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DAY 1 OBJECTIVES 

BY THE TIME YOU FINISH TODAY YOU WILL: 

• REVIEW BASIC 8086 ARCHITECTURE 
AND SEGMENTATION CONCEPTS 

• REVIEW BASIC ASM86 CONCEPTS 

• SEE THE ENTIRE INSTRUCTI()N SET 
OF THE 8086/88 

• USE ADVANCED SEGMENT ATTRIBUTES 
(ALIGN-TYPE, COMBINE-TYPIE, CLASSNAMES) 

• USE MODULAR PROGRAMMING TECHNIQUES 





CHAPTER 1 

ARCHITECTURAL REVIEW 

• DESCRIPTION OF THE iAPX 86,88 

• REVIEW OF THE iAPX 86,88 ARCHITECTURE 





ACCUMULATOR f--
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STACK 
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POINTER 

OURCE 
INDEX 

DESTINATION 
INDEX 

INTERNAL ARCHITECTURE 

BUS NTERFACE UMT (IIAJl 

8EGMENT 
REGISTERS 

8Y8TEM 
---- 8US 

• BIU PERFORMS ALL BUS TRANSFERS 

• EU EXECUTES ALL INSTRUCTIONS 

• INSTRUCTION FETCHES OVERLAPPED WITH INSTRUCTION EXECUTION 

- - -
AH 

- - -
BH 

- - -
CH 

- - -
DH 
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GENERAL REGISTERS 

AX 
-, - -

AL 

BX -, - -
BL 

CX 
-, - -

CL 

OX -, - -
DL 

SP 

BP 

SI 

DI 
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- -

- -

- -

- -

• DATA GROUP 

AX (ALlAH) 
BX (BL/BH) 
CX (CL/CH) 
OX (DL/DH) 

• POINTER AND INDEX GROU 

SP BX 
BP OX (1/0) 
SI 
01 



r 
""' FLAG WORD 

FLAGS 

II I I I I OF I OF IIF I TF I SF I ZF I I AFI I PF I I CF I 
CARRY ') 
PARITY 

I STATUS AUXLIARY 
CARRY FLAGS 
ZERO 

I 

SIGN ) 

- } INTERRUPT- CONTROL 
ENABLE FLAGS 
DIRECTION 

} STATUS 
OVERFLOW FLAG 

"- ..) 
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SEGMENT REGISTERS AND INSTRUCTION POINTER 

CODE • MEMORY IS MAPPED INTO LOGICAL 
SEGMENT CS 

SEGMENTS OF UP TO 64K BYTES EACH 
DATA 
SEGMENT OS 

STACK SS • THE SEGMENT REGISTERS POINT TO THE 
SEGMENT FOUR CURRENTLY ADDRESSABLE 
EXTRA ES SEGMENTS 
SEGMENT 

INSTRUCTION I • THE IP AND CS REGISTER WORK 

IP TOGETHER FOR ADDRESSING 
POINTER INSTRUCTION MEMORY 
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CODE CS: CCODE 

DATA OS: DATA1 

DATA ES: DATA3 

STACK SS: STACK 

o 

• THE 8086 CAN ACCESS ANY 
ITEM THAT RESIDES IN A 
SEGMENT CURRENTLY 
POINTED TO BY ONE OF THE 
SEGMENT REGISTERS. 

• TO ACCESS ITEMS IN OTHER 
SEGMENTS, THE SEGMENT 
REGISTER IS CHANGED TO 
POINT TO THE OTHER 
SEGMENT 

• WHAT IS THE MAXIMUM 
AMOUNT OF MEMORY THAT 
THE 8086 CAN ACCESS AT 
ANY GIVEN INSTANT? 

'---___ -' FFFFF 
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SEGMENT REGISTER CONTENTS 

SEGMENT REGISTER l 0020H 1 '---___ ...J 200H 
201H 

OFFSET I 58H I 

258H 

• THE SEGMENT REGISTER ALWAYS REFERENCES A 
HEXADECIMAL ADDRESS BOUNDARY IN MEMORY 
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APPLICATION OF THE SEGMENT REGISTERS 

CS--'" 

IP 

NEXT INSTRUCTION ---''--+I 

DS--~ 

OFFSET 

DATA ITEM ---'-.t 

SS --...-+ 

SP 

TOS ---' ........ 
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o 

FFFFF 

WHERE TO FIND MORE INFORMATION 

iAPX 86.88, 186/188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 

CHAPTER 3 - ARCHITECTURE AND INSTRUCTIONS 
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CHAPTER 2 
INSTRUCTION SET REVIEW : CONSTRUCTS 

• INSTRUCTION FORMAT 

• DATA DEFINITION 

• ASSUME STATEMENT 





SEGMENT DEFINITION 

NAME EXAMPLE 

STACK SEGMENT 

; STACK DEFINITIONS 

STACK ENDS 

DATA SEGMENT 

; DATA DEFINITIONS 

DATA ENDS 

CODE SEGMENT 
ASSUME CS: CODE, DS: DATA 
ASSUME SS: STACK 

; EXECUTABLE CODE 

CODE ENDS 
END 
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SEGMENT REGISTER INITIALIZATION 

CODE SEGMENT 

ASSUME CS:CODE, DS:DATA 
ASSUME SS:STACK 

MOY AX,DATA 
MOY DS,AX 
MOY AX,STACK 
MOY SS,AX 

• • • 
CODE ENDS 

• THE ASSUME DIRECTIVE IS A ·PROMISE- TO THE ASSEMBLER THAT 
INSTRUCTIONS AND DATA ARE ADDRESSABLE THROUGH CERTAIN 
SEGMENT REGISTERS. 

• THE ASSUME DIRECTIVE DOES NOT INITIALIZE THE SEGMENT REGISTERS. 

2-2 



INITIALIZATION AND MODIFICATION OF THE CS REGISTER 

RESET 

FFFFO r'1-J-M-P-S-T-A-RT-.... 

~ ca.FFFF 
IP =0 

CODE2 

PROC 1 PROC FAR 
• 
• 

RET 
PROC1 ENDP 

START: • 

• 
CALL PROC1 
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DATA DEFINITIONS 
TYPES 

DB - DEFINE BYTE 

OW - DEFINE WORD 

DO - DEFINE DOUBLE WORD 
(8087 SHORT REAL, SHORT INTEGER) 

DQ - DEFINE QUAD WORD 
(8087 LONG REAL, LONG INTEGER) 

DT - DEFINE TEN BYTE 
(8087 PACKED DE'CIMAL, TEMPORARY REAL) 

MORE ON 8087 DATA TYPES IN CHAPTER 10 ! 

EXAMPLES 

XYZ DB 7 : UNINITIALIZED BYTE 

ARRAY DB 100 DUP (7) : UNINITIALIZED ARRAY 

ABC DB 3 : INITIALIZED BYTE 

MSG1 DB 'WORKSHOPS': INITIALIZED ARRAY 

PI 

ANDY 

DQ 3.142 

DT 5 
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: INITIALIZED LONG REAL 

: INITIALIZED PACKED DECIMAL 



A TTRIBUTES OF DATA ITEMS 

• FOR EVERY DATA DEFINITION, THE ASSEMBLER KEEPS TRACK 
OF THREE ATTRIBUTES, 

- SEGMENT 

- OFFSET 

- TYPE 

• THE ASSEMBLER USES THESE ATTRIBUTES TO GENERATE THE 
CORRECT INSTRUCTION FORM, 

EXAMPLE: 
DATA_1 SEGMENT 

XYZ DB ? 

YYY OW ? 

DATA_1 ENDS 

CODE_1 SEGMENT 

MOV XYZ. 10H ; BYTE OPERATION 
; MOVE 10H INTO MEMORY LOCATION XYZ 

MOV YYY.20H; WORD OPERATION 

; MOVE 0020H INTO MEMORY LOCATION YYY 

2-5 

ASSEMBLY LANGUAGE INSTRUCTIONS 

• BYTE OR WORD OPERATIONS USE THE SAME MNEMONIC 

• IN GENERAL, BOTH OPERANDS MUST BE THE SAME TYPE, BYTE OR WORD 

• MOST OPERATIONS APPLY TO ANY OF THE GENERAL REGISTERS AND/OR 
MEMORY 

• IMMEDIATE DATA CAN ALSO BE SPECIFIED IN AN INSTRUCTION 

• EXAMPLES 

MOV 

MOV 

MOV 

MOV 

MOV 

MOV 

AL.BL 

AX,BX 

BX,AL 

AL,20 

BX,20 

FRED,10 

BYTE OPERATION 

WORD OPERATION 

ILLEGAL 

BYTE OPERATION 

WORD OPERATION 

WORD OPERATION (TYPE OF FRED IS WORD) 
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THE MEMORY OPERAND 

• MANY INSRUCTIONS CAN REFERENCE AN 

OPERAND IN MEMORY 

EG ADD FREI),1 

• OFFSET OF OPERAND MAY BE SPECIFIED By ..... . 

EG NOT TABLE [BX] - 6 

MORE ON THE USE OF ADDRESSING MODES IN CHAPTER 61 
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EXERCISE 2.1 

IF AN INSTRUCTION HAS THE OPTION OF AN OPERAND IN MEMORY, 
ANY OF THE AVAILABLE ADDRESSING MODES MAY BE USED. 

1. CAN THE XOR INSTRUCTION HAVE A MEMORY OPERAND? 

2. IF SO, DOES THE ADDRESSING MODE AFFECT THE TIMING OF 
THE INSTRUCTION (CLUE - 'EA') 

3. WHY SHOULD THE ADDRESSING MODE AFFECT THE TIMING? 

4. WHAT IS THE MINIMUM NUMBER OF CLOCKS THE FOLLOWING 
INSTRUCTION WOULD TAKE? .... 

XOR ARRAY BX ,AX 

LOOK IN THE ASM86 LANGUAGE REFERENCE MANUAL. 

EA = EFFECTIVE ADDRESS CALCULATION TIME. 
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ASSUME AND SEGMENT. OVE~RIDEPREFIXES 

NAME ",j(AMPLE 

DATA_1 SEGMENT 

XYZ OW ? 

BUFFER DB 100 DUP(?) 

DATA_1 ENDS 

DATA_2 SEGMENT 

ABC DB ? 

DATA_2 ENDS 
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ASSUME AND SEGMENT OVERRIDE PREFIXES 
(cont) 

CODE SEGMENT 

FIVE 

ASSUME 

DB 
MOV 
MOV 
MOV 
MOV . 

• 
MOV 
MOV 
ADD 
SUB 
XOR 

CODE ENDS 
END 

CS:CODE ,DS:DATA-1 iNO ASSUME FOR ES. 
6 
AX,DATA_1 
DS,AX 
AX,DATA-2 
ES,AX 

DS:XYZ,O 
AL,DS:BUFFER [6] 
AL,ES:ABC 
AL,FIVE 
AX, IP~ 

2-10 

;DS USED. NO OVERRIDE NECESSARY. 
;DS USED. NO OVERRIDE NECESSARY. 
;ES USED. OVERRIDE INSERTED. 
;es USED. OVERRIDE INSERTED BY ASM88 
JDS USED 



SEGMENT OVERRIDE 

• SEGMENT OVERRIDE PREFIX 

001 REG 110 

ONE BYTE PREFIX TO A MEMORY REFERENCE INSTRUCTION. THE "REG' 

FIELD IDENTIFIE,S THE SEGMENT REGISTER TO BE USED IN CALCULATING 
THE PHYSICAL ADDRESS. 
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• USE OF SEGMENT OVERRIDE 

OFFSET REGISTER DEFAULT 

IP (CODE ADDRESS) CS 

SP (STACK ADDRESiS) SS 

BP (STACK ADDRESS OR STACK MARKER) SS 

BX OS 

SI OR 01 (NOT INCL. STRINGS) OS 

SI (IMPLICIT SOURCE ADDR FOR STRINGS) OS 

01 (IMPLICIT DEST ,lI.DDR FOR STRINGS) ES 

NOTE: IF BP USED IN ADDRESSING MODE 
(eg MOV AX, [BP] [SI] ),SS IS USED 
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WITH OVERRIDE PREFIX 

NEVER 

NEVER 

OS, ES, OR CS 

ES, SS, OR CS 

ES, SS, OR CS 

ES, SS, OR CS 

NEVER 



WHERE TO FIND MORE INFORMATION 

ASM86 LANGUAGE REFERENCE MANUAL 

CHAPTER 2 -SEGMENTATION 

CHAPTER 3- DEFINING AND INITIALIZING DATA 

AN INTRODUCTION TO ASM86 
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CHAPTER 3 

INSTRUCTION SET REVIEW 

* INSTRUCTION SET BY CLASS 





DATA TRANSFER INSTRUCTIONS 

GENERAL PURPOSE 

MOV MOV BYTE OR WORD 

PUSH PUSH WORD ONTO STACK 

POP POP WORD OFF STACK 

XCHG EXCHANGE BYTE OR WORD 

XLAT TRANSLATE: BYTE 

INPUT I OUTPUT 

IN INPUT BYTE OR WORD 

OUT OUTPUT BYTE OR WORD 
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TRANSLA TE INSTRUCTION 

• USEFUL FOR TABLE LOOKUP 

TABLE DB 10,20,14,17,23,41,60,72 

IN AL,O 
LEA BX,TABLE 

XLATB 
OUT O,AL 
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ADDRESS OBJECT 

LEA LOAD EFFECTIVE ADDRESS 

* EXAMPLE - LEA BX,T ABLE [Sa 

LES/LDS LOAD POINTER USING ES/DS 

* USEFUL WITH STRING INSTRUCTIONS 

* USEFUL FOR ACCESSING POINTER PARAMETERS 
PASSED ON STACK 

* EXAMPLE - LOAD A POINTER PARAMETER FROM 
A STACK FRAME INTO ES:DI 

HI 

POINTER BASE ~ CBP] + 6 
POINTER OFFSET +- !}3pJ + 4 

LES DI , [BP] + 4 RETURN OFFSET ~ [BP] + 2 
SP -+ OLD BP ~ CBP] 

LO 
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STRING INSTRUCTIONS 

• ONE BYTE INSTRUCTIONS WITH AUTO INCREMENT/DECREMENT 
OF INDEX REGISTERS 

• OPERATE ON BYTES OR WORDS 

• CAN USE OPERANDS FOR TYPING (BYTE/WORD) OR MNEMOMIC 
(EG MOVSB, MOVSW) 

PRIMITIVES (OPERATE ON SINGLE BYTES/WORDS ONLY) 

MOVS MOVE BYTE OR WORD FROM SOURCE TO DESTINATION STRING 

CMPS COMPARE SOURCE TO DESTINATION STRING 

SCAS SCAN DESTINATION STRING FOR MATCH/NO MATCH WITH ALIAX 

STOS STORE ALI AX TO DESTINATION STRING 

LODS LOAD ALI AX FROM SOURCE STRING 
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STRING INSTRUCTIONS REGISTER AND FLAG USE 
SOURCE DESTINATION 

HI HI 
DF = 1 

CX 
! 
i 

DF:: 0 
DS:SI -+ ES:DI -+ 

LO LO 

• DIRECTION FLAG SPECIFIES AUTO INCREMENT IDECREMENT OF SIIDI 

• CAN OVERRIDE USE OF DS TO ADDRESS SOURCE SEGMENT 

REPEAT PREFIXES (REPEAT PRIMITIVE cx TIMES) 

REP REPEAT 

REPEIREPZ REPEAT WHILE EQUAL/ZERO (FLAG SET BY CMPS OR SCAS) 

REPNEIREPNZ REPEAT WHILE NOT EQUAL/NOT ZERO 
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EXAMPLE STRING INSTRUCTIONS AND REGISTER USAGE 
NAME CANTEEN_USAGE 

DAT A_1 SEGMENT 

STUDENT 

DATA_1 

DATA_2 

DB 14 DUP (7) 

ENDS 

SEGMENT 

CANTEEN_SEATS DB 50 DUP (7) 

ENDS 

SEGMENT 
ASSUME CS:CODE_1, DS:DATA_1, ES: DATA-2 

STUD_PTR DD STUDENT 

CANT-PTR DD CANTEEN_SEATS 

MOV_IT PROC 
LDS SI,STUD_PTR i LOAD DS:SI 
LES DI,CANT_PTR ; LOAD ES:DI 
MOV CX,LENGTH STUDENT ; LOAD REPEAT COUNT 

REP MOVS CANTEEN_SEATS,STUDENT ; MOVE ALL STUDENTS INTO 
RET CANTEEN 

MOV_IT ENDP 

CODE-1 ENDS 

END 
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8086 AND 8088 CENTRAL PROCESSING UNITS 

PRESENT 

r-----' 
I PREVIOUS 

INSTRUCTIONS ~ - --

L--T--J 
{

SliD!' CX 
AND OF WOULD 
TYPICALLY BE 
INITIALIZED HERE 

DECREMENT 
CX BY 1 

'II 

ADJUST 
SIIDI 

BY DELTA 

ABSENT 

r-----l 
I NEXT I 

INSTRUCTION L _____ J 

I 
/ 
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STRING OF 

BYTE 0 
BYTE 1 

WORD 0 
WORD 1 

DELTA 

1 
-1 
2 
-2 

PREFIX Z 

REPE 1 
REPZ 1 

REPNE 0 
REPNZ 0 

• 



EXAMPLE : STRING COMPARE 
NAME CHECK-PASSWORD 
PANIC EQU ~0H 
EMPLOYEE EQU 0FFH 

DATA 1 SEGMENT 
REPLY 
DATA 1 

CODE 1 

DB 80 DUP (?) 

ENDS 
SEGMENT 
ASSUME CS:CODE_l. DS:DATA_l, ES:CODE_l 

CORRECT REPLY DB 'OPEN SESAME' 
REPLY PTR DD REPLY 
CHECK PROC 

LES 
LEA 
MOV 

AGAIN: REPE CMPS 
JNE 
JCXZ 
JMP 

SPY: MOV 
RET 

OK: MOV 
RET 

CHECK ENDP 
CODE 1 ENDS 

END 

DI,REPLY PTR 
SI,CORREn REPLY 
CX,LENGTH rbRRECT REPLY 
REPLY,CORRECT REP[Y 
Spy -
OK 
AGAIN 
AX,PANIC 

AX,EMPLOYEE 
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LOAD ES :DI 
CS:SI ADDRESS CORRECT PASSWORD 
LOAD REPEAT COUNT 
CS OVERRIDE ON SOURCE 
STRINGS DID NOT COMPARE 
STRINGS COMPARE 
REPEAT UNFINISHED 



ITERATION CONTROLS 

• UNCONDITIONAL LOOPS : 

LOOP LOOP CX TIMES 

• LOOPS WITH CONDITIONAL TERMINATION : 

LOOPE/LOOPZ LOOP CX TIMES WHILE ZERO FLAG IS SET 

LOOPNE/LOOPNZ LOOP CX TIMES WHILE ZERO FLAG IS RESET 

• SAFETY FEATURE FOR USE WITH LOOPS : 

JCXZ SPECIAL JUMP TO TEST COUNT IN CX. 
A ZERO COUNT WOULD CAUSE A 64K 
LOOP COUNT. 
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UNCONDITIONAL TRANSFERS 

CALL CALL PROCEDURE 

RET RETURN FROM PROCEDURE 

JMP JUMP 

INT N 

INTO 

IRET 

INTERRUPTS 

SOFTWARE INTERRUPT TYPE N (N = 0 TO 255) 

INTERRUPT IF OVERFLOW FLAG SET 

RETURN FROM INTERRUPT 
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FLAG TRANSFER 

LAHF 

SAHF 

PUSHF 

POPF 

FLAG INSTRUCTIONS 

LOAD AH FROM FLAGS (LS BYTE OF FLAGS REGISTER) 

STORE AH INTO FLAGS 

PUSH FLAGS ONTO STACK 

POP STACK INTO FLAGS 

FLAG OPERATIONS 

STC SET CARRY FLAG 

CLC CLEAR CARRY FLAG 

CMC COMPLEMENT CARRY FLAG 

STD SET DIRECTION FLAG 

CLD CLEAR DIRECTION FLAG 

STI SET INTERRUPT ENABLE FLAG 

CLI CLEAR INTERRUPT ENABLE FLAG 
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HOW DO I KNOW IF AN INSTRUCTION WILL 
AFFECT THE FLAGS? 

• SEE ASM86 LANGUAGE REFERENCE MANUAL ••.. 

EFFECT 
CODE 

x 

EFFECT 

MODIFIED BY THE INSTRUCTION ; 
RESULT DEPENDS ON OPERANDS 

NOT MODIFIED 

U UNDEFINED AFTER THE INSTRUCTION 

1 SET TO 1 BY THE INSTRUCTION 

o SET TO 0 BY THE INSTRUCTION 
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CONDITIONAL TRANSFERS 

• THREE TYPES OF CONDITIONAL JUMP ... 

- FOR UNSIGNED NUMBERS (USE' ABOVE' AND 
'BELOW') 

- FOR SIGNED NUMBERS (USE 'GREATER' AND 'LESS') 

- FOR EITHER (THEY EXAMINE INDIVIDUAL FLAGS) 

• OPTIONAL MNEMONICS FOR SOME CONDITIONAL JUMPS 

• ALL CONDITIONAL JUMPS ARE SHORT JUMPS (THEY JUMP 
+127/-128 BYTES) 

UNSIGNED: 

SIGNED: 

FLAGS: 
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CONDITIONAL TRANSFERS 

JA I JNBE JUMP IF ABOVE I NOT BELOW OR EQUAL 

JAE I JNB JUMP IF ABOVE OR EQUAL I NOT BELOW 

JBE I JNAE JUMP IF BELOW OR EQUAL I NOT ABOVE 

NOR EQUAL 

JB I JNA JUMP IF BELOW I NOT ABOVE 

JG I JNLE 

JGE I JNL 

JL I JNGE 

J(N)C 

JUMP IF GREATER I NOT LESS NOR EQUAL 

JUMP IF GREATER OR EQUAL I NOT LESS 

JUMP IF LESS I NOT GREATER OR EQUAL 

JUMP IF CARRY FLAG (NOT) SET 

J(N)ZI J(N)Z JUMP IF ZERO FLAG (NOT) S!:T 

J(N)O JUMP IF OVERFLOW FLAG (NOT) SET 

J(N)S JUMP IF SIGN FLAG (NOT) SET 

JPE/JPO JUMP IF PARITY EVENlODD 
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BIT MANIPULATION INSTRUCTIONS 

LOGICALS 

NOT COMPLEMENT ALL BITS 

AND, OR, XOR LOGICAL AND, OR, EXCLUSIVE OR 

TEST NON-DESTRUCTIVE AND FOR TESTING BITS 

SHIFTS (ONE PLACE OR CL TIMES) 

SHLISAL 

SHR 

SAR 

SHIFT LEFT I ARITHMETIC LEFT 

SHIFT RIGHT 

SHIFT ARITHMETIC RIGHT 

ROTATES (ONE PLACE OR CL TIMES) 

ROL 

ROR 

RCL 

RCR 

ROTATE LEFT 

ROT A TE RIGHT 

ROTATE LEFT THROUGH CARRY 

ROTATE RIGHT THROUGH CARRY 
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ARITHMETIC INSTRUCTIONS 

ADDITION 

ADD ADD 

ADC ADD WITH CARRY 

INC INCREMENT 

SUBTRACTION 

SUB SUBTRACT 

SBB SUBTRACT WITH BORROW 

DEC DECREMENT 

CMP COMPARE (NON-DESTRUCTIVE SUBTRACT) 

NEG NEGATE 
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ARITHMETIC INSTRUCTION 
(CO NT.) 

MULTIPLICATION (8*8= 16 BITS OR 16*16 = 32 BITS) 

MUL UNSIGNED MULTIPLY 

IMUL INTEGER MUL TIPL Y 

DIVISION (16 18== 8 BITS OR 32 I 16 = 16 BITS) 

DIV UNSIGNED DIVIDE 

IDIV INTEGER DIVIDE 

QUESTION: WHAT HAPPENS IF THE RESULT 0 F A DIVISION 
WILL NOT FIT INTO THE DESTINATION REGISTER 
(PROBABLY BECAUSE OF A DIVIDE BY ZERO)? 
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THE ADJUST INSTRUCTIONS) 

DECIMAL ADJUSTMENTS: 

DAA: DECIMAL ADJUST FOR ADD - ADD TWO BCD 
NUMBERS, ADJUST RESULT 

EXAMPLE: 

MOV 

ADD 

DAA 

AL,26H 

AL,27H 

; BCD 26 

; ADD BCD 27, RESULT IS 4DH 

; RESULT IS ADJUSTED TO BCD 53 

* CARRY FLAG WILL INDICATE 100 (MAXIMUM SUM WOULD 99 + 99 = 198) 

* ONLY WORKS FOLLOWING ADDITION OF TWO PACKED BCD DIGITS 
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THE ADJUST INSTRUCTIONS 
(CO NT.) 

DAS : DECIMAL ADJUST FOR SUBTRACT 

* CARRY FLAG INDICATES 100 'BORROWED' 

* ONLY WORKS FOLLOWING SUBTRACTION OF TWO PACKED BCD DIGITS 

EXAMPLE: 

MOV 

SUB 

DAS 

AL,a 

AL,27H 

; AL = BCD a 

i SUBTRACT BCD 27, RESULT IS DFH 

i RESULT ADJUSTED TO 79, CARRY FLAG SET 

* RESULT WAS a - 27 = -21. 100 WAS BORROWED FROM NEXT MOST SIGNIFICANT 
BYTE OF THE OPERAND (WHEN SUBTRACTING STRINGS OF BCD NUMBERS). CARRY 
INDICATES 100 WAS BORROWED, -21 + 100 = 79. 

** CAN ADD/SUBTRACT BCD STRINGS USING SEVERAL ADD/SUBTRACT AND DAAlDAS 
INSTRUCTIONS CONNECTED BY CARRY FLAG. 

ASCII ADJUSTMENTS: 
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THE ADJUST INSTRUCTIONS 
(CO NT.) 

AAA : ASCII ADJUST FOR ADD - ADJUST RESULT OF ADDING TWO UNPACKED DIGITS 

AAS : ASCII ADJUST FOR SUBTRACT - AAA FOR SUBTRACTION 

AAM : ASCII ADJUST FOR MULTIPLY - HAVING MULTIPLIED TWO DIGITS 
( RESULT IN HEX), SPLITS PRODUCT INTO TWO DECIMAL DIGITS IN AH, AL 

AAD : ASCII ADJUST FOR DIVIDE - CONVERTS TWO UNPACKED BCD DIGITS INTO 
THEIR 8-BIT BINARY EQUIVALENT READY FOR A DIVIDE OPERATION 

* ASCII OFFSET OF 30H IS LOST. YOU OR IT BACK IN TO AN 
ADJUSTED RESULT 

* SEE ASM86 LANGUAGE REFERENCE MANUAL FOR DETAILS 
OF THESE INSTRUCTIONS 

3-20 



EXTERNAL SYNCHRONIZATION 

HLT HALT UNTIL INTERRUPT OR RESET 

WAIT WAIT FOR TEST PIN ACTIVE 

ESC ESCAPE TO EXTERNAL PROCESSOR (EG 8087) 

LOCK LOCK BUS FOR DURATION OF NEXT INSTRUCTION 

NO OPERATION 

NOP NO OPERATION (XCHG AX,AX) 
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EXERCISE 3.1 

1. WHAT IS THE PURPOSE OF THE ARGUMENT TO XLAT IN THE FOLLOWING CODE: 

CODE SEGMENT 

ASSUME CS:CODE 

TABILE DB 1,3,5,7 ... 

LEA BX,TABLE 

XLAT TABLE 

2. LIST THE TYPEiS OF UNCONDITIONAL CALLS (e9 indirect FAR) AND HOW ASM86 

RECOGNIZES WHICH TYPE IT IS TO ENCODE. 

3. YOU ARE WRITING A DEBUGGER ROUTINE WHICH IS TO SINGLE STEP THROUGH 

YOUR APPLICATION CODE. ASSUME THAT YOU ENTERED 'THE DEBUGGER WITH A 

STACK FRAME AS SHOWN. USE POP, PUSH, IRET TO SINGLE STEP YOUR CODE 

FROM THE ADDRESS CURRENTLY IN ES:DI. DO THIS BY SETTING THE 

TRAP FLAG ON 'RETURN' TO THE APPLICATION CODE 

FLAGS 

RET BASE 

SP ~ RET OFFSET 
1--';";"::'';'''''':'':'''';'''=-'--' 

) 
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LEFT ON STACK BY APPLICATION CODE 

WHEN DEBUGGER WAS ENTERED 



WHERE TO FIND MORE INFORMATION 

iAPX 86/88, 186/188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 
CHAPTER 3 - ARCHITECTURE AND INSTRUCTIONS 

AN INTRODUCTION TO ASM86 

ASM86 LANGUAGE REFERENCE MANUAL 

RELATED TOPICS .•. 

BIT CODINGS FOR INSTRUCTIONS ARE NOT COVERED IN THIS COURSE. FOR 

INFORMATION, SEE iAPX 86/88. 186/188 USER'S GUIDE. YOU WILL FIND THE 

ASM86 MACRO ASSEMBLER POCKET REFERENCE USEFUL (SEE FRONT OF IT 

FOR BIT ENCODING INFORMATION). 
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CHAPTER 4 
MODULAR PROGRAM DEVELOPMENT 

• INTRODUCTION TO LINKAGE AND LOCATION 

• PROCEDURES 

• LINKAGE DIRECTIVES 

• REFERENCING EXTERNAL PROGRAM LABELS AND DATA ITEMS 

• SEGMENT COMB INA TION 

• SEGMENT OPTIO~JS 





SINGLE MODULE PROGRAM DEVELOPMENT 

FUNC A 

RELOCATABLE ABSOLUTE 
ASM-86 j---. ASM-88 1--+ OBJECT r--. LOC86 ~ OBJECT SOURCE ASSEMBLER 

MODULE MODULE 
FUNC B 

UTiL 

MAIN 

4-1 

MODULAR PROGRAM DEVELOPMENT 

ASM-86 ASM-86 RELOCATABLE 

SOURCE ASSEMBLER OBJECT 
MODULE 

PASCAL PASCAL RELOCATABLE 
OBJECT 

N SOURCE ASSEMBLER MODULE 

LINK86 ABSOLUTE 
AND OBJECT 

VI 
LOC86 MODULE 

PLM-86 PLM-86 RELOCATABLE 
OBJECT SOURCE COMPILER I MODULE 

I 
I 
I 

FORTRAN-86 FORTRAN-86 I RELOCATABLE 

SOURCE COMPILER OBJECT 
I MODULE 
I 
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LINK 

MOD1 MOD2 

SEGA \ r=-I\ MOD3 

SEGB I L:J \ [ SEGO II 

"'LlNKE~ODULE/ 
I SEGA I 

LINKED MODULE 

~~ 
~GBJ 

SEGB 
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LOCATION 

200H ~.-----. 
SEGA 

SEGB 

;::fl SEGC 

SEGD 

~ 100H---"§ ~ SEGA 

SEGB 

4000H -"-[.---::::-l 
~ 

8000H---"~ 

~ 
• LOCATION IS PERFORMED ON A SEGMENT BASIS. 
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PROCEDURES 

• MODULES OF A PROGRAM USUALLY LINKED BY PROCEDURE CALLS 

• MULTI MODULE PROGRAM WILL USUALLY HAVE A 'MAIN MODULE' 

• MAIN MODULE CONTAINS PROGRAM START ADDRESS 

• OTHER MODULES CONTAIN PROCEDURES AND DATA DEFINITIONS 

• IN ASM86 'END START' DEFINES MAIN MODULE (ALL OTHERS 
JUST HAVE END) 

• LINKER WILL TRAP 'MORE THAN 1 MAIN MODULE' 
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PROCEDURE DEFINITION 

CODE_1 SEGMENT 

ASSUME CS:CODE_1 

WALLY PROC FAR ; default is NEAR 

; insert useful 

; code here 

RET 

WALLY ENDP 

CODE_1 ENDS 
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EXERCISE 4.1 NEAR AND FAR PROCEDURES 

TRUE OR FALSE? 

* GIVING A PROCEDURE THE FAR ATTRIBUTE DOES THE FOLLOWING THINGS_ 

1. ENCODES A FAR RET INSTRUCTION 

2. TAGS THE PROCEDURE AS FAR 

3. BECAUSE OF 2, ALL CALLS TO THIS PROCEDURE WILL TAKE 3 BYTES 

* CALLING A FAR PROCEDURE FROM THE SEGMENT IN WHICH IT WAS DEFINED 
PRODUCES A NEAR CALL 

* IF IN IGNORANCE I NEAR CALL A PROCEDURE WHICH IS DEFINED IN ANOTHER 
MODULE AS FAR THE RET INSTRUCTION PRINTS AN ERROR MESSAGE 

'HELP - I CAN'T FIND A SEGMENT TO RETURN TO I' 
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... AND DON'T FORGET THE STACK! 

STACK SEGMENT 

DW 100 DUP (?) 

LO....s LABEL WORD 

STACK ENDS 

MAIN SEGMENT 

ASSUME CS:MAIN, SS:ST ACK 

START: MOV AX,STACK 

MOV SS,AX 

LEA SP,LO_S 

CALL WALLY 
- - - --

MAIN ENDS 

END START 
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INTER-MODULE REFERENCES 

BY USING PUBLIC AND EXTRN DECLARA TIVES WITH THE TWO MODULES 
LlNK86 CAN RESOLVE EXTERNAL REFERENCES 

SEGA 

SEGA 

NAME 

EXTRN 

SEGMENT 

ASSUME 

CALL 

ENDS 

END 

MODA 

PROCA:FAR 

CS:SEGA 

PROCA 
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SEGB 

PROCA 

PROCA 

SEGB 

NAME 

PUBLIC 

SEGMENT 

ASSUME 

PROC 

ENDP 

ENDS 

END 

PUBLIC AND EXTERNAL DECLARA TIVES 

• PUBLIC MAKES A NAME AVAILABLE TO THE LINKER. 

MODB 

PROCA 

CS:SEGB 

FAR 

• EXTRN TELLS ASM86 TO LET THE LINKER RESOLVE THE SYMBOL. 

EXAMPLES: 

PUBLIC 

EXTRN 

XYZ, WP, ERS 

FOO: BYTE 

; VARIABLES AND PROCEDURES DEFINED 
ELSEWHERE IN THIS MODULE 

; VARIABLES AND PROCS NOT 

A TTRIBUTES OF AN EXTERNAL REFERENCE: 

NEAR, FAR 

BYTE, WORD, DWORD 

ABS 
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(EXTERNAL PROCEDURE) 

(EXTERNAL VARIABLE) 

(EXTERNAL CONSTANT) 



CODE1 

XYZ: 

ABC: 

CODE1 

REFERENCING EXTERNAL PROCEDURES 
AND PROGRAMS LABELS 

NAME MOD1 NAME MOD2 

PUBLIC XYZ,ABC PUBLIC PROCA 
EXTRN PROCA:FAR EXTRN XYZ:FAR,ABC:FAR 

SEGMENT CODE2 SEGMENT 
ASSUME CS:CODE1 ASSUME CS:CODE2 

1 PROCA PROC FAR 

CALL PROCA 

~ PROCA ENDP 

1 --
~ 

JMP XYZ 

1 
1 JMP ABC 

1 ENDS 
END CODE2 ENDS 

END 

WHY DID PROCA HAVE TO BE A FAR PROCEDURE? 

MOD1 

CODE 

DATA 
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COMBINING SEGMENTS 

LINKED 
MODULE 

CODE 

DATA 
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MOD2 

CODE 

DATA 



SEGMENT COMBINATION USING PUBLIC SEGMENTS 

NAME MOD1 NAME 

PUBLIC XYZ PUBLIC 
EXTRN PROCA:NEAR EXTRN 

CODE SEGMENT PUBLIC CODE SEGMENT 
ASSUME CS:CODE ASSUME 

~ PROCA PROC 
CALL PROCA 1 

f RET 
XYZ: -- PROCA ENDP 

t 1 
CODE ENDS JMP 

END 1 
CODE ENDS 

END 
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REFERENCING EXTERNAL DATA ITEMS 

MODULE A: 

MODULE B: 

PUBLIC BUFFER 
DATA SEGMENT 

BUFFER DB 100 DUP (1) 

DATA ENDS 
END 

EXTRN BUFFER: BYTE 
CODE SEGMENT 

ASSUME CS:CODE,DS: __ _ 

MOY 
MOY 

AX, __ 

OS, AX 

MOY BUFFER, AL 
CODE ENDS 

END 

MOD2 

PROCA 
XYZ:NEAR 

PUBLIC 
CS:CODE 

NEAR 

XYZ 

• HOW WOULD WE REFERENCE MULTIPLE EXTERNAL DATA ITEMS 
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REFERENCING MULTIPLE EXTERNAL DATA ITEMS 
NAME MODl 

PUBLIC XVZ,ABC 
DATA SEGMENT PUBLIC 
XVZ DB ? 
ABC OW ? 
DATA ENDS 

END 

NAME MOD2 

DATA SEGMENT PUBLIC ;DUMMV SEGMENT 
EXTRN XVZ:BVTE, ABC:WORD 

DATA ENDS 

CODE SEGMENT 
ASSUME CS:CODE, OS: __ 

MOV AX, __ 

MOV OS, AX 

t 
MOV AL, XVZ 
MOV AH, 0 
MOV ABC, AX 

t 
CODE ENDS 

END 
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ALIGNMENT TYPES 

NAME ALIGNMENT_EXAMPLE 

DATA SEGMENT WORD PUBLIC 

XYZ DB ? 

EVEN 

ARRAY OW 100 DUP(?) 

DATA ENDS 

CODE SEGMENT BYTE PUBLIC 

ASSUME CS:CODE, DS:DATA 

TABLE OW 50, 30, 25, 62, 75 

STAIRT: MOV AX, DATA 
MOV OS, AX 

CODE ENDS 
END 

• EVEN DIRECTIVE ENSURES EVEN BOUNDARY ALIGNMENT 
WITHIN A SEGMENT, 

• EVEN DIRECTIVE CAUSES ERROR IN BYTE ALIGNED SEGMENTS. 
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COMBINE TYPE STACK 

NAME MAIN NAME PROC_MOD 

SEGMENT STACK STACK.SEG SEGMENT STACK 
OW 20 DUP (1) OW 14 DUP (1) 

STACK_TOP 

STACK_SEG 
LABEL 
ENDS 

WORD STACK_SEG ENDS 

j 
CODE 

CODE 

t 
SEGMENT 

ASSUME CS:CODE ,SS:STACK 
END 

MOV AX,STACK 
MOV DS,AX 
LEA SP, STACK. TOP 

1 
ENDS 

END 

~ STACK_TOP 

STACK_TOP IS ADJUSTED 
FOR INITIALIZATION PURPOSES 

HI ... 
PROC MOD 

14 WORDS 

1-----
MAIN 

20 WORDS 

STACK_SEG-----.~ ______ ~ 

LO 
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CLASS NAMES 

..... 

34 WORDS 

• PERMITS CLASSIFICATION OF SEGMENTS UNDER A COMMON 
NAME THAT CAN BE USED AT LOCATE TIME. 

