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CHAPTER 5
INSTRUCTION SET REFERENCE, V

5.1 TERNARY BIT VECTOR LOGIC TABLE

VPTERNLOGD/VPTERNLOGQ instructions operate on dword/gword elements and take three bit vectors of the
respective input data elements to form a set of 32/64 indices, where each 3-bit value provides an index into an 8-
bit lookup table represented by the imm8 byte of the instruction. The 256 possible values of the imm8 byte is
constructed as a 16x16 boolean logic table. The 16 rows of the table uses the lower 4 bits of imm8 as row index.
The 16 columns are referenced by imm8[7:4]. The 16 columns of the table are present in two halves, with 8
columns shown in Table 5-1 for the column index value between 0:7, followed by Table 5-2 showing the 8 columns
corresponding to column index 8:15. This section presents the two-halves of the 256-entry table using a short-
hand notation representing simple or compound boolean logic expressions with three input bit source data.

The three input bit source data will be denoted with the capital letters: A, B, C; where A represents a bit from the
first source operand (also the destination operand), B and C represent a bit from the 2nd and 3rd source operands.

Each map entry takes the form of a logic expression consisting of one of more component expressions. Each
component expression consists of either a unary or binary boolean operator and associated operands. Each binary
boolean operator is expressed in lowercase letters, and operands concatenated after the logic operator. The unary
operator ‘not’ is expressed using ‘!". Additionally, the conditional expression “"A?B:C"” expresses a result returning B
if A is set, returning C otherwise.

A binary boolean operator is followed by two operands, e.g., andAB. For a compound binary expression that contain
commutative components and comprising the same logic operator, the 2nd logic operator is omitted and three
operands can be concatenated in sequence, e.g., andABC. When the 2nd operand of the first binary boolean
expression comes from the result of another boolean expression, the 2nd boolean expression is concatenated after
the uppercase operand of the first logic expression, e.g., norBnandAC. When the result is independent of an
operand, that operand is omitted in the logic expression, e.g., zeros or norCB.

The 3-input expression "majorABC” returns 0 if two or more input bits are 0, returns 1 if two or more input bits are
1. The 3-input expression "minorABC"” returns 1 if two or more input bits are 0, returns 0 if two or more input bits
are 1.

The building-block bit logic functions used in Table 5-1 and Table 5-2 include:
®* Constants: TRUE (1), FALSE (0);

® Unary function: Not (!);

®* Binary functions: and, nand, or, nor, xor, xnor;

® Conditional function: Select (?:);

® Tertiary functions: major, minor.
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INSTRUCTION SET REFERENCE, V

Table 5-1. Lower 8 columns of the 16x16 Map of VPTERNLOG Boolean Logic Operations

Imm [7:4]
[3:0] | OH 1H 2H 3H 4H 5H 6H 7H
O0H | FALSE andAnorBC norBnandAC | andAIB norCnandBA | andAIC andAxorBC andAnandBC
O01H | norABC norCB norBxorAC A?IB:norBC norCxorBA A?IC:norBC A?xorBC:norB | A?nandBC:no
C rBC
02H | andCnorBA norBxnorAC | andCIB norBnorAC C?norBA:and | C7norBA:A C?!B:andBA C?IBA
BA
0O3H | norBA norBandAC C?IB:norBA B C?norBA:xnor | A?IC:IB A?xorBC:IB A?nandBC:'B
BA
04H | andBnorAC norCxnorBA | B?norAC:.and | B?norACA andBIC norCnorBA B?IC:andAC B?ICA
AC
O5H | norCA norCandBA B?norAC:xnor | A?IB:IC B?IC:norAC Ic A?xorBC:IC A?nandBC:IC
AC
06H | norAxnorBC | A?norBC:xorB | B?norAC.C xorBorAC C?’norBA:B xorCorBA xorCB B?IC.orAC
C
07H | norAandBC minorABC C?IB:IA nandBorAC B?ICiIA nandCorBA A?xorBC:nan | nandCB
dBC
08H | norAnandBC | A?norBC.and | andCxorBA A?IB:andBC andBxorAC A?IC:andBC A?xorBC:and | xorAandBC
BC BC
09H | norAxorBC A?7norBC:xnor | C?xorBA:norB | A7IB:xnorBC | B?xorAC:norA | A?IC:xnorBC | xnorABC A?nandBC:xn
BC A C orBC
OAH | andCIA A?norBC.C andCnandBA | A?IB.C C?!/A:andBA xorCA xorCandBA A?nandBC.C
OBH | C?!A:norBA C?IAIB C?nandBA:no | C?nandBA:IB | B?xorAC:!A B?xorAC:nan | C?nandBA:xn | nandBxnorAC
rBA dAC orBA
OCH | andBIA A?norBC.B B?IA:andAC XorBA andBnandAC | A7IC:B xorBandAC A?nandBC.B
ODH | B?!A:norAC B?7IA:IC B?IA:xxnorAC | C?xorBA:nan | B?nandAC:no | B?nandAC:!IC | B?nandAC:xn | nandCxnorBA
dBA rAC orAC
OEH | norAnorBC xorAorBC B?IA:C A?IB:.orBC C?IA:B A?IC.orBC B?nandAC.C | A?nandBC:.or
BC
OFH |IA nandAorBC C?nandBA:!A | nandBA B?nandAC:/A | nandCA nandAxnorBC | nandABC

Table 5-2 shows the half of 256-entry map corresponding to column index values 8:15.
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Table 5-2. Upper 8 columns of the 16x16 Map of VPTERNLOG Boolean Logic Operations

INSTRUCTION SET REFERENCE, V

Imm [7:4]
[3:0] | 08H 09H OAH 0BH OCH ODH OEH OFH
00H | andABC andAxnorBC | andCA B7andACA andBA C?andBA:A andAorBC A
01H | A7andBC:nor | B7andAC:IC A?C:norBC C?A:B A?B:norBC B?A:IC xnorAorBC orAnorBC
BC
02H | andCxnorBA | B?andAC:xor | B?andAC.C B?andAC.orA | C?xnorBA:an | B?A:xorAC B?7A.C B?A:orAC
AC C dBA
03H | A7andBC:'B xnorBandAC | A’CIB nandBnandA | xnorBA B?A:nandAC | A7orBC:IB orAIB
C
04H | andBxnorAC | C?andBA:xor | B?xnorAC:an | B?xnorACA C?andBA:B C?andBA:orB | C?A:B C?A:orBA
BA dAC A
0O5H | A7andBC:IC xnorCandBA | xnorCA C?A:nandBA | A?B:IC nandCnandB | A7orBC:IC orAIC
A
06H | A7andBC:xor | xorABC A?C:xorBC B?xnorAC:orA | A?B:xorBC C?xnorBA:orB | A?orBC:xorBC | orAxorBC
BC C A
07H | xnorAandBC | A?xnorBC:na | A?C:nandBC | nandBxorAC | A?B:nandBC | nandCxorBA | A7orBCnandB | orAnandBC
ndBC C
08H | andCB A?xnorBC:an | andCorAB B?CA andBorAC C7’BA majorABC orAandBC
dBC
09H | B?C:norAC xnorCB xnorCorBA C?orBA:'IB xnorBorAC B?orAC:IC A?orBC:xnorB | orAxnorBC
C
OAH | A7andBC.C A?xnorBC.C C B?C.orAC A?7B.C B?0rAC:xorAC | orCandBA orCA
OBH | B?CIA B?C:nandAC | orCnorBA orCIB B?orAC:IA B?orAC:nand | orCxnorBA nandBnorAC
AC
OCH | A7andBC:B A?xnorBC:B | A?C:B C?0rBA:xorBA | B C?B:orBA orBandAC orBA
ODH | C’BIA C?B:nandBA | C?orBA:IA C?orBA:nand | orBnorAC orBIC orBxnorAC nandCnorBA
BA
OEH | A7andBC:orB | A?xnorBC:orB | A?C.orBC orCxorBA A?B:orBC orBxorAC orCB orABC
C C
OFH | nandAnandB | nandAxorBC | orCIA orCnandBA orBIA orBnandAC nandAnorBC | TRUE
C

Table 5-1 and Table 5-2 translate each of the possible value of the imm8 byte to a Boolean expression. These tables
can also be used by software to translate Boolean expressions to humerical constants to form the imm8 value
needed to construct the VPTERNLOG syntax. There is a unique set of three byte constants (FOH, CCH, AAH) that
can be used for this purpose as input operands in conjunction with the Boolean expressions defined in those tables.
The reverse mapping can be expressed as:

Result_imm8 = Table_Lookup_Entry( OFOH, 0CCH, 0AAH)
Table_Lookup_Entry is the Boolean expression defined in Table 5-1 and Table 5-2.
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5.2  INSTRUCTIONS (V)

Chapter 5 continues an alphabetical discussion of Intel® 64 and IA-32 instructions (V). See also: Chapter 3,
“Instruction Set Reference, A-L,” in the Intel® 64 and IA-32 Architectures Software Developer’s Manual, Volume
2A; Chapter 4, “Instruction Set Reference, M-U,” in the Intel® 64 and IA-32 Architectures Software Developer’s
Manual, Volume 2B; and Chapter 6, “Instruction Set Reference, W-Z,” in the Intel® 64 and IA-32 Architectures
Software Developer’s Manual, Volume 2D.
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VADDPH—Add Packed FP16 Values

INSTRUCTION SET REFERENCE, V

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

Support
EVEX.128.NP.MAP5.WO0 58 /r A VIV AVX512-FP16 Add packed FP16 value from xmm3/m128/
VADDPH xmm1{k1}z}, xmm2, AVX512VL m16bcst to xmm2, and store result in xmm1
xmm3/m128/m16bcst subject to writemask k1.
EVEX.256.NP.MAP5.W0 58 /r A VIV AVX512-FP16 Add packed FP16 value from ymm3/m256/
VADDPH ymm1{k1}{z}, ymm2, AVX512VL m16bcst to ymm2, and store result in ymm1
ymm3/m256/m16bcst subject to writemask k1.
EVEX.512.NP.MAP5.W0 58 /r A VIV AVX512-FP16 Add packed FP16 value from zmm3/m512/
VADDPH zmm1{k1¥z}, zmm2, zmm3/ m16bcst to zmm2, and store result in zmm1
m512/m16bcst {er} subject to writemask k1.

Instruction Operand Encoding

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

This instruction adds packed FP16 values from source operands and stores the packed FP16 result in the destina-
tion operand. The destination elements are updated according to the writemask.

Operation

VADDPH (EVEX Encoded Versions) When SRC2 Operand is a Register
VL=128,2560r512
KL:=VL/16
IF(VL=512) AND (EVEX.b = 1):
SET_RM(EVEX.RC)
ELSE
SET_RM(MXCSR.RC)
FORj:=0 TOKL-1:
IF k1[j] OR *no writemask*:
DEST.fp16[j] := SRC1.fp16[j] + SRC2.fp16[j]
ELSEIF *zeroing*:
DEST.fp16[j]:=0
// else dest.fp16[j] remains unchanged
DEST[MAXVL-1:VL] =0

VADDPH (EVEX Encoded Versions) When SRC2 Operand is a Memory Source
VL=128,2560r 512
KL:=VL/16
FORj:=0 TOKL-T1:
IF k1[j] OR *no writemask*:
IFEVEXDb=1:
DEST.fp16[j] := SRC1.fp16[j] + SRC2.fp16[0]
ELSE:
DEST.fp16[j] := SRC1.fp16[j] + SRC2.fp16[j]
ELSE IF *zeroing™:
DEST.fp16[j]:=0
// else dest.fp16[j] remains unchanged
DEST[MAXVL-1:VL] =0

VADDPH—Add Packed FP16 Values
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Intel C/C++ Compiler Intrinsic Equivalent

VADDPH __m128h _mm_add_ph (__m128ha, __m128h b);

VADDPH __m128h _mm_mask_add_ph (__m128h src, __mmask8 k, __m128h a3, __m128h b);

VADDPH __m128h _mm_maskz_add_ph (__mmask8 k, __m128h a,__m128h b);

VADDPH __m256h _mm256_add_ph (__m256h a, __m256h b);

VADDPH _m256h _mm256_mask_add_ph (__m256h src, __mmask16 k, __m256h a, __m256h b);
VADDPH _m256h _mm256_maskz_add_ph (__mmask16 k, __m256h a, __m256h b);

VADDPH _m512h _mm512_add_ph (__m512h a, _m512h b);

VADDPH _m512h _mm512_add_ph (__m512h a, _m512h b);

VADDPH _m512h _mm512_mask_add_ph (__m512h src, __mmask32 k, __m512h 3, __m512hb);
VADDPH _m512h _mm512_maskz_add_ph (__mmask32 k, __m512ha,__m512hb);

VADDPH _m512h _mm512_add_round_ph (__m512h a, __m512h b, int rounding);

VADDPH __m512h _mm512_mask_add_round_ph (__m512h src, __mmask32 k, __m512h a, __m512h b, int rounding);
VADDPH __m512h _mm512_maskz_add_round_ph (__mmask32 k, __m512h a, __m512h b, int rounding);

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

Other Exceptions
EVEX-encoded instructions, see Table 2-46, “Type E2 Class Exception Conditions.”
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VADDSH—Add Scalar FP16 Values

INSTRUCTION SET REFERENCE, V

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En BitMode | Flag
Support
EVEX.LLIG.F3.MAP5.WO0 58 /r A VIV AVX512-FP16 Add the low FP16 value from xmm3/m16 to
VADDSH xmm1{k1}z}, xmm2, xmmz2, and store the result in xmm1 subject to
xmm3/m16 {er} writemask k1. Bits 127:16 of xmm2 are copied
to xmm1[127:16].
Instruction Operand Encoding
Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A Scalar ModRM:reg (w) VEX.vvwv (r) ModRM:r/m (r) N/A
Description

This instruction adds the low FP16 value from the source operands and stores the FP16 result in the destination

operand.

