





CHAPTER 3
INSTRUCTION SET REFERENCE (M-2)

Chapter 3 continues the alphabetical discussion of IA-32 instructions (M-Z) started in Chapter 2. To access information
on the remainder of the IA-32 instructions (A-M), see Intel® Extended Memory 64 Technology Software Developer's
Guide, Volume 1

MASKMOVDQU—Store Selected Bytes of Double Quadword

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF F7 /r  MASKMOVDQU xmm1, Valid Valid Selectively write bytes from xmm21 to memory
xmm2 location using the byte mask in xmm2. The
default memory location is specified by
DS:EDI
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

(even if mask is all Os).
If the destination operand is in a nonwritable segment.

If the DS, ES, FS, or GS register contains a null segment selector.

#SS(0) For an illegal address in the SS segment (even if mask is all Os).
#PF(fault-code) For a page fault (implementation specific).
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH. (even
if mask is all 0s).

#NM If TS in CRO is set.

#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault (implementation specific).
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Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

#GP(0) If the memory address is in a non-canonical form.
#5S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#PF(fault-code) For a page fault (implementation specific).
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MASKMOVQ—Store Selected Bytes of Quadword

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF F7 Ir MASKMOVQ mm1, mm2 Valid Valid Selectively write bytes from mm1 to memory

location using the byte mask in mm2. The
default memory location is specified by DS:EDI

IA-32e Mode Operation

In 64-bit mode, memory address is specified by RDI.

Protected Mode Exceptions

#GP(0)

#SS(0)
#PF(fault-code)
#NM

#MF

#UD

#AC(0)

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
(even if mask is all Os).

If the destination operand is in a nonwritable segment.

If the DS, ES, FS, or GS register contains a null segment selector.
For an illegal address in the SS segment (even if mask is all Os).
For a page fault (implementation specific).

If TS in CRO is set.

If there is a pending FPU exception.

If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

If Mod field of the ModR/M byte not 11B

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP(0)

#NM
#MF
#UD

If any part of the operand lies outside the effective address space from 0 to FFFFH. (even
if mask is all Os).

If TS in CRO is set.

If there is a pending FPU exception.
If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#PF(fault-code)
#AC(0)

For a page fault (implementation specific).

If alignment checking is enabled and an unaligned memory reference is made.
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Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

#GP(0) If the memory address is in a non-canonical form.
#5S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#PF(fault-code) For a page fault (implementation specific).
#NM If TS in CRO is set.
#MF If there is a pending FPU exception.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.
If Mod field of the ModR/M byte not 11B

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
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MAXPD—Return Maximum Packed Double- Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF 5F /r MAXPD xmm1, xmm2/m128  Valid Valid Return the maximum double-precision floating-
point values between xmm2/m128 and xmm1.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
SIMD Floating-Point Exceptions
Invalid (including QNaN source operand), Denormal.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If memory operand is not aligned on a 16-byte boundary, regardless of segment.
#SS(0) If a memory operand effective address is outside the SS segment limit.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions
#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0)
#GP(0)

#PF(fault-code)
#NM
#XM
#UD

If a memory address referencing the SS segment is in a non-canonical form.

If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.
For a page fault.

If TS in CRO is set.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MAXPS—Return Maximum Packed Singl e-Precision Floating-Point Values

64-Bit Compat/Leg
Opcode Instruction Mode Mode Description
OF 5F /r MAXPS xmm1, xmm2/m128  Valid Valid Return the maximum single-precision floating-

point values between xmm2/m128 and xmm1.

IA-32e Mode Operation

Enables access to XMM8-XMM15.

SIMD Floating-Point Exceptions

Invalid (including QNaN source operand), Denormal.

Protected Mode Exceptions

#GP(0)

#SS(0)
#PF(fault-code)
#NM

#XM

#UD

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.
If a memory operand effective address is outside the SS segment limit.

For a page fault.

If TS in CRO is set.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real-Address Mode Exceptions

#GP(0)

#NM
#XM
#UD

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.
If TS in CRO is set.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#PF(fault-code)

For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

Vol. 2 3-7




64-Bit Mode Exceptions
#SS(0)
#GP(0)

#PF(fault-code)
#NM
#XM
#UD

If a memory address referencing the SS segment is in a non-canonical form.

If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.
For a page fault.

If TS in CRO is set.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

3-8 Vol. 2



MAXSD—Return Maximum Scalar Double-

Precision Floating-Point Value

64-Bit Mode
Valid

Instruction
MAXSD xmm1, xmmZ2/m64

Opcode
F2 OF 5F Ir

Compat/Leg
Mode Description
Valid Return the maximum scalar double-

precision floating-point value between
xmm2/memé64 and xmmZ1.

IA-32e Mode Operation
Enables access to XMM8-XMM 15.

SIMD Floating-Point Exceptions

Invalid (including QNaN source operand), Denormal.

Protected Mode Exceptions

#GP(0)
#5S(0)
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM
#UD
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.
#AC(0)

current privilege level is 3.

Real-Address Mode Exceptions
#GP(0)
#NM
#XM
#UD

If TS in CRO is set.

If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode
#PF(fault-code)
#AC(0)

For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

If a memory operand effective address is outside the SS segment limit.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.

If alignment checking is enabled and an unaligned memory reference is made while the

If any part of the operand lies outside the effective address space from 0 to FFFFH.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.

If alignment checking is enabled and an unaligned memory reference is made.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MAXSS—Return Maximum Scalar Singl e-Precision Floating-Point Value

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F3 OF 5F /r  MAXSS xmm1, xmm2/m32 Valid Valid Return the maximum scalar single-
precision floating-point value between
xmm2/mem32 and xmm1.
IA-32e Mode Operation
Enables access to XMM8-XMM15.
SIMD Floating-Point Exceptions
Invalid (including QNaN source operand), Denormal.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
#5S5(0) If a memory operand effective address is outside the SS segment limit.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
Real-Address Mode Exceptions
#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MFENCE—Memory Fence

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF AE /6 MFENCE Valid Valid Serializes load and store operations.

Intel C/C++ Compiler Intrinsic Equivalent

void_mm_mfence(void)

IA-32e Mode Operation

Same as legacy.

Exceptions (All Modes of Operation)

None.
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MINPD—Return Minimum Packed D ouble-Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF 5D /r  MINPD xmm1, xmmZ2/ Valid Valid Return the minimum double-precision floating-
mi128 point values between xmm2/m128 and xmm1.

IA-32e Mode Operation

Enables access to XMM8-XMM15.

SIMD Floating-Point Exceptions

Invalid (including QNaN source operand), Denormal.

Protected Mode Exceptions

#GP(0)

#SS(0)
#PF(fault-code)
#NM

#XM

#UD

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If a memory operand effective address is outside the SS segment limit.

For a page fault.

If TS in CRO is set.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.

If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions

#GP(0)

#NM
#XM
#UD

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.
If TS in CRO is set.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#PF(fault-code)

For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MINPS—Return Minimum Packed Singl e-Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF 5D /r MINPS xmm1, xmm2/m128 Valid Valid Return the minimum single-precision
floating-point values between xmm2/m128
and xmm1.
IA-32e Mode Operation
Enables access to XMM8-XMM15.
SIMD Floating-Point Exceptions
Invalid (including QNaN source operand), Denormal.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If memory operand is not aligned on a 16-byte boundary, regardless of segment.
#5S5(0) If a memory operand effective address is outside the SS segment limit.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real-Address Mode Exceptions
#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.
If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.
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MINSD—Return Minimum Scalar D ouble-Precision Floating-Point Value

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F20F 5D /r  MINSD xmm1, xmm2/mé64  Valid Valid Return the minimum scalar double-precision

floating-point value between xmm2/memé64
and xmm1.

IA-32e Mode Operation

Enables access to XMM8-XMM 15.

SIMD Floating-Point Exceptions

Invalid (including QNaN source operand), Denormal.

Protected Mode Exceptions

#GP(0)

#5S5(0)
#PF(fault-code)
#NM

#XM

#UD

#AC(0)

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If a memory operand effective address is outside the SS segment limit.

For a page fault.

If TS in CRO is set.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.

If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP(0)
#NM
#XM
#UD

If any part of the operand lies outside the effective address space from 0 to FFFFH.
If TS in CRO is set.

If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#PF(fault-code)
#AC(0)

For a page fault.

If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MINSS—Return Minimum Scalar Singl e-Precision Floating-Point Value

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F30F 5D /r MINSS xmmi1, xmm2/m32  Valid Valid Return the minimum scalar single-precision
floating-point value between xmm2/mem32 and
xmm1.
IA-32e Mode Operation
Enables access to XMM8-XMM15.
SIMD Floating-Point Exceptions
Invalid (including QNaN source operand), Denormal.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
#5S5(0) If a memory operand effective address is outside the SS segment limit.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
Real-Address Mode Exceptions
#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MONITOR—Setup Monitor Address

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF 01 C8 MONITOR Valid Valid Sets up a linear address range to be monitored by
EAX, ECX, hardware and activates the monitor. The address
EDX range should be a write-back memory caching type.
The default address is DS:EAX
Flags Affected
None.
IA-32e Mode Operation
Same as protected mode.
Protected Mode Exceptions
#GP(0) If the current privilege level is not 0.
For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If ECX !=0.
#SS(0) If a memory operand effective address is outside the SS segment limit.
#PF(fault-code) For a page fault.
#UD If CPUID.MONITOR (ECX bit 3) = 0.

If the F3H, F2H, 66H or LOCK prefix is used.

Real-Address Mode Exceptions
#GP(0) If ECX !=0.
#UD If CPUID.MONITOR (ECX bit 3) = 0.
If the F3H, F2H, 66H or LOCK prefix is used.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

#GP(0) If the current privilege level is not 0.
If the memory address is in a non-canonical form.
If ECX !=0.

#PF(fault-code) For a page fault.

#UD If CPUID.MONITOR (ECX bit 3) = 0.

