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CS231: UN¥ 4 : ANSUTEUIANANNAINANERS
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http://mrcetstudent.blogspot.com/2015/05/8086-microprocessor.html
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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n1suuAIINUINLasdIdgsanes

o < a i o
- ASUWNURIUIULAN LiiAnLASD9NY (Unsigned Integer)

- ASUNUIUILLAN ARLATEIMNNE (Signed Integer)

ALU

- wawnAdey ( Floating point)
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Figure 2. 8088 Pin Configuration
231456-1 INT
Figure 1. 8088 CPU Functional Block Diagram
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IuANLUULLANAT o NN

Avnanfe 0 Aigeaads 27

0 0 0 00

1 1 1 01

1 4Um S
Angsgnfe 1 S

21n
AE9ANAD 3

unsigned char

16 0 65535 unsigned short
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(BNLIUNTAMLAZINT NT095UAY 32 Un)
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o < a a ya < LY a
YTUIULANLUUANLAIINIAY ﬁ]ﬂ"d‘Uﬂ MSB Lﬂum'aﬁqu,ﬂsawma +, -

MswnuIUReay ltavgIuEes wuu 2’s complement
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Aatiulusunsuiesdsawinsuladavleglusunuuves 2's complement new wadrsetldly source code
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nsudasauduy 2°s complement

1) NAUTN
2) thanfilg + 1

qauUas 000001 AU 2’s complement

input 000001

111111

ARUUM 111110
+

1 000001

111111 U
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nsudasauduy 2°s complement

1) NAUTN
2) thanfilg + 1

vas 1 11111 TWdu 2’s complement

input 111111
ARUUM 000000

+
1 000001

000001 nOU

wlag 2’s complement dasassaznauluiduaiu
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nsudasauduy 2°s complement

1) NAUTN
2) thanfilg + 1

Uas 1 01011 TWdu 2’s complement

input 101011
ARUUM 010100

+
1 000001

010101 fnOU
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nsudasauduy 2°s complement

1) NAUTN
2) thanfilg + 1

qauUas 01010 1 1A8u 2’s complement

input 010101
ARUUM 101010

+
1 000001

101011 U
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nsudasauduy 2°s complement
AU 16

%4

T¥sReaiuaugiu 2 Ald witlAedsan
1) 11 15 (F) U1aun8AILAazan
2) iandile + 1
quUas FO5F Tdu 2’s complement

11 15 (F) udawalauunnasan  FFFF

input FO5F
0OFAOQ
+
+1 0001
0FA1 Mo
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nsudasauduy 2°s complement
AU 16
1) 11 15 (F) 118 Um8aALAaznan
2) thendild + 1

qmUas 0FA1 TWdu 2’s complement

11 15 (F) udawanauwiagnan  FFFF

input OFA1
FOSE

+1 +
0001
FO5F MoU
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A1FLNUITUIULUUITUIULAY

On MSB 1u 1 mnedduiuiinay
Tm MSB 1Tu 0 mnedsduaudnuin
wasblanunsaimualitn MSB 1u 1 uddeyatiuazfinauriuil wsenisnsgyhuiursyilidnnudasualuduady

[

nslvanteyaiing ALU tuildunaudsil

1) Tiwlasluavgiu 2 IngliAnaIesming
2)  andudwiudnau Tivi 2’s complement

Aoan1siviandIuIu 100 (§1U10) g ALU azradlvianmeaila
wlas 100 1Wuguaesld 01100100

Weanniluduuduuindaluana 0110010 0 g ALU leiae

AoIN1slnandIuIu -100 (§1110) 1Wg ALU azdedranmedila

wlas 100 Wugwaedld 01100100
AIRAAU 397991 2’s complement 10011011
00000001

14

10011100 eilAeriilvandig ALU
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A1FLNUITUIULUUITUIULAY

AoIn1slnand1wIu 7ABC (31116) 1Whg ALU azsadlnansmiediln

Weanniludnwiuduuingiu 16 3alvann 7ABC g ALU leiae

AoaN15IanIIuIU -7ABC (§1116) 1Wg ALU azAsalnanmenils

AFRAU 39999 2°s complement 7 ABC

8543
+
0001

14

8544 eilfeddilnandng ALU
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A13AAUNANITATUA ALU

1) 10n MSB dawdu o Tmimneutiululdlaee
2) 10 MSB Ay 1 wanssrwiuiudu 2’s complement aaiulvidiensuautiulum 2’s complement neudssluldle

UBNINELNAAIN MSB 1ad §3danmann Flag 1a sz ALU agvinisildsuan Flag S Wammaufinay
vn input Lifiiaw 0 dnth Tiguuinidawesiieg azla3inlule MSB visel

1 —
01
a1 | = “a 1 } 1 1 a < 1 =
001 —  lanuadawinnu fAe “1”7 whazslaeg1elsin Un MSB 1WuAn 1 58 0

U

0000 0001

o Y = 1% aa s & a oo w d' 1% o 1 1%
AQINNUATUIATBIFILUT YiTON1T3UUIATRSTIawesITuAMNdAIN Walrausaseydiumus MSB 1a
Bnsmlaeadengane wua 0 WWliasunnmdn

d7 dé d5 da d3 d2 dil do
MSB LSB

A298193ALMDSUUIN 8 UM
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A13AAUNANITATUA ALU

1) 10n MSB dawdu o Tmimneutiululdlaee
2) 10 MSB Ay 1 wanssrwiuiudu 2’s complement aaiulvidiensuautiulum 2’s complement neudssluldle

UBNINELNAAIN MSB 1ad §3danmann Flag 1a sz ALU agvinisildsuan Flag S Wammaufinay

A1 FCBA fiailadloudasduavgiu 10 wuuAnweiesiuny myualisawesivung 16 Ja

FCBA

15 MSB e F ulandugiuaesio 1111

1111 399 MSB 1Ju 1 uamsirafinau Tivin 2’s complement
FRFF

FCBA
0345

+
0001

14
1

0346 @AMARANSY LaztduARnay

-0346 wiaalu §1u 10 Ain -838

8/8/2021 uA.as. U3 Wouudn 16



CS231: UN¥ 4 : ANSUTEUIANANNAINANERS

A13AAUNANITATUA ALU

1) 10n MSB dawdu o Tmimneutiululdlaee
2) 10 MSB Ay 1 wanssrwiuiudu 2’s complement aaiulvidiensuautiulum 2’s complement neudssluldle

UBNINELNAAIN MSB 1ad §3danmann Flag 1a sz ALU agvinisildsuan Flag S Wammaufinay

A1 0346 fiAwinladloudasduaugiu 10 wuuAawzomang Mvualisdawnesivun 16 s

0346

i MSB Aa 0 wlauduguassie 0000

0000 Jn MSB tJu 0 hansnA1uln saunaiunlglaviud

0346 wnay

0346 wlaudu §1u 10 Ao 838
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f198191A509Uaa S URN wUadtay 2’s complement

Binary number representation

Two's Complement
Calculator

Decimal to bina
v By Wojciech Sas, PhD candidate

. Last updated: Apr 22, 2021
You can enter a decimal number between -128 and 127. astupdated: Apr e,

Decimal -123

Table of contents:

The result is a Binary and two's Complement of that ©  How to work with negative numbers in binary? - 2's

binary. complement representation

o How to use two's complement calculator? Two's complement

converter in practice

Number in 2's complement 8-bit represantation: 0 Turning two's complement to decimal

0 Signed binary to decimal table

Decimal Si123;
Binary 1000 0101
Complement 0111 1011

Binary to decimal . , )
Here is the two's complement calculator (or 2's complement

: . : . Iculator), a fantastic tool that hel find th ite of
You can write a binary number with no more than 8 digits. Ca culator) e{ antastic fool that helps you lind the oppost eé any

https://www.omnicalculator.com/math/twos-complement
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A13AAUNANITATUA ALU

AIDENNLAUIIUIUTDAY 2's complement YA 8 T

0 0 0 64 40 64 128 80 2128 192 0

1 1 1 65 41 65 129 81 127 193 cl 63

2 2 2 66 42 66 130 82 -126 194 (7] 62 o

3 3 3 67 43 67 131 83 -125 195 3 61 o o/ v

4 4 4 68 44 68 132 84 124 196 c4 -60 Q']u’)u@’}l,ﬁ%ﬂ/]ﬂﬂ/illﬂ 256

£l 5 £l 69 45 69 133 85 -123 197 5 59

6 6 6 70 46 70 134 86 122 198 6 58 1

7 7 7 71 47 71 135 87 121 199 <7 57

8 8 8 72 48 72 136 88 -120 200 8 56 ﬂ f] gjq E:{ ﬂ 1 2 7

9 9 9 73 49 73 137 89 119 201 <] 55 , o

10 a 10 74 4a 74 138 8a -118 202 ca 54

11 b 11 75 4b 75 139 8b -117 203 cb 53 ﬂ ’] u a EJ a ﬂ - 1 2 8

12 c 12 76 4c 76 140 8¢ -116 204 cc 52 9

13 d 13 77 4d 77 141 8d 115 205 o 51

14 e 14 78 4e 78 142 8e 114 206 ce -50 + m a X ! n-1

15 f 15 79 4f 79 143 8f 113 207 of -49 ﬂ '] a Q a ﬂ = 2 - 1

16 10 16 80 50 80 144 % 412 208 do 48 v o9

17 11 17 81 51 81 145 91 -111 209 d1 -47 |

18 12 18 82 52 82 146 92 -110 210 d2 -46 !

