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

AND

Logical AND between all bits of two operands. Result is stored in

operandl.
These rules apply:

1AND1=1
1ANDO0=0
0AND1=0
0OANDO=0

Example:

MOV AL,'a" ;AL =01100001b

AND AL, 11011111b ; AL = 01000001b ('A")
RET

CzZSOP
OfrirOfr

I

(= = ][]

step delay ms: 0

1 M emulator noname.bin_
' file math debug wview external wvirtual devices wvirtual drive  help
= 0 ‘ di > » |
Load reload step back zingle step run
registers— | 0100:FFO0 | 0100:FFO0
ax oo a1
B
4
D

MOV AL “a’ : AL = dllvbvlb N
AND AL, 11©11111b : AL = leeodlb (
RET

KN f
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Logical OR between all bits of two operands. Result is stored in first

operand.

These rules apply:

10R1=1
REG, memory 10R0=1
memory, REG OOR1=1
OR REG, REG 00RO =0
memory,
immediate
REG, immediate Example:

MOV AL,'A" ; AL =01000001b

OR AL, 00100000b ; AL =01100001b (&)

RET
CIZISIOPA
OfrirOfr|?

o

8 emulator noname.bin_

[= = =]

B« |00 |00 A1A62: BA BB NULL
A1A@3: BB 811 §
e nn inn @1ARA- 3 490 L

file math debug wview external wvirtual devices wvirtual drive  help
= (M ] dl 4 I
Load reload step back zingle step run step delay ms: 0
registers | 0100:0005 | 0100:0005
A |00 |08 AiEBA: @D @13 CRET OR Ax. B0088h N
A1iA@1: B8 BEE BACK OR AX. BX J

NP

{8 original source code

OR Ax, VOLVSH
OR AX, BX

RET
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Invert each bit of the operand.
Algorithm:

if bitis 1 turnitto 0.
if bitis O turnitto 1.

REG

NOT memory

Example:

MOV AL, 00011011b

NOT AL ; AL =11100100b
RET

CZSOPA
unchanged

W ernulator noname.bin_

file virtual drive

>

run

virtual devices

[ 2

zingle step

external
‘ ql

step back

View

0

reload

math

'}

=
Load

debug help

step

o || = |||

.J—

delay ms: 0

o
fi

reglsters |

8 l_l_
Bx [00 foo

0100:FFO00 |

1EFBE F4 244
N

| +

ULL

H 1k Jdldld

1EFBZ a8 Bea

ADD [BX + SI1.

0100:FFO0

AL

-

{# original source code

"y

o | = | &

NOT AX
NOT [S50@@H]

RET

Y

[ Random Access Memory

" table * |ist

0100:5000 update

A1@A:5AAA:
A18A:5801 :
A18A:5A02 :
A1AA:-5AA3 :
A1AA:-5AA4:
#1AA:5AA5: @@ 088 HNULL
H1AA:5A86: ©B@ GA8 HNULL

#1AA:5807: 80 @680 NI.H..P
(A AA-CARD = AR AERR LI

FF
515
515
aa
aa

255
a8
a8
61015)
61015)

RES

HULL
HULL
NULL
NULL
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Logical XOR (Exclusive OR) between all bits of two operands. Result is

stored in first operand.

These rules apply:

1XOR1=0
REG, memory 1XORO =1
memory, REG OXOR1=1
XOR | REG, REG 0XOR0=0
memory,
immediate
REG, immediate Example:
MOV AL, 00000111b
XOR AL, 00000010b ; AL = 00000101b
RET
CZSOPA
OrijrOfjr?
M emulator: noname.bin_ |?||E||E|
file math debug wview external wirtual devices wirtual drive  help
= (M) dl > >3 — —
Load reload step back zingle step run step delay ms: 0
registers vl | 0100:FFO0 | 0100:FFO0
s oo fos F4_244
o [i0 Jio_ || ores: g oae i
ox [oo foo : 0@ 089 NULL
— : AR AAA MILL
{8 original source code
XAOR Ax, BWUI98H N
XOR AX, BX
RET
K f
TEST REG, memory Logical AND between all bits of two operands for flags only. These flags are
memory, REG effected: ZF, SF, PF. Result is not stored anywhere.
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REG, REG

memory, These rules apply:

immediate

REG, 1AND1=1

immediate 1ANDO=0
OAND1=0
0OANDO=0
Example:

MOV AL, 00000101b
TEST AL, 1 ; ZF =0.
TESTAL,10b ;ZF=1

RET

CzZzSOP

OrirOr

| {# original source code [[= I[= | == ||flags E|
TEST A%, BY =l o
TEST [@5e@], @6H
ZF

RET SF

SEHERRERIE

analyze

B

ANTTY

memory, immediate Shift Arithmetic operandl Left. The number of shifts is set by operand2.

SAL REG, immediate Algorithm:

Yousif Nihad




memory, CL
REG, CL

memory, immediate

REG, immediate
SHL

memory, CL

REG, CL

Yousif Nihad

« Shift all bits left, the bit that goes off is set to CF.
e Zero bit is inserted to the right-most position.

Example:

MOV AL, 0EOh  ; AL =11100000b
SAL AL, 1 ; AL = 11000000b, CF=1.
RET

co
rr
OF=0 if first operand keeps original sign.

Shift operandl Left. The number of shifts is set by operand2.
Algorithm:

« Shift all bits left, the bit that goes off is set to CF.
e Zero bit is inserted to the right-most position.

Example:
MOV AL, 11100000b

SHLAL,1 ; AL =11000000b, CF=L1.

RET

coo
rr
OF=0 if first operand keeps original sign.




{it original source code

M emulator noname.bin_ o (= ] |
file math debug wiew exdernal wirtual devices wirtual drive  help e B
L} J—
= (] dl > B P . .
Load reload step back single step run step delay ms: 0 CF |1«
fegisters = - 0100:0009 0100:0009 z¥ fo -]
g |00 oo Pi@@A: BB 187 ) «| [ HOU BX. @F@F7h o F 'z
A1@AA1:= F? 247 & SHL BR, 1
Bx |87 |[B8 A1AAZ2: FA 2480 = MOU CL, B82Zh OF |0 =
A1@AA3: D1 209 F SHL BH, CL
o |00 |02 @i@@4: E3 227 1 1x
—— A1AAS: Bl 177 ’__|
0o -
1 -
o -]

memory, immediate

REG, immediate
SHR

memory, CL

REG, CL

Yousif Nihad

mov bx, df Of 7h -]

SAL bx, 1 F

mov cl,?2

SAL bx . CL analyze |
RET

Shift operandl Right. The number of shifts is set by operand?2.
Algorithm:

« Shift all bits right, the bit that goes off is set to CF.
e Zero bit is inserted to the left-most position.

Example:

MOV AL, 00000111b
SHR AL, 1 ; AL = 00000011b, CF=1.
RET

co

rr

OF=0 if first operand keeps original sign.




M crmulator: noname.bin_ [ ===
file math debug wview external wvirtual devices virtual drive  help
= ll'l‘dl 13 » |
Load reload step back single step run step delay ms: 0
reqisters . ,W ,W flags |
s o e T, | (R e = 1
B [00 [o0 || @i@e2: FF 255 RES MOU CL. B5h z [o3]
w o |G A s e
—r— || 6i@B5: B1 177 sF [0 -]
{ original source code E@ OF ’E
mov ax,@ffffh =] PF |1 <]
SHR ax, 1
MOV CL. @SH s fo -]
SHR AX, CL Fo[ -]
RET
KN Llj
Shift Arithmetic operandl Right. The number of shifts is set by operand?2.
Algorithm:
« Shift all bits right, the bit that goes off is set to CF.
o The sign bit that is inserted to the left-most position has the same value
memory, as before shift.
immediate . et
REG, immediate XAQD'E:-
SAR MOV AL, OEOh  ; AL =11100000b
SAR AL, 1 ; AL =11110000b, CF=0.
memory, CL
REG, CL MOV BL, 4Ch ; BL =01001100b
SARBL, 1 ; BL =00100110b, CF=0.
RET
coO
rir
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OF=0 if first operand keeps original sign.