If the F3H, F2H, 66H or LOCK prefix is used.
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MOV—Move

Opcode

88 /r

REX + 88 /r
89 /r

89 /r

REX.W + 89 /r
8AIr

REX + 8A Ir
8B /r

8B /r

REX.W + 8B /r
8CIr

REX.W +8C /r

8E Ir
REX.W + 8E /r

A0

REX.W + A0
Al

Al

REX.W + Al
A2

REX.W + A2
A3

A3

REX.W + A3
BO+ rb

REX + BO+ rb
B8+ rw

B8+ rd

REX.W + B8+ rd
C6/0

REX + C6 /0
C71/0

C71/0

REX.W + C7 /0

Instruction

MOV r/m8,r8
MOV r/m8***,r8***
MOV r/m16,r16
MOV r/m32,r32
MOV r/m64,r64
MOV r8,r/m8
MOV r8*** r/m8***
MOV r16,r/m16
MOV r32,r/m32
MOV r64,r/mé64
MOV r/m16,Sreg**
MOV r/mé64,Sreg**

MOV Sreg,r/m16**
MOV Sreg,r/m64**

MOV AL,moffs8*
MOV AL,moffs8*
MOV AX,moffs16*
MOV EAX, moffs32*
MOV RAX,moffs64*
MOV moffs8,AL
MOV moffs8*** AL
MOV moffs16*,AX
MOV moffs32* EAX
MOV moffs64* RAX
MOV r8,imm8
MOV r8***imm8
MOV r16,imm16
MOV r32,imm32
MOV r64,imm64
MOV r/m8,imm8
MOV r/m8***imm8
MOV r/m16,imm16
MOV r/m32,imm32
MOV r/mé64,imm32

64-Bit Mode
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid

Valid
Valid

Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid
Valid

Compat/Leg
Mode

Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.
Valid
Valid
N.E.
Valid
Valid

Valid
Valid

Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.
Valid
Valid
N.E.
Valid
N.E.
Valid
Valid
N.E.

Description

Move r8to r/m8
Move r8to r/m8
Move ri6to r/m16
Move r32to r/m32
Move r64 to r/mé64
Move r/m8to r8
Move r/m8to r8
Move r/m16to r16
Move r/m32to r32
Move r/mé64to r64
Move segment register to r/m16

Move zero extended 16-bit segment register
to r/mé64

Move r/m16 to segment register

Move lower 16 bits of r/m64 to segment
register

Move byte at (seg:offset) to AL
Move byte at (offset) to AL

Move word at (seg:offset) to AX
Move doubleword at (seg:offset) to EAX
Move quadword at (offset) to RAX
Move AL to (seg:offset)

Move AL to (offset)

Move AX to (seg:offset)

Move EAX to (seg:offset)

Move RAX to (offset)

Move imm8to r8

Move imm8to r8

Move immi16to r16

Move imm32to r32

Move immé64 to r64

Move imm8 to r/m8

Move imm8 to r/m8

Move imm16to r/m16

Move imm32 to r/m32

Move imm32 zero extended to 64-bits to 1/
mé64

* The moffs8, moffs16, moffs32 and moffs64 operands specify a simple offset relative to the segment base, where 8, 16, 32 and
64 refer to the size of the data. The address-size attribute of the instruction determines the size of the offset, either 16, 32 or 64

bits.

** |n 32-bit mode, the assembler may insert the 16-bit operand-size prefix with this instruction (see the following “Description” sec-
tion for further information).

*** |n 64-bit mode, r/m8 can not be encoded to access the following byte registers if an REX prefix is used: AH, BH, CH, DH. Also
refer to Section 1.4.2.2.

Flags Affected

None.
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IA-32e Mode Operation
Promoted to 64-bits.

Default operand size 32-bits.

Enables access to new registers R8-R15.

Protected Mode Exceptions

#GP(0)

#GP(selector)

#SS5(0)
#SS(selector)
#NP

#PF(fault-code)
#AC(0)

#UD

If attempt is made to load SS register with null segment selector.

If the destination operand is in a nonwritable segment.

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If the DS, ES, FS, or GS register contains a null segment selector.

If segment selector index is outside descriptor table limits.

If the SS register is being loaded and the segment selector's RPL and the segment
descriptor’s DPL are not equal to the CPL.

If the SS register is being loaded and the segment pointed to is a nonwritable data segment.

If the DS, ES, FS, or GS register is being loaded and the segment pointed to is not a data or
readable code segment.

If the DS, ES, FS, or GS register is being loaded and the segment pointed to is a data or
nonconforming code segment, but both the RPL and the CPL are greater than the DPL.

If a memory operand effective address is outside the SS segment limit.
If the SS register is being loaded and the segment pointed to is marked not present.

If the DS, ES, FS, or GS register is being loaded and the segment pointed to is marked not
present.

If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

If attempt is made to load the CS register.

Real-Address Mode Exceptions

#GP
#SS
#UD

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If a memory operand effective address is outside the SS segment limit.

If attempt is made to load the CS register.

Virtual-8086 Mode Exceptions

#GP(0)

#SS(0)
#PF(fault-code)
#AC(0)

#UD

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If a memory operand effective address is outside the SS segment limit.

If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made.

If attempt is made to load the CS register.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#GP(0)

#GP(selector)

#SS(U)
#SS(selector)
#PF(fault-code)
#AC(0)

#UD

If the memory address is in a non-canonical form.
If an attempt is made to load SS register with null segment selector when CPL = 3.

If an attempt is made to load SS register with null segment selector when CPL < 3 and CPL
!=RPL.

If segment selector index is outside descriptor table limits.
If the memory access to the descriptor table is non-canonical.

If the SS register is being loaded and the segment selector's RPL and the segment
descriptor’s DPL are not equal to the CPL.

If the SS register is being loaded and the segment pointed to is a nonwritable data segment.

If the DS, ES, FS, or GS register is being loaded and the segment pointed to is not a data or
readable code segment.

If the DS, ES, FS, or GS register is being loaded and the segment pointed to is a data or
nonconforming code segment, but both the RPL and the CPL are greater than the DPL.

If the stack address is in a non-canonical form.
If the SS register is being loaded and the segment pointed to is marked not present.
If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

If attempt is made to load the CS register.
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MOV—Move to/from Control Registers

Compat/Leg

Opcode Instruction 64-Bit Mode Mode Description

OF 22 /r MOV CRO,r32 Valid Valid Move r32to CRO

REX.W + OF 22 /r MOV CRO,r64 Valid N.E. Move r64 to extended CRO.
OF 22 /r MOV CR2,r32 Valid Valid Move r32 to CR2

REX.W + OF 22 /r MOV CR2,r64 Valid N.E. Move r64 to extended CR2.
OF 22 /r MOV CR3,r32 Valid Valid Move r32to CR3

REX.W + OF 22 /r MOV CR3,r64 Valid N.E. Move r64 to extended CR3.
OF 22 /r MOV CR4,r32 Valid Valid Move r32to CR4

REX.W + OF 22 /r MOV CR4,r64 Valid N.E. Move r64 to extended CR4.
OF 20 /r MOV r32,CRO Valid Valid Move CRO to r32

REX.W + OF 20 /r MOV r64,CRO Valid N.E. Move extended CRO to r64.
OF 20 /r MOV r32,CR2 Valid Valid Move CR2 to r32

REX.W + OF 20 /r MOV r64,CR2 Valid N.E. Move extended CR2 to r64.
OF 20 /r MOV r32,CR3 Valid Valid Move CR3 to r32

REX.W + OF 20 /r MOV r64,CR3 Valid N.E. Move extended CR3 to r64.
OF 20 /r MOV r32,CR4 Valid Valid Move CR4 to r32

REX.W + OF 20 /r MOV r64,CR4 Valid N.E. Move extended CR4 to r64.
OF 20 /r MOV r32,CR8 Valid N.E. Move CR8 to r32

REX.W + OF 20 /r MOV r64,CR8 Valid N.E. Move extended CR8 to r64.

Flags Affected

The OF, SF, ZF, AF, PF, and CF flags are undefined.

IA-32e Mode Operation

Promoted to 64-bits.

Operand size fixed at 64-bits (see Control registers section).

Enables access to new registers R8-R15.

Protected Mode Exceptions

#GP(0)

If the current privilege level is not 0.

If an attempt is made to write invalid bit combinations in CRO (such as setting the PG flag
to 1 when the PE flag is set to 0, or setting the CD flag to 0 when the NW flag is set to 1).

If an attempt is made to write a 1 to any reserved bit in CR4.

Attempting to activate IA-32e mode (MOV CRO) with a 286 TSS in TR.
Attempting to activate IA-32e mode (MOV CRO) with CR4.PAE not set.
Attempting to activate IA-32e mode (MOV CRO) with a CS that has the L-bit set.

Real-Address Mode Exceptions
#GP If an attempt is made to write a 1 to any reserved bit in CR4.

If an attempt is made to write invalid bit combinations in CRO (such as setting the PG flag
to 1 when the PE flag is set to 0, or setting the CD flag to 0 when the NW flag is set to 1).

Virtual-8086 Mode Exceptions

#GP(0) These instructions cannot be executed in virtual-8086 mode.
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Compatibility Mode Exceptions

#GP(0)

64-Bit Mode Exceptions

#GP(0)

If the current privilege level is not O.

If an attempt is made to write invalid bit combinations in CRO (such as setting the PG flag
to 1 when the PE flag is set to 0, or setting the CD flag to 0 when the NW flag is set to 1).

If an attempt is made to write a 1 to any reserved bit in CR3.

If an attempt is made to leave IA-32e mode by clearing CR4.PAE.

If the current privilege level is not O.

If an attempt is made to write invalid bit combinations in CRO (such as setting the PG flag
to 1 when the PE flag is set to 0, or setting the CD flag to 0 when the NW flag is set to 1).

Attempting to clear CRO.PG.

