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ABSTRACT

II

8088 SINGLE BOARD MICROCOMPUTER

MR.CHAISIT PARDPRING
MR.DUSIT PUNPLUG
MR.WICHET YIMLAMAI
MR.SOMBUT HATHAIRATTANANON
ADVISORS

MR.PIYA JITTHAMMAPIROM
MR.AMPHON THONGRA-AR
MR.PAIBOON PONGWONGTRAGULL
1997

This thesis presents 8088 Single Board Microcomputer. It is designed to work at
5MHz , and has 64 KB memory. It has 6 x 4 matrix switchs and show on the liquid cystal
display. In addition , it is modified to receive and show the complex processing by 8088

. Microcomputer.
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.MODEL SMALL

.CODE
P A EQU 50H
PB EQU SIH
PC EQU 52H
P_CON EQU 53H

WR_INST EQU 60H
WR_DATA EQU 62H :
RD BUSY EQU 6IH ;
RD DATA EQU 63H
P 10 EQU 10H

?

START PROC NEAR

MOV AX 1FFFH
MOV SP,AX
CALL INITIAL

CALL ST KEY
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ENDP

2

INITTAL PROC NEAR

MOV ALSSH  ;INITIAL 8255 KEY
OUT P_CON,AL
MOV AL38H  :INITIAL LCD
CALL LCD_COM
MOV AL,0FH
CALL LCD_COM
MOV ALS
CALL LCD_COM
MOV AL
CALL LCD_COM
RET
INITIAL ~ ENDP
ST KEY PROC NEAR

MOV CH00

NEW _COL: MOV DL,0H

SH COL:  CALL SCAN
MOV ALDH  :COLL
CMP DH,0
1z SKIPP
OR ALDL
CALL NUM_K

SKIPP: INC DL
CMP CH,08H
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INZ QQ

MOV CH,0

MOV AL,30H

CALL LCD COM

MOV AL,06H

CALL LCD_COM
QQ: CMP DL,6

INZ SH_COL

IMP NEW_COL

RET

ST KEY ENDP

b

SCAN PROC NEAR

PUSH AX
MOV ALDL ;COLUM
OUT P_CAL
IN ALP C
AND AL,0F0H
CMP AL,0FOH
INZ ONKEY
MOV AL,0
ONKEY: MOV DH,AL
ENDSCAN:  POP AX
RET
SCAN  ENDP
NUM_K PROC
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MOV AH,AL

AND AHOFH ; AS AH=72 NEW AH =02
AND AL,OFOH ; AS AL=72 NEW AH =70
CMP AL,70H
1z S_ROWO
CMP AL,0BOH
1Z S_ROWI
CMP AL,0DOH
1z S_ROW2
CMP AL,0E0H
1z S_ROW3
S ROWO:  INC CH
MOV ALO0  ;ROWO+00 KEY 0,1,2,3,FU,DEC
ADD ALAH ;AH=0TOS
ouUT 10H,AL
CALL DELAY
CALL DIS_FNK
ADD AL30H
OUT WR_DATA,AL
CALL DELAYLCD
TMP SO
S ROW1: INC CH
MOV ALO6H ;ROWI1+06 KEY 4,56,7,RUN,INC
ADD ALAH ;AH=0TOS5
ouT 10H,AL
CALL DELAY
CALL DIS_FNK

ADD AL2EH  ; OUT LCD4,5,6,7 NO KEY RUN INC



—-—ror

PR, e swTwrTTY Tt on

S ROW2:

NK_A:

K_AB:

NK_B:
OUT_AB:

S_ROW3:

ouT
CALL
JMP
INC
MOV

ouT
CALL
CALL
CMP
INZ
JMP
CMP
JNZ
ADD

ouT
CALL
IMP
INC
MOV

ouT
CALL
CALL

ouT
CALL
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WR_DATA,AL
DELAYLCD

SO

CH

ALOCH ;ROW2+12 KEY 8,9,A,B,DATA,STEP
ALAH ;AH=0TOS5

10H,AL

DELAY

DIS_FNK

AH,02H

NK_A

K_AB

AH,03H

NK_B

AL,07H

AL2CH ;OUTLCD 8,9,A,.BNO KEY DATA STEP
WR_DATA,AL

DELAYLCD

SO

CH

ALI2H ;ROW3 + 18 KEY C,D,E,F,REG.MON
AL,AH

10H,AL

DELAY

DIS_FNK

AL3IH ;OUTLCD C,D,EF NO KEY REG,MON
WR_DATA,AL

DELAYLCD
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SO: RET
NUM_K ENDP

DIS_FNK PROC NEAR

CMP AH,04H  ;NODISPLAY KEY FUNC
1z SO

CMP AH,05H

Z SO

RET

DIS_ FNK ENDP

>

DELAY PROC NEAR

PUSH CX

MOV CX,1FFH
LOOP $

POP CX

RET

DELAY ENDP

b

DISPLAY PROC NEAR;

LLL: CALL INLLCD PROLCD
MOV AL4IH
MOV BL3S
ST3: CALL WR_ASCII
INC AL
DEC BL

JNZ ST3
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; JMP LLL
RET

DISPLAY ENDP

b

DELAYLCD PROC NEAR

PUSH CX

MOV CX.0FFFFH
LOOP DD2

POP CX

RET

DELAYLCD ENDP

k4

LCD_COM PROC NEAR

CALL BUSY
ouUT WR_INST,AL
RET"

LCD_COM ENDP

EN

WR_ASCI PROC NEAR

CALL BUSY

MOV AL'A'

OUT WR_DATA,AL
RET

WR_ASCII ENDP

BUSY PROC NEAR

PUSH . . AX
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NOT BUSY: IN AL,RD_BUSY
TEST AL,30H
INZ NOT BUSY
CALL DELAY
POP AX
RET
BUSY ENDP
ORG TFFOH
TMP START
END START
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. INTERRUPT VECTOR
0400H
USER1 -
1CAOH ADDRESS REGISTOR
1CA8H ADDRESS BUFFER
1E90H
1E91H ADDRESS2 BUFFER
1E92H
1E93H
1E94H
1ES5H DATA1 BUFFER
1E96H A_PACK
1E97H -
1E98H D_PACK
STACK
1FFFH
2000H
USER 2
7FFFH
8000H
PROGRAM MONITOR
OFFFFH

UM a1 AsmsSansiaennud
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‘ START ’

<>

fus AL
YES
0 o
@
YeES
KEY_INC
NO
0 e
0
0 e
o
KEY_RUN
@
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( uau )

y

fnuadaty
nBdNN DL =0 :
3
tunuginodun B
’ fibL < )
h \ 4
oAl
Imsnadd
YES

M DL=DL+1

o W B

]

U 0.3 Aansyiram FUNCTION GETCH_
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Y"1 AH=DL »

y

AL = v

JUN 43 (8 ) Aamsviiu FUNCTION GETCH



M aL=6

AL = AL + AH

MM AL = 121

AL=AL + AH

7UM .3 (fle ) Aan139iau FUNCTION GETCH.




Y Wb ey

—— W wx

]

N T e mn

NO
[A_PACK}=ADD1_B

YES

[A_PACK}<=2000

WA

4
l DI=DATA1_BUF J

GECTH_
YES
AL>=10
NO

{DATA_BUFJ=AL

NO

7UM 4.4 Fams¥ieIu FUNCTION K_WR
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WA

Fn DEC

FnINC

U7 2.4 (79 ) Aan13sirend FUNCTION K WR
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y
WAy RD
A4
ADJ - ADDR
y
RD - DISP
GETCH_
DEC
Fn DEC
YES
NO
INC
Fn INC
YES
NO

UM v.5 A315¥11971% FUNCTION READ
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START

HaAInn WR

A4
A

y

/ Sumad /

v

0-F

NO

YES

(DI} = AL

v

INC DI

Di=1E14H

@

RET

7UN v.5 (e ) Aan 137U FUNCTION READ
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( START )

y

DI> ADDR1_BUF

SUM

UM 4.5 () 015711911 FUNCTION READ
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( START

y

DI,A_PACK

BX.{DI]

A

1A BL

NO

8L =00

YES

(iuA1 BH

 —

<%

A4
MOV [DI].BX

y

ugaIoon LCD

i

RETURN

JUN .6 A3n139$197% FUNCTION K_INC
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START ,

DI,A_PACK

y

(o1

!

BX,[DI]

h 4

ann1 BL

NO

BL =OFFH

YES

aaf1 BH

%

y

MOV [DI],BX

A

ugrassen LCD
y
‘ RETURN ,

31 v.7 Asnsiram FUNCTION K_DEC
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( START )

uaad™" RUN "

%) ADDRESSN
RUN

A

NO

YES

CALL ADDRESS

£

y

ADDR_REG! REG2

GERCH_ .

NO

(e )

U7 v.8 Fan15vi91 FUNCTION RUN
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( START )

y

Uaad " RG "

Hae "AX "

DL =ADDR - REG1

h 4

uandAlu RER |«

GETCH_

v

YES DEC REG
NO

b 4

YES INCREG
NO
NO

H

YES

YES

VAN

H

T

7N v.9 Fams¥ine FUNCTION K_REG
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Tdsunsuneiined
.MODEL SMALL
.CODE

P A EQU 50H

PB EQU 51H

P C EQU 52H

P_CON EQU $3H

WR_INST EQU 60H

WR DATA EQU 62H :

RD BUSY EQU 6IH :

RD DATA EQU 63H

P 10 EQU 10H

ADDR1 BUF EQU 1E90H

ADDR2 BUF EQU 1E92H

A_PACK EQU 1E96H

DATA]l BUF EQU 1E94H

D PACK EQU 1E98H

ADR _USER 'EQU 400H -

ADDR REG! EQU 1CAOH

ADDR REG2 EQU 1CA8H
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MAIN PROGRAM

2

cREEEEERERRERRREREXEEEEERKEEF kR ERERE K
bl

0000 START PROC NEAR

0000 B8 IFFF MOV <AX,1FFFH
0003 8B EO MOV SP,AX
0005 E8 02FBR CALL INITIAL
0008 E8 031ER RUB: CALL GETCH_
000B 3C 09 CMP AL,S

000D 7EF9 JLE RUB

000F E8 0012 R CALL KEY_FUNC
0012 START  ENDP

CRRNRBRKERKEERERRFEFRRR AR EEEEXXXERERRREEFREK
s

KEY FUNCTION

2

RATIII L2222 2222 R 221 RS EE 22322 222220
b

0012 KEY FUNC PROC NEAR

0012 3C 13 CMP AL,13H
0014 74 15 JZ KEY REG
0016 3C 14 CMP AL,14H
0018 74 17 JZ KEY RUN
001A 3C 10 CMP AL,10H
001C 74 19 JZ KEY_DEC
001E 3C 11 CMP AL,(IIH
0020 74 1B JZ KEY_INC
0022 3C 15 CMP AL,15H

0024 74 23 JZ KEY_RD
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0026 3C 16
0028 7419
002A C3

002B E8 004D R
002E EB 1C 90
0031 E8011DR
0034 EB 16 90
0037 E8 00OFD R
003A EB 10 90
003D E8 0168 R
0040 EB 0A 90
0043 E8 019A R
0046 EB 04 90
0049 E8 0252 R
004C C3

004D

004D

004D E8 OODER
0050 BO 41

0052 E8 03DO R
0055 BO 58

0057 E8 03DO R

112

KEY_REG:

KEY_RUN:

KEY DEC:

KEY_INC:

KEY WR:

KEY_RD:

SO1:
KEY FUNC

CMP AL,16H
JZ KEY_WR
RET

CALL K_REG
JIMP SOl
CALL K RUN
IMP SOl
CALL K_DEC
IMP SOl
CALL K_INC
IMP SOl
CALL K_WR
IMP SOl
CALL K_RD
RET

ENDP

RERERERRREKRERRKKRREERR R TR KRR ER®

; FUNCTION

CERERERERKRR KK
H

KEY DISPLAY REGISTER

FRRERERREERRREEKERE KK

K_REG PROC NEAR

CALL T D _REGI
MOV AL4I1H ;A
CALL WR_ASCI
MOV ALS3SH ;X
CALL WR_ASCI
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005A BO 85 MOV  AL,85H

005C E803CAR . CALL LCD_COM
005F B0 3A MOV AL3AH ;:
0061 E8 03DOR CALL WR_ASCI
0064 BF 1CAO _ REG_N: MOV DLADDR_REGI ; ADDR 1CAOH
0067 B6 41 MOV DHA4IH
0069 BO 82 MOV  AL,82H
006B E8 03CAR CALL LCD_COM
006E 8A C6 MOV  AL,DH

0070 E$ 03DOR . CALL WR_ASCII
0073 E8 00B2R RUB_KREG: CALL DISP_REG

; LCD JMP---> COH
0076 E8 031ER CALL GETCH_

0079 3C 10 CMP AL,10H
007B 74 IF . JZ K_REG DEC

007D 3C 11 CMP AL,(1IH

007F 74 05 JZ X_REG_INC

0081 3C 12 CMP AL,12H

0083 75 EE INZ RUB_KREG

0085 C3 RET

0086 47 K_REG_INC: INC DI

0087 47 INC DI

0088 81 FF 1CA8 CMP DIADDR _REG2 ;ICASH
008C 7D D6 INL REG N

008E FE C6 INC DH

0090 BO 82 MOV AL 82H

0092 E8 03CAR CALL LCD_COM

0095 8A C6 MOV AL DH
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0097 E8 03DO R

009A EB D7 JMP  RUB_KREG
009C K_REG_DEC:
009C 4F DEC DI
009D 4F DEC DI
009E 81 FF 1CA0 CMP DIADDR REGI ;ICAOH
00A2 7C CO JL REGN »
00A4 FE CE DEC DH
00A6 BO 82 MOV AL82H
00A8 E8 03CAR CALL LCD_COM
00AB 8A C6 MOV AL DH
00AD E8 03DO0 R CALL WR_ASCI
00B0 EBCl JMP RUB_KREG
00B2 K_REG ENDP

L

. DISPLAY VALUE REGISTER

RS— srsxrars
00B2 DISP_REG PROC NEAR ;RUN VALUE DI
00B2 B0 CO MOV  AL,0COH
00B4 E8 03CAR CALL LCD_COM
00B7 8B ID MOV BX,[D]]
00B9 53 PUSH BX
00BA 8A C7 * MOV ALBH

00BC E8 00C6 R
00BF 5B
00C0 8A C3

114

CALL WR_ASCII

CALL LCD_REG

POP BX
MOV AL BL
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00C2 E8 00C6 R CALL LCD REG
00C5 C3 _ : RET ~
00C6 DISP REG  ENDP
00C6 LCD_REG PROC NEAR  ;WANT AL FOR FN
YAG_DATA
00C6 51 “ PUSH CX
00C7 E8 02DE R ‘ CALL YAG DATA :—>AL-—>A
X: AH=0_, AL=0_
00CA 8B C8 MOV CX,AX
00CC 8A Cl MOV ALCL
00CE E8 03E2 R CALL HEX_ASCII
00D1 E8 03D0 R CALL WR_ASCII
00D4 8A C5 MOV AL,CH

00D6 E8 03E2 R CALL HEX_ASCI

00D9 E8 03DOR CALL WR_ASCII
00DC 39 POP CX

00DD C3 RET

00DE LCD_REG ENDP

CEEEEEERERERKRKRKREREER KRR R KRR KKK KR
s

; TRIAM REGISTER> REG

SKEERERERKRERREREEERKERKERERRKRERE K
)

00DE T D REGI PROC NEAR

00DE B0 C6 MOV  AL,0C6H
00E0 E803CAR CALL LCD_COM
00E3 B0 52 MOV ALS2H ;R

00E5 E8 03DOR : CALL “WR_ASCH
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00E8 B0 47
00EA E8 03DOR
00ED BO 80
00EF E8 03CAR
00F2 BO 3E
00F4 E8 03DOR
00F7 B0 82
00F9 E8 03CAR
00FC C3

00FD

MOV AL47TH ;G
CALL WR_ASCII
MOV  AL,80H
CALL LCD_COM
MOV AL3EH ;>
CALL WR_ASCI
MOV  AL,82H

LCD_COM

CRRREERER R R R R LRI R LRI R E R

FUNCTION DEC

SRR ERRR KRR ERE R AR R R R R R Rk AR R

00FD K_DEC
00FD BF 1E%

0100 8B 1D

0102 FECB

0104 80 FB FF

0107 7502

0109 FECF
010B 891D GEB_DEC:

010D BO 82

PROC NEAR

MOV DLA_PACK
MOV BX,[DI]
DEC BL

CMP BL,0OFFH
INZ GEB_DEC ;VALUEIN
[BL] ADDR LOW

DEC BH

MOV  [DI],BX

MOV, . 'AL,82H
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010F E8 03CAR CALL LCD_COM
0112 8A C7 MOV AL.BH
0114 E8 0188 R CALL DISP N A
0117 8A C3 MOV ALBL
0119 E8 0188 R CALL DISP N A
011C C3 RET

011D K_DEC ENDP

SRRERRERRRRRRRRRRERERREK KK RR KRR R RRRRR

FUNCTION RUN

b4

KKK ERERRERRRE XAk TRk kR EE R

011D K RUN PROC NEAR
011D BO C3 MOV  AL,0C5H
0O1IF E803CAR CALL LCD_COM
0122 B0 52 MOV AL52H ;R
0124 E8 03DOR CALL WR_ASCII
0127 B0 55 MOV ALSSH ;U
0129 E8 03DO R CALL WR_ASCI
012C B0 4E MOV ALA4EH ;N
012E E$ 03DOR CALL WR_ASCII
0131 BO AA MOV  AL,0AAH
0133 E6 10 OUT 10H,AL

0135 E8 031ER 101010 CALL GETCH_
0138 3C 17 CMP AL,17H

OI13A 75 F9 JNZ UUU



013C B0 82
013E E8 03CA R
0141 E8 028C R
0144 BF 1E90
0147 8B 75 06
014A 8B DE
014C FF D3

014E BF 1CA0 AFTER _R:

0151 89 05
0153 89 5D 02

0156 894D 04

0159 89 55 06

015C B0 BB

015E E6 10

0160 E8 031ER UUUL:
0163 3C 12

0165 75 F9

0167 C3

0168 K_RUN

MOV  AL82H
CALL LCD_COM

CALL ADJ ADDR

MOV DILADDRI BUF ;1E90H

MOV  SL[DI+6]