• EXAMPLE 

NAME MODA NAME MODB 
DATA_l SEGMENT 'RAM' DATA_2 SEGMENT 'RAM' 

j j 
DATA_l ENDS DATA_2 ENDS 

STACK_SEG SEGMENT STACK 'RAM' STACK_SEG SEGMENT STACK 'RAM' 

t , 
STACK_SEG ENDS STACK_SEG ENDS 

CODE_l SEGMENT 'ROM' CODE.2 SEGMENT 'ROM' 
ASSUME CS:CODE_l,DS:DATA_l ASSUME CS:CODE_2,DS:DATA.2 

t , 
CODE_l ENDS CODE_2 ENDS 

END END 
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LOCATION BY CLASS NAME 

'ROM' 

200H .. '--___ -' 

STACK SEG 

'RAM' 

DATA 1 

4000H .. 
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WHERE TO FIND MORE INFORMATION 

ASM86 LANGUAGE REFERENCE MANUAL 

CHAPTER 5 - PROGRAM LINKAGE DIRECTIVES 

AN INTRODUCTION TO ASM86 

CHAPTER 4 - MODULAR PROGRAMMING 
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DA Y 2 OBJECTIVES 

BY THE TIME YOU FINISH TODAY YOU WILL: 

• USE ASSEMBLER BUILT-IN FUNCTIONS 

• USE ASSEMBLER DIRECTIVES 

• WRITE ASM86 TEXT MACROS 

• DEFINE COMPLEX DATA STRUCTURES IN ASM86 

• USE APPROPRIATE ADDRESSING MODES FOR 
ACCESSING COMPLEX DATA STRUCTURES 

• DEFINE AND USE SEGMENT GROUPS 

• LEARN HOW TO USE LlNK86 AND LOC86 

• LINK ASSEMBLER PROGRAMS TO PL/M-86 
PROGRAMS 

• SEE HOW LINKING TO OTHER HIGH LEVEL 
LANGUAGES COMPARES TO LINKING WITH 
PL/M-86 





CHAPTER 5 
ASSEMBLER FEATURES 

• ASSEMBLER DIRECTIVES 

• ASSEMBLER BUILT-INS 

• TEXT MACROS 





DATA 

BITE 

BERNTH 

DATA 

THE EVEN DIRECTIVE 

SEGMENT WORD 

DB ? 

EVEN 

OW 1234 

ENDS 

i GUARANTEED WORD ALIGNED 

• ENSURES WORD ALIGNMENT 

• MIGHT WASTE A BYTE OF STOFIAGE 

• DON'T MAKE DATA SEGMENTS 13YTE-ALIGNED 1111 
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THE LABEL DIRECTIVE 

• ASSOCIATES A USER DEFINED SYMBOL NAME WITH THE 
CURRENT ASSEMBLER LOCATION COUNTER 

• USEFUL FOR CODE AND DATA LABELS 

• EXAMPLE DATA 

LO-BYTE 

WORD_VAR 

SEGMENT 

LABEL 

OW 

DATA ENDS 

STACK SEGMENT 

OW 

STACK_TOP LABEL 

STACK ENDS 

CODE SEGMENT 

CODE 

ASSUME 

MOV 

MOV 

LEA 

MOV 

MOV 

MOV 

ENDS 
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BYTE 

? 

20 DUP(?) 

WORD 

CS:CODE, SS:STACK, DS:DATA 

AX,STACK jlNITIALIZE STACK 

S5,AX 

SP,STACK_TOP 

AX,DATA 

DS"AX 

AL, LO_BYTE 



ASSEMBLER BUILT-INS 

• ASSEMBL.ER HAS BUILT-IN OPERATORS TO AID IN PROGRAMMING 

TYPE -

LENGTH -

SIZE -

RETURNS TYPE OF DATA DEFINITION 

DB BYTE 

OW 2 
DO 4 

BYTES 

BYTES 

RETURNS NUMBER OF UNITS 

RETURNS NUMBER OF BYTeS 

• EXAMPLE 
ARRAY OW 100 DUP(?) 

MOV BX. 0 

MOV CX. LENGTH ARRAY 

NEXT: ADD ARRAY1:B~,60 
ADD BX. TYPE ARRAY 

LOOP NEXT 

MOV AX. SIZE ARRAY 

CALL SAVE_ON-DISK 
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EQU STATEMENT 

• THE EaU STATEMENT PROVIDES MORE MEANINGFUL NAMES 
FOR EXPRESSIONS 

NUMBER THREE EQU 3 

ADDRESS EXPRESSION XYZ EQU ALPHA @!J 
REGISTER COUNT EQU CX 

• EXAMPLE 

MOV AL. THREE jSAME AS AL.S 

.MOV AX. XYZ jSAME AS AX. ALPHA @TI 

MOV COUNT. LENGTH ARRAY jSAME AS CX.ILENGTH ARRAY 
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..... SO I I I 

NOW YOU THINK 

YOU KNOW EVERYTHING 

ABOUT THE ASSEMBLER I I I I 

NOW FOR A COMPLETELY NEW LANGUA~3E .... 

M.P.L. 

(MACRO PROCESSING LANGUAGE) 
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M.P.L. 

• ALL MACRO PROCESSING PERFORMED BEFOR:E ASSEMBLY 
COMMENCES 

• TEXT SUBSTITUTION MACROS 

• MACRO PARAMETERS 

• INTERACTION WITH CONSOLE DURING ASSEMBLY 

• CONDITIONAL ASSEMBLY 

• NESTED MACROS 

• EVALUATION OF NUMERIC CONSTANTS 

• TEXT STRING OPERATIONS 

• AND MORE I I I 
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ALL MACRO PROCESSING PERFORMED 

BEFORE ASSEMBLY COMMENCES 

GENERAL FORMAT OF MACRO DEFINITION IS ... 

c)(, DEFINE ( MACRO-NAME [(PARAMETER-USn] ) (MACRO-BODY) 

5-7 

MACRO PROCESSING AND ASSEMBLY 

MACRO 

PROCESSING 

MAY CONTAIN MACRO 

DEFINITIONS AND CALLS 

ASSEMBLY 
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TEXT SUBSTITUTION MACROS 

THIS MACRO WILL PASS A POINTER TO A PRINT PROCEDURE. 

THE POINTER IS COMPOSED OF AN OFFSET (PRE-LOADED 

INTO AX) AND THE CURRENT VALUE OF THE CODE SEGMENT 

REGISTER (THE MESSAGES ARE CONTAINED IN THE CODE 

SEGMENT). IT WOULD EASE THE INTERFACE BETWEEN ASM86 

AND PLlM-86. 

% * DEFINE(WRITE)( 

PUSH CS 

PUSH AX 

CALL PRINT 

) 

INVOCATION : 

LEA AX,MESSAGE_1; AX = OFFSET OF MESSAGE 

%WRITE 
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MACRO PARAMETERS 

THIS MACRO WILL PASS A POINTER TO A PRINT PROCEDURE. 

THE POINTER IS COMPOSED OF AN OFFSET (NOW PASSED AS A 

PARAMETER) AND THE CURRENT VALUE OF THE CODE SEGMENT 

REGISTER (THE MESSAGES ARE CONTAINED IN THE CODE 

SEGMENT). 

% * DEFINE(WRITE(STRING_ADDRESS»( 

LEA AX, %STRING_ADDRESS 

PUSH CS 

PUSH AX 

CALL PRINT 

) 

INVOCATION : 

%WRITE(MESSAGE_1) i PRINT MESSAGE 1 

* CAN HAVE MANY PARAMETERS IF REQUIRED 
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INTERACTION WITH CONSOLE DURING ASSEMBLY 

THIS MACRO WILL ASK THE USER WHAT BAUD RATE IS REQUIRED 
FOR THIS SYSTEM 

%*DEFINE (WHAT_BAUD) ( 
%OUT (ENTER REQUIRED BAUD RATE •. .) 

BAUD-RATE OW %IN 
) 

INVOCATION : 
DATA_1 SEGMENT 
%WHAT_BAUD 
DATA_1 ENDS 

-RUN ASM86 :F1:TEST.ASM 
SERIES-III 8086/808718088 MACRO ASSEMBLER V1.0 
ENTER REQUIRED BAUD RATE .•.• 9600 <CR> 
ASSEMBL Y COMPLETE, NO ERRORS 

YOUR LISTING WILL NOW SHOW BAUD_RATE OW 9600 
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EVALUATION OF NUMERIC CONSTANTS 

NOW USE THE EVALUATE COMMAND TO MAKE THIS A LITTLE MORE 

CLEVER. THE MACRO WILL NOW CALCULATE THE CORRECT 

NUMBER FOR YOUR COUNTER WHICH WILL PRODUCE THE REQUIRED 

BAUD RATE 

%*DEFINE (WHAT_BAUD) ( 

%OUT (ENTER REQUIRED BAUD RATE ••• ) 

%SET(BAUD_RATE, % IN) 

COUNT_VAL EQU %EVAL( (%BAUD_RATE 1 27 ) - 13) 

) 
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CONDITIONALS IN MACROS 

AND NOW LET'S SEE IF WE (~AN MAKE THIS THING FOOLPROOF I 

%*DEFINE (WHAT_BAUD) ( 

%OUT (ENTER REQUIRED BAUD RATE .. J 

%SET (BAUD_RATE. % IN) 

%IF(%BAUD_RATE L T 100) THEN 

(%OUT (HOW SLOW DID YOU SAY 1111» 

FI 

%IF( %IBAUD_RATE GT 9600) THEN 

(%OUT (YOU MUST BE JOKING III» 
FI 

COUNT-VAL EQU %EV AL( (%BAUD_RA TE 127 ) - 13) 

) 
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INSTEAD OF COMMENTING ON A BAUD RATE, 

LET'S DISALLOW IT,TOO 

% * DEFINE (WHAT_BAUD) ( 

%SET(REPL YII 1) 

%WHILE(%REPLY) ( 

%OUT (ENTER REQUIRED BAUD RATE .. J 

%SET (EIAUD_RA TE. %IN) 

%IF «%BAUD_RATE GE 110) AND 

(%BAUD_RATE LE 9600» THEN 

(%SET(REPL Y ,0» 

ELSE 

(%OUT (VALID RANGE IS 110 TO 9600 ... » 
FI 

) 

COUNT-VAL EQU %EVAL( (%BAUD_RATE 1 27 ) - 13) 
) 
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WHAT OTHER GOODIES DOES M.P.L. HAVE? 

• DOCUMENTATION - CHAPTER 7 OF ASM86 

LANGUAGE REFERENCE MANUAL I I I 
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CLASS EXERCISE 5.1 

WRITE A MACRO THAT WILL MOVE A BYTE STRING FROM ONE 

LOCATION TO ANOTHER IN MEMORY. THE MACRO SHOULD 

ACCEPT AND USE THREE PARAMETERS. THEY ARE: 

1. SOURCE 

2. DESTINATION 

3. COUNT 

ASSUME THAT SOURCE AND DESTINATION ARE BOTH IN A 

SEGMENT CURRENTLY ADDRESSED BY OS. YOU MAY 

DESTROY ES AND CX. 
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WHERE TO FIND MORE INFORMATION 

ASM86 LANGUAGE REFERENCE MANUAL 
CHAPTER 4 - ACCESSING DATA--OPERANDS AND EXPRESSIONS 
CHAPTER 7 - THE MACRO PROCESSING LANGUAGE 

ASM86 MACRO ASSEMBLER OPERATING INSTRUCTIONS 
CHAPTER 3 - ASSEMBLER CONTROLS 

RELATED TOPICS: 

THERE IS ANOTHER TYPE OF MACRO CALLED A CODEMACRO. THIS IS ALMOST 

ANOTHER LANGUAGE IN ITSELF. IT COULD BE USED TO RE-WRITE INTEL'S 

INSTRUCTION SET MNEMONICS OR ADD CUSTOM INSTRUCTIONS TO THE INSTRUCTION 

SET TO HANDLE (FOR INSTANCE) YOUR CUSTOM COPROCESSOR. DETAILS MAY BE 

FOUND IN THE ASM86 LANGUAGE REFERENCE MANUAL, APPENDIX A. 
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CHAPTER 6 
COMPLEX DATA STRUCTURES 

• STRUCTURES 
• RECORDS 





STRUCTURES 

• A STRUCTURE IS A CONTIGUOUS COLLECTION OF DISSIMILAR 

BUT RELATED DATA ELEMENTS. 

• THE STRUC DIRECTIVE ALLOWS YOU TO DEFINE A TEMPLATE 
THAT CAN BE USED TO FORMAT STORAGE ALLOCATION. 

6-1 

STRUCTURE EXAMPLE 

AIRPLANE STRUC 

AL TlTUDE 

AIRSPEED 

ENGINES 

FUEL 

AIRPLANE ENDS 

DW 

DW 

DB 
DW 

? 

? 

4 

? 

DUP(?) 

• THE STRUCTURE DIRECTIVE ONLY 
SETS UP A TEMPLATE. IT DOES 
NOT ALLOCATE ANY STORAGE. 
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ALTITUDE 

AIRSPEED 

ENGINES(O) 

ENGINES(1) 

ENGINES(2) 

ENGINES(S) 

FUEL 

AIRPLANE 

I 

I 

I 

o 

+2 

+4 

+8 



DEFINING STORAGE 

• USE THE STRUCTURE DEFINITION AS A NEW OAT A TYPE 

• EXAMPLE 

DATA SEGMENT 

AIRPLANE STRUC 
ALTITUDE OW 
AIRSPEED OW 
ENGINES DB 
FUEL OW 

AIRPLANE ENDS 

PHANTOM AIRPLANE 

SQUADRON AIRPLANE 

DATA ENDS 

? 
? 
4 DUP(?) 

? 

<> 

5 DUP« » 
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; ALLOCATES STORAGE FOR 
;ONE STRUCTURE 

; ALLOCATES STORAGE FOR 
; AN ARRAY OF FIVE 

; STRUCTURES. 

STORAGE ALLOCATION 
TYPE: 
LENGTH: 
SIZE: 

PHANTOM 

ALTITUDE 

AIRSPEED 

ENGINES(O) 

ENGINES(1) 

ENGINES(2) 
~---f 

ENGINES(3) 

FUEL 

SQUADRON SQUADRON(3) 

SQUADRON(O) ...------, 
ALTITUDE I 

AIRSPEED I 

SQUADRON( 1) 
ENGINES(O) 

ENGINES(1) 

ENGINES(2) 

SQUADRON(2) ENGINES(3) 

FUEL 

SQUADRON(3) 

~ 
SQUADRON(4) 



REFERENClNOSTRUCTORESl..EMENTS 
NAME EXAMPLE 

DATA SEGMENT 
AIRPLANE STRUC 

ALTITUDE OW ? 
AIRSPEED OW ? 
ENGINES DB 4DUP(?) 
FUEL OW ? 

AIRPLANE ENI)S 

PHANTOM AIRPLANE <> 
SQUADRON AIRPLANE 5 DUP« » 
DATA ENDS 

CODE SEGMENT 
ASSUME CS:CODE,DS:DATA • • 
;ACCESS PHANTOM'S ALTITUDE 

MOV AX,PHANTOM.AL TITUDE ; ACCESS PHANTOM'S ALTITUDE 

; ACCESS THE AIRSPEED OF THE THIRD AIRPLANE IN SQUADRON 

MOV SQUADRON.AIRSPEED jg _TYPE SQUADROrf], ax 
; ACCESS THE THIRD ENGINE OF THE FIFTH AIRPLANE IN SQUADRON 

MOV DH,SQUADRON.ENGINES~*TYPE ENGINEID&lItTYPE SQUADROJi] 

CODE ENDS 
END 
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REFERENCING STRUCTURE ELEMENTS 
(cont) 

HI 

J 

'if 

j~ 

,..L-

• 
LO • 

AIRSPEED - DISPLACEMENT INTO 
STRUCTURE 

2 * TYPE SQUADRON = INDEX INTO ARRAY 

SQUADRON - OFFSET OF ARRAY BASE 

ALL INDEXING ON BYTE LEVEL 

FINAL OFFSET IS SUM OF COMPONENTS 
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INITIALIZING A STRUCTURE 

• TWO APPROACHES 

AIRPLANE STRUC TEST STRUC 

ALTITUDE OW 5000 SAMPLES OW ? 

AIRSPEED OW 600 HIGH SCORE OW ? 

ENGINES DB 0,0,0,0 LOW SCORE OW ? 

FUEL OW 500 MEAN OW ? 

AIRPLANE ENDS TEST ENDS 

JET AIRPLANE < > MID_TERM TEST <.50,100,43,72) 

;CAN ALSO CHANGE ANY OF FINAL TEST (47,98,51,83) 

;THE INITIALIZED ELEMENTS 

PROP AIRPLANE ~250 ..... 200> 
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CLASS EXERCISE 6.1 

DEFINE AND ALLOCATE STORAGE FOR AN ARRAY OF 100 
STRUCTURES. EACH OF THE STRUCTURES SHOULD CONTAIN 
THE FOLLOWING DATA: 

LASLNAME - 10 BYTES 
FIRSLNAME - 10 BYTES 
MI - 1 BYTE 
DIVISION 
DEPT 

- 1 WORD 
- 1 WORD 

WRITE A PROGRAM LOOP TO MAKE EACH EMPLOYEE'S 
DIVISION NUMBER EQUAL TO 12. 
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ADDRESSING VARIABLES 

• ADDR:ESSING MODE MODEL. 

OFFSET = [ VARIABLE] + [CBXJl + [CSIJl + [DISPLACEMENT] 
NAME [BPJJ [DIJJ 

• T AILC>RED FOR BASED ADDRESSING 

OFFSET = [~~~5] 
/ 

+ [t~:1] + [DISPLACEMENT] 

\ 
BASE REG INDEX REG 

6-9 

BASED ADDRESSING MODES 

ADDRESSING MODE APPLICATION 

~ASE RE~ BASED SCALAR:S 

~ASE RE~ + DISP BASED STRUCTURES 

~ASE RE~ ~DEX RE~ BASED ARRAYS 

I!ASE RE~ ~NDEX RE§] + DISP BASED ARRAYS OF STRUCTURE:S 
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RECORDS 

• BIT PATTERN USED TO FORMAT BYTES AND WORDS. 

• CAN BE USED STRICTLY FOR FIELD REFERENCING 

(I.E. MASKING). 

• CAN ALSO BE USED TO ALLOCATE STORAGE OF FORMATTED DATA. 
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USING RECORDS 

Y 
• EXAMPLE 

COORDINATE_FRAME RECORD X:8,Y:8 0000(1000 00000000 

• ALLOCATE STORAGE USING THE RECORD DEFINITION 

COORD_O COORDINATE_FRAME < > OOOOCIOOO 00000000 

COORD_ABC COORDINATEJ'RAME ~,:v ~001Jl00 00000011 

COORD_ARRAY COORDINATE-FRAME 50 DUP« » ;50 CON1"IGUOUS COPIES OF 
COORDINATE_FRAME 

• LOAD A RECORD COPY INTO A CPU REGISTER 

MOV 

MOV BX,COOR!l...ARRAY BiOTYPE COORD_ARRA~ 
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USING RECORDS FOR FIELD REFERENCING ONLY 

• EXAMPLE 

DSR SYNDET 

? ? 

STATUS_51 RECORD 

&DSR: 1,SYNDET: 1,FE: 1,OE: 1, 

aPE: " TXE: 1,RXRDY: " TXRDY: 1 

FE OE PE TXE 

? ? ? ? 

RXFIDY TXRDY 

? ? 

• MASK OUT IRRELEVENT BITS USING THE MASK OPERATOR 

WAIT_LOOP: 

MOV 

IN 

TEST 

JZ 

DX,OF8H ~ MASK VALUE 

A L, 0 X L{'" Ir-------, 

AL,MASK RXRDY I 00000010 I 
WAILLOOP 

6·13 

USING RECORDS 
(cont) 

• USE RECORD TO SET UP SHIFT COUNT 

• PLIM USES LS BIT TO TEST TRUE/F ALSE 

EXAMPLE: 

825 LREADY PROC 
IN AL,OF8H; READ STATUS REGISTER 
MOV CL,RXRDY 
SHR AL,CL j PUT RXRDY IN LS BIT 
RET 

825 LREADY ENDP 
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CLASS EXERCISE 6.2 

DEFINE A RECORD THAT WILL ALLOW YOU TO ISOLATE 
BITS 2 AND 3 OF A BYTE VALUE AS A SINGLE TWO BIT 
FIELD 

76543210 

I I I I I? I ? I I I 

2.> WRITE AN ASSEMBLY LANGUAGE INSTRUCTION USING THIS 
RECORD TO ISOLATE BITS 2 AND 3 OF THE AL REGISTER. 

3.> WHAT IS THE TYPE OF THIS RECORD? 

6-15 

WHERE TO FIND MORE INFORMATION ... 

ASM86 LANGUAGE REFERENCE MANUAL 

CHAPTER 3 - DEFINING AND INITIALIZING DATA 
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CHAPTER 7 
GROUPS 

• WHAT THEY ARE ? 

• HOW TO USE THEM ? 





DEFINING A SEGMENT 

NAME SEGMENT [ALIGN TYPE] [COMBINE TYPE] rCLASSNAME'] 

NAME ENDS 

7-1 

COMBINING SEGMENTS : PUBLIC SEGMENTS 

~ 

ALIGN TYPE ~ CODE_1 

t CODE_1 

--

SEGMENT WORD PUBLIC 

ENDS 

FEATURES: 

• ONE SEGMENT NAME 

• COMMON SEGMENT BASE ALLOWS 
NEAR CALLS/JUMPS, EASY DATA 
ACCESS 

• SEGMENTS JOINED AT NEXT 
ADDRESS BOUNDARY SATISFYING 
ALIGN TYPE 

• MAXIMUM TOTAL SIZE 64K 
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'RAM' 

CS : CGROUP 

COMBINING SEGMENTS : CLASS NAMES 

~ 

...... 

ONE 

ANOTHER 

YET MORE 

......... 

ANOTHER SE(3MENT 'RAM' 

ANOTHER ENDS 

FEATURES: 

• ALLOWS GATHERING OF SEGMENTS 
DESTINED FOR THE SAME AREA IN 
MEMORY 

• EACH SEGMENT HAS SEPARATE NAME 
AND BASE 

• MAXIMUM CLASS SIZE I M 

7-3 

COMBINING SEGMENTS : GROUPS 

~-

CODL1 

NA.ME MOD1 
CGROUP CODE_1 

NAME MOD2 

CGROUP C:ODE_2, CODE_3 

FEATURES: 

• COMMON GROUP BASE 

• SEGMENTS HAVE DIFFERENT 
NAMES 

• MAXIMUM TOTAL SIZE 64K 

. .. SO WHY NOT USE PUBLIC SEGMENTS? 
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ADDRESS 

NON-VOLATILEC CMOS RAM 

64K 

COOOH 

7FFF 

DYNAMIC 
RAM 

0000 

COMBINING SEGMENTS GROUPS 
(cont) 

r---.- -
NV DATA 

~ 
DATA 2 

DATA 1 

• UNIQUE SEGMENT NAMES 

• LOCATER CAN SEPARATE 
SEGMENTS TO SUIT MEMORY MAP 

• TYPICALLY USED IN SMALL 
SYSTEMS 

DGROUP 

7-5 

USING THE GROUP DIRECTIVE 

NAME GROUP_EXAMPLE 

CGROUP GROUP CODE_1.CODL2.CODL3 

CODE_1 SEGMENT 

ASSUME CS:CGROUP 

CODE_1 ENDS 

CODE_2 SEGMENT 

ASSUME CS:CGROUP 

CODE_2 ENDS 

CODE_3 SEGMENT 

ASSUME CS:CGROUP 

CODE_3 ENDS 

END 
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CGROUP 

DGROUP 

CODL3 

NOW THAT WE HAVE A GROUP: 

GROUP 

GROUP 

CODE_1, CODE-2, CODL3 

DATA_1, DATA_2, NV_DATA 

SEGMENT BYTE 

ASSUME CS:CGROUP, DS:DGROUP, SS::STACK 

CONST ANT OW 1£1 
M 0 V AX, DGROUP 
MOV OS, AX 
LEA BX,CONST ANT ; Ol( I 

MOV BX,OFFSET CONSTANT ; OFFSET IS FROM CODE_3 
MOV BX,OFFSET CGROUP:CONSTANT 

MOV AL, [BX] 

... WHICH OF THOSE LAST TWO OFFSETS IS LlKELV TO GENERATE 

THE CORRECT ADDRESS? 

SGROUP 
7 

BEWARE I I 

7-7 

WOULD YOU USE A GROUP 

FOR BUILDING ONE STACK? 

STACK 1 

~I .ltx 

~ POINTER 

0'\/\/\/\/\/\/\' ~ ,vVVV\/\/\/'I 

STACK 2 

.-- TOP 

ST ACK SEGMENT STACK ·ST ACK

OW 100 OUP (7) 

THE STACK IS ALWAYS A SINGLE CONTIGUOUS SEGMENT 
WITH COMBINE TYPE 'STACK' 
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WHERE TO FIND MORE INFORMATION •.. 

ASM86 LANGUAGE REFERENCE MANUAL 

CHAPTER 2 - SEGMENT A TlON 

AN INTRODUCTION TO ASM86 

CHAPTER 4 - MODULAR PROGRAMMING 
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CHAPTER 8 

LlNK86 AND LOC86 





DEVELOPMENT CYCLE WITH LlNK86 AND LOC86 

r
I 
t 
I 
I 
I 
I 
I 
I 
I L __ 

INPUTS 

OBJECT 
MODULES 

LlNK86 
COMMAND 

AND 
CONTROLS 

BOUND 
OR 

LINKED 
OBJECT 
MODULE 

8-1 

LOC86 
COMMAND 

AND 
CONTROLS 

LlNK86 COMMAND 
CONSOLE 

MESSAGES 

CONSOLE 
MESSAGES 

BOUND 
OBJECT 
MODULE 

LINKED 
OBJECT 
MODULE' 
".LNK" 

PRINT 
FILE 

u.MP1" 

LOCATED 
ABSOLUTE 

OBJECT 
MODULE 

[Fn] LlNK86 inpuUist ITO outPuLfil!l[2ontrol:!1 

--, 
I 

I 
I 
I 
I 
I 
I 
I 
I 

• OUTPUT FILE DEFAULTS TO 1 ST INPUT FILE WITH .LNK EXTENSION. 

• MAP FILE DEFAULTS TO OUTPUT FILE WITH .MP1 EXTENSION. 
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LlNK86 CONTROLS 

LlNK86 input list 

* -DEFAULT 

~AME(mOd-nam~ 

~AP*/NOMA] 

liYMBOLS*/NOSYMBOL~ 

[gNES*/NOLINE~ 

ERINT (tile-name)*/NOPRIIN~ 

~YMBOLCOLUMNS (1/2*/3/~ 

I!YPE*/NOTYP!j 

EURGE/NOPURGE~ 
~ND/NOBIND~ 

NOTES: 1) OTHER CONTROLS ARE AVAILABLE:. 

2) THE CONTROLS CAN BE ABBREVIATED. 
3) SEE THE iAPX 86,88 FAMILY UTILITIES USER'S GUIDE 

CHAPTER 2 FOR DETAILS 

8-3 

HOW MODULES ARE LINKED 

MOD1.0BJ MOD2.0BJ 

MOD1 MOD2 

SEGA ~ 
B 

-RUN LlNK86 MOD 1.0BJ, & 
llnl MOD2.0BJ,MOD3.0BJ,& 
•• MOD4.0BJ TO PROGRM.LNK & 
·-NAME (eXAMPLE) BIND 

-COpy PROGRM.MP1 TO :LP: 

• INPUT LIST PROCESSED IN 
LEFT TO RIGHT ORDER. 

MOD3.0BJ 

MOD3 

B 
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MOD4.0BJ 

MOD4 

I SEGC 

PROGRM.LNK 

EXAMPLE 

SEGA I 
SEGB I 

B 
B 



OBJECT 
MODULE 

LOC86 COMMAND 

INVOCATION 
LINE CONTROLS 

Lr, ----I 
ABSOLUTE 

· L :C
r
86_ JI-: --l··· a~~~~l 

PRINT 
FILE 

",!!P2" 

CONSOLE 
MESSAGES 

I}nJ LOC86 inpuLfile ITo outPuLfi@[Qontrol:§j 

• OUTPUT FILE DEFAULTS TO INPUT FILE MINUS THE EXTENSION . 

• MAP FILE DEFAULTS TO OUTPUT FILE WITH .MP2 EXTENSION. 

8-5 

LOC86 CONTROLS 

LOCH6 input file ~AME(mOd-nam~ 

~AP*/NOMA] 

~YMBOLS*/NOSYMBOL~ 

[gNES*/NOLlNE] 

~UBLICS */NOPUBLlC~ 

*" -DEFAULT 

NOTES: 

~RINT (file-name)*/NOPRIN] 

§:YMBOLCOLUMNS (1I2*/3/~ 

EURGE/NOPURGE~ 

1) OTHER CONTROLS ARE AVAILABLE. 

2) THE CONTROLS CAN BE ABBREVIATED. 
3) SEE THE iAPX 86,88 FAMILY UTILITIES USER'S GUID 

CHAPTER 3 FOR DETAILS 
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BOOTSTRAP CONTROL 
~OOTSTRAf] 

I§T ART (symbol/segment,offset] 

EXAMPLE 

-RUN LOCS6 MAIN.LNK BOOTSTRAP START (STARLADDR) 

FIE SET 

FFFF:O I JMP START_ADDR 

BOOTSTRAP CONTROL PLACES 

FAR JUMP AT BESET POINT 
IN PROGRAM MEMORY 

START CONTROL IDENTIFIES 
ENTRY POINT OF PROGRAM. 
IF SYMBOL IS USED. IT 
MUST BE DECLARED PUBLIC. 

8-7 

NAME MAIN 

PUBLIC START_ADDR 

SEGMENT 
ASSUME CS:MAIN_SEG 

STARLADDR: • __ 

ENDS 
END 

EXAMPLE 

INITCODE CONTROL 
INITCODE (ADDRESS)_ 

-RUN LOCS6 MAIN.LNK BOOTSTRAP INITCODE (F~~0(>H) 

FFFF:_ JMP INITCODE 

L/ ~:~~~~:~~E 
EXTRA FRAME 

~ 

OW 

OW 

OW 

CLI 

MOV 

MOV 

MOV 
MOV 

JMP 

SEGMENT INITIALIZATION RECORD: 

:from "BOOTSTRAp· 

stack frame 

data frame 

extra frame 

SS, CS:STACKFRAME 
SP, stack offset 

OS. CS:DATAFRAME 
ES, CS:EXTRAFRAME 

program start 

1. FROM END START,SS:STACKFRAME,DS:DATAFRAME,ES:ElC.TRAFRAME,SP:T-O..S 

2. AUTOMATICALLY PRODUCED BY COMPILERS FOR MAIN MODULES 
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ADDRESSES 

ORDER 

SEGSIZE 

RESERVE 

LOCATE CONTROLS 

SEGMENTS ( segname ( addr ) •... ) 

CLASSES ( classname ( addr ) •... ) 

GROUPS ( groupname ( addr ) •... ) 

(
SEGMENTS ( segname •... ) ) 

CLASSES ( classname •... ) 

( SEGNAME (\±I VALUE) •... ) 

( addr TO addr •... ) 

* "GROUPS· WILL NOT LOCATE A GROUP. IT WILL ASSIGN A GROUP BASE ADDR:ESS. 

ALL SEGMENTS IN GROUP MUST ALREADY BE WITHIN 64K (TYPICALLY FROM 
LOCATION BY CLASS). 
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LOCATE SEQUENCE 

I OUTPUT OF LINKER I 
J 

LOCATE ALL ABSOLUTE SEGMENTS. ] 

TAG ALL RESERVED AREAS IN MEMORY 

I 
PUT REMAININ. SEGMENTS INTO ORDERED] 

LIST (NEXT PAGE) 

J 
REMOVE ADDRESSED SEGMENTS FROM 

LIST AND LOCATE THEM 

I 
REMOVE ADDRESSED CLASSES FROM ] LIST AND LOCATE THEM 

I 

••. CONTINUED 
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LOCATE SEQUENCE (cant) 

YES 
NO 

SET SCAN COUNTER..T0 END 

OF LAST SEGMENT IN ORDER 
[ SET SCA~ COUNTER TO 200H 

LOCATE NEXT SEGMENT FROM LIST ] 

AT NEXT FREE (AND LARGE ENOUGH) SPACE 

YES 

NO 
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THE ORDERED LIST 

• USED TO LOCATE SEGMENTS 

NOT ASSIGNED TO ADDRESSES 

OR ORDER CONTROLS. 

NO 

8-12 

~~ ..... __ DO_N_E __ ) 



EXAMPLE: AN ORDERED LIST 

RUN LOC86 EXAMPL.LNK ORDER(SEGMENTS(D),CLASSES(X2» 

SEGMENT CLASS 
NAME NAME SEGMENT CLASS 

A Xl 
B X2 
C X2 -. 
0 Xl 
E X3 
F Xl 
G X2 
H X2 
I Xl 

... CONTINUED 
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EXAMPLE (CON'T.) 

ADDRESSES (SEGMENTS (D(10.0H),H(8000H», CLASSES(X2(15~"H») 

ORDERED LIST: 

SEGMENT CLASS SEGMENT CLASS 
NAME NAME 

0 Xl ~ HIBH lIJ'H ---.. 

B X2 ) 
C X2 .- l5ggH l5/611H ---.. 
G X2 .. 
H X2 ~ a/6f6I1H 
A Xl 
F Xl 
I Xl allll,eH ~ 
E X3 
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\.. 

CLASS ~XERCISE: USE OF LINK AND LOCATE 
I 

YOU ARE REQUIREf TO WRITE THE CORRECT .L1NK AND LOCATE CONTROLS TO 

LOCATE YOUR FINISHED PROGRAM AS DEMANDED BY THE ADDRESS MAP OF YOUR 

HARDWARE. THE F EQUIREMENTS ARE ILLUSTRATED ON THE NEXT PAGE. 

THE THREE INPUT 1.10DULES ARE .. 

1. PRO ~.OBJ WRITTEN IN PLIM. IT DEFINES THE USE OF DGROUP 

2. PRO pS.OBJI WRITTEN IN ASM86. IT DEFINES 'THE SEGMENT NVM 

3. SMA L.L1B A SUPPORT LIBRARY FOR THE SMALL MODEL OF PL/M 

THE CLASSES IN ~GROUP SHOULD APPEAR IN THE ORDER SHOWN, WITH THE 

FIRST CLASS ST A ~lING AT ADDRESS 200H. NOTE THAT IF THE LOCATER TRIES 

TO LOCATE A CLA SS WHERE A SEGMENT IS ALREADY LOCATED, IT WILL LOCATE 

THE CLASS AT THf NEXT AVAILABLE LOCATION (THIS SHOllLD HELP WITH 

INITCODE AND THf CLASS 'CODE'). 

t 
NON-VOLA TILE 

MEMORY 

OGROUP 
(GROUP) 

t 
OYN,\MIC 

RAM 

I 

i 
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fLASS EXERCISE: ADDRESS MAP 

-----

! SEGMENT:NVM 
I 

1--1--
1

- CJlIl'H ---I 

~~I--81l;'H---~ 
i CLASS:'STACK' 
I 

I CLASS:'CONST' 

CLASS:'OATA' 
~~---2'IlH----~ 

i 

I~TERRUPT VECTORS 
I 

~+--'.'Il--"'" 
I 

I 

I 
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r---FFFFFH-

(BOOTSTRAP) 

CLASS:COOE 

(lNITCOOE) 

1-- F, •• IlH-

.... "-..._-----.... -



WHERE TO FIND MORE INFORMATION . .. 

iAPX 86/88 FAMILY UTILITIES USER'S GUIDE 
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CHAPTER 9 

LINKING ASM86 WITH PL/M 86 

• PLIM PROCEDURE DECLARATIONS 

• PARAMETER PASSING 

• COMPATIBLE DATA TYPES 

• COMPILATIONS MODELS 

• CONVENTIONS FOR MEMORY ALLOCATION 

• CONVENTIONS FOR PROCEDURE AND LABEL DEFINITIONS 

• CONVENTIONS FOR OAT A DEFINITIONS 





LINKING ASSEMBLY LANGUAGE MODULES WITH PL/M MODULES 

• A HIGH LEVEa,. LANGUAGE (HLL) COMPILER USES A STANDARD SET OF RULES 

AND CONVENtiONS IN DEFINING CODE AND DATA. 

• AN ASSEMBLY LANGUAGE MODULE TO BE LINKED TO A HLL MODULE MUST 

BE DESIGNED SUCH THAT IT SUPPORTS THESE RULES AND CONVENTIONS. 

• GENERALLY. iTHE LINKAGE OF ASSEMBLY LANGUAGE AND A HIGH LEVEL 

LANGUAGE IS IMPLEMENTED ON A PROCEDURE BASIS. 

9-1 

pL/M PROCEDURE DECLARATION 

proc_name: PROCEDURE [parm1,parm2, .. ] 

@EcIlARE p.rml . .]~ 
(PROCEDURE BODY) 

~EIfURN valu~ ___ ~ 

~YP~; 

\BYTE 
WORD 

___ --INTEGER 

POINTER 

REAL 

• A PLIM PROCEDURE CAN ACCEPT AS MANY INPUT PARAMETERS AS REQUIRED. 

• A PL/M PROCEDURE CAN ALSO RETURN A SINGLE ITEM OF THE TYPE 

DEFINED IN tHE PROCEDURE DECLARATION. 
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UNTYPED PL/M PROCEDURES: 

• DEFINITION 

CLEAR_PORT: PROCEDURE (POIH); 

DECLARE PORT WORDi 

OUTPUT (PORT)=O; 

END CLEAR_ PORT; 

• INVOCATION 

CALL CLEAR_PORT (20); 
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TYPED PL/M PROCEDURES 

• DEFINITION 

ADD: PROCEDURE (PARM 1,PARM2) WORD; 

DECLARE PARM 1 BYTE, 

PARM2 BYTE; 

RETURN PARM 1 + PARM2; 

END ADD; 

• INVOCATION 

SUM=ADD (XYZ,ABC); 

9-4 



COMPATIBLE DATA TYPES 

j 
! 

PLIM ASSEMBL Y LANGUAGE 

DATA TYPE DATA TYPE 

BYTE DB 

WORD DW 

INTEGER DW 

POINTER DW or DD 

REAL DD 

STRUCTURE STRUC 
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IPL/M PARAMETER PASSING 

STACK 

HIGH ADdRESSES 15 

I 
PA~M2 

PA~M3 
~ 

! 

o 

PARM1 

PARAMETERS PASSED 

BY VALUE 

RETURN 'ADDRESS 

LOW ADDRESSES SP 

.. ,," ::j~::~"':i~~':. "~~~;."'." "'~E; 
IIESULT BYTE; 

, RETURNED VALUE 
RqURN RESULT; 

END PROC1;, BYTE - AL 

WORD - AX 

INTEGER -AX 

POINTER (SMALL) - BX OR ES:BX 

POINTER (COMPACT, MEDIUM,LARGE) - ES:BX 

REAL - TOP OF REAL MATH UNIT STACK 
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PASSING REAL PARAMETERS 

• THE FIRST SEVEN REAL PARAMETERS ARE PASSED ON THE MATH UNIT STACK. 

ANY REMAINING ONES ARE PASSED ON THE CPU STACK. 

PROC2: PROCEDURE (PARM1,PARM2,PARM3, PARM4)j 

DECLARE PARM1 BYTE, 

PARM2 REAL, 

PARM3 REAL, 

PARM4 INTEGER; 

1 
END PROC2; 

CPU STACK MATH UNIT STACK 

15 o 79 o 

STACK I 
GROWS 

PARM1 

PARM4 

RETURN ADDRESS 

PARM3 

PARM2 

_ST 

-SP 

STACK I 
GROWS 

· · · · · · 
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WHICH REGISTERS CAN A PROCEDURIE MODIFY? 

--
REGISTER MUST PRESERVE USAGE --

AX NO Return BYTE (ALl, WORD 
and INTEGER values 

BX NO Return POINTER value,s 

CX NO -
OX NO -

SP YES '" Stack pointer 

BP YES Slack marker 

SI NO -

01 NO -
--

FLAGS NO -
CS YES Caller's code segment 

OS YES Caller's data segm4~nt 

SS YES Caller's stack segment 

ES NO Return POINTER vcllues 

* SP MUST BE ADJUSTED SO THAT ALL PARAMETERIS ARE REMOVED 

FROM THE STACK UPON RETURN. 
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I 

I 

A4SEMBL Y LANGUAGE INTERFACE RULES 

I 

• AN ASSEMB~ Y LANGUAGE PROCEDURE WHICH IS CALLED BY A HLL PROGRAM 

MUST REMqVE ALL PARAMETERS FROM THE STACK. 
I 

• AN ASSEMBly LANGUAGE PROGRAM CAN EXPECT THE STACK, UPON 

RETURN FRtM HLL PROCEDURE, TO NO LONGER CONTAIN THE PARAMETERS 

IT PUSHED. I 

I 

• AN ASSEMB~ Y LANGUAGE PROCEDURE WHICH IS CALLED BY A HLL PROGRAM 

MUST SAVEIDS, SS, SP, AND BP, IF THEY ARE TO BE MODIFIED. 
I 

• AN ASSEMBly LANGUAGE PROGRAM CALLING A HLL PROCEDURE CANNOT 

EXPECT ANt REGISTERS EXCEPT DS, SS, SP, AND BP TO BE PRESERVED. 

