


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































intJ AP-286 

I SETUP 80186 III'l'ERRUPT CONTROLLER 

MOV AX,0000000000100000B 
MOV DX, CTLO INTR 
OUT DX,AX-

MOV DX, CTLl INTR 
IN AX,DX -
OR AX,0000000000101000B 
OUT DX,AX 

MOV 
MOV 
OUT 
STI 

AX,OOOEDH 
DX,MASK INTR 
DX,AX -

/... SEND CONFIURE COMMAND 

PUSH 
PUSH 
PUSH 
CALL 
ADD 

1I0RD PTR CON BUFFER 
DS -: 
OFFSET CON BUFFER 
CONF COMMAiiD 
SP,3*2 

IIAIT FOR END OF COMMAND 

IIAI'l'l. 

, ... 

IIAIT2. 

MOV CMND_FLAG,FALSE 
SEND DUMP COMMAND 

PUSH 
PUSH 
PUSH 
CALL 
ADD 

1I0RD PTR DUM BUFFER 
DS -
OFFSET DUM BUFFER 
DUMP COMMAiiD 
SP,3*2 

CMP CMND _FLAG, TRUE 
JNE IIAIT2 
MOV CMND_FLAG, FALSE 

, *** SEND TRANSMIT COMMAND 

PUSH 1I0RD PTR 'l'RA_BUFFER 
PUSH OS 
PUSH OFFSET 'l'RA BUFFER 
CALL XMIT COMMAiiD 
ADD SP,3*2 

IIAIT3. 
CMP CMND]LAG, TRUE 
JNE IIAIT3 
MOV CMND_FLAG,FALSE 

,*** SEND RECEIVE COMMAND 

PUSH 1I0RD PTR REC _BUFFER 
PUSH DS 
PUSH OFFSET REC BUFFER 
CALL RECV COMMAiiD 
ADD SP,3*2 

IIAIT4. 
CMP CMND_FLAG,TRUE 
JNE IIAIT4 
MOV CMND]IAG, FALSE 

CODE ENDS 
END BEGIN 

/ MASK ALL BUT 10 

, ENABLE INTERRUPTS 

PUSH BUFFER SIZE 
PUSH BUFFER SEGMENT REGISTER 
PUSH OFFSET OF BUFFER 
CALL CONFIGURE 

. / PUSH BUFFER SIZE 
I PUSH BuFFER SEGMEH'l' REGISTER 

PUSH .OFFSET OF BUFFER 
CALL CONFIGURE 

PUSH BUFFER SIZE 
PUSH BUFFER SEGMEH'l' REGISTER 
PUSH . OFFSET OF' BUFFER 

I CALL COMMAND 

PUSH BUFFER SIZE 
PUSH BUFFER SEGMENT REGISTER. 
PUSH OFFSET OF BUFFER 
CALL COMMAND 

Figure A-6. Example of Executing Commands (Continued) 
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$DEBUG NOMOD51 
$INCLUDE (REG44. PDF) 

AP-286 

; THE 8044 SOFTWARE DRIVER FOR THE 80186/8044 INTERFACE. 

ORG 
SJMP 
ORG 
JMP 
ORG 
JMP 

DOH 
INIT 
03H 
EINTO 
23H 
SIINT 

LOCATIONS 00 THRU 26H ARE USED 
BY INTERRUPT SERVICE ROUTINES. 
VECTOR ADDRESS FOR EXT INTO. 

VECTOR ADDRESS FOR SERIAL INT 

j ****** * *********** *** INITIALIZATION ** .* •••••••• *********** *** 

INIT: 

DOT: 

ORG 
MOV 
MOV 
CLR 
SETB 
SJMP 

26H 
TCON ,I00000001B 
IE, #00010001B 
P1.1 
EA 
DOT 

EXT INTO: EDGE TRIGGER 
SI=EXO=l 
CLEAR DRQ STATUS BIT 
ENABLE INTERRUPTS 
WAIT FOR AN INTERRUPT 

231784-22 

Figure A-7. Initialization Routine 

;*****ir*************EXTERNAL INTERRUPT 0 ********************* 
EINTO: CLR Pl. 5 CLEAR THE E BIT 

MOV DPTR, #100H LOAD DATA POINTER WITH A DUMY NUMBER 
MOVX A, (lDPTR READ THE COMMAND BYTE. 
ANL A, :#00001111B KEEP THE OPERATION FIELD 
MOV R2 , A SAVE COMMAND 

DECODE COMMAND AND JUMP TO THE APPROPRIATE ROUTINE 

Jl: 

J2: 

J3: 

J4: 

J5: 

J6: 

J7: 

J8: 

J9: 

COMMAND OPERATION (BITSO-3) 

ABORT DOH 
REC-DISABLE 01H 
TRA-DISABLE 02H 
RECEIVE 03H 
TRANSMIT 04H 
DUMP 05H 
CONFIGURE 06H 
Nap 07H 

JNB 
JMP 

CJNE 
JMP 

CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMp 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
RETI 

PXD,Jl 
CABO 

A, #OOH,J2 
CABO 

A, #OlH,J3 
CRDIS 
A, #OB5H,J4 
CTDIS 
A, #03H,J5 
CREC 
A, #04H,J6 
CTRA 
A, #05H,J7 
CDUMP 
A, #06H,J8 
CCON 
A, #07H,J9 
CHOP 

; IF INTO IS SET TO PRIORITY 1, 
;THEN DMA OPERATION WAS IN PROGRESS. 
; EXECUTE ABORT REGARDLESS OF THE 
; COMMAND ISSUED. 
; EXECUTE ABORT 
; THIS LINE WILL BE EXECUTED IF ABORT WAS 
; ISSUED WHEN THE 8044 IS NOT EXECUTING 
jANY COMMANDS. 

EXECUTE RECEIVE-DISCONNECT 

EXECUTE TRANSMIT-DISCONNECT 

EXECUTE RECEIVE 

EXECUTE TRANSMIT 

EXECUTE DUMP 

EXECUTE CONFIGURE 

EXECUTE NaP 
RETURN. OPERATION NOT RECOGNIZED. 

Figure A-S. External Interrupt Service Routine 
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; .. NOP COMMAND 

CNOP: CLR lEO 

RETI 

: .. ABORT COMMAND 

CABO: JNB PXO, CABOJ 1 
CLR PXO 
CLR P1.1 

SETB PL2 
SETB PL3 
SETB Pl.4 

CLR lEO 
CLR Pl.O 
SETB PLO 
JB PJ.2,$ 

POP ACC 
POP ACC 
MOV B, #HIGH($+lO) 
MOV ACC, #LOW($+7) 
PUSH ACC 
PUSH B 

CABOJ2: RETI 

CABOJl: NOP 
SETB PLS 

SETB Pl.2 
SETa PL3 
SETB Pl.4 

CLR lEO 
CLR Pl.O 
SETB PLO 
JB P3 .2, $ 
RETI 

AP:'286 

IGNORE PENDING EXT INTO (IF ANY) • 
ANY INTERRUPT (COMMNAD) DURING 
EXECUTION OF AN OPERATION IS IGNORED 
RETURN 

WAS DMA IN PROGRESS? 
YES. EXT INTo: PRIORITY 0 
CLEAR DMA REQUEST 

,; UPDATE STATUS WITH 
: ABORT-DONE EVENT 

(STATUS=DDH; E=O) 

IGNORE PENDING EXT INTO (IF ANY) • 

SET INT BIT AND INTERRUPT 80186 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 
EXECUTE THE NEXT "RETI" TWICE 
POP OUT THE OLD HI BYTE PC 
POP OUT THE OLD LOW BYTE PC 
HI BYTE ADDRESS OF CABOJ2 
LOW BYTE ADDRESS OF CABOJ2 

; PUSH THE ADDRESS OF THE NEXT 
; "RETI" INSTRUCTION INTO STACK 

RETURN 

OMA WAS NOT IN PROGRESS 
SET' THE E BIT 

; UPDATE STATUS WITH 
: ABORT-DONE EVENT 

(STATUS=FDH; E=l) 

IGNORE' PENDING EXT INTO (IF ANY) • 

SET INT BIT AND INTERRUPT 80186 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 
RETURN 

Figure A-9. Execution of NOP and ABORT Commands 

; ** CONFIGURE COMMNAD 

CCON: 

CCONF4: 

CCONJl: 

CCONFS: 

CCONJ2: 

CCONF6: 

CCONJ3: 

MOV DPTR, flOOH 
CLR lEO 
SETB PXO 

SETB PL1 
JB P3.3,$ 
MOVX A,@OPTR 
MOV RO,A 
DEC RO 
JB P3.3,$ 
MOVX A, @DPTR 
MOV RI,A 
JB P3.3,$ 
MOVX A,@DPTR 
CJNE Rl,#OlH,CCONJl 
MOV STS,A 
INC R1 
D.JNZ RD, CCONF4 
JMP 'CCONT1 
JB P3.3,CCONF4 
MOVX A,@DPTR 
CJNE RI, j02H,CCONJ2 
MOV SMDjA ' 
INC R1 
DJNZ RO, CCONFS 
JMP CCONT1 
JB P3.3,CCONF5 
MOVX A,@DPTR 
CJNE R1, #03H,CCONJ) 
MOV STAD,A 
INC R1 
DJNZ RO, CCONF6 
JHp CCONT1 
JB P3 • 3 , CCONF6 
MOVX A,@DPTR 
CJNE Rl,#04H,CCONJ4 

IGNORE PENDING EXT INTO (IF ANY) 
EXT INTO; PRIORITY 1 
PXO IS SET TO ACCEPT ABORT 

DURING DMA OPERATION. 
ENABLE DMA REQUEST 
WAIT FOR DMA ACK. 
READ FROM COMMAN/DATA REGISTER 
LOAD BYTE COUNT 
DECREMENT BYTE COUNT 
WAIT FOR DMA ACK. 
READ FROM COMMAND/DATA REGISTER 
LOAD FIRST-BYTE 
WAIT FOR DMA ACK. 
READ FROM COMMAND/DATA REGISTER 
CHECK THE FIRST-BYTE 
UPDATE THE STS REGISTER 
INC. POINTER TO THE CONF. BLOCK 
CHECK THE BYTE COUNT 

Figure A-10. Execution of CONFIGURE Command 
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MOV 
INC 
DJNZ 
JMP 

CCONF7: JB 
MOVX 

CCONJ4: CJNE 
MOV 
INC 
DJNZ 
JMP 

CCONF8: JB 
MOVX 

CCONJS: CJNE 
MOV 
INC 
DJNZ 
JMP 

CCONF9: JB 
MOVX 

CCONJ6: CJNE 
MOV 
INC 
DJNZ 
JMP 

CCONFA: JB 
MOVX 

CCONJ7: CJNE 
MOV 
INC 
DJNZ 
JMP 

CCONFB: JB 
MOVX 

CCONJ8: CJNE 
MOV 
INC 
DJNZ 
JMP 

CCONFC: JB 
MOVX 

CCONJ9: CJNE 
MOV 
INC 
DJNZ 
JMP 

CCONFD: JB 
MOVX 

CCONJA: CJNE 
MOV 
INC 
DJNZ 
JMP 

CCONFE: JB 
MOVX 

CCONJB: CJNE 
MOV 
INC 
DJNZ 
JMP 

ERRORl: NOP 
SETB 

CCONTI: NOP 
CLR 
CLR 

SETB 
CLR 
CLR 

CLR 
CLR 
SETB 
JB 
RETI 

TBS,A 
Rl 
RO,CCONF7 
CCONTI 
PJ • 3 , CCONF7 
A,@DPTR 
Rl, #05H,CCONJ5 
TBL,A 
Rl 
RO,CCONFS 
CCONTI 
P3 • 3 , CCONF8 
A,@DPTR 
Rl, #06H,CCONJ6 
RBS,A 
Rl 
RO,CCONF9 
CCONTI 
P3 • 3 ,CCONF9 
A,@DPTR 
Rl, #07H,CCONJ7 
RBL,A 
Rl 
RO,CCONFA 
CCONTI 
PJ • 3 , CCONFA 
A,@DPTR 
Rl, j08H,CCONJ8 
IP,A 
Rl 
RO,CCONFB 
CCONTI 
P3.3,CCONFB 
A,@DPTR 
Rl, j09H, CCONJ9 
IE,A 
Rl 
RO,CCONFC 
CCONTI 
P3 • 3 , CCONFC 
A,@DPTR 
Rl, tOAH,CCONJA 
TMOD,A 
RI 
RO,CCONFD 
CCONTI 
P3 • 3 ,CCONFD 
A,@DPTR 
Rl, ,OBH,CCONJB 
TCOH,A 
RI 
RO,CCONFE 
CCONTI 
P3 . 3, CCONFE 
A,@DPTR 
RI,'OCH,ERRORI 
PSW,A 
Rl 
RO,ERRORl 
CCONTI 

PI.S 

Pl.l 
PXO 

Pl.2 
Pl.3 
PI.4 

lEO 
PI.O 
Pl.O 

P3.2,$ 

Ap·286 

ILLEGAL BYTE COUNT 
SET THE E STATUS BIT 

CLEAR DNA REQUEST 
EXT INTO: PRIORITY a 

I UPDATE STATUS WITH 
ICONFIGURE-DONE EVENT 

(STATUS-CSH IF E-O) 

231784-26 

IGNORE PENDING EXT INTO (IF ANY) 

INTERRUPT THE 80186 . 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 
RETURN 

Figure A·10. Execution of CONFIGURE Command (Continued) 
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intJ AP-286 

; * * DUMP COMMAND 

CDUMP: MOV 
MOVX 
CLR 
SETB 
SETB 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
MOV 
MOVX 
JB 
CLR 
CLR 

SETS 
SETB 
CLR 

CLR 
CLR 
SETB 
JB 
RETI 

A,STS 
@DPTR,A 
lEO 
PXO 
Plol 
P3. 3, $ 
A,SMD 
@DPTR,A 
P3.3,$ 
A,STAD 
@DPTR,A 
P3.3,$ 
A,TBS 
@DPTR,A 
P3.3,$ 
A,TBL 
@DPTR,A 
P3. 3, $ 
A,TCB 
@DPTR,A 
P3. 3, $ 
A,RBS 
@DPTR,A 
Pl. 3, $ 
A,RBL 
@DPTR,A 
P3.l , $ 
A,ReB 
@DPTR,A 
P3.3,$ 
A,RFL 
@DPTR,A 
P3.l , $ 
A,PSW' 
@DPTR,A 
PJ .3, $ 
A,IP 
@DPTR,A 
P3.l , $ 
AilE 
@DPTR,A 
P3 .3, $ 
A,TMon 
@DPTR,A 
P3 .3, $ 
A, TeON 
@DPTR,A 
P3.3,$ 
Plol 
PXO 

Plo2 
Pl.3 
P1.4 

lEO 
PLO 
PLO 
P3.2, $ 

LOAD THE FIRST DUMP REG INTO ACC 
WRITE TO THE COMMAND/DATA REGISTER 
IGNORE PENDING EXT INTO (IF ANY) 
INTRERRUPT 0: PRIORITY 1 
ENABLE DMA REQUEST 
WAIT FOR DMA ACK 

DISABLE DRQ 
EXTERNAL INTO: PRIORITY 0 

; UPDATE STATUS WITH 
; DUMP-DONE EVENT 

(STATUS=CDH) 

IGNORE PENDING EXT INTO 

INTERRUPT THE 80186 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 
RETURN 

Figure A-11. Execution of DUMP Command 
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inter 

; •• RECEIVE COMMAND. 
CREe: JNB RBE, CRECJl 

SETB Pl.S 
CRECJ 1: SETB RBE 

eLR RBP 
eLR lEO 
RET! 

; ** TRANSMIT COMMAND. 
CTRA: MOV RI , Tas 

CLR lEO 
SETB PXO 
SETB Pl.l 
JB P3.3,$ 
MOVX A,@DPTR 
MOV RO,A 
DEC A 
DEC A 
MOV TBL,A 

CTRAJ2: JB P3. 3 I CTRAJ'2 
MQVX A,@DPTR 
MOV STAD,A 
DEC RO 

eTHAJ3 : JB P3 • J, CTRAJ3 
MOVX At@DPTR 
MOV TeB,A 
DJNZ RO, CTRAJ 4 
SJMP CTRAJ5 

CTRAJ4: JB P3.3,CTRAJ4 

CTRAJ5: 

MOVX A, @DPTR 
MOV @Rl,A 
INC Rl 
DJNZ RO, CTRAJ 4 

CLR 
CLR 
SETB 
SETB 
CLR 
RETI 

Pl.l 
PXO 
TBF 
RTS 
lEO 

AP-286 

IS SIU ALREADY IN RECEIVE HODE? 
YES. SET THE E BIT 
NO. ENABLE RECEPTION 
CLEAR RECEIVE BUFFER PROTECT BIT 
IGNORE PENDING EXT INTO (IF ANY) 
RETURN. UPDATE STATUS IN THE 

SIU INTERRUPT ROUTINE. 

LOAD TRANSMIT BUFFER START 
I IGNORE PENDING EXT INTO (IF ANY) 

EXT INTO: PRIROITY 1 
ENABLE DRA REQUEST 
WAIT FOR OMA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD THE BYTE COUNT 

; SUBTRACT 2 FROM THE BYTE 
; COUNT AND LOAD INTO XMIT 

LOAD BUFFER LENGTH 
WAIT FOR DHA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD DESTINATION ADDRESS 
DECREMENT THE BYTE COUNT 
WAIT FOR DMA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD THE TRANSMIT CONTROL BYTE 
IS THERE ANY INFO. BYTE? 
NO. 
YES. WAIT FOR DRA ACK. 
READ FROM COMMAND/DATA REG. 
MOVE DATA TO THE TRANSMIT BUFFER 
INC. POINTER TO BUFFER 
LAST BYTE FETCHED INTO THE BUFFER? 
NO. FETCH THE NEXT BYTE 
YES. DISABLE ORA REQUEST 
EXT INTO: PRIORITY 0 
SET TRANSMIT BUFFER FULL 
ENABLE TRANSMISSION 
IGNORE PENDING EXT INTO (IF ANY) 

; RETURN. UPDATE STATUS IN THE 
; SIU INTERRUPI' ROUTINE 

Figure A-12. Execution of RECEIVE and TRANSMIT Commands 

; •• TRANSMIT-DISCONNECT COIDQJtD 

CTDIS: 

CTDIJ1: 

JB 
SETB 
CLR 
CLR 
RETI 

TBF,CTDIJl 
Pl.5 
TBF 
lEO 

; ** RECEIVE-DISCONNECT COMMAND 

CRDIS: JB RBE, CRDIJl 
SETB Pl.5 

CRDIJ1: CLR RBE 

SETB Pl. 2 
CLR Pl.3 
SETB Pl.4 

CLR 
CLR 
SETB 
JB 
RETI 

lEO 
PLO 
PloD 
P3.2,$ 

IS TRANSMIT BUFFER ALREADY EMPTY? 
YES, SET THE E BIT 
NO. CLEAR TRANSMIT BUFFER 
IGNORE PENDING EXT INTO (IF ANY) 

; RETURN. UPATE STATUS IN THE 
; SIU INTERRUPT ROUTINE. 

IS RECEIVE BUFFER ALREADY EMPTY? 
YES. SET THE E BIT 
NO. CLEAR RECEIVE BUFFER 

; UPDATE STATUS WITH 
; RECEPTION-DISABLED EVENT 
; (STATUS=D5 IF E=O) 

INTERRUPT THE 80186 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 
RETURN 

231784-30 

231784-31 

Figure A-13. Execution of RECEIVE-DISCONNECT and TRANSMIT-DISCONNECT Commands 
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inter AP-286 

;************ SERIAL CHANNEL (SIU) INTERRUPT ***********1t.****** 

srINT: CLR SI 
MOV A,R2 
CJNE A, t03H-, SINTJl 
JHP' SIREC 

SINTJ1: CJNE A, #02H,SINTJ2 
JHp SITDIS 

SINTJ2: JHP SITRA 

; ** TRANSMISSION IS DISABLED 

SITDIS: JB RTS, SINTJ3 
JNB TBF, SINTJ3 

CLR Pl.2 
SETB Pl. 3 
SETB Pl. 4 

CLR 
CLR 
SETB 
JB 
RET! 

lEO 
PLO 
PLO 
P3.2,$ 

; 'II. A FRAME IS TRANSMITTED 

SITRA: JB RTS, SINTJ3 

CLR P1.2 
SETB Pl.3 
SETB Pl.4 

CLR lEO 
CLR PLO 
SETB PLO 
JB F3.2 , $ 
RETI 

; *. A FRAME IS RECEIVED 

SIREC: JB RBE,SINTJ3 
JNB BOV,SINTJ4 
SETB Pl.5 

SINTJ4: MOV RO,RFL 
MOV Rl,RBS 
CLR lEO 
SETB PXO 

MOV A,@Rl 
MOVX @OPTR,A 
SETB Pl.1 
INC R1 
JB P3.3,$ 
DJNZ RO,CINTJ7 
SJMP CINTJ8 

CINTJ7: MOV A,@Rl 
MOVX @DPTR,A 
INC R1 
JB P3 .3, $ 
DJNZ RO,CINTJ7 

CINTJ8: MOV A,RFL 
MOVX @DPTR,A 
JB PJ.3,$ 
MOV A,STAD 
MOVX @OPTR,A 
JB P3.3,$ 
MOV A,ReB 
MOVX @DPTR,A 
JB P3. 3, $ 
CLR Pl.1 
CLR PXO 

LOAD THE OPERATION FIELD 
RECEIVE' COMMAND PENDING? 
YES. 
TRANSMIT-DISCONNECT PENDING? 
YES. 
TRANSMIT COMMAND IS PENDING 

REQUEST TO SEND ENABLED? 
YES. TRANSMISSION DISABLED? 
YES. 

; UPDATE STATUS WITH 
;TRANSMISSION-DISABLED EVENT 

(STATUS=D9H) 

IGNORE PENDING EXT INTO 

INTERRUPT THE 80186 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 

; A FRAME TRANSMITTED? 
; YES. 
; UPDATE STATUS WITH 
;TRANSMIT-DONE EVENT 
; (STATUS=C9). 

