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3 Simple Lines

add%eax, ¥ebx ; ebx=eax+ebx ( setsOF, SF, ZF, AF, CF, PF)
shl%cl, Y%ebx ;ebx=ebx<<cl (set®F, SF, ZF, AF, CF, PF
jcerror , jumpto error if carry flag is set

g

Can you reach the error?
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INSTRUCTION SET REFERENCE, N-Z

SAL/SAR/SHL/SHR—Shift

Opcode™* _ Instruction Op/ 64-Bit  Compat/ Description
€n  Mode  LegMode

00/4 SAL r/m8, 1 A Valid Valid Multiply r/m8 by 2, once.

REX+DO/4  SAL/m8*,1 A Vald NE Multiply r/m8 by 2, once.

D214 SAL r/m8, CL B Vald Valid Multiply r/m8 by 2, CL times.

REX+D2/4  SAL/m8*,CL B  Valid NE Multiply /m8 by 2, CL times.

o SAL/m8,imm8  C  Valid Valid Multiply /m8by 2, imm8
times.

REX+C0/4ib  SAL/m8*,imm8 C  Valid NE Multiply r/m8 by 2, imm8
times.

D1/4 SAL /m16,1 A Valid Valid Multiply r/m16 by 2, once.

03/4 SAL/mIGCL B Valid Valid Multiply r/m16 by 2, CL
times.

cl/aip SAL/m16,imm8 € Valid Valid Multiply r/m16 by 2, imm8
times.

D1/4 SAL /m32,1 A Valid Valid Multiply /m32 by 2, once.

REXW +D1/4  SAL/m64,1 A Valid NE. Multiply r/m64 by 2, once.

D3/4 SALmm32,CL B Valid Valid Multiply r/m32 by 2, CL
times.

REXW+D3/4 SALUm64,CL B Vaid NE Multiply r/m64 by 2, CL
times.

i SAL /m32,imm8 € Valid Valid Multiply r/m32 by 2, imm8
times,

REXW+C1/4  SALm64,imm8 C  Valid NE. Multiply r/m64 by 2, immg

ib times.

00/7 SAR r/m8, 1 A Valid Valid Signed divide* /m8by 2,

REX+DO/7  SARpm8*™1 A Vald NE Signed divide* /m8by 2,
once.

02/7 SAR r/m8, CL B Valid Valid Signed divide* /m8by 2, CL

REX+D2/7  SARpm8™,CL B  Valid NE Signed divide* /m8by 2, CL
times.

w7 SAR /m8, imm8  C  Valid Valid Signed divide* /m8by 2,
imm8 time.

REX+C0/7ib  SARr/m8*, imm8 C  Valid NE Signed divide® r/m8by 2,
imm8 times.
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The SAR and SHR Instructions can be used to perform signed or unsigned division,
respectively, of the destination operand by powers of 2. For example, using the SAR
instruction to shift 3 signed integer 1 bit o the right civides the value by 2.
Using the "
result as the DIV nstruction. The quotient from the IDIV instruction s rounded
3 zero, whereas the "quotient” of the SAR instruction is rounded toward nega-
tive infinity, This difference is apparent only for negative numbers. For example,
en the IDIV instruction is used to divide -8 by 4, the result s -2 with  remainder
of -1. If the SAR instruction is used to shift -9 right by two bits, the result is -3 and
the "remainder” is +3; however, the SAR instruction stores only the most significant
bit of the remainder (in the CF flag).
The OF flag s affected only on 1-bit shifts. For left shift, the OF flag is set to 0 if the
the result is that s, the top two bits
of the original operand were the same); otherwise, I Is set to 1. For the SAR instruc-
tion, the OF flag is cleared for all 1-bit $hifts. For the SHR instriction, the OF flag is
set fo the most-significant bit of the original operan
In 64-bit mode, the instruction’s default operation size is 32 bits and the mask width
CLis 5 bits. Using a REX prefix n the form of REX.R permits access to addtional
registers (R8-R15). Using a REX prefix n the form of REX.W promotes operation to.
2 for CLto 6 bit
ning of ths section for encoding data and limits.