If an attempt is made to write a 1 to any reserved bit in CR4.
If an attempt is made to write a 1 to any reserved bit in CR8.
If an attempt is made to write a 1 to any reserved bit in CR3.

If an attempt is made to leave IA-32e mode by clearing CR4.PAE.
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MOV—Move to/from Debug Registers

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF 21/r MOV r32, DRO-DR7 Valid Valid Move debug register to r32
REX.W + OF 21/r MOV r64, DRO-DR7 Valid N.E. Move extended debug register to r64.
OF 23 /r MOV DRO-DR7,r32 Valid Valid Move r32 to debug register
REX.W + OF 23 /r MOV DRO-DR7,r64 Valid N.E. Move r64 to extended debug register.

Flags Affected
The OF, SF, ZF, AF, PF, and CF flags are undefined.

IA-32e Mode Operation
Promoted to 64-bits.
Operand size fixed at 64-bits (see Debug registers section).

Enables access to new registers R8-R15.

Protected Mode Exceptions

#GP(0) If the current privilege level is not 0.

#UD If the DE (debug extensions) bit of CR4 is set and a MOV instruction is executed involving
DR4 or DRS.

#DB If any debug register is accessed while the GD flag in debug register DR7 is set.

Real-Address Mode Exceptions

#UD If the DE (debug extensions) bit of CR4 is set and a MOV instruction is executed involving
DR4 or DRS.
#DB If any debug register is accessed while the GD flag in debug register DR7 is set.

Virtual-8086 Mode Exceptions

#GP(0) The debug registers cannot be loaded or read when in virtual-8086 mode.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

#GP(0) If the current privilege level is not O.

#UD If the DE (debug extensions) bit of CR4 is set and a MOV instruction is executed involving
DR4 or DRS.

#DB If any debug register is accessed while the GD flag in debug register DR7 is set.
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MOVAPD—Move Aligned Packed Doubl

e-Precision Floating-Point Values

Opcode Instruction
66 OF 28 /r MOVAPD xmm1, xmm2/m128
66 OF 29 /r MOVAPD xmm2/m128, xmm1

64-Bit Mode
Valid

Valid

Compat/Leg
Mode

Valid

Valid

Description

Move packed double-precision floating-
point values from xmm2/m128to xmm1.

Move packed double-precision floating-
point values from xmm1 to xmm2/m128.

IA-32e Mode Operation
Enables access to XMM8-XMM 15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

If the destination operand is in a nonwritable segment.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#GP(0)

#SS(0)

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions
#GP(0)

For an illegal address in the SS segment.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM
#UD

If TS in CRO is set.
If EM in CRO is set.

If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code)

Compatibility Mode Exceptions

Same as for protected mode exceptions.

For a page fault.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MOVAPS—Move Aligned Packed Single- Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF 28 /Ir MOVAPS xmm1, xmm2/m128  Valid Valid Move packed single-precision floating-point
values from xmm2/m128to xmml.
OF 29 /r MOVAPS xmm2/m128, xmm1  Valid Valid Move packed single-precision floating-point
values from xmmJ1 to xmm2/m128.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

If the destination operand is in a nonwritable segment.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real-Address Mode Exceptions
#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.
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MOVD/MOVQ—Move Doubleword

Opcode

OF 6E /r

REX.W + OF 6E /r
OF 7E Ir

REX.W + OF 7E /r
66 OF 6E /r

REX.W + 66 OF 6E /r
66 OF 7E /r

REX.W + 66 OF 7E /r

Instruction

MOVD mm, r/m32
MOVQ mm, r/mé64
MOVD r/m32, mm
MOVQ r/m64, mm
MOVD xmm, r/m32
MOVQ xmm, r/m64
MOVD r/m32, xmm

MOVQ r/m64, xmm

64-Bit Mode
Valid
Valid
Valid
Valid
Valid
Valid
Valid

Valid

Compat/Leg
Mode

Valid
N.E.
Valid
N.E.
Valid
N.E.
Valid

N.E.

Description

Move doubleword from r/m32 to mm.
Move quadword from r/mé64 to mm.
Move doubleword from mm to r/m32.
Move quadword from mm to r/mé4.
Move doubleword from r/m32 to xmm.
Move quadword from r/mé64 to xmm.

Move doubleword from xmm register to r/
m32.

Move quadword from xmm register to r/
mé4.

Flags Affected

None.

IA-32e Mode Operation

Promoted to 64-bits.

Default operand size 32-bits.

Enables access to new registers R8-R15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

#GP(0)

#5S(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

If the destination operand is in a nonwritable segment.

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

If a memory operand effective address is outside the SS segment limit.
If EM in CRO is set.
(XMM register operations only.) If OSFXSR in CR4 is 0.

(XMM register operations only.) If CPUID feature flag SSE2 is 0.
If TS in CRO is set.

(MMX register operations only.) If there is a pending FPU exception.

If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
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Real-Address Mode Exceptions

#GP
#UD

#NM
#MF

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
If EM in CRO is set.

(XMM register operations only.) If OSFXSR in CR4 is 0.

(XMM register operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(MMX register operations only.) If there is a pending FPU exception.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#PF(fault-code)
#AC(0)

64-Bit Mode Exceptions

#SS(0)
#GP(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made.

If a memory address referencing the SS segment is in a non-canonical form.
If the memory address is in a non-canonical form.

If EM in CRO is set.

(XMM register operations only.) If OSFXSR in CR4 is 0.

(XMM register operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(MMX register operations only.) If there is a pending FPU exception.

If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
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MOVDDUP—Move One Double-Precision FI oating-Point Value and Duplicate

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F20F 12 /r MOVDDUP xmml1, xmm2/m64  Valid Valid Move one double-precision floating-point
value from the lower 64-bit operand in
xmm2/mé64to xmm1 and duplicate.
IA-32e Mode Operation
Enables access to XMM8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE3 is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
Real-Address Mode Exceptions
#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE3 is 0.
Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

For a page fault.

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE3 is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
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MOVDQA—Move Aligned Double Quadword

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF 6F /r MOVDQA xmm1, xmm2/m128  Valid Valid Move aligned double quadword from
xmm2/m128to xmm1.
66 OF 7F /r MOVDQA xmm2/m128, xmm1 Valid Valid Move aligned double quadword from
xmm1 to xmm2/m128.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

If the destination operand is in a nonwritable segment.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#5S5(0) If a memory operand effective address is outside the SS segment limit.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

#PF(fault-code) If a page fault occurs.

Real-Address Mode Exceptions

#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

Vol. 2 3-37




64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MOVDQU—Move Unaligned Double Quadword

Opcode Instruction
F3 OF 6F /r MOVDQU xmm1, xmm2/m128
F3 OF 7F /r MOVDQU xmm2/m128, xmm1

64-Bit Mode
Valid

Valid

Compat/Leg
Mode

Valid

Valid

Description

Move unaligned double quadword
from xmm2/m128 to xmm1.

Move unaligned double quadword
from xmm1 to xmm2/m128.

IA-32e Mode Operation
Enables access to XMM8-XMM 15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

If the destination operand is in a nonwritable segment.

#GP(0)
#SS(0)
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.

#PF(fault-code)

Real-Address Mode Exceptions

#GP(0)
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If a page fault occurs.

If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

If a memory operand effective address is outside the SS segment limit.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MOVDQ2Q—Move Quadword from XMM to MMX Register

Compat/Leg
Opcode 64-Bit Mode Mode
F2 OF D6 MOVDQ2Q mm, xmm  Valid Valid

Description
Move low quadword from xmm to mmx register.

IA-32e Mode Operation

Enables access to XMM8-XMM 15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.
#MF

If there is a pending x87 FPU exception.

Real-Address Mode Exceptions

Same exceptions as in Protected Mode

Virtual-8086 Mode Exceptions

Same exceptions as in Protected Mode

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

Same as for protected mode exceptions.
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MOVHLPS— Move Packed Single-Precisi on Floating-Point Values High to Low

Compat/Leg
Opcode Instruction 64-Bit Mode Mode
OF 12 /r MOVHLPS xmm1, xmm2  Valid Valid

Description

Move two packed single-precision floating-point
values from high quadword of xmm2 to low
gquadword of xmm1.

IA-32e Mode Operation
Enables access to XMM8-XMM 15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real Address Mode Exceptions

Same exceptions as in Protected Mode.

Virtual 8086 Mode Exceptions

Same exceptions as in Protected Mode.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

Same as for protected mode exceptions.
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MOVHPD—Move High Packed Double- Precision Floating-Point Value

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF 16 /r MOVHPD xmm, m64  Valid Valid Move double-precision floating-point value from
mé64 to high quadword of xmm.
66 OF 17 /r MOVHPD mé64, xmm Valid Valid Move double-precision floating-point value from
high quadword of xmm to mé4.
IA-32e Mode Operation
Enables access to XMMS8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If the destination operand is in a nonwritable segment.
#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Same exceptions as in Protected Mode.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVHPS—Move High Packed Single-Pr ecision Floating-Point Values

Compat/Leg

Opcode Instruction 64-Bit Mode Mode Description

OF 16 /r MOVHPS xmm, m64  Valid Valid Move two packed single-precision floating-
point values from mé64 to high quadword of
xmm.

OF 17 Ir MOVHPS mé64, xmm  Valid Valid Move two packed single-precision floating-
point values from high quadword of xmm to
mé64.

IA-32e Mode Operation
Enables access to XMMS8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If the destination operand is in a nonwritable segment.
#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVLHPS—Move Packed Single-Precision  Floating-Point Values Low to High

Compat/Leg
Opcode Instruction 64-Bit Mode Mode
OF 16 /r MOVLHPS xmm1, xmm2  Valid Valid

Description

Move two packed single-precision floating-point
values from low quadword of xmm2 to high
quadword of xmm1.

IA-32e Mode Operation
Enables access to XMM8-XMM 15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real Address Mode Exceptions

Same exceptions as in Protected Mode.