INTERRUPT THE 80186 
WAIT TILL INTERRUPT IS ACKNOWLEDGED 

RECEIVE BUFFER FULL? 
YES. BUFFER OVERRUN? 
YES. SET THE E BIT 
LOAD RO WITH RECEIVE BYTE COUNT 
LOAD R1 WITH RECEIVE BUFFER ADDRESS 
IGNORE PENDING EXT INTO (IF ANY) 
EXT INTO: PRIORITY 1 

MOVE FIRST BYTE INTO ACC. 
WRITE TO THE COMMAND/DATA REG 
ENABLE DMA REQUEST 
INC POINTER TO RECEIVE BUFFER 
WAIT FOR DMA ACK. 
LAST BYTE MOVED? 
YES 

LOAD RECEIVED DATA INTO ACC. 
WRITE TO THE COMMAND/DATA REG. 
INC POINTER TO RECEIVE BUFFER 
WAIT TILL DMA ACK 
LAST BYTE ,MOVED TO COMMAND/DATA REG? 
NO. DEPOSIT THE, NEXT BYTE 
LOAD, BYTE COUNT" 
WRITE TO THE COMMAND/DATA REG 
WAIT ,FOR DMA ACK. 
LOAD STATION ADDRESS 
WRITE TO THE COMMAND/DATA REG 
WAIT FOR DMA ACK. 
LOAD RECEIVE CONTROL BYTE 
WRITE TO THE COMMAND/DATA REG 
WAIT FOR DMA ACK. 
CLEAR DMA REQUEST 
EXTERNAL INTERRUPT: PRIORITY 0 

Figure A-14. Serial Channel Interrupt Routine 

22-360 

231784-32 

231784-33 



CLR 
CLR 
SETB 
CLR 
CLR 
SETB 
JB 
RETI 

SINTJ3: NOP 
RETI 

END 

Plo2 
Pl~3 
Pl.4 
IEO 
Pl.O 
PloO 
P3.2,$ 

AP-286 

, UPDATE STATUS WITH 
.RECEIVE-DONE EVENT 

(STATUS=D1H IF EaO) 
IGNORE PENDING EXT INTO 

INTERRUPT THE 80186 
WAIT TILL INTERRUPT IS ACIOIOWLEDGED 

Figure A-14. Serial Channel Interrupt Routine (Continued) 
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inter· 8086/80186 
SOFTWARE PACKAGES 

8086/80186 Software Devel~pment 
Package 

• Macro Assembler with 'Complete 
System Development Capability for 
8086/80186 Designs 

• Complete Set of Utilities for Object 
Module Management and Program 
Linkage 

FORTRAN 8086/80186 Software Package 

• Features High-Level Language Support 
for Floating-Point Calculation, 
Transcendentals, Interrupt Procedures, 
and Run-Time Exception Handling 

• Meets ANSI FORTRAN 77 Subset 
Language Specifications 

• Supports Complex Data Types 

---

2 

PASCAL 8086/80186 Software Package 

• Object Compatible and Linkable with 
PL/M 8086, ASM 8086 and FORTRAN 86 

• Supports Large Array Operation 

PL/M 8086/80186 Software Package 

• Advanced Structured System 
Implementation Language for Algorithm 
Development 

• Easy-to-Learn Block-Structured 
Language Encourages Program 
Modularity 

iC-86 Compiler for the 8086/80186 

• Implements Full ANSI Standard C 
Language 

• Produces High Denslty.Code Rivaling 
Assembler 

210689-6 

Figure 1. Program modules compiled with any of the 8086 languages may 
be linked together. Each language is compatible with Intel's debug tools. 

This Is an example of development under DOS. 
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inter 8086 SOFTWARE DEVELOPMENT PACKAGE 

8086/80186 SOFTWARE DEVELOPMENT PACKAGE 
• Complete System Development 

Capability for High-Performance 8086 
Applications 

• Macro Assembler for Machine-Level 
Programming 

• System Utilities for Program Linkage 
and Relocation 

II Package Supports Program 
Development with PLM-86, Pascal-86, 
FORTAN 86, & iC 86 

• Available on a Choice of Hosts 

The 8086 Software Development package contains a macro assembler, a program linker (for linking separate­
ly compiled modules together, a system locator, library manager, an object to hex code converter, and a 
conversion utility to create DOS executable files. 

All the utilities in the Software Development Package run on the Intel Microcomputer Development Systems 
(Series III/Series IV) as weil as the IBM PC XT/AT DEC VAxt Minicomputer under the VMSt Operating 
System, and Intel systems 86/3XX under iRMX™86, and Intel System 286/3XX under iRMX™286. 

210689-7 

tVAX, VMS are trademarks of Digital Equipment Corporation. 

22-363 



intJ 8086 SOFTWARE DEVELOPMENT PACKAGE 

8086/80186 MACRO ASSEMBLER 

• Produces Relocatable Object Code 
Which is Linkable to All Other Intel 
86/186 Object Modules, Generated by 
Intel 8086 Compilers 

• Powerful and Flexible Text Macro 
Facility with Three Macro Listings 
Options to Aid Debugging 

• Highly Mnemonic and Compact 
Language, Most Mnemonics Represent 
Several Distinct Machine Instructions 

• "Strongly Typed' Assembler Helps 
Detect Errors at Assembly Time 

• High-Level Data Structuring Facilities 
Such as "STRUCTURES" and 
"RECORDS" 

• Over 120 Detailed and Fully 
Documented Error Messages 

ASM-86 is the "high"level" macro assembler for the 86/186 assembly language. ASM-86 translates symbolic 
86/186 assembly language mnemonics into 86/186 relocatable object code. 

ASM-86 should be used where maximum code efficiency and hardware control is needed. The 86/186 assem­
bly language includes approximately 100 instruction mnemonics. From these few mnemonics the assembler 
can generate over 3,800 distinct machine instructions. Therefore, the software development task is simplified, 
as the programmer need know only 100 mnemonics to generate all possible 86/186 machine instructions. 
ASM-86 will generate the shortest machine instruction possible given no forward referencing or given explicit 
information as to the characteristics of forward referenced symbols. 

ASM-86 offers many features normally found only in high-level languages. The 86/186 assembly language is 
strongly typed. The assembler performs extensive checks on the usage of variables and labels. The assembler 
uses the attributes which are derived explicitly when a variable or label is first defined, then makes sure that 
each use of the symbol in later instructions conforms to the usage defined for that symbol. This means that 
many programming errors will be detected when the program is assembled, long before it is being debugged 
on hardware. 
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LINK-86 

• Automatic Combination of 8086 • Automatic Generation of a Summary 
Programs Separately Translated Using Map Giving Results of the LINK-86 
Intel. Compilers or Assemblers into Process 
Relocatable Object Module • Abbreviated Control Syntax 

• Automatic Selection of Required • Relocatable Modules May Be Merged 
Modules from Specified Libraries to into a Single Module Suitable for 
Satisfy Symbolic References Inclusion in a Library 

• Extensive Debug Symbol Manipulation, • Supports "Incremental" Linking 
allowing Line Numbers, Local Symbols, 
and Public Symbols to be Purged and • Supports Type Checking of Public and 
Listed Selectively External Symbols 

LlNK-86 combines object modules specified in the LlNK-86 input list into a single output module. LlNK-86 
combines segments from the input modules according to the order in which the modules are listed. 

LlNK-86 will accept libraries and object modules built from any Intel translator generating 8086 Relocatable 
Object Modules. 

Support for incremental linking is provided since an output module produced by LlNK-86 can be an input to 
another link. At each stage in the incremental linking process, unneeded public symbols may be purged. 

LlNK-86 supports type checking of PUBLIC and EXTERNAL symbols reporting a warning if their types are not 
consistant. 

LlNK-86 will link any valid set of input modules without any controls. However, controls are available to control 
the output of diagnostic information in the LlNK-86 process and to control the content of the output module. 

LlNK-86 allows the user to create a large program as the combination of several smaller, separately compiled 
modules. After development and debugging of these component modules the user can link them together, 
locate them using LOC-86 and enter final testing with much of the work accomplished. 
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LOC-S6 

• Automatic Generation of a Summary 
Map Giving Starting Address, Segment 
Addresses and Length, and Debug 
Symbols and Their Addresses 

• Abbreviated Control Syntax 

• Segments May be Relocated to Best 
Match Users Memory Configuration 

• Extensive Debug Symbol Manipulation 
Allowing Line Numbers, Local Symbols, 
and Public Symbols to be Purged and 
Listed Selectively 

Relocatability allows the programmer to code programs or sections of programs without having to know the 
final arrangement of the object code in memory. 

LOC-86 converts relative addresses in an input module in 86/186 object module format to absolute address­
es. LOC-86 orders the segments in the input module and assigns absolute addresses to the segments. The 
sequence in which the segments in the input module are assigned absolute addresses is determined by their 
order in the input module and the controls supplied with the command. 

LOC-86 will relocate any valid input module without any controls. However, controls are available to control the 
output of diagnostic information in the LOC-86 process, to control the content of the output module, or both. 

The program you are developing will almost certainly use some mix of random access memory (RAM), read­
only memory (ROM), and/or programmable read-only memory (PROM). Therefore, the location of your pro­
gram affects both cost and performance in your application. The relocation feature allows you to develop your 
program and then simply relocate the object code to suit your application. 
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L1B-86 

• LlB-86 is a Library Manager Program 
which Allows You to: 
- Create Specifically Formatted Files 

to Contain Libraries of Object 
Modules 

- Maintain These Libraries by Adding 
or Deleting Modules 

- Print a Listing of the Modules and 
Public Symbols in a Library File 

• Libraries Can be Used as Input to 
LlNK-86 which Will Automatically Link 
Modules from the Library that Satisfy 
External References in the Modules 
Being· Linked· 

• Abbreviated Control Syntax 

Libraries aid in the job of building programs. The library manager program L1B~86 creates and maintains files 
containing object modules. The operation of L1B-B6 is controlled by commands to indicate which operation 
L1B-86 is to perform. The commands are: 

CREATE: 
ADD: 
DELETE: 
LIST: 

creates an empty library file 
adds object modules to a library file 
deletes modules from a library file 
lists the module directory of library files 

EXIT: terminates the L1B-86 program and returns control to VMS 

When using object libraries, the linker will call only those object modules that are required to satisfy external 
references, thus saving memory space. 

OH-86 

• Converts an 86/186 Absolute Object 
Module to Symbolic Hexadecimal 
Format 

• Facilitates Preparing a File for Loading 
by Symbolic Hexadecimal Loader (e.g. 
iSBCTM Monitor SDK-86 Loader), or 
Universal PROM Mapper 

• Converts an Absolute Module to a More 
Readable Format that can be Displayed 
on a CRT or Printed for Debugging 

The OH-86 utility converts an 86/186 absolute object module to the hexadecimal format. This conversion may 
be necessary for later loading by a hexadecimal loader such as the iSBC 86/12 monitor or the Universal 
PROM Mapper. The conversion may also be made to put the module in a more readable format that can be 
displayed or printed. 

The module to be converted must be in absolute form; the output from LOC-86 is in absolute format. 
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SPECIFICATIONS 

Documentation Package 

ASM-86 Assembly Language Reference Manual 

8086/87/88 Macro Assembler Operating Instructions 

iAPX 86 Family Utilities User's Guide 

Support Available 

Software Updates, Subscription Service, Hotline Support 

ORDERING INFORMATION 

Order Code 

D86ASM86 

WSASM86 

MWSASM86 

R86ASM86 

R286ASM286 

Operating Environment 

IBM PC XT I AT running PC DOS Version 3.0 or later 

VAXtlVMSt 

MICROVAXt IVMSt 

Intel 86/3XX Systems running: iRMXTM 86 

Intel 286/3XX Systems running: iRMXTM 286 

tMICROVAX, VAX, VMS are trademarks of Digital Equipment Corporation. 

·IBM. AT are registered trademarks of International Business Machines Corporation. 
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FORTRAN 8086/80186 
SOFTWARE· PACKAGE 

• Features High-Level Language Support • Offers Upward Compatibility with 
for Floating-Point Calculations, FORTRAN 80 
Transcendentals, Interrupt Procedures, • Provides FORTRAN Run-Time Support 
and Run-Time Exception Handling for 86/186 Based Design 

• Meets ANSI FORTRAN 77 Subset • Provides Users Ability to do Formatted 
Language Specifications and Unformatted 110 with Sequential or 

• Supports 8086/20, 8088/20 Numeric Direct Access Methods 
Data Processor for Fast and Efficient • 121CETM Symbolic Debugging Fully· 
Execution of Numeric Instructions Supported 

• Uses REALMATH Floating-Point • PSCOPE Source Level Debugging Fully 
Standard for Consistent and Reliable Supported 
Results 

Supports Arrays Larger Than 64K • Supports Complex Data Types • 
Unlimited User Program Symbols • Choice of Industry Standard Hosts • 

FORTRAN 86/186 meets the ANSI FORTRAN 77 Language Subset Specification and includes many features 
of the full standard. Therefore, the user is assured of portability of most existing ANS FORTRAN programs and 
of full portability from other computer systems with an ANS FORTRAN 77 Compiler. 

FORTRAN 86/186 is available to run on the Intel Microcomputer Development Systems (Series III/Series IV) 
as well as the IBM PC XT/AT running PC DOS Version 3.0 or later, Digital Equipment VAXtlVMSt and Intel 
System 86/3XX running iRMXTM 86 operating system. 

FORTRAN 86/186 is one of a complete family of compatible programming languages for 8086,8088,80186, 
80188 development: PL/M, Pascal, FORTRAN, C, and Assembler. Therefore, users may choose the language 
best suited for a specific problem solution. 

tVAX, VMS are trademarks of Digital Equipment Corporation. 

'IBM, AT are registered trademarks of International Business Machines Corporation. 
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FEATURES 

Extensive High-Level Language 
Numeric Processing Support 

Single (32-bit), double (64-bit), and double extended 
precision (80-bit) complex (two 32-bit), and double 
complex (two 64-bit) floating-point data types 

REALMATH Proposed IEEE. floating-Point Stan­
dard) for consistent and reliable results 

Full support for all other data types: integer, logical, 
character 

Ability to use hardware (8086/20, 8088120 Numeric 
Data Processor) or software (simulator) floating­
point support chosen at link time 

ANSI FORTRAN 77 Standard 

Intel® Microprocessor Support 

FORTRAN 86/186 language features support of 
8086/20, 8088/20 Numeric Data Processor 

Compiler generates in-line iAPX 8086/20, 8088/20 
Numeric. Data Processor object code for floating­
point arithmetic (See Figure 2) 

Intrinsics allow user to control iAPX 8086/20, 8088/ 
20 Numeric Data processor 

8086,8088,80186,80188 architectural advantages 
used for indexing and character-string handling 

Symbolic debugging of application using ICE emula­
tors 

Source level debugging using PSCOPE 

FLOATING-POINT-STATEMENT 

TEMPER = (PRESS - VOLUM 1 QUEK) - 3.45 1 (PRESS - VOLUM 1 QUEK 
& - (PRESS - VOLUM 1 QUEK) • (PRESS - VOLUM 1 QUEK) 

OBJECT CODE GENERATED 

Intel FORTRAN 8086 Compiler 

0013 
0018 
OOlD 
0022 
0025 
002B 
002E 
0031 
0034 
0037 
003A 
003D 
0040 
0045 

8086/20, 8088/20 
MACHINE-CODE 

9BD9060COO 
9BD8360000 
9BD82E0800 
9 BDDD 1 
9B2ED83EOOOO 
9BD9C9 
9BDDD2 
9BDEE9 
9BD9Cl 
9BD8C8 
9BDDC2 
9BDEEl 
9BD91E0400 
9B 

I ASSEMBLER MNEMONICS 

FLD VOLUM 
FDIV QUEK 
FSUBR PRESS 
FST TOS+1H 
FDIVR CS:@CONST 
FXCHG TOS + lH 
FST TOS+2H 
FSUBRP 
FLD 
FMUL 
FFREE 
FSUBP 
FSTP 
WAIT 

TOS+1H 
TOS 
TOS+2H 

TEMPER 

STATEMENT # 2 

Figure 2. Object code generated by FORTRAN 86/186 for a floating-point 
calculation using 8086/20, 8088/20 Numeric Processor. 
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Microprocessor Application Support 
- Direct byte- or word-oriented port I/O 

- Reentrant procedures 

- Interrupt procedures 

BENEFITS 

FORTRAN 86/186 provides a means of developing 
application software for the Intel 86/186 products 
lines in a familiar, widely accepted, and industry­
standard programming language. FORTRAN 
86/186 will greatly enhance the user's ability to pro­
vide cost-effective software development for Intel 
microprocessors as illustrated by the following: 

Early Project Completion 

FORTRAN is an industry-standard, high-level nu­
merics processing language. FORTRAN program­
mers can use FORTRAN 86/186 on microprocessor 
projects with little retraining. Existing FORTRAN 
software can be compiled with FORTRAN 86/186 
and programs developed in FORTRAN 86/186 can 
run on other computers with ANSI FORTRAN 77 
with little or no change. Libraries of mathematical 
programs using ANSI 77 standards may be compiled 
with FORTRAN 86/186. 

Application Object Code Portability for 
a Processor Family 

FORTRAN 86/186 modules "talk" to the resident 
Intellec development operating system using Intel's 
standard interface for all development-system soft­
ware. This allows an application developed under 
the ISIS-II operating system to execute on iRMX/86, 
or a user-supplied operating system by linking in the 
iRMX/86 or other appropriate interface library. A 
standard logical-record interface enables communi­
cation with non-standard I/O devices. 

Comprehensive, Reliable and Efficient 
Numeric Processing 

The unique combination of FORTRAN 8086/8088, 
8086/20, 8088/20 Numeric Data processor, and 
REALMATH (Proposed IEEE Floating-Point Stan­
dard) provide universal consistency in results of nu­
meric computations and efficient object code gener­
ation. 

SPECIFICATIONS 

Documentation Package 

FORTRAN 86/88/186/188 User's Guide 

ORDERING INFORMATION 
Order Code 

D86FOR86 

R86FOR86 

VVSFOR86 

Operating Environment 

IBM PC XT/AT running. PC DOS 
Version 3.0 or later 

Intel System 86/3XX running 
iRMX 86 

For 86 VAXIVMS 4.3 and later 

SUPPORT AVAILABLE 

Software updates, Subscription Service, Hotline 
Support. 
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PASCAL 86/186 

SOFTWARE PACKAGE 

• Choice of Industry Standard Hosts • Unlimited User Program Symbols 

• . Object Compatible and Link.ablewlth • Supports 8086/20, 8088/20 Numeric 
PLIM 86/186, ASM 86/186, iC86/186 Data Processors 
and FORTRAN 86/186 • Strict Implementation of ISO Standard 

• 121CETM Symbolic Debugging Fully Pascal 
Supported • Useful Extensions Essential for 

• PSCOPE Source Level Dubugging Fully Microcomputer Applications 
Supported • Separate Compilation with Type-

• Implements REALMATH for Consistent Checking Enforced Between Pascal 
and Reliable Results Modules 

• Supports Large Array Operation • Compiler Option to Support Full Run-
Time Range-Checking 

PASCAL 86/186 conforms to and implements the ISO PASCAL standard. The language is enhanced to 
support microcomputer applications with special features, such as separate compilation, interrupt handling 
and direct port I/O. To assist the development of portable software, the compiler can be directed to flag all 
non-standard features. 

The PASCAL 86/186 compiler runs on Series III and Series IV Microcomputer Development Systems, as well 
as the IBM' XT/AT* running PC DOS Version 3.0 or later, Digital Equipment VAXIVMSt, and Intel System 
8086/3XX running iRMXTM 86. 

A well-defined I/O interlace is provided for run-time support. This allows a user-written operating system to 
support application programs as an alternate to the development system environment. Program modules 
compiled under PASCAL 86/186 are compatible and linkable with modules written in PL/M 86/186, 
ASM 86/186, C86/186 or FORTRAN 86/186. With a complete family of compatible programming languages 
for the 86/186 one can implement each module in the language most appropriate to the task at hand. 

PASCAL 86/186 object modules contain symbol and type information for program debugging using ICE emula­
tors and PSCOPE source language debugger. For final production version, the compiler can remove this extra 
inhrmation and code. 

tVAX, VMS are trademarks of Digital Equipment Corporation. 
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FEATURES 

Includes all the language features of Jensen & Wirth 
Pascal as defined in the ISO Pascal Standard. 

Supports required extensions for microcomputer ap­
plications. 

- Interrupt handling 

- Direct port I/O 

Separate compilation extensions allow: 

- Modular decomposition of large programs 

- Linkage with other Pascal modules as well as 
PL/M 86/186, ASM 86/186, C86/186 and FOR­
TRAN 86/186 

- Enforcement of type-checking at LINK-time 

Supports numerous compiler options to control the 
compilation process, to INCLUDE files, flag non­
standard Pascal statements and others to control 
program listing and object modules. 

Utilizes the IEEE standard for Floating-Point Arith­
metic (the Intel REALMATH standard) for arithmetic 
operations. 

Well-defined and documented run-time operating 
system interfaces allow the user to execute the ap­
plications under user-designed operations systems. 

Predefined type extensions allow: 

- Create precision in read, integer, and unsigned 
calculations. 

- Means to check 8087 errors 

- Circumvention of rigid type checking on calls to 
non-Pascal routines 

BENEFITS 

Pr~vides a standard Pascal for 86/186 based appli­
cations. 

- Pascal has gained wide acceptance as a porta­
ble application language for microcomputer ap­
plications 

- It is being taught in many colleges and universi­
ties around the world 

- It is easy to learn, originally intended as a vehicle 
for teaching computer programming 

- Improves maintainability: Type mechanism is 
both strictly enforced and user extendable 

- Few machine specific language constructs 

Strict implementation of the proposed ISO standard 
for Pascal aids portability of application programs. A 
compile time option checks conformance to the 
standard making it easy to write conforming pro­
grams. 

PASCAL 86/186 extensions via predefined proce­
dures for interrupt handling and direct port I/O make 
it possible to code an entire application in Pascal 
without compromising portability. 

Standard Intel REALMATH is easy to use and pro­
vides reliable results, consistent with other Intel lan­
guages and other implementations of the IEEE pro­
posed Floating-Point standard. 

Provides run-time support for co-processors. All 
real-type arithmetic is performed on the 86/20 nu­
meric data processor unit or software emulator. Run­
time library routines, common between Pascal and 
other Intel languages (such as FORTRAN), permit 
efficient and consistently accurate results. 

