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Bit Operations

Boolean Logic

Bit Shifting & Rotation

Arithmetic Logic Shift
Bool XOR Bool AND || Bool NOTAND||  Bool OR o Bl > Rotate Left/
Shift Right Left/Right g el
ST wor  |EE]  and | BB androt |[E{  or ss2] orali] |[sse]sl/ri[i]]| [wee] [worlili/s
51128, ps[SSE], pd 51128, ps[SSE], pd 51128, ps[SSE], pd 51128, ps[SSE], pd epil6-64 epil6-64 (ulo-64)

mi xor sil28 (mi a,mi b)

mi and si128 (mi a,mi b)

mi androt sil128(mi a,mi b)

mi or sil28 (mi a,mi b)

la &b

Selective Bit Moving

remaining ones

Change the position of selected bits, zeroing out

Bit Scatter

Bit Gather

u6d _P@ u64d (u64 a,u6d m)

u6d _pext u64d (u64 a, ubd m)

NOTE: Shifts elements right
while shiftingin sign bits.
The i version takes an
immediate as count. The
version without i takes the
lower 64bit of an SSE
register.

NOTE: Shifts elements left/
right whileshiftingin zeros.
The i version takes an
immediate as count. The
version without i takes the
lower 64bit of an SSE
register.

mi srai epi32(mi a,ii32 i)

mi slli_epi32 (mi a,ii i)

NOTE: Rotates bits in a left/
right by anumber of bits
specified in i. The I version
is for 64-bit ints and the
version for 16-bit ints.

u64 lrotl (u64d a)

Bit Masking Setor reset a range of bits

shifted by an amount
specified by the
comresponding element in b.

. mi sra epi32(mi a,mi b) mi sl1l epi32 (mi a,mi b)
D it Extract Movemask Extract Bits
eposi Xtrac
= et = Variabl Variable Logic
BMI2 | pdep Bu12 | pext sse2 | movemask | [em ]  bextr ariable g
132-64 u32-64 epi8, pd, ps [SSE] u32-64 Arithmetic Shift Shift
NOTE: Deposit contiguous NOTE: Extract bits from a at NOTE: Createsa bitmask NOTE: Extracts 1 bits from a
low bits fromatodst at the correspondingbit from themost significant bit starting at bit s. AVX2 | sl/rav AVX2 | sl/rlv
the corresponding bit locations specified by mask of each element. 56 _Temetr uA (64 a2 502 1) epi32-64 cpiso-64
locations specified by mask to contiguous low bits in i i i Sy . i
m; aIIotherpbits in dgt are 25 t; the rgemainingupper i movemask epi (mi a) Grs & @<l NOTE: Shifts (=._'|e_me_nts_\eft/ NOTE: Shifts elements left/ Bit Scan
set to zero. bits in dst aresetto zero. right whileshifting in sign right whileshiftingin zeros. Forwa rd/Reverse
bits. Each elementin a is Each elementin a is shifted [£64]

by an amount specified by
the corresponding element
inb.

x86 _bit scan

(132)

mi slav epi32 (mi a,mi b)

mi sllv epi32 (mi a,mi b)

Zero High Bits

Reset Lowest
1-Bit

Mask Up To
Lowest 1—Bi&

Find Lowest
1-Bit

Bit Cou nting Count s pecific ranges of 0 or 1 bits

NOTE: Returns the index of
the lowes t/highest bit setin
the 32bit int a. Undefined if
aisO0.

i32 bit saan farward (i32 a)

Conversions

Packed Conversions

Convert all elements in a packed SSE register

Reinterpet Casts

Rounding

Convert Float

16bit <> 32bit

cvtX Y
ph « ps

cvrie]

Pack With
Saturation

Sign Extend

Zero Extend

SSE2| pack[u]ls

ssea.l cvtx Y

ssea.1 cvtX Y

epi8-32

epuB-32 - epiB8-32

S/D/132
Conversion

128bit Cast
[123]

SSE2| castx Y

ssm2| cvt [t]1X Y

51i128,ps/d

NOTE: Converts between 4x
16 bit floatsand 4x 32 bit
floats (or 8 for 256 bit
mode). Forthe 32 to 16-bit
conversion, a rounding mode
r must be specified.

m cvtph ps (mi a)
mi cvtps ph(m a, i r)

epil6,epi32

NOTE: Packs ints from two
input registers into one
register halving the bitwidth.
Overflows are handled using
saturation. The u version
saturates to the unsigned
integer type.

NOTE: Sign extends each
element from X to Y. Y must
be longer than X.

NOTE: Zero extends each
element from X to Y. Y must
be longer than X.

mi cvtepi8 epi32 (mi a)

mi cvtepu epi32 (mi a)

mi pack epi32(mi a,mi b)

epi32,ps/d

NOTE: Converts packed

NOTE: Reinterpret casts
from X to Y. No operation is
generated.

elements from Xto Y. If pdis
used as source or target

md castsil28 pd(mi a)

type, then 2 elements are

converted, otherwise 4.
The t version is only
available when castingto int

128/256bit

Slngl e EI ement CO nve r's |O n Convert asingle element in the lower bytes of an SSE register

and periome atruncadon Cast g

md cvtepi32 pd(mi a) AVX | castxX Y
pd128-pd256,
psl28-ps256,
51128551256

Single Conversion
to Float with Fill

Single Float to

Single 128-bit
Int Conversion

Single SSE Float
to Normal Float

Int Conversion i
=l izl [z Conversmnm
sse2 | cvtX v sse | cvt [t]X V| [sse2| cvtx v sse2 | cvtXx v

NOTE: Reinterpret casts
from Xto Y. If castis from

See also: Conversion to int
performs rounding implicitly

Round up
(ceiling)
ssm.]l ceil

ps/d,ss/d
md_ceil pd(md a)

Round down
(floor)

floor
ps/d,ss/d
md floor_pd(md a)

SSE4 1|

128 to 256 bit, then the
Old Float/lnt upper bits are undefined! No Round
C . operation is generated.
ONVErSION o | | [F26 cstpss pavsie o ssea.]  round
SSE | CVt[t]_XZY ps/d,ss/d

piops,sioss

si32-64,ss/d — ss/d

ss/d — si32-64

5132-128

ss—f32,sd-f64

NOTE: Converts asingle

element inb from Xto Y.
The remaining bits of the
resultare copied from a.

md cvtsi6d sd(md a,i64 b)

double (b[63:0]) |

NOTE: Converts asingle
element from X (int) to Y
(float). Result is normal int,
not an SSE regjster!