MOV BX,SI ;BX=ADDR WILL RUN
CALL BX

MOV DLADDR_REGI

MOV  [DI+0],AX

MOV  [DI+2],BX

MOV  [DI+4],CX

MOV  [DI+6],DX

MOV  AL,0BBH
OUT 10H,AL
CALL GETCH_
CMP AL,12H
JNZ UUUIl
RET

ENDP

RXEEEREXERREEER LR XK E KRR KR XL XRE XS
H

2

FUNCTION INCREMENT

KRR EEER AR EERR R XN KR EE R XA KR RS

0168 K_INC
0168 BF 1E96

016B 8B ID

016D FE C3

PROC NEAR

MOV DLA PACK ;lE96H
MOV  BX,[DI]
INC BL
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[BL] ADDR LOW

016F 80 FB 00 CMP BL,00H
0172 7502 INZ- GEB_INC ;VALUEIN
0174 FEC7 INC BH
0176 89 1D GEB_INC: MOV [DI},BX
0178 BO 82 MOV  AL,82H
017A E8 03CAR CALL LCD_COM
017D 8A C7 MOV ALBH
017F E3 0188 R CALL DISP N_A
0182 8AC3 MOV AL,BL
0184 E3 0188 R CALL DISP_N_A
0187 C3 RET
0188 K_INC ENDP
T T S —
; DISP ADDRESS AT PRESS INC OR DEC
S ———
0188 DISP_ N_A PROC NEAR

0188 E8 02DER
018B E8 03E2R

018E E8 03DOR
0191 8A C4

0193 E8 03E2 R
0196 E803D0OR
0199 C3

CALL YAG DATA
CALL HEX_ASCI; AL 4 BIT

LOW =0_H
CALL WR_ASCIH
MOV ALAH ; AH4BIT
HIGH=0_H

CALL HEX ASCH

CALL WR_ASCI
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019A

019A

019A

019A B0 01
019C E8 03CAR
019F BO 3E
01A1 E803DOR
01A4 BOC6
01A6 E8 03CAR
01A9 B0 57
01AB E8 03DO R
01AE B0 52
01BO E8 03DOR
01B3 B0 82
01B5 E8 03CAR
01B8 E8 028C R
01BB BF 1E90
0IBE 8B 75 06
01C1 81 FE 1E90

01C5 7D 03
01C7 EB 07 90

120

DISP N A ENDP

cRRRRRRERFRRRKRERK KKK R R KRR KKK KK
s

FUNCTION WRITE

b

RRERERKRKRERRRREERKE KRR KRR R KKKk
H

K_WR PROC NEAR
W_VVV:
MOV AL,
CALL LCD_COM
MOV AL,3EH
CALL WR_ASCI
MOV  AL,0C6H ;PRINT " WR"
CALL LCD_COM
MOV AL,57H
CALL WR_ASCI
MOV AL,52H
CALL WR_ASCII
MOV AL,82H
CALL LCD_COM
CALL ADJ_ADDR
MOV DLADDRI_BUF ;IE90H
MOV  SI,[Di+6]
CMP SIADDRI1_BUF
;JESOH COM PARE VALUE OVER
JNL W_VVVl
JMP  CONTI 1

b e

?



01CA 81 FE IFFF
01CE 7E CA

01D0

01D0 E8 02EB R
01D3 BF 1E%
01D6 E8 031ER
0ID9 3C 10
01DB 7D F9
01DD 88 05
O0IDF E8 03E2R
01E2 E8 03DOR
01E5S 47

O01E6 81 FF 1E96
OIEA 75 EA
0IEC E8 02C7R
O1EF BF 1E90
01F2 8A 5D 08
01F5 8B 7506
01F8 88 IC

01FA E8 031ER
01FD 3C 12
O1IFF 74 14
0201 3C 17

W VVVI:

121

CMP  SI400H
L W_VVV
CMP  SI,IFFFH
JLE W_VVV

bt o

CONTL_I:

K_D2:

CALL TRIAM D

MOV DILDATA1_BUF ;1E94H

CALL GETCH_
CMP AL,10H

JNL K D2 >=

MOV [DIJ,AL

CALL HEX ASCI
CALL WR_ASCH

INC DI
CMP DI, I1E96H
INZ K_D2

CALL PACK_DATA

MOV
MOV  BL,[DI+8]
MOV  SL[DI+6]

MOV  [SI},BL

DLADDRI_BUF

:1E90H

AX'=[8765H |

VOLI1:

CALL GETCH_
CMP AL,12H
JZ WR_MON
CMP = AL,I7H
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0203 74 06

0205 3C 10
0207 74 07

0209 EBEF
020B E8 0168 R
020E EB C0
0210 E8 00FD R
0213 EB BB
0215 BOO1
0217 E8 03CAR
021A C3

021B

021B

021B B0 00
021D E6 10
021F BF 1E90
0222 B0 00

0224 88 05

0226 47

0227 81 FF 1EFF
022B 75 F7
022D

132

WR_CON_INC

JZ WR_CON_INC
CMP AL,10H

JZ WR_CON_DEC
IMP VOLLI

:CALL K_INC

JMP CONTI_I

WR_CON_DEC: CALL K _DEC

WR_MON:

K_WR

IMP CONTI I
MOV AL,
CALL LCD_COM
RET

ENDP

CRREXEREREEERRRRE RN R R KRR K%

INPUT ADDR IN BUFFER

RATIEIIIILI LI I s
>

INPUT AD PROC NEAR

WR_ADR:

WR_ADRI:

MOV  AL,0
OUT I0H,AL
MOV DLADDRI BUF :1E90H
MOV AL,
:CLEAR ADDR 1E90 - 1EFFH = 00H
MOV [DIJ,AL
INC DI
CMP DI, IEFFH
INZ INO
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022D BF 1ES0

-, 0230 BO 82

0232 E8 03CAR
0235 E8 031ER

0238 3C 17

~023A 7501

023C C3

023D 3C 10
023F 7D F4
0241 88 05
0243 E8 03E2R
0246 E8 03DO R
0249 47

024A 81 FF 1E%4
024E 75 ES
0250 EB DB
0252

0252

0252 BOCé6
0254 E8 03CAR
0257 B0 52
0259 E8 03DOR
025C B0 44

123

MOV DLADDR1 BUF ;1E90H
MOV  AL,82H
CALL LCD_COM
WR_ADR2: CALL GETCH_
CMP AL,17H  ;VALUE"ENTER"
JINZ CONTI ;<=9 DI=1004?
RET
CONTL CMP AL,10H
JNL WR_ADR2 ;>=
MOV  [DIJ,AL
CALL HEX_ASCII
CALL WR_ASCI
INC DI
CMP DIDATAl BUF ;1E94H
JNZ WR_ADR2
JMP WR_ADRI
INPUT_AD  ENDP

RERRRRRRRR KRR KRR REKEERKRERRRkR
’

FUNCTION READ

2

RRERRRERFREERFRRRERRUKREXXER KRR
»

K RD PROC NEAR
MOV  AL,0C6H ;PRINT"RD"
CALL LCD_COM
MOV  AL,52H
CALL WR_ASCI
MOV AL,44H
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025E E8 03DO R
0261 BO 82
0263 E8 03CAR
0266 E8 028C R
0269 E8 0293 R
026C E8 031ER
026F 3C 10
0271 74 11

0273 3C 11

0275 7405

0277 3C 12
0279 75 F1
027B C3

027C E8 0168 R
027F E8 0293 R
0282 EBES
0284 E8 00FD R
0287 E8 0293 R
028A EBEO
028C

028C

028C E8 021BR
028F E8 02B2 R
0292 C3

0293

124

CALL WR_ASCII
MOV  AL,$2H
CALL LCD_COM
CALL AD} ADDR
CALL RD DISP
RD_LX: CALL GETCH_
CMP AL,10H ;KEY DEC
JZ K_RD DEC
CMP ALIIH ;KEYINC
JZ K_RD INC
CMP AL,I2H ;KEY MON
INZ RDLX
RET
K_RD_INC: CALL K_INC
CALL RD_DISP
JMP RD LX
K_RD DEC: CALL K_DEC
CALL RD_DISP
JMP RD LX
K_RD ENDP
AREREE R R
ADJ_ ADDR PROC NEAR
CALL INPUT AD
CALL PACK_ADDR
RET
ADJ ADDR  ENDP

EEERRREERREREEFREEERRRRERRRRE K
]
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0293

0293 E8 02EBR
0296 BF 1E90
0299 8B 75 06
029C 8A IC
029E 8A C3
02A0 EB 02DER
02A3 E8 03E2R

02A6 E8 03DOR
02A9 8A C4

02AB E8 03E2R
02AE E8 03DOR
02B1 C3

02B2

02B2

02B2 50

02B3 BF 1E90
02B6 E8 02DI R
02B9 834507
02BC BF 1E92
02BF E8 02DI1 R

RD_DISP

125

CALL
MOV
MOV
MOV
MOV
CALL
CALL

CALL

MOV

CALL
CALL
RET

PROC NEAR

TRIAM_D
DLADDRI_BUF ;1E90H
SI,[DI+6]
BL,[S]]
AL,BL
YAG _DATA
HEX_ASCII

:AL 4 BITLOW =0_H
WR_ASCII
AL AH

;AH 4 BITHIGH=0_H
HEX_ASCII
WR_ASCII

RD DISP ENDP

REEET 222222222 L2 222222222 2222 L]
2

>

PACK ADDRESS

RREKKREREEXEXEXREREEREXEXEXRREKXEXER KK
’

PACK_ADDR PROC NEAR

PUSH
MOV
CALL
MOV
MOV
CALL

AX
DLADDRI_BUF ;1E90H
SUM_

[DI+7],AL
DILADDR2_BUF ;1E92H
SUM_
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02C2 884504

02C5 58
02Cé6 C3
02C7

02C7

02C7 BF 1E9%4
02CA E8 02DI R
02CD 88 45 04
02D0 C3

02D1

02D1

02D1 53
02D2 8B 1D
02D4 8A C3
02D6 B1 04
02D8 D2 C8
02DA 0A C7
02DC 5B
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MOV  [DI+4]AL
POP AX
RET

PACK_ADDR ENDP

EEEEEEREEEFERREEXEERRERERRRR R X XS
2

>

PACK DATA

CEEEEREEEEFEEEERELRKKRRRRRRRERER KR
s

PACK_DATA PROC NEAR

MOV DLDATA1 BUF ;1E94H
CALL SUM_

MOV  [DI+4],AL

RET

PACK_DATA ENDP

SRR EREEEERERREEERFEERREREEKE X RE
2

2

FN SUM ADDR OR DATA

CRREARKEEREEEERRRERER R KRR XX RERRE
2

SUM_

PROC NEAR
PUSH BX
MOV BX,[DI] ;BH=02 BL=01
MOV ALBL
MOV CLA4
ROR AL,CL
OR ALBH
POP BX
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02DD C3
02DE

02DE

02DE 51
02DF B4 00
02E1 B104
02E3 D3 C8
02E5 Bl 04
02E7 D2 CC

02E9 59
02EA C3
02EB

02EB

02EB B0 CO
02ED E8 03CAR
02F0 BO 3A

02F2 E8 03D0 R

127

RET
SUM " . ENDP

RERRREEEEEEEEXEEEXRERRE IR ERKERE
)

: YAG DATA

EEEREREREEEEE XXX XX ERRKEEEREEREREEE
b4

YAG DATA PROC NEAR
PUSH CX ;-
MOV  AH,0
MOV CL.4
ROR AXCL
MOV CL.s4
ROR AHCL

;DATA AT AX —->RET

POP CX
RET
YAG DATA ENDP

KRR EEEEER XXX EEEREEEERRKRKE
2

; TRIAM DATA :_

EEEERRREEEEEF R XX XEEREREERKKKEE
)

TRIAM D PROC NEAR
MOV  AL,0COH
CALL LCD_COM
MOV  AL3AH
CALL ‘WR ASCI
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02F5 B0 C2
02F7 E8 03CAR
02FA C3

02FB

02FB
02FB BO 88
02FD E6 53
02FF B0 38

0301 E8 03CAR
0304 B0 OF
0306 E8 03CAR
0309 B0 06
030B E8 03CA R
030E B0 01

0310 E8 03CAR
0313 B0 3E

0315 E8 03DO R
0318 BO FE
031A E803DOR
031D C3

031E
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MOV

CALL LCD_COM

RET

TRIAM D  ENDP

AL,0C2H

TTTTTTTTTTTTTT kkkkkgRkkkkkkkikkkRk

; INITIAL HARDWARE

ckkkkkERRRRRRRkkkk Rk Rk kkkkhkkkk kR kR
s

INITIAL PROC NEAR

MOV

AL,88H

OUT P_CON,AL

MOV
CALL
MOV
CALL
MOV
CALL
MOV
CALL
MOV
CALL
MOV
CALL
RET

INITIAL ENDP

AL 38H
LCD_COM
AL,0FH
LCD_COM
AL6
LCD_COM
AL,1
LCD_COM
AL 3EH
WR_ASCI
AL,0OFEH
WR_ASCII

;INITIAL 8255 KEY

;INITIAL LCD
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ckkkkkkkkkkpkkkkkkRRhk kiR R Rk RRRRRRRRRE
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; SCANKEY -

Rm———

SREFREREREEERKERFRERERERERRREFTRRER R RS
b4

: 031E - GETCH_ PROC NEAR
E 031E B2 00 NEW_COL: MOV DL,0H
; 0320 $A C2 SHIFT COL: MOV ALDL :COLUM
0322 E6 52 OUT P CAL
! 0324 E4 52 IN ALPC
| 0326 24 FO AND AL,0F0H
E 0328 3C FO CMP AL,0FOH
I 0324 7502 INZ ONKEY
; 032C BO 00 MOV  AL,0
; 032E 3C 00 ONKEY:  CMP ALO
, 0330 74 10 JZ  SKIPP
, 0332 0A C2 OR ALDL
0334 E8 0353 R CALL NUM_KEY
: ;##% AL, = OUTPUT VALUE KEY °
§ 0337 50 PUSH AX
{ 0338 E4 52 OPEN K: IN ALP _C ;*** CHECK OPEN KEY
: 033A 24 F0 AND  AL,0F0H
| 033C 3C FO CMP AL,0FOH
; 033E 75 F8 JNZ OPEN K
0340 58 POP AX
0341 C3 RET
. 0342 FEC2 SKIPP: INC DL
: 0344 75 05 INZ QQ
0346 B0 82 MOV~ AL,82H

o Ty =
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0348 E8 03CAR
034B .80 FA 06
034E 75 DO
0350 EB CC
0352 C3

0353

0353
0353 8A EO

0355 80 E4 OF

0358 24 F0

035A 3C 170
035C 740C
035E 3CBO
0360 74 17

0362 3C DO
0364 7422

0366 3CEO
0368 742D

036A B0 00

036C 02 C4
036E E6 10
0370 E8 03A4R
0373 E8 03FAR
0376 .EB 2B 90

QQ:

GETCH_

¥

A

130 .° -

CALL LCD_COM
CMP DL
INZ SHIFT COL
JMP NEW_COL
RET

ENDP

AEXRRKRKRRKRKRR KRR KRR KRR KRR KK

>

NUM_KEY PROC NEAR

ROW1:

MOV AHAL
AND AH,0FH
; AS AH=72 NEW AH =02
AND  AL,0FOH
: AS AL=72 NEW AH =70
CMP AL,70H
JZ ROWI
CMP AL,0BOH
JZ ROW2
CMP AL,0DOH
JZ ROWS3
CMP AL,0E0H
JZ ROW4
MOV AL,
: ROWO0 + 00 KEY 0,1,2,3,FU,DEC
ADD ALAH ;AH=0TOS5
OUT 10HAL
CALL DELAY
CALL SOUND
IMP . SO
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Lo JENNE =N VR
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0379 B0 06

037B 02 C4
037D E6 10
037F E8 03A4R.
0382 E8 03FAR
0385 EB 1C 90
0388 B0 0C

038A 02 C4
038C E6 10
038E E8 03A4 R
0391 E8 03FAR
0394 EB 0D 90
0397 BO 12

0399 02 C4
039B E6 10
039D E8 03A4R
03A0 E8 03FAR
03A3 C3

03A4

03A4

03A4 51
03A5 B9 01FF
03A8 E2 FE
03AA 59.

ROW2:

ROWS3:

ROW4:

SO:

131 ¢ .

MOV  AL,06H
- ;ROW!1 + 06 KEY 4,5,6,7,RUN,INC
ADD ALAH ;AH=0TO5
OUT 10H,AL
CALL DELAY
CALL SOUND
IMP SO
MOV  AL,0CH
; ROW2 + 12 KEY 8,9,A B,DATA,STEP
ADD ALAH ;AH=0TOS5
OUT 10H,AL
CALL DELAY
CALL SOUND
JMP SO
MOV  AL,12H
;ROW3 + 18 KEY C,D,E,F,REG,MON
ADD AL AH
OUT 10H,AL
CALL DELAY
CALL SOUND

RET

NUM_KEY ENDP

EXERRERRRKKRRKERXRRRKR * x¥% *%kk

DELAY

PROC NEAR

PUSH CX
MOV CX,1FFH
LOOP §
POP CX
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03AB C3
03AC

03AC

03AC 50

03AD 53

03AE 8A D8
03B0 8A C4
03B2 E8 03CAR
03B5 8A C3
03B7 E8 03EZ R
03BA ER 03DO R
03BD E8 03C2R
03C0 5B .
03C1 58

03C2

03C2
03C2 51

03C3 B9 FFFF - .