Bits 127:16 of the destination operand are copied from the corresponding bits of the first source operand. Bits
MAXVL-1:128 of the destination operand are zeroed. The low FP16 element of the destination is updated according

to the writemask.

Operation

VADDSH (EVEX Encoded Versions)
IF EVEX.Db =1 and SRC2 is a register:

SET_RM(EVEX.RC)
ELSE
SET_RM(MXCSR.RC)
IF k1[0] OR *no writemask*:

DEST.fp16[0] := SRC1.fp16[0] + SRC2.fp16[0]

ELSEIF *zeroing*:
DEST.fp16[0]:=0

// else dest.fp16[0] remains unchanged

DEST[127:16] := SRC1[127:16]

DEST[MAXVL-1:128] := 0

Intel C/C++ Compiler Intrinsic Equivalent

VADDSH _m128h _mm_add_round_sh (__m128h a, __m128h b, int rounding);

VADDSH _m128h _mm_mask_add_round_sh (__m128h src, __mmask8 k, __m128h a, __m128h b, int rounding);
VADDSH __m128h _mm_maskz_add_round_sh (__mmask8 k, __m128h a, __m128h b, int rounding);

VADDSH __m128h _mm_add_sh (__m128ha, __m128h b);
VADDSH __m128h _mm_mask_add_sh (__m128h src, __mmask8 k, __m128ha, __m128h b);

VADDSH _m128h _mm_maskz_add_sh (__mmask8 k, __m128ha, __m128h b);

SIMD Floating-Point Exceptions

Invalid, Underflow, Overflow, Precision, Denormal.

Other Exceptions

EVEX-encoded instructions, see Table 2-47, “"Type E3 Class Exception Conditions.”

VADDSH—Add Scalar FP16 Values
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VALIGND/VALIGNQ—AIign Doubleword/Quadword Vectors

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

EVEX.128.66.0F3A.W0 03 /r ib A VIV AVX512VL | Shift right and merge vectors xmmZ2 and

VALIGND xmm1 {k1}{z}, xmm2, AVX512F xmm3/m128/m32bcst with double-word granularity

xmm3/m128/m32bcst, imm8 using imm8 as number of elements to shift, and store
the final result in xmm1, under writemask.

EVEX.128.66.0F3A.W1 03 /rib A VIV AVX512VL | Shift right and merge vectors xmmZ2 and

VALIGNQ xmm1 {k1}z}, xmm2, AVX512F xmm3/m128/m64bcst with quad-word granularity

xmm3/m128/m64bcst, imm8 using imm8 as number of elements to shift, and store
the final result in xmm1, under writemask.

EVEX.256.66.0F3A.W0 03 /rib A VIV AVX512VL | Shift right and merge vectors ymm?2 and

VALIGND ymm1 {k1}z}, ynm2, AVX512F ymm3/m256/m32bcst with double-word granularity

ymm3/m256/m32bcst, imm8 using imm8 as number of elements to shift, and store
the final result in ymm1, under writemask.

EVEX.256.66.0F3A.W1 03 /rib A VIV AVX512VL | Shift right and merge vectors ymmZ2 and

VALIGNQ ymm1 {k1}z]}, ymm2, AVX512F ymm3/m256/m64bcst with quad-word granularity

ymm3/m256/m64bcst, imm8 using imm8 as number of elements to shift, and store
the final result in ymm1, under writemask.

EVEX.512.66.0F3A.W0 03 /rib A VIV AVX512F Shift right and merge vectors zmm?2 and

VALIGND zmm1 {k1¥z}, zmm2, zmm3/m512/m32bcst with double-word granularity

zmm3/m512/m32bcst, imm8 using imm8 as number of elements to shift, and store
the final result in zmm1, under writemask.

EVEX.512.66.0F3A.W1 03 /rib A VIV AVX512F Shift right and merge vectors zmm?2 and

VALIGNQ zmm1 {k1¥z}, zmm2, zmm3/m512/m64bcst with quad-word granularity

zmm3/m512/m64bcst, imm8 using imm8 as number of elements to shift, and store
the final result in zmm1, under writemask.

Instruction Operand Encoding
Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A Full ModRM:reg (w) EVEX.vvwv (r) ModRM:r/m (r) N/A
Description

Concatenates and shifts right doubleword/quadword elements of the first source operand (the second operand)
and the second source operand (the third operand) into a 1024/512/256-bit intermediate vector. The low
512/256/128-bit of the intermediate vector is written to the destination operand (the first operand) using the

writemask k1. The destination and first source operands are ZMM/YMM/XMM registers. 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 32/64-bit memory location.

This instruction is writemasked, so only those elements with the corresponding bit set in vector mask register k1
are computed and stored into zmm1. Elements in zmm1 with the corresponding bit clear in k1 retain their previous
values (merging-masking) or are set to 0 (zeroing-masking).
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Operation

VALIGND (EVEX Encoded Versions)
(KL, VL) = (4, 128), (8, 256), (16, 512)

IF (SRC2 *is memory*) (AND EVEX.b = 1)
THEN
FORj:=0TOKL-1
i=j*32
srcfi+31:]:= SRC2[31:0]
ENDFOR;
ELSE src:= SRC2
Fl
; Concatenate sources
tmp[VL-1:0] := src[VL-1:0]
tmp[2VL-1:VL] ;= SRC1[VL-1:0]
; Shift right doubleword elements
IFVL=128
THEN SHIFT = imm8[1:0]
ELSE
IF VL =256
THEN SHIFT = imm8[2:0]
ELSE SHIFT = imm8[3:0]
Fl
Fl;
tmp[2VL-1:0] ;= tmp[2VL-1:0] >> (32*SHIFT)
; Apply writemask
FORj:=0 TOKL-1
i=j*32
IF k1[j] OR *no writemask*
THEN DESTI[i+31:i] := tmp[i+31:i]

ELSE

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

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

DEST[MAXVL-1:VL] := 0

VALIGNQ (EVEX Encoded Versions)
(KL, VL) = (2, 128), (4, 256),(8,512)
IF (SRC2 *is memory*) (AND EVEX.b = 1)
THEN
FORj:=0 TOKL-1
i=j*64
src[i+63:i]:= SRC2[63:0]
ENDFOR;
ELSE src:= SRC2
Fl
; Concatenate sources
tmp[VL-1:0] := src[VL-1:0]
tmp[2VL-1:VL] := SRC1[VL-1:0]
; Shift right quadword elements

VALIGND/VALIGNQ—AIlign Doubleword/Quadword Vectors

INSTRUCTION SET REFERENCE, V
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IFVL=128
THEN SHIFT = imm8[0]
ELSE
IFVL =256
THEN SHIFT = imm8[1:0]
ELSE SHIFT = imm8[2:0]
Fl
Fl;
tmp[2VL-1:0] := tmp[2VL-1:0] >> (64*SHIFT)
; Apply writemask
FORj:=0 TOKL-1
i=j*64
IF k1[j] OR *no writemask*
THEN DESTIi+63:i] := tmp[i+63:i]
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTIi+63:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+63:i]:=0
Fl
FI;
ENDFOR;
DEST[MAXVL-T1:VL] =0

Intel C/C++ Compiler Intrinsic Equivalent

VALIGND __m512i _mm512_alignr_epi32(_m512ia, __m512i b, int cnt);

VALIGND __m512i _mm512_mask_alignr_epi32(_m512is,__mmask16 k, __m512ia,__m512ib, int cnt);
VALIGND __m512i _mm512_maskz_alignr_epi32(_mmask16 k, __m512ia, __m512ib, int cnt);
VALIGND __m256i _mm256_mask_alignr_epi32(_m256is, __mmask8 k, __m256i a, __m256i b, int cnt);
VALIGND __m256i _mm256_maskz_alignr_epi32( _mmask8 k, __m256i a, __m256i b, int cnt);

VALIGND _m128i _mm_mask_alignr_epi32(_m128is, __mmask8 k, __m128ia, __m128ib, int cnt);
VALIGND __m128i _mm_maskz_alignr_epi32(_mmask8 k, __m128ia, __ m128ib, int cnt);

VALIGNQ _m512i _mm512_alignr_epi64(_m512ia, __m512ib, int cnt);

VALIGNQ _m512i _mm512_mask_alignr_epi64(_m512is, __mmask8k, __m512ia, __m512ib, int cnt);
VALIGNQ __m512i _mm512_maskz_alignr_epi64(_mmask8 k, __m512ia, __m512ib, int cnt);

VALIGNQ _m256i _mm256_mask_alignr_epi64(__m256is, __mmask8 k, __m256i a, __m256i b, int cnt);
VALIGNQ __m256i _mm256_maskz_alignr_epi64( _mmask8 k, __m256i a, __m256i b, int cnt);

VALIGNQ _m128i _mm_mask_alignr_epi64(__m128is, __mmask8 k, __m128ia, __ m128ib, int cnt);
VALIGNQ __m128i _mm_maskz_alignr_epi64( _mmask8 k, __m128ia, __ m128ib, int cnt);

Exceptions
See Table 2-50, “Type E4NF Class Exception Conditions.”
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VBLENDMPD/VBLENDMPS—BIend Float64/Float32 Vectors Using an OpMask Control

Opcode/ Op/ | 64/32 CPUID Description
Instruction En BitMode | Feature

Support | Flag
EVEX.128.66.0F38.W1 65 /r A VIV AVX512VL | Blend double precision vector xmmZ2 and double precision
VBLENDMPD xmm1 {k1}z}, AVX512F vector xmm3/m128/m64bcst and store the result in xmm1,
xmmZ2, xmm3/m128/m64bcst under control mask.
EVEX.256.66.0F38.W1 65 /r A VIV AVX512VL | Blend double precision vector ynm2 and double precision
VBLENDMPD ymm1 {k1Xz}, AVX512F vector ymm3/m256/m64bcst and store the result in ymm1,
ymm2, ymm3/m256/m64bcst under control mask.
EVEX.512.66.0F38.W1 65 /r A VIV AVX512F Blend double precision vector zmmZ2 and double precision
VBLENDMPD zmm1 {k1¥z3}, vector zmm3/m512/m64bcst and store the result in zmm1,
zmmZ2, zmm3/m512/m64bcst under control mask.
EVEX.128.66.0F38.W0 65 /r A VIV AVX512VL | Blend single precision vector xmm2 and single precision
VBLENDMPS xmm1 {k1¥z}, AVX512F vector xmm3/m128/m32bcst and store the result in xmm1,
xmm2, xmm3/m128/m32bcst under control mask.
EVEX.256.66.0F38.W0 65 /r A VIV AVX512VL | Blend single precision vector ymmZ2 and single precision
VBLENDMPS ymm1 {k1¥Xz}, AVX512F vector ynm3/m256/m32bcst and store the result in ymm1,
ymm2, ymm3/m256/m32bcst under control mask.
EVEX.512.66.0F38.W0 65 /r A VIV AVX512F Blend single precision vector zmmZ2 and single precision
VBLENDMPS zmm1 {k1Xz]}, vector zmm3/m512/m32bcst using k1 as select control and
zmm2, zmm3/m512/m32bcst store the result in zmm1.

Instruction Operand Encoding

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

Performs an element-by-element blending between float64/float32 elements in the first source operand (the
second operand) with the elements in the second source operand (the third operand) using an opmask register as
select control. The blended result is written to the destination register.

The destination and first source operands are ZMM/YMM/XMM registers. 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 opmask register is not used as a writemask for this instruction. Instead, the mask is used as an element
selector: every element of the destination is conditionally selected between first source or second source using the
value of the related mask bit (0 for first source operand, 1 for second source operand).

If EVEX.z is set, the elements with corresponding mask bit value of 0 in the destination operand are zeroed.

Operation
VBLENDMPD (EVEX Encoded Versions)

(KL, VU) = (2, 128), (4, 256), (8, 512)
FORj:= 0 TOKL-T

i=j*64
IF k1[j] OR *no controlmask*
THEN
IF (EVEX.b = 1) AND (SRC2 *is memory*)
THEN
DEST[i+63:i] := SRC2[63:0]
ELSE

DEST[i+63:i] := SRC2[i+63:i]
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Fl;
ELSE

IF *merging-masking* ; merging-masking
THEN DESTIi+63:i] := SRC1[i+63:i]
ELSE ; zeroing-masking

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

DEST[MAXVL-1:VL]:=0

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

i=j*32
IF k1[j] OR *no controlmask*
THEN
IF (EVEX.b = 1) AND (SRC2 *is memory*)
THEN
DESTIi+31:i] := SRC2[31:0]
ELSE
DESTI[i+31:i] := SRC2[i+31:i]
Fl;
ELSE
IF *merging-masking* ; merging-masking
THEN DESTIi+31:i] := SRC1[i+31:i]
ELSE ; zeroing-masking
DEST[i+31:i]:=0
Fl;
FI;
ENDFOR

DEST[MAXVL-1:VL]:=0

Intel C/C++ Compiler Intrinsic Equivalent

VBLENDMPD _m512d _mm512_mask_blend_pd(__mmask8k, __m512da, __m512d b);
VBLENDMPD __m256d _mm256_mask_blend_pd(__mmask8 k, __m256d a, __m256d b);
VBLENDMPD __m128d _mm_mask_blend_pd(__mmask8 k, __ m128d a,__m128d b);
VBLENDMPS __m512 _mm512_mask_blend_ps(__mmask16 k, __m512 3, __m512b);
VBLENDMPS __m256 _mm256_mask_blend_ps(__mmask8 k, __m256 a, __m256 b);
VBLENDMPS __m128 _mm_mask_blend_ps(_mmask8k, __m1283a,__m128b);

SIMD Floating-Point Exceptions
None.

