operand has an ab-
solute offset, then the result is an absolute number. In either case, the value
of the result will equal the operand’s offset (i.e., as described in (2) above or
PTR and ““:’’ below).

The SEG operator operates on any legal address expression and returns the
paragraph number (or segment register) of that address expression. The resulting
number is relocatable or absolute as defined in 1 above.

The PTR operator can be used in two ways; the simplest just changes the type at-
tribute of an address expression. No relocation attributes are affected by this action.
The other aspect of the PTR operator is to create a variable or label from its two
operands. One of the operands must be an absolute number (the type). The other
operand represents the offset of the new quantity. This operand may be absolute or
any legal relocatable number. Note that this includes ‘‘low’’, ‘‘high’’, or ‘‘base’’
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relocatable numbers, as well as ‘‘offset’’ relocatable numbers. The result of this
usage of PTR is a variable or label with no segment part and an offset part which is
exactly equal to the offset of the operand, including any relocatable attributes that
operand has. This result is not valid in any context except as an operand to the seg-
ment override operator, the OFFSET operator, or the TYPE operator.

The SEGMENT OVERRIDE operator, *“;”’ is interpreted as follows:

i. The left operand is restricted to be one of
1. A segment register
2. A segment name defined in this module
3. A group name
ii. The right operand must be an address expression.

iii. If the left operand is a segment register or segment name, the OFFSET
of the right operand is first determined and then a new address expres-
sion is formed as the result. The segment portion of the result is the left
operand. The offset of the result is the OFFSET of the right operand,
which may be relocatable.

iv. If the left operand is a group name, then the result has the group as its
segment part. The number of bytes from the base of the group to the
right operand is the offset of the result. This offset is always
relocatable.

The following notation will allow a more exact description of the results from
using PTR and the SEGMENT OVERRIDE operator ‘“:”’. “‘Vsada’’ will stand
for an address expression. The ¢‘s’’ is its segment part (segment name, group
name, segment register, or 0 for undefined). The ‘‘d”’ is its offset part, and ‘‘a”
is the type (BYTE, WORD, DWORD, NEAR, FAR).

Let d be any number (absolute or relocatable) and a be any valid type. Then
a ptr d=V0da,

an address expression whose offset is exactly equal to d and whose type is a. The
segment part is undefined, i.e., the paragraph number to which the offset must
be added to obtain a valid 8086 memory address.

Let s be a segment name, let r be a segment register and let g be a group name.
Then

s:Vs’da=Vsd’aand
r:Vs’da=Vrd’a

where d’ = OFFSET(Vs’da). Morever,
g:Vs’da=Vgd’a,

where d’ = OFFSET(Vs’da) + (s’ - g) * 16. In this case, d must be either ab-
solute or “‘offset’’-relocatable FROM s’. Furthermore,

g:V0da=Vgda,
which represents an offset of d from the base of g.

A symbol is an absolute number if one of the following applies:

wm AW N -

it represents the paragraph number of a segment defined by ‘At exp’’.

it is equated to an expression involving only absolute numbers.

it is the OFFSET of a variable or label defined in a non-relocatable segment.
it is equated to the comparison or difference of two expressions.

it is equated to any expression whose result is always an absolute number,
regardles of the types of operands in the expression (e.g., TYPE, LENGTH,
SIZE, WIDTH, BYTE, WORD, DWORD, NEAR, FAR)

it is equated to the HIGH or LOW of an absolute number or a variable or label
as described in 2 above.

Relocation
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A symbol is a relocatable number if and only if it is a number and not absolute.

Assume that Nabs is an absolute number, Nrel is a relocatable number, Vabs is a
variable or label whose offset is absolute, Vrel is a variable or label whose offset is
relocatable, s is the name of a segment whose paragraph number is not known at
assembly time, and g is a group name. The expressions shown in the following list

are the only expressions which yield a relocatable result:

EXPRESSION

Nrel
Vrel

g
s

Nabs + Nrel
Nabs + Vrel
Nabs + s
Nabs + g

Nrel + Nabs
Vrel + Nabs
s + Nabs
g + Nabs

Nrel — Nabs
Vrel — Nabs
s —Nabs
g —Nabs

HIGH Vrel
HIGH Nrel

LOW Vrel
LOW Nrel

s : Nabs PTR Nabs’
:Nabs PTR Nabs’

g

s : Nabs PTR Nrel
g : Nabs PTR Nrel
s

:Vabs
g:Vabs

SEG Vrel
OFFSET Vrel

VALUE

Nrel
Vrel
Nrel
Nrel

Nrel
Vrel
Nrel
Nrel

Nrel
Vrel
Nrei
Nrel

Nrel
Vrel
Nrel
Nrel

Nrel
Nrel

Nrel
Nrel

Vrel
Vrel

Vrel
Vrel

Vrel
Vrel

Nrel
Nrel

The expressions shown in the following list are the expressions which involve

. relocatable quantities, but always yield an absolute result:

Vrel - Vrel
Nrel — Nrel

VrelrVrel
Nrel r Nrel

where r is one of

The result is always Nabs.



APPENDIX H
GETTING STARTED

The primary purpose of this appendix is to show a simple way to get started using
ASMS86. The information is given in four sections, corresponding to four cases of
the size or program code and data (including stack).

Each section summarizes the required and recommended declarations to simplify
coding and references to data. Linking with PLM86 is described in the ASM86
Operator’s Manual.

The four cases are:

1. total code size less than 64K bytes, total data size less than 64K bytes, total stack
size less than 64K bytes

2. total code size greater than 64K, total data and stack each less than 64K

3. total code and stack size each less than 64K, total data size greater than 64K
4. code and data greater than 64K, stack less than 64K

These numbers refer to the sizes after all modules have been linked.

Code, Data, and Stack Sizes Each Less Than 64K

Segments

For the first case, there are 3 types of segments:
1. code, which contains the instructions the program will execute,
2. data, which contains the data being manipulated and

3. stack, which will contain temporary data, procedure parameters, return
addresses, etc.

In this case, it is advisable that the final program have only one code segment, one
data segment, and one stack segment. There can, however, be many modules which
ultimately become linked into this final program.

This situation is completely handled by declaring the segments to have the PUBLIC
attribute, as shown below for each type of segment.

Code
The declaration is
CODE SEGMENT PUBLIC
o
0 ; ASM86 instructions
0

CODE ENDS

The PUBLIC attribute is used to combine all segments of the same name, defined in
different modules, into a single final segment for execution.
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Data

The declaration is

DATA SEGMENT PUBLIC
0
0 ; data declarations
(o]

DATA ENDS

Again, the PUBLIC attribute is used to insure that there will be only one such seg-
ment in the final program. This segment will be composed of all segments named
DATA from all modules linked together.

Stack
The declaration is
STACK SEGMENT STACK
DW N DUP (?)

STACK ENDS

N is the maximum number of stack words used by this module at any one time, e.g.,
the maximum depth of procedure nesting plus all parameters used by these pro-
cedures, plus any data stored temporarily on the stack by any such procedure in this
module. The STACK attribute automatically makes this segment public as well.

If this is the main module, then the line preceding this ENDS should read
STACK__TOP LABEL WORD

This enables this main module to initialize the SS and SP registers with the following
code:

[¢]
[o]

MoV AX, STACK

MOV 88, AX

MOV SP, OFFSET STACK_TOP
o

(o)

(o)

o)
This code belongs only in the main module. (LINK86 and LOC86 or QRL86 will
correctly adjust the offset of STACK__TOP.) Any other module which uses the

stack must use the declaration above, but it is not necessary to declare
STACK__TOP. Such a module should not reinitialize SS and SP.

ASSUME Directive
There need be only one ASSUME per module:
ASSUME CS:CODE, DS:DATA, ES:DATA, SS:STACK

The ES, DS, and SS registers must be explicitly loaded by your code. Therefore a
sample main module skeleton is as follows:

8086 Assembly Language
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ASSUME  CS:CODE, DS:DATA, ES:DATA, SS:STACK
STACK SEGMENT STACK
DW 10 DUP (?)
STACK_TOP LABEL WORD
STACK ENDS
DATA SEGMENT PUBLIC
0
o}
0
DATA ENDS
CODE SEGMENT PUBLIC
START: MOV AX, DATA ; Paragraph # of Data segment to AX
MOV DS, AX ; thento DS
MOV  ES, AX ;and ES
MOV AX, STACK ;Paragraph # of Stack segments to AX
MOV  8S, AX ; thento SS
MOV  SP, OFFSET STACK_TOP
; offset of the top of the stack
; to the SP
0
0
0
0
CODE ENDS
END START

Code Greater Than

64K, Data and Stack

Each Less Than 64K

The data and stack segments are treated the same as in case 1. There are many op-
timal methods to organize the code segments. One example would be for each
module to have a private code segment. This means each such code segment must
have a unique name and must omit the PUBLIC attribute on the segment directive.

Example:
(In module A)
A__CODE P1 PROC FAR

0
o
o

A_CODE ENDS

(In module B)
B_CODE SEGMENT
0
o
P1 PROC FAR

o
o}
o}
RET
P1 ENDP
o
(o}
(o)

B_CODE ENDS

H-3
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This will result in all intermodule jumps and calls being ‘“long”’ (i.e., FAR).
Therefore if a procedure is going to be called from another module it should be
FAR.

Total Code and Stéck Sizes Each Less Than 64K,
Data Size Greater Than 64K

In this case, code and stack segments are handled exactly as they were in case 1. Data
segments, however, should be constructed to minimize changing the contents of the
DS and ES registers.

This is usually a problem-specific optimization. As an example, the ES register could
contain the paragraph number of a segment containing global data, which is
referenced from many modules. The ES would remain fixed throughout the pro-
gram. On the other hand, the DS register could point to a segment containing data
local to a module or group of modules. As program control switches to a new
module, the DS register would change to point to the local data segment of the new
module. The following (non-main) module skeleton is an example of this:

ASSUME CS: CODE, DS:L_DATA, ES: G_DATA, SS: STACK

STACK SEGMENT STACK
DW 8 DUP (?)
; Maximum of 8 words of stack used at any one time by this module

STACK ENDS

PUBLIC BUFFER, B__COUNT ; Global data declared in this module
G_DATA SEGMENT PUBLIC

BUFFER DB 80 DUP (") ;Buffer initialized to 80 blanks
B_COUNT DB ?

G_DATA ENDS

L_DATA SEGMENT
o
o ; Data structures local to this module

o

L_DATA ENDS

PUBLIC P ; Pis a public procedure
CODE SEGMENT .PUBLIC

P PROC NEAR

PUSH DS ; Save the old DS register contents
MOV AX,L_DATA ; Paragraph number of L__data to AX
MoV DS, AX ; and then to DS
o
(o}
o
POP DS ; restore the DS contents
RET ; return to caller
P ENDP
CODE ENDS
END

8086 Assembly Language
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The segments CODE and G_DATA are public, they will be combined with the
other CODE and G__DATA segments respectively from the other modules which
comprise the total program. This will also happen for the segment STACK. The seg-
ment L__DATA is not public, since the data in that segment is only referenced in
this module.