1A32 Architecture Compatiblity
6 does not mask the shift count. However, all other IA-32 processors
(starting with the Intel 286 processor) do mask the shift count to 5 bits, resulting in
a maximum count of 31. This masking is done in all operating modes (including the.
Virtual-8086 mode) to reduce the maximurm execution time of the instructions.
Operation
IF 64-5it Mode and using REX W
THEN
CounthASK - 3FH;
CounthASK - 1FH;
{empCOUNT < (COUNT AND countASK),
<empDEST «- DEST,
WHILE tempCOUNT #.0)
0
IF instructions SAL or SHL

CF - MSBDEST):
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Opcode Instruction Op/ 64Bit  Compat/ Description
€ Mode  LegMode

D177 SAR /m16,1 A valid Valid Signed divide* r/m16by 2,

D377 SAR/MIGCL B Valid Valid Signed divide* r/m16 by 2,
CLtimes.

ani SAR /m16,imm8 C  Valid Valid Signed divide* /m16by 2,
imm times.

D1/7 SAR /m32,1 A Valid Valid Signed divide* /m32by 2,

REXW+D1/7  SAR r/m4, 1 A valid NE Signed divide* r/m64 by 2,

D377 SARM32.CL B Valid Valid Signed divide* /m32by 2,
CLtimes.

REXW+D3/7 SARpmG4,CL B Valid NE Signed divide* r/m64 by 2,
CLtimes.

i SAR /m32,immg  C  Valid Valid Signed divide* /m32by 2,
imm8 times.

REXW+C1/7  SARr/m64,imm8 C  Valid NE Signed divide* /m64 by 2,

ib immg times.

D0/4 SHL r/m8, 1 A Valid Valid Multiply r/m8 by 2, once.

REX+D0/4  SHLom8*1 A Valid NE Multiply r/m8by 2, once.

D2/4 SHL r/m8, CL B Vald Valid Multiply r/m8 by 2, CL times.

REX+D2/4  SHLOmB*.CL B  Valid NE Multiply r/m8 by 2, CL times.

o/4ib SHLr/mg, imm8 € Valid Valid Multiply r/m8 by 2, immg

REX+CO/4ib  SHL/m8*, imm8 C  Valid NE Multiply r/m8by 2, imm8
times.

D1/4 SHL/m16,1 A Valid Valid Muttiply /m16 by 2, once.

D3/4 SHLpmi6CL B Valid Valid Multiply r/m16by 2, CL

es.

cl/4ib SHL /16, imme  C  Valid Valid Multiply /m16 by 2, imm8
times.

D1 /4 SHL m32.1 A Valid Valid Multiply r/m32 by 2, once.

REXW+D1/4  SHL /m64,1 A Vald NE Multiply r/m64 by 2, once.

D3/4 SHLym32CL B Valid Valid Multiply r/m32by 2, CL
times,

REXW+D3/4 SHLom64,CL B Valid NE Multiply r/m64 by 2, CL
times.
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ELSE (* Instruction is SAR or SHR *)
CF - LSB(DEST);
Fl;
IF instruction s SAL or SHL

DEST ¢ DEST # 2;
IF instruction is SAR
THEN
DEST « DEST / 2; (* Signed divide, rount

ELSE (* Instruction is SHR *)
DEST « DEST /2 (* Unsigned divide *)

g toward negative infinity *)

Fl;
Fl;
1emPCOUNT ¢ tempCOUNT - 1;
on;
(* Determine overflow for the various instructions *)
IF (COUNT and countMASK) = 1
THEN
IF instruction is SAL or SHL
OF  MSB(DEST) XOR CF:
IF instruction is SAR
OF - 0;
ELSE (* Instruction s SHR *)
OF  MSB{tempDEST):
Fl;
Fl;
ELSE IF (COUNT AND countMASK) = 0
THEN
Al flags unchanged;
ELSE (* COUNT ot 10r 0*)
OF ¢ undefined;
Fl;

FL;

Flags Affected

The CF flag contains the value of the last bit shifted out of the destination operand; it
is undefined for SHL and SHR instructions where the count is greater than or equal to
the size (in bits) of the destination operand. The OF flag is affected only for 1-bit
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Opcode Instruction Op/
n

