"re3e &1 **+<. F. 060T&LYO' ~ AUG 2002 -1 EXECUTI NG PARTI AL- W DTH PACKED DATA
| NSTRUCTI ONS FI ELD OF THE | NVENTI ON The invention relates generally Zq¥mq%2
_field of conputer systems. More ~ particularly, the invention relatg 0 a
nmet hod and apparatus for efficiently executing partial-w dth packed data
i nstructions, such as scal ar packed data instructions, by a processor that
makes use of SIMD technol ogy, for exanple. BACKGROUND OF THE | NVENTI ON 10
Mul ti medi a applications such as 2D/ 3D graphi cs, image processing, video
conpr essi on/ deconpr essi on, voice recognition algorithnms and audi o
mani pul ation, often require the sanme operation to be perforned on a | arge
nunber of data itens (referred to as "data parallelisn). Each type of
mul ti medi a application typically inplenents one or nore algorithns 1~
requiring a nunber of floating point or integer operations, such as ADD or
MULTI PLY (her eaft er BMAQUTIRG IpxBRiAl WD TR EAS KERSPATAtINSRBUGRREENS execut i on
causes a processor to performthe sanme operation on multiple data itens in
parallel, Single Instruction Multiple Data (SIMD) technol ogy, such as that

enpl oyed gm&mﬁﬁor architecture and the MWKT ~' 20
instructi < L significant inprovenent in nultinedia
application performance (Pentium and, MKT;' reqgi st ered trade S or
CFhdemar ke of TR oF VeI FlArsr B ren i oe el CERpRAEH s ARETHE %

S| MD ta““ﬁ\?%%%ﬁaeﬂéﬁ dﬁ%‘;ﬁ?kﬁhb R eh E%gﬁ?ﬁﬁ%gﬂ%}a{ﬂw%%ff&g&‘& dat a

formats. ormat 1S one 1 n S In areglster are

| ogi cal Ye,@éc\lxiti?llggﬂrﬁBPwﬁdﬂ{JﬁP&Ee@aaﬂcai kedustigssd s@ﬁh%s%k?l@??a@kecﬁéﬁth of which
represents a sepdrate valuel For exanple, a 64-bit registér may be broken

into instructions, by a processor that makes use of SIMD technology, for example.

BACKGROUND OF THE INVENTION

10 Multimedia applications such as 2D/3D graphics, image processing,
video compression/decompression, voice recognition algorithms and audio
manipulation, often require the same operation to be performed on a large
number of data items (referred to as “data parallelism”). Each type of
multimedia application typically implements one or more algorithms

15  requiring a number of floating point or integer operations, such as ADD or
MULTIPLY (hereafter MUL). By providing macro instructions whose
execution causes a processor to perform the same operation on multiple data
items in parallel, Single Instruction Multiple Data (SIMD) technology, such as
that employed by the Pentium® processor architecture and the MMx™

20  instruction set, has enabled a significant improvement in multimedia
application performance (Pentium® and MMx™ are registered trademarks or

trademarks of Intel Corporation of Santa Clara, CA).
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"5 four 16-bit elenents, each of which represents a separate 16-bit val ue.
Packed data instructions may then separately nmani pul ate each elenegg.nmﬁzmz
_these packed data types in parallel. Referring to Figure 1, an exenplary
packed data instruction is illustrated. In this exanple, a packed ADD
instruction (e.g., a SIMD ADD) 10 adds correspondi ng data el enents of a
first packed data operand, X, and a second packed data operand, Y, to
produce a packed data result, Z, i.e., Xo+Yo= Zo, Xl +Yl= Z1, XZ+YZ= Z2, and
X; +Y3= Z3. Packing nmany data el enents within one register or nenory
| ocation and enpl oyi ng parallel hardware execution allows SIM
architectures to performnultiple operaions at a 1~ tine, resulting in
significant performance inprovenent. For instance, in this exanple, four
i ndi vidual results may be obtained in the tine previously required to
obtain a singl @MPBstgrhnolpgy|ie esprcialdy anited de syetems/bat pyowiderpaskesi t ect ur es
are evident, there renainegkiuations in whjch it is desirable to return

i ndi vi duafl2ROMRLS- 20 Rasked Hafa A0HDRLEONS It WRIGMEIERI It & TEB SRS, o-

2 - 3. SUMVARY . THE | NVENTI .A et hod d t d i bed
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regi ster am ng-un coup ueq _ uraritye ¢ ers, a _
coupl ed tfbutrhl%-ﬁ'?glezﬁé‘ﬁtsrﬁiﬁ%ﬁ&h%ﬂ tepralch:d aps%#a'rﬁle'l‘@-ﬁft RafxecHiLQy unit
coupled to the dleco er. The reglster Fenam ng unit provides an

ar chi t ect gi@l inkg4kabas rhi ehérpsgg&ra@elparﬁkﬁ alcle APEERAEN AR Wi Ch
include a plurality of data el enents.” The decoder is configured to decode a

regrSter s n he af LRt Schural register 1ile. Each of ‘the i nstructions in
the first Referring to Figure 1, an exemplary pac.ked data instruction is
illustrated. In this example, a packed ADD instruction (e.g., a SIMD ADD)
10  adds corresponding data elements of a first packed data operand, X, and a
second packed data operand, Y, to produce a packed data result, Z, i.e., Xo+Yo=
Zo, X1+Y1= Z1, Xa+Y2= Z3, and X3+Y3= Z3. Packing many data elements
within one register or memory location and employing parallel hardware
execution allows SIMD architectures to perform multiple operations at a
15  time, resulting in significant performance improvement. For instance, in
this example, four individual results may be obtained in the time previously
required to obtain a single result.
While the advantages achieved by SIMD architectures are evident,

there remain situations in which it is desirable to return individual results

20  for only a subset of the packed data elements.



“.set of instructions specify operations to be performed on all of the data
el ements stared in the one or nore specified registers. In contrast [)7esibR002
~of the instructions in the second set of instructions specify operations to
be perforned on only a subset of the data elenent stored in the one or nore
1~ specified registers. The partial-wi dth execution unit is configured to
execute operations specified by either of the first or the second set of
instructions. Qther features and advantages of the invention will be
apparent fromthe acconpanying drawi ngs and fromthe detail ed description.
0~ AUG 2002 -4 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is described
by way of exanple and not by way of |limPtation with reference to the
Figures of the acconpanying drawi ngs in which like reference nunerals refer
to simlar_el ement s and in WhICh 5 Figure 1 illustrates a packed ADD

i nstructi AMMARY QindtHeIN, eEdndi ng data eI ements froma first packed
dat a operand and a second packed dat a op a g gure 2A is nplified

bl ock di agram i# mgthpgtqnga%ar@k%ﬁqeaqigﬁq 8 %ﬁf@ufgg&?%aé&léﬂal ng to one
enbodi nent_ o he invention. 2B is ed_bl ock di agram
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i nstruction xecut on accor
a partial-width execution umt coupled to the decoder. The register renaming

unit provides an architectural register file to store packed data operands each
of which include a plurality of data elements. The decoder is configured to
decode a first and second set of instructions that each specify one or more

10  registers in the architectural register file. Each of the instructions in the first
set of instructions specify operations to be performed on all of the data
elements stored in the one or more specified registers. In contrast, each of the
instructions in the second set of instructions specify operations to be
performed on only a subset of the data element stored in the one or more

15  specified registers. The partial-width execution unit is configured to execute
operations specified by either of the first or the second set of instructions.

Other features and advantages of the invention will be apparent from

the accompanying drawings and from the detailed description.



“.to one enbodi ment of the invention. Figure 4 conceptually illustrates the
result of executing a partial-width packed data instruction accordi[]rngU[bZ[]{]Z
. various enbodi ments of the invention. Figure 5A conceptually illustrates
cirtcuitry for executing full-wi dth 20 packed data instructions and

partial -w dth packed data instructions according to one enbodi nent of the
i nventi on. 0 ~ AUG 2002 -5 Figure 5B conceptually illustrates circuitry
For executing full-w dth packed data and partial -wi dth packed data

i nstructions according to anot her enbodi nent of the invention. Figure 5C
conceptually illustrates circuitry for executing full-width 5 packed data
and partial-w dth packed data mstruct‘l‘bhs according to yet another

embodi ment of the invention. Figure 6 illustrates an ADD execution unit and
a MJL execgu |n uni.t capabl e of operat| ng_as four separate ADD execution
units andZf dadaRB{ I RERBAWING respectively, according to an
exenpl ary processaor 10.1i i,on of res 7A-7B conceptual ly
illustrate a f&?‘? ‘W%‘i‘tlﬁo‘ggb‘g *ﬁa’aﬁ onféVé’cleo‘HHMG%é‘dp%‘?ttl?%W% ‘?)t?h packed
data oper ﬁ%x?arhobne'wqgw Peefrerencneto t'he flgures of the accompanying drawings in
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which like reference numerals refer to similar elements and in which:

Figure 1 illustrates a packed ADD instruction adding together
corresponding data elements from a first packed data operand and a second
packed data operand.

Figure 2A is a simplified block diagram illustrating an exemplary

10 computer system according to one embodiment of the invention.

Figure 2B is a simplified block diagram illustrating exemplary sets of
logical registers according to one embodiment of the invention.

Figure 2C is a simplified block diagram illustrating exemplary sets of
logical registers according to another embodiment of the invention.

15 Figure 3 is a flow diagram illustrating instruction execution according
to one embodiment of the invention.

Figure 4 conceptually illustrates the result of executing a partial-width
packed data instruction according to various embodiments of the invention.

Figure 5A conceptually illustrates circuitry for executing full-width

20  packed data instructions and partial-width packed data instructions according

to one embodiment of the invention.



" "staggered" nmanner, respectively. Figure 5A conceptually illustrates
circuitry within a processor that 15 accesses full w dth operands fr
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at atime. Figure 8Bis a timng chart that further illustrates
the circuitry of Figure 8A. Figure 9 conceptually illustrates one
nt of an out-of-order 20 pipeline to perform operations on operands

i nstructions that each processes a portion of the full wdth

manner by converting a macro instruction into a plurality

of

0~ AUG 2002 -6 Figure 10 is a timng chart that further
illustrates the enmbodi nent described i-® Figure 9. Figure 11 is a bl ock

diagramillustrating decoding logic that may be enployed to acconplish the
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quo zoo02
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processing according to one 5 enbodi nent of the invention.
Figure 5B conceptually illustrates circuitry for executing full-width

packed data and partial-width packed data instructions according to another
embodiment of the invention.

Figure 5C conceptually illustrates circuitry for executing full-width
packed data and partial-width packed data instructions according to yet
another embodiment of the invention.

Figure 6 illustrates an ADD execution unit and a MUL execution unit
capable of operating as four separate ADD execution units and four separate
MUL execution units, respectively, according to an exemplary processor
implementation of SIMD.

Figures 7A-7B conceptually illustrate a full-width packed data
operation and a partial-width packed data operation being performed in a
“staggered” manner, respectively.

Figure 8A conceptually illustrates circuitry within a processor that
accesses full width operands from logical registers while performing
operations on half of the width of the operands at a time.

Figure 8B is a timing chart that further illustrates the circuitry of Figure
8A.

Figure 9 conceptually illustrates one embodiment of an out-of-order
pipeline to perform operations on operands in a “staggered” manner by
converting a macro instruction into a plurality of micro instructions that each

processes a portion of the full width of the operands.

of f.