19 13 19 83 53 83 147 93 -109 211 d3 -45 !

20 14 20 84 54 84 148 94 -108 212 d4 -44 '

21 15 21 85 55 85 149 95 -107 213 ds 43 ' 1

22 16 22 86 56 86 150 % -106 214 d6 42 | IS I~ o a
23 17 23 87 57 87 151 97 -105 215 d7 41 | LlIE] n ﬂ E)ﬁ]']u'}]u‘l_](ﬂ
24 18 24 88 58 88 152 98 -104 216 d8 -40 |

25 19 25 89 59 89 153 99 -103 217 do -39 !

26 la 26 S0 5a S0 154 9a -102 218 da -38 '

27 1b 27 91 Sb 91 155 9b -101 219 db 37 ‘

28 1c 28 92 5c 92 156 9c -100 220 dc -36 ‘,

29 1d 29 93 5d 93 157 od 99 221 dd -35 i

30 le 30 94 Se 94 158 9e 98 222 de 34 !

31 1f 31 95 5f 95 159 of 97 223 df 33 !

32 20 32 96 60 96 160 a0 96 224 e0 32 O ! - 1

33 21 33 97 61 97 161 a1l 95 225 el 31 '

34 22 34 98 62 98 162 2 94 226 e 30 .

35 23 35 99 63 99 163 a3 03 227 e3 29 |

36 24 36 100 64 100 164 a4 92 228 e4 28 |

37 25 37 101 65 101 165 a5 91 229 e5 27 |

38 26 38 102 66 102 166 a6 90 230 e6 -26 !

39 27 39 103 67 103 167 a7 -89 231 e7 25 1
40 28 40 104 68 104 168 ag -88 232 e8 24 |
41 29 41 105 69 105 169 a9 -87 233 9 23 H
42 2a 42 106 6a 106 170 aa -86 234 ea 22 |
43 2b 43 107 6b 107 171 ab -85 235 eb 21 |
44 2c 44 108 6c 108 172 ac 84 236 ec 20 !
45 2d 45 109 6d 109 173 ad 83 237 ed -19 H
46 2e 46 110 6e 110 174 ae 82 238 ce 18 -min 1o n-1
47 2f 47 111 6f 111 175 af 81 239 ef 17 ﬂ '] G] ’] a ﬂ = - 2
48 30 48 112 70 112 176 b0 -80 240 0 -16 9
49 31 49 113 71 113 177 bl 79 241 f1 -15

50 32 50 114 72 114 178 b2 78 242 2 -14

51 33 51 115 73 115 179 b3 77 243 3 13

52 34 52 116 74 116 180 ba 76 244 2] 12 ¥ v [ 1 Y a b4
R N A R T I w [ = [ n1sUaudauansavdauliagludae srzduinnisau
54 36 54 118 76 118 182 b6 74 246 16 -10 v v

55 37 55 119 77 119 183 b7 73 247 7 9 -

56 38 56 120 78 120 184 b3 72 248 f8 -8 f l

57 39 57 121 79 121 185 b9 71 249 fo -7 %sa Over OW

58 3a 58 122 7a 122 186 ba 70 250 fa -6 N < o
59 3b 59 123 7b 123 187 bb -69 251 f B 2 P~

o o e i - YayasnaUasuain 127 u -128 14
61 3d 61 125 7d 125 189 b 67 253 fd 3 Y

62 3e 62 126 7e 126 190 be 66 254 fe 2

63 3f 63 127 7f 127 191 bf 65 255 ff -1

T~ A v
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PaetayaunuulinnLAIaInung

unsigned char

16 0 65535 unsigned short

YUVOYAUUURAALATDINUNY

-128 char

16  -32,768 32,767 short
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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UNT 4 : NSUTEUIANANSAAAIENS

NEG : Negate 14941 2’s complement w84 input
A151% : NEG operand

Operand : Al reg8, regl6, mem8, mem16
Output: wulu operand

B cmus086 - assembler and micr processor emulator = O X | crmulator: noname.bin_ = L3
file edit bookmarks assembler emulator math asciicodes help file math debug wiew external wirtual dewices wirtual drive help
D & % . & . &5 » | @8 @ O qa > »
new open  examples save compile  emulate | calculatol Load reload step back | single step run step delay ms: 400
21 MOV AL, 0X5C =
;ir‘; ngg EE. BXABCD_R\ S T [ oi0o:0011 0100:0000
04 NEG BX IREG16 IRl 0i0ii: Fa 244 9B MOV AL, BSCh =
B NES YARL I HENS . [P B pia15: S8 286 V| || NEG AL
@7 HLT ’ o FF Bioia: 56 144 € | NEG b.r0@@1Zh]
04 VARL DB DXSA ox [o0 :
01016: 90 144 E || NEG w.[00013h]
79 VARZ DW OX1FAA cs  [oto0 8%_8%5 g% %22 E E -
IP H
o o | 01019: 9@ 144 E_|| PUSH SI
S SR
FFFE :
Q101C: 99 144 E NOP
* 00 | 91910: 9@ 144 E| || NOP
3! R1Q1E: 99 144 E NOP
= O1070: 90 144 E<f| or
. R : &l ... 5
= — . . ——il e P | ——— | res— (| (| =—— || ———
[ Random Access Memary = O X
[ o0100:0004 « list
0100: 004 F6 D8 F7 DB F6 1E 12-90 F7 1E 13 @@ F4 A6|S6 %eI-Pral, -all, q8Y
0100: 0014 90 90 90 9@ 90 99 90-90 90 90 90 99 90 90 Olflflf EEEEEEEEEEE
0100: 0024 90 90 90 90 F4 00 Q-0 00 OR Q0 VY QY BB Q4 EEEEEY s s »is wis siie
P100: 2934 00 00 00 00 00 0P P00 PB-20 PQ PP 90 B0 0B @B PO  ................
21 244 Q0 00 20 00 00 Q0 DD OP-00 00 D0 0P PO BB @B BB ................
0100:0054 B0 90 V0 Q0 Q0 V0 OY BP-00 V0 Y0 00 B V@ BB BB  ................
P10D: 0064 000 00 00 V0 00 BP DY PB-90 P0 PP Q0 BQ OB QB PO  ................
A1 AAT7A4A O i D DA A A A DA-D0 DA G A O i iy DA
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113U INLAY
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD

8/8/2021

NALAS. U [Wauwna




CS231: UN¥ 4 : ANSUTEUIANANNAINANERS

ADD : Addition Tguania
A5y : ADD D, S

Operand : N o
HNANU Flag
REG , memory
Memory ,REG FlE|D|C|B|A|9|8|7|6]|5] a |3]2]1] 0
REG,REG

Memory. Immediate
REG, immediate

*REG: AX, BX, CX, DX, AL, BL, BH, CH, CL, DL, DI, SI, BP, SP

Output: D

O Overflow AABUIANAUIUINVDGIANDS AU

S Sign fmeufnau (On MSB 1Tu 1) Anau
Z  Zero Aweuidugug fifn 0
AC  Auxiliary Carry Tddmsusia BCD T 310w 1

. A A [J o 13 1
P Parity n11izAnIeAvaIAIngy Aneulluiave
CY  Carry 4n1svala Haune
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ADD : Addition Tduanta
A1SlY : ADD D, S

MOV AX,0X1001 MOV AX,0X1002 MOV AX.OXTFFF  datimnidunisuaniaalifnip3asung

ADD AX,0X0AAA ADD AX,0X0AAA ADD AX,0X0001  M8U 0x8000 QNABILE?
LLG]IV'WﬂL‘fJULLUUaﬂLﬂ%ﬂﬂ‘iﬁm’]ﬂﬁ@%@’]‘lﬂ

- registers

— registers - ' ~ registers

ax [1a [pe ax [1a [ac ax [80 oo ve
o [po oo . T oo swlgmmoulu FFFF
cx [oo Joo o [o0 Joo cx [00 [00 8000 -
px [o0 [o0 px [00 Joo ox [00 [oo TFFF

2’s complement

) - - 1+
flags flags flags 8000 Flsigneias
o [0~ o [0~ o [0~ AUUNINTUNSATUIULUUAALAS DN
14 < 4 o o Y <
zF o~ zF [0~ = A 81 OF 1Uu 1 vuuAnaualannuin
SF |0 « SF |0 - SF |1 vI <
oF [0~ oF [0 ] Ll or [1 =]
PE [0 ~] PE 1 =] | e e[t~
o o~ o |0 ] a1 +] L sFfu 1 wmseAmeuRnau
Fo [~ Fo[1 -] Fo1 -]
o [0.7] oF [0~ or [0<] —— OF 10u 1 m3zAnauLAuYs

PF 18w 1 msezdnauluaug
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ADD : Addition Tduanta

n13lY : ADD D, S )
FFFE A® 2’s complement 984 0002

MOV AX OXFFFE 1A21U%N1877 -0002
ADD AX,0X0001

registers
Ho L
ax [FFO[FF
Bx [00 [oo
cx [00 Joo
px |00 [oo Yol OF lifin wansinAmavaiuimilala

