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CHAPTER 1
INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

1.1 INTRODUCTION

Intel® Advanced Vector Extensions 10 (Intel® AVX10) represents the first major new vector ISA since the introduc-
tion of Intel® Advanced Vector Extensions 512 (Intel® AVX-512) in 2013. This ISA will establish a common,
converged vector instruction set across all Intel architectures, incorporating the modern vectorization aspects of
Intel AVX-512. This ISA will be supported on all future processors, including Performance cores (P-cores) and Effi-
cient cores (E-cores).

The Intel AVX10 ISA represents the latest in ISA innovations, instructions, and features moving forward. Based on
the Intel AVX-512 ISA feature set and including all Intel AVX-512 instructions introduced with future Intel® Xeon®
processors based on Granite Rapids microarchitecture, it will support all instruction vector lengths (128, 256, and
512), as well as scalar and opmask instructions. A “converged” version of Intel AVX10 with maximum vector
lengths of 256 bits will be supported across all Intel processors, while 512-bit vector registers will continue to be
supported on some P-core processors.

The Intel AVX10 architecture introduces several features and capabilities beyond the Intel AVX2 ISA:
®* \Version-based instruction set enumeration.

* Intel AVX10/256 — Converged implementation support on all Intel® processors to include all the existing Intel
AVX-512 capabilities such as EVEX encoding, 32 vector registers, and eight 64-bit opmask registers at a
maximum vector length of 256 bits.

* Intel AVX10/512 — Support for 512-bit vector and eight 64-bit opmask registers on P-core processors for heavy
vector compute applications that can leverage the additional vector length.

® Embedded rounding and Suppress All Exceptions (SAE) control for YMM versions of the instructions.

®* VMX capability to create Intel AVX10/256 virtual machines that provide a hardware enforced Intel AVX10/256
execution environment on an Intel AVX10/512 capable processor.

1.2 FEATURE ENUMERATION

Intel AVX10 introduces a versioned approach for enumeration that is monotonically increasing, inclusive, and
supporting all vector lengths. This is introduced to simplify application development by ensuring that all Intel
processors support the same features and instructions at a given Intel AVX10 version number, as well as reduce the
number of CPUID feature flags required to be checked by an application to determine feature support.

In this enumeration paradigm, the application developer will only need to check three fields:

1. A CPUID feature bit indicating that the Intel AVX10 ISA is supported.

2. A version number to ensure that the supported version is greater than or equal to the desired version.
3. A vector length bit indicating the maximum supported vector length.

The “"AVX10 Converged Vector ISA Enable” bit will indicate processor support for the ISA and the presence of an
“"AVX10 Converged Vector ISA” leaf containing fields for the version number and the supported vector bit lengths.
See Table 1-1 for details.
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Table 1-1. CPUID Enumeration of Intel®* AVX10

CPUID Bit Description Type
CPUID.(EAX=07H, ECX=01H);EDX[bit 19] If 1, the Intel AVX10 Converged Vector ISA is supported. | Bit (0/1)
CPUID.(EAX=24H, ECX=00H):EAX[bits 31:0] Reports the maximum supported sub-leaf. Integer
CPUID.(EAX=24H, ECX=00H):EBX[bits 7:0] Reports the Intel AVX10 Converged Vector ISA version. | Integer (= 1)
CPUID.(EAX=24H, ECX=00H):EBX[bits 15:8] Reserved N/A
CPUID.(EAX=24H, ECX=00H):EBX[bit 16] If 1, indicates that 128-bit vector support is present. Bit (0/1)
CPUID.(EAX=24H, ECX=00H):eBX[bit 17] If 1, indicates that 256-bit vector support is present. Bit (0/1)
CPUID.(EAX=24H, ECX=00H):EBX[bit 18] If 1, indicates that 512-bit vector support is present. Bit (0/1)
CPUID.(EAX=24H, ECX=00H):EBX[bits 31:19] Reserved N/A
CPUID.(EAX=24H, ECX=00H):ECX][bits 31:0] Reserved N/A
CPUID.(EAX=24H, ECX=00H):eEDX[bits 31:0] Reserved N/A
CPUID.(EAX=24H, ECX=01H):eAX[bits 31:0] Reserved for discrete feature bits. N/A
CPUID.(EAX=24H, ECX=01H):eBX[bits 31:0] Reserved for discrete feature bits. N/A
CPUID.(EAX=24H, ECX=01H):eCX][bits 31:0] Reserved for discrete feature bits. N/A
CPUID.(EAX=24H, ECX=01H):EDX[bits 31:0] Reserved for discrete feature bits. N/A

The versioned approach to ISA enumeration is expected to adhere to the following rules when incrementing from
version N to N+1:

* All contemporary processor families! support Intel AVX10 Version N+1.

* Intel AVX10 Version N+1 delivers significant value over version N to justify the associated software enabling
efforts.

In the rare case of a feature needing to be introduced in-between versions, a discrete CPUID feature bit of the form
“AVX10-XXXX"” may be allocated and enumerated in sub-leaf 1 of CPUID leaf 24H, i.e., CPUID.(EAX=24H,
ECX=01H). However, this is expected to be the exception rather than the norm due to the necessity for entrenched
legacy support.

Several other important tenets regarding Intel AVX10 enumeration are as follows:

® \Versions are expected to be inclusive such that version N+1 is a superset of version N. Once an instruction is
introduced in Intel AVX10.x, it is expected to be carried forward in all subsequent Intel AVX10 versions,
allowing a developer to check only for a version greater than or equal to the desired version.

® Any processor that enumerates support for Intel AVX10 will also enumerate support for Intel AVX and Intel
AVX2.

®* Developers can assume that the highest supported vector length for a processor implies that all lesser vector
lengths are also supported. Scalar Intel AVX-512 instructions will be supported independent of the maximum
vector width.

®* There are currently no plans to support an Intel AVX10/128-only processor.
The initial, fully-featured version of Intel AVX10 will be enumerated as Version 2 (denoted as Intel AVX10.2). This

will include the new YMM-form of embedded rounding and Suppress All Exceptions (SAE), the new enumeration
scheme, and several new sets of instructions.

An early version of Intel AVX10 (Version 1, or Intel AVX10.1) that only enumerates the Intel AVX-512 instruction
set at 128, 256, and 512 bits will be enabled on the Granite Rapids microarchitecture for software pre-enabling.
Applications written to Intel AVX10.1 will run on any future Intel processor (P-core or E-core) that enumerates Intel

1. Contemporary processor families supporting Intel AVX10 begin with future Intel Xeon processors based on Granite Rapids microar-
chitecture.
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AVX10.1 or higher at the matching desired vector lengths. Intel AVX-512 instruction families included in Intel
AVX10.1 are shown in Table 1-2.

Table 1-2. Intel® AVX-512 CPUID Feature Flags Included in Intel® AVX10
Feature Introduction Intel® AVX-512 CPUID Feature Flags Included in Intel® AVX10
Intel® Xeon® Scalable Processor Family based on Skylake AVX512F, AVX512CD, AVX512BW, AVX512DQ
microarchitecture
Intel® Core™ processors based on Cannon Lake microarchitecture | AVX512_VBMI, AVX512_IFMA
2nd generation Intel® Xeon® Scalable Processor Family based on | AVX512_VNNI
Cascade Lake product

3rd generation Intel® Xeon® Scalable Processor Family based on AVX512_BF16
Cooper Lake product

3rd generation Intel® Xeon® Scalable Processor Family based onIce | AVX512_VPOPCNTDQ, AVX512_VBMI2, VAES, GFNI,
Lake microarchitecture VPCLMULQDQ, AVX512_BITALG

4th generation Intel® Xeon® Scalable Processor Family based on AVX512_FP16
Sapphire Rapids microarchitecture

NOTE

VAES, VPCLMULQDQ, and GFNI EVEX instructions will be supported on Intel AVX10 machines but
will continue to be enumerated by their existing discrete CPUID feature flags. This requires the
developer to check for both the feature and Intel AVX10, e.g., {AVX10 AND VAES}.

Intel AVX-512 will continue to be supported on P-core-only processors for the foreseeable future to support legacy
applications. However, new vector ISA features will only be added to the Intel AVX10 ISA moving forward. While
Intel AVX10/512 includes all Intel AVX-512 instructions, it important to note that applications compiled to Intel
AVX-512 with vector length limited to 256 bits are not guaranteed to be compatible on an Intel AVX10/256
processor. Intel will develop tools to enable developers to validate their code prior to deployment.

Table 1-3. Feature Differences Between Intel® AVX-512 and Intel® AVX10

Feature Intel® AVX-512 | Intel® Intel® Intel® Intel®
AVX10.1/256 |AVX10.2/256 |AVX10.1/512 |AVX10.2/512

Maximum opmask register length 64 bits 64 bits 64 bits 64 bits 64 bits
128-bit vector (XMM) register support | Yes Yes Yes Yes Yes

256-bit vector (YMM) register support | Yes Yes Yes Yes Yes

512-bit vector (ZMM) register support | Yes No No Yes Yes

YMM embedded rounding No No Yes No Yes

ZMM embedded rounding Yes No No Yes Yes

1.3 INSTRUCTIONS

Instruction pages follow; all changes to existing instructions are highlighted in violet font with change bars to the
left.
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ADDPD—Add Packed Double Precision Floating-Point Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag

Support
66 OF 58 /r A VIV SSE2 Add packed double precision floating-point values from
ADDPD xmm1, xmm2/m128 xmmZ2/mem to xmm1 and store result in xmm1.
VEX.128.66.0F.WIG 58 /r B VIV AVX Add packed double precision floating-point values from
VADDPD xmm1,xmmZ2, xmm3/mem to xmm¢2 and store result in xmm1.
xmm3/m128
VEX.256.66.0F.WIG 58 /r B VIV AVX Add packed double precision floating-point values from
VADDPD ymm1, ymm2, ymm3/mem to ymmZ2 and store result in ymm1.
ymm3/m256
EVEX.128.66.0F.W1 58 /r C VIV (AVX512VL AND | Add packed double precision floating-point values from
VADDPD xmm1 {k1}¥z}, xmmz2, AVX512F) OR xmm3/m128/m64bcst to xmm2 and store result in
xmm3/m128/m64bcst AVX10.1" xmm1 with writemask k1.
EVEX.256.66.0F.W1 58 /r C VIV (AVX512VL AND | Add packed double precision floating-point values from
VADDPD ymm1 {k1}z}, ymmZ, AVX512F) OR ymm3/m256/m64bcst to ymm2 and store result in
ymm3/m256/m64bcst AVX10.11 ymm1 with writemask k1.
EVEX.512.66.0F.W1 58 /r C VIV AVX512F OR Add packed double precision floating-point values from
VADDPD zmm1 {k1¥z}, zmm2, AVX10.11 zmm3/m512/m64bcst to zmm2 and store result in
zmm3/m512/m64bcst{er} zmm1 with writemask k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.wvvv (r) ModRM:r/m (r) N/A
C Full ModRM:reg (w) EVEX.vvwv (r) ModRM:r/m (r) N/A
Description

Adds two, four or eight packed double precision floating-point values from the first source operand to the second
source operand, and stores the packed double precision floating-point result in the destination operand.

EVEX encoded versions: The first source operand is a ZMM/YMM/XMM register. The second source operand can be
a ZMM/YMM/XMM register, a 512/256/128-bit memory location or a 512/256/128-bit vector broadcasted from a
64-bit memory location. The destination operand is a ZMM/YMM/XMM register conditionally updated with write-

mask k1.

VEX.256 encoded version: The first source operand is a YMM register. The second source operand can be a YMM
register or a 256-bit memory location. The destination operand is a YMM register. The upper bits (MAXVL-1:256) of
the corresponding ZMM register destination are zeroed.

VEX.128 encoded version: the first source operand is a XMM register. The second source operand is an XMM
register or 128-bit memory location. The destination operand is an XMM register. The upper bits (MAXVL-1:128) of
the corresponding ZMM register destination are zeroed.

128-bit Legacy SSE version: The second source can be an XMM register or an 128-bit memory location. The desti-
nation is not distinct from the first source XMM register and the upper Bits (MAXVL-1:128) of the corresponding
ZMM register destination are unmodified.
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Operation

VADDPD (EVEX Encoded Versions) When SRC2 Operand is a Vector Register
(KL, VL) = (2, 128), (4, 256), (8, 512)
IF(VL=512) AND (EVEXb = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
FORj:=0 TOKL-1
i=j*64
IF k1[j] OR *no writemask*
THEN DESTI[i+63:i] := SRC1[i+63:i] + SRC2[i+63:i]
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTI[i+63:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+63:i1:=0
Fl
FI;
ENDFOR
DEST[MAXVL-1:VL] =0

VADDPD (EVEX Encoded Versions) When SRC2 Operand is a Memory Source
(KL, VL) = (2, 128), (4, 256), (8,512)

FORj:=0 TOKL-1
i=j*64
IF k1[j] OR *no writemask*
THEN
IF (EVEXb =1)
THEN
DEST[i+63:i] := SRC1[i+63:i] + SRC2[63:0]
ELSE
DEST[i+63:i] := SRC1[i+63:i] + SRC2[i+63:i]
FI;
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTI[i+63:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+63:i1:=0
Fl
Fl;
ENDFOR
DEST[MAXVL-1:VL]:=0

VADDPD (VEX.256 Encoded Version)

DEST[63:0] := SRC1[63:0] + SRC2[63:0]
DEST[127:64]:= SRC1[127:64] + SRC2[127:64]
DEST[191:128] := SRC1[191:128] + SRC2[191:128]
DEST[255:192] := SRC1[255:192] + SRC2[255:192]
DEST[MAXVL-1:256]:= 0
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VADDPD (VEX.128 Encoded Version)
DEST[63:0] := SRC1[63:0] + SRC2[63:0]
DEST[127:64] := SRC1[127:64] + SRC2[127:64]
DEST[MAXVL-1:128]:=0

ADDPD (128-bit Legacy SSE Version)
DEST[63:0] := DEST[63:0] + SRC[63:0]
DEST[127:64] := DEST[127:64] + SRC[127:64]
DEST[MAXVL-1:128] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VADDPD _m512d _mm512_add_pd (__m512d a, __m512db);

VADDPD __m512d _mm512_mask_add_pd (__m512ds, __mmask8k,__m512da, __ m512db);
VADDPD _m512d _mm512_maskz_add_pd (__mmask8k, __m512da, __m512d b);

VADDPD _m256d _mm256_mask_add_pd (__m256d s, __mmask8 k, __m256d a, __m256d b);
VADDPD _m256d _mm256_maskz_add_pd (__mmask8 k, __m256d a, __m256d b);

VADDPD __m128d _mm_mask_add_pd (__m128ds, __mmask8k,__m128da, __ m128db);
VADDPD _m128d _mm_maskz_add_pd (__mmask8k, __m128da, _ m128db);

VADDPD _m512d _mm512_add_round_pd (__m512d a, __m512d b, int);

VADDPD _m512d _mm512_mask_add_round_pd (__m512ds, __mmask8k, __ m512da, __m512d b, int);
VADDPD __m512d _mm512_maskz_add_round_pd (__mmask8k, __m512da, __m512d b, int);
ADDPD __m256d _mm256_add_pd (__m256d a, __m256d b);

ADDPD __m128d _mm_add_pd (__m128d a, __m128d b);

SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Precision, Denormal.

Other Exceptions
VEX-encoded instruction, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instruction, see Table 2-46, "Type E2 Class Exception Conditions.”
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ADDPS—Add Packed Single Precision Floating-Point Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support
NP OF 58 /r A VIV SSE Add packed single precision floating-point values
ADDPS xmm1, xmm2/m128 from xmm2/m128 to xmm1 and store result in
xmm1.
VEX.128.0F.WIG 58 /r B VIV AVX Add packed single precision floating-point values
VADDPS xmm1,xmmZ2, xmm3/m128 from xmm3/m128 to xmm2 and store result in
xmm1.
VEX.256.0F.WIG 58 /r B VIV AVX Add packed single precision floating-point values
VADDPS ymm1, ymmZ2, ymm3/m256 from ymm3/m256 to ymm2 and store result in
ymm1.
EVEX.128.0F.W0 58 /r C VIV (AVX512VL AND | Add packed single precision floating-point values
VADDPS xmm1 {k1¥z}, xmm2, AVX512F) OR from xmm3/m128/m32bcst to xmm?2 and store
xmm3/m128/m32bcst AVX10.1" result in xmm1 with writemask k1.
EVEX.256.0F.W0 58 /r C VIV (AVX512VL AND | Add packed single precision floating-point values
VADDPS ymm1 {k1¥z}, ymm2, AVX512F) OR from ymm3/m256/m32bcst to ymm2 and store
ymm3/m256/m32bcst AVX10.11 result in ymm1 with writemask k1.
EVEX.512.0F.W0 58 /r C VIV AVX512F OR Add packed single precision floating-point values
VADDPS zmm1 {k1¥z}, zmm2, AVX10.11 from zmm3/m512/m32bcst to zmm2 and store
zmm3/m512/m32bcst {er} result in zmm1 with writemask k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector

width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRMrreg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vwwv (1) ModRM:r/m (r) N/A
C Full ModRM:reg (w) EVEX.vvwv (1) ModRM:r/m (r) N/A
Description

Adds four, eight or sixteen packed single precision floating-point values from the first source operand with the
second source operand, and stores the packed single precision floating-point result in the destination operand.

EVEX encoded versions: The first source operand is a ZMM/YMM/XMM register. The second source operand can be
a ZMM/YMM/XMM register, a 512/256/128-bit memory location or a 512/256/128-bit vector broadcasted from a
32-bit memory location. The destination operand is a ZMM/YMM/XMM register conditionally updated with write-
mask k1.

VEX.256 encoded version: The first source operand is a YMM register. The second source operand can be a YMM
register or a 256-bit memory location. The destination operand is a YMM register. The upper bits (MAXVL-1:256) of
the corresponding ZMM register destination are zeroed.

VEX.128 encoded version: the first source operand is a XMM register. The second source operand is an XMM
register or 128-bit memory location. The destination operand is an XMM register. The upper bits (MAXVL-1:128) of
the corresponding ZMM register destination are zeroed.

128-bit Legacy SSE version: The second source can be an XMM register or an 128-bit memory location. The desti-
nation is not distinct from the first source XMM register and the upper Bits (MAXVL-1:128) of the corresponding
ZMM register destination are unmodified.
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Operation

VADDPS (EVEX Encoded Versions) When SRC2 Operand is a Register
(KL, VL) = (4, 128), (8, 256), (16, 512)
IF(VL=512) AND (EVEXb = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
FORj:=0 TOKL-1
i=j*32
IF k1[j] OR *no writemask*
THEN DESTI[i+31:i] := SRC1[i+31:i] + SRC2[i+31:i]
ELSE
IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:i1:=0
Fl
FI;
ENDFOR;
DEST[MAXVL-1:VL] =0

VADDPS (EVEX Encoded Versions) When SRC2 Operand is a Memory Source

(KL, VL) = (4, 128), (8, 256), (16, 512)

FORj:=0 TOKL-1
i=j*32
IF k1[j] OR *no writemask*
THEN
IF (EVEXb =1)
THEN
DEST[i+31:i] := SRC1[i+31:i] + SRC2[31:0]
ELSE
DEST[i+31:i] := SRC1[i+31:i] + SRC2[i+31:i]
FI;
ELSE
IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:i1:=0
Fl
Fl;
ENDFOR;
DEST[MAXVL-1:VL]:=0
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VADDPS (VEX.256 Encoded Version)

DEST[31:0] := SRC1[31:0] + SRC2[31:0]
DEST[63:32] := SRC1[63:32] + SRC2[63:32]
DEST[95:64] := SRC1[95:64] + SRC2[95:64]
DEST[127:96] := SRC1[127:96] + SRC2[127:96]
DEST[159:128] := SRC1[159:128] + SRC2[159:128]
DEST[191:160]:= SRC1[191:160] + SRC2[191:160]
DEST[223:192] := SRC1[223:192] + SRC2[223:192]
DEST[255:224] := SRC1[255:224] + SRC2[255:224].
DEST[MAXVL-1:256]:= 0

VADDPS (VEX.128 Encoded Version)
DEST[31:0] := SRC1[31:0] + SRC2[31:0]
DEST[63:32] := SRC1[63:32] + SRC2[63:32]
DEST[95:64] := SRC1[95:64] + SRC2[95:64]
DEST[127:96] := SRC1[127:96] + SRC2[127:96]
DEST[MAXVL-1:128]:=0

ADDPS (128-bit Legacy SSE Version)
DEST[31:0] := SRC1[31:0] + SRC2[31:0]
DEST[63:32] := SRC1[63:32] + SRC2[63:32]
DEST[95:64] := SRC1[95:64] + SRC2[95:64]
DEST[127:96] := SRC1[127:96] + SRC2[127:96]
DEST[MAXVL-1:128] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VADDPS _m512 _mm512_add_ps (__m512a,__m512 b);

VADDPS __m512 _mm512_mask_add_ps (__m512 s, __mmask16k,__m512a,__m512b);
VADDPS __m512 _mm512_maskz_add_ps (__mmask16k, __m5124a,__m512b);

VADDPS _m256 _mm256_mask_add_ps (__m256's,__mmask8 k, __m256 a, __m256 b);
VADDPS _m256 _mm256_maskz_add_ps (__mmask8 k, __m256 a, __m256 b);

VADDPS __m128 _mm_mask_add_ps (_m128ds, __mmask8k, __m128a,__m128Db);
VADDPS __m128 _mm_maskz_add_ps (__mmask8k, __m128a,__m128b);

VADDPS __m512 _mm512_add_round_ps (__m512 3, __m512 b, int);

VADDPS __m512 _mm512_mask_add_round_ps (__m512s, __mmask16k, __m512a,__m512 b, int);
VADDPS __m512 _mm512_maskz_add_round_ps (__mmask16k,__m512 a,__m512 b, int);
ADDPS __m256 _mm256_add_ps (__m256 a, __m256 b);

ADDPS __m128 _mm_add_ps(_m1283a,__m128b);

SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Precision, Denormal.

Other Exceptions
VEX-encoded instruction, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instruction, see Table 2-46, "Type E2 Class Exception Conditions.”
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ADDSD—Add Scalar Double Precision Floating-Point Values

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag

Support
F2 OF 58 /r A VIV SSE2 Add the low double precision floating-point value from
ADDSD xmm1, xmm2/m64 xmm2/mem to xmm1 and store the result in xmm1.
VEX.LIG.F2.0F.WIG 58 /r B VIV AVX Add the low double precision floating-point value from
VADDSD xmm1, xmmZ, xmm3/mem to xmmZ2 and store the result in xmm1.
xmm3/m64
EVEX.LLIG.F2.0F.W1 58 /r C VIV AVX512F Add the low double precision floating-point value from
VADDSD xmm1 {k1¥z}, xmm2, ORAVX10.1" | xmm3/m64 to xmm2 and store the result in xmm1 with
xmm3/m64{er} writemask k1.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvvv (r) ModRM:r/m (r) N/A
C Tuple1 Scalar ModRM:reg (w) EVEX.vvvv (r) ModRM:r/m (r) N/A
Description

Adds the low double precision floating-point values from the second source operand and the first source operand
and stores the double precision floating-point result in the destination operand.

The second source operand can be an XMM register or a 64-bit memory location. The first source and destination
operands are XMM registers.

128-bit Legacy SSE version: The first source and destination operands are the same. Bits (MAXVL-1:64) of the
corresponding destination register remain unchanged.

EVEX and VEX.128 encoded version: The first source operand is encoded by EVEX.vvvv/VEX.vvvv. Bits (127:64) of
the XMM register destination are copied from corresponding bits in the first source operand. Bits (MAXVL-1:128) of
the destination register are zeroed.

EVEX version: The low quadword element of the destination is updated according to the writemask.

Software should ensure VADDSD is encoded with VEX.L=0. Encoding VADDSD with VEX.L=1 may encounter
unpredictable behavior across different processor generations.

Document Number; 355989-002US, Revision 2.0



Operation

VADDSD (EVEX Encoded Version)
IF (EVEX.b = 1) AND SRC2 *is a register*
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
IF k1[0] or *no writemask*
THEN  DEST[63:0]:= SRC1[63:0] + SRC2[63:0]
ELSE
IF *merging-masking* , merging-masking
THEN *DEST[63:0] remains unchanged*
ELSE ; zeroing-masking
THEN DEST[63:0]:=0
Fl;
Fl;
DEST[127:64] := SRC1[127:64]
DEST[MAXVL-1:128]:=0

VADDSD (VEX.128 Encoded Version)
DEST[63:0] := SRC1[63:0] + SRC2[63:0]
DEST[127:64]:= SRC1[127:64]
DEST[MAXVL-1:128]:=0

ADDSD (128-bit Legacy SSE Version)
DEST[63:0] := DEST[63:0] + SRC[63:0]
DEST[MAXVL-1:64] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VADDSD __m128d _mm_mask_add_sd (__m128ds,
VADDSD __m128d _mm_maskz_add_sd (__mmask8 k, __ m128d a,
VADDSD __m128d _mm_add_round_sd (__m128da, __ m128d b, int);
VADDSD __m128d _mm_mask_add_round_sd (__m128ds,
VADDSD __m128d _mm_maskz_add_round_sd (__mmask8 k,
ADDSD __m128d _mm_add_sd (__m128da, __m128d b);

SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Precision, Denormal.

Other Exceptions

mmask8 k, __m128d a,
m128d b);

mmask8 k, __m128d a,
m128d a,

INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

m128d b);

m128d b, int);

m128d b, int);

VEX-encoded instruction, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instruction, see Table 2-47, “Type E3 Class Exception Conditions.”
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ADDSS—Add Scalar Single Precision Floating-Point Values

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag

Support
F3 0F 58 /r A VIV SSE Add the low single precision floating-point value from
ADDSS xmm1, xmm2/m32 xmm2/mem to xmm1 and store the result in xmmT1.
VEX.LIG.F3.0F.WIG 58 /r B VIV AVX Add the low single precision floating-point value from
VADDSS xmm1,xmm2, xmm3/mem to xmmZ2 and store the result in xmm1.
xmm3/m32
EVEX.LLIG.F3.0F.WO0 58 /r C VIV AVX512F Add the low single precision floating-point value from
VADDSS xmm1{k1¥z}, xmm2, ORAVX10.1" | xmm3/m32 to xmm2 and store the result in xmm1with
xmm3/m32{er} writemask k1.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Tuple1 Scalar ModRM:reg (w) EVEX.vvwv (r) ModRM:r/m (r) N/A
Description

Adds the low single precision floating-point values from the second source operand and the first source operand,
and stores the double precision floating-point result in the destination operand.

The second source operand can be an XMM register or a 64-bit memory location. The first source and destination
operands are XMM registers.

128-bit Legacy SSE version: The first source and destination operands are the same. Bits (MAXVL-1:32) of the
corresponding the destination register remain unchanged.

EVEX and VEX.128 encoded version: The first source operand is encoded by EVEX.vvvv/VEX.vvvv. Bits (127:32) of
the XMM register destination are copied from corresponding bits in the first source operand. Bits (MAXVL-1:128) of
the destination register are zeroed.

EVEX version: The low doubleword element of the destination is updated according to the writemask.

Software should ensure VADDSS is encoded with VEX.L=0. Encoding VADDSS with VEX.L=1 may encounter unpre-
dictable behavior across different processor generations.
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Operation

VADDSS (EVEX Encoded Versions)
IF (EVEX.b = 1) AND SRC2 *is a register*
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
IF k1[0] or *no writemask*
THEN  DEST[31:0]:= SRC1[31:0] + SRC2[31:0]

ELSE
IF *merging-masking* , merging-masking
THEN *DEST[31:0] remains unchanged*
ELSE ; zeroing-masking
THEN DEST[31:0]:=0
Fl;

Fl;
DEST[127:32]:= SRC1[127:32]
DEST[MAXVL-1:128]:=0

VADDSS DEST, SRC1, SRC2 (VEX.128 Encoded Version)
DEST[31:0] := SRC1[31:0] + SRC2[31:0]

DEST[127:32] := SRC1[127:32]

DEST[MAXVL-1:128]:= 0

ADDSS DEST, SRC (128-bit Legacy SSE Version)
DEST[31:0] := DEST[31:0] + SRC[31:0]
DEST[MAXVL-1:32] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VADDSS __m128 _mm_mask_add_ss (_m128s,_mmask8k,__m128a,__m128b);
VADDSS __m128 _mm_maskz_add_ss (__mmask8k, __ m128a,__m128b);
VADDSS __m128 _mm_add_round_ss (__m1283a,__m128b, int);

VADDSS __m128 _mm_mask_add_round_ss (__m128s, __mmask8k,_ m128a,__ m128 b, int);
VADDSS __m128 _mm_maskz_add_round_ss (__mmask8k,_ m128a, _ m128 b, int);
ADDSS __m128 _mm_add_ss(_m1283a,__m128b);

SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Precision, Denormal.

Other Exceptions
VEX-encoded instruction, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instruction, see Table 2-47, “Type E3 Class Exception Conditions.”
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AESDEC—Perform One Round of an AES Decryption Flow

Opcode/ Op/ |64/32-bit | CPUID Description
Instruction En |Mode Feature Flag
66 OF 38 DE /r A VIV AES Perform one round of an AES decryption flow, using
AESDEC xmm1, xmm2/m128 the Equivalent Inverse Cipher, using one 128-bit data
(state) from xmm1 with one 128-bit round key from
xmm2/m128.
VEX.128.66.0F38.WIG DE /r B VIV AES Perform one round of an AES decryption flow, using
VAESDEC xmm1, xmm2, xmm3/m128 AVX the Equivalent Inverse Cipher, using one 128-bit data
(state) from xmmZ2 with one 128-bit round key from
xmm3/m128; store the result in xmm1.
VEX.256.66.0F38.WIG DE /r B VIV VAES Perform one round of an AES decryption flow, using
VAESDEC ymm1, ymmZ2, ymm3/m256 the Equivalent Inverse Cipher, using two 128-bit data
(state) from ymm?2 with two 128-bit round keys from
ymm3/m256; store the result in ymm1.
EVEX.128.66.0F38.WIG DE /r C VIV VAES Perform one round of an AES decryption flow, using
VAESDEC xmm1, xmm2, xmm3/m128 (AVX512VL the Equivalent Inverse Cipher, using one 128-bit data
OR AVX10.1") | (state) from xmm2 with one 128-bit round key from
xmm3/m128; store the result in xmm1.
EVEX.256.66.0F38.WIG DE /r C VIV VAES Perform one round of an AES decryption flow, using
VAESDEC ymm1, ymm2, ymm3/m256 (AVX512VL the Equivalent Inverse Cipher, using two 128-bit data
OR AVX10.1") | (state) from ymm2 with two 128-bit round keys from
ymm3/m256; store the result in ymm1.
EVEX.512.66.0F38.WIG DE /r C VIV VAES Perform one round of an AES decryption flow, using
VAESDEC zmm1, zmmZ2, zmm3/m512 (AVX512F OR | the Equivalent Inverse Cipher, using four 128-bit data
AVX10.1" (state) from zmm2 with four 128-bit round keys from
zmm3/m512; store the result in zmm1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/€En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvvv (r) ModRM:r/m (r) N/A
C Full Mem ModRM:reg (w) EVEX.vwwv (r) ModRM:r/m (r) N/A
Description

This instruction performs a single round of the AES decryption flow using the Equivalent Inverse Cipher, using
one/two/four (depending on vector length) 128-bit data (state) from the first source operand with one/two/four
(depending on vector length) round key(s) from the second source operand, and stores the result in the destina-
tion operand.

Use the AESDEC instruction for all but the last decryption round. For the last decryption round, use the AESDE-
CLAST instruction.

VEX and EVEX encoded versions of the instruction allow 3-operand (non-destructive) operation. The legacy
encoded versions of the instruction require that the first source operand and the destination operand are the same
and must be an XMM register.

The EVEX encoded form of this instruction does not support memory fault suppression.
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Operation

AESDEC

STATE := SRCT;

RoundKey := SRCZ;

STATE := InvShiftRows( STATE );
STATE := InvSubBytes( STATE );
STATE := InvMixColumns( STATE );
DEST[127:0] := STATE XOR RoundKey;
DEST[MAXVL-1:128] (Unmodified)

VAESDEC (128b and 256b VEX Encoded Versions)
(KL VL) =(1,128), (2.256)
FORi =0 to KL-1:

STATE := SRC1.xmm[i]

RoundKey := SRC2.xmm[i]

STATE := InvShiftRows( STATE )

STATE := InvSubBytes( STATE)

STATE := InvMixColumns( STATE)

DEST.xmm[i] ;= STATE XOR RoundKey
DEST[MAXVL-1:VL]:=0

VAESDEC (EVEX Encoded Version)
(KLVL) =(1,128), (2,256), (4,512)
FORi =0 toKL-1:
STATE := SRC1.xmm[i]
RoundKey := SRC2.xmm[i]
STATE := InvShiftRows( STATE )
STATE := InvSubBytes( STATE)
STATE := InvMixColumns( STATE)
DEST.xmm[i] := STATE XOR RoundKey
DEST[MAXVL-1:VL] :=0

Intel C/C++ Compiler Intrinsic Equivalent

(V)AESDEC _m128i _mm_aesdec (__m128i,__m128i)
VAESDEC __m256i _mm256_aesdec_epil28(_m256i,
VAESDEC __m512i _mm512_aesdec_epi128(_m512i,

SIMD Floating-Point Exceptions
None.