The t version performs a
truncation instead of

NOTE: Converts asingle
integer from X to V. Either of
the types mustbesil28.If
the new type islonger, the
integer is zero extended.

NOTE: Converts asingle SSE
float from X (SSE Float type)
to Y (normal float type).

f cvtss £32(m a)

NOTE: Converts Xto Y.
Converts between int and

256bit Cast
554

NOTE: Rounds according to a
rounding paramater r.

md round pd (md a,i 1)

float. p_ versions convert 2-
packs from b and fill result

AVXl castx Y

with upper bits of operand
a.s_ versions do the same

ps,pd,si256

foroneelementin b.
The t version truncates

NOTE: Reinterpret casts
from X to Y. No operation is

<64 <64 <64 X . o rounding mi_cvtsi32 sil28(i a) et
- i _ (al127:64] << 64) d = instead of roundingand is generated.
vz  Dbzhi a1 |  Dblsr suri | blsmsk |[emn]| Dblsi Count 1-Bits Count Leading Count Trailing PR y— ovailable only wher 2256 castpd pe 2564 )
932-64 932-64 u32-64 932-64 (Popcount) Zel"OS ZerOS converting from float toint.
its i P i <64 <64 <64 m cvt si2ss(m a,i b)
NOTE: Zeros all bits in a NOTE: Returns a but with NOTE: Returns an int that NOTE: Returns an int that ’
higher than and including the lowest 1-bit setto 0. has all bits set up to and has only the lowest 1-bit in a POPCN'11 popcnt LZCNT | _l zcnt BMI1 | _t zcnt
the bitat index i. 64 blsr_ub4 (ubd a) including the lowest 1-bit in or no bit setif a is 0. u32-64 u32-64 u32-64
ﬁfwn—‘ﬂ(u“ & w2 9) (1) & a 2 or no bit setif a is 0. u64 blsi ubd (u6d a) NOTE: Counts the number of NOTE: Counts the number of NOTE: Counts the number of
F Gp u64 _blsmsk u64(u6l a) (-a) & a 1-bits in a. leading zeros in a. trailing zeros in a.
dst | (a-1) =~ a u32 popcnt u64 (u6d a) u64 lzent u6d (u6d a) u64d tzent ubd (ubd a)
Arithmetics
Register I/O Loading data into an SSE register or storing data from an SSE register Ove rview Version 2.2 M It I t
Load Loadingdata into an SSE register Fences Misc I/O IntrOdUCtlon MU| H|gh W|th
This cheat sheet displays most x86 intrinsics supported by Intel processors. The following intrinsics were omitted: Cal’ry |eSS M uI M ul M ul LOW M ul H |g h
S t R = t I d o loading f . obsolete or discontinued instruction setslike MMX and 3DNow! 128| ROU nd & Scale
e egister nsertingdata into an register withoutloading from memory AVX-512, as it will not be available for sometime and would blow up the space needed due to the vast amount of new instructions : SSE SSE2 .
g Store Fence PrefetCh . Intrinsics not supported by Intel but only AMD like parts of the XOP instruction set (maybe they will be added in the future). CLMJLI ClmUlepl64 SSE2 mul SSE4. mullo SSE2 | mulhi SSSE3| mulhrs
. Intrinsics that are only useful for operating systems likethe _xsave intrinsic to save the CPU state 51128 epi32[SSE4.1],epu32, epil6,epi32[SSE4.1] epil6,epul6 epil6
. SSE | SSE | . The RdRand intrinsics, as itis unclear whether they provide real random numbers without enabling kieptographic loopholes ) N ps/d,ss/d 2 Y ; . i i 2 bi
Set Reversed Set Insert Replicate sfence prefetch 1@ ReRandintrinses _ . vihout enabine ©oopheies o . S NOTE: Perfom acamyiess | [NoTEep 132 andopuiz | | mrwrtes thepwabas’ | | anwrrestbe e tomte | | worde msapictors aand Bas
- - Each family of intrinsics is depicted by a box as described below. It was tried to group the intrinsicsmeaningfully. Most information is taken from theIntel Intrinsics Guide (http://software.intel.com/en-us/articles/intel-intrinsics-guide). Let me know mutiplication of two 64-bit Fieplss @ pus. o N : 5] .
ISEOT] ISEOT] [128] [SEOT] (finis@in.tum.de) if you find any wrong or unclear content integers, selected from a version multiplies only 2 ints bits into the result. into theresult. signed 15-bit fixed-point
y NOTE: Guaranteesthat every NOTE: Fetch theline of data . . Yy \4 g . i i instead of 4! - - : : : - : : : numbers between -1 and 1
SSE2 SSE2 N s e P . : . . . . . . 5 - . . and b according to imm, and mi millo epil6(mi a,mi b) mi mulhi epil6(mi a,mi b)
AVX setr AVX set SSE4 .1 insert SSE2 setl store instruction that from memory that contains When not stated otherwise, it can be assumed that each vector intrinsic performs its operation vertically on all elements which are packed into the input SSE registers. E.g., the add instruction has no description. Thus, it can be assumed that it performs store the results in dst il epid i b P L =P z (e.g. 0x4000 is treated as 0.5
epiB8-64x,ps[SSE]/d epi8-64x epil 6[SSE2] epi8-64x,ps[SSE]/d p:’etieﬁes, ierlercl;g;am order, is address pt r to alocation in a vertical add of the elements of the two inputregisters, i.e., the firstelement from register a is added to thefirst element in register b, the second is added to the second, and so on. In contrast, a horizontal add would add the firstelementofatothe (resultis a 127 bit int). o Spi32 (mi a,mi b) and 0xa000 as -0.75), and
’ ) ! ’ ! L obally visible before an i ifi i ' i
m128/m128d/ i [AVK] ps[SSE]/d, ss/d, epi8-64,ps NOTE: Broadcasts one input gtore ir;/struction\nmmhfc;/llows the cache heirarchy specified second element of a, the third to the fourth, and so on. mi clmulepi6d_silZ8 muktiply them together.