I 

I 

I 
I 

I 
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EXAMPLE 

• A PLIM C1MPATIBLE PROCEDURE IS REQUIRED TO FIND THE 
MEAN OF WO VALUES. ASSUME THAT THE PROCEDURE MUST 
BE OF TV IE FAR. 

GIVEN: 
I 

MEAN: IPROCEDURE (PARM1, PARM2) INTEGER EXTERNAL; 

DECILARE PARM1 INTEGER, 

! PARM2 INTEGER; 

END M~AN; 
! 

WHE~E DO WE FIND THE INPUT PARAMETERS? 
I 

WHE~E DO WE LEAVE THE RESULT? 
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EXAMPLE (CONT.) 

PARAMETER PASSING 

· · • 

STACK I GROWS 

SP ---. 

PARM1 

PARM2 

RET ADDR 
(OFFSET) 

-.-
RET ADDR 

(SEGMENT) 

} PARM1 + PARM2 

2 llAX-

RESULT 

· · · 
HOW DO WE REFERENCE PARAMETERS ON THE STACK? 
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EXAMPLE (CO NT.) 

ST ACK FRAME AFTER SAVING THE BP REGISTER 

STACK 
GROWS 

SP_ 

· · · 
PARM1 

PARM2 

RET ADDR 

(SEGMENT) 

RET ADDR 
(OFFSET) 

OLD BP 

· · • 
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• BP+8 

• BP+6 

• BP+4 

• BP+2 

• BP 



MEAtLSEG 

MEAN 

MEAN 
MEAN_SEG 

, 

EXAMPLE (CONT.) 

ASSEMBL Y LANGUAGE MODULE 

NAME 

PUBLIC 

SEGMENT 
ASSUME 

PROC 

PUSH 

MOV 

MOV 

ADD 
SAR 

POP 

RET 

ENDP 

ENDS 

END 

MEAN_VALUE 

MEAN 

'CODE' 
CS:MEAN_SEG 

FAR 
BP 

BP, SP 

AX, ~P+.m 
AX, mp+§) 
AX, 1 

BP 

4 
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;SA"E CALLER'S BP. 

;SET UP NEW BP. 

;GET PARM1. 

;ADD IT TO PARM2. 

iD1VIDE RESULT BY 2, 
iRESTORE BP. 

iRE1rURN AND CLEAN UP STACK. 

jRE~IUL T LEFT IN AX. 

USING A STRUCTURE AS A STACK TEMPLATE 

NAME MEAN_VALUE_1 

PUBLIC MEAN 

STACK_FRAME STRUC 

OLD_BP OW ? 
RELADDR DO ? 
PARM2 OW ? 
PARM1 OW ? 

ST ACK_FRAME ENDS 

MEAN_SEG SEGMENT 
ASSUME CS:MEAN_SEG 

MEAN PROC FAR 
PUSH BP ;SAVE CALLER'S BP. 
MOV BP,SP ;SET UP NEW BP. 
MOV AX, [p~ .PARM1 iGET PARM1. 
ADD AX, [p~ .PARM2 iADD IT TO PARM2. 
SAR AX,1 iDIVI[)E RESULT BY 2. 
POP BP ;RESTORE BP. 
RET 4 iRETIJRN AND CLEAN UP STACK. 

jRESUL T LEFT IN AX. 
MEAN ENDP 
MEAN_SEG i ENDS 

END 
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CLASS EXERCISE 9.1 

WRITE A PL/M COMPATIBLE PROCEDURE THAT WILL COMPARE TWO BYTE ARRAYS 

FOR 'COUNT" NUMBER OF BYTES. IF THE STRINGS COMPARE, RETURN A VALUE 
OF TRUE (OFFH). OTHERWISE, RETURN A VALUE OF FALSE (0). 

REFER TO THE FOLLOWING PL/M PROCEDURE DECLARATION WHEN WRITING 
YOUR CODE: 

CM~STRING: PROCEDURE (STR LPTR,STR2_PTR,COUNT) BYTE EXTERNAL; 

DECLARE (STRLPTR,STR2_PTR) POINTER, 
COUNT WORDj 

END CMP_STRINGj 

PLACE YOUR CODE IN A GROUP NAMED CGROUP. PLACE ANY DATA YOU DEFINE 

IN A GROUP NAMED DGROUP. ASSUME THAT THE OS REGISTER IS ALREADY 

POINTING TO DGROUP. ALSO, ASSUME THAT ALL DATA POINTERS ARE 16 BITS 

AND THAT ALL PROCEDURES ARE OF TYPE NEAR. 
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PL/M MEMORY ALLOCATION 

OBJECT MODULE 

~~ 
~~ 

PL/M 
\. PLM88 , ~~ 80URCE 

~~ 
~MORYI 

• THE OBJECT MODULE PRODUCED BY THE COMPILER CONTAINS FIVE 
SECTIONS OR SEGMENTS. 

• THE MAXIMUM SIZE ALLOWABLE FOR EACH OF THESE SEGMENTS IS 
DETERMINED BY THE SELECTED COMPILER SIZE CONTFIOL. 

-SMALL -MEDIUM 
-COMPACT -LARGE 
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SMALL MODEL 

CGROUP~~---·----------, DGROUP----.~------------_, 

CONST· 

DATA 
CODE 

STACK 

MEMORY 

'" - THE CONST SEGMENT CAN BE PLACED IN CGiROUP IF THE -ROM" 

CONTROL IS SPECIFIED AT COMPILE TIME. 
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COMPACT MODEL 

CGROUP--r-----..., DGROUP--r---..., STACK--r---..., MEMORY __ ---..., 

CONST • 

CODE STACK MEMORY 

DATA 

* -THE fONST SEGMENT CAN BE PLACED IN CGROUP IF THE "ROM" 

CONTROL IS SPECIFIED AT COMPILE TIME. 
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MEDIUM MODEL 

CODE 1 -.,..----...., CODEn -..----......., DGROUP -------. 

DATA 

CODE1 CODEn . . . 
STACK 

MEMORY 

~~------------ ----------~) -V-
MULTIPLE CODE SEGMENTS 

*" - THE CONST SEGMENT WITHIN EACH MODULE CAN BE MERGED 
WITH ITS CORRESPONDING CODE SEGMENT IF THE "ROM" 
CONTROL IS USED AT COMPILE TIME. 
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LARGE MODEL 

COD E 1 ......... -----, COD E n ......... ------, 0 A T A 1-...-----, 0 A TAn ...,...-----. ST ACK:....,...----, ME MO RY.'-..-----, 

CODE1 ••• CODEn 

MUL TlPLE CODE 
SEGMENTS 

DATAl ••• DATAn 

MULTIPLE DATA 
SEGMENTS 

STACK 

NOTE: THE CONST SEGMENT WITHIN EACH MODULE IS MERGED 

WITH ITS CORRESPONDING CODE SEGMENT. 
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MEMORY 



PLM CLASS NAMES 

TYPE OF SEGMENT 

CODE 

CONSTANT 

DATA 

STACK 

MEMORY 

CLASS NAME 

ICODE 

IC()NST * 
IDATA 

STACK 

MEMORY 

* CONSTANTS ARE MERGED WITH THE CODE SEGMENT WHEN 
USING LARGE MODEL. 

CGROUP 

CODE1 

PROC1 

PROC1 

START: 

CODE1 
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CONVENTIONS FOR PROCEDURES AND 
PROGRAM LABEL DEFINITIONS 

SMALL AND COMPACT MODELS 

NAME CODE EXAMPLE 1 - - • ALL LOGICAL CODE SEGMENTS 
GROUP CODE1 

ARE CONTAINED IN ONE 
PUBLIC START,PROC1 
EXTRN PROC2:NEAR,PROC3:NEAR PHYSICAL GROUP NAMED 

SEGMENT 'CODE' CGROUP. 
A3SUME CS:CGROUP 

PROC NEAR 
.. 
• • ALL PROCEDURES AND 
• PROGRAM LABELS COMMON TO 

RET 
ENDP BOTH PLlM AND ASSEMBLY 

CALL PROC1 LANGUAGE MODULES MUST BE 
CALL PROC2 DEFINED AS NEAR. CALL PROC3 
JMP START 

ENDS 
END 
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CONVENTIONS FOR PROCEDURE AND 
PROGRAM LABEL DEFINITIONS 

MEDIUM AND LARGE MODELS 

CODE1 

PROC1 

PROC1 

START: 

CODE1 

NAME CODE_EXAMPLE_2 

PUBLIC START,PROC1 
EXTRN PROC2:FAR,PROC3:FAR 

SEGMENT 'CODE' 
ASSUME CS:CODE1 

PROC FAR 

• 
• 
• 

RET 
ENDP 

CALL PROC1 
CALL PROC2 
CALL PROC3 
JMP START 

ENDS 
END 
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• CODE IS CONTAINED IN A 
NUMBER OF PHYSICAL CODE 
SEGMENTS. 

• ALL PROCEDURES AND 
PROGRAM l.ABELS COMMON 
TO BOTH PLIM AND 
ASSEMBLY LANGUAGE 
MODULES MUST BE DEFINED 
AS FAR. 

CONVENTIONS FOR OAT A DEFINITIONS 

SMALL MODEL 
NAME DATA_EXAMPLE_l 

DGROUP GROUP CONSTI ,DATAl ,STAClt,MEMORY 

CONSTI 

CONSTl 

DATAl 

DATAl 

SEGMENT PUBLIC 'DATA' 
Constant data definitions go heTe. 
Don't forget that constanta could be 
merged with the code segments. 
ENDS 

SEGMENT PUBLIC 'DATA t 
Variable data definitions go here. 
ENDS 

STACK SEGMENT STACK 'STACK' 
Stack definitions go here. 

STACK 

MEMORY 

MEMORY 

Make sure that the segment definition 
is identical to the one used by PL/M. 
ENDS 

SEGMENT MEMORY 'MEMORY' 
Data to be placed in the memory segment 
is defined here. 
Make sure that the segment definition 
is identical to the one used by PLIM. 
ENDS 

CGROUP GROUP CODEI 

CODEl SEGMENT PUBLIC 'CODE' 
ASSUME CS: GROUP 
ASSUME DS:DGROUP,SS:DGROUP 

CODEI ENDS 
END 
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• ALL PROGRAM DATA IS CONTAINED 
IN A GROUP NAMED DGROUP. 

• DATA POINTERS IN SMALL MODEL 
WITH CONSTANTS IN DGROUP ARE 
16 BITS (OFFSET ONLY). WITH 
CONSTANTS IN CGROUP. THE 
DATA POINTERS ARE 32 BITS. 
(SEGMENT: OFFSET) 



DGROUP 

CONSTl 

, 
CONSTl 

DATAl 
, 
DATAl 

STACK 

STACK 

MEMORY 

MEMORY 

CODEl 

CODEl 

DGROUP 

CONSTl 

CQNSTl 

DATAl 

DATAl 

STACK 

STACK 

MEMORY 

MEMORY 

CGROUP 

CONVENTIONS FOR OAT A DEFIN!ITIONS 
MEDIUM MODEL 

NAME DATA_EXAMPLE_2 

GROUP CONSTl,DATAl,STACK,MEMORY 

SEGMENIr PUBLIC 'DATA" 
Constant data definitions go here. 
Don't forget that constants could be 
merged with the code segments. 
ENDS 

SEGMENT PUBLIC 'DATA' 
Variable data definitions go here. 
ENDS 

SEGMENT STACK 'STACK' 
Stack definitions go here. 
Make sure that the segment definition 
is identical to the one used by PL/M. 
ENDS 

SEGMENT MEMORY 'MEMORY' 
Data to be placed in the memory segment 
is defined here. 
Make sure that the segment definition 
is identical to the one used by PL/M. 
ENDS 

SEGMENT 'CODE' 
ASSUME CS:CODEl 
ASSUME DS:DGROUP,SS:DGROUP 

ENDS 
END 
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• ALL PRoclRAM DATA IS CONTAINED 
IN A GROUP NAMED DGROUP. 

• DATA POINTERS IN MEDIUM MODEL 
ARE 32 EilTS (SEGMENT: OFFSET). 

CONVENTIONS FOR DATA DEFINITIONS 

COMPACT MODEL 

NAME DATA_EXAMPLE_3 

GROUP CONST! ,DATAl 

SEGMENT PUBLIC 'DATA I 
Constant data definitions go here. 
Don't forget that constants could be 
merged with the code segments. 
ENDS 

SEGMENT PUBLIC 'DATA I 
Variable data definitions go here. 
ENDS 

SEGMENT STACK I STACK 1 

Stack defintt'tons go here. 
Make sure that the segment definition 
is identical 'to the one used by PL/M. 
ENDS 

SEGMENT MEMORY 'MEMORY I 
Data to be placed in the memory segment 
is defined here. 
Make sure that the segment definition 
is identical to the one used by PLIM. 
ENDS 

GROUP CODEl 

VARIABLE AND CONSTANT DATA 
IS CONTAIIIIIED IN A GROUP 
NAMED DGiROUP. 

• STACK AND MEMORY ARE EACH 
ALLOCATED ONE PHYSICAL SEGMENT. 

• DATA POINTERS ARE 32 BITS 
(SEGMENT : OFFSET), 

CODE! SEGMENT PUBLIC 'CODE' 
ASS1JMl! CS:G~OUP 
ASSUME DS:GROUP,DS:STACK 

CODEI ENDS 
END 
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DATAl 
, 
DATAl 

DATA2 
; 
DATA2 

STACK 

; 
STACK 

MEMORY 

; 
MEMORY 

CODEl 

CONVENTIONS FOR OAT A DEFINITIONS 
LARGE MODEL 

NAME DATA_EXAMPLE_4 

SEGMENT 'DATA' 
Variable data definitions go here. 
ENDS 

SEGMENT 'DATA' 
Variable data definitions go here. 
ENDS 

SEGMENT STACK 'STACK' 
Stack definitions go here. 
Make sure that the segment definition 
is identical to the one used by PL/M. 
ENDS 

SEGMENT MEMORY 'MEMORY' 
Data to be placed in the memory segment 
is defined here. 
Make sure that the segment definition 
is identical to the one used by PL/M. 
ENDS 

SEGMENT 'CODE' 
ASSUME CS:CODEl,DS:DATAl,SS:STACK 

Constants are defined within the code 
segment • 

. 

• VARIABLE DATA IS CONTAINED IN 
MULTIPLE DATA SEGMENTS. 

• CONSTANT DATA IS MERGED WITH 
A MODULE'S CODE SEGMENT. 

• STACK AND MEMORY ARE EACH 
ALLOCATED ONE PHYSICAL SEGMENT. 

• DATA POINTERS ARE ALL 32 BITS 
(SEGMENT: OFFSET). 

CODEl ENDS 
END 
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EXAMPLE 

• A PL/M COMPATIBLE PROCEDURE IS REQUIRED TO SUM 
THE ELEMENTS OF A BYTE ARRAY. ASSUME THAT THE 

PLIM MODULE HAS BEEN COMPILED USING THE SMALL 
MODEL OF SEGMENTATION. 

GIVEN: 

ARRAY_SUM: PROCEDURE(ARRAY_PTR"ELEMENTS) INTEGER EXTERNAL; 

DECLARE ARRA Y_PTR POINTER, 

ELEMENTS WORD; 

END ARRAY_SUM; 

WHAT MAKES UP A POINTER IN SMALL MODEL? 
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CGROUP 

ARRAY_SUM-SEG 

ARRAY_SUM 

AGAIN: 

ARRAY_SUM 
ARRAY_SUM_SEG 

EXAMPLE (CaNt) 

STACK FRAME 

HIGH MEMORY 

• 
• 
· 

STACK j 
GROWS 

ARRAY_PTR 
(OFFSET ONLY) 

ELEMENTS 

- EIP+6 

-SIP+4 

RET ADDR 
(OFFSET) - EIP+2 

SP_ CALLER'S BP -EIP 

· · · 
LOW MEMORY 
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EXAMPLE (CaNT.) 

ASSEMBL Y LANGUAGE MODULE 

NAME 

PUBL.IC 

GROUP 

SEGMENT 
ASSUME 

PROC 
PUSH 
MOV 
MOV 
MOV 
MOV 
ADD 
INC 
LOOP 
POP 
RET 

ENDP 
ENDS 
END 

ARRAY_SUM_MOD 

ARRAY_SUM 

ARRAY_SUM_SEG 

'CODE' 
CS:CGROUP 

NEAR 
BP 

BP,SP 
BX, ~P+§) 
CX, ~P+f1 
AX,O 
AX,DS: ~~ 
BX 
AGAIN 
BP 
4 
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;SAVE (~ALLER'S BP. 
lSET Uf' NEW BP. 
,SET Uf' ARRAY POINTER. 
jSET UP ITEM COUNT. 
;CLEAR SUM. 
iADD AF~RAY ELEMENT TO SUM. 
;UPDATIE ARRAY POINTER. 
jlF CX~'), DO IT AGAI N. 
jRESTORE BP. 
jRETURN AND CLEAN UP STACK. 
jRESUU LEFT IN AX. 



LOADING POINTERS 

16 BIT POINTERS 32 BIT POINTERS 

PTRl SEGMENT 

- PTR2 --
RET ADDR 

OFFSET 
8P-_ OLD BP SEGMENT 

- RET ADDR-
LOW MEMORY OFFSET 

sp- OLD BP _BP 

LOW MEMORY 
MOV BX,~P+~ 

OS 

[PTR2(SEGMENT) I 
LOS BX, ~P+!l => BX 

[ PTR2(OFFSET) I 
OR 

I PTR2(SEGMENT) I 
LES BX,~P+~ => BX 

I PTR2(OFFSET) I 

9-31 

CLASS EXERCISE 9.2 

REWR:ITE THE ARRAY SUM PROCEDURE. THIS TIME ASSUME 

THAT IT MUST INTERFACE WITH A PLIM MODULE COMPILED 

LARGE 
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WHERE TO FIND MORE INFORMIA TION ... 

AN INTRODUCTION TO ASM86 
CHAPTER 5 - COMBINING ASM86 AND PL/M-8E1i MODULES 

PL/M-86 USER'S GUIDE 
APPENDIX F - LINKING TO MODULES WRITTE:N IN OTHER 
LANGUAGES 
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CHAPTER 10 
LINKAGE WITH OTHER HIGH LEVEL LANGUAGES 

• LINKING WITH 'C' 

• LINKAGE WITH PASCAL 

• LINKAGE WITH FORTRAN 





THINGS TO CONSIDER WHEN LINKING TO HLL'S 

• COMPATIBLE DATA TYPES 

• COMPILATION MODELS (SMALL, LARGE ETC.) 

• PASSING PARAMETERS TO PROCEDURES 

•• MANY PRINCIPLES OF LINKING TO PL/M ARE APPLICABLE 
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COM PAT I B LEO A TAT Y PES 

ASMBG PLlMBG PASCAL FORTRAN 'c' COMMENTS 

DB 
OW 
DO 

DB 
OW 
DO 

DB 
DW 
DO 

UNSIGNED DATA TYPES 

BYTE 
WORD 
DWORD 

INTEGERS 

CHAR 
WORIl 

CHARACTER CHAR 

I NTEGER*l ------
INTEGER INTEGER INTEGER*2 INT/SHORT 

LONGINT INTEGER*4 l.ONG 

BOOLEAN VALUES (IE TRUE/FALSE) 

BYTE 

REAL NUMBERS 

Bool.EAN LOG I CAL *1 -.----
LOGICAL*2'-----
LOGICAL *4 -.-----

8087 SHORT INTEGER 

~-----------------------------------------------------------------------------
DO REAL REAL REAL*4 FLOAT 8087 SHORT REAL 
I~ REAL*8, DOUBLE 8087 LONG REAL 

DOUBLE PRECISION 
DT LONG REAL TEMPREAL TEMPREAL ------ 8087 TEMPORARY REAL 

* OTHER DATA TYPES: THESE LANGUAGES SUPPORT ARRAYS AND STRUCTURES IN 
VARYING DEGREES. THEY ALSO USE POINTERS (16 BITS IN SMALL / 32 BITS 
OTHERWISE). SEE APPROPRIATE LANGUAGE REFERENCE MANUAL FOR DETAILS· 
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COMPILATION MODELS 

• LANGUAGES SAME CONVENTIONS (CLASS NAMES, GROUPS ETC.) 
AS PLIM. 

SMALL COMPACT MEDIUM LARGE 

PLIM X X X X 

PASCAL X X X 

FORTRAN X 

C X X 
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PARAMETER PASSING 

• ALL THREE LANGUAGES PASS PARAMETERS INTO PROCEDURES ON STACK. 

• RETURNED VALUES (FUNCTIONS, TYPED PROCEDURES) PASSED IN REGISTERS, 
REALS ON TOP OF 8087 STACK. 

• PARAMETERS PASSED IN ONE OF TWO WAYS: 

1) BY VALUE - PARAMETER READ FROM MEMORY AND 
PUSHED ONTO STACK. 

2) BY REFERENCE - ADDRESS OF PARAMETER IS PASSED 

TO PROCEDURE. SAME AS PASSING 
POINTERS IN PLIM. 
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PARAMETER PASSING: PASCAL 

• PARAMETERS USUALLY PASSED BY VALUE 

• 'VAR' PARAMETERS PASSED BY REFERENCE 

• PARAMETERS PUSHED LEFT-TO-RIGHT 

• 8087 STACK USED FOR FIRST SEVEN REALS 

• PROCEDURE CLEANS PARAMETERS FROM STACK 

EXAMPLE 

PROCEDURE PROC (PARM1, PARM2: INTEGER; PARM3:realj 
VAR PARM4:INTEGERj PARM5:REAL)j 

PROC (A,B,C,D,E)j 
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\ 

PARAMETER PASSING : FORTRAN 

• ALL PARAMETERS PASSED BY REFERENCE (ALL POINTERS 
32 BITS) 

• PARAMETERS PASSED LEFT- O-RIGHT 

• REALS ALSO PASSED BY RE ERENCE 

• PROCEDURE CLEANS PARAM TERS FROM STACK 

EXAMPLE 

SUBROUTINE SBRTNI ( ARM1, PARM2, PARM3, PARM4) 
I 

CALL SBRTNI (A,B,C,D~ 
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PASSING PARAMETERS OF THE 

CHARACTER OAT A TYPE 

• TO PASS A CHARACTER TYPE DATA ARGUMENT, A POINTER TO 
THE CHARACTER STRING AND THE ACTUAL LENGTH OF THE 
STRING (IN BYTES) IS PUSHED ON THE STACK. 

SUBROUTINE SUBRTN2(CHAR) 

CHARACTER 8 CHAR 
STACK 

~- - - PARM1 - -

LENGTH 

1-- - RETURN ADDRESS -

LOW MEMORY 
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-

_. 

)
, POINTER TO 

CHARACTER 

) 
ACTUAL LENGTH 

OF STRING 

4--sp 

PARAMETER PASSING: 'c' 

• ALL PARAMETERS PASSED BY VALUE 

• PARAMETERS PUSHED RIGHT-TO-LEFT 

• VARIABLE NUMBER OF PARAMETERS ALLOWED 

• 8087 STACK USED FOR FIRST SEVEN REALS 

• CALLING PROGRAM REMOVES PARAMETERS FROM STACK 

INT x, * P; I*X IS INTEGER, P POINTER TO INTEGER*I 

INT F 0; I*F IS FUNCTION, NO PARAMETER COUNT*I 

F(X,P)j I*X PASSED BY VALUE, P IS A POINTER*I 

10-8 



HIGH LEVEL LANGUAGE 

INTERFACING : CHECK LIST 

1. PUBLIC AND EXTERNAL DATA DEFINITIONS MUST MATCH HLL DATA TYPE 

2. FOLLOW COMPILATION MODEL (SMALL, COMPACT ... ) RULES 

• USE CORRECT CLASSNAMES/GROUPS 

• IF USING GROUPS: 

- CS, OS, ES ADDRESS GROUP BASE (NOT SEGMENT BASE) 
- USE OF MOV BX, OFFSET DGROUP: VARIABLE (OR USE LEA 

INSTRUCTION) 

• ARE POINTERS (AND RETURN ADDRESSES) 16 BITS OR 32 BITS? 

3. PASSING PARAMETERS 

• IS THE STACK FRAME RIGHT? 

• REMOVE CORRECT BYTE COUNT ON RETURN FBOM PROCEDURE 

• LEAVE RETURN VALUES IN CORRECT REGISTERS 

4. REGISTERS WHICH ONES WILL/MAY BE DESTROYED? BP IS SACRED I 
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WHERE TO FIND MORE INFORMATION . .. 

PASCAL-86 USER'S GUIDE 

APPENDIX J - LINKING TO MODULES WRITTEN IN OTHER LANGUAGES 

FORTRAN-86 USER'S GUIDE 

APPENDIX H - LINKING TO SUlBPROGRAMS WRITTEN IN OTHER 

LANGUAGES 

C-86 COMPILER USER'S GUIDE 
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DAY 3 OBJECTIVES 

BY THE TIME YOU FINISH TODAY YOU WILL: 

• SEE THE ARCHITECTURE OF THE 8087 

• DEFINE THE 8086-8087 INTERFACE 
(HARDWARE AND SOFTWARE) 

• DEFINE THE DATA FORMATS USED FOR 
REAL, INTEGIER AND BCD NUMBERS 

• USE THE 80S17 INSTRUCTION SET 

• INITIALIZE THE 8087 

• DISCUSS EXCEPTION HANDLING FOR 
ARITHMETIC ERRORS 

• DEFINE THE USE OF THE 8087 SUPPORT 
LIBRARIES 





CHAPTER 11 

INTRODUCTION TO THE 80B7 
NUMERIC PROCESSOR EXTENSION 

• MOTIVATION FOR USING THE 8087 
• ARCHITECTURAL DESCRIPTION 

• HARDWARE INTERFACE 

• SOFTWARE INTERFACE 





8087 80-BIT HMOS NUMERIC PROCESSOB EXTENSION 

• FULL NTERNAL 8O-BIT ARCHITECTURE FOR HIGH PERFORMANCE 

• t.1PLEMENTS PROPOSED IEEE FLOATING POINT STANDARD 

• EXPANDS HOST CPU DATATVPES TO IIICLUDE 32-, 64-BIT NTEGERS, 3~~, 64-, ao-eIT FLOATIIIG PONT, 

AND 16-DIGIT BCD OPERANDS 

• ALL HOST CPU ADDRESSIIIG MODES AVALABLE 

• DRECTL V EXTENDS HOST CPlfS IIISTRUCTION SET TO TRIGONOMETRIC, LOGARITHMIC, EXPONENTIAL 

AND ARITHMETIC IIISTRUCTIONS FOR ALL DATATVPES 

• 6 x 6Q-BIT,IIIDIVDUALLV ADDRESSABLE, NUMERIC REGISTER STACK 

• BUILT-IN EXCEPTION HANDLING FUNCTIONS 

NOTE: THE 8087 IS AN EXTENSION 

OF THE HOST CPU 

(iAPX 66,88 OR iAPX 186,186) 

11-1 

WHY USE AN 8087? 

• TO MAKE IT EASIER TO PROGRAM ACCURATE; ARITHMETIC 

SOFTWARE 

• TO BRING ABOUT STANDARDIZAOON OF NUMERIC PROGRAMS 

AND DATA 

• TO MEET THE HIGH PERFORMANCE MATH REQUREMENTS OF 

VARIOUS APPLICATION PROGRAMS 
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RELIABIUry - WHAT CAN AN 8087 DO FOR YOU? 

• THE 8087 IS DESIGNED TO DELIVER STABLE, ACCURATE RESULTS 

• IT CAN PROCESS DECIMAL NUMBERS UP TO 18 DIGITS OF 

SIGNIFICANCE - WITHOUT ROUND-OFF ERRORS 

• IT CAN PERFORM EXACT ARITHMETIC ON INTEGERS AS LARGE 

AS 264 (APPROXIMATELY EQUAL TO 1.845 x 1019). 
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ST ANDARDIZATION 

• THE 8087 IS THE FIRST FULL IMPLEMENTAT!ON OF THE 
PROPOSED IEEE FLOATING POINT STANDARD 

• DATA FORMATS AND BASIC ARITHMETIC FUNCTIONS 

ARE CONSISTENT WITH WITH OTHER INTEL PRODUCTS 

- iSBC-310 

-B232 

- FPAL 

- ASM-B6 

- PLlM-B6 

- FORTRAN-B6 

- PASCAL-B6 
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100 

10 

HIGH PERFORMANCE 

Approximate Execution Time (",5) 

(5 MHz Clock) 
Instruction 

8087 
8086 

Emulation 

Multiply (single precision) 19 1,600 

Multiply (double precision) 27 2,100 

Add 17 1,600 

Oivide (single precision) 39 3,200 

Compare 9 1,300 

Load (single precision) 9 1,700 

Store (single precision) 16 1,200 

Square root 36 19,600 

Tangent 90 13,000 
1977 197. 1919 1010 Exponentiation 100 17,100 

YEAR INTRODUCEO 

8087 EVOLUTION AND 

RELATIVE PERFORMANCE 

8087 vs SOFTWARE COMPARISON 
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iAPX 86/20, 88/20, 186/20, 188/20 ARCHITECTURE 

HOST CPU 
M'X (8087) 
DATA FELD TAG FELD 

15 FLE: 0 19 18 8483 o o 
AX Rl SIGN EXPONENT SIGNFICAND 
ax R2 

CX R3 --
OX R4 

Sf R5 
III R6 --
BP R7 --
Sf' RS --I... __ , 

15 o 
cotmIOl. REGISTER 

STATUS REG/S'TCR -, 
CS~' OS , 

ES I 
ss I , 

~ tISTRUCTlDN PONTER-

~ DATA PONTER -

• THE 8087 IS AN AHCHITECTURAL EXTENSION OF THE HOST CPU • 

• TO USE THE 8087, ADDITIONAL OPCODES AND OPERAN[)S ARE 

INCLUDED IN THE HOST CPU's INSTRUCTION SET. 
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8087 DATA TYPES AND FORMATS 

......-- INCREASING SIGNIFICANCE 

WORD INTEGER 15\ MAGNITUDE I g~~prEMENT) 
15 0 

SHQRT1NTEGER lSi MAGNITUDE I (TWO'S 
~'31"'" ---------:1; COMPLEMENT) 

II I (TWO-S 
L.ONG INTEGER S MAGNITUDE COMPLEMENT) 

~63'---------------~O 

PACKED DECIMAL 5 X MAGNITUDE 
d" dIS d,s d 14 do d l• d'1 d,o d9 da d7 d6 ds d~ ell d, d, dO 

19 72 

LONG REAL 5 SIGNIFICANO 

II BIASED 
TEMPORARY REAL 5 EXPONENT 

~n'--~~~~~r------------~ 
SIGNIFICAND 

NOTES: 
5 '" Signbit(O=positive,1=negalive) 
dn '" Decimal dig.' (two per by!e) 
X '" Bits have no significance; 8087 ignores when loadmg, zeros when storing. 
, '" Position 01 implicit binary point 
I '" Inleger bit 01 signllicand: stored in temporary real. implicit in short and long real 
Exponent Bias (normalized values): 

Shor,Real: 121(7FH) 
LongReal: 1023 (3FFHl 
Temporary Real: 16383 (3FFFH~ 

\ 

ALL NTERNAL 8087 DATA IS 1\1 

THIS FORM. THE SIZE OF THE 

TEMPORARY REAL FORMAT 

CONTRBUTES TO THE OVERALL 

ACCURACY AND STABLITY OF 

THE 8087 
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REAL FORMATS 

SIGN - JJ "" POSITIVE NUMBER 

1 ... NEGATIVE NUMBER 

EXPONENT - EXPONENT IS BIASED TO ELIMINATE NEED FOR 

HANDLING NEGATIVE EXPONENTS. SHORT REAL 
HAS 8 BIT EXPONENT: 

SIGNIFICAND -

TRUE EXPONENT: -127- +127 

BIASED EXPONENT: 0 .... +254 BIAS 0: +127 

CONT AINS SIGNIFICANT BITS (MANTISSA) OF NUMBER. 

IT IS USUALLY NORMALIZED, MEANING THAT IT CONTAINS 

BOTH A FRACTION AND WHOLE NUMBER. THIS ENSURES 

THE GREATEST PRECISION FOR A GIVEN REAL FORMAT 

ASSUME WE HAVE A 5 DIGIT SIGNIFICAND AND WE 

WANT TO REPRESENT THIS NUMBER: 

3,174,231 

NORMALIZED NUMBER: 3.1742 X 108 

UNNORMALIZED NUMBER: 0.0031 X 109 
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I 

TEMPORARY REAL FORMAT 

MOST SIGNIFICANT BYTE 

7 07 

S I E14 , 
SIGN 
1 BIT 

07 07 07 07 07 07 

EO I F63 

\ \ 
EXPONENT SIGNFICAND 

15 BITS 64 BITS 
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TEMPORARY REAL 
(CONT.) 

07 07 0 

FO 

EXPONENT -
-16382 -4932 

SMALLEST -VE NUMBER : 2 = 3.3'6 x 1 0 
LARGEST +VE NUMBER = 2 16384 = 1.19 x 10 4932 

RADIUS OF UNIVERSE ~ 13 BILLION LIGHT YEARS 
:. VOLUME ~ 7.77 x 10 84 CM 3 

IT WOULD TAKE - 10122 ELECTRONS TO FILL 
THIS VOLUME 

SIGNIFICAND 

ACCURACY OF ONE PART IN 2 64 

COMPARES WITH THE RADIUS OF A HYDROGEN ATOM 
NEXT TO RADIUS OF MOONS ORBIT ABOUT THE EARTH 
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8284 

CLOCK 

8086~8087 INTERFACE 

• PROCESSORS CAN OPERATE IN PARALLEL 

• SHARE SINGLE INSTRUCTION STREAM 

• 8087 TRACKS QUEUE OF 8086 USING QUEUE STATUS LINES 

• ALL 8086 ADDRESSING MODES AVAILABLE 

• 8086 SUPPLIES OPERAND ADDRESSES TO 80.87 BY ISSUING 

DUMMY READ 
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HARDWARE INTERFACE 

NT INTR 
8259A 8086/8088 - ClK 

PIC QUEUE .... 
[=~' ~ IRn 

QSO QS1 TEST 

itt 
QSO QS1 BUSY 

8086 

FAMLY 

~ BUS 

~TERFACE 

~Tt..tASTER 

... SYSTEM 
BUS 

GENERATOR RQ/GTO 8087 I ..... 3 COMPONEI'ITS 

elK ClK QUEUE 
1 IJIII] 

!NT RQ/GT1 

I 
r 
I 

_____ l ___ 
I 

I I 
- - --ICU< 

I 

8089 

lOP 

I ~ 
I <3 
I g 
I ffi 

l-
I • ~ 
I I ~ 
I .I...J 

I~-" ~ 
I 

: I _________ ..J 

• THE 8087 HAS A DRECT HARDWARE NTERFACE WITH THE HOST CPU 
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PRINCIPAL INSTRUCTIONS OF THE 8087 
-

CLASS INSTRUCTION TYPES 

DATA TRANSFER LOAD AND STORE (FOR ALL DATA TYPES), EXCHANGE, FREE 

ADD, SUBTRACT, MUL TPL Y, DIVIDE, SUBTRACT RIEVERSED, DIVIDE REVERSED, 

CALCULATE SQUARE ROOT, SCALE, INCREMENT, DECREMENT, USE 
ARITHMETIC REMAINDER, ROUND TO MEGER, CHANGE SIGN, ABSOLUTE VALUE, EXTRACT 

MANTISSA OR EXPONENT 

LOGICAL/RELATIONAL COMPARE, EXAMINE, TEST 

TRANSCENDENTAL * CALCULATE TANGENT, ARCTANGENT, 2x - 1, Y • 1092 X, Y • (1og2 X + 1) 

CONSTANTS * 0, 1,11' ,10910 2,Ioge 2,1092 10, log 2 e 

LOAD CONTROL WORD, STORE CONTROL WORD, STORE STATUS WORD, 

PROCESSOR CONTROL LOAD ENVRONMENT, STORE ENVFlONMENT, SAVE, RESTORE, SET INTERRUPT-

ENABLE ENABLE, CLEAR M"ERRlPT -ENABLE, CLEAR ERRORS, NITIALiZE 

* COMBNING THESE INSTRUCTIONS N VERY Stv1PLE ROUTINES PROVDIES ALL THE COMMON 

TRIGONOMETRIC, INVERSE HYPERBOLIC, NVERSE HYPERBOLIC, LOGARITHM';;, AND 

POWER FUNCTIONS, -
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8087 SOFTWARE SUPPORT 

• 8087 SOFTWARE EMULATORS 

- FULL. 16K EMULATOR (E808?) 

- PARTIAL 8K EMULATOR (PE808?) FOR PLlM-86 

• LANGUAGE SUPPORT 

- ASM'-86 

- PLlM-86 

- FORlrRAN-86 

- PASCAl-86 

• SUPPORT LI BRARIES 

- CElS7 COMMON ELEMENTARY FUNCTIONS 

- DCON87 DECIMAL CONVERSION 

- EH87 ERROR HANDLER 
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WHERE TO FIND MORE INFORMATION .. . 

APPLICATION NOTE AP-113 - GETTING STARTED WITH THE NUMERIC 
DATA PROCESSOR 

iAPX 86/88, 186/188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 
CHAPTER 6 - THE 8087 NUMERIC PROCESSOR EXTENSION 
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CHAPTER 12 

PROGRAMMING THE 8087 

• INSTRUCTION FORMAT 

• DATA FORMATS 

• DATA TRANSFER INSTRUCTIONS 

• ARITHMETIC INSTRUCTIONS 

• TRANSCENDENTAL INSTRUCTIONS 

• CONSTANT INSTRUCTIONS 





INSTRUCTION FORMAT 

OPCODE [OP1 [.OP2J J 

• DEPENDNG ON INSTRUCTION TYPE, ONE OR TWO OPERANDS MAY BE 

EXPLlCrrL Y SPECIFIED 

• WITH SOME NSTRUCTIONS, THE OPERANDCS) MAY BE IMPLlCrrL Y 

SPECIFIED 
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OPERANDS 

• 3 TYPES 

- IMPLlCrr REFERENCE TO THE STACK TOP CST) AND POSSIBLY THE 

NEXT STACK ELEMENT CSTC 1» 

EX. FLDZ ; PUSH 0.QJ ONTO THE STACK 

- EXPLlCrr REFERENCE TO STACK ELEMENTCS) 

EX. FADD ST(1),81 j ST(1) = ST(1) + ST 

- EXPLICrr REFERENCE TO A MEMORY ITEM 

EX. FMUL VAR1 jST=ST"'VAR1 

12-2 



DATA FORMATS FOR MEMORY OPERANDS 

- INCREASING SIGNIFICAtJCE 

WORD INTEGER lsi MAGNITUDE I ~ii'~prEMENTI 
15 0 

SHORT INTEGER I,-S.I,.l ___ M_A_GN_'T_U_DE __ -,1 ~~~ptEMENTI 
~ 0 

II I nwos 
LONG INTEGER S MAGNITUDE COMPLEMENT) 

~63~-------------------------------~O 

MAGNITUDE 
d n d lli dIS d 14 do d'2 d" dlO d9 dB d 7 d6 d:, d J d) d 2 d, do 

SIGNIFICAND 

SIGNIFICAND 

I. 