SF 10U 1 wanein Ameuinau AesiimaeuNm 2’s complement

FFFF

o Jo-f FFFF-

j: % 0000

oF |U_3 0001+

pr IG 0001

o ou -000 1

F o[~
| O 0 -] WswnsuthJunisAruam -2 + 1
IRV -1
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ADD : Addition Tduanta

nsl: ADD D, S
MOV AX, 0x2 |
NEG AX wspazloulumaiiuiuhunaundld Ads NEG wlaauluavinau TWinldanauwinnu
ADD AX,0X0001 wAlUSUATUITENITY 1 ANE

registelsH

ax [FF[FF
o oo oo
o oo foe
px [00 [oo Foi OF laifin uansindmeuanuiuldld

o SF 10U 1 wanein Ameuinau AesiimaeuNm 2’s complement
d
|

FFFF

Sl FRFF-

2= 0000

i I'G 0001+

L mE 0001

o [0+ mau -0001

Fo[1 -]

oF [0 <] Wsunsuihdunsduan 2 + 1
ImaU -1
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ADD : Addition Tduanta
A1SlY : ADD D, S

TUsunsu Assembler HaesrungauaznIntmlusunsumesineinisulasavfinau Wy 2’s complement T
WAL ElasEUUIIUILYBY ALU gdiuseleviunnlunis Debug TUsinsa

W cu8086 - assembler and microprocessor emulator .. = O X 8 cmulator; noname.bin_ = a X
file edit bookmarks assembler emulator math asciicodes help file math debug wview external virtualdevices wirtualdrive help
D D’* S:? - E 2 . .:::l: ::- ’ ﬁ E“ a 4 I I ' ’) ' 1 i i [ nj
new open  examples save compile  ermulate | calculato Load reload step back | single step run step delay ms: 400
71 MOV AX, -2 e [~
2 MOV BX, 2 \ L T [ o100:0000 [ o100:0008
@3 hlt -
04 & [FF IFE MOV AX, OFFFER -]

25 e [o0 [0z
@6 . | T T
px [o0 [oo

MOV B coaz: I
=

NOP

NOP
= ES5 |D1DD e LI
|4 | » IP IUOUS
ey <ol 10 ire ) ﬁ G5 W screen | sourcel reset | aux | vars l debug | stack | flags |
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ADD : Addition Tduantav
n15L% : ADD D, S

MOV AX,0XFFFF
ADD AX,1 ) | |
a0 = a aa cala = a
N15UINLAY OXFFFF +1 gdlalu 0x10000 duiuvunnuessdamesniauiniies 16 O
legistEls =~ o [ [y I3 a | ddy a
Ho L Jwhlrenduuidu 0 158A771n15 Rollover nsealilagtinnvala
A% |00 |DO = ° Y I a 1 ° v v
T TUSUNTUNBSIWDIINN1IATIvERU CF fdg 11AA Carry %30kl wndl Carry Anoudilaay
BX UU DU 'y} [ ::q'su aa
= [o0 [0 PInFaUanNausanosly
px [00 [00
Iﬂagg
CF |1 v|
zZF |1 ~|
SF [0 ~|
UF D ~ [~ o a A 6
CF U 1 s 1gAMABURUIUINVDITIELNDS

PF
AF

ZF \Ju 1 msrzAmeeulan 0 (yndadu 0)

i

DF
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ap3daunng NTUINEVEIY 2 YUn 4 Unynail
1111

SafiAuunanIdawmesaziivlsi ¢y (CF lu emulator) 10000

-

o = [ aa [
mreufeglu STames

151@1115a1 CY Yrwlunisulnaundvuisiuninsamesie
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AMSUINAT 1000 1111+0000 000 1 lpglusdamasvuin 4 On

[y < 1 [ aa 1 Y 5 Y gj LY
LuUIRLaULlu 2 ﬂ?ULLaSLﬂUGLuiﬁ]ﬂLm@’i 2§17 VNAIANLLAEAIUIN

A = 1000
< 1111 ADD B,D 111l
C = 0000 0001
5~ 0001 B= 0000 CY=1
ADD C, CY 0000
0001
C= 0001
ADD A, C 1000
_I_
0001
A= 1001

amounaslusIawesuSeslmlidu A B aglaaweudu 10010000

1
=

yunavesssameslilddiindnnuguandinenfimesanmsaduiald uiduisstedirveansimaiiavaanlu 1 dds
fosiinaseq Aeuiliudeya dduiiddomuavamnemius

faudifoguianduronfiumeiuuiaifios 4 Jn fanusolddmuniiavonn 8 Gald

Feauiadeddiianeiic 4 ¢ uasfiddaufiutu 2 fds

mnsumsnINAnERENInsanasdwelulgEnEes ‘
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Data Type
byte

short

int

long

float
double
boolean

char

Size

1 byte
2 bytes
4 bytes
8 bytes
4 bytes
8 bytes
1 bit

2 bytes

Primitive Data Types 9830191 JAVA

Description

Stores whole numbers from -128 to 127

Stores whole numbers from -32,768 to 32,767

Stores whole numbers from -2,147,483,648 to 2,147,483,647

Stores whole numbers from -9,223,372,036,854,775,808 to 9,223,372,036,854,775,807
Stores fractional numbers. Sufficient for storing 6 to 7 decimal digits

Stores fractional numbers. Sufficient for storing 15 decimal digits

Stores true or false values

Stores a single character/letter or ASCIl values

MALUSLNSUAE Assemble Lalaglusunsuun CPU vuaties 4 Un

Sunundvualrgninindsaunsamuinla
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AWM BSUIIUR8USELNANANANY 8086 UVaviua 14 fn

- A wmsulaauld 8 én

- dmsussy wnwug Ehurdamiganudinieuen) ¢ 67

- 33AWaSNLAY 2 67

MEMORY INTERFACE

C-3US

™

INSTRUCTION
STREAM BYTE
sBUS QUEUE

EXECUTION UNIT
CONTROL
SYSTEM
A-BUS

[rxes |

“lwlelas

BuUs
INTERFACE
UNIT

HEAEIL

AL

BH L

CH cL

EXECUTION DH oL
UNIT

5P
ar
St
L.

231456-1
Figure 1. 8088 CPU Functional Block Diagram

MiN [mx
MODE MOD!
GND wl] Vee
A4 ] As
A1z uf] mesy
A2 [ Aaimse
An1 ] Awss
A10 0 amwss
AD u[] 0 (HIGH)
As 1] wwER
AD7 2(] FO
ADs 1] WO  (RG/ATO)
ADS 0[] HLDA  (RGGTY)
AD4 2] WR (BT
A03 2[] 1R =
AD2 27{] omR SN
ADY w1 DER (=]
ADo 5[] ae (aso
] 24(] TRTA @s1)
INTR 21[] TEEY
(413 22[] ReadY
GND 21[] RESET
231456-2

Figure 2. 8088 Pin Configuration

AL

AL

BH

BL

CH

CL

DH

DL

SP

BP

SI

DI

Cs

DS

SS

ES

FLAGS

3T A, B, C, D
_ 4 67naR

v a G 1
Uadaynsnlii ?

oo esliiuanlusunsy
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N1SUINLAVLUUARRNING
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD

8/8/2021
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ADC : Add with Carry UNLaULUUAARING

n1sld : ADC D, S
199119 MU D =D + S + CY
Operand Flda:

REG, memory

memory, REG

REG, REG

memory, immediate

REG, immediate

CF
ZF
SF
OF
PF
AF

DF

¥ 1 P e P

H79819N15 M9 UINLAVIUIA 32 TR
Ox1FFF OFFF + 0x1234 5678

4

AX  BX X DX

MOV AX,0X1FFF
MOV BX,0X0FFF
MOV CX,0X1234
MOV DX,0X5678

ADD BX,DX
ADC AX,CX

reqisters

H L ° v p
ax 2 3 Anauganeagly AX BX
Bx [66 [77 Ao 0x3233 6677

iz [t
ox 65 7o
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\otavgu 16 e
WIUEUEIY 16 31uau 1 wdn Tdiufl 4 Ja
WIUEVEIY 10 31uau 1 wan AldNud 4 Oa

zlUsunsulaglutavgiu 10 a7y qlatv
Tuwed 0 -9
Lol A - F

8/8/2021

NALAS. U3 Wauwno

38



CS231: UN¥ 4 : ANSUTEUIANANNAINANERS

Lulaspeuiumaslugndusng dnazfintnvaduavuansaraniusunsuld Feasidudiaugiu 16
wazdlusunsudn 4 Wigldaunsodernainidawaseng q sanuwandld Sendt Wsunsuneilnes

KIT (C)2016

1|.I11

T W i

, BOBB MICROPROCESSOR

8/8/2021 uA.as. U3 Wouudn 39



CS231: UN¥ 4 : ANSUTEUIANANNAINANERS

NTHARLAYFIY 10 VUM LAAIAYEIN 16 @nansavinla Inensiinsviatayamilauuuy BCD8A21

nillureien BCD8421 11 BCD wia (Binary-coded Decimal) lunsiduiauguae iitounuiaugiu 10

