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w62 Boolean and Comparison Instructions " Status Flags - Review
sl el
B Boolean instructions B CPU Status Flags

Instructions | S%f Flags =&}

AND dst, src | dst € dst AND src ZF (zero) Z371 00] ™ set

OR dst, src | dst < dst OR src SF (sign) 24 0]™ set (MSB}I Z2

XOR dst, src | dst € dst XOR src CF (carry) unsigned ZAW}7t B Q] BHO{L}H set

NOT dst dst € NOT dst OF (overflow) |signed Za}7} EHH Q| BIOLIH set
PF (parity) ZAufo| 1342 2= bit4 7t &4 0™ set

src: source operand

dst: destination operand AF (auxiliary) | OFQI4H] E.0f] LY carrydtAH O set

= bitwise Boolean operations
= operand rule: MOV, 4t& A Ahp ZH2
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| AND and OR Instruction
] 3

e XOR and NOT Instruction

]
E AND AND B XOR XOR
= selective clear (mask operation) Y| Y = selective complement(invert) x|y | x®y
N L o oo 0
00111011 —— 00111011 —— ]
AND 00001111 XOR_00001111
- 1 0 0 . | 1] 1
cleared — 100001011} unchanged [ iyt iz o
m OR OR = NOT NOT
. N ~ = 1's complement
= selective set 3 v X | —x
o0 © NOT 00111011
00111011 N 110001 00— inverted |
OR 00001111 1o T [ F
unchanged 00111111 set \ : .
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Example Example
‘. amp ‘. amp
sl ]
B [HAZX} H2t B 7|H E CapsLock A|0] (real mode&)
= ASCII code: = 0040:0017h (417htHX])7} Keyboard Flag 2Ef S L}IEILH = byted
01000001 ~ 01011010 A~Z = bit 60j] 2O A CapsLock AEH7} HOjZ!
01100001 ~ 01111010 a~z « 0: OFF, 1:ON
= ARAl > fEX} HEL: bit 52 002 HfR = O] M|0{&= real mode0f| A2t S A8t 4 Q1 OH virtual 8086 modeo]| A
SAt > ASXLHEE bit 52 12 HHER SZEOFX] @8 (Windows XP, NT, 2000 Ol M At E71s)
mov ax,40h ; BIOS segment
mov al,'a’' ; AL = 01100001b mov ds,ax
and al,11011111b ; AL = 01000001b mov bx,17h ; keyboard flag byte
or BYTE PTR [bx],01000000b ; CapsLock on
mov al,'A’ ; AL = 01000001b
or al,00100000b ; AL = 01100001b
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] TESTQ} CMP Instruction
il
B TEST dst, src
» dst A src HAH(ANDRAH 48 (ZitE HZOHK| 2S)

B CMP dst, src
» dst-src @it £ W (AAE XHOMK| %3)

B TESTR} CMP instruction?] 2 EH
» ALEAAE HYOIR] I flagof| Tt A2 & — dste HOMX] UGS
« Z 2 conditional jumpQ} S| AL
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wm 6-3 Conditional Jumps
]

B Jcond Instruction
= YAl Jcond label
« O]FQ] ALE ZulJt 20T 7S THEOH label 21X]2]
instruction@ 2 jump (0] 72| AAtAN= F 2 flagMEfE EXTH

B Condition &2 2} conditional jumps

Condition Z2 | Instructions
E X Flag2tEj JZ, INZ, 1C, INC, JO, INO, IS, INS, JP, INP
equality JE, INE, JCXZ, JECXZ

signed H|ul JG, JGE, L, JLE  (Greater, Less)
JNLE, INL, JNGE, ING

unsigned H| il JA, JAE, B, JBE (Above, Below)
JNBE, INB, JNAE, JNA

= JZ9F JE, INZQ} INEE Z2 EEof

DEHYEEEA =20
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Jumps based on Specific Flags

