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Chapter 5: Arithmetic and Logic Instructions

5-4 BASIC LOGIC INSTRUCTIONS

* Include AND, OR, Exclusive-OR, and NOT.
—also TEST, a special form of the AND instruction
— NEG, similar to the NOT instruction

 Logic operations provide binary bit control in
low-level software.
— allow bits to be set, cleared, or complemented

» Low-level software appears in machine

language or assembly language form and
often controls the 1/0O devices in a system.
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« All logic instructions affect the flag bits.

 Logic operations always clear the carry and
overflow flags
— other flags change to reflect the result

« When binary data are manipulated in a
register or a memory location, the rightmost
bit position is always numbered bit 0.

— position numbers increase from bit 0 to the left, to
bit 7 for a byte, and to bit 15 for a word

— a doubleword (32 bits) uses bit position 31 as its
leftmost bit and a quadword (64-bits) position 63
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AND

« Performs logical multiplication, illustrated by a
truth table.

« AND can replace discrete AND gates if the
speed required is not too great
— normally reserved for embedded control
applications
* In 8086, the AND instruction often executes
in about a microsecond.

— with newer versions, the execution speed is
greatly increased
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Figure 5-3 (a) The truth table for the AND operation and (b) the logic symbol of an
AND gate.
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» AND clears bits of a binary number.
— called masking

* AND uses any mode except memory-to-
memory and segment register addressing.
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Figure 5-4 The operation of the AND function showing how bits of a number are
cleared to zero.

Unknown number
Mask

Result

XX XX XXXX
e 00001111
0000 xxxx
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TABLE 5-16  Example AND instructions.

Assembly Language Operation

AND AL,BL AL = AL and BL

AND CX,DX CX = CXand DX

AND ECX ED| ECX = ECX and EDI

AND RDX,RBP RDX = RDX and RBP (64-bit mode)

AND CL,33H CL = CL and 33H

AND DI 4FFFH DI = Dl and 4FFFH

AND ESI,34H ESI = ESI and 34H

AND RAX, 1 RAX = RAX and 1 (64-bit mode)

AND AX[DI] The word contents of the data segment memory location ac/dressed
by DI are ANDed with AX
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OR

Performs logical addition

— often called the Inclusive-OR function

The OR function generates a logic 1 output if
any inputs are 1.

—a 0 appears at output only when all inputs are 0
Figure 5—6 shows how the OR gate sets (1)
any bit of a binary number.

The OR instruction uses any addressing mode
except segment register addressing.
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Figure 5-5 (a) The truth table for the OR operation and (b) the logic symbol of an OR
gate.
A B i
0 0
0 1 1 A
T
B
1 0 1
1 1 1
(a) (b)
The Ini te/ Mcmpmcessors 8086/8088 80186/80188 80286, 80386, 80486 Pen!/um,
Pentiu r, Pentium Il, Pentium, 4, and Core2 with 64-bit Exten: Copyright ©2009 by Pearson Education, Inc.
P i a nd Eighth Edition Upper Saddle River, New Jersey 07458 « Al rights reserved.

Barry B. Brey




Figure 5-6 The operation of the OR function showing how bits of a number are set to
one.

XX XX XXxX Unknown number
+ 00001111 Mask

xXxx 1111 Result
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TABLE 5-17 Example OR instructions.

Assembly Language Operation

OR AH,BL AL = AL or BL

OR SI,DX Sl = Slor DX

OR EAX,EBX EAX = EAX or EBX

OR R9,R10 R9 = R9 or R10 (64-bit mode

OR DH,0A3H DH = DH or 0A3H

CR SP.990DH SP = SP or 990DH

OR EBP10 EBP = EBP or 10

CR RBP,10C0H RBP = RBP or 1000H (64-bit mode)

CR DX|[BX] DXis ORed with the word contents of data segmern memory
location addressed by BX
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Exclusive-OR

« Differs from Inclusive-OR (OR) in that the 1,1
condition of Exclusive-OR produces a 0.
—a 1,1 condition of the OR function produces a 1

* The Exclusive-OR operation excludes this
condition; the Inclusive-OR includes it.

« If inputs of the Exclusive-OR function are both
0 or both 1, the output is O; if the inputs are
different, the output is 1.

* Exclusive-OR is sometimes called a
comparator.
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Figure 5-7 (a) The truth table for the Exclusive-OR operation and (b) the logic
symbol of an Exclusive-OR gate.
A B T
0 0 0
0 1 1 A
T
B
1 0 1
1 1 0
(a) (b)
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« XOR uses any addressing mode except
segment register addressing.

» Exclusive-OR is useful if some bits of a
register or memory location must be inverted.

» Figure 5-8 shows how just part of an
unknown quantity can be inverted by XOR.
—when a 1 Exclusive-ORs with X, the result is X
— if a 0 Exclusive-ORs with X, the result is X

* A common use for the Exclusive-OR
instruction is to clear a register to zero

 Ex: XOR CH,CH
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Figure 5-8 The operation of the Exclusive-OR function showing how bits of a number
are inverted.

XX XX XXXXx Unknown number
@0000 1111 Mask

XXXX XXXX Result
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TABLE 5-18 Example Exclusive-OR instructions.

Assembly Language Operation
XOR CH,OL CH CH xor DL
XOR S1,BX Sl = Sl xor BX
XCR EBX,EDI EBX = EBX xor ED
XOR RAX,RBX RAX = RAX xor KBX (64-bit mode)
XOR AH,UEEH AH = AH xor OEEH
XOR DI,000DH Ol = DI xor 00DDH
XOR ESI,100 ESI = ESI xor 100
XOR R12,20 R12 = R12 xor 20 (64-bit mode)
XOR DX,[S]] DX is Exclusive-Olted with the word contents of the data segment
memory location addressed by Sl
oo B s S R S

Test and Bit Test Instructions

 TEST performs the AND operation.

