Engineering college
Computer dept.

REG, memory
memory, REG
ADC REG, REG
memory, immediate
REG, immediate

REG, memory
memory, REG
ADD REG, REG
memory, immediate
REG, immediate

Add with Carry.

Algorithm:
operandl = operandl + operand2 + CF

Example:

STC  ;setCF=1
MOV AL,5 ; AL=5
ADCAL,1 ;AL=7
RET

CZSOPA
rrirprprir

Add.

Algorithm:
operandl = operandl + operand?2

Example:

MOV AL,5 ;AL=5
ADD AL, -3 ;AL=2
RET

CZSOPA
rrirpririr

third stage




Engineering college

Computer dept. third stage
o =
B emulator; noname.com EIL
file math debug view exernal virtual devices virtual drive  help
= (M) q 1> R S
Load reload step back | singlestep | i run | step delay ms: 0 5 ' AL = 5
: -3 ; AL = 2
[ s HoL | 0700:0000 | 0700:0000
TR o7o60: cb 205 = INT 82@h ]
@7081: 20 @32 SPA ADD IEY + 810, A
B[00 [o0 |[@7002: b Ooo MO ADD [BX + 811, AL
A7003: B0 0EA NULL ADD [BX + SI1, AL
cx [0 fos || 67984 @@ wem NULL ADD [BX + SI1. AL
A70R5: B@ PAA NULL ADD [BX + SI1, AL
ox [00 o0 || p7ae6: @@ maw NULL ADD [BX + SI1, AL
|| 87@@7: @@ PEA NULL ADD [BX + SI1. AL
o5 |o700 A70P8: B0 0O NULL ADD [BX + SI1, AL
——— || B7089: 9@ PEA NULL ADD [B% + SI1, AL
IP |oooo B7APA: BB @R NULL ADD [BX + 811, AL
s [oo-— || B780B: 80 088 NULL || aDD [B% + SI1, AL |
0700 B70AC: BA BAB NULL ADD [BY + SI1, AL
se [oopp || B790D: 80 08B NULL ADD [BYX + SI1, AL
A70AE: @@ PAA NULL ADD [BX + SI1. AL
ep [ooop || B709F: 88 B8G NULL ADD [BX + SI1, AL
[ || 8761@8: 9@ @A NULL ADD [B% + SI1, AL
o [oooo A7611: 9@ PAA NULL ADD [BX + SI1, AL
L || B7612: 8@ ©@A NULL ADD [BYX + SI1, AL
ol |oooo A7013: 9@ PEA NULL ADD [BX + SI1. AL
——— || B7614: 8@ 08 NULL ADD [BX + SI1, AL
o5 [0700 A7015: 9@ P8R NULL =] --. d
0700
2 su:reenl sourcel reset | au | Yars | debugl stack | flags |
o =
{ emulator: noname.com EIL
file rmath debug view external virtual devices virtual drive  help {8 original source code
= (M} ql 2 » P 11 QRG 1vvh
Load reload step back | =inglestep | i run. il step delay ms: 0 @2 STC H set CF
, n= MOV AL, 5 ; AL = 5
[regters T | F400:0154 | F400:0154 4 ADC AL, 1 ; AL = 7
ax [oo for |[T4i5e: FF 255 RES <] [B108 I " 82 RET
F4151: FF 255 RES INT @828h
g% [oo oo || Pat52: cp 265 = Q7
F4153: 20 832 SPA + 511, 28
TR F4154: CF 207 ADD [BX + SI1. AL 09
F4 : By WHE NU ADD [BX + 5I1. AL
px [00 [o0 || F4156: @9 @@m NULL ADD [BX + SII. AL 10
—— || F4157: @@ A9 NULL ADD [BX + $I1. AL 11
L5 |F400 F4158: 8@ 900 NULL ADD BH. BH
F4159: 8@ 900 NULL DEC BP
P Jo1s4 F4150: B8 BPG NULL SBB CL, BH
ce [ || F415B: 88 660 NULL || ADD [BX + SI1. AL N
0700 F415C: 8@ B0 NULL ADD [BX + SI1. AL J |
st [rFea || F415D: B8 B@@ NULL ADD [BX + SI1. AL
F415E: 8@ 908 NULL ADD [BX + $I1. AL
sp [oooo || F415F: 8@ 898 NULL ADD [BX + SI11. AL
""" || F4ice: FF 255 RES ADD BH. BH
5 [oooo F4161: FF 255 RES DEC BP
| || F4i62: CD 285 = ADD BH,. CL
ol |oooo F4163: 1A 626 - ADD [BY + $11. AL
——— || F4164: CF 287 < ADD [BY + SI1. AL
o5 (0700 F4165: B@ 9@ NULL ~|]... |
£ I[]T[][] screenl Snurcel reset | Al | warg | dehugl stack | flags |




Engineering college

Computer dept.
LEA REG,
memory

third stage

Load Effective Address.
Algorithm:

e REG = address of memory (offset)

Generally this instruction is replaced by MOV when assembling when possible.