Extended relocation and linkage support allows the 
user to link Pascal program modules with routines 
written in other languages for certain parts of the 
program. For example, real-time or hardware depen­
dent routines written in ASM 86/186 or PL/M 
86/186 can be linked to Pascal routines, further ex­
tending the user's ability to write structured and 
modular programs. 

PASCAL 86/186 programs "talk" to the resident op­
erating system using Intel's standard interface for 
translated programs. This allows users to replace 
the development operating system by their own op­
erating systems in the final application. 

PASCAL 8086/8088 takes full advantage of 86/186 
high level language architecture to generate efficient 
machine code. 

Compiler options can be used to control the program 
listings and object modules. While debugging, the 
user may generate additional information such as 
the symbol record information required and useful 
for debugging using PSCOPE or ICE emulation. After 
debugging, the production version may be stream­
lined by removing this additional information. 
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SPECIFICATIONS 

ORDERING INFORMATION 

Ordering Code 
D86PAS86 

Operating Environment 

R86PAS86 

VVSPAS86 

MVVPAS86 

IBM PC XT/ATrunning PC DOS Version 3.0 or later 

Intel System 86/3XX running iRMXTM 86 

VAXNMS 

MICROVAXNMS 

Documentation Package 

PASCAL·86 User's Guide 

SUPPORT 

Hotline Telephone Support, Software Performance 
Report (SPR), Software Updates, Technical Re­
ports, and Monthly Technical Newsletters are avail-. 
able. . 
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PL/M 86/186 Software Package 
• Systems Programming Language for 

the 86/186 Processors 

• Language is Upward Compatible from 
PLIM 80, Assuring MCS®-80/85 Design 
Portability 

• Advanced Structured System 
Implementation Language for Algorithm 
Development 

• Supports 16-Bit Signed Integer and 32-
Bit Floating Point Arithmetic in 
Accordance with IEEE Proposed 
Standard . 

• Easy-to-Learn Block-Structured 
Language Encourages Program 
Modularity 

• Improved Compiler Performance Now 
Supports More User Symbols and 
Faster Compilation Speeds 

• Produces Relocatable Object Code 
Which Is Linkable to All Other 8086 
Object Modules 

• Code Optimization Assures Efficient 
Code Generation and Minimum 
Application Memory Utilization 

• Built-In Syntax Checker Doubles 
Performance for Compiling Programs 
Containing Errors 

• Resident on Choice of Hosts 

• 121CE Symbolic Debugging Fully 
Supported 

• PSCOPE Source Level Debugging Fully 
Supported 

PLIM 86/186 is an advanced, structured, high-level systems programming language. The PLIM 86/186 com­
piler was created specifically for performing software development for the Intel 86/186 Microprocessors. 
PL/M was designed so that program statements naturally express the program algorithm. This frees the 
programmer to concentrate on the logic of the program without concern for burdensome details of machine or 
assembly language programming (such as register allocation, meanings of assembler mnemonics, etc.). 

The PL/M 86/186 compiler efficiently converts free-form PL/M language statements into machine instruc­
tions. Substantially fewer PLIM statements are necessary for a given application than if it were programmed at 
the assembly language or machine code level. 

The use of PL/M high-level language for system programming, instead of assembly language, results in a high 
degree of engineering productivity during project development. This translates into significant reductions in 
initial software development and follow-up maintenance costs for the user. 

PLIM 8086 is available to run on the Intellec® Microcomputer Development Systems (Series III/Series IV) as 
well as the IBM PC XT/AT, DEC VAXtIVMSt, and Intel System 8086/3XX running iRMXTM 86. 

tVAX, VMS are trademarks of Digital Equipment Corporation. 
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FEATURES 

Major features of the Intel PLIM 8086 compiler and 
programming language include: 

Block Structure 

PL/M source code is developed in a series of mod­
ules, procedures, and blocks. Encouraging program 
modularity in this manner makes programs more 
readable, and easier to maintain and debug. The 
language becomes more flexible, by clearly defining 
the scope of user variables (local to a private proce­
dure). 

The use of procedures to break down a large 
problem is paramount to productive software 
development. The PL/M 8086 implementation of a 
block structure allows the use of REENTRANT (re­
cursive) procedures, which are especially useful in 
system design. 

Language Compatibility 

PLIM 8086 object modules are compatil",>le with ob­
ject modules generated by all other 8086 transla­
tors. This means that PLIM programs may be linked 
to programs written in any other 8086 language. 

Object modules are compatible with In-Circuit Emu­
lators; DEBUG compiler control provides the In-Cir­
cuit Emulators with symbolic debugging cap~bilities. 

PLIM 8086 Language is upward compatible with 
PLIM 80, so that application programs may be easily 
ported to run on the 8086. 

Supports Seven Data Types 

PLIM makes use of seven data types for various 
applications. These data types range from one to 
four bytes, and facilitate various arithmetic, logic, 
and addressing functions: 

- Byte: 8-bit unsigned number 

- Word: 16-bit unsigned number 

- DWORD: 32-bit unsigned number 

- Integer: 16-bit signed number 

- Read: 32-bit floating point number 

- Pointer: 16-bit or 32-bit memory address 
indicator 

- Selector: 16-bit base portion of a pointer 

Another powerful facility allows the use of BASED 
variables that map more than one variable to the 
same memory location. This is especially useful for 
passing parameters, relative and absolute address­
ing, and memory allocation. 

Two Data Structuring Facilities 

In addition to the five data types .and based vari­
ables, PL/M supports two data structuring facilities. 
These help the user to organize data into logical 
groups. 

- Array: Indexed list of same type of data elements 

- Structure: Named collection of same or different 
type data elements 

- Combinations of Each: Arrays of structures or 
structures ~f arrays 

8087 Numerics Support 

PLIM programs that use 32-bit REAL data may be 
executed using the Numeric Data Processor for im­
proved performance. All floating-point operations 
supported by PLIM may be executed on the 
8086/20 or 8088/20 NDP, or the 8087 Emulator (a 
software module) provided with the package. Deter­
mination of use of the chip or Emulator takes place 
at linktime, allowing compilations to be run~time in­
dependent. 

Built-In String Handling Facilities 

The PLIM 8086 language contains built-in functions 
for string manipulation. These byte and word func­
tions perform the following operations on character 
strings: MOVE, COMPARE, TRANSLATE, SEARCH, 
SKIP, and SET. 

Interrupt Handling 

PL/M has the facility for handling interrupts. A pro­
cedure may be defined with the INTERRUPT attri­
bute, and the compiler willi automatically initialize an 
interrupt vector at the appropriate memory location. 
The compiler will also generate code to save and 
restore the processor status, for execution of the 
user-defined interrupt handler routine. The proce­
dure SET$INTERRUPT, the function retuning an IN­
TERRUPT$PTR, and the PL/M statement CAU­
SE$INTERRUPT all add flexibility to user programs 
involving interrupt and handling. 
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Compiler Controls 

Including several that have been mentioned, the 
PL/M 8086 compiler offers more than 25 controls 
that facilitate such features as: 

- Conditional compilation 

Including additional PL/M source files from disk 

Corresponding assembly language code in the 
listing file 

Setting overflow conditions for run-time handling 

Segmentation Control 

The PLIM 8086 compiler takes full advantage of 
program addressing with the SMALL, COMPACT, 
MEDIUM, and LARGE segmentation controls. Pro­
grams with less than 64 KB total code space can 
exploit the most efficient memory addressing 
schemes, which lowers total memory requirements. 
Larger programs can exploit the flexibility of extend­
ed one-megabyte addressing. 

Code Optimization 

The PLIM 8086 compiler offers four levels of opti­
mization for significantly reducing overall program 
size. 

Combination or "folding" of constant expres­
sions; and short-circuit evaluation of Boolean ex­
pressions 

"Strength reductions" (such as a shift left rather 
than multiply by 2); and elimination of common 
sub-expressions within the same block 

Machine code optimizations; elimination of su­
perfluous branches; re-use of duplicate code; re­
moval of unreachable code 

Byte comparisons (rather than 20-bit address 
calculations) for pointer variables; optimization of 
based-variable operations 

Error Checking 

The PL/M 8086 compiler has a very powerful fea­
ture to speed up compilations. If a syntax or program 
error is detected, the compiler will skip the code 
generation and optimization passes. This usually 
yields a 2X performance increase for compilation of 
programs with errors. 

A fully detailed set of programming and compilation 
errors is provided by the compiler. 

M:DO; r Beginning of module"/ 

SORTPROC: PROCEDURE (PTA. COUNT. RECSIZE. KEYINDEX)~ 
DECLARE PTR POINTER. (COUNT. RECSIZE. KEYINDEX) INTEGER. 

PUBLIC and EXTERNAL attributes promote 
program modularity. 

/" Parameters: 
PTA is pointer to first record. 
COUNT is number of records to be sorted. . 
RECSIZE is, number of, bytes in each record-max is 128. 
KEYINDEX IS byte position within each record of a BYTE scalar I "Bas,ed" Variables allow manipulation of external data by 

10' :b~e~u~se~d~a~s ~so~rt~k,!ey~.~·I ___________ -1 p~s~m.g the base of the data structure (a pointer). This 
DECLARE(RECORD BASeD PT~(l) BYTE, l minimiZeS ~he ~TACK space used for parameter passing. and 

CURRENT (128) BYTE, the execution time to perform many STACK operations. 

(I. J) INTEGER: 

SORT: DO J~1 TO COUNT-t: 
CALL MOVB(@RECORD(J-RECSIZE). (@CURREND. RECSIZE): 

FIND: 

END M; 

I~J: 

DO WHILE 1>0 
AND RECORD((I- t),RECSIZE. KEYINOEX) 
>CURRENT(KEYINDEX): 

CALL MOVB(@RECORD((I-t)"RECSIZE). 
@RECORD(I·RECSIZE). 

101_ 1: 
RECSIZE): 

END FIND: 

END sg~f:L MOVB (@CURRENT. @RECORD(I-RECSIZE). RECSIZE): 

END SORTPROC: 

rEnd of module-' 

The ·'AT" operator returns the address of a 
~ariabl~, inst~ad of its contents. This is very useful 
In passing pOinters for based variables. 

! ~~~i~~f:t~~~~1 PUM built-,n procedures for string 

210689-5 

Figure 3. Sample PL/M 8086 Program 
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BENEFITS 

PLIM 8086 is designed to be an efficient, cost-effec­
tive solution to the special requirements of 8086 Mi­
crosystem . Software Development, as iIIus~rated by 
the following benefits of PL/M use: 

Cost-Effective Alternative to Assembly 
Language 

PL/M 8086 programs are code efficient. PLIM 8086 
combines all of the benefits of a high-level language 
(ease of use, high productivity) with the ability to ac­
cess the 8086 architecture. Consequently, for the 
development of systems software, PL/M 8086 is the 
cost-effective alternative to assembly language pro­
gramming. 

Low Learning Effort 

PLIM is easy to learn and to use, even for the nov­
ice programmer. 

Earlier Project Completion 

Critical projects are completed much earlier than 
otherwise possible because PL/M 8086, a struc­
tured high-level language, increases programmer 
productivity. 

. Lower Development Cost 

Increases in programmer productivity translate im­
mediately into lower software development costs 
because fewer programming resources are required 
for a given programmed function. 

In'creased Reliability 

PLIM 8086 is designed to aid in the development of 
reliable software (PLIM 8086 programs are simple 
statements of the program algorithm). This substan­
tially reduces the risk of costly correction of errors in 
systems that have already reached full production 
status, as the more Simply stated the program is, the 
more likely it is to perform its intended function. 

Easier Enhancements and 
Maintenance 

Programs written in PL/M tend to be self-document­
ing, thus easier to read and understand. This means 
it is easier to enhance and maintain PLIM programs 
as the system capabilities expand and future prod­
ucts are developed. 

SPECIFICATIONS 

Documentation Package 
PUM-8086 User's Guide for 8086-based Develop­
ment Systems 

SUPPORT: 

Hotline Telephone Support, Software Performance 
Reporting (SPR), Software Updates, Technical Re­
ports, Monthly Newsletter available. 

ORDERING INFORMATION 

Order Code 
D86PLM86 

R86PLM86 

WSPLM86 

MWSPLM86 

Operating Environment 
IBM PC XT I AT running PC DOS 
Version 3.0 or later 

Intel System 8086/3XX running 
iRMXTM 86 

VAXIVMS 

MICROVAXIVMS 
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iC-86/186 
C COMPILER FOR THE 8086 AND THE 80186 

• Implements Full C Language as Defined • Supports Small, Medium, Compact, and 
by the Draft ANSI Standard Large Models of Computation 

• Produces High Density Code Rivaling • Supports IEEE Floating Point Math with 
Assembler 8087 Coprocessor 

• Supports Both Standard Intel (PL/M- • Supports 1/0 and Hardware Interrupts 
like) and Standard C Calling Directly in C 
Conventions • Supports Full Standard 1/0 Library 

• Allows Mixed Memory Model (STDIO) 
Programming via Near and Far Pointers • Written in C 

• Available for DOS and VAX/VMS* • All Code and Libraries Are Fully 
Operating System Compatible 

• Designed to Work with Intel Debuggers 
such as 121CE and PSCOPE 

The C Programming Language was originally designed in 1972 and has become increasingly popular as a 
systems development language. C combines the flexibility and programming speed of a higher level language 
with the efficiency and control of assembly language. 

Intel iC-86 brings the full power of the C programming language to 8086, 8088, 80186, and 80188 based 
microprocessor systems. iC-86 has been developed specifically for embedded microprocessor-based applica­
tions. 

Intel iC-86 supports the full C language as described in the Kernighan and Ritchie book, "The C Programming 
Language", (Prentice-Hall, 1978). iC-86 implements the complete C language specification as defined in the 
ANSI X3J11 standard. 

iC-86 is an outstanding microprocessor system implementation language because it provides: 

1. the ability to manipulate the fundamental objects of the machine (including machine addresses) as easily as 
assembly language. 

2. the power and speed of a structured language supporting a large number of data types, storage classes, 
expressions and statements, 

3. processor independence (most programs developed for other processors can be easily transported to the 
8086), and 

4. code that rivals assembly language in efficiency 

INTEL iC-8S COMPILER 
DESCRIPTION 

The iC-86 compiler operates in four phases: pre­
processor, parser, code generator, and optimizer. 
The preprocessor phase interprets directives in C 
source code, including conditional compilations 

(# define). The parser phase converts the C pro­
gram into an intermediate free form and does all 
syntactic and semantic error checking. The code 
generator phase converts the parser's output into an 
efficient intermediate binary code, performs con­
stant folding, and features an extremely efficient reg­
ister allocator, ensuring high quality code. The opti­
mizer phase converts the output of the code gener-
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infef IC-86 C COMPILER FOR THE 8086/80186 

ator into relocatable Intel Object Module Format 
(OMF) code, without creating an intermediate as­
sembly file. Optionally, the iC-S6 compiler can pro­
duce a symbolic pseudo-assembly file. The iC-S6 
optimizer eliminates common code, eliminates re­
dundant loads and stores, and resolves span depen­
dencies (shortens branches) within a program. 

The iC-S6 runtime library consists of a number of 
functions which the C programmer can ,call. The run­
time system includes ,the standard 1/0 library 
(STDIO), conversion routines, routines for manipu­
lating strings, special routines to perform functioris 
not available on the SOS6 (32-bit arithmetic and em­
ulated floating point), and (where appropriate) rou­
tines for interfacing with the operating system. 

iC-S6 uses Intel's linker and locator and generates 
debug records for symbols and lines on request, per­
mitting access to Intel's PSCOPE AND 121CETM to 
aid in program testing. Intel's DOS LlNKS6 can also 
be used to create DOS executable .EXE files for pro­
totyping. 

FEATURES 

Memory Model Support 

iC-S6 supports the SMALL, MEDIUM, COMPACT, 
and LARGE segmentation models. A SMALL Model 
Program can have up to 64K bytes of code space 
and 64K bytes of total data, memory, and stack 
space for all combined modules. ,SMALL model will 
generate the most efficient code and is the compiler 
default. A MEDIUM Model Program cari have a sep_ 
erate 64K segment for each module of code, while 
total data, memory, and stack must be less than 
64K. In the COMPACT model code, data, stack, and 
memory can each reside in a separate 64K seg" 
men!. The LARGE model is intended for programs 
needing up to 64K of code space and 64K of data 
space for each module. LARGE model also provides 
up to 64K of stack space and up to 64K of space for 
memory. Mixed model programming is supported 
with "near" and "far" calls. 

Preprocessor Directives 

# define-defines a macro 

# include-includes code outside of the program 
source file 

#if-conditionally includes or excludes code 

Other preprocessor directives include #undef, 
#ifdef, #ifndef, #else, #endif, and #Iine. 

Statements 

The C language supports a variety of statements: 

Conditionals: IF, IF-ELSE 

Loops: WHILE, DO-WHILE, FOR 

Selection of cases: SWITCH,CASE, DEFAULT 

Exit from a function: RETURN 

Loop control: CONTINUE, BREAK 

Branching: GOTO 

Expressions and Operators 

The C language includes a rich set of expressions' 
and operators. 

Primary expression: invoke functions, select ele­
ments from arrays, and extract fields from structures 
or unions 

Arithmetic operators: add, subtract, multiply, divide, 
modulus 

Relational operators: greater than, greater than or 
equal, less than, less than or equal, not equal 

Unary operators: indirect through a pointer, compute 
an address, logical negation, ones complement, pro­
vide the size in bytes of an operand. 

Logical operators: AND, OR 

Bitwise operators: AND, exclusive OR, inclusive OR, 
bitwise complement· 

, . 

Calling Conventions 

iC-S6 provides two distinct calling conventions for 
handling the way parameters are, passed on the 
stack. The variable parameter list (VPL) is the de­
fault, and is consistent with most other,C compilers. 
VPL pushes the last (rightmost) parameter first, and 
the first parameter is pushed last. The fixed parame­
ter list (FPL)is the calling convention for most other 
Intel compilers, including PLIM. FPL pushes the first 
parameter first, and the last parameter last. By using 
the keyword "alien", the user can make direct PL/M 
calls. 
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Data Types and Storage Classes 

Data in C is described by its type and storage class. 
The type determines its representation and use, and 
the storage class determines its lifetime, scope, and 
storage allocation. The following data types are fully 
supported by iC-86. 

char 

an 8-bit signed integer 

int 

a 16-bit signed integer 

short 

same as int (on the 8086) 

long 

a 32-bit signed integer 

unsigned 

a modifier for integer data types (char, int, short, 
and long) which doubles the positive range of 
values 

float 

a 32-bit floating point number which utilizes the 
8087 or a software floating point library 

double 

a 64-bit floating point number 

bit-field 

maximum size is that of an int 

void 

a special type that cannot be used as an opera­
tor; normally used for functions called only for 
effect (to prevent their use in contexts where a 
value is required). 

enum 

an enumerated data type 

These fundamental data types may be used to 
create other data types including: arrays, func­
tions, structures, pointers, and unions. 

The storage classes available in iC-86 include: 

register 

suggests that a variable be kept in a machine 
register, often enhancing code density and 
speed 

extern 

a variable defined outside of the function where 
it is declared; retaining its value throughout the 
entire program and accessible to other modules 

auto 

a local variable, created when a block of code is 
entered and discarded when the block is exited 

static 

a local variable that retains its value until the 
termination of the entire program 

typedef 

defines a new data type name from existing data 
types 

BENEFITS 

Faster Compilation 

Intel iC-86 compiles C programs substantially faster 
than standard C compilers because it produces Intel 
OMF code directly, eliminating the traditional inter­
mediate process of generating an assembly file. 

Portability of Code 

Because Intel iC-86 supports the STOIO and pro­
duces Intel OMF code, programs developed on a 
variety of machines can easily be transported to the 
8086. 

Rapid Program Development 

Intel iC-86 provides the programmer with detailed er­
ror messages and access to PSCOPE-86 and 121CE 
to speed program development. A complete listing 
file can also be produced. 

Full Manipulation of the 
8086 and 80186 

Intel iC-86 enables the programmer to utilize fea­
tures of the C language to control bit fields, pointers, 
addresses and register allocation, taking full advan­
tage of the fundamental concepts ofthe 8086. A 
M00186 control is also available to provide full sup­
port for the additional instructions in the 80186. 
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SPECIFICATIONS 

Operating Environment, 

The iC-86 compiler runs host resident on DOS 3.0 or 
greater. iC-86 can also run as a cross compiler on a 
VAX 111780 computer under the VMS operating 
system. 640K bytes ofLJser Memory'is required on 
all versions. The PC DOS Operating Environment is 
also supported. Specify desired version when order­
ing. ~ 

Required Hardware 

VAX version: 

- Digital Equipment Corporation VAX 111780 or 
compatible computer running VMS 4.5 or greater 

PC DOS version: 

- PC XT or AT using PC DOS 3.0 or later 

- Hard disk recommended 

Required Software; 

MicroVAX or VAX version: 

- VMS Operating System 4.5 or greater 

PC DOS version: 

...:. PC DOS Release 3.0 or later Operati~g System 

Documentation Package 

ie-8B User Manual 

c: A Reference Manual by Harbison and Steele, 
(1987 Pr,entice~Hall) , 

Shipping Media 

VAX version: 

~ 1600 bpi, 9 track Magnetic tape 
, ' 

DOS version: 

- 5%" DOS format diskette 

- 3.5" DOS format diskette 

ORDERING INFORMATION 

Order Code Description 
MWSC86 iC-86 Cross Compiler for' 

MicroVAXIVMS 

WSC86 

D86C86 

iC-86 Cross Compiler for VAXIVMS 

iC-86 Compiler for PC DOS 

Intel Software' License required for VAX and 
MicroVAX versions 

SUPPORT 

Intel offers several levels of support for this product 
which are explained in detail in the price list. Please 
consult the price list for a description of the support 

, options available., ' 

°MDS is an ordering code only and is not used as a product 
name or trademark. MDS is a registered trademark, of Mo­
hawk Data Sciences Corporation. 

VAX, VMS are registered trademarks of Digital Equipment 
Corporation. 
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VAX*/VMS* RESIDENT 
8086/88/186 

SOFTWARE DEVELOPMENT PACKAGES 
• Executes on DEC VAX*/MicroVAX 

Minicomputer under VMS* Operating 
System to translate PL/M-86, Pascal-86 
and ASM-86 Programs for 8086, 88 
and 186 Microprocessors. 