Other Exceptions

See Table 2-21, “"Type 4 Class Exception Conditions.”

INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

EVEX-encoded: See Table 2-50, “"Type E4NF Class Exception Conditions.”
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AESDECLAST—Perform Last Round of an AES Decryption Flow

Opcode/ Op/ |64/32-bit |CPUID Description
Instruction En |Mode Feature Flag
66 OF 38 DF /r A VIV AES Perform the last round of an AES decryption flow,
AESDECLAST xmm1, xmm2/m128 using the Equivalent Inverse Cipher, using one 128-bit
data (state) from xmm1 with one 128-bit round key
from xmm2/m128.
VEX.128.66.0F38.WIG DF /r B VIV AES Perform the last round of an AES decryption flow,
VAESDECLAST xmm1, xmmZ2, AVX using the Equivalent Inverse Cipher, using one 128-bit
xmm3/m128 data (state) from xmm2 with one 128-bit round key
from xmm3/m128; store the result in xmm1.
VEX.256.66.0F38.WIG DF /r B VIV VAES Perform the last round of an AES decryption flow,
VAESDECLAST ymm1, ymm2, using the Equivalent Inverse Cipher, using two 128-
ymm3/m256 bit data (state) from ymm2 with two 128-bit round
keys from ymm3/m256; store the result in ymm1.
EVEX.128.66.0F38.WIG DF /r C VIV VAES Perform the last round of an AES decryption flow,
VAESDECLAST xmm1, xmmZ2, (AVX512VL using the Equivalent Inverse Cipher, using one 128-bit
xmm3/m128 OR AVX10.1") | data (state) from xmm2 with one 128-bit round key
from xmm3/m128; store the result in xmm1.
EVEX.256.66.0F38.WIG DF /r C VIV VAES Perform the last round of an AES decryption flow,
VAESDECLAST ymm1, ymm2, (AVX512VL using the Equivalent Inverse Cipher, using two 128-
ymm3/m256 OR AVX10.1") | bit data (state) from ymm2 with two 128-bit round
keys from ymm3/m256; store the result in ymm1.
EVEX.512.66.0F38.WIG DF /r C VIV VAES Perform the last round of an AES decryption flow,
VAESDECLAST zmm1, zmm2, zmm3/m512 (AVX512F OR | using the Equivalent Inverse Cipher, using four128-bit
AVX10.1") data (state) from zmm2 with four 128-bit round keys
from zmm3/m512; store the result in zmm1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvvv () ModRM:r/m (r) N/A
C Full Mem ModRM:reg (w) EVEX.vvwv (1) ModRM:r/m (r) N/A
Description

This instruction performs the last round of the AES decryption flow using the Equivalent Inverse Cipher, using
one/two/four (depending on vector length) 128-bit data (state) from the first source operand with one/two/four
(depending on vector length) round key(s) from the second source operand, and stores the result in the destina-
tion operand.

VEX and EVEX encoded versions of the instruction allow 3-operand (non-destructive) operation. The legacy
encoded versions of the instruction require that the first source operand and the destination operand are the same
and must be an XMM register.

The EVEX encoded form of this instruction does not support memory fault suppression.
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Operation

AESDECLAST

STATE := SRCT;

RoundKey := SRCZ;

STATE := InvShiftRows( STATE );
STATE := InvSubBytes( STATE );
DEST[127:0] := STATE XOR RoundKey;
DEST[MAXVL-1:128] (Unmodified)

VAESDECLAST (128b and 256b VEX Encoded Versions)
(KL VL) =(1,128), (2.256)
FOR i =0 to KL-1:

STATE := SRC1.xmm[i]

RoundKey := SRC2.xmm[i]

STATE := InvShiftRows( STATE )

STATE := InvSubBytes( STATE)

DEST.xmm[i] := STATE XOR RoundKey
DEST[MAXVL-1:VL]:= 0

VAESDECLAST (EVEX Encoded Version)
(KLVL) =(1,128), (2,256), (4,512)
FORi =0 toKL-1:
STATE := SRC1.xmm[i]
RoundKey := SRC2.xmm[i]
STATE := InvShiftRows( STATE )
STATE := InvSubBytes( STATE)
DEST.xmm[i] := STATE XOR RoundKey
DEST[MAXVL-1:VL]:=0

Intel C/C++ Compiler Intrinsic Equivalent

(V)AESDECLAST _m128i _mm_aesdeclast (__m128i,__m128i)
VAESDECLAST _m256i _mm256_aesdeclast_epi128(_m256i, __ m256i);
VAESDECLAST _m512i _mm512_aesdeclast_epi128(_m512i, __m512i);

SIMD Floating-Point Exceptions
None.

Other Exceptions
See Table 2-21, “"Type 4 Class Exception Conditions.”
EVEX-encoded: See Table 2-50, “"Type E4NF Class Exception Conditions.”
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AESENC—Perform One Round of an AES Encryption Flow

Opcode/ Op/ |64/32-bit | CPUID Feature |Description
Instruction En |Mode Flag
66 OF 38 DC /r A VIV AES Perform one round of an AES encryption flow, using one
AESENC xmm1, xmm2/m128 128-bit data (state) from xmm1 with one 128-bit round
key from xmm2/m128.
VEX.128.66.0F38.WIG DC /r B VIV AES Perform one round of an AES encryption flow, using one
VAESENC xmm1, xmm2, AVX 128-bit data (state) from xmm2 with one 128-bit round
xmm3/m128 key from the xmm3/m128; store the result in xmm1.
VEX.256.66.0F38.WIG DC /r B VIV VAES Perform one round of an AES encryption flow, using two
VAESENC ymm1, ymm2, 128-bit data (state) from ymm2 with two 128-bit round
ymm3/m256 keys from the ymm3/m256; store the result in ymm1.
EVEX.128.66.0F38.WIG DC /r C VIV VAES Perform one round of an AES encryption flow, using one
VAESENC xmm1, xmm2, (AVX512VL OR | 128-bit data (state) from xmm2 with one 128-bit round
xmm3/m128 AVX10.1") key from the xmm3/m128; store the result in xmm1.
EVEX.256.66.0F38.WIG DC /r C VIV VAES Perform one round of an AES encryption flow, using two
VAESENC ymm1, ymmZ2, (AVX512VL OR | 128-bit data (state) from ymm2 with two 128-bit round
ymm3/m256 AVX10.1") keys from the ymm3/m256; store the result in ymm1.
EVEX.512.66.0F38.WIG DC /r C VIV VAES Perform one round of an AES encryption flow, using four
VAESENC zmm1, zmm2, (AVX512F OR | 128-bit data (state) from zmm?2 with four 128-bit round
zmm3/m512 AVX10.1") keys from the zmm3/m512; store the result in zmm1.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/€En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvvv (r) ModRM:r/m (r) N/A
C Full Mem ModRM:reg (w) EVEX.vvvv (1) ModRM:r/m (r) N/A
Description

This instruction performs a single round of an AES encryption flow using one/two/four (depending on vector
length) 128-bit data (state) from the first source operand with one/two/four (depending on vector length) round
key(s) from the second source operand, and stores the result in the destination operand.

Use the AESENC instruction for all but the last encryption rounds. For the last encryption round, use the AESENC-
CLAST instruction.

VEX and EVEX encoded versions of the instruction allow 3-operand (non-destructive) operation. The legacy
encoded versions of the instruction require that the first source operand and the destination operand are the same
and must be an XMM register.

The EVEX encoded form of this instruction does not support memory fault suppression.
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Operation

AESENC

STATE := SRC1;

RoundKey := SRCZ;

STATE := ShiftRows( STATE );

STATE := SubBytes( STATE);

STATE := MixColumns( STATE );
DEST[127:0] := STATE XOR RoundKey;
DEST[MAXVL-1:128] (Unmodified)

VAESENC (128b and 256b VEX Encoded Versions)
(KLVL) = (1,128), (2,256)
FOR |:= 0 to KL-1:

STATE := SRC1.xmm[i]

RoundKey := SRC2.xmm[i]

STATE := ShiftRows( STATE)

STATE := SubBytes( STATE)

STATE := MixColumns( STATE )

DEST.xmm[i] ;= STATE XOR RoundKey
DEST[MAXVL-1:VL]:= 0

VAESENC (EVEX Encoded Version)
(KLVL) =(1,128), (2,256), (4,512)
FORi:= 0 toKL-1:
STATE := SRC1.xmm([i] // xmm[i] is the i'th xmm word in the SIMD register
RoundKey := SRC2.xmm[i]
STATE := ShiftRows( STATE )
STATE := SubBytes( STATE)
STATE := MixColumns( STATE )
DEST.xmm[i] := STATE XOR RoundKey
DEST[MAXVL-1:VL]:=0

Intel C/C++ Compiler Intrinsic Equivalent

(V)AESENC _m128i _mm_aesenc (__m128i,__m128i)
VAESENC __m256i _mm256_aesenc_epil128(_m256i, _ m256i);
VAESENC __m512i _mm512_aesenc_epi128(_m512i, __m512i);

SIMD Floating-Point Exceptions
None.

Other Exceptions
See Table 2-21, “"Type 4 Class Exception Conditions.”
EVEX-encoded: See Table 2-50, “"Type E4NF Class Exception Conditions.”
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AESENCLAST—Perform Last Round of an AES Encryption Flow

Opcode/ Op/ |64/32-bit | CPUID Feature |Description
Instruction En |Mode Flag
66 OF 38DD /r A VIV AES Perform the last round of an AES encryption flow,
AESENCLAST xmm1, xmm2/m128 using one 128-bit data (state) from xmm1 with
one 128-bit round key from xmm2/m128.
VEX.128.66.0F38.WIG DD /r B VIV AES Perform the last round of an AES encryption flow,
VAESENCLAST xmm1, xmm2, xmm3/m128 AVX using one 128-bit data (state) from xmm¢2 with
one 128-bit round key from xmm3/m128; store
the result in xmm1.
VEX.256.66.0F38.WIG DD /r B VIV VAES Perform the last round of an AES encryption flow,
VAESENCLAST ymm1, ymm2, ymm3/m256 using two 128-bit data (state) from ymm2 with
two 128-bit round keys from ymm3/m256; store
the result in ymm1.
EVEX.128.66.0F38.WIG DD /r C VIV VAES Perform the last round of an AES encryption flow,
VAESENCLAST xmm1, xmm2, xmm3/m128 (AVX512VL OR |using one 128-bit data (state) from xmmZ2 with
AVX10.17) one 128-bit round key from xmm3/m128; store
the result in xmm1.
EVEX.256.66.0F38.WIG DD /r C VIV VAES Perform the last round of an AES encryption flow,
VAESENCLAST ymm1, ymm2, ymm3/m256 (AVX512VL OR |using two 128-bit data (state) from ymm2 with
AVX10.11) two 128-bit round keys from ymm3/m256; store
the result in ymm1.
EVEX.512.66.0F38.WIG DD /r C VIV VAES Perform the last round of an AES encryption flow,
VAESENCLAST zmm1, zmmZ2, zmm3/m512 (AVX512F OR | using four 128-bit data (state) from zmm2 with
AVX10.17) four 128-bit round keys from zmm3/m512; store
the result in zmm1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRMireg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvvv (r) ModRM:r/m (r) N/A
C Full Mem ModRM:reg (w) EVEX.vvvv (r) ModRM:r/m (r) N/A
Description

This instruction performs the last round of an AES encryption flow using one/two/four (depending on vector length)
128-bit data (state) from the first source operand with one/two/four (depending on vector length) round key(s)
from the second source operand, and stores the result in the destination operand.

VEX and EVEX encoded versions of the instruction allows 3-operand (non-destructive) operation. The legacy
encoded versions of the instruction require that the first source operand and the destination operand are the same

and must be an XMM register.

The EVEX encoded form of this instruction does not support memory fault suppression.
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Operation

AESENCLAST

STATE := SRC1;

RoundKey := SRCZ;

STATE := ShiftRows( STATE );

STATE := SubBytes( STATE);
DEST[127:0] := STATE XOR RoundKey;
DEST[MAXVL-1:128] (Unmodified)

VAESENCLAST (128b and 256b VEX Encoded Versions)
(KL, VL) = (1,128), (2,256)
FOR I1=0 to KL-1:

STATE := SRC1.xmm[i]

RoundKey := SRC2.xmm[i]

STATE := ShiftRows( STATE )

STATE := SubBytes( STATE)

DEST.xmm[i] := STATE XOR RoundKey
DEST[MAXVL-1:VL]:= 0

VAESENCLAST (EVEX Encoded Version)
(KLVL) =(1,128), (2,256), (4,512)
FORi =0 toKL-1:
STATE := SRC1.xmm[i]
RoundKey := SRC2.xmm[i]
STATE := ShiftRows( STATE )
STATE := SubBytes( STATE)
DEST.xmm[i] := STATE XOR RoundKey
DEST[MAXVL-1:VL]:=0

Intel C/C++ Compiler Intrinsic Equivalent

(V)AESENCLAST _m128i _mm_aesenclast (__m128i, __m128i)
VAESENCLAST __m256i _mm256_aesenclast_epi128(_m256i,
VAESENCLAST _m512i_mm512_aesenclast_epi128(_m512i,

m256i);
m512i);

SIMD Floating-Point Exceptions
None.

Other Exceptions
See Table 2-21, “"Type 4 Class Exception Conditions.”
EVEX-encoded: See Table 2-50, “"Type E4NF Class Exception Conditions.”
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ANDPD—Bitwise Logical AND of Packed Double Precision Floating-Point Values

Opcode/ Op/ |64/32 bit |CPUID Feature |Description
Instruction En Mode Flag
Support
66 OF 54 /r A VIV SSE2 Return the bitwise logical AND of packed double
ANDPD xmm1, xmm2/m128 precision floating-point values in xmm1 and
xmmz2/mem.
VEX.128.66.0F 54 /r B VIV AVX Return the bitwise logical AND of packed double
VANDPD xmm1, xmm2, xmm3/m128 precision floating-point values in xmm2 and
xmm3/mem.
VEX.256.66.0F 54 /r B VIV AVX Return the bitwise logical AND of packed double
VANDPD ymm1, ymm2, ymm3/m256 precision floating-point values in ymm2 and
ymm3/mem.
EVEX.128.66.0F.W1 54 /r C VIV (AVX512VL AND | Return the bitwise logical AND of packed double
VANDPD xmm1 {k1}z}, xmm2, AVX512DQ) OR | precision floating-point values in xmmZ2 and
xmm3/m128/m64bcst AVX10.1" xmm3/m128/m64bcst subject to writemask k1.
EVEX.256.66.0F.W1 54 /r C VIV (AVX512VL AND | Return the bitwise logical AND of packed double
VANDPD ymm1 {k1¥z}, ymm2, AVX512DQ) OR | precision floating-point values in ymmZ2 and
ymm3/m256/m64bcst AVX10.1" ymm3/m256/m64bcst subject to writemask k1.
EVEX.512.66.0F.W1 54 /r C VIV AVX512DQ Return the bitwise logical AND of packed double
VANDPD zmm1 {k1}z}, zmm2, OR AVX10.1! precision floating-point values in zmm2 and
zmm3/m512/m64bcst zmm3/m512/m64bcst subject to writemask k1.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector

width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRMrreg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvvv (r) ModRM:r/m (r) N/A
C Full ModRM:reg (w) EVEX.vvwv (r) ModRM:r/m (r) N/A
Description

Performs a bitwise logical AND of the two, four or eight packed double precision floating-point values from the first
source operand and the second source operand, and stores the result in the destination operand.

EVEX encoded versions: The first source operand is a ZMM/YMM/XMM register. The second source operand can be
a ZMM/YMM/XMM register, a 512/256/128-bit memory location, or a 512/256/128-bit vector broadcasted from a
64-bit memory location. The destination operand is a ZMM/YMM/XMM register conditionally updated with write-
mask k1.

VEX.256 encoded version: The first source operand is a YMM register. The second source operand is a YMM register
or a 256-bit memory location. The destination operand is a YMM register. The upper bits (MAXVL-1:256) of the
corresponding ZMM register destination are zeroed.

VEX.128 encoded version: The first source operand is an XMM register. The second source operand is an XMM
register or 128-bit memory location. The destination operand is an XMM register. The upper bits (MAXVL-1:128) of
the corresponding ZMM register destination are zeroed.

128-bit Legacy SSE version: The second source can be an XMM register or an 128-bit memory location. The desti-
nation is not distinct from the first source XMM register and the upper bits (MAXVL-1:128) of the corresponding
register destination are unmodified.
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Operation

VANDPD (EVEX Encoded Versions)
(KL, VL) = (2, 128), (4, 256), (8, 512)
FORj:=0 TOKL-1
i=j*64
IF k1[j] OR *no writemask*
THEN
IF (EVEX.b == 1) AND (SRC2 *is memory*)
THEN
DEST[i+63:i] := SRC1[i+63:i] BITWISE AND SRC2[63:0]
ELSE
DEST[i+63:i] := SRC1[i+63:i] BITWISE AND SRC2[i+63:i]
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTI[i+63:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+63:]=0
Fl;
Fl;
ENDFOR
DEST[MAXVL-1:VL] =0

VANDPD (VEX.256 Encoded Version)

DEST[63:0] := SRC1[63:0] BITWISE AND SRC2[63:0]
DEST[127:64]:= SRC1[127:64] BITWISE AND SRC2[127:64]
DEST[191:128] := SRC1[191:128] BITWISE AND SRC2[191:128]
DEST[255:192] := SRC1[255:192] BITWISE AND SRC2[255:192]
DEST[MAXVL-1:256]:= 0

VANDPD (VEX.128 Encoded Version)

DEST[63:0] := SRC1[63:0] BITWISE AND SRC2[63:0]
DEST[127:64]:= SRC1[127:64] BITWISE AND SRC2[127:64]
DEST[MAXVL-1:128]:=0

ANDPD (128-bit Legacy SSE Version)

DEST[63:0] := DEST[63:0] BITWISE AND SRC[63:0]
DEST[127:64] := DEST[127:64] BITWISE AND SRC[127:64]
DEST[MAXVL-1:128] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VANDPD __m512d _mm512_and_pd (__m512d a, __m512db);

VANDPD __m512d _mm512_mask_and_pd (__m512ds,__mmask8k, __m512d a,
VANDPD __m512d _mm512_maskz_and_pd (__mmask8 k, _ m512da, _ m512d b);
VANDPD __m256d _mm256_mask_and_pd (__m256d s, __mmask8 k, __m256d a,
VANDPD __m256d _mm256_maskz_and_pd (__mmask8 k, __m256d a, __m256d b);
VANDPD __m128d _mm_mask_and_pd (__m128ds,__mmask8k, __m128da, _ m128db);
VANDPD __m128d _mm_maskz_and_pd (__mmask8k, _ m128da, _ m128db);

VANDPD __m256d _mm256_and_pd (__m256d a, __m256d b);

ANDPD __m128d _mm_and_pd (__m128d a, _ m128db);

m512d b);

m256d b);

SIMD Floating-Point Exceptions
None.
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Other Exceptions
VEX-encoded instruction, see Table 2-21, “Type 4 Class Exception Conditions.”
EVEX-encoded instruction, see Table 2-49, “Type E4 Class Exception Conditions.”
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ANDPS—Bitwise Logical AND of Packed Single Precision Floating-Point Values

Opcode/ Op/ |64/32bit |CPUID Feature |Description
Instruction En Mode Flag

Support
NP OF 54 /r A VIV SSE Return the bitwise logical AND of packed single precision
ANDPS xmm1, xmm2/m128 floating-point values in xmm1 and xmm2/mem.
VEX.128.0F 54 /r B VIV AVX Return the bitwise logical AND of packed single precision
VANDPS xmm1,xmm2, floating-point values in xmm2 and xmm3/mem.
xmm3/m128
VEX.256.0F 54 /r B VIV AVX Return the bitwise logical AND of packed single precision
VANDPS ymm1, ymm2, floating-point values in ymm2 and ymm3/mem.
ymm3/m256
EVEX.128.0F.W0 54 /r C VIV (AVX512VL AND | Return the bitwise logical AND of packed single precision
VANDPS xmm1 {k1¥z}, xmmz, AVX512DQ) OR | floating-point values in xmm2 and xmm3/m128/m32bcst
xmm3/m128/m32bcst AVX10.1' subject to writemask k1.
EVEX.256.0F.W0 54 /r C VIV (AVX512VL AND | Return the bitwise logical AND of packed single precision
VANDPS ymm1 {k1¥z}, ymm2, AVX512DQ) OR | floating-point values in ymm2 and ymm3/m256/m32bcst
ymm3/m256/m32bcst AVX10.1" subject to writemask k1.
EVEX.512.0F.W0 54 /r C VIV AVX512DQ Return the bitwise logical AND of packed single precision
VANDPS zmm1 {k1}z}, zmm2, OR AVX10.1! floating-point values in zmm2 and zmm3/m512/m32bcst
zmm3/m512/m32bcst subject to writemask k1.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/€En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Full ModRM:reg (w) EVEX.vvvv (1) ModRM:r/m (r) N/A
Description

Performs a bitwise logical AND of the four, eight or sixteen packed single precision floating-point values from the
first source operand and the second source operand, and stores the result in the destination operand.

EVEX encoded versions: The first source operand is a ZMM/YMM/XMM register. The second source operand can be
a ZMM/YMM/XMM register, a 512/256/128-bit memory location, or a 512/256/128-bit vector broadcasted from a
32-bit memory location. The destination operand is a ZMM/YMM/XMM register conditionally updated with write-
mask k1.

VEX.256 encoded version: The first source operand is a YMM register. The second source operand is a YMM register
or a 256-bit memory location. The destination operand is a YMM register. The upper bits (MAXVL-1:256) of the
corresponding ZMM register destination are zeroed.

VEX.128 encoded version: The first source operand is an XMM register. The second source operand is an XMM
register or 128-bit memory location. The destination operand is an XMM register. The upper bits (MAXVL-1:128) of
the corresponding ZMM register destination are zeroed.

128-bit Legacy SSE version: The second source can be an XMM register or an 128-bit memory location. The desti-
nation is not distinct from the first source XMM register and the upper bits (MAXVL-1:128) of the corresponding
ZMM register destination are unmodified.
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VANDPS (EVEX Encoded Versions)
(KL, VL) = (4, 128), (8, 256), (16, 512)
FORj:=0 TOKL-1
i=j*32
IF k1[j] OR *no writemask*
IF (EVEX.b == 1) AND (SRC2 *is memory*)
THEN
DEST[i+63:i] := SRC1[i+31:i] BITWISE AND SRC2[31:0]
ELSE
DEST[i+31:i] := SRC1[i+31:i] BITWISE AND SRC2[i+31:i]
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTIi+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:i]1:=0
Fl;
Fl;
ENDFOR
DEST[MAXVL-1:VL] = O;

VANDPS (VEX.256 Encoded Version)

DEST[31:0] := SRC1[31:0] BITWISE AND SRC2[31:0]
DEST[63:32] := SRC1[63:32] BITWISE AND SRC2[63:32]
DEST[95:64] := SRC1[95:64] BITWISE AND SRC2[95:64]
DEST[127:96] := SRC1[127:96] BITWISE AND SRC2[127:96]
DEST[159:128] := SRC1[159:128] BITWISE AND SRC2[159:128]
DEST[191:160] := SRC1[191:160] BITWISE AND SRC2[191:160]
DEST[223:192] := SRC1[223:192] BITWISE AND SRC2[223:192]
DEST[255:224] := SRC1[255:224] BITWISE AND SRC2[255:224].
DEST[MAXVL-1:256] := O;

VANDPS (VEX.128 Encoded Version)

DEST[31:0] := SRC1[31:0] BITWISE AND SRC2[31:0]
DEST[63:32] := SRC1[63:32] BITWISE AND SRC2[63:32]
DEST[95:64] := SRC1[95:64] BITWISE AND SRC2[95:64]
DEST[127:96] := SRC1[127:96] BITWISE AND SRC2[127:96]
DEST[MAXVL-1:128] := O;

ANDPS (128-bit Legacy SSE Version)

DEST[31:0] := DEST[31:0] BITWISE AND SRC[31:0]
DEST[63:32] := DEST[63:32] BITWISE AND SRC[63:32]
DEST[95:64] := DEST[95:64] BITWISE AND SRC[95:64]
DEST[127:96] := DEST[127:96] BITWISE AND SRC[127:96]
DEST[MAXVL-1:128] (Unmodified)
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Intel C/C++ Compiler Intrinsic Equivalent

VANDPS __m512 _mm512_and_ps (__m5123a,__m512 b);

VANDPS __m512 _mm512_mask_and_ps (__m512s,__mmask16k, __m5123,__m512b);
VANDPS __m512 _mm512_maskz_and_ps (__mmask16k, __m512 3, __m512b);

VANDPS __m256 _mm256_mask_and_ps (__m256's, __mmask8 k, __m256 a, __m256 b);
VANDPS __m256 _mm256_maskz_and_ps (__mmask8 k, __m256 a, __m256 b);

VANDPS __m128 _mm_mask_and_ps (__m128s,__mmask8k, _ m1283a,__m128b);
VANDPS __m128 _mm_maskz_and_ps (__mmask8k, __m128a,__m128b);

VANDPS __m256 _mm256_and_ps (__m256 a, __m256 b);

ANDPS __m128 _mm_and_ps (__m128a,__m128b);

SIMD Floating-Point Exceptions
None.

Other Exceptions
VEX-encoded instruction, see Table 2-21, “Type 4 Class Exception Conditions.”
EVEX-encoded instruction, see Table 2-49, “"Type E4 Class Exception Conditions.”
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ANDNPD—Bitwise Logical AND NOT of Packed Double Precision Floating-Point Values

Opcode/ Op/ |64/32bit |CPUID Feature |Description
Instruction En Mode Flag

Support
66 OF 55 /r A VIV SSE2 Return the bitwise logical AND NOT of packed double
ANDNPD xmm1, xmm2/m128 precision floating-point values in xmm1 and xmmZ2/mem.
VEX.128.66.0F 55 /r B VIV AVX Return the bitwise logical AND NOT of packed double
VANDNPD xmm1, xmmZ, precision floating-point values in xmm2 and xmm3/mem.
xmm3/m128
VEX.256.66.0F 55/r B VIV AVX Return the bitwise logical AND NOT of packed double
VANDNPD ymm1, ymm2, precision floating-point values in ymm2 and ymm3/mem.
ymm3/m256
EVEX.128.66.0F.W1 55 /r C VIV (AVX512VL AND |Return the bitwise logical AND NOT of packed double
VANDNPD xmm1 {k1Xz}, xmm2, AVX512DQ) OR | precision floating-point values in xmmZ2 and
xmm3/m128/m64bcst AVX10.1" xmm3/m128/m64bcst subject to writemask k1.
EVEX.256.66.0F.W1 55 /r C VIV (AVX512VL AND |Return the bitwise logical AND NOT of packed double
VANDNPD ymm1 {k1}z}, ymm2, AVX512DQ) OR | precision floating-point values in ymmZ2 and
ymm3/m256/m64bcst AVX10.1" ymm3/m256/m64bcst subject to writemask k1.
EVEX.512.66.0F.W1 55 /r C VIV AVX512DQ Return the bitwise logical AND NOT of packed double
VANDNPD zmm1 {k1}{z}, zmm2, OR AVX10.1' precision floating-point values in zmm?2 and
zmm3/m512/m64bcst zmm3/m512/m64bcst subject to writemask k1.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Full ModRM:reg (w) EVEX.vvvv (r) ModRM:r/m (r) N/A
Description

Performs a bitwise logical AND NOT of the two, four or eight packed double precision floating-point values from the
first source operand and the second source operand, and stores the result in the destination operand.

EVEX encoded versions: The first source operand is a ZMM/YMM/XMM register. The second source operand can be
a ZMM/YMM/XMM register, a 512/256/128-bit memory location, or a 512/256/128-bit vector broadcasted from a
64-bit memory location. The destination operand is a ZMM/YMM/XMM register conditionally updated with write-
mask k1.

VEX.256 encoded version: The first source operand is a YMM register. The second source operand is a YMM register
or a 256-bit memory location. The destination operand is a YMM register. The upper bits (MAXVL-1:256) of the
corresponding ZMM register destination are zeroed.

VEX.128 encoded version: The first source operand is an XMM register. The second source operand is an XMM
register or 128-bit memory location. The destination operand is an XMM register. The upper bits (MAXVL-1:128) of
the corresponding ZMM register destination are zeroed.

128-bit Legacy SSE version: The second source can be an XMM register or an 128-bit memory location. The desti-
nation is not distinct from the first source XMM register and the upper bits (MAXVL-1:128) of the corresponding
register destination are unmodified.
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Operation

VANDNPD (EVEX Encoded Versions)
(KL, VL) = (2, 128), (4, 256), (8, 512)
FORj:=0 TOKL-1
i=j*64
IF k1[j] OR *no writemask*
IF (EVEX.b == 1) AND (SRC2 *is memory*)
THEN
DEST[i+63:i] := (NOT(SRC1[i+63:i])) BITWISE AND SRC2[63:0]
ELSE
DEST[i+63:i] := (NOT(SRC1[i+63:i])) BITWISE AND SRC2[i+63:i]
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTI[i+63:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+63:]=0
Fl;
Fl;
ENDFOR
DEST[MAXVL-1:VL] =0

VANDNPD (VEX.256 Encoded Version)

DEST[63:0] := (NOT(SRC1[63:0])) BITWISE AND SRC2[63:0]
DEST[127:64]:= (NOT(SRC1[127:647)) BITWISE AND SRC2[127:64]
DEST[191:128] := (NOT(SRC1[191:128])) BITWISE AND SRC2[191:128]
DEST[255:192] := (NOT(SRC1[255:192])) BITWISE AND SRC2[255:192]
DEST[MAXVL-1:256]:= 0

VANDNPD (VEX.128 Encoded Version)

DEST[63:0] := (NOT(SRC1[63:0])) BITWISE AND SRC2[63:0]
DEST[127:64] := (NOT(SRC1[127:64])) BITWISE AND SRC2[127:64]
DEST[MAXVL-1:128]:=0

ANDNPD (128-bit Legacy SSE Version)

DEST[63:0] := (NOT(DEST[63:0])) BITWISE AND SRC[63:0]
DEST[127:64] := (NOT(DEST[127:64])) BITWISE AND SRC[127:64]
DEST[MAXVL-1:128] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VANDNPD __m512d _mm512_andnot_pd (__m512d a, __m512d b);
VANDNPD __m512d _mm512_mask_andnot_pd (__m512ds, __mmask8Kk,
VANDNPD __m512d _mm512_maskz_andnot_pd (__mmask8 k, __m512d a,
VANDNPD __m256d _mm256_mask_andnot_pd (__m256d s, __mmask8 k, __ m256d a,
VANDNPD __m256d _mm256_maskz_andnot_pd (__mmask8 k, __ m256d a, __m256d b);
VANDNPD __m128d _mm_mask_andnot_pd (__m128ds, __mmask8k,__m128da, _ m128db);
VANDNPD __m128d _mm_maskz_andnot_pd (__mmask8 k, __ m128da, _ m128d b);

VANDNPD __m256d _mm256_andnot_pd (__m256d a, __ m256d b);

ANDNPD __m128d _mm_andnot_pd (__ m128d a, __ m128d b);

m512d a,
m512d b);

m512d b);

m256d b);

SIMD Floating-Point Exceptions
None.
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Other Exceptions
VEX-encoded instruction, see Table 2-21, “Type 4 Class Exception Conditions.”
EVEX-encoded instruction, see Table 2-49, “Type E4 Class Exception Conditions.”
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ANDNPS—Bitwise Logical AND NOT of Packed Single Precision Floating-Point Values

Opcode/ Op/ |64/32bit |CPUID Feature |Description
Instruction En Mode Flag

Support
NP OF 55 /r A VIV SSE Return the bitwise logical AND NOT of packed single
ANDNPS xmm1, xmm2/m128 precision floating-point values in xmm1 and xmmZ2/mem.
VEX.128.0F 55 /r B VIV AVX Return the bitwise logical AND NOT of packed single
VANDNPS xmm1, xmm2, precision floating-point values in xmm2 and xmm3/mem.
xmm3/m128
VEX.256.0F 55 /r B VIV AVX Return the bitwise logical AND NOT of packed single
VANDNPS ymm1, ymm2, precision floating-point values in ymm2 and ymm3/mem.
ymm3/m256
EVEX.128.0F.W0 55 /r C VIV (AVX512VL AND | Return the bitwise logical AND of packed single precision
VANDNPS xmm1 {k1¥z}, xmm2, AVX512DQ) OR | floating-point values in xmm2 and xmm3/m128/m32bcst
xmm3/m128/m32bcst AVX10.1" subject to writemask k1.
EVEX.256.0F.W0 55 /r C VIV (AVX512VL AND | Return the bitwise logical AND of packed single precision
VANDNPS ymm1 {k1¥z}, ymm2, AVX512DQ) OR | floating-point values in ymm2 and ymm3/m256/m32bcst
ymm3/m256/m32bcst AVX10.1" subject to writemask k1.
EVEX.512.0FWO 55 /r C VIV AVX512DQ Return the bitwise logical AND of packed single precision
VANDNPS zmm1 {k1}{z}, zmm2, OR AVX10.1' floating-point values in zmm2 and zmm3/m512/m32bcst
zmm3/m512/m32bcst subject to writemask k1.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-

tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Full ModRMireg (w) EVEX.vvvv (r) ModRM:r/m (r) N/A
Description

Performs a bitwise logical AND NOT of the four, eight or sixteen packed single precision floating-point values from
the first source operand and the second source operand, and stores the result in the destination operand.