L
||

Mnemonic Description Flags
1z Jump if zero ZF=1
INZ Jump if not zero ZF=10
IC Jump if carry CF=1
JNC Jump if not carry CF=0
JO Jump if overflow OF=1
INO Jump if not overflow OF=0
15 Jump if signed SF=1
JNS Jump if not signed SF=0
JP Jump if parity (even) PF=1
JNP Jump if not parity (odd) PF=0

ogE2letof 1

" Jumps based on Equality
ulll

Mnemonic Description

IE Jump if equal (lefiOp = rightOp)
JNE Jump if not equal (leftOp # rightOp)
ICXZ Jump if CX =0

JECXZ Jump it ECX =0

Ty ATt
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" Jumps based on Unsigned Comparisons
]

Mnemonic Description
JA Jump if above (if leftOp > rightOp)
JNBE Jump if not below or equal (same as JA)
JAE Jump if above or equal (il leftOp == rightOp)
JNB Jump if not below (same as JAE)
JB Jump if below (if leftOp < rightOp)
JNAE Jump if not above or equal (same as JB)
JBE Jump if below or equal (if leftOp <= rightOp)
JNA Jump if not above (same as JBE)
A MICH OF 1l
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g Jumps Based on Signed Comparisons
]

Mnemonic Description
IG Jump if greater (if leftOp = rightOp)
INLE Jump if not less than or equal (same as JG)
IGE Jump if greater than or equal (if lefiOp >= rightOp)
INL Jump if not less (same as JGE)
JL Jump if less (if leftOp < rightOp)
INGE Jump if not greater than or equal (same as JL)
JLE Jump if less than or equal (if lefiOp <= rightOp)
ING Jump if not greater (same as JLE)
A MICH OF 1l
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™ Application — 3 7] H]u

ullE
E =5 Hu
cmp eax, ebx ; eax - ebx if (eax==ebx)
je 11 goto L1
m 37| Hd

= unsigned H| il

cmp eax, ebx
ja Larger

if (eax>ebx)
= Signed H|ul goto Larger

cmp eax, ebx
jg Larger
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| Application — HIE Z A}
]
B HEZA}
= ALO]| bit 0 T = bit 10] 10]™ jump

test al,00000011b
jnz L1

= AL9] bit Oalf bit 10] 2= 00|™ jump

test al,00000011b
jz Ll

= ALO| bit 0il} bit 10] BE 10]™ jump (AL LR ®HZH

and al,00000011b ; clear unwanted bits
cmp al,00000011b ; check remaining bits
je L1 ; all set? jump to L1

DB R EE A OS2I 0] 16




T Application — Zt4, Zero ZAA}L

m RS HAL

= if (wordVal is even) goto L1

mov ax,wordvVal
test ax,1
jz Ll

; bit 0 set?
; jump if ZF set

B Zero/Nonzero Zd A}
= if (AL#0) goto L1

or al,al
jnz L1

Ne  Ne

AL unchanged, Flag Y&
jump if not zero

= if (AL =0) goto L1

or al,al

AL unchanged

™E Application — Z|CH{ Z} 37|
]

H vl, v2, v30]| = unsigned Z¥2| Z|CHZFS maxof| A%

.data
vl word 10
v2 word 50
v3 word 30
max word ?
.code

cmp ax,v2
jae L1
mov ax,v2
Ll: cmp ax,v3
jae L2
mov ax,v3

if (ax<v2)ax

~

if (ax<v3)ax

Ne N

mov ax,vl ; ax=vl (assume vl is larger)

v2

v3

jz Ll jump if zero L2: mov max, ax max = ax
S HITH oL &1 M| 2l
JHEEHHEEX M by 17 N BRI o220 18
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g HIE 27 - 278 TEO= 2L 37| wym Bit Test Instructions
ulll ulll
B 00| Ol YA E HOHHIE A7H F& m BT dst, n
_data = ZZEh CF € dstQ] bit n (dst H¥} gi2)
array SWORD 0,0,0,1,20,0,-1 = operand: dstE r/m16, r/m32
.code N imm8 E = dstQ} Z+2 A 7]9] register
mov ebx, OFFSET array ; array address B Example
mov ecx, LENGTHOF array ; loop counter - AXQIMt97r10PEjump
Ll:cmp WORD PTR [ebx], O
jnz found bt AX,9 ; CF = bit 9
add ebx, 2 je L1 ; jump if CF set
loop L1
jmp notfound
found: ...
jmp quit
notfound: ...
quit:
SHICH Yl o1 K| Ot
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wyp Bit Test Instructions
ol lE
B BTCdst, n (bit test and complement)
« SZh CF & dstQ] bit n
dstQ] bit n € NOT dstQ] bit n (& 43})
B BTR dst, n (bit test and reset)
« SZh CF & dstQ] bit n
dst9Q] bit n €< 0 (reset)
B BTSdst, n (bit test and set)
« AL CF & dstQ] bit n
dstQ] bit n €« 1 (set)