The DS register is saved when this module is entered (presumably by a call to the
public procedure P) and restored when this module is exited.

Code and Data and Stack Each Possibly Greater Than
64K Bytes

Code segments will be private as in case 2. Data segments would be handled as above
in case 3. Since it is desirable to reduce the overhead of switching segment registers
frequently, the design of programs this large should emphasize modularity.

Getting Started
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APPENDIX J
INSTRUCTION SET REFERENCE DATA

Table J-1. Effective Address Calculation

Time

EA COMPONENTS CLOCKS*
Displacement Only 6
Base orIndex Only  (BX,BP,SI,Dl) 5
Displacement

+ 9

Base or Index (BX,BP,S1,DI)
Base BP + DI, BX+Si 7

+
Index BP +SI, BX+ DI 8
Displacement BP + DI+ DISP 11

+ BX+S1+DISP
Base

+ BP + Si+DISP 12
Index BX + DI+ DISP

*Add 2 clocks for segment override

Key to Flag Codes:
1 = unconditionally set
0 = unconditionally cleared

X =altered to reflect operation result

With typical instruction mixes, the time actually
required to execute a scquence of instructions will
typically be within 5-10% of the sum of the
individual timings given in table 2-21. Cases can
be constructed, however, in which execution time
may be much higher than the sum of the figures
provided in the table. The execution time for a
given sequence of instructions, however, is always
repeatable, assuming comparable external condi-
tions (interrupts, coprocessor activity, etc.). If the
cxecution time for a given series of instructions
must be determined exactly, the instructions
should be run on an execution vehicle such as the
SDK-86 or the iSBC 86/12™ board.

U =undefined (mask it out)
R =replaced from memory (e.g., SAHF)
b = (blank) unaffected

AAA (no operands) ODITSZAPC
AAA ASCII adjust for addition Flags |, UU X U X
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 — 1 AAA
AAD (no operands) ODITSZAPC
AAD ASCIl adjust for division Flags X X UX U
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 60 — 2 AAD
AAM (no operands) ODITSZAPC
AAM ASCII adjust for multiply Flags X X UX U
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 83 — 1 AAM
AAS (no operands) ODITSZAPC
AAS ASCH adjust for subtraction Flags U UuXxuxX
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 — 1 AAS
ADC destination,source ODITSZAPC
ADC Add with carry Flags X XX XXX

Operands

Clocks | Transfers* | Bytes

Coding Example

register, register
register, memory
memory, register
register, immediate
memory, immediate
accumulator, immediate

3
9+EA
16+ EA

4
17+EA

4

— 2 ADC AX, S|
1 2-4 | ADC DX, BETA(SI|

2 2-4 | ADC ALPHA [BX]|SI|, DI
— 3-4 | ADC BX, 256

2 36 | ADC GAMMA. 30H

- 23 | ADC AL,5

“For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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ADD destination.source

ODITSZAPC
ADD Addition Flags X X X X X
Operands Clocks | Transfers* | Bytes Coding Example
register. register 3 — 2 ADD CX, DX
register, memory 9+EA 1 2-4 ADD DI, [BX].ALPHA
memory, register 16+ EA 2 2-4 ADD TEMP,CL
register, immediate 4 — 3-4 ADD CL, 2
memory, immediate 17+EA 2 3-6 ADD ALPHA,?2
accumulator, immediate 4 - 2-3 ADD AX, 200
AND destination,source ODITSZAPC
AND Logical and Flags XX U X0
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 — 2 AND AL,BL
register, memory 9+EA 1 2-4 AND CX.FLAG _WORD
memory, register 16+ EA 2 2-4 AND ASCII |Di],AL
register, immediate 4 — 3-4 AND CX0,FOH
memory, immediate 17+ EA 2 3-6 AND BETA,01H
accumulator, immediate 4 — 2-3 AND AX, 010100008
CALL CALL target Flags ODITSZAPC
Call a procedure 9
Operands Clocks | Transfers* | Bytes Coding Examples
near-proc 19 1 3 CALL NEAR__PROC
far-proc 28 2 5 CALL FAR_PROC
memptr 16 21 +EA 2 2-4 CALL PROC_TABLE [SI]
regptr 16 16 1 2 CALL AX
memptr 32 37+EA 4 2-4 CALL [BX].TASK {SI]
CBW (no operands) ODITSZAPC
C BW Convert byte to word Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 - 1 cBw
CLC (no operands) ODITSZAPC
CLC Clear carry flag Flags 0
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 CLC
CLD (no operands) ODITSZAPC
CLD Clear direction flag Flags 0
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 CLD
CLI(no operands) ODITSZAPC
CLl Clear interrupt flag Flags 0
Operands Clocks | Transfers* | Bytes Coding Example
{no operands) 2 — 1 CLI
CcMC CMC (no operands) Flags ODITSZAPC
Complement carry flag 9 X
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 CMC

“For the 8086. add tour clocks for each 16-bit word transfer with an odd address. For the 8088. add four clocks for each 16-bit word transfer
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Instruction Set Reference Data

CMP

CMP destination.source
Compare destination to source

ODITSZA

Flags pC
ags X X X X X

Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 - 2 CMP BX.CX
register, memory 9+EA 1 2-4 CMP DH. ALPHA
memory, register 9+EA 1 2-4 CMP [BP+2].SI
register, immediate 4 — 3-4 CMP BL.02H
memory, immediate 10+ EA 1 3-6 CMP [BX].RADAR [DI]. 3420H
accumulator, immediate 4 — 2-3 CMP AL. 000100008
CMPS dest-string.source-string ODITSZAPC
CMPS Compare string Flags X X X X X X
Operands Clocks | Transfers* | Bytes Coding Example
dest-string, source-string 22 2 1 CMPS BUFF1. BUFF2
(repeat) dest-string, source-string 9+22/rep 2/rep 1 REPE CMPS ID. KEY
CWD (no operands) ODITSZAPC
CWD Convert word to doubleword Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 5 — 1 CwWD
DAA (no operands) ODITSZAPC
DAA Decimal adjust for addition Flags X X X X X
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 — 1 DAA
DAS (no operands) ODITSZAPC
DAS Decimal adjust for subtraction Flags u XX XXX
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 — 1 DAS
DEC destination ODITSZAPC
DEC Decrement by 1 Flags X X X X X
Operands Clocks | Transfers* | Bytes Coding Example
reg16 2 — 1 DEC AX
reg8 3 — 2 DEC AL
memory 15+EA 2 2-4 DEC ARRAY [Si]
DIV source oODITSZAPC
DIV Division, unsigned Flags UUUU U
Operands Clocks | Transfers* | Bytes Coding Example
reg8 80-90 — 2 DIV CL
reg16 144-162 — 2 DIV BX
mem38 (86-96) 1 2-4 DIV ALPHA
+EA
mem16 (150-168) 1 2-4 DIV TABLE [SI]
+EA
ESC ESC external-opcode,source Flags ODITSZAPC
Escape S
Operands Clocks | Transfers* | Bytes Coding Example
immediate. memory 8+EA 1 2-4 ESC 6.ARRAY [SI]
immediate. register 2 — 2 ESC 20.AL
HLT HLT (no operands) Flags ODITSZAPC
Halt 9
Operands Clocks | Transfers* | Bytes Coding Example
'(no operands) 2 — 1 HLT

“For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer
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IDIV source ODITSZAPC
IDIV Integer division Flags Uuuuu
Operands Clocks | Transfers* | Bytes Coding Example
reg8 101-112 — 2 IDIV BL
regl6 165-184 -_ 2 IDIV CX
mem8 (107-118) 1 2-4 IDIV DIVISOR  BYTE (Sl]
+EA
mem16 (171-190) 1 2-4 IDIV [BX].DIVISOR_WORD
+EA
IMUL source ODITSZAPC
IMUL integer multiplication Flags UUUU X
Operands Clocks | Transfers* | Bytes Coding Example
reg8 80-98 — 2 IMUL CL
regié 128-154 - 2 IMUL BX
mem§ (86-104) 1 2-4 IMUL RATE_BYTE
+EA
mem16 (134-160) 1 2-4 IMUL RATE _WORD [BP] (DI}
+EA
IN accumulator.port ODITSZAPC
IN Input byte or word Flags
Operands Clocks | Transfers* | Bytes Coding Example
accumulator, immed8 10 1 2 IN AL, OFFEAH
accumulator, DX 8 1 1 IN AX, DX
INC destination ODITSZAPC
'INC Increment by 1 Flags X X X XX
Operands Clocks | Transfers* | Bytes Coding Example
reg16 2 — 1 INC CX
reg8 3 — 2 INC BL
memory 15+ EA 2 2-4 INC ALPHA (DI] [BX]
INT INT interrupt-type Flags ODITSZAPC
Interrupt 9 00
Operands Clocks | Transfers* | Bytes Coding Example
immed3 (type = 3) 52 5 1 INT 3
immeds (type # 3) 51 5 2 INT 67
INTR (external maskable interrupt) ODITSZAPC
INTR Interrupt if INTR and IF=1 Flags 00
Operands Clocks | Transfers* | Bytes Coding Example
{no operands) 61 7 N/A N/A
INTO (no operands) ODITSZAPC
'NTO Interrupt if overflow Flags 00
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 530r4 5 1 INTO
IRET (no operands) ODITSZAPC
IRET Interrupt Return Flags RRRRRRRRR
Operands Clocks | Transters* | Bytes Coding Example
(no operands) 24 3 1 IRET
JA/JNBE short-label ODITSZAPC
JA/INBE Jump if above/Jump if not below nor equal Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4d — 2 JA ABOVE

“For the 8086, add four clocks for each 16-bit word transter with an odd address. For the 8088, add four ctocks for each 16-bit word transter.