7 §1u 10

ulaalugu 2

0000

0001

0010

0011

0100

0101

0110

0111

1000

9

1001

S¥%d BCD
q 2
0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1
0 0
0 0

10

1010

11

1011

12

1100

13

1101

14

1110

15

1111

1addl

5%d BCD ABLavgIuaes 909 0 - 9
duiiiuies 9 Juun axldfonn

AU 2 WllpUAUIHEA BCD WnghUy
BCD8A21 Wit

s%a BCD dn1si5uelnualsuuu
wiliAwiiasld BCD wuu 8421
Feanunsaudasavgiu 10 Wu g1u 2 Wldiae

f19797ULAUN 9 =AY BCD agals ?
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WINIUULANAY 9 Aaunsarnsita BCD Tundnsalulaiay wilauiunisulasiisnusidusia

1 BYTE azunusavla 2 #an

U 31
10

wlaadu
g2

0000

0001

0010

0011

0100

0101

0110

0111

1000

9

1001

10

1010

11

1011

12

1100

13

1101

14

1110

15

1111

S¥%d BCD
q 2
0 0
0 0
0 1
0 1
1 0
1 0
1 1
1 1
0 0
0 0
1aid

123987 wlasluavgiuasslaidu 0001 1110 0100 0101 0011
123987 uwiauduBCDlATY 0001 0010 0010 1001 1000 0111

s

nsulasiavgiu 10 Wusia BCD virlade Saudasiavgiu 2 Tl
fanunsaldisiUannsnaudadle
VORAD LNIVEIY ARRTIENY

4 =

Joidefe TanunnuunnInisldaugiu 2 uwaugiu 16

8/8/2021

NALAS. U [Wauwna 41



CS231: UN¥ 4 : ANSUTEUIANANNAINANERS

nsudaslagld 4 Touvudaiavgiu 10 99u9u 1 wan Wudl 1 Byte 9zuuld 2 wdn 138091 Packed BCD
nsuvadlagld 8 Tnunudataugiu 10 91w 1 wdn Auil 1 Byte asiiuld 1 wan (4 Snuulignldem) Sendn Unpacked BCD

1w g1 wlaadu S¥& BCD
10 g2
8 4 2 1
° SSe M R M 23 udaadu Packed BCD 9gléitlu 0010 0011 38 0x23
: R B I B 23 udaadu Unpacked BCD 2gleitlu 00000010 00000011 %138 0x0203
2 0010 0 0 1 0
3 0011 0 0 1 1
4 0100 0 1 0 0
5 0101 0 1 0 1
6 0110 0 1 1 0
7 0111 0 1 1 1
8 1000 1 0 0 0
9 1001 1 0 0 1
10 1010
11 1011
12 1100 Laidl
13 1101
14 1110
15 1111
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Tuunansdl wannsaleusia BCD wislilulasluswawesauwin wasiurmnauainuinveiwananaiuey §1u
16 laviunvnAmeuliiuysvessia BCD

14
v A

Feg1au 1234 + 1111 Yaudusiia BCD lagail

1234 Jou 1234 wwefld widasdl ox Wnlinsizase plluaugiu 16
\\“\A 8 cmulator: noname.bin_ - — O X
MOV AX. 0001001000110100B file math debug wview external wirtual devices wirtual drive help
’ = M ] q > » G !
MOV BX, 0001000100010001B Load reload step back | single step run step delay ms: 400
ADD AX,BX EBiaai™em | 0100:0008 | 0100:0008
ax [3 5 | <[ MOV AR, ©01234h -
g | @ MOV BX, ©1111h
%) ADD AX, BX
e [oo oo || § \
px [00 [oo~ 8
X cs  |o100 %
o =
AMaURD 2345 F o=] || P fooos_ |8 o
z [0 ~] s [o100
[l aa -4
ag1usdamas AX ¢ [o<|| ° e || @1 E
Y 8P [o000 @1 E
oF [0 -] o1 E
¥ PF [0+ s [oooo Q12D: 90 144 E
NUIADLEAWAVIIU 16 o | o [oooo Q1ORE: 90 144 EL| “ e =
waignulugiu 10 ldae coaEll) e
) ] ) 5 es o100 screenl suurcel reset | aus | vars | debugl stack | flags |
Wwezvayatdusnd BCD oF [0 ]

8/8/2021 uA.n3. U3 Wouutn a3



CS231: UNY 4 : ANSUTEUIANANNAINANERS

Tuunansdl wannsaleusia BCD wislilulasluswawesauwin wasiurmnauainuinveiwananaiuey §1u
16 laviunvnAmeuliiuysvessia BCD

14

Fee1au 5432 + 1234 Jautdusiia BCD lagail

MOV AX, 0x5432 # emulator: noname.bin_ - t X
MOV BX, 0x1234 file math debug wiew external wirtual devices wirtual drive  help
=2 di 4 » Co !
ADD AX’BX Load | rell?ad step back single step run 7 step delay ms: 400
Bt | 0100:0006 | 0100:0006
1| ax [ee [es | MOI000: BE 184 ©=|[ ADD AX, BX B
/ g iz f3s 1001: 32 @50 2[ || NOP
— 1002: 54 @84 T NOP
| SRR A Bah
cF o~ » INZN 1 : NOP
o - [EI Cs |U1UU 1 NOP
ANDURAD 6666 ZF P [ooos 1 NOP 0
NOP
PP | CII T NOP
aglu3qamas AX o o= || s [rre || 1 E | NOP
PF ITE BP 0000 21 : E NOP
y =iEs-at FE il
0«
i R * 7o || o [ | @TI0cE: S0 144 E| | .
waignudugiu 10 hee P ps [oro0 M
WS %@Nal;ﬂiﬁﬁl 5 BCD DF IE' ES W screen | sourcel reset | aux | vars | debugl stack |
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wAnsuInausuuilldannsaldlalunnnsdl

¥

fvg1au 6789 + 1234 Jewdusia BCD lonadl MOV AX, 0x6789
MOQV BX, 0x1234
ANDUIINAD ADD AX,BX
8023
F’]I']Lﬁu?h\ﬁﬁﬁ BCD LLﬂﬂ\‘lL‘ﬂULﬂ‘U ﬁ # cmulator noname.bin_ — O X
LLﬁ”ﬁqﬁlaUhjﬂﬂﬁaﬂ file math debug wiew external wirtual devices w virtual drive  help
v oy o v da = ql > » |
NINANAVAU mmmmmauwanmnu‘lﬂuqn Load reload step back single step run step delay ms: 400
6 Lol L |  0100:0008 | 0100:0008
ax [19 [0 | [Q1000: B8 184 @©4|[ MOV AX, 0678%h -
o o s | 01001: 89 137 &l || MOV BX. 01234h
79B D wingavie D Ay 798D + W 6 iundngeving P1R2: 67 103 g ADD AX. BX
6 o i o | 01003: BB 187 5 | ey S
+ ox [00 [0 8%694 34 952 NOP
79C?3 wanaaving C aniiu 79C + LU 6 tiundnanving cs W o1 NOP
6 + P [ooos 21 NOP ]
55 [oro0 % NOP |
TA2 wangaving A A 7A + T 6 Wiundnaaving 1 NOP
# [Frre NQP
6 * 8P  [0000 NOP
80 LiifiAudmeanisuin 5l IW‘ Hgg
DI |UUUU .
DS 0100 j ll
8023 noy ES |g1gg screen | sourcel reset | au | vars | debugl stack | flags |
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win1suaniavuuiildanunsaldlalunnnsdl
MOV AX, 0X6789

MOV BX, 0x0009
ANNBUTIIAD ADD AX,BX

6798

Frograt 6789 + 1 Jawusita BCD Lasai

ANNUYIISHE BCD hazaunau MU # emulator: noname.bin_ — O X

file math debug wiew external wirtual devices wirtual drive  help

JeliRaavgu 16 uiAmaunldlila

. = | O dl T e B !
ﬂiﬂjﬁﬁlﬁﬁﬂmﬁ Flag AC %10 AC aﬂLLﬁﬂ\‘l’j'l Load reload step back single step | i run il step delay ms: 400
fnautiy §el4ig IOCREeA Fr [ 0100:0000 [ o100:0008
faeluuIn 6 nau s [67 02 |MPI000: B8 184 ©4|[ MOV AX, ©678%9h -

s o | 91001: 89 137 & | MOV BX 08G0Sh
6792 + 6 Q10v2: 67 103 g ADD A
flags o [o0 [o0_ 01003: B8 187 ¢ lﬁ(gp_
[0~ 3
Cs IU1UU
& 0= IP [oo0s E
sF [0 -] s [o100
oF [0~ 5P [FFFE
pp [0+] | P [oooo
‘ AF I'E Sl IUUUU
DI |UUUU -
A ps  [0100 = =
DF IEI es  Jot00 screen | sourcel reset | aux | vars | debugl stack I flags |
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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DAA : Decimal Adjust AL after Addition : Usuanlu AL Tunséifidniugasainnisuaniay BCD
A514 : DAA
138 Operand

WINABINISUINLAY BCD Nivurasiu 8 Un azvnaggls ?

fdeilvinauiisdames 8 Jn
MOV AL,0x79
MOV BL,0x11
ADD AL,BL
DAA
registers registers registers registers
H L H E H L H L
ax oo [1a ax foo fra- ax foo [ea ax oo o0
gx [o0 [oo Bx [oo [11 Bx [oo [11 ex [oo [11
cx [oo foo o [oo [oo ox [oo oo e [oo oo
px [o0 foo px [00 [oo ox [oo oo px o0 [oo
MOV AL,0x79 MOV BL,0x11 ADD AL,BL DAA