DETAI LED DESCRI PTI ON A net hod and apparatus are described for performng
partial -wi dth packed data instructions. Herein the term"full-wi dth ﬁmg%m
.data instruction"” is neant to refer to a packed data instruction (el@é,
SIMD 5 instruction) that operates upon all of the data el enents of one or
nore packed data operands. In contrast, the term"partial-w dth packed data
instruction" is neant to broadly refer to a packed data instruction that is
designed to operate upon only a subset of the data el enents of one or nore
packed data operands and return a packed data result (to a packed data
register file, for exanple). 10 For instance, a scalar SIM instruction may
require only a result of an operation between the |east significant pair of
packed data operands. In this exanple, the remaining data el enments of the
packed data regult are disregarded as they are of no consequence to the
scal ar SI MD i n§tguret1bis 7 simying chaat thatefurthey ilasaraesahe msbadienatan’ t

cares). A%corgjﬁg tao the various 15 enbodi nents of the invention, execution
units nay SBETEERFR BEER Pn such a way to efficiently accommbdate both

full -wi dt h packed data instruction .g.,.SIMD instruction and a set of
p;rt i ‘21 - Wi dlto h Eaﬁﬁzsi daltaQS’Pﬁgfiﬂiﬁfﬁ?rbﬁgis?@ﬁ@.g,d%C@IQP;g logﬂlﬁbﬂf?i)@@}'@@ti ofms). I'n

the foll ow i desagri,pti,on,,.for purposes of ,expl anation, 20
nuNer ous zsé\%\ C?%%%%défcgqgﬁ%} Q'Pesg?chdflg IPrBﬁesgf%?cctOSd P 9% a t hor ough
U”der$3a”&h%%d%%ehb%f%ﬂ%%%?ﬁgpop|t wi |l be apparent, however, to one of

ordinary skill 1n the art hese specific details need not be used to
practice 0~ BUG 2002 g the invention. In other instances, well-known
devi ces, structures, interfaces, and processes have not been shown or are
shown in block diagramform Justification of Partial-Wdth Packed Data
Instructions 5 Considering the amount of software that has been witten for
scalar architectures (e.g., single instruction single data (Sl SD)
architectures) enploying scalar operations on single precision floating
poi nt data, double precision floating point data, and integer data, it is
desirable to provide devel opers with the option of porting their software
to architectures that 10 support packed data instructions, such as SIM
architectures, without having to rewite their software and/ or |earn new
instructions. By providing partialw dth packed data instructions, a sinple
transl ation can transformold scalar code into scal ar packed data code. For
exanple, it would be very easy for a conpiler to produce scalar SIM
instructions fromscal ar code. Then, as 15 devel opers recogni ze portions of
their software that can be optim zed using SIMD instructions, they may
gradual |y take advantage of the packed data instructions. O course,
conput er systens enploying SIMD technology are likely to also remain
backwar ds conpati bl e by supporting SISD instructions as well. However, the
many recent architectural inprovements and other 20 factors di scussed
herein make it advantageous for developers to transition to and exploit
SIMD technol ogy, even if only scalar SIMD instructions are enpl oyed at
first.



".0~ AUG 2002 g _ Another justification for providing partial-w dth packed
data instructions is the many benefits which may be achi eved by opedﬁlhmgmm
~on only a subset of a full-w dth operand, including reduced power
‘consunption, increased speed, a clean exception nodel, and increased
storage. As 5 illustrated bel ow, based on an indication provided with the
partial -w dth packed data instruction, power savings may be achi eved by
selectively shutting down those of the hardware units that are unnecessary
for performng the current operation. Another situation in which it is
undesirable to force a packed data 10 instruction to return individual
results for each pair of data el ements7-ncludes arithnmetic operations in an
envi ronnment providing partial-w dth hardware. Due to cost and/or die
limtations, it is common not to provide full support for certain

arithmet i QEAPELED DESCRIATIONS divide. the By its nature, the divide
operation is very |ong, even when full-w dth hardware 15 (e:?.,_a
one-to-one corf&spdnderte appririan ask deserikad (o perfamaingapartalevisiths) is

i mpl emented,. Therefore, in an environnent, that supports only full-wdth
packed daR3r<SpetaiRilBHEUGER 1% FEﬁ}FdLﬁde’iﬁr thQTW\ﬂtBtH?C[ﬁﬁi&Wé? e, the latency

becones e.vep |l onger. As will be illustrated further bFI'ow, rtial-width
packed datBTBEEPRL IHREABHAR EF £0 AAAkaR dAta RS HACIAH e & S vi de
i on. . tivel [ i t | f it d b
Che’ s oesHEGGE) B okl i, &5 orThS 0% BleMiEng otrs Y AR EnckBaon oy
ti d i t
oper ando cHEFbetids SupHARGHstRind (Eal % RSB bakled BRPBLRUERNS 1 o
with extrapeoug Q@a@lflr@f@?% %%&e&%%& it Rl d4IrOthat & LB4 @c_‘l% i%?%?at@”d/ or

i nconpatibility between SISD SI MD machi nes. Therefore, it

advant agegpisn baly gRabbeteyCiiletd 08 IdrRénBUforieh@s frotaipacked R a?amms\/\hi ch
the instruction’is neant 5 to operate. Partial-w dth packed data

i nstruct i amd setppoatparkedwata regudd{to tagid dkedxdatp registerdie) for exbmpdehi eved by
limting the triggering of exceptional conditions to those raised in
connéd i orominstanchea daalar Sl msrumiongmeyeequind argyra rasult of ami ch
exceptions produced by extraneous data el enments would be |ikely to cause
conf usi orPRAratine bepaeenithe lepshsignificarsipsiy ehpadiedlate epgeandesIn thisal 1y, in
enbodi nents where portions of destinatiagon packed data
example, the remaining data elements of the packed data result are
disregarded as they are of no consequence to the scalar SIMD instruction (e.g.,
the remaining data elements are don’t cares). According to the various
15 embodiments of the invention, execution units may be configured in such a
way to efficiently accommodate both full-width packed data instructions (e.g.,
SIMD instructions) and a set of partial-width packed data instructions (e.g.,
scalar SIMD instructions).
In the following detailed description, for purposes of explanation,
20 numerous specific details are set forth in order to provide a thorough

understanding of the invention. It will be apparent, however, to one of

ordinary skill in the art that these specific details need not be used to practice



".aperand is not corrupted as a result of performng a partial-w dth packed

data operation, partial-w dth packed data instructions effectivelygpriaggise
extra register space for storing data. For instance, if the | ower portion

" of the packed 15 data operand i s being operated upon, data nay be stored in

t he upper portion and vice versa. An Exenplary Conputer System Figure 2A is
a sinplified block diagramillustrating an exenplary 20 conputer system
according to one enbodi nent of the invention. In the enbodi nent depi cted,
conmput er system 200 i ncludes a processor 205, a storage device 210, and a
bus 215. The processor 205 is coupled to the storage device 210 by the bus
215. In addition, a nunber of user inp8t/output devices, such 0 ~ AUG
2002 -11 as a keyboard 220 and a di splay 225 are al so coupled to bus 215.
The conputer system 200 may al so be coupled to a network 230 via bus 215.
The pr ocebsonvetion.epneagbeat ssiameest nell-knovasdevigesirattucdiiresnintesfpeesof
architecture, such as a CISC, RISC, VLIW or hybrid architecture. In

addi t i on,andherasessesdwore BYTheraysOWR or sk shemein bipdndiagramdpemehi ps. The
storage device 210 represents one or nore mechanisnms for storing data. For
exanpl e, the storage device 210 may include read only nenory (ROM, random
access nenory &" ) ,,. Ao -tif di St,0r.age -diuqs optical storage

medi uns, fl ash=frenoty e&dabl e nedi uns. The

b 215 { "- 7‘ .| P- , El SA,
VESA Setcr) ancblisnidiing e g TR AR aLe ibs bt Boen aviyreh i rEFh S
enbodi m°"}trcﬁifecgﬁlgzg[(ﬁ%‘?,d%ihglerﬁtlsﬁ'h'cﬂants% egieﬂlgkg}ggj#gﬁt%gg@%t#?gﬂp“t'er system

it is appreciate i'nvent1on
mul ti - pr QeesIsind XM She¥ 8 Bn $iRgfPiddifon digl PSink'REE HopTROdi ment
is described ?nn§el ati o&eto a 32n_ blI§ aﬁd 1~ a 64- big{pcorrput er system the
I nventi ofpresisidal floatigd peirltAHCIhE alRHéCda Y $ 8 desirabButocprdAideldi tional 'y
illustrates that the processor 205 includes an instruction set unit 260. O
course, plevekgmes Wil the nptionsofapistitingotkalir softwaréd ty ardioeetees thach
additional circuitry is not necessary to understanding the

10 support packed data instructions, such as SIMD architectures, without having

to rewrite their software and/or learn new instructions. By providing partial-
width packed data instructions, a simple translation can transform old scalar
code into scalar packed data code. For example, it would be very easy for a
compiler to produce scalar SIMD instructions from scalar code. Then, as

15  developers recognize portions of their software that can be optimized using
SIMD instructions, they may gradually take advantage of the packed data
instructions. Of course, computer systems employing SIMD technology are
likely to also remain backwards compatible by supporting SISD instructions as
well. However, the many recent architectural improvements and other

20 factors discussed herein make it advantageous for developers to transition to
and exploit SIMD technology, even if only scalar SIMD instructions are

employed at first.



".20 invention. An any rate, the instruction set unit 260 includes the
hardware and / or firmvare to decode and execute one or nore instru@ﬁMggzmz
_sets. In the enbodi nent depicted, the instruction set unit 260 includes a
‘decode/ execution unit 27~. The decode unit decodes instructions received by
0 ~ AUG 2002 -12 processor 205 into one or nore mcro instructions. The
execution unit perforns appropriate operations in response to the mcro
instructions received fromthe decode unit. The decode unit nay be
i npl enented using a nunber of different nechanisnms (e.g., a |ook-up table,
a hardware 5 inmplenentation, a PLA etc.). In the present exanple, the
decode/ execution unit 275 is shown cqn@aLning an instruction set 280 that
i ncludes both full-wi dth packed data instructions and partial -w dth packed
data instructions. These packed data instructions, when executed, may cause
the processor 2bSthes jpefieatintT (an paayidpyg prefalvivifth pae¥eeadatRoat i ng poi nt

operations and/.or full-/partial-w dth packed infeger, operations. In
addi t1 on PSTLAEORS S BARY Tomshitathichena he AR RHCRT GREE DD Ry

i nclud h ' ' f d j i,Sti ' .. B f
exanpl 6, 1 ACBHS ot AR PRErbdedtaie oe s B Re SRRPREBHORY i on sor
which is I i t = bj i 1 -3 d/ I nt el
6a-bi 1 archraat apedihenf Sest bl e B AR RoH e PRl " T e
I nstruct i PsiRted!Belowe Whsed M FRTRE aHehthx%gﬁiéHinH{‘?ﬂ\c%‘gﬁrt%ﬂ%ﬂthmr e sets

of architectural registers (also referred to as logical registers) utilized
by the preggedadatd QRsth@tidtt Hdvider daViREdTRiayObe hatiVed By Jell@afvieng poi nt data
and packed fl oating point dg{ a. 20 Ad%i ti gﬁgel ly, ot hgrg' | ogi calggregi sters
may be i mnsHutdeg downshosd of thenhegbiafabfits plegtkad umiegssargtfoa, and vari ous
control data, such as a top of stack indication and the I1ke. The terns

ar chi t ectpeddrmiyy stecumedt lopgratadn.r egi ster are used herein to refer to the
concept of the manner in which instructions speci fP/ a 0~ AUG 2002 -13
storage area thaethessitaiationansihigheitdpandesiratrigus, foace agiacked dagp st er may
be inpl enented in hardware using any nunber of well known techniques,

i ncl Ud ngnatiyskire 4pagtyy Hidikid yad gpiules forogachopaimafedaty fA@meRts v al | ocat ed
physi cal registers using a register renamn ng nmechanis descrijbed .in
Fur ther SNGEASRST SEHIBRHC opeEations A UAFRTEN §5PK méﬁ}%&akwagbresem s

th | |.est it Qf st d blLe.b ked data,inst i Lo

the embodiiisitatas Joe 3 SoRPEhEloT SRR HEYs o1 B RS apE Ry Pikpide an "
ti - . i i by th

ot e LAYRUSIEIS: Bai RIRERGICBbAONS NEPa0 oo CHRERY (80, Y e

| nstr uct | flard e dYd BRbHARONCV O [AGe DBk kefledlaLR- I RBRIUGHWARE, Such as

scalar SIMD instructions or S instruCfions. As discussed further bel ow,

t her gsar e(e\féi; 8 @neQBSond EEHresH Ji e7Re et wBENRKeELQTSTY Rtk @hdadgtaexcept i on
handl i ng, ere it is desirable to performan operation on (or return

i ndi vi duadlemests)tis ihgslprrenltyd,a Thoeedredin dat eneirenriens that suppoisdnipt a
operand full-width packed data operations while providing partial-width hardware,
the latency becomes even longer. As will be illustrated further below, a
partial-width packed data operation, such as a partial-width packed data
20  divide operation, may selectively allow certain portions of its operands to
bypass the divide hardware. In this manner, no performance penalty is

incurred by operating upon only a subset of the data elements in the packed

data operands.