8086 Assembly Language

Instruction Set Reference Data

JAE/JNB short-label ODITSZAPC
JAE/JNB Jump if above or equal/Jump if not below Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4 — 2 JAE ABOVE _EQUAL
JB/JNAE short-label ODITSZAPC
JB/JNAE Jump if below/Jump if not above nor equal Flags
Operands Clocks | Transfers* | Bytes Coding Exampie
short-label 16or4 — 2 JB BELOW
JBE/JNA JBE/JNA short-label Flags ODITSZAPC
Jump if below or equal/Jump if not above 9
Operands Clocks | Transfers” | Bytes Coding Example
short-label 16or4 — 2 JNA NOT ABOVE
Jc JC short-label Flags ODITSZAPC
Jump if carry 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4d — 2 JC CARRY SET
JCXZ short-label ODITSZAPC
JCXZ Jump if CX is zero Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 180r6 — 2 JCXZ COUNT DONE
JE/JZ short-label ODITSZAPC
JE/JZ Jump if equal/Jump if zero Flags
Operands | Clocks | Transfers* | Bytes Coding Example
short-label 16 or4 — 2 JZ ZERO
JG/JNLE short-label ODITSZAPC
JG/JNLE Jump if greater/Jump if not less nor equal Flags
Operands Clocks | Transfers® | Bytes Coding Example
short-label 16or4 — 2 JG GREATER
JGE/JNL JGE/.!NL short-label _ Flags ODITSZAPC
Jump if greater or equal/Jump if not less
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4 — 2 JGE GREATER EQUAL
JL/INGE short-label ODITSZAPC
JL/JNGE Jump if less/Jump if not greater nor equall Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4 — 2 JL LESS
JLE/JNG short-label ODITSZAPC
JLE/JNG Jump if less or equal/Jump if not greater Flags
Operands Clocks | Transfers* | Bytes Coding Example
short-label 160r4 — 2 JNG NOT GREATER

“For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transter
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8086 Assembly Language

JMP target ODITSZAPC
JMP Jump
Operands Clocks | Transfers* | Bytes Coding Example
short-label 15 — 2 JMP SHORT
near-label 15 — 3 JMP WITHIN SEGMENT
far-label 15 — 5 JMP FAR LABEL
memptri6 18+EA 1 2-4 JMP [BXI.TARGET
regptr16 11 — 2
memptr32 24+EA 2 2-4 JMP OTHER.SEG [Si|
JNC short-label ODITSZAPC
JNC Jump if not carry
Operands Clocks | Transfers* | Bytes Coding Example
short-label 160r4d — 2 JNC NOT CARRY
JNE/JNZ short-label ODITSZAPC
JNE/JNZ Jump if not equal/Jump if not zero
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4 — 2 JNE NOT EQUAL
JNO short-label ODITSZAPC
JNO Jump if not overflow
Operands Clocks | Transfers* | Bytes Coding Example
short-label 160r4 — 2 JNO NO OVERFLOW
JNP/JPQ short-label ODITSZAPC
JNP/JPO Jump if not parity/Jump if parity odd
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4d — 2 JPO ODD PARITY
JNS JNS short-label ODITSZAPC
Jump if not.sign
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4 — 2 JNS POSITIVE
JO JO short-label ODITSZAPC
Jump if overflow
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16or4 — 2 JO SIGNED _OVRFLW
JP/JPE JP/JPE short-label ODITSZAPC
Jump if parity/Jump if parity even
Operands Clocks | Transfers* | Bytes Coding Example
short-label 16o0r4 — 2 JPE EVEN_PARITY
JS J$S short-label ODITSZAPC
Jump if sign
Operands Clocks | Transfers* | Bytes Coding Example
short-label 160r4 — 2 JS NEGATIVE
LAHF (no operands) ODITSZAPC
LAHF Load AH from flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 — 1

“For the 8086, add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.
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Instruction Set Reference Data

LDS

LDS destination,source

ODITSZAPC

Load pointer using DS Flags
Operands Clocks Transfers | Bytes Coding Example
reg16, mem32 16+ EA 2 2-4 LDS SI,DATA.SEG {D!]
LOCK (no operands) ODITSZAPC
LOCK Lock bus Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 LOCK XCHG FLAG AL
LODS LODS source-string Flags ODITSZAPC
Load string 9
Operands Clocks | Transfers* | Bytes Coding Example
source-string 12 1 1 LODS CUSTOMER NAME
(repeat) source-string 9+13/rep 1/rep 1 REP LODS NAME
LOOP ‘ LOOP short-iabel Flags CDITSZAPC
Loop 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 17/5 — 2 LOOP AGAIN
LOOPE/LOOPZ LOOPE/LOOPZ short-label Flags ODITSZAPC
Loop if equai/Loop if zero 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 18o0r6 — 2 LOOPE AGAIN
LOOPNE/LOOPNZ LOOPNE/LOOPNZ short-label Flags ODITSZAPC
Loop if not equal/Loop if not zero 9
Operands Clocks | Transfers* | Bytes Coding Example
short-label 190r5 — 2 LOOPNE AGAIN
LEA destination,source ODITSZAPC
LEA Load effective address Flags
Operands Clocks | Transfers* | Bytes Coding Example
reg16, mem16 2+EA — 2-4 LEA BX,|BP]|[Dl|
LES destination.source ODITSZAPC
LES Load pointer using ES Flags
Operands Clocks | Transfers* | Bytes Coding Example
reg16, mem32 16+ EA 2 2-4 LES DI, [BX].TEXT _BUFF
NMI (external nonmaskable interrupt) OSITSZAPC
NMI Interrupt if NMI =1 Flags 00
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 50 5 N/A N/A

“For the 8086. add four clocks for each 16-bit word transfer with an odd address. For the 8088. add four clocks tor each 16-bit word transfer
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8086 Assembly Language

MOV destination,source

ODITSZAPC

MOV Move Flags
Operands Clocks | Transfers* | Bytes Coding Example
memory, accumulator 10 1 3 MOV ARRAY [Si], AL
accumulator, memory 10 1 3 MOV AX,TEMP_RESULT
register, register 2 — 2 MOV AX,CX
register, memory 8+EA 1 2-4 MOV BP, STACK_TOP
memory, register 9+EA 1 2-4 MOV COUNT [DI}, CX
register, immediate 4 — 2-3 MOV CL, 2
memory, immediate 10+ EA 1 3-6 MOV MASK [BX]|SI], 2CH
seg-reg, reg16 2 . 2 MOV ES, CX
seg-reg, memt6 8+EA 1 2-4 MOV DS, SEGMENT__BASE
reg16, seg-reg . 2 — 2 MOV BP,SS
memory, seg-reg 9+EA 1 2-4 MOV [BX].SEG__SAVE,CS
MOVS MOVS dest-string,source-string Flags ODITSZAPC
Move string 9
Operands Clocks | Transfers* | Bytes Coding Example
dest-string, source-string 18 2 1 MOVS LINE EDIT__DATA
(repeat) dest-string, source-string 9+17/rep 2/rep 1 REP MOVS SCREEN. BUFFER
MOVSB/MOVSW MOVSB/MOVSW (no operands) Flaas ODITSZAPC
Move string (byte/word) 9
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 18 2 1 MOVSB
(repeat) (no operands) 9+17/rep 2/rep 1 REP MOVSW
MUL source ODITSZAPC
MuL Multiplication, unsigned Flags UUUuU X
Operands Clocks | Transfers* | Bytes Coding Example
reg8 70-77 — 2 MUL BL
regi6 118-133 — 2 MUL CX
mem8 (76-83) 1 2-4 MUL MONTH [Sl]
+EA
mem16 (124-139) 1 2-4 MUL BAUD__RATE
+EA
NEG destination ODITSZAPC
NEG Negate Flags X XX X X1
Operands Clocks | Transfers* | Bytes Coding Example
register 3 — 2 NEG AL
memory 16+ EA 2 2-4 NEG MULTIPLIER
*0if destination =0
NOP NOP (no operands) Flags oODITSZAPC
No Operation 9
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 3 - 1 NOP
NOT destination ODITSZAPC
N OT Logical not Flags
Operands Clocks | Transfers* | Bytes Coding Example
register 3 — 2 NOT AX
memory 16+ EA 2 2-4 NOT CHARACTER

*For the 8086, add four clocks for each 16-bit word transfer with an odd address“For the 8088. add four clocks for each 16-bit word transfer
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Instruction Set Reference Data

OR

OR destination,source
Logical inclusive or

ODITSZAPC
uxo

Flags 0 X X

Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 — 2 OR AL.BL
register, memory 9+EA 1 2-4 OR DX.PORT 1ID DIl
memory, register 16+EA 2 2-4 OR FLAG BYTE.CL
accumulator, immediate 4 — 2-3 OR AL.0110110B
register, immediate 4 — 3-4 ORCX.01FH
memory, immediate 17+EA 2 3-6 OR [BX|.CMD WORD.OCFH
OUT port,accumulator ODITSZAPC
out Output byte or word Flags
Operands Clocks | Transfers* | Bytes Coding Example
immed8, accumulator 10 1 2 OUT 44. AX
DX, accumulator 8 1 1 OUT DX. AL
POP destination ODITSZAPC
POP Pop word off stack Flags
Operands Clocks | Transfers* | Bytes Coding Example
register 8 1 1 POP DX
seg-reg (CS illegal) 8 1 1 POP DS
memory 17+EA 2 2-4 POP PARAMETER
POPF (no operands) ODITSZAPC
POPF Pop flags off stack Flags - RRRRR R R R
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 8 1 1 POPF
PUSH source ODITSZAPC
PUSH Push word onto stack Flags
Operands Clocks | Transfers* | Bytes Coding Example
register 1 1 1 PUSH SI
seg-reg (CS legal) 10 1 1 PUSH ES
memory 16+ EA 2 2-4 PUSH RETURN CODE |SI|
PUSHF PUSHF (no operands) Flaas ODITSZAPC
Push flags onto stack 9
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 10 1 1 PUSHF
RCL destination.count ODITSZAPC
RCL Rotate left through carry Flags X X
Operands Clocks | Transfers* | Bytes Coding Example
register, 1 2 — 2 RCL CX.1
register, CL 8 + 4/bit — 2 RCL AL, CL
memory. 1 15+ EA 2 2-4 RCL ALPHA. 1
memory. CL 20+EA+ 2 2-4 RCL |BP}.PARM.CL
4/bit
RCR designation,count ODITSZAPC
RCR Rotate right through carry Flags X X
Operands Clocks | Transfers* | Bytes Coding Example
register. 1 2 — 2 RCR BX. 1
register, CL 8+ 4/bit — 2 RCR BL,CL
memory, 1 15+ EA 2 2-4 RCR [BX].STATUS. 1
memory, CL 20+ EA+ 2 2-4 RCR ARRAY [Di]. CL
4/bit