NOTE: Sets and returns an SSE

ml128/ml128d/i [AVX]

register with input values. The
order in theregister is
reversed, i.e. the firstinput
gets stored in the lowest bits.
Forepi64, use the epi6dx
suffix.

misetr epi32(ia,ib,ic,id)

NOTE: Sets and returns an
SSE register with input
values. E.g., epi8 version
takes 16 input parameters.
The first input gets stored in
the highest bits. Forepi64,
use the epi64x suffix.

mi set epi32(ia,ib,ic,id)

NOTE: Inserts an element 1
ata position p into a.

element into all slots of an
SSE register.

mi insert epil6
(mia,ii,ii

dst[127:0] := a[l27:0]
sel := p[2:0]*16
dst[sel+15:sel]:=i[15:0]

mi setl epi32(i a)

the fencein program order.

v _sfence ()

by thelocality hint i.

v prefetch(c* ptr,i

To use the intrinsics, included the <x86intrin.h> header and makesurethat you set the target architecture to one that supports the intrinsics you want to use (using the -march=X compilerflag).

i)

Load Fence

sse2| 1fence

Aligned Load

Loading data from a memory address which must be
16-bytealigned (or 32-byte for 256bit instructions)

Stream Load

Load Aligned

Load Reversed

Mask Load

NOTE: Guaranteesthat every
load instruction that
precedes, in program order,
is globally visible before any
load instruction which follows
the fencein program order.

Si128,51256[AVX]

pd, ps,sil28

pd, ps

ps/d,epi32-64 [AVX2]

NOTE: Loads 128 bit from
memory into register.
Memory ad dress must be
aligned! Memory is fetched

NOTE: Loads 128 bit from
memory into register.
Memory ad dress must be
aligned!

atonce from an USWC

md load pd(d* ptr)

NOTE: Loads 128 bit from
memory into register. The
elements areloaded in
reversed order. Memory
must be aligned!

NOTE: Loads from memory
if the highest bit for each
element is setin the mask.
Otherwise O is used. ptr
must be aligned!

device without going

v 1lfence ()
SEQ! 128
sse2 [stream load| [sse2| 1oad sse2|  loadr | FBZH maskload

Memory Fence
(Load & Store)

SSE2 | mfence

NOTE: Guaranteesthat

Cache Line
Flush

Name: Human readable
name ofthe operation

sse2| clflush

NOTE: Flushes cache line
that containsp from all
cache levels

Sequence Indicator: If this
indicator is present, it means
that the intrinsic will
generate a sequence of
assembly instructions instead
of only one. Thus, it may not

(mi a,mi b,ii imm)

mi mulhrs epil6 (mi a,mi b)

Available Bitwidth: If no bitwidth is specified, the operation is available for 128bit and 256bit SSE registers. Usethe _mm_ prefix for the 128bit and
the _mm256_ prefix for the 256bit flavors. Otherwise, the following restrictions apply:

: Only available for 256bit SSE registers (always use _mm256__ prefix)
: Only available for 128bit SSE registers (always use _mm_ prefix)
: Operation does not operate on SSE registers but usual 64bit registers (always use _mm_ prefix)

Float Compare

Register

AVX | undefined

ps/d,sil28-256

NOTE: Returns an SSE
register with und efined
contents.

necessary for this operation.
If more than one instruction
set isgiven here, then
different flavors of this
operation require different
instruction sets.

mi undefined sil28()

Notes: Explains the semantics
of the intrinsic, the various

v clflush (v* pir) be as efficient asanticipated. \ 5=l 15 /
. Instruction Set: Specifies the SsE2| cmp[n]Z
Get Undefl nEd instruction set which is ps/d,ss/d,

s1128[SSE4.1]

Name(s) of the intrinsic: The names of the various flavors of the intrinsic. To assemble the final name to be used for an intrinsic, one must add a
prefix and a suffix. The suffix determines the data type (see next field). Concerning the prefix, all intrinsics, except the oneswhich are prefixed with
a green underscore _, need to be prefixed with _mm_ for 128bit versions or_mm256__ for 256bit versions. Blue letters in brackets like [n]
indicate that adding this letter leads to another flavor of the function. Blue letters separated with aslash like 1/r indicatethat either letter can be
used and leads to a different flavor. The different flavors are explained in the notes section. A red letter like Z indicates that various different
strings can beinserted here which arestated in the notes section.

NOTE: Z can be oneof:
ge/le/lt/gt/eq
Returns a singleint thatis
either 1 or 0. The nversionis
a not version, e.g., neq
computes not equal.

md_cmpeq pd (md_a,md b)

List of available data type suffixes: Consult the suffix table for further information about the various possible suffixes. The suffix chosen
determinesthe datatype on which the intrinsic operates. It must be added as a suffix to the intrinsic name separated by an underscore, so a
possible name for the data type pdin this example would be mm cmpeq pd. A suffix is followed by an instruction set in brackets, then this
instruction set is required for the suffix. All suffixes without an explicit instruction set are available in the instruction set specified at the left.

If no type suffixes are shown, then the method istypeindependent and must be used without a suffix. If the suffixes arein parenthesis, the suffixes
must not be appended and are encoded into the name of the intrinsic in another way (see notes for further information).

Signature and Pseudocode: Shows one possible signature of the intrinsic in order to depict the parameter types and the return type. Note that only
one flavor and data type suffix isshown; the signature has to be adjusted for other suffixes and falvors. The data types are displayed in shortened

NOTE: Stores 128-bits (or 32-
64) for si32-64 integer a
into memory using a non-

from theregister to memory
in reverse order. Memory
must be aligned!

temporal hintto minimize
cache pollution. Memory

v _storer pd(d* ptr,md a)

location must be aligned!
v stream si32(i* p,i a)

v _stream sil28(mi* p,mi a

NOTE: Stores 128-bits into
memory. Memory location
must be aligned!

v _store pd(d* ptr,md a)

bits of memory replicating it
two (pd) or four (ps) times.
Memory location must be
aligned!

v _storel pd(d* ptr,md a)

into memory at p if the
comresponding byte in the
mask m has its highest bit
set. Memory must be
aligned!