Example:

ORG 100h
LEA AX, m
RET

m DW 1234h

END

AXis set to: 0104h.
LEA instruction takes 3 bytes, RET takes 1 byte, we start at 100h, so the address
of 'm'is 104h.

CZSOPA
unchanged




Engineering college

Computer dept. third stage
il emulator: noname.com_ | = | = 22 |
file math debug view external wvirtual devices virtual drive help original sourcﬂ_
"] J—
= (M} | > B> S . 71 0ORG 1o0h
Load reload step back =zingle step run step delay ms: 0 @2
. 02 LEA AX, m
||| registers = ———— 0700:0100 0700:0100 24
oL 05 RET
fx |00 |00 A71AA: BE 184 7 Nl MOU AX. PA184h <ll| &2
@7101: 94 A4 + :
B IDD 00 67102: B1 661 © %0R AL, B12h @7 m DH  1234h
% |uu |05 714: 34 az 4 :gg @8
A71A5: 12 A18 % NOP 4% END
D |00 00 B7106: 98 144 £ NOP 12
A71@7: 9@ 144 ¢ NOP
Cs  |o7o0 A7108: 9@ 144 ¢ NOP 12
A71A9: 9@ 144 E NOP
P |o100 B7100: 96 144 € HOP 13
- @718B: 98 144 E || HoP | ] q
0700 @716C: 9@ 144 £ NOP ‘
¢ [FrrE A71AD: 9@ 144 ¢ NOP
A716E: 9@ 144 E NOP
sr  [oooo A710F: 9@ 144 € NOP
A7110: 9@ 144 E NOP
5l 0000 A7111: 98 144 £ NOP
A7112: 9@ 144 E NOP
ol |oooo B7113: 9@ 144 E NOP
A7114: 9@ 144 € NOP
DS 0700 B7115: 98 144 £ =l --- hd
|0?nu
= sCrEen | snurcel reset | aux | Vars | debugl stack, | flags |
Decrement.
Algorithm:
operand = operand - 1
REG
DEC memory Example:

MOV AL, 255 ; AL = OFFh (255 or -1)
DECAL ;AL = OFEh (254 or -2)
REVA

zsopA

e

CF - unchanged!




Engineering college
Computer dept.

file math debug view external

0

reload

=

=
Load

d

step back

virtual devices  virtual drive  help

registers

I 0100:FFO0

10FAB: F4 244 1
10F@2 =
16@F@3 :
18F@4:
1@F@A5:
10@F@6 =
18F@7:
1AFAg:
10F@9 =
168F8A =
18FBER:
1@FAC:
1@FAD:
1BFQE:
1AFAF:
18F18:
1@F11:
18F12:
1@F13:
10F14:

16F15

41515

Ba 8aa

SCIEEn | SDUICBl reset | aus |

4 Nl

L I I TR R
/004 0T 0T O 0T 0 LD BN 0T 0T OO OD BT GO BRI 0T 0T O
1 1 P P P 1 i b bt e i

vars | debug stack | flags |

X=X
-
mnn

M

INC

REG

memory

Increment.
Algorithm:
operand = operand + 1

Example:

MOV AL, 4
INCAL ;AL=5
RET
zslofpla
rrrrr




Engineering college

Computer dept. third stage
it emulator: noname.bin_ | = | = 2 |
file math debug wview external virtual devices wirtual drive  help K
= it original source code
= (| 4l 2 >3 A
Load reload step back single step run step delay ms: 0 or 108
. MOV AL, 4
regisars” 0100:FFO0 0100:FF00 INC AL AL = 5
o o S —| W p— | R T
B[00 [oo 16FA2: BB GBG NULL ADD [BX + SII. AL
10FA3: B@ GO0 NULL ADD [BY + SI1. AL
o foo oo 18F@4: BA B8 NULL ADD [BX + SI1. AL
1@FB5: BB BBA NULL ADD [BX + SI1. AL
px [00 Joo || 1oFoe: @@ @eo NULL ADD [BX + S11. AL
18FB7: BA B8 NULL ADD [BX + SI1. AL
cs o100 10FA8: 9@ 90O NULL ADD [BX + SI1, AL
1GFB9: B@ BB NULL ADD [BY + SI1, AL
IF|FFOO 10FBA: B@ BB NULL ADD [BY + SI1. AL
55 o100 1@FGE: @@ BA0 NULL || aDD [BR + SII. AL =
|| {acac: 2o pep ML ADD [Bd + S11. AL
- + »
5 {oooo 1AFGE: @A @AO NULL ADD [BX + SI1. AL 1
[oooo || 1BF6EF: B8 6a8 NULL ADD [BX + SI1. AL L
BF |00 18Fi8: 8@ 808 NULL ADD [BX + SI1. AL
5 [oooo 168Fi1: 8@ 888 NULL ADD [BX + SI1. AL
10F1i2: 8@ B8 NULL ADD [BY + SI1. AL
ol o000 10Fi3: B@ 660 NULL ADD [BY + SI1. AL
10Fi4: B@ B0 NULL ADD [BY + 8I1. AL
05 0100 10Fi5: 8@ B60 NULL =l - |
£ 0100 SCIEEN | snurce| rezet | ALK | vars | debugl stack | flags |
Subtract.
Algorithm:
REG, memory operandl = operandl - operand2
memory, REG
SUB REG, REG Example:
memory, immediate g"L?BVQ'—f AL =1
REG, immediate ’ e
RET
CZISOPA
ririiriirrir




Engineering college

Computer dept. third stage
i emulator: nename.bin_ | = | =5 @ |
file  rath debug wview external wvirtual devices wirtual drive  help -
= {# original source code
= (M| | > > .
Load reload step back single step run step delay ms: 0 or 100
. MOY AL, S
R 0100:FFO0 0100:FFO0 SUB AL, 1
s |00 [o4 1?13?3 F4 244 r = W+ i =
B+ |00 |00 1AFAZ: BA BAB NULL abD [BX + §11. AL RET
10FA3: B@ G0@ NULL ADD [BX + SI1, AL
o |00 |00 19FA4: @@ G@A NULL ADD [BX + SI1. AL
1GFAS: BA G0@ HULL ADD [BX + SI1. AL
oy |00 |00 10FB6: B@ GO0 NULL ADD [BX + SI1, AL
10FA7: @@ 9@A NULL ADD [BX + SI1. AL
Cs  |ot1o00 10FBZ: BA GO@ HULL ADD [BX + SI1. AL
10FA%: B@ GO0 NULL ADD [BX + SI1, AL
I |FFOO 16FGA: B8 BAG NULL ADD [BX + SI1. AL
- 1GFAB: @@ BAG NULL || aDD [BX + SI1. AL |
0100 1GFAC: 8@ GO0 NULL ADD [BX + SI1, AL
1AFAD: BA G@A NULL ADD [BX + SI1, AL
5P |oooo 1AFAE: @B AR NULL ADD [BX + SI1. AL ‘
|— 1GFAF: 8@ G808 NULL ADD [BX + SI1. AL L
BF 0000 1AF18: 8@ G@A NULL ADD [BX + SI1,. AL
s [oooo 1AFii: 8@ 608 NULL ADD [BX + SI1, AL
1GF1Z: 8@ G808 NULL ADD [BY + SI1. AL
Dl |oooo 1AF13: 8@ G9A NULL ADD [BX + SI1,. AL
1AFi4: 8@ 608 NULL ADD [BX + SI1, AL
Ds (0100 10Fi5: 8@ G808 NULL 5. A
0100
2 sCIgen ‘ source| reset ‘ E | Vars ‘ debug‘ stack ‘ flags |
Subtract with Borrow.
Algorithm:
operandl = operand1 - operand2 - CF
REG, memory P P P
memory, REG Example:
SBB REG, REG sTC '
memory, immediate MOV AL, 5
REG, immediate SBBAL,3 ;AL=5-3-1=1
RET
CZISOPA
ririjriir rir




Engineering college
Computer dept.

B emulator nonamebin (= e
[ e

file math debug view edemal vittual devices virtual drive  help

N { b

reload | stepback | single step

'l

&
Load

step delay ms: 0

..................................