*For the 8086. add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer
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REP REP (no operands) Flags ODITSZAPC
Repeat string operation 9
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 REP MOVS DEST. SRCE
REPE/REPZ REPE/REPZ (no operands) Flags ODITSZAPC
Repeat string operation while equal/while zero 9
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 REPE CMPS DATA.KEY
REPNE/REPNZ (no operands) ODITSZAPC
REPNE/REPNZ Repeal string operation while not equal/notzero Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 REPNE SCAS INPUT LINE
RET optional-pop-value ODITSZAPC
RET Return from procedure Flags
Operands Clocks | Transfers* | Bytes Coding Example
(intra-segment, no pop) 8 1 1 RET
(intra-segment, pop) 12 1 3 RET 4
(inter-segment, no pop) 18 2 1 RET
(inter-segment, pop) 17 2 3 RET 2
ROL destination,count ODITSZAPC
ROL Rotate left Flags X
Operands Clocks Transfers | Bytes Coding Examples
register, 1 2 — 2 ROL BX.1
register, CL 8+ 4/bit — 2 ROL DI.CL
memory, 1 15+ EA 2 2-4 ROL FLAG BYTE |DI].1
memory, CL 20+ EA + 2 2-4 ROL ALPHA .CL
4/bit
ROR destination.count ODITSZAPC
ROR Rotate right Flags X X
Operand Clocks | Transfers* | Bytes Coding Example
register, 1 2 — 2 ROR AL. 1
register. CL 8+4/bit — 2 ROR BX.CL
memory. 1 15+ EA 2 2-4 ROR PORT STATUS.1
memory. CL 20+ EA + 2 2-4 ROR CMD WORD. CL
4/bit
SAHF (no operands) ODITSZAPC
SAHF Stare AH into flags Flags RRR R R
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 4 e 1 SAHF
SAL/SHL destination,count ODITSZAPC
SAL/SHL Shift arithmetic left/Shift logical left Flags X
Operands Clocks | Transfers* | Bytes Coding Examples
register.1 2 — 2 SAL AL1
register. CL 8+4/bit — 2 SHL DI.CL
memory.1 15+ EA 2 2-4 SHL [BX].OVERDRAW, 1
memory. CL 20+ EA+ 2-4 SAL STORE _COUNT,CL
4/Dbit

“For the 8086. add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer
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Instruction Set Reference Data

SAR destination.source ODITSZAPC
SAR Shift arithmetic right Flags X X U X X
Operands Clocks | Transfers* | Bytes Coding Example
register. 1 2 — 2 SAR DX. 1
register. CL 8+ 4/bit — 2 SAR DI.CL
memory. 1 15+ EA 2 2-4 SAR N BLOCKS. 1
memory. CL 20+ EA+ 2-4 SAR N BLOCKS.CL
4/bit
SBB destination.source ODITSZAPC
SBB Subtract with borrow Flags X XX XXX
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 - 2 SBB BX.CX
register, memory 9+ EA 1 2-4 SBB DI, [BX].PAYMENT
memory, register 16+ EA 2 2-4 SBB BALANCE. AX
accumulator, immediate 4 — 2-3 SBB AX.2
register. immediate 4 — 3-4 SBB CL. 1
memory, immediate 17+EA 2 3-6 SBB COUNT [SI]. 10
SCAS dest-string ODITSZAPC
SCAS Scan string Flags X X X X X
Operands Clocks | Transfers* | Bytes Coding Example
dest-string 15 1 1 SCAS INPUT__LINE
(repeat) dest-string 9+15/rep 1/rep 1 REPNE SCAS BUFFER
SHR destination,count ODITSZAPC
SHR Shift logical right Flags X X
Operands Clocks | Transfers* | Bytes Coding Example
register, 1 2 — 2 SHR SI.1
register, CL 8+ 4/bit — 2 SHR SI.CL
memory, 1 15+ EA 2 2-4 SHR ID BYTE [SI||BX}.1
memory, CL 20+ EA+ 2 2-4 SHR INPUT WORD. CL
4/bit
S'NGLE STEP SINGLE STEP (Trap flag interrupt) Flags ODITSZAPC
Interrupt if TF =1 9 00
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 50 5 N/A N/A
STC STC (no operands) Flags ODITSZAPC
Set carry flag 9 1
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 STC
STD (no operands) ODITSZAPC
STD Set direction flag Flags 1
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 STD
STI(no operands) ODITSZAPC
STI Setinterrupt enable flag Flags 1
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 2 — 1 STI

*For the 8086. add four clocks for each 16-bit word transfer with an odd address. For the 8088. add four clocks for each 16-bit word transfer.
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STOS

STOS dest-string

ODITSZAPC

Store byte or word string Flags
Operands Clocks | Transfers* | Bytes Coding Example
dest-string 11 1 1 STOS PRINT LINE
(repeat) dest-string 9+10/rep 1irep 1 REP STOS DISPLAY
SUB destination,source ODITSZAPC
SUB Subtraction Flags X X X X X
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 — 2 SUB CX. BX
register. memory 9+EA 1 2-4 SUB DX, MATH_ TOTAL {8l
memory, register 16+ EA 2 2-4 SUB [BP+2],CL
accumulator, immediate 4 — 2-3 SUB AL, 10
register, immediate 4 — 3-4 SUB SI, 5280
memory, immediate 17+ EA 2 3-6 SUB [BP].BALANCE. 1000

TEST

TEST destination,source

Test or non-destructive logical and

ODITSZAPC
0 XX UXDO0

P
Flags X

Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 — 2 TEST SI, DI
register, memory 9+EA 1 2-4 TEST SI,END_COUNT
accumutator, immediate 4 — 2-3 TEST AL, 001000008
register, immediate 5 —_ 3-4 TEST BX, 0CC4H
memory, immediate 11+ EA — 3-6 TEST RETURN CODE.01H
WAIT (no operands) ODITSZAPC
WAIT Wait while TEST pin not asserted Flags
Operands Clocks | Transfers* | Bytes Coding Example
(no operands) 3+ 5n — 1 WAIT
XCHG destination,source ODITSZAPC
XCHG Exchange Flags
Operands Clocks | Transfers* | Bytes Coding Example
accumulator, reg16 3 — 1 XCHG AX, BX
memory, register 17+EA 2 2-4 XCHG SEMAPHORE. AX
register, register 4 — 2 XCHG AL.BL
XLAT source-table ODITSZAPC
XLAT Translate Flags
Operands Clocks | Transfers* | Bytes Coding Example
source-table 11 1 1 XLAT ASCII_TAB
XOR destination,source ODITSZAPC
XOR Logical exclusive or Flags 0 XXUXO0
Operands Clocks | Transfers* | Bytes Coding Example
register, register 3 — 2 XOR CX. BX
register, memory 9+EA 1 2-4 XOR CL.MASK BYTE
memory, register 16+ EA 2 2-4 XOR ALPHA [SI]. DX
accumulator, immediate 4 — 2-3 XOR AL. 01000010B
register, immediate 4 — 3-4 XOR S, 00C2H
memory, immediate 17+EA 2 3-6 XOR RETURN CODE. 0D2H

“For the 8086. add four clocks for each 16-bit word transfer with an odd address. For the 8088, add four clocks for each 16-bit word transfer.




APPENDIX K
SAMPLE PROGRAM

MC5~86 MACRO ASSEMBLER SAMPLE PAGE 1

ISIS-II MCS~86 MACRO ASSEMBLER V2.0 ASSEMBLY OF MODULE SAMPLE
OBJECT MODULE PLACED IN :F1:SAMPLE.OB
ASSEMBLER INVOKED BY: ASM86 :F1: SAMPLE A86 PL(255) XREF

LOC O0BJ LINE SOURCE
1 ;I!llii'.iIIllIﬂl‘I.'lIlﬁ"ll‘Ill*l.ﬁI‘IH'&II!!‘I.GI.'.lll'lliillllll‘lllll
2 .
——- 3 DATA2 SEGMENT
[‘ .
0000 72727 5 ! TEMP DW ? ; 1 word, indeterminate contents
0002 (100 [ FOO DW 100.DUP (?) ; 100 words, indeterminate contents
77?7
)
7 i
8 P
9 jrm—————— ——— -
10 H Defining a STRUCTURE
1 H - ———— -
12 ; Define a structure template PANACHE with fields FLDA, FLDB, ..., LFDD,
13 3 such that their types are ordered BYTE, WORD, WORD, BYTE
——— 14 PANACHE STRUC ; Templste def'n., no storage reserved
0000 15 FLDA bB ? ; Reference to .FLDA gives 0
0001 16 FLDB DW ? ; Reference to .FLDB gives 1
0003 17 FLDC DW ? ; Reference to .FLDC gives 3
0005 18 FLDD DB ? ; Reference to .FLDD gives 5
—-—— 19 PANACHE ENDS ; End of structure template definition
20 ;
21 ea ———
22 ; Initializing a STRUCTURE ARRAY
23 H -
24 ; Now use structure template name PANACHE as an operator to initialize
25 ; 100 copies of 6-byte structure ELAN = ELAN([O), ELAN[6], ... , ELAN(594]
26 ; each with contents initialized in the order shown
27 H
00CA (100 28 ' ELAN PANACHE 100 DUP (<?, , 5%5+4, OFEH>)
27
72?27
1D00
FE
)
29 H
30 H
31 B Defining a RECORD
32 H -
33 ; Define a record, VERVE, 16 bits long with fields of 4 bits, 5 bits, 7 bits
34 H
# 35 ’ VERVE RECORD  DIBSA:4, DIBSB:5, DIBSC:7 ; No storage reserved
36 ;
37 ;
38 H Initializing a RECORD ARRAY
39 jemee-
%0 E Now use record definition name VERVE as operator to initialize
41 ; 100 copies of 2-byte record ESPRIT = ESPRIT[0), ... , ESPRIT({198]
42 ; Initialize fields in each 2-byte copy to 13, 29, and 101...
43
0322 (100 4y ESPRIT VERVE 100 DUP (<13, 29, 101>) ; 200 bytes reserved
ESDE
)
45 ;
46 ; mmm e mdemmmmm e mammmcm ;s e mmm—————
——— 47 DATAZ ENDS ; End of segment DATA2
48 (CONTINUED ON NEXT PAGE -~ K~2)