NOTE: Extracts one element
and retums it as anormalint
(no SSEregister!)

i extract epil6(mi a,ii i)
(@>>(1[2:0]*16)) [15:0]

v maskstore ps (£* p,mi m,m a)

Unaligned Store

Storing datato a memory address which does
not haveto be aligned to a specific boundary

256bit Extract
58|

—fv%—l extractf128

si256,ps/d

Unaligned
Store

Store High

Single Element
Store

Masked Store

128bit Pseudo
= ocatter e

NOTE: Extracts 128bit and
retums it as a 128bit SSE
register. For AVX2, thereis

NOTE: Stores 128 bits (or

into memory.

less for the sil6-64 versions)

v _storeh pd(v* ptr,m a)

into memory.

v_storeu pd (v* ptr,m a)

into memory. The 1 version
must be used for epi64 and
can be used for pd.

memory if the corresponding
bytein mask has its highest
bit set.

v store sd(d* ptr,md a)

v maskmoveu_sil28

(mi a,mi mask,c* ptr)

[128l 123l only si256and the
E 128 E 128 operation i_s named
J-$—|SSE2 storeu SSE2 | storeh —$§—|SSE2 store[1] SSE2 | mas kmoveu AVX | storeu? extractil2s.
si16-128,pd, ps[SSE], pd ss[SSE], sd,epi6d 51128 ml128,m128d, ml281 ml28 extractfl28 ps
51256 [AVX] NOTE: Stores the high 64bits NOTE: Stores the low element| | NOTE: Stores bytes into NOTE: Stores two 128bit :g‘zif a('ilt ﬁg)) [128:0]

elements into two memory
locations.

v storeu2 ml28

(£* p, £* q,m a)

*p = dst[127:0];
*q = dst[255:128];

NOTE: Moves the lowest
element from firstinputand
fills remaining elements
from second in put

m move ss(m a,m b)

a[31:0] | b[127:32]

NOTE: The 1hversion
moves lower half of b into
upper half of result. Rest is
filled from a. The h1l version
moves up per half to lower
half.

Interleave
(Unpack)

SSE2 |unpackhi/lo

m movehl ps(m a,m b)

Blend

SSEL 1] o [v]

epi8-16,
epi32[AVX2],ps/d

epi8-64,ps[SSE], pd

NOTE: Interleaves elements
from the high/low half of
two inputregisters into a
target register.

mi urpackhi epi32 (mi a,mib)
dst[31:0]
dst[63:32]

dst[95:64]
dst[127:96]:=

127:96]

NOTE: blendv uses 128bit
mask, blend uses
immediate

mi blerd_epil6
(mi a,mi b,ii imm)
j :=0to7

dst[i+15:1] := b[i+15:1]
ELSE

dst[i+15:1] := a[i+15:1]

NOTE: Inserts 128bit at a
position specified by i. For
AVX2, thereisonly si256
and the operation is named
insertil2s.

dst[sel+15:sel]:=b[127:0]

Dual Register
Float Shuffle

FSSE ] shuffle

ps[SSE], pd

NOTE: Shuffles floats from
two registers. The lower part
of the result receives values
from thefirstregister. The
upper partreceives values
from thesecond register.
Shuffle maskis an
immediate!

md shuffle pd
(md a,md b,ii i)
dst[63:0]:= (i[0] = 0) ?

al63:0] : a[l27:64]
dst[127:64] = (i[1] == 0) 2
b[63:0] : b[127:64]

mi alignr epi8 (mia,mib,ic)
((a <<128) | b) >> c*8

128-bit Dual

A oo mute2£128

Register Shufﬂz_%_gsj

ps/d,si256

NOTE: Takes 2 registers and
shuffles 128 bit chunks to a
target register. Each chunk
can also be cleared by a bit
in the mask. For AVX2, there
isonlythe si256 version
which is renamed to
pemute2x128.

md permute2f128 pd
(d a,md b,ii 1)

S(sl, s2, control

CASE (control [1:0
1

IF control[3]
tmp[127:0] :=0
RETURN tmp([127:0]

}

dst[127:0] :=S(a,b,1[3:0]
dst[255:128] :=S(a,b,1[7:4
dst[MAX:256] :=0

mi shuffle epi32(mi a,iii)