Yw  x
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DELAY ENDP -

KEEERERREREREEXREEEXRE R KX KR EXR KRS
2

FUNC PRINTF

EEREEERERLERERRERRERAEE R RREERREE
’

>

PRINTF PROC NEAR
PUSH AX
PUSH BX
MOV BLAL
MOV AL AH
CALL LCD COM
MOV AL.BL
CALL HEX_ASCI
CALL WR_ASCI
CALL DELAYLCD
POP BX
POP AX

PRINTF ENDP

EEEEEERRERREREREREEER R KRR XK KEEERE
2

DELAY LCD

b

SRRk * * RERRRRE R KRR REE

DELAYLCD PROC NEAR
PUSH CX
MOV . CX,0FFFFH
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03Cé E2 FE
03C8 59 |
03C9 C3
03CA

03CA

03CA E803D6 R
03CD E6 60
03CF C3

03D0

03D0

03D0 E8 03D6 R
03D3 Eé6 62
03D5 C3

03D6
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DD2:

DELAYLCD

LOOP DD2
POP CX
RET

ENDP

RERERRERRERRREERRRKE KRR KRR REKREKERE%K
’

2

WRITE COMMAND LCD

CREEREERRREERERERRERERRKEX K kKRR KRR KE%
>

LCD_COM PROC NEAR

LCD_COM

CALL BUSY
OUT WR_INST,AL
RET

ENDP

RERERRERRERERRERRERER KRR ERRERREKE%
s

3

WRITE DATA LCD

CEERKERERKERRREREERRRREERK KRR KR ERRE%
]

WR_ASCI PROC NEAR

WR_ASCI

CALL BUSY
OUT WR_DATAAL
RET

ENDP
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03D6

03Dé6 50

03D7 E4 61
03D9 A8 80
03DB 75 FA
03DD ES8 03A4 R
03E0 58

03E1 C3

03E2

03E2
03E2 3C 09
03E4 7E 05
03E6 04 37
03E8 EB 03 90
03EB 04 30
03ED C3,
03EE
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ERERREEEEREEREEEEEL R R ERRRREEEREERRE
bl

CHECK BUSY LCD

CREEREREEEREEEEEEEREEREEREREEERRERE XK
’

BUSY PROC NEAR

NOT _BUSY:

BUSY

PUSH AX
IN ALRD BUSY
TEST AL,30H
INZ NOT_BUSY
CALL DELAY
POP AX

RET

ENDP

EREEEEXXXEREERRREREEEE

b

HEX TO ASCII

CRERRERKREEEEERERRRRRERERRRE R KRR kKRR
’

HEX_ASCII PROC NEAR

N_09:
G_RET:
HEX_ASCII

CMP AL, 09H
JLE N_09
ADD AL37H
JMP G _RET
ADD ALj30H
RET

ENDP
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03EE

03EE 3C 39
03F0 7E 05
03F2 2C 37
03F4 EB 03 90
03F7 2C 30
03F9 C3
03FA

03FA

03FA 51

03FB 50

03FC B9 0030
03FF B0 A0
0401 E6 51
0403 E8 041F R
0406 B0 20
0408 E6 51
040A EB 041F R
040D 49

-
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EEEEERRREERRRRKEKRERERFEE Rk KT R R R KK%
>

ASCH TO HEX

2

cEREREERERERKREREREREKEER KR XXX KK KKK KK
2

ASCI HEX PROC NEAR
CMP AL39H
JLE  N30_39 <=
SUB AL37H
IMP G _RET AH
N30_39: SUB  AL,30H
G_RET_AH: RET
ASCI_HEX ENDP

KERREREREEEFE R AR RREREEERRK KRR R
2>

FUNCTION SOUND

2

SREERRERXRRRKERRREXKERRRKERERRRXKK
’

SOUND PROC NEAR
PUSH CX
PUSH AX
MOV  CX,030H ;25
LLS: MOV  AL,0A0H ;50
OUT P BAL
CALL DELAYSI
MOV  AL,20H
OUT P BAL
CALL DELAYSI
'DEC, CX



T RIW meem prw =

B T S ——

he Aol

P VL e

040E 75 EF
0410 B0 00
0412 E6 51
0414 58
0415 59
0416 C3
0417

0417
0417 51

0418 B9 01FF
041B E2 FE

041D 59
041E C3
041F
041F
041F 51

0420 B9 00FF
0423 E2 FE

0425 59
0426 C3

0427
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INZ LLS

MOV  AL,0

OUT P_BAL

POP AX

POP CX

RET
SOUND ENDP

RRKRREEERRERRERE KRR KK RKERERR KR
b

FUNCTION DELAY SOUND

H

SRERERRREREER KRR XK RFRERRRERRKRE
’

DELAYS PROC NEAR
PUSH CX
MOV  CX,1FFH
LOOP §
POP CX
RET

DELAYS ENDP

-DELAYS1 . PROC NEAR

PUSH CX
MOV  CX,0FFH
LOOP §
POP CX
RET

DELAYSI] ENDP

KRRERERERRERRRRERARF AR X ER KRR
5 .
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Segments and Groups:

Name

Symbols:

Name Type
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ORG 7FFOH
JMP START
END START

Length Align Combine Class

GROUP
0000 WORD PUBLIC
7FF3  WORD PUBLIC

§

'DATA'
'CODE'

TEXT Length = 0007

TEXT

TEXT Length = 000C

TEXT Length = 000C
TEXT

TEXT

Value Attr
NUMBER 1E90
NUMBER 1E92
NUMBER 1CAQ
NUMBER 1CA8
N PROC 028C
NUMBER 0400
L NEAR 014E
N PROC 03EE
NUMBER 1E96
N PROC , 03Dé6
L NEAR 023D
L NEAR 01D0
NUMBER 1E%4
L NEAR 03C6
N PROC 03A4
N PROC 03C2
N PROC 0417

_TEXT
_TEXT Length = 0008
_TEXT Length = 0008

TEXT Length = 0008
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DELAYSI ............ N PROC 041F _TEXT Length = 0008
DISPNA............ NPROC - 0188 _TEXT Length=0012
DISP REG............ N PROC 00B2 _TEXT Length = 0014
DPACK............. NUMBER  1E98

GEBDEC ............ L NEAR 010B _TEXT

GEBINC ............ L NEAR 0176 _TEXT

GETCH ............. N PROC 031E _TEXT Length = 0035
GRET ............. LNEAR  03ED _TEXT
GRETAH............ L NEAR 03F9 _TEXT

HEX ASCH ........... N PROC 03E2 _TEXT Length = 000C
INITIAL ............ N PROC 02FB _TEXT Length = 0023
INPUT AD............ N PROC 021B _TEXT Length = 0037
INO.......ovvn. .. L NEAR 0224 _TEXT

KEY DEC ............ L NEAR 0037 _TEXT

KEY FUNC............ N PROC 0012 _TEXT Length = 003B
KEY INC ............ L NEAR 003D _TEXT

KEY RD............. L NEAR 0049 _TEXT

KEY REG ............ L NEAR 002B _TEXT

KEY RUN ............ L NEAR 0031 _TEXT

KEY WR............. L NEAR 0043 _TEXT
KD2.......ovn... L NEAR 01D6 _TEXT

KDEC ......c...... N PROC 00FD _TEXT Length = 0020
KINC ............. N PROC 0168 _TEXT Length = 0020
KRD.............. N PROC 0252 _TEXT Length = 003A
KRDDEC............ L NEAR 0284 _TEXT
KRDINC............ L NEAR 027C _TEXT

KREG ............. NPROC 004D _TEXT Length = 0065

K REG DEC ........ .« L'NEAR - -009C ' “TEXT
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L NEAR
L NEAR
L NEAR
N PROC
L NEAR
L NEAR
L NEAR
N PROC
N PROC
N PROC
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
L NEAR
NUMBER
NUMBER
N PROC
L NEAR
L NEAR
L NEAR

0086
011D
019A

03CA _TEXT Length = 0006

00C6
O3FF
03F7
03 IE
03D7
0353
03EB
032E
0338
02B2
02C7
03AC
0010
0050
0051
0052
0053
034B
0061
0063
0293
026C
0064
036A

_TEXT Length = 004B
_TEXT Length = 0081

_TEXT Length = 0018

_TEXT Length = 0051

_TEXT Length = 0015
_TEXT Length = 000A
_TEXT Length = 0016

_TEXT Length = 001F
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ROW2.............. L NEAR
ROW3.............. L NEAR
ROW4.............. L NEAR
RUB .............. L NEAR
RUBKREG............ L NEAR
SHIFT COL ........... L NEAR
SKIPP ............. L NEAR
SO.. .. L NEAR 03A3
o) B L NEAR
SOUND ............. N PROC
START ............. N PROC
SUM_.............. N PROC
TRIAMD ............ N PROC
TDREGL............ N PROC
UUU ... L NEAR
UUUL.............. L NEAR
VOLL.............. L NEAR
WRADR............. L NEAR
WR ADRI ............ L NEAR
WR ADR2 ............ L NEAR
WR ASCI............ N PROC
WR_CONDEC........... L NEAR
WR CONINC........... L NEAR
WR_DATA ............ NUMBER
WRINST ............ NUMBER
WRMON............. L NEAR
WVVV ... L NEAR
W.VVVL.. . ... ... L NEAR

0379
0388
0397
0008
0073
0320
0342
_TEXT
004C
03FA
0000
02D1
02EB
00DE
0135
0160
01FA
021F
022D
0235
03D0
0210
0208
0062
0060
0215
019A
01CA

TEXT

_TEXT
_TEXT

_TEXT
_TEXT

_TEXT

_TEXT Length = 001D
_TEXT Length = 0012

_TEXT Length = 000D

_TEXT Length = 0010

_TEXT Length = 001F
TEXT

TEXT

TEXT

TEXT

TEXT

_TEXT

_TEXT Length = 0006
TEXT
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YAG DATA ............ N PROC
"@CODE ............. TEXT _TEXT
@CODESIZE ........... TEXT 0
@CPU.............. TEXT 0101k
@DATASIZE ........... TEXT 0
@FILENAME ........... TEXT LK
@VERSION ............ TEXT 510

780 Source Lines
780 Total Lines
118 Symbols
47590 + 422980 Bytes symbol space free
0 Waming Errors

0 Severe Errors

02DE _TEXT Length = 000D
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13 C3 ADC AX,BX 12C5 ADC AL,CH
13C1 ADC AX,CX 12 C6 ADC AL,DH
13 C2 ADC AX.DX 12 FC ADC BH,AH
13 D8 ADC BX,AX 12 FD ADC BH,CH
13 D9 ADC BX,CX 12 FE ADC BH,DH
13 DA ADC BX,DX 12 F8 ADC BH,AL
13 C8 ADC CX,AX 12 F9 ADC BH,CL
13CB ADC CX,BX 12 FA ADC BH,DL
13 CA ADC CX,DX 12EC ADC CH,AH
13 D0 ADC DX,AX 12 EF ADC CH,BH
13 D3 ADC X,BX 12 EE ADC CH,DH
13 D1 ADC DX,CX 12 E8 ADC CH,AL
12 E7 ADC AH,BH 12 EB ADC CH,BL

12 ES ADC  AHCH 12 EA ADC CH.DL
12 E6 ADC AH.DH 12 C8 ADC CL,AL
12 E3 ADC AHBL 12CB ADC CL,BL

12 E1 ADC  AHCL 12 CA ADC CL,DL

12 E2 ADC AH,DL 12 CC ADC CL,AH
12C3 ADC AL,BL 12 CF ADC CL,.BH
12 Cl1 ADC ALCL 12 CE ADC CL,DH
12 C2 ADC AL,DL 12 F4 ADC DH,AH
12 C7 ADC  ALBH 12 F7 ADC DH,BH
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12 F5 ADC DH,CH 13 0D ADC CX,[D]]
12 FO ADC DHAL 13 4D 01 ADC CX,[DI+]]
12 F3 ADC DH,BL 13CE ADC CX.,SI
12 F1 ADC DH,CL 130C ADC CX,[S]]
12 D4 ADC DL.AH 13 4C 01 ADC  CX,[SI+]]
12 D7 ADC DL,BH 13 CD ADC CX,BP
12 D5 ADC DL.CH 13 D7 ADC DX,DI
12 DO ADC DL,AL 13 15 ADC  DX,[DJ]
12 D3 ADC DL.BL 13 55 01 ADC DX,[DI+1]
12Dl ADC DL.CL 13 D6 ADC DX,SI
13 C7 ADC AX,DI 13 14 ADC DX,[SI]
13 05 ADC AX,[DI] 13 54 01 ADC  DX,[SI+]]
13 4501 ADC  AX,[DI+]] 13 D5 ADC DX,BP
13 C6 ADC AX,SI 11 44 01 ADC [SI+1],AX
13 04 ADC AX[ST] 11 5C 01 ADC  [SI+1],BX
13 44 01 ADC  AX,[SI+I] 11 4C 01 ADC  [SI+1],CX
13 C5 ADC AXBP | 11 54 01 ADC  [SI+1],DX
13 DF ADC BX,DI 11 04 ADC [STI,AX
13 1D ADC BX,[DI] 111C ADC [SIJ,BX
13 5D 01 ADC  BX,DHI]| |110C ADC [SIL,CX
13 DE ADC BX,SI 11 14 ADC {SI],DX
13 1C ADC BX,[S] 1146 01 ADC  [BP+IAX
13 5C01 ADC BX,[SI+1] 11 5E01 ADC [BP+1],BX
13 DD ADC BX,BP 114E 01 ADC  [BP+1],CX
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meenlan Fnvnizvasida feenlnn Fnvaizveeida
13 ES ADC BP,AX 03C2 ADD AX, DX
13 EB ADC BP,BX 03 D8 ADD  BXAX
13 E9 ADC BP,CX 03 D9 ADD  BX,CX
13 EA ADC BP,DX 03 DA ADD  BX,DDX
114501 ADC DI+1],AX 03 C8 ADD CX,AX
11 5D 01 ADC [DI+l],BX 03 CB ADD  CX3BX
11 4D 01 ADC [DI+1],CX 03 CA ADD  CX,DX
115501 ADC [DI+1]DX[ |03DO ADD  DX,AX
1105 ADC  [DILAX 03 D3 ADD  DX,BX
11 1D ADC  [DI,BX | {03D1 ADD  DX.CX
11 0D ADC  [DI,CX 02 E7 ADD  AHBH
1115 ADC  [DIDX 02 ES ADD  AH.CH
15 0B 10 ADC  AX,100BH 02 E6 ADD  AHDH
81 D3 0A 10 ADC BX,100AH 02 E3 ADD  AHBL
81 D1 0A 10 ADC CX.100AH 02 El ADD  AHCL
81 D2 0A 10 ADC DX,100AH 02 E2 ADD  AHDL
80 D4 0B ADC  AH,0BH 02 C3 ADD  ALBL
14 0B ADC  ALOBH 02Cl ADD  ALCL
80 D7 0A ADC BH,0AH 02C2 ADD AL.DL
80 D5 0A ADC  CH,0AH 02C7 " ADD  ALBH
80 D1 0A ADC  CL,0AH 02 CS ADD  ALCH
80 D6 0A ADC  DHOAH| |o02¢s ADD  ALDH
80 D2 0A ADC  DL,0AH 02 FC ADD  BHAH
03 C3 ADD  AXBX 02 FD ADD  BHCH




Rl

146’

= 1w o o de¥
MINN AL (AB) ANYUZYDIMTN 139U

msenlan é’ﬂumzquﬁﬁ"q nevanlan Fovaizveaida
02 F8 ADD BH,AL 02 D3 ADD DL,BL
02 F9 ADD BH,CL 02 D1 ADD DL,CL
02 FA ADD BH,DL 03 C7 ADD AX.DI
02 EC ADD CH,AH 03 05 ADD  AX,[D]]
02 EF ADD CH,BH 03 45 01 ADD  AX,[DI+]]
02 EE ADD CH,DH 03 C6 ADD AX,SI
02 E8 ADD CHAL 03 04 ADD AX,[S]]
02 EB ADD CH,BL 03 44 01 ADD  AX,[SI+]]
02 EA ADD CH,DL 03 C5 ADD AX,BP
02 C8 ADD CL,AL 03 DF ADD BX.DI
02 CB ADD CL,BL 03 ID ADD  BX,DI]
02 CA ADD CL,DL 03 5D 01 ADD  BX,[DI+1]
02 CC ADD CL,AH 03 DE ADD BX,SI
02 CF ADD CL,BH 03 1C ADD BX,[ST]
02 CE ADD CL,DH 035C01 ADD  BX,[SI+I1]
02 F4 ADD DH,AH 03 DD ADD BX,BP
02 F7 ADD DH,BH 03 CF ADD CX,DI
02 F5 ADD DH,CH 03 0D ADD CX,[DI]}
02 FO ADD DH.AL 03 4D 01 ADD CX,[DI+]
02 F3 ADD DH,BL 03 CE ADD CX,SI
02 F1 .ADD DH,CL 03 0C ADD  CX,[S]]
02 D4 ADD DLAH | |034cCo01 ADD  CX,[SI+]]
02 D7 ADD DL,BH 03 CD ADD CX,BP
02 D5 ADD DL,CH 03 D7 ADD DX,DI
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03 55 01 ADD DX,[DI+]] 01 05 ADD [DI],AX
03 D6 ADD DX,SI 01 1D ADD [DI),BX
03 14 ADD DX,[ST] 010D ADD [DI],CX
03 54 01 ADD  DX,[SI+]] 0115 ADD [DI],DX
03 D5 ADD DX,BP 05 0B 10 ADD  AX,100BH
01 44 01 ADD  [SI+1],AX 81C30A10  ADD BX,100AH
01 5C01 ADD [SI+1],BX 81C10A10 ADD CX,lO()AH
01 4C 01 ADD  [SH1],CX 81C20A10  ADD DX,100AH
015401 ADD  [SI+1],DX 80 C4 0B ADD  AH,0BH
01 04 ADD [ST,AX 04 0B ADD  AL,0BH
011C ADD [ST],BX 80 C7 0A ADD  BH,0AH
010C ADD [SI),CX 80 C5 0A ADD  CH,0AH
01 14 ADD [ST,DX 80 C1 0A ADD  CL,0AH
01 46 01 ADD  [BP+1],AX 80 C6 0A ADD  DH,0AH