TEMPORARY REAL lsi E:~~~i~T 51 SIGNIFICAND I 
~79~--------~64~63~1----------------------------~O 
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STORAGE ALLOCATION DIRECTIVE 

DIRECTIVE MEANING USE 

DW DEFINE WORD WORD INTEGER 

DD DEFINE DOUBLEWORD SHORT INTEGER, SHORT REAL 

DQ DEFINE QUADWORD LONG INTEGER, LONG REAL 

DT DEFINE TEN BYTE PACKED DECIMAL, TEMPORARY REAL 

PTR DIRECTIVES 

WORD PTR DWORD PTR 

QWORD PTR TBYTE PTR 
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ADDRESSING MODE EXAMPLES 

CODING INTERPRETATION 

FIADD ALPHA ALPHA IS A SIMPLE SCALAR (MODE IS DIRECn 

FDIVR ALPHA,BETA BETA IS A FIELD IN A STRUCTURE THAT IS 

"OVERLAID" ON ALPHA (MODE IS DIRECn 

FMUL aWORD PTR [BX] BX CONTAINS THE ADDRESS OFA LONG REAL 
VARIABLE (MODE IS REGISTER INDIRECT) 

FSUB ALPHA[SQ ALPHA IS AN ARRAY AND SI CONTAINS THE 
OFFSET OF AN ARRAY ELEMENT FROM THE 

START OF THE ARRAY (MODE IS INDEXED) 

FILD [!lplBETA BP CONTAINS THE ADDRESS OF A STRUCTURE 

ON THE CPU STACK AND BETA IS A FIELD IN 
THE STRUCTURE (MODE IS BASED) 

FBLD TBYTE PTR [BX] [PO BX CONTAINS THE ADDRESS OF A PACKED 

DECIMAL ARRAY AND 01 CONTAINS THE OFFSET 

OF AN ARRAY ELEMENT (MODE IS BASED 

INDEXED) 
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INSTRUCTION SET 

• DATA TRANSFER 

• ARITHMETIC 

• LOGICAL/RELATIONAL 

• TRANSCENDENTAL 

• CONSTANTS 

• PROCESSOR CONTROL 
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DATA TRANSFER INSTRUCTION 

REAL TRANSFERS 

FLO LOAD REAL 

FST STORE REAL 

FSTP STORE REAL AND POP 

FXCH EXCHANGE REGISTERS 

INTEGER TRANSFERS 

FILD INTEGER LOAD 

FIST INTEGER STORE 

FISTP INTEGER STORE AND POP 

PACKED DECIMAL TRANSFERS 

FBLD PACKED DECIMAL (BCD) LOAD 

FBSTP PACKED DECIMAL (BCD) STORE AND POP 

• THESE NSTRUCTIONS MOVE OPERANDS AMONG ELEMENTS OF THE 
REGISTER STACK, AND BETWEEN THE STACK TOP AND MEMORY 

BEFORE 

ST 0.(11 

STU) e.!Il 

STW 

ST(3) 

ST(4) 

S1'(5) 

ST(O) 

ST(7) 
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REGISTER LOAD 

EX: FLD STD_DEV 

AFTER 

/ST 5.75 

/ 8T(1) t-__ IIJ._flJ_----f 

STD_DEV'-I--5.-75---.lr 8T(2) 1-__ 0._0_---1 

ST(3) 

8T(4) 

811&) 

8T(O) 
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REGISTER STORE 

EX: FIST RESULT 
BEFORE AFTER 

8T 7.25 ST 7.25 

8T(1) 0.0 ST(1) 0.0 

8T(2) 0.0 RESULT I 0007 ST(2JI ~.0 

81(3) 81(3) 

8T(.) ST(.) 

ST(6) 8T(6) 

8T(6) ST(6) 

8T(7) ST(7) 
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REGISTER STORE WITH POP 

EX: FSTP SCORE 
BEFORE AFTER 

8T 4.35 

~ 
ST (a.0 

8T(1) 0.0 ST(1) 1"·0 

8T(2) 0.1" SCORE I 4.35 8T(2) 

8T(3) 8T(3) 

8T(.) ST(.) 

8T(6) ST(6) 

8T(6) 8T(6) 

8T(7) ST(7) 
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ARITHMETIC INSTRUCTIONS "' 

Addition 

FADD Add real 

1\ 
FADDP Add real and pop 
FIADD Integer add 

Subtraction 

FSUB Subtract real 
FSUBP Subtract real and pop 

~ 
FtSUB tnteger subtract 
FSUBR Subtract real reversed 
FSUBRP Subtract real reversed and pop 
FISUBR Inleger subtract reversed 

Mulllpllcatlon 

Instruction Form 
Mnemonic Operand Forms 

ASM-86 Example FMUL Multiply real Form destlnallon, source 
FMULP Multiply real and pop 
FIMUL Integer multiply Classical stack Fop (STII),Sn FADD 

DIvision 
Register Fop STII),ST or ST,STU) FSUB ST,STI31 

Regl~ter pop FopP STlII,ST FMULP STI21,ST 
FDIV Divide real Real memory Fop (ST,) shorl-real/long-real FDIV AZIMUTH 
FDIVP Divide real and pop 

Integer memory Flop (ST,) word-lntegerlshorl-lnteger FIDIV Inleger divide FIDIV N_ PULSES 
FDIVR Divide real reversed 

NOTES: Braces ( ) surround Implicit operands; these are not coded, and are shown FDIVRP Divide real reversed and pop 
FIDIVR Inleger divide reversed her. lor Inlormatlon only. 

op = ADO destination t- destination + source 
SUB destination ... destination - source 
SUBR 4estlnatlon .. source - destlnaUon 
MUL desllnatlon to desllnatlon • source 
DIV destination ... destination.;. source 
DIVR destination .. source -=- destination 

"- ~ 
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CLASSICAL STACK OPERATION 

EX: FADD 
BEFORE AFTER 

ST 3.5Ql ST 5.25 

STU) 1.75 3.5f/t IIJ.Ql 

8T(2) l1.f/t 

+1 1.75 
ST(3) 

ST(4) 5.25 

ST(6) 

ST(O) ST(O) 

ST(7) s1'(7) 

• NOTE: CLASSICAL STACK MODE INCLUDES A POP 
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r "' REGISTER OPERATION 

EX: FSUB ST(3),ST 
BEFORE AFTER 

8T 2.50 8T 2.50 

8T(1) 0.0 ~I 7.013 I 8T(1) 0.ra 

8T(2) 13.0 8T(2)' 0.0 -I 2.50 I 8T(3) 7.130 8T(3) 4.50 (_, I 8T(4) 13.0 4.50 0.0 

8T(6) 8T(6) 

8T(6) 8T(6) 

8T(7) 8T(7) 

NOTE: ONE OF THE OPERANDS MUST BE ST. 

\.. 
ST(i),ST OR ST,ST(i) 
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r ~ 

REGISTER OPERATION WITH POP 

EX: FSUBP ST(3),ST 

8T 2.50 8T 0.0 

8T(1) 0.0 ~G on1l 
0.0 

8T(2) 0.0 ,...-- -.. 8T(2) 4.50 
- ~ 8T(3): 4.50 P"'" 

ST(3) 7.00 8 ~---- ~ 0.13 

8T(4) 0.~ 4.50 8T(4) 

8T(6) 8T(6) 

8T(6) 8T(6) 

8T(7) 8T(7) 

NOTE: OPERANDS MUST BE IN THIS FORM 

ST(i},ST 

\.. ..I 
12-14 



REVERSED OPERATION 

EX: FSUBR ST(3),ST 

ST 2.50 ~ 

ST(1) 1--__ 0._0_----l L.1 __ 2_.5_0_....I1 

8T 

0.0 

2.~ 

ST(1) 

8T(2) 0.0 ,..1-------.1 8T(2) 0.0 
1-------4~ 7.00 ~-----I 

Slt3l 7... : / Slt3l - 4.5. 

8T(4) 0.0 I -4.50 r 8T(4) 1-___ 0._0_--1 

8T(5) 

8T(6) 

8T(7) 

ST(5) 

ST(6) 

ST(7) 

NOTE: THERE IS ALSO A REVERSED FORM OF 

THE INSTRUCTION FOR DIVISION 

,'------------------------------------'~ 
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MEMORY OPERATION 

EX: FIMUL INT1 

ST 3.25 

~ 0.0 

ST 

0.0 8T(1) 3.25 

13.0'0' 

8T(2} 

* INT1 
0004 

8T(3) 

8T(4) 
0013 

ST(5) 

ST(6) ST(6) 

ST(7) 8T(7) 
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OTHER ARITHMETIC INSTRUCTIONS 

FSQRT 

FSCALE 

FPREM 

FRNDINT 

FXTRACT 

FABS 

FCHS 

SQUARE ROOT 

SCALE BY INTEGRAL POWERS OF TWO 

PARTIAL REMAINDER (MODULO REDUCTION) 

ROUND TO INTEGER 

EXTRACT EXPONENT AND SIGNIFICAND 

ABSOLUTE VALUE 

CHANGE SIGN 
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EXAMPLE 

NAME PYTHAGORUS 

EXTRN INIT87:FAR 

Define a structure used to represent a right triangle. 
, 
TRIANGLE 

BASE 
ALT 
HYP 
AREA 

TRIANGLE 

STRUC 
DD 
DD 
DD 
DD 
ENDS 

DATA SEGMENT PUBLIC 

RIGHT TRIANGLE 
TI-Kl DD 

DATA ENDS 

STACK SEGMENT STACK 

3.~ 
4.~ 
? 
? 

'DATA' 

<> 
2.~ 

'STACK' 

DW 1fJfJ DUP(?) 
TOS LABEL WORD 

STACK ENDS 

; The DD memory allocation allows 
; enough space for the variables 
; to be defined in the SHORT REAL 
; format. 

; Allocate storage for one triangle. 
; Define a real constant equal to 2. 
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FLO TWO 

CODE SEGMENT PUBLIC 'CODE' 
ASSUME CS:CODE,DS:DATA,SS:STACK 

, 
; INITIALIZE 8087 
, 
INIT: CALL INIT87 ; This routine is in a library. 

; It sets up the default environment 
; for the 8087. 

PLACE INPUT OPERANDS ON 8087 STACK 
, 
SETUP: FLD 

FLD 
FLD 

TWO 
RIGHT. BASE 
RIGHT .ALT 

; Put 2.0 in STACK TOP (ST) 
; ST <--BASE 
; ST <--ALT 

CALCULATE AREA = (BASE*ALT)/2 AND STORE IN MEMORY 
, 
CALC: FLD ST{l) 

FMUL ST,ST{l) 
FDIV ST ,ST(3) 
FSTP RIGHT.AREA 

; Duplicate BASE in ST 
; ST <--BASE * ALT 
; ST <--ST/2 
; Store ST in AREA then d-iscard 

CALCULATE HYPOTENUSE = ({BASE**2)+{ALT**2))**0.5 

FSTP 

FMUL 
FXCH 
FMUL 
FADD 

ST,ST(0) 
ST(1) 
ST,ST(0) 

FSQRT 
RIGHT.HYP 
FFREE ST(0) 

DONE: HLT 

CODE ENDS 

; Square ALT 
; Exchange ALT**2 and BASE 
; Square BASE 
; ST <--BASE**2 + ALT**2 
; ST <--ST**0.5 
; Store ST in HYP then discard 
; Clear out ST 
; Register STACK now empty 

END INIT,DS:DATA,SS:STACK:TOS 
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REGISTER STACK USAGE 

FLO RIGHT .BASE 
FLO RIGHT.AL T FLD ST(1) ( ) FMUL ST,ST(1) 

FLO ST (1) FMUL ST,ST 1 

ST §§ ALT • ST 3.0 BASE -- ST 12.0 BASE*ALT 

ST(1) 3.0 BASE ST(1) 4.0 ALT ST(1) 4.~ ALT 

ST(2) 2.0 TWO ST(2) 3.0 BASE ~~T(2) 3.0 BASE 

ST(3) 2.0 TWO ST(3) 2.0 TWO ----
FDIV ST,ST(3) 

FST RIGHT.AREA FMUL ST,ST (0) 

ST§8ALT • CONTINUED IN 
ST 6.0 AREA 

NEXT FRAME 

ST(1) 4.0 ALT ST(1) 3.0 _ BASE 

ST(2) 3.0 BASE ST(2) 2.0 TWO 

ST(3) 2.0 TWO 
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FXCH ST (1) §§ FMUL ST.ST (8) §§ 
- ST §86.Ql ALT2 ST 3.Ql BASE .. ST 9.f/J BASE 2 

ST(1) 3.1f BASE ST(1) 16.0 ALT2 ST(1) 16." ALT2 

ST(2) 2.11 TWO ST(2) 2.1/1 TWO ST(2) 2.fI TWO 

FSQRT FSTP RIGHT.HYP 

ST ~ BASE2+ ALT2 .. ST ~ HYP .. ST I 2.0 I TWo 

ST(1) ~ TWO ST(1) ~ TWO 

STACK NOW EMPTY 

51 ~fI') 
ff~e.e. 
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CLASS EXERCISE 12.1 

WRITE A MATH PROGRAM THAT WILL PERFORM THE 

FOLLOWING OPERATION: 

RESULT = «A + B)/C)*D 

DEFINE A,B,C AND D AS CONSTANTS USING THE SHORT REAL 

DATA TYPE. DEFINE RESULT AS A LONG REAL. 

USE VALUES OF YOUR OWN CHOICE WHEN SETTING UP 

THE CONSTANTS. 
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ST 

ST(1) 

ST(2) 

ST(3) 

ST(4) 

ST(6) 

ST(6) 

ST(7) 

TRANSCENDENT AL AND CONSTANT INSTRUCTIONS 

FPTAN PARTIAL TANGENT FLDZ LOAD +0.0 

FPATAN PARTIAL ARCTANGENT FLD1 LOAD +1.0 

F2XM1 2)( .- 1 FLDPI LOAD1f 

FYL2X Y' 1092 X FLDL2T LOAD 109210 

FYL2XP1 y. 1092(X + 1) FLDL2E LOAD 1092e 

FLDLG2 LOAD 109102 

FLDLN2 LOAD 10ge 2 

• THE TRANSCENDENTAL INSTRUCTIONS PERFORM THE TIME-CONSUMING 

CORE CALCULATIONS OF THE FOLLOWING FUNCTIONS: 

- TRIGONOMETRIC 

- INVERSE TRIGONOMETRIC 

- HYPERBOLIC 

- INVERSE HYPERBOLIC 

- LOGARITHMIC 

- EXPONENTIAL 

• IN CONJUNCTION WITH THE CONSTANT AND ARITHMETIC INSTRUCTIONS, 

THE TRANSCENDENTAL INSTRUCTIONS CAN BE USED TO DERIVE ALL OF 

THE ABOVE LISTED FUNCTIONS 

BEFORE 

0.5236 

~.0 

0.~ 
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EXAMPLE 

FPTAN 

_11'16 RADIANS (3r) 

Y 

x 

TAN(e) ~ Y/X 

SIN(e) = Y 1/ Xl + yl 

cOs(e) = XI/Xl. + yz. 
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,'FTER 

ST 1.7320 

STU) 1.0 

ST(2) 0.0 

ST(3) 

ST(4) 

ST(6) 

ST(e) 

ST(7) 

_x 

-y 

(0/3) 



CLASS EXERCISE 12.2 

WRITE A PROGRAM TO CALCULATE THE TANGENlT, SINE AND 

COSINE OF A 60 0 ANGLE (1T"/3 RADIANS). 

USE THE CONSTANT INSTRUCTIONS TO DERIVE 1f'/3. STORE 

THE DESIRED RESULTS IN MEMORY USING A LONG REAL 

STORAGE FORMAT. 
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INSTRUCTION SYNCHRONIZATION 

• NORMALLY, THE HOST CPU AND THE 8087 OPERATE ASYNCHRONOUSLY 

WITH RESPECT TO ONE ANOTHER. HOWEVER, THERE ARE TWO CASES 

WHEN IT IS NECESSARY TO SYNCHRONIZE THE PROCESSORS. 

1) AN 8087 INSTRUCTION MUST NOT BE STARTED IF THE 8087 IS BUSY 

EXECUTING A PREVIOUS INSTRUCTION 

2) THE HOST CPU MUST NOT ACCESS A MEMORY OPERAND BEING 

REFERENCED BY THE 8087 UNTIL THE 8087 HAS COMPLETED ITS 

CURRENT OPERATION 

• THE FW AIT INSTRUCTION ALLOWS SOFTWARE TO SYNCHRONIZE THE 

TWO PROCESSORS, SUCH THAT THE HOST CPU WILL NOT EXECUTE ANY 

MORE INSTRUCTIONS UNTIL THE 8087 IS FINISHED WITH ITS CURRENT 

INSTRUCTION 
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• THE ASSEMBLER AUTOMATICALLY TAKES CARE OF THE FIRST CASE 

EXAMPLE: FOR THE FOLLOWING TWO SOURCE STATEMENTS, 

FMUL ; MULTIPLY 

FDIV ; DIVIDE 

THE ASSEMBLER PRODUCES FOUR MACHINE INSTRUCTIONS, 

"FWAIT" 

FMUL 

"FWAIT" 

FDIV 

• THE FWAIT INSTRUCTIONS INSURE THAT ANY PREVIOUS 8087 

NSTRUCTION RUNS TO COMPLETION, BEFORE A NEW 8087 

INSTRUCTION IS STARTED 

12-27 

• TO SATISFY THE SECOND CASE, THE PROGRAMMER SHOULD EXPLICITLY 

CODE THE FWAIT INSTRUCTION IMMEDIATEL Y BEFORE A CPU 

INSTRUCTION THAT ACCESSES A MEMORY OPERAND READ OR WRITTEN 

BY A PREVIOUS 8087 INSTRUCTION 

EXAMPLE: FIST ; STORE INTEGER 

FWAIT ; WAIT FOR 8087 

MOV AX,VAR_1 

• THE FWAIT OPCODE CAUSES THE ASSSEMBLER TO CREATE A CPU WAIT 

INSTRUCTION THAT CAN BE ELIMINATED AT LINK TIME IF THE PROGRAM 

IS TO RUN ON AN 8087 EMULATOR. THE WAIT OPCODE DOES NOT 

PROVIDE THIS FLEXIBILITY. 

FW AIT - CAN BE ELIMINATED IF EMULATOR USED 

WAIT - FIXED WITHIN PROGRAM. TEST PIN MUST BE IMPLEMENTED. 
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NPX: 

PROCESSOR SYNCHRONIZATION 

CONTINUE, 

; ASSUME 8087 REGISTER STACK IS LOADED WITH OPERANDS, 
NEU I S NOT BUSY, 

FMUL 

FSQRT 
CMP 
JG 
MOV 
FIST 
FWAIT 

MOV 

AND THAT 'ALPHA' AND 'BETA' ARE WORD 
INTEGERS. 

;MULTIPLY TOP STACK 
; ELEMENTS 
; SQUARE ROOT OF PRODUCT 

ALPHA,IOO ; ALPHA 100? 
CONTINUE ;YES, LEAVE UNALTERED 
ALPHA,IOO ; NO, SET TO 100 
BETA ;STORE ROOT AS INTEGER WORD 

;WAIT FOR 8087 
;STORE OF BETA 

AX,BETA ; PROCEED TO PROCESS BETA 

~_F_MU_L~I LI ________ FS_Q_RT ________ ~I ~I ___ F_IST __ ~I 

BUsv,-,TESf: ___ -.J/ U U L 
CPU: ~~~~ I ESC I :~W!~: I ESC I I CMP I [JGJ IMOVI rF~~~ I ESC I I FWAITI I MOV I 

NOTES: 

• : FWAITI .. ASSEMBLER-GENERATED INSTRUCTION ___ J 
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WHERE TO FIND MORE INFORMATION 

APPLICATION NOTE AP-113 - GETTING STARTED WITH THE NUMERIC 
DATA PROCESSOR 

iAPX 86/88, 186/188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 
CHAPTER 6 - THE 8087 NUMERIC PROCESSOR EXTENSION 

ASM86 LANGUAGE REFERENCE MANUAL 
CHAPTER 6 - THE 8086/8087/8088 INSTRUCTION N SET 
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CHAPTER 13 

MORE ON THE 8087 

• STATUS WORD 

• LOGICAL INSTRUCTIONS 

• CONTROL WORD 

• INITIALIZING THE 8087 

• PROCESSOR CONTROL INSTRUCTIONS 





THE REGISTER STACK 

DATA FELD TAG FELD 

.-7.::7:::9 .,..:.:78~=.";84;.:.,..:8:;:.3_--,,,=..,--__ -..::.O 1 0 
SIGN EXPONENT SlGNFlCAND 

15 o 
CONTROL REGISTER 

STAlUS RE<lBTER 

f- NIllIUCTION POM'ER-

f- DATA POINTER -

• THE REGISTERS ARE ORGANIZED AS AN 8 ELEMENT STACK 

• THE STACK TOP POINTER WITHIN THE STATUS WORD IDENTIFIES THE 

CURRENT TOP OF STACK 

• THE TAG WORD IDENTIFIES THE CONTENTS OF EACH REGISTER AS BEING 

VALID OR INVALID 
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STATUS WORD 

DATA FELD TAG FELD 

.-7.::7:::9.,..:.:n~=.,,;84;.:.,..:8:;:.3_-== ___ -..::.O 1 0 
SIGN EXPONENT SIGNFICAND 

15 o 
CONTROL REGISTER 

STAlUS RE<lBTER 

I- NSTRUCTION POM'ER-

f- DATA POINTER -

• THE STATUS WORD REFLECTS THE OVERALL CONDITION OF THE 8087 

• THE STATUS WORD MAYBE EXAMINED BY STORING IT INTO MEMORY 

WITH AN NDP INSTRUCTION AND THEN INSPECTING IT WITH CPU CODE 
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STATUS WORD (CO NT) 

ST 
I I 

1 c21 Cl 1 co 1 : 1 1 PE 1 UE 1 OE 1 ZE 1 DE 1 ; 1 

~ 
EXCEPTION FLAGS (1 - EXCEPTION HAS OCCURRED) 

IIVAUD OPERATION 

DENORMALIZED OPERAND 

ZERODIYIDE 

OVERFLOW 

UNDERFLOW 

PAECISION _________ -' 

(RESERVED) 

IITEAAUPT REQUEST ~ 

CONDITION CODE ") 

STACK TOP POIITEA(2) 

8U8V 

INTERRUPT REQUEST - USED TO RECORD A PENDING INTERRUPT 

EXCEPTION FLAGS - USED TO IDENTIFY THE TYPE OF EXCEPTION(S) 

THAT HAVE OCCURRED SINCE THE FLAGS WERE 

LAST INITIALIZED 
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EXCEPTIONS 

NVALID OPERATION 

-ATTEMPT TO LOAD A REGISTER THAT IS NOT EMPTY 

- ATTEMPT TO pop AN OPERAND FROM A REGISTER THAT IS EMPTY 

- OPERAND IS A NAN (NOT A NUMBER) 

- OPERANDS CAUSE OPERATION TO BE INDETERMINATE (010, ~""NUMBER) 

DENORMAL~ED OPERAND 

- ATTEMPT TO USE AN OPERAND THAT IS NOT NORMAUZED 

ZERODIVIDE 
- ATTEMPT TO DIVDE BY ZERO 

OVERFLOW 
- RESULT TOO LARGE FOR DESTINATION FORMAT 

UNDERFLOW 
- RESULT TOO SMALL FOR DESTINATION FORMAT 

PRECISION 

- RESULT NOT EXACTLY REPRESENTABLE IN DESTINATION FORMAT 

- 8087 ROUNDS RESUI.. T 

NOTE: EXCEPTION Brrs ARE "STICK'r AND CAN BE CLEARED ONLY BY THE- FCLEX 

(CLEAR EXCEPTIONS) INSTRUCTION 
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BUSY 

ST 
I I 

STATUS WORD (CONT) 

I c21 Cl I CO IIR I I PE I UE I OE I ZE IDE liE I 

~ 
EXCEPTION FLAGS (1 - EXCEPTION HAS OCCURRED) 

INVALID OPERATIC'N 

OENORMAllZED OPERAND 

ZERODIVIOE 

OVERFLOW 

UNDERFLOW 

PRECastON 

(RESERVED) 

INTERRUPT REQUEST 

CONDITION COD:] 

STACK TOP PO"'TER ........ 1---

BUSY 

- USED TO IDENTIFY IF THE 8087 IS EXECUTING AN INSTRUCTION 

ST ACK TOP POINTER - USED TO IDENTIFY THE REGISTER THAT IS THE CURRENT STACK TOP 

CONDITION CODE - USED TO POST RESULTS OF COMPARE/EXAMINE TYPE INSTRUCTIONS 

AND ALSO THE FPREM (PARTIAL REMAINDER) INSTRUCTION 

FCOM 
FCOMP 
FCOMPP 
FICOM 
FICOMP 
FTST 
FXAM 
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COMPARISON INSTRUCTIONS 

Compare real 
Compare real and pop 
Compare real and pop twice 
Integer compare 
Integer compare and pop 
Test 
Examine 

Inltructlon 

Compare. Test 

See Note 

Examine 

CONDITION CODE INTERPRETATION 

C, C, c, Co Interpretation 

a x x a A>B 
a x x 1 A<B 
1 X X a A=B 
1 X X 1 A? B (not comparabte) 

a a a a Valid, positive, unnormalized 
a a a 1 Invalid, positive, exponent" 0 
a a 1 a Valid, negative, unnormaJized 
a a 1 1 Invalid, negative, exponent" 0 
a 1 a a Valid. positive, normalized 
a 1 a 1 Infinity, positive 
a 1 1 a Valid, negative, normalized 
a 1 1 1 Infinity, negative 
1 a a a Zero. positive 
1 a a 1 Empty 
1 a 1 a Zero, negative 
1 a 1 1 Empty 
1 1 a a Invalid, positive, exponent = 0 
1 1 a 1 Empty 
1 1 1 a Invalid, negative, exponent = 0 
1 1 1 1 Empty 

NOTE: COMPARE INSTRUCTIONS - A = ST, B = SOURCE 

TEST INSTRUCTION - A = ST, B =- fI 
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CONTROL WORD 

DATA FELD TAG FELD 

79 78 84 83 o o 
SIGN EXPONENT SIGNFICAN:l 

15 o 
CONTROL REGISTER 

STAnJS REGISTER 

I- tISTRIJC110N POHrER-

I- DATAPONTER -

• THE CONTROL WORD IS USED TO CONFIGURE THE OPERATING MODE 

OF THE 8087 

• THE CONTROL WORD IS LOADED FROM MEMORY BY THE FLDCW 

(LOAD CONTROL WORD) INSTRUCTION 
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CONTROL WORD (CONT) 

7 I~I I~I~I~I~I~I~I 

L EXCEPTION FLAGI C1 - EXCEPTION II MAl KED) 

INYAI.., OPeAATION ~ DENORMALIZED OPERAND 

ZERODNIDE 

OVERFLOW 

UNDERFLOW 

PRECISION 

(RESERVED) 

INTERRUPT-ENABLE MASK 

PRECISION CONTROL 

ROUNDING CONTROL 

INFINITY CONTROl. 

(RESERVED) 

Interrupt·En.ble M •• k: 
•• Inle"upll Enabted 
t ,. lnlerrup'S DI .. bled (M .. helt 

'rKI.ton COntrol: 
00.24I1U, 

t:: t::;~edJ 
1t _l4bN. 

ROUndl~ Control: 
00 • Round 10 Ne.,..1 or Ewe .. 
01 • Round Down (towlrd - ..... 
'I • Round Up (lo.lrd +_, 
11_ Chop ITruftClleTowlrd Zero, 

InllnU,Conlrol: 

T: :~:I:It" 
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-co III 

15 

I I I 

INFINITY CONTROL 

+ 

~ DEFAULT - RECOMMENDED FOR 

~ MOST COMPUTATIONS 

PROJECTIVE CLOSURE 

+ 
I • +co 

~ GIVES MORE INFORMATION, BUT THERE 

AFFINE CLOSURE ______ ARE OCCASIONS WHEN THE SIGN 

REPRESENTS MISINFORMATION 

I 

+0 =-111 
1/ +Ill = 1/-0 
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CONTROL WORD (CONT) 

XCEPTION FLAGI !1 - EXCEPTION II MAIKED) 

~ 1NVALID OPERATION 

DENORMAUZED OPERAHD 

ZERDDlVIDE 

OVERFLOW 

UNDERFLOW 

PRECI8ION 

OIE8eRVED) 

INTERRUPT-ENABLE MASK (1) 

PRECISION CONTROL 12) 

ROUNDING CONTROL (3) 

INFINITY CONTROl. (.) 

(RESERVED) 

EXCEPTION MASKS - USED TO DETERMINE WHETHER THE 8087 SHOULD FIELD AN EXCEPTION 

ON ITS OWN OR SEND AN INTERRUPT REQUEST TO THE HOST CPU 

NOTE: A MASKED RESPONSE PRODUCES A RESULT AND 

THEN PROCEEDS WITH THE CURRENT INSTRUCTION 

AN UNMASKED RESPONSE TRAPS TO USER 

SOFTWARE BY INTERRUPTING THE HOST CPU 
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EXCEPTION POINTERS 

DATA FELD TAGFELD 

7t 78 114113 0 , 0 

BIGN EXPONENT BlGNFICAND 

~ 
,. 0 

COHrROL REGISTER 

STATUS REGBTER ,. 
r- tlSTRUCTlON POM'ER i!- INSTRUCTION POINTER (,5-0) 

f-- DATA POM'ER :--- INSTRUCTtoN POINTER I 0 I INSTRUCTION OPCOOE (10-0) ('8-18) 

DATA POINTER (15-0) 

DATA POINTER (18-18) I 0 

• STORE IN MEMORY WITH FSTENV (STORE ENVIRONMENT) INSTRUCTION 

• PROVIDED FOR USER WRITTEN EXCEPTION HANDLERS 

• WHENEVER THE 8087 EXECUTES AN INSTRUCTION, IT SAVES THE INSTRUCTION 

ADDRESS, THE OPERAND ADDRESS (IF PRESENT) AND THE INSTRUCTION OPCODE 
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HOW WOULD THE AVERAGE USER CONFIGURE THE 8087? 

1. USE THE DEFAULT CONFIGURATION WITH ALL EXCEPTIONS MASKED. 

THE 8087 WILL GENERATE A DEFAULT RESULT IF AN ERROR OCCURS. 

2. UNMASK THE INVALILD OPERATION EXCEPTION, AND KILL THE 

COMPUTATIONAL ALGORITHM IF AN INTERRUPT OCCURS. 

3. UNMASK ALL THE EXCEPTIONS, AND KILL THE COMPUTATIONAL 

ALGORITHM IF AN INTERRUPT OCCURS. 

NOTE: THE 8087 IS A VERY FLEXIBLE MATH PROCESSOR. HOWEVER, 

MOST OF THIS FLEXIBILITY WOULD BE USED ONLY IF VERY 

SERIOUS NUMERIC ANALYSIS IS REQUIRED 
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INITIALIZATION 

THE 8087 CAN BE INITIALIZED BY HARDWARE OR SOFTWARE 

- HARDWARE INITIALIZATION (RESET) 

8087 IDENTIFIES ITS HOST BY MONITORING THE SHE LINE 

DURING THE HOST CPU'S FIRST PROGRAM FETCH. 

8086,80186 - WORD FETCH FROM LOCATION I'lFFFFIJH. 

BHE =91 

8088,80188 - BYTE FETCH FROM LOCATION RJFFFFf/lH. 

BHE ($S,j) ... 1 

- SOFTWARE INITIALIZATION 

FINIT ; INITIALIZE ONLY 

FSAVE ; SAVE 8087 STATE THEN INITIALIZE 

13-13 

8087 STATE AFTER INITIALIZATION 

FIELD VALUE INTERPRETATION 

CONTROL WORD 

INFINITY CONTROL 0 PROJECTIVE 

ROUNDING CONTROL 00 ROUND TO NEAREST V DEFAULT 

"' 
PRECISION CONTROL 11 64 BITS CONFIGURATION 
INTERRUPT-ENABLE MASK 1 INTERRUPTS DISABLED 

EXCEPTION MASKS 111111 ALL EXCEPTIONS MASKED 
-STATUS WORD 

BUSY 0 NOT BUSY 

CONDITION CODE ?m (INDETERMINATE) 

STACK TOP 000 EMPTY STACK 

INTERRUPT REQUEST 0 NO INTERRUPT 

EXCEPTION FLAGS 000000 NO EXCEPTIONS 

TAG WORD 

TAGS 11 EMPTY - V CONSIDER THESE REGISTERS N.C. NOT CHANGED 

1/ REGISTERS AS 
EXCEPTION POINTERS BEING DESTROYED 

INSTRUCTION CODE N.C. NOT CHANGED 

INSTRUCTION ADDRESS N.C. NOT CHANGED 

OPERAND ADDRESS N.C. NOT CHANGED 
~ 
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PROCESSOR CONTROL INSTRUCTIIONS 

FINIT IFNINIT INITIALIZE PROCESSOR 

FDISVFNDISI DISABLE INTERRUPTS 

FENI/FNENI ENABLE INTERRUPTS 

FLDCW LOAD CONTROL WORD 

FSTCW IFNSTCW STORE CONTROL WORD 

FSTSW I FNSTSW STORE STATUS WORD 

FCLEX/FNCLEX CLEAR EXCEPTIONS 

FSTENV IFNSTENV STORE ENVIRONMENT 
FLDENV LOAD ENVIRONMENT 
FSAVE/FNSAVE SAVE STATE 
FRSTOR RESTORE STATE 
FINCSTP INCREMENT STACK POINTER 
FDECSTP DECREMENT STACK POINTER 
FFREE FREE REGISTER 
FNOP NO OPERATION 
FWAIT CPU WAIT 

• THE OPCODES, DISTINGUISHED BY A SECOND CHARACTER: OF 'W, 

INSTRUCT THE ASSEMBLER NOT TO PREFIX THE INSTRUCTION WITH 

A CPU WAIT INSTRUCTION. INSTEAD, A CPU NOP IS USED 

INSTRUCTION { 
POINTER 

OPERAND { 
POINTER 

_ .. _j 
HEMENr:Sl 

""."." 1 EUMENT ST"I 

~ .... j EUMEHf,5Tm 
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MEMORY REQUIREMENTS FOR STORING 
THE 8087' s STATE AND ENVIRONMENT 

15 

STATE 
tNCRUSINQ "OOROUS 

COH,"OlWO~ 
STATuswo;;--1:: 1 

"'OWORD 

1P15-O .. 
IP1.-1I101 OI>COO£ .. 

OPI5-0 

OP".'III . .12 

SIONtFICAHO 15-0 

SIONIFICANO :11·11 ... 
!ICONlflCANO 47-32 

'laNIF'leANO 13 ..... . .. 
[sl EJtPOH£NT1W ... 

SIGHIFICAHD 15-0 

SlONIFICANO ,1·1' '"~ 
SICNIFICAHOU·H 

$IONlfICAND .,-4, .30 

[sl EXPONENT 14-0 '" 
'IONIFICAHD 15-0 ... 
SIONIf'CA"Olt·tI ... 
SIOHIFICAHO 0-32 

S10NIFICAND ., ..... 

i'I (xPONENT ,&-0 ... 

ENVIRONMENT 

" RJ'HC ... SI: •• DO ...... 

~
- COH,.Ol WO.O .. 

Sf .. lUSWORO .2 

',1,0 WORD .4 

INSTRUCTION IPtW .. 

POINTIER {,1>1Io"lol OPCOO£ +. 
OPERAND { OPI5-O ... ,. 

POINTER OPII'.,'I 0 .12 

'------------------------------------,-----------' 13-16 



WHERE TO FIND MORE INFORMATION 

APPLICATION NOTE AP-113 - GETTING STARTED WITH THE NUMERIC 
DATA PROCESSOR 

IAPX 86/88, 186/188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 
CHAPTER 6 - THE 8087 NUMERIC PROCESSOR EXTENSION 

ASM86 LANGUAGE REFERENCE MANUAL 
CHAPTER 6 - THE 8088/8087/8088 INSTRUCTION N S£T 
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CHAPTER 14 

OVERVIEW OF THE 8087 SUPPORT LlBRARES 

• INTEAf ACE LMAAIES 

• DECIMAL CONV'EAStON UIAARY 

• COMMON ELEMENTARY FUNCTION LIBRARY 

• ERROR HANDLER LIBRARY 





8087 INTERFACE LIBRARIES 

FULL EMULATOR 

EBOB7 - EMULATOR 

EBOB7.LIB - INTERFACE LIBRARY 

PARTIAL EMULATOR (PUM-B6 ONLY) 

PEBOB7 - PARTIAL EMULATOR 

EBOB7.LlB - INTERFACE LIBRARY 

BOB7 CHIP 

BOB71.IB - INTERFACE LIBRARY 

14-1 

LINKING TO LIBRARIES 

(PARTIAL) EMULATOR 

• LINKER REMOVES ALL FWAIT INSTRUCTIONS, INSERTS 
·CALLS· TO EMULATOR ROUTINES VIA SOFTWARE 
INTERRUPTS. 

• INITB7 SETS UP INTERRUPT VECTORS TO INTERFACE 
TO EMULATOR 

BOB7.LIB 

• BOB7 INSTRUCTIONS LEFT INTACT 

• INITB7 INITIALIZES BOB7, MASKS ALL EXCEPTIONS 
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DECIMAL CONVERSION LIBRARY 

• DCON87.LIB 

- CONVERT BETWEEN DIFFERENT REAL. FORMATS 

- CONVERT FROM DECIMAL STRING TO BINARY FORMAT 

- CONVERT FROM BINARY FORMAT TO DECIMAL STRING 

NOTES: 1) SUPPORTS PL/M-86 MEDIUM AND LARGE MODELS. 

2) MUST USE FULL EMULATOR OR ACTUAL CHIP (8087). 

14-3 

COMMON ELEMENTARY FUNCTION LIBRARY 

• CEL87.L1B 

- ROUNDING AND TRUNCATION FUNCTIONS 

- LOGARITHMIC AND EXPONENTIAL FUNCTIONS 

- TRIGONOMETRIC AND HYPERBOLIC FUNCTIONS 

NOTES: 1) SUPPORTS PUM-86 MEDUM AND LARGE MODELS 

2) MUST USE FULL EMULATOR OR ACTUAL CHIP (8087) 
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ERROR HANDLER LIBRARY 

• EHS7.llB 

- CONTAINS FIVE UTILITY PROCEDURES FOR 

WRITING YOUR OWN EXCEPTION HANDLERS 

NOTES; 1) SUPPORTS PUM-86 MEDIUM AND LARGE MODELS 

2) MUST USE FULL EMULATOR OR ACTUAL CHIP (8087) 
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LINKAGE EXAMPLES 

• FUll EMULATOR 

- RUN LlNKS6 :F1:MYPROG.OBJ, ESOS7.LlB, ESOS7 

• DCONS7, CElS7 AND CHIP 

- RUN LlNKS6 :F1:MYPROG.OBJ, DCONS7.LIB, CElS7.LlB, SOS7.LlB 

• CElS7, EHS7 AND EMULATOR 

- RUN LlNKS6 :F1:MYPROG.OBJ, CElS7, EHS7, ESOS7JJB, ESOS7 
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WHERE TO FIND MORE INFORMATION 

8087 SUPPORT LIBRARY REFERENCE MANUAl. 
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DAY 40BJECTIV&:a 

BY THE TIME" YOU FINISH TODAY YOU WILL: 

• DEINE THE ADVANTAGES OF THE 80186/188 

• USE THE ENHANCED INSTRUCTION SET OF THE 
80186/188 

• DEFINE THE FORMAT OF THE CHIP SELECT LINES 
AND THE USE OF W AIT STATES IN AN 80186. 
PROGRAM THE CHIP SELECT LINES TO MEET A 
REQUIREMENT 

• DEFINE THE MODES OF OPERATION OF THE 
THREE TIMERS ON THE 80186 AND PROGRAM 
THEM TO OPERATE IN A REQUIRED MODE 

• DEFINE THE OPERATIONAL MODES OF THE 
TWO DMA CHANNELS ON THE 80186 AND 
PROGRAM THEM TO OPERATE IN A REQUIRED 
MODE 





CHAPTER 15 

INTRODUCTION TO THE 186 

• DESCRIPTION 

• ENHANCEMENTS 

• NEW INSTRUCTIONS 





READY 
LOGIC 

READY 

IAPX ..... 