-1S or a pair of packed data operands. Therefore, it is advantageous for
processor 20S to be able to differentiate between full-w dth packed(patg 2007
. instructions and partial-w dth packed data instructions and to execute them
accordingly. Figure 2B is a sinplified block diagramillustrating exenplary
sets of logical registers according to one enbodi nent of the invention. In
this 20 exanple, the nmenory unit 28S includes a plurality of scal ar
floating point registers 291 (a scalar register file) and a plurality of
packed floating point registers 292 (a packed data register file). The
scalar floating point registers 291 (e.g., registers ROOR~-) may be
i npl emented as a stack referenced reg_ilé)_tjer file 0 ~ Al G 2002 -14 when
floating point instructions are executed so as to be conpatible with
exi sting software witten for the Intel Architecture. In alterpative
embodi nents, Heiienally hexqepgionsgaisedoin ennastiony witheakteanequs |data r egi st er
file. In the enbodi nent depicted, each of the packed floati ng. point
regi st er §E?‘B?©t.5,m8}’)€?ﬂ‘d€? KRARSIOR &0 ithe develnned aé‘sd};’rslf‘ﬁ%‘ir@a‘l‘gglt%i t | ogical
register t Is recj ,_however... wi der or. narrower reqgisters may be
enpl oyedbtetw%rhismatng Wﬂn‘&aéﬁﬁﬁ a?h%’i??‘?“r?aft ﬁsaeivar?gﬁ?%eoblﬁgff’e@goﬁtat a
el enent s o l.Ler | tioF : e qr |ess
packed f Iegg é%r%gg?rnénlﬁg%ﬁoggﬁ ?%%ﬁ%&pr@g%ghg%th’lyﬁtgﬁo[son}%ﬁgl scal ar
fl oat §ng j e SEBIL S t ; j k.t i 292
may bg irtrgl rrgantté 'egjazgﬂei@tl%%rga s’etCl a&;{caﬁe e?gh%igeé%g?sa{?@?&f? Fg&ol?&?i | at
regi ster ekté@ioatbAck e {dheatdd By RRhitin ﬂfettrr;gigelrmgsotaéﬁegneﬁyrt ed. Figure
2Cis a sinplified block di agramﬁlustr ting exenplary sets of | ogical
regi st er goadtyrd ROtHoBe FAREAEHh @TRdtiGRWitAfthehtath RV@néhBbeihg this 15
exanple, the nenory unit 285, again, includes a plurality of scalar
f1 oat i ng operatedremirstoeria which(exceptbas predusdidbyfaxkmneansl datpeleradnts y of
packed floating point registers 292 (a packed data register file). However,
in the enpoddnentikdlypioctaage coabision arfipcomprebility detvegn SE5RtandeGiMber s
(e.qg., XMVp-XMW) are inplenented as a correspondi ng pairs of high 293 and
| ow |1Qgi SRaflings4. As 20 will be discussed further below, it is
advant ageous for purposes of instruction decoding to organiz he | ogi cal
regi ster addr&agal deémé?g%@‘tﬁd&h%r& ?‘P%’e?ﬂsrfgj %%ﬁtwt@@d?%asé@t% such

D0 BRSO 0L Sy BRLZ LI e 8 SHBAL g 1™
0110 Ao 058 Bl Al ARl ARG e gRCKRLAApgS polnl

fl oat i ng pokR: Jat2 (6] AERALIatdS FADONRanbOHPHRT lowl:(8SciBh dIARE PiRked

regi sters may npl'oyed Po conformto an inpl ementation that ‘uses nore or
less1§ dalaga BRI & W¥ing dbERlte@updiBldhel nfifi e Sloed® M the Ggget poradd v,
while the |ogical packed floating point registers 292 in this exanple each
conpri se agdrviesp@nsd.ng pairs of 64-bit registers, in alternative

enbodi nents each packed floating point register may conprise any nunber of
registers. 10 Instruction Execution Overview Having descri bed an exenpl ary
conput er systemin which one enbodi nent of the invention may be

i mpl enent ed, iAmsiExentpl (1) gfenfh now be descri bed.

Figure 2A is a simplified block diagram illustrating an exemplary
20 computer system according to one embodiment of the invention. In the
embodiment depicted, computer system 200 includes a processor 205, a storage
device 210, and a bus 215. The processor 205 is coupled to the storage device

210 by the bus 215. In addition, a number of user input/output devices, such



"Figure 3 is a flowdiagramillustrating instruction execution according 1~
to one enbodi nent of the invention. At step 310, an instruction is n?qgmwgg
. by the processor 205. At step 320, based on the type of instruction,
partialw dth packed data instruction (e.g., scalar SIMD instruction) or
full -wi dth packed data instruction (e.g., SIMD instruction), processing
continues with step 330 or step 340. Typically, in the decode unit the type
of instruction is 20 determ ned based on informati on contained within the
instruction. For exanple, information may be included in a prefix or suffix
that is appended to an opcode or provided via an innmedi ate value to
i ndi cate whether the correspondi ng operldtion is to be perfornmed on all or a
subset of the data 0~' AUG 2002 -16 el enents of the packed data
operand(s). In this manner, the sane opcodes may be used for both
ful | -wi dt B 3desybeaealal apdradispliy Rnrrpalsa edupledtth byaciled Thet wropetes
lions. Alternatively, one set of opcodes may_be used for %artial-mﬁdth
packed daf¥SpetH F&Ysalé@lHeéoépiﬁfde&éﬁﬂe%?ﬂb?--’%H&)B%%zlﬁay Be P5ogRsEer f or
full-width gacked dat a operations, In SQ% event, e instrucgion is a

t

if t
convent i orfd TRRISENSAR FF FRRIQCeRsing PREtH W Bipe ?gh@ﬁﬂﬁf’dél_f%ﬁ% (S % packed
dat a resu'éIStSR?%e{/QW?%é %g@% Lex%éﬁn?gﬁ 21§ 9peral ﬁ,otrﬁezp?rg)%c'_egshg%gg 1he

i nstructi on oh éeach ta S1n the operan ?yif t he
instrugti A EEd al- a inst Fuctd ep
sho o1 P intplerfRidd Bhv bl xhite ket Sl MotdgR doticd 31 repieSedds ot

oper ati on csRESH E@Gh?ﬂish&efoir!%%xfih%*dia% £8r @x%ﬂ%?&tth@fstéﬁge@v@ceeiﬁ)’mms and
the remai nder of the result is set to one or re predeterm ned values. In

one enbodini@pinclibie rpa@ Gl Emamet, YROM), irandbm ¥édews ntdmbhe (RaMpspondi ng
data el enent” in one of the operands. That is, data elenent's 15 may be

"passed t magrodtic disknstdrige mledhmns, sopticab seoaiget edinpas aflakh tremteryr espondi ng
data elenents in the packed data result. In another enbodi nent, the data
el enent s idevides, amdhomotigrpoacthine-reidabile medinms.aThedius 215emprdsdqreer oed) .

Exenplary logic for perform n%‘mt he passing through of data el enents from
one oft0t hengparaaasbueest(Bg rASH PANSoxeBpisaElb A 0YESAS oic.)2ndbddgeng dat a

elenents in the result are described bel qw. Figure 4 conceptually
11 Ust r at Gse ermes @s (b cantel f?%g“g‘lfﬁaﬁ’tlﬁﬁmlw erﬁa\%%@a&m I nstruction

e 10 B BT Bl AT o LIS BBl

s0uee 1 oo A, BOn AR A USRI oty MG The BB, U

(12 et MBI, g0 ool £ 0 el sl o

5 packsd dadapandenphte? sh¥tdm WrdtiRvBAGER s %t AHREE toBRth Rt ghes, the
systems.

Figure 2A additionally illustrates that the processor 205 includes an
instruction set unit 260. Of course, processor 205 contains additional circuitry;
however, such additional circuitry is not necessary to understanding the

20 invention. An any rate, the instruction set unit 260 includes the hardware
and/or firmware to decode and execute one or more instruction sets. In the

embodiment depicted, the instruction set unit 260 includes a

decode/execution unit 275. The decode unit decodes instructions received by



~“execution unit 440 may include pass through circuitry to pass data el enents

fromone of the |ogical source registers 410, 420 to the | ogical 07 Aub 2002

_destination register 430, or clearing circuitry to clear one or nore data

el ements of the | ogical destination register 430, etc. Various other

techni ques may al so be 10 enployed to affect the result of the operation,

i ncluding forcing one of the inputs to the operation to a predeterm ned

val ue, such as a value that would cause the operation to performits
identity function or a value that may pass through arithnetic operations

wi t hout signaling an exception (e.g., a quiet not-a-nunber (QNaN)). 1~ In
the exanple illustrated, only the resull2-(ZO of the operation on the first
pair of data elenents (XO and YO is stored in the |ogical destination

regi ster 430. Assumi ng the execution unit 440 includes pass through | ogic,
t he remai Rrorgsski WV idpeons ovimangemiargi ivatruddens.ndihectxecuiPBtwrit 430 are set
to val ues from correspondi ng data el enents of |ogical source register 410
(i.e., ZOP%PFIXQ,an?fQPF@a}‘% OPRTAtONSHE TesPPRsR tQI&Re MHISTe HiPtFegicder 430 is

hown as a separate |l ogical register, it s ipportant.to note that it ma
concur r entiS s oM NG HECRAC B | s E8Fods HREA Hesap ETerged ABng a |
Th f i t, sh d b i.at t hat tti t I t f th

oo o bkl RSB SRR 588 e o GBS S FHRRE Tl o o
the logic regi S 0, 420 in this context may include doing
not hi (r)% aﬁhgﬁ?ﬂ&ﬁgpogkgiﬁbﬁé’, elé' "the case that |ogical source register 410
is both a |ogi gakps &'éé‘e%thgzln%g?tthQQf[éceaey BB uN@Ry94s seaRadi ment s may

t ake advantage of this an y not touch one or nore 5 of the data

el ements vhi@hiagert hsbiRReSRE 28Dt REOMhclldch O fMPWdtH Paclexegita on uni t
440 may include Clearing logic. Thus, rather than passing through val ues

from one odfstiuteioneginciapagfaveielth @acRéddatd thsthetiongl Cilesd gackedidan
regi ster 430, those of the data elenents in the result that are unnecessary
are cl ear ettruatiming, wihent éxesutedamd e cause thet processorl 205(t8@erfarmffutlhe
operation on the first pair of data elenents (XO and Y1p) is stored in the
| ogi cH? dépeftimtwishhrpaskeddtodBg paine operationsnandseniul-épeiad-widthhe
| ogi cal destination register 430 are "cleared" (e, 8 , set tq zerog, or any
ot her pr eBatkadiniegenoperations. {maddikign & the pacltad faty gskructien Fi gur es
5A - 5C conceptual | i | | ust r,atfa xecuti.on units 540, 560 and 580

instruction set 280 may include other instructions fourld in existing micro

processors. By way of example, in one embodiment the processor 205

supports an instruction set which is compatible with Intel 32-bit architecture

15 (IA-32) and/or Intel 64-bit architecture (IA-64).

A memory unit 285 is also included in the instruction set unit 260. The
memory unit 285 may include one or more sets of architectural registers (also
referred to as logical registers) utilized by the processor 205 for storing
information including floating point data and packed floating point data.

20 Additionally, other logical registers may be included for storing integer data,
packed integer data, and various control data, such as a top of stack indication
and the like. The terms architectural register and logical register are used

herein to refer to the concept of the manner in which instructions specify a



" respectively, which may execute both full-w dth packed data and parti al
wi dt h packed data instructions. The selection logic included in thel} AUG 2002
_execution units of Figures 5A and 5C represent exenplary pass throug
logic, while the 20 selection logic of Figure ~B is representative of
clearing logic that may be enployed. In the enbodi nents depicted, the
execution units 540, 560, and 580 each include appropriate logic, circuitry
and/or firmvare for concurrently 0' ~ AUG 2002 -19 perform ng an operation
570, 571, and 572 on the full-width of the operands (,Y and Y). Referring
now to Figure SA, the execution unit 540 includes selection logic (e.g.,
mul ti pl exers (MJXes) 555-S57) for sel edBi-ng between a value 5 produced by
the operation 570 and a value froma correspondi ng data el enent of one of
t he operands. The MJXes 5~5-557 may be controlled, for exanple, by a signal
that indi 8@rege areatthet conaimpe smgloaperandnThys relagicad xegistesmay ba

ata operation or a partial-w dth packed data operation.

full -width cked )

In alter n&f‘g&é“%htﬁgdmnhﬁltdg'ﬁf&d%ﬁlf‘gcﬂw numbBerRf Vel shgvpdesiiaEeed by

i ncluding.1 n addi t,i ona for data el enent 0 and/ ar .\ ndependent |

cont vol 1 Uil il ahetieaties Sl srshaos somardra oA Be R S 0s s b e,

Accordi n Qn vhaodi ment, such control ma rigin . he derjwved from
Cheot et Jphir R RInem JeRk s PHGteF S0 ind ekl T e b o iiciet

exanpl €, it i j.at i i i nst i .be used
Coo o 1 S Bl bl bIPAEL i 4R FeRE AR arpiely? fRPFeckRE (USROS, 000
MJXes cor pesp | 9 1eQsb108 a;;?e}&ﬁe ddmeddtat&iorgl ue may be directed to

select the result of the opéer on while those corresponding to a zero may

be caused to sBl € ek diment HepRYEH) tHatstorale deliEs210 HRE 6toRed [tRéfin
resolution may be achieved in various inplemnmentations by enploying nore or

| ess bit sah @p2eatirgpsystemt 235end apadked elavakowtind B4 targexroutidn byl ther € SB,
t he execution unit 540 includes selection logic (e.g., MJXes 565-567) for
sel ect i ngchmpweaTsyataral208. pitedpmdddidatamoutine 240 is a sequence of
10 instructions that may include one or more packed data instructions, such as
scalar SIMD instructions or SIMD instructions. As discussed further below,
there are situations, including speed, power consumption and exception
handling, where it is desirable to perform an operation on (or return
individual results for) only a subset of data elements in a packed data operand
15  or a pair of packed data operands. Therefore, it is advantageous for processor
205 to be able to differentiate between full-width packed data instructions and
partial-width packed data instructions and to execute them accordingly.
Figure 2B is a simplified block diagram illustrating exemplary sets of
logical registers according to one embodiment of the invention. In this
20  example, the memory unit 285 includes a plurality of scalar floating point
registers 291 (a scalar register file) and a plurality of packed floating point
registers 292 (a packed data register file). The scalar floating point registers 291