• Packages include C-86; FORTRAN-86; 
Pascal-86; PL/M-86; ASM-86; Link and 
Relocation Utilities;OH-86 Absolute 
Object Module to Hexadecimal Format 
Converter; and Library Manager 
Program. 

• Output linkable with Code Generated 
on Intellec® Development Systems. 

The VAXIVMS Resident Software Development Packages contain software development tools for the 8086, 
88, and 186 microprocessors. The package lets the user develop, compile, maintain libraries, and link and 
locate programs on a VAX running the VMS operating system. The translator output is object module compati­
ble with programs translated by the corresponding version of the translator on an Intellec Development 
System. 

Four packages are available: 

1. An ASM-86 Assembler Package which includes the Assembler, the Link Utility, the Locate Utility, the 
absolute object to hexadecimal format conversion utility and the Library Manager Program. 

2. A PL/M-86 Compiler Package which contains the PL/M-86 Compiler and Runtime Support Libraries. 

3. A Pascal-86 Compiler Package which contains the Pascal-86 Compiler and Runtime Support Libraries. 

4. A C-86 Compiler Package which contains the C-86 Compiler and Run-Time Libraries. 

5. A FORTRAN-86 Compiler Package which contains the FORTRAN-86 Compiler and Run-Time Libraries.· 

The VAXIVMS resident development packages and the Intellec Development System development packages 
are built from the same technology base. Therefore, the VAXIVMS resident development packages and the 
Intellec Development System development packages are very similar. 

Version numbers can be used to identify features correspondence. The VAXIVMS resident deveiopment 
packages will have the same features as the Intellec Development System product with the same version 
~m~~ . 

The object modules produced by the translators contain symbol and type information for programming debug­
ging using ICETM translators and/or the PSCOPE debugger. For final production version, the compiler can 
remove this extra information and code. 

·VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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VAX*-PL/M-86/88/186 SOFTWARE PACKAGE 

• Executes on VAX*/MicroVAX • Code Optimization Assures Efficient 
Minicomputers under the VMS· Code Generation and Minimum 
Operating. System Application Memory Utilization. 

• Supports 16-Bit Signed Integer and • Built-In Syntax Checker Doubles 
32-Bit Floating Point Arithmetic In Performance for Compiling Programs 
Accordance with IEEE Proposed Containing Errors 
Standard • Source Input/Object Output Compatible 

• Easy-To-Learn Block-Structured with PL/M-86 Hosted on an Intellec® 
Language Encourages Program Development System 
Modularity • ICETM, PSCOPE Symbolic Debugging 

• Produces Relocatable Object Code Fully Supported 
Which Is Linkable to All Other Intel 
8086 Object Modules, Generated on 
Either a VAX*, a PCXT/AT running 
PC-DOS Version 3.0 or Intellec® 
Development Systems 

Like its counterpart for MCS®-80/85 program development, and Intellec® hosted 8086 program development, 
VAX-PL/M-86 is an advanced, structured high-level programming language. The VAX-PL/M-86 compiler was 
created specifically for performing software development for the Intel 8086, 88 and 186 Microprocessors. 

PLIM is a powerful, structured, high-level system implementation language in which program statements can 
naturally express the program algorithm. This frees the programmer to concentrate on the logic of the program 
without concern for burdensome details of machine or assembly language programming (such as register 
allocation, meanings of assembler mnemonics, etc.). 

The VAX-PLlM-86 compiler efficiently converts free~form PL/M language statements into equivalent 
8086/88/186 machine instructions. Substantially fewer PL/M statements are necessary for a given applica­
tion than if it were programmed at the assembly language or machine code level. 

The use of PLIM high-level language for system programming, instead of assembly language, results in a high 
degree of engineering productivity during project development. This translates into significant reductions in 
initial software devfjlopment and follow-on maintenance costs for the user. 

·VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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VAX*/VMS* RESIDENT 

VAX*-PASCAL-86/88 SOFTWARE PACKAGE 

• Executes VAX'/MicroVAX • Strict Implementation of ISO Standard 
Minicomputers under the VMS' Pascal 
Operating System • Useful Extensions Essential for 

• Produces Relocatable Object Code Microcomputer Applications 
Which is Linkable to All Other Intel • Separate Compilation with Type-
8086 Object Modules, Generated on Checking Enforced between Pascal 
Either a VAX', a PC XT/AT running PC- Modules 
DOS Version 3.0 or Intellec® 
Development Systems • Compiler Option to Support Full Run-

• ICETM, PSCOPE Symbolic Debugging 
Time Range-Checking 

Fully Supported • Source Input/Object Output Compatible 

Implements REALMATH for Consistent 
with Pascal-86 Hosted on a Intellec® • Development System 

and Reliable Results 

• Supports 8086/20, 88/20 Numeric Data 
Processors 

VAX-PASCAL-86 conforms to and implements the ISO Pascal standard. The language is enhanced to support 
microcomputer applications with special features, such as separate compilation, interrupt handling and direct 
port I/O. Other extensions include additional data types not required by the standard and miscellaneous 
enhancements such as an allowed underscore in names, an OTHERWISE clause in CASE construction and 
so forth. To assist the development of portable software,the compiler can be directed to flag all non-standard 
features. 

The VAX-PASCAL-86 compiler runs on the Digital Equipment Corporation VAX under the VMS Operating 
System. A well-defined I/O interface is provided for run-time support. This allows a user-written operating 
system to support application programs on the target system as an alternate to the development system 
environment. Program modules compiled under PASCAL-86 are compatible and linkable with modules written 
in PL/M-86, and ASM-86. With a complete family of compatible programming languages for the 8086, 88, and 
186 one can implement each module in the language most appropriate to the task at hand. 

·VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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VAX* 8086/88/186 MACRO ASSEMBLER 

• Executes on VAX*/MicroVAX 
Minicomputers under The VMS· 
Operating System 

• Produces Relocatable Object Code 
Which is Linkable to All Other Intel 
8086/88/186 Object Modules, 
Generated on Either a VAX·, a PC 
XT/AT running PC-DOS Version 3.0 or 
Intellec® Development Systems 

• Powerful and Flexible Text Macro 
, Facility with Three Macro Listing 
Options to Aid Debugging 

• Highly Mnemonic and Compact 
Language, Most Mnemonics Represent 
Several Distinct Machine Instructions 

• "Strongly Typed" Assembler Helps 
Detect Errors at Assembly Time 

• High-Level Data Structuring Facilities 
Such as "STRUCTURES" and 
"RECORDS" 

• Over 120 Detailed and Fully 
Documented Error Messages 

• Produces Relocatable and Linkable 
Object Code 

• Source Input/Object Output Compatible 
with ASM-86 hosted on an Intellec® 
Development System 

VAX-ASM-86 is the "high-level" macro assembler for the 8086/88/186 assembly language. VAX-ASM-86 
translates symbolic 8086/88/186 assembly language mnemonics into 8086/88/186 relocatable object code. 

VAX-ASM-86 should be used where maximum code efficiency and hardware control is needed. The 
8086/88/186 assembly language includes approximately 100 instruction mnemonics. From these few mne­
monics the assembler can generate over 3,800 distinct machine instructions. Therefore, the software develop­
ment task is simplified, as the programmer need know only 100 mnemonics to generate all possible 8086/88/ 
186 machine instructions. VAX-ASM-86 will generate the shortest machine instruction possible given no for­
ward referencing or given explicit information as to the characteristics of forward referenced symbols. 

VAX-ASM-86 offers many features normally found only in high-level languages. The 8086/88/186 assembly 
language is strongly typed. The assembler performs extensive checks on the usage of variable and labels. The 
assembler uses the attributes which are derived explicity when a variable or label is first defined, then makes 
sure that each use of the symbol in later instructions conforms to the usage defined for that symbol. This 
means that many programming errors will be deteced when the program is assembled, long before it is being 
debugged on hardware. 

'VAX, DEC. and VMS are trademarks of Digital Equipment Corporation .. 
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VAX*-LIB-86 

• Executes on VAX*/MicroVAX 
Minicomputers under the VMS· 
Operating System 

• VAX-LlB-86 is a Library Manager 
Program which Allows You to: 
Create Specifically Formatted Files to 
Contain Libraries of Object Modules 
Maintain These Libraries by Adding or 
Deleting Modules 
Print a Listing of the Modules and 
Public Symbols in a Library File 

• Libraries Can be Used as Input to 
VAX-LlNK-86 Which Will Automatically 
Link Modules from the Library that 
Satisfy External References in the 
Modules Being Linked 

• Abbreviated Control Syntax 

Libraries aid in the job of building programs. The library manager program VAX-LlB-86 creates and maintains 
files containing object modules. The operation of VAX-LlB-86 is controlled by commands to indicate which 
operation VAX-LlB-86 is to perform. The commands are: 

CREATE: creates an empty library file 

ADD: adds object modules to a library file 

DELETE: deletes modules from a library file 

LIST: lists the module directory of library files 

EXIT: terminates the LlB-86 program and returns control to VMS 

When using object libraries, the linker will call only those object modules that are required to satisfy external 
references, thus saving memory space. 

VAX-OH-86 

• Executes on VAX*/MicroVAX 
Minicomputers under the VMS' 
Operating System 

• Converts an 8086/88/186 Absolute 
Object Module to Symbolic 
Hexademical Format 

• Facilitates Preparing a file for Loading 
by Symbolic Hexadecimal Loader (e.g. 
iSBC® Monitor SDK-86 Loader), or 
Universal PROM Mapper 

• Converts an Absolute Module to a More 
Readable Format that can be Displayed 
on a CRT or Printed for Debugging 

The VAX-OH-86 utility converts an 86/88 absolute object module to the hexadecimal format. This conversion 
may be necessary for later loading by a hexadecimal loader such as the iSBC 86/12 monitor or the Universal 
PROM Mapper. The conversion may also be made to put the module in a more readable format that can be 
displayed or printed. 

The module to be converted must be in absolute form; the output from VAX-LOC-86 is in absolute format. 

'VAX, VMS are trademarks of Digital Equipment Corporation. 
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VAX*-LINK-86 

• Executes on VAX· IMicroVAX • Automatic Generation ofa Summary 
. Minicomputers under the' VMS· Map Giving Results of the LlNK"86 
Operating System Process 

• Automatic' Combinatio.n of Separately • Abbreviated Control Syntax 
Compiled or Assembled 86/881186 . • Rel()catable modules may be Merged 
Programs into a Relocatable Module, into a Single Module Suitable for 
Generated on Either a VAX, a PC ,Inclusion ina Library 
XT I AT running PC-DOS Version 3.0 or 
an Intellec® Development System • Supports "Incremental" Linking 

• Automatic Selection of Required • Supports Type Checking of Public and 
Modules from Specified Libraries to External Symbols 
Satisfy Symbolic References 

• Extensive Debug Symbol Manipulation, 
allowing LIne Numbers, Local Symbols; 

. and Public Symbols to be Purged and 
Listed Selectively 

VAX-liNK-S6 combines object modules specified in the VAX-liNK-S6 input list into a single output module. 
VAX-liNK-S6 combines segments from the input modules according to the order in which the modules are 
listed. 

VAX-liNK-S6 will accept libraries and object modules built from VAX-PL/M-S6, VAX-PASCAL·S6, VAX-ASM­
S6, or any other Intel translator generating SOS6 Relocatable Object Modules, such as the Series III resident 
translators. 

Support for incremental linking is provided since an output module produced by VAX-liNK-S6 can be an input 
to another link. At each stage in the incremental linking proce:;s, unneeded public symbols may be purged. 

V AX-liNK-S6 supports type checking of PUBLIC and EXTERNAL symbols reporting a warning if their types are 
not consistent. ' 

VAX-liNK-S6 will link any valid set of input modules without any controls., However, controls are. av~ilable to 
control the output 0.1 diagnostic information in the VAX-liNK-S6 process and to contr<;ll the content of the 
output module. 

VAX-liNK-S6' allows the user to create a large program as the combination of several smaller, separately 
compiled modules. After development and debugging of these component modules the user can link them 
together, locate them using VAX-LOC-S6 and enter final testing with much of the work accomplished. 

·VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 
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VAX*-LOC-86 

• Executes on the VAX*/MicroVAX • Abbreviated Control Syntax 
Minicomputers under the VMS* • Automatic and Independent Relocation 
Operating System of Independent Relocation of 

• Automatic Generation of a Summary Segments. Segments May be Relocated 
Map Giving Starting Address, Segment to Best Match Users Memory 
Addresses and Length, and Debug Configuration 
Symbols and their Addresses • Extensive Debug Symbol Manipulation, 

• Extensive Capability to Manipulate the Allowing Line Numbers, Local Symbols, 
Order and Placement of Segments in and Public Symbols to be Purged and 
8086/8088 Memory Listed Selectively 

Relocatability allows the programmer to code programs or sections of programs without having to know the 
final arrangement of the object code in memory. 

VAX-LOC-86 converts relative addresses in an input module in iAPX-86/88/186 object module format to 
absolute addresses. VAX-LOC-86 orders the segments in the input module and assigns absolute addresses to 
the segments. The sequence in which the segments in the input module are assigned absolute addresses is 
determined by their order in the input module and the controls supplied with the command. 

VAX-LOC-86 will relocate any valid input module without any controls. However, controls are available to 
control the output of diagnostic information in the VAX-LOC-86 process, to control the content of the output 
module, or both. 

The program you are developing will almost certainly use some mix of random access memory (RAM), read­
only memory (ROM), and/or programmable read-only memory (PROM). Therefore, the location of your pro­
gram affects both cost and performance in your application. The relocation feature allows you to develop your 
program and then simply relocate the object code to suit your application. 

·VAX, DEC, and VMS are trademarks of Digital Equipment Corporation. 

22-389 



inter VAX*/VMS* RESIDENT 

SPECIFICATIONS 

Operating Environment 

Required Hardware 

VAX' 11/780, 11/782, 11/750, or 11/730 9 Track 
Magnetic Tape Drive, 1600 BPI 

MicroVAX II with TK-50 tape drive. 

Required Software 

VMS Operating System V3.0 or Later. All of the de­
velopment packages are delivered as unlinked VAX 
object code which can be linked to VMS as de­
signed for the system where the development pack­
age is to be used. VMS command' files to perform 
the link are provided. 

MicroVMS (V4.4 or later). 

Documentation Package 

iAPX-86, 88 Development Software Installation Man­
ual and User's Guid,e for VAXIVMS, Order number 
121950-001 

Shipping Media 

9 Track Magnetic Tape 1600 bpi (VAX) 

TK-50 Cartridge Tape (MicroVAX) 

ORDERING INFORMATION 

Part Number 

VVSASM86 

VVSPLM86 

iMDX-344VX 

Description 

VAX-ASM-86, VAX-LlNK-86, 
VAX-LOC-86, VAX-LlB-86, 
VAX-OH-86, Package 

VAX-PLM-86 Package 

VAX-PASCAL-86 Package 

VVSC86 VAX-C-86 Package 

MVVSASM86 MICROVAX ASM86 Package 

MVVSPLM86 MICROVAX PLM86 Package 

MVVSC86 MICROVAX C86 Package 

MVVSFORT86 MICROVAX FORTRAN 86 Package 

REQUIRES SOFTWARE LICENSE 
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8087 SUPPORT LIBRARY 

• Library to Support Floating Point 
Arithmetic in Pascal-86, 
PL/M-86, FTN-86 and ASM-86 

• Decimal Conversion Library Supports 
Binary-Decimal Conversions 

• Supports Proposed IEEE Floating Point 
Standard for High Accuracy and 
Software Portability 

• Common Elementary Function Library 
Provides Trigonometric, Logarithmic 
and Other Useful Functions 

• Error-Handler Module Simplifies 
Floating Point Error Recovery 

The SOS7 Support Library provides Pascal-S6, FORTRAN-S6, PLlM-S6 and ASM-S6 users with numeric data 
processing capability. With the Library, it is easy for programs to do floating point arithmetic. Programs can 
bind in library modules to do trigonometric, logarithmic and other numeric functions, and the user is guaranteed 
accurate, reliable results for all appropriate inputs. Figure 1 below illustrates how the SOS7 Support Library can 
be bound with PLlM-S6 and ASM-S6 user code to do this. The SOS7 Support Library supports the proposed 
IEEE Floating Point Standard. Consequently, by using this Library, the user not only saves software develop­
ment time, but is guaranteed that the numeric software meets industry standards and is portable-the software 
investment is maintained. 

The SOS7 Support Library consists of the common elementary function library (CELS7.LlB), the decimal con­
version library (DCS7.L1B), the emulator interface library E8087.LlB, the error handler module (EH87.LlB) and 
interface libraries (SOS7.L1B, NULS7.L1B). 

B.PLM 

A.PLM 

mq.rTHH: PROCEDURE (THETA) REALO:TERNAL: 
D£ClARETHETAREAL; 

ENDmqlrTNH: 

DECLARE (lNPUTVALUE,OUTPUT VA1.UE) REAL: 

INPUT VALUE=O.62;j'r .. t vol~"/ 

OUTPUTVAlUE=mq .. TNH(INPUJYAlUE): 

t.'~50t'"t;8Itt,!'. I .. t Inpyt, OUTPUT VA.LUE I, Qbout 

D.ASM 

C.ASM 
:Thl. EXTRN mu!tt QPPIOl' olltold. ofoU S[GWENT-ENDS 

iIXO~Nmq.rTNH'FAR. 
tNPU~VALUEDQ(-O,82) ~1~"IOUO"r~ot •• t 

aUlJ>UrVAlUE DO '1 

;~~;:~t~~:.i,:nUI~I~~.~:~ t~~~t"oM~{!t 
;.oriob"'. 

FlD INPUT VALUE :lood thl porom.t~r Inlo thl 8087 
:.tack 

~~ g'U'WJ~'tALUE ~~ I~:. hlri~:~':n~o~:nt~. 
:8087at<>o;k 

:W1thll •• tnllnp",l,aUTPUTV,I,lU[lsnowobout 
;-0.:5:5112803 

Pl/M-86 

ASM-86 

, COMPILED 
SOURCE MODULES 

ASSEMBLED 
SOURCE MODULES 

8087 SUPPORT 
LIBRARY 

lINK-86 

LINKED USER 
OBJECT MODULE 

231613-1 

Figure 1. Use of 8087 Support Library with PL/M-86 and ASM-86 
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CEL87.LIB 
THE COMMON ELEMENTARY FUNCTION LIBRARY 

FUNCTIONS 

CEl8?LlB contains commonly used floating point 
functions. It is used along with the 808? numeric co­
processor. It provides a complete package of ele­
mentary functions, giving valid results for all appro­
priate inputs. Following is a summary of CEl8? func­
tions, grouped by functionality. 

Rounding and Truncation Functions: 
mqerlEX, mqerlE2, and mqerlE4. Round a real 

number to the nearest integer; to the 
even integer ifthere is a tie. The an­
swer returned is real, a 16-bit integer 
or a 32-bit integer respectively. 

mqerlAX, mqerlA2, mqerlA4. Round a real num­
ber to the nearest integer, to the inte­
ger away from zero if there is a tie; the 
answer returned is real, a 16-bit inte­
ger or a 32-bit integer, respectively. 

mqerlCX, mqerlC2, mqerlC4. Truncate the frac­
tional part of a real input; the answer 
is real, a 16-bit integer or 32-bit inte­
ger, repectively. 

Logarithmic and Exponential 
Functions: 
mqerlGD 

mqerlGE 

mqerEXP 

mqerY2X 

mqerY12 

mqerY14 

mqerYIS 

computes decimal. (base 10) loga­
rithms. 

computes natural base (base e) loga­
rithms. 

computes exponentials to the base e. 

computes exponentials to any base. 

raises an input real to a 16-bit integer 
power. 

is as mqerY12, except to a 32-bit inte­
ger power. 

is as mqerY12, but it accommodates 
PLlM-286 users. 

Trigonometric and Hyperbolic 
Functions: 
mqerSIN, mqerCOS, mqerTAN compute sine, 

cosine, and tangent. 

mqerASN, mqerACS, mqerATN compute the 
corresponding inverse functions. 

mqerSNH, mqerCSH, mqerTNH compute the 
corresponding hyperbolic functions. 

mqerAT2 is a special version of the arc tangent 
function that accepts rectangular co­
ordinate inputs. 

Other Functions (of real variables): 
mqerDIM is FORTRAN's positive difference 

function. 

mqerMAX returns the maximum of two real in­
puts. 

mqerMIN returns the minimum of two real in­
puts. 

mqerSGH combines the sign of one input with 
the magnitude of the other input. 

mqerMOD computes a modulus, retaining the 
sign of the dividend. 

mqerRMD computes a modulus, giving the value 
closest to zero. 

Complex Number Functions: 
mqercCMUl, and mqercCDIV perform complex 

multiplication and division of complex 
numbers. 

mqercCPOl converts complex numbers from rec­
tangular to polar form. mqercCREC 
converts complex numbers from polar 
to rectangular form. 

mqercCSQR, and mqercCABS compute the com­
plex square root and real absolute 
value (magnitude) of a complex num­
ber. 

mqercCEXP, and mqercClGE compute the com­
plex value of e raised to a complex 
power and the complex natural loga­
rithm (base e) of a complex number. 

mqercCSIN, mqercCCOS, and mqercCTAN com­
pute the complex sine, cosine, and 
tangent of a complex number. 

mqercCASN, mqercCACS, and mqercCATN com­
pute the complex inverse sine, co­
sine, and tangent of a complex num­
ber: 

mqercCSNH, mqercCCSH, and mqercCTNH com­
pute the complex hyperbolic sine, co­
sine, and tangent of a complex num­
ber. 
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mqercCACH, mqercCASI;l, and mqercCATH com­
pute the com pies inverse hyperbolic 
sine, cosine, and tangent of a com­
plex number. 

mqercCC2C, mqercCR2C, mqercCC2R, mqercCCl2, 
mqercCCl4, and mqercCCIS return 
complex values of complex (or real) 
values raised to complex (real, short 
integer, or long integer) values. 

DC87.LIB 
THE DECIMAL CONVERSION LIBRARY 

DC87.LlB is a library of procedures which convert 
binary representations of floating point numbers and 
ASCII-encoded string of digits. 

The binary-to-decimal procedure mqcBIN_DE­
CLOW accepts a binary number in any of the for­
mats used for the representation of floating point 
numbers in the 8087 .. Because there are so many 
output formats for floating point numbers, mqcBIN_ 
DECLOW does not attempt to provide a finished, 
formatted text string. Instead, it provides the "build­
ing blocks" for you to use to construct the output 
string which meets your exact format specification. 