8/8/2021
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MOV CX', Ox6789
MOV DX, 0x1234

MOV AL,CL
ADD AL,DL
DAA

MOV CL,AL

MOV AL,CH
ADC AL,DH
DAA

MOV CH,AL

UNLay BCD daun 16 U

} JoumavNandn1suln adlusaameas CX wag DX

11 byte d19u83 CX 191g AL wazvinisuIniu DL

YSummauidu BCD uidnuwianaululin byte araves CX

11 byte UuYeI CX 101g AL wazyiin1suiniu DH wuuthfiinaannnisuInieuninasiunig

USudwmeudu BCD wardnuianaululin byte uuwes CX
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UNLaY BCD Ndvu1n 16 Un

MOV CX , 0x6789 - registers - registers

MOV DX, 0x1234

Ho L
ax [oo Joo

Ho L
ax oo oo

MOV AL,CL BX IWI'OD_ By IWIW
ADD AL,DL o IF'E o IF[K
DAA
MOV CLAL DX IWIW DX IFIE
MOV ALCH MOV CX , 0x6789 MQV DX , 0x1234
ADC AL,DH
DAA — registers — registers - - registers ~ registers -
MOV CH,AL H L H L H L H L
wx o0 o5 wx [0 B> w [0 5 [0 o
Bx [00 [oo0 B [00 oo Bx [00 [o0 Bx [00 [oo
o [67 [f5 x o7 5 o [67 65 = [
ox [iZ ot ox 17 ot ox [iZ ot ox [ ot
MOV AL,CL ADD AL,DL DAA MOV CL,AL
flags flags
oF [0~ oF 1~
sf |1 ~] s [0«
oF [0~ Lo fos]
I O { o]
o o ~] a1 <]
Fofr ] Fofr=]
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UNLaY BCD Ndvu1n 16 Un

MOV CX, 0x6789
MOV DX, 0x1234

MOV AL,CL
ADD AL,DL
DAA

MOV CL,AL

-~ reqisters

- registers ~ registers -

— registers

H L H L H L H L
s ax o0 for_ s oo [in o0 oo o0 [0

o o [o0 [o0 e [00 [o0 Bx [00 [o0 Bx_[00 [o0_
e [o7 [ o [67 [ = 67 3 M E

px [12 [34 ox [12 [34 px [12 [34 px [12 [34

MOV AL,CH ADD AL,DH DAA MOV CH,AL

flags flags

o fo ] cF o~

zZF o~ z o~

SF IEI SF |0 »

oF o -] L or fos]

P [0~ { e Jo ]},

aF o~ a1 =] ]

Fof= Fo 1]

oF [0 ~] oF [0 ~]
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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AAA : ASCIl adjust after addition Fafaslsitfianazlsiusia ASCIl fdeiindne DAA uasu input 310 AL ud?
wuaufiu Unpacked BCD Tngnanisuuasazudnduasatiil AH uagvdnviiagazagi AL

N5l : AAA

138 Operand

Tduaniavgu 10 wanifgawinty Susslevdidietinluléfu Hardware #i%U input wuu Unpacked BCD vi3a
mirgUszuaanafizutoyaldudnssas 4 Ga wity

MOV AX,0X5 MOV AX,0X5
ADD AX,0X9 ADD AX,0X9
AAA DAA
ABUPIET AAA PRIAE AAA AouA&a DAA WSeA&a DAA
registers registers registers reqgisters
HoL H oL Ho L L
ax [0 [oE ax [01 [oa ax [00 JoE ax foo [1a
g [o0 foo Bx [00 [o0 Bx [00 oo Bx [00 [o0
o [o0 [oo- o [00 [oo- o [o0 [oo o [0 foo
px |00 foo px [o0 oo px [00 oo px |00 foo
gruANaNIE 4 Unaauad AH waz AL 21UAIMBUAIN AL 19 8 U
fau 14 Mau 14

MNIATRIANNAINaTANsauansdayalane 16 Un 14 DAA aghindn
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lulaslwsivaiwas 8086 sa95un1sATUIMLUY BCD tasannsiugniwaundaniain Tulaslwsivaiwas 4004

Max. CPU clock rate 740-750 kHz
Data width 4 bits
Address width 12 bits (multiplexed)

The Unicom 141P and the NCR 18-36 were OEM versions of
the Busicom 141-PF
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Jululdvzalinazadrslulasinswawes NUssutanadesiia BCD duu 9 uddlusunsudoys uaz Aumis
Aaesiia BCD vaniun Fawvastuavgiu 10 tadweuin 9

A1d9 ADD vi191uiu BCD Tnenss

Tidndudasulasfraaids DAA
?
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339 udnaunaslugnawsn 9 Wuwuulavgiu 10 5and1 Decimal Computer wazlds9a BCD faagnauty

IBM Naval Ordnance Research Calculator

AULlENURY Decimal Computer A ¢ anawiiasan nsdoudayalaenseiu
a ¢ o ' ° s v .
36LMBT %39 NTFIUNANMIALINMAYYIULINAN gnunuinIe User interface 989
53UUUUANTT N5TUMTaLEAINALAYIU 10 gnUUaLRY software U NNTULILIL
Decimal Computer taaagud?

= 1

fimdnagfiies opcode dmsunuas BCD waz 1 Onlu flag ¥99 CPU X86 Wintiu

U

IBM 650
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INC : Increment wfinanly 1
N5k : INC D

N1991197% D = D +1
Operand Flda:

® crulator: noname.bin_ N = @ flags
REG file  math debug wiew external wirtual devices wirtual drive help
file ﬁ} “3a LM Id . ld »II; J CF IE
= T
= umemory Load ‘ reload step back | single step run step delay ms: 400 o m
Ananu Flag: . -
S registers —— [ o100:0000 | 0100:0000 . %
ZF, SF, OF, PR, AF, . v 0  GRIERE o MOV AX, OFFFAh Bl
MOV AX,0xFFFA e Joo oo 8 : RI IC : =
INC AX = WW g l ING . ’E
o1 @ INC 102
INC AX oo o ) B3 @ | INC e
cs  [o100 o1 ® | INCG oF [0 -]
= -k | P !
Ne Ax analyse
S5 [o100 R1009: 40 D64 @ INC AX
< A=al oy
INC AX °F |00 0100C: 40 064 @ || HLT
INC AX S| jo0oo Q100D: 40 064 @ NOP
INC AX i [oo0o Q1OE: F4 244 (“Ll " ]
INC AX E: ,%' screen | snun:e| reset | aux | vars | debug | stack | flags |
INC AX -
INC AX
HLT
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-5S SUB AX, [SI]
SBB D, S D=D-S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
DIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CBW
CWD none converts signed word to double word CwD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCII adjust accumulator after division AAD

8/8/2021

NALAS. U [Wauwna




CS231: UN¥ 4 : ANSUTEUIANANNAINANERS

ANPI3RVINS NG
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AR IV
A-B =A+(-B)
Opcode dusuauaviligniu

I51enansamalafig Opcode AU 2’s complement Wag Opcode UINLATU

MOV AX,0X1234
MOV BX,0X1111
NEG BX

ADD AX,BX

}_

reqisters

H L
ax 12 e

Bx [11 11

v

Ox1234 - 0x1111
= 0x1234 + (-0x1111)
= 0x0123

cx [o0 o0
ox [o0 oo

registers

H L
ax [z pa

> ex [EE [EF
cx [oo oo
px |00 foo

registers

Ho L

o £ [ ——
o [o0 [oo
ox [0 oo

v

flags

ZF
SF
OF
3
AF

DF

i 1 R

Carry Flag fim sy
0x1234 + OxEEEF
VI ARANAULAZIUNA UL

8/8/2021

= a v
WA.AT. U0 LU

60



CS231: UN¥ 4 : ANSUTEUIANANNAINANERS

OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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SUB : Subtraction Tdautav
N5k : SUB D, S

Operand : N o
HNANU Flag
REG , memory
Memory ,REG FlE|D|C|B|A|9|8|7|6]|5] a |3]2]1] 0
REG,REG

Memory. Immediate

REG, immediate
*REG: AX, BX, CX, DX, AL, BL, BH, CH, CL, DL, DI, SI, BP, SP

Output: D

O Overflow AABUIANAUIUINVDGIANDS AU
SUB fiu ADD 1iuil Operand tazilnaniu Flag

L S Sign AmauRnau (On MSB 1Ju 1) Anau
WilauNUNUIENI3 L .
Z  Zero AMapULUUALY 1A1 0
AC  Auxiliary Carry Tddwnsusia BCD Taf 3 10u 1
P Parity nTzaviseAuaImmney Amauluiavg
CY  Carry 4n1svala Haune
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MOV AX,0X1234 MOV AX,0X1234
MOV BX,0X1111 MOV BX,0X1111 =
Carry Flag lifn wws1g
NEG BX SUB AX,BX
0x1234 - Ox1111
ADD AX,BX . o
Amouluau
flags flags
| = [ | T
- reqisters - [~ registers - 1| ZF |0 -