(e.g., registers RQ-R7) may be implemented as a stack referenced register file



“cof f. auo zoo2 -20 operation 571 and a predeterm ned value (e.g., zero). As
above, the IvlUXes 565-567 may be under common control or independegy IAnG 2007
~controlled. The pass through logic of Figure SC (e.g., MJXes 575-S76
‘sel ects between a data el enent of one of the operands and an identity
function value 5 590. The identity function value 590 is generally chosen
such that the result of perform ng the operation 572 between the identity
function value 590 and the data elenent is the value of the data el enent.
For exanple, if the operation 572 was a nultiply operation, then the
identity function value 590 would be 1. Simlarly, if the operation 572 was
an add operation, the identity 10 funct4on value 590 would be 0. In this
manner, the value of a data el enent can be selectively passed through to
the | ogical destination register 430 by causing the correspondi ng MJX
575- 577 twhentiiaatinghpoingdnstrugtignmane execvigdus 8960 berforteatén® dithent s
descri bed above, ;he circuitry was_hardwi red such_15 that the partial-width
oper at i oneXinGEpityare vikHenHer thadntel Agahiteturs. lnrltesnai®iht portion. It

i s appreciated.that fhe operation m erforned on a different data

ol emont - SR PPOHEOR RaROTIEN RS Pa el IRt 20 A DR SERIaaS AHIACEHS filg: a

el enents to,be operated an, nma e de t e-software confiqurabl e by
coupl i ng %Teo?mgﬂglr%ﬁrétrg%‘ﬁﬁg' %8&510%8 B?%eﬁeﬂ??t%g, pf’é‘}thrgglstt%e?n(eﬁ"npl y a
20 subset beneR j i iR 1hi s = S6 r r, while
pass ?ﬁr oﬁgj&fhl\dgndl cl Zgﬁéngﬂﬁ lgg’feég gd?ggtégggéli@t}é‘ gigfs%ﬂorgﬁ%é;ﬂsj I?gf treating
resul ti nga%eiaeé&wwév&pmaépefl%%»\;& r@ﬁ%f&%'rﬁﬁ‘)ﬁ b%'@ﬁpl%rgﬁdtte be

di sregarded, alternative enbodi ments may enpl oy ot’her techni ques. For
exanpl e, @nfofin BEn 20PlemeAtalSaNHIR1sEE mdteUdr RSs @faea eferhdrets apdagids to an
operation whose result is to be disregarded. In this manner, arithnetic
oper at i onsr soajler data gletrerithie Addiioraldy, sharnglar dess|geckedtftbatittelpd9ds,

publ i shed March 21, 1985, will propagate a NaN through to the result

Wi t hout tragisfersi 263 miaydre prowded. Sxndpt tothe scaldri fleatimg ppperregisteaapeed up
woul d be achi eved in the enbodi nents described above since the full-wdth
of thid opttlanie peekedh8opting irtiragistpesr292 mpy bier implemented aggitheciaat ed t hat
power consunption can be reduced b¥1 shutting down tho e\?!gfﬁ t he operations
whose resHREk referanced rggistergfalequp tahregistey ém Nf@&rﬁa%@ oalifig Redtnay be

achi eved.. Addi b{oonal ly, with the use 10 of QNaNs and/or identity function
val ues a PrEHCEPRBIREe EXEBYEFon nodel may be mai ntained by preventing

art | al i ot b pERed i s age e B BTl e R Rl RO e
o0 gk aSeeral el 6ONASKAN. MbBAIEN Bf SELRIERIR) HPRN N o

the partial*- packe operation purports to 1b operate. ure 6

i |l usty at 8&mApRU [ QME @4 d f fl Rt datin@gi ¢ unit
I i R e i o G R e

ALU of Fi going régikites 09e$a bhgaCidotdtht fide) raaa%spnfrmigooppaél@rdnmmgti ons on
the full wdth of the operands (i1.e., all of the data elenents).” 20 Figure

6 al so shpomttrbgistdrh QORI paaked datategisiBefily). Mowedef, firthaentbaakiment
execution units. In this exanple, the ALU includes two different types of
execut i ondepictes!, eaeh péthrepadkes| floating poinit mggigters ée-gntXVIMEEMM7dpee at i ons
(e.g., certain ALUs use separate units for perform ng ADD and MJL
oper at i ong)plemented as a corresponding pairs of high 293 and low registers 294. As
20  will be discussed further below, it is advantageous for purposes of instruction
decoding to organize the logical register address space for the packed floating
point registers 292 such that the high and low register pairs differ by a single

bit. For example, the high and low portions of XMMQ-XMM7 may be



".0~ AUG 2002 -22 The ADD execution unit and the MJL execution unit are
respectively. capabl e of operating as four separate ADD execution unﬂﬂsA@hwm
. four separate MJL execution units. Alternatively, the ALU may contain one
or nore Multiply Accunul ate (MAC) units, each capable of perform ng nore
than a single type 5 of operation. Wiile the foll owi ng exanpl es assune the
use of ADD and MJL execution units and floating point operations, it is
appreci ated other execution units such as MAC and/or integer operations may
al so be used. Further, it may be preferable to enploy a partial-w dth

i npl ementation (e.g., an inplenentation with |ess than a one-to-one

- correspondence between 10 execution unt®s and data el ements) and additi onal
|l ogic to coordinate reuse of the execution units as described bel ow

Partial -Wdth Hardware and " Staggered fixecution"” Figures 7A-7B

concept uatifferentiajed byttheMPBI |Rreferahlypgareof &aﬁaaq@dgﬂe?tarﬂg ®Rind a

partial -wi dth ked data operation being perforned jn.a "staggered"

manner, r‘@§t§é%"t%%é|%7? WIS AIIRHEI IR REAR NGRS Y-S FiRgle RFCRHI

enbodi msngl refers. to, the, process, of . di vidin an instructi.

h ,of '
oper ands JoRting BRI A3 EMiRENEe /aﬁabegadéw?&ef?&l&?fafésfg%fﬁogwsaa%sl%gaiem
i t ti 20
"ot r sduci G Sefan R 1 frliopFoRbet e SRR B teR OB RE RS Ao
11 sty at gt g B 1ol 250 B, kiR UILE BRASen oA BRGHA 921 RDRANTS ar e

divided into a h ordér segnent ta elenents 2) and a "l ow

order seqeBital pheledfrlehe tredisteld) 297 h tH1E eRXAPIE €alH cbinghise 7A the
| ow order % 0~pAUG 2002 ﬁg?@%gﬁﬁ’?ei S procesggd il eat hé mﬁ or der

segment i&r vielthg pulrs efuarbil Yegisbds hirghltmrdel esegbdimérss packessed and
the full-wdth result is obtained. In the exanple of Figure 7B, the | ow
order segpaakedifiogtirgcpsing degister rmaweniyerisd ey hugibearrafaegaes. segment i s
processed depends on the inplenentation. 5 For exanple, the high order data
segnent may not need to be processed if the corresponding result is to be
zeroed. Additionally, it is appreciated that if the high order data segnent
i s not processlagt ey €

A 3=ARLY

en beagutioneUvieguieamnd | ow order data segnents may be
operated upon at the sane tinme. Simlarly, in a fullw dth |nplenmentation
(e.g., an i rrpléf"dé’ﬁ‘tga‘il‘ﬁ'iﬁl ta Sx%ﬁg&%fa-mpﬂﬁréﬁﬁ%&mbg‘?%t ween

execution upits and ta.el enents) the .high an ow order data segnments may
be procesesrggoéﬁﬂ%n ?gﬁtﬁ W%@@% € Wq%]ealﬁ:geéi,&ns% ﬁopo%qcl ,O%although
the fol |l qyw i ts are described as having only ADD and MJL

execut i o%gﬁ?W%g %E?{%teépes of execution units such as MAC units may al so

be used. 15 V\hri%%rtefse;sea Alos aiz{ngaH#rllﬁtraggfga@ﬁﬁn&t-gﬁyaekauwﬁ:a%bomﬁa

st aggered execution of 1 nstructions can Ieved, the follow ng Sections

descrizbe fonene¥gibRUANEneBDeRE MRARid At sieh 32D Cart Isir@&Racis Acelvtd
invention. In particular, both of the described exenplary enbodi nents

recei ve thetteapicador Q05NA 346 B0 shaRe W tHegpeadiifstrustsn, Partial-cont ai ni ng
128 bit operands.
width packed data instruction (e.g., scalar SIMD instruction) or full-width
packed data instruction (e.g., SIMD instruction), processing continues with
step 330 or step 340. Typically, in the decode unit the type of instruction is
20 determined based on information contained within the instruction. For
example, information may be included in a prefix or suffix that is appended to

an opcode or provided via an immediate value to indicate whether the

corresponding operation is to be performed on all or a subset of the data



20 In the first exenplary enbodi ment, each macro instruction specif i%%
| ogi cal registers containing 128 bit operands causes the full-w dth bf b RYL
_ operands to be accessed fromthe physical registers. Subsequent to
accessing the full-wi dth operands fromthe registers, the operands are
divided into the 0~ AUG 2002 | ow and hi gh order segnents (e.g., using
| at ches and nul tipl exers) and sequentially executed using the sane
hardware. The resulting half-width results are collected and simultaneously
witten to a single Logical register. In contrast, in the second exenplary
enbodi nent each macro 5 instruction specifying |ogical registers containing
128 bit operands is divided into at |ekfst two nmicro instructions that each
operate on only half of the operands. Thus, the operands are divided into a
hi gh and | ow order segment and each micro instruction separately causes
onl'y hal felemenkeolother parkedtdntpopseardishdln thim mprnere ghe seme opaeidsst ype of a
division is @Pssible in a SINID 10 architecture because each of the

[

oper ands T8Y PRdESE{9Ehoth felliwickh papked dapa PReTAHONS ARk BRSNSVt he second
nmbodi t te the m i ti [ d i [
or der o EAFGRCAUT OB 1o Sxek GBI AUBLTY o 6 ORFSHD TRz bfione = '
ti . t] | fi : | hst t to b
| ndependdit Ty o g BT PRy A e R A S e EBE R s egront s
of the OR.%reaf“%@%-fuﬂleﬁgﬂi;}aicRQd £ BpBid{dhsi Nstruction causes half of the
to

resul ting operand ewitten 1nto the single destination |ogical

register specithiff; B¥edthe MRCINGtruREbRUS ol @hveWhiong! ARQEUNR Hagked Qata
described in whicH 128 bit operands are divided into two segnents,

al t er nat iivietractioni thentas seapiB30, uspadi@doditadiesld is detdratined &yapetsomnigor

di vide those operands into nore than two segnents. In addition, while two
exenpl ar ytherdpedatiemntpecified dgs thd hatrucdpnper arndh thes Haggeleetrnex ac tihe on,
alternative enbodi nents coul d use other techniques. 0~ AUG 2002 -25 First
Exenol ar \opRraodisive Flovrendro Hrthegnstr St tiom éy e@amgcwﬂdlfdmnpaﬁe@d@ta% concep
tually illustra tes circuitry within a processor accord ing to a first
enbodOnerfsErgionchessdsteniPLOg Hest rpptipamishereslt pe detegmined bygi sters but
t hat perfor operations gn half _of the width of the operan at .5 a tine.
This enb@ATHEIRINg<DERRE 2 Rew spaefipd e SE%EBPi%haéﬁg??feodﬁS@ec%aﬁabl e of

Fol | ow nd EBATENBa Ghe PRI Orioe Sobids seble SRPTHmOtE PRSCRIE 1 me
T, 128-big5,00 % 30 R8BIk &nCne’ pg&? gﬁﬁp\erae%fu%vﬁ%grmé%?'tkerespeCt' ve
p%r’tsri and*t2: eIt e lowe

physi cal registers via r ordér data segnents, 10

nanmel y t rt%rl'é%ﬁgﬁdgn# ?%IatsﬁleR{enl?qybr?é e Vo gnﬁé‘.s%‘at it e dchphgxers 802

!
and 804 and the e execution unit r processing. The higher order

dat a 1SegrmaY be Hi8sdd muﬁw PbinSd £h eferdbAtsYofPéke Betih bgeﬁeauaycoel ements M
and M2. At tine T+1, the higher order data segnents of and Y are read

from del ayredspoRdirg Hhtarsldmatandtiapadctd dita mllti ThearestheS02 and 804 and
then on te?*nbodiment, the data elements in the remaining portion of the result are all
cleared (zeroed). Exemplary logic for performing the passing through of data
elements from one of the operands to the result and exemplary logic for
20  clearing data elements in the result are described below.
Figure 4 conceptually illustrates the result of executing a partial-width

packed data instruction according to various embodiments of the invention.