Virtual 8086 Mode Exceptions

Same exceptions as in Protected Mode.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

Same as for protected mode exceptions.
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MOVLPD—Move Low Packe d Double-Precision Floating-Point Value

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF 12 /r MOVLPD xmm, mé64 Valid Valid Move double-precision floating-point value from
mé64 to low quadword of xmm register.
66 OF 13 /r MOVLPD mé64, xmm Valid Valid Move double-precision floating-point nvalue from
low quadword of xmm register to mé4.
IA-32e Mode Operation
Enables access to XMMS8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If the destination operand is in a nonwritable segment.
#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVLPS—Move Low Packed Single- Precision Floating-Point Values

Opcode Instruction
OF 12 /r MOVLPS xmm, mé64
OF 13 /r MOVLPS m64, xmm

64-Bit Mode
Valid

Valid

Compat/Leg
Mode

Valid

Valid

Description

Move two packed single-precision floating-
point values from mé64 to low quadword of
xmm.

Move two packed single-precision floating-
point values from low quadword of xmm to
mé4.

IA-32e Mode Operation
Enables access to XMM8-XMM15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions
#GP(0)

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

If the destination operand is in a nonwritable segment.

#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0)

Real-Address Mode Exceptions

#GP(0)
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#PF(fault-code)
#AC(0)

Compatibility Mode Exceptions

Same as for protected mode exceptions.

For a page fault.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

If alignment checking is enabled and an unaligned memory reference is made.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVMSKPD—EXxtract Pack ed Double-Precision Floating-Point Sign Mask

Opcode Instruction 64-Bit Mode
66 OF 50 /r MOVMSKPD r32, xmm Valid

66 + REX.W OF 50 /r MOVMSKPD r64, xmm Valid

Compat/Leg
Mode

Valid

N.E.

Description

Extract 2-bit sign mask of from xmm
and store in r32.

Extract 2-bit sign mask of from xmm
and store in r64. Zero extend 32-bit
results to 64-bits.

IA-32e Mode Operation
Enables access to XMM8-XMM15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions

Same exceptions as in Protected Mode.

Virtual-8086 Mode Exceptions

Same exceptions as in Protected Mode.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

Same as for protected mode exceptions.
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MOVMSKPS—Extract Packed Single- Precision Floating-Point Sign Mask

64-Bit Compat/Leg
Opcode Instruction Mode Mode Description
OF 50 /r MOVMSKPS r32, xmm Valid Valid Extract 4-bit sign mask of from xmm and store
in r32.
REX.W + OF 50 /r MOVMSKPS r64, xmm Valid N.E. Extract 4-bit sign mask of from xmm and store
in r64. Zero extend 32-bit results to 64-bits.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real-Address Mode Exceptions

Same exceptions as in Protected Mode.

Virtual 8086 Mode Exceptions

Same exceptions as in Protected Mode.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

Same as for protected mode exceptions.
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MOVNTDQ—Store Double Quadword Using Non-Temporal Hint

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF E7 /r MOVNTDQ mi128, xmm  Valid Valid Move double quadword from xmm to m128 using
non-temporal hint.

IA-32e Mode Operation
Enables access to XMMS8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

If the destination operand is in a nonwritable segment.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#SS(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions
#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MOVNTI—Store Doubleword/Quadword Using Non-Temporal Hint

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF C3/r MOVNTI m32, r32  Valid Valid Move doubleword from r32 to m32 using non-
temporal hint.
REX.W + OF C3 /r MOVNTI mé64, r64  Valid N.E. Move quadword from r64 to mé64 using non-
temporal hint.

[IA-32e Mode Operation

Promoted to 64-bits. Default operand size 32-bits. Enables access to new registers R8-R15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If the destination operand is in a nonwritable segment.

#5S5(0) For an illegal address in the SS segment.

#PF(fault-code) For a page fault.

#UD If CPUID feature flag SSE2 is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.

Real-Address Mode Exceptions
#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#UD If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

#SS5(0) If a memory address referencing the SS segment is in a non-canonical form.

#GP(0) If the memory address is in a non-canonical form.

#PF(fault-code) For a page fault.

#UD If CPUID feature flag SSE2 is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVNTPD—Store Packed Double-Precision Floating-Point Values Using Non-
Temporal Hint

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF 2B /r MOVNTPD m128, xmm Valid Valid Move packed double-precision floating-point
values from xmm to m128 using non-temporal
hint.
IA-32e Mode Operation
Enables access to XMMS8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

If the destination operand is in a nonwritable segment.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions
#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MOVNTPS—Store Packed Single-Precisio n Floating-Point Values Using Non-
Temporal Hint

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF 2B Ir MOVNTPS m128, xmm Valid Valid Move packed single-precision floating-point
values from xmm to m128 using non-temporal
hint.
IA-32e Mode Operation
Enables access to XMMS8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

If the destination operand is in a nonwritable segment.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real-Address Mode Exceptions
#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.
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MOVNTQ—Store of Quadword Using Non-Temporal Hint

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OFE7Ir MOVNTQ m64, mm Valid Valid Move quadword from mm to mé64 using non-
temporal hint.

IA-32e Mode Operation
Same as legacy mode.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) If the destination operand is in a nonwritable segment.

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

#SS(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.

#NM If TS in CRO is set.

#MF If there is a pending x87 FPU exception.
#UD If EM in CRO is set.

If CPUID feature flag SSE is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.

#MF If there is a pending x87 FPU exception.

#UD If EM in CRO is set.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#GP(0) If the destination operand is in a nonwritable segment.
#PF(fault-code) For a page fault.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#MF If there is a pending x87 FPU exception.
#UD If EM in CRO is set.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVQ—Move Quadword

Compat/Leg

Opcode Instruction 64-Bit Mode Mode Description

OF 6F /r MOVQ mm, mm/mé64 Valid Valid Move quadword from mm/mé64to mm.

OF 7F Ir MOVQ mm/m64, mm Valid Valid Move quadword from mm to mm/mé64.

F3 OF 7E MOVQ xmm1, xmm2/m64 Valid Valid Move quadword from xmm2/mem64to xmm1.

66 OF D6 MOVQ xmm2/m64, xmm1 Valid Valid Move quadword from xmm1to xmm2/memeé64.
Flags Affected
None.

IA-32e Mode Operation

Enables access to XMM8-XMM15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

#GP(0)

#SS(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

If the destination operand is in a nonwritable segment.

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If a memory operand effective address is outside the SS segment limit.

If EM in CRO is set.

(XMM register operations only.) If OSFXSR in CR4 is 0.

(XMM register operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(MMX register operations only.) If there is a pending FPU exception.

If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP
#UD

#NM
#MF

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
If EM in CRO is set.

(XMM register operations only.) If OSFXSR in CR4 is 0.

(XMM register operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(MMX register operations only.) If there is a pending FPU exception.
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Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#3S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the destination operand is in a nonwritable segment.
If the memory address is in a non-canonical form.
#UD If EM in CRO is set.
(XMM register operations only.) If OSFXSR in CR4 is 0.
(XMM register operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (MMX register operations only.) If there is a pending FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVQ2DQ—Move Quadword from MMX to XMM Register

Compat/Leg
Opcode Instruction 64-Bit Mode Mode
F3 OF D6 MOVQ2DQ xmm, mm  Valid Valid

Description

Move quadword from mmx to low quadword of
xmm.

IA-32e Mode Operation
Enables access to XMM8-XMM15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.
#MF If there is a pending x87 FPU exception.

Real-Address Mode Exceptions

Same exceptions as in Protected Mode.

Virtual-8086 Mode Exceptions

Same exceptions as in Protected Mode.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

Same as for protected mode exceptions.
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MOVS/MOVSB/MOVSW/MOVSD/MOVSQ—Move Data from String to String

64-Bit Compat/Leg
Opcode Instruction Mode Mode Description
A4 MOVS m8, m8 Valid Valid For legacy mode, Move byte from address DS:(E)SI to
ES:(E)DI. For 64-bit mode move byte from address (R)SI to
(R)DI.
A5 MOVS m16, m16 Valid Valid For legacy mode, move word from address DS:(E)SI to
ES:(E)DI. For 64-bit mode move word at address (R)SI to
(R)DI.
A5 MOVS m32, m32 Valid Valid For legacy mode, move dword from address DS:(E)SI to
ES:(E)DI. For 64-bit mode move dword from address (R)SI
to (R)DI.
REX.W + A5 MOVS m64, m64 Valid N.E. Move qword from address (R)SI to (R)DI.
A4 MOVSB Valid Valid For legacy mode, Move byte from address DS:(E)SI to
ES:(E)DI. For 64-bit mode move byte from address (R)SI to
(R)DI.
A5 MOVSW Valid Valid For legacy mode, move word from address DS:(E)SI to
ES:(E)DI. For 64-bit mode move word at address (R)SI to
(R)DI.
A5 MOVSD Valid Valid For legacy mode, move dword from address DS:(E)SI to
ES:(E)DI. For 64-bit mode move dword from address (R)SI
to (R)DI.
REX.W + A5 MOVSQ Valid N.E. Move qword from address (R)SI to (R)DI.
Flags Affected
None.
IA-32e Mode Operation
Promoted to 64-bits.
Default operand size fixed at 32-bits.
Protected Mode Exceptions
#GP(0) If the destination is located in a nonwritable segment.

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If the DS, ES, FS, or GS register contains a null segment selector.

#SS5(0) If a memory operand effective address is outside the SS segment limit.
#PF(fault-code) If a page fault occurs.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.

Real-Address Mode Exceptions
#GP If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

#SS If a memory operand effective address is outside the SS segment limit.
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Virtual-8086 Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
#SS5(0) If a memory operand effective address is outside the SS segment limit.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) If a page fault occurs.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVSD—Move Scalar Double-Pr ecision Floating-Point Value

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F2 OF 10 /r MOVSD xmm1, xmm2/m64 Valid Valid Move scalar double-precision floating-point
value from xmm2/mé64 to xmm1 register.
F2 OF 11 /r MOVSD xmm2/mé64, xmm1 Valid Valid Move scalar double-precision floating-point
value from xmm1 register to xmm2/mé4.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) If the destination is located in a nonwritable segment.