Other Exceptions
See Table 2-49, “Type E4 Class Exception Conditions.”
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VBROADCAST—Load with Broadcast Floating-Point Data

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

Support Flag
VEX.128.66.0F38.W0 18 /r A VIV AVX Broadcast single precision floating-point element in
VBROADCASTSS xmm1, m32 mem to four locations in xmm1.
VEX.256.66.0F38.W0 18 /r A VIV AVX Broadcast single precision floating-point element in
VBROADCASTSS ymm1, m32 mem to eight locations in ymm1.
VEX.256.66.0F38.W0 19 /r A VIV AVX Broadcast double precision floating-point element in
VBROADCASTSD ymm1, m64 mem to four locations in ymm1.
VEX.256.66.0F38.WO0 1A /r A VIV AVX Broadcast 128 bits of floating-point data in mem to
VBROADCASTF128 ymm1, m128 low and high 128-bits in ymm1.
VEX.128.66.0F38.W0 18/r A VIV AVX2 Broadcast the low single precision floating-point
VBROADCASTSS xmm1, Xmm?2 element in the source operand to four locations in

xmm1

VEX.256.66.0F38.W0 18 /r A VIV AVX2 Broadcast low single precision floating-point element
VBROADCASTSS ymm1, xmm2 in the source operand to eight locations in ymm1.
VEX.256.66.0F38.W0 19 /r A VIV AVX2 Broadcast low double precision floating-point element
VBROADCASTSD ymm1, xmm2 in the source operand to four locations in ymm1.
EVEX.256.66.0F38.W1 19 /r B VIV AVX512VL | Broadcast low double precision floating-point element
VBROADCASTSD ymm1 {k1}{z}, AVX512F in xmm2/m64 to four locations in ymm1 using
xmm2/m64 writemask k1.
EVEX.512.66.0F38W1 19 /r B VIV AVX512F Broadcast low double precision floating-point element
VBROADCASTSD zmm1 {k1Xz], in xmm2/m64 to eight locations in zmm1 using
xmm2/m64 writemask k1.
EVEX.256.66.0F38.W0 19 /r C VIV AVX512VL | Broadcast two single precision floating-point elements
VBROADCASTF32X2 ymm1 {k1}z}, AVX512DQ | in xmm2/m64 to locations in ymm1 using writemask
xmm2/m64 k1.
EVEX.512.66.0F38.W0 19 /r C VIV AVX512DQ | Broadcast two single precision floating-point elements
VBROADCASTF32X2 zmm1 {k1Xz]}, in xmm2/m64 to locations in zmm1 using writemask
xmm2/m64 k1.
EVEX.128.66.0F38.W0 18 /r B VIV AVX512VL | Broadcast low single precision floating-point element
VBROADCASTSS xmm1 {k1Xz], AVX512F in xmm2/m32 to all locations in xmm1 using
xmm2/m32 writemask k1.
EVEX.256.66.0F38.W0 18 /r B VIV AVX512VL | Broadcast low single precision floating-point element
VBROADCASTSS ymm1 {k1}z], AVX512F in xmm2/m32 to all locations in ymm1 using
xmm2/m32 writemask k1.
EVEX.512.66.0F38.W0 18 /r B VIV AVX512F Broadcast low single precision floating-point element
VBROADCASTSS zmm1 {k1Xz}, in xmmZ2/m32 to all locations in zmm1 using
xmm2/m32 writemask k1.
EVEX.256.66.0F38.W0 1A /r D VIV AVX512VL | Broadcast 128 bits of 4 single precision floating-point
VBROADCASTF32X4 ymm1 {k1¥z}, AVX512F data in mem to locations in ymm1 using writemask k1.
m128
EVEX.512.66.0F38.WO0 1A /r D VIV AVX512F Broadcast 128 bits of 4 single precision floating-point
VBROADCASTF32X4 zmm1 {k1Xz]}, data in mem to locations in zmm1 using writemask k1.
m128
EVEX.256.66.0F38.W1 1A /r C VIV AVX512VL | Broadcast 128 bits of 2 double precision floating-point
VBROADCASTF64X2 ymm1 {k1}z}, AVX512DQ | datain mem to locations in ymm1 using writemask k1.

m128

VBROADCAST—Load with Broadcast Floating-Point Data
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Opcode/ Op/ | 64/32 CPUID Description
Instruction En Bit Mode | Feature

Support Flag
EVEX.512.66.0F38W1 1A /r C VIV AVX512DQ | Broadcast 128 bits of 2 double precision floating-point
VBROADCASTF64X2 zmm1 {k1}z}, data in mem to locations in zmm1 using writemask k1.
m128
EVEX.512.66.0F38.W0 1B /r € VIV AVX512DQ | Broadcast 256 bits of 8 single precision floating-point
VBROADCASTF32X8 zmm1 {k1}{z}, data in mem to locations in zmm1 using writemask k1.
m256
EVEX.512.66.0F38.W1 1B /r D VIV AVX512F Broadcast 256 bits of 4 double precision floating-point
VBROADCASTF64X4 zmm1 {k1Xz}, data in mem to locations in zmm1 using writemask k1.
m256

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
C Tuple2 ModRM:reg (w) ModRM:r/m (r) N/A N/A
D Tupled ModRM:reg (w) ModRM:r/m (r) N/A N/A
E Tuple8 ModRM:reg (w) ModRM:r/m (r) N/A N/A

Description

VBROADCASTSD/VBROADCASTSS/VBROADCASTF128 load floating-point values as one tuple from the source
operand (second operand) in memory and broadcast to all elements of the destination operand (first operand).

VEX256-encoded versions: The destination operand is a YMM register. The source operand is either a 32-bit, 64-bit,
or 128-bit memory location. Register source encodings are reserved and will #UD. Bits (MAXVL-1:256) of the desti-
nation register are zeroed.

EVEX-encoded versions: The destination operand is a ZMM/YMM/XMM register and updated according to the
writemask k1. The source operand is either a 32-bit, 64-bit memory location or the low doubleword/quadword
element of an XMM register.
VBROADCASTF32X2/VBROADCASTF32X4/VBROADCASTF64X2/VBROADCASTF32X8/VBROADCASTF64X4 load
floating-point values as tuples from the source operand (the second operand) in memory or register and broadcast
to all elements of the destination operand (the first operand). The destination operand is a YMM/ZMM register
updated according to the writemask k1. The source operand is either a register or 64-bit/128-bit/256-bit memory
location.

VBROADCASTSD and VBROADCASTF128,F32x4 and F64x2 are only supported as 256-bit and 512-bit wide
versions and up. VBROADCASTSS is supported in 128-bit, 256-bit and 512-bit wide versions. F32x8 and F64x4 are
only supported as 512-bit wide versions.

VBROADCASTF32X2/VBROADCASTF32X4/VBROADCASTF32X8 have 32-bit granularity. VBROADCASTF64X2 and
VBROADCASTF64X4 have 64-bit granularity.

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

If VBROADCASTSD or VBROADCASTF128 is encoded with VEX.L= 0, an attempt to execute the instruction encoded
with VEX.L= 0 will cause an #UD exception.
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DESﬂxo | |xo|xo|xo|xo|

Figure 5-1. VBROADCASTSS Operation (VEX.256 encoded version)

DES110|0|0|0|xo|xo|xo|xo|

Figure 5-2. VBROADCASTSS Operation (VEX.128-bit version)

m64 X0

DEST X0 | X0 | X0 | X0 |

Figure 5-3. VBROADCASTSD Operation (VEX.256-bit version)

m128 X0

DEST] X0 | X0 |

Figure 5-4. VBROADCASTF128 Operation (VEX.256-bit version)
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m256

X0

DESTI X0 |

X0

Figure 5-5. VBROADCASTF64X4 Operation (512-bit version with writemask all 1s)

Operation

VBROADCASTSS (128-bit Version VEX and Legacy)
temp := SRC[31:0]

DEST[31:0] := temp

DEST[63:32] := temp

DEST[95:64] := temp

DEST[127:96] := temp

DEST[MAXVL-1:128]:=0

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

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

i=j*32
IF k1[j] OR *no writemask*
THEN DESTIi+31:i] := SRC[31:0]
ELSE
IF *merging-masking* ; merging-masking
THEN *DESTIi+31:i] remains unchanged*
ELSE ; zeroing-masking
DEST[i+31:i]:=0
Fl
FI;
ENDFOR

DEST[MAXVL-1:VL]:= 0
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VBROADCASTSD (VEX.256 Encoded Version)
temp := SRC[63:0]

DEST[63:0] := temp

DEST[127:64] := temp

DEST[191:128] := temp

DEST[255:192] := temp
DEST[MAXVL-1:256]:=0

VBROADCASTSD (EVEX Encoded Versions)
(KL, VL) = (4, 256), (8,512)
FORj:=0 TOKL-1
i=j*64
IF k1[j] OR *no writemask*
THEN DESTI[i+63:i] := SRC[63:0]

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

VBROADCASTF32x2 (EVEX Encoded Versions)
(KL, VL) = (8, 256), (16, 512)
FORj:=0 TOKL-1
i=j*32
n:=(mod2)*32
IF k1[j] OR *no writemask*
THEN DESTI[i+31:i]:= SRC[n+31:n]

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

VBROADCASTF128 (VEX.256 Encoded Version)
temp := SRC[127:0]

DEST[127:0] := temp

DEST[255:128] := temp

DEST[MAXVL-1:256]:=0

VBROADCAST—Load with Broadcast Floating-Point Data
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VBROADCASTF32X4 (EVEX Encoded Versions)
(KL, VL) = (8, 256), (16, 512)
FORj:=0 TOKL-1

i=j*32
n:= (j modulo 4) * 32
IF k1[j] OR *no writemask*
THEN DESTIi+31:i] := SRC[n+31:n]
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]:=0

VBROADCASTF64X2 (EVEX Encoded Versions)
(KL, VL) = (4, 256), (8,512)
FORj:=0 TOKL-1

i=j*64
n:= (j modulo 2) * 64
IF k1[j] OR *no writemask*
THEN DESTIi+63:i] := SRC[n+63:n]
ELSE
IF *merging-masking* ; merging-masking
THEN *DEST[i+63:i] remains unchanged*
ELSE ; zeroing-masking
DESTI[i+63:i]1=0
Fl
Fl;
ENDFOR;

VBROADCASTF32X8 (EVEX.U1.512 Encoded Version)

FORj:=0TO 15
i=j*32
n:= (j modulo 8) * 32
IF k1[j] OR *no writemask*
THEN DESTIi+31:i] := SRC[n+31:n]
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]:= 0
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VBROADCASTF64X4 (EVEX.512 Encoded Version)
FORj:=0TO7
i=j*64
n:= (j modulo 4) * 64
IF k1[j] OR *no writemask*
THEN DESTI[i+63:i] := SRC[n+63:n]

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

Intel C/C++ Compiler Intrinsic Equivalent

VBROADCASTF32x2 __m512 _mm512_broadcast_f32x2(_m128 a);

VBROADCASTF32x2 __m512 _mm512_mask_broadcast_f32x2(_m512s,__mmask16 k, __m128 a);
VBROADCASTF32x2 __m512 _mm512_maskz_broadcast_f32x2(_mmask16 k,__m128 a);
VBROADCASTF32x2 __m256 _mm256_broadcast_f32x2(_m128 a);

VBROADCASTF32x2 __m256 _mm256_mask_broadcast_f32x2(_m256's, __mmask8 k, __m128 a);
VBROADCASTF32x2 __m256 _mm256_maskz_broadcast_f32x2(_mmask8 k, __m128 a);
VBROADCASTF32x4 __m512 _mm512_broadcast_f32x4(_m128 a);

VBROADCASTF32x4 __m512 _mm512_mask_broadcast_f32x4(_m512s,__mmask16 k, __m128 a);
VBROADCASTF32x4 __m512 _mm512_maskz_broadcast_f32x4(_mmask16 k,__m128 a);
VBROADCASTF32x4 __m256 _mm256_broadcast_f32x4(_m128 a);

VBROADCASTF32x4 __m256 _mm256_mask_broadcast_f32x4(__m256's, __mmask8 k, __m128 a);
VBROADCASTF32x4 __m256 _mm256_maskz_broadcast_f32x4(_mmask8 k, __m128 a);
VBROADCASTF32x8 __m512 _mm512_broadcast_f32x8(_m256 a);

VBROADCASTF32x8 __m512 _mm512_mask_broadcast_f32x8(_m512s,__mmask16 k, __m256 a);
VBROADCASTF32x8 __m512 _mm512_maskz_broadcast_f32x8(_mmask16 k, __m256 a);
VBROADCASTF64x2 __m512d _mm512_broadcast_f64x2(__m128d a);