TYPICAL iAPX 86.88 SYSTEM 

DECODE 
LOGIC 

INTERRUPT 
CONTROLLER TIMER 

15-1 

DMA 
ONTROLLER 

SYSTEM 
MEMORY 

SYSTEM 
110 

~ME SYSTEM USING THE iAPX 186. 188 

ADDRESS BUS 

pcs 7/ 

6~ J ~ 
I 

CS I + 
I '7 

\/ \/ 
IAPX 186 

SYSTEM SYSTEM 
MEMORY 110 

{ ~ 
DATA BUS 
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SROY 
AROY 
TUT

HOLD 
HLDA 

rlrS 
RESET 

iAPX 186, 188 BLOCK DIAGRAM 
INTl/lNTA1 

INT2I11i1m 

CLKOUT v GND INT1 TMR OUT 1 TMR OUT 0 

rl----t--t-+-t---1-___+_ +-----,r-t-----, 

CLOCK 
GENERATOR 

ExecUTION UNiT] 

'!IS-8fT 
ALU 

I 
I 
I 
I 

11-81T I 
GENERAL I 
R~~~::S I 

L-_-,,;--...l. ..J 

PROGRAMMABLE 
INTERRUPT 

CONTROLLER 

G_ 1 

~~~.I~~~ r 
MAX COUNT 
REGISTER A 

r--'>'-_________ -'~\£[_I_IL_TfIRHAL BUS 

,-------+-ORoo 

Dl/A 

BUS INTERFACE 
UNIT 

16-81T 
SEGMENT 

REGISTERS 

ADO- Al61S;J
.4.015 AlII/51 
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CHIP-SELECT 
UNIT 

iAPX 186, 188 PINOUT 

TOP 
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BOTTOM 

CONTROL 
REGISTERS 

OR01 



TYPICAL iAPX 186, 188 COMPUTER SYSTEM 

16 MHz rD1 
Vee Xl X2 

f1 
UCS -

r 8282 OR ADDRESS RESET 

RES ~ 8283 I-----' 
ROM 

ADO-K- LATCH AD15 I--
ALE ~ STB OE I· ISlB OE { _L.-

"*' T 80186 
.~ --. 

1m .. 
WR ... 

PROGRAM 
RAM 

MeS0-3 

BHE - I--<~~ 

SRDY +S,V 

U AROY 

NMI ~ 
O....;~ 

~~ 
HOLD 

'* ) 
LOW RAM 

(f§ 

TMRINO f---15V 
( 

TMROUTO 
t 

~ .. CLOCK 

8286 OR -> > 8287 >,00-07 Ie 
TRANSCEIVER "V ...... 

DEN 

~ T OE SERIAL T 

h 1/0 
Ol/R + t I 
~ ~ 

Al . 
A2 . 

INTO . --.J 

;>801 
OIS~; 

INlERF,~CE 
INn HAROW,~RE 

SK 

PCS4 
DRQO 

--
• BHE NOT IMPLEMENTED ON iAPX 188 
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COMPATIBILITY WITH iAPX 86,88 

• OBJECT CODE COMPATIBLE WITH THE iAPX 86,88 

• LANGUAGES 
- ASM, PLlM, PASCAL AND FORTRAN INCORPORATE: 186 CONTROL 

TO SUPPORT ENHANCED INSTRUCTION SET. 

• DEVELOPMENT SYSTEMS 
- SERIES III 
- INTEGRATED INSTRUMENTATION IN-CIRCUIT EMULATION (l2ICE) 
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iAPX 186, 188 RELATIVE PERFORMANCE 
(8 MHz STANDARD CLOCK RATE) 

Instruction 0006 (5MHz) 0006-2 (OMHz) 

MOV REG TO MEM 2.0-2.9X 11.2-1.8X 

ADD MEM TO REG 2.0-2.9X 1.2-1.0X 

MUL REG 16 >5.4X >3.4X 
DIV REG 16 >6.1X >3.0X 

MULTIPLE (4-BITS) 
SHIFT/ROTATE MEMORY 3.1-3.7X 1.95-2.3X 

CONDITIONAL JUMP 1.9X 1.2X 

BLOCK MOVE 3.4X 2.1X 
(100 BYTES) 

OVERALL: 2x PERFORMANCE OF 5 MHz iAPX 86 
1.3x PERFORMANCE OF 8 MHz iAPX 86 

NOTE: SAME COMPARISONS APPLY TO iAPX 188 and iAPX 88 

15-7 

iAPX 186, 188 CPU ENHANCEMENTS 

• EFFECTIVE ADDRESS CALCULATIONS(EA) 

- CALCULATION OF BASE + DISPLACEMENT + INDI:X 

- 3 - 6X FASTER IN THE IAPX 186.188 

• 16-BIT INTEGER MUL TIPL Y AND DIVIDE HARDWARE 

-3X THE 8MHz IAPX 88.88 

• STRING MOVE 

- 2X THE 8MHz IAPX 86.88 

• TRAP ON UNUSED OPCODES 

- PRE-DEFINED INTERRUPT VECTOR 

• MULTIPLE-BIT SHIFT IROTATE SPEED-UP 

- 1.5 - 2.5X THE 8MHz IAPX 86.88 

• NEW INSTRUCTIONS 
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NEW iAPX 186, 188 INSTRUCTIONS 

• SHIFT IROT ATE IMMEDIATE 

- SHIFT OR ROTATE BY AN 8-BIT UNSIGNED IMMEDIATE OPERAND 

SHl AX, 12 
ROR Bl,4 
SAR OX. 3 
RCR XYZ,2 

15-9 

• MUl TIPl Y IMMEDIATE (lMUL) 

- IMMEDIATE SIGNED 18-BIT MULTIPLICATION WITH 16-BIT RESULT 

- IMMEDIATE OPERAND CAN BE A 16-BIT INTEGER OR A SIGNED 

EXTENDED 8-BIT INTEGER 

- USEFUL WHEN PROCESSING AN ARRAY INDEX 

REG16 - REG/MEM 16 * IMMEO 8/16 

IMUl 
IMUl 
IMUl 

BX, SI, 5 
SI, -200 
01, XYZ, 20 

15-10 

;BX= SI * 5 
;SI = SI * -200 
;01= XYZ * 20 



• PUSH IMMEDIATE (PUSH) 

_ PUSHES AN IMMEDIATE 16-BIT VALUE OR A SIGNED EXTENDED 8-BIT 

VALUE ONTO THE STACK 

PUSH 50 ;PLACE 50 ON THE TOP 
:OF THE STACK 

• PUSH ALl/POP ALL (PUSHA/POPA) 

- PUSHES/POPS All 8 GENERAL PURPOSE REGISTERS 

ONTO/OFF THE STACK 

INLSRV: PUSHA 
• • • 

POPA 
IRET 

• BLOCK I/O (lNS,OUTS) 

;SAVE REGISTERS 

;RESTORE REGISTERS 

15-11 

- MOVES A STRING OF BYTES OR WORDS BETWEEN MEMORY AND AN 
110 PORT 

- SYNCHRONIZING POSSIBLE VIA READY LINE 

INS OUTS 

MEMORY 

OX_IIIO O'Vlc,r--"!!- 01 

INSB (BYTE TRANSFER) ) 
rDI)-1I0[DXl 
01-01 +1- INCR* 

INSW (WORD TRANSFER) 

*+1- INCR: + WHEN OF. 0 (ClO) 

- WHEN OF -1 (STO) 
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OUTSB (BYTE TRANSFER) ) 
1I0(0Xl-{SI) 

S'-SI +1- INCR 
OUTSW (WORD TRANSFER) 

INCR: 1 FOR BYTE TRANSFERS 

2 FOR WORD TRANSFERS 



HIGH LEVEL LANGUAGE SUPPORT 

• CHECK ARRAY BOUNDS (BOUND) 

- CHECKS AN ARRAY INDEX REGISTER AGAINST THE ARRAY BOUNDS 

WHICH ARE STORED IN A 2 WORD MEMORY BLOCK 

• ENTER PROCEDURE (ENTER) 

- SAVES STACK FRAME POINTERS FROM CALLING PROCEDURE AND 

SETS UP Nf,W STACK FRAME FOR CURRENT PROCEDURE 

• LEAVE PROCEDURE (LEAVE) 

ie 

- RESTORES CALLER'S STACK FRAME UPON PROCEDURE EXIT 

15-13 

FORMAT OF "BOUND" INSTRUCTION 

BOUND 16 BIT REGISTER, ARRAY LIMITS 

DATA SEGMENT 

~ 
ARRAY _1 DB 100 DUP (1) 

ARRA Y _ 1_ LIMITS OW OFFSET ARRAY_1 

DATA ENDS 

CODE SEGMENT 

OW OFFSET ARRA Y_1 +(SIZE ARRAY _ 1 -1 ) 

ASSUME CS:CODE, DS:DAT A 

~ 
BOUND BX, ARRAY_1_LlMITS 

MOV AL, BX 

~ 
IF BX IS OUTSIDE THE LIMITS THEN AN INTERNAL INTERRUPT 
OF TYPE 5 IS GENERATED, 
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FORMAT OF "ENTER" INSTRUCTION 

1. ENTER LOCAL STORAGE, NESTING LEVEL 
ie 

ENTER 20, 0 PUSH BP 

MOV BP, SP 

HIGH SUB SP, 20 

PARAMETER 1 

PARAMETER 2 

RET ADDRESS 

BP .. 
OLD BP 

10 WORDS FOR 

LOCAL STORAGE 

SP ~ 

LOW 
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FORMAT OF "LEAVE" INSTRUCTION 

2. LEAVE 
ie LEAVE 

HIGH 

MOV SP, BP 

POP BP 

PARAMETER 1 

PARAMETER 2 

RET ADDRESS 
SP -.- 1-------.... 

LOW 

15-16 



CLASS EXERCISE 15.1 

USE A MUL TIPL Y IMMEDIATE INSTRUCTION TO MUL TIPL Y THE 

CONTENTS OF BYTE PORT ~D8H TIMES A VALUE OF -5. 

OUTPUT THE RESULT TO WORD PORT 0FFFAH • 
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WHERE TO FIND MORE INFORMATION 

iAPX 86/88, 186/188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 

CHAPTER 5 - iAPX 186,188 HARDWARE DESIGN OVERVIEW 
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CHAPTER 16 

iAPX 186, 188 CONTROL BLOCK CHIP SELECT 

AND WAIT STATE LOGIC 

• CONTROL REGISTER BLOCK 

• MEMORY CHIP SELECTS 

• PERIPHERAL CHIP SELECTS 

• WAIT STATE LOGIC 





PERIPHERAL CONTROL 

• ON-CHIP PE IPt1ERALS PROGRAMMED VIA AN INTERNAL REGISTER BLOCK. 
• REGISTER BOCK INITIALLY PLACED IN I/O ADDRESS SPACE AT A 

BASE ADDR SS OF gFF00H. 
• BASE ADDRESS CAN BE CHANGED USING RELOCATION REGISTER. 

~FF.a.H -
(Af er RESET) 

--
OIMDHtrIpt&w.C ....... ' 

DMA De_....,. 0. ...... 0 

~Cant,...~ 

ftMr2Contral........,. 

TImIr 1 ConttaI ......... 

1'IInerOC.uol ........... 

..... rnlPlControIIIrr ........ 

16-1 

.1 

PEH 

DAN ... 

... ... 
-.. .... ... ... ... 
3EH ... 
o 

ACCESSING INTERNAL REGISTERS 

• REGISTER ARE REFERENCED AS NORMAL 1/0 PORTS OR MEMORY LOCATIONS. 

• UPON DE ECTING ANY ADDRESS WITHIN THE REGISTER BLOCK, CPU DIRECTS 
ACCESS 0 APPROPRIATE INTERNAL REGISTER. 

• EXAMPLE READ INTERRUPT MASK REGISTER (OFFSET" 28H). 

1/0 MAPPED: 
MOV OX, 0FF28H 
IN AX, OX 

MEMORY MAPPED: 
LEA BX, REGISTER_BLOCK 

MOV AX, [BX ~ 28H] 
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CHANGING REGISTER BLOCK BASE ADDRESS 

• BASE ADDRESS CAN BE MODIFIED USING RELOCATION REGISTER. 
THIS REGISTER IS FOUNID IN REGISTER BLOCK AT AN OFFSET OF 0FEH. 

• AFTER RESET, RELOCATION REGISTER CONTAINS 20FFH. 

THIS VALUE ESTABLISHES B6.SE ADDRESS OF 0FFl!I91H. 

15 14 13 12 11 10 9 8 7 6 5 4 ~I 2 9 

1-ENABLED 

O-DISABLED 

INTERRUPT CONTROLLER MODE 

1-RMX COMPATIBLE 

O-NORMAL 

REGISTER BLOCK LOCATED

IN MEMORY OR 1/0 SPACE 

1-MEMORY 

()-I/O 

RELOCATION ADDRESS BITS (R19-8) I 
~------.-------_/ 

USED TO ESTABLISH UPPER ORDER 

ADDRESS BITS (A19-A8). 

A7 - AO DE F AUL T TOO. 

NOTE: REGISTER BLOCK MUin BE PLACED 

ON EVEN 256 BYTE: BOUNDARY. 

16-3 

iAPX 186,188 CHIP SELECT IREADY GENERATION LOGIC 

• PROVIDES CHIP SELECT AND WAIT STATES FOR 
UP TO 6 MEMORY BANKS 

• PROVIDES CHIP SELECT AND WAIT STATES FOR UP TO 
7 PERIPHERAL DEVICES 

• 0-3 W AIT STATES CAN BE PROGRAMMED FOR EACH RANGE 
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I 

CHIP SELECT IREADY GENERATION BLOCK DIAGRAM 

r.---~-----------------' I Ready II Upper memory CS I ~ 
I Blta I Base address: from FFFFF down I---?/T-U OCS 
L ___ ~ ~~I!!~~ ~ ~56! .!.1~. !K.!, ~'.:::!. ~~tJ 
~---r-----------------' Ready , Mid range memory CS 
: Bits : Base address: 4X selected range : 
I II Range: from 2K to 128K I 
L ___ ~!~~~~~~~~~~~ _____ J 

r~~;7~;;;~~~~---------' 
: Bits i: Base address: from 0 up 1_-""""71T-[Jrcs 
L ___ .L ~~!'~~ ~ ~'! !1~. ~K.!. ~:":'::' ~~U 
r~~;~p~~;~~-----------' 
: Blta ': Base address: any 1K byte boundary I 

L _ { _ f .!!'!."!'~~ ~! f~' !"~~~~!='_ J 
rR;ady --, 

: Generation. : 
I Logic I 
iJ\!a!!, '!!,a!!,!! .J 
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MEMORY CHIP SELECTS 

!ilFFFFFH· 

RESET ROM ) 
lAP X 186. 188 

lieS 

MCSO 
MCSll 

MCs2 
MCS3 

LCS 

INTERRUPT VECTORS 
~. and 

VARIABLE DATA ) 
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ElASE: FROM m=FFFFH DOWN 

RANGE: lK TO 256K 

1 BLOCK UP TO 512KI 

4 CONTIGUOUS PAGES 

BiASE: MULTIPLE OF TOTAL 

BLOCK SIZE 

FlANGE: lK TO 128K FOR 

EACH PAGE 

BASE: FROM i UP 

RANGE: lK to 256K 



PERIPHERAL CHIP SELECTS 

CS 
110 DEVICE 

A1 AO +/lJ 
lAP X A2 

] 110 BASE ADDRESS + " 

186,188 peso 
CS 

I>cS1 I AO"O DEVIC , · -. · +1 
• A1 

j 110 BASE ADDRESS + 12S 

PM6 · · · 
CS 

I 4- AO 110 DEVIC 
A1 +6 

j'/O BASE ADDRESS +S.,2' 

• MUST KEEP 110 DEVICES ON EVEN BOUNDARIES. NOT REQUIRED WITH lAP X 188. 
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ALTERNATIVE APPROACH 

CS 

~(All 
110 DEVIC 

AO +f!f 
~(A2) 

~ 110 BASE ADDRESS + II 

pcss 
CS 

IAPX J5CSl 
f- AO.IIO DEVI 

: · +1 186,188 · A1 . · 
~ 110 BASE ADDRESS + 12. 

J5CS4 · 
· 
· 

cs 
~ 

AO 110 ~EVII 
A1 4 

:lID BASE ADDRESS + 4"" 

• PCS5 AND PCS6 PROVIDE LATCHED ADDRESS BITS A.1 AND A2 
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READY /WAIT STATE PROGRAMMING 
READY Bits Programming 

R2 R1 RO Number of WAIT States Generated 

0 0 0 o wait states, external ROY also used. 
0 0 1 1 wait state inserted. external ROY also 

used. 
0 1 0 2 wait states inserted, external ROYaiso 

used. 
0 1 1 3 wait states inserted, external ROYaiso 

used. 
1 0 0 o wait states, external ROY ignored. 
1 0 1 1 wait state inserted, external RDY 

ignored. 
1 1 0 2 wait states inserted, external ROY 

ignored. 
1 1 1 3 wait states inserted, external ROY 

ignored. ._-

• IMPLEMENT A TlON OF EXTERNAL ROY 

INTERNAL ROY ----Dr---- CPU ROY 
EXTERNAL ROY . 
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UPPER MEMORY CHIP SELECT PROGRAMMING 

UMCS REGISTER 

15 ~I 2 1 f1 

OFFSET:AOH II----'_..L..-_.l---L._I--.-'--~__L_'___'___'__..L_ ...... I R_2 ...... I_R_1 ...... 1 R--IS 1 , 

Starting 
Address 

(Base 
Address) 

FFCOO 
FF800 
FFOOO 
FEOOO 
FCOOO 
F8000 
FOOOO 
EOOOO 
CODOC 

UMCS Programming Values 

Memory UMCS Value 
Block (Assuming 
Size RO=R1 =R2=O) 

1K FFF8H 
2K FFB8H 
4K FF38H 
8K FE38H 
16K FC38H 
32K F838H 
64K F038H 
128K E038H 
256K C038H 

~ 

READY MODE 

SELECTION 

NOTE: AFTER RESET, THE UMCS REGISTER IS INITIALIZED TO -"FFFBH 

BASE ADDRESS = OFFCOOH 

BLOCK SIZE = 1 K 

READY MODE = 3 WAIT STATES, EXTERNAL ROY USED 
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LOW MEMORY CHIP SELECT PROGRAMMING 

LMCS REGISTER 

15 14 13 12 11 10 II 8 7 8 5 4 3 2 1 9 

OFFSET: A2H 1-0=-IL.,:o-J,I-=U-LI":""U...L.I-=-u ..1-1 u~1 u---JI_U-1-I_U ...L...I _U .1-1 ~J 1 R21 R1 1 RO I 

~ ,,'---------------------/ 
A 19-A 10 OF UPPER ADDRESS 
BASE ADDRESS = yJ 

LMCS, Programming Values 

Upp er 
Addr ess 

FFH 
FFH 

003 
007 
OOF 
01F 
03F 
07F 
OFF 
1FF 
3FF 

FFH 
FFH 
FFH 
FFH 
FFH 
FFH 
FFH 

Memory LMCS Value 
Block (Assuming 
Size RO=R1 =R2=O) 

11K 0038H 
2K 0078H 
4K 00F8H 
UK 01F8H 
16K 03F8H 
32K 07F8H 
64K OFF8H 
128K 1FF8H 
256K 3FF8H 

NOTE: AFTER RESET, THE LMCS REGISTER IS UNDEFINED. 

READY MODE 
SELECTION 

THE LCS CHIP SELECT LINE REMAINS INACTIVE UNTIL 
THE LMC:S REGISTER IS PROGRAMMED. 
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MID-RANGE MEMORY CHIP SELECT PROGRAMMING 
MPCS REGISTER 

3 2 1 9 15 14 13 12 11 10 9 8 7 S 5 4 

OFFSET: A8H L-.:.....J.I.:;.:M.:.JslL:M_5.J.1. _M4---1I_M_3 J-I M_2.J.I_M_1 IL-M_O.i..1 E_X-LI_M_S&:-I --,-I ~ 
'-----..--- /'------"" 

1 R21 R1 1 RO 1 

'--......-----' 
PERIPHERAL 
READY MODE 
SELECTION 

OFFSET: ASH 

\ 
MPCS _Programmln 
Total Block IndMdual 

Values 

M6-MO 

RELATE TO 
PERIPHERAL 
CHIP SELECTS 

Size Select Size 
-,-~.~-

8K 2K 00000018 
CAUTION: ONLY ONE BIT SHOULD 

16K 4K 
32K 8K 
64K 16K 
12BK 32K 
2S6K 64K 
512K 128K 

------

00000108 
00001008 
0001000B 
00100008 
01000008 
10000008 

MMCS REGISTER 

BE SET. OTHERWISE, 
UNPREDICTABLE OPERATION 
OF MCS LINES WILL OCCUR. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 9 
~lu~l~u~l-u~I-~u~l~u~lu~lu~I~~~~I~_1~I_R2~IR~1~IR~01 
,,'-----------~-------------/ 
A 19-A 13 OF BASE ADDRESS 

MUST BE MULTIPLE OF TOTAL BLOCK SIZE. 

~ 
MID-RANGE MEMORY 
READY MODE 
SELECTION 

NOTE: AFTER RESET, THE MPCS and MMCS IREGISTERS ARE UNDEFINED. THE MCS LINES 

REMAIN INACTIVE UNTIL BOTH THE MPCS AND MMCS REGISTERS ARE PROGRAMMED. 
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\.. 

PERIPHERAL CHIP SELECT PROGRAMMING 
~ 

PACS REGISTER 
15 14 13 12 11 10 9 8 7 8 5 4 3 2 1 11 

OFFSET: A4H I U I U Iu Iu lu lu 1 u lui u 1 u 1 1 11 1 l1R21RliROI 

" / '--...----I ....... 
A19 - Al0 OF BAse ADDRESS READY MODE SELECTION 
MUST BE MULTIPLE OF 1 K FOR PCSO - PCS3 

pes Add,. •• R.nIH 
.. -.------~.----

PCS line Active bet ... n Locatlona 
----PesO- --"BA--pii •• ,.i-

peS1 PBA+128-PBA+2S5 
pcs. PBA+256-PBA+383 
PCS3 PBA+384 -PBA+511 
PCS4 PBA+512-PBA+639 
pcss PSAHWO-PBA+767 
PCS6 PBAf-768-PBA+895 

MPCS REGISTI:R 
15 14 13 12 11 10 9 8 7 0 5 4 3 2 1 11 

OFFSET: A8H I 1 IMOIMSIM41M31M21MliMOIEXlMSI 1 1 1 1 1 1 R21 Rd RO I 

" - /"---.....---/ '--...----I 
MID - RANGE MEMORY CONTROL READY MODE SELECTION 

~ 
FOR ~ - PCSO 

MS, EX Programming Values 

Bit Description 
MS 1 = Peripherals mapped into memory space. 

o = Peripherals mapped into I/O space. 
EX o = 5 Pes lines. AI. A2 provided. 

1 = 7 Pes lines. AI. A2 are not provided. 
- --_. 
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WHERE TO FIND MORE INFORMATION 

IAPX 86/88, 186/188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 

CHAPTER 5 - iAPX 186,188 HARDWARE DESIGN OVERVIEW 
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CHAPTER 17 

iAPX 186,188 TIMER 

• DESCRIPTION 

• FEATURES 

• PROGRAMMING 





iAPX 186,188 TIMER/COUNTER BLOCK DIAGRAM 

nMERO 

MAX COUNT VALUE 
A 

MAX COUNT VALUE 
B 

MODE/CONTROL 

TO 
INT. 
REO. 

ALL 18 BIT REGISTERS 

nMER1 

T1 
INT. 
REO. 

MAX COUNT VALUE 
A 

MAX COUNT VALUE 
B 

MODE/CONTROL 

ADDRESS/DATA BUS 

17-1 

T20Ul 

nMER2 

MAX COUNT VALUE 

MODE/CONTROL 

iAPX 186,188 TIMER FEATURES 

• 3 INDEPENDENT 16-BIT PROGRAMMABLE TIMER/COUNTERS 
(64K MAX COUNT) 

• TIMERS COUNT UP 

DMA 
REQ. 

T2 
INT. 
REO. 

• TIMER REGISTERS MAY BE READ OR WRITTEN AT ANY TIME 

• TIMERS CAN INTERRUPT ON TERMINAL COUNT VIA INTERNAL 
INTERRUPT CONTROLLER 

• TIMERS CAN HALT OR CONTINUE ON TERMINAL COUNT 

17-2 



TIMER 0 AND TIMER 1 OPTIONS 

• COUNT INTERNAL OR EXTERNAL PULSES 

~ C IN 0 ~ 
CLOCK 0 ~ TIMER x 

-- Tx INT REO 
T2 OUTPUT ---0 

• GATE OR RETIRIGGER THE TIMER 

INTERNAL CLOCKING _ 

(CLOCK OR T2 OUTPUT) r-~--" 
"- Tx INT REO 

T~I------' 

---- INPUT USED TO START AND STOP TIMER 

17-3 

TIMER ¢ AND TIMER 1 OPTIONS (CO NT.) 

• GENERATE PULSE OUTPUT USING SINGLE MAX COUNT REGISTER. 

MAX COUNT REGISTEFI A :: 4 

INPUT 
CLOCK 

Tx OUT 

.IU1...flJl.JUlJLJl, 
121310111213101112131 

U LJ' U,,---
-. +-

PULSE IS ONE PROCESSOR C:LOC:K WIDE 

• GENERATE PULSIE OUTPUTS OF ANY DUTY CYCLE USING 
BOTH MAX COUNT REGISTERS. 

MAX COUNT REGISiTER A C 5 
MAX COUNT REGISiTER B '"' 4 

INPUT 
CLOCK 

Tx OUT 

. ..ruu 
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TIMER 2 OPTIONS 

• CLOCK COUNTER - REAL TIME CLOCK, TIME DELAY 

CLOCK --.....-.t .. 1 TIMER 2 1-----. T2 INT REO 

• PRESCALER FOR OTHER TWO TIMERS 

CLOCK ---;0.1 

• DMA REQUEST SOURCE - TIMED DMA TRANSFERS 

CLOCK ----+oj. I TIMER 2 1------.. T2 DMA REO 
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TIMER C/J AND TIMER 1 MODE/CONTROL REGISTER 
7 5 4 3 2 

11 = MAX COUNT REG A 

1 = MAX COUNT REG B 

INTERRUPT ENABLE 

11 = DISABLED 

1 = ENABLED 

'-----INHIBIT UPDATE OF EN BIT 

DURING WRITE TO MODEl 

CONTROL REGISTER 

/6 = EN BIT UNAFFECTED 

1 = EN BIT MODIFIED 

1..--______ TIMER ENABLE 

J?1 '::" DISABLED 

1 = ENABLED 

CONTINUOUS COUNT 

J?1 = ONE SHOT 
1 :. CONTINUOUS COUNT 

ALTERNATE BETWEEN 
MAX COUNT REGISTERS 
fJ' = REG A ALWAYS USED 
1 = AL TERNA TE 

-EXTERNAL INPUT 

0'" INTERNAL CLOCK 
1= EXTERNAL CLOCK 

I..-----PRESCALER MODE 
ENABLE 

~ = DISABLED 
1 = ENABLED 

L-______ RETRIGGER MODE 

ENABLE 
O-GATED 
1.RETRIGGERED 

'---------MAXIMUM COUNT 

O=MAX COUNT NOT 
REACHED 

1 =MAX COUNT REACHE 
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TIMER 2 MODE/CONTROL REGISTER 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 

~-L~~~~~~~-L~~-L~L--L,-~-L~_~-L~ __ 1 

LCONTINUOUS COUNT 
0= ONE SHOT 

L..---INHIBIT UPDATE OF EN 
BIT DURING WRITE TO 
MODE/CONTROL REGISTER 
11 = EN BIT UNAFFECTED 
1 = EN BIT MODIFIED 

'-----TIMER ENABLE 
J1 = DISABLED 
1 = ENABLED 

1 = CONTINUOUS 
COUNT 

'----------MAXIMUM COUNT 
0= MAX COUNT 

NOT REACHED 
1 = MAX COUNT 

REACHED 
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TIMER CONTROL BLOCK FORMAT 

Register Offset 

Register Name Tmr.O Tmr.1 Tmr.2 

Mode/Control Word 56H 5EH 66H 
Max Count B 54H 5CH not present 
Max Count A 52H 5AH 62H 
Count Register 50H 58H 60H 

• THE COUNT REGISTERS CAN BE READ OR WRITTEN AT ANY TIME . 

• AFTER RESET, THE FOLLOWING CONDITIONS EXIST: 

1) ALL EN BITS ARE RESET PREVENTING TIMER COUNTING 

2) ALL TIMER OUT PINS ARE HIGH 
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WHERE TO FIND MORE INFORMATION 

iAPX 86/88, 186/188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 

CHAPTER 5 - iAPX 186,188 HARDWARE DESIGN OVERVIEW 
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CHAPTER 18 

iAPX 186,188 DMA CONTROLLER 

• MOTIVATION FOR DIRECT MEMORY ACCESS 

• DESCRIPTION OF CONTROLLER 

• FEATURES 

• PROGRAMMING 





WHY DIRECT MEMORY ACCESS? 

• TO BRING ABOUT HIGH SPEED DATA TRANSFERS WITHIN THE SYSTEM'S 

MEMORY ANDIOR 1/0 ADDRESS SPACES. 

• LET'S ASSUME THAT A DISK CONTROLLER UTILIZES A 500 KHz CLOCK. 

THIS MEANS THAT EACH BIT CELL ON THE DISK OCCUPIES A WINDOW 

2psec IN WIDTH. THEREFORE, ONE BYTE OF DATA IS TRANSFERRED EVERY 16 psec. 

• USING INTERRUPT DRIVEN 1/0, THE INTERRUPT RESPONSE AND EXECUTION TIME 

MUST BE LESS THAN 16 }lsec IN ORDER TO TRANSFER A BYTE TO OR FROM 

THE CONTROLLER. 

FACTORS AFFECTING INTERRUPT RESPONSE AND EXECUTION TIME: 

1) WORST CASE INSTRUCTION LENGTH (EXECUTION TIME) 

2) PROCESSOR RESPONSE TO INTERRUPT 

3) REGISTER 

4) 1/0 SERVICING 

5) REGISTER RESTORE 

6) INTERRUPT RETURN 

WILL WE MAKE IT? 

18-1 

DMA EXAMPLE 

I , 1 1 , I 
INTR HLDA HOLD BUS ~~ DMA IlClPE 

RQST RQST 
IlMA CONTROLLER 

CPU SYSTEM MEMORY I SRC ADDRESS I DB< 00N1R0U.ER 

I DEST ADDRESS I 
ERANSFERCOUN1 

\1 finn D1I finn 
ADDRESS BUS 

U II U II 1J II 
DATA BUS 

) 

1 

II U I~ CONTROL BUS 

• DMA CONTROLLER ELIMINATES PROCESSOR"'MIlIlLEMAN' WI9I PERFORMNG TRANSFERS WITHIN 
THE MEMORY AND/OR I/O ADDRESS SPACES. BY DONG THS,SYS1B.I lHIOUGHPUTSGREATLY 
ENHANCED. (0.5 TO 2.0 "sec/BYTE TRANSFERRED) 
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iAPX 186, 188 DMA CONTROLLER BLOCK DIAGRAM 

20 BIT ADDER SUB=:::l- ADDER CONTROL 
~- LOGIC 

DMA 
CONTROL 

LOGIC 

TIMER REQUEST 

---< 

"JRQ, 
REQUEST =a 
SELECTIOII~ DRQO 

LOGIC .=0 

·~IN-TE-R-NA-L-A-DD-R-ES-SI-DA-~-B~ULS-----------==:> 
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iAPX 186, 188 DMA CONTROLLER FEATURES 

• TWO INDEPENDENT HIGH-SPEED CHANNELS 

• SUPPORTS ALL COMBINATIONS OF TRANSFER MODES 

- MEMORY-TO-MEMORY J 
- MEMORY TO-I/O 
_ I/O-TO-MEMC)RY TWO BUS CYCLE TRANSFER 

- I/O-TO-I/O 

• BYTE OR WORD TFtANSFERS 
- WORDS CAN BE TRANSFERRED TO/FROM ODD OR EVEN ADDRESSES 

• 20-BIT SOURCE AND DESTINATION POINTER FOR EACH CHANNEL 
- CAN BE INCREMENTED/DE:CREMENTED INDEPENH>ENTL Y DURING TRANSFER 

• 16-BIT TRANSFEB COUNTER 
- PROGRAMMABLE TERMINATE AND/OR INTERRUF'T RBlUEST 

WHEN COUNTIER REACHES 0 

• DMA REQUESTS CAN BE GENERATED BY TIMER 2 

• 2MBYTE/SECOND MAXIMUM TRANSFER RATE 
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POINTER AND TRANSFER COUNT REGISTERS 

• POINTER REGISTERS 

UPPER 4 BITS 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 11 

fI I rJ I g 1 r4 I r1 I tJ 1_ I fI I rI I rI I fI 1 i' IA 19b 181 A 17IA 161 

LOWER 16 BITS 
15 14 13 12 11 10 9 8 7 6 

• TRANSFER COUNT REGISTER 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 

18-5 

CHANNEL CONTROL REGISTER 
98765432 

----~ 
M/IO - PO .... TER IS .... MEMORY /10 

SPACE (110) 

INC - INCREMENT POINTER 
AFTER TRANSFER 

R - NO NCREMENT 
1- NCREMENT 

DEC - DECREMENT POINTER 
AFTER TRANSFER 

1l1- NO DECREMENT 
1 - DECREMENT 

DMA TERM .... ATE WHEN ----' 
TRANSFER COUNT REACHES 0 

AJ - DISABLED 
1 - ENABLED 

.... TERRUPT ON BYTE COUNT ----' 
TERMINA TION 

J!1 - DISABLED 
1 - ENABLED 

II BYTE/WOnD 1<,,) TR_em 

START/STOP (110) CHANNEL 

CHANGE/DO NOT CHANGE 
ST /STOP BIT WHEN WRITt<lG 
TO CHANNEL CONTROL 
REGISTER 

L-______ TIMER 2 DMA REQUEST 

fa' - DISABLED 
1 - ENABLED 

L-. _______ CHANNEL PRIORITY -
RELATIVE TO OTHER CHANNEL 

/iY- LOW PRIORITY 
1 - HIGH PRIORITY 

CHANNELS ALTERNATE 
CYCLES IF SET TO SAME 
PRIORITY • 

'-----------CHANNEL SYNCHRONIZATION 
6tt - NO SYNC 
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.01 - SOURCE SYNC 
1.9'- DESTINATION SYNC 
11 - UNUSED 



DMA CONTROL BLOCK FORMAT 

Regl'ter Addre., 

Register Name Ch.O Ch.1 

Contl'Ol Word CAH DAH 
Transfer Count C8H D8H 
Destination Pointer (upper 4 C6H D6H 

bits) 
Destination Pointer C4H D4H 
Sour<Ce Pointer (upper 4 bits C2H D2H 
Source Pointer COH DOH 

• AFTER RESET, BOTH CHANNELS ARE DISABLED 
BY RESETTING THEIR ST ISTOP BITS. 
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WHERE TO FIND MORE INFORMATION 

iAPX 86/88, 1861188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 

CHAPTER 5 - iAPX 186,188 HARDWARE DESIGN OVERVIEW 
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DAY 5 OBJECTIVES 

BY THE TIME YOU FINISH TODAY YOU WILL: 

• DEFINE THE OPERATIONAL MODES OF THE 

80186 INTERRUPT CONTROLLER AND 

PROGRAM IT TO OPERATE IN A REQUIRED 

MODE 

• SEE HOW TO USE THE LIBRARIAN (LIB86) 

AND THE MODULE CROSS-REFERENCER 

(CREF86) 

• DEFINE THE ROLE OF THE 8089 1/0 

PROCESSOR 

• DEFINE THE SOFTWARE INTERFACE BETWEEN 

THE 8086 AND THE 8089 





CHAPTER 19 

iAPX 186,188 INTERRUPT CONTROL UNIT 

• DESCRIPTION 

• FEATURES 

• PROGRAMMING 





r 

"-

iAPX 186. 188 INTERRUPT CONTROL UNIT BLOCK DIAGRAM "' 
TIMER TIMER TIMER DMA DMA 

0 1 2 0 

t 
INTO INTI If? INT3 NMI 

~/ 
, 

~j 
I II III 

TIMER INTERRUPT 

CONTROL REG. REQUEST REG. 

DMAO INTERRUPT 

CONTROL REG. 
.. MASK REG. 

DMA1 IN·SERVICE 

CONTROL REG. REG. 

EXT. INPUT 0 ~ 
INTERRUPT PRIOR. LEV. 

PRIORITY 
CONTROL REG. ----,; 

RESOLVER 
MASK REG. 

EXT. INPUT 1 INTERRUPT 

CONTROL REG. STATUS REG. 

EXT. INPUT 2 VECTOIR 
CONTROL REG. GENERA· 

EXT. INPUT 3 TION 
CONTROL REG. LOGIC 

n INTERRUPT I..J 
REQUEST TO 

7 . ~ > < PROCESSOR '< 

INTERNAL ADDRESS/DATA BUS 

19-1 

iAPX 186,188 INTERRUPT CONTROL UNIT 

• ACCEPTS INTERRUPTS FROM INTERNAL SOURCES (DMA, TIMERS) AND 
FROM 5 EXTERNAL PINS (NMI + 4 INTERRUPT PINS) 

• PROVIDES FULLY NESTED, SPECIAL FULLY NESTlED FEATURES OF 
THE 8259A 

• EXPANDABLE TO 128 EXTERNAL INTERRUPTS BY CASCADING 
MULTIPLE 8259A'S 

- iAPX 186 CAN BE CONFIGURED TO SUPPORT TWO MASTER 8259A'S 

• EIGHT DISTINCT PRIORITY LEVELS 

• PROGRAMMABLE PRIORITY LEVEL FOR EACH INTERRUPT SOURCE 

• LEVEL OR EDGE TRIGGERED PROGRAMMABLE MODES FOR EACH 
EXTERNAL INTERRUPT SOURCE. 

19-2 



iAPX 186,188 PBE-ASSIGNED INTERRUPT TYPES 

Vector 
Interrupt Name Type 

Type 0 0 
Type 1 1 
NMI 2 
Type 3 3 
INTO 4 
Array bounds trap 5 
Unused op trap 6 
ESCAPE op trap 7 
Timer 0 8 
Timer 1 18 
Timer 2 19 
DMAO 10 
DMA 1 11 
*Reserved* 9 
INTO 12 
INT1 13 
INT2/INTAO 14 
INT3/INTA1 15 

19-3 

Comments ,---
Divide error trap 
Single step trap 
Non-maskable Interrupt 
Breakpoint trap 
Trap on overflow 
BOUND instruction trap 
Invalid op-code trap 
Supports 8087 emulation 
Internal h/w Interrupt 
Internal h/w interrupt 
Internal h/w Interrupt 
Internal h/w interrupt 
Internal h/w Interrupt 
*Reserved* 
External Interrupt 0 
Externallnterruplt 1 
Externallnterrupit 2 
External interrupt 3 

INTERRUPT VECTORING HIGHLIGHTS 

• FASTER INTERRUPT RESPONSE TIME FOR INTERNALL.Y GENERATED 
INTERRUPTS (42 CLOCKS) VS. iAPX 86 (61 CLOCKS) 

- 1.5X THE 8086 

• SHORTER INTERRUPT (FUNCTION OF THE LONGEST IINSTRUCTION 
MUL AND DIV TIMES ARE 1/3 THE 8MHz iAPX 86) 
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INTERRUPT CONTROL UNIT OPERATION 

INTERRUPT REQUEST 

TMR 

OMA /I 
OMA 1 

INT If 

INT 1 

INT 2 

INT 3 

REGISTER 

PRIORITY 

RESOLVER 

LOOKS AT CURRENT REQUESTS AND ALSO ANY 
INTERRUPTS IN-SERVICE. IF REQUESTING LEVEL 
HAS HIGHEST PRIORITY, IT IS PUT IN-SERVICE. 
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• INTERRUPT REQUEST, IN-SERVICE AND MASK REGISTERS 

15 14 13 12 11 10 9 8 7 6 5 4 :I 2 1 11 

II I 11 I ~, yI I yI I , I ~ , , '13 112 , 11 'JI/' 01 , 011' yI &MR' 

INTERRUPT REQUEST REGISTER - READ ONLY 
IN-SERVICE AND MASK REGISTERS - READ AND WRITE 

• EOI REGISTER 

15 14 13 12 11 10 9 8 7 6 5 4 ~I 2 1 11 = _ I ~ [1' tI I , , !I I _ , Sf , Sf , tJ ,±±_, 8_1 '_8_') 

L SPECIFICINONSPECIFIC (6/1) INTERRUPT VECTOR TYPE 

END OF INTERRUPT 

EOI REGISTER - WRITE ONLY 
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CLEAR 

EOI 



• TIMER AND DMA CONTROL REGISTERS 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 II 

I~ 
MASK BIT --~. PRIORITY 

/3 - NO MASK 
1 - MASK 

• INT~ AND INT 1 CONTROL REGISTERS 

15 14 13 11 10 9 8 7 6 5 4 3 2 

SPECIAL FULLY NESTED MODE ---' 
_ - NORMAL FULLY NESTED MODE 
1 - SPECIAL FULLY NESTED MODE 

CASCADE MODE ---------' 
_ - DIRECT INPUT 
1 - CASCADED INPUT 

• INT2 AND INT3 CONTROL REGISTERS 

LEVEL TRIGGER MODE 
fI - EDGE TRIGGER 
1 - LEVEL TRIGGER 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 II 

I ~ I ~ I " I fI I /3 I ' I - I _ I /I III I _ ILTMIMSKIPR2IPR11~ I 
NOTE: EACH INTERRUPT SOURCE IS PROGRAMMED INDEPENDENTLY OF THE OTHERS. 
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CASCADE MODE 

iAPX 186 

8259A .....-- CONFIGURED FOR 
, J MASTER MODE 

INTS/f INT 

INTAfl (lNT2) --INTA 

INT1 

iNTA1 (lNT3) 8259A 

INT 

INTA 

• COULD HAVE UP TO 128 PRIORITIZED INTERRUPT LEVELS BY CASCADING SLAVE 
UNITS INTO THE MASTER UNITS SHOWN . 

• USING EXTERNAL 8259·:~. INTO ANDIOR INT1 WOULD BE CONFIGURED IN 
SPECIAL FULLY NESTED MODE. 
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OPERATIONAL CONTROL 

• PRIORITY MASK REGISTER 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 11 

~ 
PRIORITY MASK 

USED TO DISABLE INTERRUPTS BELOW A SPECIFIED LEVEL • 

• INTERRUPT STATUS REGISTER 
8765432 

DMA HALT 
-SETTING BIT HALTS ALL DMA TRANSFERS 
-RESET BY IRET INSTRUCTION 
-PERMITS PROMPT SERVICE OF INTERRUPT 
REQUEST 

-AUTOMATICALLY SET BY NMI 

INTERRUPT REQUEST 
-TIMER ~ 

INTERRUPT REQUEST 
-TIMER1 

'------INTERRUPT REQUEST 
-TIMER 2 

TrlINTRV-
T1 INTR _ TMR INTR 
T2 INTR 