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

#SS5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVSHDUP—Move Packed Single-Precis

ion FP Values High and Duplicate

Opcode Instruction 64-Bit Mode
F30F16/r  MOVSHDUP xmm1, xmm2/ Valid
m128

Compat/Leg
Mode Description
Valid Move two single-precision floating-point

values from the higher 32-bit operand of
each gword in xmm2/m128 to xmm1 and
duplicate each 32-bit operand to the lower
32-bits of each qword.

IA-32e Mode Operation
Enables access to XMM8-XMM 15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#GP(0)

#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.

#NM If TS in CRO is set.

#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE3 is 0.

Real-Address Mode Exceptions

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#GP(0)
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE3 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE3 is 0.
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MOVSLDUP—Move Packed Single-Precis ion FP Values Low and Duplicate

64-Bit Compat/Leg
Opcode Instruction Mode Mode Description

F30F 12 /r MOVSLDUP xmm1, xmm2/m128  Valid Valid Move two single-precision floating-point values
from the lower 32-bit operand of each gword in
xmm2/m128to xmm1 and duplicate each 32-bit
operand to the higher 32-bits of each qword.

IA-32e Mode Operation
Enables access to XMM8-XMM15.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#SS(0) For an illegal address in the SS segment.

#PF(fault-code) For a page fault.

#NM If TS in CRO is set.

#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE3 is 0.

Real-Address Mode Exceptions
#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE3 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE3 is 0.
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MOVSS—Move Scalar Single--P recision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F3 0OF 10 /r MOVSS xmm1, xmm2/m32 Valid Valid Move scalar single-precision floating-point
value from xmm2/m32 to xmm1 register.
F3 OF 11 /r MOVSS xmm2/m32, xmm Valid Valid Move scalar single-precision floating-point
value from xmm1 register to xmm2/m32.
IA-32e Mode Operation
Enables access to XMM8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
Real-Address Mode Exceptions
#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVSX/MOVSXD—Move with Sign-Extension

Compat/Leg

Opcode Instruction 64-Bit Mode Mode Description

OF BE /r MOVSX r16,r/m8 Valid Valid Move byte to word with sign-extension

OF BE /r MOVSX r32,r/m8 Valid Valid Move byte to doubleword with sign-
extension

REX + OF BE /r MOVSX r64,r/m8* Valid N.E. Move byte to quadword with sign-extension

OF BF /Ir MOVSX r32,r/m16 Valid Valid Move word to doubleword, with sign-
extension

REX.W + OF BF /r MOVSX r64,r/m16 Valid N.E. Move word to quadword with sign-extension

REX.W** + 63 /r MOVSXD r64,/m32  Valid N.E. Move double word to quadword with sign-
extension

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if an REX prefix is used: AH, BH, CH, DH. Also
refer to Section 1.4.2.2.

** The use of MOVSXD without REX.W in 64-bit mode is discouraged, Regular MOV should be used instead of using MOVSXD
without REX.W.

Flags Affected

None.

IA-32e Mode Operation
Promoted to 64-bits.
Default operand size 32-bits.

Enables access to new registers R8-R15.

Protected Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If the DS, ES, FS, or GS register contains a null segment selector.

#5S5(0) If a memory operand effective address is outside the SS segment limit.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.

Real-Address Mode Exceptions

#GP If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

#SS If a memory operand effective address is outside the SS segment limit.

Virtual-8086 Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

#SS(0) If a memory operand effective address is outside the SS segment limit.#PF(fault-code)If a
page fault occurs.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.

#GP(0) If the memory address is in a non-canonical form.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MOVUPD—Move Unaligned Packed Doubl e-Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF 10 /r MOVUPD xmm1, xmm2/m128 Valid Valid Move packed double-precision floating-
point values from xmm2/m128 to xmm1.
66 OF 11 /r MOVUPD xmm2/m128, xmm Valid Valid Move packed double-precision floating-
point values from xmm1 to xmm2/m128.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) If the destination operand is in a nonwritable segment.

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

#SS5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MOVUPS—Move Unaligned Packed Singl e-Precision Floating-Point Values

Compat/Leg

Opcode Instruction 64-Bit Mode Mode Description

OF 10 /r MOVUPS xmm1, xmm2/m128 Valid Valid Move packed single-precision
floating-point values from xmmZ2/
m128to xmml.

OF 11 /r MOVUPS xmm2/m128, xmm1 Valid Valid Move packed single-precision
floating-point values from xmm1 to
xmm2/m128.

IA-32e Mode Operation

Enables access to XMM8-XMM 5.

SIMD Floating-Point Exceptions

None.

Protected Mode Exceptions

#GP(0) If the destination operand is in a nonwritable segment.

For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.

#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.
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MOVZX—Move with Zero-Extend

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF B6 /r MOVZX r16,r/m8 Valid Valid Move byte to word with zero-extension
OF B6 /r MOVZX r32,r/m8 Valid Valid Move byte to doubleword, zero-extension
REX + OF B6 /r MOVZX r64,r/m8* Valid N.E. Move byte to quadword, zero-extension
OF B7 Ir MOVZX r32,r/m16 Valid Valid Move word to doubleword, zero-extension
REX.W + OF B7 /r MOVZX r64,r/m32 Valid N.E. Move doubleword to quadword, zero-

extension

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if an REX prefix is used: AH, BH, CH, DH. Also
refer to Section 1.4.2.2.

Flags Affected

None.

IA-32e Mode Operation
Promoted to 64-bits.
Default operand size 32-bits.

Enables access to new registers R8-R15.

Protected Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If the DS, ES, FS, or GS register contains a null segment selector.

#SS5(0) If a memory operand effective address is outside the SS segment limit.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.

Real-Address Mode Exceptions
#GP If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

#SS If a memory operand effective address is outside the SS segment limit.

Virtual-8086 Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
#SS(0) If a memory operand effective address is outside the SS segment limit.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.

#GP(0) If the memory address is in a non-canonical form.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MUL—Unsigned Multiply

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F6 /4 MUL r/m8 Valid Valid Unsigned multiply (AX < AL = r/m8)
REX + F6 /4 MUL r/m8* Valid N.E. Unsigned multiply (AX < AL * r/m8)
F7/4 MUL r/m16 Valid Valid Unsigned multiply (DX:AX « AX * r/m16)
F7/4 MUL r/m32 Valid Valid Unsigned multiply (EDX:EAX « EAX * r/m32)
REX.W + F7 /4 MUL r/mé64 Valid N.E. Unsigned multiply (RDX:RAX « RAX * r/m64

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if an REX prefix is used: AH, BH, CH, DH. Also
refer to Section 1.4.2.2.

Flags Affected

The OF and CF flags are cleared to 0 if the upper half of the result is 0; otherwise, they are set to 1. The SF, ZF, AF,
and PF flags are undefined.

IA-32e Mode Operation

Promoted to 64-bits.

Default operand size 32-bits.

RDX:RAX = RAX * Quadword in register or memory.

Enables access to new registers R8-R15.

Protected Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If the DS, ES, FS, or GS register contains a null segment selector.

#5S5(0) If a memory operand effective address is outside the SS segment limit.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.

Real-Address Mode Exceptions

#GP If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

#SS If a memory operand effective address is outside the SS segment limit.

Virtual-8086 Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
#SS(0) If a memory operand effective address is outside the SS segment limit.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.

#GP(0) If the memory address is in a non-canonical form.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MULPD—Multiply Packed Double -Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF 59 /r MULPD xmm1, xmm2/m128  Valid Valid Multiply packed double-precision floating-
point values in xmm2/m128 by xmm1.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Precision, Denormal.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If memory operand is not aligned on a 16-byte boundary, regardless of segment.
#SS(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions

#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.
#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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MULPS—Multiply Packed Single- Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF 59 /Ir MULPS xmm1, xmm2/m128 Valid Valid Multiply packed single-precision floating-
point values in xmm2/mem by xmm1.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Precision, Denormal.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If memory operand is not aligned on a 16-byte boundary, regardless of segment.
#SS(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real-Address Mode Exceptions

#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.
#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.
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MULSD—Multiply Scalar Double- Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F2 OF 59 Ir MULSD xmm1, xmm2/m64  Valid Valid Multiply the low double-precision floating-
point value in xmm2/memé64 by low double-
precision floating-point value in xmm1.
IA-32e Mode Operation
Enables access to XMM8-XMM15.
SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Precision, Denormal.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC For unaligned memory reference if the current privilege level is 3.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE2 is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.

Vol. 2 3-91



MULSS—Multiply Scalar Single- Precision Floating-Point Values

64-Bit Compat/Leg
Opcode Instruction Mode Mode Description
F30OF 59 /Ir MULSS xmm1, xmm2/  Valid Valid Multiply the low single-precision floating-point value in
m32 xmm2/mem by the low single-precision floating-point

value in xmml1.

IA-32e Mode Operation
Enables access to XMM8-XMM 15.

SIMD Floating-Point Exceptions

Overflow, Underflow, Invalid, Precision, Denormal.

Protected Mode Exceptions

#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) If any part of the operand lies outside the effective address space from 0 to FFFFH.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC For unaligned memory reference if the current privilege level is 3.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#XM If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 1.
#UD If an unmasked SIMD floating-point exception and OSXMMEXCPT in CR4 is 0.
If EM in CRO is set.
If OSFXSR in CR4 is 0.
If CPUID feature flag SSE is 0.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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MWAIT—Monitor Wait

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF 01 C9 MWAIT EAX, Valid Valid A hint that allow the processor to stop instruction
ECX execution and enter an implementation-dependent
optimized state until occurrence of a class of events.
Flags Affected
None.
IA-32e Mode Operation
Same as in protected mode.
Protected Mode Exceptions
#GP(0) If the current privilege level is not O.
If ECX<> 0.