EVEX encoded versions: The first source operand is a ZMM/YMM/XMM register. The second source operand can be
a ZMM/YMM/XMM register, a 512/256/128-bit memory location, or a 512/256/128-bit vector broadcasted from a
32-bit memory location. The destination operand is a ZMM/YMM/XMM register conditionally updated with write-
mask k1.

VEX.256 encoded version: The first source operand is a YMM register. The second source operand is a YMM register
or a 256-bit memory location. The destination operand is a YMM register. The upper bits (MAXVL-1:256) of the
corresponding ZMM register destination are zeroed.

VEX.128 encoded version: The first source operand is an XMM register. The second source operand is an XMM
register or 128-bit memory location. The destination operand is an XMM register. The upper bits (MAXVL-1:128) of
the corresponding ZMM register destination are zeroed.

128-bit Legacy SSE version: The second source can be an XMM register or an 128-bit memory location. The desti-
nation is not distinct from the first source XMM register and the upper bits (MAXVL-1:128) of the corresponding
ZMM register destination are unmodified.
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Operation

VANDNPS (EVEX Encoded Versions)
(KL, VL) = (4, 128), (8, 256), (16, 512)
FORj:=0 TOKL-1
i=j*32
IF k1[j] OR *no writemask*
IF (EVEX.b == 1) AND (SRC2 *is memory*)
THEN
DEST[i+31:i] := (NOT(SRC1[i+31:i])) BITWISE AND SRCZ2[31:0]
ELSE
DEST[i+31:i] := (NOT(SRC1[i+31:i])) BITWISE AND SRCZ2[i+31:i]
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTIi+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:]=0
Fl;
Fl;
ENDFOR
DEST[MAXVL-1:VL] =0

VANDNPS (VEX.256 Encoded Version)

DEST[31:0] := (NOT(SRC1[31:0])) BITWISE AND SRC2[31:0]
DEST[63:32] := (NOT(SRC1[63:32])) BITWISE AND SRC2[63:32]
DEST[95:64] := (NOT(SRC1[95:641)) BITWISE AND SRC2[95:64]
DEST[127:96] := (NOT(SRC1[127:96])) BITWISE AND SRC2[127:96]
DEST[159:128] := (NOT(SRC1[159:128])) BITWISE AND SRC2[159:128]
DEST[191:160] := (NOT(SRC1[191:1601])) BITWISE AND SRC2[191:160]
DEST[223:192] := (NOT(SRC1[223:192])) BITWISE AND SRC2[223:192]
DEST[255:224] := (NOT(SRC1[255:2241)) BITWISE AND SRC2[255:224].
DEST[MAXVL-1:256]:= 0

VANDNPS (VEX.128 Encoded Version)

DEST[31:0] := (NOT(SRC1[31:0])) BITWISE AND SRC2[31:0]
DEST[63:32] := (NOT(SRC1[63:32])) BITWISE AND SRC2[63:32]
DEST[95:64] := (NOT(SRC1[95:641)) BITWISE AND SRC2[95:64]
DEST[127:96] := (NOT(SRC1[127:96])) BITWISE AND SRC2[127:96]
DEST[MAXVL-1:128]:=0

ANDNPS (128-bit Legacy SSE Version)

DEST[31:0] := (NOT(DEST[31:0])) BITWISE AND SRC[31:0]
DEST[63:32] := (NOT(DEST[63:32])) BITWISE AND SRC[63:32]
DEST[95:64] := (NOT(DEST[95:64])) BITWISE AND SRC[95:64]
DEST[127:96] := (NOT(DEST[127:96])) BITWISE AND SRC[127:96]
DEST[MAXVL-1:128] (Unmodified)
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Intel C/C++ Compiler Intrinsic Equivalent

VANDNPS __m512 _mm512_andnot_ps (__m5124a,__m512 b);

VANDNPS __m512 _mm512_mask_andnot_ps (__m512s,_mmask16k,__m5123a,__m512b);
VANDNPS __m512 _mm512_maskz_andnot_ps (__mmask16 k, __m5123a,__m512b);
VANDNPS __m256 _mm256_mask_andnot_ps (__m256's,__mmask8 k, __m256 a, __m256 b);
VANDNPS __m256 _mm256_maskz_andnot_ps (__mmask8 k, __m256 a, __m256 b);

VANDNPS __m128 _mm_mask_andnot_ps (__m128s,__mmask8k, __m128a,__m128b);
VANDNPS __m128 _mm_maskz_andnot_ps (__mmask8k, __m128a,__m128b);

VANDNPS __m256 _mm256_andnot_ps (__m256 a, __m256 b);

ANDNPS __m128 _mm_andnot_ps (__m128a, __m128b);

SIMD Floating-Point Exceptions
None.

Other Exceptions
VEX-encoded instruction, see Table 2-21, “Type 4 Class Exception Conditions.”
EVEX-encoded instruction, see Table 2-49, “"Type E4 Class Exception Conditions.”
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CMPPD—Compare Packed Double Precision Floating-Point Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support
66 OF C2 /rib A VIV SSe2 Compare packed double precision floating-point values
CMPPD xmm1, xmm2/m128, in xmm2/m128 and xmm1 using bits 2:0 of imm8 as a
imm8 comparison predicate.
VEX.128.66.0F.WIG C2 /rib B VIV AVX Compare packed double precision floating-point values
VCMPPD xmm1, xmm2, in xmm3/m128 and xmmZ using bits 4:0 of imm8 as a
xmm3/m128, imm8 comparison predicate.
VEX.256.66.0F.WIG C2 /rib B VIV AVX Compare packed double precision floating-point values
VCMPPD ymm1, ymmZ2, in ymm3/m256 and ymmZ2 using bits 4:0 of imm8 as a
ymm3/m256, imm8 comparison predicate.
EVEX.128.66.0F.W1 C2 /rib C VIV (AVX512VLAND | Compare packed double precision floating-point values
VCMPPD k1 {k2}, xmm2, AVX512F) OR in xmm3/m128/m64bcst and xmm?2 using bits 4:0 of
xmm3/m128/m64bcst, imm8 AVX10.11 imm8 as a comparison predicate with writemask k2
and leave the result in mask register k1.
EVEX.256.66.0F.W1 C2 /rib C VIV (AVX512VLAND | Compare packed double precision floating-point values
VCMPPD k1 {k2}, ymm2, AVX512F) OR in ymm3/m256/m64bcst and ymm2 using bits 4:0 of
ymm3/m256/m64bcst, imm8 AVX10.1" imm8 as a comparison predicate with writemask k2
and leave the result in mask register k1.
EVEX.512.66.0F.W1 C2 /rib C VIV AVX512F Compare packed double precision floating-point values
VCMPPD k1 {k2}, zmm2, OR AVX10.11 in zmm3/m512/m64bcst and zmm2 using bits 4:0 of
zmm3/m512/m64bcst{sae}, imm8 as a comparison predicate with writemask k2
imm8 and leave the result in mask register k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRMrreg (r, w) ModRM:r/m (r) imm8 N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8
C Full ModRM:reg (w) EVEX.vvwv (r) ModRM:r/m (r) imm8
Description

Performs a SIMD compare of the packed double precision floating-point values in the second source operand and
the first source operand and returns the result of the comparison to the destination operand. The comparison pred-
icate operand (immediate byte) specifies the type of comparison performed on each pair of packed values in the
two source operands.

EVEX encoded versions: The first source operand (second operand) is a ZMM/YMM/XMM register. The second
source operand can be a ZMM/YMM/XMM register, a 512/256/128-bit memory location or a 512/256/128-bit vector
broadcasted from a 64-bit memory location. The destination operand (first operand) is an opmask register.
Comparison results are written to the destination operand under the writemask k2. Each comparison result is a
single mask bit of 1 (comparison true) or 0 (comparison false).

VEX.256 encoded version: The first source operand (second operand) is a YMM register. The second source
operand (third operand) can be a YMM register or a 256-bit memory location. The destination operand (first
operand) is a YMM register. Four comparisons are performed with results written to the destination operand. The
result of each comparison is a quadword mask of all 1s (comparison true) or all Os (comparison false).

128-bit Legacy SSE version: The first source and destination operand (first operand) is an XMM register. The
second source operand (second operand) can be an XMM register or 128-bit memory location. Bits (MAXVL-1:128)
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of the corresponding ZMM destination register remain unchanged. Two comparisons are performed with results
written to bits 127:0 of the destination operand. The result of each comparison is a quadword mask of all 1s
(comparison true) or all Os (comparison false).

VEX.128 encoded version: The first source operand (second operand) is an XMM register. The second source
operand (third operand) can be an XMM register or a 128-bit memory location. Bits (MAXVL-1:128) of the destina-
tion ZMM register are zeroed. Two comparisons are performed with results written to bits 127:0 of the destination

operand.

The comparison predicate operand is an 8-bit immediate:

® Forinstructions encoded using the VEX or EVEX prefix, bits 4:0 define the type of comparison to be performed
(see Table 1-1). Bits 5 through 7 of the immediate are reserved.

® For instruction encodings that do not use VEX prefix, bits 2:0 define the type of comparison to be made (see
the first 8 rows of Table 1-1). Bits 3 through 7 of the immediate are reserved.

Table 1-1. Comparison Predicate for CMPPD and CMPPS Instructions

Predicate imm8 | Description Result: A Is 1st Operand, B Is 2nd Operand | Signals
Value A>B  |A<B |A=B |Unordered' | gy
EQ_0Q (EQ) OH Equal (ordered, non-signaling) False False True False No
LT_OS (LT) TH Less-than (ordered, signaling) False True False False Yes
LE_OS (LE) 2H Less-than-or-equal (ordered, signaling) False True True False Yes
UNORD_Q (UNORD) | 3H Unordered (non-signaling) False False False True No
NEQ_UQ (NEQ) 4H Not-equal (unordered, non-signaling) True True False True No
NLT_US (NLT) 5H Not-less-than (unordered, signaling) True False True True Yes
NLE_US (NLE) 6H Not-less-than-or-equal (unordered, signaling) | True False False True Yes
ORD_Q (ORD) 7H Ordered (non-signaling) True True True False No
EQ_UQ 8H Equal (unordered, non-signaling) False False True True No
NGE_US (NGE) 9H Not-greater-than-or-equal (unordered, False True False True Yes
signaling)
NGT_US (NGT) AH Not-greater-than (unordered, signaling) False True True True Yes
FALSE_OQ(FALSE) |BH False (ordered, non-signaling) False False False False No
NEQ_OQ CH Not-equal (ordered, non-signaling) True True False False No
GE_OS (GE) DH Greater-than-or-equal (ordered, signaling) True False True False Yes
GT_OS (GT) EH Greater-than (ordered, signaling) True False False False Yes
TRUE_UQ(TRUE) FH True (unordered, non-signaling) True True True True No
EQ_OS 10H | Equal (ordered, signaling) False False True False Yes
LT_0Q 11H | Less-than (ordered, nonsignaling) False True False False No
LE_OQ 12H | Less-than-or-equal (ordered, nonsignaling) False True True False No
UNORD_S 13H | Unordered (signaling) False False False True Yes
NEQ_US 14H Not-equal (unordered, signaling) True True False True Yes
NLT_UQ 15H | Not-less-than (unordered, nonsignaling) True False True True No
NLE_UQ 16H | Not-less-than-or-equal (unordered, nonsig- | True False False True No
naling)

ORD_S 17H | Ordered (signaling) True True True False Yes
EQ_US 18H | Equal (unordered, signaling) False False True True Yes
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Table 1-1. Comparison Predicate for CMPPD and CMPPS Instructions (Contd.)

Predicate imm8 | Description Result: A Is 1st Operand, B Is 2nd Operand | Signals
Value A>B |A<B |A=B |Unordered’ g:\‘:‘A?\,"
NGE_UQ 19H | Not-greater-than-or-equal (unordered, non- | False True False True No
signaling)
NGT_UQ 1AH | Not-greater-than (unordered, nonsignaling) | False True True True No
FALSE_OS 1BH | False (ordered, signaling) False False False False Yes
NEQ_OS 1CH Not-equal (ordered, signaling) True True False False Yes
GE_OQ 1DH | Greater-than-or-equal (ordered, nonsignal- True False True False No
ing)
GT_0Q 1€EH Greater-than (ordered, nonsignaling) True False False False No
TRUE_US 1FH | True (unordered, signaling) True True True True Yes
NOTES:

1. If either operand A or B is a NAN.

The unordered relationship is true when at least one of the two source operands being compared is a NaN; the
ordered relationship is true when neither source operand is a NaN.

A subsequent computational instruction that uses the mask result in the destination operand as an input operand
will not generate an exception, because a mask of all Os corresponds to a floating-point value of +0.0 and a mask
of all 1s corresponds to a QNaN.

Note that processors with "CPUID.1H:ECX.AVX =0" do not implement the “greater-than”, “greater-than-or-equal”,
“not-greater than”, and “not-greater-than-or-equal relations” predicates. These comparisons can be made either
by using the inverse relationship (that is, use the “not-less-than-or-equal” to make a “greater-than” comparison)
or by using software emulation. When using software emulation, the program must swap the operands (copying
registers when necessary to protect the data that will now be in the destination), and then perform the compare
using a different predicate. The predicate to be used for these emulations is listed in the first 8 rows of Table 3-7
(Intel 64 and IA-32 Architectures Software Developer’s Manual Volume 2A) under the heading Emulation.

Compilers and assemblers may implement the following two-operand pseudo-ops in addition to the three-operand
CMPPD instruction, for processors with "CPUID.1H:ECX.AVX =0". See Table 1-2. The compiler should treat
reserved imm8 values as illegal syntax.

Table 1-2. Pseudo-Op and CMPPD Implementation

Pseudo-Op CMPPD Implementation
CMPEQPD xmm1, xmm2 CMPPD xmm1, xmm2, 0
CMPLTPD xmm1, xmm2 CMPPD xmm1, xmmZ2, 1
CMPLEPD xmm1, xmm2 CMPPD xmm1, xmm2, 2
CMPUNORDPD xmm1, xmmZ2 CMPPD xmm1, xmmz2, 3
CMPNEQPD xmm1, xmmZ2 CMPPD xmm1, xmmZ2, 4
CMPNLTPD xmm1, xmm2 CMPPD xmm1, xmm2, 5
CMPNLEPD xmm1, xmm2 CMPPD xmm1, xmm2, 6
CMPORDPD xmm1, xmm2 CMPPD xmm1, xmmz2, 7

The greater-than relations that the processor does not implement require more than one instruction to emulate in
software and therefore should not be implemented as pseudo-ops. (For these, the programmer should reverse the
operands of the corresponding less than relations and use move instructions to ensure that the mask is moved to
the correct destination register and that the source operand is left intact.)
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Processors with "CPUID.1H:ECX.AVX =1" implement the full complement of 32 predicates shown in Table 1-3, soft-
ware emulation is no longer needed. Compilers and assemblers may implement the following three-operand
pseudo-ops in addition to the four-operand VCMPPD instruction. See Table 1-3, where the notations of regl reg2,
and reg3 represent either XMM registers or YMM registers. The compiler should treat reserved imm8 values as
illegal syntax. Alternately, intrinsics can map the pseudo-ops to pre-defined constants to support a simpler intrinsic
interface. Compilers and assemblers may implement three-operand pseudo-ops for EVEX encoded VCMPPD
instructions in a similar fashion by extending the syntax listed in Table 1-3.

Table 1-3. Pseudo-Op and VCMPPD Implementation

Pseudo-Op

CMPPD Implementation

VCMPEQPD reg], regz, reg3

VCMPPD reg]1, reg2, reg3, 0

VCMPLTPD regl, reg2, reg3

VCMPPD reg1, rege, reg3, 1

VCMPLEPD reg1, reg2, reg3

VCMPPD reg]l, reg2, reg3, 2

VCMPUNORDPD reg1, reg2, reg3

VCMPPD reg]1, regz, reg3, 3

VCMPNEQPD reg1, reg2, reg3

VCMPPD regl, regz, reg3, 4

VCMPNLTPD reg1, reg2, reg3

VCMPPD regl, rege, reg3, 5

VCMPNLEPD reg1, regZ, reg3

VCMPPD reg]1, regz, reg3, 6

VCMPORDPD regl, reg2, reg3

VCMPPD reg1, reg2, reg3, 7

VCMPEQ_UQPD reg1, reg2, reg3

VCMPPD regl, regz, reg3, 8

VCMPNGEPD reg1, regz, reg3

VCMPPD reg]1, reg2, reg3, 9

VCMPNGTPD reg1, reg2, reg3

VCMPPD reg1, regZ, reg3, 0AH

VCMPFALSEPD reg1, reg2, reg3

VCMPPD regl, rege, reg3, OBH

VCMPNEQ_O0QPD reg1, reg2, reg3

VCMPPD reg1, reg2, reg3, OCH

VCMPGEPD reg1, reg2, reg3

VCMPPD reg1, reg2, reg3, ODH

VCMPGTPD reg1, reg2, reg3

VCMPPD regl, regz, reg3, OEH

VCMPTRUEPD reg1, regz, reg3

VCMPPD reg1, reg2, reg3, OFH

VCMPEQ_OSPD regl, rege, reg3

VCMPPD reg1, regZ, reg3, 10H

VCMPLT_OQPD reg]l, regz, reg3

VCMPPD regl, reg2, reg3, 11H

VCMPLE_OQPD regl, regz, reg3

VCMPPD reg1, reg2, reg3, 12H

VCMPUNORD_SPD reg1, reg2, reg3

VCMPPD reg1, reg2, reg3, 13H

VCMPNEQ_USPD reg1, reg2, reg3

VCMPPD regl, reg2, reg3, 14H

VCMPNLT_UQPD regl, rege, reg3

VCMPPD reg1, reg2, reg3, 15H

VCMPNLE_UQPD reg1, reg2, reg3

VCMPPD reg1, reg2, reg3, 16H

VCMPORD_SPD reg1, reg2, reg3

VCMPPD regl, reg2, reg3, 17H

VCMPEQ_USPD regl, reg2, reg3

VCMPPD reg1, reg2, reg3, 18H

VCMPNGE_UQPD reg, reg2, reg3

VCMPPD reg1, reg2, reg3, 19H

VCMPNGT_UQPD reg1, regz, reg3

VCMPPD regl, rege, reg3, 1AH

VCMPFALSE_OSPD reg1, regz, reg3

VCMPPD reg1, reg2, reg3, 1BH

VCMPNEQ_OSPD reg1, reg2, reg3

VCMPPD regl, reg2, reg3, 1CH

VCMPGE_OQPD regl, rege, reg3

VCMPPD regl, regz, reg3, 1DH

VCMPGT_OQPD regl, reg2, reg3

VCMPPD reg1, regz, reg3, 1EH

VCMPTRUE_USPD regl, reg2, reg3

VCMPPD reg1, reg2, reg3, 1FH
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Operation

CASE (COMPARISON PREDICATE) OF
0: OP3 := EQ_0Q; OP5 := EQ_0Q;
1:0P3:=LT_0OS; OP5:=LT_OS;
2:0P3:= LE_OS; OP5 := LE_OS;
3: 0P3:= UNORD_Q; OP5 := UNORD_Q;
4: 0P3 := NEQ_UQ; OP5 := NEQ_UQ;
5:0P3:= NLT_US; OP5 := NLT_US;
6: OP3 := NLE_US; OP5 := NLE_US;
7:0P3:= ORD_Q; OP5:= ORD_Q;
8: OP5 := EQ_UQ;
9: OP5 := NGE_US;
10: OP5 := NGT_US;
11: OP5 := FALSE_OQ;
12: OP5:= NEQ_OQ;
13: OP5 := GE_OS;
14:0P5:= GT_OS;
15: OP5 := TRUE_UQ;
16: OP5 ;= EQ_OS;
17:0P5:=LT_0OQ;
18: OP5 := LE_OQ;
19: OP5 := UNORD_S;
20: OP5 := NEQ_US;
21:0P5:= NLT_UQ;
22:0P5 := NLE_UQ;
23:0P5:= ORD_S;
24: 0P5 ;= EQ_US;
25: 0P5 := NGE_UQ;
26: 0P5 := NGT_UQ;
27:.0P5 := FALSE_OS;
28: 0P5 := NEQ_OS;
29: OP5 := GE_OQ;
30: 0P5:=GT_0OQ;
31: 0P5 := TRUE_US;
DEFAULT: Reserved;
ESAC;

VCMPPD (EVEX Encoded Versions)
(KL, VL) = (2, 128), (4, 256), (8,512)
FORj:=0 TOKL-1

i=j*64
IF k2[j] OR *no writemask*
THEN
IF (EVEX.b = 1) AND (SRC2 *is memory?*)
THEN
CMP := SRC1[i+63:i] OP5 SRC2[63:0]
ELSE
CMP := SRC1[i+63:i] OP5 SRC2[i+63:i]
FI;
IF CMP = TRUE
THEN DEST[j]:= 1;
ELSE DEST[j]:= 0; FI;
ELSE DEST[]]:=0 ; zeroing-masking only

Fl;
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ENDFOR
DEST[MAX_KL-1:KL]:= 0

VCMPPD (VEX.256 Encoded Version)
CMPO := SRC1[63:0] OP5 SRC2[63:0];
CMP1 := SRC1[127:64] OP5 SRC2[127:64];
CMP2 := SRC1[191:128] OP5 SRC2[191:128];
CMP3 := SRC1[255:192] OP5 SRC2[255:192];
IF CMPO = TRUE
THEN DEST[63:0] := FFFFFFFFFFFFFFFFH;
ELSE DEST[63:0] := 0000000000000000H; FI;
IF CMP1 = TRUE
THEN DEST[127:64] := FFFFFFFFFFFFFFFFH;
ELSE DEST[127:64] := 0000000000000000H; FI;
IF CMP2 = TRUE
THEN DEST[191:128] := FFFFFFFFFFFFFFFFH;
ELSE DEST[191:128] := 0000000000000000H; FI;
IF CMP3 = TRUE
THEN DEST[255:192] := FFFFFFFFFFFFFFFFH;
ELSE DEST[255:192] := 0000000000000000H; FI;
DEST[MAXVL-1:256]:= 0

VCMPPD (VEX.128 Encoded Version)
CMPO := SRC1[63:0] OP5 SRC2[63:0];
CMP1 := SRC1[127:64] OP5 SRC2[127:64];
IF CMPO = TRUE
THEN DEST[63:0] := FFFFFFFFFFFFFFFFH;
ELSE DEST[63:0] := 0000000000000000H; FI;
IF CMP1 = TRUE
THEN DEST[127:64] ;= FFFFFFFFFFFFFFFFH;
ELSE DEST[127:64] := 0000000000000000H; FI;
DEST[MAXVL-1:128]:=0

CMPPD (128-bit Legacy SSE Version)
CMPO := SRC1[63:0] OP3 SRC2[63:0];
CMP1 := SRC1[127:64] OP3 SRC2[127:64];
IF CMPO = TRUE
THEN DEST[63:0] := FFFFFFFFFFFFFFFFH;
ELSE DEST[63:0] := 0000000000000000H; FI;
IF CMP1 = TRUE
THEN DEST[127:64] := FFFFFFFFFFFFFFFFH;
ELSE DEST[127:64] := 0000000000000000H; FI;
DEST[MAXVL-1:128] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VCMPPD __mmask8 _mm512_cmp_pd_mask(__m512d 3, __m512d b, int imm);

INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

VCMPPD __mmask8 _mm512_cmp_round_pd_mask(_m512d a, __m512d b, int imm, int sae);
VCMPPD __mmask8 _mm512_mask_cmp_pd_mask( _mmask8 k1, __m512d a, __m512d b, int imm);
VCMPPD __mmask8 _mm512_mask_cmp_round_pd_mask(__mmask8 k1, __m512d a, __m512d b, int imm, int sae);

VCMPPD __mmask8 _mm256_cmp_pd_mask(__m256d a, __m256d b, int imm);

VCMPPD __mmask8 _mm256_mask_cmp_pd_mask( _mmask8 k1, __m256d a, __m256d b, int imm);

VCMPPD __mmask8 _mm_cmp_pd_mask(__m128d a, __m128d b, int imm);

VCMPPD __mmask8 _mm_mask_cmp_pd_mask( _mmask8 k1, __m128d a,__m128d b, int imm);

VCMPPD _m256 _mm256_cmp_pd(__m256d a, __m256d b, int imm)
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(V)CMPPD _m128 _mm_cmp_pd(__m128d a, __m128d b, int imm)

SIMD Floating-Point Exceptions
Invalid if SNaN operand and invalid if QNaN and predicate as listed in Table 1-1.
Denormal.

Other Exceptions
VEX-encoded instructions, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-46, "Type E2 Class Exception Conditions.”
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CMPPS—Compare Packed Single Precision Floating-Point Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bitMode | Flag
Support
NP OF C2 /rib A VIV SSE Compare packed single precision floating-point values
CMPPS xmm1, xmm2/m128, in xmm2/m128 and xmm1 using bits 2:0 of imm8 as a
imm8 comparison predicate.
VEX.128.0F.WIG C2 /rib B VIV AVX Compare packed single precision floating-point values
VCMPPS xmm1, xmmZ, in xmm3/m128 and xmmZ2 using bits 4:0 of imm8 as a
xmm3/m128, imm8 comparison predicate.
VEX.256.0F.WIG C2 /rib B VIV AVX Compare packed single precision floating-point values
VCMPPS ymm1, ymm2, in ymm3/m256 and ymm?2 using bits 4:0 of imm8 as a
ymm3/m256, imm8 comparison predicate.
EVEX.128.0F.WO C2 /rib C VIV (AVX512VL AND | Compare packed single precision floating-point values
VCMPPS k1 {k2}, xmm2, AVX512F) OR in xmm3/m128/m32bcst and xmm2 using bits 4:0 of
xmm3/m128/m32bcst, imm8 AVX10.11 imm8 as a comparison predicate with writemask k2
and leave the result in mask register k1.
EVEX.256.0F.W0 C2 /rib C VIV (AVX512VL AND | Compare packed single precision floating-point values
VCMPPS k1 {k2}, ymm2, AVX512F) OR in ymm3/m256/m32bcst and ymm2 using bits 4:0 of
ymm3/m256/m32bcst, imm8 AVX10.1" imm8 as a comparison predicate with writemask k2
and leave the result in mask register k1.
EVEX.512.0FWO0 C2 /rib C VIV AVX512F Compare packed single precision floating-point values
VCMPPS k1 {k2}, zmm2, OR AVX10.1' in zmm3/m512/m32bcst and zmm2 using bits 4:0 of
zmm3/m512/m32bcst{sae}, imm8 as a comparison predicate with writemask k2
imm8 and leave the result in mask register k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) imm8 N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8
C Full ModRM:reg (w) EVEX.vvwv (r) ModRM:r/m (r) imm8
Description

Performs a SIMD compare of the packed single precision floating-point values in the second source operand and

the first source operand and returns the result of the comparison to the destination operand. The comparison pred-
icate operand (immediate byte) specifies the type of comparison performed on each of the pairs of packed values.

EVEX encoded versions: The first source operand (second operand) is a ZMM/YMM/XMM register. The second
source operand can be a ZMM/YMM/XMM register, a 512/256/128-bit memory location or a 512/256/128-bit vector
broadcasted from a 32-bit memory location. The destination operand (first operand) is an opmask register.
Comparison results are written to the destination operand under the writemask k2. Each comparison result is a
single mask bit of 1 (comparison true) or 0 (comparison false).

VEX.256 encoded version: The first source operand (second operand) is a YMM register. The second source
operand (third operand) can be a YMM register or a 256-bit memory location. The destination operand (first
operand) is a YMM register. Eight comparisons are performed with results written to the destination operand. The
result of each comparison is a doubleword mask of all 1s (comparison true) or all Os (comparison false).

128-bit Legacy SSE version: The first source and destination operand (first operand) is an XMM register. The
second source operand (second operand) can be an XMM register or 128-bit memory location. Bits (MAXVL-1:128)
of the corresponding ZMM destination register remain unchanged. Four comparisons are performed with results
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written to bits 127:0 of the destination operand. The result of each comparison is a doubleword mask of all 1s
(comparison true) or all Os (comparison false).

VEX.128 encoded version: The first source operand (second operand) is an XMM register. The second source
operand (third operand) can be an XMM register or a 128-bit memory location. Bits (MAXVL-1:128) of the destina-
tion ZMM register are zeroed. Four comparisons are performed with results written to bits 127:0 of the destination
operand.

The comparison predicate operand is an 8-bit immediate:

®* For instructions encoded using the VEX prefix and EVEX prefix, bits 4:0 define the type of comparison to be
performed (see Table 1-1). Bits 5 through 7 of the immediate are reserved.

® For instruction encodings that do not use VEX prefix, bits 2:0 define the type of comparison to be made (see
the first 8 rows of Table 1-1). Bits 3 through 7 of the immediate are reserved.

The unordered relationship is true when at least one of the two source operands being compared is a NaN; the
ordered relationship is true when neither source operand is a NaN.

A subsequent computational instruction that uses the mask result in the destination operand as an input operand
will not generate an exception, because a mask of all Os corresponds to a floating-point value of +0.0 and a mask
of all 1s corresponds to a QNaN.

Note that processors with *CPUID.1H:ECX.AVX =0" do not implement the “greater-than”, “greater-than-or-equal”,
“not-greater than”, and “not-greater-than-or-equal relations” predicates. These comparisons can be made either
by using the inverse relationship (that is, use the “not-less-than-or-equal” to make a “greater-than” comparison)
or by using software emulation. When using software emulation, the program must swap the operands (copying
registers when necessary to protect the data that will now be in the destination), and then perform the compare
using a different predicate. The predicate to be used for these emulations is listed in the first 8 rows of Table 3-7
(Intel 64 and IA-32 Architectures Software Developer’s Manual Volume 2A) under the heading Emulation.

Compilers and assemblers may implement the following two-operand pseudo-ops in addition to the three-operand
CMPPS instruction, for processors with "CPUID.1H:ECX.AVX =0". See Table 1-4. The compiler should treat reserved
imm8 values as illegal syntax.

Table 1-4. Pseudo-Op and CMPPS Implementation

Pseudo-Op CMPPS Implementation
CMPEQPS xmm1, xmm2 CMPPS xmm1, xmm2, 0
CMPLTPS xmm1, xmm2 CMPPS xmm1, xmmZ2, 1
CMPLEPS xmm1, xmm2 CMPPS xmm1, xmm2, 2
CMPUNORDPS xmm1, xmm2 CMPPS xmm1, xmm2, 3
CMPNEQPS xmm1, xmm2 CMPPS xmm1, xmm2, 4
CMPNLTPS xmm1, xmm2 CMPPS xmm1, xmm2, 5
CMPNLEPS xmm1, xmm2 CMPPS xmm1, xmm2, 6
CMPORDPS xmm1, xmm2 CMPPS xmm1, xmmZ2, 7

The greater-than relations that the processor does not implement require more than one instruction to emulate in
software and therefore should not be implemented as pseudo-ops. (For these, the programmer should reverse the
operands of the corresponding less than relations and use move instructions to ensure that the mask is moved to
the correct destination register and that the source operand is left intact.)