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OPERATION IN A POLLED ENVIRONMENT 

• CPU MUST PERIODICALLY INTERROGATE INTERRUPT CONTROL UNIT TO 
DETERMINE IF THERE IS A PENDING INTERRUPT REQUEST . 

• POLL AND POLL STATUS REGISTERS 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 11 

1~~11 _ I , I - I f I f I_ I _ I _ I _ I _ I s41 s31 s21 S1 I S9 J 
LINTERRUPT REQUEST BIT 

,-NO REQUEST 
1-REQUEST PENDING 

"'----.---.--_--1 
VECTOR TYPE OF HIGHEST 
PRIORITY INTERRUPTING SOURCE 

VALID ONLY WHEN INTREQ-1 

POLL REGISTER-READING THIS REGISTER WILL AUTOMATICALLY SET 
IN-SERVICE BIT OF HIGHEST PRIORITY PENDING INTERRUPT. 

POLL STATUS REGISTER-HAS NO EFFECT ON IN-SERVICE REGISTER. 
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INTERRUPT CONTROL BLOCK FORMAT 

• AFTER RESET, 
ALL INTERRUPTS 
ARE DISABLED. 

OFFSET 
INT3 CONTROL REGISTER 3EH 

INT2 CONTROL REGISTER 3CH 

INn CONTROL REGISTER 3AH 

INTO CONTROL REGISTER 38H 

DMA 1 CONTROL REGISTER 36H 

DMA 0 CONTROL REGISTER 34H 

TIMER CONTROL REGISTER 32H 

INTERRUPT CONTROLLER STATUS REGISTER 30H 

INTERRUPT REQUEST REGISTER 2EH 

IN-SERVICE REGISTER 2CH 

PRIORITY MASK REGISTER 2AH 

MASK REGISTER 28H 

POLL STATUS REGISTER 26H 

POLL REGISTER 24H 

EOI REGISTER 22H 
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WHERE TO FIND MORE INFORMATION 

iAPX 86/88, 186/188 USER'S MANUAL (PROGRAMMER'S REFERENCE) 

CHAPTER 5 - iAPX 186,188 HARDWARE DESIGN OVERVIEW 

19-12 



CHAPTER 20 

LIBRARIES & MODULE CROSS-REFERENCES 

• LIBRARY CHARACTERISTICS 

• LIBRARY COMMANDS 

• USING LIBRARIES 

• INTER-MODU LE CROSS REFERENCING 
(CREF86) 





SOFTWARE DEVELOPMENT ORGANIZATION 

20-1 

ISIS-II LIBRARIAN 

A COLLECTION OF OBJECT MODULES SUPPLIED BY SYSTEM USER 

OR BY INTEL 

A SPECIAL FILE CONTAINING A DIRECTORY OF PUBLICS 

ALLOWS SELECTION OF JUST THOSE MODULES NEEDED BY 

THE PROGRAM BY LINKING TO LIBRARY 
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LINKING AS PROGRAM WITHOUT A LIBRARY 

OVCONT.OBJ 

OVENCONTROLBLOCK: 

WRITE EXTERNAL 
READTEMP EXTERNAL 

UTlL.OBJ 

UTILBLOCK: 
DELAY EXTERNAL 
READ TEMP PUBLIC 

DELAY.OBJ 

DELA YBLOCK: 

DELAY PUBLIC 

CONSOL.LNK 

CONSOLIOBLOCK: 

READ 
WRITE 
CI 
CO 

PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 

- RUN LlNK86 OVCONT.OBJ & 

UTIL.OBJ & 

DELA Y .OB,J. & 

CONSOL.LNK TO PROCES.LNK 

• ENTIRE MODULE CONSOLE.LNK IS 
INCLUDED EVEN THOUGH PUBLIC 
PROCEDURES 'READ' AND 'CI' ARE 
NEVER USED 

• INSTEAD OF LINKING OBJECT MODULES 
INTO CONSOLE.LNK, PUT THEM IN A 
LIBRARY .•• 
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LINKING A PROGRAM WITH A L1BA:ARY 

OVCONT.OBJ 

OVENCONTROLBLOCK: 
WRITE EXTERNAL 
READTEMP EXTERNAL 

UTlL.OBJ 

UTILBLOCK: 
DELAY EXTERNAL 

READTEMP PUBLIC 

DELAY.OBJ 

DELA YBLOCK: 
DELAY PUBLIC 

CONSOL.LlB 

READ_MODULE 

READ 
CI 

CO 

PUBLIC 
EXTERNAL 
EXTERNAL 

WRITE_ MODULE 

WRITE PUBLIC 
CO EXTERNAL 

CI-MODUL.E 
CI 

CO-MODULE 

PUBLIC 

CO PUBLIC 

- RUN LlNK86 OVCONT.OBJ. & 
UTIL.OBJ & 
DELAY.OBJ, & 
CONSOL.LlB TO PROCES.LNK 

• ONLY INCLUDES LIBRARY MODULES REQUIRED TO SATISFY 
EXTERNAL REFERENCES 
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ISIS-II L1SB6 COMMAND 

- RUN LlB8S 

* 
NO PARAMETERS ARE ALLOWED IN THE INVOCATION. LlB8S 

RESPONDS WITH AN ASTERISK AND WAITS FOR COMMANDS: 

CREATE - CREATE A NEW LIBRARY 

ADD - ADD OBJECT MODULES TO A LIBRARY 

DELETE - DELETE OBJECT MODULES FROM A LIBRARY 

LIST - LIST THE CONTENTS OF A LIBRARY 

EXIT - EXIT LIBRARIAN 
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USING L1SB6 COMMANDS 

- RUN LlB8S 

* CREATE CONSOL.LlB 

* ADD READ.OBJ, WRITE.OBJ, OTHER.LIB (CI, CO) TO CONSOL.LlB 

* DELETE OTHER.LlB (CI, CO) 

* LIST CONSOL.LlB PUBLICS 

CONSOL.LlB 

READ_MODULE 
READ 

WRITE_MODULE 
WRITE 

CLMODULE 
CI 

CO_MODULE 
CO 

* LIST CONSOL.LlB TO :LP: PUBLICS 
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CLASS EXERCISE 

1. THE LIBRARY CAN CONTAIN OBJECT MODULES, LINKED MODULES AND 
LOCATED MODULES. THE LIBRARY LISTING SHOWS THESE ENTRIES BY 
MODULE NAME. WHERE DOES THIS MODULE COME FROM? 

a) FOR AN ASSEMBLED OBJECT MODULE 

b) FOR A LINKED MODULE 

c) FOR A LOCATED MODULE 

2. WHAT ADVANTABE MIGHT BE HAD BY HAVING A LARGE NUMBER OF 
LIBRARY MODULES EACH WITH ONE PUBLIC SYMBOL ONLY, RATHER 
THAN A FEW LIBRARY MODULES EACH WITH SEVERAL PUBLIC SYMBOLS. 
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CREF86 

• PROVIDES A CROSS REFERENCE LIST OF PUBLICS 

AND EXTERNALS USED BY MODULES OF A PROGRAM 

• TYPE CHECKING OF PUBLICS/EXTERNALS 

• TYPICALLY USES SAME INPUT LIST AS YOUR FINAL 

LINK 
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I 

I 

TRANSLATED 
OBJECT 

MODULE(S) 

LIBRARY 
MODULE(S) 

LINKED 
OBJECT 

MODULE(S) 

f--

-

INVOCATION 
LINE CONTROLS 

~ r------ 1 

I CREF86 :~------~.~I 
I _______ J 

~ 
CONSOLE 

MESSAGES 

PRINT FILE 
·CRF· 

- RUN CREF86 INPUT-LIST [CONTROLS] 
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EXAMPLE: CROSS-REFERENCE LISTING 

c'I,8. IU",LE or ClOSS U'UUCI ",suo curl6 

iCCU'_' IG' • • 
ILLOCIoTJ •••• 
.. "IIDIODI. • • 
AP,.IDUDSMMODI. 
,.UJUS' ••• 
&tOI •••••• 

8,01 •••••••• 
JUI8LISOltf",IUMII. 
IUH'LlIICOUlt 

CI.CIBIADII • 
CHICIO'IIUI. 
c •• cru.nPl. 
CH'.'MIS ••• 
CMPSUIOS •• 
Clctl •••• 
CICTO • • • • ••• 
COlf,aLlDCOO_DIUU •• 
COltIOLorUnCQOIDU,T. 
conlOLI,un.tUlID. 
CIUTIO.JICT • 

CUI.uranIUM 
cu ... nJAOI. 

DIBUGrOQQLI • 
DIBUOToaOLi • 
DQULoeUI •• 
OQltt.lCII ••••• 
DQcaUOlurElIIlO. 
Doc.un ..... 
DQDICODIIICIPTIOI 
CQDluea ••• 
DQIIlt. • •• 
DQ'III. • •• 
DQGlu.aUHln 
DQOltnSflMlD 
DOD.TtlN' •• 

SIN80L TlU 

UIIUOIII 
uluon 
PROCIDU'I Uil 
,IOCIDVII MI .. 
POUTII 
'IOCIDUU WOlD llAl 

rlOCIDUU 11010 11" 
.IOCIDUU lin 
'IOCIDun UAI 

,IOCIDO" lUI 
PlOCIDOn I,"R 
'IOCIDOII lUI 11&1 
'IOCIDUI' lUI .... R 
'ROCIDUII lUI IIU 
WORD 
W08D 
liaRD 
Inl 
aUI 
,ROCIDOII WOlD II." 

IITI 
unlOll1 

aITI 
UTI 
, ROCIDU II liaRD .... R 
PlOCIDUII IIOID .IU 
PlOCIDUIi ."'R 
PROCIDUU WOlD ... 1 
PlOCIDOU II ... 
'ROCIDUII lUI 
'ROCIDU" lUI 
'IOCIDDU ..... 
'ROCIDUII lUI 1"1 
'ROCIDUU: IIU 
'ROCIDUII ..... 

I,AI,AJODtyr 

OUUING "DDULE; REt"IRitUG "ODULltS) 

oaJI'IU 
OBJMU 
UTILITIES 
DULIfIlS; 
SIMaOLson; 
UTlLltIlS; 

UTlLIf1lS I 
SIIIOLson; 
LlSTUTlLlTlIS; 

SCUUTILIrnS; 
SC ... UTILITIES ; 
sea.urlLlT1IS; 
LlSTUTILlrllS j 
UTILITIES; 
UTlLlTlIS; 
UTlLUnS; 
'IISI; 
'USI; 
.USE; 
OBJM"'; 

• IOCII;3SRlCORDS; 
OeclMAI 

.aRS£ sC ... "OOULIS 'IOCI"SRECOIDS 
LlSTOUT,ut 
.AUI 

LlSTUTILITlES 
LlSTOUT.UT 
LlSTOVTPut 

'CUMOOULIS 
SCUHODULES 
'ROCISSUCQRDS 
SlHBOLSORT 
IIITSt .. TI SC"NODULIS SCAKUTILITIIS 
MISMatCH 
SIaNO.. URal MISMATCH 
UTILItIES 
UTILITIES 
UTILUUS 
PARS' SCANHODULES 'ROCISSRECORDS 
SCUutlLltUS S1MBOLSORt 
SCUUTILlTIU 

PIRSI; IRROR 
.... DU.LICUE DeCLAII:UIO ..... ; HUMnCH 
DOULOCAU; MEMORlMANAQ!MEn IIHBOLIon OIJNU 
DOUT .. CIi UTILlTUS ICUUTILITIES 
DOCHUD.IElTlIilSJO .. ; .ARSE 
DOCRun; UTILITIES 
DQDICODIIlCIPUOI j IItROR 
DODIUCH; SCANNODULIS 
DQlllT; CRlF86 UROI 
DorUI; LlSTOUTPUt 
DOOIURGUNBNf; .ARSE 
DQGIT"UTIHID; 3101110111 
BOalTflNI i LUfOUfPut 
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WHERE TO FIND MORE INFORMATION 

lAP X 86,88 FAMILY UTILITIES USER'S GUIDE 
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CHAPTER 21 

OVERVIEW OF THE 8089 I/O PROCESSOR 

• MOTIVATION FOR USING THE 8089 

• PRODUCT DESCRIPTION 

• INTERFACING WITH THE 8089 

• PRODUCT FEATURES 

• DEVELOPMENT SUPPORT 





8089 1/0 PROCESSOR (lOP) 

CPU 

21-1 

TYPICAL SYSTEM WITH 1/0 

APPLICATION 
PROGRAMS 

110 PROGRAMS 

DATA 

• CPU EXECUTES APPLICATION AND 1/0 PROGRAMS 

• 1/0 RESIDES ON SYSTEM BUS 

• HIGH SPEED I/O IMPEDES APPLICATION PROGRAM EXECUTION 
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ANOTHER SYSTEM WITH I/O 

HOST CPU 

I 
I I 

OTHER CPU'S 

CPU 110 PROCESSOR 

I I I 
1/0 LOCAL DMA INTERRUPT 

DEVICE MEMORY CONTROLLER CONTROLLER 

• MULTIPLE CHIP SOLUTION 

• USUALLY A NONSTANDARD COMMUN1CATION INTERFA(:;E WITH HOST CPU 

• DMA FACILITIES ARE NOT FLEXIBLE 
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SYSTEM WITH 1/0 PROCESSOR 

HOST CPU 

WELL 

I • AND S 

I I 

lOP lOP 

I 
I I I 

1/0 1/0 1/0 

DEVICE DEVICE DEVICE 

IJEFINED HARDWARE 

OFTWARE INTERFACE 

• 110 CONTROL FUNCTIONS INTEGRATED WITH DMA FACILITIES 

• FASTER RESPONSE 

• FLEXIBLE DMA FACILITIES 
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8089 CONTAINS 2 INDEPENDENT 1/0 CHANNELS 

<.----------=-

CA 

TASK POINTER 

1/0 CONTROL 

t t 
ORO, EXT' SINTR·' 

HOST CPU 

21-5 

• 2 INDEPENDENT I/O CHANNELS 

• 2 REGISTER SETS, 

2 INSTRUCTION POINTERS 

• 2 LOGICAL BUSES 

• 2 I/O PROGRAMS CAN EXECUTE 

CONCURRENTLY 

• I/O PROGRAMS CAN BE LOCATED 

IN I/O OR SYSTEM SPACE 

8089 BLOCK DIAGRAM 

1------.1.: 
TASK POINTER ~ 
I------l~ 

1/0 CONTROL U 

BHE 
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LOCAL CONFIGURATION 

I SYSTEM MEMORV 1\ BUS f-

Q---V CONTROLLER I-
CPU j 

~ ROIGNT I~ 

t I 

ROIGNT 

ti ~ LATCHESI I-

[~ 11 TRANSCEIVERS I-- PERIPHERAL PERIPHERAL 
BOB9 PI P2 
lOP I-

DMOa DMQt -
EXT2 EXT1 

~i'r 

• lOP SHARES THE SYSTEM BUS INTERFACE LOGIC WITH THE HOST CPU 
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REMOTE CONFIGURATION 

• REMOTE CONFIGURATION ALLOWS PARALLEL PROCESSING 
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CPUIIOP COMMUNICATION 

CHANNEL ATTENTION 
~ 

CHANNEL SELECT 

CPU W MESI~A~w lOP 

MEMORY 

CH 1 INTERRUPT • 
CH 2 INTERRUPT • 

• CPU CAN WRITE TO A PORT MAPPED TO MUL TIBUS. PORT IS ON 8089 

BOARD WITH TWO PINS CONNECTED TO ATTENTION/SELECT 
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INITIALIZATION OF CHANNEL CONTROL BLOCK 

SYSBUS: 

S/16 BIT (SOSS/S086) 

SYSTEM OPERATION 

COMMAND: 

a) I/O BUS WIDTH 

b) REQUEST/GRANT 
MODE 

SYSTEM CONFIGURATION POINTER 

(RESERVED) I SYSBUS 

r-- SY,STEM CONFIGURATION 
BLOCK POINTER 

.... (RESERVED) I SOC 

r-- CHANNEL CONTROL 

BLOCK POINTER 

CHANNEL CONTROL BLOCK 

~ PARAMETER BLOCK POINTER 

BUSY I CCW 

PARAMETER BLOCK POINTER 

BUSY I CCW 

piFFFF6H 

(RESET ADDRESS) 

} CHANNEL 1 

} CHANNEL 2 

• UPON SEEING FIRST CHANNEL ATTENTION AFTER RESET, S089 INITIALIZES ITSELF 
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~ 

, 

MESSAGE STRUCTURE 

CHANNEL CONTROL BLOCK 

PARAMETER BLOCK POINTER } I 
CHANNEL 1 

BUSY CCW 

PARAMETER BLOCK POINTER } I 
CHANNEL 2 

BUSY CCW 

CHANNEL 1 PARAMETER BLOCK CHANNEL 2 PARAMETER BLOCK 

~ T ASK BLOCK POINTER - I T ASK BLOCK POINTER ~ 

-: CHANNEL 1 PROGRAM "' JFHANNEL 2 PROGRAM,:!", 

T PARAMETERS T 1[ PARAMETERS Jr 

CHANNEl. 1 TASK BLOCK CHANNEL 2 TASK BLOCK 

8089 I~ 
8089 

I~ 

INSTRUCTIONS INSTRUCTIONS 

• CHANNEL COMMAND WORD (CCW) SAYS WHAT TO DO (eg START, 
SUSPEND, ENABLE INTERRUPTS) 

CPU 

DEPOSIT TASK 

MESSAGE 

I 
I • OTHER 

PROCESSING 
I 
I 
I 
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TYPICAL TASK FLOW 
(DISK EXAMPLE) 

CHANNEL 

ATTENTION 

INTERRUPT 

lOP 

TASK EXECUTION 

INSPECT MESSAGE 
FETCH POINTERS 

INITIALIZE PERIPHERAL 
INTERFACE 

,- -,---
I RETRY IF 1_ - - --. 
I NECESSARY .... - - - -___ 1 __ 1 , 

OTHER PROCESSING 
I 

DEPOSIT 

STATUS MESSAGE 

lOP PROCESSES IN PARALLEL, ENTERS DMA MODE, 

THEN RETURNS TO PROCESSING INSTRUCTIONS 
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DMA 

DATA READ 
+ 

COMPARE 

~ 

~ 



INSTRUCTION SET OPTIMIZED FOR 
1/0 PROCESSING AND CONTROL 

• TAILORED SPECIFICALLY FOR 1/0 OPERATIONS 
- LOGIC INSTRUCTIONS (MASKING) 

- BIT MANIPULATIONS, BRANCHING 

- ELEMENTARY ARlTliMETICS 

- GENERALIZED MOVE 

• CONTROL TRANSFERS 
- BRANCH RELATIVE 

- PROCEDURAL CALL/RETURN 

• VERSATILE ADDRESSING MODES OPERATE 
ON 8 OR 16 BIT DATA 

- BASED 
- BASED RELATIVE 
- BASED INDEXED 
- BASED INDEXED WITH AUTO INCREMENT 

• DMA CONTROL 
- SYSTEM AND 110 BUS WIDTH SPECIFICATION 

- DMA ACTIVATION 
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DMA FACILITIES 

• TWO CYCLE TRANSFER 

1) READ-B 
• FLEXIBLE BUS MAPPING 

- 8 BIT TO 8 BIT 

- 16 BIT TO 16 BIT 

- 8 BIT TO 16 BIT 

- 16 BIT TO 8 BIT 

2) B-WRITE 

• FLEXIBLE 1/0 DEVICE SYNCHRONIZATION 

- SOURCE 

- DESTINATION 
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DMA FACILITIES (CO NT.) 

• FLEXIBLE TRANSFER CAPABILITIES 
- MEMORY TO I/O 

- I/O TO MEMORY 

- MEMORY TO MEMORY 

- I/O TO I/O 

• PERFORM MASKED COMPARES FOR DATA PATTERN 
AS TRANSFER OCCURS 

- 8 BIT MASK, 8 BIT COMPARE 

• TRANSLATE DURING TRANSFER 
- BYTES TRANSLATED THROUGH 256-BYTE LOOKUP TABLE 

• FLEXIBLE TERMINATION CONDITIONS 
- BYTE COUNT EXPIRED 

- MASKED COMPARE PASSES OR FAILS 

- SINGLE BYTE 

- EXTERNAL SOURCE 
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8089 PERFORMANCE 

DMA TRANSFER 5 MHz 

(16-BIT TRANSFERS) 1.25 Mbyte 

DMA BYTE SEARCH 0.6125/0.833 Mbyte 

8 BIT /16 BIT SOURCE 

DMA BYTE TRANSLATE 0.333 Mbyte 

DMA BYTE SEARCH AND TRAN~LATE 0.333 Mbyte 

DMA RESPONSE (LATENCY) 1.0/2.2jts 

SINGLE CHANNEL/DUAL CHANNEL 
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8 MHz 

2.0 Mbyte 

1.0/1.33 Mbyte 

0.533 Mbyte 

0.533 Mbyte 

0.6251/1.375.fis 



DEVELOPMENT SUPPORT 

• ASM89 - 8089 MACRO ASSEMBI.ER 

• LINK86 

• LOC86 

• L1B86 

• RBF89 - REAL TIME BREAKPOINT FACILITY 
SOFTW ARE DRIVER THAT USES 

EXISTING ICE 86,88 HARDWARE 
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WHERE TO FIND MORE INFORMATION 

lAP X 86,88 FAMILY UTILITIES USER'S GUIDE 

CHAPTER 7 - THE 8089 INPUT IOUTPUT PROCESSOR 
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APPENDIX A 

LAB PROJECTS 



INTRODUCTION T 0 LAB E X E R CIS E S 

The lab exercises you will be doing this week build on each other. You 
will be using your solution to today's lab to implement tomorrow's lab 
exercise. These labs are self paced. You are required to complete a minimum 
part of today's exercise to enable you to continue tomorrow. The minumum 
requirement is marked in each of the exercises. 

If you finlsh the required part of the lab and have time to spare you can 
then continue with the optional parts of the lab. In cases where there are 
several options you should choose the option which is of most interest to you 
rather than follow the options in the order in which they have been written. 
These options offer greater detail of subject matter and give examples of the 
less-often used aspects of the assembly language. 

Each day's exercise starts with a description of what you will achieve, 
then suggests a number of steps to follow in order to complete the exercise. 
You will have to refer to the ASM86 language reference manual from time to 
time to find details of how to use instructions. If you have any trouble using 
this manual, ask your instructor for guidance. Use :F1: for all of your 
programs. If you are using floppy disks, don't IDISK the user disk since it 
contains useful code ! If you are working on a network (NDSII), your insructor 
will tell you how to drive it. Finally, you can use DEBUG (the series III 
debugger) to debug your code. If you do not know how to use this, ask your 
instructor for guidance. Good luck !!! 

LAB: INTEL TEXTj'1ATH PROCESSOR 

The lab exercise, which you will build on day by day implements a text 
and math processor. On day one you will write the code to select one of a 
number of processes (listed below). As the week progresses and you learn more 
about the capabilities of ASM86, the 8087 and the 80186 you can implement the 
options offered. You will also be linking your code to a high level language 
(PL/M) • 

The processing options are ••• 

OPTION NAME FUNCTION 

1 ASCII MATH Implements math functions on ASCII strings 

2 REAL MATH Implements real number mathematics 

3 SALARY BOOSTER 186 exercise to award salary increases 

4 unused 
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Day 1 Function Selector 

INTRO UCTION 

n to days lab you will write a program to select one of the processes 
offer d by the text/math processor. You will prompt for a number which will be 
read rom the keyboard and be used to select the appropriate procedure using a 
branc table. Today all these procedures will do is print a message to 
indic te that they were properly selected. You will write the options in full 

er lab exercises. 

PART 

our first task is to write a procedure which will print text to the 
scre n (call it PRINT). You should pass the procedure the offset of the 
messa e. Use the external (far) procedure CHARACTER OUT which is provided on 
your system directory in the file CICOL.OBJ. This procedure expects you to 
give it a single character passed as a word on the stack. CHARACTER OUT 
outp ts the character to the screen and will remove it from the stack on 

from 

CR 
LF 

• Terminate your text string with OFFH. Presume that CHARACTER OUT will 
y all registers except BP and DS. Use LODS to read the character string 

e format of the message string will be, for example ••• 

ODH 
OAH 

DB 'WELCOME TO THE REAL NUMBERS PROCESSOR',CR,LF 
DB 'This procedure not yet written I',CR,LF,OFFH 

hen you have written the procedure PRINT, write a short program to call 
it a d print a message. Don't forget to set up a stack I Assemble your program 
and ink it like this ••••• 

RUN INK86 :Fl: (YOUR _PROGRAM>.OBJ,CICOL.OBJ,LARGE.LIB BIND 

PART 2 

In your main program, use your PRINT procedure to prompt for an input 
numb r. Read the number in using the external (far) procedure CHARACTER IN 
whic will return a character entered at the keyboard in AL. Use this index 
numb r to implement a branch table (ie use an indirect call of the form CALL 
TABL lSI] to call the selected option, where TABLE is a table of procedure 
addr sses). Each procedure in the branch table should print a sign-on message 
(usi g your PRINT procedure) to indicate that it has been successfully 
sele ted. Check that the number entered was not overrange (don't forget that 
the umber will be in ASCII). The last procedure will print 'Oh dear, I 
sele ted an invalid process', or similar rebuke of your choice when an 
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overrange selection is entered. 

** THIS IS AS FAR AS YOU NEED TO GO TO BE ABLE TO CONTINUE TOMORROW ** 

PART 3 : use of Ascii Adjust instructions (OPTIONAL) 

One of the procedures is an ascii maths processor. To start with, have it 
prompt for (ie print 'enter a number> ') and input two ascii digit strings 
using CHARACTER IN. Add the~se ascii strings (use AAA) and print the result. If 
you have time,-~ave the procedure prompt for a function (+, -, *, /) and 
implement that function using the appropriate AA- instructions. Do not start 
the mUltiply and divide options unless you have a lot of time remaining. 

A-3 



Day 2 Linkage with PL/M 

PART 

esterday you wrote a program which would write a text string. Today you 
have een supplied with an executive PL/M program which will link into your 
progr m and use it. Small model of PL/M has been used to compile it. The PL/M 
exec ti ve module will first print a message on your screen by calling your 
PRINT routine, and will then run your program. The PL/M call to your procedure 
look like th:l.s •••• 

ALL PRINT ( @MESSAGE) 

dit your PRINT procedure to make it PL/M compatible. In doing so, you 
remember the following points ••• 

All of your data segments and your stack segment should be added to 

All of your code segments should be added to CGROUP. 

3/ Your segment registers should be assumed to be pointing to group 
bases rather than segment bases. Since the PL/M executive module will load the 
segme t registers, you should not be loading them in your code. 

4/ Since in SMALL model of PL/M all data is in a single group ( 
enabling all pointers to be just a 16 bit offset), your message strings must 
also be in the data group. If your messages are defined in your code segment, 
use a block move in AEDIT to move them into your data segment which you will 
add 0 the data group. 

5/ Since PL/M now provides the main module, you will not need to 
specify the program start address in you END statement 

6/ Use the correct type of external procedures (near/far) for SMALL 
mode and make sure that your PUBLIC procedure PRINT is of the correct type 
(nea /far). 

The points listed above if not noted will stop your program from working. 
In a dition to this you should use the most appropriate combine type, align 
type and class names for each of your segments. PL/M dictates these. 

Define a structure to describe the stack frame used by your PRINT procedure 
and se this stucture to access parameters on the stack. When PL/M has 
welc med you it will call your program which should now be made into a 
proc dure called ENTIRE PROGRAM. 

In order to link your program 

RUN LINK86 EXECS.OBJ, <YOUR PROGRAM).OBJ,CICOS.OBJ, SMALL.LIB BIND & 
TO :Fl:MAINS BIND -

Take a look at the link map. 
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PART 2 

Now edit your program so that you can link it to the large model of PL/M. 
Thi time use LDS to read @MESSAGE (a far pointer in large model PL/M) from 
the stack frame. Has the stack frame changed much ? Edit your stack frame 
stru ture to reflect the changes. You will have to change your program quite a 
lot, so think carefully about near/far procedures, requirements for groups and 
clas es. Remember that you must pre~serve DS, which you will destroy when you 
access a pointer from the stack using LDS. Also, since each module in LARGE 
has t's own data segment, you will assume that DS addresses yours. Unlike 
DGRO P of SMALL model it is now your job to load DS to match the assumption if 
you eed to use DS to access your segment. Test your editted program by 
link· ng to large model programs thus ••• 

RUN LINK86 EXECL.OBJ, YOUR PROGRAM .OBJ,CICOL.OBJ, LARGE.LIB BIND & 
TO :Fl:MAINL BIND -
Take a look at the link map. 

PART 3: modular programming 

You have already used external procedures CHARACTER IN and CHARACTER OUT. 
You· re now required to write your program in modules. The rest of-the 
prog ams you will be writing this week will be assembled in seperate modules 
and inked into the main program you have written thus far. LARGE model of 
PL/M will be used for the rest of the week. 

Use AEDIT to separate out your process procedures (they currently just 
indi ate that the process procedure has been activated) and put them in a 
sepa ate module. Call your main program :Fl :LAB2Ll.ASM and the file containing 
the rocedures :Fl :LAB2L2.ASM. AEDIT is great for this. If you don't know how 
best to use it for this purpose, ask your instructor for guidance. The entries 
in y ur branch table will now be references to external routines. Will the 
table implement near or far calls (remember we are compatible with LARGE model 
PL/M' ? Should the code leading up the indirec t jump change? Assemble and 
link' our component programs and cheek that everything still works OK. 

PART, 

is as far as you need to get to be able to continue with the lab 
tomorrow ** 

using LINK86 and LOC86 (OPTIONAL) 

LINK86 without blnd to link together the program modules you used 
then locate your program according to the requirements layed out 

at address FOOOH 
'CODE' following on after INITCODE 
'DATA' at address 200H (leaving space for interrupt vectors) 
STACK following class 'DATA' 
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Take a look at the locate map to see that all is we1l 
I 

PART ]; : Text macros (OPTIONAL) 
I 

Large model of PL/M says that each module has it's own data segment. 
W ri te a macro which you can use as a header to all of you ASM86 procedures. 
This inacro should push BP, copy SP into BP, push DS then load DS with the data 
segmelnt you are using in your module. Ca1l it %BEGIN. Write a matching end-of
procedure macro which accepts a parameter to say how many bytes should be 
remo~ed from the stack by the RET instruction. Try these out with your 
STRING_READ procedure. 

I 

PART 16 : Records (OPTIONAL) 

IUse a record to represent the MODRM field of an instructlon. (see ASM86 
language reference manual for the format of instructions. Ask your instructor 
for guidance if necessary). Using this record, construct simple instructions 
to rE~place instructions in your code previously assembled by the assembler. 
Starti with a simple 'MOV reg,immed' and work up to a complex addressing mode. 
Use IDEBUG to dissassemble your code to check it. If you need help, ask your 
insU'uctor 
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Day exercises with real numbers 

The PL/M executive module also had a real number math function which we 
coul not use until now. You are going to use the 8087 emulator to provide 
this function. Write this exercise in a seperate module which you can then 
link with all of the other modules you have used/written so far. You are 
prov ded with the means to input real numbers and also print them. The 
proc dures that allow you to do this are contained in the file REAL.OBJ which 
you ill find on your system disk. These programs are written in LARGE model 
PL/M 

The procedures you can use are as follows ... 
READ REAL 

REAL 

REAL B 

Prompts for input and returns the number you key in 
on the 8087 stack top ST. (no parameters required) 

Prints a real number on the screen. Pass the number to 
the procedure in ST 

; As PRINT REAL, but displays number in binary (short real 
; format) -

PART 1: using the real number procedures 

First make sure that you can drive these procedures. Wri te a procedure 
with a program loop to read in a number and then display it. Display it in 
it's inary format too (a simple number like 2.0 is easiest to understand). 
Don't spend too much time relating the binary format to the decimal number as 
you re unlikely ever to have to do this in practise. Call your program 
:Fl: B31.ASM. Make your procedure a public one and give it the same name as 
the ummy option you had in LAB212.0BJ. It is the second process of the 
text/ ath proc,~ssor and should be linked into the rest of the processor using 
the c mmand shown below. 

** DO 'T FORGET TO CALL INIT87 BEFORE USING THE 8087 EMULATOR ** 

UBMIT :Fl:LAB3(1) 

PART some real number calculations 

ow that you can input and output real numbers you are ready to do some 
real umber calculations. Call your program :Fl:LAB32.ASM. 

ave your program prompt for a number (ie print 'enter a number •• : on 
the screen). This number will be used as the length of a simple pendulum 
(expr ssed in metres). Calculate and display the period of the pendulum using 
the f rmula period = (2*pi*sqrt(1/g». Period is in seconds. Use FLDPI to read 
load the value of PI. The value of g (the acceleration due to gravity) is 
9.806 5. Use a long real format for this number in memory. Store the result in 
a sho t real number format. Print your result on the screen and if you have a 
calct1 .ator to hand, see if the result is correct. 
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To link your object code ••• SUBMIT :Fl:LAB3(2) 

PART 3: using DCON87 (OPTIONAL) 

DCON87 is a useful library for helping you debug programs. It is 
difficult to decipher those nasty real number bit patterns and DCON87 was used 
to enable PRINT REAL to print a readable decimal number on the screen. Rewrite 
this procedure under a different name and use your procedure to printout your 
real results. You will need to read the 8087 SUPPORT LIBRARY REFERENCE MANUAL 
to find out how to do this. The routine which you will use is mqcBIN DECLOW. 
This will provide you with a string of ASCII characters which you Can then 
print out in a format of your choice using CHARACTER OUT. You can use the 
submit file used above since it's link command includes-DCON87.LIB. 