#UD If CPUID.MONITOR (ECX bit 3) = 0.

If the F3H, F2H, 66H or LOCK prefix is used.

Real-Address Mode Exceptions

#GP(0) If the current privilege level is not 0.
If ECX<> 0.
#UD If CPUID.MONITOR (ECX bit 3) = 0.

If the F3H, F2H, 66H or LOCK prefix is used.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

#GP(0) If the current privilege level is not O.
If ECX !=0.
#UD If CPUID.MONITOR (ECX bit 3) = 0.

If the F3H, F2H, 66H or LOCK prefix is used.
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NEG—Two's Complement Negation

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F6 /3 NEG r/m8 Valid Valid Two's complement negate r/m8
REX + F6 /3 NEG r/m8* Valid N.E. Two's complement negate r/m8
F7/3 NEG r/m16 Valid Valid Two's complement negate r/m16
F7/3 NEG r/m32 Valid Valid Two's complement negate r/m32
REX.W + F7 /3 NEG r/mé64 Valid N.E. Two's complement negate r/mé64

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if an REX prefix is used: AH, BH, CH, DH. Also
refer to Section 1.4.2.2.

Flags Affected

The CF flag cleared to O if the source operand is 0; otherwise it is set to 1. The OF, SF, ZF, AF, and PF flags are set
according to the result.

IA-32e Mode Operation

Promoted to 64-bits.

Default operand size 32-bits.

Enables access to new registers R8-R15.

Protected Mode Exceptions

#GP(0) If the destination is located in a nonwritable segment.
If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If the DS, ES, FS, or GS register contains a null segment selector.

#5S5(0) If a memory operand effective address is outside the SS segment limit.
#PF(fault-code) If a page fault occurs.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.

Real-Address Mode Exceptions
#GP If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

#SS If a memory operand effective address is outside the SS segment limit.

Virtual-8086 Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
#SS(0) If a memory operand effective address is outside the SS segment limit.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.

#GP(0) If the memory address is in a non-canonical form.

#PF(fault-code) For a page fault.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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NOP—No Operation

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
90 NOP Valid Valid No operation
Flags Affected
None.

IA-32e Mode Operation

Same as legacy mode

Exceptions (All Operating Modes)

None.
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NOT—One's Complement Negation

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
F6 /2 NOT r/m8 Valid Valid Reverse each bit of /m8
REX + F6 /2 NOT r/m8* Valid N.E. Reverse each bit of /m8
F7/2 NOT r/m16 Valid Valid Reverse each bit of /m16
F7/2 NOT r/m32 Valid Valid Reverse each bit of /m32
REX.W + F7 /2 NOT r/mé64 Valid N.E. Reverse each bit of /mé64

* In 64-bit mode, r/m8 can not be encoded to access the following byte registers if an REX prefix is used: AH, BH, CH, DH. Also
refer to Section 1.4.2.2.

Flags Affected

None.

IA-32e Mode Operation
Promoted to 64-bits.
Default operand size 32-bits.

Enables access to new registers R8-R15.

Protected Mode Exceptions
#GP(0) If the destination operand points to a nonwritable segment.
If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

If the DS, ES, FS, or GS register contains a null segment selector.

#5S5(0) If a memory operand effective address is outside the SS segment limit.
#PF(fault-code) If a page fault occurs.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.

Real-Address Mode Exceptions

#GP If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

#SS If a memory operand effective address is outside the SS segment limit.

Virtual-8086 Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
#5S5(0) If a memory operand effective address is outside the SS segment limit.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions

#SS(0) If a memory address referencing the SS segment is in a non-canonical form.

#GP(0) If the memory address is in a non-canonical form.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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OR—Logical Inclusive OR

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
0C ib OR AL,imm8 Valid Valid AL OR imm8
0D iw OR AX,imm16 Valid Valid AX OR imm16
0D id OR EAX,imm32 Valid Valid EAX OR imm32
REX.W + 0D id OR RAX,imm64 Valid N.E. RAX OR imm32 (sign-extended)
80/1ib OR r/m8,imm8 Valid Valid r/m8 OR imm8
REX +80/1 ib OR r/m8*imm8 Valid N.E. r/m8 OR imm8
81/1 iw OR r/m16,imm16 Valid Valid r/m16 OR imm16
81/1id OR r/m32,imm32 Valid Valid r/m32 OR imm32
REX.W +81/1 id OR r/m64,imm32 Valid N.E. r/m64 OR imm32 (sign-extended)
83/1ib OR r/m16,imm8 Valid Valid r/m16 OR imma8 (sign-extended)
83/1ib OR r/m32,imm8 Valid Valid r/m32 OR imma8 (sign-extended)
REX.W +83/1 ib OR r/m64,imm8 Valid N.E. r/mé64 OR imma8 (sign-extended)
08 /r OR r/m8,r8 Valid Valid r/m8 OR r8
REX + 08 /r OR r/m8*r8* Valid N.E. r/m8 OR r8
09 /r OR r/m16,r16 Valid Valid r/m16 OR r16
09 /r OR r/m32,r32 Valid Valid r/m32 OR r32
REX.W + 09 /r OR r/m64,r64 Valid N.E. r/m64 OR r64
OA Ir OR r8,r/m8 Valid Valid r8 OR r/m8
REX + OA /r OR r8*r/m8* Valid N.E. r8 OR r/m8
OB /r OR r16,r/m16 Valid Valid r16 OR r/m16
OB /r OR r32,r/m32 Valid Valid r32 OR r/m32
REX.W + 0B /r OR r64,r/m64 Valid N.E. r64 OR r/m64

* |n 64-bit mode, r/m8 can not be encoded to access the following byte registers if an REX prefix is used: AH, BH, CH, DH. Also
refer to Section 1.4.2.2.

Flags Affected

The OF and CF flags are cleared; the SF, ZF, and PF flags are set according to the result. The state of the AF flag is

undefined.

IA-32e Mode Operation

Promoted to 64-bits.

Default operand size 32-bits.

Enables access to new registers R8-R15.

Protected Mode Exceptions

#GP(0)

#SS5(0)
#PF(fault-code)
#AC(0)

If the destination operand points to a nonwritable segment.

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If the DS, ES, FS, or GS register contains a null segment selector.

If a memory operand effective address is outside the SS segment limit.

If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
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Real-Address Mode Exceptions
#GP If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

#SS If a memory operand effective address is outside the SS segment limit.

Virtual-8086 Mode Exceptions

#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
#SS(0) If a memory operand effective address is outside the SS segment limit.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions

#5S5(0) If a memory address referencing the SS segment is in a non-canonical form.

#GP(0) If the memory address is in a non-canonical form.

#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the

current privilege level is 3.
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ORPD—Bitwise Logical OR of Doubl

e-Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
66 OF 56 /r ORPD xmm1, xmm2/m128  Valid Valid Bitwise OR of xmm2/m128 and xmm1.
IA-32e Mode Operation
Enables access to XMM8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If memory operand is not aligned on a 16-byte boundary, regardless of segment.
#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Real-Address Mode Exceptions

#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE2 is 0.
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ORPS—BiItwise Logical OR of Single- Precision Floating-Point Values

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF 56 Ir ORPS xmm1, xmm2/m128 Valid Valid Bitwise OR of xmm2/m128 and xmm1
IA-32e Mode Operation
Enables access to XMM8-XMM15.
SIMD Floating-Point Exceptions
None.
Protected Mode Exceptions
#GP(0) For an illegal memory operand effective address in the CS, DS, ES, FS or GS segments.
If memory operand is not aligned on a 16-byte boundary, regardless of segment.
#5S5(0) For an illegal address in the SS segment.
#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Real-Address Mode Exceptions
#GP(0) If memory operand is not aligned on a 16-byte boundary, regardless of segment.

If any part of the operand lies outside the effective address space from 0 to FFFFH.

#NM If TS in CRO is set.
#UD If EM in CRO is set.
If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#SS(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

If memory operand is not aligned on a 16-byte boundary, regardless of segment.

#PF(fault-code) For a page fault.
#NM If TS in CRO is set.
#UD If EM in CRO is set.

If OSFXSR in CR4 is 0.

If CPUID feature flag SSE is 0.
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OUT—Output to Port

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
E6 ib OUT imm8, AL Valid Valid Output byte in AL to I/O port address imm8
E7 ib OUT imm8, AX Valid Valid Output word in AX to I/O port address imm8
E7 ib OUT imm8, EAX Valid Valid Output doubleword in EAX to I/O port address imm8
REX.W + E7 ib OUT imm8, RAX N.P. N.E. REX does not change ensuing instruction
EE OUT DX, AL Valid Valid Output byte in AL to I/O port address in DX
EF OUT DX, AX Valid Valid Output word in AX to I/O port address in DX
EF OUT DX, EAX Valid Valid Output doubleword in EAX to I/O port address in DX
REX.W + EF OUT DX, RAX N.P. N.E. REX does not change ensuing instruction)
Flags Affected
None.
IA-32e Mode Operation
Same as legacy mode
Protected Mode Exceptions
#GP(0) If the CPL is greater than (has less privilege) the I/O privilege level IOPL) and any of the

corresponding I/O permission bits in TSS for the I/O port being accessed is 1.

Real-Address Mode Exceptions

None.

Virtual-8086 Mode Exceptions
#GP(0) If any of the I/O permission bits in the TSS for the I/O port being accessed is 1.

Compatibility Mode Exceptions

Same as protected mode exceptions.