Processors with "CPUID.1H:ECX.AVX =1" implement the full complement of 32 predicates shown in Table 1-5, soft-
ware emulation is no longer needed. Compilers and assemblers may implement the following three-operand
pseudo-ops in addition to the four-operand VCMPPS instruction. See Table 1-5, where the notation of regl and
reg2 represent either XMM registers or YMM registers. The compiler should treat reserved imm8 values as illegal
syntax. Alternately, intrinsics can map the pseudo-ops to pre-defined constants to support a simpler intrinsic inter-
face. Compilers and assemblers may implement three-operand pseudo-ops for EVEX encoded VCMPPS instructions
in a similar fashion by extending the syntax listed in Table 1-5.
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Table 1-5. Pseudo-Op and VCMPPS Implementation

Pseudo-0Op CMPPS Implementation
VCMPEQPS regl, reg2, reg3 VCMPPS reg1, regz, reg3, 0
VCMPLTPS regl, reg2, reg3 VCMPPS reg1, reg2, reg3, 1
VCMPLEPS reg1, regz2, reg3 VCMPPS regl, reg2, reg3, 2
VCMPUNORDPS reg1, reg2, reg3 VCMPPS reg1, reg2, reg3, 3
VCMPNEQPS reg1, reg2, reg3 VCMPPS reg1, reg2, reg3, 4
VCMPNLTPS reg1, reg2, reg3 VCMPPS regl, reg2, reg3, 5
VCMPNLEPS reg1, reg2, reg3 VCMPPS reg1, reg2, reg3, 6
VCMPORDPS reg1, regZ, reg3 VCMPPS reg1, reg2, reg3, 7
VCMPEQ_UQPS regl, rege, reg3 VCMPPS regl, reg2, reg3, 8
VCMPNGEPS reg1, reg2, reg3 VCMPPS reg1, regz, reg3, 9
VCMPNGTPS reg1, regz, reg3 VCMPPS regl, regZ, reg3, OAH

VCMPFALSEPS regl, reg2, reg3

VCMPPS reg],

reg2, reg3, OBH

VCMPNEQ_OQPS regl, regz, reg3

VCMPPS regl,

regz2, reg3, OCH

VCMPGEPS reg1, reg2, reg3

VCMPPS reg],

reg2, reg3, ODH

VCMPGTPS reg1, regz, reg3

VCMPPS reg],

reg2, reg3, OEH

VCMPTRUEPS reg1, reg2, reg3

VCMPPS regl,

regz2, reg3, OFH

VCMPEQ_OSPS reg1, regz, reg3

VCMPPS reg],

regz, reg3, 10H

VCMPLT_OQPS reg1, reg2, reg3

VCMPPS regl,

reg2, reg3, 11H

VCMPLE_OQPS reg1, rege, reg3

VCMPPS regl,

regz2, reg3, 12H

VCMPUNORD_SPS reg1, reg2, reg3

VCMPPS reg],

regz, reg3, 13H

VCMPNEQ_USPS reg1, reg2, reg3

VCMPPS reg],

reg2, reg3, 14H

VCMPNLT_UQPS regl, reg2, reg3

VCMPPS regl,

regz2, reg3, 15H

VCMPNLE_UQPS reg1, regz, reg3

VCMPPS reg],

regz, reg3, 16H

VCMPORD_SPS reg1, reg2, reg3

VCMPPS reg],

reg2, reg3, 17H

VCMPEQ_USPS regl, regz, reg3

VCMPPS regl,

regz2, reg3, 18H

VCMPNGE_UQPS regl, reg2, reg3

VCMPPS reg],

reg2, reg3, 19H

VCMPNGT_UQPS reg1, rege, reg3

VCMPPS reg],

regz2, reg3, 1AH

VCMPFALSE_OSPS regl, regz, reg3

VCMPPS regl,

regz, reg3, 1BH

VCMPNEQ_OSPS reg1, regz, reg3

VCMPPS reg],

reg2, reg3, 1CH

VCMPGE_OQPS regl, rege, reg3

VCMPPS reg],

reg2, reg3, 1DH

VCMPGT_OQPS reg1, reg2, reg3

VCMPPS regl,

regz2, reg3, 1€H

VCMPTRUE_USPS reg1, reg2, reg3

VCMPPS reg],

reg2, reg3, 1FH
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Operation

CASE (COMPARISON PREDICATE) OF
0: OP3:= EQ_0Q; OP5 := EQ_0Q;
1:0P3:=LT_0OS; OP5:=LT_OS;
2:0P3:= LE_OS; OP5 := LE_OS;

3: 0P3:= UNORD_Q; OP5 := UNORD_Q;
4: 0P3 := NEQ_UQ; OP5 := NEQ_UQ;
5:0P3:= NLT_US; OP5 := NLT_US;
6: OP3 := NLE_US; OP5 := NLE_US;
7:0P3:= ORD_Q; OP5:= ORD_Q;
8: OP5 := EQ_UQ;
9: OP5 := NGE_US;
10: OP5 := NGT_US;
11: OP5 := FALSE_OQ;
12: OP5:= NEQ_OQ;
13: OP5 := GE_OS;
14:0P5:= GT_OS;
15: OP5 := TRUE_UQ;
16: OP5 ;= EQ_OS;
17:0P5:=LT_0OQ;
18: OP5 := LE_OQ;
19: OP5 := UNORD_S;
20: OP5 := NEQ_US;
21:0P5:= NLT_UQ;
22:0P5 := NLE_UQ;
23:0P5:= ORD_S;
24: 0P5 ;= EQ_US;
25: 0P5 := NGE_UQ;
26: 0P5 := NGT_UQ;
27:.0P5 := FALSE_OS;
28: 0P5 := NEQ_OS;
29: OP5 := GE_OQ;
30: 0P5:=GT_0OQ;
31: 0P5 := TRUE_US;
DEFAULT: Reserved
ESAC;

VCMPPS (EVEX Encoded Versions)
(KL, VL) = (4, 128), (8, 256), (16, 512)
FORj:=0 TOKL-1

i=j*32
IF k2[j] OR *no writemask*
THEN
IF (EVEX.b = 1) AND (SRC2 *is memory?*)
THEN
CMP := SRC1[i+31:i] OP5 SRC2[31:0]
ELSE
CMP := SRC1[i+31:i] OP5 SRCZ[i+31:i]
FI;
IF CMP = TRUE
THEN DEST[j]:= 1;
ELSE DEST[j]:= 0; FI;
ELSE DEST[]]:=0 ; zeroing-masking onlyFl;

Fl;
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ENDFOR
DEST[MAX_KL-1:KL]:= 0

VCMPPS (VEX.256 Encoded Version)
CMPO := SRC1[31:0] OP5 SRC2[31:0];
CMP1 := SRC1[63:32] OP5 SRC2[63:32];
CMP2 := SRC1[95:64] OP5 SRC2[95:64];
CMP3 := SRC1[127:96] OP5 SRC2[127:96];
CMP4 := SRC1[159:128] OP5 SRC2[159:128];
CMP5 := SRC1[191:160] OP5 SRC2[191:160];
CMP6 := SRC1[223:192] OP5 SRC2[223:192];
CMP7 := SRC1[255:224] OP5 SRC2[255:224];
IF CMPO = TRUE

THEN DEST[31:0] :=FFFFFFFFH;

ELSE DEST[31:0] := 000000000H; FI;
IF CMP1 = TRUE

THEN DEST[63:32] := FFFFFFFFH;

ELSE DEST[63:32] :=000000000H; Fl;
IF CMP2 = TRUE

THEN DEST[95:64] := FFFFFFFFH;

ELSE DEST[95:64] := 000000000H; FI;
IF CMP3 = TRUE

THEN DEST[127:96] := FFFFFFFFH;

ELSE DEST[127:96] := 000000000H; FI;
IF CMP4 = TRUE

THEN DEST[159:128] := FFFFFFFFH;

ELSE DEST[159:128] := 000000000H; Fl;
IF CMP5 = TRUE

THEN DEST[191:160] := FFFFFFFFH;

ELSE DEST[191:160] := 000000000H; FI;
IF CMP6 = TRUE

THEN DEST[223:192] := FFFFFFFFH;

ELSE DEST[223:192] :=000000000H; FI;
IF CMP7 = TRUE

THEN DEST[255:224] := FFFFFFFFH;

ELSE DEST[255:224] := 000000000H; Fl;
DEST[MAXVL-1:256]:= 0

VCMPPS (VEX.128 Encoded Version)
CMPO := SRC1[31:0] OP5 SRC2[31:0];
CMP1 := SRC1[63:32] OP5 SRC2[63:32];
CMP2 := SRC1[95:64] OP5 SRC2[95:64];
CMP3 := SRC1[127:96] OP5 SRC2[127:96];
IF CMPO = TRUE

THEN DEST[31:0] :=FFFFFFFFH;

ELSE DEST[31:0] := 000000000H; FI;
IF CMP1 = TRUE

THEN DEST[63:32] := FFFFFFFFH;

ELSE DEST[63:32] := 000000000H; FI;
IF CMP2 = TRUE

THEN DEST[95:64] := FFFFFFFFH;

ELSE DEST[95:64] := 000000000H; FI;
IF CMP3 = TRUE

THEN DEST[127:96] := FFFFFFFFH;
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ELSE DEST[127:96] :=000000000H; FI;
DEST[MAXVL-1:128]:=0

CMPPS (128-bit Legacy SSE Version)
CMPO := SRC1[31:0] OP3 SRC2[31:0];
CMP1 := SRC1[63:32] OP3 SRC2[63:32];
CMP2 := SRC1[95:64] OP3 SRC2[95:64];
CMP3 := SRC1[127:96] OP3 SRC2[127:96];
IF CMPO = TRUE

THEN DEST[31:0] :=FFFFFFFFH;

ELSE DEST[31:0] := 000000000H; FI;
IF CMP1 = TRUE

THEN DEST[63:32] := FFFFFFFFH;

ELSE DEST[63:32] := 000000000H; FI;
IF CMP2 = TRUE

THEN DEST[95:64] := FFFFFFFFH;

ELSE DEST[95:64] := 000000000H; FI;
IF CMP3 = TRUE

THEN DEST[127:96] := FFFFFFFFH;

ELSE DEST[127:96] :=000000000H; FI;
DEST[MAXVL-1:128] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent
VCMPPS __mmask16 _mm512_cmp_ps_mask(__m512 a, _m512 b, int imm);
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VCMPPS __mmask16 _mm512_cmp_round_ps_mask(_m512 a,__m512 b, int imm, int sae);
VCMPPS __mmask16 _mm512_mask_cmp_ps_mask(__mmask16 k1, __m512 a,__m512 b, intimm);
VCMPPS __mmask16 _mm512_mask_cmp_round_ps_mask(_mmask16 k1, _m512 a,__m512 b, int imm, int sae);

VCMPPS __mmask8 _mm256_cmp_ps_mask(_m256 a, __m256 b, int imm);

VCMPPS __mmask8 _mm256_mask_cmp_ps_mask(__mmask8 k1, __m256 a,__m256 b, int imm);

VCMPPS _mmask8 _mm_cmp_ps_mask(_m128a, __m128 b, int imm);

VCMPPS __mmask8 _mm_mask_cmp_ps_mask(__mmask8 k1, __m128a,_m128b, intimm);

VCMPPS _m256 _mm256_cmp_ps(__m256 a, __m256 b, int imm)
CMPPS __m128 _mm_cmp_ps(__m128a,_m128b, intimm)

SIMD Floating-Point Exceptions

Invalid if SNaN operand and invalid if QNaN and predicate as listed in Table 1-1.

Denormal.

Other Exceptions

VEX-encoded instructions, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-46, “Type E2 Class Exception Conditions.”
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CMPSD—Compare Scalar Double Precision Floating-Point Value

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support
F2 OF C2 /rib A VIV SSE2 Compare low double precision floating-point value in
CMPSD xmm1, xmm2/m64, imm8 xmm2/m64 and xmm1 using bits 2:0 of imm8 as
comparison predicate.
VEX.LIG.F2.0F.WIG C2 /rib B VIV AVX Compare low double precision floating-point value in
VCMPSD xmm1, xmmZ2, xmm3/m64, xmm3/m64 and xmmZ2 using bits 4.0 of imm8 as
imm8 comparison predicate.
EVEX.LLIG.F2.0F.W1 C2 /rib C VIV AVX512F Compare low double precision floating-point value in
VCMPSD k1 {k2}, xmm2, OR AVX10.1" | xmm3/m64 and xmm2 using bits 4:0 of imm8 as
xmm3/m64{sae}, imm8 comparison predicate with writemask k2 and leave the
result in mask register k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) imm8 N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8
C Tuple1 Scalar ModRM:reg (w) EVEX.vvwv (r) ModRM:r/m (r) imm8
Description

Compares the low double precision floating-point values in the second source operand and the first source operand
and returns the result of the comparison to the destination operand. The comparison predicate operand (imme-
diate operand) specifies the type of comparison performed.

128-bit Legacy SSE version: The first source and destination operand (first operand) is an XMM register. The
second source operand (second operand) can be an XMM register or 64-bit memory location. Bits (MAXVL-1:64) of
the corresponding YMM destination register remain unchanged. The comparison result is a quadword mask of all 1s
(comparison true) or all Os (comparison false).

VEX.128 encoded version: The first source operand (second operand) is an XMM register. The second source
operand (third operand) can be an XMM register or a 64-bit memory location. The result is stored in the low quad-
word of the destination operand; the high quadword is filled with the contents of the high quadword of the first
source operand. Bits (MAXVL-1:128) of the destination ZMM register are zeroed. The comparison result is a quad-
word mask of all 1s (comparison true) or all 0s (comparison false).

EVEX encoded version: The first source operand (second operand) is an XMM register. The second source operand
can be a XMM register or a 64-bit memory location. The destination operand (first operand) is an opmask register.
The comparison result is a single mask bit of 1 (comparison true) or 0 (comparison false), written to the destination
starting from the LSB according to the writemask k2. Bits (MAX_KL-1:128) of the destination register are cleared.

The comparison predicate operand is an 8-bit immediate:

®* Forinstructions encoded using the VEX prefix, bits 4:0 define the type of comparison to be performed (see
Table 1-1). Bits 5 through 7 of the immediate are reserved.

® For instruction encodings that do not use VEX prefix, bits 2:0 define the type of comparison to be made (see
the first 8 rows of Table 1-1). Bits 3 through 7 of the immediate are reserved.

The unordered relationship is true when at least one of the two source operands being compared is a NaN; the
ordered relationship is true when neither source operand is a NaN.
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A subsequent computational instruction that uses the mask result in the destination operand as an input operand
will not generate an exception, because a mask of all Os corresponds to a floating-point value of +0.0 and a mask
of all 1s corresponds to a QNaN.

Note that processors with "CPUID.1H:ECX.AVX =0" do not implement the “greater-than”, “greater-than-or-equal”,
“not-greater than”, and “not-greater-than-or-equal relations” predicates. These comparisons can be made either
by using the inverse relationship (that is, use the “not-less-than-or-equal” to make a “greater-than” comparison)
or by using software emulation. When using software emulation, the program must swap the operands (copying
registers when necessary to protect the data that will now be in the destination), and then perform the compare
using a different predicate. The predicate to be used for these emulations is listed in the first 8 rows of Table 3-7
(Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 2A) under the heading Emulation.

Compilers and assemblers may implement the following two-operand pseudo-ops in addition to the three-operand
CMPSD instruction, for processors with "CPUID.1H:ECX.AVX =0". See Table 1-6. The compiler should treat
reserved imma8 values as illegal syntax.

Table 1-6. Pseudo-Op and CMPSD Implementation

Pseudo-Op CMPSD Implementation
CMPEQSD xmm1, xmm2 CMPSD xmm1, xmmZ2, 0
CMPLTSD xmm1, xmm2 CMPSD xmm1, xmm2, 1
CMPLESD xmm1, xmm2 CMPSD xmm1, xmm2, 2
CMPUNORDSD xmm1, xmm2 CMPSD xmm1, xmm2, 3
CMPNEQSD xmm1, xmm2 CMPSD xmm1, xmmZ, 4
CMPNLTSD xmm1, xmm2 CMPSD xmm1, xmmZ2, 5
CMPNLESD xmm1, xmm2 CMPSD xmm1, xmm2, 6
CMPORDSD xmm1, xmm2 CMPSD xmm1, xmm2, 7

The greater-than relations that the processor does not implement require more than one instruction to emulate in
software and therefore should not be implemented as pseudo-ops. (For these, the programmer should reverse the
operands of the corresponding less than relations and use move instructions to ensure that the mask is moved to
the correct destination register and that the source operand is left intact.)

Processors with "CPUID.1H:ECX.AVX =1" implement the full complement of 32 predicates shown in Table 1-7, soft-
ware emulation is no longer needed. Compilers and assemblers may implement the following three-operand
pseudo-ops in addition to the four-operand VCMPSD instruction. See Table 1-7, where the notations of regl reg2,
and reg3 represent either XMM registers or YMM registers. The compiler should treat reserved imm8 values as
illegal syntax. Alternately, intrinsics can map the pseudo-ops to pre-defined constants to support a simpler intrinsic
interface. Compilers and assemblers may implement three-operand pseudo-ops for EVEX encoded VCMPSD
instructions in a similar fashion by extending the syntax listed in Table 1-7.

Table 1-7. Pseudo-Op and VCMPSD Implementation

Pseudo-Op CMPSD Implementation

VCMPEQSD reg1, reg2, reg3 VCMPSD reg1, reg2, reg3, 0
VCMPLTSD reg1, reg2, reg3 VCMPSD reg1, reg2, reg3, 1
VCMPLESD reg1, reg2, reg3 VCMPSD reg1, reg2, reg3, 2
VCMPUNORDSD reg1, reg2, reg3 VCMPSD reg1, reg2, reg3, 3
VCMPNEQSD reg1, reg2, reg3 VCMPSD reg1, reg2, reg3, 4
VCMPNLTSD reg1, reg2, reg3 VCMPSD reg1, reg2, reg3, 5
VCMPNLESD reg1, reg2, reg3 VCMPSD reg1, reg2, reg3, 6
VCMPORDSD reg1, reg2, reg3 VCMPSD reg1, reg2, reg3, 7
VCMPEQ_UQSD reg1, reg?, reg3 VCMPSD reg1, reg2, reg3, 8
VCMPNGESD reg1, reg2, reg3 VCMPSD reg1, reg2, reg3, 9
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Table 1-7. Pseudo-Op and VCMPSD Implementation

Pseudo-Op

CMPSD Implementation

VCMPNGTSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, OAH

VCMPFALSESD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, OBH

VCMPNEQ_0QSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, OCH

VCMPGESD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, ODH

VCMPGTSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, OEH

VCMPTRUESD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, OFH

VCMPEQ_OSSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 10H

VCMPLT_OQSD reg1, rege, reg3

VCMPSD reg1, reg2, reg3, 11H

VCMPLE_OQSD reg1, rege, reg3

VCMPSD reg1, reg2, reg3, 12H

VCMPUNORD_SSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 13H

VCMPNEQ_USSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 14H

VCMPNLT_UQSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 15H

VCMPNLE_UQSD reg1, rege, reg3

VCMPSD reg1, reg2, reg3, 16H

VCMPORD_SSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 17H

VCMPEQ_USSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 18H

VCMPNGE_UQSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 19H

VCMPNGT_UQSD regl1, reg2, reg3

VCMPSD reg1, reg2, reg3, 1AH

VCMPFALSE_O0SSD reg1, rege, reg3

VCMPSD reg1, reg2, reg3, 1BH

VCMPNEQ_0SSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 1CH

VCMPGE_OQSD regT, reg2, reg3

VCMPSD reg1, reg2, reg3, 1DH

VCMPGT_0QSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 1eH

VCMPTRUE_USSD reg1, reg2, reg3

VCMPSD reg1, reg2, reg3, 1FH

Software should ensure VCMPSD is encoded with VEX.L=0.
dictable behavior across different processor generations.

Operation

CASE (COMPARISON PREDICATE) OF
0: OP3:= EQ_0OQ; OP5 := EQ_OQ;
1:0P3:=LT_OS; OP5 := LT_OS;
2: OP3 := LE_QS; OP5 := LE_OS;
3: OP3 := UNORD_Q; OP5 := UNORD_Q;
4. 0P3:= NEQ_UQ; OP5 := NEQ_UQ;
5:0P3:=NLT_US; OP5 := NLT_US;
6: OP3 := NLE_US; OP5 := NLE_US;
7:0P3:= ORD_Q; OP5 := ORD_Q;
8: OP5 := EQ_UQ;
9: OP5 := NGE_US;
10: OP5 := NGT_US;
11: OP5 := FALSE_OQ;
12: OP5:= NEQ_OQ;
13: OP5 := GE_OS;
14: 0P5:= GT_OS;
15: 0P5 := TRUE_UQ;
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16: OP5 := EQ_OS;
17:0P5:=LT_0Q;
18: 0P5:= LE_0Q;
19: OP5 := UNORD_S;
20: OP5 := NEQ_US;
21:0P5:= NLT_UQ;
22:0P5 := NLE_UQ;
23:0P5:= ORD_S;
24:0P5 := EQ_US;
25: OP5 := NGE_UQ;
26: OP5 := NGT_UQ;
27:0P5 := FALSE_OS;
28: OP5 := NEQ_OS;
29: OP5 := GE_0Q;
30: OP5:= GT_0Q;
31: 0P5 := TRUE_US;
DEFAULT: Reserved
ESAC;

VCMPSD (EVEX Encoded Version)
CMPO := SRC1[63:0] OP5 SRC2[63:0];

IF k2[0] or *no writemask*
THEN IF CMPO = TRUE
THEN DEST[O] := 1;
ELSE DEST[0]:=O; FI;
ELSE DEST[O0]:=0
Fl;
DEST[MAX_KL-1:1]:=0

; zeroing-masking only

CMPSD (128-bit Legacy SSE Version)

CMPO := DEST[63:0] OP3 SRC[63:0];

IF CMPO = TRUE

THEN DEST[63:0] := FFFFFFFFFFFFFFFFH;
ELSE DEST[63:0] := 0000000000000000H; FI;
DEST[MAXVL-1:64] (Unmodified)

VCMPSD (VEX.128 Encoded Version)

CMPO := SRC1[63:0] OP5 SRC2[63:0];

IF CMPO = TRUE

THEN DEST[63:0] := FFFFFFFFFFFFFFFFH;
ELSE DEST[63:0] := 0000000000000000H; FI;
DEST[127:64]:= SRC1[127:64]
DEST[MAXVL-1:128]:=0

Intel C/C++ Compiler Intrinsic Equivalent

VCMPSD __mmask8 _mm_cmp_sd_mask(__m128d a, __m128d b, int imm);
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VCMPSD __mmask8 _mm_cmp_round_sd_mask(__m128d a, __m128d b, int imm, int sae);
VCMPSD __mmask8 _mm_mask_cmp_sd_mask(__mmask8 k1, _m128d a, __m128d b, int imm);
VCMPSD __mmask8 _mm_mask_cmp_round_sd_mask(_mmask8 k1, __m128d a, __m128d b, int imm, int sae);

(V)CMPSD _m128d _mm_cmp_sd(__m128d a, __m128d b, const int imm)

SIMD Floating-Point Exceptions

Invalid if SNaN operand, Invalid if QNaN and predicate as listed in Table 1-1, Denormal.
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Other Exceptions
VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-47, “"Type E3 Class Exception Conditions.”
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CMPSS—Compare Scalar Single Precision Floating-Point Value

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support
F30FC2/rib A VIV SSE Compare low single precision floating-point value in
CMPSS xmm1, xmm2/m32, imm8 xmm2/m32 and xmm1 using bits 2:0 of imm8 as
comparison predicate.
VEX.LIG.F3.0F.WIG C2 /rib B VIV AVX Compare low single precision floating-point value in
VCMPSS xmm1, xmmZ2, xmm3/m32, xmm3/m32 and xmmZ2 using bits 4:0 of imm8 as
imm8 comparison predicate.
EVEX.LLIG.F3.0F.W0 C2 /rib C VIV AVX512F Compare low single precision floating-point value in
VCMPSS k1 {k2}, xmm2, ORAVX10.1" | xmm3/m32 and xmm2 using bits 4:0 of imm8 as
xmm3/m32{sae}, imm8 comparison predicate with writemask k2 and leave the
result in mask register k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/€En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) imm8 N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8
C Tuple1 Scalar ModRM:reg (w) EVEX.vvvv (r) ModRM:r/m (r) imm8
Description

Compares the low single precision floating-point values in the second source operand and the first source operand
and returns the result of the comparison to the destination operand. The comparison predicate operand (imme-
diate operand) specifies the type of comparison performed.

128-bit Legacy SSE version: The first source and destination operand (first operand) is an XMM register. The
second source operand (second operand) can be an XMM register or 32-bit memory location. Bits (MAXVL-1:32) of
the corresponding YMM destination register remain unchanged. The comparison result is a doubleword mask of all
1s (comparison true) or all 0s (comparison false).

VEX.128 encoded version: The first source operand (second operand) is an XMM register. The second source
operand (third operand) can be an XMM register or a 32-bit memory location. The result is stored in the low 32 bits
of the destination operand; bits 127:32 of the destination operand are copied from the first source operand. Bits
(MAXVL-1:128) of the destination ZMM register are zeroed. The comparison result is a doubleword mask of all 1s
(comparison true) or all Os (comparison false).

EVEX encoded version: The first source operand (second operand) is an XMM register. The second source operand

can be a XMM register or a 32-bit memory location. The destination operand (first operand) is an opmask register.

The comparison result is a single mask bit of 1 (comparison true) or 0 (comparison false), written to the destination

starting from the LSB according to the writemask k2. Bits (MAX_KL-1:128) of the destination register are cleared.

The comparison predicate operand is an 8-bit immediate:

®* Forinstructions encoded using the VEX prefix, bits 4:0 define the type of comparison to be performed (see
Table 1-1). Bits 5 through 7 of the immediate are reserved.

® For instruction encodings that do not use VEX prefix, bits 2:0 define the type of comparison to be made (see
the first 8 rows of Table 1-1). Bits 3 through 7 of the immediate are reserved.

The unordered relationship is true when at least one of the two source operands being compared is a NaN; the
ordered relationship is true when neither source operand is a NaN.

Document Number; 355989-002US, Revision 2.0 1-52



INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

A subsequent computational instruction that uses the mask result in the destination operand as an input operand
will not generate an exception, because a mask of all Os corresponds to a floating-point value of +0.0 and a mask
of all 1s corresponds to a QNaN.

Note that processors with "CPUID.1H:ECX.AVX =0" do not implement the “greater-than”, “greater-than-or-equal”,
“not-greater than”, and “not-greater-than-or-equal relations” predicates. These comparisons can be made either
by using the inverse relationship (that is, use the “not-less-than-or-equal” to make a “greater-than” comparison)
or by using software emulation. When using software emulation, the program must swap the operands (copying
registers when necessary to protect the data that will now be in the destination), and then perform the compare
using a different predicate. The predicate to be used for these emulations is listed in the first 8 rows of Table 3-7
(Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume 2A) under the heading Emulation.

Compilers and assemblers may implement the following two-operand pseudo-ops in addition to the three-operand
CMPSS instruction, for processors with "CPUID.1H:ECX.AVX =0". See Table 1-8. The compiler should treat
reserved imma8 values as illegal syntax.

Table 1-8. Pseudo-Op and CMPSS Implementation
Pseudo-Op CMPSS Implementation

CMPEQSS xmm1, xmm2

CMPSS xmm1, xmmZ2, 0

CMPLTSS xmm1, xmmZ2

CMPSS xmm1, xmm2, 1

CMPLESS xmm1, xmm2

CMPSS xmm1, xmm2, 2

CMPUNORDSS xmm1, xmm2

CMPSS xmm1, xmmZ, 3

CMPNEQSS xmm1, xmm2

CMPSS xmm1, xmm2, 4

CMPNLTSS xmm1, xmm2

CMPSS xmm1, xmm2, 5

CMPNLESS xmm1, xmmZ2

CMPSS xmm1, xmmZ2, 6

CMPORDSS xmm1, xmmZ2

CMPSS xmm1, xmmZ2, 7

The greater-than relations that the processor does not implement require more than one instruction to emulate in
software and therefore should not be implemented as pseudo-ops. (For these, the programmer should reverse the
operands of the corresponding less than relations and use move instructions to ensure that the mask is moved to
the correct destination register and that the source operand is left intact.)

Processors with "CPUID.1H:ECX.AVX =1" implement the full complement of 32 predicates shown in Table 1-7, soft-
ware emulation is no longer needed. Compilers and assemblers may implement the following three-operand
pseudo-ops in addition to the four-operand VCMPSS instruction. See Table 1-9, where the notations of regl reg2,
and reg3 represent either XMM registers or YMM registers. The compiler should treat reserved imm8 values as
illegal syntax. Alternately, intrinsics can map the pseudo-ops to pre-defined constants to support a simpler intrinsic
interface. Compilers and assemblers may implement three-operand pseudo-ops for EVEX encoded VCMPSS
instructions in a similar fashion by extending the syntax listed in Table 1-9.

Table 1-9. Pseudo-Op and VCMPSS Implementation

Pseudo-0p CMPSS Implementation

VCMPEQSS reg1, reg2, reg3 VCMPSS reg1, reg2, reg3, 0
VCMPLTSS reg1, reg2, reg3 VCMPSS reg1, reg2, reg3, 1
VCMPLESS reg1, reg?, reg3 VCMPSS reg1, reg2, reg3, 2
VCMPUNORDSS reg1, reg2, reg3 VCMPSS reg1, reg2, reg3, 3
VCMPNEQSS reg1, reg2, reg3 VCMPSS reg1, reg2, reg3, 4
VCMPNLTSS reg1, rege, reg3 VCMPSS reg1, reg2, reg3, 5
VCMPNLESS reg1, reg2, reg3 VCMPSS reg1, reg2, reg3, 6
VCMPORDSS reg1, reg2, reg3 VCMPSS reg1, reg2, reg3, 7
VCMPEQ_UQSS reg1, reg?, reg3 VCMPSS reg1, reg2, reg3, 8
VCMPNGESS reg1, reg2, reg3 VCMPSS reg1, reg2, reg3, 9
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Table 1-9. Pseudo-Op and VCMPSS Implementation

Pseudo-Op

CMPSS Implementation

VCMPNGTSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, OAH

VCMPFALSESS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, OBH

VCMPNEQ_O0QSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, OCH

VCMPGESS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, ODH

VCMPGTSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, OEH

VCMPTRUESS reg1, reg2, reg3

VCMPSS reg1, reg?, reg3, OFH

VCMPEQ_O0SSS reg1, rege, reg3

VCMPSS reg1, reg2, reg3, 10H

VCMPLT_OQSS reg1, rege, reg3

VCMPSS reg1, reg2, reg3, 11H

VCMPLE_OQSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 12H

VCMPUNORD_SSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 13H

VCMPNEQ_USSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 14H

VCMPNLT_UQSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 15H

VCMPNLE_UQSS reg1, rege, reg3

VCMPSS reg1, reg2, reg3, 16H

VCMPORD_SSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 17H

VCMPEQ_USSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 18H

VCMPNGE_UQSS reg1, rege, reg3

VCMPSS reg1, reg2, reg3, 19H

VCMPNGT_UQSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 1AH

VCMPFALSE_OSSS reg1, rege, reg3

VCMPSS reg1, reg2, reg3, 1BH

VCMPNEQ_OSSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 1CH

VCMPGE_OQSS reg1, reg?, reg3

VCMPSS reg1, reg2, reg3, 1DH

VCMPGT_OQSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 1€H

VCMPTRUE_USSS reg1, reg2, reg3

VCMPSS reg1, reg2, reg3, 1FH

Software should ensure VCMPSS is encoded with VEX.L=0.
dictable behavior across different processor generations.

Operation

CASE (COMPARISON PREDICATE) OF
0: 0P3:= EQ_0Q; OP5 := EQ_OQ;
1:0P3:= LT_OS; OP5 := LT_OS;
2. 0P3:= LE_OS; OP5 := LE_OS;

Encoding VCMPSS with VEX.L=1 may encounter unpre-

3: OP3 := UNORD_Q; OP5 := UNORD_Q;
4. 0P3:= NEQ_UQ; OP5 := NEQ_UQ;
5:0P3:=NLT_US; OP5 := NLT_US;
6: OP3 := NLE_US; OP5 := NLE_US;
7:0P3:= ORD_Q; OP5 := ORD_Q;

8: OP5 := EQ_UQ;

9: OP5 := NGE_US;

10: OP5 := NGT_US;

11: OP5 := FALSE_OQ;

12: OP5:= NEQ_OQ;

13: OP5 := GE_OS;

14: 0P5:= GT_OS;

15: 0P5 := TRUE_UQ;
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16: OP5 := EQ_OS;
17:0P5:=LT_0Q;
18: 0P5:= LE_0Q;
19: OP5 := UNORD_S;
20: OP5 := NEQ_US;
21:0P5:= NLT_UQ;
22:0P5 := NLE_UQ;
23:0P5:= ORD_S;
24:0P5 := EQ_US;
25: OP5 := NGE_UQ;
26: OP5 := NGT_UQ;
27:0P5 := FALSE_OS;
28: OP5 := NEQ_OS;
29: OP5 := GE_0Q;
30: OP5:= GT_0Q;
31: 0P5 := TRUE_US;
DEFAULT: Reserved
ESAC;

VCMPSS (EVEX Encoded Version)
CMPO := SRC1[31:0] OP5 SRC2[31:0];

IF k2[0] or *no writemask*
THEN IF CMPO = TRUE
THEN DEST[O] := 1;
ELSE DEST[0]:=O; FI;
ELSE DEST[O0]:=0
Fl;
DEST[MAX_KL-1:1]:=0

CMPSS (128-bit Legacy SSE Version)
CMPO := DEST[31:0] OP3 SRC[31:0];

IF CMPO = TRUE

THEN DEST[31:0] := FFFFFFFFH;

ELSE DEST[31:0] := 00000000H; FI;
DEST[MAXVL-1:32] (Unmodified)

VCMPSS (VEX.128 Encoded Version)
CMPO := SRC1[31:0] OP5 SRC2[31:0];
IF CMPO = TRUE

THEN DEST[31:0] := FFFFFFFFH;

ELSE DEST[31:0] := 00000000H; FI;
DEST[127:32]:= SRC1[127:32]
DEST[MAXVL-1:128]:=0

; zeroing-masking only

Intel C/C++ Compiler Intrinsic Equivalent

VCMPSS _mmask8 _mm_cmp_ss_mask(_m1283a, __m128 b, int imm);

INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

VCMPSS __mmask8 _mm_cmp_round_ss_mask(_m128a,__m128b, int imm, int sae);
VCMPSS __mmask8 _mm_mask_cmp_ss_mask(_mmask8 k1, __m128 3, __m128b, intimm);
VCMPSS __mmask8 _mm_mask_cmp_round_ss_mask(_mmask8 k1, __m128a, __m128 b, int imm, int sae);

(V)CMPSS _m128 _mm_cmp_ss(_m128a, __m128 b, const int imm)

SIMD Floating-Point Exceptions

Invalid if SNaN operand, Invalid if QNaN and predicate as listed in Table 1-1, Denormal.
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Other Exceptions
VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-47, “"Type E3 Class Exception Conditions.”
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COMISD—Compare Scalar Ordered Double Precision Floating-Point Values and Set EFLAGS

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support
66 OF 2F /It A VIV SSE2 Compare low double precision floating-point values in
COMISD xmm1, xmm2/m64 xmm1 and xmm2/mem64 and set the EFLAGS flags
accordingly.
VEX.LIG.66.0F.WIG 2F /r A VIV AVX Compare low double precision floating-point values in
VCOMISD xmm1, xmm2/m64 xmm1 and xmm2/mem64 and set the EFLAGS flags
accordingly.
EVEX.LLIG.66.0F.W1 2F /r B VIV AVX512F Compare low double precision floating-point values in
VCOMISD xmm1, xmm2/m64{sae} ORAVX10.1" | xmm1 and xmm2/mem64 and set the EFLAGS flags
accordingly.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Tuple1 Scalar ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Compares the double precision floating-point values in the low quadwords of operand 1 (first operand) and operand
2 (second operand), and sets the ZF, PF, and CF flags in the EFLAGS register according to the result (unordered,
greater than, less than, or equal). The OF, SF, and AF flags in the EFLAGS register are set to 0. The unordered result
is returned if either source operand is a NaN (QNaN or SNaN).