01 5E 01 ADD  [BP+1],BX 80 C2 0A ADD  DL,0AH

01 4E 01 ADD [BP+1],CX 23 C3 AND AX,BX

01 56 01 ADD [BP+1],DX 23 C1 AND AX,CX
03 E8 ADD BP.AX 23C2 AND AX,DX
03 EB ADD BP.BX 23 D8 AND BX,AX
03 E9 ADD BP,CX 23 D9 AND BX,CX
03 EA ADD BP,DX 23 DA AND BX,DX
01 45 01 ADD  [DI+1],AX 23 C$- AND CX,AX
015D 01 ADD [DI+1],BX 23CB AND CX,BX
014D 01 ADD [DI+1],CX 23 CA AND CX,.DX
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23 D3 AND DX,BX 22 EA AND CH,DL
23 D1 AND DX,CX 22 C8 AND CL,AL
22 E7 AND AH,BH 22 CB AND CL,BL
22 E5 AND AH,CH 22 CA AND CL,DL
22 E6 AND AH.DH 22CC AND CL,AH
22 E3 AND AH,BL 22 CF AND CL,BH
22 El AND AH,CL 22 CE AND CL,DH
22 E2 AND AHDL 22 F4 AND DH,AH
22 C3 AND AL,BL 22 F7 AND DH,BH
22 C1 AND AL,CL 22 F5 AND DH,CH
22 C2 AND ALDL 22 FO AND DH,AL
22 C7 AND ALBH 22 F3 AND DH,BL
22 C5 AND ALCH 22 F1 AND.  DHCL
22 C6 AND ALDH 22 D4 AND DL,AH
22 FC AND BH,AH 22 D7 AND DL,BH
22 FD AND BH,CH 22 D5 AND DL,CH
22 FE AND BH,DH 22 DO AND DL,AL
22 F8 AND BH,AL 22 D3 AND DL,BL
22 F9 AND BH,CL 22 D1 AND DL,CL
22 FA AND BH,DL 23 C7 AND AX.DI
22 EC w, AND CH,AH 23 05 AND  AX,[D]]
22 EF AND CH,BH 23 45 01 AND  AX,[DI+1]
22 EE AND CH,DH 23 C6 AND AX,SI
22 E8 AND CHAL 23 04 AND AX,[ST]
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23CS AND AX BP 21 54 01 AND [SI+1],DX
23 DF AND BX,DI 21 04 AND [SI},AX
231D AND  BX,[DI] 211C AND  [SI,BX
23 5D 01 AND BX,[DI+]] 21 0C AND  [SI,CX
23 DE AND BX,SI 21 14 AND  [SI,DX
23 1C AND  BX,[SI] 21 46 01 AND [BP+1],AX
23 5C 01 AND  BX,[SI+]] 21 SE 01 AND [BP+1],BX
23 DD AND BX,BP 21 4E 01 AND [BP+1],CX
23 CF AND’ CX,DI 21 56 01 AND [BP+1],DX
23 0D AND  CX,[DJ] 23 E8 AND  BPAX
23 4D 01 AND CX,[DI+1] 23 EB AND  BPBX
23 CE AND CX,SI 23 E9 AND  BPCX
230C AND  CX[ST] 23EA AND  BPDX
23 4C 01 AND  CX,[SI+1] 2145 01 AND [DI+1],AX
23 CD AND CX,BP 21 5D 01 AND [DI+1],BX
23 D7 AND DX.DI 214D 01 AND [DI+1],CX
23 15 AND  DX,[DI] 2155 01 AND [DI+1],DX
23 5501 AND DX,[DI+1] 21 05 AND  [DIAX
23 D6 AND DX,SI 21 1D AND  [DI,BX
23 14 AND  DX,[S] 21 0D AND  [DI,CX
23 54 01 AND DX,[SI+1] 2115 AND  [DILDX
23 D5 AND DX BP 25 0B 10 AND AX,100BH
21 44 01 AND  [SI+1],AX 81 E3 0A 10 AND BX,100AH
215C01 AND [SI+1],BX 81 EI0A 10 AND CX,100AH
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80 E4 0B
80 24 0B
80 E7 0A
80 E5 0A
80 E1 0A
80 E6 0A
30 E2 0A
3BC3
3BCl1
3BC2
3BD8
3BD9S
3BDA
3BC8
3BCB
3BCA
3BDO0
3BD3
3BDI
3AE7
3AES
3AE6
3AE3
3AE]

AND AH,0BH -

AND  ALOBH
AND  BH,0AH
AND  CH,0AH
AND CL,OAHV
AND  DH,0AH
AND  DL,0AH
CMP AX,BX
CMP - AX,CX
CMP AX.DX
CMP BX,AX
CMP BX,CX

CMP BX,DX
CMP CX,AX
CMP CX,BX
CMP CX,DX

CMP DX,AX

CMP DX,BX

CMP DX,CX

CMP AH,BH

CMP AH,CH

CMP AHDH

CMP AH,BL

CMP AH.CL

3AC3 -
3ACI
3AC2
3AC7
3ACS
3AC6
3AFC
3AFD
3AFE
3AF8
3AF9

3ACS8
3ACB
3ACA
3ACC
3ACF
3ACE

CMP AL,BL
CMP AL,CL
CMP ALDL
CMP AL,BH
CMP AL CH
CMP AL.DH
CMP BH,AH
CMP BH,CH
CMP BH,DH
CMP BH,AL
CMP BH,CL
CMP BH,DL
CMP CHAH
CMP CH,BH
CMP CH,DH
CMP CH,AL
CMP CH,BL
CMP CH,DL
CMP CL,AL
CMP CL.BL
CMP CL,DL
CMP CL,AH
CMP CL,BH
CMP CL.DH
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3AF7 CMP DH,BH 3BCF CMP CX,DI
3AF5 CMP DH,CH 3BOD -CMP CX,[D1)
3AF0 CMP DHAL 3B4DO1 CMP CX,[DI+1]
3AF3 CMP DH,BL 3BCE CMP CX,SI
3AF] CMP DH,CL 3B0OC CMP CX,[S]]
3AD4 CMP DL,AH 3B4C01 CMP CX,[SI+]]
3AD7 CMP DL,BH ’ 3BCD CMP CX,BP
3AD3 CMP DL,CH 3BD7 CMP DX,DI
3ADO CMP DL,AL 3BI5 CMP DX.,[DI]
3AD3 CMP DL,BL 3B5501 CMP DX,[DI+]]
3ADI1 CMP DL,CL 3BD6 CMP DX,SI
3BC7 CMP AX,DI 3B14 CMP  DX,[S]]
3B05 CMP AX,[DI] 3B5401 CMP DX,[SI+1]
3B4501 CMP AX,[DI+]] 3BDS CMP  DX,BP
3BC6 CMP AX,SI 394401 CMP [SI+1],AX
3B04 CMP AX,[S]] 395C01 CMP [SI+1],BX
3B4401 CMP  AX,[SI+]] 394C01 CMP [SI+1],CX
3BCS CMP AX,BP 395401 CMP [SI+1],DX
3BDF CMP BX.DI 3904 CMP [SI],AX
3BID CMP  BX,[D]] 391C 'CMP [SI],BX
3B5DO01 CMP BX,[DI+]] 390C CMP [S1,CX
3BDE CMP BX,SI 3914 CMP [S1],DX
3BIC CMP BX,[SI] 394601 CMP [BP+1],AX
3B5C01 CMP BX,[SI+I] 395E0] CMP [BP+1],BX
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395601 CMP [BP+1],DX 4B DEC BX
3BES CMP BP,AX 49 DEC CX
3BEB CMP BP,BX 4A DEC DX
3BE9 CMP BP,CX FE CC DEC AH
3BEA CMP BP,DX FE CF DEC BH
394501 CMP [DI+1J,AX FE CD DEC CH
395D01 CMP  [DI+1],BX FE CE DEC DH
394D01 CMP  [DI+1],CX FE C8 DEC AL
395501 CMP [DI+1],DX FE CB DEC BL
3905 CMP {DI],AX FE C9 DEC CL
391D CMP [DI),BX FE CA DEC DL
390D CMP (DI],CX 4E DEC SI
3915 CMP [DI),DX 4D DEC BP
3D0B10 CMP  AX,100BH 4F DEC DI
81FBOAIO CMP BX,100AH 4C DEC SP
$1F90A10 CMP  CX,100AH F7 FO DIV AX
81FAOALQ CMP  DX,100AH F7F3 DIV BX
80FCOB CMP AH,0BH F7F1 DIV CX
3CO0B CMP AL,0BH F7F2 DIv DX
SO0FFOA CMP BH,0AH F6 F4 DIV AH
80FDOA CMP CH,0AH F6 F7 DIV BH
80F90A CMP CL,0AH F6 F5 DIV CH
80FEOA CMP DH,0AH F6 F6 DIV DH
80FAOA CMP DL,0AH F6 FO DIV AL
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F6 F1 DIV CL F7EA IMUL DX
F6 F2 DIV DL F6 EC IMUL AH
F7F6 DIV SI F6 EF IMUL BH
F7F>5 DIV BP F6 ED IMUL CH
F7 F7 DIV DI F6 EE IMUL DH
F7F4 DIV SP F6 E8 IMUL AL
F7 F8 IDIV AX F6 EB IMUL BL

F7FB IDIV BX F6 E9 IMUL CL
F7 F9 IDIV CX F6 EA IMUL DL
F7 FA IDIV DX F7EE IMUL SI

F6 FC IDIV AH F7ED IMUL BP

F6 FF IDIV BH F7EF IMUL DI

F6 FD IDIV CH F7EC IMUL Sp

F6 FE IDIV DH 40 INC ' AX
F6 F8 IDIV AL 43 INC BX
F6 FB IDIV BL 4] INC CX
F6 F9 IDIV CL 42 INC DX
F6 FA IDIV DL FE C4 INC AH
F7 FE IDIV SI FE C7 INC BH
F7 FD IDIV BP FE C5 INC CH
F7 FF IDIV DI FE C6 INC DH
F7 FC DIV SP FE CO INC AL
F7E8 IMUL AX FE C3 INC BL
F7EB IMUL BX FECI1 INC CL
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46 INC SI F5 CMC
45 INC BP 99 CWD
47 INC DI 27 DAA
44 INC SP 2F DAS
F7E0 MUL AX F4 HLT
F7E3 MUL BX 9F LAHF
F7El MUL CX FO LOCK
F7E2 MUL DX 90 NOP
F6 E4 MUL AH 9C PUSHF
F6 E7 MUL BH 9D POPF
F6 E5 MUL CH 9E SAHF
F6 E6 MUL DH F9 STC
F6 E0 MUL AL FD STD
F6 E3 MUL BL FB STI
F6 E1 MUL CL 9B WAIT
F6 E2 MUL DL E5 52 IN AX,52H
F7E6 MUL SI E4 51 IN AL,51H
F7ES MUL BP ED IN AX.DX
F7E7 MUL DI E7 10 OUT  10HAX
'FTE4 MUL SP E6 10 OUT  10HAL
98 CBW E7 20 OUT  20HA
F8 CLC E6 20 OUT  20HAL
FC CLD EF ouT DX AX
FA CLI E2 FO LOOP TT
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F7 DO NOT AX 86 E6 XCHG AH,DH
F7 D3 NOT BX 86 E3 XCHG AH.BL
F7 D1 NOT CX 86 El XCHG AH,CL
F7D2 NOT DX 86 E2 XCHG  AHDL
F6 D4 NOT AH 86 C7 XCHG  ALBH
F6 D7 NOT BH 86 C5 XCHG AL,CH
F6 DS NOT CH 86 C6 XCHG AL,DH
F6 D6 NOT DH 86 C3 XCHG  ALBL
F6 DO NOT AL 86 C1 XCHG  ALCL
F6 D3 NOT BL 86 C2 XCHG  ALDL
F6 D1 NOT CL 87 D9 XCHG BX,CX
F6 D2 NOT DL $7 DA XCHG  BX,DX
F7 D6 NOT SI 86 FC XCHG BH AH
F7D7 NOT DI 86 FD XCHG BHCH
F7D4 NOT SP 86 FE XCHG BH,DH
F7 D5 NOT BP 86 F8 XCHG BH AL
93 XCHG AX BX 86 F9 XCHG BH,CL
91 XCHG AX CX 86 FA XCHG BH,DL
92 XCHG AX DX 86 DC XCHG BL.AH
95 XCHG AX BP 86 DD XCHG BL,CH
97 XCHG AX,DI 86 DE XCHG BL,DH
96 XCHG  AXSI 86 D8 XCHG  BLAL
94 XCHG AX SP 86 D9 XCHG BL,CL
86 E7 XCHG AH,BH 86 DA XCHG BL,DL
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87CB XCHG CX,BX 86 D5 XCHG DL,CH
87CA XCHG CX,DX 86 DO XCHG DL.,AL
86 EC XCHG CH,AH 86 D3 XCHG DL,BL

| 86 EF XCHG CH,BH 86 D1 XCHG DL.CL
86 EE XCHG CH,DH 96 XCHG SLAX
86 E8 XCHG CH,AL 87 F3 XCHG SI,LBX
86 EB XCHG CH,BL 87F1 XCHG SI,CX
86 EA XCHG CH,DL 87F2 XCHG SLDX
86 CC XCHG CL.AH 8704 XCHG [SI],AX
86 CF XCHG CL,BH 87 1C XCHG [SI],BX
86 CE XCHG  CLDH 87 0C XCHG  [SI,CX
86 C8 XCHG CLAL 87 14 XCHG [SI],DX
386 CB XCHG CL,BL 8744 01 XCHG [SI+1],AX
86 CA XCHG CL.DL 875C 01 XCHG [SI+1],BX
92 XCHG DX,AX 874C 01 XCHG [SI+1],CX
87 D3 XCHG  DX,BX 8754 01 XCHG [SI+1],DX
87 D1 XCHG DX,CX 8624 XCHG [SI],LAH
86 F4 XCHG DH,AH 86 3C XCHG [SI],BH
86 F7 XCHG DH,BH 86 2C XCHG [SI],CH
86 F5 XCHG DH,CH 86 34 XCHG [SI],DH
86 FO XCHG DHAL 86 64 01 XCHG [SI+1},AH
86 F3 XCHG DH,BL 86 7C 01 XCHG [SI+1],BH
86 F1 XCHG DH,CL 86 6C 01 XCHG SI+1],CH
86 F6 DH.DH 86 74 01 XCHG ([SK1}],DH
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86 1C XCHG  [SI,BL 86 6D 01 XCHG [DI+1],CH
86 0C XCHG  [SI,CL 86 75 01 XCHG [DI+1],DH
86 14 XCHG  [SI,DL 86 05 XCHG [DILAL
86 44 01 XCHG [SHIJAL| |861D . XCHG  [DI],BL
86 5C 01 XCHG [SI+1],BL 86 0D XCHG [DI],CL
86 4C 01 XCHG [SI+1],CL 86 15 XCHG [DI,DL
86 54 01 XCHG [SI+1],DL 86 45 01 XCHG [DI+1],AL
97 XCHG  DIAX 86 5D 01 XCHG [DI+1],BL
87 FB XCHG  DIBX 86 4D 01 XCHG [DI+1],CL
87 F9 XCHG  DICX 86 55 01 XCHG [DI+1],DL
87 FA XCHG  DILDX 94 XCHG  SP,AX
87 05 XCHG [DI,AX 87 E3 XCHG  SPBX
87 1D XCHG [DI],BX 87 E1 XCHG  SP,CX
87 0D XCHG [DI,CX 87 E2 XCHG  SP,DX
87 15 XCHG [DI,DX 95 XCHG  BPAX
87 45 01 XCHG [DI+1],AX 87 EB XCHG  BP,BX
87 5D 01 XCHG [DI+1],BX 87 E9 XCHG  BPCX
87 4D 01 XCHG [DI+1],6X 87 EA XCHG  BPDX
87 55 01 XCHG [DI+1],DX D9 DO ESC 10,AX
86 25 XCHG [DILAH D9 D3 ESC  10,BX
86 3D XCHG [DI,BH D9 D1 ESC 10,CX
86 2D XCHG [DI,CH D9 D2 ESC 10,DX
86 35 XCHG {DI,DH DE D4 ESC 50,AH
86 65 01 DE D7 ESC 50,BH