VBROADCASTF64x2 __m512d _mm512_mask_broadcast_f64x2(__m512d s, __mmask8 k, __m128d a);
VBROADCASTF64x2 __m512d _mm512_maskz_broadcast_f64x2( __mmask8 k, __m128d a);
VBROADCASTF64x2 __m256d _mm256_broadcast_f64x2(_m128d a);

VBROADCASTF64x2 __m256d _mm256_mask_broadcast_f64x2(__m256d s, __mmask8 k, __m128d a);
VBROADCASTF64x2 __m256d _mm256_maskz_broadcast_f64x2( __mmask8 k, __m128d a);
VBROADCASTF64x4 __m512d _mm512_broadcast_f64x4(_m256d a);

VBROADCASTF64x4 __m512d _mm512_mask_broadcast_f64x4(_m512d s, __mmask8 k, __m256d a);
VBROADCASTF64x4 __m512d _mm512_maskz_broadcast_f64x4(_mmask8 k, __m256d a);
VBROADCASTSD _m512d _mm512_broadcastsd_pd( __m128d a);

VBROADCASTSD _m512d _mm512_mask_broadcastsd_pd(__m512d s, __mmask8 k, __m128d a);
VBROADCASTSD __m512d _mm512_maskz_broadcastsd_pd(__mmask8 k, __m128d a);
VBROADCASTSD _m256d _mm256_broadcastsd_pd(__m128d a);

VBROADCASTSD __m256d _mm256_mask_broadcastsd_pd(__m256ds, __mmask8 k, __m128d a);
VBROADCASTSD __m256d _mm256_maskz_broadcastsd_pd(_mmask8 k, __m128d a);
VBROADCASTSD __m256d _mm256_broadcast_sd(double *a);

VBROADCASTSS __m512 _mm512_broadcastss_ps(__m128 a);

VBROADCASTSS __m512 _mm512_mask_broadcastss_ps(__m512s,__mmask16 k, __m128 a);
VBROADCASTSS __m512 _mm512_maskz_broadcastss_ps(__mmask16 k, __m128 a);
VBROADCASTSS __m256 _mm256_broadcastss_ps(__m128 a);

VBROADCASTSS __m256 _mm256_mask_broadcastss_ps(__m256 s, __mmask8 k, __ m128 a);
VBROADCASTSS __m256 _mm256_maskz_broadcastss_ps(__mmask8k, __m128 a);
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VBROADCASTSS __m128 _mm_broadcastss_ps(__m128 a);

VBROADCASTSS _m128 _mm_mask_broadcastss_ps(__m128s, __mmask8 k, __m128 a);
VBROADCASTSS __m128 _mm_maskz_broadcastss_ps(__mmask8k, __m128 a);
VBROADCASTSS __m128 _mm_broadcast_ss(float *a);

VBROADCASTSS __m256 _mm256_broadcast_ss(float *a);

VBROADCASTF128 __m256 _mm256_broadcast_ps(__m128 * a);

VBROADCASTF128 __m256d _mm256_broadcast_pd(__m128d * a);

Exceptions
VEX-encoded instructions, see Table 2-23, “"Type 6 Class Exception Conditions.”
EVEX-encoded instructions, see Table 2-53, “Type E6 Class Exception Conditions.”

Additionally:

#UD If VEX.L = 0 for VBROADCASTSD or VBROADCASTF128.
If EVEX.L'L = 0 for VBROADCASTSD/VBROADCASTF32X2/VBROADCASTF32X4/VBROAD-
CASTF64X2.

If EVEX.L'L < 10b for VBROADCASTF32X8/VBROADCASTF64X4.
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Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En BitMode | Flag
Support
EVEX.128.NP.OF3A.WO0 C2 /r /ib A VIV AVX512-FP16 Compare packed FP16 values in xmm3/m128/
VCMPPH k1{k2}, xmm2, xmm3/ AVX512VL m16bcst and xmm2 using bits 4:0 of imm8 as a
m128/m16bcst, imm8 comparison predicate subject to writemask k2, and
store the result in mask register k1.
EVEX.256.NP.OF3A.WO0 C2 /r /ib A VIV AVX512-FP16 Compare packed FP16 values in ymm3/m256/
VCMPPH k1{k2}, ymm2, ymm3/ AVX512VL m16bcst and ymm2 using bits 4:0 of imm8 as a
m256/m16bcst, imm8 comparison predicate subject to writemask k2, and
store the result in mask register k1.
EVEX.512.NP.OF3A.WO0 C2 /r /ib A VIV AVX512-FP16 Compare packed FP16 values in zmm3/m512/
VCMPPH k1{k2}, zmm2, zmm3/ m16bcst and zmm2 using bits 4:0 of imm8 as a
m512/m16bcst {sae}, imm8 comparison predicate subject to writemask k2, and
store the result in mask register k1.
Instruction Operand Encoding
Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A Full ModRM:reg (w) VEX.vvwv () ModRM:r/m (r) imm8 (r)
Description

This instruction compares packed FP16 values from source operands and stores the result in the destination mask
operand. The comparison predicate operand (immediate byte bits 4:0) specifies the type of comparison performed
on each of the pairs of packed values. The destination elements are updated according to the writemask.

Operation

CASE (imm8 & 0x1F) OF

0: CMP_OPERATOR := EQ_OQ;

1: CMP_OPERATOR := LT_OS;

2: CMP_OPERATOR := LE_OS;

3: CMP_OPERATOR := UNORD_Q;
4: CMP_OPERATOR := NEQ_UQ;

5: CMP_OPERATOR := NLT_US;

6: CMP_OPERATOR := NLE_US;

7: CMP_OPERATOR := ORD_Q;

8: CMP_OPERATOR := EQ_UQ;

9: CMP_OPERATOR := NGE_US;
10: CMP_OPERATOR := NGT_US;
11: CMP_OPERATOR := FALSE_OQ;
12: CMP_OPERATOR := NEQ_OQ;
13: CMP_OPERATOR := GE_OS;
14: CMP_OPERATOR := GT_OS;
15: CMP_OPERATOR := TRUE_UQ;
16: CMP_OPERATOR := EQ_OS;
17: CMP_OPERATOR := LT_OQ;
18: CMP_OPERATOR := LE_OQ;
19: CMP_OPERATOR := UNORD_S;
20: CMP_OPERATOR := NEQ_US;
21: CMP_OPERATOR := NLT_UQ;
22: CMP_OPERATOR := NLE_UQ;
23: CMP_OPERATOR := ORD_S;
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24: CMP_OPERATOR := EQ_US;
25: CMP_OPERATOR := NGE_UQ;
26: CMP_OPERATOR := NGT_UG;
27: CMP_OPERATOR := FALSE_OS;
28: CMP_OPERATOR := NEQ_OS;
29: CMP_OPERATOR := GE_OQ;
30: CMP_OPERATOR := GT_0Q;
31: CMP_OPERATOR := TRUE_US;
ESAC

VCMPPH (EVEX Encoded Versions)
VL=128,2560r 512
KL:=VL/16

FORj:=0 TOKL-1:
IF k2[j] OR *no writemask*;
IFEVEXD=1:
tsrc2 := SRC2.fp16[0]
ELSE:
tsrc2 := SRC2.fp16[j]
DEST.bit[j] := SRC1.fp16[j] CMP_OPERATOR tsrc2
ELSE
DEST.bit[j]1:=0

DEST[MAXKL-1:KL]:= 0

Intel C/C++ Compiler Intrinsic Equivalent

VCMPPH _mmask8 _mm_cmp_ph_mask (__m128h a, __m128h b, const int imm8);

VCMPPH _mmask8 _mm_mask_cmp_ph_mask (__mmask8 k1, __m128h a, __m128h b, const int imm8);

VCMPPH _mmask16 _mm256_cmp_ph_mask (__m256h a, __m256h b, const int imm8);

VCMPPH _mmask16 _mm256_mask_cmp_ph_mask (__mmask16 k1, __m256h a, __m256h b, const int imm8);

VCMPPH _mmask32 _mm512_cmp_ph_mask (__m512h a,__m512h b, const int imm8);

VCMPPH __mmask32 _mm512_mask_cmp_ph_mask (__mmask32 k1, __m512h 3, __m512h b, const int imm8);

VCMPPH _mmask32 _mm512_cmp_round_ph_mask (__m512h a, __m512h b, const int imm8, const int sae);

VCMPPH _mmask32 _mm512_mask_cmp_round_ph_mask (__mmask32 k1, __m512h a, __m512h b, const int imm8, const int sae);

SIMD Floating-Point Exceptions
Invalid, Denormal.

Other Exceptions
EVEX-encoded instructions, see Table 2-46, "Type E2 Class Exception Conditions.”
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VCMPSH—Compare Scalar FP16 Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En BitMode | Flag
Support
EVEX.LLIG.F3.0F3A.WO0 C2 /r /ib A VIV AVX512-FP16 Compare low FP16 values in xmm3/m16 and
VCMPSH k1{k2}, xmm2, xmm3/m16 xmm?2 using bits 4:0 of imm8 as a comparison
{sae}, imm8 predicate subject to writemask k2, and store the
result in mask register k1.
Instruction Operand Encoding
Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A Scalar ModRM:reg (w) VEX.vvwv (1) ModRM:r/m (r) imm8 (r)
Description

This instruction compares the FP16 values from the lowest element of the source operands and stores the result in
the destination mask operand. The comparison predicate operand (immediate byte bits 4:0) specifies the type of
comparison performed on the pair of packed FP16 values. The low destination bit is updated according to the
writemask. Bits MAXKL-1:1 of the destination operand are zeroed.

Operation

CASE (imm8 & Ox1F) OF

0: CMP_OPERATOR := EQ_0Q;

1: CMP_OPERATOR := LT_OS;

2: CMP_OPERATOR := LE_OS;

3: CMP_OPERATOR := UNORD_Q;
4: CMP_OPERATOR := NEQ_UQ;

5: CMP_OPERATOR := NLT_US;

6: CMP_OPERATOR := NLE_US;

7: CMP_OPERATOR := ORD_Q;

8: CMP_OPERATOR := EQ_UQ;

9: CMP_OPERATOR := NGE_US;
10: CMP_OPERATOR := NGT_US;
11: CMP_OPERATOR := FALSE_OQ;
12: CMP_OPERATOR := NEQ_0Q;
13: CMP_OPERATOR := GE_OS;
14: CMP_OPERATOR := GT_OS;
15: CMP_OPERATOR := TRUE_UQ;
16: CMP_OPERATOR := £Q_OS;
17: CMP_OPERATOR := LT_OQ;
18: CMP_OPERATOR := LE_OQ;
19: CMP_OPERATOR := UNORD_S;
20: CMP_OPERATOR := NEQ_US;
21: CMP_OPERATOR := NLT_UQ;
22: CMP_OPERATOR := NLE_UQ;
23: CMP_OPERATOR := ORD_S;
24: CMP_OPERATOR := EQ_US;
25: CMP_OPERATOR := NGE_UQ;
26: CMP_OPERATOR := NGT_UQ;
27: CMP_OPERATOR := FALSE_OS;
28: CMP_OPERATOR := NEQ_OS;
29: CMP_OPERATOR := GE_OQ;
30: CMP_OPERATOR := GT_OQ;
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31: CMP_OPERATOR := TRUE_US;
ESAC

VCMPSH (EVEX Encoded Versions)
IF k2[0] OR *no writemask*:

DEST.bit[0] := SRC1.fp16[0] CMP_OPERATOR SRC2.fp16[0]
ELSE

DEST.bit[0]:=0

DEST[MAXKL-1:1]:=0

Intel C/C++ Compiler Intrinsic Equivalent

VCMPSH __mmask8 _mm_cmp_round_sh_mask (__m128h a, __m128h b, const int imm8, const int sae);

VCMPSH __mmask8 _mm_mask_cmp_round_sh_mask (__mmask8 k1, __m128h a, __m128h b, const int imm8, const int sae);
VCMPSH __mmask8 _mm_cmp_sh_mask (__m128h a, __m128h b, const int imm8);

VCMPSH __mmask8 _mm_mask_cmp_sh_mask (__mmask8 k1, __m128h a, __m128h b, const int imm8);

SIMD Floating-Point Exceptions
Invalid, Denormal.

Other Exceptions
EVEX-encoded instructions, see Table 2-47, “Type E3 Class Exception Conditions.”
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VCOMISH—Compare Scalar Ordered FP16 Values and Set EFLAGS

Opcode/ Op/ | 64/32 CPUID Feature Description

Instruction En BitMode | Flag
Support

EVEX.LLIG.NP.MAP5.WOQ 2F /r A VIV AVX512-FP16 Compare low FP16 values in xmm1 and xmm2/

VCOMISH xmm1, xmm2/m16 {sae} m16, and set the EFLAGS flags accordingly.
Instruction Operand Encoding

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

This instruction compares the FP16 values in the low word 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 16-bit memory location.

The VCOMISH instruction differs from the VUCOMISH instruction in that it signals a SIMD floating-point invalid oper-
ation exception (#1) when a source operand is either a QNaN or SNaN. The VUCOMISH instruction signals an invalid
numeric exception only if a source operand is an SNaN.