Operand 1 is an XMM register; operand 2 can be an XMM register or a 64 bit memory location. The COMISD instruc-
tion differs from the UCOMISD instruction in that it signals a SIMD floating-point invalid operation exception (#1I)
when a source operand is either a QNaN or SNaN. The UCOMISD instruction signals an invalid operation exception
only if a source operand is an SNaN.

The EFLAGS register is not updated if an unmasked SIMD floating-point exception is generated.

VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.

Software should ensure VCOMISD is encoded with VEX.L=0. Encoding VCOMISD with VEX.L=1 may encounter
unpredictable behavior across different processor generations.

Operation

COMISD (All Versions)
RESULT := OrderedCompare(DEST[63:0] <> SRC[63:0]){
(* Set EFLAGS *) CASE (RESULT) OF
UNORDERED: ZF,PFCF:=111;
GREATER_THAN: ZF,PF,CF := 000;
LESS_THAN: ZF,PF,CF := 001;
EQUAL: ZF,PF,CF:= 100;
ESAC;
OF, AF,SF:=0;}
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Intel C/C++ Compiler Intrinsic Equivalent

VCOMISD int _mm_comi_round_sd(__m128d a, __m128d b, int imm, int sae);
VCOMISD int _mm_comieq_sd (__m128da,__m128d b)

VCOMISD int _mm_comilt_sd (__m128d a, __m128db)

VCOMISD int _mm_comile_sd (__m128d a, __m128db)

VCOMISD int _mm_comigt_sd (__m128da, __m128dDb)

VCOMISD int _mm_comige_sd (__m128d a,__m128d b)

VCOMISD int _mm_comineq_sd (__m128d a, __ m128db)

SIMD Floating-Point Exceptions
Invalid (if SNaN or QNaN operands), Denormal.

Other Exceptions

VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-48, “"Type E3NF Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv !'= 1111B or EVEX.vvvv = 1111B.
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COMISS—Compare Scalar Ordered Single Precision Floating-Point Values and Set EFLAGS

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support

NP OF 2F /r A VIV SSE Compare low single precision floating-point values in

COMISS xmm1, xmm2/m32 xmm1 and xmm2/mem32 and set the EFLAGS flags
accordingly.

VEX.LIG.OF.WIG 2F /r A VIV AVX Compare low single precision floating-point values in

VCOMISS xmm1, xmm2/m32 xmm1 and xmm2/mem32 and set the EFLAGS flags
accordingly.

EVEX.LLIG.OF.WO 2F /r B VIV AVX512F Compare low single precision floating-point values in

VCOMISS xmm1, xmm2/m32{sae} ORAVX10.1" | xmm1 and xmm2/mem32 and set the EFLAGS flags
accordingly.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Tuple1 Scalar ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Compares the single precision floating-point values in the low quadwords of operand 1 (first operand) and operand
2 (second operand), and sets the ZF, PF, and CF flags in the EFLAGS register according to the result (unordered,
greater than, less than, or equal). The OF, SF, and AF flags in the EFLAGS register are set to 0. The unordered result
is returned if either source operand is a NaN (QNaN or SNaN).

Operand 1 is an XMM register; operand 2 can be an XMM register or a 32 bit memory location.
The COMISS instruction differs from the UCOMISS instruction in that it signals a SIMD floating-point invalid opera-

tion exception (#I) when a source operand is either a QNaN or SNaN. The UCOMISS instruction signals an invalid
operation exception only if a source operand is an SNaN.

The EFLAGS register is not updated if an unmasked SIMD floating-point exception is generated.
VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.

Software should ensure VCOMISS is encoded with VEX.L=0. Encoding VCOMISS with VEX.L=1 may encounter
unpredictable behavior across different processor generations.

Operation

COMISS (All Versions)
RESULT := OrderedCompare(DEST[31:0] <> SRC[31:0]){
(* Set EFLAGS *) CASE (RESULT) OF
UNORDERED: ZF,PFCF:=111;
GREATER_THAN: ZF PF,CF := 000;
LESS_THAN: ZF,PF,CF := 001;
EQUAL: ZF,PF,CF:= 100;
ESAC;
OF, AF,SF:=0;}
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Intel C/C++ Compiler Intrinsic Equivalent

VCOMISS int _mm_comi_round_ss(__m128a, __m128 b, int imm, int sae);
VCOMISS int _mm_comieq_ss (__m128a,__m128Db)

VCOMISS int _mm_comilt_ss(_m1283a,_m128b)

VCOMISS int _mm_comile_ss (_m128a,__m128b)

VCOMISS int _mm_comigt_ss (_m1283a,_m128b)

VCOMISS int _mm_comige_ss (__m128a,__m128b)

VCOMISS int _mm_comineq_ss (__m1283a,__m128b)

SIMD Floating-Point Exceptions
Invalid (if SNaN or QNaN operands), Denormal.

Other Exceptions

VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-48, “"Type E3NF Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv I= 1111B or EVEX.vvvv = 1111B.

r
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CVTDQ2PD—Convert Packed Doubleword Integers to Packed Double Precision Floating-Point

Values
Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support

F3O0FEG /T A VIV SSE2 Convert two packed signed doubleword integers from

CVTDQ2PD xmm1, xmm2/m64 xmm2/mem to two packed double precision floating-
point values in xmm1.

VEX.128.F3.0F.WIG E6 /r A VIV AVX Convert two packed signed doubleword integers from

VCVTDQZ2PD xmm1, xmm2/m64 xmm2/mem to two packed double precision floating-
point values in xmm1.

VEX.256.F3.0F.WIG E6 /r A VIV AVX Convert four packed signed doubleword integers from

VCVTDQZ2PD ymm1, xmm2/m128 xmm2/mem to four packed double precision floating-
point values in ymm1.

EVEX.128.F3.0F.WO E6 /r B VIV (AVX512VL AND | Convert 2 packed signed doubleword integers from

VCVTDQZPD xmm1 {k1Xz}, AVX512F) OR xmm2/m64/m32bcst to eight packed double

xmm2/m64/m32bcst AVX10.1" precision floating-point values in xmm1 with
writemask k1.

EVEX.256.F3.0FWO E6 /r B VIV (AVX512VLAND | Convert 4 packed signed doubleword integers from

VCVTDQ2PD ymm1 {k1¥z3, AVX512F) OR xmm2/m128/m32bcst to 4 packed double precision

xmmZ2/m128/m32bcst AVX10.11 floating-point values in ymm1 with writemask k1.

EVEX.512.F3.0FWO E6 /r B VIV AVX512F Convert eight packed signed doubleword integers

VCVTDQ2PD zmm1 {k1}z}, OR AVX10.1’ from ymm2/m256/m32bcst to eight packed double

ymm2/m256/m32bcst precision floating-point values in zmm1 with
writemask k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Half ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts two, four or eight packed signed doubleword integers in the source operand (the second operand) to two,
four or eight packed double precision floating-point values in the destination operand (the first operand).

EVEX encoded versions: The source operand can be a YMM/XMM/XMM (low 64 bits) register, a 256/128/64-bit
memory location or a 256/128/64-bit vector broadcasted from a 32-bit memory location. The destination operand
isa ZMM/YMM/XMM register conditionally updated with writemask k1. Attempt to encode this instruction with EVEX
embedded rounding is ignored.

VEX.256 encoded version: The source operand is an XMM register or 128- bit memory location. The destination
operand is a YMM register.

VEX.128 encoded version: The source operand is an XMM register or 64- bit memory location. The destination
operand is a XMM register. The upper Bits (MAXVL-1:128) of the corresponding ZMM register destination are
zeroed.

128-bit Legacy SSE version: The source operand is an XMM register or 64- bit memory location. The destination
operand is an XMM register. The upper Bits (MAXVL-1:128) of the corresponding ZMM register destination are
unmodified.

VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.
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SRC \x3|x2|x1|xo|

DEST| X3 | X2 | X1 | X0

Figure 1-1. CVTDQ2PD (VEX.256 encoded version)

Operation

VCVTDQ2PD (EVEX Encoded Versions) When SRC Operand is a Register
(KL, VL) = (2, 128), (4, 256), (8,512)
FORj:=0 TOKL-1

i=j*64

k:=j*32

IF k1[j] OR *no writemask*

THEN DEST[i+63:i] :=
Convert_Integer_To_Double_Precision_Floating_Point(SRC[k+31:k])

ELSE

IF *merging-masking* , merging-masking
THEN *DESTI[i+63:i] remains unchanged*
ELSE ; zeroing-masking

DEST[i+63:1:=0
Fl
Fl;
ENDFOR

DEST[MAXVL-1:VL]:=0

VCVTDQ2PD (EVEX Encoded Versions) When SRC Operand is a Memory Source
(KL, VL) = (2, 128), (4, 256), (8,512)

FORj:=0 TOKL-1

i=j*64
k:=j*32
IF k1[j] OR *no writemask*
THEN
IF (EVEXb=1)
THEN
DESTI[i+63:i]:=
Convert_Integer_To_Double_Precision_Floating_Point(SRC[31:0])
ELSE
DEST[i+63:i]:=
Convert_Integer_To_Double_Precision_Floating_Point(SRC[k+31:k])
Fl;
ELSE
IF *merging-masking* , merging-masking
THEN *DESTI[i+63:i] remains unchanged*
ELSE ; zeroing-masking
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DEST[i+63:]:=0
FI
Fl;
ENDFOR
DEST[MAXVL-1:VL]:=0

VCVTDQ2PD (VEX.256 Encoded Version)

DEST[63:0] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[31:0])
DEST[127:64] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[63:32])
DEST[191:128] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[95:64])
DEST[255:192] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[127:96)
DEST[MAXVL-1:256]:= 0

VCVTDQ2PD (VEX.128 Encoded Version)

DEST[63:0] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[31:0])
DEST[127:64] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[63:32])
DEST[MAXVL-1:128]:=0

CVTDQ2PD (128-bit Legacy SSE Version)

DEST[63:0] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[31:0])
DEST[127:64] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[63:32])
DEST[MAXVL-1:128] (unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VCVTDQZPD __m512d _mm512_cvtepi32_pd(_m256i a);

VCVTDQZ2PD __m512d _mm512_mask_cvtepi32_pd(_m512ds, __mmask8 k, __m256i a);
VCVTDQZ2PD __m512d _mm512_maskz_cvtepi32_pd(_mmask8 k, __m256i a);
VCVTDQ2PD _m256d _mm256_cvtepi32_pd (__m128i src);

VCVTDQZ2PD __m256d _mm256_mask_cvtepi32_pd(_m256ds, __mmask8 k, __m256i a);
VCVTDQZ2PD __m256d _mm256_maskz_cvtepi32_pd(_mmask8 k, __m256i a);
VCVTDQZ2PD __m128d _mm_mask_cvtepi32_pd(__m128ds, __mmask8 k, __m128i a);
VCVTDQZ2PD __m128d _mm_maskz_cvtepi32_pd(_mmask8 k, __m128i a);

CVTDQ2PD _m128d _mm_cvtepi32_pd (__m128i src)

Other Exceptions
VEX-encoded instructions, see Table 2-22, “Type 5 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-51, “Type E5 Class Exception Conditions.”

Additionally:
#UD If VEX.vvvv I= 1111B or EVEX.vvvv != 1111B.
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CVTDQ2PS—Convert Packed Doubleword Integers to Packed Single Precision Floating-Point
Values

Opcode Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support

NP OF 5B /r A VIV SSE2 Convert four packed signed doubleword integers

CVTDQ2PS xmm1, xmm2/m128 from xmm2/mem to four packed single precision
floating-point values in xmm1.

VEX.128.0F.WIG 5B /r A VIV AVX Convert four packed signed doubleword integers

VCVTDQZPS xmm1, xmm2/m128 from xmm2/mem to four packed single precision
floating-point values in xmm1.

VEX.256.0F.WIG 5B /r A VIV AVX Convert eight packed signed doubleword integers

VCVTDQZPS ymm1, ymm2/m256 from ymm2/mem to eight packed single precision
floating-point values in ymm1.

EVEX.128.0F.WO0 5B /r B VIV (AVX512VLAND | Convert four packed signed doubleword integers

VCVTDQ2PS xmm1 {k1¥z], AVX512F) OR from xmm2/m128/m32bcst to four packed single

xmm2/m128/m32bcst AVX10.1" precision floating-point values in xmm1with
writemask k1.

EVEX.256.0F.WO0 5B /r B VIV (AVX512VLAND | Convert eight packed signed doubleword integers

VCVTDQZ2PS ymm1 {k1¥z}, AVX512F) OR from ymm2/m256/m32bcst to eight packed single

ymm2/m256/m32bcst AVX10.11 precision floating-point values in ymm1with
writemask k1.

EVEX.512.0F.WO0 5B /r B VIV AVX512F Convert sixteen packed signed doubleword integers

VCVTDQZ2PS zmm1 {k1¥z}, OR AVX10.1' from zmm2/m512/m32bcst to sixteen packed single

zmm2/m512/m32bcst{er} precision floating-point values in zmm1with
writemask k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Full ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts four, eight or sixteen packed signed doubleword integers in the source operand to four, eight or sixteen
packed single precision floating-point values in the destination operand.

EVEX encoded versions: The source operand can be a ZMM/YMM/XMM register, a 512/256/128-bit memory loca-
tion or a 512/256/128-bit vector broadcasted from a 32-bit memory location. The destination operand is a
ZMM/YMM/XMM register conditionally updated with writemask k1.

VEX.256 encoded version: The source operand is a YMM register or 256- bit memory location. The destination
operand is a YMM register. Bits (MAXVL-1:256) of the corresponding register destination are zeroed.

VEX.128 encoded version: The source operand is an XMM register or 128- bit memory location. The destination
operand is a XMM register. The upper bits (MAXVL-1:128) of the corresponding register destination are zeroed.

128-bit Legacy SSE version: The source operand is an XMM register or 128- bit memory location. The destination
operand is an XMM register. The upper Bits (MAXVL-1:128) of the corresponding register destination are unmodi-
fied.

VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.

Document Number; 355989-002US, Revision 2.0 1-64




INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

Operation

VCVTDQ2PS (EVEX Encoded Versions) When SRC Operand is a Register
(KL, VL) = (4, 128), (8, 256), (16, 512)
IF(VL=512) AND (EVEXb = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC); ; refer to Table 15-4 in the Intel® 64 and IA-32 Architectures
Software Developer’s Manual, Volume 1
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC); ; refer to Table 15-4 in the Intel® 64 and IA-32 Architectures
Software Developer's Manual, Volume 1
Fl;

FORj:=0TOKL-1
i=j*32
IF k1[j] OR *no writemask*
THEN DESTI[i+31:i] =
Convert_Integer_To_Single_Precision_Floating_Point(SRC[i+31:i])

ELSE

IF *merging-masking* ; merging-masking
THEN *DESTI[i+31:i] remains unchanged*
ELSE ; zeroing-masking

DEST[i+31:1:=0
Fl
Fl;
ENDFOR

DEST[MAXVL-1:VL] =0

VCVTDQ2PS (EVEX Encoded Versions) When SRC Operand is a Memory Source
(KL, VL) = (4, 128), (8, 256), (16, 512)

FORj:=0TOKL-1

i=j*32
IF k1[j] OR *no writemask*
THEN
IF (EVEXb=1)
THEN
DEST[i+31:i]:=
Convert_Integer_To_Single_Precision_Floating_Point(SRC[31:0])
ELSE
DEST[i+31:i]:=
Convert_Integer_To_Single_Precision_Floating_Point(SRC[i+31:i])
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:i1:=0
F
Fl;
ENDFOR

DEST[MAXVL-1:VL]:=0
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VCVTDQ2PS (VEX.256 Encoded Version)

DEST[31:0] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[31:0])
DEST[63:32] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[63:32])
DEST[95:64] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[95:64])
DEST[127:96] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[127:96)
DEST[159:128] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[159:128])
DEST[191:160] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[191:160])
DEST[223:192] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[223:192])
DEST[255:224] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[255:224)
DEST[MAXVL-1:256]:= 0

VCVTDQ2PS (VEX.128 Encoded Version)

DEST[31:0] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[31:0])
DEST[63:32] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[63:32])
DEST[95:64] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[95:64])
DEST[127:96] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[127z:96)
DEST[MAXVL-1:128]:=0

CVTDQZ2PS (128-bit Legacy SSE Version)

DEST[31:0] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[31:0])
DEST[63:32] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[63:32])
DEST[95:64] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[95:64])
DEST[127:96] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[127z:96)
DEST[MAXVL-1:128] (unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VCVTDQZ2PS __m512 _mm512_cvtepi32_ps(__m512i a);

VCVTDQZ2PS __m512 _mm512_mask_cvtepi32_ps(_m512s, __mmask16 k, __m512i a);
VCVTDQZ2PS __m512 _mm512_maskz_cvtepi32_ps(__mmask16 k, __m512i a);
VCVTDQZ2PS __m512 _mm512_cvt_roundepi32_ps(__m512ia,intr);

VCVTDQZ2PS __m512 _mm512_mask_cvt_roundepi_ps(_m512s,__mmask16 k, __m512ia,intr);
VCVTDQZ2PS __m512 _mm512_maskz_cvt_roundepi32_ps(_mmask16k, __m512ia, intr);
VCVTDQZ2PS __m256 _mm256_mask_cvtepi32_ps(__m256s, __mmask8 k, __m256i a);
VCVTDQZ2PS _m256 _mm256_maskz_cvtepi32_ps(__mmask8 k, __m256i a);

VCVTDQZ2PS __m128 _mm_mask_cvtepi32_ps(__m128s, __mmask8k, __m128i a);
VCVTDQZ2PS __m128 _mm_maskz_cvtepi32_ps(__mmask8 k, __m128i a);

CVTDQ2PS _m256 _mm256_cvtepi32_ps (__m256i src)

CVTDQ2PS _m128 _mm_cvtepi32_ps (__m128i src)

SIMD Floating-Point Exceptions
Precision.

Other Exceptions

VEX-encoded instructions, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-46, "Type E2 Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv != 1111B or EVEX.vvvv != 1111B.
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CVTPD2DQ—Convert Packed Double Precision Floating-Point Values to Packed Doubleword

Integers
Opcode Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support

F2 OFEG /T A VIV SSE2 Convert two packed double precision floating-point

CVTPD2DQ xmm1, xmm2/m128 values in xmmZ2/mem to two signed doubleword
integers in xmm1.

VEX.128.F2.0F.WIG E6 /r A VIV AVX Convert two packed double precision floating-point

VCVTPD2DQ xmm1, xmm2/m128 values in xmmZ2/mem to two signed doubleword
integers in xmm1.

VEX.256.F2.0F.WIG E6 /r A VIV AVX Convert four packed double precision floating-point

VCVTPD2DQ xmm1, ymm2/m256 values in ymm2/mem to four signed doubleword
integers in xmm1.

EVEX.128.F2.0F.W1 E6 /T B VIV (AVX512VL AND | Convert two packed double precision floating-point

VCVTPD2DQ xmm1 {k1}z}, AVX512F) OR values in xmm2/m128/m64bcst to two signed

xmm2/m128/m64bcst AVX10.1" doubleword integers in xmm1 subject to writemask
k1.

EVEX.256.F2.0F.W1 E6 /r B VIV (AVX512VLAND | Convert four packed double precision floating-point

VCVTPD2DQ xmm1 {k1¥z}, AVX512F) OR values in ymm2/m256/m64bcst to four signed

ymmZ2/m256/m64bcst AVX10.11 doubleword integers in xmm1 subject to writemask
k1.

EVEX.512.F2.0F.W1 E6 /1 B VIV AVX512F Convert eight packed double precision floating-point

VCVTPD2DQ ymm1 {k1}z}, OR AVX10.1' values in zmm2/m512/m64bcst to eight signed

zmm2/m512/m64bcst{er} doubleword integers in ymm1 subject to writemask
k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Full ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts packed double precision floating-point values in the source operand (second operand) to packed signed
doubleword integers in the destination operand (first operand).

When a conversion is inexact, the value returned is rounded according to the rounding control bits in the MXCSR
register or the embedded rounding control bits. If a converted result cannot be represented in the destination
format, the floating-point invalid exception is raised, and if this exception is masked, the indefinite integer value
(2%-1, where w represents the number of bits in the destination format) is returned.

EVEX encoded versions: The source operand is a ZMM/YMM/XMM register, a 512-bit memory location, or a 512-bit
vector broadcasted from a 64-bit memory location. The destination operand is a ZMM/YMM/XMM register condi-
tionally updated with writemask k1. The upper bits (MAXVL-1:256/128/64) of the corresponding destination are
zeroed.

VEX.256 encoded version: The source operand is a YMM register or 256- bit memory location. The destination
operand is an XMM register. The upper bits (MAXVL-1:128) of the corresponding ZMM register destination are
zeroed.

VEX.128 encoded version: The source operand is an XMM register or 128- bit memory location. The destination
operand is a XMM register. The upper bits (MAXVL-1:64) of the corresponding ZMM register destination are zeroed.
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128-bit Legacy SSE version: The source operand is an XMM register or 128- bit memory location. The destination
operand is an XMM register. Bits[127:64] of the destination XMM register are zeroed. However, the upper bits

(MAXVL-1:128) of the corresponding ZMM register destination are un

modified.

VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.

SRC X3 X2 X1

DEST 0 || X3 | X2

Figure 1-2. VCVTPD2DQ (VEX.256 Encoded Version)

Operation

VCVTPD2DQ (EVEX Encoded Versions) When SRC Operand is a Register
(KL, VL) = (2, 128), (4, 256), (8,512)
IF(VL=512) AND (EVEXb = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;

FORj:=0 TOKL-1
i=j*32
k:=j*64
IF k1[j] OR *no writemask*
THEN DESTI[i+31:i]:=
Convert_Double_Precision_Floating_Point_To_Integer(SRC[k+63:k])

ELSE

IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking

DEST[i+31:i]:=0
Fl
FI;
ENDFOR

DEST[MAXVL-1:VL/2] := 0
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VCVTPD2DQ (EVEX Encoded Versions) When SRC Operand is a Memory Source
(KL, VL) = (2, 128), (4, 256), (8,512)
FORj:=0 TOKL-1

i=j*32
k:=j*64
IF k1[j] OR *no writemask*
THEN
IF (EVEXb=1)
THEN
DEST[i+31:i]:=
Convert_Double_Precision_Floating_Point_To_Integer(SRC[63:0])
ELSE
DEST[i+31:i]:=
Convert_Double_Precision_Floating_Point_To_Integer(SRC[k+63:k])
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:i1:=0
Fl
Fl;
ENDFOR

DEST[MAXVL-1:VL/2] =0

VCVTPD2DQ (VEX.256 Encoded Version)

DEST[31:0] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[63:0])
DEST[63:32] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[127:64])
DEST[95:64] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[191:128])
DEST[127:96] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[255:192)
DEST[MAXVL-1:128]:=0

VCVTPD2DQ (VEX.128 Encoded Version)

DEST[31:0] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[63:0])
DEST[63:32] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[127:64])
DEST[MAXVL-1:64]1:=0

CVTPD2DQ (128-bit Legacy SSE Version)

DEST[31:0] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[63:0])
DEST[63:32] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[127:64])
DEST[127:64]:=0

DEST[MAXVL-1:128] (unmodified)
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Intel C/C++ Compiler Intrinsic Equivalent

VCVTPD2DQ __m256i _mm512_cvtpd_epi32(_m512d a);

VCVTPD2DQ __m256i _mm512_mask_cvtpd_epi32(__m256is, __mmask8 k, __m512d a);
VCVTPD2DQ __m256i _mm512_maskz_cvtpd_epi32(_mmask8 k, __m512d a);
VCVTPD2DQ __m256i _mm512_cvt_roundpd_epi32(_m512d 3, intr);

VCVTPD2DQ __m256i _mm512_mask_cvt_roundpd_epi32( _m256is, __mmask8k, __m512d 3, intr);
VCVTPD2DQ __m256i _mm512_maskz_cvt_roundpd_epi32( _mmask8k, __m512d a, intr);
VCVTPD2DQ __m128i _mm256_mask_cvtpd_epi32(_m128is, __mmask8 k, __m256d a);
VCVTPD2DQ __m128i _mm256_maskz_cvtpd_epi32(_mmask8 k, __m256d a);
VCVTPD2DQ __m128i _mm_mask_cvtpd_epi32(_m128is, __mmask8 k, __m128d a);
VCVTPD2DQ __m128i _mm_maskz_cvtpd_epi32(_mmask8 k, __m128d a);

VCVTPD2DQ __m128i _mm256_cvtpd_epi32 (__m256d src)

CVTPDZ2DQ _m128i _mm_cvtpd_epi32 (__m128d src)

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

See Table 2-19, “Type 2 Class Exception Conditions.”

EVEX-encoded instructions, see Table 2-46, “"Type E2 Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv I= 1111B or EVEX.vvvv = 1111B.
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CVTPD2PS—Convert Packed Double Precision Floating-Point Values to Packed Single Precision
Floating-Point Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support

66 OF 5A /r A VIV SSE2 Convert two packed double precision floating-point

CVTPD2PS xmm1, xmm2/m128 values in xmm2/mem to two single precision
floating-point values in xmm1.

VEX.128.66.0F.WIG 5A /r A VIV AVX Convert two packed double precision floating-point

VCVTPD2PS xmm1, xmm2/m128 values in xmm2/mem to two single precision
floating-point values in xmm1.

VEX.256.66.0F.WIG 5A /r A VIV AVX Convert four packed double precision floating-point

VCVTPD2PS xmm1, ymm2/m256 values in ymmZ2/mem to four single precision
floating-point values in xmm1.

EVEX.128.66.0F.W1 5A /r B VIV (AVX512VLAND | Convert two packed double precision floating-point

VCVTPD2PS xmm1 {k1}z}, AVX512F) OR values in xmm2/m128/m64bcst to two single

xmm2/m128/m64bcst AVX10.1" precision floating-point values in xmm1with
writemask k1.

EVEX.256.66.0F.W1 5A /r B VIV (AVX512VLAND | Convert four packed double precision floating-point

VCVTPD2PS xmm1 {k1¥z}, AVX512F) OR values in ymm2/m256/m64bcst to four single

ymmZ2/m256/m64bcst AVX10.1" precision floating-point values in xmm1with
writemask k1.

EVEX.512.66.0FW1 5A /r B VIV AVX512F Convert eight packed double precision floating-point

VCVTPD2PS ymm1 {k1}z}, OR AVX10.1' values in zmm2/m512/m64bcst to eight single

zmm2/m512/m64bcst{er} precision floating-point values in ymm1with
writemask k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Full ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts two, four or eight packed double precision floating-point values in the source operand (second operand)
to two, four or eight packed single precision floating-point values in the destination operand (first operand).
When a conversion is inexact, the value returned is rounded according to the rounding control bits in the MXCSR
register or the embedded rounding control bits.

EVEX encoded versions: The source operand is a ZMM/YMM/XMM register, a 512/256/128-bit memory location, or
a 512/256/128-bit vector broadcasted from a 64-bit memory location. The destination operand is a
YMM/XMM/XMM (low 64-bits) register conditionally updated with writemask k1. The upper bits (MAXVL-
1:256/128/64) of the corresponding destination are zeroed.

VEX.256 encoded version: The source operand is a YMM register or 256- bit memory location. The destination
operand is an XMM register. The upper bits (MAXVL-1:128) of the corresponding ZMM register destination are
zeroed.

VEX.128 encoded version: The source operand is an XMM register or 128- bit memory location. The destination
operand is a XMM register. The upper bits (MAXVL-1:64) of the corresponding ZMM register destination are zeroed.
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128-bit Legacy SSE version: The source operand is an XMM register or 128- bit memory location. The destination
operand is an XMM register. Bits[127:64] of the destination XMM register are zeroed. However, the upper Bits
(MAXVL-1:128) of the corresponding ZMM register destination are unmodified.

VEX.vvvv and EVEX.vvvv are reserved and must be 1111b otherwise instructions will #UD.

SRC X3 X2 X1 X0

DEST 0 || X3 |x2 |x1 |x0 |

Figure 1-3. VCVTPD2PS (VEX.256 Encoded Version)

Operation

VCVTPD2PS (EVEX Encoded Version) When SRC Operand is a Register
(KL, VL) = (2, 128), (4, 256), (8,512)
IF (VL =512) AND (EVEX.b = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;

FORj:=0 TOKL-1
i=j*32
k:=j*64
IF k1[j] OR *no writemask*
THEN
DEST[i+31:i] := Convert_Double_Precision_Floating_Point_To_Single_Precision_Floating_Point(SRC[k+63:k])
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTIi+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:i]1:=0
Fl
Fl;
ENDFOR
DEST[MAXVL-1:VL/2] =0
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VCVTPD2PS (EVEX Encoded Version) When SRC Operand is a Memory Source
(KL, VL) = (2, 128), (4, 256), (8,512)

FORj:=0TOKL-1

i=j*32
k:=j*64
IF k1[j] OR *no writemask*
THEN
IF (EVEXb=1)
THEN
DESTIi+31:i] :=Convert_Double_Precision_Floating_Point_To_Single_Precision_Floating_Point(SRC[63:0])
ELSE
DESTI[i+31:i] := Convert_Double_Precision_Floating_Point_To_Single_Precision_Floating_Point(SRC[k+63:k])
Fl;
ELSE
IF *merging-masking* , merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:1:=0
Fl
Fl;
ENDFOR

DEST[MAXVL-1:VL/2] =0

VCVTPD2PS (VEX.256 Encoded Version)

DEST[31:0] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC[63:0])
DEST[63:32] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC[127:64])
DEST[95:64] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC[191:128])
DEST[127:96] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC[255:192)
DEST[MAXVL-1:128]:=0

VCVTPD2PS (VEX.128 Encoded Version)

DEST[31:0] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC[63:0])
DEST[63:32] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC[127:64])
DEST[MAXVL-1:64]1:=0

CVTPD2PS (128-bit Legacy SSE Version)

DEST[31:0] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC[63:0])
DEST[63:32] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC[127:64])
DEST[127:64]:=0

DEST[MAXVL-1:128] (unmodified)
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Intel C/C++ Compiler Intrinsic Equivalent

VCVTPD2PS _m256 _mm512_cvtpd_ps(__m512d a);

VCVTPD2PS __m256 _mm512_mask_cvtpd_ps(__m256's, __mmask8k, __m512d a);
VCVTPD2PS __m256 _mm512_maskz_cvtpd_ps(_mmask8 k, __m512d a);
VCVTPD2PS _m256 _mm512_cvt_roundpd_ps(__m512d a, intr);

VCVTPD2PS _m256 _mm512_mask_cvt_roundpd_ps(__m256's,__mmask8k, __m512d a, intr);
VCVTPD2PS _m256 _mm512_maskz_cvt_roundpd_ps(_mmask8k, __m512d a, intr);
VCVTPD2PS __m128 _mm256_mask_cvtpd_ps(__m128s, __mmask8 k, __m256d a);
VCVTPD2PS __m128 _mm256_maskz_cvtpd_ps(_mmask8 k, __m256d a);
VCVTPD2PS __m128 _mm_mask_cvtpd_ps(__m128s, __mmask8 k, __m128d a);
VCVTPD2PS __m128 _mm_maskz_cvtpd_ps(_mmask8 k, __m128d a);

VCVTPD2PS __m128 _mm256_cvtpd_ps (__m256d a)

CVTPD2PS __m128 _mm_cvtpd_ps (__m128d a)

SIMD Floating-Point Exceptions
Invalid, Precision, Underflow, Overflow, Denormal.