49 +1 $EJEC
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MCS-86 MACRO ASSEMBLER SAMPLE PAGE 2
LOC 0BJ LINE SOURCE
50 H (CONTINUED FROM PRECEDING PAGE -- K-1)
1
22 R e I L R A it
53 H
——— 54 STACK3 SEGMENT
0000 (1000 55 DW 1000 DUP (?) ; Reserve 1000 uninitialized words
22?2
)
07D0 56 STACK_BTM LABEL WORD ; Stack grows toward low memory
— 57 STACK3 ENDS ; End of stack segment
58 H
59 ;uuunnuuuuuuuuuuuuuuuu-niununuunuu"uuiu"
60 H
——— 61 éTACK INIT SEGMENT
62 - ASSUME CS:STACK_INIT ; 16%CS + IP is current instr. addr.
0000 63 INITIALIZE PROC FAH H
0003 8250 ' & I S  [02a 53 Sogoret wivh Seg"728
0 0 65 M ; Loa seg-reg w Seg. base
0005 BCDOO7 66 MOV SP, OFFSET STACK BTM ', Initialize stack pointer SP
0008 CB 67 RET
68 INITIALIZE ENDP ; End of procedure INITIALIZE
———— 69 STACK_INIT ENDS ; End of segment STACK_INIT
0 ;
;] ;ll".&l!!lllillllIllIiﬂlllillﬁl!iiIIl'lll'lii'lilillilililll*ili*lﬂ*ill*l*lil
72 H
73 ' EXTRN  DIDDLE:FAR
——— T4 ILLUSTRATION SEGMENT
75 ASSUME CS:ILLUSTRATION, ; 16%CS+IP=curr. instr. addr.
76 & DS:DATA2 H 6'DS + Offset is data item addr.
77 H
78 H -
79 ;s COMPUTE is a procedure (callable from another segment) which adds
80 ; the 3rd word in array FOO,
81 ; to the sum of all the FLDCs in ELAN,
82 ; then subtracts the sum of all the record-fields DIBSB in record array ESPRIT
83 H
0000 84 ! COMPUTE PROC FAR ; FAR means callable from another seg.
85 H
86 ; _—— ————
87 H
88 ; Put 3rd word from array FOO into AX as 1st addend
89 H
0000 A10600 90 ’ MOV AX, FOO[4] ; Load AX with 3rd word from FOO
91 H
92 ;
93 ; Summing the STRUCTURE ARRAY Fields
94 H
95 H
96 ; This next section adds in all the .FLDC fields from the structure array ELAN.
97 ; First we set SI=0 to index the first field to be added.
98 ; Then we use the index [SI] to add each such field into AX,
99 ; and increment the index [SI] each time by the size of structure PANACHE,
100 ; which is the TYPE of the array ELAN.
101 ; Loop control for the addition is provided by CX,
102 ; which is loaded with the length (100, the number of elements) of ELAN.
103 H
0003 BE00OO 108 ! MOV SI, O ; Use SI for array index
0006 B96400 105 MOV CX, LENGTH ELAN ; Loop control = number elements
0009 0384CD0O0 106 SUM: ADD AX,ELAN[SIJ.FLDC ; Add a FLDC value to AX
000D 83C606 107 ADD  SI, TYPE ELAN ; Update index to next FLDC
0010 E2F7 108 LOOP SUM ; Loop to SUM if CXO0
109 ;
110 ;
111 H Summing the RECORD ARRAY Fields
112 H ———
13
114 ; First, the beginning of the array will be addressed by [SI] (SI=0).
115 ; Each DIBSB field will be isolated and right-justified (aligned) in DX
116 ; as follows: the operator MASK masks out the unwanted bits,
117 ; and the field-name DIBHB gives the shift-count needed to align the field.
118 H
Oglg 352300 19 ' MOV SI, © ; Initialize SI to index first record
001 00 120 MOV DI, LENGTH ESPRIT ; Loop control for adding
0018 88942203 121 GETRECORD: MOV DX, ESPRIT[SI) ; Load current record into DX
001C 81E2800F 122 AND DX, MASK DIBSB ; Set irrelevant bits to 0
0020 B107 123 MOV CL, DIBSB ; Field-name is shift count
oozt oo i e o e dole
y ; Subtrac s fie TOom sum
gggg ‘BH%CGOZ 126 ADD SI, TYPE ESPRIT : Bump SI to index next record
127 DEC DI ; Loop control
002A 75EC 128 JNZ GETRECORD : Get another if DIC0
129 H
130 ;
131 ;
132 ; Push the grand total on the stack, and call DIDDLE.
133
002¢ 50 134 ! PUSH AX
002D 9A0000~~=~ E 132 CALL DIDDLE ; Need EXTRN for DIDDLE
13
137 i
138 H
139 ; When DIDDLE returns, we're done, and return to the calling routine.
140 H
0032 CB 141 ! RET
142 COMPUTE ENDP ; End of procedure COMPUTE
———— 143 ILLUSTRATION ENDS ; End of segment ILLUSTRATION
1y END ; End of assembly
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MCS-86 MACRO ASSEMBLER

SAMPLE

XREF SYMBOL TABLE LISTING

NAME

?2?SEG . . .
COMPUTE . .
DATA2 .

DIBSA .

DIBSB .

DIBSC . . . .
DIDDLE. . . .
ELAN, . . . .
ESPRIT. . . .
FLDA. . . . .
FLDB. . . .
FLDC. . . .
FLDD. . .
FOO . . . .
GETRECORD
ILLUSTRATION.
INITIALIZE.
PANACHE .
STACK BTM .
STACK_INIT,
STACK3. . . .
SUM . .
TEMP. . .
VERVE . .

TYPE
SEGMENT

. SEGMENT

SEGMENT
L NEAR
V WORD
RECORD

ASSEMBLY COMPLETE, NO

VALUE

0000H

0CH

O7H

00H

0000H
00CAH
0322H
0000H
0001H
0003H
0005H
0002H
0018H

0000H
07DOH

0009H
0000H

ERRORS

ATTRIBUTES, XREFS

SIZE=0000H PARA PUBLIC
ILLUSTRATION 84# 142
SIZE=03EAH PARA 34 47 76
VERVE WIDTH=4 35#

VERVE WIDTH=5 35# 122 123
VERVE WIDTH=7 35#

EXTRN 734 135

DATA2 28# 105 106 107

DATA2 44# 120 121 126

S FIELD 15#

S FIELD 16#

S FIELD 17# 106

S FIELD 18#

DATA2 6# 90

ILLUSTRATION 1214 128
SIZE=0033H PARA THH# TS5 143
STACK_INIT 63# 68
SIZE=0006H #FIELDS=4 14 19# 28
STACK3 56# 66

SIZE=0009H PARA 61# 62 69
SIZE=07DOH PARA S4¥ 57 64
ILLUSTRATION 106# 108

DATA2 5#

SIZE=2 WIDTH=16 35# 44

FOUND

Sample Program

PAGE

3
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APPENDIX L
MACRO PROCESSOR LANGUAGE

This appendix is intended as a supplementary reference for the macro language and
as a guide to more advanced use of the macro processor. It is assumed that the
reader is already familiar with the introductory material on macros presented in
Chapter 7.

Terminology and Conventions

A percent sign will be used as the Metacharacter throughout this appendix although
the user may temporarily change the metacharacter by using the METACHAR
function.

The term ‘‘logical blank’ refers to a blank, horizontal tab, carriage return, or
linefeed character.

Throughout the appendix the term ‘‘parameter’” refers to what are sometimes
known as ‘‘dummy parameters’’ or ‘‘formal parameters’’ while the term ‘‘argu-
ment’’ is reserved for what are sometimes known as ‘‘actual parameters’’. The terms
““Normal’’ and ‘‘Literal’’, names for the two fundamental modes used by the macro
processor in reading characters, will be capitalized in order to distinguish these
words from their ordinary usage.

In the syntax diagrams, non-terminal syntactic types are represented by lower case
words, sometimes containing the break character, ¢“__"’. If a single production con-
tains more than one instance of a syntactic type each instance may be followed by a
unique integer so that the prose description may unambiguously refer to each
occurrence. Opening and closing quotes (‘‘ and *’) are used to refer to literally-coded
character sequences.

Basic Elements of the Macro Language

Identifiers

With the exception of some built-in functions, all macro processor functions begin
with an identifier, which names the function. Parameters also are represented by
identifiers. A macro processor identifier has the following syntax.

id = alphabetic 1 id id__continuation

The alphabetic characters include upper and lower case letters. An id__continuation
character is an alphabetic character, a decimal digit, or the break character (*‘ "’

Examples:

WHILE Add__2 MORE_TO__DO Much__More

An identifier must not be split across the boundary of a macro and may not contain
Literal characters.
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For example,
“%%(FOO)"

is illegal. The first metacharacter is followed by the letters ““FOQO’’, but they do not
constitute an identifier since they are Literal characters.

“%ADD%SUFFIX"

where SUFFIX is defined as ““UP”’ is a call to ADD followed by a call to SUFFIX,
rather than a call to ADDUP, because identifiers may not cross macro boundaries.

A null-string bracket or escape function ( ““%()’’ or ““%0’’ ) will also end an iden-
tifier, and since these functions have no textual value themselves, may be used as
separators.

Example:
% TOM%OSMITH *’
concatenates the value of the macro, TOM, to the string, “SMITH"’.

This could also be done by writing, “%TOM%(SMITH)*’. Upper and lower case
letters are equivalent in their use in identifiers. (““CAT’’, “‘cat’’, and “‘cAt’’ are
equivalent.)

Text and Delimiters

“Text’’ is an undistinguished string of characters. It may or may not contain items
of significance to the macro processor. In general the MPL processor simply copies
characters from its input to its output stream. This copying process continues until
an instance of the metacharacter is encountered, whereupon the macro processor
begins analyzing the text that follows.

Each macro function has a calling pattern that must match the text in an actual
macro function call. The pattern consists of text strings, which are the arguments to
the function, and a number of delimiter strings.

For example,
“JOIN( FIRST, SECOND )"

might be a pattern for a macro, JOIN, which takes two arguments. The first argu-
ment will correspond to the parameter, FIRST, and the second to the parameter,
SECOND. The delimiters of this pattern are “‘(’’, *“,”’, and *“)”’.

A text string corresponding to a parameter in the pattern must be balanced with
respect to parentheses (see below). A delimiter which follows a parameter in the pat-
tern will be used to mark the end of the arg:ment in an actual call to the macro.

An argument text string is recognized by finding the specific delimiter that the pat-
tern indicates will end the string. A text string for a given argument consists of the
characters between the delimiter (or macro identifier) that precedes the text and the
delimiter which follows the text.

In the case of built-in functions, there are sometimes additional requirements on the

syntax of an argument. For example, the text of an argument might be required to
conform to the syntax for a numeric expression.
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Balanced Text

Arguments must be balanced with respect to left and right parentheses in the usual
manner of requiring that the string contain the same number of left and right paren-
theses and that at no point during a left to right scan may there have been more right
parentheses than left parentheses. (An ‘‘unbalanced’ parenthesis may be quoted
with the escape function to make the text meet this requirement.)

Expressions

Balanced text strings appearing in certain places in built-in macro processor func-
tions are interpreted as numeric expressions:

1. As arguments that control the execution of “‘IF’’, “WHILE”’, “REPEAT”,
and “SUBSTR” functions.

2. Asthe argument to the evaluate function, “EVAL”’.

Operators (in order of precedence from high to low):
Parenthesized Expressions

HIGH LOW

* [ MODSHLSHR

-+ -

EQ LT LE GT GE NE
NOT

AND

OR XOR

All arithmetic is performed in an internal format of 17-bit two’s complement
integers.

The Macro Processor Scanning Algorithm

Literal or Normal Mode of Expansion

At any given time, the macro processor is reading text in one of two fundamental
modes. When processing of the primary input file begins, the mode is Normal. Nor-
mal mode means that macro calls will be expanded, i.e. the metacharacter in the
input will cause the following macro function to be executed.