64-Bit Mode Exceptions

#GP(0) If the CPL is greater than (has less privilege) the I/O privilege level IOPL) and any of the
corresponding I/O permission bits in TSS for the I/O port being accessed is 1.
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OUTS/OUTSB/OUTSW/OUTSD—Output String to Port

Compat/Leg

Opcode Instruction 64-Bit Mode Mode Description

6E OUTS DX, m8 Valid Valid Output byte from memory location specified in DS:(E)SI
to I/0 port specified in DX

REX.W + 6E OUTS DX, m8 Valid N.E. Output byte from memory location specified in RSI to I/
O port specified in DX

6F OUTS DX, m16  Valid Valid Output word from memory location specified in DS:(E)SI
to I/0 port specified in DX

6F OUTS DX, m32  Valid Valid Output doubleword from memory location specified in
DS:(E)SI to I/O port specified in DX

REX.W + 6F OUTS DX, m32  N.P. N.E. Output default size from memory location specified in
RSI to 1/O port specified in DX

6E OUTSB Valid Valid Output byte from memory location specified in DS:(E)SI
to I/O port specified in DX

REX.W + 6E OUTSB Valid N.E. Output byte from memory location specified in RSl to I/
O port specified in DX

6F OouUTSW Valid Valid Output word from memory location specified in DS:(E)SI
to I/O port specified in DX

6F OUTSD Valid Valid Output doubleword from memory location specified in
DS:(E)SI to 1/0O port specified in DX

REX.W + 6F OUTSD N.P. N.E. Output default size from memory location specified in

RSI to 1/O port specified in DX

Flags Affected

None.

IA-32e Mode Operation
Default operand size is 32 bits and is not promoted by REX.W.
64-bit mode enables the use of RSI.

Protected Mode Exceptions

#GP(0) If the CPL is greater than (has less privilege) the I/O privilege level IOPL) and any of the
corresponding I/O permission bits in TSS for the I/O port being accessed is 1.

If a memory operand effective address is outside the limit of the CS, DS, ES, FS, or GS
segment.

If the segment register contains a null segment selector.
#PF(fault-code) If a page fault occurs.

#AC(0) If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

Real-Address Mode Exceptions
#GP If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

#SS If a memory operand effective address is outside the SS segment limit.

Virtual-8086 Mode Exceptions

#GP(0) If any of the I/O permission bits in the TSS for the I/O port being accessed is 1.
#PF(fault-code) If a page fault occurs.
#AC(0) If alignment checking is enabled and an unaligned memory reference is made.

Vol. 2 3-107



Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#SS(0)
#GP(0)

#PF(fault-code)
#AC(0)

If a memory address referencing the SS segment is in a non-canonical form.

If the CPL is greater than (has less privilege) the I/O privilege level IOPL) and any of the
corresponding I/O permission bits in TSS for the I/O port being accessed is 1.

If the memory address is in a non-canonical form.
If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.
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PACKSSWB/PACKSSDW—Pack with Signed Saturation

64-Bit Compat/Leg
Opcode Instruction Mode Mode Description
OF 63 /Ir PACKSSWB mm1, Valid Valid Converts 4 packed signed word integers from mm1
mm2/m64 and from mm2/mé64 into 8 packed signed byte
integers in mm1 using signed saturation.
66 OF 63 /r PACKSSWB xmm1, Valid Valid Converts 8 packed signed word integers from xmm1
xmm2/mi128 and from xxm2/m128into 16 packed signed byte
integers in xxm1 using signed saturation.
OF 6B Ir PACKSSDW mm1, Valid Valid Converts 2 packed signed doubleword integers from
mm2/m64 mm1 and from mm2/mé64 into 4 packed signed word
integers in mm1 using signed saturation.
66 OF 6B /r PACKSSDW xmm1, Valid Valid Converts 4 packed signed doubleword integers from
xmm2/m128 xmm1 and from xxm2/m128 into 8 packed signed
word integers in xxm1 using signed saturation.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
Flags Affected
None.
Protected Mode Exceptions
#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#SS5(0) If a memory operand effective address is outside the SS segment limit.

#UD If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) (128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-

less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.

#UD If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.
#NM If TS in CRO is set.
#MF (64-bit operations only.) If there is a pending x87 FPU exception.
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Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#3S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.
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PACKUSWB—Pack with Unsigned Saturation

Opcode Instruction
OF 67 Ir PACKUSWB

66 OF 67 /r PACKUSWB
xmm2/mi128

64-Bit Compat/Leg
Mode Mode Description
mm, mm/m64  Valid Valid Converts 4 signed word integers from mm and 4

signed word integers from mm/mé4 into 8 unsigned
byte integers in mm using unsigned saturation.

xmml1, Valid Valid Converts 8 signed word integers from xmm1 and 8
signed word integers from xmm2/m128 into 16
unsigned byte integers in xmm1 using unsigned
saturation.

IA-32e Mode Operation

Enables access to XMM8-XMM15.

Flags Affected

None.

Protected Mode Exceptions

#GP(0)

#SS(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If a memory operand effective address is outside the SS segment limit.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

If a page fault occurs.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0)

#UD

#NM
#MF

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.
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Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#3S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

3-112 Vol. 2



PADDB/PADDW/PADDD—Add Packed Integers

Opcode |
OF FC/Ir

66 OF FC /r
OF FD /r
66 OF FD /r
OF FE /r

66 OF FE /r

nstruction
PADDB mm, mm/mé64

PADDB xmm1,xmm2/m128

PADDW mm, mm/mé64

PADDW xmm1, xmm2/m128

PADDD mm, mm/mé4

PADDD xmm1, xmm2/m128

Compat/Leg
64-Bit Mode Mode Description

Valid Valid Add packed byte integers from mm/mé64
and mm.

Valid Valid Add packed byte integers from xmm2/m128
and xmm1.

Valid Valid Add packed word integers from mm/mé64
and mm.

Valid Valid Add packed word integers from xmmZ2/
m128and xmml.

Valid Valid Add packed doubleword integers from mm/
mé64 and mm.

Valid Valid Add packed doubleword integers from

xmm2/m128 and xmm1.

IA-32e Mode Operation
Enables access to XMM8-XMM15.

Flags Affected

None.

Protected Mode Exceptions

#GP(0)

#5S(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If a memory operand effective address is outside the SS segment limit.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

If a page fault occurs.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0)

#UD

#NM
#MF

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.
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Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#3S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.
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PADDQ—Add Packed Quadword Integers

Compat/Leg

Opcode Instruction 64-Bit Mode Mode Description

OF D4 Ir PADDQ mm1,mm2/mé64 Valid Valid Add quadword integer mm2/mé64 to mm1

66 OF D4 /r  PADDQ xmm1,xmm2/m128 Valid Valid Add packed quadword integers xmm2/mi128

to xmm1

IA-32e Mode Operation
Enables access to XMMS8-XMM15.
Flags Affected
None.
Protected Mode Exceptions
#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-

less of segment.

#SS(0) If a memory operand effective address is outside the SS segment limit.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) (128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-

less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.
#NM If TS in CRO is set.
#MF (64-bit operations only.) If there is a pending x87 FPU exception.
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Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#3S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

Numeric Exceptions

None.
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PADDSB/PADDSW—Add Packed Signed Integers with Si gned Saturation

64-Bit Compat/Leg
Opcode Instruction Mode Mode Description
OF EC Ir PADDSB mm, mm/mé64  Valid Valid Add packed signed byte integers from mm/mé64 and
mm and saturate the results.
66 OF EC Ir PADDSB xmm1, xmm2/  Valid Valid Add packed signed byte integers from xmm2/m128
m128 and xmml1 saturate the results.
OF ED Ir PADDSW mm, mm/m64  Valid Valid Add packed signed word integers from mm/mé64 and
mm and saturate the results.
66 OF ED /r PADDSW xmml1, Valid Valid Add packed signed word integers from xmm2/m128
xmm2/mi128 and xmm1 and saturate the results.

IA-32e Mode Operation

Enables access to XMM8-XMM 15.

Flags Affected

None.

Protected Mode Excepti
#GP(0)

#5S(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

ons

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If a memory operand effective address is outside the SS segment limit.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

If a page fault occurs.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0)

#UD

#NM
#MF

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.
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Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#3S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.
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PADDUSB/PADDUSW—Add Packed Unsigned Integers with Unsigned Saturation

64-Bit Compat/Leg
Opcode Instruction Mode Mode Description
OF DC /r PADDUSB mm, mm/mé64 Valid Valid Add packed unsigned byte integers from mm/mé4
and mm and saturate the results.
66 OF DC/r PADDUSB xmm1, xmm2/  Valid Valid Add packed unsigned byte integers from xmm2/
m128 m128 and xmm1 saturate the results.
OF DD /r PADDUSW mm, mm/mé64  Valid Valid Add packed unsigned word integers from mm/mé64
and mm and saturate the results.
66 OF DD /r PADDUSW xmm1, xmm2/  Valid Valid Add packed unsigned word integers from xmm2/
m128 m128to xmm1 and saturate the results.

IA-32e Mode Operation

Enables access to XMM8-XMM 15.

Flags Affected

None.

Protected Mode Exceptions

#GP(0)

#5S(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If a memory operand effective address is outside the SS segment limit.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

If a page fault occurs.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0)

#UD

#NM
#MF

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

Vol. 2 3-119




Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#3S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

Numeric Exceptions

None.
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PAND—Logical AND

Compat/Leg

Opcode Instruction 64-Bit Mode Mode Description

OF DB Ir PAND mm, mm/mé64 Valid Valid Bitwise AND mm/mé64 and mm.

66 OF DB /r PAND xmm1, xmm2/m128 Valid Valid Bitwise AND of xmm2/m128 and xmm1.
IA-32e Mode Operation
Enables access to XMM8-XMM 15.
Flags Affected
None.
Protected Mode Exceptions
#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-

less of segment.

#5S5(0) If a memory operand effective address is outside the SS segment limit.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) (128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-

less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.
#NM If TS in CRO is set.
#MF (64-bit operations only.) If there is a pending x87 FPU exception.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode

#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made.

Vol. 2 3-121



Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#SS(0)
#GP(0)

#UD

#NM

#MF
#PF(fault-code)
#AC(0)

Numeric Exceptions

None.