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

Operation
VCOMISH SRC1, SRC2

RESULT := OrderedCompare(SRC1.fp16[0],SRC2.fp16[0])

IF RESULT is UNORDERED:
ZF,PF,CF:=1,1,1

ELSE IF RESULT is GREATER_THAN:

ZF, PF,CF:=0,0,0
ELSE IF RESULT is LESS_THAN:
ZF, PF,CF:=0,0, 1
ELSE: // RESULT is EQUALS
ZF,PF,CF:=1,0,0

OF, AF,SF:=0,0,0

Intel C/C++ Compiler Intrinsic Equivalent

VCOMISH int _mm_comi_round_sh (__m128h a, __m128h b, const int imm8, const int sae);
VCOMISH int _mm_comi_sh (__m128h a, __m128h b, const int imm8);
VVCOMISH int _mm_comieq_sh (__m128ha, __m128h b);
VVCOMISH int _mm_comige_sh (__m128ha, __m128h b);
VVCOMISH int _mm_comigt_sh (__m128h a, __m128h b);
VVCOMISH int _mm_comile_sh (__m128ha, __m128h b);
VVCOMISH int _mm_comilt_sh (__m128h a, __m128h b);
VVCOMISH int _mm_comineq_sh (__m128h a, __m128h b);

SIMD Floating-Point Exceptions

Invalid, Denormal.
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Other Exceptions
EVEX-encoded instructions, see Table 2-48, “Type E3NF Class Exception Conditions.”
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VCOMPRESSPD—Store Sparse Packed Double Precision Floating-Point Values Into Dense

Memory

Opcode/ Op/ | 64/32 CPUID Description

Instruction €n BitMode | Feature

Support | Flag

EVEX.128.66.0F38.W1 BA /r A VIV AVX512VL | Compress packed double precision floating-point

VCOMPRESSPD xmm1/m128 {k1}z}, AVX512F values from xmmZ2 to xmm1/m128 using writemask

xmmZ2 k1.

EVEX.256.66.0F38.W1 8A /1 A VIV AVX512VL | Compress packed double precision floating-point

VCOMPRESSPD ymm1/m256 {k1}z}, AVX512F values from ymmZ2 to ymm1/m256 using writemask

ymm2 k1.

EVEX.512.66.0F38.W1 8A /r A VIV AVX512F Compress packed double precision floating-point

VCOMPRESSPD zmm1/m512 {k1Xz], values from zmmZ2 using control mask k1 to

zmm2 zmm1/m512.

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

Description

Compress (store) up to 8 double precision floating-point values from the source operand (the second operand) as
a contiguous vector to the destination operand (the first operand) The source operand is a ZMM/YMM/XMM register,
the destination operand can be a ZMM/YMM/XMM register or a 512/256/128-bit memory location.

The opmask register k1 selects the active elements (partial vector or possibly non-contiguous if less than 8 active
elements) from the source operand to compress into a contiguous vector. The contiguous vector is written to the
destination starting from the low element of the destination operand.

Memory destination version: Only the contiguous vector is written to the destination memory location. EVEX.z
must be zero.

Register destination version: If the vector length of the contiguous vector is less than that of the input vector in the
source operand, the upper bits of the destination register are unmodified if EVEX.z is not set, otherwise the upper
bits are zeroed.

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

Note that the compressed displacement assumes a pre-scaling (N) corresponding to the size of one single element
instead of the size of the full vector.

Operation

VCOMPRESSPD (EVEX Encoded Versions) Store Form
(KL, VL) = (2, 128), (4, 256), (8, 512)
SIZE := 64
k=0
FORj:=0 TOKL-1
i=j*64
IF k1[j] OR *no writemask*
THEN
DEST[k+SIZE-1:k] := SRC[i+63:i]
k =k + SIZE
Fl;

ENDFOR
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VCOMPRESSPD (EVEX Encoded Versions) Reg-Reg Form
(KL, VL) = (2, 128), (4, 256), (8,512)
SIZE := 64
k:=0
FORj:=0 TOKL-1
i=j*64
IF k1[j] OR *no writemask*
THEN
DEST[k+SIZE-1:k] := SRC[i+63:i]
k:=k + SIZE
Fl;
ENDFOR
IF *merging-masking*
THEN *DEST[VL-1:k] remains unchanged*
ELSE DEST[VL-1k]:=0
Fl
DEST[MAXVL-T1:VL] =0

Intel C/C++ Compiler Intrinsic Equivalent

VCOMPRESSPD __m512d _mm512_mask_compress_pd(_m512ds,
VCOMPRESSPD __m512d _mm512_maskz_compress_pd(__mmask8 k, __m512d a);
VCOMPRESSPD void _mm512_mask_compressstoreu_pd( void * d, __mmask8 k, __m512d a);
VCOMPRESSPD __m256d _mm256_mask_compress_pd(__m256d s, __mmask8 k, __m256d a);
VCOMPRESSPD __m256d _mm256_maskz_compress_pd(__mmask8 k, __m256d a);
VCOMPRESSPD void _mm256_mask_compressstoreu_pd( void * d, __mmask8 k, __m256d a);
VCOMPRESSPD __m128d _mm_mask_compress_pd(__m128ds, __mmask8 k, __m128d a);
VCOMPRESSPD __m128d _mm_maskz_compress_pd(__mmask8 k, __m128d a);
VVCOMPRESSPD void _mm_mask_compressstoreu_pd( void * d, __mmask8 k, __m128d a);

mmask8 k, __m512d a);

SIMD Floating-Point Exceptions
None.

Other Exceptions

EVEX-encoded instructions, see Exceptions Type E4.nb in Table 2-49, “Type E4 Class Exception Conditions.”
Additionally:

#UD If EVEX.vvvv I= 1111B.
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VCOMPRESSPS—Store Sparse Packed Single Precision Floating-Point Values Into Dense Memory

Opcode/ Op/ | 64/32 CPUID Description
Instruction En BitMode | Feature
Support | Flag
EVEX.128.66.0F38.W0 8A /r A VIV AVX512VL | Compress packed single precision floating-point
VCOMPRESSPS xmm1/m128 {k1}z}, AVX512F values from xmmZ2 to xmm1/m128 using writemask
Xmm2 k1.
EVEX.256.66.0F38.W0 BA /r A VIV AVX512VL | Compress packed single precision floating-point
VCOMPRESSPS ymm1/m256 {k1Xz}, AVX512F values from ymm2 to ymm1/m256 using writemask
ymm2 k1.
EVEX.512.66.0F38.W0 BA /r A VIV AVX512F Compress packed single precision floating-point
VCOMPRESSPS zmm1/m512 {k1¥z}, values from zmm2 using control mask k1 to
zmm2 zmm1/m512.
Instruction Operand Encoding
Op/€En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A Tuple1 Scalar ModRM:r/m (w) ModRM:reg (r) N/A N/A
Description

Compress (stores) up to 16 single precision floating-point values from the source operand (the second operand) to
the destination operand (the first operand). The source operand is a ZMM/YMM/XMM register, the destination
operand can be a ZMM/YMM/XMM register or a 512/256/128-bit memory location.

The opmask register k1 selects the active elements (a partial vector or possibly non-contiguous if less than 16
active elements) from the source operand to compress into a contiguous vector. The contiguous vector is written to
the destination starting from the low element of the destination operand.

Memory destination version: Only the contiguous vector is written to the destination memory location. EVEX.z
must be zero.

Register destination version: If the vector length of the contiguous vector is less than that of the input vector in the
source operand, the upper bits of the destination register are unmodified if EVEX.z is not set, otherwise the upper
bits are zeroed.

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

Note that the compressed displacement assumes a pre-scaling (N) corresponding to the size of one single element
instead of the size of the full vector.

Operation

VCOMPRESSPS (EVEX Encoded Versions) Store Form
(KL, VL) = (4, 128), (8, 256), (16, 512)
SIZE =32
k:=0
FORj:=0TOKL-1
i=j*32
IF k1[j] OR *no writemask*
THEN
DEST[k+SIZE-1:k] := SRC[i+31:i]
k =k + SIZE
Fl;

ENDFOR;
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VCOMPRESSPS (EVEX Encoded Versions) Reg-Reg Form
(KL, VL) = (4, 128), (8, 256), (16, 512)
SIZE =32
k:=0
FORj:=0 TOKL-1
i=j*32
IF k1[j] OR *no writemask*
THEN
DEST[k+SIZE-1:k] := SRC[i+31:i]
k:=k + SIZE
Fl;
ENDFOR
IF *merging-masking*
THEN *DEST[VL-1:k] remains unchanged*
ELSE DEST[VL-1kk]:=0
Fl
DEST[MAXVL-T:VL] =0

Intel C/C++ Compiler Intrinsic Equivalent

VCOMPRESSPS __m512 _mm512_mask_compress_ps(__m512s, __mmask16 k,__m512 a);
VCOMPRESSPS __m512 _mm512_maskz_compress_ps(__mmask16 k, __m512 a);
VCOMPRESSPS void _mm512_mask_compressstoreu_ps( void * d, __mmask16 k, __m512 a);
VCOMPRESSPS __m256 _mm256_mask_compress_ps(__m256's, __mmask8 k, __m256 a);
VCOMPRESSPS __m256 _mm256_maskz_compress_ps(__mmask8 k, __m256 a);
VCOMPRESSPS void _mm256_mask_compressstoreu_ps( void * d, __mmask8 k, __m256 a);
VCOMPRESSPS __m128 _mm_mask_compress_ps(__m128s, __mmask8k, __m128 a);
VCOMPRESSPS __m128 _mm_maskz_compress_ps(__mmask8 k, __m128 a);
VCOMPRESSPS void _mm_mask_compressstoreu_ps( void * d, __mmask8 k, __m128 a);

SIMD Floating-Point Exceptions
None.

Other Exceptions

EVEX-encoded instructions, see Exceptions Type E4.nb. in Table 2-49, “Type E4 Class Exception Conditions.”
Additionally:

#UD If EVEX.vvvv != 1111B.
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VCVTDQ2PH—Convert Packed Signed Doubleword Integers to Packed FP16 Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En BitMode | Flag
Support
EVEX.128.NP.MAP5.WO0 5B /r A VIV AVX512-FP16 Convert four packed signed doubleword integers
VCVTDQ2PH xmm1{k1Xz}, xmm2/ AVX512VL from xmm2/m128/m32bcst to four packed FP16
m128/m32bcst values, and store the result in xmm1 subject to
writemask k1.
EVEX.256.NP.MAP5.WO0 5B /r A VIV AVX512-FP16 Convert eight packed signed doubleword integers
VCVTDQ2PH xmm1{k1¥z}, ymm2/ AVX512VL from ymm2/m256/m32bcst to eight packed
m256/m32bcst FP16 values, and store the result in xmm1
subject to writemask k1.
EVEX.512.NP.MAP5.WO0 5B /r A VIV AVX512-FP16 Convert sixteen packed signed doubleword
VCVTDQ2PH ymm1{k1¥z}, zmm2/ integers from zmm2/m512/m32bcst to sixteen
m512/m32bcst {er} packed FP16 values, and store the result in
ymm1 subject to writemask k1.
Instruction Operand Encoding
Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A Full ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

This instruction converts four, eight, or sixteen packed signed doubleword integers in the source operand to four,
eight, or sixteen packed FP16 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 ora 512/256/128-bit vector broadcast from a 32-bit memory location. The destination operand is a YMM/XMM
register conditionally updated with writemask k1.

EVEX.vvvv is reserved and must be 1111b, otherwise instructions will #UD.
If the result of the convert operation is overflow and MXCSR.OM=0 then a SIMD exception will be raised with OE=1,

PE=1.

Operation

VCVTDQ2PH DEST, SRC
VL=128, 256 0r 512
KL:=VL/32

IF *SRC is a register* and (VL = 512) AND (EVEX.b = 1)

SET_RM(EVEX.RC)
ELSE:
SET_RM(MXCSR.RC)

FORj:=0TOKL-T1:
IF k1[j] OR *no writemask™*:

IF *SRC is memory* and EVEX.b = 1:

tsrc ;= SRC.dword[0]
ELSE
tsrc ;= SRC.dword[j]

DEST.fp16[j] := Convert_integer32_to_fp16(tsrc)

ELSE IF *zeroing*:
DEST.fp16[j]:=0

// else dest.fp16[j] remains unchanged
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DEST[MAXVL-1:VL/2]:=0

Intel C/C++ Compiler Intrinsic Equivalent

VCVTDQ2PH _m256h _mm512_cvt_roundepi32_ph (__m512i a, int rounding);

VCVTDQZ2PH _m256h _mm512_mask_cvt_roundepi32_ph (__m256h src, __mmask16 k, __m512i a, int rounding);
VCVTDQZ2PH _m256h _mm512_maskz_cvt_roundepi32_ph (__mmask16 k, __m512i a, int rounding);
VCVTDQZ2PH _m128h _mm_cvtepi32_ph (__m128i a);

VCVTDQZ2PH _m128h _mm_mask_cvtepi32_ph (__m128h src, __mmask8 k, __m128i a);
VCVTDQZ2PH _m128h _mm_maskz_cvtepi32_ph (__mmask8 k, __m128i a);

VCVTDQZ2PH _m128h _mm256_cvtepi32_ph (__m256i a);

VCVTDQZ2PH _m128h _mm256_mask_cvtepi32_ph (__m128h src, __mmask8 k, __m256i a);
VCVTDQ2PH _m128h _mm256_maskz_cvtepi32_ph (__mmask8 k, __m256i a);

VCVTDQ2PH _m256h _mm512_cvtepi32_ph (__m512ia);

VCVTDQZ2PH _m256h _mm512_mask_cvtepi32_ph (__m256h src, __mmask16 k, __m512i a);
VCVTDQZ2PH _m256h _mm512_maskz_cvtepi32_ph (__mmask16 k, __m512i a);

SIMD Floating-Point Exceptions
Overflow, Precision.