third stage

criginal source code

N }5 """"""" ——

- TEgiters .
L D100FFO0

10FA0: P4 244 N
H I_’_ WEW1: Al WHb !| J
B |_]W 1AFA2: @8 090 NILL
18FR3: @0 009 NULL
o0 oo~ | aas: o0 o00 oL
1AFA5: @9 009 NULL
0¥ |_]_ 1AFA6: A8 090 NILL
1AFA7: @8 098 NILL
(5 (o100 || 16P@G: @@ @39 NULL
—— || 1AFA9: @@ 099 NULL ADD [BY + SI1, AL
P |FF00 || 1@PaA: @8 @99 NULL ADD [BY + 811, AL
o o | 10FAD: 60 000 MULL || ADD [BK + 11, AL
0100 || {@Pec: @@ @o@ NULL ADD [BY + 811, AL
¢ [ | 10°D: B9 608 NULL ADD [B4 + SI1, AL
W% | 1aFaE: @9 090 NULL ADD [B4 + SI1, AL
s [y || 16FAF: 66 666 NULL ADD [BY + SI1, AL
| 1@F18: @@ 099 NULL ADD [BY + SI1, AL
o [ooo || 18Fti: 89 @99 NULL ADD [BY + SI1, AL
| 18F12: @@ 099 NULL ADD [BY + SI1, AL
DI (0000 || 1GFi3: @@ @A@ MULL ADD [BY + 811, AL

—— || 18F14: B0 898 NULL ADD [B + 811, AL
05 (0100 1AF15: A6 B2 NULL

E5 (0100

0100:FFO0

+

ADD [BY + 811, AL
ADD (B + 811, AL
ADD [BY + 811, AL
ADD (B + 811, AL
ADD [BY + 811, AL
ADD [BX + 811, AL
ADD [BR + 811, AL

0l org 100

@2 ST

03 MOV AL, S

74 BB AL, 3 ;AL=5-3-1:=1

screen| suurce| rege! | Bl | vars| ehug| stack ﬂags




Engineering college

Computer dept. third stage
Negate. Makes operand negative (two's complement).
Algorithm:
e Invert all bits of the operand
e Add 1 to inverted operand
REG P
NEG memory Example:
MOV AL,5 ;AL =05h
NEG AL ;AL = OFBh (-5)
NEG AL ;AL =05h (5)
RET
CZSOPA
rrijrjriirir
¥ crulator noname.bin_ | = || =] || EZ |
file math debug wview external wvirtual devices wirtual drive help
= (] 4l {2 >4 =
Load reload step back =ingle step run step delay ms: 0
registers - | 0100:0004 | 0100:0004
A |00 |FB AiAAA: BA 176 & a| | MOU AL. @5h -
#1881 : B85 685 & J HEG AL J
Bx |00 |00 010882 : 246 + IEP
= : ot
DX = LT
s (i original source code | = || [=] || &3 |
IP MOV AL, O ; AL = Boh -
s NEG A ; AL = @FBh (-5) =
NEG AL ; AL = @5Sh (35)
5P RET
BP
5l
Dl J
DS .
ES flags
| f




Engineering college
Computer dept. third stage

Compare.
Algorithm:

operandl - operand?2

REG, memory result is not stored anywhere, flags are set (OF, SF, ZF, AF, PF, CF)
gégogégEG according to result.
CMP ’
memory, Example:
immediate MOV AL, 5

REG, immediate MOV BL, 5
CMP AL, BL ; AL =5, ZF = 1 (so equal!)
RET

CZSOPA
rrjrrmrr




Engineering college

Computer dept.
W cmulator noname.bin_ | = || =] || 3 |
file rnath debug wview external wvirtual devices wvirtual drive  help
= N ‘ dl > B> |flags B
Load reload step back zingle step run ms: 0
oF |0 -
reqisters )
00 | 0100:0006 N 1<
& |00 |05 AiPAA: BA 176 & ~| [ HOU Al -
@1@@1: @5 B@5 & B MOU BI SF |0 ~
BX |00 |05 @1AA2: B3I 179 | CHP I
A1AA3: A5 AR5 & oF (0 ~| |
cx |00 |00 P1AA4: 3A @58 :
A1AAS: C3 195 NOP PE |1 =
Dx (00 |00 A1A@hz C3 195 | :gg
o P | eia: e i AT
IP |ooos @1@8A: 90 144 ¢ | | Noe Fofr -] B
@1AAB: 9@ 144 NOP
350100 Biguc: 98 144 ¢ NOP oF fo -]
@1AAD: 9@ 144 NOP
SP |FFFE G10GE: 9@ 144 E NOP
BF  [oo00 B100F: 98 144 £ NOP S
A1A1A: 90 144 £ NOP
s |
DI {8 original source code El@
e MOV AL, 5 | | I—-—-—
MOV BL, S
ES CMP AL, BL ; AL = 5, ZF = 1 ||/[fas
RET
K — ;H
Unsigned multiply.
Algorithm:
when operand is a byte:
AX = AL * operand.
when operand is a word:
REG (DX AX) = AX * operand.
MUL memory .
Example:
MOV AL, 200 ; AL =0C8h
MOV BL, 4
MULBL  ; AX =0320h (800)
RET
CZSOPA

AR

r??r ??