XCHG [DI+1],AH
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DE D6 ESC 50,DH 71 DS JNO TT
DE DO ESC 50,AL 79 D3 JNS T
DE D3 ESC 50,BL 77 D1 JA TT
DE D1 ESC 50,CL 77 CF JNBE TT
DE D2 ESC 50,DL 73 CD JAE TT
D9 D6 ESC 10,SI 73 CB JNB T
D9 14 ESC 10,[ST] 72 C9 JB TT
D9 54 01 ESC  10,(SI+1] 72 C7 INAE  TT
D9 D7 ESC 10,DI 76 C5 JBE TT
D9 15 ESC 10,(DI] 76 C3 INA TT
D9 55 01 ESC  10,[DI+l] 72 C1 I¢ T
D9 D4 ESC 10,SP 74 BF IE T
D9D5 ESC 10,BP 74 BD 1z T
D9 56 01 ESC  10,(BP+]] 7A BB 1P TT
74 EE hy4 TT 7A B9 JPE TT
E8 00 00 CALL \ 73 B7 INC TT
48 DEC AX 75 BS INE TT
7F ES IG TT 75 B3 INZ TT
7F E3 INLE TT 7B Bl INP TT
7D El JGE TT 7B AF JPO TT
7D DF INL TT E3 AD JICXZ  TT
7C DD JL TT C3 RET
7C DB INGE TT EB BF JMP START
70 D9 JO TT BF 00 40 MOV- DL4000H
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BD 00 20 MOV BP,2000H 8A Co MOV AL,DH
BC 00 30 MOV  SP,3000H 8AFC MOV BH,AH
8B C3 MOV AX,BX 8AFD MOV BH,CH
8B Cl MOV AX,CX SAFE MOV BH,DH
8B C2 MOV AX DX 8AF8 MOV BH AL
8B D8 MOV  BXAX 8A F9 MOV  BHCL
8B D9 MOV BX,CX 8AFA MOV BH,DL
8B DA MOV BX,DX 8A EC MOV CH,AH
8B C8 MOV CX,AX 8A EF MOV CH,BH
8B CB MOV CX,BX 8A EE MOV CH,DH
8B CA MOV CX,DX 8A E8 MOV CH AL
8B DO MOV DX, AX SAEB MOV CH,BL
8B D3 MOV DX,BX 8A EA MOV CH,DL
8B D1 MOV DX,CX 8A C8 MOV CL,AL
8AE7 MOV AH,BH 8ACB MOV CL,BL
8AES MOV AH,CH SACA MOV CL,DL
8A E6 MOV AH,DH 8A CC MOV CL,AH
8A E3 MOV AH,BL 8ACF MOV CL,BH
8A El MOV AH,CL SA CE MOV CL,.DH
8A E2 MOV AHDL 8A F4 MOV  DHAH
8AC3 MOV AL,BL 8A F7 MOV DH,BH
8A C1 MOV AL.CL 8A F5 MOV DH,CH
8A C2 MOV AL.DL 8AFO MOV DH,AL
8A C7 MOV AL BH 8AF3 MOV DH,BL
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8A D4 MOV DL,AH 8B 4C 01 MOV CX,[SI+]]
8A D7 MOV DL,BH 8B CD MOV CX,BP
8A D5 MOV DL,CH 8B D7 MOV DX,DI
8A DO MOV DL,AL 8B 15 MOV DX,[DI]
8A D3 MOV DL,BL 8B 5501 MOV DX, [DI+1]
8A D1 MOV  DLCL 8B D6 MOV DX,SI
8B C7 MOV AX.DI 8B 14 MOV DX,[SI]
8B 05 MOV  AX,[D]] 8B 54 01 MOV DX,[SI+1]
8B 45 01 MOV AX,[DI+1] 8B D5 MOV DX,BP
8B C6 MOV  AXSI 89 44 01 MOV [SI+1],AX
8B 04 MOV AX [ST] 89 5C 01 MOV [SI+1],BX
8B 44 01 MOV AX,[SI+]] 89 4C 01 MOV [SI+1],CX
8B C5 MOV  AX,BP 89 54 01 MOV [SI+1],DX
8B DF MOV BX,DI | | 8904 MOV  [SI],AX
8B 1D MOV  BX,[DI] 89 1C MOV  [SI],BX
8B 5D 01 MOV BX,[DI+]] 89 0C MOV  [SI,CX
8B DE MOV BX,SI 89 14 MOV [SI1,DX
8B I1C MOV  BX,[SI] 89 46 01 MOV [BP+1],AX
8B 5C 01 MOV BX,[SI+]] 89 5E 01 MOV [BP+1],BX
8B DD MOV  BX,BP 89 4E 01 MOV [BP+1],CX
8B CF MOV CX,DI 89 56 01 MOV [BP+1],DX
8B 0D MOV CX,[D1] 8B ES MOV BP,AX
$B 4D 01 MOV CX,[DI+1] $B EB MOV  BPBX
8B CE MOV CX.,SI 8B E9 MOV BP,CX
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94501 MOV [DI+1],AX 0B C8 OR CX,AX
89 5D 01 MOV -[DI+1],BX 0B CB OR CX,BX
89 4D 01 MOV [DI+1],CX 0B CA OR CX,DX
895501 MOV [DI+1],DX 0B DO OR DX,AX
89 05 MOV  [DI],AX 0B D3 OR DX,BX
89 1D MOV  [DI],BX 0B D1 OR DX,CX
890D MOV  [DI],CX 0A E7 OR AH BH
89 15 MOV  [DI],DX 0A ES OR AH,CH
B8 0B 10 MOV AX,100BH 0A E6 OR AH.DH
BB 0A 10 MOV BX,100AH 0A E3 OR AHBL
B9 0A 10 MOV CX,100AH 0A El OR AH,CL
BA 0A 10 MOV DX,100AH 0A E2 OR AH,DL
B4 0B MOV AH,0BH 0A C3 OR AL,BL
B0 0B MOV  HL,0BH 0A Cl OR AL,CL
B7 0A MOV  BH,0AH 0A C2 OR ALDL
B5 0A MOV  CH,0AH 0A C7 OR AL.BH
Bl 0A MOV CL,0AH 0A C5 OR AL,CH
B6 0A MOV DH,0AH 0A C6 OR AL,DH
B2 0A MOV DL.,0AH 0A FC OR BH AH
0B C3 OR AX.BX OA FD OR BH,CH
0B C1 OR AX,CX 0AFE OR BH,DH
0B C2 OR AX.DX 0A F8 OR BH,AL
OB D8 OR BX,AX 0A F9 OR BH,CL
0B D9 OR BX,CX 0OA FA ‘OR BH,DL
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0A EF OR CH,BH 0B 45 01 OR  AX,[DI+]]
0A EE OR CH,DH 0B C6 OR AX,SI
0A E8 OR CH,AL 0B 04 OR AX,[ST]
0A EB OR CHBL 0B 44 01 OR  AX,[SI+]
0A EA OR CH,DL 0B C5 'OR AX,BP
0A C8 OR CL,AL 0B DF OR BX,DI
0A CB OR CL,BL 0B ID OR BX,[D]]
0A CA OR CL,DL 0B 5D 01 OR  BX,[DI+]]
0A CC OR CL,AH 0B DE OR BX,SI
0A CF OR CL,BH 0B I1C OR BX,[S]
0A CE OR CL,DH 0B 5C 01 OR  BX,[SI+]]
0A F4 OR DH,AH 0B DD OR BX,BP
0A F7 OR DH,BH 0B CF OR CX,DI
0A F5 OR DH,CH 0B 0D OR CX,[D]]
0A FO OR DH,AL 0B 4D 01 OR  CX,[DI+1]
0A F3 OR DH,BL 0B CE OR CX,SI
0A F1 OR DH,CL 0B 0C OR CX,[S]
0A D4 OR DL,AH 0B 4C 01 OR  CX,[SH+I]
0A D7 OR DL,BH 0B CD OR CX.BP
0A D5 OR DL,CH 0B D7 OR DX,DI
0A DO OR DLAL | |0B15 OR DX, [DI]
|0AD3 OR DL,BL 0B 55 01 OR  DX,[DI+]]
0A D1 OR DL,CL 0B D6 OR DX,SI
0B C7 OR AX,DI 0B 14 OR DX, [ST]
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0B D5 OR DX,BP 0D 0B 10 OR  AX,100BH
09 44 01 OR  [SI+1],AX 81 CB 0A 10 OR  BX,100AH
09 5C 01 OR  [SI+1],BX 81 C9 0A 10 OR  CX,100AH
09 4C 01 OR  [SI+1],CX 81 CA 0A 10 OR DX,100AH
09 54 01 OR  [SI+1],DX 80 CC 0B OR AH,0BH
09 04 OR [SILAX 0C 0B OR AL,0BH
09 1C OR [SI],BX 80 CF 0A OR BH,0AH
09 0C OR [SI,CX 80 CD 0A OR CH,0AH
09 14 OR [SI],DX 809 0A OR CL,0AH
09 46 01 OR  [BP+1],AX 80 CE 0A OR  DHOAH
09 5E 01 OR  [BP+1],BX 80 CA 0A OR  DLOAH
09 4E 01 OR [BP+1],CX 50 PUSH  AX
09 56 01 OR [BP+1],DX 53 PUSH  BX
0B E$ OR BP,AX 51 PUSH  CX
OB EB OR BP BX 57 PUSH DI
0B E9 OR BP,CX 56 PUSH  SI
0B EA OR BP,DX 55 PUSH  BP
09 45 01 OR  [DI+1],AX D1 DO RCL AX,1
09 5D 01 OR  [DI+1],BX D1 D3 RCL BX,1
09 4D 01 OR  [DI+1],CX D1 DI RCL CX,1
09 55 01 OR  [DI+1],DX D1 D2 RCL DX,1
09 05 OR [DILAX DO D4 RCL AH1
09 1D OR [DI],BX DO D7 RCL BH,1
09 0D OR [DI],CX DO D5 RCL CH,1
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DO DO RCL AL,1 DI DA RCR DX,1
D0 D3 RCL BL,1 D0 DC RCR AH,1
DO D1 RCL CL,1 DO DF RCR BH,1
D0 D2 RCL DL,1 D0 DD RCR CH,1
D3 DO RCL AX,CL DO DE RCR DH,!
D3 D3 RCL BX,CL DO D8 RCR ALl
D3 DI RCL CX,CL DO DB RCR BL,1
D3 D2 RCL DX,CL DO D9 RCR CL,1
D2 D4 RCL AH,CL DO DA RCR DL,
D2 D7 RCL BH,CL D3 D8 RCR AX,CL
D2 D5 RCL CH,CL D3 DB RCR BX,CL
D2 D6 RCL DH,CL D3 D9 RCR CX,CL
D2 DO RCL AL,CL D3 DA RCR DX,CL
D2 D3 RCL BL,CL D2 DC RCR AH,CL
D2 DI RCL CL,CL D2 DF RCR BH,CL
D2 D2 RCL DL,CL D2 DD RCR CH,CL
D1 D6 RCL SIL,1 D2 DE RCR DH,CL
D1 D7 RCL DL1 D2 D8 RCR ALCL
D1 D5 RCL BP,1 D2 DB RCR BL,CL
D3 D6 RCL SICL D2 D9 RCR CL,CL
D3 D7 RCL DLCL D2 DA RCR DL,CL
D3 D5 RCL BP,CL D1 DE RCR SL1
D1 D8 RCR AX,] D1 DF RCR DIL1
D1 DB RCR BX,! D1 DD RCR BP,1
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D3 DF RCR DLCL DI C6 ROL SL1
D1 CO ROL AX,1 DI C7 ROL DI !
D1 C3 ROL BX,1 1 D1Cs ROL BP,1
DI Cl ROL CX,1 D3 C6 ROL SLCL
D1 C2 ROL DX,1 D3 C7 ROL DI,CL
DO C4 ROL AH,1 D3 C5 ROL BP,CL
DO C7 ROL BH,1 DI C8 ROR AX,1
DO C5 ROL CH,1 D1 CB ROR BX,1
DO C6 ROL DH,1 DI C9 ROR CX,1
DO CO ROL AL, DI CA ROR DX,1
DO C3 ROL BL,1 D0 CC ROR AH,1
DO Cl ROL CL,1 DO CF ROR BH,1
DO C2 ROL DL,1 DO CD ROR CH,1
D3 CO ROL AX,CL DO CE ROR DH,]
D3 C3 ROL BX,CL DO C8 ROR ALl
D3 Cl ROL CX,CL DO C9 ROR CL,1
D3 C2 ROL DX,CL DO CA ROR DL,1
D2 C4 ROL AH,CL D3 C8 ROR AX,CL
D2 C7 ROL BH,CL D3 CB ROR BX,CL
D2 C5 ROL CH,CL D3 C9 ROR CX,CL
D2 C6 ROL DH,CL D3 CA ROR DX,CL
D2 CO ROL AL,CL D2 CC ROR AH,CL
D2 C3 ROL BL,CL D2 CF ROR BH,CL
D2 Cl ROL CL,CL D2 CD ROR CH,CL
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D2 C8 ROR AL,CL D3 E2 SAL DX,CL
D2 CB ROR BL,CL D2 E4 SAL AH,CL
D2 C9 ROR CL,CL D2 E7 SAL BH,CL
D2 CA ROR DL,CL D2 E5 SAL CH,CL
D1 CE ROR  SLI D2 E6 SAL  DHCL
D1 CF ROR DIL1 D2 EO SAL AL,CL
D1 CD ROR BP,1 D2 E3 SAL BL,CL
D3 CE ROR SLCL D2 El SAL CL,CL
D3 CF ROR DLCL D2 E2 SAL DL,CL
D3 CD ROR BP,CL D1 E6 SAL SL1
D1 E0 SAL AX,1 D1 E7 SAL DL,1
DI E3 SAL BX,1 D1 E5 SAL BP,1
DI El SAL CX,1 D3 E6 SAL SLCL
D1 E2 SAL DX,1 D3 E7 SAL DI CL
DO E4 SAL AH,1 D3 ES SAL BP,CL
DO E7 SAL BH,1 D1 EO SHL AX1
DO ES SAL CH,1 D1 E3 SHL BX,1
DO E6 SAL DH,1 D1 El SHL CX,1
DO EO SAL ALl D1 E2 SHL DX,1
DO E3 SAL BL,1 DO E4 SHL AH,I
DO E1 SAL CL,1 DO E7 SHL BH,1
DO E2 SAL DL,1 DO ES SHL CH,1
D3 EO SAL AX.CL DO E6 SHL DH,1
D3 E3 SAL BX,CL DO »EO SHL ALl
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DO El SHL CL,1 DO FF SAR BH,1
DO E2 SHL DL,1 DO FD SAR CH,1
D3 EO SHL AX.CL DO FE SAR DH,1
D3E3 SHL BX,CL DO F8 SAR AL
D3 El SHL CX,CL DO FB SAR BL,1
D3 E2 SHL DX,CL DO F9 SAR CL,1
D2 E4 SHL AH CL DO FA SAR DL,1
D2 E7 SHL BH,CL D3 F8 SAR AX,CL
D2 E5 SHL CH,CL D3 FB SAR BX,CL
D2 E6 SHL DH,CL D3 F9 SAR CX,CL
D2 EO SHL AL,CL D3 FA SAR DX,CL
D2 E3 SHL BL,CL D2 FC SAR AHCL
D2 El SHL CL,CL D2 FF SAR BH,CL
D2 E2 SHL DL,CL D2 FD SAR CH,CL
D1 E6 SHL SLL1 D2 FE SAR DH,CL
DI E7 SHL DI 1 D2 F8 SAR AL,CL
DI E5 SHL BP,1 D2 FB SAR BL,CL
D3 E6 SHL SLCL D2 F9 SAR CL,CL
D3 E7 SHL DI,CL D2 FA SAR DL.CL
D3 E5 SHL BP,CL D1 FE SAR SL,1
DI1F8 SAR AX)1 D1 FF SAR DL1
DI FB SAR BX,1 DI FD SAR BP,1
DI F9 SAR CX1 D3 FE SAR SI,CL
D1 FA SAR DX1 D3 FF SAR DI.CL
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D1 E3 SHR AX,1 D1 EF SHR DL1
D1 EB SHR BX,1 D1 ED SHR BP,1
D1 E9 SHR CX,1 D3 EE SHR SI,CL
D1 EA SHR DX,1 D3 EF SHR DLCL
DO EC SHR AH,1 D3 ED SHR BP,CL
DO EF SHR BH,] 58 POP AX
DO ED SHR CH,1 5B POP BX
DO EE SHR DH,! 59 POP CX
DOES SHR ALl SF POP DI
DO EB SHR BL,1 SE POP SI
DO E9 SHR CL,1 5D POP BP
DO EA SHR DL,1 2B C3 SUB AX,BX
D3 E8 SHR AX,CL 2B C1 SUB AX,CX
D3 EB SHR BX,CL 2B C2 SUB AX,DX
D3 E9 SHR CX,CL 2B D8 SUB BX,AX
D3 EA SHR DX,CL 2B D9 SUB BX,CX
D2 EC SHR AHCL | | 2BDA SUB BX,DX
D2 EF SHR BH,CL 2B C8 SUB CXAX
D2 ED SHR CH,CL 2BCB SUB CXBX
D2 EE SHR DH,CL 2B CA SUB CX,DX
D2 E8 SHR ALCL 2B DO SUB DX, AX
D2 EB SHR BL,CL 2B D3 SUB DX,BX
D2 E9 SHR CL,CL 2B DI SUB DX,CX
D2 EA SHR DL,CL 2AE7 SUB