Other Exceptions
EVEX-encoded instructions, see Table 2-46, "Type E2 Class Exception Conditions.”
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VCVTNEZ2PS2BF16—Convert Two Packed Single Data to One Packed BF16 Data

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

Support
EVEX.128.F2.0F38.W0 72 /It A VIV AVX512VL Convert packed single data from xmm2 and
VCVTNEZ2PS2BF16 xmm1{k1}z}, AVX512_BF16 xmm3/m128/m32bcst to packed BF16 data in
xmmZ2, xmm3/m128/m32bcst xmm1 with writemask k1.
EVEX.256.F2.0F38.W0 72 /r A VIV AVX512VL Convert packed single data from ymm2 and
VCVTNEZPS2BF16 ymm1{k1¥z}, AVX512_BF16 ymm3/m256/m32bcst to packed BF16 data in
ymm2, ymm3/m256/m32bcst ymm1 with writemask k1.
EVEX.512.F2.0F38.W0 72 /r A VIV AVX512F Convert packed single data from zmmZ2 and
VCVTNEZ2PS2BF16 zmm1{k1¥z}, AVX512_BF16 zmm3/m512/m32bcst to packed BF16 data in
zmmZ2, zmm3/m512/m32bcst zmm1 with writemask k1.

Instruction Operand Encoding

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

Converts two SIMD registers of packed single data into a single register of packed BF16 data.

This instruction does not support memory fault suppression.

This instruction uses “Round to nearest (even)” rounding mode. Output denormals are always flushed to zero and
input denormals are always treated as zero. MXCSR is not consulted nor updated. No floating-point exceptions are

generated.

Operation

VCVTNE2PS2BF16 dest, src1, src2
VL = (128, 256, 512)
KL=VL/16

origdest := dest
FORi:= 0 toKL-1:
IFk1[i]or *no writemask*:
IFi<KL/2:

IF src2 is memory and evex.b == 1;

t:= src2.fp32[0]
ELSE:
t:=src2.fp32[i]
ELSE:
t:= srcl.fp32[i-KL/2]

/1 See VCVTNEPS2BF16 for definition of convert helper function
dest.word[i] := convert_fp32_to_bfloat16(t)

ELSE IF *zeroing™:
destword[i]:=0

ELSE: // Merge masking, dest element unchanged

dest.word[ i ] := origdest.word[ i ]
DEST[MAXVL-1:VL]:=0
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Intel C/C++ Compiler Intrinsic Equivalent

VCVTNE2PS2BF16 __m128bh _mm_cvtne2ps_pbh (_m128, __m128);

VCVTNEZ2PS2BF16 __m128bh _mm_mask_cvtne2ps_pbh (__m128bh, __mmask8, __m128, __ m128);
VCVTNEZPS2BF16 __m128bh _mm_maskz_cvtne2ps_pbh (__mmask8, __m128, __ m128);
VCVTNE2PS2BF16 __m256bh _mm256_cvtne2ps_pbh (__m256, __m256);

VCVTNEZ2PS2BF16 __m256bh _mm256_mask_cvtne2ps_pbh (__m256bh, __mmask16, __m256, __m256);
VCVTNEZ2PS2BF16 __m256bh _mm256_maskz_cvtne2ps_ pbh (__mmask16, __m256, __m256);
VCVTNEZ2PS2BF16 __m512bh _mm512_cvtne2ps_pbh (__m512,__m512);

VCVTNEZ2PS2BF16 __m512bh _mm512_mask_cvtne2ps_pbh (__m512bh, __mmask32, __m512, __m512);
VCVTNEZ2PS2BF16 __m512bh _mm512_maskz_cvtne2ps_pbh (__mmask32, __m512, __m512);

SIMD Floating-Point Exceptions
None.

Other Exceptions
See Table 2-50, “"Type E4NF Class Exception Conditions.”
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Opcode/ Op/ 64/32 CPUID Feature Description
Instruction En BitMode | Flag
Support
EVEX.128.F3.0F38.W0 72 /r A VIV AVX512VL Convert packed single data from xmm2/m128
VCVTNEPS2BF16 xmm1{k1}{z}, AVX512_BF16 to packed BF16 data in xmm1 with writemask
xmm2/m128/m32bcst k1.
EVEX.256.F3.0F38.W0 72 /r A VIV AVX512VL Convert packed single data from ymm2/m256
VCVTNEPS2BF16 xmm1{k1}z}, AVX512_BF16 to packed BF16 data in xmm1 with writemask
ymm2/m256/m32bcst k1.
EVEX.512.F3.0F38.W0 72 /r A VIV AVX512F Convert packed single data from zmm2/m512
VCVTNEPS2BF16 ymm1{k1}z}, AVX512_BF16 to packed BF16 data in ymm1 with writemask
zmm2/m512/m32bcst k1.
Instruction Operand Encoding
Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A Full ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts one SIMD register of packed single data into a single register of packed BF16 data.

This instruction uses “Round to nearest (even)” rounding mode. Output denormals are always flushed to zero and
input denormals are always treated as zero. MXCSR is not consulted nor updated.

As the instruction operand encoding table shows, the EVEX.vvvv field is not used for encoding an operand.
EVEX.vvvv is reserved and must be 0b1111 otherwise instructions will #UD.

Operation

Define convert_fp32_to_bfloat16(x):

IF x is zero or denormal:

dest[15] := x[31] // sign preserving zero (denormal go to zero)

dest[14:0]:=0
ELSE IF x is infinity:
dest[15:0] := x[31:16]
ELSE IF x is NAN:

dest[15:0]:= x[31:16] // truncate and set MSB of the mantissa to force QNAN

dest[6]:=1
ELSE // normal number
LSB:= x[16]

rounding_bias := 0x00007FFF + LSB

temp[31:0] := x[31:0] + rounding_bias // integer add

dest[15:0]:= temp[31:16]
RETURN dest
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VCVTNEPS2BF16 dest, src
VL= (128, 256, 512)
KL=VU/16

origdest := dest
FORi:= 0 to KL/2-1:
IFk1[i]or *no writemask*:
IF src is memory and evex.b == 1:
t:= src.fp32[0]
ELSE:
t:=src.fp32[i]

dest.word[i] := convert_fp32_to_bfloat16(t)

ELSE IF *zeroing*:
destword[i]:=0
ELSE: // Merge masking, dest element unchanged
dest.word[ i ] := origdest.word[ i ]
DEST[MAXVL-1:VL/2]:=0

Intel C/C++ Compiler Intrinsic Equivalent

VCVTNEPS2BF16 __m128bh _mm_cvtneps_pbh (__m128);

VCVTNEPS2BF16 __m128bh _mm_mask_cvtneps_pbh (__m128bh, __mmask8, __ m128);
VCVTNEPS2BF16 __m128bh _mm_maskz_cvtneps_pbh (__mmask8, __m128);
VCVTNEPS2BF16 __m128bh _mm256_cvtneps_pbh (__m256);

VCVTNEPS2BF16 __m128bh _mm256_mask_cvtneps_pbh (__m128bh, __mmask8, __m256);
VCVTNEPS2BF16 __m128bh _mm256_maskz_cvtneps_pbh (__mmask8, __m256);
VCVTNEPSZ2BF16 __m256bh _mm512_cvtneps_pbh (__m512);

VCVTNEPS2BF16 __m256bh _mm512_mask_cvtneps_pbh (__m256bh, __mmask16, __m512);
VCVTNEPSZ2BF16 __m256bh _mm512_maskz_cvtneps_pbh (__mmask16, __m512);

SIMD Floating-Point Exceptions
None.

Other Exceptions
See Table 2-49, “Type E4 Class Exception Conditions.”
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VCVTPD2PH—Convert Packed Double Precision FP Values to Packed FP16 Values

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En BitMode | Flag
Support
EVEX.128.66.MAP5.W1 5A /r A VIV AVX512-FP16 Convert two packed double precision floating-
VCVTPD2PH xmm1{k1}z}, xmm2/ AVX512VL point values in xmm2/m128/m64bcst to two
m128/m64bcst packed FP16 values, and store the result in xmm1
subject to writemask k1.
EVEX.256.66.MAP5.W1 5A /r A VIV AVX512-FP16 Convert four packed double precision floating-
VCVTPD2PH xmm1{k1}z}, ymm2/ AVX512VL point values in ymm2/m256/m64bcst to four
m256/m64bcst packed FP16 values, and store the result in xmm1
subject to writemask k1.
EVEX.512.66.MAP5.W1 5A /r A VIV AVX512-FP16 Convert eight packed double precision floating-
VCVTPD2PH xmm1{k1¥z}, zmm2/ point values in zmm2/m512/m64bcst to eight
m512/m64bcst {er} packed FP16 values, and store the result in ymm1
subject to writemask k1.

Instruction Operand Encoding

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

This instruction converts two, four, or eight packed double precision floating-point values in the source operand
(second operand) to two, four, or eight packed FP16 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 broadcasts from a 64-bit memory location. The destination operand is a XMM register
conditionally updated with writemask k1. The upper bits (MAXVL-1:128/64/32) of the corresponding destination
are zeroed.

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

This instruction uses MXCSR.DAZ for handling FP64 inputs. FP16 outputs can be normal or denormal, and are not
conditionally flushed to zero.

VCVTPD2PH—Convert Packed Double Precision FP Values to Packed FP16 Values Vol.2C 5-37



INSTRUCTION SET REFERENCE, V

Operation

VCVTPDZ2PH DEST, SRC
VL=128,256 0r 512
KL:=VL/64

IF *SRC is a register* and (VL = 512) AND (EVEXb = 1)
SET_RM(EVEX.RC)

ELSE:
SET_RM(MXCSR.RC)

FORj:=0 TOKL-1:
IF k1[j] OR *no writemask*:
IF *SRC is memory* and EVEX.b = 1:
tsrc := SRC.double[0]
ELSE
tsrc ;= SRC.double[j]
DEST.fp16[j] := Convert_fp64_to_fp16(tsrc)
ELSE IF *zeroing*:
DEST.fp16[j] := 0
// else dest.fp16[j] remains unchanged

DEST[MAXVL-1:VL/4] := 0

Intel C/C++ Compiler Intrinsic Equivalent

VCVTPDZ2PH _m128h _mm512_cvt_roundpd_ph (__m512d g, int rounding);

VCVTPDZ2PH _m128h _mm512_mask_cvt_roundpd_ph (__m128h src, __mmask8 k, __m512d a, int rounding);
VCVTPDZ2PH _m128h _mm512_maskz_cvt_roundpd_ph (__mmask8 k, __m512d g, int rounding);
VCVTPDZ2PH _m128h _mm_cvtpd_ph (__m128d a);
VCVTPDZ2PH _m128h _mm_mask_cvtpd_ph (__m128h src,
VCVTPDZ2PH _m128h _mm_maskz_cvtpd_ph (__mmask8 k,
VCVTPDZ2PH _m128h _mm256_cvtpd_ph (__m256d a);
VCVTPDZ2PH _m128h _mm256_mask_cvtpd_ph (__m128h src,
VCVTPDZ2PH _m128h _mm256_maskz_cvtpd_ph (__mmask8 k,
VCVTPDZ2PH _m128h _mm512_cvtpd_ph (__m512d a);
VCVTPDZ2PH _m128h _mm512_mask_cvtpd_ph (__m128h src,
VCVTPDZ2PH _m128h _mm512_maskz_cvtpd_ph (__mmask8 k,

mmask8 K,
m128d a);

m128d a);

mmask8 k,
m256d a);

m256d a);

mmask8 k,
m512d a);

m512d a);

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

Other Exceptions
EVEX-encoded instructions, see Table 2-46, “Type E2 Class Exception Conditions.”
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VCVTPD2QQ—Convert Packed Double Precision Floating-Point Values to Packed Quadword

Integers
Opcode/ Op/ | 64/32 CPUID Description
Instruction En BitMode | Feature
Support | Flag
EVEX.128.66.0F.W1 7B /r A VIV AVX512VL | Convert two packed double precision floating-point values from
VCVTPD2QQ xmm1 {k1Xz}, AVX512DQ | xmm2/m128/m64bcst to two packed quadword integers in
xmm2/m128/m64bcst xmm1 with writemask k1.
EVEX.256.66.0F.W1 7B /r A VIV AVX512VL | Convert four packed double precision floating-point values from
VCVTPD2QQ ymm1 {k1}z}, AVX512DQ | ymm2/m256/m64bcst to four packed quadword integers in
ymm2/m256/m64bcst ymm1 with writemask k1.
EVEX.512.66.0F.W1 7B /r A VIV AVX512DQ | Convert eight packed double precision floating-point values
VCVTPD2QQ zmm1 {k1}z}, from zmm2/m512/m64bcst to eight packed quadword integers
zmm2/m512/m64bcst{er} in zmm1 with writemask k1.
Instruction Operand Encoding
Op/€En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A 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 quad-
word integers in the destination operand (first operand).

EVEX encoded versions: The source operand is a ZMM/YMM/XMM register or a 512/256/128-bit memory location.
The destination operation is a ZMM/YMM/XMM register conditionally updated with writemask k1.