In this example, an operation is performed on data elements of two logical



~ 15 the execution units for processing. In general, the delay nechani sm of
storing the higher order data segnents in delay elenments ML and NQ[%IAWMQW
~ N-bit (N=64 in this exanple) hardware to process 2N-bits of data. The | ow
order results fromthe execution unit are then held in delay el enent M
until the high order results are ready. The results of both processing
steps are then 20 witten back to register file 800 via port 3. Recall that
in the case of a partialw dth packed data operation one or nore data

el enents of the Iow or high order results may be forced to a predeterm ned
value (e.g., zero) the value of a 0'~_AIfG 2002 -26 correspondi ng data
element in one of X or Y, etc.) rat her 1{han the out put of the ADD or MJL
operation. Continuing with the present exanple, at tine T+1, the I'VIUL
instruction may al so have been started. Thus, at tine T+1, 128-bits of A
and B 5 ni§Hreacesiniere 4b@endreilrhe o @xerwion Nait 440 s e exqttiocaguaitddd vi a

1 d, 2, The | d d , | he, | 64-bits, of
D0r L b o e 1L ST SALB SRS SATELE LU UeL 86011 of
d bi t f Y . d f del I t .\Vp d d
or T b o Sote GO SRR SR YR M B8 o0 pocsed
in 10 stof. i | | T t . : i
10 SLOERE A R M My TR R gt B ocece!

an e”@diﬁ%doéataf}ﬂoﬁé‘ g%;ﬁf?!t]wi&t)he%kfﬁeﬁnd%?ﬁwéd@f EoPimsthAEd thhat contain

only hal f* the hardware .g. two sI e precision ADD execution units and

two si ngl éxdeuBieh Sl 4Mlm £X B8l HO Hadd thughl dsd88Y thpas dd18 ePBENLs! ON
units required to process the full wdth of the operands in parallel as

found in froauonent the dogisslsourddiregistebo diOBI20 toathedogituhdestgeatin
statistical analysis show ng that nultinedia applications utilize

appr oxi mateglistef #3Q,yorpdeamng cADDItIN$e cleat cororandrd datayelperenénof Md
instructions. Based on these statistics, this enbodi nent assunes that 20
mul ti medi @gis degtinaidors registar30y efcol Y amioush othesl teomiqgep mayenlso h'DD, MUL,
ADD, MJL, etc.. By utilizing the ADD and MJL executign units in the manner
descritbededpirmed imalfpetabemeseivd dhaopersion inelidipg farringpongiodfdie o ~ auo

Zoo2 _27_, use of the execution units, thus epabling co abl e perfaormance
to the cufPit tQtReEPERohIR aareaewaw&le@d@ﬂeeﬁtﬁgraé Zhajue that WG chart

that further illustrates the gircyitry of Figure SA re,specifically, as
T ust 1 ot Shse e R RER 1 WRafrim Ut ey PRt RIS Sk 11 e
T, the t ' LS fit - S : .der data
cegront s rORRS 1St pPEiatpny ihoREHERAIME el GUITE e (212
X1Y1. At SbTB-nlidibdy (OR&MYYD operation is performed on the remaining two
data elenents fromthe operands, by the sane execution units, and the
subserfuent twolrdtitedexdrepnilRistrated, only the result (Zg) of the operation on the

first pair of data elements (Xg and Y() is stored in the logical destination

register 430. Assuming the execution unit 440 includes pass through logic,

the remaining data elements of the logical destination register 430 are set to

values from corresponding data elements of logical source register 410 (i.e.,

20 X3, X2, and X1). While the logical destination register 430 is shown as a
separate logical register, it is important to note that it may concurrently serve

as one of the logical source registers 410, 420. Therefore, it should be

appreciated that setting data elements of the logical destination register 430 to



~ 10 of the higher order data segnent are added, nanely X, Y2 and XSYﬁF Xﬂéhﬁ
t he above enbodi nent is described with reference to ADD and MJL op ﬁa !
_using two execution units, alternate enbodi nents nmay use any nunber of
‘execution units and /or execute any nunber of different operations in a
staggered manner. 15 According to this enbodi nent, 64-bit hardware nmay be
used to process 128-bit data. A 128-bit register nmay be broken into four
32-bit elenents, each of which represents a separate 32-bit value. At tine
T, the two ADD execution units perform ADDS first on the two |Iower 32-bit
val ues, followed by an ADD on the higher 32-bit values at time T+1. In the
case of a MJL 20 operation, the MIL exd8ution units behave in the same
manner. This ability to use currently avail able 64-bit hardware to process
128-bit data represents a significant cost advantage to hardware

manuf act uvalugs from' one pixberlogiral soyrce ragisdersctlilh4a0 andhis, context ADBY and MUL
execution units according to the present enbodi nent are reused to reexecute
a second Hobide domns aptrasiasmilat For exampleudnthe carathaydogicalgowsserse, in

th f . i.al -wi dth . ked dat i 1 ti , .th ti it

b T ovcettaael A S bal e 10sRr SRS B AL baH By Bl ZATEt o nco power 10
th ti Jni t b | ectivel hut At te, d i bed
earlier, PRESAIBENoRayRie Aol ¢ bisand utinly aadber8ene & e F orm
effi cient BYthé P%%a@m%%g%ticg Qil%e?o ng%%e%gﬂ}rfm he statistical behavior of

mul ti medi a app I ons. a second ’nstruBtion follows a first ADD

| nstruction, €heieseGond i) AnéRe oD el fthPindudE RRARLENBHD kg, 2l | ow

the ADD execution units to conplete Irst "ADD i nstructifon® or nore

speci fi cakémepmam?awiﬁg%f&@ﬁoam&&r&ﬁww fHe tdpEcdlisottcebdgistasd kdict i on.
The second ADD instruction may then begin executing. Aternatively, in an

out - of - or des lqpicyl elestinatibhe@egisadiBol figosenoft theegatdeslementseint that reauMUL
instruction further down the 15 instruction stream may be perforned

out - of - or et arpfurggcesshey schelgaradagAgain indhis exasnple: palymbie wselu&Zodn units
to begin processing the MU instruction. If no MJL instructions are

avai | &bl eOf &re pp 8 oy the firstpaimel datnelemands (K@ Angi Y0) instoreddnehan
instruction ,f%ISAowi n? the first ADD instruction, thus allow ng1 t he, ADD
execut i onlQ@iftlestinatipp reginretd). 1 hae remaining gasp slefaenisqfi s 198ist e

begi nni ng ;t he second.ADD nstruction, ,Yet another enbodi nent of the
i nvent i on 955 HRAMOT qulﬁﬁﬁﬁé’é]égeoa@%arﬁ%D(S'B"I‘éﬂﬁt‘? ASTY Sélainéfr%tnﬁf”b be i ssued by

executing_t instructions, an,the execution units on half clock cycles
i nst ead oPr$€thrr8}r§ VavEl fé’§%é§5b%ﬁ%qﬁg an 0"~ AUG 2002 -29 instruction

on the half clock cycle effectively "doubl e punps" the hardware, i.e. nakes
the hardware twice as East. In this manner, the ADD or MJL execution units

may besavai | abeg)iosing ieelv&LoCck cycle to process a new instruction.
Doubl e punped hardware woul d all ow for the hardware units to
Figures 5A - 5C conceptually illustrate execution units 540, 560 and 580,
respectively, which may execute both full-width packed data and partial-
width packed data instructions. The selection logic included in the execution
units of Figures 5A and 5C represent exemplary pass through logic, while the
20  selection logic of Figure 5B is representative of clearing logic that may be

emploved. In the embodiments depicted, the execution units 540, 560, and 580

each include appropriate logic, circuitry and/or firmware for concurrently



.5 execute twice as efficiently as single punped hardware that executes only

on the full clock cycle. Double punped hardware requires significani}hubaiie
har dwar e, however, to effectively process the instruction on the halt clock
cycle. It will be appreciated that nodifications and variations of the 10
invention are covered by the above teachings and within the purview of the
appended clains without departing fromthe spirit and i ntended scope of the
i nvention. For exanple, although only two execution units are descri bed
above, any nunber of logic units may be provi ded. Second Exenpl ary

Enbodi ment Em-l 0, ing "Staggered Execution"” 15 According to an alternate
enbodi nent of the invention, the stqgé%rgd execution of a full wdth
operand is achieved by converting a full width nmacro instruction into at

| east two micro instructions that each operate on only half of the

oper andspererming apeopesaten 50, $1k andr5SBeonthe \f\hHTWtCH% afgbe ®perrduct i on
specifies a partial-width packed data operation, better 20 perfornmance can
be achieVéé“ﬁﬁgelininating mcro instructions that are not necessary for

t he det ' [ of th tial-wdih L.t. In Lhi
osour co ConsRPATHRS B BobisEn Sandne Aottty 18 dRoth e liet T

i ed; W. i i i i i, QNS h 0, ~ AUG 2002
"30- the WAL pr FRRREIRERS (BRI B IR A8 e GBI UL it or

renang HQP{BP@&M@ ?%gh%‘gbhrﬁﬁrggﬁf 254 %F\eﬂué h%mﬁ]pﬁgg fhE'date @'%E}.é&?cegi st er

mechani s may a uti consistent w I nven?ti on.

renam ngopBhEQE RS og@%{dsbeﬂh@ﬁ/i@)%%%l%? rhd\e bEBneollRd Reft sdadiplél i as
Tabl e (RAT), a Reorder 5 Buffer (ROB) and a retirenent buffer, as described

in detai b%iansighﬁ- thﬁaﬁﬁ@kai\é@-wﬁetﬂ\éﬁt}%laﬁg{éltioﬁfétﬁtr@nﬂl?@ieﬁ{geéxe"cﬁlﬂ@mﬁg met hods
such as that described in U S Patent . 5,197,132 may al so be

i mpl emenfdttwilltly paekéd datcepératibhyorid pagtialavizith@uekediuiada opatatiain. alrpi pel i ne
to perform operations on operands in a "staggered" manner by converting a
10 macr oaltemtativet érohodirhents, pditadriad fleaibilityc rmay hetachiviedrsy indudirgsh
processes a portion of the full width of the l’g:i)erands. It should be noted

t hat 1@ ar powsiditional Mligder dnta plemensdl and/ orinflependeatlgtcontulling eaplive not
been shom&(n &et,ail in order no%_ to unnecessarily obscure tqkiﬁ,inventi on.
As il ustMlfed/amous meage SRrovidigs ¥ ﬁ‘én%spgéffi Ressible; (AFCaffiftghtracr o
instruction i s received, ,1~ speci fying | ogical, squr.ce,reqgi sters, each
storing 8n?t?lmlsb IRt pRh AN 8{.:6’53%'1%%3’51 § Or e g&?v?ﬁ flécgg%fee, t he

descri be e d 128- bit__packed. fl.oati j da ds.,In this
exanpl e, H}sr(gtg‘m%fr% c%%egg)sr %ﬂ’pg?tpsf Vc*gg(gj‘i”c?allmr gél%stg g)ragLH Efs(')rlt:('s}t g’?aﬁﬁggpgcﬁed

floati ngbRQ%eQ@t?vaWa&%ﬁfa@e& DA Wed ir@?rﬁﬁlcgﬁg\\é?%%QS%J‘tt@ afll g the

instructions) nanely a I gh order operation ow or

oper g i OMUXkH855-882 o %ﬁ%ﬁtﬁoﬂ%d%?écﬂ?tgns@&wta@ TREEOMURE Uction to be
Performed on half the width of the opéréands (e.g., 64 bits). The two half

W dth m es@espsridifgitoaNoné e RhedvenddihR wallieGhay de dietrsd ng séleageheof the
pi peline. The regi Ster renam ng stage includes a o~ auo 2002
result of the operation while those corresponding to a zero may be caused to
select the pass through data. Of course, more or less resolution may be
achieved in various implementations by employing more or less bits to
20  represent the immediate value.