AH,BH
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2A E6 SUB AH,DH 2A CC SUB CL,AH
2A E3 SUB AHBL 2A CF SUB CL,BH
2A El SUB AH,CL 2A CE SUB CL,DH
2A E2 SUB AH,DL 2A F4 SUB DH,AH
2A C3 SUB AL,BL 2A F7 SUB DH,BH
2ACl SUB AL,CL 2A F5 SUB DH,CH
2A C2 SUB AL,DL 2A FO SUB DH,AL
2AC7 SUB AL .BH 2A F3 SUB DH,BL
2AC5 SUB AL,CH 2AF1 SUB DH,CL
24 C6 SUB AL.DH 2A D4 SUB DL,AH
2A FC SUB BH,AH 2A D7 SUB DL,BH
2AFD SUB BH,CH 2A D5 SUB DL,CH
2AFE SUB BH,DH 2A D0 SUB DL,AL
2A F8 SUB BHAL 2A D3 SUB DL,BL
2A F9 SUB BH,CL 2A D1 SUB DL.CL
2AFA SUB BH.DL 2B C7 SUB AX. DI
2A EC SUB CH,AH 2B 05 SUB AX,[DI]
2A EF SUB CHBH 2B 45 01 SUB  AX,[DI+1]
2A EE SUB CH,DH 2B C6 SUB AX,SI
2A E8 SUB CH,AL 2B 04 SUB  AX,[SI]
2A EB SUB CH,BL 2B 44 01 SUB AX,[SI+1]
2A EA SUE CH,DL 2B C5 { SUB AX BP
2A C8 SUB CL,AL 2B DF SUB BX,DI
2A CB SUB CL,BL 2B 1D SUB BX,[DI]
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2B DE SUB BX,SI 29 14 SUB {S1],DX
2B IC SUB  BX,[SI] 29 46 01 SUB [BP+I],AX
2B 5C 01 SUB BX|[SI+1] 29 SE 01 SUB [BP+1],BX
2B DD SUB BX,BP 29 4E 01 SUB [BP+1],CX
2B CF SUB CX,DI 29 56 01 SUB [BP+1],DX
2B 0D SUB  CX,[DI] 2B E8 SUB BP,AX
2B 4D 01 SUB CX,[DI+1] 2B EB SUB BP,BX
2B CE SUB CX.SI 2B E9 SUB BP,CX
2B 0C SUB CX.,[S] 2B EA SUB BP,DX
2B 4C 01 SUB CX,[SI+]] 29 45 01 SUB  [DI+1],AX
2BCD SUB CX,BP 29 5D 01 SUB [DI+1],BX
2B D7 SUB DX,DI 29 4D 01 SUB [DI+1],CX
2B 15 SUB  DX,DI] 29 55 01 SUB [DI+1],DX
2B 55 01 SUB DX, [DI+1] 29 05 SUB  [DILAX
2B D6 SUB DX,SI 291D SUB [DI],BX
2B 14 SUB DX, [SI] 29 0D SUB {DI],CX
2B 54 01 SUB DX,[SI+1] 2915 SUB (DI}, DX
2B D5 SUB  DX,BP 2D 0B 10 SUB AX,100BH
29 44 01 SUB [SI+1],AX 81 EB 0A 10 SUB BX,100AH
29 5C 01 SUB [SI+1],BX 81 E90A 10 SUB CX,100AH
29 4C 01 SUB [SI+1],CX 81 EA 0A 10 SUB DX,100AH
29 54 01 SUB [SI+1],DX 80 EC 0B SUB  AH,0BH
29 04 SUB  [SILAX 2C 0B SUB  AL,0BH
29 1C SUB . {SI1],BX 80 EF 0A SUB BH,0AH
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80 E9 0A SUB  CL,0AH 1AC5 SBB AL,CH
80 EE 0A SUB  DH,0AH 1A C6 SBB AL,DH
80 EA 0A SUB  DL,0AH 1A FC SBB BH,AH
1B C3 SBB AX,BX 1A FD SBB BH,CH
1B Cl SBB AX,CX 1A FE SBB BH,DH
1B C2 SBB AX,DX 1A F8 SBB BH,AL
1B D8 SBB BX,AX 1A F9 SBB BH,CL
1B D9 SBB BX,CX 1A FA SBB BH,DL,
1B DA SBB BX,DX 1A EC SBB CH,AH
1B C8 SBB CX,AX 1A EF SBB CH,BH
1B CB SBB CX,BX 1A EE SBB CH,DH .
1B CA SBB CX,DX 1A ES SBB CH,AL
1B DO SBB DX,AX 1A EB SBB CH,BL
1B D3 SBB DX,BX 1A EA SBB CH,DL
1B D1 SBB DX,CX 1A C8 SBB CL,AL
1A E7 SBB AHBH 1A CB SBB CL,BL
1A ES SBB AH,CH 1ACA SBB CL,DL
1A E6 SBB AHDH 1A CC SBB CL,AH
1A E3 SBB AH,BL 1A CF SBB CL,BH
1A El SBB AH,CL 1A CE SBB CL,DH
1A E2 SBB AH,DL 1A F4 SBB DH,AH
1A C3 SBB ALBL 1A F7 SBB DH,BH
1A C1 SBB AL,CL 1AF5 SBB DH,CH
1A C2 SBB ALDL 1A FO SBB DH,AL
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1A F1 SBB DH,CL | 1B OC SBB CX,[ST]
1A D4 SBB DL AH 1B 4C 01 SBB  CX,[SI+]]
1A D7 SBB DL,BH .1IBCD SBB CX,BP
1A D5 SBB DL CH 1B D7 SBB DX.DI
1A DO SBB DL, AL 1B 15 SBB DX, [DI]
1A D3 SBB DL,BL 1B 55 01 SBB DX,[DI+]]
1A DI SBB DL,CL 1B D6 SBB DX, SI
IBC7 SBB AX.DI 1B 14 SBB DX,[SI]
1B 05 SBB  AX,[DJ) 1B 54 01 SBB DX,[SI+]]
1B 45 01 SBB AX,[DI+I] 1B D5 SBB DX,BP
1B C6 SBB AX,SI 19 44 01 SBB [SI+1],AX
1B 04 SBB AX,[ST] 19 5C 01 SBB [SI+1],BX
1B 44 01 SBB  AX,[SI+I] 19 4C 01 SBB [SI+1],CX
1B C5 SBB  AX,BP 19 54 01 SBB [SI+1],DX
1B DF SBB BX.DI 19 04 SBB  [SI,AX
1B 1D SBB  BX,[DI) 19 1C SBB  [SI},BX
1B 5D 01 SBB BX,[DI+I] -190C SBB  [SI],CX
1B DE SBB BX,SI 19 14 SBB [SI],DX
1B IC SBB  BX,[S] 19 46 01 SBB [BP+1],AX
1B 5C 01 SBB  BX,[SI+I] 19 5E 01 SBB [BP+1],BX
1B DD SBB BX,BP 19 4E 01 SBB [BP+1],CX
1B CF SBB CX,DI 1956 01 SBB [BP+1]DX
1B 0D SBB  CX,DJ] IBES SBB  BPAX
1B 4D 01 SBB CX,[DI+1] 1B EB SBB  BPBX
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1B EA SBB BP,DX 85 DA TEST BX,DX
194501 SBB [DI+1],AX 85C8 TEST CX,AX
19 5D 01 SBB [DI+1],BX 85CB TEST CX,BX
194D 01 SBB [DI+1],CX 85 CA TEST‘ CX,DX
1955 01 SBB [DI+1],DX 85 D0 ) TEST DX,AX
19 05 SBB [DI],AX 85D3 TEST DX,BX
19 1D SBB [DI],BX 85Dl . TEST DX,CX
19 0D SBB [DI],CX 84 E7 TEST AH,BH
1915 SBB [DI].DX 84 ES TEST AH,CH
1D OB 10 SBB AX,100BH 84 E6 TEST AH DH
81 DBOA 10 SBB BX,100AH 84 E3 TEST AH.BL
81 D9 0A 10 SBB CX,100AH 84 El TEST AH,CL
81 DA 0A 10 SBB DX,100AH 84 E2 TEST  AHDL
80 DC 0B SBB AH,0BH 84 C3 TEST AL BL
1C0B SBB AL, 0BH 84 Cl TEST AL CL
80 DF 0A SBB BH,0AH 84 C2 TEST AL,DL
80 DD 0A SBB CH,0AH 84 C7 TEST AL.BH
80 D9 0A SBB CL,0AH 84 C5 TEST AL,CH
80 DE 0A SBB DH,0AH 84 C6 TEST AL,DH
80 DA 0A SBB DL,OAH. 84 FC . TEST BH,AH
85C3 TEST AX BX 84 FD TEST BH,CH
85Cl1 TEST AX.CX 84 FE TEST BH,DH
85C2 TEST AX,DX 84 F8 TEST BH,AL‘
85 D8 TEST BX,AX 84 F9 TEST BH,CL
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84 EC TEST  CHAH 85 05 TEST AX,[DI]
84 EF TEST  CHBH 85 45 01 TEST AX,[DI+1]
84 EE TEST  CHDH 85 C6 TEST  AXSI
84 E8 TEST CH,AL 85 04 TEST  AX,[SI]
84 EB TEST CHBL 85 44 01 TEST AX,[SI+1]
84 EA TEST  CHDL 85 C5 TEST  AX,BP
84 C8 TEST CLAL 85 DF TEST  BX,DI
84 CB TEST CL,BL 85 1D TEST  BX,[DI]
84 CA TEST CL,DL 85 5D 01 TEST BX,[DI+1]
84 CC TEST CL,AH 85 DE TEST  BX,SI
84 CF TEST CL,BH 85 1C TEST  BX,[SI]
84 CE TEST CL,DH 85 5C 01 TESTBX,[SI+1]
84 F4 TEST  DHAH 85 DD TEST  BX,BP
84 F7 TEST  DHBH 85 CF TEST  CX,DI
84 F5 TEST DH,CH 85 0D TEST CX,[DI]
84 FO TEST  DHAL 85 4D 01 TEST CX,[DI+1]
84 F3 TEST  DHBL 85 CE TEST  CX,SI
84 F1 TEST  DHCL 850C TEST CX,[S]]
84 D4 TEST DL,AH 854C 01 TEST CX,[SI+1]
84 D7 TEST  DL,BH 85 CD TEST  CX,BP
84 D5 TEST  DL,CH 85 D7 TEST  DX,DI
84 DO TEST  DLAL 85 15 TEST DX,[D]]
84 D3 TEST  DLBL 855501 TEST DX,[DI+1]
84 D1 TEST  DLCL 85 D6 TEST  DX,SI
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855401 TEST DX,[SI+1]
85 DS TEST  DX,BP
F7C30A 10 TEST BX,100AH
.F7 CI10A 10 TEST CX,100AH
F7 C20A 10 TEST DX,100AH
F6 C4 0B TEST AH,0BH
A8 0B TEST AL,0BH

F6 C70A TEST BH,0AH
F6 C50A TEST CH,0AH
F6 C1 0A TEST CL,0AH

F6 C6 0A TEST DH,0AH

F6 C2 0A TEST DL,0AH
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E8 C4 FF
E8 CI1 FF
9A 00 01 00 00
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SEG
SEG
SEG
SEG

9A FF FF 00 FO

9A 34 1278 56
EA 34 1278 56

OPCODE

F10
FF 11
FF 12
FF 13
FF 14
FF 15
FF 16 57 05
FF 17
FF DO
FF D1
FF D2

DS
CS
ES
SS

CALL BEGIN

CALL NEAR PTR BEGIN

CALL FAR PTR BEGIN

CALL FAR PTR SFFFFF

CALL FAR PTR 1234H,5678H :CALL IP,CS ***

JMP  FAR PTR 1234H,5678H :CALL IP,CS **+
;CALL_WORD_PTR_mod_00_disp0_r/m

COMMAND

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

[BX+ST)
[BX+DI]
[BP+S]]
[BP+DI]
(ST

(D[]
[DRWRD]
(BX]

X
DX
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FF D3 CALL BX
FF D4 CALL SP
FF D5 CALL BP
FF D6 CALL SI
FF D7 CALL DI
C3 RET

C202 00 RET 2
C2 FF FF RET 65535

C3 RETN
C20200 RETN 2
C2 FF FF RETN 65535
CB RETF
CA 02 00 RETF 2
CAFFFF RETF 65535
EEE *Exk *ExkE EERERREREERREERREERE

; NOTE! ALL MEMORY OPERANDS AND THEIR DISPLACEMENTS
; MUST BE PLACED WITHIN BRACKETS []. ALL

’ ; INSTRUCTIONS WHOSE SIZE (BYTE, WORD OR DWORD) CAN
; NOT BE DETERMINED BY REGISTER SIZE OR INSTRUCTION

; TYPE, MUST BE EXPLICITLY STATED.

b

OPCODE COMMAND
8B C7 MOV AXDI
8B CE MOV CXSI

3B D5 MOV DX_.BP
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8B DC
8B E3

8B EA
8B F1

8B F8

8E DF
8E DE
8E C5

8E D4
8E DB
8E DA
8E C1

8E DO
8C D8
8C C9
8C C2
8C D3
8C DC
8C CD
8C Co6
8C D7

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

BX,SP
SP,BX
BP,DX
SI,CX
DI,AX
DS,DI
DS,SI
ES,BP
SS,SP
DS,BX
DS,DX
ES,CX
SS,AX
AX,DS
CX,CS
DX,ES
BX,SS
SP,DS
BP,CS
SLES
DLSS
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;MOV  mod 11 rl6,segreg
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8088
8-BIT HMOS MICROPROCESSCOR
8088/8088-2 -
8-Bit Data Bus intertace ® Byte, Word, and Block Operations
16-Bit Intsrnal Architecture a 8-Bit and 16-Bit Signed and Unsigned
Arithmetic In Binary or Decimal,

B:',:f,::;"“'"g Capabliity to 1 Mbyte Including Muitiply and Divide

, o Two Clock Rates:
gg‘act Sottwara Compatiblility with 8086 — 5 MHz for 5088

— B8 MHz for 8038-2

| Avallable In EXPRESS
— Standard Tempersature Ranqge
— Extended Temperature Range

14-Word by 16-Bit Registor Set with
Symmaetrical Operations

24 Operand Addressing Modes

The intei® 6088 is a high performance microprocessor implemented in N<channe!, depietion load, siiicon gaie
technology (HMCS), and packaged in & 40-pin CERDIP package. The processor has efiribuigs of Soth 8- and
16-bit microprocessors. it is directly compatible with BO8S software and 8080/808S harcdware and peripherats.

MEMORY INTERFACE

wN | Az

e MODE  {MOOE
e ano of] vee
A O {2 as
A da 1 awel
:;:re:‘:f:lg: a1z ] {3 Awsa
QUEUE R an s uby avwss
A0 s 3] awse”
- ! As 037 u W\ mam
U n g w5 wns
INTERF,
o = ' ::: g:u o :"31 ::LB (RSIATS
cry 2
Acs 1t 1{} HoA  ABLETYH
A4 [z n{] Wk (TR
03 On ] i &=
ac2 (J14 (] orh 5]
A0t (Jis ={] BER &
AD0 (718 3] A s
wa O 4] WTA [CETHY
INTR {18 n{3 et
cx T n{3 Reaoy
-1 2 n{] eéser
291458-2

Figure 2. 8088 Pin Contiguration

2314561
Flgure 1. 8088 CPU Functional Block Diagram

Octooer 1987
Oroer Number: Z31440-0G3
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Table 1. Pin Descriptlon

The following pin function descriptions ars for 6088 Systems in either minimum or maximum mode, The “tocal
bus” in these descriptions is the girect multiplexed bus interface connecton 1o the 8088 (without regard to
additional bus buffers).

Symbol ! Pin No. | Type Name and Function

AD7-ADO 9-16 110 | ADDRESS DATA BUS: Thase lines consttute the time multiplexed
memory/!0 address (T1) and data (T2, 73, Tw, T4) bus. Thess lines are
actve HIGH and float to 3-state OFF during interrupt acknowledge and
local bus “hold acknowiedge”.

Al15-A8 2-8,39| O | ADDRESS BUS: These lines provide aadress bits 8 through 15 for the
entire bus cycle (T1-T4). These fines do not have to be latched by ALE
to remain valid, A15~A8 ere actve HIGH and float to 3-state OFF
during interrupt acknowledge and local bus “hold acknowledge™.

A15/S6, A18/S5, | 35-38 O | ADDRESS/STATUS: Ouring T1, these are tha four most significant
AT7/84, A16/S2 address fines for memory operations. Ounng 170 coerations, thesa lines
are LOW. During memory and 110 operations, status information is
available on these lines during T2, T3, Tw, and T4. S6 is atways iow.
The status of the interrupt enable flag bit (S5) is updated at the
beginning of each clock cycle. $4 and S3 are encoded as shown.

This intormation indicates which segment register is presantty being

used for data accessing,
These linas float to 3-state OFF during local bus "hold acknowledge”.
! S4 S3 | Characteristics
0(LCW) 0 Alternate Data
0 1 Stack
1 (HIGH) 0 | Code or None
1 1 Cata
S6is 0 (LOW)
RO 32 O | READ: Read strobe indicates that the processor is performing a

memory or I/Q read cycle, depending on the state of the 10/ pin or
S2. This signal is used to read devices which resiae on the 8068 focal
bus. RD is active LOW during T2, T3 and Tw of any read cycle, and is
gueranteed o remain HIGH in T2 until the 8088 local bus has ficated.
This signal floats to 3-state OFF in “*hold acknowledge™.

READY 22 I | READY:is the acknowledgement from the addressed memory or I/0
davice that it will complete the data transfer, The ROY signal from
memory or I/Q is synchronized by the 8284 clock generator to form
READY. This signal is active HIGH. The 8088 READY input is not
synchronized. Correct operation is not Guaranteed if the set up and hold
times are not met.

INTR 18 1 INTERRUPT REQUEST: is a level triggered input which is sampled
during the last clock cycie of sach instruction o determine if the
processor should enter into an interrupt acknowledge oparation. A
subroutine is vectored to via an interrupt vector lockup table (ocated in
System memory. It can be internally masked by software resetting the
interrupt enable bit. INTR is intemally synchronized. This signal is ective
HIGH.

TEST 23 i | TEST:inputis examined by the “waut for test” instruction. If the TE ST
input is LOW, execution continues, otherwisa the processor warts i an
“idle" state. This input is synchronized internalty during each clock
cycle on the leading edge of CLK.
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Table 1. Pin Description (Continued)

Symbol | PinNo. | Type Nams and Function

NMI 17 NON-MASKABLE INTERRUPT: is an edge triggered input which causes a
type 2 interrupt. A subroutine is vectored to via an intecrupt vector lookup
lable located In system memory. NM is not maskabis internalty by
softwere. A transition from a LOW to HIGH Initates the interrupt at the end
ot the current instruction. This input is internally synchronized.

RESET 21 RESET: causes the processor to immediatsly terminate its present activity.
The signal must be ective HIGH for at least four clock cycles. It restarts
execution, as described in the instruction set description, when RESET
retums LOW. RESET is intemally synchronized.

CLK. 19 CLOCK: provides the basic timing for the pracaasor end bus controlier. It is
asymmetric with a 33% duty cycle to provide optimized intemal timing.

Vee 40 Yeg: s the +5V = 10% power supply pin.

GND 1,20 GND: ere the ground pins.

MN/MX 33 MINIMUM/MAXIMUM: incicates what mods the processor is to operate in. i
The two modes are discussed in the following sections. ]

The lollowing pin function descriptions are for the 8088 minimum mode e, MN/KX = Yoo, Onty tho pin
functions which are unique

‘o minimum mode are described: all other pin turctions are as described above.

Symbdot | Pin No.’Typo

Name and Functicn

10/M

28

o}

STATUS LINE: is an inverted maximum mode 33. It is used to distinguish a
memory access from an 1/0O access. |0/M becomes valid in the T4 preceding a
bus cycle and remains valid untll the final T4 of the cycle (I/0 = HIGH, M =
LOW). I0/H floats to 3-state OFF in locai bus “hold acknowledge".

29

WRITE: strobe indicates that the processor is partorming a write memory or write
1/0 cycle, depending on the stata of the IO/M signal. WR Is active fcr T2, T3, and
Tw of any write cycle, It is active LOW, and floats to 2-state OFF in local bus
“*hold acknowledge”.

24

INTA: is usad as a read strobe for interrupt acknowiedge c&cles. Itis scdve LOW
during T2, T3, and Tw of each interruot acknowladge cycle. .

ALE

25

ADDRESS LATCH ENABLE: is provided by the processor to lateh the address
into an address latch. It is a HIGH pulse active during clock low of T1 of any bus
cycle. Note that ALE is never ficated.

DT/R

27

DATA TRANSMIT/RECEIVE: is needad in 4 minimum system that desires to use
a data bus transceiver. It is used to control the direction of data flow through the
transceiver. Logically, OT/R is equivalent to 37 in the maximum mode, and its
tming is the same as for iO/M (T = HIGH, R = LOW). This signal floats to
3-state OFF in local “hold acknowiedge".

26

DATA ENABLE: is provided as an output anable for the data bus transceiverin a
minimum system which uses the transceiver, DEN is active LOW during each
memory and I/O access, and for INTA cycles. For a read or INTA cycle, itis
actve from the middle of T2 unt the middle of T4, while for a write cycle, itis
active from the beginning of T2 until the middle of T4. DEN floats to 3-state OFF

Curing local bus “hold acknowledge'.
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Table 1. Pin Description {Continued)

Symbeotl | Pin No. | Type Name and Function

HOLD, | 31,30 | 1,0 | HOLD: indicates that another master is requesting a local bus “hold". To be
HLDA acknowledged, HOLD must be active HIGH. The processor receiving the “hold"

4 requast will issue HLDA (HIGH) as an acknowledgement, in the middle of a T4 or
T1 clock cycle. Simuitaneous with the issuance of HLDA the processor will float
the local bus and controt lines. Atter HOLD is detacted as being LOW, the
processor lowers HLDA, and when the processor needs o run another cycle, it
will again drive the local bus and control lines.