Other Exceptions

VEX-encoded instructions, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-46, “"Type E2 Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv I= 1111B or EVEX.vvvv = 1111B.
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CVTPS2DQ—Convert Packed Single Precision Floating-Point Values to Packed Signed
Doubleword Integer Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support

66 OF 5B /r A VIV SSE2 Convert four packed single precision floating-point

CVTPS2DQ xmm1, xmm2/m128 values from xmm2/mem to four packed signed
doubleword values in xmm1.

VEX.128.66.0F.WIG 5B /r A VIV AVX Convert four packed single precision floating-point

VCVTPS2DQ xmm1, xmm2/m128 values from xmm2/mem to four packed signed
doubleword values in xmm1.

VEX.256.66.0F.WIG 5B /r A VIV AVX Convert eight packed single precision floating-point

VCVTPS2DQ ymm1, ymm2/m256 values from ymmZ2/mem to eight packed signed
doubleword values in ymm1.

EVEX.128.66.0F.WO0 5B /r B VIV (AVX512VL AND | Convert four packed single precision floating-point

VCVTPS2DQ xmm1 {k1}z}, AVX512F) OR values from xmm2/m128/m32bcst to four packed

xmm2/m128/m32bcst AVX10.1" signed doubleword values in xmm1 subject to
writemask k1.

EVEX.256.66.0F.W0 5B /r B VIV (AVX512VL AND | Convert eight packed single precision floating-point

VCVTPS2DQ ymm1 {k1}z}, AVX512F) OR values from ymm2/m256/m32bcst to eight packed

ymm2/m256/m32bcst AVX10.1" signed doubleword values in ymm1 subject to
writemask k1.

EVEX.512.66.0F.WO0 5B /r B VIV AVX512F Convert sixteen packed single precision floating-point

I VCVTPS2DQ zmm1 {k1¥z}, OR AVX10.1' values from zmm2/m512/m32bcst to sixteen packed

zmm2/m512/m32bcst{er} signed doubleword values in zmm1 subject to

writemask k1.

NOTES:

sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

I 1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Full ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts four, eight or sixteen packed single precision floating-point values in the source operand to four, eight or
sixteen signed doubleword integers in the destination operand.

When a conversion is inexact, the value returned is rounded according to the rounding control bits in the MXCSR
register or the embedded rounding control bits. If a converted result cannot be represented in the destination
format, the floating-point invalid exception is raised, and if this exception is masked, the indefinite integer value
(2%-1, where w represents the number of bits in the destination format) is returned.

EVEX encoded versions: The source operand is a ZMM register, a 512-bit memory location or a 512-bit vector
broadcasted from a 32-bit memory location. The destination operand is a ZMM register conditionally updated with

writemask k1.

VEX.256 encoded version: The source operand is a YMM register or 256- bit memory location. The destination
operand is a YMM register. The upper bits (MAXVL-1:256) of the corresponding ZMM register destination are

zeroed.

VEX.128 encoded version: The source operand is an XMM register or 128- bit memory location. The destination
operand is a XMM register. The upper bits (MAXVL-1:128) of the corresponding ZMM register destination are

zeroed.
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128-bit Legacy SSE version: The source operand is an XMM register or 128- bit memory location. The destination
operand is an XMM register. The upper bits (MAXVL-1:128) of the corresponding ZMM register destination are
unmodified.

VEX.vvvv and EVEX.vvvv are reserved and must be 1111b otherwise instructions will #UD.

Operation

VCVTPS2DQ (Encoded Versions) When SRC Operand is a Register
(KL, VL) = (4, 128), (8, 256), (16, 512)
IF(VL=512) AND (EVEXb = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;

FORj:=0 TOKL-1
i=j*32
IF k1[j] OR *no writemask*
THEN DEST[i+31:i]:=
Convert_Single_Precision_Floating_Point_To_Integer(SRC[i+31:i])

ELSE

IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking

DEST[i+31:i1:=0
Fl
FI;
ENDFOR

DEST[MAXVL-1:VL] = 0

VCVTPS2DQ (EVEX Encoded Versions) When SRC Operand is a Memory Source
(KL, VL) = (4, 128), (8, 256), (16, 512)

FORj:=0TO 15
i=j*32
IF k1[j] OR *no writemask*
THEN
IF (EVEXb=1)
THEN
DEST[i+31:i]:=
Convert_Single_Precision_Floating_Point_To_Integer(SRC[31:0])
ELSE
DEST[i+31:i]:=
Convert_Single_Precision_Floating_Point_To_Integer(SRC[i+31:i])
Fl;
ELSE
IF *merging-masking* , merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:1:=0
Fl
Fl;
ENDFOR
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DEST[MAXVL-1:VL]:=0

VCVTPS2DQ (VEX.256 Encoded Version)

DEST[31:0] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[31:0])
DEST[63:32] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[63:32])
DEST[95:64] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[95:64])
DEST[127:96] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[127:96)
DEST[159:128] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[159:128]
DEST[191:160] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[191:160]
DEST[223:192] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[223:192]
DEST[255:224] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[255:224]

== = =

VCVTPS2DQ (VEX.128 Encoded Version)

DEST[31:0] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[31:0])
DEST[63:32] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[63:32])
DEST[95:64] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[95:64])
DEST[127:96] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[127:96])
DEST[MAXVL-1:128]:=0

CVTPS2DQ (128-bit Legacy SSE Version)

DEST[31:0] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[31:0])
DEST[63:32] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[63:32])
DEST[95:64] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[95:64])
DEST[127:96] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[127:96])
DEST[MAXVL-1:128] (unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VCVTPS2DQ __m512i _mm512_cvtps_epi32(_m512 a);

VCVTPS2DQ __m512i _mm512_mask_cvtps_epi32(_m512is, __mmask16 k, __m512 a);
VCVTPS2DQ __m512i _mm512_maskz_cvtps_epi32(_mmask16k, __m512 a);
VCVTPS2DQ __m512i _mm512_cvt_roundps_epi32(_m512 a, intr);

VCVTPS2DQ __m512i _mm512_mask_cvt_roundps_epi32(_m512is, __mmask16k, __m512 a, intr);
VCVTPS2DQ __m512i _mm512_maskz_cvt_roundps_epi32(__mmask16 k, __m512 a, intr);
VCVTPS2DQ __m256i _mm256_mask_cvtps_epi32( _m256is, __mmask8 k, __m256 a);
VCVTPS2DQ __m256i _mm256_maskz_cvtps_epi32( _mmask8 k, __m256 a);

VCVTPS2DQ __m128i _mm_mask_cvtps_epi32(_m128is, _mmask8k, __m128 a);
VCVTPS2DQ __m128i _mm_maskz_cvtps_epi32(_mmask8 k, __m128 a);

VCVTPS2DQ __ m256i _mm256_cvtps_epi32 (__m256 a)

CVTPS2DQ _m128i _mm_cvtps_epi32 (__m128 a)

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

VEX-encoded instructions, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-46, “"Type E2 Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv I= 1111B or EVEX.vvvv = 1111B.
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CVTPS2PD—Convert Packed Single Precision Floating-Point Values to Packed Double Precision

Floating-Point Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support

NP OF 5A /r A VIV SSE2 Convert two packed single precision floating-point

CVTPS2PD xmm1, xmm2/m64 values in xmm2/m64 to two packed double precision
floating-point values in xmm1.

VEX.128.0F.WIG 5A /r A VIV AVX Convert two packed single precision floating-point

VCVTPS2PD xmm1, xmm2/m64 values in xmm2/m64 to two packed double precision
floating-point values in xmm1.

VEX.256.0F.WIG 5A /r A VIV AVX Convert four packed single precision floating-point

VCVTPS2PD ymm1, xmm2/m128 values in xmm2/m128 to four packed double precision
floating-point values in ymm1.

EVEX.128.0F.WO 5A /r B VIV (AVX512VL AND | Convert two packed single precision floating-point

VCVTPS2PD xmm1 {k1}z}, AVX512F) OR values in xmm2/m64/m32bcst to packed double

xmm2/m64/m32bcst AVX10.1" precision floating-point values in xmm1 with
writemask k1.

EVEX.256.0F.WO 5A /r B VIV (AVX512VL AND | Convert four packed single precision floating-point

VCVTPS2PD ymm1 {k1¥z}, AVX512F) OR values in xmm2/m128/m32bcst to packed double

xmmZ2/m128/m32bcst AVX10.11 precision floating-point values in ymm1 with
writemask k1.

EVEX.512.0F.WO5A /r B VIV AVX512F Convert eight packed single precision floating-point

VCVTPS2PD zmm1 {k1Xz], OR AVX10.1! values in ymm2/m256/b32bcst to eight packed double

ymm2/m256/m32bcst{sae} precision floating-point values in zmm1 with
writemask k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRMireg (w) ModRM:r/m (r) N/A N/A
B Half ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts two, four or eight packed single precision floating-point values in the source operand (second operand) to
two, four or eight packed double precision floating-point values in the destination operand (first operand).

EVEX encoded versions: The source operand is a YMM/XMM/XMM (low 64-bits) register, a 256/128/64-bit memory
location or a 256/128/64-bit vector broadcasted from a 32-bit memory location. The destination operand is a
ZMM/YMM/XMM register conditionally updated with writemask k1.

VEX.256 encoded version: The source operand is an XMM register or 128- bit memory location. The destination
operand is a YMM register. Bits (MAXVL-1:256) of the corresponding destination ZMM register are zeroed.

VEX.128 encoded version: The source operand is an XMM register or 64- bit memory location. The destination
operand is a XMM register. The upper Bits (MAXVL-1:128) of the corresponding ZMM register destination are
zeroed.

128-bit Legacy SSE version: The source operand is an XMM register or 64- bit memory location. The destination
operand is an XMM register. The upper Bits (MAXVL-1:128) of the corresponding ZMM register destination are
unmodified.

Note: VEX.vvvv and EVEX.vvvv are reserved and must be 1111b otherwise instructions will #UD.
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SRC |x3|x2|x1|xo|

DEST| X3 X2 X1 X0

Figure 1-4. CVTPS2PD (VEX.256 Encoded Version)

Operation

VCVTPS2PD (EVEX Encoded Versions) When SRC Operand is a Register
(KL, VL) = (2, 128), (4, 256), (8,512)
FORj:=0 TOKL-1

i=j*64

k:=j*32

IF k1[j] OR *no writemask*

THEN DEST[i+63:i] :=
Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[k+31:k])

ELSE

IF *merging-masking* ; merging-masking
THEN *DESTI[i+63:i] remains unchanged*
ELSE ; zeroing-masking

DEST[i+63:i]:=0
Fl
FI;
ENDFOR

DEST[MAXVL-1:VL] = 0

VCVTPS2PD (EVEX Encoded Versions) When SRC Operand is a Memory Source
(KL, VL) = (2, 128), (4, 256), (8, 512)

FORj:=0 TOKL-1
i=j*64
k:=j*32
IF k1[j] OR *no writemask*
THEN
IF (EVEXb =1)
THEN
DEST[i+63:] :=
Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[31:0])
ELSE
DEST[i+63:] :=
Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[k+31:k])
Fl;
ELSE
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IF *merging-masking* , merging-masking
THEN *DESTI[i+63:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+63:1:=0
Fl
Fl;
ENDFOR

DEST[MAXVL-1:VL]:=0

VCVTPS2PD (VEX.256 Encoded Version)

DEST[63:0] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[31:0])
DEST[127:64] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[63:32])
DEST[191:128] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[95:64])
DEST[255:192] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[127:96)
DEST[MAXVL-1:256]:= 0

VCVTPS2PD (VEX.128 Encoded Version)

DEST[63:0] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[31:0])
DEST[127:64] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[63:32])
DEST[MAXVL-1:128]:=0

CVTPS2PD (128-bit Legacy SSE Version)

DEST[63:0] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[31:0])
DEST[127:64] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[63:32])
DEST[MAXVL-1:128] (unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VCVTPS2PD __m512d _mm512_cvtps_pd(__m256 a);

VCVTPS2PD _m512d _mm512_mask_cvtps_pd(__m512ds, __mmask8 k, __m256 a);
VCVTPS2PD __m512d _mm512_maskz_cvtps_pd( _mmask8 k, __m256 a);

VCVTPS2PD _m512d _mm512_cvt_roundps_pd( __m256 a, int sae);

VCVTPS2PD __m512d _mm512_mask_cvt_roundps_pd(__m512ds, __mmask8 k, __m256 a, int sae);
VCVTPS2PD __m512d _mm512_maskz_cvt_roundps_pd(__mmask8 k, __m256 a, int sae);
VCVTPS2PD _m256d _mm256_mask_cvtps_pd(__m256d s, __mmask8k, __ m128 a);
VCVTPS2PD __m256d _mm256_maskz_cvtps_pd( __mmask8 k, __m128a);

VCVTPS2PD __m128d _mm_mask_cvtps_pd(_m128ds, __mmask8k, __m128 a);
VCVTPS2PD _m128d _mm_maskz_cvtps_pd(_mmask8 k, __m128 a);

VCVTPS2PD _m256d _mm256_cvtps_pd (__m128 a)

CVTPS2PD _m128d _mm_cvtps_pd (__m128 a)

SIMD Floating-Point Exceptions
Invalid, Denormal.

Other Exceptions

VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-47, “Type E3 Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv I= 1111B or EVEX.vvvv = 1111B.
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CVTSD2SI—Convert Scalar Double Precision Floating-Point Value to Doubleword Integer

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support
F2 OF 2D /r A VIV SSE2 Convert one double precision floating-point value from
CVTSD2SI r32, xmm1/m64 xmm1/m64 to one signed doubleword integer r32.
F2 REXW OF 2D /r A V/IN.E. SSe2 Convert one double precision floating-point value from
CVTSD2SI r64, xmm1/m64 xmm1/m64 to one signed quadword integer sign-
extended into r64.
VEX.LIG.F2.0F.WO 2D /r ! A VIV AVX Convert one double precision floating-point value from
VCVTSD2SI r32, xmm1/m64 xmm1/m64 to one signed doubleword integer r32.
VEX.LIG.F2.0F.W1 2D /r ! A V/NEZ AVX Convert one double precision floating-point value from
VCVTSD2SI r64, xmm1/m64 xmm1/m64 to one signed quadword integer sign-
extended into r64.
EVEX.LLIG.F2.0F.WO0 2D /r B VIV AVX512F Convert one double precision floating-point value from
VCVTSDZ2SI r32, xmm1/m64{er} OR AVX10.13 | xmm1/m64 to one signed doubleword integer r32.
EVEX.LLIG.F2.0F.W1 2D /r B V/NEZ AVX512F Convert one double precision floating-point value from
VCVTSDZ2SI r64, xmm1/m64{er} OR AVX10.13 | xmm1/m64 to one signed quadword integer sign-
extended into r64.

NOTES:

1. Software should ensure VCVTSD2SI is encoded with VEX.L=0. Encoding VCVTSD2SI with VEX.L=1 may encounter unpredictable
behavior across different processor generations.
2. VEXW1/EVEX.W1 in non-64 bit is ignored; the instructions behaves as if the WO version is used.

3. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-

sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Tuple Fixed ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts a double precision floating-point value in the source operand (the second operand) to a signed double-
word integer in the destination operand (first operand). The source operand can be an XMM register or a 64-bit
memory location. The destination operand is a general-purpose register. When the source operand is an XMM
register, the double precision floating-point value is contained in the low quadword of the register.

When a conversion is inexact, the value returned is rounded according to the rounding control bits in the MXCSR
register.
If a converted result exceeds the range limits of signed doubleword integer (in hon-64-bit modes or 64-bit mode

with REX.W/VEX.W/EVEX.W=0), the floating-point invalid exception is raised, and if this exception is masked, the
indefinite integer value (80000000H) is returned.

If a converted result exceeds the range limits of signed quadword integer (in 64-bit mode and
REX.W/VEX.W/EVEX.W = 1), the floating-point invalid exception is raised, and if this exception is masked, the
indefinite integer value (80000000_00000000H) is returned.

Legacy SSE instruction: Use of the REX.W prefix promotes the instruction to produce 64-bit data in 64-bit mode.
See the summary chart at the beginning of this section for encoding data and limits.

Note: VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.
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Software should ensure VCVTSD2SI is encoded with VEX.L=0. Encoding VCVTSD2SI with VEX.L=1 may encounter
unpredictable behavior across different processor generations.

Operation

VCVTSD2SI (EVEX Encoded Version)
IF SRC *is register* AND (EVEXb = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
IF 64-Bit Mode and OperandSize = 64
THEN  DEST[63:0] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[63:0]);
ELSE DEST[31:0] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[63:0]);
Fl

(V)CvTSD2sI
IF 64-Bit Mode and OperandSize = 64
THEN

DEST[63:0] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[63:0]);
ELSE

DEST[31:0] := Convert_Double_Precision_Floating_Point_To_Integer(SRC[63:0]);
Fl;

Intel C/C++ Compiler Intrinsic Equivalent

VCVTSD2SI int _mm_cvtsd_i32(_m128d);

VCVTSD2SI int _mm_cvt_roundsd_i32(__m128d, int r);
VVCVTSD2SI __int64 _mm_cvtsd_i64(__m128d);

VCVTSDZSI __int64 _mm_cvt_roundsd_i64(__m128d, intr);
CVTSD2SI __int64 _mm_cvtsd_si64(__m128d);

CVTSD2SI int _mm_cvtsd_si32(__m128d a)

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-48, "Type E3NF Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv I= 1111B or EVEX.vvvv = 1111B.
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CVTSD2SS—Convert Scalar Double Precision Floating-Point Value to Scalar Single Precision
Floating-Point Value

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support
F2 OF 5A /r A VIV SSE2 Convert one double precision floating-point value in
CVTSDZSS xmm1, xmm2/m64 xmm2/m64 to one single precision floating-point value
in xmm1.
VEX.LIG.F2.0F.WIG 5A /r B VIV AVX Convert one double precision floating-point value in
VCVTSDZ2SS xmm1,xmm2, xmm3/m64 xmm3/m64 to one single precision floating-point value
and merge with high bits in xmmZ2.
EVEX.LLIG.F2.0FW1 5A /r C VIV AVX512F Convert one double precision floating-point value in
VCVTSD2SS xmm1 {k1¥z}, xmm2, OR AVX10.1" | xmm3/m64 to one single precision floating-point value
xmm3/m64{er} and merge with high bits in xmmZ2 under writemask k1.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Tuple1 Scalar ModRM:reg (w) EVEX.vvwv (1) ModRM:r/m (r) N/A
Description

Converts a double precision floating-point value in the “convert-from” source operand (the second operand in SSE2
version, otherwise the third operand) to a single precision floating-point value in the destination operand.

When the “convert-from” operand is an XMM register, the double precision floating-point value is contained in the
low quadword of the register. The result is stored in the low doubleword of the destination operand. When the
conversion is inexact, the value returned is rounded according to the rounding control bits in the MXCSR register.

128-bit Legacy SSE version: The “convert-from” source operand (the second operand) is an XMM register or
memory location. Bits (MAXVL-1:32) of the corresponding destination register remain unchanged. The destination
operand is an XMM register.

VEX.128 and EVEX encoded versions: The “convert-from” source operand (the third operand) can be an XMM
register or a 64-bit memory location. The first source and destination operands are XMM registers. Bits (127:32) of
the XMM register destination are copied from the corresponding bits in the first source operand. Bits (MAXVL-
1:128) of the destination register are zeroed.

EVEX encoded version: the converted result in written to the low doubleword element of the destination under the
writemask.

Software should ensure VCVTSD2SS is encoded with VEX.L=0. Encoding VCVTSD2SS with VEX.L=1 may encounter
unpredictable behavior across different processor generations.
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Operation

VCVTSD2SS (EVEX Encoded Version)
IF (SRC2 *is register*) AND (EVEX.b = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
IF k1[0] or *no writemask*
THEN  DEST[31:0]:= Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC2[63:0]);
ELSE

IF *merging-masking* , merging-masking
THEN *DEST[31:0] remains unchanged*
ELSE ; zeroing-masking

THEN DEST[31:0]:=0
Fl;
Fl;
DEST[127:32] :=SRC1[127:32]
DEST[MAXVL-1:128]:=0

VCVTSD2SS (VEX.128 Encoded Version)

DEST[31:0] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC2[63:0]);
DEST[127:32]:=SRC1[127:32]

DEST[MAXVL-1:128]:=0

CVTSD2SS (128-bit Legacy SSE Version)
DEST[31:0] := Convert_Double_Precision_To_Single_Precision_Floating_Point(SRC[63:0]);
(* DEST[MAXVL-1:32] Unmodified *)

Intel C/C++ Compiler Intrinsic Equivalent

VCVTSDZ2SS __m128 _mm_mask_cvtsd_ss(__m128s, __mmask8k, __m128a, __m128db);
VCVTSDZ2SS __m128 _mm_maskz_cvtsd_ss(_mmask8 k, __m128a,__m128d b);

VCVTSDZ2SS __m128 _mm_cvt_roundsd_ss(__m1284a,__m128db, intr);

VCVTSDZ2SS __m128 _mm_mask_cvt_roundsd_ss(__m128s, __mmask8k, __ m128a,__m128db, intr);
VCVTSDZ2SS __m128 _mm_maskz_cvt_roundsd_ss(_mmask8k, __m128a,__m128db, intr);
CVTSD2SS __m128_mm_cvtsd_ss(__m128a,_m128db)

SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Precision, Denormal.

Other Exceptions
VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-47, “Type E3 Class Exception Conditions.”
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CVTSI2SD—Convert Doubleword Integer to Scalar Double Precision Floating-Point Value

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support

F2 OF 2A /r A VIV SSE2 Convert one signed doubleword integer from

CVTSI2SD xmm1, r32/m32 r32/m32 to one double precision floating-point
value in xmm1.

F2 REXW OF 2A /r A VIN.E. SSE2 Convert one signed quadword integer from r/m64

CVTSI2SD xmm1, r/m64 to one double precision floating-point value in
xmm1.

VEX.LIG.F2.0F.WO 2A /r B VIV AVX Convert one signed doubleword integer from

VCVTSIZSD xmm1, xmm2, r/m32 r/m32 to one double precision floating-point value
in xmm1.

VEX.LIG.F2.0FW1 2A /r B V/NE] AVX Convert one signed quadword integer from r/mé4

VCVTSIZSD xmm1, xmmZ2, r/m64 to one double precision floating-point value in
xmm1.

EVEX.LLIG.F2.0F.WO 2A /r C VIV AVX512F Convert one signed doubleword integer from

VCVTSI2SD xmm1, xmm2, r/m32 OR AVX10.1" | r/m32 to one double precision floating-point value
in xmm1.

EVEX.LLIG.F2.0F.W1 2A /r C VIN.EZ AVX512F Convert one signed quadword integer from r/m64

VCVTSIZ2SD xmm1, xmm2, r/m64{er} OR AVX10.1" | to one double precision floating-point value in
xmm1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

2. VEX.W1/EVEX.W1 in non-64 bit is ignored; the instructions behaves as if the WO version is used.

Instruction Operand Encoding

Op/€En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Tuple1 Scalar ModRM:reg (w) EVEX.vvwv () ModRM:r/m (r) N/A
Description

Converts a signed doubleword integer (or signed quadword integer if operand size is 64 bits) in the “convert-from”
source operand to a double precision floating-point value in the destination operand. The result is stored in the low
quadword of the destination operand, and the high quadword left unchanged. When conversion is inexact, the
value returned is rounded according to the rounding control bits in the MXCSR register.

The second source operand can be a general-purpose register or a 32/64-bit memory location. The first source and
destination operands are XMM registers.
128-bit Legacy SSE version: Use of the REX.W prefix promotes the instruction to 64-bit operands. The “convert-

from” source operand (the second operand) is a general-purpose register or memory location. The destination is
an XMM register Bits (MAXVL-1:64) of the corresponding destination register remain unchanged.

VEX.128 and EVEX encoded versions: The “convert-from” source operand (the third operand) can be a general-
purpose register or a memory location. The first source and destination operands are XMM registers. Bits (127:64)
of the XMM register destination are copied from the corresponding bits in the first source operand. Bits (MAXVL-
1:128) of the destination register are zeroed.

EVEX.WO0 version: attempt to encode this instruction with EVEX embedded rounding is ignored.
VEX.W1 and EVEX.W1 versions: promotes the instruction to use 64-bit input value in 64-bit mode.
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Software should ensure VCVTSI2SD is encoded with VEX.L=0. Encoding VCVTSI2SD with VEX.L=1 may encounter
unpredictable behavior across different processor generations.

Operation

VCVTSI2SD (EVEX Encoded Version)
IF (SRC2 *is register*) AND (EVEX.b = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
IF 64-Bit Mode And OperandSize = 64
THEN
DEST[63:0] := Convert_Integer_To_Double_Precision_Floating_Point(SRC2[63:0]);
ELSE
DEST[63:0] := Convert_Integer_To_Double_Precision_Floating_Point(SRC2[31:0]);
Fl;
DEST[127:64] := SRC1[127:64]
DEST[MAXVL-1:128]:=0

VCVTSI2SD (VEX.128 Encoded Version)
IF 64-Bit Mode And OperandSize = 64
THEN
DEST[63:0] := Convert_Integer_To_Double_Precision_Floating_Point(SRC2[63:0]);
ELSE
DEST[63:0] := Convert_Integer_To_Double_Precision_Floating_Point(SRC2[31:0]);
Fl;
DEST[127:64] := SRC1[127:64]
DEST[MAXVL-1:128]:=0

CVTSI2SD
IF 64-Bit Mode And OperandSize = 64
THEN

DEST[63:0] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[63:0]);
ELSE

DEST[63:0] := Convert_Integer_To_Double_Precision_Floating_Point(SRC[31:0]);
Fl;
DEST[MAXVL-1:64] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VCVTSIZ2SD __m128d _mm_cvti32_sd(__m128ds, int a);

VCVTSI2SD __m128d _mm_cvti64_sd(__m128ds, __int64 a);

VCVTSIZ2SD __m128d _mm_cvt_roundi64_sd(__m128ds, __int64 a, intr);
CVTSIZ2SD __m128d _mm_cvtsi64_sd(__m128d s, __int64 a);

CVTSI2SD __m128d_mm_cvtsi32_sd(__m128d a, int b)

SIMD Floating-Point Exceptions
Precision.

Other Exceptions

VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions,” if W1; else see Table 2-22, “Type
5 Class Exception Conditions.”
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EVEX-encoded instructions, see Table 2-48, “Type E3NF Class Exception Conditions,” if W1, else see Table 2-59,
“Type E10NF Class Exception Conditions.”
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CVTSI2SS—Convert Doubleword Integer to Scalar Single Precision Floating-Point Value

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag

Support
F30F2A/r A VIV SSE Convert one signed doubleword integer from r/m32
CVTSI2SS xmm1, r/m32 to one single precision floating-point value in xmm1.
F3 REXW OF 2A /r A V/N.E. SSE Convert one signed quadword integer from r/m64 to
CVTSI2SS xmm1, r/m64 one single precision floating-point value in xmm1.
VEX.LIG.F3.0F.WO 2A /r B VIV AVX Convert one signed doubleword integer from r/m32
VCVTSIZSS xmm1, xmm2, r/m32 to one single precision floating-point value in xmm1.
VEX.LIG.F3.0F.W1 2A /r B VINE] AVX Convert one signed quadword integer from r/m64 to
VCVTSIZ2SS xmm1, xmm2, r/m64 one single precision floating-point value in xmm1.
EVEX.LLIG.F3.0F.WO 2A /r C VIV AVX512F Convert one signed doubleword integer from r/m32
VCVTSIZSS xmm1, xmmZ2, r/m32{er} OR AVX10.1" | to one single precision floating-point value in xmm1.
EVEX.LLIG.F3.0FW1 2A /r C V/INEZ AVX512F Convert one signed quadword integer from r/mé64 to
VCVTSIZSS xmm1, xmm2, r/m64{er} OR AVX10.1" | one single precision floating-point value in xmm1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

2. VEXW1/EVEX.W1 in non-64 bit is ignored; the instructions behaves as if the WO version is used.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Tuple1 Scalar ModRM:reg (w) EVEX.vvvv (r) ModRM:r/m (r) N/A
Description

Converts a signed doubleword integer (or signed quadword integer if operand size is 64 bits) in the “convert-from”
source operand to a single precision floating-point value in the destination operand (first operand). The “convert-
from” source operand can be a general-purpose register or a memory location. The destination operand is an XMM
register. The result is stored in the low doubleword of the destination operand, and the upper three doublewords
are left unchanged. When a conversion is inexact, the value returned is rounded according to the rounding control
bits in the MXCSR register or the embedded rounding control bits.

128-bit Legacy SSE version: In 64-bit mode, Use of the REX.W prefix promotes the instruction to use 64-bit input
value. The “convert-from” source operand (the second operand) is a general-purpose register or memory location.
Bits (MAXVL-1:32) of the corresponding destination register remain unchanged.

VEX.128 and EVEX encoded versions: The “convert-from” source operand (the third operand) can be a general-
purpose register or a memory location. The first source and destination operands are XMM registers. Bits (127:32)
of the XMM register destination are copied from corresponding bits in the first source operand. Bits (MAXVL-1:128)
of the destination register are zeroed.

EVEX encoded version: the converted result in written to the low doubleword element of the destination under the
writemask.

Software should ensure VCVTSI2SS is encoded with VEX.L=0. Encoding VCVTSI2SS with VEX.L=1 may encounter
unpredictable behavior across different processor generations.
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Operation

VCVTSI2SS (EVEX Encoded Version)
IF (SRC2 *is register*) AND (EVEX.b = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
IF 64-Bit Mode And OperandSize = 64
THEN
DEST[31:0] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[63:0]);
ELSE
DEST[31:0] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[31:0]);
Fl;
DEST[127:32] := SRC1[127:32]
DEST[MAXVL-1:128]:=0

VCVTSI2SS (VEX.128 Encoded Version)
IF 64-Bit Mode And OperandSize = 64
THEN
DEST[31:0] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[63:0]);
ELSE
DEST[31:0] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[31:0]);
Fl;
DEST[127:32] := SRC1[127:32]
DEST[MAXVL-1:128]:=0

CVTSIZSS (128-bit Legacy SSE Version)
IF 64-Bit Mode And OperandSize = 64
THEN

DEST[31:0] := Convert_Integer_To_Single_Precision_Floating_Point(SRC[63:0]);
ELSE

DEST[31:0] :=Convert_Integer_To_Single_Precision_Floating_Point(SRC[31:0]);
Fl;
DEST[MAXVL-1:32] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VCVTSIZSS __m128 _mm_cvti32_ss(__m128s, int a);

VCVTSIZSS __m128 _mm_cvt_roundi32_ss(__m128s,int a, intr);
VCVTSIZSS __m128 _mm_cvti64_ss(__m128s, __int64 a);

VCVTSIZSS __m128 _mm_cvt_roundi64_ss(__m128s, __int64 3, intr);
CVTSIZ2SS __m128 _mm_cvtsi64_ss(__m128s, __int64 a);

CVTSIZ2SS __m128 _mm_cvtsi32_ss(__m128 g, int b);

SIMD Floating-Point Exceptions
Precision.

Other Exceptions
VEX-encoded instructions, see Table 2-20, “"Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-48, “"Type E3NF Class Exception Conditions.”
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CVTSS2SD—Convert Scalar Single Precision Floating-Point Value to Scalar Double Precision
Floating-Point Value

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag

Support
F3 OF 5A /r A VIV SSE2 Convert one single precision floating-point value in
CVTSS2SD xmm1, xmm2/m32 xmm2/m32 to one double precision floating-point value in

xmm1.

VEX.LIG.F3.0F.WIG 5A /r B VIV AVX Convert one single precision floating-point value in
VCVTSS2SD xmm1, xmm2, xmm3/m32 to one double precision floating-point value
xmm3/m32 and merge with high bits of xmmZ2.
EVEX.LLIG.F3.0FWO 5A /r C VIV AVX512F Convert one single precision floating-point value in
VCVTSS2SD xmm1 {k1Xz}, xmme, OR AVX10.1" [ xmm3/m32 to one double precision floating-point value
xmm3/m32{sae} and merge with high bits of xmm2 under writemask k1.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Tuple1 Scalar ModRM:reg (w) EVEX.vvvv (1) ModRM:r/m (r) N/A
Description

Converts a single precision floating-point value in the “convert-from” source operand to a double precision floating-
point value in the destination operand. When the “convert-from” source operand is an XMM register, the single
precision floating-point value is contained in the low doubleword of the register. The result is stored in the low
quadword of the destination operand.

128-bit Legacy SSE version: The “convert-from” source operand (the second operand) is an XMM register or
memory location. Bits (MAXVL-1:64) of the corresponding destination register remain unchanged. The destination
operand is an XMM register.

VEX.128 and EVEX encoded versions: The “convert-from” source operand (the third operand) can be an XMM
register or a 32-bit memory location. The first source and destination operands are XMM registers. Bits (127:64) of
the XMM register destination are copied from the corresponding bits in the first source operand. Bits (MAXVL-
1:128) of the destination register are zeroed.