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.vvvv is reserved and must be 1111b otherwise instructions will #UD.

Operation

VCVTPD2QQ (EVEX Encoded Version) 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*64
IF k1[j] OR *no writemask*
THEN DESTI[i+63:i] :=
Convert_Double_Precision_Floating_Point_To_Quadinteger(SRC[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
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Fl;
ENDFOR
DEST[MAXVL-T1:VL]:=0

VCVTPD2QQ (EVEX Encoded Version) When SRC Operand is a Memory Source
(KL, VL) = (2, 128), (4, 256), (8,512)

FORj:= 0 TO KL-1

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

DEST[MAXVL-1:VL]:=0

Intel C/C++ Compiler Intrinsic Equivalent

VCVTPD2QQ __m512i _mm512_cvtpd_epi64(__m512d a);

VCVTPD2QQ _m512i _mm512_mask_cvtpd_epib4(_m512is,__mmask8k, __m512d a);
VCVTPD2QQ __m512i _mm512_maskz_cvtpd_epi64( _mmask8 k, __m512d a);
VCVTPD2QQ __m512i _mm512_cvt_roundpd_epi64(_m512d 3, int r);

VCVTPD2QQ _m512i _mm512_mask_cvt_roundpd_epi64(__m512is, __mmask8k, __m512d 3, intr);
VCVTPD2QQ _m512i _mm512_maskz_cvt_roundpd_epib4( _mmask8 k, __m512d a, intr);
VCVTPD2QQ __m256i _mm256_mask_cvtpd_epi64(__m256is, __mmask8 k, __m256d a);
VCVTPD2QQ __m256i _mm256_maskz_cvtpd_epi64( _mmask8 k, __m256d a);
VCVTPD2QQ _m128i _mm_mask_cvtpd_epi6b4(_m128is,__mmask8 k, __m128d a);
VCVTPD2QQ _m128i _mm_maskz_cvtpd_epi64( _mmask8 k, __m128d a);

VCVTPD2QQ __m256i _mm256_cvtpd_epi64 (__m256d src)

VCVTPD2QQ __m128i _mm_cvtpd_epi64 (__m128d src)

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

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

#UD If EVEX.vvvv = 1111B.
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VCVTPD2UDQ—Convert Packed Double Precision Floating-Point Values to Packed Unsigned

Doubleword Integers

Opcode Op/ | 64/32 CPUID Description
Instruction En BitMode | Feature
Support | Flag
EVEX.128.0F.W1 79 /r A VIV AVX512VL | Convert two packed double precision floating-point
VCVTPD2UDQ xmm1 {k1¥z], AVX512F values in xmm2/m128/m64bcst to two unsigned
xmmZ2/m128/m64bcst doubleword integers in xmm1 subject to writemask k1.
EVEX.256.0F.W1 79 /r A VIV AVX512VL | Convert four packed double precision floating-point
VCVTPD2UDQ xmm1 {k1¥z], AVX512F values in ymm2/m256/m64bcst to four unsigned
ymm2/m256/m64bcst doubleword integers in xmm1 subject to writemask k1.
EVEX.512.0F.W1 79 /r A VIV AVX512F Convert eight packed double precision floating-point
VCVTPD2UDQ ymm1 {k1}{z]}, values in zmm2/m512/m64bcst to eight unsigned
zmm2/m512/m64bcst{er} doubleword integers in ymm1 subject to writemask k1.
Instruction Operand Encoding
Op/En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A Full ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

Converts packed double precision floating-point values in the source operand (the second operand) to packed
unsigned doubleword integers in the destination operand (the 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 integer value 2% - 1 is
returned, where w represents the number of bits in the destination format.

The source operand is a ZMM/YMM/XMM register, a 512/256/128-bit memory location, ora 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. The upper bits (MAXVL-1:256) of the corresponding destination are zeroed.

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

Operation

VCVTPD2UDQ (EVEX Encoded Versions) When SRC2 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
DEST[i+31:i] :=

Convert_Double_Precision_Floating_Point_To_Ulnteger(SRC[k+63:k])

ELSE

IF *merging-masking*

THEN *DEST[i+31:i] remains unchanged*

; merging-masking
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ELSE ; zeroing-masking
DEST[i+31:i]:=0
Fl
Fl;
ENDFOR
DEST[MAXVL-1:VL/2]:=0

VCVTPD2UDQ (EVEX Encoded Versions) When SRC Operand is a Memory Source
(KL, VL) = (2, 128), (4, 256), (8,512)

FORj:= 0 TO KL-1

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

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

Intel C/C++ Compiler Intrinsic Equivalent

VCVTPD2UDQ __m256i _mm512_cvtpd_epu32(__m512d a);

VCVTPD2UDQ _m256i _mm512_mask_cvtpd_epu32(__m256is, __mmask8k, __m512d a);
VCVTPD2UDQ _m256i _mm512_maskz_cvtpd_epu32(_mmask8 k, __m512d a);

VCVTPD2UDQ _m256i _mm512_cvt_roundpd_epu32(__m512d g, intr);

VCVTPD2UDQ _m256i _mm512_mask_cvt_roundpd_epu32(__m256is, __mmask8k, __m512d g, intr);
VCVTPD2UDQ _m256i _mm512_maskz_cvt_roundpd_epu32(_mmask8k, __m512d a, intr);
VCVTPD2UDQ _m128i _mm256_mask_cvtpd_epu32(__m128is, __mmask8 k, __m256d a);
VCVTPD2UDQ _m128i _mm256_maskz_cvtpd_epu32(_mmask8 k, __m256d a);

VCVTPD2UDQ _m128i _mm_mask_cvtpd_epu32(__m128is, __mmask8k, __m128d a);

VCVTPD2UDQ _m128i _mm_maskz_cvtpd_epu32(_mmask8 k, __m128d a);

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions
EVEX-encoded instructions, see Table 2-46, “Type E2 Class Exception Conditions.”

Additionally:
#UD If EVEX.vvvv I= 1111B.
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VCVTPD2UQQ—Convert Packed Double Precision Floating-Point Values to Packed Unsigned

Quadword Integers

Opcode/ Op/ | 64/32 CPUID Description
Instruction En BitMode | Feature

Support | Flag
EVEX.128.66.0F.W1 79 /r A VIV AVX512VL | Convert two packed double precision floating-point values from
VCVTPD2UQQ xmm1 {k1}{z}, AVX512DQ | xmm2/mem to two packed unsigned quadword integers in
xmm2/m128/m64bcst xmm1 with writemask k1.
EVEX.256.66.0F.W1 79 /r A VIV AVX512VL | Convert fourth packed double precision floating-point values
VCVTPD2UQQ ymm1 {k1}z}, AVX512DQ | from ymm2/mem to four packed unsigned quadword integers
ymm2/m256/m64bcst in ymm1 with writemask k1.
EVEX.512.66.0F.W1 79 /r A VIV AVX512DQ | Convert eight packed double precision floating-point values
VCVTPD2UQQ zmm1 {k1Xz}, from zmm2/mem to eight packed unsigned quadword integers
zmm2/m512/m64bcst{er} in zmm1 with writemask k1.

Instruction Operand Encoding

Op/€En Tuple Type Operand 1 Operand 2 Operand 3 Operand 4
A 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 unsigned

quadword 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 integer value 2% - 1 is

returned, where w represents the number of bits in the destination format.

The source operand is a ZMM/YMM/XMM register or a 512/256/128-bit memory location. The destination operation

is a ZMM/YMM/XMM register conditionally updated with writemask k1.
EVEX.vvvv is reserved and must be 1111b otherwise instructions will #UD.

Operation

VCVTPD2UQQ (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*64
IF k1[j] OR *no writemask*
THEN DESTI[i+63:i] :=
Convert_Double_Precision_Floating_Point_To_UQuadinteger(SRC[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
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Fl;
ENDFOR
DEST[MAXVL-T1:VL]:=0

VCVTPD2UQQ (EVEX Encoded Versions) When SRC Operand is a Memory Source
(KL, VL) = (2, 128), (4, 256), (8,512)

FORj:= 0 TO KL-1

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

DEST[MAXVL-1:VL]:= 0

Intel C/C++ Compiler Intrinsic Equivalent

VCVTPD2UQQ _m512i _mm512_cvtpd_epub4(__m512d a);

VCVTPD2UQQ __m512i _mm512_mask_cvtpd_epub4(__m512is, __mmask8k, __m512d a);
VCVTPD2UQQ __m512i _mm512_maskz_cvtpd_epub4(_mmask8 k, __m512d a);
VCVTPD2UQQ __m512i _mm512_cvt_roundpd_epub4(__m512d 3, intr);

VCVTPD2UQQ __m512i _mm512_mask_cvt_roundpd_epu64(__m512is,__mmask8k, __m512da, intr);
VCVTPD2UQQ __m512i _mm512_maskz_cvt_roundpd_epub4(__mmask8k, __m512d a3, intr);
VCVTPD2UQQ __m256i _mm256_mask_cvtpd_epub4(_m256is, __mmask8 k, __m256d a);
VCVTPD2UQQ __m256i _mm256_maskz_cvtpd_epub4( _mmask8 k, __m256d a);
VCVTPD2UQQ __m128i _mm_mask_cvtpd_epub4(__m128is, __mmask8 k, __m128d a);
VCVTPD2UQQ __m128i _mm_maskz_cvtpd_epub4(_mmask8 k, __m128d a);

VCVTPD2UQQ __m256i _mm256_cvtpd_epub4 (__m256d src)

VCVTPD2UQQ __m128i _mm_cvtpd_epub4 (__m128d src)

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions

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

#UD If EVEX.vvvv = 1111B.
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VCVTPH2DQ—Convert Packed FP16 Values to Signed Doubleword Integers

Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En BitMode | Flag
Support
EVEX.128.66.MAP5.W0 5B /r A VIV AVX512-FP16 Convert four packed FP16 values in xmm2/m64/
VCVTPH2DQ xmm1{k1¥z}, xmm2/ AVX512VL m16bcst to four signed doubleword integers, and
m64/m16bcst store the result in xmm1 subject to writemask
k1.
EVEX.256.66.MAP5.W0 5B /r A VIV AVX512-FP16 Convert eight packed FP16 values in xmmZ2/
VCVTPH2DQ ymm1{k1}z}, xmm2/ AVX512VL m128/m16bcst to eight signed doubleword
m128/m16bcst integers, and store the result in ymm?1 subject to
writemask k1.
EVEX.512.66.MAP5.W0 5B /r A VIV AVX512-FP16 Convert sixteen packed FP16 values in ymm2/
VCVTPH2DQ zmm1{k1¥z}, ymm2/ m256/m16bcst to sixteen signed doubleword
m256/m16bcst {er} integers, and store the result in zmm1 subject to
writemask k1.

Instruction Operand Encoding

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

This instruction converts packed FP16 values in the source operand to signed doubleword integers in 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 is
returned.

The destination elements are updated according to the writemask.

Operation

VCVTPH2DQ DEST, SRC
VL=128,256 0r 512
KL:=VL/32

IF *SRC is a register* and (VL = 512) and (EVEXb = 1)
SET_RM(EVEX.RC)

ELSE:
SET_RM(MXCSR.RC)

FORj:=0 TOKL-T1:
IF k1[j] OR *no writemask*:
IF *SRC is memory* and EVEX.b = 1:
tsrc:= SRC.fp16[0]
ELSE
tsrc:= SRC.fp16[j]
DEST.dword[j] := Convert_fp16_to_integer32(tsrc)
ELSE IF *zeroing™:
DEST.dword[j]:= 0
// else dest.dword[j] remains unchanged

DEST[MAXVL-1:VL] = 0
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Intel C/C++ Compiler Intrinsic Equivalent

VCVTPHZ2DQ _m512i _mm512_cvt_roundph_epi32 (__m256h g, int rounding);

VCVTPHZ2DQ _m512i _mm512_mask_cvt_roundph_epi32 (__m512isrc, __mmask16 k, __m256h a, int rounding);
VCVTPHZ2DQ _m512i _mm512_maskz_cvt_roundph_epi32 (__mmask16 k, __m256h g, int rounding);
VCVTPHZ2DQ _m128i _mm_cvtph_epi32 (__m128h a);

VCVTPHZ2DQ _m128i _mm_mask_cvtph_epi32 (__m128isrc, __mmask8 k, __m128h a);
VCVTPH2DQ _m128i _mm_maskz_cvtph_epi32 (__mmask8 k, __m128h a);

VCVTPH2DQ __m256i _mm256_cvtph_epi32 (__m128h a);

VCVTPHZ2DQ _m256i _mm256_mask_cvtph_epi32 (__m256i src, __mmask8 k, __m128h a);
VCVTPHZ2DQ _m256i _mm256_maskz_cvtph_epi32 (__mmask8 k, __m128h a);

VCVTPHZ2DQ __m512i _mm512_cvtph_epi32 (__m256h a);

VCVTPHZ2DQ _m512i _mm512_mask_cvtph_epi32 (__m512isrc, __mmask16 k, __m256h a);
VCVTPHZ2DQ _m512i _mm512_maskz_cvtph_epi32 (__mmask16 k, __m256h a);

SIMD Floating-Point Exceptions
Invalid, Precision.