The decimal-to-binary procedure mqcDEC_BIN ac­
cepts a text string which consists of a decimal num­
ber with optional sign, decimal point, and/or power­
of-ten exponent. It translates the string into the call­
er's choice of binary formats. 

Decimal-to-binary procedure mqcDECLOW_BIN is 
provided for callers who have already broken the 
decimal number into its constituent parts. 

The procedures mqcLONG_TEMP, mqcSHORT_ 
TEMP, mqcTEMP _LONG, and mqcTEMP _SHORT 
convert floating point numbers between the longest 
binary format, TEMP_REAL, and the shorter for­
mats. 

EH87.L1B 
THE ERROR HANDLER LIBRARY 

EH87.LlB is a library of five utility procedures for 
writing trap handlers. Trap handlers are called when 
an unmasked 8087 error occurs. 

The 8087 error reporting mechanism can be used 
not only to report error conditions, but also to let 
software implement IEEE standard options not di­
rectly supported by the chip. The three such exten­
sions to the 8087 are: normalizing mode, non-trap­
ping not-a-number (NaN), and non-ordered compari­
son. The utility procedures support these extra fea­
tures. 

DECODE is called near the beginning of the trap 
handler. It preserves the complete state of the 8087, 
and also identifies what function called the trap han­
dier, and returns available arguments and/or results. 
DECODE eliminates much of the effort needed to 
determine what error caused the trap handler to be 
called. . 

NORMAL provides the "normalizing mode" capabili­
ty for handling the "0" exception. By calling NOR-

MAL in your trap handler, you eliminate the need to 
write code in your application program which tests 
for non-normal inputs. 

SIEVE provides two capabilities for handling the "I" 
exception. It implements non-trapping NaN's and 
non-ordered comparisons. These two IEEE standard 
features are useful for diagnostic work. 

ENCODE is called near the end of the trap handler. 
It restores the state of the 8087 saved by DECODE, 
and performs a choice of concluding actions, by ei­
ther retrying the offending function or returning a 
specified result. 

FILTER calls each of the above four procedures. If 
your error handler does nothing more than detect 
fatal errors and implement the features supported by 
SIEVE and NORMAL, then your interface to 
EH87.LlB can be accomplished with a single call to 
FILTER. 
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SOS7.LIB, NULS7.LlB, ESOS7.LlB 
INTERFACE LIBRARIES 

E8087.L1B, 80B7.L1B and NULB7.L1B libraries config­
ure a user's application program for his run-time 

FULL 8087 EMULATOR 

The Full 80B7 Emulator is a 16-kilobyte object mod­
ule that is linked to the application program for float­
ing-point operations. Its functionality is identical to 
the BOB7 chip, and is ideal for prototyping and de­
bugging floating-point applications. The Emulator is 
an alternative to the use of the BOB7 chip, although 
the latter executes floating-point applications up to 
100 times faster than an BOB6 with the BOB7 Emula­
tor. Furthermore, since the 80B7 is a "coprocessor," 
use of the chip will allow many operations to be per­
formed in parallel with the BOB6. 

ORDERING INFORMATION 

Part Number 

iMDS 319 

Requires Software License 

SUPPORT 

Description 

BOB7 Support Library 

Intel offers several levels of support for this product 
which are explained in detail in the price list. Please 

environment; running with the B087 component or 
without floating point arithmetic, respectively. 

SPECIFICATIONS 

Operating Environment 

Intel Microcomputer Development Systems (Series 
III, Series IV) 

Documentation Package 

8087 Support Library Reference Manual 

consult the price list for a description of the support 
options available. 
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• Library to support floating point 
arithmetic in Pascal-286, PL/M-286 and 
ASM-286 

• Decimal conversion library supports 
binary-decimal conversions 

• Supports proposed IEEE Floating Point 
Standard for high accuracy and 
software portability 

• Common elementary function library 
provides trigonometric, logarithmic and 
other useful functions 

• Error-handler module simplifies floating 
point error recovery 

The 80287 Support Library provides Pascal-286, PL/M-286 and ASM-286 users with numeric data processing 
capability. With the Library, it is easy for programs to do floating point arithmetic. Programs can bind in library 
modules to do trigonometric, logarithmic and other numeric functions, and the user is guaranteed accurate, 
reliable results for all appropriate inputs. Figure 1 below illustrates how the 80287 Support Library can be 
bound with PL/M-286 and ASM-286 user code to do this. The 80287 Support Library supports the proposed 
IEEE Floating Point Standard. Consequently, by using this Library, the user not only saves software develop­
ment time, but is guaranteed that the numeric software meets industry standards and is portable-the software 
investment is maintained. 

The 80287 Support Library consists of the common elementary function library (CEL287.LlB), the decimal 
conversion library (DC287.LlB), the error handler module (EH287.LlB) and interface libraries (80287.LlB, 
NUL287.LlB). 

B.PLM 

A.PLM 

m~~C~~E ~~~O~~1.fTH£TA) REAL EXTERNAL; 

[NO mqlrTNH: 

DECLARE (INPUT VALUE, OUTPUT VALUE) REAL; 

INPUT VALU[=Q.62:j"Tnt yoh .•• "/ 

OUTPUT VALUE=mcwTNH(INPUT VALUE): 

j"Now with the tul Input, OUTPUT VALUE It gbout 
0.55112803"/ . 

D.ASM 

C.ASM 
:T~\~ EXTRH ml,ld opplor oul$lda of gU SEGUENT-ENDS 

l'XfRN mqlr Tt/H: fAR 

INPUT VALUE: 00(-0.62) ;lnltionzotlon Is a test 
;volue 

OUTPUT VALUE DO ? 

:The followl"IiI c::ode dupUcotu the above PL/101 
;OIQlgnmlnl .totemenl, uClpl with LONG REAL 
;vorlabln 

flO INPUT VALUE :Lood the porcm,.tlr Into tn, 80281 
;stock 

;:}~ 3'uWm~ALUE ~~~;,.Ith·' 7J's~~i'l;.~a~~~~~. 
;802137 stock 

:Wlth th. lISt Input, OUTPUT VALUE Is now about 
:-0.55112803 

ASM-286 

COMPILED 
SOURCE MODULES 

ASSEMBLED 
SOURCE MODULES 

80287 SUPPORT 
LIBRARY 

LINKED USER 
OBJECT MODULE 

231041-1 

Figure 1. Use of 80287 Support Library with PL/M-286 and ASM-286 
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CEL287.LIB 
THE COMMON ELEMENTARY FUNCTION LIBRARY 

FUNCTIONS 

CEL287.LlB contains commonly used floating point 
functions. It is used along with the 80287 numeric 
coprocessor. It provides a complete package of ele­
mentary functions, giving valid results for all appro­
priate inputs. Following is a summary of CEL287 
functions, grouped by functionality. 

Rounding and Truncation Functions: 
mqerlEX, mqerlE2, and mqerlE4. Round a real 

number to the nearest integer; to the 
even integer if there is a tie. The an­
swer returned is real, a 16-bit integer 
or a 32-bit integer respectively. 

mqerlAX, 

mqerlCX, 

mqerlA2, mqerlA4. Round a real num­
ber to the nearest integer, to the inte­
ger away from zero if there is a tie; the 
answer returned is real, a 16-bit inte­
ger or a 32-bit integer, respectively. 

mqerlC2, mqerlC4. Truncate the frac­
tional part of a real input; the answer 
is real, a 16-bit integer or 32-bit inte­
ger, repectively. 

Logarithmic and Exponential 
Functions: 
mqerLGD 

mqerLGE 

mqerEXP 

mqerY2X 

mqerY12 

mqerY14 

mqerYIS 

computes decimal (base 10) loga­
rithms. 

computes natural base (base e) loga­
rithms. 

computes exponentials to the base e. 

computes exponentials to any base. 

raises an input real to a 16-bit integer 
power. 

is as mqerY12, except to a 32-bit inte­
ger power. 

is as mqerY12, but it accommodates 
PL/M-286 users. 

Trigonometric and Hyperbolic 
Functions: 
mqerSIN, 

mqerASN, 

mqerCOS, mqerT AN compute sine, 
cosine, and tangent. 

mqerACS, mqerATN compute the 
corresponding inverse functions. 

mqerSNH, mqerCSH, mqerTNH compute the 
corresponding hyperbolic functions. 

mqerAT2 is a special version of the arc tangent 
function that accepts rectangular co­
ordinate inputs. 

Other Functions (of real variables): 
mqerDIM· is FORTRAN's positive difference 

function. 

mqerMAX 

mqerMIN 

mqerSGH 

returns the maximum of two real in­
puts. 
returns the minimum of two real in­
puts. 

combines the sign of one input with 
the magnitude of the other input. 

mqerMOD computes a modulus, retaining the 
sign of the dividend. 

mqerRMD computes a modulus, giving the value 
closest to zero. 

Complex Number Functions: 
mqercCMUL, and mqercCDIV perform complex 

multiplication and division of complex 
numbers. 

mqercCPOL converts complex numbers from rec­
tangular to polar form. mqercCREC 
converts complex numbers from polar 
to rectangular form. 

mqercCSQR, and mqercCABS compute the com­
plex square root and real absolute 
value (magnitude) of a complex num­
ber. 

rriqercCEXP, and mqercCLGE compute the com­
plex value of e raised to a complex 
power and the complex natural loga­
rithm (base e) of a complex number. 

mqercCSIN, mqercCCOS, and mqercCTAN com­
pute the complex sine, cosine, and 
tangent of a complex number. 

mqercCASN, mqercCACS, and mqercCATN com­
pute the compl~x inverse sine, co­
sine, and tangent of a complex num­
ber. 

mqercCSNH, mqercCCSH, and mqercCTNH com­
pute the complex hyperbolic sine, co­
sine, and tangent of a complex num­
ber. 
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Complex Number Functions: (Continued) 
mqercCACH, mqercCASH, and mqercCATH com­

pute the comples inverse hyperbolic 
sine, cosine, and tangent of a com­
plex number. 

mqercCC2C, mqercCR2C, mqercCC2R, mqercCCl2, 
mqercCCl4, and mqercCCIS return 
complex values of complex (or real) 
values raised to complex (real, short 
integer, or long integer) values. 

DC287.LlB 
THE DECIMAL CONVERSION LIBRARY 

DC287.LlB is a library of procedures which convert 
binary representations of floating point numbers and 
ASCII-encoded string of digits. 

The binary-to-decimal procedure mqcBIN_DE­
CLOW accepts a binary number in any of the for­
mats used for the representation of floating point 
numbers in the 80287. Because there are. so many 
output formats for floating point numbers, mqcBIN_ 
DEC LOW does not attempt to provide a finished, 
formatted text string. Instead, it provides the "build­
ing blocks" for you to use to construct the output 
string which meets your exact format specification. 

The decimal-to-binary proced~re mqcDEC_BIN ac­
cepts a text string which consists of a decimal num­
ber with optional sign, decimal point, and/or power­
of-ten exponent. It translates the string into the call­
er's choice of binary formats. 

Decimal-to-binary procedure mqcDECLOW_BIN is 
provided for callers who have already broken the 
decimal number into its constituent parts. 

The procedures mqcLONG_ TEMP, mqcSHORT_ 
TEMP, mqcTEMP _LONG, and mqcTEMP _SHORT 
convert floating point numbers between the longest 
binary format, TEMP_REAL, and the shorter for­
mats. 

EH287.lIB 
THE ERROR HANDLER LIBRARY 

EH287.LlB is a library of five utility procedures for 
writing trap handlers. Trap handlers are called when 
an unmasked 80287 error occurs. 

The 80287 error reporting mechanism can be used 
not only to report error conditions, but also to let 
software implement IEEE standard options not di­
rectly supported by the chip. The three such exten­
sions to the 80287 are: normalizing mode, non-trap­
ping not-a-number (NaN), and non-ordered compari­
son. The utility procedures support these extra fea­
tures. 

DECODE is called near the beginning of the trap 
handler. It preserves the complete state of the 
80287, and also identifies what function called the 
trap handler, and returns available arguments 
and/or results. DECODE eliminates much of the ef­
fort needed to determine what error caused the trap 
handler to be called. 

NORMAL provides the "normalizing mode" capabili­
ty for handling the "D" exception. By calling NOR-

MAL in your trap handler, you eliminate the need to 
write code in your application program which tests 
for non-normal inputs. 

SIEVE provides two capabilities for handling the "I" 
exception. It implements non-trapping NaN's and 
non-ordered comparisons. These two IEEE standard 
features are useful for diagnostic work. 

ENCODE is called near the end of the trap handler. 
It restores the state of the 80287 saved by DE­
CODE, and performs a choice of concluding actions, 
by either retrying the offending function or returning 
a specified result. 

FILTER calls each of the above four procedures. If 
your error handler does nothing more than detect 
fatal errors and implement the features supported by 
SIEVE and NORMAL, then your interface to 
EH287.LlB can be accomplished with a single call to 
FILTER. 

22-397 



infef 80287 SUPPORT LIBRARY 

80287.LlB, NUL287.LlB 
INTERFACE LIBRARIES 

80287.LlB and NUL287.LlB libraries configure a us­
er's application program for his run-time environ-

SPECI FICATIONS 

Operating Environment 

Intel Microcomputer Development Systems (Series 
III, Series IV) 

Documentation Package 

80287 Support Library Reference Manual 

Related Software 

A 80287 software emulator is available as part of the 
8086 software toolbox (iMDX364) 

ment; running with the 80287 component or without 
floating point arithmetic, respectively. 

ORDERING. INFORMATION 
Part Number Description 
iMDX329 80287 Support Library 

Requires Software License 

SUPPORT 

Intel offers several levels of support for this product 
which are explained in detail in the price list. Please 
consult the price list for a description of the support 
options available. . 
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inter iPATTM PERFORMANCE ANALYSIS TOOL 

• Provides Real-Time Performance • Complements Emulator by Allowing 
Analysis and Real-Time Test Coverage Simultaneous Debugging and 
of Code Written for 8086/8088, Performance Analysis 
80186/80188, and 80286 Processors • Permits Activation of Analysis using 

• Displays Performance-Analysis Emulator Procedures 
Histograms to Isolate Slow Code • Handles Up to 24-Bit Execution 

• Displays Test Coverage Tables to Address Space 
Isolate Untested Code; Permits Saving • Permits Specification of Analysis 
and Updating Test Results Address Ranges Symbolically or with 

• Measures Interrupt Latency Absolute Addresses 

• Does not Intrude Into Program Being • Provides Flexible Isolation of Code 
Analyzed Ranges, Windowed Events, and 

• Collects 100% of Execution Data Interrupt Activity 

The Intel Performance Analysis Tool (iPATTM) helps software engineers optimize code and improve software 
reliability. Software object code generated by Intel assemblers and Intel compilers (e.g., for C, PLlM, Pascal, 
Ada, and FORTRAN) can be analyzed symbolically to improve software execution efficiency and to validate 
test coverage. Any object code that lacks Intel compiler information-but that can be run by Intel emulators 
and for which an absolute program map is available-can also be analyzed (nonsymbolically) by the iPAT 
analyst. iPAT operation is currently supported via a target interface to the 121CETM Integrated Instrumentation 
and In-Circuit Emulation System. 

Mode: PROFILE ABS TRUE 
PTIMEBASE: 10us HISTO TIME 
Include calls SORT ADDRESS 
Status: OK FILTER FALSE 

Event :TimeCms)O% 5% 10% 15% 
---------------------+--------+---------+---------+---------+-------_. 
GET~LOADING~INFO 

FIND~3D~POSITION 

READ~SURFACE~SENSORS 

GET~AIRSPEED 
GET~THROTTLE~SETTING 

GET~AILERON~POSITIONS: 

GET~RUDDER~POSITION 

GET~FLAP~POSTIONS 
CALCULATE~FEASIBILITY: 

REFRESH~PILOT~DISPLAY: 

GET~PILOT~RESPONSE 
SELTHROTTLE 
SET~AILERONS 
SELRUDDER 
SELFLAPS 
*Background* 

470 
620 
580 

o 
380 
120 

60 
130 
300 
740 
190 

80 
310 

o 
180 

28 

:­:­:-
:-
:1' 

---------------------+--------+---------+---------+--~-----~+----~-,--. 
Total: : 4188 0% 5% 
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iPATTM 

PERFORMANCE ANALYSIS 
INTRODUCTION 

The size and complexity of software has increased 
with each new generation of microprocessors. As a 
result, it has become increasingly important to opti­
mize software and to ensure its reliability. The iPAT 
analyst answers these needs. 

Optimizing Software 

Optimizing software means maximizing software 
speed without sacrificing functionality or reliability. 
To increase speed, execution bottlenecks need 
careful attention. But, how can the crucial slow code 
be located? . 

Without the iPAT analyst, you might analyze the vari­
ous paths in the source code and make educated 
guesses where the bottlenecks will occur. Or you 
might place count statements in the code to learn 
how often the various paths are entered. Neither of 
these methods can ensure that you really will isolate 
the bottlenecks. Furthermore, the second method is 
intrusive-with the extra statel'J1ents, real-time oper­
ation of your original code cannot occur. 

The iPAT analyst provides the solution to the soft­
ware engineering problem of locating crucial code. 
With the iPAT analyst, you can quickly and easily 
show (with histograms or tables) timing and count 
information for specified program modules, proce­
dures, lines, or absolute address ranges. Because it 
fully supports symbolic information from Intel high­
level languages, the iPAT analyst enables you to use 
the names of procedures and modules to specify 
ranges that you want to analyze. (For object code 
that lacks symbolic information, consult your code's 
absolute program map and then specify absolute ad- . 
dress ranges of interest.) 

Furthermore, the iPAT analyst is nonintrusive and 
operates in real-time. It does not sample program 
operation on a statistical basis; rather, it has avail­
able to it each address that is executed so that no 
potentially troublesome code· will be overlooked. 
(The iPAT analyst can also monitor when interrupts 
occur.) 

Software teams currently dOing their coding in as­
sembly language (to ensure speed of program exe­
cution) can now consider writing future code in high­
level languages. Since much code does not have a 
significant effect on overall program speed, after the 
code is written in high-level language, the bottle­
necks can be located by the iPAT analyst. Then, if 
need be, the code causing the bottlenecks can be 
redone in assembly language. This method of 

. software development means faster product devel­
opment, since coding can progress much faster us­
ing a high-level language. 

Measuring Hardware-Interrupt-to­
Software-Response Time (Latency) 

The iPAT analyst not only allows you to acquire tim­
ing and count information on software events; it also 
allows you to examine hardware-interrupt-to-soft­
ware interactions. For example, you can measure 
how long it is before the appropriate service routine 
is executed in response to a hardware interrupt. If 
the measured hardware-interrupt-to-software laten­
cy period is not acceptable, the iPAT analyst can 
help you isolate the causes. 

Coordinating Performance Analysis 
with Emulator Controls 

Using the emulator with the iPAT analyst also en­
abies· you to analyze program execution as a func­
tion of differing target-system conditions. You can 
set up the conditions in the target system with the 
emulator, set up iPAT data collection for a section of 
code, then run the program with the iPAT analyst 
activated. Change the target conditions and repeat 
program execution and performance analysis. 

You can also create emulator procedures (PROCs) 
containing emulator commands that trigger perform­
ance analysis as a function of selected software or 
hardware events. 

Ensuring Software Reliability 

As code is developed, there is a need to ensure that 
it has no defective code. Typically for this purpose, 
test suites are developed by software engineers. 
The engineers use their theoretical understanding of 
the software to devise test suites that will exercise 
the code paths. Then, the program under test is run 
with the test suites, and the program's output is ex­
amined . .If the desired values are present in the out­
put, it is assumed that the paths were tested. But 
this is an inference; the test results do not them­
selves show whether the paths were all exercised. 

Thus, without the help of the iPAT analyst, testers 
cannot be confident that their tests exercised all the 
code. As a result, there may be a tendency to re­
strict designs to familiar algorithms and techniques, 
so that previously successful test suites can be 
reused. . 

By contrast, the coverage mode in the iPAT analyst 
enables you to identify easily and quickly which lines 
or procedures in your software are not being 
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exercised by the test suites. Thus, you need not re­
strict your test suites or your coding techniques and 
options. Furthermore, when the iPAT analyst reveals 
untested code, you can modify your test suites until 
the iPAT analyst shows that all code is tested. 

How the iPATTM Analyst Affects 
Development 

As your code is being developed, preliminary analy­
ses can be made with the iPAT analyst. Then, when 
your system hardware is developed to the point that 
code can be loaded into it and run, the iPAT analyst 
can make real-time measurements. Refinements of 
software and test suites can occur up until product 
release, with each new modification being checked 
by the iPAT analyst for execution efficiency and reli­
ability. 

But, the iPAT analyst's usefulness to the product is 
not at an end, because most products are enhanced 
after the first release. As new releases are being 
prepared (to add new features), the iPAT analyst will 
be available to analyze the new code and the new­
est test suites. 

The iPAT analyst can also be used to enhance exist­
ing products-products that were developed before 
performance analysis was available. you can exam­
ine existing code with the iPAT analyst to identify 
slow code; recode; re-examine; then, when perform­
ance (and reliability) have been improved, release 
the enhanced products. 

The iPAT analyst provides a way for software engi­
neers to check whether the software meets perform­
ance specifications. In addition, in the future you will 
be able to write more meaningful specifications that 
cite desired iPAT measurements. 

If portions of code are likely to be reused, the iPAT 
analyst can provide measurements of the reusable 
code's performance characteristics. Then, future us­
ers of the code will know in advance what to expect 
from the code. 

Another use of performance analysis is encouraging 
engineers to engage in "what-if" thinking. They can 
ask, "What if this portion of the code was designed 
this way?" Then, after they complete several ways 
of coding, the various versions can be analyzed by 
the iPAT analyst to reveal which has the greatest 
efficiency. 

PHYSICAL DESCRIPTION 

The iPAT system consists of hardware and software. 

Figure 1 shows the iPAT hardware connected to the 
121CE emulation system and hosted by an IBM PC 
AT. The iPAT hardware includes the following: 

• Power supply (with AC and DC power cables) 

• Core module 
• Emulator-specific target interface (which enables 

the core module to function with a specific emula­
tor) 

• Cable for connecting the core module to the tar­
get interface 

• RS-232 serial cable for connecting the core mod­
ule to the host system 

iPAT software is integrated with the emulator soft­
ware. Thus, with the iPAT 1121CE system target inter­
face you receive 121CE system host software. (You 
do not receive 121CE system probe software; contin­
ue to use the probe software-version 1.7 or later­
supplied with the 121CE system.) In addition, you re­
ceive iPAT diagnostic and tutorial software. 