In the simplest possible terms, Literal mode means that characters are read Literally,
i.e. the text is not examined for function calls. The text read in this mode is similar to
the text inside a quoted character string familiar to most users of high level
languages; that is, the text is considered to be merely a sequence of characters having
no semantic weight. There are important exceptions to this very simple view of the
Literal mode. If the characters are being read from a user-defined macro with
parameters, the parameter references will be replaced with the corresponding argu-
ment values regardless of the mode. The Escape function and the Comment function
will also be recognized in either mode.

The mode can change when a macro is called. For user-defined macros, the presence
or absence of the call-literally character following the metacharacter sets the mode
for the reading of the macro’s value. The arguments to a user-defined macro are
evaluated in the Normal mode, but when the processor begins reading the macro’s
value, the mode changes to that indicated by the call. When the processor finishes
reading the macro’s definition, the mode reverts to what it was before the macro’s
processing began.

Macro Processor Language
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To illustrate, suppose the parameterless macros, CAT and TOM are defined as
follows.

CAT is: ““abcd % TOM efgh’’, and TOM is: ‘‘xyz’’

Now consider the text fragment,

“... %CAT, %*CAT ...”

Assume the string is being read in the Normal mode. The first call to CAT is
recognized and called Normally. Since CAT is called Normally, the definition of
CAT is examined for macro calls as it is read. Thus the characters “%TOM”’ in the
definition for CAT are recognized as a macro call and so TOM is expanded
Normally. The definition for TOM is read, but it contains no macro calls. After the
definition for TOM is processed, the mode reverts back to its value in reading CAT
(Normal). After the definition of CAT is processed the mode reverts back to its
original value (Normal). At this point, immediately before processing the comma
following the first call to CAT, the value of the text fragment processed thus far is:

‘... abcd xyz efgh”

Now the processor continues reading Normally, finally encountering the second call
to CAT, this time a Literal call. The mode changes to Literal as the definition of
CAT is read. This time the characters from the definition are read Literally. When
the end of the definition of CAT is reached the mode reverts to its original value
(Normal) and processing continues. The value of the entire fragment is,

... abcd xyz efgh, abcd % TOM efgh ...”".

The use of the call-literally character on calls to builtin macro functions is discussed
in the description of each function. The important thing to keep in mind when
analyzing how a piece of text is going to be expanded is the Normal or Literal Mode
of the environment in which it is read.

The Call Pattern

In general, each macro function has a distinctive name which follows the
metacharacter (and possibly the call-literally character). This name is usually an
identifier, although a few built-in functions have other symbols for names. For iden-
tifier named functions, the macro processor allows the identifier to be the result of
another macro call.

For example, suppose the macro, NAME, has the value “BIGMAC”’ and that the
macro BIGMAC has the calling pattern, “BIGMAC X & Y;”’. Then the call,

“... % %NAME catsup & mustard; ...”’

is a call to the macro BIGMAC with the first argument having the value, ‘‘ catsup ’
and the second argument having the value, ‘‘ mustard’’.

Associated with this name is, possibly, a pattern of delimiters and parameters which
must be matched if the macro call is to be syntactically correct. The pattern for each
builtin macro function is described in the section of this appendix dealing with that
function. The pattern for a user-defined macro is defined at the time the macro is
defined.
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At the time of a macro call, the matching of text to the pattern occurs by using the
delimiters one at a time, left to right. When a delimiter is located, the next delimiter
of the pattern becomes the new goal. The delimiters in the call are separated by
either argument text (if there was a corresponding parameter in the macro’s defini-
tion pattern), or by any number of logical blanks (in the case of adjacent delimiters
in the pattern). The argument text corresponding to a parameter in the definition
pattern becomes the value of the parameter for the duration of the macro’s expan-
sion. Null arguments are permitted.

See the section ‘‘Macro Definition and Invocation’’ for more information on
delimiters and their relationship to argument strings.

Evaluation of Arguments—Parameter Substitution

MPL uses ‘‘call-by-immediate-value’’ as the ordinary scheme for argument evalua-
tion. This means that as the text is being scanned for the delimiter which marks the
end of an argument, any macro calls will be evaluated as they are encountered. In
order to be considered as a possible delimiter, characters must all be on the same
level of macro nesting as the metacharacter which began the call. In other words, the
arguments to a macro can be any mixture of plaintext and macro calls, but the
delimiters of a call must be plaintext.

For example, suppose STRG is defined as ‘‘dogs,cats’” and MACI1 is a macro with
the calling pattern, “MACI(P1, P2)”’. Then in the call,

“... WMACI1( %STRG, mouse) ...”’
the first argument will be ¢* dogs,cats’’ and the second argument will be ¢ mouse’’.
The comma in the middle of the first argument is not taken as the delimiter because
it is on a different level from the metacharacter which began the call to MAC1.
When all arguments of a macro have been evaluated, the expansion of the body
begins, with characters being read either Normally or Literally as discussed under
‘‘Literal or Normal Mode of Expansion’’. One should keep in mind that parameter

-substitution is a high priority function, i.e. arguments will be substituted for
parameters even if the macro has been called Literally.

The Evaluate Function

The syntax for the Evaluate function is:

evaluate__function = “EVAL”’ “‘(’’ expr ‘)"’

The single argument is a text string which will be evaluated as a numeric expression,
with the result returned as a text string.

Examples:
%EVAL(?) evaluates to “07H”’
%EVAL((7+3)*2) evaluates to ““14H”’

If NUM has the value ‘“‘0101B’’ then %EVAL( % NUM - 5) evaluates to ‘*‘O0H”’
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Numeric Functions: LEN, and String
Compare Functions

These functions take text string arguments and return some numeric information in
the form of hexidecimal integers.

length__function = ““LEN”’ “‘(’ balanced__text ‘)"’
string__compare__function = op__code ‘‘(’’ balanced__text **,’’ balanced__text ¢*)”’
op_code=EQSIGTS I LTSINES | GES | LES

The length numeric function returns an integer equal to the number of characters in
the text string. The string comparison functions all return the character representa-
tion for minus one if the relation between the strings holds, or zero otherwise. These
relations are for string compares. These functions should not be confused with the
arithmetic compare operators that might appear in expressions. The ASCII code for
each character is considered a binary number and represents the relative value of the
character. ‘‘Dictionary’’ ordering is used: Strings differing first in their Nth
character are ranked according to the Nth character. A string which is a prefix of
another string is ranked lower than the longer string.

The Bracket Function

The bracket function is used to introduce literal strings into the text and to prevent
the interpretation of functions contained therein, (except the high priority functions:
comment, escape, and parameter substitution). A call-literally character is not
allowed; the function is always called Literally.

bracket__function = ‘‘(>’ balanced__text ¢‘)”’

The value of the function is the value of the text between the matching parentheses,
evaluated Literally. The text must be balanced with respect to left and right paren-
theses. (An unbalanced left or right parenthesis may be quoted with the escape func-
tion.) Text inside the bracket function that would ordinarily be recognized as a func-
tion call is not recognized; thus, when an argument in a macro call is put inside a
bracket function, the evaluation of the argument is delayed—it will be substituted as
it appears in the call (but without the enclosing bracket function).

The null string may be represented as %¢().

Examples:
%(This is a string.) %( %EVAL(%NUM))
evaluates to: evaluates to:
““This is a string.”’ “BEVAL(%NUM) >’

The Escape Function

The escape function provides an easy way to quote a few characters to prevent them
from having their ordinary interpretation. Typical uses are to insert an ‘‘unbal-
anced’’ parenthesis into a balanced text string, or to quote the metacharacter. The
syntax is: .

escape__function = /* A single digit, 0 through 9, followed by
that many characters. */
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The call-literally character may not be present in the call. The escape function is a
high priority function, that is one of the functions (the others are the comment func-
tions and parameter substitution) which are recognized in both Normal and Literal
mode.

Examples:

“.%2%% ...”” evaluates to ¢“... %% ...”’
“... %(ab%]1)cd) ...” evaluates to ... ab)ed ...”’

Macro Definition and Invocation

The macro definition function associates an identifier with a functional string. The
macro may or may not have an associated pattern consisting of parameters and/or
delimiters. Also optionally present is a list of local symbols. The syntax for a macro
definition is:

macro__def__function =
“DEFINE” “‘(’’ macro__id define__pattern ¢)’’ [ “LOCAL”’ id__list ]
““(’’ balanced__text ‘¢)”’

The define__pattern is a balanced string which is further analyzed by the macro pro-
cessor as follows:

define__pattern=[ parm__id ][ delimiter__specifier ]

delimiter__specifier = /*String not containing non-Literal
id__continuation, logical blank, or
“@?’’ characters. */

| “@” delimiter__id
The syntax for a macro invocation is as follows:

macro__call = macro__id [ call__pattern ]

call__pattern = /* Pattern of text and delimiters
corresponding to the definition
pattern. */

As seen above, the macro__id optionally may be defined to have a pattern, which
consists of parameters and delimiters. The presence of this define pattern specifies
how the arguments in the macro call will be recognized. Three kinds of delimiters
may be specified in a define pattern. Literal and Identifier delimiters appear explic-
itly in the define pattern, while Implied Blank delimiters are implicit where a
parameter in the define pattern is not followed by an explicit delimiter. Literal
delimiters are the most common and typically include commas, parentheses, other
punctuation marks, etc. Id delimiters are delimiters that look like and are recognized
like identifiers. The presence of an Implied Blank delimiter means that the preceding
argument is terminated by the first logical blank encountered. We will examine these
various forms of delimiter in greater detail later in this description.

Recognition of a macro name (which uniquely identifies a macro) is followed by the
matching of the call pattern to the define pattern. The two patterns must match for
the call to be well-formed. It must be remembered that arguments are balanced
strings, thus parentheses can be used to prevent an enclosed substring from being
matched with a delimiter. The strings in the call pattern corresponding to the
parameters in the define pattern become the values of those parameters.

Macro Processor Language
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Reuse of the name for another definition at a later time will replace a previous
definition. Built-in macro processor functions (as opposed to user-defined macros)
may not be redefined. A macro may not be redefined during the evaluation of its
own body. A parameter may not be redefined within the body of its macro.

Parameters appearing in the body of a macro definition (as parameter substitution
functions) are preceded by the metacharacter. When the body is being expanded
after a call, the parameter substitution function calls will be replaced by the value of
the corresponding arguments.

The evaluation of the balanced__text that defines the body of the macro being
defined is evaluated in the mode specified by the presence or absence of the call
literally character on the call to DEFINE. If the DEFINE function is called Nor-
mally, the balanced text is evaluated in the Normal mode before it is stored as the
macro’s value. If the define function is called Literally, the balanced__text is
evaluated Literally before it is stored.

Literal Delimiters
A Literal delimiter which contains id__continuation characters, ‘‘@’’, or logical

blanks must be quoted by a bracket function, escape function, or by being produced
by a Literal call. Other literal delimiters need not be quoted in the define pattern.