Hold is nct an asynchronous input. External synchronization should be provided it
the system cannot otherwise guarantee the set up time,

5§50 ~ a4 O | STATUS LINE: is logically equivalent ta 30 in the maximum mode. The

- ’ comcination of S50, 10/M and DT/R atlows the system to ccmpletely decods the
current bus cycle status,

10/M DT/R 550 Characteristics
1(HIGH) 0 0 Interrupt Acknowlsedge
1 0 1 Read 170 Pont
1 1 0 Write 1/O Port
1 1 1 Hait
o(LOW) 0 0 Code Access
o] o] 1 Read Memory
o] 1 0 Write Memory
0 1 1 Passive

The following pin function descrptions are for the 8088/8288 system in maximum mode (i.6., MN/MX =

GAND). Only the pin functions which 8re unique to maximum mode are described: afl other pin functions are as

descnbed above,

Symbol {PinNo.| Type Name and Function

52,51,50| 26-28 | O |STATUS:is active during clock high of T4, T1, and T2, and is returned to the

passive state (1,1,1) during 73 or during Tw when READY is HIGH. This status is

] usad by the 8288 bus contraller to aenerate all memory and 170 access control
signats. Any change by 82, §1, or S0 during T4 is used to indicate the beginning

of a bus cycle, and the return to the passive state in T3 and Tw is used to

indicate the end of a bus cycle.

Thesae signals float to 3-state OFF during “hold acknowledge™. During the first

clock cycle after RESET becomes active, thase signais ara active HIGH. After

this first clock, they float to 3-state OFF.

52 57 50 Characteristics

0(LOW) o] 0 intermupt Acknowledge

0 s} 1 Read 170 Port

s} 1 [¢] Write /0 Port

o} 1 1 Hait

1{HIGH) o} o] Code Access

1 o] 1 Read Memory

1 1 0 Write Memory

1 1 1 Passive .
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Table 1. Pin Description {Continued)

Symbol

Plin No.

Type

Name and Function

RQ/GTO,
RQ/GTT

30, 31

70

REQUEST/GRANT: pins are used by other local bus masters to force tha

processor to release the local bus at tne end of the processor's current bus
cle. Eacg_gin is bidirectional with FQ/GT0 having higher priority than RGO/

% T1. RQ/GT has an internal pull-up resistor, so may be left unconnected.

The request/grant sequence is as fcitows (See Figure 8):

1. A pulse of one CLK wide from another lccal ous master indicates a locat

bus request (“hold") to the £088 (puise 1).

2. During a T4 or T! clock cycle, a pulse one clock wide from the 8088 to ths

requesing master (pulse 2), indicaias that the 3088 has ailowed the tocal

bus to float and that it will enter the “hold acknowiedge” state at the next

CLK. The CPU's bus interface unit is disccnnectad logicatly from the local

bus during “hold acknowledge”. The same rulas as for HOLD/HOLDA apply

as for when the bus is released.

3. A puise one CLK wide from the requesting master incicates to the 8088

{puise 3) that the “hold” request is about to end and that the 8088 can

reciaim the local bus at the next CLK. The CPU then enters T4,

Each master-master exchange of the local bus is 2 sequence of three

puises. Thera must be one idle CLK cycle after each bus exchange. Puises

are active LOW.

It the request is made while the CPU is performing a memory cycle, it will

ralease the local bus during T4 of the cycle when alf the following conditions

are met:

1. Request occurs on or before T2,

2. Current cycle is not the low bit of a word.

3. Current cycle is not the first acknowiedge of an interruot acknowledge

sequence.

4. A lecked instruction is not currently executing.

if the local bus is idle when the request is made the two possible events will

follow:

1. Local bus will be released during the next clock.

2. A memory cycle will start within 3 clocks, Now the four rules for a cursntly

actve memory cycle apply with condition number 1 already satisfied.

LOCK

29

LOCK: indicates that other System bus masters are not to gain control of the
systern bus while LOCK is active (LOW). The LOCK signal is activated by
the “"LOCK?" prefix instruction and remains active until the completion of ths
next instruction. This signal is active LOW, and floats to S-state off in “hold
acknowiedge™.

Qs1,Qs0

24,25

QUEUE STATUS: provide status to aflow axternal tracking of the intemnal
8088 instruction queue. .

The queua’status is valid during the CLK Cycle after which the quaue
operation is performed.

as1 Qso0 Characteristics

o(LOwW) [+] No Operation

[ 1 First Byie of Opcode from Queue
1{HIGH) [¢] Empty the Queue

1 1 Subsequent Byta from Cusue

Pin 34 is aiways high in the maximum mode.
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Bus Operation

The 8088 address/data bus is broken into three
parts—the lower eight address/data bits (ACO-
AD7), the middle eight address bits (AB-~A15), and
the upper four address bits (A16-A19). The ad-
dress/data bits and the highest four address bits are
time muitiplexed. This technique provides the most
etficient use of pins on the processor, permitting the
use of a standard 40 lead package. The middle eight
address bits are not muttiplexed, i.e. they remain val-

id throughout each bus cycle. In addition, the bus
can be demuitiplaxed at the processor with g single
address latch if a standard, non-multipiexed bus is
dasired for the system.

Each processcr bus cycle consists of at least four
CLK cycles. Tnese are referred to as T1,T2, T3, and
T4 (See Figure 8). The address is emitted from tha
processor during T1 and data transter occurs on the
bus during T3 and T4, T2 is used primarily for chang.
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Figure &. Basic System Timing
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Figure 3. Memory Organtzaticn

FUNCTIONAL DESCRIPTION

Memory Organization

The processor provides & 20-bit address to memory
which iocates the byte being raferenced. The memo-
ry is organized as a linear array of up to 1 million
bytes, addressed as 00000(H) to FFFFF(H). The
memaxy is logically divided into code, data, extra
data, end stack segments of up to 64K bytes sach,
with each segment falling cn 16-byte boundaries
(See Figure 3).

All memory raferences are mada relative o bass ad-
dresses contained in high speed segmant registers,
The segment types were chosen based on the ad-

dressing needs of programs. The segment register
to be selected is automatically chosen according to
the rules of the following tanie. All information in one
segment type share the same logical attributes {e.q.
code or data). By swucturing memoxy into reiocat-
able ereas of similar characteristics and by automat-
cally selecting segmant registers, programs sare
shortar, laster, and more structured.

Word (16:bit) operands can be located on even or
ocd address boundaries. For address and data oger-
ands, the least significant byte of the word is stored
in the lower vajued adcress iocation and the most
significant byte in tha next higher address location.
The BIU will automatcaily executs two fstch or write
cycles for 16-bit operands.

Memory Segment
Reference Used Register Used Seq Selection Rule
Instructions COQE (CS) Automatic with all instruction prefstch.
Stack STACK (SS) All stack pushes and pops. Memxy refsrences
. relative to BP basa register except cata refersnces.

Locat Data DATA (DS) Data references when: relative 10 stack, cestination
of string operation, or explicity overridden.

Extemal (Global) Data EXTRA (ES) Destination of string cperations: Explicitty selected
using a segmant override.
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Cartain focations in memcry are reserved for spacific
CPY operations (See Figure 4). Locations ftrom ad-
dresses FFFFOH through FFFFFH are reserved for
operations including a jump ta the initial system ini-
ttalzation routine. Foilowing RESET, the CPU wiil al-
ways. begin execution at location FFFFOH where tha
jump must ba located. Locatons 0COOCH through
CO3FFH are reserved for interrupt operations. Four-
byte pointers consisting of a 16-bit segment address
and a 16-bit oftset address direct program flow to
ong of the 256 possible interrupt service routines.
The pointer elements are assumed to have been
stored at their respective places in reserved mamory
prior to the occurtence of interrupts.

Minimum and Maximum Modes

The requirements for supporting minimum anc maxi-
mum 8088 systems are sufficiently different :hat
they cannot be done efficiently with 40 uniquely ge-
fined pins. Consequently, the 8088 Is equippea with
a strap pin (MN/MX) which definas the system con-

figuration. The dsfinition of & certain subset of the
pins changes, dependent on the condition of the
strap pin. When the MN/MX pin is strapped to GND,
the 8088 defines pins 24 through 31 and 34 in max-
mum mode. When the MN/MX pin is strapped to
Vg, the 8088 generates bus controtl signals itseif on
pins 24 through 31 and 34.

The minimum mode 8088 can be used with either a
multiplexed or demultiplexed bus. The multiciaxed
bus configuration is compatibla with the MCS-85™
multiplexed bus peripherals. This configuration (See
Figure 5) provides the user with a minimum chip
count system. This architecture provides the 8088
processing power in a highly integrated form.

The demultiplexed mode reguires one latch (for €4K
addressatility) or two latches {for a fuil megabyte of
addressihg). A third latch can ba used for buttering if
the address bus loading requires it. A transceiver
can aiso be used if data bus butfaring is required
(Ses Figure 6). The 8088 provides DEN and DT/R to
controi the transceiver, and ALE to laich the ac-
dresses. This configuration of the minimum mode

RESET BOOTSTRAP

PR AAM JUMP
29 il FEFFOM

ey
v

INTERRUPT POINTER
FOR TYPE 235

IFON
.
T . -
.
™
INTEARUPT POINTER
FORTYPE 1 M
INTERRUPT FOINTER bl ]
FOR TYPEQ
o
2314554

Figure 4. Reserved Memory Locations

provides the standerd demultiplexed bus structure
with heavy bus buffering and relaxed bus timing re-
quirements.

The maximum mode employs the 5288 bus contrcl-
ler (See Figure 7). The 8288 decodes status lines
30, 51, and 52. and provides the system with ail bus
control signals. Moving the bus control to the 8288
provides better source and sink curtent capability to
the control lines, and frees the 088 pins for extand-
ed large system features. Hardware lock, queue
status, and two request/grant interfaces are provid-
ed by the 8088 in maximum mode. These features
aliow co-processors in local bus and remote bus
configurations.
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ing the direction of the bus during read cparations. in
the event that a “NOT READY" indication is given
by the addressad dovice, “wait" states (Tw) are in-
serted between T3 and T4. Each inserted “waft"
state is of the same duration 23 a CLK cycle. Periods
can occur between 8088 driven bus Cycles. These
are referred to as “idle” states (T7), or inactive CLK
cycles, The processor uses these cycles for internal
houseXeseping.

During T1 of any bus cycle, the ALE (address latch
€nable) signal is smitted (by either the orocessor or
tne 8288 bus controlier, depending on the MN/HIX
strao). At the tralling edge of this pulsa. 2 vatid ad-
dress and certgin status information for the cycle

~ may be latched.

Status bits 53, 57, and 57 are used by the bus con-
teller, in maximurn mode, to identity the type of bus
ransacton according to the following taple:

52 51| & Characteristics
o(LCv) 0 0 | Interrupt Acknowiedge
0 0 1 Read I/0
0 1 0 | wrtei/0
o] 1 1 Halit
1(HIGH) | © 0 | Instruction Fetch
1 0 1 Read Data from Memory
1 1 0 | \Write Data to Memory
1 1 1 Passive (No Bus Cycle)

Status bits S3 through S8 are muttiplexed with high
order address bits and are thersfore valid duning T2
through T4, S3 and S4 indicate which segment reg-
ister was used for this bus cycle in forming the ad-
dress according to the following table;

| s 8y Characteristics
o(LOW) 0 | Alternate Dats (Extra Segment)
o] 1 Stack
1(RIGH) | 0 | Code or None
1 1 Data

S5 is a reflection of the PSW interrupt enable bit. S8
is always equal to 0.

1/0 Addressing

In the 8088, 170 operations can address uptoa
maximum of 84K 1/O registers. The 1/0 address so-
poars in the same format as the memory acdress on
bus finas A15-A0. The address lines A18-A16 zre
2610 in I/Q oparations. The verieble 1/0 insucdons,

which use register DX as e pointer, have full address
capability, while the direct 1/0 instructions directly
address one cr two of the 258 i/0 byte locations in
page 0 of tha I/0 addrezs spaca. I/0 ports are ad-
dressed in the same manner as memory locadons.

Designers familiar with the 8085 or uogreding an
8085 design should nots that the 8085 addressas
17O with an 8-bit eddress on both haives of the 16-
bit address bus. The 8223 uses a full 1€-bit 2ddress
on its lower 16 address lines,

EXTERNAL INTERFACE

Processor Reset and Initialization

Processor initialization or start up is accomplished
with activation (HIGH) of the RESET pin. The 8088
RESET is rsquired to de HIGH for greater than four
clock cycles. The 8058 will terminate operations on
the high-going edge of RESET and will remain dor-
mant as long as RESET is HIGH. The low-gcing
transition of RESET trggers an internal reset sa-
quence for approximately 7 clock cycles. After this
interval the 8088 operaies normally, beginning with
the insruction in absolute locations FFFFOH (See
Figure 4). The RESET input is internally synchroniz-
ed to the processor clock. At initialization, the HIGH.
to LOW transition of RESET must occur no sooner
than 50 us after power up, to allow complete initiali-
zation of the 8068,

NMI asserted prior to the 2nd clock after the and of
RESET will not be honored. If NM! is assarted aiter
that point and during the internal raset sequence,
the processor may execute one instruction tefore
fesponding to the interrupt. A hold request active
immediately after RESET will be honored before the
first instruction fetch.

All 3-state outputs float to 2-state OFF during
RESET. Status is ective in the idle state for the first
clock after RESET becomes active and hen floats
to 3-state OFF. ALE and HLDA are driven low.

Interrupt Operations

Interrupt operations falf into two classes: software or
hardware initiated. The software initiated intermuots
and scfiware aspects of hasdware intermupts are
specified in the instruction set cescription in the
IAPX 88 book or the iAPX 86,88 User's Manual.

" Hardwars interrupts can be classified as nonmaska-

ble or maskabis.

¥
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interrupts result in a transfer of control to a new pro-
gram location. A 256 etement table contalning ad-
dress pointers to the interrupt service program loca-
tions resides in absolute locations 0 through 3FFH
(See Figure 4), which are reserved for this purpase.
Each element in the table is 4 bytes in size and cor-
responds to an interrupt “type.” An interrupting de-
vice supplies an 8-bit type number, during the inter-
rupt acknowtedge sequence, which is used io vector
through the aporopriate element to the new interrupt
service program location.

Non-Maskable {nterrupt (NM1)

The processor provides a single non-maskatle inter-
rupt (NMI) pin which has higher priority than the
maskable interupt request (INTR) pin. A typical use
would be to activate e power failure routine. Tha
NMi is edge-triggered on a LOW to HIGH transition,
The activation of this pin causes a type 2 interupt.

NMl is required to have a duration in the HIGH state
of greater than two clock cycles, but is not required
to be synchronrzed to the clock. Any higher going
transition of NMI is latched on-chip and wili be serv-
iced at the end of the current instruction of betwoen
whole moves (2 bytes in the case of word moves) of
a block type instruction. Worst case response to
NMI would be for multiply, divide, and variable shift
instructions. There is no spectiication on the occur-
rence of the low-going edge; it may occur befors,
cduring. or after the servicing of NMI. Another high-
going edge triggers another responsa if it occurs af-
ter the start of the NMI procedure. The signal must
be free of logical spikes in general and be free of
bounces on the low-going edge to avoid triggering
extraneous responses.

Maskabie Interrupt (INTR)

The 8088 provides a single interrupt request input
(INTR) which can be masked internaily by software
with the resatting of the interrupt enable (IF) flag bit.
The interrupt request signal is level triggered. it is
internaily synchronized during each clock cycle cn
the high-going edge of CLK. To be responded 0.
INTR must be present (HIGH) during the clock pen-
od preceding the end of the current instruction or the
ond of a whole move for a block type instruction.
During interrupt response sequence, further intar-
fupts are disabled. The enable bit Is reset as part of
the response to any interrupt (INTR, NM!, software
interrupt. or single step), aithough the FLAGS reqis-
ter which is automatically pushed onto the stack re-
flects the state of the procsssor pror to the inter-
rupt. Untit the old FLAGS register is restored, the

enable bit will be zero unlass specifically set by an
instruction.

During the response sequence (See Figure 9), the
processor executes two successive (back to back)
interrupt acknowledge cycles. The 8088 emits the
LOCK signal (maximum mode only) from T2 of the
first bus cycle until T2 of the second. A local bus
“hold" request will not be honored unitl the end of
the sacond bus cycle, In the second bus cycle, a
byte is fetched from the external interrupt systam
{0.g., B253A PIC) which identifies the source (type)
of the interrupt. This byte is muitiplied by four and
used as a pointer into the intsrrupt vector lookup
table. An INTR signal left HIGH will be continuaity
responded to within the fimitations of ‘he enable bit
and sample period. The interrupt return instruction
includes a flags pop which returns the status of the
origingl interrupt snable bit when it restores ‘ha
flags.

HALT

When a software HALT instruction is executsd, the
processor indicates that it is entering the HALT state
in one of two ways, depending upon which mode is
strapped. In minimum mode, the processor issues
ALE, deiayed by one clock cycle, to allow the sys-
tem to latch the hait status. Halt status is available
on 10/M, DT/R, and 380. in maximum moda, the
rocessor issues appropriate HALT status on 33,
1, and 30, and the 8288 bus controller issues one
ALE. The 8088 will not leave the HALT state when a
local bus hold is entered while in HALT. In this case,
the processor reissues the HALT indicator at the
end of the local bus hold. An interrupt request or
RESET will force the 8088 out of the HALT state.

Read/Modity/Write (Semaphore)
Operations via LOCK

The LOCK status information is provided by the
processor when consecutive bus cycles are required
during the execution of an instruction. This allows
the processor to perform read/modity/write opera-
tions on memary (via the “exchange register with
memory” Instruction), without another system bus
master receiving intervening memory cycles. This is
usstul in multiprocessor system configurations to ac-
complish “test and set lock” operations. The [OCK
signal is activated (LOW) in the clock cycle following
decoding of thd™OCK prefix instruction. It is deact-
vated at the end of the last bus cycie of the instruc-
tion following the LOCK prefix. White LOCK is active,
a request on a RO/GT pin will be recorded, and then
honored at the end of the LOCK.
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Figure 9. Interrupt Acknowiedge Sequence

External Synchronization via TEST

AS an anternative to interrupts, the 8088 provides a
single software-testable input pin (TEST). This input
1s utiized by executing a WAIT instruction. The sin-

le WAIT instruction is repeatedly exscuted until the
§E5i input goas active (LOW). The exacution cf
WAIT does not consume bus cycles once the queus
is full.

I a local bus request occurs during WAIT execution,
the 8088 J-states all output drivers. If interrupts are
enabled, the 8088 will recognize interrupts and pro-
cess them. The WAIT instruction is then refetched,
and reexecuted.