FUNCTIONAL DESCRIPTION 

Users will begin analysis of their code by obtaining 
an overview of their software's operation, and then 
restrict their focus as they home in on the problem 
areas in their code. Five analysis modes are avail­
able: 

• profile 

• coverage 
• windowed event count 

• duration 

• linkage 

Of these, the profile and coverage modes can be 
used to acquire both overviews and more localized 
inspection of your software behavior. The iPAT win­
dowed-event-count, duration, and linkage modes 
each provide specific perspectives on localized soft­
ware behavior. 

GAINING AN OVERVIEW OF 
SOFTWARE OPERATION 

Gaining an overview of your software operation is 
simple with the iPAT analyst. If you want an overview 
of program activity, you load your program, select 
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Figure 1. The iPATTM Analyst Used with an IBM PC AT 
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the profile analysis mode, and then run the program. 
To do so, you need only enter the following com­
mands: 

LOAD new_program 
PAT INIT PROFILE 
GO 

To display the results (during or after program exe­
cution), enter: 

PAT DISPLAY 

iPAT options and controls provide considerable flexi­
bility in monitoring and displaying information about 
your code. Yet the default settings have been de­
signed with a view to typical applications and ease-

Mode: PROFILE 
PTIMEBASE: 10us 
Include calls 
Status: OK 

Event :Time(ms)O% 

of-learning. Default operation in the profile mode 
monitors all procedures in the user program and 
measures their real-time characteristics. 

The default display for profile mode is a histogram 
that shows the time spent in each of your program's 
procedures. See Figure 2 for a sample default profile 
display. 

Acquiring an overview of test coverage is also sim­
ple. First set up the coverage mode. 

PAT INIT COVERAGE 

Example: The procedure REFRESH 
PILOT_DISPLAY consumes about 17.5% -
of the program execution time. 

ABS TRUE 
HISTO TIME 
SORT ADDRESS 
FILTER FALSE 

5% 10% 15% 
---------------------+--------+---------+---------+---------+---------
GET_LOAD lNG_INFO 470 
FIND_3D_POSITION 620 
READ_SURF ACE_SENSORS 580 
GET_AIRSPEED 0 
GET_THROTTLE_SETTING 380 
GET_AILERON_POSITIONS: 120 
GET_RUDDER_POSITION 60 
GET_FLAP_POSTIONS 130 
CALCULATE_FEASIBILITY: 300 
REFRESH_PILOT_DISPLAY: 740 
GET_PILOT_RESPONSE 190 
SET_THROTTLE 80 
SET_AILERONS 310 
SET_RUDDER 0 
SET_FLAPS 180 
*Background* 28 

:­:­:-
:-
: ..... 

---------------------+--------+-- ------+---------+---------+---------
Total: : 4188 0% 5% 

I Data concerning execution of the main-line I 
code is included in the Background line. 

10% 

Figure 2. Profile Mode: Time Histogram Display 
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Then, run· your program with the data inputs from 
your tests suites, and request a display of results 

. using the following commands: 

GO FROM top 
PAT DISPLAY 

By default, the coverage display lists all procedures 
and indicates whether each was executed, Figure 3 
shows a. sample coverage display. It indicates that 
no code in the procedures GET -AIR_SPEED arid 
SET_RUDDER was executed by the test suites. 

GETTING OTHER VIEWS OF 
SOFTWARE OPERATION 

To obtain more refined information about program 
operation and test coverage, you can use all five 
analysis modes. For all modes, the basic display 
command is the same: . 

PAT DISPLAY 

You can select whether the display should be re­
newed periodically during real-time program execu­
tion.1f you select periodic renewal, you can also se­
lect how frequently (in seconds) it is renewed. 

Data co.llection occurs with one of five selectable 
time bases: 100 ,""S, 1 0 ,""S, 1 ,""S, and 200 ns. The 
default value is 10 ,""S. 

The following sections describe how each of the five 
analysis modes and their associated displays can be 
used to obtain other kinds of overviews and how to 
localize the collection of data. 

Mode: COVERAGE 

Coverage Mode 

The default features of the coverage mode have al­
ready been described. Once you have a coverage 
overview, you may want to restrict the data dis­

. played. 

For example, if the default coverage information 
shows. that all procedures were executed by test 
suites, you may next wish to determine whether all 
lines in certain procedures were executed. You 
would then request a display (for the address range 
desired) of the lines not executed. Using this meth­
od, you can obtain very refined test-coverage infor­
mation and thus help ensure software reliability. 

Profile Mode 

For profile mode there· are a number of ways you 
can control analysis and the display of data. 

Profile-Mode Analysis: For profile mode, data, by 
default, is collected on program procedures. If you 
want to acquire an even wider overview, you can 
change the focus to program modules. Or, for a very 
close view, you can request that data be collected 
on the lines executed. 

After you have examined your program's profile dis-. 
play, you may notice that several procedures are. us­
ing excessive time. You will next want to use the 
iPAT analyst to determine whether the time spent is 

. really attributable to those procedures or rather to 
calls by those procedures to other procedures. In 
the default case, when a procedure calls another, 
the time spent in the called procedure is accumulat-

I Example: SET ...AiLERO. NS w. as executed "'­
but SET_RUDDER was not, I 

SHOW ALL PROC 

:Exec: .Event :Exec: Event :Exec: Eyent 
+----+----------~------+----+-----~--~--------+----+------------------+ • :GET_LOADING_INFO • :GET_AILERON_POSI • :GET_PILOT_RESPONSE: 

• :FIND_3D~POSITION • :GET~UDDER_POSIT • :SELTHROTTLE 

• : READ_SURF ACE_SEN • :GET_FLAP_POSTION • :SET_AILERONS 
:GELAIRSPEED • :CALCULATE_FEASIB :SELRUDDER 

• :GET_THROTTLE_SET • :REFRESH_PILOT_DI • :SET_FLAPS 
280165-4 

Figure 3. Coverage Mode: Display Showing Procedures Executed and Not Executed 
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ed by the iPAT analyst as part of the calling proce­
dure's time. If you do not want time charged to the 
caller, change the control so that the time accumu­
lated by calling procedures excludes time used by 
called procedures. Then rerun the program and col­
lect new data. Now, by comparing the time charged 
to the calling procedure in the two cases, you can 
determine to what extent calls by the procedure use 
excessive time. . 

When you use profile mode, you need not collect 
data· on the whole program. You can restrict the 
range of modules, procedures, or lines that are pro­
filed. In addition, you can restrict the profile to speci­
fied absolute-address ranges or to an interrupt-ad­
dress pair. 

Profile-Mode Displays: The default profile display 
(shown in Figure 2) provides a histogram of the time 
used by program procedures. Once you notice that 
some procedures are taking too long, you will want 

to determine how often those procedures are called. 
Is the excessive time a result of their being called 
frequently or the result of slow code? To find out, 
you need only select a display of count information. 
A histogram appears immediately (derived from al­
ready-acquired data). In the histogram, the lines for 
the procedures that are taking too long will show 
whether their counts are small (implying slow code) 
or large. 

You can also display count and time information 
simultaneously by selecting the table display option. 
To do so, simply change the HISTO control to false 
and request a new display. Figure 4 shows a sample 
profile table display. 

Another display control allows you to specify in what 
order data is presented. By default, data is present­
ed in address order. But you can also direct the iPAT 
analyst to arrange results in time order or count or­
der, with highest values first. 

Example: GET _THROTTLE-SETTING was 
executed 49 times. Total execution time was 380 
ms, with 7.8 ms as the average execution time. 

Mode: PROfILE 
PTIMEBASE: 10us 
Include calls 
Status: OK 

ABS 
HISTO 
SORT 
fILTER 

TRUE 
fALSE 
ADDRESS 
fALSE 

Event :Count :Time(ms) :Time Min :Time Ave :Time Max 
---------------------+------+---------+---------+---------+---------+ 
GET_lOADING_INfO 3 470 50 156-7 360 
fIND_3D_POSITION 14 620 14 44-3 181 
READ_SURfACE_SENSORS 31 580 7 18.7 21 
GET_AIRSPEED 0 0 0 0 0 
GET_THROTTLE_SETTING 49 380 2 7.8 16~~--~ 
GET_AIlERON~POSITIONS: 26 120 1.1 4.6 11 
GET_RUDDER_POSITION 14 60 1.0 4.3 9 
GET_flAP_POSTIONS 12 .: 130 9 10.8 34 
CALCULATE_fEASIBILITY: 26 300 7 11.~ 14 
REfRESH_PILOT_DISPLAY: 2 740 38 370.0 702 
GET_PILOT_RESPONSE 3 190 44 63.3 80 
SET_THROTTLE 2 80 35 40.0 45 
SET_AILERONS 3 310 33 ·103.3 168 
SET_RUDDER 0 0 0 0 0 
SET_flAPS 11 180 11 16.4 19 
*Background* 7 28 3 4.0 4 
---------------------+------+---------+---------+---------+---------+ 
Totals: 203 : 4188 

280165-5 

Figure 4. Profile Mode: Table Display 
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Duration Mode 

Duration-Mode Analysis:' With the' duration mode 
you can focus on timing information for one block of 
code or one interrupt-address pair. If you wish to 
determine how regularly a procedure meets perform­
ance specifications for timing, duration mode will 
provide the answer. This mode also is useful when 
you want information on how widely response time 
varies between the arrival of an interrupt and the 
execution of a particular service routine. 

Duration mode collects· data from repeated execu­
tions of a specified block of code or interrupt-ad­
dress pair. The data is then placed· in a number of 
bins (selectable as 8, 16, or 32 bins). You can select 
whether the bins have equal intervals or· bin size in; 
creases logarithmically (use the latter when you ex­
pect a wide variation in time values). 

Figure 5 shows a sample duration-mode default dis­
play. It assumes that a user wishes to find out the 
variation in response time for a specific interrupt-ad­
dress sequence. In this case, the user is interested 
in the. elapsed time between an interrupt caused 

by ground contact of an airplane's landing gear and 
the execution of the first statement in the procedure 
that controls thrust shutdown. The display shows, 
for example, that the bin for the elapsed time interval 
4 ,...s to 7 ,...s recorded 17 instances of the interrupt­
procedure execution pair. Note that in this case the 
performance specification indicated that elapsed 
time should never exceed 64 ,...s, the duration dis­
play shows that the current design does not meet 
the specification. 

Duration-Mode Displays: The default duration dis­
play (as shown, in Figure 5) provides a time histo­
gram. A table display can also be selected. 

In duration mode, you are not restricted to learning 
only about timing that occurs between two events. 
You can also learn about timing that occurs outside 
the event pair-the demand for the event pair. Sup­
pose, for instance, RAM memory in yo.ur operating 
system is currently filled, and. you want to determine 
whether one of the processes stored there is used 
too infrequently to justify its placement in RAM. Col­
lect data on this process using the duration mode. 
Then use the duration-mode OUTER display option. 

Example: This bar shows that on 17 occasions 
STOP_THRUST required between 4 and 7 p,S to I­
execute. 

Mode: 
Event: 
Bin Range: 
PTIMEBASE: 
Type: 
Status: 

])URATION 
Interrupt to STOP_THRUST 
1 us to 256 us 
1 us' 
Logarithmic 
OK 

Frequency-> 

SELECT 
HISTO 

INNER 
TIME 

o 4 8 12 . 16 20 24 
Interval(us)+---~--~+------~+-----~-+--------+--------+--------+--------

< 1 
1 - 1 
2 - 3 
4 - 7 
8 - 15' 

16 - 31 
32 - 63 
64 - 127 

128 - 256 
> 256 

:_. :­:­:. ' 

------------+-------+-------+-------+--------+--------+--------+---------
o 4 8 12 16 20 24 
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Figure 5. Duration Mode: Histogram Display 
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By doing so, you select a display of binned timing 
data that shows the distribution of the specified pro­
cess's demand. If the process is infrequently used 
(contrary to original expectations), it could be moved 
to disk and RAM space made available for other, 
more frequently used, routines. 

Windowed-Eve nt-Count Mode 

The windowed-event-count mode counts how often 
a specified begin-end pair (window) is entered-and 
how often, once the window is entered, an interrupt 
occurs or a specified address is executed. (A count 
is also kept of how often the selected event occurs 
outside the window.) As with the duration mode, 
data is binned. The begin-end pair can be two ad­
dresses (specified absolutely or symbolically) or an 
address and the occurrence of an interrupt. 

This mode is useful for obtaining refined count data. 
For example, if profile mode indicates that proce­
dure A is using excessive time and that much of the 
time is attributable to procedure calls, you can use 

this mode to get a better understanding of the situa­
tion. Use procedure A as the window and the name 
of a procedure it calls (B) as the event of interest. 
Data will then be gathered and placed in bins. The 
resulting display will show the distribution of how of­
ten procedure B is called each time procedure A is 
executed. Thus, you can see whether procedure B is 
the procedure causing procedure A to use so much 
time. 

Because the event is counted both inside and out­
side the window, you can use this mode to deter­
mine whether an undesired event occurs excessive­
ly within a given block of code. If, for example, one 
procedure consumes too much time and you sus­
pect that interrupts are occuring excessively during 
the procedure, use this mode to corroborate your 
suspicions. Specify the procedure as the window 
and interrupts as the event. Then display the results 
both for interrupts within the procedure and those 
outside the procedure. By comparing the two dis­
plays, you can determine whether interrupt frequen­
cy within the procedure is skewed. Figure 6 shows a 
sample display for interrupts that occur inside the 
window. 

Example: This bar shows that for 15 executions of 
STOP_THRUST, interrupts inside of 
STOP_THRUST occurred between 25 and 29 times. 

Mode: 
Window: 
Event: 
Bin Range: 
Type: 
Status: 

WINDOW 
STOP_THRUST 
Interrupt 
5 to 44 
Linear 
OK 

Frequency-> 
o 4 8 12 16 

SEL:ECT 
HISTO 

20 

INNER 
COUNT 

24 
Interval 

< 5 
+-------+-------+-------+--------+--------+--------+------- -

5 - 9 
10 - 14 
15 - 19 
20 24 
2S - 29 
3D - 34 
35 - 39 
40 - 44 

> 45 

:-:. 
------------+-------+-------+-------+--------+--------+--------+---------

o 4 8 12 16 20 24 
280165-7 

Figure 6_ Windowed-Eve nt-Count Mode: Interrupt Latency Histogram 
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As with the duration rnode, you can select the granu­
larity of data collection for the windowed-event­
count mode (8, 16, or 32 bins), and you can specify 
linear or logarithmic binning. 

Linkage Mode 

Linkage mode has two options, the many-to-one op­
tion and the many-to-many option. Both options al­
low you to focus on inter-procedure activity. 

Many-to-One Option: With this linkage option, you 
can focus on ,one procedure or block of code (the 
one) and determine its linkage to other procedures 
or blocks of code (the many) that call it. ' 

For example, suppose that profile mode has re­
vealed procedure SCALE_DISTANCE to be using 
excessive time and is called often (see Figure 7). If 
many of the calls to it are from one or two proce­
dures, to improve execution speed SCALE_DIS­
T ANCE could be optimized and moved in line into 
the procedures that call it often. The many-to-one 
option can help in this case. You simply enter the 
PAT LINKAGE analysis command and specify the 

Mode: LINKAGE (many-to-one) 
PTIMEBASE: 100us 
Status: OK 
To (0): SCALE_DISTANCE 

: O-Count 

names of the procedure that call SCALE_DIS­
T ANCE (the many) and specify SCALE_DISTANCE 
as the one. Then, when the program is executed, 
appropriate count and time data is collected. Figure 
7 shows a sample count histogram display for the 
many-to-one option. For each of the calling proce­
dures, Figure 7 shows the average number of invo­
cations of SCALE_DISTANCE. We see that proce­
dure DRAW_MAP, on the average, invokes 
SCALE_DISTANCE 10.2 times. 

The many-to-one display can also be changed to a 
time histogram (showing, for each of the many pro­
cedures, the average time the one procedure uses) 
or to a table. 

Many-to-Many Option: This linkage option allows 
you to collect information on the linkage between 
many event pairs. 

In the other modes, you cannot use an interrupt or 
the same address to specify both members of an 
event pair. For the many-to-many option, there is no 
such restriction. Thus, with this option you can col­
lect timing and count information on recursive proce­
dures and interrupt-to-interrupt activity. 

Example: This bar shows that DRAW_MAP 
invokes SCALE_DISTANCE 10.2 times, on the 
average - more times than any other procedure. 
Note that the label "0" stands for One and "M" 
stands for Many. 

HISTO COUNT 

Event (M) : M-Count 0.0 2.0 4.0 6.0 8.0 10.0 
---------------------+----------+-----+-----+-----+-----+-----+----
DRAW_MAP 
DRAW_FLIGHT_PATH 
DRAW_OTHER_ACRFT_PATH: 
DRAW_GRND_TURBULANCE : 
DRAW_DISTANCE_MARKERS: 

10.2 
1.6 
0.7 
1.4 
6.8 

:­:. :-
---------------------+----------+-----+-----+-----+-----+-----+----

0.0 2.0 4.0 6.0 8.0 10.0 
280165-8 

Figure 7. Linkage Mode (Many-to-One): Count Ratio Histogram 
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Data for the many-to-many option is displayed in a 
table. See Figure 8 for a sample display. 

USER INTERFACE 

The iPAT software is integrated with the emulator 
software. For example, iPAT command options are 
integrated in the emulator syntax menu at the bot­
tom of the screen. 

In addition, the emulator LITERALLY command can 
be used to abbreviate frequently used commands. 
The history buffer is also available to retrieve previ­
ous commands. 

As already noted, the iPAT analyst requires only one 
command line to set up an analysis-mode (PAT 
INIT) and one to request a data display (PAT DIS­
PLAY). There are also six display pseudo-variables 
used to set display options: SHOW, ASS, SELECT, 
FILTER,SORT, and HISTO. 

Users can save test-coverage data collected for 
subsequent reviewing. The command PAT SAVE 
saves coverage data to a user-specified file; the 
command RECALL enables you to restore the file 

and then update the test information with additional 
test runs. 

Displays for all modes can be saved to a file using 
the emulator LIST command. 

To speed command entry, you can create registers 
that save frequently used commands. Then use the 
names of the desired registers with your analysis 
and display commands. 

The emulator's screen editor can be used to exam­
ine and modify source code that the iPAT analyst 
has pinpointed as needing improvement. 

SPECIFICATIONS FOR iPATTM AN 
121CETM SYSTEM 

Host Requirements 

Intel Series III or Series IV development system; or 
an ISM PC XT or PC AT system 

At least 512K bytes of RAM (of which 384K by1es 
must be available for the iPAT 1121CE system soft­
ware) 

Example: This line shows how often interrupts occur 
and provides timing information about the intervals 
between interrupts. In this case 220 interrupts 
occurred; the average interrupt-to-interrupt time 
interval was 250 pS. 

Mode: LINKAGE (many-to-many) 
Timebase: 1Dus 
Status: OK 

Events : Count:Time (us):Time Min:Time Ave:Time Max: 
-------------~---+----~-+---------+--------+--------+--------+ 
DRAW_MAP 
DRAW_MAP 3D 2700 80 90 100 

INTERRUPT 
INTERRUPT 220 55000 130 250 310~ 

SETJLAPS 
SELRUDDER 25 325 10 13 20 

SETJLAPS 
SELAILERONS 3 970 288 323 417 
-----------------+------+---------+--------+--------+--------+ 

280165-9 

Figure 8. Linkage Mo~e (Many-to-Many) Display 

22-409 



iPATTM 

Available serial channel that operates at 300, 1200, 
9600, or 19200 baud. (For a Series IV host, the avail­
able channel must be the lEU channel and, to use 
the iPAT analyst at baud rates greater than 300, an 
SPU board must be installed.) 

Two double-density diskette drives or a hard disk 

121CETM System Requirements 

Version 1.7 (or greater) probe software 

iPAT software does not support 121CE system opera­
tion with the Intel Logic Timing Analyzer (iL T A) and 
iL TA software does not support iPAT operation. 

After the iPAT analyst interface board is installed, 
space is available in the 121CE system instrumenta­
tion chassis for only one optional board. (Thus the 
user can install only one optional high-speed (OHS) 
memory board.) 

Only one iPAT analyst will function in a multiple­
probe 121CE system. 

iPATTM Analyst Software 

121CE host software that includes iPAT software 

iPAT confidence tests 

iPAT tutorial software 

System Performance 

Address Range Specification: Address ranges can 
be specified symbolically (for code compiled by Intel 
compilers) or with absolute addresses. Addresses 
anywhere within processor address space can be 
used. 

Speed: The iPAT analyst captures instruction ad­
dresses at full processor speeds (however, when us­
ers specify many short intervals that are frequently 
executed, iPAT processing overflow may occur). 

Timebase: Data collection time base selectable as 
200 ns, 1 /ks, 10 /ks, or 100 /ks. 

Display Updates: Users can specify how frequently 
.(in seconds) displays are updated. 

Status: If time-count, bin-count, or FIFO overflow 
occurs, the display indicates the overflow. 

Profile Mode: Collects time and count information 
on specified entry-exit pairs. Permits specification of 
125 entry-exit pairs when calls to other procedures 
are included in data collection and a minimum of 63 
pairs when calls are excluded. Data collection can 
focus on modules, procedures, lines, absolute ad­
dress pairs, or interrupt-address pairs. Displays are 
selectable as histograms or tables; data displayed 
can be sorted by address, count, or time. 

Coverage Mode: Provides up to 252K bytes of cov­
erage, mappable anywhere within the processor ad­
dress space. Results are displayed in a table; users 
can select whether the table shows modules, proce­
dures, or lines executed (and/or not executed). 

Linkage Mode: The linkage mode has two options: 

Many-to-One Option: Collects count and time data 
about interaction of one specified entry-exit pair with 
respect to other specified entry-exit pairs. Permits 
specification of 63 entry-exit address pairs for the 
many and one entry-exit address pair for the one. 
Displays are selectable as histograms or tables; 
data displayed can be sorted by address, count, or 
time. 