Example 1:

%*DEFINE ( SAY(ANIMAL,COLOR) ) (THE %ANIMAL IS %COLOR.)
%SAY(HORSE,TAN)

produces,

THE HORSE IS TAN.

Example 2:

%*DEFINE (REVERSE [ P1 %(.AND.) P2]) (%P2 %P1)
%REVERSE [FIRST.AND.SECOND]

produces,

SECOND FIRST

Id Delimiters

Id delimiters are specified in the define pattern by using a delimiter__specifier
having the form, “@ id’’. The following example should make the distinction
between literal and identifier delimiters clear. Consider two delimiter__specifiers,
“0(AND)”’ and “@AND ”’ (the first a Literal delimiter and the second an Id
delimiter), and the text string,

‘... GRAVEL, SAND AND CINDERS ..."”
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Using the first delimiter specifier, the first ‘““‘AND’’, following the letter *‘S’’, would
be recognized as the end of the argument. However, using the second delimiter
specifier, only the second ‘““AND’’ would match, because the second delimiter is
recognized like an identifier. Another example:

Definition:

%*DEFINE (ADD P1 @TO P2 @STORE P3.)
( MOV %P1

ADD AL,%P2

MOV  %P3,AL
)

Macro call:
%ADD TOTAL1 TO TOTAL2 STORE GRAND.

Generates:
MOV  TOTAL1
ADD AL, TOTAL2
MOV  GRAND

Implied Blank Delimiters

If a parameter is not followed by an explicit Literal or Id delimiter then it is ter-
minated by an Implied Blank delimiter. A logical blank is implied as the terminator
of the argument corresponding to the preceding parameter. In this case any logical
blank in the actual argument must be literalized to prevent its being recognized as
the end of the argument. In scanning for an argument having this kind of delimiter,
leading non-literal logical blanks will be discarded and the first following non-literal
logical blank will terminate the argument.

Example:

%*DEFINE (SAY ANIMAL COLOR ) (THE %ANIMAL IS %COLOR.)

The call,
%SAY HORSE TAN

will evaluate to,

THE HORSE IS TAN.

In designating delimiters for a macro one should keep in mind the text strings which
are likely to appear as arguments. One might base the choice of delimiters for the
define pattern on whether the arguments will be numeric, strings of identifiers, or
may contain embedded blanks or punctuation marks.

LOCAL Macros and Symbols

The LOCAL option can be used to designate a list of identifiers (separated by
blanks) that will be used within the scope of the macro for local macros. A reference
to a LOCAL identifier of a macro occuring after the expansion of the text of the
macro has begun and before the expansion of the macro is completed will be a
reference to the definition of this local macro. Every time a macro having the
LOCAL option is called, a new incarnation of the listed symbols is created. The
local symbols thus have dynamic, inclusive scope.
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At the time of the call to a macro having locals, the local symbols are initialized to a
string whose value is the symbol name concatenated with a unique number‘. The
number is generated by incrementing a counter each time a local declaration is
made.

Definition:

%*DEFINE (MAC1 (FIRST,SECOND, THIRD)) LOCAL LABL
(%LABL: MOV BX,%FIRST

MOV  AX,[BX]

MOV BX,%SECOND

MOV CX,[BX]

MOV BX,%THIRD

MOV DX,[BX])

Macro call:

%MACI(ITEM,NEXT,ANOTHER)

Generates: (Typically, depending on value for local, ““LABL”’)

LABL3: MOV BX,ITEM
MOV  AX,[BX]
MOV  BX,NEXT
MOV  CX,[BX]
MOV BX,ANOTHER
MOV DX,[BX]

The ControI‘Functions: IF, REPEAT, and WHILE

These functions can be used to alter the flow of control in a sense analogous to that
of their similarly named counterparts in procedural languages; however, they are
different in that they may be used as value generating functions as well as control
statments.

The three functions all have a “‘body’’ which is analogous to the defined value, or
body, of a user-defined macro function. The syntax of these functions is:

if_functioﬂ - ((IFH (‘(” expr ‘()1’ ‘4THEN,! ‘((” body “)” [ ‘(ELSE’, ‘((” body (‘)” ] “FI”
repeat__function = “REPEAT” ““(’ expr *)’’ *‘(’’ body ‘)"’

while__function = “WHILE” “(’’ expr **)” *‘(’’ body **)”’

The expressions will evaluate to binary numbers. As in PL/M 80, two’s comple-
ment representation is used so that negative expressions will map into a large
positive number (e.g., “—1°’ maps into OFFFFH). The bodies of these functions are
balanced__text strings, and although they look exactly like arguments in the syntax
diagrams, they are processed very much like the bodies of user-defined macro func-
tions; the bodies are ‘‘called”’ based upon some aspect of the expression in the IF,
REPEAT, or WHILE function. The effects for each control function are described
below.
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The IF Function

The first argument is evaluated Normally and interpreted as a numeric expression.

If the value of the expression is odd (=TRUE) then the body of the THEN phrase is
cvaluated and becomes the value of the function. The body of the ELSE clause is not
evaluated.

If the value of the expression is even (=FALSE) and the ELSE clause is present, then
the body of the ELSE phrase is evaluated and becomes the value of the function.
The body of the THEN clause is not evaluated. Otherwise, the value is the null
string.

In the cases in which the body is evaluated, evaluation is Normal or Literal as deter-
mined by the presence or absence of the call- literally character on the IF.

Examples:
%IF (% VAL GT 0) THEN( %DEFINE(SIGN)(1) ) ELSE( %DEFINE(SIGN)(0) ) FI

If the value of the numeric symbol VAL is positive, then the SIGN will be defined as
““1°’; otherwise, it will be defined as “‘0”’. In either case the value of the IF function
is the null string.

%DEFINE(SIGN) (%IF (% VAL GT 0) THEN(1) ELSE(0) FI)

This example has exactly the same effect as the previous one.

The REPEAT Function

The REPEAT function causes its body to be expanded a predetermined number of
times. The first argument is evaluated Normally and interpreted as a numeric expres-
sion. This expression, specifying the number of repetitions, is evaluated only once,
before the expansion of the text to be repeated begins. The body is then evaluated
the indicated number of times, Normally or Literally, as determined by the presence
or absence of the call- literally character on the REPEAT and the resulting string
becomes the value of the function. A repetition number of zero yields the null string
as the value of the REPEAT function call.

Examples:
Rotate the accumulator of the 8080 right six times:
%REPEAT (6)
( RRC
)

Generate a horizontal coordinate line to be used in plotting a curve on a line printer.
The line is to be 101 characters long and is to be marked every 10 characters:

%REPEAT (10) (+%REPEAT (9) (.))+
evaluates to:

LTI Forrennns Foeennns +.... (etc.) ...+......... +
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The WHILE Function

The WHILE function tests a condition to determine whether the body is to be
evaluated. The first argument is evaluated Normally and interpreted as a numeric
expression. If the expression is TRUE (=odd) then the body is evaluated, and after
each evaluation, the condition is again tested. Reevaluation of the functional string
continues until the condition fails (i.e. the value of the expression is an even
number).

The body of the WHILE function is expanded Normally or Literally depending on
how the function was called.

Example:

%WHILE (%! LT10) (...
... %IF (% FLAG) THEN(%DEFINE(!) (20)) FI

)

The EXIT Function
The syntax for EXIT function is:

exit__function = “EXIT”’
This function causes termination of processing of the body of the most recently
called REPEAT, WHILE, or user-defined macro. The value of the text already
evaluated becomes the value of the function. The value of the exit function, itself, is
the null string.
Example:

%WHILE (%Cond) ( ...

‘.’};IF (%FLAG) THEN (%EXIT) FI

)

Console Input and Output

The Macro Processor Language provides functions to allow macro time interaction
with the user.

The IN function allows the user to enter a string of characters from the console. This
string becomes the value of the function. The IN function will read one line from the
console (including the terminating carriage return line feed).

The OUT function allows a string to be output to the console output device. It has
the null string as a value. Before it is written out, the string will be evaluated Nor-
mally or Literally as indicated by the mode of the call to OUT.

The syntax of these two functions is:

in__function = “IN”’

out__function = “OUT”’ “(*’ balanced__text ‘)"’
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Examples:

%OUT (Enter the date:)
%DEFINE(DATE)(%IN)

(Note that DATE will include <CR> <LF>. Refer to MATCH in Chapter 7 for one
way to strip off <CR> <LF>. You can use SUBSTR with LOCAL for another.)

The Substring Function
The syntax of the substring function is:

substr__function =
“SUBSTR”’ ““(>’ balanced__text ““,”’ exprl *,”’ expr2 ‘)"’

The text string is evaluated Normally or Literally as indicated by the mode of the call
to SUBSTR. Assume the characters of the text string are consecutively numbered,
starting with one. If expression 1 is zero, or greater than the length of the text string,
then the value of this function is the null string. Otherwise, the value of this function
is the substring of the text string which begins at character number expression 1 of
the text string and continues for expression 2 number of characters or to the end of
the string (if the remaining length is less than expression 2).

Examples:

%SUBSTR (ABCDEFGH,3,4) has the value *‘CDEF”’
%SUBSTR (%(A,B,C,D,E,F,G),2,100) has the value ““,B,C,D,E,F,G”

The MATCH Function
The syntax of the MATCH function is:

match__function =
“MATCH” “(’’ idl delimiter__specifier id2 ¢)’’ ¢‘(’’ balanced__text ‘)’

The MATCH function uses a pattern that is similar to the define pattern of the
DEFINE function. It contains two identifiers, both of which are given new values as
a result of the MATCH function, and a delimiter__specifier. The
delimiter__specifier has the same syntax as that of the DEFINE function. The
balanced__text is evaluated Normally or Literally, as indicated by the call of
MATCH, and then scanned for an occurrence of the delimiter. The algorithm used
to find a match is exactly the same as that used to find the delimiter of an argument
to a user-defined macro. If a match is found, then id1 will be defined as the value of
the characters of the text which precede the matched string and id2 will be defined as
the value of the characters of the text which follow the matched string. If a match is
not found, then idl will be defined as the value of the text string, and id2 will be
defined as the null string. The value of the MATCH function is always the null
string.

Examples:
Assume XYZ has the value ‘¢100,200,300,400,500°’. Then the call,
% MATCH(NEXT,XYZ) (%XYZ)

results in NEXT having the value ‘100 and XYZ having the value
¢¢200,300,400,500,

Macro Processor Language
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%DEFINE (LIST) (FLD1,3E20H,FLD3)

%WHILE (%LEN(%LIST) NE 0)

( %MATCH(PARM,LIST) (%LIST)
MOV  [BX],%PARM
INC  BX

)
The above will generate the following code:

MOV  [BX],FLD1

INC BX

MOV  [BX],3E20H
INC BX

MOV  [BX],FLD3
INC BX

Assume that SENTENCE has the value ‘“The Cat is Fat.”” and that VERB has the
value ““is’’, then the call,

%MATCH(FIRST %VERB LAST) (%SENTENCE)

results in FIRST having the value ““The Cat >’ and LAST having the value ¢ Fat.”’.