If a memory address referencing the SS segment is in a non-canonical form.
If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.
If a page fault occurs.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made while the current privilege level is 3.
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PANDN—Logical AND NOT

Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF DF Ir PANDN mm, mm/mé64 Valid Valid Bitwise AND NOT of mm/mé64 and mm.
66 OF DF /r PANDN xmml1, xmm2/m128 Valid Valid Bitwise AND NOT of xmm2/m128 and

xmml.

IA-32e Mode Operation

Enables access to XMM8-XMM15.

Flags Affected

None.

Protected Mode Exceptions

#GP(0)

#SS(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If a memory operand effective address is outside the SS segment limit.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

If a page fault occurs.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0)

#UD

#NM
#MF

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#PF(fault-code)
#AC(0)

For a page fault.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.
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Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#SS(0)
#GP(0)

#UD

#NM

#MF
#PF(fault-code)
#AC(0)

Numeric Exceptions

None.

If a memory address referencing the SS segment is in a non-canonical form.
If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.
If a page fault occurs.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made while the current privilege level is 3.
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PAUSE—Spin Loop Hint

Opcode Instruction 64-Bit Mode
F3 90 PAUSE Valid

Compat/Leg
Mode

Valid

Description

Gives hint to processor that improves performance of

spin-wait loops.

IA-32e Mode Operation

Same as legacy mode.

Exceptions (All Operating Modes)

None.

Numeric Exceptions

None.
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PAVGB/PAVGW—Average Packed Integers

64-Bit Compat/Leg
Opcode Instruction Mode Mode Description
OF EO /r PAVGB mm1, mm2/ Valid Valid Average packed unsigned byte integers from mm2/
mé64 m64 and mm1 with rounding.
66 OF EO, /r PAVGB xmm1, xmm2/ Valid Valid Average packed unsigned byte integers from xmmZ2/
mi128 m128 and xmm1 with rounding.
OF E3/r PAVGW mm1, mm2/ Valid Valid Average packed unsigned word integers from mm2/
mé64 m64 and mm1 with rounding.
66 OF E3 /r PAVGW xmm1, xmm2/  Valid Valid Average packed unsigned word integers from
mi128 xmm2/m128 and xmmJ1 with rounding.
IA-32e Mode Operation
Enables access to XMM8-XMM 5.
Flags Affected
None.
Protected Mode Exceptions
#GP(0) If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#5S5(0) If a memory operand effective address is outside the SS segment limit.
#UD If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0) (128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
#UD If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.
#NM If TS in CRO is set.
#MF (64-bit operations only.) If there is a pending x87 FPU exception.

3-126 Vol. 2



Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#3S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

Numeric Exceptions

None.
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PCMPEQB/PCMPEQW/PCMPEQD— Compare Packed Data for Equal

Compat/Leg

Opcode Instruction 64-Bit Mode Mode Description

OF 74 Ir PCMPEQB mm, mm/mé64 Valid Valid Compare packed bytes in mm/mé64 and
mm for equality.

66 OF 74 Ir PCMPEQB xmm1, xmm2/m128 Valid Valid Compare packed bytes in xmm2/m128
and xmm1 for equality.

OF 75 /Ir PCMPEQW mm, mm/m64 Valid Valid Compare packed words in mm/m64 and
mm for equality.

66 OF 75 /r PCMPEQW xmm1, xmm2/m128  Valid Valid Compare packed words in xmm2/m128
and xmm1 for equality.

OF 76 Ir PCMPEQD mm, mm/mé64 Valid Valid Compare packed doublewords in mm/mé64
and mm for equality.

66 OF 76 /r PCMPEQD xmm1, xmm2/m128 Valid Valid Compare packed doublewords in xmm2/
m128 and xmml1 for equality.

IA-32e Mode Operation

Enables access to XMM8-XMM15.

Flags Affected

None.

Protected Mode Exceptions

#GP(0)

#5S(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If a memory operand effective address is outside the SS segment limit.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

If a page fault occurs.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made while the current privilege level is 3.

Real-Address Mode Exceptions

#GP(0)

#UD

#NM
#MF

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

3-128 \Vol. 2




Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#3S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

Numeric Exceptions

None.
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PCMPGTB/PCMPGTW/PCMPGTD—Compare Packed Signed Integers for Greater

Than
Compat/Leg
Opcode Instruction 64-Bit Mode Mode Description
OF 64 /r PCMPGTB mm, mm/mé64 Valid Valid Compare packed signed byte integers in mm
and mm/mé64 for greater than.
66 OF 64 /r PCMPGTB xmm1, xmm2/ Valid Valid Compare packed signed byte integers in xmm1
mi128 and xmm2/m128 for greater than.
OF 65 /r PCMPGTW mm, mm/mé64 Valid Valid Compare packed signed word integers in mm
and mm/mé64 for greater than.
66 OF 65 /r PCMPGTW xmm1, xmm2/  Valid Valid Compare packed signed word integers in xmm1
mi128 and xmm2/m128 for greater than.
OF 66 /r PCMPGTD mm, mm/mé64 Valid Valid Compare packed signed doubleword integers in
mm and mm/m64 for greater than.
66 OF 66 /r PCMPGTD xmm1, xmm2/  Valid Valid Compare packed signed doubleword integers in

mi128

xmm1and xmm2/m128 for greater than.

IA-32e Mode Operation
Enables access to XMM8-XMM15.

Flags Affected

None.

Protected Mode Exceptions

#GP(0)

#5S(0)
#UD

#NM
#MF

#PF(fault-code)

#AC(0)

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If a memory operand effective address is outside the SS segment limit.
If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.
If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

If a page fault occurs.

(64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made while the current privilege level is 3.
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Real-Address Mode Exceptions

#GP(0) (128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

If any part of the operand lies outside of the effective address space from 0 to FFFFH.
#UD If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.
#NM If TS in CRO is set.
#MF (64-bit operations only.) If there is a pending x87 FPU exception.

Virtual-8086 Mode Exceptions
Same exceptions as in Real Address Mode
#PF(fault-code) For a page fault.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-
ence is made.

Compatibility Mode Exceptions

Same as for protected mode exceptions.

64-Bit Mode Exceptions
#5S5(0) If a memory address referencing the SS segment is in a non-canonical form.
#GP(0) If the memory address is in a non-canonical form.

(128-bit operations only.) If memory operand is not aligned on a 16-byte boundary, regard-
less of segment.

#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

#PF(fault-code) If a page fault occurs.

#AC(0) (64-bit operations only.) If alignment checking is enabled and an unaligned memory refer-

ence is made while the current privilege level is 3.

Numeric Exceptions

None.
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PEXTRW—Extract Word

64-Bit
Opcode Instruction Mode
OF C5/rib PEXTRW r32, mm, Valid
imm8
REX.W + OF C5 /rib PEXTRW r64, mm, Valid
imm8
66 OF C5 /rib PEXTRW r32, xmm, Valid
imm8
REX.W + 66 OF C5 /r ib PEXTRW r64, xmm, Valid
imm8

Compat/Leg
Mode
Valid

N.E.

Valid

N.E.

Description

Extract the word specified by imm8 from mm
and move it to r32.

Extract the word specified by imm8 from mm
and move it to r16. Zero Extend 16-bit results
to 64-bits

Extract the word specified by imm8 from xmm
and move it to a r32.

Extract the word specified by imm8 from xmm
and move it to a r16. Zero extend 16-bit
results to 64-bits

IA-32e Mode Operation
Enables access to XMM8-XMM 15.

Flags Affected

None.

Protected Mode Exceptions
#UD If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

Real-Address Mode Exceptions

#UD If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.

#NM If TS in CRO is set.

#MF (64-bit operations only.) If there is a pending x87 FPU exception.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode.

Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode.

Compatibility Mode Exceptions

Same as for protected mode exceptions.
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64-Bit Mode Exceptions
#UD If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.
#NM If TS in CRO is set.
#MF (64-bit operations only.) If there is a pending x87 FPU exception.

Numeric Exceptions

None.
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PINSRW—Insert Word

Opcode
OF C4/rib

REX.W + OF C4 /rib

66 OF C4/rib

REX.W + 66 OF C4 Irib

64-Bit Compat/Leg

Instruction Mode Mode Description

PINSRW mm, r32/m16, Valid Valid Insert the low word from r32 or from m16

imm8 into mm at the word position specified by
imm8

PINSRW mm, r64/m16, Valid N.E. Insert the low word from r64 or from m16

imm8 into mm at the word position specified by
imm8

PINSRW xmm, r32/m16, Valid Valid Move the low word of r32 or from m16 into

imm8 xmm at the word position specified by
imm8.

PINSRW xmm, r64/m16, Valid N.E. Move the low word of r64 or from m16 into

imm8 xmm at the word position specified by
imm8.

IA-32e Mode Operation

Enables access to XMM8-XMM 15.

Flags Affected

None.

Protected Mode Exceptions

#GP(0)
#SS(0)
#UD

#NM

#MF
#PF(fault-code)
#AC(0)

Real-Address Mode Ex
#GP(0)
#UD

#NM
#MF

If a memory operand effective address is outside the CS, DS, ES, FS, or GS segment limit.
If a memory operand effective address is outside the SS segment limit.

If EM in CRO is set.

(128-bit operations only.) If OSFXSR in CR4 is 0.

(128-bit operations only.) If CPUID feature flag SSE2 is 0.

If TS in CRO is set.

(64-bit operations only.) If there is a pending x87 FPU exception.

If a page fault occurs.

If alignment checking is enabled and an unaligned memory reference is made while the
current privilege level is 3.

ceptions
If any part of the operand lies outside of the effective address space from 0 to FFFFH.
If EM in CRO is set.
(128-bit operations only.) If OSFXSR in CR4 is 0.
(128-bit operations only.) If CPUID feature flag SSE2 is 0.
If TS in CRO is set.
(64-bit operations only.) If there is a pending x87 FPU exception.
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Virtual-8086 Mode Exceptions

Same exceptions as in Real Address Mode

#PF(fault-code)
#AC(0)

For a page fault.

If alignm