# cmulator: noname.bin_ (= = =] flags (=]
file math debug view external virtual devices wirtual drive  help oF m
2 (M dl I B> . e
Load reload step baclk single step run step delay ms: 0 F 0 =
registers 0oL 0100:0009 0100:0009 oF ’E
& |01 [FF |[Gioes: B8 184 3 | [MOU AX, @7FFFh =]
@10@1: FF 255 RES SAR AX, 1 N
Bx [o0 [oo || B1o@2: 7P 127 o MOU CL, @5h
A1AA3: D1 2A9 = SHR aY . CL s o+
{ original source code E\@ F ’E‘
mov ax,d7/fffth -
585 & s g |
SaR AX, CL
RET
Rotate operandl left. The number of rotates is set by operand?.
Algorithm:
memory, shift all bits left, the bit that goes off is set to CF and the same bit is
immediate inserted to the right-most position.
MOV AL, 1Ch  ; AL = 000111000
memory, CL ROL AL, 1 ; AL = 00111000b, CF=0.
REG, CL RET
co
rr
OF=0 if first operand keeps original sign.
Rotate operandl right. The number of rotates is set by operand2.
Algorithm:
memory, shift all bits right, the bit that goes off is set to CF and the same bit is
immediate inserted to the left-most position.
ROR REG, immediate | Example:
MOV AL, 1Ch  ; AL =00011100b
memory, CL ROR AL, 1 ; AL = 00001110b, CF=0.
REG, CL RET
co
rr

Yousif Nihad

OF=0 if first operand keeps original sign.




memory,
immediate
REG,

RCL | immediate

memory, CL
REG, CL

memory,
immediate
REG,

RCR | immediate

memory, CL
REG, CL

memory,
immediate
REG,

ROL | immediate

memory, CL
REG, CL

Yousif Nihad

Rotate operandl left through Carry Flag. The number of rotates is set by
operand2.

When immediate is greater then 1, assembler generates several RCL xx, 1
instructions because 8086 has machine code only for this instruction (the same
principle works for all other shift/rotate instructions).

Algorithm:

shift all bits left, the bit that goes off is set to CF and previous value of CF
IS inserted to the right-most position.

Example:

STC ; set carry (CF=1).

MOV AL, 1Ch ; AL =00011100b
RCL AL, 1 ; AL =00111001b, CF=0.
RET

cio
rr
OF=0 if first operand keeps original sign.

Rotate operandl right through Carry Flag. The number of rotates is set by
operand2.

Algorithm:

shift all bits right, the bit that goes off is set to CF and previous value of
CF is inserted to the left-most position.

Example:

STC ; set carry (CF=1).

MOV AL, 1Ch ; AL =00011100b
RCRAL, 1 ; AL =10001110b, CF=0.
RET

co
rr
OF=0 if first operand keeps original sign.

Rotate operandl left. The number of rotates is set by operand2.

Algorithm:

shift all bits left, the bit that goes off is set to CF and the same bit is inserted to the
right-most position.

Example:

MOV AL, 1Ch ; AL = 00011100b




ROR

memory,
immediate
REG,

immediate

memory, CL
REG, CL
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ROL AL, 1 ; AL =00111000b, CF=0.

RET

CcO
rr
OF=0 if first operand keeps original sign.

Rotate operandl right. The number of rotates is set by operand2.
Algorithm:

shift all bits right, the bit that goes off is set to CF and the same bit is inserted to
the left-most position.

Example:
MOV AL, 1Ch ; AL =00011100b
RORAL, 1 ; AL =00001110b, CF=0.

RET

cio
rr
OF=0 if first operand keeps original sign.

AR