The Comment Function

The comment function allows the programmer to comment his macro definition
and/or source text without having the comments stored into the macro definitions
or passed on to the host language processor. The call-literally character may not be
present in the call to the comment function. The syntax is:

comment__function= ‘""" text €22 1 linefeed

When a comment function is recognized, text is unconditionally skipped until either
another apostrophe is recognized, or until a linefeed character is encountered. All
text, including the terminating character, is discarded; i.e. the value of the function
is always the null string. The comment is always recognized except inside an escape
function. Notice that the comment function provides a way in which a programmer
can spread out a macro definition on several lines for readability, and yet not
include unwanted end of line characters in the called value of the macro.

Examples:

%’ This comment fits within one line.’
% This comment continues through the end of the line. <LF>

The Metachar Function

The metachar function allows the programmer to change the character that will be
recognized by the macro processor as the metachar. The use of this function requires
extreme care. The value of the metachar function is the null string. The syntax is:

metachar__function = “METACHAR” ‘(> balanced__text ¢¢)”’
The first character of the balanced__text is taken to be the new value of the
metachar. The following characters cannot be specified as metacharacters: a logical

blank, left or right parenthesis, an identifier character, an asterisk, or control
characters (i.e. ASCII value < 20H).
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Note: See also the instruction set index at

the end of Chapter 5.

Absolute number, 3-4
Accessing
bytes as word, 2-12, 4-12
code as data, 2-12, 4-12
code in another segment, 2-7, 2-8
data as code, 4-12
data in another segment, 2-7, 2-8
labels (NEAR vs. FAR), 3-3
stack, the, 2-6, 2-15
variables, 3-1
bytes, words, doublewords, 3-2
Records, 3-10
Structures, 3-14
words as bytes 2-12, 4-12
accumulators, 8-bit, 4-3
accumulators, 16-bit, 4-3
Address
effective, 1-5, 2-4
of anonymous variable, 2-8
segment base, 2-4, 2-6
starting, 2-19
Addressing
anonymous variables, 2-8
modes, 4-1, 5-1
using base/index registers, 2-8, 2-10
variables in other segments, 2-4, 2-7
Align-type of segment, 2-2
Allocating
bytes, words, doublewords, 3-5
Records, 3-11
Structures, 3-14
the stack, K-1
Angle-brackets (< >)
hierarchy, 4-17
in record allocation, 3-12
in record expressions, 3-14, 4-16
in structure allocation, 3-15
Anonymous references, 2-8
Anonymous variables, 2-8
ASSUME directive, 2-4
Attributes
of code (Distance—Near, Far), 3-2
of data and code (Segment, Offset), 3-1
of data (Type—Byte, Word, Dword,
n), 3-2
Attribute Override Operators, 4-12

BYTE
type, 3-2
variables
access, 2-12, 4-6, 4-9
definition (DB), 3-5

CALL operand types, 2-13, 4-6
Classname, assembly-language, 2-3
Classname, PL/M-86, 2-3
Codemacros, 6-1

Combine-type for segments, 2-2

Constants, 3-3

as operands, 4-2
numbers, 3-4
RECORD constants, 3-14, 4-18
rules for forming, 3-4
segment/group names, 2-6, 2-11

Data definition
constants (using EQU), 4-18
labels (LABEL, : , PROC), 2-12, 3-9
RECORDs, 3-10
STRUCTUREs, 3-14
Variables
BYTEs (DB), 3-5
DWORDs (DD), 3-5
records (RECORD), 3-10
structures (STRUC), 3-14
WORDs (DW), 3-5
DUP clause, 3-9

END directive, 2-19
defining starting address, 2-19
Expressions
Address, 3-7
as EQU values, 4-18
Hierarchy of operators in, 4-17
Indexing, 2-8, 4-4, 4-9, 4-10
Precedence of operations in, 4-17
Record, 3-14, 4-18
Square-brackets, 2-8, 4-1, 4-4, 4-6, 4-9
Subscripts, 4-6
External symbols, 2-17, 2-18
EXTRN directive, definition, 2-17
EXTRN directive, placement of,
2-17, 2-18

Flags, processor. See Flag
registers
Flag registers, 4-5, C-1, J-1

GROUP directive, 2-11

Groups
ASSUME directive for 2-11
Defining, 2-11
Definition of, 2-11
Offsets within, 2-11, 4-15
Segment prefix for, 2-11
Using OFFSET operator in, 4-15

HIGH operator, 4-14

Identifiers
assembly language, 3-1
MPL, 7-10
Immediate operands, 4-2
Indexing, 4-9, 4-10
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Initializing
bytes, words, doublewords, 3-5
Records, 3-10
segment register, 2-6
Structures, 3-14
words, 3-5

JMP operand types, 4-6

LABEL directive, 2-12
defining a label, 2-12, 3-9
definition of label, 2-12
FAR definition, 3-2, 2-12, 3-9
NEAR definition, 3-2, 3-9
NEAR implicit (:) definition, 3-3, 2-12
using with code, 2-13
using with data, 2-13
Linked Lists, 4-11
Linking assembly modules. See Program
Linkage
Location Counter ($), 2-19
LSB (Least Significant Byte), 3-6

Macro Processor Language (MPL), 7-1
Arguments, 7-5
Arithmetic expressions, 7-11
Call-literally character (*), 7-3
Comments as macros, 7-7
Console I7/0. See IN, OUT
Control functions. See IF, REPEAT,
WHILE
DEFINE function, 7-2
Delimiter, 7-16
comma, 7-16
other, 7-16
EQ arithmetic relational operator, 7-11
EQS string-compare function, 7-12
EVAL function, 7-11
GT arithmetic relational operator, 7-11
GTS string-compare function, 7-12
Identifiers, 7-10

IF...THEN...[ELSE...] FI function, 7-13

IN function, 7-17
Interactive macro assembly, 7-17
LE arithmetic relational operator, 7-11
LEN function, 7-12
LES string-compare function, 7-12
Macro-time, 7-2
MATCH function, 7-16
Metacharacter (%), 7-3
NE arithmetic relational operator, 7-11
NES string-compare function, 7-12
OUT function, 7-17
Parameters, 7-5
Range of values, 7-11
REPEAT function, 7-15
SET function, 7-18
SUBSTR function, 7-18
Values, range of, 7-11
WHILE function, 7-15

MASK operator, 4-16

Memory operands, 4-6

MPL. See ““Macro Processor
Language

MSB (Most Significant Byte), 3-6

NAME directive, 2-16
NOTHING (in ASSUME), 2-4

OFFSET operator, 4-14
with GROUPs, 4-15
Operands
Immediate, 4-2
Memory, 4-6
Register
explicit, 4-3
implicit, 4-5
Operators
Attribute-overriding, 4-12
HIGH and LOW operators, 4-14
PTR (Pointer) operator, 4-12
Segment-override (:) operator, 4-13
SHORT operator, 4-13
THIS operator, 4-14
Record-specific
MASK, 4-16
Shift-count (record field-name), 4-16
WIDTH, 4-16
Value-returning
LENGTH operator, 4-16
OFFSET operator, 4-14
SEG operator, 4-14
SIZE operator, 4-15
TYPE operator, 4-15
Override
attribute, 4-12
record field, 3-10
segment, 2-7, 4-13
structure field, 3-17

PROC/ENDP directives, 2-14
Procedures

calling, 2-14

defining, 2-14

in-line execution of, 2-15

nested (lexically embedded), 2-15

recursive, 2-15

returning from, 2-16
Processor status flags. See Flag registers
Program linkage directive

END directive, 2-19

EXTRN directive, 2-17

NAME directive, 2-16

PUBLIC directive, 2-17
PTR (Pointer) operator, 4-12
PUBLIC directive, 2-17

Queues, 4-11

RECORDS
allocation using, 3-12
arrays of, 3-12
constants, 3-14, 4-2
defining, 3-11
definition of, 3-10
expressions, in, 3-14, 4-17
isolating fields of at run-time, 3-11, 4-16
overriding initial default values, 3-12
referencing, 3-11, 4-16
See also:
MASK operator, 4-16
Shift-count (record field-name)
operator, 4-16
WIDTH operator, 4-16



Recursive procedure, 2-15
Reentrant code, 2-15
Registers,
accumulators, 8-bit, 4-3
accumulators, 16-bit, 4-3
flag registers (1-bit), 4-6
general-purpose, 4-3, 4-5
pointer and index (BX, BP, DI, SI), 4-4
segment (CS, DS, ES, SS), 4-4
string instruction, use of—in, 2-10

SEG operator, 4-14 ©
SEGMENT/ENDS directive, 2-1 *
Segment . i
align-type, 2-2
calling another, 2-12, 2-14, 3-12, 4-6
calling within same, 2-12, 2-14, 3-12, 4-6
classname, 2-3
combine-type, 2-2
defining using SEGMENT/ENDS, 2-2
definition of, 2-2
embedded (lexically), 2-3
isolating 16-bit SEG value, 4-16
jumping to another, 3-12, 4-6
jumping within same, 3-12, 4-6
nested (lexically), 2-3
override, 4-13
prefix, 2-2, 2-7
register,
definition, 4-4
initializing, 2-6
loading, 2-6
use of with anonymous references, 2-8
use of in ASSUME directive, 2-4
use of in segment override, 2-7, 4-13
use of in segment prefix, 2-7, 4-13
relationship to assembly module, 2-1
Shift-count record operator
(field-name), 4-16

SIZE operator, 4-15

Square-brackets ([ ]), 2-8, 4-1, 4-6, 4-9, 4-10

Status flags. See Flag registers
String Instructions B
Codemacros, 6-1, A-1.
Coding with/without operands, 2-10
Default segments, 2-10
» Loading SI; DI for, 2-10
Operand forms, 2-10
_Overriding operand segments, 2-10
Structures

accessing fields of at run-time, 3-15, 4-10

allocating storage with, 3-15

arrays of, 3-15

defining using STRUC/ENDS, 3-14

definition of, 3-14

fields of, 3-14

initializing using default values, 3-15

overriding default values during
allocation, 3-16

simple (overridable) field, 3-16

Subscripted expressions, 4-6

Type attribute, 3-2
TYPE operator, 4-15

Variables
anonymous, 2-8, 4-9
byte, 3-5, 4-12
double-indexed, 4-10
doubleword, 3-5, 4-12
indexed, 4-9, 4-10
record, 3-10, 4-16
simple, 4-9
structure, 3-14
word, 3-5, 4-12

WIDTH operator, 4-16
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