Software should ensure VCVTSS2SD is encoded with VEX.L=0. Encoding VCVTSS2SD with VEX.L=1 may encounter
unpredictable behavior across different processor generations.
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Operation

VCVTSS2SD (EVEX Encoded Version)

IF k1[0] or *no writemask*
THEN  DEST[63:0] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC2[31:0]);
ELSE

IF *merging-masking* ; merging-masking
THEN *DEST[63:0] remains unchanged*
ELSE ; zeroing-masking

THEN DEST[63:0]1=0
Fl;
Fl;
DEST[127:64] = SRC1[127:64]
DEST[MAXVL-1:128]:=0

VCVTSS2SD (VEX.128 Encoded Version)

DEST[63:0] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC2[31:0])
DEST[127:64]:= SRC1[127:64]

DEST[MAXVL-1:128]:=0

CVTSS2SD (128-bit Legacy SSE Version)
DEST[63:0] := Convert_Single_Precision_To_Double_Precision_Floating_Point(SRC[31:0]);
DEST[MAXVL-1:64] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VCVTSS2SD __m128d _mm_cvt_roundss_sd(__m128da,__ m128b,intr);

VCVTSS2SD __m128d _mm_mask_cvt_roundss_sd(__m128ds,__mmask8 m, __m128da,__m128b,intr);
VCVTSS2SD __m128d _mm_maskz_cvt_roundss_sd(__mmask8k,_ m128da,__ m128a,intr);
VCVTSS2SD __m128d _mm_mask_cvtss_sd(__m128d s, __mmask8 m, __m128da,__m128 b);

VCVTSS2SD __m128d _mm_maskz_cvtss_sd(__mmask8 m,
CVTSS2SD __m128d_mm_cvtss_sd(__m128da, __m128 a);

m128da,__m128b);

SIMD Floating-Point Exceptions
Invalid, Denormal.

Other Exceptions
VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-47, “Type E3 Class Exception Conditions.”
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CVTSS2SI—Convert Scalar Single Precision Floating-Point Value to Doubleword Integer

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag

Support
F30F 2D /r A VIV SSE Convert one single precision floating-point value from
CVTSS2SIr32, xmm1/m32 xmm1/m32 to one signed doubleword integer in r32.
F3 REXW OF 2D /r A V/N.E. SSE Convert one single precision floating-point value from
CVTSS2SI r64, xmm1/m32 xmm1/m32 to one signed quadword integer in r64.
VEX.LIG.F3.0F.WO 2D /r A VIV AVX Convert one single precision floating-point value from
VCVTSS2SIr32, xmm1/m32 xmm1/m32 to one signed doubleword integer in r32.
VEX.LIGF3.0F.W1 2D /r ! A VIN.EZ AVX Convert one single precision floating-point value from
VCVTSS2SI r64, xmm1/m32 xmm1/m32 to one signed quadword integer in r64.
EVEX.LLIG.F3.0F.WO0 2D /r B VIV AVX512F Convert one single precision floating-point value from
VCVTSS2SI r32, xmm1/m32{er} OR AVX10.13 | xmm1/m32 to one signed doubleword integer in r32.
EVEX.LLIG.F3.0F.W1 2D /r B V/INEZ AVX512F Convert one single precision floating-point value from
VCVTSS2SI r64, xmm1/m32{er} OR AVX10.13 | xmm1/m32 to one signed quadword integer in r64.

NOTES:

1. Software should ensure VCVTSS2SI is encoded with VEX.L=0. Encoding VCVTSS2SI with VEX.L=1 may encounter unpredictable
behavior across different processor generations.
2. VEXW1T/EVEX.W1 in non-64 bit is ignored; the instructions behaves as if the WO version is used.

3. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector

width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Tuple1 Fixed ModRM:reg (w) ModRM:r/m (r) N/A N/A

Description

Converts a single precision floating-point value in the source operand (the second operand) to a signed doubleword
integer (or signed quadword integer if operand size is 64 bits) in the destination operand (the first operand). The
source operand can be an XMM register or a memory location. The destination operand is a general-purpose
register. When the source operand is an XMM register, the single precision floating-point value is contained in the
low doubleword of the register.

When a conversion is inexact, the value returned is rounded according to the rounding control bits in the MXCSR
register or the embedded rounding control bits. If a converted result cannot be represented in the destination
format, the floating-point invalid exception is raised, and if this exception is masked, the indefinite integer value
(2%-1, where w represents the number of bits in the destination format) is returned.

Legacy SSE instructions: In 64-bit mode, Use of the REX.W prefix promotes the instruction to produce 64-bit data.
See the summary chart at the beginning of this section for encoding data and limits.

VEX.W1 and EVEX.W1 versions: promotes the instruction to produce 64-bit data in 64-bit mode.
Note: VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.

Software should ensure VCVTSS2SI is encoded with VEX.L=0. Encoding VCVTSS2SI with VEX.L=1 may encounter
unpredictable behavior across different processor generations.
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Operation

VCVTSS2SI (EVEX Encoded Version)
IF (SRC *is register*) AND (EVEX.b = 1)
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
IF 64-bit Mode and OperandSize = 64
THEN
DEST[63:0] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[31:0]);
ELSE
DEST[31:0] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[31:0]);
Fl;

(V)CVTSS2SI (Legacy and VEX.128 Encoded Version)
IF 64-bit Mode and OperandSize = 64
THEN

DEST[63:0] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[31:0]);
ELSE

DEST[31:0] := Convert_Single_Precision_Floating_Point_To_Integer(SRC[31:0]);
Fl;

Intel C/C++ Compiler Intrinsic Equivalent

VCVTSS2SIlint _mm_cvtss_i32(__m128 a);

VCVTSS2SIlint _mm_cvt_roundss_i32(_m128 3, intr);
VCVTSS2SI __int64 _mm_cvtss_i64(_m128 a);

VCVTSS2SI __int64 _mm_cvt_roundss_i64(_m128 g, intr);

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions,” additionally:
#UD If VEX.vvvv != 1111B.

EVEX-encoded instructions, see Table 2-48, “"Type E3NF Class Exception Conditions.”
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CVTTPD2DQ—Convert with Truncation Packed Double Precision Floating-Point Values to
Packed Doubleword Integers

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support
66 OF E6 /1 A VIV SSE2 Convert two packed double precision floating-point
CVTTPD2DQ xmm1, xmm2/m128 values in xmmZ2/mem to two signed doubleword
integers in xmm?1 using truncation.
VEX.128.66.0F.WIG E6 /r A VIV AVX Convert two packed double precision floating-point
VCVTTPD2DQ xmm1, xmm2/m128 values in xmmZ2/mem to two signed doubleword
integers in xmm?1 using truncation.
VEX.256.66.0F.WIG E6 /r A VIV AVX Convert four packed double precision floating-point
VCVTTPD2DQ xmm1, ymm2/m256 values in ymmZ2/mem to four signed doubleword
integers in xmm1 using truncation.
EVEX.128.66.0F.W1 E6 /r B VIV (AVX512VL AND | Convert two packed double precision floating-point
VCVTTPD2DQ xmm1 {k1}z}, AVX512F) OR values in xmm2/m128/m64bcst to two signed
xmm2/m128/m64bcst AVX10.1" doubleword integers in xmm1 using truncation
subject to writemask k1.
EVEX.256.66.0F.W1 E6 /r B VIV (AVX512VLAND | Convert four packed double precision floating-point
VCVTTPD2DQ xmm1 {k1¥z}, AVX512F) OR values in ymm2/m256/m64bcst to four signed
ymm2/m256/m64bcst AVX10.11 doubleword integers in xmm?1 using truncation
subject to writemask k1.
EVEX.512.66.0F.W1 E6 /T B VIV AVX512F Convert eight packed double precision floating-
VCVTTPD2DQ ymm1 {k1Xz}, OR AVX10.11 point values in zmm2/m512/m64bcst to eight
zmm2/m512/m64bcst{sae} signed doubleword integers in ymm1 using
truncation subject to writemask k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Full ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts two, four or eight packed double precision floating-point values in the source operand (second operand)
to two, four or eight packed signed doubleword integers in the destination operand (first operand).

When a conversion is inexact, a truncated (round toward zero) value is returned. If a converted result is larger than
the maximum signed doubleword integer, the floating-point invalid exception is raised, and if this exception is
masked, the indefinite integer value (80000000H) is returned.

EVEX encoded versions: The source operand is a ZMM/YMM/XMM register, a 512/256/128-bit memory location, or
a 512/256/128-bit vector broadcasted from a 64-bit memory location. The destination operand is a
YMM/XMM/XMM (low 64 bits) register conditionally updated with writemask k1. The upper bits (MAXVL-1:256) of
the corresponding destination are zeroed.

VEX.256 encoded version: The source operand is a YMM register or 256- bit memory location. The destination
operand is an XMM register. The upper bits (MAXVL-1:128) of the corresponding ZMM register destination are
zeroed.

VEX.128 encoded version: The source operand is an XMM register or 128- bit memory location. The destination
operand is a XMM register. The upper bits (MAXVL-1:64) of the corresponding ZMM register destination are zeroed.
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128-bit Legacy SSE version: The source operand is an XMM register or 128- bit memory location. The destination
operand is an XMM register. The upper bits (MAXVL-1:128) of the corresponding ZMM register destination are

unmodified.
Note: VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.

SRC X3 X2 X1 X0

DEST 0 || X3 |x2 |x1 |xo |

Figure 1-5. VCVTTPD2DQ (VEX.256 Encoded Version)

Operation

VCVTTPD2DQ (EVEX Encoded Versions) When SRC Operand is a Register
(KL, VL) = (2, 128), (4, 256), (8,512)

FORj:=0TOKL-1
i=j*32
k:=j*64
IF k1[j] OR *no writemask*
THEN DESTI[i+31:i] :=
Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[k+63:k])

ELSE

IF *merging-masking* ; merging-masking
THEN *DESTI[i+31:i] remains unchanged*
ELSE ; zeroing-masking

DEST[i+31:i1:=0
F
Fl;
ENDFOR

DEST[MAXVL-1:VL/2] =0
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VCVTTPD2DQ (EVEX Encoded Versions) When SRC Operand is a Memory Source
(KL, VL) = (2, 128), (4, 256), (8,512)

FORj:=0TOKL-1

i=j*32
k:=j*64
IF k1[j] OR *no writemask*
THEN
IF (EVEXb=1)
THEN
DEST[i+31:i]:=
Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[63:0])
ELSE
DEST[i+31:i]:=
Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[k+63:k])
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:i1:=0
Fl
Fl;
ENDFOR

DEST[MAXVL-1:VL/2] =0

VCVTTPD2DQ (VEX.256 Encoded Version)

DEST[31:0] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[63:0])
DEST[63:32] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[127:64])
DEST[95:64] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[191:128])
DEST[127:96] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[255:192)
DEST[MAXVL-1:128]:=0

VCVTTPD2DQ (VEX.128 Encoded Version)

DEST[31:0] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[63:0])
DEST[63:32] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[127:64])
DEST[MAXVL-1:64]1:=0

CVTTPD2DQ (128-bit Legacy SSE Version)

DEST[31:0] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[63:0])
DEST[63:32] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[127:64])
DEST[127:64]:=0

DEST[MAXVL-1:128] (unmodified)
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Intel C/C++ Compiler Intrinsic Equivalent

VCVTTPD2DQ __m256i _mm512_cvttpd_epi32(_m512d a);

VCVTTPD2DQ _m256i _mm512_mask_cvttpd_epi32( _m256is, __mmask8 k, __m512d a);
VCVTTPD2DQ _m256i _mm512_maskz_cvttpd_epi32( _mmask8 k, __m512d a);
VCVTTPD2DQ _m256i _mm512_cvtt_roundpd_epi32( _m512d g, int sae);

VCVTTPD2DQ _m256i _mm512_mask_cvtt_roundpd_epi32(_m256is, __mmask8 k, __m512d a, int sae);
VCVTTPD2DQ _m256i _mm512_maskz_cvtt_roundpd_epi32(_mmask8 k, __m512d a, int sae);
VCVTTPD2DQ __m128i _mm256_mask_cvttpd_epi32(_m128is, __mmask8 k, __m256d a);
VCVTTPD2DQ _m128i _mm256_maskz_cvttpd_epi32( _mmask8 k, __m256d a);

VCVTTPD2DQ _m128i _mm_mask_cvttpd_epi32(_m128is, _mmask8 k, __m128d a);
VCVTTPD2DQ _m128i _mm_maskz_cvttpd_epi32(_mmask8 k, __m128d a);

VCVTTPD2DQ _m128i _mm256_cvttpd_epi32 (__m256d src);

CVTTPD2DQ _m128i _mm_cvttpd_epi32 (__m128d src);

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

VEX-encoded instructions, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-46, "Type E2 Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv !'= 1111B or EVEX.vvvv I= 1111B.
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CVTTPS2DQ—Convert With Truncation Packed Single Precision Floating-Point Values to Packed
Signed Doubleword Integer Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support
F3 O0F 5B /r A VIV SSEZ2 Convert four packed single precision floating-point
CVTTPS2DQ xmm1, xmm2/m128 values from xmm2/mem to four packed signed
doubleword values in xmm1 using truncation.
VEX.128.F3.0F.WIG 5B /r A VIV AVX Convert four packed single precision floating-point
VCVTTPS2DQ xmm1, values from xmm2/mem to four packed signed
xmm2/m128 doubleword values in xmm1 using truncation.
VEX.256.F3.0F.WIG 5B /r A VIV AVX Convert eight packed single precision floating-point
VCVTTPS2DQ ymm1, values from ymm2/mem to eight packed signed
ymm2/m256 doubleword values in ymm1 using truncation.
EVEX.128.F3.0F.W0 5B /r B VIV (AVX512VL AND | Convert four packed single precision floating-point
VCVTTPS2DQ xmm1 {k1¥z}, AVX512F) OR values from xmm2/m128/m32bcst to four packed
xmm2/m128/m32bcst AVX10.1" signed doubleword values in xmm1 using truncation
subject to writemask k1.
EVEX.256.F3.0F.W0 5B /r B VIV (AVX512VLAND | Convert eight packed single precision floating-point
VCVTTPS2DQ ymm1 {k1}{z}, AVX512F) OR values from ymm2/m256/m32bcst to eight packed
ymm2/m256/m32bcst AVX10.11 signed doubleword values in ymm1 using truncation
subject to writemask k1.
EVEX.512.F3.0FWO 5B /r B VIV AVX512F Convert sixteen packed single precision floating-
VCVTTPS2DQ zmm1 {k1Xz], OR AVX10.11 point values from zmm2/m512/m32bcst to sixteen
zmm2/m512/m32bcst {sae} packed signed doubleword values in zmm1 using
truncation subject to writemask k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Full ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts four, eight or sixteen packed single precision floating-point values in the source operand to four, eight or
sixteen signed doubleword integers in the destination operand.

When a conversion is inexact, a truncated (round toward zero) value is returned. If a converted result is larger than
the maximum signed doubleword integer, the floating-point invalid exception is raised, and if this exception is
masked, the indefinite integer value (80000000H) is returned.

EVEX encoded versions: The source operand is a ZMM/YMM/XMM register, a 512/256/128-bit memory location or
a 512/256/128-bit vector broadcasted from a 32-bit memory location. The destination operand is a
ZMM/YMM/XMM register conditionally updated with writemask k1.

VEX.256 encoded version: The source operand is a YMM register or 256- bit memory location. The destination
operand is a YMM register. The upper bits (MAXVL-1:256) of the corresponding ZMM register destination are
zeroed.

VEX.128 encoded version: The source operand is an XMM register or 128- bit memory location. The destination
operand is a XMM register. The upper bits (MAXVL-1:128) of the corresponding ZMM register destination are
zeroed.
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128-bit Legacy SSE version: The source operand is an XMM register or 128- bit memory location. The destination
operand is an XMM register. The upper bits (MAXVL-1:128) of the corresponding ZMM register destination are
unmodified.

Note: VEX.vvvv and EVEX.vvvv are reserved and must be 1111b otherwise instructions will #UD.

Operation

VCVTTPS2DQ (EVEX Encoded Versions) When SRC Operand is a Register
(KL, VL) = (4, 128), (8, 256), (16, 512)

FORj:=0 TOKL-1
i=j*32
IF k1[j] OR *no writemask*
THEN DEST[i+31:i] :=
Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[i+31:i])

ELSE

IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking

DEST[i+31:i]1:=0
Fl
Fl;
ENDFOR

DEST[MAXVL-1:VL] := 0

VCVTTPS2DQ (EVEX Encoded Versions) When SRC Operand is a Memory Source
(KL, VL) = (4, 128), (8, 256), (16, 512)

FORj:=0TO 15
i=j*32
IF k1[j] OR *no writemask*
THEN
IF (EVEXb=1)
THEN
DEST[i+31:i]:=
Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[31:0])
ELSE
DEST[i+31:i]:=
Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[i+31:i])
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:1:=0
F
Fl;
ENDFOR

DEST[MAXVL-1:VL] =0
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VCVTTPS2DQ (VEX.256 Encoded Version)

DEST[31:0] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[31:0])
DEST[63:32] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[63:32])
DEST[95:64] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[95:64])
DEST[127:96] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[127:96)
DEST[159:128] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[159:128]
DEST[191:160] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[191:160]
DEST[223:192] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[223:192]
DEST[255:224] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[255:224]

=0

VCVTTPS2DQ (VEX.128 encoded version)

DEST[31:0] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[31:0])
DEST[63:32] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[63:32])
DEST[95:64] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[95:64])
DEST[127:96] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[127:96])
DEST[MAXVL-1:128]:=0

CVTTPS2DQ (128-bit Legacy SSE version)

DEST[31:0] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[31:0])
DEST[63:32] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[63:32])
DEST[95:64] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[95:64])
DEST[127:96] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[127:96])
DEST[MAXVL-1:128] (unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VCVTTPS2DQ __m512i _mm512_cvttps_epi32(_m512 a);

VCVTTPS2DQ _m512i _mm512_mask_cvttps_epi32(_m512is,__mmask16 k, __m512 a);
VCVTTPS2DQ __m512i _mm512_maskz_cvttps_epi32( _mmask16 k, __m512 a);

VCVTTPS2DQ _m512i _mm512_cvtt_roundps_epi32(_m512 a, int sae);

VCVTTPS2DQ _m512i _mm512_mask_cvtt_roundps_epi32(_m512is, __mmask16 k, __m512 a, int sae);
VCVTTPS2DQ _m512i _mm512_maskz_cvtt_roundps_epi32( _mmask16 k, __m512 a, int sae);
VCVTTPS2DQ _m256i _mm256_mask_cvttps_epi32(_m256is, __mmask8 k, __m256 a);
VCVTTPS2DQ __m256i _mm256_maskz_cvttps_epi32(_mmask8 k, __m256 a);

VCVTTPS2DQ _m128i _mm_mask_cvttps_epi32(_m128is, _mmask8 k, __m128 a);
VCVTTPS2DQ _m128i _mm_maskz_cvttps_epi32( _mmask8 k, __m128 a);

VCVTTPS2DQ __m256i _mm256_cvttps_epi32 (__m256 a)

CVTTPS2DQ _m128i _mm_cvttps_epi32 (__m128 a)

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

VEX-encoded instructions, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-46, "Type E2 Class Exception Conditions.”
Additionally:

#UD If VEX.vvvv !'= 1111B or EVEX.vvvv != 1111B.
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CVTTSD2SI—Convert With Truncation Scalar Double Precision Floating-Point Value to Signed

Integer
Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support
F2 OF 2C/r A VIV SSE2 Convert one double precision floating-point value from
CVTTSDZSI r32, xmm1/m64 xmm1/m64 to one signed doubleword integer in r32
using truncation.
F2 REXW OF 2C /r A V/IN.E. SSE2 Convert one double precision floating-point value from
CVTTSDZ2SI r64, xmm1/m64 xmm1/m64 to one signed quadword integer in r64
using truncation.
VEX.LIG.F2.0F.WO0 2C /r ! A VIV AVX Convert one double precision floating-point value from
VCVTTSDZSI r32, xmm1/m64 xmm1/m64 to one signed doubleword integer in r32
using truncation.
VEX.LIG.F2.0F.W1 2C /r ! B V/NEZ AVX Convert one double precision floating-point value from
VCVTTSDZSI r64, xmm1/m64 xmm1/m64 to one signed quadword integer in r64
using truncation.
EVEX.LLIG.F2.0F.W0 2C /r B VIV AVX512F Convert one double precision floating-point value from
VCVTTSDZSI r32, xmm1/m64{sae} OR AVX10.13 |xmm1/m64 to one signed doubleword integer in r32
using truncation.
EVEX.LLIG.F2.0F.W1 2C/r B VIN.ES AVX512F Convert one double precision floating-point value from
VCVTTSDZSI r64, xmm1/m64{sae} OR AVX10.13 |xmm1/m64 to one signed quadword integer in r64
using truncation.
NOTES:

1. Software should ensure VCVTTSD2SI is encoded with VEX.L=0. Encoding VCVTTSD2SI with VEX.L=1 may encounter unpredictable
behavior across different processor generations.
2. For this specific instruction, VEX.W/EVEX.W in non-64 bit is ignored; the instructions behaves as if the WO version is used.

3. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Tuple1 Fixed ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts a double precision floating-point value in the source operand (the second operand) to a signed double-
word integer (or signed quadword integer if operand size is 64 bits) in the destination operand (the first operand).
The source operand can be an XMM register or a 64-bit memory location. The destination operand is a general
purpose register. When the source operand is an XMM register, the double precision floating-point value is
contained in the low quadword of the register.

When a conversion is inexact, the value returned is rounded according to the rounding control bits in the MXCSR
register.

If a converted result exceeds the range limits of signed doubleword integer (in non-64-bit modes or 64-bit mode
with REX.W/VEX.W/EVEX.W=0), the floating-point invalid exception is raised, and if this exception is masked, the
indefinite integer value (80000000H) is returned.

If a converted result exceeds the range limits of signed quadword integer (in 64-bit mode and
REX.W/VEX.W/EVEX.W = 1), the floating-point invalid exception is raised, and if this exception is masked, the
indefinite integer value (80000000_00000000H) is returned.
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Legacy SSE instructions: In 64-bit mode, Use of the REX.W prefix promotes the instruction to 64-bit operation. See
the summary chart at the beginning of this section for encoding data and limits.

VEX.W1 and EVEX.W1 versions: promotes the instruction to produce 64-bit data in 64-bit mode.
Note: VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.

Software should ensure VCVTTSD2SI is encoded with VEX.L=0. Encoding VCVTTSD2SI with VEX.L=1 may
encounter unpredictable behavior across different processor generations.

Operation
(V)CVTTSD2SI (All Versions)
IF 64-Bit Mode and OperandSize = 64
THEN

DEST[63:0] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[63:0]);
ELSE

DEST[31:0] := Convert_Double_Precision_Floating_Point_To_Integer_Truncate(SRC[63:0]);
Fl;

Intel C/C++ Compiler Intrinsic Equivalent

VCVTTSD2SI int _mm_cvttsd_i32(_m128d a);

VCVTTSD2SI int _mm_cvtt_roundsd_i32(_m128d g, int sae);
VCVTTSDZ2SI __int64 _mm_cvttsd_i64( _m128d a);

VCVTTSDZSI __int64 _mm_cvtt_roundsd_i64(__m128d a, int sae);
CVTTSDZSI int _mm_cvttsd_si32(_m128d a);

CVTTSDZSI __int64 _mm_cvttsd_si64(__m128d a);

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions,” additionally:
#UD If VEX.vvvv != 1111B.

EVEX-encoded instructions, see Table 2-48, “"Type E3NF Class Exception Conditions.”
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CVTTSS2SI—Convert With Truncation Scalar Single Precision Floating-Point Value to Integer

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support

F30F 2C/r A VIV SSE Convert one single precision floating-point value from

CVTTSS2SIr32, xmm1/m32 xmm1/m32 to one signed doubleword integer in r32
using truncation.

F3 REXW OF 2C /r A V/N.E. SSE Convert one single precision floating-point value from

CVTTSS2SI r64, xmm1/m32 xmm1/m32 to one signed quadword integer in r64
using truncation.

VEX.LIG.F3.0F.WO0 2C /r ! A VIV AVX Convert one single precision floating-point value from

VCVTTSS2SI r32, xmm1/m32 xmm1/m32 to one signed doubleword integer in r32
using truncation.

VEX.LIG.F3.0F.W1 2C /r ! A VINEZ AVX Convert one single precision floating-point value from

VCVTTSS2SI r64, xmm1/m32 xmm1/m32 to one signed quadword integer in r64
using truncation.

EVEX.LLIG.F3.0F.WO 2C /r B VIV AVX512F Convert one single precision floating-point value from

VCVTTSS2SI r32, xmm1/m32{sae} OR AVX10.13 |xmm1/m32 to one signed doubleword integer in r32
using truncation.

EVEX.LLIG.F3.0F.W1 2C/r B VIN.EZ AVX512F Convert one single precision floating-point value from

VCVTTSS2SI r64, xmm1/m32{sae} OR AVX10.13 |xmm1/m32 to one signed quadword integer in r64
using truncation.

NOTES:

1. Software should ensure VCVTTSS2SI is encoded with VEX.L=0. Encoding VCVTTSS2SI with VEX.L=1 may encounter unpredictable
behavior across different processor generations.

2. For this specific instruction, VEX.W/EVEX.W in non-64 bit is ignored; the instructions behaves as if the WO version is used.

3. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/€En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (w) ModRM:r/m (r) N/A N/A
B Tuple1 Fixed ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts a single precision floating-point value in the source operand (the second operand) to a signed doubleword
integer (or signed quadword integer if operand size is 64 bits) in the destination operand (the first operand). The
source operand can be an XMM register or a 32-bit memory location. The destination operand is a general purpose
register. When the source operand is an XMM register, the single precision floating-point value is contained in the
low doubleword of the register.

When a conversion is inexact, a truncated (round toward zero) result is returned. If a converted result is larger
than the maximum signed doubleword integer, the floating-point invalid exception is raised. If this exception is
masked, the indefinite integer value (80000000H or 80000000_00000000H if operand size is 64 bits) is returned.

Legacy SSE instructions: In 64-bit mode, Use of the REX.W prefix promotes the instruction to 64-bit operation. See
the summary chart at the beginning of this section for encoding data and limits.

VEX.W1 and EVEX.W1 versions: promotes the instruction to produce 64-bit data in 64-bit mode.
Note: VEX.vvvv and EVEX.vvvv are reserved and must be 1111b, otherwise instructions will #UD.

Software should ensure VCVTTSS2SI is encoded with VEX.L=0. Encoding VCVTTSS2SI with VEX.L=1 may
encounter unpredictable behavior across different processor generations.
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Operation
(V)CVTTSS2SI (All Versions)
IF 64-Bit Mode and OperandSize = 64
THEN

DEST[63:0] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[31:0]);
ELSE

DEST[31:0] := Convert_Single_Precision_Floating_Point_To_Integer_Truncate(SRC[31:0]);
Fl;

Intel C/C++ Compiler Intrinsic Equivalent

VCVTTSS2SI int _mm_cvttss_i32(_m128 a);

VCVTTSS2SI int _mm_cvtt_roundss_i32( _m128 a, int sae);
VCVTTSS2SI __int64 _mm_cvttss_i64(__m128 a);

VCVTTSS2SI __int64 _mm_cvtt_roundss_i64( __m128 3, int sae);
CVTTSS2SIint _mm_cvttss_si32(_m128 a);

CVTTSS2SI __int64 _mm_cvttss_si64(_m128 a);

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

See Table 2-20, “Type 3 Class Exception Conditions,” additionally:

#UD If VEX.vvvv != 1111B.

EVEX-encoded instructions, see Table 2-48, “"Type E3NF Class Exception Conditions.”
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DIVPD—Divide Packed Double Precision Floating-Point Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bitMode | Flag
Support
66 OF 5E /r A VIV SSE2 Divide packed double precision floating-point
DIVPD xmm1, xmm2/m128 values in xmm1 by packed double precision
floating-point values in xmm2/mem.
VEX.128.66.0F.WIG 5€E /r B VIV AVX Divide packed double precision floating-point
VDIVPD xmm1, xmmZ2, xmm3/m128 values in xmmZ by packed double precision
floating-point values in xmm3/mem.
VEX.256.66.0F.WIG 5€ /r B VIV AVX Divide packed double precision floating-point
VDIVPD ymm1, ymm2, ymm3/m256 values in ymmZ2 by packed double precision
floating-point values in ymm3/mem.
EVEX.128.66.0F.W1 5€E /r C VIV (AVX512VL AND | Divide packed double precision floating-point
VDIVPD xmm1 {k1¥z}, xmm2, AVX512F) OR values in xmmZ2 by packed double precision
xmm3/m128/m64bcst AVX10.11 floating-point values in xmm3/m128/m64bcst and
write results to xmm1 subject to writemask k1.
EVEX.256.66.0F.W1 5€E /r C VIV (AVX512VL AND | Divide packed double precision floating-point
VDIVPD ymm1 {k1}z}, ymm2, AVX512F) OR values in ymm2 by packed double precision
ymm3/m256/m64bcst AVX10.1" floating-point values in ymm3/m256/m64bcst and
write results to ymm1 subject to writemask k1.
EVEX.512.66.0F.W1 5E /r C VIV AVX512F Divide packed double precision floating-point
I VDIVPD zmm1 {k1¥z}, zmm2, OR AVX10.1' values in zmm2 by packed double precision
zmm3/m512/m64bcst{er} floating-point values in zmm3/m512/m64bcst and
write results to zmm1 subject to writemask k1.

NOTES:

sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector

I 1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-

width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Full ModRM:reg (w) EVEX.vvvv (1) ModRM:r/m (r) N/A
Description

Performs a SIMD divide of the double precision floating-point values in the first source operand by the floating-
point values in the second source operand (the third operand). Results are written to the destination operand (the
first operand).

EVEX encoded versions: The first source operand (the second operand) is a ZMM/YMM/XMM register. The second
source operand can be a ZMM/YMM/XMM register, a 512/256/128-bit memory location or a 512/256/128-bit vector
broadcasted from a 64-bit memory location. The destination operand is a ZMM/YMM/XMM register conditionally
updated with writemask k1.

VEX.256 encoded version: The first source operand (the second operand) is a YMM register. The second source
operand can be a YMM register or a 256-bit memory location. The destination operand is a YMM register. The upper
bits (MAXVL-1:256) of the corresponding destination are zeroed.

VEX.128 encoded version: The first source operand (the second operand) is a XMM register. The second source
operand can be a XMM register or a 128-bit memory location. The destination operand is a XMM register. The upper
bits (MAXVL-1:128) of the corresponding destination are zeroed.
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128-bit Legacy SSE version: The second source operand (the second operand) can be an XMM register or an 128-
bit memory location. The destination is the same as the first source operand. The upper bits (MAXVL-1:128) of the
corresponding destination are unmodified.

Operation

VDIVPD (EVEX Encoded Versions)
(KL, VL) = (2, 128), (4, 256), (8,512)
IF (VL =512) AND (EVEX.b = 1) AND SRC2 *is a register*
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC); ; refer to Table 15-4 in the Intel® 64 and IA-32 Architectures
Software Developer's Manual, Volume 1
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);

Fl;
FORj:=0TOKL-1
i=j*64
IF k1[j] OR *no writemask*
THEN
IF (EVEX.b = 1) AND (SRC2 *is memory*)
THEN
DESTI[i+63:i] := SRC1[i+63:i] / SRC2[63:0]
ELSE
DESTI[i+63:i] := SRC1[i+63:i] / SRC2[i+63:i]
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTI[i+63:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+63:i1:=0
Fl
Fl;
ENDFOR

DEST[MAXVL-1:VL]:=0

VDIVPD (VEX.256 Encoded Version)

DEST[63:0] := SRC1[63:0]/ SRC2[63:0]
DEST[127:64]:= SRC1[127:64] / SRC2[127:64]
DEST[191:128] := SRC1[191:128] / SRC2[191:128]
DEST[255:192] := SRC1[255:192] / SRC2[255:192]
DEST[MAXVL-1:256] := O;

VDIVPD (VEX.128 Encoded Version)
DEST[63:0] := SRC1[63:0]/ SRC2[63:0]
DEST[127:64]:= SRC1[127:64] / SRC2[127:64]
DEST[MAXVL-1:128] := O;

DIVPD (128-bit Legacy SSE Version)
DEST[63:0] := SRC1[63:0]/ SRC2[63:0]
DEST[127:64]:= SRC1[127:64] / SRC2[127:64]
DEST[MAXVL-1:128] (Unmodified)
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Intel C/C++ Compiler Intrinsic Equivalent

VDIVPD _m512d _mm512_div_pd(_m512da, __m512db);

VDIVPD _m512d _mm512_mask_div_pd(__m512ds, __ mmask8k, __m512da, __m512db);
VDIVPD _m512d _mm512_maskz_div_pd(_mmask8 k, __m512da, __m512d b);

VDIVPD _m256d _mm256_mask_div_pd(__m256d s, __mmask8 k, __m256d a3, __m256d b);
VDIVPD _m256d _mm256_maskz_div_pd(__mmask8 k, __m256d a, __m256d b);

VDIVPD _m128d _mm_mask_div_pd(__m128ds, __mmask8k, __m128da, _ m128db);
VDIVPD _m128d _mm_maskz_div_pd(_mmask8 k, __m128d 3, __m128d b);

VDIVPD _m512d _mm512_div_round_pd(_m512d a, __m512d b, int);

VDIVPD _m512d _mm512_mask_div_round_pd(__m512ds, __mmask8k, __m512da, __m512d b, int);
VDIVPD _m512d _mm512_maskz_div_round_pd(__mmask8k, __m512da, __m512d b, int);
VDIVPD _m256d _mm256_div_pd (__m256d a, __m256d b);

DIVPD _m128d _mm_div_pd (__m128da, __m128d b);

SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Divide-by-Zero, Precision, Denormal.