Many-to-Many Option: Collects count and time 
data on one or more pairs of events. Permits specifi­
cation of 63 event pairs; each member of a pair can 
be an address or interrupt. Measurements of recur­
sion and interrupt to interrupt are supported. Display 
is a table. 

Modes that Organize Data into Bins: The following 
two iPAT modes organize collected data into bins. 
Users can select bin granularity (8, 16, or 32 bins) 
and the highest and lowest values for the outer bins. 
Users can also select whether bin intervals are 
equal or increase logarithmically. 

Windowed-Event Count Mode: Collects count 
data concerning an event that occurs within a speci­
fied window. Permits selection of the window entry­
exit pair as an address pair, interrupt-address pair, or 
address-interrupt pair. The event selected can be an 
address or an interrupt. Resulting binned count data 
can be displayed as a histogram or table. 

Duration Mode: Collects time information for a se­
lected entry-exit pair. Permits selection of an entry­
exit pair as an address pair, interrupt-address pair, or 
address-interrupt pair. Resulting binned timing infor­
mation can be displayed as a histogram or table. 
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PHYSICAL CHARACTERISTICS 

Target-Interface Board (to be 
installed in 121CE system 
instrumentation chassis): 

Length 30 cm (12 in) 
Width 30 cm (12 in) 

iPAT Core Module: 

Length 35 cm (13% in) 
Width 21 cm (8% in) 
Height 4 cm (1% in) 

iPAT Power supply: 

Length 28 cm (11 in) 
Width 11 cm(4%in) 
Height 19 cm (7% in) 

AC power cord for the power supply: 3.0 m (10ft) 

Power-supply-to-core DC power cable: 1.8 m (6 It), 
10 conductor 

Emulation-clips jumper cable: 20 cm (8 in), 40 con­
ductor 

Execution-trace jumper cable: 10 cm (4 in), 60 con­
ductor 

iPAT-to-emulator cable: 0.9 m (36 in), 60 conductor 

R.S232 serial cable (for connecting the iPAT core to 
the host system): 3.7 m (12 ft). This cable is shipped 
with the iPAT software. 

Electrical Characteristics 

Selectable AC power source: 100V, 120V, 220V, 
240V 

47-63 Hz 

2 amps (AG) at 100V or 120V, 1 amp at 220V or 
240V 

Environmental Requirements 
Operating Temperature: 10·C to 40·C (50· to 104·F) 

Operating Humidity: Maximum of 85%' relative hu-
midity, non-condensing 

ORDERING INFORMATION 
Order Code Description 
iPATCORE iPAT core unit that supports Intel 8-

and 16-bit microprocessors. It must 
be used with the appropriate emulator 
target interface, cables, and software. 

iPAT86PC iPAT-12ICE system target imterface, 
cables, and DOS software for IBM PC 
AT and PC XT host 

iPAT86S3 iPAT-12ICE system target interface, 
cables, and ISIS software for Series III 
host 

iPAT86S4 iPAT-12ICE system target interface, 
cables, and iNDX software for Series 
IV host 

iPAT86DOS iPAT DOS software (for use with IBM 
PC AT and PC XT hosts) and serial 
cables 

iPAT86NDX iPAT Series IV (iNDX) software and 
serial cable 

iPAT861SS iPAT Series III (ISIS) software and se­
rial cable 

22-411 



intJ 
121CETM Integrated Instrumentation 

and In-Circuit Emulation System 

• Provides Real-Time In-Circuit Emulation • Supports Common Memory between 

• Offers Symbolic Debugging Capabilities Processors without Any User System 

- Accesses Memory Locations and Hardware 

Program Variables (Including • Offers a Performance Analysis Tool 
Dynamic Variables) Using Program- (iPATTM Analyst) 
Defined Names • Maps User Program Memory into a 

- Maintains a Virtual Symbol Table Maximum of 288K Zero-Wait-State RAM 
- Source Code Display at Breakpoints (Zero Wait-States to 10 MHz) 

• Offers Multi-Condition, Multi-Level, • Maps User 1/0 to Console or t.o 
Multi-Probe Break and Trace Capability Debugging Procedures 

• Provides Built-In AEDIT Editor to Allow • Provides Disassembly and Single-Line 
Editing of Development System Files Assembly to Help with On-Line Code 
without Exiting from 121CE Operation Patching 

• Provides Low Cost Conversions Among • Common Human Interface Provided by 
8086,8088,80186,80188 and 80286 the PSCOPE-86 Debugging Language 
Microprocessors and the 121CE Command Language 

• Simultaneously Controls up to Four • Uses Integrated Command Directory, 
Microprocessors for Debugging ICDTM, for Command Syntax Directionl 
Multiprocessor Systems for a Single Correction to Ease Debug Operations 
Work Station 

The Intel Integrated Instrumentation and In-Circuit Emulation (l2ICETM) system aids the design of systems that 
use the 8086, 8088, 80186, 80188 and 80286 microprocessors. The 121CE system combines symbolic soft­
ware debugging, in-circuit emulation, and the optional Intel Performance Analysis Tool (iPAT analyst). Support 
features for the 8087 and 80287 coprocessors are also included. For the 8086/8088,80186/80188, and 
80286 processors, the 121CE system supports programs written in C, PL/M, FORTRAN, Pascal, and assembly 
language. Up to four 121CE instrumentation chassis can be hosted by one of Intel's Intellec® microcomputer 
development systems or by an IBM' PC AT or PC XT. 

'IBM is a trademark of the International Business Machines Corporation. 
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PHYSICAL DESCRIPTION 

The 121CE system hardware consists of the host in­
terface board, the 121CE instrumentation chassis, the 
emulation base module, the emulation personality 
module, a host/chassis cable, inter-chassis cables 
(for multiple chassis systems), a user cable, optional 
high-speed memory boards, and an optional per­
formance analyzer. The 121CE system software con­
sists of 121CE host software, 121CE probe software, 
confidence tests, PSCOPE-86, and optional iPAT 
analyst software. Table 1 shows elements of the 
121CE system. 

The host interface board resides in the host devel­
opment system. A cable connects the host interface 
board to the 121CE instrumentation chassis. Another 
cable connects the 121CE instrumentation chassis to 
the buffer box. 

The instrumentation chassis contains high-speed 
zero-wait-state emulation memory, break-and-trace 
logic, memory and 110 maps, and the emulation 
clips assembly. 

The chassis may also contain the optional perform­
ance analyzer and optional high-speed memory. 
High-speed mellJory is expandable from 32K bytes 
to 288K bytes in 128K increments. 

The buffer box contains the emulation personality 
module. This module configures the 121CE system 
for a particular iAPX microprocessor. The user cable 
connects the buffer box to user prototype hardware. 

The host development system may host up to four 
121CE instrumentation chassis. Each chassis may 
have its own buffer box, user cable, emulation clips, 
optional high-speed memory boards, and perform­
ance analyzer. 

TARGET SYSTEM CONSIDERATIONS 

To ensure proper emulation of a host target system, 
consider the following: 

• Each 121CE system probe has specific timing pa­
rameters that differ from the chip which the probe 
emulates. Hence, a customer design that follows 
the chip's timing speCifications may not work with 
the 121CE system probe. The target system may 
have to be modified slightly to account for the aif­
ferences in timing between the probe and the chip. 
See the probe waveform section in this data sheet 
for timing differences. 

• Target system noise and Signal margins and tim­
ings are a critical consideration for emulation at 
speeds beyond 6 MHz. Typical solutions used to 

. reduce target system noise such as RC networks 
and series resistor terminations could cause unac-

ceptable timing degradation. Consequently, Intel 
recommends that wirewrap target boards be care­
fully designed for emulation with the 121CE system. 
Printed circuit boards should be used because of 
the superior signal transmission characteristics. All 
target systems must have power and ground 
planes, decoupling capacitors, and signal lines 
layed out according to correct design techniques. 
For an introduction to proper design, see Applica­
tion Note 125, Designing Microcontroller Systems 
for Electrically Noisy Environments, Order Number 
210313. 

• The 121CE system depends on a target system 
clock signal to run the internal probe circuitry. To 
run the internal probe circuitry, the clock signal 
must satisfy two criteria. The target system clock 
must meet the voltage levels defined in this data 
sheet and it must also exceed the TTL logic family 
minimal noise and ringing specifications. This is 
necessary since the signal must travel up the user 
cable and through data buffers to reach the probe 
circuitry. The 121CE system is designed to minimize 
the capacitive, noise, and chip delay associated 
with this path, but these effects worsen timings 
and amplify target system noise that may exist. 

FUNCTIONAL DESCRIPTION 

Resource Borrowing 

The 121CE system memory map allows the prototype 
system to borrow memory. resources from the 121CE 
system. 

If prototype memory is not yet available, the user 
program may reside in 121CE memory. Because this 
memory is RAM, changes can be made quickly and 
easily. For example, if the prototype contains 
EPROM, it does not need to be erased and repro­
grammed during development. 

Later, as prototype memory becomes available, the 
verified user program can be reassigned, memory 
block by memory block, to prototype memory . 

. The 121CETM System Memory Map 

The 121CE system can direct (map) an emulated mi­
croprocessor's memory space (the user program 
memory) to any combination of the following: 

• High-speed 121CE system memory-this consists 
of 32K bytes of programamble wait-state memory 
(programmable from 0 to 15). This memory re­
sides in the 121CE system chassis on the map-I/O 
board. 
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HOST DEVELOPMENT SYSTEM HOST-TO-I21CETM SYSTEM 
INTERFACE BOARD 

AND CABLE 

CHASSIS AND EMULATION MODULE 
-----. 

EMULATION 
PERSONAUTY 

MODULE 

Name 

Host Development 
System 
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Description 

Required for all applications. Use one of the following: 
• Intellec Series III development system 
• Intellec Series IV development system 
• IBM PC AT or PC XT (with 512K bytes of available memory and version3.0 of 

PC DOS) 
• IBM 50 system (available in Japan; features kanjI) 
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Table 1.12ICETM System Overview (Continued) 

Name Description 
Host-to-12ICE System Required for communication between the host and the 121CE system. 
Interface Board, Cable, • MUL TIBUS® bus interface board for Series III and Series IV (product code 
and Host Software 111520) 

• Host-to-12ICE system cable for the Series III and Series IV (product code 
111530 or 111531) 

• 121CE system host software for the Series III and Series IV (product code 
11I951A, B, or C) 

• Package with PC host interface board, cable and PC DOS version of 121CE 
host software (product code 111520AT954D) 

Instrumentation Chassis Required for real-time microprocessor emulation, break and trace capability, and 
and Emulation Module memory and I/O capability. 

• Instrumentation chassis (product code 111514B) has four board slots: 
1 slot for breakltrace board 
1 slot for map-liD board 
2 slots for 1 (or 2) optional high-speed memory board(s) andlor 1 optional 
logic timing analyzer board 

• Maximum of four chassis for multi-probe applications 
• Emulation module (product code 111620) includes breakltrace board, map-liD 

board, and buffer base box 

Emulation Personality Required for emulation of specific microprocessors: 808618088, 80186/80188, 
Module (Probe) and Probe or 80286. 
Software • Module includes personality board, buffer box cover, and user cable 

• Series III or IV: Order probe and probe software separately, 
• PC host: Probe and probe software packaged together 

Intel Performance Analysis Used to optimize'code execution speed and control and to improve software 
Tool (iPAT Analyst) reliability. 

• Complete with sytem software, power supply, core module, iPAT-to-12ICE 
interface board, and cables 

Optional High-Speed Required for memory expansion. 
Memory Board (OHS) • 128K bytes of programmable (0 to 15) wait-state memory 

• One or two boards mount in the instrumentation chassis' 

• Optional high-speed 121CE memory-this consists 
of up to 256K bytes of programmable wait-state 
memory (0 wait-states up to 10 MHz). This mem­
ory resides in the 121CE system chassis on (lne or 
twei optional high-speed memory boards (128K 
bytes each). 

• Read-only-the 121CEsystem displays an error 
message if a user program attempts to write to an 
area of memory designated as read-only. The 
user can, however, write to a read-only, area with 
121CE system commands. 

• Read/write, no verify-normally, the 121CE sys­
tem performs a read-after-write verification after 
program loads and after writing to memory with 
an 121CE system command. The 121CE system 
can suppress this verification; For example, if a 
prototype has memory-mapped liD, a verifying 
read may change the state of the I/O device. 

• MUL TIBUS® bus memory (host system memo­
ry)-this resides in the host development system 
itself. (Any amount of unused host memory can 
be used in 1 K increments.) Note that this feature 
is not available for a PC host. 

• User memory-this resides in the user' prototype 
hardware. 

When a user program runs in 121CE memory or user 
memory, the 121CE system emulates in real time. A 
memory access to MUL TIBUS bus memory, howev­
er, inserts approximately 25 wait-states into. the 
memory cycle. 

Access Restrictions 
In addition to directing memory accesses, the follow­
ing access restrictions can be specified. 

• Guarded-initially, the 121CE system puts all 
memory in a guarded state. Neither the user pro­
gram nor the 121CE system user . can 'access 
guarded memory. 

The 121CETM System 1/0 Map 

The 121CE system can direct (map) an emulated mi­
croprocessor's I/O space to the host development 
system's console, to the prototype system, to de­
bugging procedures, or toa combination of these. 
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SIMULATING 1/0 WITH THE HOST 
DEVELOPMENT CONSOLE 

Suppose a user program requires input from an I/O 
device not yet part of the prototype. Map the input 
port range assigned to that device to the host devel­
opment system's console. Then, when the user pro­
gram requires input, it halts and the 121CE system 
console displays a message requesting the data. 
When you enter the required data at the keyboard, 
the user program continues. 

SIMULATING I/O WITH 121CETM SYSTEM 
DEBUGGING PROCEDURES 

Procedures that supply the needed input data can 
be written in the 121CE system command language. 
When setting up the I/O map, the user specifies that 
the I/O procedure is invoked when certain I/O ports 
are accessed. 

I/O ports are mapped in blocks of 64 byte-wide 
ports or 32 word-wide ports. A total of 64K byte-wide 
ports or 32K word-wide ports can be mapped. 

Symbolic Debugging 

With symbolic debugging, a memory location can be 
referenced by specifying its symbolic reference. A 
symbolic reference is a procedure name, line num­
ber, or label in the user program that corresponds to 
a location in the user program's memory space. 

TYPICAL SYMBOLIC FUNCTIONS 

Symbolic functions include: 

• Changing or· inspecting the value and type of a 
program variable by. using its program-defined 
name, rather than the address of the memory lo­
cation where the variable and a hexadecimal val­
ue for the data are stored. 

• Defining break and trace events using source-
code symbols. 

With symbolic debugging, the user can reference 
static variables, dynamic (stack-resident) variables, 
based variables, and record structures combining 
primitive data types. The primitive data types are 
ADDRESS, BOOLEAN, BYTE, BCD, CHAR, WORD, 
DWORD, SELECTOR, POINTER, three INTEGER 
types, and four REAL types. 

THE VIRTUAL SYMBOL TABLE 

The 121CE system maintains a virtual symbol table 
for program symbols; that is, the entire symbol table 
need not fit into memory at the same time. (The size 
of the virtual symbol table is constrained only by the 
capacity of the storage device.) 

The 121CE system divides the symbol table. into 
pages. If a program's symbol table is large, the 121CE 
system reads only some of the symbol table pages 
into memory. When the user references a variable 
whose symbol is not currently defined in memory, 
the 121CE system reads the needed symbol table 
page from disk into memory. 

Breakpoint, Trace, and Arm 
Specifications 

With 121CE commands, breakpoint, trace and arm 
specifications can be defined. 

Breakpoints allow halting of a user program in order 
to examine the effect of the program's execution on 
the· prototype. With the 121CE system, a breakpoint 
can· be set at a particular memory location or at a 
particular statement in a user program (including 
high-level language programs). A break can also be 
set to occur when the user program enters or ac­
cesses a specified memory partition or reads or 
writes a user program variable. When the user pro­
gram resumes execution, it picks up from where it 
left off. 

Normally, the 121CE system traces while the user 
program executes. With a trace specification, how­
ever, the user can choose to have tracing occur only 
when specific conditions are met. 

An arm specification describes an event or combina­
tion of events that must occur before the 121CE sys­
tem can recognize certain breakpoint and trace 
specifications. Typical events are the execution of 
an instruction or the modification of a data value. 

The 121CE system command language allows you to 
specify complex, multilevel events. For example, you 
can specify that a break occurs when a variable is 
written, but only if that write occurs within a certain 
procedure. The execution of the procedure is the 
arm condition; the variable modification is the break 
condition. The 121CE system command language al­
lows users to specify complex events with up to four 
states with four conditions and to use such events 
as arm, break, or trace conditions; a specified num­
ber of events can be used as a condition. 

SOURCE DISPLAY 

With the source display commands, a user can cor­
relate a module under debug to a source code file. 
Then, when breakpoints are encountered, source 
text is displayed along with the break message and 
the line number of the breakpoint. The number of 
source code lines displayed before and after a 
breakpoint can also be defined. 
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Figure 1. 121CETM System Debugging Capabilities 

Coprocessor Support 

The 8086/8088 emulation personality module pro­
vides transparent RQ/GT and MN/MX pin emulation 
to support real-time prototype systems that use the 
8087 as a coprocessor. The 8086/8088 (and the 
80186/80188) emulation personality module also 
provides debugging features specific to the 8087. 
121CE system commands provide access to the 
8087's stack, status registers, and flags. The 121CE 

. system's disassembly and trace features extend to 
8087 instructions and data types. 

The 80186 and 80286 emulation personality mod­
ules also allow the prototype hardware to contain 
coprocessors. The 80186 probe can qualify break 
points and collect trace information when the co­
processor drives the status lines (SO-S2) in the pre­
scribed manner. The 80286 personality module al­
lows the hardware to contain the 80287 processor 
extension and provides special debugging fea­
tures-the user can enable and disable the 80287 
and change and examine its registers. 

DEBUGGING WITH THE 121CETM 
SYSTEM 

The 121CE system allows both hardware and soft­
ware debugging (see Figure 1). 

• Software debugging~12lCE system commands 
permit symbolic debugging of user programs writ­
ten in high-level languages as well as assembly 
language. By looping the user cable back into the 
buffer box, a user program can be debugged 
even if no prototype hardware is present. In a 
multi-probe environment, the 121CE system can 
map common memory from the host develop­
ment system and support semaphore operation 
even with no user system prototype hardware. 
This feature makes possible detailed debugging 
of multi-processor software before the hardware 
is available. 

Additionally, as code is being developed, prelimi­
nary analyses can be made with the optional 
iPAT analyst. You can also use the 121CE system 
and the iPAT analyst to analyze program execu­
tion under different target system conditions. This 
can be accomplished by setting up target system 
conditions in the 121CE system and running the 
program with the iPAT analyst activated. 
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• Hardware debugging-the 121CE system is a real­
time, in-circuit emulator. Trace data are collected 
in real time, and 121CE system software does not 
intrude into user program space. 

The usefulness of an 121CE system extends through­
out the development cycle, beginning with the sym­
bolic debugging of prototype software and ending 
with the final integration of debugged software and 
prototype hardware. 

PSCOPE-86 

PSCOPE-86 is a high-level language, symbolic de­
bugger, designed for use with Pascal-86, PL/M-86, 
and FORTRAN-86. It is a separate product included 
with the Series III and Series IV versions of the 121CE 
system; it runs in the host development system. 
PSCOPE-86 is field-proven, familiar to Intel custom­
ers, and suited for the debugging of applications 
software when the hardware capabilities of the 121CE 
system are not needed. The PSCOPE-86 and 121CE 
command languages are similar. (Note that 
PSCOPE-86 is available as an option for use with 
the PC AT or PC XT.) 

Designing a product that contains a microcomputer 
requires close coordination of hardware and soft­
ware development. A typical design process takes 
advantage of both the 121CE system and 
PSCOPE-86. Use PSCOPE-86 for debugging soft­
ware before downloading the software into a target 
environment; use the 121CE system for debugging 
and emulation of the target system. 

THE 121CETM SYSTEM COMMAND 
LANGUAGE 

The syntax of 121CE system commands resembles 
that of a high-level language. The 121CE system 
command Ian gauge is versatile and powerful while 
remaining easy to learn and use. 

The Integrated Command Directory (ICDTM) assists 
users with command syntax. 

• The ICD directory directs the user in choosing 
commands from a display on the bottom line of 
the screen. As commands are entered, the bot­
tom line indicates syntax elements available for 
use in the commands. 

I 

• The ICD directory flags syntax errors. Syntax er­
rors are flagged as they occur (rather than after 
the carriage return is pressed). 

• The ICD directory provides on-line help with the 
HELP command. 

Automatic expansion of LITERALLY expressions is 
available. When the feature is activated, each char­
acter string defined by a LITERALLY definition is au­
tomatically expanded to its full length. 

The 121CE command language deals with user-creat­
ed debugging objects. By manipulating debugging 
objects, the user can streamline complex debugging 
sessions. 

Debugging objects are uniquely named, user-creat­
ed, software constructs that the 121CE system uses 
to manage the debugging environment. The four 
types of debugging objects are: debugging proce­
dures, LITERALLY definitions, debugging registers, 
and debugging variables. In the following examples, 
121CE system keywords are shown in all caps. 

• Debugging procedures (named groups of 121CE . 
system commands) can simulate missing soft­
ware or hardware, collect debugging information, 
and make troubleshooting decisions. For exam­
ple, consider a debugging procedure (called init) 
that simulates input from I/O ports 2 and 4. 

The procedure and MAPIO command are given 
first, followed by an explanation. 

'DEFINE PROCEDURE init = DO 
• 'IF %0==2 THEN 
•• *PORTDATA=lOOT 
•• ·ELSE IF %0==4 THEN 
••• ·PORTDATA=65T 
••• ·END 
•• ·END 

'END 
'MAPIO 0 LENGTH 64K ICE (init) 

Whenever the MAPIO command maps I/O ports 
to an 121CE system procedure, three parameters 
are made available to the procedure (even if the 
procedure does not use them): %0, % 1, %2. The 
parameter %0 passes the port number; % 1 
passes a Boolean value that indicates whether 
read or write I/O activity will occur, and %2 pass­
es a Boolean value that indicates whether the 
I/O is a byte-wide or a word-wide port. PORTDA­
TA is a pseudo-variable that contains the actual 
port data. This procedure specifies that if port 2 is 
used, the procedure returns 100 (base ten); if, 
however, port 4 is used, the procedure returns 65 
(base ten). 