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Day 4 using the enhanced instructions set of the 80186 

This lab will implement the SALARY BOOSTER option of the text/math 
processor. Do as much as you can in the time available. There is no 
requirement for you to finish the lab up to a particular point. We do not have 
a 186 in the development system, so the 186 instructions are going to be 
emulated using CODEMACROS. Don't be alarmed at the amount of code produced by 
your 186 instructions. When you come to debug your program, you will see that 
the code is for a sequence of 8086 instructions that do the same job (a lot 
less efficiently). To gain access to these CODEMACROS ••• 

$INCLUDE (E186.INC) 

In this lab you will be calling a PL/M (LARGE model) program which will 
read a data file from disk containing employee payscale information for a new 
startup called 'YURE COMPANY'. It only has 7 employees right now. Before 
commencing you should run a program to initialise the data file on disk ••• 

(RUN) SCALE. 

This will write the file :F1:SCALE.PAY 

PART 1: awarding an increase (use of IMUL immed, PUSH immed) 

You are going to write a 'friendly' program which writes a lot of 
messages, so before anything else write a text macro which will print a 
message on the screen when yOU invoke it ! • • 

%MESSAGE(NAME OF MESSAGE) 

This macro will be very similar to one you saw in class on Tuesday. Use 
the assembler control $NOGEN to avoid expansion of the macro in your listing. 
This will make your listing very readable and avoid several lines of code each 
time you want to type out a message on the screen. 

You will be reading a data file from disk. Define a structure to match 
the format of this data file. It has information as follows •• 

employee's first name 
employee's last name 
employee' salary 

10 characters 
12 characters 
maximum 65 535 pounds 

Now set aside storage space for an array of seven such structures. Call a 
LARGE model PL/M program to fill this array. The program looks like this ••• 

READ FILE: PROCEDURE (ARRAY POINTER, ARRAY LENGTH) PUBLIC; 
DECLARE ARRAY POINTER POINTER, -

ARRAY-LENGTH BYTE; 
END; 

The length of the array is the number of employees, not the number of 
bytes in the array. Use PUSH immediate to pass this value to the procedure. 

A-9 



Print a message to ask which employee (0-6) is to get an increase, then 
use CHARACTER IN to read in the reply (remember it will be returned in ASCII). 
In a similar way, ask for the percentage increase (0-9) to be awarded. Use the 
employee number to index into the array of structures. To locate this 
employees salary index into the array by (employee number * type structure). 
Use IMUL immediate to calculate this index. Having located his salary in this 
way you can print it out by calling another PL/M procedure which will convert 
the number to dec,imal and print it on the screen ••• 

BINOUT: PROCEDURE (NUMBER) PUBLIC; 
DECLARE NUMBER WORD; 

END; 

An appropriate message prior to printing the number would be nice. All 
employees started on 10 000 pounds. Now add the required increase to the 
salary. Display the new salary together wi th an appropriate message. Also, 
write the salary back into the array of structures. In order to update the 
data file on disk, yet another (LARGE) PL/M procedure has been provided 

WRITE FILE: 
DECLARE 

END; 

PROCEDURE (ARRAY_POINTER,ARRAY_LENGTH) PUBLIC; 
ARRAY POINTER POINTER, 
ARRAY-LENGTH BYTE; 

To link your program to everything else you have done so far ••• 

SUBMIT :F1:LAB4 

This link is getting large and will take a while to do, so check your 
program carefully before going ahead. 

PART 2: BOUND check 

Use the BOUND instruction to check that you have not exceeded the bounds 
of the array of structures. To do this, precede the array with a bound check 
of the followi.ng form ••• 

BOUND CHECK 
WORKFORCE 

ow WORKFORCE, (WORKFORCE + SIZEWORKFORCE)-l 
OW EMPLOYEE_STRUCTURE 7 DUP «») 

Since you have used BOUND, you should get an interrupt of type 5 if you 
specify an inerease for employee 7 or above. Do you? 

PART 3: PUSHA, POPA 

One of the principle uses of PUSHA will be in an interrupt sevice 
procedure. Write an interrupt service procedure for the BOUND interrupt (ask 
your instructor for help if you are not sure how to do this) to print out an 
error message. Since printing a message will destroy registers, use PUSHA and 
POPA to safequard registers. 
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PART 4: SHIFT/ROTATE immed 

You have finished the salary booster now. Return to the prodedure 
selection routine you wrote on day 1. You had to multiply your option 
selection by 4 to index into a table of double words. Now use a single 
multiple shift instruction to do this. 

PART 4: ENTER, LEAVE 

These instructions are quite complex. They will typically be used by 
compilers rather than assembly language programmers, though you might want to 
use them when interfacing to a high level language. Do not attempt this part 
of the exercise unless you are clear about everything else so far and have a 
fair amount of time left to spend on the exercise. 

Study the ASM86 LANGUAGE REFERENCE MANUAL until you think you understand 
the instructions. Enter is quite clear and is ideal for languages such as 
PASCAL, but is overkill for PL/M which does not copy all the old stack frame 
pointers down from the previous stack frame. Use the ENTER instruction with a 
nesting level of 0 to provide the front end of the PRINT procedure which you 
wrote on day 1. Use LEAVE to exit from the procedure. 
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APPENDIX B 

LAB SOLUTIONS 



S(lSMS(t87/8(tllm tlACRO At.SE~BlI:R SOLUTIONS '10 IAPX8MB8/1t!6 f'Akl II LA~. EXERCISES 
LAB 1 SOLUTION 

SERIES-Ill aOt6/80S7/8088 I1ACRO ASSElt8LER V1.0 ASSEi'lBLY Of 1100ULE LAB! 
OBJECT ~ODULE PLACED IN :Fl:LAB1.OBJ 
~O INVOCATION LINE CONTROLS 

LOl OBJ UHE SOURCE 

0000 (100 
?11? 
j 

ooce 

0(100 
OOOA 
OOFF 

JOOO 00 
0001 OA 
0002 57454(:434 4045 

205/,4F20~j 4845 
2()524::"414:~041: 

5541)42455~5J20 

~.(l::"24F 434 •• 53::"3 
r,F52 

0027 00 
0028 OA 
0029 546869i32~7072 

6F 63656', 7r. nS5 
206E6F742( 7965 
142077726 '1',74 
6::"b~.2{121 

0049 00 
(}(l4A vA 
004B Ff 

OO',C 00 
()Of,O OR 
0(l4E OA 
O(l4F 454E544552~)05(1 

524F4345S;5 349 
4l47204F50 .... 449 
4f1tEL02E2E E2f 

\106B 00 
006C OA 
(lO6ll fF 

1 +1 rlI"lLE ('SOLUTIONS lO IAPX86i88il&6 ~'ART II LAB lXERt:ISES 'i 
2 +1 tOI::BUG 
3 NAIIE LABl 
4 

6 
) 

8 

9 
10 
il 
\i .~ 

Ls 
1~ 
1·· ,} 

16 
17 
18 
19 
20 

21 

EXTRH CHI'lRAClER_OUT:FAR,CHARAlTER)N:FAR 

STACK SEGflENT STACK 
DW 100 DUP (?) 

lOS LABEl WORD 
SlACK ENDS 

OM» SEGI'IElH 

MESSA(;ES •••• 

CR EQU OOH 
IF EflU OI\H 
LAST EQU OHH ; LAST CHARACTER MRf{ER 

GREETING 00 CR,LF,'WElC{ttiE TO THE REAL NlitiBERS PROCESSOR',CR,lF 

OB 'This proc:eclIr'f! not. ~E:t written !',CR,LF,lAST 

f'ROI'if'1 DB CR,LF,lt,'ENTfR PROCESSING OPTION •••• ',CR,LF,LAST 

B-1 



BOS6lSOS, jB(I&8 Mt1RO AfiSE.~BUR SOLUnOHS 'fO IAJlX8b/88/1~6 ~'ART II LAP, HERt.:ISES 12:09:~i 06l01/8~ ~'AGE 2 

toe OB.J 

006£ ',F5054494F 4E~'0 
312048/,5524520 
21 

0070 00 
OOlf OA 
QO/F FF 
0080 4.~IO~i4494F4do 

32~04l:14::i52',5>'0 
21 

OOSF 00 
0090 OA 
0091 fF 
0092 4f5054494F4l~O 

332048455245120 
21 

OM1 00 
00A2 OA 
OM3 FF 
00A4 4.50544Y4.4t~O 

.34204l:14~524:)~0 
21 

00B3 00 
00S4 OA 
00S5 FF 
0086 594F5520~24~41 

4C4C5920534352 
',~i57 1'544205

1
48 

4154204F1tE4 20 
55502021212 

0008 00 
0(109 OA 
OOOA FF 

UNE 

25 

26 

27 

iU 

29' 

~o 

;301JRCE 

OPTION1t1 DB 'OF'HOO 1 HERE ~',CR,LF,LAST 

OPTION21'i Of. 'UPBON 2 HERE ~',(;R,U ,LAST 

OPTION3ti DB 'OPTION 3 HERE ~' ,CR,LF ,LAST 

OPTIOiW\ DB 'OPTION 4 HERE !' ,(;R,LF ,LAST 

ERRORI~ DB ''(UU REALLY THAT ONE UP !!!' ,CR.lF,LAST 

31 DATA ENOS 

3;, COOI::1 SElJiiENT 
~'4 A5SUt\E CS: COOEl,IiS: DATA, 55: STACK 

0000 

0(1(10 ~!"J 

0001 sEEC 
OOOS BB7604 
0006 I'tC 
0{107 3CFF 
0009 JlIOA 
OOOf, 56 

;~~) 

OOOC ::;0 'tB 
0000 9AOOOO---- I E 49 
0012 5£ 50 
0013 E~.fl ~1 

PRINT_SIRING PROC 
Pr'ot edur'e to pr i nt. ~ text s tr' i ng. 'fhe text s tr' i ng wi 11 be 

; ter'linated with OFFh and a near pointer to it will be passed on 
; t.h~! st?,C~ 

t'USH ~P i SAVE OL~ STAlK KARKlR 
tlOV BP,SP ; l.OAO HEW STACK BASE f'OINTtR 
~OV 51, [BP)+4 ; READ OFFSET OF STRING FROK STAtK 

NEXl: LOOSH ; FETCH NEXT CHA~IACTER 
C~f' AL.lAST i tHI:.CK FOR lA~T CHARACTER 
.JE EXIT ; AND EXIT IF SO 
PUSH SI ; IN CASE CHARALTER_OUT DESTROYS IT 
PUSH AX ; PASS CHARACTtR TO CHARACTER_OUT 
CALL CHARACTER_OUT . AHD PRINT THE CHARACTER , 
POP S1 ; RESTORE POINTER TO CHARACTER STRING 
Jfoif' NEXT ; REPEAl FOR NEXT CHARAtTER 
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808b18Q8jI808~ MeRO ASSEi'tBlER SOI.UTIONS TO IAf'X8b188J 11:16 PART II LAB EXERCISES 12:09:41 06/01/84 PAGE 3 

LOt Ol\J LINl SOURtl 

£015 50 52 EXU: POP Sf' 
0016 Ci0200 ::i3 RET 2 ; RETURN AND RlftOVE NEAR POINTER FROft STACK 

54 
::'5 PRINT_STRING ENOP 
56 

0019 ~7 OPTIONIP PROC 
0019 80066EOO 58 LEA AX,OPTIONlit 
0010 50 ::'9 PUSH AX ; f'A!)S OFFSET Of POINTER TO flESSAGE 
OOIE ESOFFf 60 CALL PRUH_STRING 
0(121 (;3 61 RET 

62 OPTlOHlf' ENOP 
63 

0022 64 OPTlON2P PROC 
0022 80068000 65 LEA AX,OPTI0N2f1 
0026 :)0 66 PUSH AX ; PASS OFFSET Of POINTER TO itE~SAGE 
0027 EB06FF 67 CALL PRINT_STRING 
002A C3 68 RET 

69 OPTION2P EHOP 
70 

002f!. 71 OPTION3P PROC 
0028 80069200 72 LEA AX,OPTIOHJi1 
002f 50 13 ~'USH AX ; ~ASS OFfSET Of POINTER TO flESSA~E 
0030 t::tlCOFF 14 CALL PRINT .. STRING 
0()33 t:3 15 RET 

76 OPTION.sP t::HOP 
77 

»034 18 OPTlOH4P PROC 
0034 8006A400 79 LEA AX, OF'TI ON4f1 
0038 50 SO PUSH AX ; PASS OFFSET Of POIHTER TO ftESSAGE 
(1039 E8C4FF 81 CALL PRINT_STRING 
003C C3 82 RET 

83 OPTION4P ENOP 
84 

(103D 85 lRROR PROt 
0030 80068600 1:16 LEA AX , ERRORit 
0(141 50 81 PUSH AX ; ~ASS OFFSET Of POIHl'ER TO flES5AGE 
OM2 E8BBFf 88 Cr\lL PRIHr_STRIHG 
0045 C3 B9 RET 

90 ERROR tHOP 
91 

0046 31.100 92 STABLE OW ERROR, OPTIOH1P .OPTIOH2P ,OPTION3I) ,OPTION4P 
0048 1900 
004A 2200 
004C 2BOO 
004E 3400 

93 
00::;0 B8---- k 94 STARl: flOV AX,IJATA ; LUAD OS 
0053 8Eoa 95 1t01} O~,AX · AS A~SUltfO • 
0055 88---- R 96 1'101,1 AX. STACK ; LOAO 5S 
0058 SEDO 97 1'101} SS,AX · AS ASSUItEO , 
(1051\ 8026(;{l00 k 98 LEA 5P,'fOS ; INITIALISE STACK POIHTER 

99 
005E 8D060000 100 LEA AX,6REETING ; PASS POINTER 1'0 
0062 50 lot PUSH AX itESSAIJE 
0063 E89AFF 102 CAll PRIHT_STRIN6 AHD PRINT IT 
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80~6/8087/8088 ftACRO ASSEftBLER SOl.UTI0NS TO IAPX86/88/186 PART II LAB EXERCISES 12~Q9~41 06/01184 PAGE 4 

LOt OBJ llN~ SOURCE 

103 
0066 811064(;0( 1(14 AGA1N: LI:.A AX,I'RO~Pl ; I'RIMT 
0061\ 50 105 PUSH AX . "'[liliAG!:. , 
OObB ESnFF 106 CALL PkINT_STRING TO INPUT SELECTION 

107 
006E 9AOOOO---- E 108 CALL CHARACTER)N ; READ PROCESSING OPTION FROft KEYBOARD 
0073 2C30 109 SUB Al,/O' ; REMOVE ASCII OFFSET FROft CHARACTER 

110 
0075 3C04 111 CfoiP AL,(LENGTH BIABLE)-1 ; TEST FOR OVERRANGE 
0077 7602 112 J8E INRANGE 
0079 32CO 1.13 XOR AL,Al ; ERROR ROUTINE IS OPTION 0 

1H 
007[1, 32E4 11~ lNkANGE: XOR AH.A" I I:.XTENO Sl:.lECTION NUftBl:.R lO 16 BITS 
0010 011::0 116 SHL AX,! ; 00U8U:. SINCE MBlE t:OHlAINS WORDS 
007F 8BD8 ill tlUV BX.AX ; SINCE AX IS NOT AN INDEX REGISTER 
0081 2EFFS1't6 118 CALL 8TABLf.IBX] ; CAtL TO SELECTED ROUTINE 
0085 E80f 119 JtlP AGAIN 

120 
121 CODE! ENOS 
122 
123 END START 

ASSEftBLY COftPlET~, NO ERRORS FOUND 

8-4 



8086/8087/80881 tlACRO ~ISSEtiBl.£R SOLUTIONS TO IAf'X86/88/186 PARI II LAft EXERCISES 12:11:28 OblOl/B4 PAGE 
LAB 2 PART 1 SOLUTION 

SERIES-III 80B!/S087/80B8 i'tACRO AS!3EiiBlER Vl.0 ASSE/iBLY OF /iODUlE l{\~.2 .. SiiAll 
IlP.jECT tlOOllL£ fLACEO IN :F1:lAB2S.0P.j 

.. IHVOCA HON LINE CONTRUlS 

LOt O~j 

0000 (100 
???? 

(}(lOll 

OOOA 
O(IFF 

0(1(1(> 00 
0001 OR 

0002 57454C434Fj045 
2054',F205', 845 
205245414Ci04E 
55/,0',24552..1 ;;20 
50524F4345 353 
4F52 

0027 (10 
0028 Oil 
0029 ~468697320J~!2 

6f"636~j64151165 

206£61-74207 65 
74201772697 14 
656£2021 

0049 00 
OMA OA 
0048 FF 

004C (1) 

--Q9/,D OA 
14E OA 

,~J4F 4~~l5~~5??~!· 5~ 
5<. 4~ i,3j,5::'.~ ..•• 4 'I 
4f412MF5(l~, 49 

UN!: SOURCE 

1 +l $TITLE (' SOLUTIONS TO IAPX86/88/186 I'ART II LAB EXERCISES ') 
2 H tOE8UG 
3 NAPIE lAB2 _ SfilALL 
4 
5 EXTRN CHARACTER_OUT:NEAR,CHARACTER_IN:NEAR 
6 PUBLIC PRINT .. STRIHG,EIHIRE_PROGRM 
7 
8 C6ROUP bROUP CODEl 
9 OGROUP GROUP OAfA,STACK 

10 
11 
12 
B 

1~ 

15 
16 
117 
10 
19 
20 
21 
',,) '.L 
2J 
2~ 

ST A(;K Sf bfiiENT STACK 'ST At:l{ , 
O~ 100 OUP (?} 

STAet{ ENOS 

OA"fA SEG~ENT 'DATA' 

';ES~A6ES •••• 

CR EttU OOH 
l~· tl:lU OAH 
LAgf Hili OFFH ; LAgl CHARAt:lER I'iAR.{ER 

BREE. TING IJS ClMf, I ~E.L(;Ot\E TO THE RE~ll NUtiBERS PROCESSOR' ,(;R,LF 

IlB '"fh i ~ pr'ocedur'e not yet wr' i tt€!n ~ I ,CF:, LF ,lA~l 

f'ROI'lf'T OB GI<,LF ,L~! 'ENTER PROCESSING OPTION .... ' ,(;R,LF ,lAST 
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LOC OSJ 

4F4[202E2E2~2E 
006S 00 
006(; OA 
0060 FF 

O(l6E 4~5054494F4~2(l 
.$1204945524$20 
21 

00/0 00 
007E OA 
oo7F FF 
0080 4F5054494F4E20 

32204845524520 
21 

ooaF 00 
0090 011 
00'11 FF 
009~ 4t5054494t~t20 

33204~4552~520 
21 

ooM 00 
00A2 011 
OM3 FF 
OOA4 4F5054494F4E20 

34204845524,520 
21 

OOSJ 00 
00S4 OA 
00B5 FF 
OOM ~)94~ 5!:J20521:'41 

4C4C592Q53 ,352 
45574!'i4420 .,448 
415't204F4E 520 
!)55020212121 

0008 00 
0009 OA 
OOOA FF 

0000 

0000 
0002 
0004 

LINE. 

28 
29 

30 

SOURCE 

OPHUN1f11 

OPTION2f'1 

OI-'TION3t1 

OPTION4f'1 

lRRURti 

35 OA l' j~ ENOS 
36 

liB 'OPTION 1 HERE ~',(;I<,Lt,LA!H 

'OPTION 2 HERE ~', CR, LF ,LAST 

'OPTION:' HERE ~',(:R,U,LMiT 

OB 'OPTION 4 HERE ~',CR,LF,LAST 

'YOLI I<lALLY THAl ONE UI' ~~~',CR,U,LAST 

37 CODE 1 SEGfiENT BYTE 'CODE' 
38 ASSUME CS: CG~OIJP ,OS: DGROUF' , S5: OGROUP 
39 
40 
41 
4L f'r'oc~dllr'e to print a text st.r·irlg. The text. st.r-ing will be 
'13 , hrMinated with OFFh and a near poinb~r to it wi H be passed on 
44 ; t.h~ stack 
45 
46 
47 
48 
49 
~O 

51 

FRAtlE STRlIC 
OLO_SF' OW ? 
I\'£T .. OFF OW ? 
STRING OW ? 
rRAtlE EHDS 13-6 



~()f:l6/B(}87/808(~ MOW p.~SHiBHR SOnfTWUS 10 II1PXl.I6JUBJ1!l6 !'ART II LAB lXER(;lSES 12:11:28 06/01/84 PAGE 3 

LOC OBJ UNE SOURCE 

)000 55 .... '1 
.J.. PUSH Sf' j SAVE OLD ST Atl{ MRKER 

0001 8BEC 53 110V SP,SP j LOAD NEW STACK BASE POINTER 
0003 1E 54 PUSH OS ; I NEED IT FOR LOOS 
0004 8S760i, 55 tlOV SI, [SP:J. STRING ; READ OFFSET OF STRING FRUI1 SToCK 
0007 AC ~6 NEXT: LODSS j FETCH NEXT CH!~RAtTI:R 
0008 3eFf 57 Ci1P {iL ,LAST ; CHECK FOR LAST CH:)RACTER 
(l00R 740U ~8 JE I:.XIT ; ANI) HIT IF SO 
Oi)OC ::;6 59 PUtiH 51 j IN CABE CHARAC11R_OUT DESTROYS n 
0000 !"JO 60 PUSH AX ; PA~5 CHAkAt'lER lO CHARAClER_OUT 
OOOE 1:60000 E 61 CALL CHARACTER_OUl . AND PRIMJ THE CHARACTER , 
0011 51: 62 POP 51 j RESTORE POINTIER TO CHARACTER STRING 
0012 ESFJ 6J JltP NEXT 7 REPEAT FOR NEXT CHARACTER 
0014 1F 64 EXIT: POP OS 
0015 50 65 POf' Sf' 
0016 C20200 66 RET 2 j RETURN AND REIIOVE NEAR POINTER FROM STACK 

67 
68 PRHH }TRING ENOf' 
69 

0019 t(l lIPTIONlP ~'kOC 

0019 800661::00 R 11 LEA AX,OPTIUN1/! 
OOll) !:cO J2 ~'USH AX ; PA~S OFFSlT lit PlI1NTER 10 I'II:~SA(jE 
001£ £!30FFf 73 CALL PRINT Ji rRING 
0021 (:3 14 kET 

75 OPTIONtP ENOP 
76 

1022 77 OPHON2P PROC 
J022 800680(10 R 78 LEA AX,OPTION21'1 
0026 50 79 PUSH AX ; PASS OFFSET OF POINTER TO ~ESSAGE 
0(127 ES06FF flO CiltL PRINT JiTlUNG 
002A C3 lH RET 

tiL tJPTION2P I:.HOP 
93 

002e. 84 OPTION3P I-'kOC 
0028 80069200 R H5 LEA AX,OPTIGrBi'I 
O(l2F :i() !.l6 PUSH AX ; PASS OFFSET OF POINTER TO I'IESSAGE 
00:50 EIJCOFF 37 CALI. PR lIff JTRING 
0(133 C3 BlI RET 

39 OPTION3P ENOP 
?O 

0034 if! OPTION4P PROC 
0()34 SO(l6t\400 n LEA AX,OPTION41'1 
00:)8 50 9:~ f'1J::1H AX ; P,\SS OFFSET OF f'OINT£R TO i1ESSAG£ 
0039 E8C4~F 'i4 CALL ~'RIN"f .. STRIH6 
003C C3 ~~j REI 

96 lIPHUN4P I:.NfW 
97 

0(31) <fB H<kOR I'ROC 
00:50 80068600 R 19 I.EA AX,ERRORrt 
0(141 50 100 PUSH AX ; PASS OFFSET OF POINTER TO I'IESSAGE 
00',2 E8BBFF 10! CALL PRINT_STRING 

"'\045 C3 W2 RET 
t03 ERROR ENOP 
104 

0046 300() k 105 lHASlE I)W I:.RROR, Of'TlIJNlf', OPHlINLf', OPTION3f', OPHON4P 
0048 190() 
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8086i8(1H7/8(1~m Mt:RU IISSE~BlER SULUTIONS 10 lAPX861tl8/1tl6 PAtH II LA~ I:.XlRtISES 1. L: 11: 28 06/0 1/8~ ~'A6E 4 

tOC OSJ UNE SOUKCE 

0041\ 2200 
004C 2BOO 
O(l4E 3400 

106 
0050 10;1 ENTIRE fROGRAii PROC 

108 
0050 80060000 R 109 LEA AX, GREET HI(; ; PASS POINTER TO 
0054 SO 110 PUSH AX ; ~tl:)SA6E 

0055 E8A~H 111 CAll PRINT_STRING AND PkIN"! 11 
ltl 

O(I~8 SDOM(;OO lU A(jAlN: lEA AX,PROl'lfiT ; PRINT 
OOSC 50 114 PUSH AX , I'IESSAGE , 
0050 EBAOFF 11::. CAll PRJNT_STRING TO INPUT SllECTION 

llb 
0060 EBOOOO E 117 CAll CHARACTER)N ; REAl> PkOCESSING OPTION FRO!'! KEYBOARD 
0063 2C30 11:B SUB AL,'O' ; RE~OVE ASCII OFFSET FROI'I CHARACTER 

119 
0065 3C04 120 CtlP Al,(I.ENGiTH ~.TAeUH ; TEST FOR OVERRAN(jE 
(lO6l 7602 121 JSE INRANGE 
0069 32CO 122 XOR Al,Al. I ERROR ROUTINE IS OPTION 0 

123 
(l06S 32E4 124 INRANGEI XOR AH,AH i EXTEND SllECnON NUf\~.f.R TO 16 BITS 
0060 01tO 125 SHL AX.l ; OOUBl.E, SINCE fABl.E COIHAIHS WORDS 
006F 8B08 126 tlOV e.x, AX ; SINCE AX IS NOT AN INDEX REGISTER 
0071 2EFF974600, R 127 CALL B'h'BlHBX) ; CAl.l TO SELEClED ROUTINE 
0076 C3 128 kET 

li~9 

130 EHTIRE},ROGRAti ENOP 
Hi 
LS2 CODE! ENOS 
133 
1;\4 I:.HO 

ASSEtlBLY COiiPlEjrE, NO ERRORS FOUNO 
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8086/aOS7/S0Ba ~ACRO ASSE~BLER SOLUTIONS TO IAPX86/88/186 PART II LAB EXERCISES 
LAB 2 PART 3 SOLUTION: 1 of 2 

SERIES-III 8~86/8087/8088 ftACRO ASSEMBLER Vl.0 ASSEMBLY Of MODUlE LAB2_L_ftAIN 
OBJECT ftODUl PLACED IN :Fl:LAB211.0BJ 
~O INVOCATION LINE CONTROLS 

LOe OBJ 

0000 (100 
?'??? 

0000 
OOOA 
OOfF 

0000 00 
0001 OA 
0002 57454C43jF4045 

20544F20 44845 
204F505it 94F4E 
2053454C 54354 
4F522021 

0022 OD 
0023 OA 
0024 fF 

0025 00 
0026 OA 
0027 OA 
0028 4!"s4E544!ljl2050 

524F4345 35349 
4E47204F 05449 
4F 4E202£' E2E2E 

0044 OD 
0045 OA 
0046 FF 

LINE SOURCE 

1 +1 SJITLE (' SOLUTIONS TO IAPX86/1JIJ/Hl6 !'ART II LAB EXERCISES .) 
2 +1 $OEBU6 
3 HAftE LAB2_LJ'AIN 
4 
5 EXTkN CHARAC'fEI(OUT:FAR,CHARACTER)N:FAR 
6 EXTRN ERROR:fAR,OPTIOHIP:fAR,OPTIOH2P:fAR,OPTION3P:fAR,OPTIOH4P:fAR 
7 PUBLIC PRIHT_STRING,EHTlRE_PROGRAft 
8 
9 STACK SEGftEHT STACK 'STACK' 

10 OW 100 DUP (?) 

11 STACK ENDS 
12 
1~ OATAl SEGftEHT 'DATA' 
14 
15 DATAl ENDS 
16 
17 CODE 1 SEGftENT BYTE 'CODE' 
18 ASSU~ CS:CODE1,DS:DATA1,SS:STACK 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

ftESSA(;ES •••• 

CR EQU OOH 
IF EQU OAM 
LAST Hili OFFH ; LAST CHARACTER ftARKER 

GREETING DB CR,Lf,>~ELCOftE 10 THE OPTION SELECTOR !',CR,Lf,LAST 

29 PROftPT 08 CR,U,LF>'~NTER PROCESSING OPTION .... ·,CR,LF.LAST 
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80B6/BOB7/BOBB ~Ar.:RO AbSl~~LlR SOLUTION~ TO IAPX86/S8/1H6 PAIH II lA~o EXER(;l~ES 12:14:4i 06/01/84 PAliE 2 

LOC OSJ LINE SOURCE 

~H 
0047 32 PKINT_STRING PROC FAR 

~~3 Pr'ocedur'(\' to prilflt. a text stroifl~. The te~:t st.r·in~ will be 
34 ; terMinated with OFFh and a near pointer to it wiH be passed on 
35 i t.he stock 
.i6 
:~7 ~RAfill STRUC 

0000 38 OLO_SP OW ? 

0002 :s9 f<ET .. OF F 1.114 ? 
0004 40 RET_BASE OW ? 
0(106 41 STRINli 1)0 ? 

'f2 FRAliE ENOS 
43 

0047 55 ,~~ PUSH BP ; SAVE OLD STACK KARKER 
0048 8BEC ',5 ftOV BP,SP ; LOAD NEW STACK BASE POINTER 
004A 1E 46 PU~H OS i I NEED IT FOR LODS 
004S C57606 '\7 LOS SI,(BPJ.SfRING ; READ BASE:OfFSET OF STRING FRUit STACK 
004[ At: 4H NEXT: LOOSB ; FETCH NEXT CHARACTER 
004F 3eFF '~9 Cltf' f\L,t.,iST ; CHECK FOR LAST CHAKr\CTER 
0051 740A ~o J[ EXIT , AND HIT IF SO , 
0053 56 :H PUSH SI ; IN CASE CHARACTER .. OUT DESTROYS IT 
0054 50 L '. oJL PUSH AX ; PASS CHARAt'fER TO CHARACTER_OU"!' 
0055 9AOOOO···--- E 53 CA!.L CHARACTEI( OUT , AND PRINT THE CHARACTER , 
OOSA SE 54 POP S1 ; RESTORE PUINTER TO CHARACTER STRING 
005B ESF1 :)5 JltP NEXT ; REPEAT FOR NEXT CHARACTER 
0050 H 56 EXIT: POP OS 
005E 50 57 POP SP 
005F CA040(l ~B RET 4 ; RETURN AND REKOVE NEAR POINTER FROK STAC\{ 

59 
60 f'RliH .. STRJ NG [NOP 
61 

O(}62 0000---- l 6'1. BTAI~L[ LID ERROR, OPTION1P, OPTlON2P ,OPlION3P, OPTlON4f' 
0066 0000-.. -'· 
O()6f\ O()(l(l----
006E 0000-----
0072 0000----

6~~ 

0076 64 ENTIRE_PROGRA" PROC FAR 
65 

0076 80060000 k 66 LEA AX, GREETl NG ; PASS POINTER 10 
007A 01: 67 PUSH CS GREETING 
007B 50 68 PUSH AX , tlESSA(;E , 
OOIC 9M70(l---- R 69 CAU. PRINTJifRIHG AND f'RINl IT 

70 
O()81 U0062500 I< ?i AGAIN: LEA AX,PROtiPT ; PRINT 
00S5 01: 72 PUSH CS PROMPT 
O()8b 50 13 PlISH AX , tiESSAtiE , 
0087 9A4700··-"· R 74 CAI.L PRINT JITRIHG TO INPUT SElECTION 

75 
008C 9AOOOO--· .. ·f E 76 CALL CHARACTER_IN j REA[I PROCESSING OPTION FROtI I{EYBOARO 
0091 2C30 77 SUB AL,/O" ; RE"OVE ASCII OFfSET fROi1 CHAKAefER 

JB 
oon 3C04 79 el'ip At. (lEi~GTH 81ASL[)-1 ; 'fEST FOn OVERRANGE 
0095 7602 80 .J8E INR~'NGE 
O(l97 32CO 81 XOR Al,AI. ; I:.RROR ROUTINE IS Of''I1UH 0 
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aOS6IS087laoaa i1,)CRO ASSE~8LER SOLUTIONS TO IAPX86108/1H6 PART II LA8 EXERCISES 12114:42 06/01/U4 PoGE 3 

LOt: OlU UNE SOURCE 

82 
O(l99 32E4 83 INRANGE: XOR AH,AH ; EXTEND SELECTION NUftBER TO 16 BITS 
0098 OlEO 84 SHL AX.l ; OOUBLE, SINCE TABLE CONTAINS WORDS 
0090 OlEO 85 SHL AX.l , THEN TWICE FOR DOUBLE WORDS , 
009F S8Da 86 iiOV BX,AX ; SINCE AX IS NOT AN INDEX REGISTER 
OOAl 2EFF9F6200 I< 87 CALL BTABLECBX) ; CALL TO SElECTED ROUTINE 
OOM CB as RET 

tiS' 
90 ENTIRE}'ROGRAft lNOf' 
91 
92 COOEl ENOS 
93 
94 END 

ASSEi1BLY COI1PuETF., NO ERRURS FOUND 
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8086/8087/8088 K'CRO ASSEKBlE~ SOLUTIONS TO IAPXB6/~B/l~6 PART II lAe EXERCISES 09:05:00 06/01/84 f~£ 1 
LAB 2 PART 3 SOLUTION: 2 of 2 

SERIES-III 80861:087/8088 ftACRO ASSEftIlER VI.O ASSEftBly Of IQDUlE lA62_L_PROCS 
OBJECT KODUlE Pl CEO IN :F1:lAB212.0BJ 
NO INVOCATION II E CONTROLS 

LOC OSJ LINE SOURCE 

1 +1 $TITLE (·50LUTIONS TO IAPX86/88/186 PART II LAB EXERCISES .) 
2+1 $0E81JG 
3 HAM LA82_l_PROC5 
4 
::. EXTRN CHARACTER_OUT:FAR.CHARACTER_IN:FAR,PRINT_5TRIN6:FAR 
6 PUBLIC ERROR,OPTIONIP,OPTION2P,OPTION3P,OPTIOH4P 
:7 
a COOE2 5EGitENT 'CODE' 
9 ASSUKE C5:COOE2 

10 
OOOD 11 CR EQU OOH 
OOOA 12 IF EQU OAH 
OOFF 13 LAST EQU OFFH ; LAST CHARACTER KARKER 

14 
0000 4F5054494F4~20 15 OPTION11\ DB ·OPTION 1 HERE !'.CR.lF.LAST 

31204845524 20 
21 

OOOF 00 
0010 OR 
0011 FF 
0012 4F5054494F~E2(1 16 OPTION211 'OPTION 2 HERE !',CR.lF,LAST 

3220484552 520 
21 

0021 00 
00220A 
0023 FF 
0024 4F5054494F4E20 17 OPTION3K DB 'OPTION 3 HERE !',CR,LF,LAST 

3320484552 520 
21 

OOJ3 00 
0034 OA 
0035 FF 
0036 4~5054494FlE20 HI OPTION41\ DB 'OPTION 4 HERE !',CR,LF,lAST 

3420484552 520 
21 

0045 00 
0046 OA 
0047 FF 
OM6 59~F:;:;2052rl 19 ERRORI'I 'YOU REALLY SCREWED 1HAT ONE UP !!!',CR,lF,LAST 

4C4C592Q53,352 
4557454420 448 
4154204F4E 520 
5550202121 1 

006A 00 
006e. OA 
006C FF 

20 
0060 21 OPTIONIP PROC FAR 
0060 OE 22 PUSH CS ; PASS BASE OF I\ESSAGE STRING 
006E 80060000 23 LEA AX.OPTlONlft 
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't.';:;.~ ;~ -::.~ 

')k50 
'; '~ . ." 

. ., 

2~ PUSH AX ....... ·:·(1~,.·..,rrt.;8m1t ... 
0073 9MOOO---:-- E 25 CAI.l PRltfT.stRtfif":' """;:' . "', 
0078 CB 26 RET 

27 OPTIOHIP EHOP 
28 

00/9 29 OPTIOH2P PROt FAR 
0079 OE 30 PUSH CS ; PIISS BASE OF flESSAGE STRING 
00711 80061200 31 LEA AX,OPTIOOit 
007E 50 32 PUSH AX ; PASS OFFSET OF POINTER TO ftESSAGE 
OOlF 9110000"--,, E 33 CAlL PRINT_STRING 
0084 CB 34 RE1 

35 OPJIOH2P EHOP 
36 

0085 37 OPTIOHJP PROt fAR 
0085 OE 38 PUSH CS J PASS BASE OF ftESSA6E STRING 
0086 80062400 39 LEA AX,OPrIOH31t 
008A 50 40 PUSH AX ; tASS OFFSET OF POINTER TO ftESSAGE 
0088 9AooOO---- E 41 CALL PRINTJTRING 
0090 CB 42 kET 

43 OPTIOH3P ENOP 
44 

0091 45 OPTIOH4P PROC FAR 
0091 OE 46 PUSH CS ; PASS BASE Of ftESSAGE STRING 
0092 80063600 47 LF.A AX,OpnOH4i1 
0096 ::'0 48 PlISH AX I PASS OfFSEl Of POINTER TO ftESSAGE 
'097 9AOOOO-······ E 49 CAI.L PRIHT .. STRING 
;(I9C CPO 50 RE1 

51 OpnON4P ENOP 
52 

OO'}D 53 ERROR PROC FAR 
009[) OE 54 PUSH CS ; PASS BASE OF ftESSAGE STRING 
009E 80064800 55 LEA AX,ERRORi1 
00A2 50 5l, PUSH AX I h'SS OfFSET Of" POINTER TO ftESSAGE 
OOAl 9110000----" E 57 CAll PRINT_STRING 
OOAB eB 58 RET 

59 ERROR EHDP 
60 
61 CODE2 EHDS 
62 
6;~ END 

ASSEltBI.Y COItPLETF., NO ERRORS FOUND 
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SOB6/B(1B7/S0Su MCRO A~gE~kl£R SOllnIOUS 10 IAPXB6IBB/18b PART II lA~. EXERCISES 
LAB 3 PART 1 SOLUTION 

SERIES-III ~Oa6/~Oa7/80B8 MACRO ASSE~BLER Vl.0 ASSEMBLY OF ~OOULE lAB3_PART_l 
OBJECT t\ODUl.E PUlLED IN :F1:LAB31.0~.J 

NO INVOCATION LUIE CONTROLS 

LOC oe.J LINE SOURCE 

1 +1 HIlLE (' SOLUTIONS TO IAPX86/8S/186 PART 11 LAB E)(ERCISES ') 
2 +1 ,OEBUG 
3 NAfilE LAB3}ART) 

" " .J EXTRN CHARALTER_OUT:FAR,CHARACTER)N:FAiR,f'RINT_STRING:FAR 
6 EXTRN REAO-,~EAUFAR,PRINT _REAUFAR,PRINT _REI\L_B:FAR, INITB7:FAR 
7 PUBLIC OPTlON2P 
B 
9 STACK SEGtlENT STACK 'STACK' 

0000 (SO 10 OW 50 GUP (?) 

???? 

11 STACK ENOS 
P .. 
13 OATA3 SEGI'IENT 'DATA' 
14 OATA3 ENOS 
1~ 

16 COOE3 SEGMENT 'CODE' 
11 A~SUf'iE CS: COOD, OS: OAT A~~, SS: STACK 
18 
IV ~\ESSAGES •••• 
20 

0000 21 CR EQU OOH 
OOM 22 LF EQU OAH 
O~)FF 23 LAST EQU OFFH : LAST CHARACTER !'IARKER 

24 
0000 54484lf53204953 'l" ,"".J GREET DB 'THl SIS LAe.3, THE REAL NUlmERS LAB .), CR I LF ,LAST 

204C41423:52C20 
~;4484520~j24~~1 

4C204E554D',2~5 
525320~C414220 

2E 
0(i2~ 00 
0025 OA 
0026 FF 

26 
Q027 27 OPTION2P PROC FilR 

28 
0(127 81>0600(10 29 LEA AX,6REE:T i PRINT 
002B OE 30 f'U~H CS GREETING 
002C 50 31 ,"USH AX fIIESSA6E 
0020 9AOMQ-----· E 3') ,<- CALL f'F:UH._ SIRING 
0(132 9MOO(l---'--- E 33 CALL INITe? 
0037 '}IiOOOO-'--" E ji, CALL READ. REAL ; RE~)O Rf.~\L NIJKBER ONTO TOP OF 8087 ST ilCK 
003C 9AOOOO---·· l ~~5 CALL PI\JWT_REAL ; PRINT NUtlW:: GURRENTLY ON S1 
0041 91i000O--···· E :~6 CALL PRINT_Rt::Al_B ; PRINT IT IN BINARY 
0(146 CB 37 RET 

:58 
39 OPllON2P [NOf' B-14 
40 



8086/808718088 "AeRO ASS[ABl[R SOLUTIONS TO I~X86/88/186 PART II LAB EXERCISES 09:06:~5 06/01/8~ PAGE 2 

LOC OBJ LINE SOURCE 

;...--- ~1 C00£3 ENDS 
42 
43 END 

ASSEftBlY COftPLETE, NO ERRORS FOUND 
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808618087/8088 ftACRO ASSEftBlER SOlUTIONS TO IAPX86/SS/186 PART II LAB EX£~ClS£S 09107:4b Obl01/84 PAGE 1 
LAB 3 PART 2 SOLUTION 

! 
SERIES-III 8086)S087/S088 ftACRO ASSEftBlER Vl.0 ASSEftBlY OF ftOOUlE lA83_PART_2 
OBJECT ftODUlE PLAtED IN :Fl:lAB32.0BJ 
NO INVOCATION llNE CONTROLS 

lOC OBJ LINE 

0000 (50 

???'? 

O(lOO 
OOOA 
oon 

0000 54484953204953 
204C4142332C20 
54484520524541 
4C204£55404245 
5253204C4M220 
2E 

0024 00 
0025 OA 
0026 FF 

1 +1 
2 +1 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
21: ~I 

SOURCE 

$HTLE (' SOI.UTIONS TO IAPX86/88/186 PARI II LAB EXERCISES ') 
$DE8IJG 

HAKE lAB3_PART_2 

EXTRN CHARACTER_OUT:FAR,CHARACTER_IH:FAR,PRINT_STRIN6:FAR 
EXTRH REAO_REAL:FAR,PRIHT_REAl:FAR,PRIHT_REAL_8:FAR,INITS7:FAR 
PUBLIC OPTION2P 

STACK SEGftENT STAI,;K 'STACK' 
OW 50 DUP (?) 

STACK ENOS 

DAlA3 SEGftENl 'DATA' 
DATAl EHOS 

CODEl SEGltEHT 'CODE' 
ASSUftE CS:CODE3.SS:S1ACK 

~ESSAGES •••• 

CR EQU ooH 
LF EgU OAH 
LAST EQU OFFH ; lAST CHARACTER ftARKER 

GREET DB 'THIS IS LAB3, THE REAL NUfiBERS LAB .' ,CR,lhLAST 

0(127 4!)4E544552204C 
454E47544B204F 
462050454E4455 
4C554020494£20 
41H554524!'i5320 
2E2E2E 

26 PROtiPI DB 'ENTER lEN6TH OF PENDUlUfi IN ~ETRES ••• ',CR.lF,lAST 

0040 (1) 

004E OA 
004F fF 
0050 00 
0051 OA 
0052 504~52494r4420 

'iI: 4620504541:: 44 
554C5540204953 
20 