Other Exceptions
VEX-encoded instructions, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-46, “"Type E2 Class Exception Conditions.”
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DIVPS—Divide Packed Single Precision Floating-Point Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En bit Mode | Flag
Support

NP OF 5€ /r A VIV SSE Divide packed single precision floating-point values

DIVPS xmm1, xmm2/m128 in xmm?1 by packed single precision floating-point
values in xmm2/mem.

VEX.128.0F.WIG 5E /r B VIV AVX Divide packed single precision floating-point values

VDIVPS xmm1, xmm2, xmm3/m128 in xmm¢Z by packed single precision floating-point
values in xmm3/mem.

VEX.256.0F.WIG 5E /r B VIV AVX Divide packed single precision floating-point values

VDIVPS ymm1, ymm2, ymm3/m256 in ymm2 by packed single precision floating-point
values in ymm3/mem.

EVEX.128.0F.WO0 5E /r C VIV (AVX512VL AND | Divide packed single precision floating-point values

VDIVPS xmm1 {k1¥z}, xmm2, AVX512F) OR in xmm2 by packed single precision floating-point

xmm3/m128/m32bcst AVX10.1" values in xmm3/m128/m32bcst and write results
to xmm1 subject to writemask k1.

EVEX.256.0F.W0 5€E /r C VIV (AVX512VL AND | Divide packed single precision floating-point values

VDIVPS ymm1 {k1¥z}, ymm2, AVX512F) OR in ymm2 by packed single precision floating-point

ymm3/m256/m32bcst AVX10.1" values in ymm3/m256/m32bcst and write results
to ymm1 subject to writemask k1.

EVEX.512.0F.WO0 5€E /r C VIV AVX512F Divide packed single precision floating-point values

VDIVPS zmm1 {k1}z}, zmm2, OR AVX10.1' in zmm2 by packed single precision floating-point

zmm3/m512/m32bcst{er} values in zmm3/m512/m32bcst and write results
to zmm1 subject to writemask k1.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Full ModRM:reg (w) EVEX.vvvv (1) ModRM:r/m (r) N/A
Description

Performs a SIMD divide of the four, eight or sixteen packed single precision floating-point values in the first source
operand (the second operand) by the four, eight or sixteen packed single precision floating-point values in the
second source operand (the third operand). Results are written to the destination operand (the first operand).

EVEX encoded versions: The first source operand (the second operand) is a ZMM/YMM/XMM register. The second
source operand can be a ZMM/YMM/XMM register, a 512/256/128-bit memory location or a 512/256/128-bit vector
broadcasted from a 32-bit memory location. The destination operand is a ZMM/YMM/XMM register conditionally
updated with writemask k1.

VEX.256 encoded version: The first source operand is a YMM register. The second source operand can be a YMM
register or a 256-bit memory location. The destination operand is a YMM register.

VEX.128 encoded version: The first source operand is a XMM register. The second source operand can be a XMM
register or a 128-bit memory location. The destination operand is a XMM register. The upper bits (MAXVL-1:128) of
the corresponding ZMM register destination are zeroed.
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128-bit Legacy SSE version: The second source can be an XMM register or an 128-bit memory location. The desti-
nation is not distinct from the first source XMM register and the upper bits (MAXVL-1:128) of the corresponding
ZMM register destination are unmodified.

Operation

VDIVPS (EVEX Encoded Versions)
(KL, VL) =(4,128), (8, 256), (16, 512)
IF (VL =512) AND (EVEX.b = 1) AND SRC2 *is a register*
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
FORj:=0TOKL-1
i=j*32
IF k1[j] OR *no writemask*
THEN
IF (EVEX.b = 1) AND (SRC2 *is memory*)
THEN
DESTI[i+31:i]:= SRC1[i+31:i] / SRC2[31:0]
ELSE
DESTI[i+31:i]:= SRC1[i+31:i] / SRC2[i+31:i]
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN *DEST[i+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:1:=0
Fl
Fl;
ENDFOR
DEST[MAXVL-1:VL]:=0

VDIVPS (VEX.256 Encoded Version)

DEST[31:0] := SRC1[31:0]/ SRC2[31:0]
DEST[63:32] := SRC1[63:32] / SRC2[63:32]
DEST[95:64] := SRC1[95:64] / SRC2[95:64]
DEST[127:96] := SRC1[127:96] / SRC2[127:96]
DEST[159:128] := SRC1[159:128] / SRC2[159:128]
DEST[191:160] := SRC1[191:160] / SRC2[191:160]
DEST[223:192] := SRC1[223:192] / SRC2[223:192]
DEST[255:224] := SRC1[255:224] / SRC2[255:224].
DEST[MAXVL-1:256] := O;

VDIVPS (VEX.128 Encoded Version)
DEST[31:0] := SRC1[31:0]/ SRC2[31:0]
DEST[63:32] := SRC1[63:32] / SRC2[63:32]
DEST[95:64] := SRC1[95:64] / SRC2[95:64]
DEST[127:96] := SRC1[127:96] / SRC2[127:96]
DEST[MAXVL-1:128]:= 0
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DIVPS (128-bit Legacy SSE Version)
DEST[31:0] := SRC1[31:0]1/ SRC2[31:0]
DEST[63:32] := SRC1[63:32] / SRC2[63:32]
DEST[95:64] := SRC1[95:64] / SRC2[95:64]
DEST[127:96] := SRC1[127:96] / SRC2[127:96]
DEST[MAXVL-1:128] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VDIVPS _m512 _mm512_div_ps(__m512a,__m512b);

VDIVPS _m512 _mm512_mask_div_ps(__m512s,__mmask16k,__m512a,__m512b);
VDIVPS _m512 _mm512_maskz_div_ps(__mmask16 k, __m5123a,__m512b);

VDIVPD _m256d _mm256_mask_div_pd(__m256d s, __mmask8 k, __m256d a, __m256d b);
VDIVPD _m256d _mm256_maskz_div_pd(__mmask8 k, __m256d a, __m256d b);

VDIVPD _m128d _mm_mask_div_pd(__m128ds, __mmask8k, __m128da, _ m128db);
VDIVPD _m128d _mm_maskz_div_pd(_mmask8 k, __m128d 3, __m128d b);

VDIVPS _m512 _mm512_div_round_ps(__m512 3, __m512 b, int);

VDIVPS _m512 _mm512_mask_div_round_ps(__m512s, __mmask16k,__m512a,__m512 b, int);
VDIVPS _m512 _mm512_maskz_div_round_ps(__mmask16 k, __m512a,__m512 b, int);
VDIVPS _m256 _mm256_div_ps (__m256 a, __m256 b);

DIVPS __m128 _mm_div_ps (_m1284a,__m128b);

SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Divide-by-Zero, Precision, Denormal.

Other Exceptions
VEX-encoded instructions, see Table 2-19, “Type 2 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-46, "Type E2 Class Exception Conditions.”
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DIVSD—Divide Scalar Double Precision Floating-Point Value

Opcode/ Op/ |64/32bit [CPUID Description
Instruction En Mode Feature Flag
Support
F2 OF 5€ /r A VIV SSEZ2 Divide low double precision floating-point value in
DIVSD xmm1, xmm2/m64 xmm1 by low double precision floating-point value in
xmm2/m64.
VEX.LIG.F2.0F.WIG 5€E /r B VIV AVX Divide low double precision floating-point value in
VDIVSD xmm1, xmmZ2, xmm3/m64 xmm2 by low double precision floating-point value in
xmm3/m64.
EVEX.LLIG.F2.0F.W1 5€ /r C VIV AVX512F Divide low double precision floating-point value in
VDIVSD xmm1 {k1}z}, xmme, OR AVX10.1" | xmm2 by low double precision floating-point value in
xmm3/m64{er} xmm3/m64.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
C Tuple1 Scalar ModRM:reg (w) EVEX.vvwv (r) ModRM:r/m (r) N/A
Description

Divides the low double precision floating-point value in the first source operand by the low double precision
floating-point value in the second source operand, and stores the double precision floating-point result in the desti-
nation operand. The second source operand can be an XMM register or a 64-bit memory location. The first source
and destination are XMM registers.

128-bit Legacy SSE version: The first source operand and the destination operand are the same. Bits (MAXVL-
1:64) of the corresponding ZMM destination register remain unchanged.

VEX.128 encoded version: The first source operand is an xmm register encoded by VEX.vvvv. The quadword at bits
127:64 of the destination operand is copied from the corresponding quadword of the first source operand. Bits
(MAXVL-1:128) of the destination register are zeroed.

EVEX.128 encoded version: The first source operand is an xmm register encoded by EVEX.vvvv. The quadword
element of the destination operand at bits 127:64 are copied from the first source operand. Bits (MAXVL-1:128) of
the destination register are zeroed.

EVEX version: The low quadword element of the destination is updated according to the writemask.

Software should ensure VDIVSD is encoded with VEX.L=0. Encoding VDIVSD with VEX.L=1 may encounter unpre-
dictable behavior across different processor generations.

Document Number; 355989-002US, Revision 2.0 1-111



Operation

VDIVSD (EVEX Encoded Version)
IF (EVEX.b = 1) AND SRC2 *is a register*
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
IF k1[0] or *no writemask*
THEN  DEST[63:0]:= SRC1[63:0] / SRC2[63:0]
ELSE
IF *merging-masking* , merging-masking
THEN *DEST[63:0] remains unchanged*
ELSE ; zeroing-masking
THEN DEST[63:0]:=0
Fl;
Fl;
DEST[127:64] := SRC1[127:64]
DEST[MAXVL-1:128]:=0

VDIVSD (VEX.128 Encoded Version)
DEST[63:0] := SRC1[63:0]/ SRC2[63:0]
DEST[127:64]:= SRC1[127:64]
DEST[MAXVL-1:128]:=0

DIVSD (128-bit Legacy SSE Version)
DEST[63:0] := DEST[63:0]/ SRC[63:0]
DEST[MAXVL-1:64] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VDIVSD __m128d _mm_mask_div_sd(__m128ds,
VDIVSD __m128d _mm_maskz_div_sd(__mmask8k,
VDIVSD __m128d _mm_div_round_sd(__m128d a, __m128d b, int);
VDIVSD __m128d _mm_mask_div_round_sd(__m128ds,
VDIVSD __m128d _mm_maskz_div_round_sd( __mmask8 k,
DIVSD _m128d _mm_div_sd (__m128d a, __m128d b);

mmask8 k,

SIMD Floating-Point Exceptions

Overflow, Underflow, Invalid, Divide-by-Zero, Precision, Denormal.

Other Exceptions

m128d a,
m128da, __m128db);

m128d a,
m128d b, int);

mmask8 k,
m128d a,

INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

m128d b);

m128d b, int);

VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-47, “Type E3 Class Exception Conditions.”
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DIVSS—Divide Scalar Single Precision Floating-Point Values

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support
F3 OF 5€/r A VIV SSE Divide low single precision floating-point value in
DIVSS xmm1, xmm2/m32 xmm’1 by low single precision floating-point value in
xmm2/m32.
VEX.LIG.F3.0F.WIG 5€E /r B VIV AVX Divide low single precision floating-point value in
VDIVSS xmm1, xmm2, xmm3/m32 xmm2 by low single precision floating-point value in
xmm3/m32.
EVEX.LLIG.F3.0F.WO 5€ /r C VIV AVX512F Divide low single precision floating-point value in
VDIVSS xmm1 {k1}z}, xmm2, OR AVX10.1" | xmm2 by low single precision floating-point value in
xmm3/m32{er} xmm3/m32.
NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) N/A N/A
B N/A ModRM:reg (w) VEX.vvvv (r) ModRM:r/m (r) N/A
C Tuple1 Scalar ModRM:reg (w) EVEX.vvwv (r) ModRM:r/m (r) N/A
Description

Divides the low single precision floating-point value in the first source operand by the low single precision floating-
point value in the second source operand, and stores the single precision floating-point result in the destination
operand. The second source operand can be an XMM register or a 32-bit memory location.

128-bit Legacy SSE version: The first source operand and the destination operand are the same. Bits (MAXVL-
1:32) of the corresponding YMM destination register remain unchanged.

VEX.128 encoded version: The first source operand is an xmm register encoded by VEX.vvvv. The three high-order
doublewords of the destination operand are copied from the first source operand. Bits (MAXVL-1:128) of the desti-
nation register are zeroed.

EVEX.128 encoded version: The first source operand is an xmm register encoded by EVEX.vvvv. The doubleword
elements of the destination operand at bits 127:32 are copied from the first source operand. Bits (MAXVL-1:128)
of the destination register are zeroed.

EVEX version: The low doubleword element of the destination is updated according to the writemask.

Software should ensure VDIVSS is encoded with VEX.L=0. Encoding VDIVSS with VEX.L=1 may encounter unpre-
dictable behavior across different processor generations.
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Operation

VDIVSS (EVEX Encoded Version)
IF (EVEX.b = 1) AND SRC2 *is a register*
THEN
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(EVEX.RC);
ELSE
SET_ROUNDING_MODE_FOR_THIS_INSTRUCTION(MXCSR.RC);
Fl;
IF k1[0] or *no writemask*
THEN  DEST[31:0]:= SRC1[31:0] / SRC2[31:0]

ELSE
IF *merging-masking* , merging-masking
THEN *DEST[31:0] remains unchanged*
ELSE ; zeroing-masking
THEN DEST[31:0]:=0
Fl;

Fl;
DEST[127:32]:= SRC1[127:32]
DEST[MAXVL-1:128]:=0

VDIVSS (VEX.128 Encoded Version)
DEST[31:0] := SRC1[31:0]/ SRC2[31:0]
DEST[127:32]:=SRC1[127:32]
DEST[MAXVL-1:128]:=0

DIVSS (128-bit Legacy SSE Version)
DEST[31:0] := DEST[31:0]1/ SRC[31:0]
DEST[MAXVL-1:32] (Unmodified)

Intel C/C++ Compiler Intrinsic Equivalent

VDIVSS __m128 _mm_mask_div_ss(__m128s,__mmask8Kk,
VDIVSS __m128 _mm_maskz_div_ss(__mmask8k,_ m128 a,
VDIVSS __m128 _mm_div_round_ss(__m1284a,__m128b, int);
VDIVSS __m128 _mm_mask_div_round_ss(__m128s, __mmask8 k,
VDIVSS __m128 _mm_maskz_div_round_ss(_mmask8k, _ m128 g,
DIVSS __m128 _mm_div_ss(__m128a,__m128b);

m1283a,__m128b);
m128 b);

m1283a,__m128b, int);
m128 b, int);

SIMD Floating-Point Exceptions
Overflow, Underflow, Invalid, Divide-by-Zero, Precision, Denormal.

Other Exceptions
VEX-encoded instructions, see Table 2-20, “Type 3 Class Exception Conditions.”

EVEX-encoded instructions, see Table 2-47, “Type E3 Class Exception Conditions.”
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EXTRACTPS—Extract Packed Floating-Point Values

Opcode/ Op/ |64/32bit |CPUID Description
Instruction En Mode Feature Flag
Support
660F3A17/rib A \AY, SSE4 1 Extract one single precision floating-point value from
EXTRACTPS reg/m32, xmm1, imm8 xmm1 at the offset specified by imm8 and store the

resultin reg or m32. Zero extend the results in 64-bit
register if applicable.

VEX.128.66.0F3AWIG 17 /rib A VIV AVX Extract one single precision floating-point value from
VEXTRACTPS reg/m32, xmm1, imm8 xmm1 at the offset specified by imm8 and store the
resultin reg or m32. Zero extend the results in 64-bit
register if applicable.

EVEX.128.66.0F3AWIG 17 /rib B VIV AVX512F Extract one single precision floating-point value from
VEXTRACTPS reg/m32, xmm1, imm8 ORAVX10.1" |xmm1 at the offset specified by imm8 and store the
resultin reg or m32. Zero extend the results in 64-bit
register if applicable.

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vec-
tor width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:r/m (w) ModRM:reg (r) imm8 N/A
B Tuple1 Scalar ModRM:r/m (w) ModRM:reg (r) imm8 N/A
Description

Extracts a single precision floating-point value from the source operand (second operand) at the 32-bit offset spec-
ified from imm8. Immediate bits higher than the most significant offset for the vector length are ignored.

The extracted single precision floating-point value is stored in the low 32-bits of the destination operand

In 64-bit mode, destination register operand has default operand size of 64 bits. The upper 32-bits of the register
are filled with zero. REX.W is ignored.

VEX.128 and EVEX encoded version: When VEX.W1 or EVEX.W1 form is used in 64-bit mode with a general
purpose register (GPR) as a destination operand, the packed single quantity is zero extended to 64 bits.
VEX.vvvv/EVEX.vvvv is reserved and must be 1111b otherwise instructions will #UD.

128-bit Legacy SSE version: When a REX.W prefix is used in 64-bit mode with a general purpose register (GPR) as
a destination operand, the packed single quantity is zero extended to 64 bits.

The source register is an XMM register. Imm8[1:0] determine the starting DWORD offset from which to extract the
32-bit floating-point value.

If VEXTRACTPS is encoded with VEX.L= 1, an attempt to execute the instruction encoded with VEX.L= 1 will cause
an #UD exception.
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Operation

VEXTRACTPS (EVEX and VEX.128 Encoded Version)
SRC_OFFSET := IMM8[1:0]
IF (64-Bit Mode and DEST is register)
DEST[31:0] := (SRC[127:0] >> (SRC_OFFSET*32)) AND OFFFFFFFFh
DEST[63:32]:=0
ELSE
DEST[31:0] := (SRC[127:0] >> (SRC_OFFSET*32)) AND OFFFFFFFFh
Fl

EXTRACTPS (128-bit Legacy SSE Version)
SRC_OFFSET := IMM8[1:0]
IF (64-Bit Mode and DEST is register)
DEST[31:0] := (SRC[127:0] >> (SRC_OFFSET*32)) AND OFFFFFFFFh
DEST[63:32]:=0
ELSE
DEST[31:0] := (SRC[127:0] >> (SRC_OFFSET*32)) AND OFFFFFFFFh
Fl

Intel C/C++ Compiler Intrinsic Equivalent
EXTRACTPS int _mm_extract_ps (__m128 a, const int nidx);

SIMD Floating-Point Exceptions
None.

Other Exceptions

VEX-encoded instructions, see Table 2-22, “Type 5 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-57, “Type E9NF Class Exception Conditions.”
Additionally:

#UD IF VEX.L = 0.

#UD If VEX.vvvv != 1111B or EVEX.vvvv != 1111B.
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GF2P8AFFINEINVQB—Galois Field Affine Transformation Inverse

Opcode/ Op/ 64/32 bit | CPUID Feature |Description
Instruction En Mode Flag
Support
66 OF3A CF /r /ib A VIV GFNI Computes inverse affine transformation in the
GF2P8AFFINEINVQB xmm1, finite field GF(2"8).
xmm2/m128, imm8
VEX.128.66.0F3A.W1 CF /r /ib B VIV AVX Computes inverse affine transformation in the
VGF2PBAFFINEINVQB xmm1, xmm2, GFNI finite field GF(2"8).
xmm3/m128, imm8
VEX.256.66.0F3A.W1 CF /r /ib B VIV AVX Computes inverse affine transformation in the
VGF2P8AFFINEINVQB ymm1, ymm2, GFNI finite field GF(2"8).
ymm3/m256, imm8
EVEX.128.66.0F3A.W1 CF /r /ib C VIV (AVX512VL Computes inverse affine transformation in the
VGF2PBAFFINEINVQB xmm1{k1Xz}, ORAVX10.1") |finite field GF(2"8).
xmmZ2, xmm3/m128/m64bcst, imm8 GFNI
EVEX.256.66.0F3A.W1 CF /r /ib C VIV (AVX512VL Computes inverse affine transformation in the
VGF2PBAFFINEINVQB ymm1{k1}{z}, ORAVX10.1")  |finite field GF(2"8).
ymmZ2, ymm3/m256/m64bcst, imm8 GFNI
EVEX.512.66.0F3A.W1 CF /r /ib C VIV (AVX512F Computes inverse affine transformation in the
VGF2P8AFFINEINVQB zmm1{k1}z}, ORAVX10.1") | finite field GF(2"8).
zmmZ2, zmm3/m512/m64bcst, imm8 GFNI

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector
width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) imm8 (r) N/A
B N/A ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) imm8 (r)
C Full ModRM:reg (w) EVEX.vvvv (r) ModRM:r/m (r) imm8 (r)
Description

The AFFINEINVB instruction computes an affine transformation in the Galois Field 28. For this instruction, an affine
transformation is defined by A * inv(x) + b where "A"” is an 8 by 8 bit matrix, and “x” and “b” are 8-bit vectors. The
inverse of the bytes in x is defined with respect to the reduction polynomial x8 + x* + x3 + x + 1.

One SIMD register (operand 1) holds “x" as either 16, 32 or 64 8-bit vectors. A second SIMD (operand 2) register
or memory operand contains 2, 4, or 8 “"A” values, which are operated upon by the correspondingly aligned 8 “x”
values in the first register. The “"b” vector is constant for all calculations and contained in the immediate byte.

The EVEX encoded form of this instruction does not support memory fault suppression. The SSE encoded forms of
the instruction require 16B alignment on their memory operations.

The inverse of each byte is given by the following table. The upper nibble is on the vertical axis and the lower nibble
is on the horizontal axis. For example, the inverse of 0x95 is 0x8A.

Document Number; 355989-002US, Revision 2.0 1-117



INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

Table 1-4. Inverse Byte Listings

- 1 2 3 4 5 6 7 8 9 A B C D E F

0 1 8D F6 CB 52 7B D1 E8 4F 29 co BO E1 €5 c7
1 74 B4 AA 4B 99 2B 60 5F 58 3F FD cC FF 40 EE B2
2 3A 6€ 5A F1 55 4D A8 c9 C1 A 98 15 30 44 A2 c2
3 2C 45 92 6C F3 39 66 42 F2 35 20 6F 77 BB 59 19
4 1D FE 37 67 2D 31 F5 69 A7 64 AB 13 54 25 €9 9

5 €D 5C 5 CA 4C 24 87 BF 18 3E 22 FO 51 eC 61 17
6 16 5€ AF D3 49 A6 36 43 F4 47 91 DF 33 93 21 3B
7 79 B7 97 85 10 B5 BA 3C B6 70 DO 6 Al FA 81 82
8 83 7€ 7F 80 96 73 BE 56 9B 9€ 95 D9 F7 2 B9 A4
9 DE 6A 32 6D D8 8A 84 72 2A 14 9F 88 F9 DC 89 9A
A FB 7C 2E c3 8F B8 65 48 26 c8 12 4A CE €7 D2 62
B €0 1F EF 11 75 78 71 A5 8E 76 3D BD BC 86 57
C B 28 2F A3 DA D4 E4 F A9 27 53 4 1B FC AC €6
D 7A 7 AE 63 c5 DB €2 EA 94 8B c4 D5 9D F8 90 6B
E B1 D D6 €B C6 E CF AD 8 4€ D7 €3 5D 50 1€ B3
F 5B 23 38 34 68 46 3 8C DD 9C 7D A0 CD 1A 41 1C

Operation

define affine_inverse_byte(tsrc2qw, src1byte, imm):
FORi:=0to7:
* parity(x) = 1 if x has an odd number of 1s in it, and O otherwise.*
* inverse(x) is defined in the table above *
retbyte.bit[i] := parity(tsrc2qw.byte[7-i] AND inverse(src1byte)) XOR imm8.bit[i]
return retbyte

VGF2P8AFFINEINVQB dest, src1, src2, imm8 (EVEX Encoded Version)
(KL, VL) = (2, 128), (4, 256), (8,512)
FORj:=0TOKL-T:
IF SRC2 is memory and EVEX.b==1:
tsrc2 := SRC2.qword[0]
ELSE:
tsrc2 := SRC2.qword][j]

FORb:=0to7:
IF k1[j*8+b] OR *no writemask*:
FORi:=0to7:
DEST.qword[j].byte[b] := affine_inverse_byte(tsrc2, SRC1.qword[j].byte[b], imm8)
ELSE IF *zeroing™:
DEST.qword[j].byte[b] :==0
*ELSE DEST.qword[j].byte[b] remains unchanged*
DEST[MAX_VL-1:VL]:=0

Document Number; 355989-002US, Revision 2.0 1-118



INTEL® AVX10.1 INSTRUCTION SET REFERENCE, A-Z

VGF2P8AFFINEINVQB dest, src1, src2, imm8 (128b and 256b VEX Encoded Versions)
(KL, VL) = (2, 128), (4, 256)
FORj:=0TOKL-T:
FORb:=0to7:
DEST.qword[j].byte[b] := affine_inverse_byte(SRC2.qword[j], SRC1.qword[j].byte[b], imm8)
DEST[MAX_VL-1:VL]:=0

GF2P8AFFINEINVQB srcdest, src1, imm8 (128b SSE Encoded Version)
FORj:=0TO1:
FORb:=0to7:
SRCDEST.qword[jl.byte[b] := affine_inverse_byte(SRC1.qword[j], SRCDEST.qword[j].byte[b], imm8)

Intel C/C++ Compiler Intrinsic Equivalent

(V)GF2PBAFFINEINVQB _m128i _mm_gf2p8affineinv_epib4_epi8(__m128i, __m128i, int);

(V)GF2P8AFFINEINVQB __m128i _mm_mask_gf2p8affineinv_epi64_epi8(__m128i, __mmask16, __m128i,__m128i, int);
(V)GF2P8AFFINEINVQB __m128i _mm_maskz_gf2p8affineinv_epi64_epi8(_mmask16, __m128i, __m128i, int);
VGF2PBAFFINEINVQB __m256i _mm256_gf2p8affineinv_epi64_epi8(_m256i, __m256i, int);

VGF2PBAFFINEINVQB __m256i _mm256_mask_gf2p8affineinv_epi64_epi8(_m256i, __mmask32, __m256i, __m256i, int);
VGFZ2PBAFFINEINVQB __m256i _mm256_maskz_gf2p8affineinv_epib4_epi8(__mmask32, __m256i, __m256i, int);
VGF2PBAFFINEINVQB __m512i _mm512_gf2p8affineinv_epi64_epi8(__m512i, __m512ij, int);

VGFZ2PBAFFINEINVQB __m512i _mm512_mask_gf2p8affineinv_epi64_epi8(_m512i, __mmask64, __m512i,__m512i, int);
VGF2PBAFFINEINVQB __m512i _mm512_maskz_gf2p8affineinv_epi64_epi8(__mmask64, __m512i, __m512i, int);

SIMD Floating-Point Exceptions
None.

Other Exceptions
Legacy-encoded and VEX-encoded: See Table 2-21, “Type 4 Class Exception Conditions.”
EVEX-encoded: See Table 2-50, “"Type E4NF Class Exception Conditions.”
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GF2P8AFFINEQB—Galois Field Affine Transformation

Opcode/ Op/ 64/32 bit | CPUID Feature |Description
Instruction En Mode Flag
Support
66 OF3A CE /r /ib A VIV GFNI Computes affine transformation in the finite
GF2P8BAFFINEQB xmm1, xmm2/m128, field GF(2"8).
imm8
VEX.128.66.0F3A.W1 CE /r /ib B VIV AVX Computes affine transformation in the finite
VGF2PBAFFINEQB xmm1, xmmZ, GFNI field GF(2"8).
xmm3/m128, imm8
VEX.256.66.0F3A.W1 CE /r /ib B VIV AVX Computes affine transformation in the finite
VGF2PBAFFINEQB ymm1, ymm2, GFNI field GF(278).
ymm3/m256, imm8
EVEX.128.66.0F3A.W1 CE /r /ib C VIV (AVX512VL Computes affine transformation in the finite
VGF2P8AFFINEQB xmm1{k1}z}, xmm2, ORAVX10.1") | field GF(2"8).
xmm3/m128/m64bcst, imm8 GFNI
EVEX.256.66.0F3A.W1 CE /r /ib C VIV (AVX512VL Computes affine transformation in the finite
VGF2PB8AFFINEQB ymm1{k1}{z}, ymmz2, ORAVX10.1") | field GF(2"8).
ymm3/m256/m64bcst, imm8 GFNI
EVEX.512.66.0F3A.W1 CE /r /ib C VIV (AVX512F Computes affine transformation in the finite
VGF2P8AFFINEQB zmm1{k1¥z}, zmm2, ORAVX10.1") | field GF(2"8).
zmm3/m512/m64bcst, imm8 GFNI

NOTES:

1. For instructions with a CPUID feature flag specifying AVX10, the programmer must check the available vector options on the proces-
sor at run-time via CPUID Leaf 24H, the Intel AVX10 Converged Vector ISA Leaf. This leaf enumerates the maximum supported vector

width and as such will determine the set of instructions available to the programmer listed in the above opcode table.

Instruction Operand Encoding

Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A N/A ModRM:reg (r, w) ModRM:r/m (r) imm8 (r) N/A
B N/A ModRM:reg (w) VEX.wvvv (r) ModRM:r/m (r) imm8 (r)
C Full ModRM:reg (w) EVEX.vvvv (r) ModRM:r/m (r) imm8 (r)
Description

The AFFINEB instruction computes an affine transformation in the Galois Field 28. For this instruction, an affine
transformation is defined by A * x + b where "A” is an 8 by 8 bit matrix, and “*x” and “b"” are 8-bit vectors. One SIMD
register (operand 1) holds “x” as either 16, 32 or 64 8-bit vectors. A second SIMD (operand 2) register or memory
operand contains 2, 4, or 8 "A” values, which are operated upon by the correspondingly aligned 8 “x” values in the
first register. The “b” vector is constant for all calculations and contained in the immediate byte.

The EVEX encoded form of this instruction does not support memory fault suppression. The SSE encoded forms of
the instruction require16B alignment on their memory operations.
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Operation
define parity(x):
t:=0 /1 single bit
FORi:=0to0 7:
t =t xor x.bit[i]
return t

define affine_byte(tsrc2qw, src1byte, imm):
FORi:=0to 7:
* parity(x) = 1 if x has an odd number of 1sinit, and O otherwise.*
retbyte.bit[i] := parity(tsrc2qw.byte[7-i] AND src1byte) XOR imm8.bit[i]
return retbyte

VGF2P8AFFINEQB dest, src1, src2, imm8 (EVEX Encoded Version)
(KL, VL) = (2, 128), (4, 256), (8, 512)
FORj:= 0 TOKL-1:
IF SRC2 is memory and EVEX.b==1:
tsrc2 := SRC2.qword[0]
ELSE:
tsrc2 := SRC2.qword][j]

FORb:=0to 7:
IF k1[j*8+b] OR *no writemask*:
DEST.qword[j].byte[b] := affine_byte(tsrc2, SRC1.qword[j].byte[b], imm8)
ELSE IF *zeroing™*:
DEST.qword[j].byte[b]:= 0
*ELSE DEST.qword[j].byte[b] remains unchanged*
DEST[MAX_VL-1:VL]:=0

VGF2P8AFFINEQB dest, src1, src2, imm8 (128b and 256b VEX Encoded Versions)
(KL, VL) = (2, 128), (4, 256)
FORj:= 0 TOKL-1:
FORb:=0to 7:
DEST.qword[j].byte[b] := affine_byte(SRC2.qword[j], SRC1.qword[j].byte[b], imm8)
DEST[MAX_VL-1:VL]:=0

GF2P8AFFINEQB srcdest, src1, imm8 (128b SSE Encoded Version)
FORj:=0TO 1:
FORb:=0to 7:
SRCDEST.qword[j].byte[b] := affine_byte(SRC1.qword[j], SRCDEST.qword[j].byte[b], imm8)

Intel C/C++ Compiler Intrinsic Equivalent

(V)GF2PBAFFINEQB __m128i _mm_gf2p8affine_epi64_epi8(__m128i,__m128i, int);

(V)GF2PBAFFINEQB __m128i _mm_mask_gf2p8affine_epi64_epi8(__m128i, __mmask16, __m128i,_m128i,int);
(V)GF2PBAFFINEQB __m128i _mm_maskz_gf2p8affine_epi64_epi8(__mmask16, __m128i, __m128i, int);
VGF2PBAFFINEQB __m256i _mm256_gf2p8affine_epib4_epi8(__m256i, __m256i, int);

VGF2PBAFFINEQB __m256i _mm256_mask_gf2p8affine_epi64_epi8(__m256i, __mmask32, __ m256i, __m256i, int);
VGF2PBAFFINEQB __m256i _mm256_maskz_gf2p8affine_epib4_epi8(__mmask32, __m256i, __m256i, int);
VGF2PBAFFINEQB __m512i _mm512_gf2p8affine_epib4_epi8(__m512i, __m512i, int);

VGF2PBAFFINEQB __m512i _mm512_mask_gf2p8affine_epi64_epi8(__m512i, __mmask64, __m512i, __m512i, int);
VGF2P8AFFINEQB __m512i _mm512_maskz_gf2p8affine_epib4_epi8(__mmask64, __m512i, __m5