H L ZF
PR
o [EE [EF
o WW OF
D WW PF

AF

(=]
4

o

4

s ||
ex [11 | | oF
cx oo foo PF
ox foo oo |

<]

o
4

DF

il

DF
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MOV AX,0X0001
MOV BX,0X0002
SUB AX,BX

mnstiosninfay
ANMDUITANAU
waziinsBuanmdniigenin
mnaudaly FFFF

Sign Flag fA1du 1 wanainfeay

registers ZF

Ho L
ax [FF[FF SF
BX IW’E OF
cx foo Joo PF
px [oo oo "

IWDIUIAMBUNINT 2’s complement DU

a2’ complement w84 FFFF @a 0001
FRTIUAINOUAD -1

o 1 [ P 1

D
)
>
an
asd
P

I AT
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AU ULRIRMNAU

MOV AX,-0X0001
MOV BX,-0X0002

1

J

SUB AX,BX

[ registers

v

— registers

HE[E
ax [FF [FF

o o0 [o0
ox [60 o0

T . flags
ax foo o~ CF
Bx [FF [FE -
ox [oo Joo

ox oo oo

0 -
0
[0 v|+— Ameulifinay

]

el
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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SBB : Subtraction with Borrow auLaUkuUUANA"

Y
n1sld : SBB D, S
AU D=D-S-CY
Operand P4l
REG, memory
memory, REG
REG, REG
memory, immediate

REG, immediate

flags

CF
zF
SF
OF
FF
AF

DF

HiH

o
4

il

A79819N15 009U AULAVIUIN 32 UM
Ox1FFF OFFF - 0x1234 5678

{4

AX  BX X DX

MOV AX,0X1FFF
MOV BX,0X0FFF
MOV CX,0X1234
MOV DX,0X5678

SUB BX,DX
SBB AX,CX

reqisters

HoL Anauganeagly AX BX
BXJ0o oA o O0xODCA B987

ex [B9 [87

x [12 [3a

Dx [56 |78
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NN3aULaYASIE BCD Aanunsavinlamilounisuinaneiui Opcode Usualnidu BCD dwsunisavagld
DAS : Decimal Adjust AL after Subtraction A189U%191U1@N"E AL Wwllaunu DAA

MOV AX,0X0091
SUB AX,0X0009

\ registersH 3
DAS sx [o0 [es

o [o0 [f0
o [o0 oo
ox [60 oo
registersH T
ax oo a2
gx o0 [oo
cx [oo foo
px [oo oo
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nsuUatasauliu Unpacked-BCD vilasiammas AAS Tnadneusadagluga 0 - 9 lnenasuey 4 Tnansues AL

A8819IU 20 - 15

MOV AX, 0x020
SUB AX,0x15

AAS

v

v

v

— registers

o« [o0 [o0
o [o0 [o0
ox o0 oo

~ registers

ox [o0 [60
o [o0 [o0
ox [o0 oo

registersH L
Bx |00 [oo
o [oo Joo
px [00 [oo

4 Unan9veg AL

registers - 1
H

ax [FF[og]
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DEC : Decrement anfnly 1
N5k : DEC D

N19%1197 D = D -1
Operand Flda:

8 cnulator: noname.bin_

X

REG _ , _ _ . |
file math debug wview external wvirtual devices wirtualdrive help

memory = O | dl L » T
ﬁNﬂﬁU Flag: , Load reload step back single step run step delay ms: 400 ,

ZF, SF, OF, PF, AF, | Qs e | 0100:0000 | 0100:0000

PRI 21000 op MOV AX, 0000sh B
MOV AX,0x0008 Bx [00 [oo % E ‘ EC Y
DEC AX x [oo Joo |02 H | DEC AX
oEC AX ox oo o || o1e0d: 0 | DG A%
DEC AX cs [o100 01 : H DEC AX
DEC A P o || 91007 || BEC A% =
DEC AX b 01009: H | DEC AX
s [FFie || O100A: H | DEC AX

o r | GlEE RO H BN
DECAX s [ooo0_ || pipeD: 48 @72 H| || NOP
DEC AX ol |oooo R100E: F4 244 ("j < W 5]
DEC AX DS |U1UD
DEC AX ES 0100 screen I source] reset | aux | vars | dehugI stack | flags
DEC AX
HLT

flags
o [0~
z [0~
st [0+
oF [0~
PF [0~
4 o~
Fof1 -]
oF [0 ~]

analyse
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N1SABLAT

8/8/2021 uA.as. U3 Wouudn

71



CS231: UN¥ 4 : ANSUTEUIANANNAINANERS

OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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UNI 4 : NSUTEUIARANIIALAAIENS

= = | =Y =Y
N13AMLATE 2 WU Av Luu 8 Un waz 16 Un
N9a0uUlY Mnemonic H8NUAD
MUL
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MUL : Multiply aauawuuu 8 Un
n131l% : MUL operand — ﬁaﬁgﬂuazﬁa@]mﬁﬁuum 8 U

N1571197% AX = AL x operand

reqisters

Operand #l4la: H (L
- AX W AB
REGS8 un > B [00 |10
Memory Cx |00 [oO
o o MOV AL,0XAB DX Wlﬁ
UNaNU Flag: MOV BL.OX10 - . R
’ LAAISIDUNIUIR 16 US
CF, OF MUL BL
wInAmaulvUIALNY operand CF
» registers ey
wag OF azilu 1 Ry L —_
o Q'J dy 1a a = 1 AX IDA BD I
Adsillainansaavinau A9ldling I ijﬁ’:luu ' oF 1~
fiu SF e [o0 [oo z [0 ~]
px [o0 foo st [0 ~]
oF [t v] —
PF |0

AN

AIMDUTUINLUEINT1 operand
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MUL : Multiply aauawuuu 8 Un
n131l% : MUL operand — ﬁaﬁgﬂuazﬁa@]mﬁﬁuum 8 U

N1571197% AX = AL x operand

reqisters

Operand #l4la: H (L
- AX WAB
REGS8 u# oI W‘m—
Memory Cx |00 o0
o o MOV AL,0XAB DX Wlﬁ
UNaNU Flag: MOV BL.OX10 - . R
g LAANNDUNIUIR 16 Us
- CROF MUL BL
Anaellunasaavinau A9luling
o registers »
Ay SF Hwv L lags
ax| |0a [Bo |
-——» x |00 [10 o [1 -]
cx oo [oo z o~
px [o0 foo st [0 ~]
oF [1 ~]
PF [0 ~

AN
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MUL : Multiply aauawuuu 8 Un

v a <
A5 : MUL operand Usksnelu 1 (F = 1111)
1371978 AX = AL x operand ARnauazidy 2’s complement
Operand #l4la: T
REGS 3 g L
ht —> & [0 JFE
Memory cx |00 |00
L. MOV AL,-0X3 am
inany Flag: MOV BL_OX2 DX ] | A
CF. OF d mnauliaulaavfinay
b ... MUbBL LARZAWIMMTBUTIWILLAY
masilainansaavinau I9lidinag
o tegistersH !
Ay SF v ags
s |FB W
—— BX |00 [FE cr |1
ox oo [oo zF [o ~]
px [00 [oo st [0~
oF |1+
o 0 ~]
Fo[1 -]
oF [0 ]
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MUL : Multiply aauawuuu 8 Un
A1514 : MUL operand
N1571197% AX = AL x operand

i eqisters
Operand #l4la: P L
: . 0 5
REG8 uU# ) ax ﬁlﬁ
Memory ox [oo oo
MOV AL,-0X3
finanu Flag: ox [0 oo
g MOV BL, 0X2 . . Q
c Anauliaulaavinau
F, OF MUL BL e 2 o g
o & Hn e - < e WAL AU DUINUIULAL
Adsilunasuavinau A9liling
o SF registersH flags
Ny
aq |01 |Fa
- gx |00 |02 o |1 ]
o [0 [o0 o =
px [o0 foo sF |0 -
oF |1+
[~ a v
winwlasdulavinaunle NEG AX & [0
fazld FE06 aendslaildmmauiign o1l
AIUUNINTY MUL AUILaTRNaU oF [0 ]
we SF lailaudanAnaufnay <«
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MUL : Multiply aasauuu 16 Un
A1514 : MUL operand
N15¥1197% DX AX = AX x operand
Operand Flda:

REG16 Uf

Memory
dnany Flag:

CF, OF
wInAmaulvUIALNY operand CF
waz OF azilu 1
mdiilifiansanavinay Sedsifina
fiu SF

reqisters

—
[N )

AKX
> BX

CX
MOV AX,0X1234 o
MOV BX,0X0010

MUL BX

ol O] =) W
o]l ol o] |

==

registers

H L
ax [23 a0

———>» Bx |00 [10

cx [o0 oo

px [00 [o1

ANMBUYDY 0x1234 x 0x0010
9gfl DX uay AX = 0001 2340
TYUIR 32 U9

CF
ZF
SF
OF
PF
AF

DF

HHAM

o] o
4 4

¥
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N3AAIAYARIBSIE BCD Adnunsasinliinae Ade MUL wuiu wazyinnmsusudaiausienda DAA ualdua 8 Jn

reqisters TN
ax o0 [T
Bx [00 [0z
MOV AX,0X17 Cx WIDT
MOV BX,0X2 px [00 oo
MUL BX
DAA reqisters