27 RESULT 00 CR.lF,'~ER)OD OF PENOULUti IS '.LAST 
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8086/8087/8088 MACRO ASSEftBLER. SOLUTIONS TO IAPXSUSB/IB6 PART II LAB EXERCISES 09:07:46 06/01/84 PAGE 2 

Loe OBJ LINE SOURCE 

bObB FF 
006~ 205345434F4f44 28 UNIT DB ' SECOND5',CR,LF,LAST 

53 
0071 (1) 

0072 OA 
(Ion fF 

29 
0(174 05A3923A019D23 30 G OQ 9.B0665 ; AtCELERATIOH DUE TO GRAVITY 

40 
007e 00000000000000 31 TWO DQ 2.0 

40 
32 

0084 33 OPTION2P PROC FAR 
34 

00B4 SD060000 35 LEA AX ,GREET ; PRINT 
OOSS OE 36 PUHH CS GREETING 
0089 50 37 PUSH AX · t;ESSAGE , 
001314 9AOOOO---·· E 38 CALL PRINT_STRING 
ooaF %00(1(1-·· -- l 39 CALL INITS7 

40 
0(194 B0062700 41 lEI\ AX,f'ROflPT ; ASK 
0098 OE 42 PUSH CS FOR 
0099 50 43 PUSH AX · lENGTH , 
009A ']1%0000··-··- E 44 CAl.L PRINT_STRING OF PENDUlUii 

45 
~9F 9AOOOO---- E 46 CAll READJ<EAl ; READ REAL NUflBER ONTO TOP OF BOB7 STACK 

47 
OOA4 9B2EDC367400 48 FDIV G ; 5T :: lIG 
OOAA 9B09FA 49 FSQln ; 5T = SQRHLlG) 
OOAO 9BD9E~. ~O FlDPI ; ST = PI, 5T(I) = SQRT(l/G} 
OOBO 9BOEC9 51 FItUl ; Sl = PI * SQRHI.lG) 
O(lB~, 9B2EOCOE7C(l0 rr, 

.)1. Ftilll TWO ; ST = 2 * PI * SQRT(lIG) 
53 

OOS9 80065000 L" • 
.)11 lEA AX,RESULT ; PRINT 

OOBD OE 55 PUSH CS · START , 
(lOBE 50 56 PUSH AX · OF RESULT , 
(108F 9AOOOO---- E 57 CALI. PRINT_STRING ItESSAGE 
00C4 9ROOOO---- E 58 CAll PRINT -'<EAl ; PRINT NUfiBER CURRENTLY ON Sl 
00C9 80066900 59 LEA AX,UNIl ; PRIN1 
OOCD (IE 6(1 PUSH CS END 
OOCE 50 61 PUSH AX OF RESULT 
ooer 9AO(lOO---- I:. 62 CALL ~'RINT _ STRING t;ESSA(;E 

63 
0004 C8 64 RET 

65 
66 OPTION2P ENOP 
67 
68 COOD ENOS 
69 
70 END 

ASSEtlBl Y COItPlET£, NO ERRORS FOU~'O 
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80861a087/tJ088 ftj~CRO ASSEftl\LER SOlUTIONS TO IAPX86/00/186 PART I I LAB EXERCISl:S oa:56:53 06/01/84 PAGE 1 
I LAB 4 SOLUTION 

SERIES-III 8086/~087/8088 ftACRO AS~EKBltR Vl.0 ASSEftBlY OF ftOOUlE LAB4 
08J~CT ftODUlE PLAC~D IN :fl:LAB4.0BJ 
NO INVOCArION LI"E CONTROLS 

I 

LOC 08J LINE SOUk('1: 

1 +1 $TITLE (' SOLUTIONS TO IAPX86/88/186 PART II LAB EXERCISES ') 
2+1 SDEBUG 
3+1 $INCLUDE (El86.INC) 

=1 4+1 SSAVE 
=1 ~of1 $NOLIST 

348 +1 SN06EN 
349 
350 HME LAM 
351 
352 EXTkN CHAkAC1EItOUl :~Ak,(;HAkACTER .. IN:~Ak,PkIN1_S1RING:.AR 
JS3 £XJRN REM .,REAL :FAR,PRINT J~EAL:FAR,PRINT .. REAL_B:FAR, INITS];FM 
354 I:.XTkN REALI J IlE:~AR,lIkITEJILE:FAR,BlNOUT :~Ak 
355 PUBUC OPTIONlP 
356 
357 X*DEFINE (ftESSA6E(NAftE»( 

LEA AX,%NME 
PUSH CS 
PU~H AX 
tALL PRINTJIRIN6 
) 

3511 
3::'~ 
360 STAI.1( 51:(;"I:NT SlACK '51ACI(J 

0000 (50 361 OW 50 OUP (?) 

1111 

362 STACK ENOS 
363 
364 E"PLOYEE STRUC 

0000 365 FIRST_NAft[ D8 10 DUP (?) 

00011 366 LAST_NAPlE 08 12 OUP (1) 
0016 367 PAY OW 1 

368 E"PLOYEE ENOS 
369 
370 OATA4 SEGftENT 'OATA' 
371 

0000 0400 372 BOUND_CHECK 011 IIORKFORCE,(1I0RKFORCE + SIZE IIORKFORCE)-l 
0002 A800 
0004 (7 373 WORKFORCE E"PLOYEE 7 OUP «» 

(10 
?? 

<12 
11 

1111 

374 
3/5 OATM ENOS B-18 376 .EJECT 



8086/8087/8088 ~ACRO ASSf~BL£R SOLUTIONS TO II\PXB6/BB/1B6 PART II LAB EXERCISES OS:56:53 06l01/8~ PAGE 2 

LOC OBJ UHE SOURCE 

377 
3/B COOE4 SEGtlEHT 'COOE' 
379 ASSUt\E C5:COOE~, OS: OA·r M, 55: STACK . 
380 
381 fiESSAGES •••• 
:sa2 

0000 383 CR E9U OOH 
OOM 384 LF EQU OAH 
OOfF 385 LAST E9U OFFH ; LAST CHARACTER fiARKER 

386 
0000 00 387 INCREASE? OB CR,LF,' HOW f"IANY F'ERCENT INCREASE? ',LAST 
0001 OA 
0002 2048~F572040~1 

4E5920504::;5243 
4~~E54204NE43 

5245415345203F 
20 

00lF FF 
0020 (1) 388 IoIH01 OS CR,LF,LF,'ANO WHICH EfiPLOYEE IS THE LUCKY RECIPIENT l' 
0021 0/\ 
0022 OA 
0023 41~E4420574849 

4348204540504C 
4F594545204953 
2054',S45204C55 
434B5920524543 
495049454E5420 
3F 

004E FF :~BS' 00 LMlT 
004F 00 390 CURRENT? OS CR,lF,' ..... CURRENT S:)LARY IS ',LAST 
0050 OA 
0051 2E2£2£2E2£2043 

555252454E5420 
53414C41525920 
',95320 

0069 FF 
006A 20504F554E4453 391 CURRENCY DB ' POUNOS',CR,LF,LAST 
0071 00 
0072 OA 
0073 FF 
0074 2E2E2E2E2l2E2E 392 NEW DB > ••••••• NEW SALARY IS ',LAST 

20',£4557205341 
4(;415259204953 
20 

OOSA FF 
OOS~. FF 393 DB LAST 

394 
395 $EJECT 
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8086/8087/80BS ~AtRO A~SEftBlER SllUTIONS TO IAPXB6/SB/186 PART II LAB EXERCISES OB:5b:53 OblOl/B4 PAGE 3 

LOC OBJ LINE SOURCE 

396 
OOBC 397 OPTION3P PROC FAR 

398 
OOBC II 399 PUSH OS ; ftY PROGRAft HAS Il'S OWN DATA SEGftENT 
0080 BB---- R 400 ftOV AX,OATM ; LOAO OS 
0090 SF.DS 40! tiC/V OS,AX · TO M T CH ASSUtlE , 

402 
0092 8006040(l ',\)3 LEA AX,WORKFORCE ; PASS POINTER 
0096 1£ 404 PUSH OS · TO PAYSCALES , 
0()97 50 405 PUSH AX ARRAY 
0098 555589E5C74,602 406 PUSH LENGTH WORKFORCE ; PASS LENGTII OF ARRAY 

07005D 
00A2 9AO(lO(l----- E 407 CAll REAO}ILE ; CALL PUti PROGRAtI TO REAO FILE FROft OISK 

408 
409 XtlESSAGE(INCREASE?) 

£ i,15 
'JOB2 9AO(lOO----, E 416 CflLL CHARACTER,. IN ; REAO INCREASE FROtl KEYBOARD 
OOS 7 i!C:~O 417 SUB AL,'O' REHOVE ASCII OFFSET 
00B9 50 418 PUSH AX · ANO SAVE IT ON THE STACK , 

419 
420 XftESSAGE(WHU?) 

E 426 
0(lC5 9AOOOO----- E 4'1"1 ~_I CALL CHARACTER)N ; READ Eftf'LOYEE NUtiBER FROtl KEYBOARD 
OOCA 2C30 42B SUB AL,'O' ANO REKOVE ASCII OFFSET 

~29 

OOCC FFF05589E5M52 430 H\UL AX,TYF'E WORKFORCE ; AX WILL BE INDEX INTO ARRAY OF STRUCTURES 
B81800Fl 6E ~)2a7 
46025A5B50f;B 

OOEO 051MO 431 (~I)O AX,OFFSET WORKFORCLPAY ; AX IS !mw OFFSET TO NTH PAY 
OOE3 8608 4J2 /'IOV eX,AX ; VALIO INDEX REGISl'ER 

433 
00E5 505389D8801EOO 434 l\OUNO BX, BOUND .cHECK ; CHECK ARRAY BOUNDS 

0039077602CO()5 
B1C302003~07n 
02CD055f.58 

435 
OOFF 53 436 PUSH ex 

437 X~ESSAGE(CURRENT?) 

010S S8 E 443 POP ex 
444 

010C 53 4~5 PUSH ex 
446 

0100 8B07 447 t\ov AX,[BX:I ; FETCH CURRENT SALAkY 
QIOF 50 4',8 PUSH AX ; DISPLAY CURRENT 
0110 9AOOOO---·· E 4~9 CALL BItt/OUT ; Si%lAkY 

'150 %i'lESSAGE(CURRENCY) 
E 456 

0120 5B ,,57 POP 8X 
~5B 

0121 59 ~59 POP CX ; POP INCREASE INTO CL 
0122 32£0 ~60 XOR CH,CH · ANO ADO LEADING ZEROS , 
0124 8B07 ~61 tlOV AX,lBXJ ; FETCH CURRENT SALARY 
0126 F7El ',62 /'IUL ex 1 i'lULTIPLY ORIGINAL SALA~Y BY INCREASE 
0128 896400 , 463 t\OIJ CX,l00 ; DIVIDE BY 
012B Fln 464 OIV ex , tOO FOR PERCENT 6-20 

, 



BOS6JSOS7/BOBfl fif.lCRO MiSEM~LER SOLUTIONS TO IAf'X86/B!l/186 PART II LAB EXEReISES 0~j:56:53 06/01/84 PAGE 4 

U)C OBJ LINE SOURCE 

0120 0107 465 ADO lBX],AX ; ADD INCREASE TO SALARY 
466 

012F FF37 467 PUSH WORD f'TR [f,X) ; NEW SALARY ON STACK FOR BINOUl 
468 Y.i1ESSAGE(NEW} 

013e 9AOOO(J---- E 474 CALL BINOUT ; Si~lARY 

475 r.ftESSAGE(CURRENCY) 
t 481 

(l14C 80060400 482 LI:.A AX, WORKFORCE ; PASS POINTER 
0150 iE 483 PUSH DS ; TO PAYSCALES 
(1151 50 4B4 PUSH AX ARRAY 
0152 555589E5C74602 485 PUSH LENGTH ~ORKFORCE ; PASS LENGTH OF ilRRAY 

0"10050 
01se 9AOOOO----· f. 486 CAll WRITE_FILE ; WRITE ARRAY BilCK ONTO DISK 

487 
0161 iF 488 POP OS 
0162 CB 489 RET 

490 
491 OPlION3f' ENDP 
492 
493 CllOE4 ums 
'.94 
495 END 

ASSE~e.L Y COiiPLETE, NO ERRORS FOUND 
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APPENDIX C 

80/88 DESIGN EXAMPLE 



iAPX/186 APPLICATION EXAMPLE 

In this appendix you have a diagram showing how the 186 (or 188, they look 
the same from a software standpoint) could be used as the basis for a 
small business computer. It shows how the various peripherals are connected 
up, both in terms of addressing and in how they utilize the 186 via interrupts 
and DMA. The memory address mapping is also shown. In this appendix, which 
you will fill in as you learn the various functions of the 186, you are going 
to set up the 186 to handle this computer. 

Because we made the 186 versatile it has many options on how to use the 
interrupts, timers, DMA controllers, etc. As you work through this appendix 
you will appreciate that there is a lot of work to do in getting all the 
right bits into the right control registers. Fortunately, this is something 
which to a large extent you program once (for a given hardware configuration) 
and that's the 186 set up for your system. There are also status registers 
which allow you to monitor the state of the various internal peripherals and 
command registers for run-time control of these peripherals. 
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('") 
I 

N 

IAPX/18g APPLICATION - SMALL BUSSINESS COMPUTER 

ADDRESS - t------------- ---------i-
1111///1111 

110 addresses. 
1/11//111/1 

-----------
UART ---180H "' -----------

KEYBOARD 
CONTROLLER -lOOH ----------- "' 

CRT 
CONTROLLER -80H " -----------
FLOPPY DISC -CONTROLLER / 

OH 
-.... ------------

'" /" 

..... 
/" 

" " 
9600Hz for baud rate 

-- --- - ------____ ~_I 

16MHz 
-XTAL-

1 1 

PCS 3 
IAPX/188 

PCS 2 UMCS 

PCS 1 MMCS 3 

PCS 0 MMCS 2 

INT 0 MMCS 1 

INT 1 MMCS 0 

DRQ 0 LMCS 

T1 out 

NOTES: 

You will see that only those control lines 
which are relevant to the programming exercise 
have been included here. The others have been 
ommitted for the sake of clarity. 

27128 (16k) 

1 MEGABYTE 
TOTAL 

MEMORY 
ADDRESS 

SPACE 

/ii/ii//III////~ 

///////I//I//I/~ 

---------------] ---------------
2186 (8k) 

----------------
2186 (8k) 

---------------~ 2186 (8k) 
---------------~ 2186 (8k) 
---------------1 
/IIIIII//i/ii//~ 

//11/11////////1 

-reODOR--

for IAPX/186 

---------------
2764 1 2764~ 
(8k) 1 (8k) 

--------------

ODD EVEN 
BANK BANK 

8148 1 8148 
(4k) 1 (4k) 

(register block at 10000H -
internal memory 

EOOOH 

COOOH 

AOOOH 

8000H (32k) 

--2i8~-(8~)----i 01FFFH 

---------------- OH 



SETTING UP REGISTER BLOCK AND CHIP SELECT LOGIC 

1) Locate the register block at location 10000H in memory space, enable 
trapping of escape codes and set the interrupt controller into normal 
mode. 

REG BLOCK SEGMENT AT 10000H 
TABLE LABEL WORD 
; set segment aside for control register block 
REG BLOCK ENDS 

CODE 1 SEGMENT 

START: 

ASSUME CS:CODE_1,DS:REG_BLOCK 

DEFAULT EQU OFFOOH 
MOV 
MOV 

AX ,REG_BLOCK 
DS,AX 

MOV DX,DEFAULT+OFEH 
MOV AX,1001000100000000B 
OUT DX,AX 

2) P·rogram your upper memory chip select. Your memory needs 1 wait 
state and no external ready synchroni sati on is requi red. 

MOV TABLE+OAOH, ____ . ______ ;PROGRAM UMCS 

3) Program your lower memory chip select. No wait states are required 
and no external ready synch is needed. 

;PROGRAM LMCS ------------------------------------
4) Program the mid range chip selects. No wait states are required, nor 

is external ready synch needed. Leave the bits for the peripheral chips 
blank. We'll return to them later. 

;PROGRAM MMCS -----------------------------------
;PROGRAM MPCS 
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SETTING UP REGISTER BLOCK AND CHIP SELECT LOGIC (continued) 

I 

5) Jaw program the peripheral chip.selects. Your peripherals 
I 

Sho~ld be I/O mapped and each requires two wait states and no external 
rea4Y synch. You need address lines Al and A2 from PCS5,6. Go back and 
fill in the rest of the MPCS bits from part 4. 

I 

;PROGRAM PACS ----------------------------------
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SETTING UP THE TIMERS 

TIMER 0 

This is being used as a straight 16 bit divider to reduce the crystal 
frequency to a baud rate of 9600. A square wave is required, so use both 
count A and count B registers. No interrupt is required on terminal count. 

TII~ER 2 

This timer is being used as a prescaler to divide by???? . A single count 
register will be used ( we have no option about this), and no interrupt on 
terminal count is required. 

XTAL(16MHZ) ~~:2 ~ITJ4L!lMER 2 (xl/???ii ~ 1KHz 

Tlr'lER 1 

A real time clock interrupt is to be generated from this timer. It is to be 
fed from the timer 2 prescaler and is to produce an interrupt every 1 second 

TIMER 2 ---7 1KHz -7Jf1I~ER 1 (xl!???? U 4 1Hz ~ interrupt 

continued •.•• 
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I 

SETTING UP THE TIMERS (continued) 

I 

On th1e previous sheet I explained the operating modes required of the three 
tirner~. The timer control registers appear in contiguous locations inside 
the cQntrol register block. It might make sense to take advantage of this 
fact. To this end, the basis of a block move solution for loading the 
regist~ers is suggested here. It is neater than loading all of the registers 
one at a time using in-line code. You still have to do the nasty bit-picking 
for sdme of the registers, but at least you only have to do it once 
(provided that you got it right !). 

PROG 

SEGMENT 
ASSUME CS:CODE_l,ES:REG_BLOCK 

~10V 

/<lOV 

LEA 

LEA 
MOV 

REP ~1OVS 

etc •..• 

TIlliE: OW 
DW 
OW 
OW 
OW 
OW 

OW 
ow 
uw 
OW 
OW 

OW 

AX, REG_BLOCK 
ES,AX 
OI,TABLE+50H 

ADDRESS REGISTER 
BLOCK WITH 
ES:OI (includes offset to 
first timer control register) 

SI,PROG_TI~lE ADDRESS TABLE OF BIT PATTERNS (below) 

CX,12 COUNT OF REGISTERS TO LOAD 
TABLE,PROG_TH'lE ASS01BLE WILL GIVE CS: OVERRIDE 

TO ACCESS PROG TIME 

TMR 0 COUNT REGISTER 
~1AX COUNT A 
t"IAX courn B 
MODE/CONTROL WORD 

TMR 1 COUNT REGISTER 
11AX COUNT A 

'''AX COUNT 8 
MODE/CONTROL WORD 

TMR 2 COUNT REGISTER 
t1AX COUNT A 

THERE IS tJO ~iAX COUNT B 
MODE/CONTROL WORD 
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SETTING UP THE DMA CONTROL BLOCK 

You have just located a 128 byte sector on a floppy disc and wish to OMA 
the data into memory at the address COOOH onward. The floppy disk will 
synchronise the transfer. Use OMA channel 0 and provide an interrupt when 
the tr,ansfer is complete. Give this DMA channel high priority. You will be 
transf,erring bytes and the transfer is to start immediately. Use a block 
move mlethod for loading the registers like the example given for loading the 
timer I::ontrol registers. 

CODE 1 

REP 

PROG DNA: 

SEGMENT 
ASSUME 

MOVS 

etc •••• 

DW 
OW 
DW 
DW 
OW 
DW 

TABLE,PROG_DMA ASSEMBLER WILL GIVE CS: OVERIDE PREFIX 
TO ACCESS PROG DMA 

SOURCE POINTER LS 16 BITS 
SOURCE POINTER MS 4 BITS 
DESTINATION POINTER LS 16 BITS 
DESTINATION POINTER MS 4 BITS 
TRANSFER COUNT 
CONTROL WORD 

C-7 



THE INTERRUPT CONTROL BLOCK 

The r quirements for the interrupts are as follows ••• 

I 

TIIvlER a 
TIMER 1 

TIt-1ER 2 

DMA a 
D~IA 1 

INT U 

INT 1 

INT 2 

INT 3 

no interrupt (mask it out) 

interrupt, priority level 3 (real time clock) 

no interrupt 

interrupt, priority level 4 (floppy disk data) 

not used (mask it out) 

interrupt, priority level 2, level triggered (UART 

ready) , 

interrupt, priority level 5, level triggered 

(keyboard interrupt) 

unused (mask it out) 

unused 

••• (1 0\,1 number = hi gh pri ori ty) 

Note t~at when it comes to the timer interrupts, the individual timers are 
, . 

progr~lmed to produce an interrupt or not. In the interrupt control block 
you will see that all three timers would produce the same interrupt. In this 

case ~e interrupt has to be from TIMER 1, but generally you will have to 
read ~he interrupt status register to see which one interrupted. Since 

we ar going to IMsk out interrupts from TIMER 0, TIMER 2, and INT2/3 we 
don1t need to set up their control registers.Use the priority mask register 

to bl ck out interrupt levels 5,6 and 7. You might find page 30 of the data 
bookl t helpful here. 

1,1QV TAI3LE+28H, ----------------

C-8 

SET ~1ASK REGISTE.R 

PRIORITY MASK REGISTER 

TIMER CONTROL REGISTER 

UMA 0 CONTROL REGISTER 

INT 0 CONTROL REGISTER 

INT 1 CONTROL REGISTER 



IN THE EVENT OF AN INTERRUPT •••• 

There you are, at peace with the world when suddenly you get an interrupt 
to say that the floppy disk controller (via Df~A channel 0) has just 
finished passing it's 128 byte block of data to you. You have written the 
service routine to handle this event, but before you return from the routine 
you must remember to tell the interrupt controller that you have finished. 
It needs to know this in case a lower priority interrupt is pending, waiting 
for you to finish. Write the code to tell the interrupt controller, via the 
EOI register that you have finished servicing this interrupt. 

SEND END OF INTERRUPT 
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APPENDIX D 

DAILY QUIZZES 



II u i;;: \11 

1. The following is a list of implicit uses of the iAPX 86,88 general 
register set. Supply the register name for each: 

Word mUltiply. word divide. word I/U 

BYTE multiply, BYTE divide, ByrE 1/0 

Word multiply, word divide, indirect 110 

Loops 

Variable shift and rotate 

2. Which four general purpose registers can be used in an address 
(~~·(pr'ess i em? 

3 • ~/hat de)es the ctssemb l.::!r u~e to c~<.:;~oc i ate a p c~r't. i c: u 1 Hr' ~(~ gmerlt r'.~ g i s t(~r' wi 
a particular segment? 

4. ~/hc~t. det(-:r'ill i rles the tl,!,PO:: (n.;:cw or' fc~r') of c~ RET i m;truct i em cemt.a i ned 
within a procedure? 

~. For every variable definitiorl, the assembler track~ what three 
attributes? 

6. Fill· ,i,n the blcmlt, fields in HI?! follow i rl~.1 c:har·t.: 

TYPE OF I~EMORY DEFAULT i~L T OFFSET SUPPLIED 
h:EFEF<ENCE SEG f~EG SEGr~EG EW 

OF' CODE FETCH (~S IF' 

STMJ< OPEkATION SS NONE 

STRING SfJUHCE CS,ES,S~J SI 

STf~ING [)E~~n ES Dl 

GENERAL DATA ACCESS D<' .) EFFECTIVE ADOI~ESS 

P..P USED M) P.ASE CS,[S,DS EFFECTIVE A()[)f<ESS 
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I:)U j ,:. IL·! 

L (m c~s:>t::fIlblH lcm~.Iuc~~.It;~ pr'c)c.?dul"e i~; r'~quir'ed which will bt? linl',ed to 

'j ..... 

a PLI program. The declaration of the procedure in PL/M and a call in, 
5t?qUt:! IC(~ cH'(~ c~~; fol lows ••• 

I 

ASSEMBLER_CODE: PROCEOURE(ARRAY_PTR.COUNT) EXTERNAL: 

END, 

CALL 

DECLARE ARRAY_PTR POINTER, 
COUNT PoYTE; 

Defi~e a structure in assembly lan~ua~e which will describe the stack 
fr'cHIH! ",hich your' c~'.:;sE!mblH lcmguc~~Je pr'CI~Jr'afl\ wi 1 1 use. The lar'ge (Ilodel 
of c mpilation has been used for the PL/M program. 

I 
I 

List ~he abbreviation for each of the following LINK86 controls: 
I 
'1t'1P 

nmOLS 

~() LINES 

C i r'c 1 t;: thE: ~Jt;:rlt:;·r'cd pur'po'.:;.e r't?g i '.:;. ter'<.:; ",h i c h ~~()U fIlUS t pr't?ser've when 
linki g an assembly language procedure to a PL/M program. 

BX ex [)X HI lH PoP SP 
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[)Al(~ SEG~IENT 

D II<ECTORY STI~UC 

LAST NANE: DB 
FIRST NAI'1E DB 
DEPT DI,.I 
XTENSION DB 

l) I Fd:CTORY ENDS 

f·'HONE DIRECTORY 

DIHA ENDS 

a. TYPE DEPT 

b. TYPE PHONE 

c. SIZE LAST N,!'tNE 

d. TYPE (H RE C T ClF< Y 

.:~ . LENGTH PHONE 

f. .DEPT 

g. SIZE PHONE 

10 [)UP ( ? ) 
? 
'!) 

" IOUP ('n 

1.000 [)UF' « » 
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l. Suppll:! -he Abf'IH() vcwic~ble d,"!finit.icm r-.?qldr'(~d for' 88Ch o-f t.h.:! following 
BOB} da a types: 

to G f<EAl.. 

WO -'D INTEGER 

SH(RT INTEGER 

TRUE OR 

2. Th(~ 

3. The 808 always fetches and stores its operands as bytes so that it will 
be comp tible with the 808S. T F 

4. How doe- the execution of these two instructions differ? 

FAD) FA[)()P ST ( 1) ,ST 
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iJu i;..: It it 

1.. 

'J . . 

A t. \-1 ~\lCl t. 
res8l ? 

I 

is t.h€! 80106 per-ipher,.~l ccmt.r'ol bloc:~. following .1 

(.lr'e hE: foliowir1fJ im;.tr-u(:t.iems vcd id em cl 106 ••• 

i Ul. 
"OR 
FUSHI 
f OF' 
~MUL 

f'X, b 
... r~E[). 1~~ 
11 
6 
AX,BX,5 

J. On r set. which memory bank will be selected by the 186 chip select lines 
How large is the memory partition assumed to be ? 

4. Once the DMA channels have been programMed to start. the first DMA cycle 
wilt start (choose on~) 

1) i mmed i at(~ll:!. 
:.) rlext time a [)NA f'equest occurs 
J) one instruction after the start command was sent to the OMA chann 

~. ~/hat ar'e the pr' i ric i p Ie uses of timer' 2 ? 

1) 

2) 
J) 
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APPENDIX E 

CLASS EXERCISE SOLUTIONS 



CLASS EXERCISE SOLUTIONS 

EXERrISE 2.1 
1. YES (Memory wi th Reg, Immed to Memory) 
21 YES, by +EA (see page 2 ASM86 Macro Assembler Pocket Ref.) 
3. Because register contents and numbers may have to be added 

together at run time. 
4j 16 + EA = 25 clocks 

EXERt.ISE 3,1 

1.1 
2. 

1 

To tell the assembler that a CS:override prefix is required 
DIRECT NEAR - destination is a near label 
DIRECT FAR - destination is a far label 
INDIRECT NEAR - destination is a word register or a word variable 
INDIRECT FAR - destination is a double word varjiable 

3·1 ADD SP,4 ; waste return base and offset 
POP AX ;flags into AX 
OR AX,10H;set trap flag bit 
PUSH AX ;print flags image on stack 
PUSH ES ;print return base on stack 
PUSH DI ;print return offset on stack 
IRET ;return to new address, setting trap flag 

EXERJISE 4\1 NEAR AND FAR PROCEDURES 
T~UE OR FALSE? 
Solutions 
T~UE 

* Giving a procedure the FAR attribute does the following things ... 
1. encodes a far RET instruction 

T~UE 2. tags the procedure as far 
FALSE (5 bytes) 3. because of 2, all calls to this procedure will take 3 bytes 

FAILSE * Ca 11 i ng a FAR procedure from the segment in whi ch it was 
defined produces .a near call 

* If in ignorance I near call a procedure which is defined in 
another module as far the RET instruction prints an 
error message ... 

'HELP - I can't find a segment to return to !I 

EXERciISE 5.1 

%*PEFINE (STRING_MOVE (SOURCE, DEST, COUNT)) ( 
MOV CX, % COUNT 
LEA SI, % SOURCE 
LEA DI, % DEST 
PUSH DS 
POP ES 

REP MOVSB) 
1 
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EXERCISE 6.1 

EMPLOYEE 
LAST NAME 
FIRST NAME 
MI -
DIVISION 
DEPT 
EMPLOYEE 

STRUC 
DB 10 DUP (?) 
DB 10 DUP (?) 
DB ? 
OW ? 
OW ? 
ENDS 

WORKFORCE EMPLOYEE 100 DUP « > ) 

MOV 
LEA 

NEXT: MOV 
ADD 
LOOP 

EXER ISE 6.2 

CX,LENGTH WORKFORCE 
BX,WORKFORCE.DIVISION 
WORD PTR rBg) , 12 
BX,TYPE WORKFORCE 
NEXT 

1. BITE RECORD B23:2, RUBBIS:2 
2. AND AL, MASK B23 
3. TYPE BITE IS 1 (it takes 1 byte to store it) 

EXER ISE 8.1 

RUN LINK86 PROG.OBJ, PROCS.OBJ, SMALL. LIB 
RUN LOC86 PROG.LNK & 

ORDER (CLASSES(DATA, CONST,STACK)) & 
ADDRESSES (CLASSES(DATA(20~H),CODE(F0000H)) 

SEGMENTS (NVM(C000H))) & 
INITCODE (F0000H) & 
BOOTSTRAP 

EXER ISE 9.1 

CGROUP GROUP CODE1 
CODE1 SEGMENT 

ASSUME CS:CODEl 
CMP STRING PROC 

- PUSH 
MOV 
MOV 
MOV 
MOV 
PUSH 
POP 

REPE CMPSB 
MOV 
JNE 
MOV 

EXIT: POP 
RET 

CMP_STRING ENDP 
CO DEl ENDS 

BP 
BP,SP 
CX, I).B~ 01, IB 
SI l.!3_4 
OS 
ES 

AL,0 
EXIT 
AL,0FFH 
BP 
6 
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+ 4; STRING COUNT 
+ 6; STRING 2 POINTER 
+ 8; STRING 1 POINTER 

; BASE FOR STRING 2 

; ASSUME MISMATCH 

; STRINGS MATCH 



EXtRCISE 9.2 

ARRAY SUM SEG SEGMENT 'CODE' - -
ARRAY SUM 

AGAIN: 

ARRAY SUM 

PROC FAR 
PUSH BP 
MOV BP,SP 
LES 01, [BI!l + 8 
MOV CX, me] + 6 
MOV AX,fIJ 
ADD AX,ES: [PIJ 
INC SI 
LOOP AGAIN 
POP BP 
RET 6 
ENDP 

ARRAY SUM SEG ENDS 

EX~RCISE 12.1 

DATA SEGMENT 
A DO 1.234 
B DO 234 
C DO If1JflJfIJ. 
o DO 9.82 
RESULT DQ ? 
DATA ENDS 
CODE SEGMENT 

ASSUME CS:CODE, DS:DATA 

• 
FLO A 
FADD B 
FDIV e 
FMUL 0 
FSTP RESULT 
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32 BIT POINTER TO ARRAY 
LENGTH OF ARRAY 
CLEAR SUM 
ADD ARRAY ELEMENT TO SUM 
UPDATE ARRAY POINTER 
REPEAT ex TIMES 



EXER ISE 12.2 

EXTRN INIT87tFAR 

OArA) SEGItENf 

Ct}S)HEl'A 

SIN. THETA 

TANJHETA 

OATA_1 ENOS 

CODE) SE6ftEN r 

01:1 ? 

? 

? 

A~SUftE C5;COOE.l,OStOATA_l 

SIX IJQ 6.0 ; ftUST BE SHORl OR LONG kEAl (MOl TEftf') 

~Y 
X 

; kEftEftBER THAT OPPO~ITE AND AOJACEHT SlOES OF THE RIGHT TRIAHULE INCLUDING 
; THE 30 DEGREE AH(n.E ARE sWOPPED FROft THE ftIRROR IftAGE TRIANGlE CONTAINING 
; lHE ORIGINAL 60 DEGREE ANGlE. HlNCE IAN = XlY, SIN = X/HYPOT, COS = Y /HYPOT 

H<IG Pkot ~Ak 

CALL IHIT87 
; SHO) S1(1) 51(2) 51(3) 51(4) 51(5) 

FLDPI ; PI 
HHV SIX ; PlIb -
fPIAN ; X Y 
FLO SH1> ; Y X Y 
FLO 51(1) ; X y X Y 
FlHV 51,5H1) ; XIV Y X Y 
Fsl'P 'fAN.THEIA ; Y X Y 
FLO STU) ; X Y X Y 
fftut. Sf ,SHO) ; X"2 Y X Y 
neH l Y X"2 X Y 
FItUI. ST ,SHO) ; Y"2 XA2 X Y 
FAOO ; X!.2+yA2 X Y 

; H FAOO IN CLASSICAL SlACK /tOOE DOES INCUJOE A POP !!! ** 
FSQRT ; HYt'OT X Y 
FOIV 5)(1),51 ; HYPOT SIN Y 
FOIVP SH2) ,5T ; SIN cos 
~~n' 5INJHETA ; COS . 
FSTP COS,.fHETA ; -
kET 

TRIG ENOP 

COOE) ENOS 
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EXRRCISE 15.1 

IN AL, 008H 
CBW 
IMUL AX,-5 
MOV OX, 0FFFAH 
OUT OX, AX 
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APPENDIX F 

INTRODUCTION TO PROM PROGRAMMING 



PROM PROGRAMMING 

WOT? 
PROGRAM TWO BANKS 

OF 8-BIT WIDE EPROMS 
FROM A SINGLE 

OBJECT FILE! 

SHOWN: rUP-2~1 PROM PROGRAMMER 

F-l 

rUP-200/201 INTEL UNIVERSAL PROGRAMMER 

• PROGRAMS A VARIETY OF PROMS/EPROMS USING VARIOUS PERSONALITY 
MODULES 

• READS ROMS/PROMS/EPROMS 

• READS/WRITES DISK FILES ON HOST MDS 

• ALLOWS EDITING OF OBJECT CODE 

• FORMATS OBJECT CODE TO SUIT PROM CONFIGURATION 
(EGo 2 BANKS 8 BIT WIDE = 16 BIT WIDE MEMORY) 
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INST4lUD 
PERSONALITY 
MODULE 

DR IV I NG PROEIRAMMER FROM MDS 

- IPPS 

INTEL PROM PROGRAMMING SOFTWAFlE Vv.r 
COPYRIGHT 1980.1981.1982.1983INTEL CORP. 
PPS> 
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PROGRAMMER OPERATION 

• SIMPLE COMMAND LANGUAGE EGo 

PPS > COpy : Fl: LOWER 0 BYT TO PROM 

• DO IT ALL FROM A SUBMIT FILE 

• I F YOU CAN'T REMEMBER 0 0 0 PPS > HELP 

• IF TOTALLY LOST "0 PPS >HELP HELP 

FOR DETAILS 0 0 0 

IUP - 200/201 UNIVERSAL PROGRAMMER USER'S GUIDE 
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EXAMPLE: FORMATTING A FILE 

• TAKE INPUT FILE NIBBLE,OLD AND USE FIRST 4K BYTES TO 
PRODUCE TWO OUTPUT FILES FOR BLOWING ODD AND EVEN BANK PROMS 

BOLD TYPE IS OPERATOR ENTRY 

PPS>FORMAT NIBBLE.OLD (O,FFFH) 
LOGICAL UNIT (BIT-l ,NIBBLE-2,BYTE -3,N-BYTE-,1l 
LU - 3 
INPUT BLOCK SIZE (N BYTES) 
N-2 
OUTPUT BLOCK SIZE (N BYTES) 
N-1 
INPUT BLOCK STRUCTURE: 
NUMBER OF INPUT I.OGICAL UNITS - 002 

LSB 

1001011 

NUMBER OF OUTPUT LOGICAL UNITS - 001 
OUTPUT SPECIFICATION (CR TO EXIT): 
'0 TO :F1 :LOWER.BYT 
OUTPUT STORED 
'1 TO :F1 :UPPER.BYT 
OUTPUT STORED 
'<CR> 
PPS> 
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INTEL WORKSHOPS 

Microcomputer Workshops-Architecture & Assembly Language 
Introduction to Microprocessors 
MCS®-48/49 Microcontroliers 
MCS®-51 Microcontrollers 
MCS®-96 16-Bit Microcontroliers 
MCS®-80/85 Microprocessors 
iAPX 86, 88, 186 Microprocessors, Part I 
iAPX 86, 88, 186 Microprocessors, Part II 
iAPX 286 Microprocessors 
Data Communications including Ethernet 
Speech Communication with Computers 
iCEL™ VLSI Design 

Programming and Operating Systems Workshops 
Beginning Programming Using Pascal 
PUM Programming 
PL/M-iRM~M 51 Operating System 
iRM~M 86 Operating System 
XENIX*/C Programming 
System 86/300 Applications Programming 
iDIS™ Database Information System 
iTPS Transaction Processing System 
Development System Seminars 

System 20()o® Database Management Workshops 
System 2000® For Non-Programmers 
System 2000® Technical Fundamentals 
System 2000® Applications Programming 
System 2000® Report Writing 
System 2000® Database DeSign and Implementation 

Self-Study Introduction to Microprocessors 
System 2000® Multimedia Course 

BOSTON AREA 
27 Industrial Avenue, Chelmsford, MA 01824 (617) 256-1374 

CHICAGO AREA 
Gould Center, East Tower 
2550 Golf Road, Suite 815, Rolling Meadows, IL 60008 (312) 981-7250 

DALLAS AREA 
12300 Ford Road, Suite 380, Dallas, TX 75234 (214) 484-8051 

SAN FRANCISCO AREA 
1350 Shorebird Way, Mt. View, CA 94043 (415) 940-7800 

WASHINGTON D.C. AREA 
7833 Walker Drive, 5th Fl.. Greenbelt, MD 20770 (301) 474-28i'8 

LOS ANGELES AREA 
Kilroy Airport Center, 2250 Imperial Highway, EI Segundo, CA 90245 (415) 940-7800 

CANADA 
190 Attwell Drive, Toronto, Ontario M9W 6H8 (416) 675-2105 



Intel Corporation· 3065 Bowers Avenue· Santa Clara, California 95051 . (408) 987-808C' 
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