S(s, mask) {

: 1oad: (£* ptr) mi maskload epi64 every memory access that flavors, and other important i i
through the cache hierachy. ICI;St[31:rO] - (plt)r])f[127:96] (164% ptr,nd mask) precedes, in program order, information form. Consult the data types table for more information.
mi stream load sil28 dst[63:32] :=* (ptr) [95:64]] |dstlMAx:128] := 0 the memory fence - In addition to the signature, the pseudocode for some intrinsics is shown here. Note that the special variable dst depicts the destination register of
strean_load [ 1:=* (ptr) [ ] ‘ t mory -
(mi* ptr) dst[95:64]:=* (ptr) [63:32])] [FOR j := 0 to 1 instruction is globally visible the method which will be returned by the intrinsic.
dst[127:96] :=* (ptr) [31:0] i = j*64 beforeany memory
IF mask[i+63] instruction which follows the
dst[i+63:1]:= *(ptr+i) fence in program order. o R
pngIiHeardle= ¥ (prrid et Instruction Sets Data Type Suffixes Data Types
dst[i ti]:= P N N = N © B N X " P
[i163:1):= 0 Each intrinsic is only available on machines which support the Most intrinsics are available for various suffixes which depict different| | The following datatypes are used in the signatures of the intrinsics.
corresponding instruction set. This list depicts the instruction sets data types. The table depicts the suffixes used and the correspondin Note that most types depend on the used type suffix and only one
p g p yp P p g Yp! p yp y
and the first Intel and AMD CPUs that supported them. SSE register types (see Data Types for descriptions). example suffix is shown in the signature.
. Loading data from a memory address which does
U Nna I|gned Loa d not ha\%eto be aligned to a Sypeciﬁc boun dary 1.Set Intel (Year) AMD (Year) | Description Suffix | Type Description Suffix Description
x86 all all x86 Base Instructions ph mi Packed half float (16 bit float) i Signed 32 bitinteger (int)
SSE | Pentium Il 99 |[K7 Palomino 01] s/d | m/md | Packed single float/ packed double float ix | Signed X bitinteger (intX t
ol
. . Gather Mask Gather SSE2 | Pentium 4 01 K8 03 epiX | mi | Packed X bit signed integer ux | Unsigned X bitinteger (uintx t)
Unal 18N ed H |gh/LOW 178| [SE01] Load [izg| Load SSE3 | Prescott 04 K9 05 Streaming SIMD epuX | mi [ Packed X bit unsigned integer ;3 | 'mmediatesigned 32 bit integer: The value used for
SSE3 | lddqu SSE2 | loadh/1 SSE2 | loadl AVX | broadcast AVX2 | i64gather| | Avx2 |mask SSSE3| Woodcrest 06| Bulldozer 11 | Extensions Single X bLt signedfinteger. Iff thzerg |§ asil28 ’ parameters of this type must be a compile time constant
. . ion, t G 56 bits | —
Si128 od, i od, ps 5s/d,ps/d cpi32-64,ps/d epi32-64,ps/d SSE4.1] Penryn 07 Bulldozer 11 siX mi ZEFFSI;OQ'L wiihsiggsunc lon tor Its Is usually £ 32 b!tfloat(float)
NOTE: Loads 128bit integer NOTE: ands avalqefrom NOTE: Loads afloat from NOTE: Broadcasts one input NOTE: Gatherelements from NOTE: Same asgather but SSESR2 Nehal(=tm 08 | Bulldozer 11 sux mi Single X bit unsigned integer in SSE register d 64-bit float (double)
datainto SSE register. Is memory into the high/low memory into all slots of the (ss/d) element or 128bits memory using 32-bit/64-bit takes an additional ma sk and AVX |Sandy Bridge 11| Bulldozer 11 | Advanced Vector - - - - = - . Integer SSE register,i.e., m128ior m256i,
faster than Loadu if value half of aregister and fills the 128-bit register. (ps/d) from memoty into all indices. The elements are srcregister. Each elementis Avx2 | Haswell 13 | Excavator 157 | Extensions uX - Single X bit unsigned integer (not in SSE register) ML | depending on the bitwidth used. -
crosses cache line boundary. other half from a. For pd, thereis also the slots of an SSE register. Al loaded from addresses only gathered if the highest - Single single float/double float, remaining bits - - -
Should be prefered over md loadl (md a,d* ptr) operation 1oaddup in SSE3 suffixes but ss areonly starting at pt r and offset by cormresponding bitin the mask Haswell 13 Bulldozer 11 | Fused Multiply and Add copied. Operations involvin tflleset es often n 32-bit Float SSE register,i.e,, m128 or _ m256,
loadu. dst[63:0] :=* (pt;:) [63:0| | which may perform faster available in 256 bit mode! each 32-bit/64-bit element in is set. Otherwiseit is copied AES | Westmere 10| Bulldozer 11 | Advanced Encryption Standard ha\‘:ed{ffe;)rent signatures: A%l extra irYSUt register depending on the bitwidth used.
i Iddaqu si128 (mit pro)| |dstl127:64] := a[127:64] than load1. o broadcast ss(t* o) aiﬁ??n”;d)eé:t;?rleedd by the from src. CLMUL | Westmere 10 | Bulldozer 11 | Carryless Multiplication ss/d | m/md]| is used and all bits which are not used by the mnd 64-bit Float (double) SSE register, i.e., m128dor
md loadl pd(d* ptr) elements aremerged into dst. T;\in?é_ifﬁ_?sz CVT16| IvyBridge 12 | Bulldozer 11 | 16-bit Floats single element are copied from this register. The __m256d, depending on the bitwidth used.
i 128bit Pseudo ﬁusr:%‘élrdolzeg:{hzéégrelgé;}e‘iE mi mask,i32 s) Haswell 13 - Transactional Sync. Extensions signatures are not depicted here; see manual for v | void
Load Load Single Broadcast Is Imited by the minmum of | |F 3 170 t0 17 porcNT] Nehalem 08 K1007 exact signatures. x*_| Pointer to X (x*)
U I d izg] Gath er the type to load and the type m i=3%64 LZCNT | Haswell 13 K10 07 Bit Manipulation nl2s, m, AVX sometimes uses this suffix for 128bit float/
na |gne SEQ! 256| | used for the offset. ; " X ml28d, . y :
SSE2 | load Load vl Toadu? r— Igs]tT:LaSk:EJJSl] BMI1 |Sandy Bridge 11| Bulldozer 11 | Instructions mi2gi |md,mi| double/intoperations.
SSE2 mi i64ga _ep' [i+31:i] =
| loadu 55, 5d,epi6d — | loaddup TR T——— (i* ptromi aji ) * (otrtali+63:1] %) BMI2 Haswell 13 | Excavator 15?
pd,ps,sil6-sil28 NOTE: Loads asingle 4 NOTE: Loz s two 128bit EQR.j jng to 1; mask[1+31] := 0
NOTE: Loads 128 bit orless element from memory and | ts from tw . imqait
(forsi16-64 versions) from zeros remaining bytes. For NOTE: Loads a 64-bit float Ieo;:ieonnss. rom twomemory gs;;[i}a??i] . dsu;gh}r]}l;]
el Frevdvoii the 12501 rgster o | [ Toadia p2B@ p e E0)| | iper + almiesom s [neskpacen = o
= - dst[127:0] = *p2; dst[MAX:64] := 0 [MAX:64] :=
md loadu pd(d* ptr) md load sd(d* ptr) md loaddup pd(d* ptr) dst[255:128] = *pl;
Storing datafrom an SSE register into memory or registers . . Change the order of bytes in a register, duplicating or zeroing
Sto re Byte M an I pu Iat IOn bytes selectively or mixing the bytes of two registers
. Storing datato a memory address which mustbe 16- . . . .
Al |gn ed Sto re bytealigned (or 32-byte for 256bit instructions) Extra Ctlo n M IX Reglsters Mix the contents of two registers Byte S h u'ﬁ:ll ng Change the byte order using acontrol mask
Aligned Aligned Reverse Aliened Store Broadcast Masked Store Extract Move Element Move . Concatenate and 32-bit Int High / Low
Stream Store Store g Store . . . 256bit Insert . . > Byte Shuffle
[SEoT] [izg] [SEoT] 73| iz with Fill | High<>Low z=g | Byteshift (Align) Shuffle 16bit Shuffle
ssep| sStream |fgggp] Storer |fsspp] Store sspp| storel |Gy maskstore ssea.1] extract FSE] move sse move lh/hl| ] insertf128| [ss=3| alignr sse2| shuffle | [ sse2[shuffleni/io| [ssss] shuffle
5132_1?§52d§;[ssm' pd, ps [SSE] 31128,’2}3;6";5‘,[;“]’ pd, ps[SSE] ps/d, epi32-64[AVX2] epll.gfszZ]’ Ss[SSE], sd bs 51256, ps/d opi8 epi32 epilb opi8
2= L 1 NOTE: Stores the elements S1 L 1 NOTE: Stores a float to 128- NOTE: Stores bytes from a SpL LPS

NOTE: Shuffles the high/low
half of the register using an
immediate control mask.
Rest of the register is copied
from input.