H L
Bx |00 foz
cx [oo Joo o
px [o0 foo

v

v

reqisters T i
ax [00 ot
Bx [00 oz
ox [oo oo
px |00 foo

v

8/8/2021 uA.n3. U3 Wouutn 79



CS231: UN¥ 4 : ANSUTEUIANANNAINANERS

NSAMLAYLUUARLATD WN8ETH Mnemonic
IMUL
Tnedinnsyinaumoudu MUL wisnefudl IMUL 9:5095usuau
2’s complement M lvALIaLaIRAaULA
ws IMUL azlifinany flag SF vinlw
TUsunsuuasdaatadnusnvasAnauasinldu 1 visald
iy 1 fawi 2’s complement wialilddnaugatine
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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AH 14 FF A3
LALARAINAINDURNAU

MOV AL.-0X2 registers | LallanszAmauluginin operand
~ Ho L o
MOV BL, 0X2 ax [oo [rE OF 3slifin

’ > Bx [o0 Joz
IMUL BL o WIW
NEG AX DA WW flags
r registersH T CF |0~
s oz st o <]
e oo [oo oF [0+
px [o0 foo pE [0«
aF [0 -

[

' registersH [ DF
ax [00 o+ B
Bx [00 oz
cx [oo foo o
px [00 foo

\4

dgausae MUL Anauil AX azdiandu 01FC #8a91nnau 2’s complement wanagldaeudu FE04 Fliignsiag
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MOV AL,-0X2
MOV BL,-0X3
IMUL BL

}_

*registersH T
Bx [00 [FD
o [oo oo
px [0 foo

— registers

FHI—"E
ax [00 o6

ox [i0 [0
o [o0 o0
ox [o0 o0

v

flags

F fo~]
zF [0~
sf [0 ~]
oF [0~
rF [0 ~]
o [0 ~]
Fo[r =]
oF [0 ~]
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nsaaaY 16 TnkuufneTomune Ameuardvun 32 Un nszangegluiTamas AX wag DX mnAmeuRnauiawil
2’s complement WsiA1a3 NEG vieuldie 16 Ua fatiu Aeadoulusunsy naudanaiuln 1 1o

regislersH 7 registersH ¥
MOV AX,0x1234 }J—> Bx [FF_[00 > 8 [fF [oo
go joo 0o
MOV BX,-0X0100 [E:( ,';[I; ;‘( [[;E
IMUL BX
registers

MOV CX,0xFFFF

naudn AX SUB CX,AX Bx [FF Joo
o [33 [FF
MOV AX,CX o IFIE
reqisters
MOV CX,0XFFFF " I%,% registers ——— tegistetsH 3
nauln DX SUB CX,DX o [ oo . T O oo |
MOV DX,CX ox foo 12 —>| Bx |FF |00 Bx [FF [00
mm)p 0x 00 [12° x oo iz e oo [12
AX=AX+1 ADD AX,1 ox [o0 [1z- ox [o0 [12
Ymeau1uIn DX ADC DX,0

fnau -0x0012 3400

o

DX AX
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AsnaudnaIusalaads NOT e drelilusunsuauadg

ARUUN AX

ARUUN DX

AX=AX+1

YIAINAUIUIN DX

MOV AX,0x1234
MOV BX,-0X0100
IMUL BX

MOV CX,0xFFFF
SUB CX,AX
MOV AX,CX

NOT AX

MOV CX,0XFFFF
SUB CX,DX
MOV DX,CX

NOT CX

ADD AX,1
ADC DX,0

MOV AX, OxFOFO —
NOT AX

registersH 1
ax [Fo [Fo
gx |00 [oo
o [0 fooo
px [0 foo

registersH i
» Bx |00 oo

o oo oo
ox oo oo
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AsnaudnaIusalaads NOT e drelilusunsuauadg

M cmulator: noname.bin_ = O X flags
file math debug wiew external wirtual devices wirtual drive help
MOV AX,0x1234 - -
OV AX D23 = o ai » » |——— | & [
MQV BX,-0X0100 Load reload step back single step run step delay ms: 400 ZF |0 >
IMUL BX 'egis‘e'sH L | 0100:0000 | 0100:0000 F IEI
ax [oo [oo RN oBf MOV AX. 01234 F P
NOT AX gx [o0 [0 AR Il e [o -]
o1 TMUL - BX -
T o R M | Not BX . s
1 =
o Joo oo [f 87 RI | AOD A%, oeeoin | " =
ADD AX 1 cs [o100 01 - || ADC DX, @@h oF [0 ]
ADC DX.0 o0 8%@@8 E7 547 - | NI(')II’ A e
’ = analyse
5 [otoo 01029: DO 208 s || NOP
sP  [FFFE Q1OBA: F7 247 - NOP
52 oo 0100B: D2 210 e| || NOP
Q120C: @5 QRS & NOP
51 [oo00 Q100D: @1 Rl © NOP
DI [oooo Q10E: 0 VRO Nlﬂ e o
DS (0100
ES Im 00 screen | sourcel reset | ausx | vars | debug] stack | flags |
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8086 Ll Opcode Tun1spauavseningiawes 16 Uauaz 8 uisianunsaanls lneniséhedeya 8 Unluldlusawes 16 Jnneu
Mog1ay Aeansand BX wag CL

tegistersH 3
ax [oo Joo
Bx [12 [34
CX |00 (10
D¥ |00 |00

\ 4

reqisters
H

.
x o0 fio_
———>  BX [12 |34

ox oo [0
ox [60 [60

MOV AX,0
MOV AL,CL

MOV BX,0x1234
MOV CL,0x10

IMUL BX

registers

ax [23 a0
Bx [12 [34
ex [oo [10-

px [0 o1

\4

fauuAulusIawes CL Wulavinau azvinegals ? feg1au FF %59 -1 wnndnedu AX agnataidu 00FF &9aziianuvinaidy
255 f1@aan1shisvawnes AX danidu -1 desteu FFFF
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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&3 CBW : converts signed byte to word Tdagngdiavuuuannioanuie 8 Inlmduday 160s
MuiusIames AX wintiu lngagvenadiwiulu AL Tidu AX
141l Operand

[ registers registers

H L L |
ax [oo foo ax [FF [Fo
Bx [12 [34 —— Bx [12 [34
MOV BX,0x1234 }T o [o0 [Fo MOV BX,0x1234 [0 [Fo
MOV CL,-0x10 px [o0 Joo MOV CL,-0x10 px [0 foo
~ registers
MOV AX,0 h # Iﬂﬂ {FD MOV AX,0 et
MOV AL,CL Bf12 )34 MOV AL,CL
o i ov o PC e
px [o0 [oo~ > & 12 [
IMULBX — | cx Joo [Fo
reglsletsH ) MUL BX Dy IFE
IR Y Ty =y
NOT AX s ex iz [t )
NOT DX ex [o0 [Fo NOT AX i aia PI)
ADD AX,1 px [oo [11 NOT DX s EE
B (12 |34
ADC DX,0 i egas ADD AX,1 . T
s [eF a0 ADC DX,0 ox [0 [o1
—> Bx [12 34
o [0 [Fo
px [FF [EE
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-S SUB AX, [SI]
SBB D, S D =D -S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
IDIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CcBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCIl adjust accumulator after division AAD
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V']ﬂg]laﬂﬂfﬁeﬂEJWEJL@TJLLUU%@L@%‘I@QVN'TEJ 16 Un L‘ld]u 32 U# mmmﬁﬂﬁimﬂ%ﬁﬁéﬁ
CWD : converts signed word to double word

Fndaiilald] operand

NMYINUAzEIRIUY 16 Ualusdawmes AX TUds DX

regislersH |

I o0 [o0
MOV AX,-7 ox [oo foo
CWD _— DX WIW

registers

ax| |FF|Fg
> Bx |00 {00

e [oo oo

DX| |FF |FF

FFF9 gnuenelu FFFF FFF9

AX DX AX
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131360
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AsIsaINmdauiuNISAMLAY
1 2 WUU AB WUU 8 UM uaz 16 Un
wadaauuuld Mnemonic Weniuie
DIV dmdumsuuulsifnun3a g
DIV d3un1suswuuAnLAIadnung
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DIV : Divide #15tluU 8 Un
A1514 : DIV operand

1571974 AL = AX / operand
\AeTiaaNNTIISaZIfiUT AH
Operand P4l

REGS8 Un

Memory
dnany Flag:

CF, OF
#INAIMBUNVUIALNY operand CF
waz OF azidu 1
mdsillifarsanavinay Selsiina
fiu SF

MOV AL,0X09
MOV BL,0X03
DIV BL

MOV AL,0X09
MOV BL,0X02
DIV BL

LA RD
registers

A
BX
X
DX

oo [[o3

oo |03
joo_[oo_
o0 foo-

registers

P
BX
CX
DX

00 |02
o0 foo
o0 oo

CF
zZF
SF
OF
PF
AF

DF

oo
4 4

o]lo
4 4

HH

<]

ol o
4 4

o
4

HH
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DIV : Divide #15LLlUU 16 U#
A1514 : DIV operand

N19%197U4 AX = AX / operand MOV AX,0X4321
\WeTimaaInnsmsazifudl DX MOV BX,0X2
Operand #1414: DIV BX