CF=0F=0 when high section of the result is zero.

third stage




Engineering college

Computer dept.
M emulator: noname.bin_ |E||E||:ﬂ395 =]
file math debug wview exdernal wvirtual devices wirtual drive  help oF ’G - area you
O 4l > » |
reload step back run step delay ms: 0 zF ’G
. SF |0 -
egiters [oiorr0 [oiorroo - %
A WW Ebug wview external wvirtual devices < ’t‘
Bx 00 o4 Y dl |p | ADD + §I1, i
o W oo reload step back single : gi}: AF ’G
o< [00 [oo : Mt P
I 0100:0006 ‘81T oE
L5 0100 |~ |[viooe: B8 176 § r e AL bF%
IP
e ’% {# original source code EI@ analyse | =
MOV AL, 200 i AL = ©@C8h |
SP|0o00 MOV BL, q
8P [o000 MUL BL i AX = B320h (
s [oooo RET
ol [oooo I
0s 0100
Es  [0100 _
IR
Signed multiply.
Algorithm:
when operand is a byte:
AX = AL * operand.
when operand is a word:
REG (DX AX) = AX * operand.
IMUL memor
U emory Example:
MOV AL, -2
MOV BL, -4
IMULBL ;AX=8
RET
CZSOPA

'Y

r?2?2r ?27?
CF=0F=0 when result fits into operand of IMUL.

third stage




Engineering college

Computer dept. third stage
M culator noname.bin_ | = || [=] || E3 |
file math debug wview external wirtual devices wirtual drive help

= (M 4l 1> 2 . .
Load reload step back single step run step delay ms: 0
registers 4L | 0100:FFOO | 0100:FF0O
A N
+ »
o app LBt ~ 511 .
3 .
- E=8 ESR (T
L MOV AL, -2 ]
g = VT AX = 8
IF [FFoo ] =
RET J

55 0100
SP o000
EF (0000
Sl oooo —
] 0ooo J
05 |0100
ES 0100

[« | f B

'Y




Engineering college

Computer dept.
REG
DIV memory
REG
IDIV memory

V¢

Unsigned divide.

Algorithm:

when operand is a byte:
AL = AX/ operand
AH = remainder (modulus)

when operand is a word:
AX = (DX AX) / operand
DX = remainder (modulus)

Example:
MOV AX, 203 ; AX =00CBh

MOV BL, 4

DIVBL  ;AL=50(32h), AH=3

RET

CZSOPA
2222?27

Signed divide.

Algorithm:

when operand is a byte:
AL = AX/ operand

AH = remainder (modulus)
when operand is a word:
AX = (DX AX) / operand
DX = remainder (modulus)

Example:
MOV AX, -203 ; AX = OFF35h
MOV BL, 4

IDIVBL ;AL =-50 (OCEh), AH = -3 (OFDh)

RET
CZSOPA
?2°227?277?27?

third stage




Engineering college

Computer dept. third stage
i emulator: noname.bin_ El@
file math debug wview external wvirtual devices wvirtual drive help

= (M dl 1> B D
Load reload step back single step run step delay ms: 0
[ vEEgiz: HL | 01000007 | 01000007
B IEIS |32 AiPPE: BB 184 5 «| | MOU A¥,. BBACBh -
fi8@i: CB 283 5 MOU EL. 84h
B IEIEI IEId- A1662: B8 BEE HULL DIU EL
BigA3: B3 179 |

cx oo [0 || atoed: a4 @os ¢

b {® original source code E

1[0 MOV AX, 203 ;i Ax = VUCBh 4

P22 MOV BL, 4 m
55| |22 DIV BL ; AL = 58 (32h

@4 RET

5P 25

BP || B6
o |97
]l — J
DS
ES flags

| _>I_I

\o




Engineering college

Computer dept.
8 crnulator noname.bin_ El@
file math debug wview external wvirtual devices  wirtual drive  help
= (M dl > B> .
Load reload step back zingle step run step delay ms: 0
- registers f
H L {8 original source code El
IFD ICE
ot 41 MOV Ax, -203 ; Ax = UFF3oh <
B[00 [os @z MOV BL, 4
~ oo || |23 IDRIV BL ; AL = -5@ (@CE
“4 RET
D IUU IUU 5
C5 0100 @6
a7
IF ooov
55 o100 b
SP |FFFE
BF 0000
=] 0ooo -
ol [oooo < | _*|_I
Ds (0100
ES Imun screenl su:uuru:el reset | AL | Yars | debugl stack | flags |

1

third stage