Turning now to Figure 5B, the execution unit 540 includes selection

logic (e.g., MUXes 565-567) for selecting between a value produced by an



":31 variety of register maps and reorder buffers. The |ogical source

regi sters of each mcro instruction are pointers to specific regi st & AUG 2002
.entries in a register mapping table (e.g. a RAT). The entries in the

regi ster mapping table in turn point to the |ocation of the physical source
|l ocation in an ROB or in a 5 retirenent register. According to one

enbodi nent, in order to accommobdate the half wi dth high and | ow order
operations described above, a RAT for packed floating point data is
provided with Y*2 entries. Thus, for exanple, instead of a RAT with the
entries for 8 logical registers, a RAT is created with 16 entries, each
addressed as "high" or "low " Each ep_tj29~i dentifies a 64-bit 10 source
corresponding to either a high or a Tow part of the 128-bit | ogical

regi ster. Each of the high and | ow order mcro instructions thus has

associ at edperatione¥’ li and hepredetiesménedrappin(e.-g.abew)c dks ebpendhadUieshe
respective operands. The mcro instructions then nove into_a scheduling
stage (foP8%ASAsajbe smder gempeBcsyEtl)onindependenst canfrokedt age (for an

stage be gl demmipp . . |
or ocesses o 641D PAELGHBHER SIS HEBGPE (BBendhs 5o/ SERESoper &t i ons
.g. the,.| d ti is.first ted by trF 4-hbit hard
i O, | TBH o S e BT ol DR RES A B8 Mo OB e
e excbur 5 baRaadr i REn FERER U AhE R IS b Pl it TR SRS BB O

above erbgARERRImies 9id B8R TACEGWAN HELIARPILAGISH VallRsdqihgqt vo

mcro instructions,”alternate enbodiments may di Vi _ 02 -32
Macr o i NS{Hei8h#a0dleBhO idTBHeevATLE It theddth GldRBnt, VBbE Bxdthply, &f theshows t hat

t he packed floating point data is returned to a retirenent register file
with Y*2 6gefition 5P tlagraSmugaply perdagival eerdshdidentity fundtionlvadiagbe
enbodi ments nay use a retirenent register file with Y 128-bit registers. In
addi ti on, wwhild dedneSimidariydf tendpemtibess?d bad ameaddgpearatiegi, sheidergitgm ng
mechanismw th a reorder buffer and retirenent register files, alternate
embodiGrenfunation valee H9) wegldsbe . rlenthis manmeachthd valuerdra datmplegenthe

regi ster renam ng nmechanismof U S. Patent No. 5,197,132 uses_a history
queue and<¥Habrsplestpelymageed though t@ thedpgifak Hastination registend?0 Pyl ustrat es
t he enbodi nent 10 described.in F'gur S % At time T, .a rracgo instruction
"ADD X, YERUSRGr e ¢EresRos é"%fv&g FP-THetpPpRYtIEe e G NGIoNgy way of
exanpl e, th@&%o instruction here is a 128-bit instruction. The 128-bit
macro i nstPUEtTONn is converted into two 64-bit micro instructions, nanely

Ve MEIn 0 2T O BEY BoBlime ANkl indlapBOd, bkCcik Q! HEL LAPENREU N ADD

Y~." Each 15 mcro rnstructi n processes a se nt of data containing

two defa a{a%rfﬁ@?_%gtii%iogg@%rsﬁoaﬁw% ggrf&mfeheoﬁ e RiadekioAPEdat il My be

executed by a 6 ut1on unit. en at a different “tine (e.g., tine

T+N),  t heeRhtdht YHAbn ONEIPhp SR ciale @ HRAUHR LR atibR My Be Gbrirmex AW | ON

unit. This enbodi nent of the invention is thus especially suitable for

processi ndiflet8nbihtaléleinest poetibRN thdis liNGtexed! iAo, bk déderibadibidive, siyst ens
wi t hout significant changes to the hardware. The existing systens are

easi | y extetaddements tochelidgeratattuwponmmay bbanad e tpbe keftwiareadnfigurbilaby in
addition to the existing | ogical register maps.
coupling all of the operations to a MUX or the like, rather than simply a
20  subset of the operations as depicted in Figures 5A-5C. Further, while pass
through and clearing logic are described as two options for treating resulting
data elements corresponding to operations that are to be disregarded,

alternative embodiments may employ other techniques. For example, a



"0~ AUG 2D02 -33 Referring nowto Figure 11, decoding |ogic that may he

enpl oyed according to one enbodi nent of the invention is described. 0% AUG 2002
_Briefly, in the enbodi nent depicted, a plurality of decoders 1110, 1120,
and 1130 each receive a macro instruction and convert it into a mcro
instruction. Then the mcro 5 operating are sent down the renmainder of the
pi peline. O course, N mcro instructions are not necessary for the
execution of every macro instruction. Therefore, it is typically the case
that only a subset of micro instructions are queued for processing by the
remai nder of the pipeline. As described above, packed data operations may
be inplenmented as two 10 half width nmi<2lb-instructions (e.g., a high order
operation and a | ow order operation). Rather than independently decodi ng
the macro instruction by two decoders to produce the high and | ow order
oper at i onRbNvndydbéénpytpacahé pf texopermaidsytopar opemtiorewhiose result is to

i mpl ementations, as a feature of the present enbodi ment both mcro

i nstruct i drsdisasgdrdedenler ttie shdnyner harithmetid opdeatiersr compliahi widkthepl e, this
is acconpl %hed by replication |ogic 1150 which replicates either the high
or 1 ow or JEF Eofd SRR TEES 15k 4 HEs Puklter atdie  d36%, o piopaBR eat ed

ti i at el t te.th i ni ti - tantly,
was descr i DEATLAMAUER 16,ie el oLk SOBBRONBIS FELIREH! SXERRURSS spate,
th i st 5 d t i i ti > 2Q t | i |
(e 18 L1 RATRER ol 56 S0 RHELRBRES S REANGEI, T
a result, ddie.ppgibbeatifR thQQ{Jﬁ—v@ijcﬁR df'%hétoiefé%?c%s ?Ax{rpé %r&&%?%ﬁﬁ%’ conpri se
one or nore inverters to inverf the approprirate b1 fs tofproduce a high

or der operirhpal, ﬁF%ﬂd'&%ﬁ%@iﬁtéﬁoﬁ{a@ 'o%m%snwiaﬁeaabeIrgdg&%aobyw AUG

2002 -34 event, the replic mcro instruction 1's then passe

mul ti pl exeshutfid® doWhe tRdd biHRXSerddidhs WiRRelREEIY QFllebddBEdrAsHr UCt i ONn
produced by decoder 1120. In this exanple, the nultiplexer 1170, under the
control ofTrusyalgrdfityntdpcwdesadihgd maubpuichidvied. r addittaiadly, wieh eche use
instruction for packed data 5 operations (including partial-w dth packed
dat a dper atfi@NNaNsazmd Hort pslensity henctiar vaiuestar prestictable exceptiod hodelh teyoder
1120 for operations other than packed data operations. Therefore, it is
advant agedissmaintgptachby ereventsig exreptiops tfeomi bging triggeredder datd esmsentpacked

data operations by the replication, |l ogic 1150. For exanple, if only a snmall
portion oft}‘Fhéreo‘F‘gtt Hértrfﬁctgé PPGU?ln‘é’ﬂqiRﬁb@i%érfg@ésoﬂeéa‘%nehiﬁfq{@&%t 0
di sti ngui sh atcéed dat.a o erf;\ti.on frrom ot her, operati ans, Igeﬂ | ess
ciroui try FRPTEE QBPHgEn ABy LIE R e FRHSHBcToRTEsHOR it dhe data

i npl enent a1 on t _passes.throu source _data gl ements to the | ogical
oot i nati airapl el br 8RS RRn Wo e P AT RE R Baf PR bR pehos Gar o 15
operatlgonsopérglteaddi tion to selection logic simlar to that described with
respect to*Figures 5A and SC, logic may be included to elimnate ("kill")

one of the hi ngigﬁré @MlQEQQfes%P&IﬁEﬁP??oce?é&fﬁﬁ?ﬁé&ﬂentﬁﬁbn%ra“r@? mance
reasons, the extraneous mcro instruction is elimnated early in the

pi pel i ne. aFfthfnedid IBNEthRTATRY) that a&¢ BERIseahetbxeea® filhwidih parkeardadi ment
depicted by 20 using a micro instruction selection signal output frommcro

i nstructi anstrectdrs. dEhe Al Ualf iKgue 6 tndltdys 1HOBircdiey necgssanynst perédiran
| ength determ nation |ogic 1190 exam nes a portion of the macro instruction
and pr oducgperifiensionrtbeifnltwidthiafrthe elpecandn (is. galdlof whe dhtd eldimemtss a
particul ar_

Figure 6 also shows that the ALU may contain one or more different types of

execution units. In this example, the ALU includes two different types of
execution units for respectively performing different types of operations (e.g.,

certain ALUs use separate units for performing ADD and MUL operations).



-G~' AUG 2002 -35 conbination of one or nore mcro instructions that, _a 8
proceed down the pipeline. In the case of a scalar SIM instructioﬂf éﬁib’z
one of the resulting high and | ow order operations will be allowed to
proceed. For exanple, the mcro instruction selection signal may be
represented as a bit mask that 5 identifies those of the mcro instructions
that are to be retained and those that are to be elimnated. Alternatively,
the mcro instruction selection signal nmay sinply indicate the nunber of
mcro instructions froma predeterm ned starting point that are to be
elimnated or retained. Logic required to performthe elimnation described
above will vary depending upon the st&éring 10 nechani smthat guides the
m cro instructions through the renmai nder of the pipeline. For instance, if
the mcro instructions are queued, |ogic would may be added to manj pul ate
t he head TawdAPR exepitinrersitging He MUk expestion atritbareyipspectively sapablenval i d
mcro instructions tqg be overwitten by subsequently generated valid mcro

i nst r uct PHRPETNME RS fRULIERF2 8] A Bh8XGCHIoNeeRISs DdSOus sﬁP?qat%Efﬂe{gpar ent to

those of ordinary skill in the art. ough for.sinplicit ly. a single
macro i n§f‘?ﬂbtf‘?‘b¥lmi"§' s%BWaé%eb'eitﬁﬁ‘S ‘QL@?) |nigig Pﬁg er“?ﬁ%%ﬁ‘r%’&g}' nent

depi cted,, | |.t er natd e enbodient s, qultipl.e macro instructi.ons nmay be
decoded. Assanfbiaf (G e SRR netelr TR Parihon Sy Rk, PR
repliegati :hro ' Ly j I t he above
enbodlgrrer?? {Bﬁégftléé&aggﬁg? %ﬁ@@?&%ﬁ%ﬁsﬁﬁ&;@ @F%A?Lhéét bédé]eég:ﬁq%ggl above,
full-w dviuanekeRatibhalnitd 844 FRAGKEDEIAE BpERMShd, I61s 45 depatedBYhd}e decoded
by the sane decoder. If a prefix i's used to distinguish full-w dth and
partial ‘eikedtigraalkad sdahasMeand for BltégéO@Feraidnk iy dlol thased.he decoder
may sinply ignore the prefix and decode both types of instructions in the
sane mankarthefhigmay be preferapld at embildys aipartiabwidshimphgmeniationofess.at i ons
may be nodified to selectively enable processing for either all or a subset
of the danameplemearttatiohrwithilgsstvamea orfedtio-omé dbtreSppadémat betvweeem cr o
operations may be generated frompartial -wi dth packed data m cro operations
or vilBe eseaHIon Hattelnd: datactlegentmiminakadditional hegigde seerdinptriseusg ofet hod
and apparatus for effjciently executing partial-w dth packed data

i nst ruct itBRHEXEFUIRN YRIty 88 flesamRedkbelo¥e i f i ¢ arrangements and 10 met hods
described herein are nmerely illustrative of the principles of the

i nvention. Nunerous nodifications in formand detail may be nmade by those
of ordinary Slfjalrf!iali-Wi n,‘el_ﬁarrg“ygirégggt,, e 1_tid ff.x?i t.he scope of the

i nvention. A relation to a

particul ar prej rfe@@ﬁz'ﬁoﬁdnagggucfl%ﬁl@@%@ﬁ@Qﬁ-wpﬁitﬁg%%%ﬁgrcﬁ‘{ia50 linited. 15

Rat her, the invéntion is e scope e appended cl ai ns.
15 operation and a partial-width packed data operation being performed in a

“staggered” manner, respectively. “Staggered execution” in the context of this
embodiment refers to the process of dividing each of an instruction’s
operands into separate segments and sequentially processing each segment
using the same hardware. The segments are sequentially processed by