Float Shuffle

mi shufflehi epilé
(mi a,ii i)
dst[63:0] := a[63:0]
dst[79:64] :=

(@ >> (1[1:0]*16)) [79:64]
dst[95:80] :=

(@ >> (1[3:2]*16))
dst[111:96] :=

(a >> (1[5:4]*16)) [79:64]
dst[127:112] :=

(@ >> 1[7:6]1*16)) [79:64]

[79:64]

AVX | permute [var]

ps/d

NOTE: 128-bit version is the
same as intshufflefor floats.
256-bit version performs the
same operation on two 128-
bit lanes. The normal version
uses an immediate and the
varversion aregister b (the
lowest bits in each element
inb areused for the mask of
thatelementin a).

4x64bit
Shuffle =

AVX2 | permutedx64

epi6d, pd

NOTE: Same asfloat shuffle
but no [var] version is
available. In addition, the
shuffle is performed over the
full 256 bit instead of two
lanes of 128 bit.

NOTE: Shuffle packed 8-bit
integers in a according to
shuffle controlmaskin the
comresponding 8-bit element
of b, and store theresults in
dst.

mi shuffle epi8 (mi a,mi b)

FOR j := 0 to 15
i:=3*8

IF b[it+7] =
dst[i+7:1]

ELSE
k := b[i+3:1]*8
dst[i+7:1]:= a[k+7:k]

8x32bit

Shuffle =

AVX2 |pernmteva18x32
epi32,ps

NOTE: Same as 4x64 bit

shuffle but with 8x32bit and

only a[var] version takinga

register instead of an

immediate is available.

m permutevar ps(m a,mi b)

md permutedx64 pd(mda,iii)

m pemmutevar8x32 ps (m a,mi b)

Specials

Special Algorit

hms

AES KeyGen

AES Inverse Mix

AES Encrypt

AES Decrypt

CyclicRedundancy

Assist Columns = iz | Check (CRC32)
AES |aeskeygenassist AES | aesimc AES |aesenc[last] AES |aesdec[last} SSE4.2| crc32
51128 51128 51128 51128 u8-u64

NOTE: Assist in expanding the

AES cip her key by computing
steps towardsgenerating a
round key for encryptioncipher
using data from a and an 8-bit
round constant specified in i.

mi aeskeygenassist sil28
(mi a,ii i)

NOTE: Performsthe inverse
mix columns transformation
on the input.

mi aesimc sil28(mi a)

NOTE: Performone round of
anAES encryptionflow on the
statein a using the round
key.The last version
performs the last round.

NOTE: Performone round of
anAES decryption flow on the
statein a using the round
key.The last version
performs the last round.

NOTE: Starting with the initial
valuein crc, accumulates a
CRC32 value for unsigned X-
bitintegerv, and storesthe
resultin dst.

mi aesenc sil28 (mi a,mi key)

u cre32 u32(u crc,u v)

mi aesdec sil2B (mi a,mi key)

Transactional
Memory

Commit
Transaction

- xend

NOTE: Specify the end of an
RTM coderegion. If this
correspondsto the outermost
scope, the logical processor
will attempt to commit the
logical processor state
atomically. If the commit fails,
thelogical processor will
perform an RTM abort.

pause

Miscellaneous v wema()
Monitor . . Get MXCSR Abort Begin
Pause Monitor Wait . . 8 .
Memory Register Transaction Transaction
sse2 | sse3 | monitor |[sse3| mwait sse | getcsr xabort xbegin

NOTE: Provide a hint to the
processor that the code
sequence is a spin-wait loop.
Thiscan helpimprovethe
performance and power
consum ption of spin-wait
loops.

v _pause ()

NOTE: Arm address
monitoring hardware using
the address specified in p. A
store to an address within the
specifiedaddressrange
triggersthe monitoring
hardware. Specify optional
extensions in e, and optional
hints in h.

v monitor (v* ptr,u e,u h)

NOTE: Hint to the processor
that it can enter an
implementation-dependent-
optimized state while waiting
for an event or store
operationto the address
range specified by MONITOR.

NOTE: Get the content of the
MXCSR register.

u getesr()

Set MXCSR

v mwait (u ext,u hints)

Register

SSE | setcsr

NOTE: ForceanRTM abort. The|
EAX register is updated to
reflect anXABORT instruction
caused the abort, and the imm
parameter will be provided in
bits [31:24] of EAX. Following
anRTM abort, the logical
processor resumes execution
atthefallback address
computed through the
outermost XBEGIN instruction.

v xabort(ii imm)

NOTE: Set the MXCSR register
with a 32bitint.

v _setcsr(u a)

NOTE: Specify the start of an
RTM code region. If the logical
processor wasnot already in
transactional execution, then it
transitions into transactional
execution. On anRTM abort,
thelogical processor discards
all architectural register and
memory updates performed
during the RTM execution,
restoresarchitectural state,
and starts execution beginning
atthefallback address
computed from the outermost
XBEGIN instruction.

u_xbegin()

Byte Zeroing

Broadcast

Replicating one element in aregister
to fillthe entireregister

Byte Movement

Zero Register

Zero All
Registers =g

64-bit
Broadcast

Broadcast

Byteshift
left/right

SSE2

setzero

AVXl

zeroall

SSE3 | movedup

AVX2 |broadcastX

sse2 [ [b]sl/rli

ps[SSE]/d,sil28

pd

epiB8-64,ps/d,si256

51128, epil28[256]

NOTE: Returns a register
with all bits zeroed.

NOTE: Zeros all SSE/AVX
registers.

NOTE: Duplicates thelower
half of a.

mi setzero sil28()

v zeroall ()

Zero High
[1zg|

SSE2 |

move

Zero High All
Registers =g

epi64

AVX | zeroupper

NOTE: Moves lower half of
input into resultand zero
remaining bytes.

mi move_epi64 (mi a)

NOTE: Zeros all bits in
[MAX:256] of all SSE/AVX

registers.

md movedup_pd (md a)
af0:63]|(a[63:0]<<64)

32-bit Broadcast

NOTE: Broadcasts the
lowest element into all slots
of the result register. The
si256 version broadcasts one
128bit element! The letter X
must be the following:

epi8: b, epil6: w, epi32: d,
epibd:q, ps: s, pd: d,

5i256: 51128

High/Low

mi broadcastb epi8 (mi a)

SSE3 |movel /hdup

ps

duplicates bits [63,32].