REG16 Uf

Memory

dnany Flag:

CF, OF
#INAIMBUNVUIALNY operand CF
uaz OF azidu 1
o Q'J ﬂy 1a =Y = =
Adsilinasatavinau eluding
AU SF

registers
Ll

Fivs
B
X
DX

@ oz
@ oo

o0 o1

T L AWNEe
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DIV : Divide %15 32 Un f28 16 Un
A1514 : DIV operand
N15¥1197% AX = DX:AX / operand

- <& o 0100 1234 / 1000
LAWNLNABINNNITNITISIAUN DX

ee

Operand #141a: —> AN
- reqisters
REG16 Uf MOV AX,0X1234 5
P12 |34 AINT
Memory MQV DX,0X0100 B W
Jnanu Flag: % Joo Joo
MOV BX,0X1 pe| {01 |00
. or ov 8011000 EREN
WINAIMBUNVIUIALNY operand CF waz o B P
OF 2z1lu 1 eghtas o
o QIJ c’l’ (=% =Y = = -] 3 10 D1
Adslainasaaviinau Aeliinanu cF fo ~]
| Bx [10 [oo e
SF cx [o0 [oo ¢ 9=
ox[ [oz_[a SE 0 =
3 oF [0 ]
P[0 +]
LFAUNTD —— sl =
Fo[1 -]
v 1 =Y o 0 -
Nan1saaslddvurniiu 16 U oF [0 <]
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1

wialulasinsiwaiwasildegnelsdn inasmsiaviavifisanady 16 Un e 32 On
agldiiNes AX Wudanaiesiaifen wia fasldna DX waz AX ?
lulaslwsiwawwas 13 wanznsaadld Opcode gy
339 uad Negaazins 14 Opcode waafu Siiiean1sula operand WuneaIasunndei
ALUABUNITUSLAVIINASTY

Aol DX 1Ju 0 neunnAss

MOV DX, O
MOV AX,10 MOV AX,10
MOV BX,5 MOV BX,5
MUL BX DIV BX

_GTGGET_BE_TEZ_Q__:]_ﬂﬁV_IRT_GBGﬁEP]
001: QA 910 NEMWI , D0RAS
: @0 002 NULL

BB 187 3 lﬁ[&ﬂ—
S s &

0Q 2ve NULL

@@ NULL
87 1
S QS &

%]%]%] NULl

243 %

O
Ol e

B
o

T

B8 184 ® 4 : z
BA 310 NEWI X, cae@esp
00 O
BB 1

QR0

e Tas fas fanJan fan TN

—ZZ2Z
{eolelele
00TV
o 4
WOOO0
D U0T

s
%

[\
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N1SUSLAYLUUAALATDINANERLUNANLUULAEINUNITALAYAALATDINANY
N1SISHUUAN LATBINNNE YRGS
IDIV
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AN51115689 0x0009 LYW 16 Us A8 -0x02 Nllun 8 U

 registers

Ho L
ax [00 Jos

MOV AX,0X0009

MOV BL,-0X02 F
IDIV BL

NEG AL

ANNDURRAUADIYIN

2’s complement

v

ox 60 [FE
o [60 [oo
ox. [60 oo

- legistelsH T
ax [0t [
| wx [0 [FE
cx [oo foo
px |00 oo

LAWLIAAD ABNiRE

w‘sH L /
ax [01 [oa”

ANV MR NS NAVNSIVINLY
N5z Desnvadtawvaslallondu 1

» Bx [oo [FE
cx [oo Joo
px [00 oo
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ANS1M568 -0x0009 ALYUIN 16 U9 A8 -0x02 Nllvuln 8 U

fegistersH n

ax [FF[FT
MOV AX,-0X0009 F Bx [00 [FE
MOV BL,-0X2 cx [0 Joo
IDIV BL S px [0 foo

NEG AH

v

| tegisletsH 2
wx [FFor
| Bx Joo [FE
o [oo [oo
px [oo [oo

LAWLIAAD ABNiRE

r registersH L
ANBURARNAUABIYIN \ /
ax [01 [os

2’s complement | ey oo e
WANTUTVILANZLAU A DT o [o0 [oo
w31y Sausnvesaundailu 1 px [00 [o0

wardansnuoanansiulaidy 1
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A58 0x0009 NTVUR 16 TR Mg -0x02 ALIUIN 16 Us

registers

H L

MOV AX,0X0009 ax [oo Jos
MOV DX,0 Bx [FF_[FE
ox [oo oo

MQV BX,-0X2 o WW

v

IDIV BX ~ reqisters

NEG AX i IFI%
L, ex [FF [FE
o oo oo
ox [oo for

o - v o registers
AIFBURNNAUANBDINN

A% ||00 |04
2’s complement E—
BX |F

F [Fe
NANISANAU cx [oo Joo LAYLIARD

px| o0 Jo1

v

¥
a v v

3¢ lusunsuiliidnawn 32 On (33UDX i) uiidneugnimsiz fddliinau DX Jediandu 0 wed
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ANSU5LAY -0x0009 NHVUIR 16 U 728 0x02 NLVUIA 16 UM

reqisters

H L
MOV AX,-0X0009 ax [FF[F7
Bx [00 oz
MOV DX,0 o
MOV BX,0X2 ox [00 [o0

v

\3N7b]

IDIV BX —_— :
t
registers T /

ax |l e
| Bx |00 |0z LAYLIAD

ox [o0 foo_
o b

Wsunsuillidmeudu 7FFB v 1 lifinau Jurmeunligndes

wszlulpsinswases Wiladdmaaduay 32 Ja 39 DX wnsaudusnadu 0000 FFF7 Feflawindu 65527 Tuszuuiavgiu 10
Aatumndvsiuue 16 Jn aevimsveeissiduay 32 dasae
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A1SVLBLAVLUUAALATDIML8AN 16 Tty 32 Tnazlards

CWD: converts signed word to double word
NMYIN9UALVEIBAIN AX LUET DXAX
mdillalfl operand

ANIM5HAY -0x0009 NLIUIN 16 U
A78 0x02 NiUvUIR 16 Us

v

MOV AX,-0X0009
MOV DX,0

MOV BX,0X2
CWD

v

IDIV BX

NEG AX
NEG DX

e J

v

ARAUNINATITUA LA

A9y 2’s complement 146

U

v

reqisters

AX
BX
CX
DX

A
BX
Cx
DX

reqgisters
Ll

fivs
BX
(4
DX

L
e
o0 o
o0 oo
o0 oo

[ reqisters

o0 oz
o0 oo
e

NS ARAU

o0 oz
oo~

WULVAD ARaU

—

reqisters

A
BX
X
D

Joo_ o4

HAYNT §AYINg

oo o2

oo oo

\Ynae gaving

o ot

L
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AU -0x0009 NEVUR 16 U
A8 -0x02 NilYun 16 O
registers 1
H L
ax [FF[F7
. ——> Bx |[FF [FE

MOV AX,-0X0009 o IWIW
MQV DX,0 DX ,F,F
MOV BX,-0X2

CWD reqisters

L
ax [o0 [o4

e [T E

cx foo oo

px [FF [FF <« awindefnau Aewi 2’s complement

IDIV BX
NEG DX

registers

px [o0 Jo1
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OPCODE OPERAND EXPLANATION EXAMPLE
ADD D, S D=D+S ADD AX, [2050]
ADC D, S D =D + S + prev. carry ADC AX, BX
INC D D=D+1 INC AX
SUB D, S D=D-5S SUB AX, [SI]
SBB D, S D=D-S - prev. carry SBB [2050], 0050
DEC D D=D-1 DEC [2050]
MUL 8-bit register AX = AL * 8-bit reg. MUL BH
MUL 16-bit register DX AX = AX * 16-bit reg. MUL CX
IMUL 8 or 16 bit register performs signed multiplication IMUL CX
DIV 8-bit register AX = AX / 8-bit reg. ; AL = quotient ; AH = remainder DIV BL
DIV 16-bit register DX AX / 16-bit reg. ; AX = quotient ; DX = remainder DIV CX
DIV 8 or 16 bit register performs signed division IDIV BL
CBW none converts signed byte to word CBW
CWD none converts signed word to double word CWD
NEG D D = 2’s compliment of D NEG AL
DAA none decimal adjust accumulator DAA
DAS none decimal adjust accumulator after subtraction DAS
AAA none ASCIl adjust accumulator after addition AAA
AAS none ASCIl adjust accumulator after subtraction AAS
AAM none ASCIl adjust accumulator after multiplication AAM
AAD none ASCII adjust accumulator after division AAD
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[
o U

Tuunildunsidlalasinswawosvinuduaiosinay wiloudunsteumdddi vnuiiasds
Alfawinnada Flag ginfidavesmiy Anau wiamau
TunsilveIn1sAMLazT AIRaEnTIRaaUTnLsNLeY 11989 2's complement #3okl
Tuunselusasfnudinvesnisssudiounimssnaans wazmsnseymudouly
diendusnlusunsuiFesdniavlivhauldedasilusimlasanysal

c E F
¥ ocip LSIAR  yRy  PREI

8 4 A B
P88 wics owos  gss  [ES

& 5 ] 7
BRI pgse os/se  wvisl Ewii

0 1 2 3
T1.'¥ EBJAX ER/BX BO/CX ST/DX)
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