20  introducing a delay into the processing of the subsequent segments. As
illustrated in Figures 7A-7B, in both cases, the packed data operands are
divided into a “high order segment” (data elements 3 and 2) and a “low order

segment” (data elements 1 and 0). In the example of Figure 7A, the low order



-0~ AUG 2002 - 37 CLAIMS ~Il~at is clainmed is: 1. A processor conprisinE a
plurality of rcgst~s; a rGastcr rcnanminb uozt coupled to the plural B% 2612002
. r~~isters I c~ provide an arclutectural. register file to store pacl ~ed data
operands, cacti of said paekCd data operands havias a plur;~lity of data

el enents; a decoder, couplCd to said register reuam n~; ur~zl., Lo
r~cet~cju a first and second set ~f insiniotions that each specify one or
nor,Grcgislcrs in the arcliitectural rcgist~c file, each instruction in
the iirst s of instntctious spocif~~in~ operations on all of the data

el enment., stored in the specified one or nore re~tcrs, each of the second
set of instmctions specifying an operd®ron on only a subset of data
clcneflt stored io lie specified one or nore registers; 9nd a par(ial-wdth
cYCCUtion unit, coupled to the decodes to execute operations specified by
ei ther '|segmerg isyprogessediwibilg dlomBigheordsr ﬁeﬁmﬁﬂtdﬁicgfh%YEdz.Squﬁbﬁ}éfssor of
claim'l, wherein th,s subset of d~.t~ elenents stored in a specified one
or nore r&ﬁEtgiﬂr%rd@ésregmeinéé%pmﬁ&%en@ithe fulzet tgirgﬁvlftﬂ%ahtala%d-aln

el ements. ,3. The pr ssor Qf claiml,, futth~r.conpri,ing.an cXCeutioa
i 1 o sETRErBRyTIaERat o S ep e SHETERT Brotrening. S beRAta
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of the SPesiEdnhdRg IR Bk berdeto IRAAIEALY, 1Pk iprialbaeinRt Fofhe: SUT of

c:,l,aim3, ein | h~; execution unit farther conprises a plurality of

mul ti pl cXKigh éleglRE sepiRlene e hoepfitedsed, eRBMboth thddighen@lowdskled; tt a
el ements and an identity function .for io,put to | hC spccific.d operation,

6. Tb. e .detansegnodntsinmayrbé opabetedi updmet theesdimeuhmer! Sahilktlg, ooarfalpondi ng
data Clcncz~U conptisc a | ower order data segnent o~f the ~6r~t and srcond
packed dawadth-poptemieniantiohrt (e-g, secionplesndrgationfwithl @ onertoespondi ng dat a
Ccmnls conprise a |liigher order data , Cgn,Cnt of |ht fast and second
pacl cEll deRraesprerdense detween expeutinn eoitprarst data elemandpsthethigheared lawig a
single macrp ipstrucai.oa spc cifying gt |east fvvo | obi cal _rer~stCrs in a
p, qcked d@’id;r R SEBTERLy @aYvﬁ?eP’@CﬁssteﬁeCQWfT% Yc@r as F}é‘@‘i"gtlér dgure 7A.

oper an_havi ngACORFaRBbh TP R AR B s SR AS SHBee g
rebendeLleSORLoL RaRD KT, ok RSP LIEELM A Rbr e 4o
generate S Terrand i ERY 480 PO o T esul Ling data of oncniv by
perforyai n~ anwHd tHdrk Qe 31 dthbeX 8 BYFfdBRt SHd}fs! InewBRH the staggered

execution of instructions can be achieved, the following sections describe two

exemplary embodiments to illustrate this aspect of the invention. In

particular, both of the described exemplary embodiments receive the same

macro instructions specifying logical registers containing 128 bit operands.

20 In the first exemplary embodiment, each macro instruction specifying
logical registers containing 128 bit operands causes the full-width of the

operands to be accessed from the physical registers. Subsequent to accessing

the full-width operands from the registers, the operands are divided into the



insts-uction on at |east one pair of corrCaPonding date G ernCnta hn, U@QE
firat and second plurality corrCspcndi n~ data el enents to produce ﬂA (2
one resulting data clenment of the first and aocond plurality of resulting
data el enents, and setting rcmainiufi resu7tin~ dates. clcm:nts of the
first and second plurality of resul,tir~g d ttta elenents to one or nore
predeterm ned val ues; aa~d atnrin~ tbc : C-z~l and second plurality of
resulting dais elenents in a single logical rc~istG a5 A third packed
data operand. 8. Tlie netliod of claim7, wherein the one or nore
prCdclcrlfllllCd values conprise values of date elcnCrl~ fromEither the
first packed data opcra.nd or the vce2énd pgck~d data operand. 9. '1'!~e
met hod of claim 7, wherein the one o~ note prCdCtcrm ncd val u.cs conpri se
zero. 10. '.llle Luethod cy eZaim7, wherein tl~c one or mnrc

pr edet er iwaddvhighesrdesmpgreata(agt uaingulabares(@dad\inuligie®ars)emd 11. 1- he
method ol' claim7, whctcin the single rnticro_instruction is a packed data
macr o i nsequectiadly. exezutenl paingsthersacmgrbard ware. aTpeuesulting kalfwadilat ~rc; g
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instructions specifying an opcr<tLion on only a“subset of, data”ClGrCnls of
one or NBR& eAdh Shiced iﬁﬁ&@ctmwﬁ%@mﬁslm?n@ls@ﬁmé bpetafle tObenor €
registers; and a partial-width e~; ion unit, coupled to tlic decoder tn
execut e acqes¥al frons tispegiittesd Dhyisaiypeiofa dividite if possibledn,a SIVMD second set
of packed data i,oslruclions. 0~ AUG 2002 -39 13. The processor of claim
12, Wher erahitehbirSliesetisobacabhtied epernsisss ondepéndent Srar. thiel dtbedr.one or
tnotc registers conprises correspondi ng feast significant data_el enents.
14. The g\‘l@é‘és@@ﬂer@ﬁn@tmﬁ abther sgconedr ermbagimnenh§an exeeywtectine @icri nit to
Sel ecti vel ¥ perform a spgi t] eg operation on onC or_nore data .clciuents in
t he ~~CLASICHFUORE 18ratipP E’rfeGit fepR Iﬂé}iéﬁﬂioﬁé‘rh‘b‘%oﬁlxﬂf SEHHRNf i rst or
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conl prisiub: receiving a sin full-width nmacro i nstruction specifying at

| east t wWpdiediregister $perified bl ke iderbagstgattisregi sters respectively storing
first and ~:CC. C, nd packed data operands having correspondi ng data

el ements; respdinide embioalifreats aregliescribed, inWhjdhh128abitwmperahdsiatd on, di vi di nb
tbC yngl ~ full-widtWuacro .instruction into at '"ieaSt tWO partial-width

~. ~i cro dindtleddht@twot degmerds,halernatspembadimergsibseld ose tangecorr ¢* pondi ng
data elentnl s of |.hc first and second packed dgta operands, by generating
a fi2st amalleeoprtanpds and/onidititle those opemsdsiotd orpredhredpo-nding to the
single full-width uzaao instruction; elimnating an operation on a second
subset ofegmenorln addisioonavhile e gxemphat @nbpgwgrawrei%snhethﬁors C-nd

achcd dat a_opcraods; : :
P perforrr'r)l?ng staggered execution, alternative embodiments could use other

techniques.



accessing a first subset of the corr~spanding data el enents | ~zomthe first
aid second logical registers in 'response to tbG first partial-w dt U;(TTAUG%{]Z
_instruction; and responsive to tLle fiat partial-width mcro instructic~. a~
perform ng an opent (iou specified by tl~e single jullvridth nmacro

in, trueazoa on the first subset a; C the corrcspoucling data elenents from
said first xad vccond packed data opezands, to generate a first subset of

resulting dgta clcnaents, the hr~l;;ubsct of rcsultiufi data C enent being
stnrcc) in a portion of a sine |lo~,cal rcgystcr as a third pacl ccd data
operand. X8. ~ net$od ~s in claim17) further carnprasing setting tlao

remai nder of the siogle lo~ical registe&;-to one or nore prcdeterm n. Cd
values. 19. , A nethod as id cl:~im1F, (9dditionally canpriaing
climnatint; the Second partial-w dth mcro i nstructl on. 0~ AUG 2DD2 - 40
ZU. A rrethod a, First Exerap larg & mipbadined helange aggeredrbocntoni nCd v, ~l ucs
conprises values fromdata elenCats in one of the f| rst and second pa,cl:ed
data operandi Figimelhd concepiaatlyiiBystrates citsnitey poitliinng paetesser aaeprding 71
Antt hod as |n claim18, wherein tl~e predeterm ned val ues conprises zero.
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not - a- nunber,. (Na, N~ indic A neth recei ving, a single
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mer o 72t SR 1 DR RS A AS OLSORESS SRR Pisrigie it
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aparti al cu0| on It CX~, rtt ISt t1on spcéiiied b~

the ftrsl aBhi6he th@%él%&iﬂ%’@e r@efdfﬁﬁétr&%ﬁﬁﬁt1sQfxe@uﬂéHW‘QD'DX ¥ MUg! a
elencnt~ icy gOncratG a t set of resulting data clcnienfs'to be stored

in a portifQrB.oAtainsé MYhes8odgidiN ah@UR8IRSs ofNAr&kadH Pattiehied fiten théend
operation spccifiv;d by the seoond micro i.n~truction. 24. A mdChod as in
cl ai m 23, réspectiee physizal sedisteretia pags 1 hedr 2nThenower oodert detasegglenits,ogi cal
register to one or. znarC predeterm ned values. 25. A mthod gs in c.laitn
24, adal t namely sy laseespt bitsnof edthnX matli Yigré pesseecionol multiptexens 862iend on.

26. A nethod. as is claim24, whCrCxn the predeterm ned val ues conprises
zero. 27. 844 madben:orste the pxgawtipm umite fasi mrqcessenar dbethightherdertdatacs
conprises a not-a-nunber Ddi c raeGssor conpri §Ang a

regi,tcx PeSTeRbnthE h}g%‘&f&éobléﬂoﬁétaé‘d?//\%@rf&hﬁhd in EIEQYQ%IF@‘?PFR:Wd@%d
plur al it Y 8 Lﬂ-leltﬁgﬁlgher order data segments of X and Y are read from delay

elements M1 and M2 and passed into multiplexers 802 and 804 and then on to
15 the execution units for processing. In general, the delay mechanism of
storing the higher order data segments in delay elements M1 and M2 allows
N-bit (N=64 in this example) hardware to process 2N-bits of data. The low
order results from the execution unit are then held in delay element M3 until
the high order results are ready. The results of both processing steps are then
20  written back to register file 800 via port 3. Recall that in the case of a partial-
width packed data operation one or more data elements of the low or high

order results may be forced to a predetermined value (e.g., zero, the value of a



-a partial-widfh ehecutic~n unit coupled to the re6ister file; and a
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statistical analysis showmg that multlmedxa apphcatlons utilize

approximately fifty percent ADD instructions and fifty percent MUL

instructions. Based on these statistics, this embodiment assumes that

20 multimedia instructions generally follow the following pattern: ADD, MUL,
ADD, MUL, etc.. By utilizing the ADD and MUL execution units in the

manner described above, the present embodiment provides for an optimized
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r.,~~.c:hinc-rcad.ablc nediumu' (' claim32, further conprising ,rttzn~ tbc
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values. .A{@.Al,Y.Ah. A AUS. Af, . AYU. AY(Sr. AY@.A .A{, .Ah .A . AS .AYh . AF
Al A A AYh .Ah .A3 . Al . A .A{@A3.AI77A .A.Ah (Al .AY .AY . AF

use of the execution units, thus enabling comparable performance to the
current processor, but at a lower cost.
Figure 8B is a timing chart that further illustrates the circuitry of

Figure 8A. More specifically, as illustrated in Figure 8B, when instruction

5 “ADD X, Y” is issued at time T, the two ADD execution units first perform
ADDs on the lower order data segments or the lower two packed data
elements of Figure 1, namely X;Yy and X;Y;. Attime T + 1, the ADD
operation is performed on the remaining two data elements from the
operands, by the same execution units, and the subsequent two data elements

10  of the higher order data segment are added, namely X,Y; and X3Y;. While
the above embodiment is described with reference to ADD and MUL
operations using two execution units, alternate embodiments may use any
number of execution units and/or execute any number of different operations
in a staggered manner.