—only affects the condition of the flag register,
which indicates the result of the test

—functions the same manner as a CMP
— Normally tests a single bit or multiple bits

 Usually the followed by either the JZ (jump
if zero) or JNZ (jump if not zero) instruction.

— Z=0 if the bit under test is not zero
— Z=1 if the bit under test is a zero
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» The destination operand is normally tested
against immediate data (indicating the bit
weight).

« 80386 - Pentium 4 contain additional test
instructions that test single bit positions.

— four different bit test instructions available

« All forms test the bit position in the destination

operand selected by the source operand.
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TABLE 5-19  Example s
TEST instructions. Assembly Language Operation

TESTDLDH DLis AlDed with DH

TEST CX.BX CXis ANDed vith BX

TEST EDXECX EDX Is ANDed with ECX

|EST ROX K15 RDX is ANDed with R15 (64-bit mode)
TEST AH4 AHis ANDed wilh 4

TEST EAK,256 EAX is ANDed wilh 256
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NOT and NEG

« The NOT instruction inverts all bits of a byte, word, or
doubleword. One’s complement.

— None of flags affected.
* NEG two’s complements a number.

— The arithmetic sign of a signed number changes
from positive to negative or negative to positive

— The CF flag cleared to O if the source operand is 0;
otherwise it is set to 1. other flags are set according to
the result.

« The NOT function is considered logical, NEG function
is considered an arithmetic operation.

* NOT and NEG can use any addressing mode except
segment register addressing.
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TABLE 5-21  Exariple NOT and NEG insliuctions.

Assembly Language Operation

NOT CH CH is one’s complemented

NEG CH CH i~ two's complemented

NEG AX AX is two's complemented

NOT EBX EBX is one’s complemented

NEG ECX ECX is two's complemented

NOT RAX RAJX is ona's complemented (64-bit mode)

NOT TEMP The contents of data segment memory location TEMP is one's

complemented

NOT BYTE PTR[EA] The byte conlenis of the data segment memory location
addressed by BX are one'’s complemented
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Shift and Rotate

 Shift and rotate instructions manipulate binary
numbers at the binary bit level.
—as did AND, OR, Exclusive-OR, and NOT

« Common applications in low-level software
used to control I/O devices.

* The microprocessor contains a complete
complement of shift and rotate instructions
that are used to shift or rotate any memory
data or register.
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Shift

 Position or move numbers to the left or right
within a register or memory location.
— also perform simple arithmetic as multiplication by
powers of 2% (left shift) and division by powers of
27" (right shift).
* The microprocessor’s instruction set contains
four different shift instructions:
— two are logical; two are arithmetic shifts

« All four shift operations appear in Figure 5-9.
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Figure 5-9 The shift instructions showing the operation and direction of the shift.

— logical shifts move 0 in

Target register or memory

" Ii — - the rightmost bit for a
ik logical left shift;
c — The arithmetic shift left

s | | [ is identical to the
logical shift left.

s o—| - [ ] — 0 to the leftmost bit
position for a logical

w  [T———=" 7 rightshif

{ — arithmetic right shift
Sign . . .
bt copies the sign-bit
through the number.
Thel te/ Mcmpmcessors 8086/8088 80186/80188 80286, 80386, 80486 Pentium,
Pentium Pro Processor, Pentium !l, Pentium, 4, and Core2 with 64-bit Extensions Copyright ©2009 by Pearson Education, Inc.
I;a v B. B eyp a ind Eighth Edition Upper Saddle River, New Jersey 07458 « All rights reserved.

Logical shift function with unsigned numbers
Arithmetic shift function with signed numbers
Logical shifts multiply or divide unsigned data;
arithmetic shifts multiply or divide signed data.

— a shift left always multiplies by 2 for each bit
position shifted

— a shift right always divides by 2 for each position
— shifting a two places, multiplies or divides by 4

Segment shift not allowed.
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TABLE5-22  Example shilt instructions.

Assembly Language Operation
1|. A‘* AX s logically shilted left 1 place
SHR BX, 12 BX is logically shilted right 12 places
SHR ECX,10 ECX is logically shifted right 10 places
SHL RAX,50 RAX s logically shifted left 50 places (64-bit mode)
SAL DATA1,C The contents of data segment memory location DATAT are

arithmetically shifted f i e number of spaces specified by CL
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Rotate

Positions binary data by rotating information in
a register or memory location, either from one
end to another or through the carry flag.

— used to shift/position numbers wider than 16 bits
With either type of instruction, the programmer
can select either a left or a right rotate.
Addressing modes used with rotate are the
same as those used with shifts.

Rotate instructions appear in Figure 5-10.
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Figure 5-10 The rotate instructions showing the direction and operation of each
rotate.

Target register or memory

o L] B

o [ s

o iy
o 7
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A rotate count can be immediate or located in
register CL.
— if CL is used for a rotate count, it does not change

* Rotate instructions are often used to shift
wide numbers to the left or right.
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TABLE 5-23  Exariple rolate instructions,

PR BTN (LI LT AT AT _h_m

Assembly Language Operation

ROL S1 14 Sl rotales left 14 places

RCLBLG BL rotates left {hrough carry 6 places

ROL ECX, {3 ECX rolates left 18 places

ROL RDX 40 ROX rolales left 40 places

ACR AH,CL AR rlates rigt throuigh cary the number of places speciied by CL
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