NOTE: Duplicates 32bits into
the lower 64bits of the
result. 1 version duplicates
bits [31:0], h version

a[63:0]

v_zeroupper ()

m moveldup ps(m a)

NOTE: Shift input register
left/right by i bytes while
shifting in zeros. There is no
difference between the b
and the non-b version.

mi bsrli sil28(mi a,ii i)

Byte Swap
<64
%86 | bswap [ 64]
(1i32,164)

NOTE: Swaps the bytesin
the 32-bit int or 64-bit int.

i64 bswap64(i64 a)

Addition / Subtraction

Horizontal Add Horizontal Add Add with Alternating Add
with Saturation Add Saturation and Subtract
ss3|  hadds ss3|  hadd —SE 544 FSSE ] adds ssea| addsub
epil6 epil6-32,ps/d epi8-64,ps[SSE]/d, epi8-16,epus-16 ps/d
NOTE: Adds adjacent pairs of NOTE: Adds adjacent pairs of ss[SSE]/d mi adds epil6 (mi a,mi b) m addsub ps (m a,m b)
elements with saturation elements mi add epil6 (mi a,mi b) FOR § := 0 to 3
mi hadds epil6(mi a,mi b)| | mi hadd epil6(mi a,mi b) i:=3*32
IF (j is even)
R N dst[i+31:i] :=
Horizontal Subtract Horizontal oLl - bl
h 1 1 dst[i+31: =
with Saturation Subtract Subtract Subtract with RTIETIERTRN ISR
SSSE3 SSSE3 i
| hsubs | __hsub <=5 Saturation
epil6 epil6-32,ps/d [ SSE2 sub e
NOTE: Subtracts adjacent pairs NOTE: Subtracts adjacent epiB8-64,ps[SSE]/d, subs
of elementswith saturation | pairs of elements ss[SSE]/d epig8-16,epu8-16
mi hsubs epil6 (mi a,mi b) mi hsub epil6 (mi a,mi b) mi sub epil6 (mi a,mi b) mi subs epil6 (mi a,mi b)

Div/Sqrt/Reciprocal

Sign

Min/Max/Avg

: Approx. Approx. Modification
Div p.p . PP Square Root
Reciprocal Reciprocal Sqrt
ssE2 | div ssE | rcp sse | rsqrt | (S  sqrt Absolute
ps/d,ss/d ps,ss ps,ss ps/d,ss/d
m div ps (m a,m b) m rcp ps (m a) NOTE: Approximates 1.0/sqrt(x) m sqrt ps (m a) SSSE3| abs
m rsgrt ps (m a) epi8-32

mi abs epil6 (mi a)

Conditional

mi minpos epul6 (mi a)

: Negate or Zero
Horizontal . s ,
) Min Max Average ssse3|  sign
M n 128| epi8-32
. SSE2 . SSE2 . i
SSE4 1| SSE2 | NOTE: Foreach element in a
Mminpos SSE4 min |SSE4 max avg and b, set resultelement to
epul 6 SSE:ps SSE2:epu8, SSE:ps SSE2:epus8, epu8-16 aifbis positive, set result
NOTE: Computes horizontal epil6, pd epil6,pd mi avg epul6 (mi a,mi b) element to-aifbis
min of one input vectorof SSE4.1: SSE4.1: negative or set result
ot s The min s storedinl | cpio-z,cpue-32 | | opin-32,opus-a2
is stored in the following 3 bits | [mi min epul6 (mi a,mi b)| [mi max epul6 (mi a,mi b) mi sign epil6(mi a,mi b)

CO m pos ite Arit hmetics Perform more than one operation at once

Dot Product

Composite Int

Arithmetics

Conditional

Multiply and

Multiply and

Sum of Absolute]

Sum of Absolute

Dot Product Horizontal Add| | Horizontal Add Differences Differences 2
sse4. 1] dp ssse3| maddubs | [ssEs| madd ssE2 | sad ssea.]  sadbw
ps/d epil6 epil6 epu8 epu8

NOTE: Computes the dot
product of two vectors. A
mask is used to state which
components are to be
multiplied and stored.

m dp_ps(m a,m b,ii imm)
FOR j := 0 to 3
IF imm[4+]
tmp [1+31:1] :=
a[i+31l:i] * b[i+31:1]
ELSE
tmp[i+31:i] := 0
sum[31:0] :=

NOTE: Multiplies vertical 8 bit
ints producinga 16 bit intand
adds horizontal pairs with
saturation prod ucing 8x16 bit
ints. The firstinput is treated
as unsigned and the second as
signed. Results and
intermediaries are signed.

NOTE: Multiply 16-bit ints
producing a 32-bit intand
add horizontal pairs with
saturation prod ucing
4x32-bit ints

NOTE: Compute theabsolute
differences of packed
unsigned 8-bit integers ina
and b, then horizontally sum
each consecutive 8

differences to produce two
unsigned 16-bit integers, and
pack these unsigned 16-bit
integers in the low 16 bits of
64-bit elements in dst.

NOTE: Compute the sum of
absolute differences (SADs) of
quadruplets of unsigned 8-bit
integers in a comparedtothose
inb, and store the 16-bitresuts.
Eight SADs are performed using
one quadruplet from b and eight
quadruplets froma. One
quadruplet is selected from b
starting at onthe offset specified
inimm. Eight quadrupletsare
formed fromsequential 8-bit
integers selected from a starting
at the offset specifiedin imm.

tmp[127:96] + tmp[95:64] H : mi sadbw_epu8
+ tmp[63:32]+ tmp[31:0] - - - - (mi a,mi b,ii imm)
FOR j := 0 to 3 LS Spil6(mi a,mi b) a offset := imm[2]*32
IF imm[§] mi madd epil6 (mi a,mi b) b offset imm[1:0]%32
dst[i+31:1] :=sum[31:0] FORJj :=0to7
ELSE i :=3*8
dst[i+31:i] := 0 k = a offeet+i
- - - 1 :=b offset
mi sad epuB(mi a,mi b) dst[i+15:1] :=
MBS(a[kt+7:k]o[1+7:1]) +
MBS (a[kt+15:k+8]b[1+15:1+8]) +
BS(a[kt+23:k+16]-0[1+23:1+16]) 4
IBS (a[kt+31 :k+24] b [1+31 : 1424])
Fused Multiply and Add
FM-Add FM-Sub FM-AddSub FM-SubAdd
R [ nimadd | [N £ [n)msub | [N fmaddsub | BN fmsubadd
ps/d,ss/d ps/d,ss/d ps/d,ss/d ps/d,ss/d
NOTE: Computes (a*b) +c NOTE: Computes (a*b) -c NOTE: Computes (a*b) +c NOTE: Computes (a*b) -c
foreach element. The n foreach element. The n forelements with even index forelements with even index
version computes - (a*b) +c. version computes - (a*b) —c. ar)d (a*b) —c forelements and (a*k?) +c forelements
m fwadd ps (m a,m b,m ) ' fmsub ps (@ a,m b,m c) with odd index. with odd index.
m fmaddsub ps(m a,m b,m c) m fmswadd ps(m a,m b,m c)
Comparisons

Float Compare

Int Compare

The nversion is a not
version, e.g., neq computes
not equal. Elements that
compare true receive 1s in
allbits, otherwise Os.

md_cmpeq pd (md a,md b)

to 1if both elements are not
NaN, otherwise 0.
cmpunord sets bits if at
leastoneis NaN.

md _cmpord pd (md a,md b)

imm. Possible values are 0-31
(check documentation).
Elements that compare true
receive 1sin all bits,
otherwise Os.