Other Exceptions
EVEX-encoded instructions, see Table 2-46, "Type E2 Class Exception Conditions.”
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Opcode/ Op/ | 64/32 CPUID Feature Description
Instruction En BitMode | Flag
Support
EVEX.128.NP.MAP5.WO0 5A /r A VIV AVX512-FP16 Convert packed FP16 values in xmm2/m32/
VCVTPH2PD xmm1{k1}z}, xmm2/ AVX512VL m16bcst to FP64 values, and store result in
m32/m16bcst xmm1 subject to writemask k1.
EVEX.256.NP.MAP5.W0 5A /r A VIV AVX512-FP16 Convert packed FP16 values in xmm2/m64/
VCVTPHZ2PD ymm1{k1}{z}, xmm2/ AVX512VL m16bcst to FP64 values, and store result in
m64/m16bcst ymm1 subject to writemask k1.
EVEX.512.NP.MAP5.W0 5A /r A VIV AVX512-FP16 Convert packed FP16 values in xmm2/m128/
VCVTPH2PD zmm1{k1}{z}, xmm2/ m16bcst to FP64 values, and store result in
m128/m16bcst {sae} zmm1 subject to writemask k1.
Instruction Operand Encoding
Op/En Tuple Operand 1 Operand 2 Operand 3 Operand 4
A Quarter ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

This instruction converts packed FP16 values to FP64 values in the destination register. The destination elements

are updated according to the writemask.

This instruction handles both normal and denormal FP16 inputs.

Operation

VCVTPHZ2PD DEST, SRC
VL =128, 256, 0r 512
KL :=VL/64

FORj:=0TOKL-T1:
IF k1[j] OR *no writemask™*:

IF *SRC is memory* and EVEXb = 1:

tsrc := SRC.fp16[0]
ELSE
tsrc := SRC.fp16[j]

DEST.fp64[j] := Convert_fp16_to_fp64(tsrc)

ELSE IF *zeroing*:
DEST.fp64[j]:=0

// else dest.fp64[j] remains unchanged

DEST[MAXVL-1:VL]:=0
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Intel C/C++ Compiler Intrinsic Equivalent

VCVTPHZ2PD _m512d _mm512_cvt_roundph_pd (__m128h g, int sae);

VCVTPHZPD _m512d _mm512_mask_cvt_roundph_pd (__m512d src, __mmask8 k, __m128h g, int sae);
VCVTPHZPD _m512d _mm512_maskz_cvt_roundph_pd (__mmask8 k, __m128h g, int sae);
VCVTPH2PD __m128d _mm_cvtph_pd (__m128h a);

VCVTPHZPD _m128d _mm_mask_cvtph_pd (__m128d src, __mmask8 k, __m128h a);
VCVTPHZPD _m128d _mm_maskz_cvtph_pd (__mmask8 k, __m128h a);

VCVTPH2PD __m256d _mm256_cvtph_pd (__m128h a);

VCVTPHZPD _m256d _mm256_mask_cvtph_pd (__m256d src, __mmask8 k, __m128h a);
VCVTPHZPD _m256d _mm256_maskz_cvtph_pd (__mmask8 k, __m128h a);

VCVTPH2PD _m512d _mm512_cvtph_pd (__m128h a);

VCVTPHZPD _m512d _mm512_mask_cvtph_pd (__m512d src, __mmask8 k, __m128h a);
VCVTPHZPD _m512d _mm512_maskz_cvtph_pd (__mmask8 k, __m128h a);

SIMD Floating-Point Exceptions
Invalid, Denormal.

Other Exceptions
EVEX-encoded instructions, see Table 2-46, "Type E2 Class Exception Conditions.”
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VCVTPH2PS/VCVTPHZ2PSX—Convert Packed FP16 Values to Single Precision Floating-Point
Values

Opcode/ Op/ | 64/32 CPUID Description
Instruction En BitMode | Feature Flag
Support
VEX.128.66.0F38W0 13 /r A VIV F16C Convert four packed FP16 values in xmm2/m64 to
VCVTPHZ2PS xmm1, xmm2/m64 packed single precision floating-point value in xmm1.
VEX.256.66.0F38.W0 13 /r A VIV F16C Convert eight packed FP16 values in xmm2/m128 to
VCVTPHZ2PS ymm1, xmm2/m128 packed single precision floating-point value in ymm1.
EVEX.128.66.0F38.W0 13 /r B VIV AVX512VL Convert four packed FP16 values in xmm2/m64 to
VCVTPH2PS xmm1 {k1Xz], AVX512F packed single precision floating-point values in xmm1
xmm2/m64 subject to writemask k1.
EVEX.256.66.0F38.W0 13 /r B VIV AVX512VL Convert eight packed FP16 values in xmm2/m128 to
VCVTPHZ2PS ymm1 {k1¥z], AVX512F packed single precision floating-point values in ymm1
xmm2/m128 subject to writemask k1.
EVEX.512.66.0F38.W0 13 /r B VIV AVX512F Convert sixteen packed FP16 values in ymm2/m256
VCVTPHZ2PS zmm1 {k1}z}, to packed single precision floating-point values in
ymm2/m256 {sae} zmm1 subject to writemask k1.
EVEX.128.66.MAP6.W0 13 /r C VIV AVX512-FP16 | Convert four packed FP16 values in
VCVTPH2PSX xmm1{k1¥z}, AVX512VL xmm2/m64/m16bcst to four packed single precision
xmm2/m64/m16bcst floating-point values, and store result in xmm1
subject to writemask k1.
EVEX.256.66.MAP6.W0 13 /r C VIV AVX512-FP16 | Convert eight packed FP16 values in
VCVTPHZ2PSX ymm1{k1}z}, AVX512VL xmm2/m128/m16bcst to eight packed single
xmm2/m128/m16bcst precision floating-point values, and store result in
ymm1 subject to writemask k1.
EVEX.512.66.MAP6.W0 13 /r C VIV AVX512-FP16 | Convert sixteen packed FP16 values in
VCVTPH2PSX zmm1{k1¥Xz}, ymm2/m256/m16bcst to sixteen packed single
ymm2/m256/m16bcst {sae} precision floating-point values, and store result in
zmm1 subject to writemask k1.
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 Mem ModRM:reg (w) ModRM:r/m (r) N/A N/A
C Half ModRM:reg (w) ModRM:r/m (r) N/A N/A
Description

This instruction converts packed half precision (16-bits) floating-point values in the low-order bits of the source
operand (the second operand) to packed single precision floating-point values and writes the converted values into
the destination operand (the first operand).

If case of a denormal operand, the correct normal result is returned. MXCSR.DAZ is ignored and is treated as if it
0. No denormal exception is reported on MXCSR.

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

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

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

VCVTPHZ2PS/VCVTPHZ2PSX—Convert Packed FP16 Values to Single Precision Floating-Point Values Vol.2C 5-49



INSTRUCTION SET REFERENCE, V

The diagram below illustrates how data is converted from four packed half precision (in 64 bits) to four single preci-
sion (in 128 bits) floating-point values.

Note: VEX.vvvv and EVEX.vvvv are reserved (must be 1111b).

VCVTPH2PS xmm1, xmm2/mem64, imm8
127 96 95 64 63 48 47 32 31 16 15 0
VH3 VH2 [ VH1 [ VHO | xmm2/mem64
’ I convert convert
convert convert — 1
127 96 95 64 63 32 31 0
Vs3 [ VS2 [ VS1 [ VS0 | xmm1

Figure 5-6. VCVTPH2PS (128-bit Version)

The VCVTPH2PSX instruction is a new form of the PH to PS conversion instruction, encoded in map 6. The previous
version of the instruction, VCVTPH2PS, that is present in AVX512F (encoded in map 2, 0F38) does not support
embedded broadcasting. The VCVTPH2PSX instruction has the embedded broadcasting option available.

The instructions associated with AVX512_FP16 always handle FP16 denormal number inputs; denormal inputs are
not treated as zero.

Operation

vCvt_h2s(SRC1[15:0])

{

RETURN Cvt_Half_Precision_To_Single_Precision(SRC1[15:0]);
}

VCVTPH2PS (EVEX Encoded Versions)
(KL, VL) = (4, 128), (8, 256), (16, 512)
FORj:=0 TOKL-1

i=j*32

k:==j*16

IF k1[j] OR *no writemask*

THEN DESTI[i+31:i] :=
vCvt_h2s(SRC[k+15:k])

ELSE

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

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

DEST[MAXVL-1:VL]:= 0
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VCVTPH2PS (VEX.256 Encoded Version)
DEST[31:0] := vCvt_h2s(SRC1[15:0]);

DEST[63:32] := vCvt_h2s(SRC1[31:16]);

DEST[95:64] := vCvt_h2s(SRC1[47:32]);

DEST[127:96] := vCvt_h2s(SRC1[63:48]);
DEST[159:128] := vCvt_h2s(SRC1[79:64]);
DEST[191:160] := vCvt_h2s(SRC1[95:80]);
DEST[223:192] := vCvt_h2s(SRC1[111:96]);
DEST[255:224] := vCvt_h2s(SRC1[127:112]);
DEST[MAXVL-1:256]:= 0

VCVTPH2PS (VEX.128 Encoded Version)
DEST[31:0] := vCvt_h2s(SRC1[15:0]);
DEST[63:32] := vCvt_h2s(SRC1[31:16]);
DEST[95:64] := vCvt_h2s(SRC1[47:32]);
DEST[127:96] := vCvt_h2s(SRC1[63:48]);
DEST[MAXVL-1:128]:=0

VCVTPHZ2PSX DEST, SRC
VL =128, 256, 0r 512
KL:=VL/32

FORj:=0 TOKL-T1:
IF k1[j] OR *no writemask*:
IF *SRC is memory* and EVEX.b = 1:
tsrc:= SRC.fp16[0]
ELSE
tsrc:= SRC.fp16[j]
DEST.fp32[j] := Convert_fp16_to_fp32(tsrc)
ELSE IF *zeroing™:
DEST.fp32[j]:=0
// else dest.fp32[j] remains unchanged

DEST[MAXVL-1:VL] =0

Flags Affected
None.

Intel C/C++ Compiler Intrinsic Equivalent

VCVTPH2PS __m512 _mm512_cvtph_ps(__m256i a);

VCVTPH2PS __m512 _mm512_mask_cvtph_ps(_m512 s, __mmask16 k, __m256i a);
VCVTPH2PS __m512 _mm512_maskz_cvtph_ps(__mmask16 k, __m256i a);

VCVTPHZ2PS _m512 _mm512_cvt_roundph_ps(__m256i a, int sae);

VCVTPH2PS __m512 _mm512_mask_cvt_roundph_ps(__m512 s, __mmask16 k, __m256i a, int sae);
VCVTPH2PS _m512 _mm512_maskz_cvt_roundph_ps(__mmask16 k, __m256i a, int sae);
VCVTPH2PS __m256 _mm256_mask_cvtph_ps(__m256 s, __mmask8 k, __m128i a);
VCVTPH2PS _m256 _mm256_maskz_cvtph_ps(__mmask8 k, __m128i a);

VCVTPH2PS _m128 _mm_mask_cvtph_ps(__m128s, __mmask8 k, __m128i a);
VCVTPH2PS __m128 _mm_maskz_cvtph_ps(__mmask8 k, __m128i a);

VCVTPHZ2PS _m128 _mm_cvtph_ps (_m128i m1);

VCVTPHZ2PS _m256 _mm256_cvtph_ps (__m128im1)

VCVTPH2PSX _m512 _mm512_cvtx_roundph_ps (__m256h g, int sae);
VCVTPH2PSX __m512 _mm512_mask_cvtx_roundph_ps (__m512 src, __mmask16 k, __m256h g, int sae);
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VCVTPHZPSX _m512 _mm512_maskz_cvtx_roundph_ps (__mmask16 k, __m256h g, int sae);
VCVTPHZPSX _m128 _mm_cvtxph_ps (__m128h a);

VCVTPHZPSX _m128 _mm_mask_cvtxph_ps (__m128 src, __mmask8 k, __m128h a);
VCVTPHZ2PSX _m128 _mm_maskz_cvtxph_ps (__mmask8 k, __m128h a);

VCVTPHZPSX __m256 _mm256_cvtxph_ps (__m128h a);

VCVTPHZPSX _m256 _mm256_mask_cvtxph_ps (__m256 src, __mmask8 k, __m128h a);
VCVTPHZ2PSX _m256 _mm256_maskz_cvtxph_ps (__mmask8 k, __m128h a);

VCVTPHZPSX __m512 _mm512_cvtxph_ps (__m256h a);

VCVTPHZPSX __m512 _mm512_mask_cvtxph_ps (__m512 src, __mmask16 k, __m256h a);
VCVTPHZPSX _m512 _mm512_maskz_cvtxph_ps (__mmask16 k, __m256h a);

SIMD Floating-Point Exceptions
VEX-encoded instructions: Invalid.

EVEX-encoded instructions: Invalid.
EVEX-encoded instructions with broadcast (VCVTPH2PSX): Invalid, Denormal.

Other Exceptions

VEX-encoded instructions, see Table 2-26, “Type 11 Class Exception Conditions” (do not report #AC).
EVEX-encoded instructions, see Table 2-60, “Type E11 Class Exception Conditions.”

EVEX-encoded instructions with broadcast (VCVTPH2PSX), see Table 2-46, “Type E2 Class Exception Conditions.”

Additionally:
#UD If VEX.W=1.
#UD If VEX.vvvv I=1111B or EVEX.vvvv != 1111B.
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VCVTPH2QQ—Convert Packed FP16 Values to Signed Quadword Integ