.data

semaphore WORD 10001000b

.code
bts semaphore, 7 ; CF€<1l, semaphore€<00001000b
jnc next

% QAT
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e 64 Conditional Loop Instructions
sl

B LOOPZ (LOOPE) Instruction
= SZh ECX « ECX -1
if ECX > 0 and ZF=1, jump to destination
» L ZOIT ZH} UX[OHA] 42 B HIE HAE S
(ECX7F 00| AL HIWZi7t ZX| 2 M 2O E8)

B LOOPNZ (LOOPNE) Instruction
« SZh ECX « ECX -1
if ECX > 0 and ZF=0, jump to destination
» L ZOIT 4} UX[OHe H HHIE /4 E S
(ECX7} 00| 7Lt HIAZA7t ZS I 22 &)

©n% O MICH St
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array SWORD -3,-6,-1,-10,10,30,40,4
sentinel SWORD 0
.code

mov esi,OFFSET array

mov ecx,LENGTHOF array

next:
test WORD PTR [esi],8000h ; test sign bit
pushfd ; push flags on stack
add esi,2
popfd ; pop flags from stack
loopnz next ; continue loop
jnz quit ; none found
sub esi,2 ; ESI points to value

quit:

O}
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w65 Conditional Structures
ulll
B Block-Structured IF Statements
B Compound Expressions with AND
B Compound Expressions with OR
® WHILE Loops
B Table-Driven Selection
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E Block-Structured IF Statements

T Block-Structured IF Statements - C}=ditH

] sl
m Coof HAa=C|Aof m Coof HA=C|Aof
if( opl == op2 ){ HICH mov eax,opl if( opl == op2 ){ mov eax,opl
X = 1; cmp eax, op2 X = 1; cmp eax,op2
Y = 2; \jneLl v - 2. \‘jeLl
l_ g mov X,1 l_ g mov X, 2
} else { mov Y, 2 }then block } else { mov Y,1 else block
X = 2; jmp L2 X = 2; jmp L2
Y = 1; Ll: mov X,2 Y =1; Ll:mov X,1
} mov ¥,1 }e'se block ) nov ¥.2 }then block
L2: L2:
& MICH Sl o HICHTH L
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T ] Compound Expression with AND | Compound Expression with AND - C}=HiH
] sl
B ANDZQ]| Short-circuit ™ 7} B CAO oAaIEg| A0
o if (Hll211 && H|ml 212 && H|m A13) ... urly Y
Qro] HIZA10] HFI0IH Fio| HITAS HWOIKI 4 if (AL>BL && BL>CL) =il | CWP a%,BL 5 ELESL
X = 1; jbe next
1:
cmp bl,cl ; HlmAl2
if (AL>BL && BL>CL) cmp al,bl ; Hlu&1 jbe next
X = 1; ja Ll /{2:
7 jmp next mov X,1 ; then block
Ll: next:
cmp bl,cl ; Hlmal2
ja L2
jmp next
L2:
mov X, 1 ; then block
next:
SHICH Yl o1 K| Ot
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wym Compound Expression with OR (1 of 2)

ul
B ORQ]| short-circuit ™ 7}
o if (HIZAIL || HIZA12 || B A13) ...
QFO| Hl1 2]0] O™ FO] HluAS

HUOK| %S

if (AL>BL || BL>CL) cmp
X =1; ja
cmp
jbe
Ll:
mov
next:
& MICH Sl
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wym WHILE Loops
sl
m CA0f

while( a < b) {
a++;
b--;

A MICH OF 1l
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mov eax,a
while:

cmp eax,b

jnl endwhile

inc eax

dec b

jmp while
endwhile:

mov a,eax
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