• LITERALLY definitions are shorthand names for 
previously defined character strings. LITERALLY 
definitions can save keystrokes and improve clar­
ity. For example, here is the definition of a LITER­
ALLY that saves keystrokes. This LITERALLY al­
lows the user to type DEF for DEFINE. 
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'DEFINE LITERALLY DEF = "DEFINE" 
These definitions may be saved to disk and auto­
reloaded. In addition, an automatic LITERALLY 
expansion feature can be turned on and off. 

• Debugging registers are user-created, software 
registers that hold arm, breakpoint and trace 
specifications. The 121CE system can be ordered 
to emulate the user program and specify one or 
more debugging registers. There is no need to re­
enter the specification for each emulation. For 
example here is the definition of a debugging reg­
ister called pay that contains a trace specifica­
tion. This example takes advantage of the previ­
ous LITERALLY definition. 

'DEF TRCREG pay = :cmaker.payment 
To emulate a user program and trace only during 
the procedure payment, specify the debugging 
register pay as part of the GO command. 

'GO USING pay 

• Debugging variables are user-created variables 
used with 121CE system commands. For example, 
here is the definition of a debugging variable 
called begin. Its type is POINTER. 

'DEFINE POINTE~ begin = 0020H:0006H 
During a debugging session, the user can set the 
execution point to this pointer value by typing: 

'$=begin 
The 121CE system pseudo-variable $ repre­
sents the current execution point. 

Example of a Debugging Session 

Figures 2, 3, and 4 illustrate some of the key capabil­
ities of the 121CE system. The user program is written 
in Pascal-86. It was compiled, linked, and located on 
an Intellec Series III development system. The re­
sulting file consists of absolute code and is called 
CMAKER.86. Figure 2 shows the Pascal listing; Fig­
ure 3 shows a sample debugging session; and Fig­
ure 4 briefly explains the debugging steps shown in 
Figure 3. 

The CMAKER.86 program controls an automatic 
changemaker. The program reads the amount ten­
dered (the variable paid) and the amount of the pur­
chase (the variable purchase). It calculates the 
coins needed for change and asserts control signals 
to a change release mechanism by writing an output 
port. Each of the lower four bits of the output port 
controls the release of a different coin denomina­
tion. 

3 0 Q = quarters 
D = dimes 
N = nickels 
P = pennies 

121CETM System Command Functions 

The 121CE system command language contains a 
number of functional categories. 

• Emulation commands-the GO command in­
structs the 121CE system to begin emulation. The 
user can also command the 121CE system to 
break or trace under certain specified conditions. 

• Utility commands-these are general purpose 
commands for use in a debugging environment. 
For example, one use of the EVAL command is to 
calculate the nearest source-code line number 
that corresponds to the address of an assembly 
language instruction. The PRESRC command 
can be used to display a specified number of 
source code lines preceding a breakpoint. The 
HELP command provides on-line assistance. The 
EDIT command invokes a menu-driven text editor 
(AEDIT) that allows updating of debugging object 
definitions and editing of development system 
files without exiting the 121CE system. The shell 
escape command () enables access to the DOS 
operating system without exiting the 121CE system 
(DOS host specific). A command line editor and 
history key are also provided. 

• Environment commands-these are commands 
that set up the debugging environment. For ex­
ample, the MAP command sets up the memory 
map. Another environment command (WAIT­
STATE) inserts wait-states into memory access­
es, allowing the simulation of slow memories. 

• File handling commands-these are commands 
that access disk files. Debugging object defini­
tions can be saved in a disk file and loaded in 
later debugging sessions. Debugging sessions 
can also be recorded in a disk file for later analy­
sis. 

• Probe-specific commands-these are commands 
whose effects are different for different probes. 
For example, the PINS command displays the 
state of selected signal lines on the current 
probe. 

• Option-specific commands-these are com­
mands that control an optional test/measure­
ment device, such as the performance analysis 
tool. 
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SERIES·III Pascal:86, V2.0 
Source File: CMAKER.SRC 
Object File: CMAKER.OBJ 
Controls Specified: XREF, DEBUG, TYPE 

STMT LINE NESTING SOURCE TEXT: MAKER.SRC 
1 1 0 0 PROGRAM cmaker; 
2 2 0 0 VAR change, coins :integer; 

3 3 0 0 quarte(s,nickels,dimes,pennies :integer; 

4 4 0 0 paid,purchase :word; 

5 6 0 0 PROCEDURE payment; 
6 7 1 0 VAR numberofcoins :integer; 

7 8 1 0 release :word; 

8 9 1 0 BEGIN ("payment") 
8 10 1 1 numberofcoins: = quarters + dimes + nickels + pennies; 

9 11 1 1 while numberofcoins < > 0 do 
10 12 1 1 BEGIN 
10 13 1 2 release: =0; 
11 14 1 2 if quarters < > 0 then 
12 15 1 2 BEGIN 
12 16 1 3 release: = release + 8; 
13 17 1 3 quarters: = quarters-1 

END; 
15 19 2 if dimes < > 0 then 
16 20 . 2 BEGIN 
16 21 3 release: = release + 4; 
17 22 3 . dimes: =dimes-1 

END; 
19 24 2 if nickels < > 0 then 
20 25 2 BEGIN 
20 26 3 release: =release + 2; 
21 27 3 nickels: = nickels-1 

END; 
23 29 2 if pennies < > 0 then 
24 30 2 BEGIN 
24 31 3 r.elease: = release + 1 ; 
25 32 3 pennies: = pennies-1 

END; 
27 34 1 2 n\Jmberofcoins: = quarters + dimes + nickels + pennies; 
28 35 1 2 OUTWRD(130,release); 
29 36 1 2 END; 
31 37 1 1 END; ("payment") 

32 39 0 0 BEGIN ("main") 
32 40 0 1 INWRD(2,paid); 
33 41 0 1 INWRD(70,purchase); 
34 42 0 1 change : = paid - purchase; 
35 43 0 1 coins : = change mod 100; 
36 44 0 1 quarters: =coins div 25; 
37 45 0 1 coins : = coins mod 25; 
38 46 0 1 dimes : = coins div 10; 
39 47 0 1 coins : = coins mod 10; 
40 48 0 1 nickels : =coins div 5; 
41 49 0 1 pennies : = coins mod 5; 
42 50 0 1 payment; 
43 51 0 1 END. ("main") 

210469.-5 

Figure 2. Listing of CMAKER.86 
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(1) "BASE 
DECIMAL 

(2) "MAP OK LENGTH 32K HS 
"MAPIO OT LENGTH 192T ICE 
"MAP 
MAP OK LENGTH 32K HS 

121CETM 

MAP 32K LENGTH 992K GUARDED 
'MAPIO 
MAPIO OOOOOH LENGTH OOOCOH ICE 
MAPIO OOOCOH LENGTH OFF40H USER 

(3) 'LOAD :F1:CMAKER.86 
(4) 'DEFINE POINTER begin = $ 

'DEFINE BRKREG pay = :cmaker #9 
'DEFINE PROC display = DO 
.'WRITE USING (' "quarters = ",T,O,>')quarters 
.'WRITE USING (' "dimes = ",T,O')dimes 
.'WRITE USING (' "nickels = ",T,O,>')nlckels 
.'WRITE USING (' "pennies = ",T,O')pennies 
• 'RETURN TRUE 
.'END 

(5) 'GO USING pay 
?UNIT 0 PORT 2H REQUESTS WORD INPUT (ENTER VALUE)'100 
?UNIT 0 PORT 46H REQUESTS WORD INPUT (ENTER VALUE)'65 
"Probe 0 stopped at :CMAKER#9 + 4 because of execute break 

Break register is PAY Trace Buffer Overflow 

(6) 'quarters;dimes;numberofcoins 
+1 
+1 
+2 

(7) "DEFINE SYSREG wr_number = WRITE AT .:cmaker.payment.numberofcolns & 
• "CALL display 
'GO USING wr_number 

quarters = + 1 dimes = + 1 
nickels = + 0 pennies = + 0 

Probe 0 stopped at :CMAKER # 28 + 3 because of bus break 
Break register is WR_NUMBER 

(8) 'numberofcoins 
+0 
*EVAL release 
1100Y 12T CH' . .' 

(9) 'CLIPSOUT = 11Y 

(10) 'GO FOREVER 
?UNIT 0 PORT 82H OUTPUT WORD OC 
?Probe 0 stopped at location 0033:00AEH because of bus not active 

Bus address = 0203DE 
'$=begln , 

Figure 3. Sample Debugging Session (Explanations In Figure 4) 
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1. Checking to see that the default radix is decimal. 

2. Mapping user program memory to 121CE high-speed memory and user 1/0 ports to the 121CE system 
console. 

3. Loading the user program. 

4. Defining debugging objects. 

The debugging variable begin is set to $, an 121CE pseudo-variable representing the current execution 
point. At this pOint in the debugging session, $ is the beginning of the user program. 

The break register pay specifies a breakpoint at statement 9 in the user program. 

The debuggning procedure display displays the value of some user program variables on the console. 

5. Beginning emulation with the debugging register pay. The. console requests the two input values, paid 
and purchase. Then, the break occurs. 

6. Displaying three user program variables. 

7. Defining another debugging register. The specified event is the writing of the user program variable 
numberofcoins. When that event occurs, the 121CE system calls the debugging procedure display. In 
addition to displaying some user program variables, this debugging procedure returns a Boolean value. 
Because this value is TRUE, the break occurs; if the value were FALSE, emulation would continue. 

8. Displaying the two user program variables, numberofcoins and release. The EVAL command displays 
release in binary, decimal, hexadecimal, and ASCII. Unprintable ASCII characters appear as periods 
(.). . 

9. Asserting both output lines on the emulation clips. These lines are input to the prototype hardware and 
control a change release mechanism. 

10. Resuming emulation. The console displays the write of release to the output port. The user program 
finishes executing, and the probe stops emulating because of bus inactivity. The $ is set back to the 
beginning of the user program in preparation for another emulation. 

Figure 4. Explanation of Sample Debugging Session in Figure 3 

121CETM SYSTEM INSTRUMENTATION 
SUPPORT 

121CETM System Emulation Clips 

Eight external input lines are sampled during each 
processor bus cycle. The 121CE system records the 
values of these lines in the trace buffer during each 
execution cycle. The 121CE system can use these 
values when defining events. 

Four additional output lines synchronize 121CE sys­
tem events with external hardware. Two lines are 
active and programmable with 121CE system com­
mands. Two other lines, break and trace, allow an 
121CE system chassis to be linked to other 121CE sys­
tem chassis. 

iPATTM PERFORMANCE ANALYSIS 
TOOL 

The Intel Performance Analysis Tool (iPAT analyst) 
helps software engineers optimize code and im­
prove software reliability. Software object code gen­
erated by Intel assemblers and Intel compilers (e.g., 
for C, PL/M, Pascal, and FORTRAN) can be ana­
lyzed symbolically to improve software execution ef­
ficiency and to validate test coverage. Any object 
code that lacks Intel compiler information-but that 
can be run by Intel emulators and for which an abso­
lute program map is available-can also be ana­
lyzed (non-symbolically) by theiPAT analyst. The 
iF?AT analyst operation is currently supported via a 
target interface to the 121CE system. For more infor­
mation, see the iPAT analyst data sheet, Order 
Number 280165. 
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121CETM SYSTEM SPECIFICATIONS 

Host Requirements 

Series III, Series IV, Model 800, or IBM PC AT or PC 
XT. 

512K bytes in host development system memory 
space. 

Two double-density diskette drives or a hard disk. 

121CETM System Software 

121CE system host software 
121CE system probe software 
121CE system confidence tests 
PSCOPE-86 (available as an option for the IBM PC 
AT or PC XT) 

System Performance 

Mappable zero wait-state 
memory (zero wait-states 
up to 10 MHz for 8086; 
8 MHz for 8088; up to 10 
MHz for 80186/80188, and 
up to 10 MHz for 80286): 

Trace buffer: 

Virtual symbol table: 

Minimum 32K bytes 
Maximum 288K bytes 

1023 x 48 bits 

The number of user 
program symbols is 
limited only by avail­
able disk space. 

Physical Characteristics 

INSTRUMENTATION CHASSIS 
Width: 17.0 in (43.2 cm) 

Height: 8.25 in (21.0 cm) 

Depth: 24.13 in (61.3 cm) 

Weight: 48 Ibs (21.9 kg) 

HOST/CHASSIS CABLE 

10ft (3.0m) and 42 ft (12.8m) options for 
Series III/Series IV host 

15 ft (4.6m) for PC host 

INTER-CHASSIS CABLE SET 

2 ft (61 cm) and 10ft (3.0m) options 

BUFFER BOX 
Width: 8.5 in (21.6 cm) 

Height: 3.0 in (7.6 cm) 

Depth: 10.0 in (25.4 cm) 

Weight: 8 Ibs (3.7 kg) 

Electrical Characteristics 

90-132V or 180"':264V (selectable) 
47-63 Hz 
12 amps (AG) 

Environmental Requirements 
Operating Temperature: O°C to 40°C (32°F to 

104°F) 

Operating Humidity: Maximum of 85% relative 
humidity, non-condensing 
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HIGH PERI'ORflANCE REA£-'I'llJIE EIfllILA'I'ION 
Intel's ICE-186 emulator delivers real-time emulation for the 80C186 microprocessor at speeds up to 
12.5 MHz. The in-circuit emulator is a versatile and efficient tool for developing, debugging and 
testing products designed with the Intel80C186 microprocessor. The ICE-186 emulator provides real 
time, full speed emulation in a users system. Popular features such as symbolic debug, 2K bytes 
trace memory, and single-step program execution are standard on the ICE-186 emulator. Intel 
provides a complete development environment using assembler (ASM86) as well as high-level 
languages such as Intel's C86, PUM86 or Fortran 86 to accelerate development schedules. 

The ICE-186 emulator supports a subset of the 80C186 features at 12.5 MHz and at the TTL level 
characteristics of the component The emulator is hosted on IBM's Personal Computer AT, already 
available as a standard deveiopment solution in most of today's engineering environments. The 
ICE-186 erilUlator operates in prototype or standalone mode, allowing software development and 
debug before a' prototype system is available. The ICE-186 emulator is ideally suited for developing 
real-time applications such as industrial automation, computer peripherals, communications, office 
automation, or other applications requiring the full power of the 12.5 MHz 80C186 microprocessor. 

Icr-186 FEA'I'lIRES 
• Full 12.5 MHz Emulation Speed 
• 2K Bytes Deep Trace Memory 
• Two-Level Breakpoints with Occurrence 

Counters 
• Single-Step Capability 

• Coprocessor Support 
• RS-232-C and CPIB Communication Links 
• Crystal Power Accessory 
• Interface for Intel Performance AnalYSis Tool 

(iPAT) 
• 128K Bytes Zero Wait-State Mapped Memory • Interface for Optional General Purpose Logic 

Analyzer • Supports DRAM Refresh 
• High-Level Language Support • Tutorial Software 
• Symbolic Debug • Complete Intel Service and Support 

imJ-------------------
Intel Corporation assumes no responsibility for the use or an~' circuitry other than drcuitry embodied In an Intel product. No other circuit patent licenses are 
implied. Information contained herein supersedes prevlousl)' published specifications on these devices from Intel. 

© Intel Corporatlon 1987 22-424 
"~G~ST. 1"87 

Order Number: 28072 ...... 



HIGHEST EMllLA.TION SPEED 
A.VA.ILA.BLE TODA.), 
The ICE-186 emulator supports development and debug of 
time-critical hardware and software using Intel's 12.5 MHz 
80C 186 microprocessor. 

RETRA.CE SOFTWA.RE TRA.CItS 
This emulator captures up to 2,048 frames of processor 
activity, including both execution and data bus activity. 
With this trace memory, large blocks of program code can 
be traced in real time and viewed for program flow and 
bellavior ct13racteristics. 

HA.RDWA.RE BREA.IlPOINTS FOR 
COMPLEX DEBllG 
User-defined "TIL-THEN" breakpoint statements stop 
emulation at specific execution addresses or bus events. 
During the hardware and software integration phase, 
breakpoint statements can be defined as execution 
addresses and/or bus addresses and/or bus access types 
such as memory and 110 reads or writes. Additionally, 
event counters provide another level of breakpoint control 
for sophisticated state machine constructs used to specify 
emulation breakpoints/tracepoints. 

SMA.U OR LA.RGE STEPS 
A stepping command can be used to view program 
execution one frame at a time or in preset frame blocks. 
When used in conjunction with symbolic debug, code 
execution can be monitored quickly and precisely. 

DEBllG CODE WITHOllT A. 
PROTOT),PE 
Even before prototype hardware is available, the ICE-186 
emulator working in conjunction with the Crystal Power 
Accessory (CPA) creates a "virtual" application 
environment. 128K bytes of zero wait-state memory is 
available for mapped memory and I/O resource addressing 
in 4K increments. The CPA provides emulator diagnostics 
as well as the ability to use the emulator without a 
prototype. 

DON'T LOSE MEMOR), 
The ICE-186 emulator continues DRAM refresh signals 
even when emulation has been halted, thus ensuring 
DRAM memory will not be lost. During interrogation mode 
the ICE-186 emulator will keep the timers functioning and 
correctly respond to interrupts in real-time. 

HIGH LEVEL LA.NGllA.GE SIlPPORT 
OPTIMIZED FOR INTEL TOOLS 
The ICE-186 supports emulation for programs written in 
Intel's ASM86 or any of Intel's high-level languages: 

PLlM-86 
Pascal-86 

F'ortran-86 
C-86 

These languages are optimized for Intel component 
architectures to deliver a tightly integrated, high 
performance development environment. 

llSER-FRIENDL), S),MBOMCS A.ID IN 
DEBllG 
Symbolics allow access to program symbols by name 
rather than cumbersome physical addresses. SymboliC 
debug speeds the debugging process by reducing reliance 
on memory maps. In a dynamic development process, user 
variables can be used as parameters for ICE-186 
commands resulting in a consistent debug environment. 

COPROCESSOR SIlPPORT 
Coprocessor support enables applications to run faster 
due to o[f loading of the main CPU. The ICE:-186 emulator 
supports alternate coprocessors such as LAN controllers 
and graphic engines, however it does not have built in 
support for the 8087 coprocessor. 

MllLTIPLE HIGH-SPEED 
COMMllNICA.TlON UNitS 
Two communication links are available [or use in 
conjunction with the host IBM PC AT. The ICE-186 
emulator uses either serial (RS-232-C) or a parallel (GPIB) 
link. A user supplied National Instruments (lEEE-488) 
GPIB communication board provides parallel transfers at 
rates up to 300K bytes per second. 

SOFTWARE ANAf.YSIS (iPA'i') 
Intel's Performance Analysis Tool (iPAT) is designed to 
increase team productivity with features like interrupt 
latency measurement, code coverage analysis and 
software module performance analYSis. These features 
enable the user to design reliable, high performance 
embedded control products. The ICE-186 emulator has an 
external 60 pin connector for iPAT. 

BllILT-IN SlJPPOR'l' !FOR fUJGBq: 
A.NA.L),SIS 
General-purpose logic analyzers can be used in 
conjunction with the ICE-186 to provide detailed timing of 
speCific events. The ICE-186 emulator provides an external 
sync signal for triggering logic analYSis, making complex 
trigger sequence programming easy. An additional 60 pin 
connector is included for the logic analyzer. 

WORLDWIDE SERVICE AND SlJPPORT 
The ICE-186 emulator is supported by Intel's worldwide 
service and support organization. Total hardware and 
software support is available including a hotline number 
when the need is there. 
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Ii" iN I iii' i I",iil 
PEIlSONA.£ t;OMPIJ'I'ER 
IlEOIJIIlEMEN'I'S 
The ICE-I 86 emulator is hosted on .an IBM PC AT. The 
emulator has been tested and evaluated on an IBM PC AT. 
The PC AT must meet the following minimum 
requirements: 
• 640K Bytes of Memory 
• Intel Above Board with at Least 1M· Byte of Expansion 

Memory 
• One 360K Bytes or One 1.2M Bytes noppy Disk Drive 
• One 20M Bytes Fixed-Disk Drive 
• PC DOS 3.2 or Later 
• A serial Port (COM I or COM2) Supporting Minimally at 

9600 Baud Data Transfers. or a National Instruments 
GPIB;PC2A board. 

• IBM PC AT BIOS 

PIIYSIt;A.£ DESUllP'l'ION A.ND 
t;IIA.IlA.t;'I'EIlISrlt;S 
The ICE-186 Emulator consists of the following 
components: 

Width Height Length 
Unit Inc:hes l:m. Inc:hes l:m. Inc:hes l:m. 

Emulator 
Control Unit 10.40 26.40 1.70 4.30 20.70 52.60 

Power Supply 2.80 7.10 . 4.15 10.70 11.00 27.90 
User Probe 3.70 9.40 .65 1.60 7.00 17.80 
User Cable! 

Plcc 22.00 55.90 
Hinge Cable 3.40 8.60 
Crystal Power 

Accessory 4.30 10.90 .60 1.50 6.70 17.00 
CPA Power 

Cable 9.00 22.90 

USER PROBE 
'HINGE' CABLE or ! -----------ft-· I I I~/~~~~ 

. I ___________ :-J' 

C USER CABLE . -.t. I 

~ I I it. 65"J-
\::22"-+1----7.0"---:--+1.-.~.4" 

./ 

E£Et;'I'IlIt;A.£ t;ONSIDEIlA.'I'IONS 
Icc 1050mA 

ENt'IIIONMEN'I'A.£ SPEt;II'It;A.'I'IONS 
Operating Temperature 10°C-40°C Ambient 
Storage Temperature - 40°C· 70°C 

fIIlDERING INI'fJRMA.'I'ION 
ICEI86 

ICE I 86PAT 

ICE-186 NMOS System including ICE 
software (Requires DOS 3.XX PC AT with 
Above Board) 

ICE·186 NMOS System including ICE SIW 
packages and the iPAT system (Requires 
DOS 3.XX PC AT with Above Board) 

D86ASM86NL 86 macro assembler 86 builder/binderl 
mapper utilities for DOS 3.XX. 

D86C86NL 86 C compiler and run time libraries for 
DOS 3.XX. 

D86PLM86NL 86 PL/M compiler for DOS 3.XX. 

D86FOR86NL 86 Fortran compiler for DOS 3.XX. 
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