Cl/aip SHL/m32, imm8  C
REXW +C1/4  SHL/m64, imm8  C
ib

D0/5 SHR r/m8,1 A
REX+DO/5  SHRr/mME™1 A
D2/5 SHR r/m8, CL B
REX+D2/5  SHRmm8™CL B
cossip SHR /m8, imm8 €

REX+CO/5ib  SHR /m8*, imm8 C

D1/5 SHR /m16, 1 A
D3/5 SHR/mi6,CL B
cissio SHR /m16, imm8  C
D1/5 SHR /m32, 1 A
REXW +D1/5  SHR /m64, 1 A
D3/5 SHR/m3ZCL B

REXW+D3/5 SHRrm64,CL B
ciisio SHR /m32, imm8 €

REXW +C1/5  SHR /m64, imm8  C
ib

64-Bit

Mode

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valid

Valig

Valid

Valid

Valid

Valid

Valid

Valid

Compat/
Leg Mode
Valid

Valid

Valid

Valid

Valid

Description
Multiply /m32 by 2, imm8
times,
Multiply r/m64 by 2, imm8
times,
Unsigned divide r/m8 by 2,
once.
Unsigned divide r/m8 by 2,
once.
Unsigned divide r/m8 by 2,

CLtimes.
Unsigned divide r/m8 by 2,

CLtimes.

Unsigned divide /m8by 2,

immé times.

Unsigned divide /m8 by 2,

immé times.

Unsigned divide r/m16by 2,

once.

Unsigned divide r/m16by 2,
1 times

Unsigned divide r/m16by 2,

imm8 times.

Unsigned divide /m32by 2,

once.

Unsigned divide r/m64by 2,

once.

Unsigned divide r/m32by 2,

CLtimes.

Unsigned divide r/m64by 2,

Unsigned divide r/m32by 2,

imm8 times.

imm8t
Unsigned divide r/m64 by 2,
imm8 times.
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NOTES:

* Not the same form of division as IDIV; rounding is toward negative infinity.

**In 64-bit mode, r/m8 can not be encoded to access the following byte registers if a REX prefix s
used: AH, BH, CH, DH,

***See IA-32 Architecture Compatibilty section below.

Instruction Operand Encoding

Op/én  Operand 1 Operand 2 Operand 3 Operand 4
A ModRMr/m (r, w) 1 NA NA
B ModRM/m (r,w) [<¥0) NA NA
€ ModRMz/m (r, w) imm8 NA NA

Description

Shifts the bits in the first operand (destination operand) to the left or right by the
number of bits specified in the second operand (count operand). Bits shifted beyond
the destination operand boundary are first shifted into the CF flag, then discarded. At
the end of the shift operation, the CF flag contains the last bit shifted out of the desti-
nation operand.

The destination operand can be a register or a memory location. The count operand
can be an immediate value or the CL register. The count is masked to 5 bits (or 6 bits
if in 64-bit mode and REX.W is used). The count range is limited to 0 to 31 (or 63 if
64-bit mode and REX.W is used). A special opcode encoding is provided for a count
of 1.

The shift arithmetic left (SAL) and shift logical left (SHL) instructions perform the
same operation; they shift the bits in the destination operand to the left (toward
more significant bit locations). For each shift count, the most significant bit of the
destination operand is shifted into the CF flag, and the least significant bit is cleared
(see Figure 7-7 in the Intel® 64 and IA-32 Architectures Software Developer’s
Manual, Volume 1).

The shift arithmetic right (SAR) and shift logical right (SHR) instructions shift the bits
of the destination operand to the right (toward less significant bit locations). For each
shift count, the least significant bit of the destination operand is shifted into the CF
flag, and the most significant bit s either set or cleared depending on the instruction
type. The SHR instruction clears the most significant bit (see Figure 7-8 in the Intel®
64 and IA-32 Architectures Software Developer’s Manual, Volume 1); the SAR
instruction sets or clears the most significant bit to correspond to the sign (most
significant bit) of the original value in the destination operand. In effect, the SAR
instruction fills the empty bit position’s shifted value with the sign of the unshifted
value (see Figure 7-9 in the Intel® 64 and IA-32 Architectures Software Developer’s
Manual, Volume 1).
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(taken from Intel Manua