Returns a singleint thatis
either 1 or 0. The uversion
does notsignal an exception
for QNaNs and is not
available for 256 bits!

md anp pd(md a,md b,ii imm)

i comieq sd (mi a,mi b)

Float Compare Not Compare
Compare . Int Compare
Compare = NaN = Single Float
sse2| cmp[n]Z || sse2|cmp[unjord| | avx | cmp sse2| [u]comiZz sse2|  cmpZ
ps/d,ss/d ps/d,ss/d ps/d,ss/d ss/d epi8-32,epi64[SSE4.1]
NOTE: Z can be oneof: NOTE: For each element pair NOTE: Compares packed or NOTE: Z can be oneof: NOTE: Z can be oneof:
ge/le/lt/gt/eq cmpord sets theresult bits single elements based on eqg/ge/gt/le/1t/neq 1t/gt/eq.Elements that

equal receive 1s in all bits,
otherwise Os.

mi ampeq epi8 (mi a,mi b)

Bit Compare

Perform a bitwise o peration and check whether all bits
are Os afterwards

String Compare

Test And Not/

Test Mix Ones

Test All Ones

And Zeros <o iz
'ESAEH testc/z iiz‘%("ll test ncz SSE4.1f test_all ones

si128[SSE4.1],
$i256,ps/d

si128[SSE4.1],
s1256,ps/d

NOTE: Compute thebitwise
AND of 128 bits in aand b, and
set ZF'to 1 if the resultis zero,
otherwiseset ZF'to 0.
Compute thebitwise AND NOT
of a and b, and set CFto 1 if
the resultis zero, otherwise
set CFto 0. The c version
retums CFand the z version
ZF. For 128 bit, thereis also
test all zercs which does
the same as testz_si128.

i testc sil28 (mi a,mi Db)
ZF = (

NOTE: Compute thebitwise
AND of 128 bitsin aand b,
and set zFto 1 if the resultis
zero, otherwise set ZF to 0.
Compute thebitwise AND
NOT of aand b, and set CF'to
1if the resultis zero,
otherwiseset CF to 0. Return
ICF && !ZF. For 128 bit,
thereis also the operation
test mix ores zeroswhich
does the same.

i test mix ones zeros
(i a,mi b)~

ZF := ((a@ & b) = 0)
CF := ((@ & 'b) = 0)
RETURN !CF && !ZF;

NOTE: Returns true iff all bits
in aare set. Needs two
instructions and may be
slower than native
implementations.

i test_all_ones (mi a)
(~a) = 0

String Compare Description

cmpistrX(mi a, mi b,
cmpestrX(mi a, i la,

ii i)
mi b,

ilb, ii i)

Eachoperation hasan i and an e version. The i version compares
all elements, the e version compares up to specific lengths 1a and
1b. Theimmediate value i for all these comparisons consists of
bit flags. Exactly one flag per group must be present:

Data typespecifier

SIDD UBYTE OPS

unsigned 8-bit chars

SIDD UWORD OPS

unsigned 16-bit chars

SIDD SBYTE OPS
SIDD SWORD OPS

signed 8-bit chars
signed 16-bit chars

Compare mode specifier

_SIDD_CMP_EQUAL ANY

Foreach characterc in a, determine
iff anvcharacterinbis equaltoc

_SIDD_CMP_RANGES

For each character c ina, determine
whetherbO<=c<=blorb2<=c<=h3

SIDD AP FUAL GRDERED| Check for string equality ofa and b

_SIDD_QMP FQUAL FACH

Polarity specifier

Search substring bina. Each byte where
bbesine in 2.

SIDD FOSTTIVE, POLARITY

Match is indicated by a 1-bit.

SIDD NEGATIVE FOLARITY

_SIDD_MASKED_NEGAT
IVE_POLARITY

la

Negation of resultin g bitmask.
Negation of resultin g bitmask

except for bits that have an index

String Compare

String Compare

String

String Compare

String

Mask Index Compare with Nullcheck Nullcheck
SSE4-2|cmpi/estrm ssm.zlcmpi/estri SSE4.2|cmpi/estrc SSEA.ZIcmpi/estra ssm.zlcmpi/estrs/z
ps/d,ss/d ps/d,ss/d ps/d,ss/d ps/d,ss/d ps/d,ss/d

NOTE: Compares strings a and
b and retums the comparsion
mask. If _SIDD BIT MASKis
used, the resulting mask isa
bit mask. If SIDD UNIT MASKis
used, the resultis a byte mask
which has onesin all bits of
the bytes thatdo not match.
mi cmpistom (mi a,mi b, ii i)
mi ampestrm

(mi a,ila,mib,ilb,ii i)

NOTE: Compares strings in a
andb and retums theindex
of the first byte that
matches. Otherwise Maxsize
is returned (either 8 or 16
depending on data type).

i cmpistri (mi a,mib,ii i)
i ampestri
(mia,ila,mib,ilb,iii)

NOTE: Compares strings in a
and b and retums true iff the
resulting mask is not zero,
i.e., if there was a match.

NOTE: Compares strings in a
and b and retums true iff the
resulting mask is zero and
thereis no nullcharacter in b.

NOTE: Compares two strings
aandband returnsif a (s
version) or b (z version)
contains a null character.

i anpistrce(mi a,mi b,ii i)
i cmpestrc

(mi a,ila,mib,ilb,iii)

i ampistra(mi a,mi b,ii i)
i cmpestra

(mia,ila,mib,ilb,iii)

i anpistrs (mi a,mi b,ii i)
i cmpestrs

(mi a,ila,mib,ilb,iii)
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