Basic System Timing ‘ -

In minimum mode, the MN/MX pin is strapped to
Vee and the processor emits bus control signals
compatible with the 8085 bus structure. In maximum
mode, the MN71AX gin is strapped to GND and the
processor emits coded siatus information which the
8288 bus controller uses 10 generate MULTIBUS
compatible bus control signals.

System Timing—MInimum System
(See Figure 8)

The read cyéle begins in T1 with the assertion of the
eddress latch enable (ALE) signal. The tailing (low

going) edge of this signal is used !0 latch the ad-
dress information, which is valid on the addrass/
data bus (ADO-AD7) at this tme. into the
8282/8283 latch. Address iines A8 througn A15 do
not need to be latched because they remain valid
throughout the bus cycle. From T1 to T4 the IO/M
signal indicates a memory or I/0O operation. At T2
the address is removed from the address/data bus
and the bus goes to a high impedance state. The
read control signal is also asserted at T2, The raad
(RD) signal causes the addressed device to enable
its data bus drivers to the local bus. Some time later,
valid data will be available on the bus and the ad-
dressed davice will drive the READY line HIGH.
When the processor retumns the read signal to a
HIGH level, the addressed davice wiil again 3-state
its Qus drivers. !f a transceiver is requiced to buffer
the 8088 local bus, signals OT/R and DEN are pro-
vided by the 8088.

A write cycle also begins with the assertion of ALE
and the emission of the address. The I0/M signal is
again asserted to indicate a memory or /0 write
operation. In T2, immediately foliowing the address
emission, the processor emits the data to be written
into the addressed location. This data remains valid
untl at least the middle of T4. Ouring T2, T3, and
Tw, the processor asserts the write control: signal.
The write (WH) signal becomes active at the begin-
ning of T2, as opposaed to the read, which is delayed
somaewhat into T2 to provide time for the bus to
float.
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The basic diffarence between the interrupt acknowl-
sage cycle and a read cycle is that the interupt ac-
knowledge (INTA) signal Is asserted in place of the
read (HD) signal and the address bus is foated.
(See Figure 9) in the second of two successive INTA
cycles, a byte cf information is read from the data
bus. as supplied ty the intemmupt system logic (i.e.
8259A priority intarruot controlier). This byte identi-
fies the source (type) of the interrupt. it is muitiplied
by four and used as a pointer into the interrupt vec-
tor lookup table, aa descnbed earlier.

Bus Timing—Medlum Complexity
Systems

(See Figure 10)

Fer medium comglexity systems, the MN/MX pin is
connected to GND and the 8288 bus conwoller is
added to the system, as well as a latch for latching
the system address, and 2 transceiver to allow for
bus loading greater than the 088 is capable of han-
dling. Signals ALE, OEN, and OT/R are generated
by the 8288 instead of the processor in this configu-
reton, although their timing remains relatively the
same. The 8088 status outouts (352, 51, and 30) pro-
vide type of cycie information anc become 8288 in-
puts. This bus cycle information specifies read
{code, data, or 1/0), write (data or 170), interrupt ac-
knowledge, or software hait The 8288 thus issues
controi signals specitying memory read or writa, /0
read or write, or interrupt acknowledge. The 8288
provides two types of write strobes, normal and ad-
venced, {0 ba applied as required. The normal write
strobes have data vaiid at the leading edge of write.
The advanced write stobes have the same timing
as read strobes, and hence, data is not vafid at the
lescing edge of write. The transceiver receves the
usual T and OE inputs from the 828&’s DT/R and
DEN outputs.

The rointer into the interrugt vecior table, which is
passad during the second INTA cycle, can derive
from an 8259A located on erther the local bus or the
system btus, If the master 8289A prority intermupt

contrclier is posittoned on the local bus, a TTL gate .

is required to dlsable the transceiver when reading
from the master 8259A dunng the itamupt acknowl-
edge sequence and software “poll™.

The 8088 Comparead to the 8086

The 06088 CPU Is an 8-bit processor designed
around the 8086 intemal structure. Most internal
tunctions of the 8083 are identical to the equivalent
8066 functions. The 8088 handies the extemal bus

the same way the €086 dcas with the distinction of
handting only € bits at a time. Sixteen-bit operands
are fatched or written in two consecutive bus cycles,
goth procassors will appear identical 1o the soltwers
engineer, with the exception of execution time. The
internal register strusture is identical-and all instruc-
ticns have the same end resuit The ditfersnces be-
tween the 8068 and 8086 are outlined below. The
engineer who is unfamiliar with the 8086 is referreq
{0 the IAPX 86, 88 User's Manual, Chapters 2 and 4,
for tunction description and instruction set informa-
tion. Intarnally, there are three citferences between
the 8088 and the 8086. All changes are related to
the 8-bit bus interface.

¢ The queue langin is 4 bytes in the 8088, whareas
the 8085 queue ccniains 6 bytes, or three words.

- The gueue was shortened to prevent overuse af
the bus by tha BIU when prefetching instructions.
This was required bacause of the additional ime
nacessary to fetch instructions 8 bits at a time.

To further optimize the queue, the prefetching at-
gorithm was changed. The 8088 BIU will fatch a
new instruction to load into the queue each time
there is a 1 byte hole (space available) in the
queue. The 8086 waits until a 2-byte space is
available.

Tre internai execution time of the instruction set
is affected by the 8-it interface. All 16-bit fetches
and writes from/to memory take an additionsl
four clock cyclas. The CPU is also limited by the
speed of instruction fetches. This latter problem
only occurs when a series of simple operations
occur. When the more sophisticated instructions
of the 8088 are being used, the queue has time to
fill and the execution procaeds a3 fast as the exe-
cution unit will aflow.

The 8088 and 8086 are comgletely software com-
patible’ by virtue of their identical execution units.
Software that is system dependent may not be com-
plately transferatle, but software that is not system
depandent will operate equally as well on an 8048
and an 8086.

The hardware interface of the 8088 contains the ma-
jor differences batween the two CPUs. The pin as-
signments are nearty identical, however, with the fck
lowing functional changes:

* AB-A15—These oins are only address outputs
on the 8088. These address lines are latched in-
ternally and remain valid throughout a bus cycle
in a mannar similar to the 8085 upper address
fines.

+» BHE has no msaning on the 8088 and has been
eliminated.
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» 330 provides the 50 status information in the
minimum mode. This output occurs on pin 34 in
minimum modse only. DT/E, i0/M, and 550 pro-
vide the complete bus status in minimum mode.

* 10/M has bebn inverted to ba compatible with the

MCS-85 bus structure.

* ALE is delayed by one clock cycle in the mini-
mum mode when ertering HALT, to allow the

status to be latched with ALE,
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Figurs 10, Kedium Compiexity System Timiag



Bein

e YHmmemrr o

- W ow e

193

HMG6264P-10,HME2684P-12,

HM6284P-15

8192-word x 8-bit High Spead Static CMOS RAM
® FEATURES i
@ Fast access Time

100n¢/120ns/150ns {max;)

® Low Power Standby Standby: 0.1mW {(typ.)
Low Power Operation Cperating:  200mW (typ.)

® Single +5V Supply

® Completely Seatic Memory. . . .. No clock or Timing Strobe Required

® Equai Access and Cycle Tirhe

© Common Data lnput and Output, Three State Quiput

® Directly TTL Compatibie: All Input snd Output

¢ Standard 28pin Package Configuration

® Pin Out Compatible with 64K EPROM HN482764

» BLOCK DIAGRAM
N ; — e

My i —

{I’

%

I}
'
. Coboom L t1
' [
. — Colmmn Ot atoe
. Coment T
' ——
[ - t
: o
[ H S !
i }H .

(D2-25)

= PIN ARRANGEMENT

el 7 Hre
ALz E’Tg
A3 EL

A 23] A,
A5 24 A,
A¢] (351 Ay

0_15_1 ] “"*'j ' 7] EEife
Rt—\r____:::'—_‘:.---q A,E EA..
= towe, $ome Camtrns A E —
B 3 S
_ | ' v
R N S oy
\ A, l‘i‘. N E] Yo,
& ABSOLUTE MAXIMUM RATINGS . . .-
[tem Symbol Rating Unit vo, E 1310,
Terminal Voltage ¢ 23 —0.5 %10 +7.0 v vo, E E vo,
Power Dissipation T 1.0 v
Operating Temperature Tovr 010 +70 ‘c UO’E E Vo,
Storage Tempersture Trig —$S 10 +125 C GNDE E Ve,
Storage Temperature (Uncer Blas) | Tbiss -10to +83 'C
® With repect 10 GND.  ** Pulss width S0mg: — 3.0V (Top View)
& TRUTH TABLE
VE (T lcs, | OF Mode 40 Pia Voo Qurreat New
X H X X [ Not Sclected Righ Z /33, /331
X X L | X |(Power Down) High Z I3%, /5mg
H | L | A | H |Ouwut Dibied Th Z Tcc.Joct
H L H L |Read Domt Jee, /ec
L L H H Write Dim /cC fect Wrise Cycs (1)
L L H L Dim Icc, Jeel Wrise Cycls (1),
2 ? DamV gare,
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intgl’ 27

256
256K (32K x 8) PRODUCTION AND UV ERASABLE PROMS

8 New Quick-Pulse Programming™ & Plastic Production P27258 ig
Algorithm for Plastic P27256 Compatible with Auto-Insertion
— 4 Second Programming Equipment
—Intgligent Programmingm Algortthm B Molsture Resistant
Compatible Industry Standard Plnout JEDEC
2 Indust n cen
B Fast Access Time Approved ... 28 L.sad Coerdlp and
- 170 ns D27256-1 Plastic Package
— 200 ns P27256-2

(See Packagry Spec, Orcer 4 231269)
&8 Intgligent [dentitier™ tdode

new Quick-Puise Awmmbhcmepznsetobomumudmtwm(pu
i twhk:htakaammnuoeofwsinnovaﬂonmn

b«mmEPﬁOMmﬂwhﬂpollentglmmldenﬂﬂammpmy Ogram 1t using a suparior program-

ming method. The intyligent Aloodmmmaybew&odmmeabwsooofmoquptmt_

The 27258 enabies implementation of new, advanced systems with firmware-intensive architectuces. The

orchoodngbelwoennomdamcmonmynnmm

The 27256 I manutactired using Intel’s advanced HMOS*iI-E technology.
*HMOS Is & patented process of intal Corporation,

Yor e mc.a.
[ —
Voo weae.
it
T M0 Pr00ALM| CUTRST Byvens
v
E baccomn [ *qarmg
vyt E z H 2104 per
=] ceccomm |1l oot e

2900071
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4 .}
Intel 27256
' Pin Names
Ag-Ata Addresses
CE Chip Enable
OE Output Enadle
00-07 Outputs
D.U. Don't Use .
WE Write Enable
27256 .
rrvie] 17ses{ 17502 2rezea | Todh amza | aree p27256 2714 732 ez 72 | 7751 | ame
Ve | QU | Ag | Voo | Vew Vre | V. vee | Yo | Voo
Az | A | A | A | Az | 1 Are | WE FRSTWE
Ay Ay Ar Ar Ay Ay | Ay Vort Ve [ NG ] Ay | A Ay [
As e ‘e As A A Ay Ae| A Ae ] As A Ay
Ay Ay Ay Ay A Ay Ay A | A Nl A Ae A As
Ad Ad Ay Ay A Ad Ay Voo| A4y Avt | Aey Ay Apny Ay
Ml A M) A A A A (X Erveef OE | CF (BNl 2
Ar |l A} oAp Az Ay A | A Avgl Ao | Aro | A | A | Aw Ao
Ay Ay Ay A Ay A | Ay T ||l & =4 rtz
Ay L) Ao Ao Ao Ao Cr{ O Oy Or Oy Cr Oy
Op |Oo/Cof Co =3 G| & | & Og{ O | Os} O Os Os Ge
Oy |Bv/Oy| O O O Ot | Oy O] O3 | Og | O Oy Oy Oy
w| o |[0] 0| 0] 0 Ouf 00 [ 0e] 00| Od | Q4 =X
Gra | Gra | Gt | Gt | Gea | Gra Gne alonjolalanioal o

NOTE:

290097-2

imei“Unhversal Site” Compatidle EPROM pin configurations are shown in the blocks adjacent o the P27258 pins.
Flgure 2. Cerd!p/Plastic DIP Pin Configuration
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Logic Products

FEATURES

*» Common Address inputs

¢ True or compiement data
demuitiplexing

¢ Oual 1-of-4 or 1-of-8 decoding

e Function generator applications

* Qutputs can be tied together

DESCRIPTION

The ‘156 is a Oual t-0f~d Cecoder/
Camuitiplexar with common Addrass in-
cuts and gatec Enadle inputs. Sach
Secoder saction, whan enabled, will ac-
sapt the binary weighted Address inputs
A9, Ay) 2nd provide four mutuatly exclu-
sve actve-LOW outputs (0 - 3). When
18 enaola requiremants of each dacod-
2r are not met, all outputs of that decod-
3r are HIGH.

Product Specification

74156, LS156
Decoders/Demultiplexers

Duat 2-Line To 4-Line Decoder/Demultiplexer (Open Collector)

TYPE TYPICAL PAOPAGATION TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74156 20ns 25mA
74LS156 3ilas 8.1mA |

ORDERING CODE

COMMERCIAL RANGE !

i

PACKAGES Voo # 5V 18%; T4 =0°C to +70°C i
Plasnc OIP N72156N, N7EES 186N i
Pasuc SO i N74LS 1560 |

NOTE:
For nformabon reqaroing dewces crocessed 1o M
Oata Manual

INPUT AND OUTPUT LOADING

Hitary Specthcatons, sae the Sqgoencs Mitary Products

AND FAN-OUT TABLE

{ PINS DESCRIFTION 74 ' 74Ls i
| AN tnouts tul 1LSu i
P Alt Cutputs 10ul 10LSu !
NOTE:

Wharcnhumlead(uﬂumnooulobotOnAl.,ana-L&nAl.‘_.andl“LSunlbu(LSun

@ 20UA lge AND - JAMA I,

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC)
o Hvee V2 W1 e
L B, b
» 3 a5 L™ y . = .'
;HE E" DACO0ER r* OUCOore t s
I-g E“' EEX e e :>—'
W DN
ARG B 7T Y77y e
v . T ey a [ XIER) N
ono (T 515, m—— 1 o
P ]
Ves =Pn 8
GRO = 8
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Decoders/Demultiplexers

74156, LS156

LOGIC DIAGRAM

g I, 2 ay ) L4
m ‘ - an ’ [ nej [om
) vy ,
| i : x
l { ? ‘ 'I
’ | l
'” .[ ‘ I_ IJ j 1
m - 5 (L] e n 12
5 i 5 R % T i 3
I
Vog «3n 18
GNO =#n s
FUNCTION TABLE
ADREss | EMABLE ourruT ENABLE ouTPUT
) 2 b b
% | A L E B B[TiZ|3E[E |5]7]2]3
X X L X H H H H H X H H H H
X X X H H H H H X H H H H H
L L Hl v ftufuindiuwl ol ojeln]nln
H L H LIHlILIHIA] L LI HJL]HIH
L H LI IO T T AR T I IR (VI VI B
H H Hl L |HlH]|H]|L] L LlulminlL

H = HIGH vonage level
L = LOW voitage level
X = Oon't care

Both decoder sectons have & 2-nput snabie
gate. For decoder "a” the enable ga'e re-
quires one actve-HIGH nput and one actve-
LOW input (E, - £,). Decoder 2™ can accapt
aither true or <ata in d o
plexing applicatons, by using the E, or E,
IrOULs resoactively. The cecoder “'b™ snable
gate requres two active-LOW inputs (5, + =,
The cavice can be used as a 1-0f-9 acoder/
cemuitplexer by tying E, 10 Ey and relabsling
the common connecuon acdress as (Ay);
forming tne common ensbie by connacing
the remaining E, and E,.

Tha *156 can be used o generate all fouwr
muntermns of two vanabies, The lour minterms
are usaful to replace muiticie gate funchona
in some icati o ge ot
the ‘156 is beng adle to AND the minterm
funcdons by ting outputs together, Any num-
ter of temms can be wired-AND as shown in
the formula below:

lw(E+ Ay + A1) (E+Ag+ Ay
HE v Agr A)-(E + Ag = Ay)

whera E=~Z, +E; E=Ey+E,

ABSOLUTE MAXIMUM RATINGS (Over €Ora0Ng free-ar tomperatirs range uniess otherwise noted.)

PARAMETER i 74 s |
Veo Supoly voltage 10 1.0 i v
Vin input voitage -0.5 10 5.8 0510 +70 | v
™ Input current ~30 0 +5 -30 5 1 mA
Vour Votiage epplied to outxa in HMIGH outout state -05 0 +Veo ~0.5 o +Veg v
Ta Oparatng free-aic temosatwe range Oto70 c
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Fmaed

1. 10 Teviy

2. 100 Tovtu

3. 270 Teviu
4.330 Teviy
5.1 ATaTovy
6.2 nlalewy
7. 1.8 nlaTlewy
8. 4.7 Alaleviy
9. 10 nlaTlewy
10. 15 nlaTewy
11. 47 iTaToviy

L) o
12. JadlABITUNA

Aufulszy
1.0.1 uF

2.30 pF

3. 100 pF
4.10uF 16V
5.33 uF 16V
6. 470 pF
7.47uF 16V
8.220 uF
9.33uF

30

‘)E ‘_’E ‘)Q ‘_’E ‘_’Q ‘)E .)E de d( d(

3
‘)E

d( .JQ ‘JE ‘)E ‘)E ‘)Q de ‘)E

3
-.)'
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nMusmaed
1. BC 547
2. BC 557
3. 2SC458

Yo
1. 8088 CPU
2. 74HCTO04
3. 74LS32
4.74LS123
5.74LS138
6. 74LS156 ™
7. 74LS175
8. 74LS251
9. 74LS259
10. 74LS541
11. 74LS377
12. 74LS373
13. ADC 0804
14. CD 4051
15. ULN 2003A
16. 74HC4020
17. 8255
18. 74LS145
19. LM386

1

1

s
ot o

3
..)!

e 3
o) de de ..)e de ..)e ..)e ..)e ..)e ..)e de ..)e de
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2. UBADAAUAY 1742
Wamda

1. MINI SW 147
2. XTAL 8 MHz 147
3. JUMPER 347

4. AEUTIAAGY LUV 10U 1 &
HUU 149H 1 @7
HUL20 WU 3 @9
UL 340U 2 A7
UUU40NU 1 a2
5. MINM9025W 162

6. ABUDTAUUIA 6 x 4 187
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