15 According to this embodiment, 64-bit hardware may be used to process
128-bit data. A 128-bit register may be broken into four 32-bit elements, each
of which represents a separate 32-bit value. At time T, the two ADD
execution units perform ADDs first on the two lower 32-bit values, followed
by an ADD on the higher 32-bit values at time T+1. In the case of a MUL

20 operation, the MUL execution units behave in the same manner. This ability
to use currently available 64-bit hardware to process 128-bit data represents a

significant cost advantage to hardware manufacturers.
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If a second ADD instruction follows a first ADD instruction, the second
10 ADD may be delayed by a scheduling unit to allow the ADD execution units
to complete the first ADD instruction, or more specifically on the higher
order data segment of the first ADD instruction. The second ADD instruction
may then begin executing. Alternatively, in an out-of-order processor, the
scheduling unit may determine that a MUL instruction further down the
15  instruction stream may be performed out-of-order. If so, the scheduling unit
may inform the MUL execution units to begin processing the MUL
instruction. If no MUL instructions are available for processing at time T+1,
the scheduler will not issue an instruction following the first ADD
instruction, thus allowing the ADD execution units time to complete the first
20  ADD instruction before beginning the second ADD instruction.
Yet another embodiment of the invention allows for back-to-back ADD

or MUL instructions to be issued by executing the instructions on the same

execution units on half clock cycles instead of full clock cycles. Executing an



" BYdDX@*109%&' ()-9 z#10%&' ()-fz#10%ld& ()-f10%& ()-10%& ()-' @1LO%& () - YUu;
<=>~"B810S#<10%& ()-"f810%& ()- f($109%& ()-  \($10%& ()- @10%& () - @1 AUG 2002
N@*10%&’ ()-9>?@P. } pR4SM 10%&' ()-y 10%& ()- 109%& ()- S10%& ()- Fl0%<& ()-

T &, mOY& ()-41010} 4 s -iK-4s! 109 ()-1110%&' ()- 109 ()- 10%&' ()- 109& () -
Y1098 () - @R#10%&' ()--y+ y i KA710101 * 0109& ()-1. 109%& ()-, 10%&' () -
*@O% ()- ( !10% ()- |& 10%&' () - 7xZ971 S #10%shsh&' () - S-#10%

h& ()- S-#10%&' ()-S-#10% & ()-,10% h& ()- ' nml0%
h& ()-nml07~qdW91& nmlO%& () - 310xx10xx10xx Xl #10%x& ()- @\ 1 #10% (| (& ()-@
Sl #109%6hsh&' () - @ #10% f\&' (-Qf H*10°/<Z&' é)
, @10%Z& ()-Lt10%& ()-110%& () -
instruction on the half clock cycle effectively “double pumps” the hardware,
i.e. makes the hardware twice as fast. In this manner, the ADD or MUL
execution units may be available during each clock cycle to process a new
instruction. Double pumped hardware would allow for the hardware units to
5 execute twice as efficiently as single pumped hardware that executes only on
the full clock cycle. Double pumped hardware requires significantly more
hardware, however, to effectively process the instruction on the half clock
cycle.
It will be appreciated that modifications and variations of the
10 invention are covered by the above teachings and within the purview of the
appended claims without departing from the spirit and intended scope of the
invention. For example, although only two execution units are described

above, any number of logic units may be provided.

Second Exemplary Embodiment Employing “Staggered Execution”

15 According to an alternate embodiment of the invention, the staggered

execution of a full width operand is achieved by converting a full width
macro instruction into at least two micro instructions that each operate on
only half of the operands. As will be described further below, when the
macro instruction specifies a partial-width packed data operation, better

20 performance can be achieved by eliminating micro instructions that are not
necessary for the determination of the partial-width result. In this manner,
processor resource constraints are reduced and the processor is not

unnecessarily occupied with inconsequential micro instructions. Although
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method, it will be appreciated that other register renaming mechanisms may
also be utilized consistent with the invention. The register renaming method
as described below assumes the use of a Register Alias Table (RAT), a Reorder
5 Buffer (ROB) and a retirement buffer, as described in detail in U.S. Patent No.
5,446,912, Alternate register renaming methods such as that described in U.S.
Patent No. 5,197,132 may also be implemented.
Figure 9 conceptually illustrates one embodiment of a pipeline to
perform operations on operands in a “staggered” manner by converting a
10 macro instruction into a plurality of micro instructions that each processes a
portion of the full width of the operands. It should be noted that various
other stages of the pipeline, e.g. a prefetch stage, have not been shown in
detail in order not to unnecessarily obscure the invention. As illustrated, at
the decode stage of the pipeline, a full width macro instruction is received,
15 specifying logical source registers, each storing a full width operand (e.g. 128-
bit). By way of example, the described operands are 128-bit packed floating
point data operands. In this example, the processor supports Y logical
registers for storing packed floating point data. The macro instruction is
converted into micro instructions, namely a “high order operation” and a
20 “low order operation,” that each cause the operation of the macro instruction
to be performed on half the width of the operands (e.g., 64 bits).
The two half width micro instructions then move into a register

renaming stage of the pipeline. The register renaming stage includes a
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variety of register maps and reorder buffers. The logical source registers of
each micro instruction are pointers to specific register entries in a register
mapping table (e.g. a RAT). The entries in the register mapping table in turn
point to the location of the physical source location in an ROB or in a
retirement register. According to one embodiment, in order to accommodate
the half width high and low order operations described above, a RAT for
packed floating point data is provided with Y*2 entries. Thus, for example,
instead of a RAT with the entries for 8 logical registers, a RAT is created with
16 entries, each addressed as “high” or “low.” Each entry identifies a 64-bit
source corresponding to either a high or a low part of the 128-bit logical
register.

Each of the high and low order micro instructions thus has associated
entries in the register mapping table corresponding to the respective
operands. The micro instructions then move into a scheduling stage (for an
out of order processor) or to an execution stage (for an in order processor).
Each micro instruction retrieves and separately processes a 64-bit segment of
the 128-bit operands. One of the operations (e.g. the lower order operation) is
first executed by the 64-bit hardware units. Then, the same 64-bit hardware
unit executes the higher order operation. It should be appreciated that zero or
more instructions may be executed between the lower and higher order
operations.

Although the above embodiment describes the macro instruction being

divided into two micro instructions, alternate embodiments may divide the
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macro instruction into more micro instruction. While Figure 9 shows that
the packed floating point data is returned to a retirement register file with Y*2
64-bit registers, each designated as high or low, alternate embodiments may
use a retirement register file with Y 128-bit registers. In addition, while one
5 embodiment is described having a register renaming mechanism with a
reorder buffer and retirement register files, alternate embodiments may use
any register renaming mechanism. For example, the register renaming
mechanism of U.S. Patent No. 5,197,132 uses a history queue and backup map.
Figure 10 is a timing chart that further illustrates the embodiment
10 described in Figures 9. At time T, a macro instruction “ADD X, Y” enters the
decode stage of the pipeline of Figure 9. By way of example, the macro
instruction here is a 128-bit instruction. The 128-bit macro instruction is
converted into two 64-bit micro instructions, namely the high order
operation, “ADD Xy, Yy” and the low order operation, “ADD X, Y_.” Each
15 micro instruction then processes a segment of data containing two data
elements. For example, at time T, the low order operation may be executed by
a 64-bit execution unit. Then at a different time (e.g., time T+N), the high
order operation is executed by the same 64-bit execution unit. This
embodiment of the invention is thus especially suitable for processing 128-bit
20  instructions using existing 64-bit hardware systems without significant
changes to the hardware. The existing systems are easily extended to include

a new map to handle packed floating point, in addition to the existing logical

register maps.
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Referring now to Figure 11, decoding logic that may be employed
according to one embodiment of the invention is described. Briefly, in the
embodiment depicted, a plurality of decoders 1110, 1120, and 1130 each receive
a macro instruction and convert it into a micro instruction. Then the micro

5 operating are sent down the remainder of the pipeline. Of course, N micro
instructions are not necessary for the execution of every macro instruction.
Therefore, it is typically the case that only a subset of micro instructions are
queued for processing by the remainder of the pipeline.

As described above, packed data operations may be implemented as two

10 half width micro instructions (e.g., a high order operation and a low order
operation). Rather than independently decoding the macro instruction by
two decoders to produce the high and low order operations as would be
typically required by prior processor implementations, as a feature of the
present embodiment both micro instructions may be generated by the same

15 decoder. In this example, this is accomplished by replication logic 1150 which
replicates either the high or low order operation and subsequently modifies
the resulting replicated operation appropriately to create the remaining
operation. Importantly, as was described earlier, by carefully encoding the
register address space, the registers referenced by the micro instructions (e.g.,

20  the logical source and destination registers) can be made to differ by a single
bit. As a result, the modification logic 1160 in its most simple form may

comprise one or more inverters to invert the appropriate bits to produce a

high order operation from a low order operation and vice versa. In any
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1120. In this example, the multiplexer 1170, under the control of a validity
decoder 1180, outputs the replicated micro instruction for packed data
5 operations (including partial-width packed data operations) and outputs the
micro instruction received from decoder 1120 for operations other than
packed data operations. Therefore, it is advantageous to optimize the opcode
map to simplify the detection of packed data operations by the replication
logic 1150. For example, if only a small portion of the of the macro
10  instruction needs to be examined to distinguish packed data operations from
other operations, then less circuitry may be employed by the validity decoder
1180.
In an implementation that passes through source data elements to the
logical destination register for purposes of executing partial-width packed data
15 operations, in addition to selection logic similar to that described with respect
to Figures 5A and 5C, logic may be included to eliminate (“kill”) one of the
high or low order operations. Preferably, for performance reasons, the
extraneous micro instruction is eliminated early in the pipeline. This
elimination may be accomplished according to the embodiment depicted by
20 using a micro instruction selection signal output from micro instruction
length determination circuitry 1190. The micro instruction length

determination logic 1190 examines a portion of the macro instruction and

produces the micro instruction selection signal which indicates a particular
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combination of one or more micro instructions that are to proceed down the
pipeline. In the case of a scalar SIMD instruction, only one of the resulting
high and low order operations will be allowed to proceed. For example, the
micro instruction selection signal may be represented as a bit mask that
5 identifies those of the micro instructions that are to be retained and those that
are to be eliminated. Alternatively, the micro instruction selection signal
may simply indicate the number of micro instructions from a predetermined
starting point that are to be eliminated or retained. Logic required to perform
the elimination described above will vary depending upon the steering
10 mechanism that guides the micro instructions through the remainder of the
pipeline. For instance, if the micro instructions are queued, logic would may
be added to manipulate the head and tail pointers of the micro instruction
queue to cause invalid micro instructions to be overwritten by subsequently
generated valid micro instructions. Numerous other elimination techniques
15  will be apparent to those of ordinary skill in the art.
Although for simplicity only a single macro instruction is shown as
being decoded at a time in the embodiment depicted, in alternative
embodiments multiple macro instructions may be decoded concurrently.
Also, it is appreciated that micro instruction replication has broader
20  applicability than that illustrated by the above embodiment. For example, in
a manner similar to that described above, full-width and partial-width packed

data macro instructions may be decoded by the same decoder. If a prefix is

used to distinguish full-width and partial width packed data macro
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instructions, the decoder may simply ignore the prefix and decode both types

of instructions in the same manner. Then, the appropriate bits in the

resulting micro operations may be modified to selectively enable processing

for either all or a subset of the data elements. In this manner, full-width

5 packed data micro operations may be generated from partial-width packed
data micro operations or vice versa, thereby reducing complexity of the
decoder.
Thus, a method and apparatus for efficiently executing partial-width
packed data instructions are disclosed. These specific arrangements and
10 methods described herein are merely illustrative of the principles of the

invention. Numerous modifications in form and detail may be made by

those of ordinary skill in the art without departing from the scope of the

invention. Although this invention has been shown in relation to a

particular preferred embodiment, it should not be considered so limited.

15  Rather, the invention is limited only by the scope of the appended claims.
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i rcglstcr rcnamiap upit coupled o the plurality of reg-
isters o provide an architectura) register file to store
packed dats operands, cach of said packed data oper-
ands having a plurslily of data clcments;

a dccoder, coupled lo said register renaming unit, (o
decode a first and second <et of inostructons that each
spccify one or more regislers in the architectural reg-
ister file, cach instruction in the first set of instructions

specifying operations on all of the data elements stored
in the specificd one or morg registcrs, each of the
sccond sct of instructions specifying an operation on
only a subsct of data clement stored in the specified one
or more registers; and

a partial-width cxecution unit, coupled to the decoder to

execute operations specified by either of the {irst or the
sccond scl of instructions.

2. The processor of claim 1, whereja the subset of data
clements stored in a specificd one or more registers cam-
priscs comresponding lcast significant data clements.

3. The proccssor of claim 1, further comprising an execu-
tion unit to sclectively perform a specified operation on one
or more dats elements 1o, the specified one or more registers
depending upon which of the first or sccond set of instruc-
tions the specified operatian is associated,

4. The processor of claim 3, wherein the execution unit
further comprises a plurality of mulliplexers to sclect
between a result of the specified operation and a predeter-
mincd value.

5. The processor of claim 3, wherein the exccution unit
further comprises a plurality of multiplexers lo scleet
between a data element of the one or more dila clements and
an identity function {or juput to (he specified operation,

6. The method of claim 1, wherein the ficst subsct of the
corresponding dala elements comprise a lower order data
segment of the fint and second packed data operands and the
sccond subsct of the corresponding data elements comprise
a higher order data segment of the first and sccond packed
dala opcrands.

7. A melhod comprising the steps of?

rceciving a single macro instructjon spscifying at lcast

two logical registers in u packed data rogister file,
wherein the (wo logical registers respectively slore a
first pucked data operand and second packed data
operand having corresponding data cltments; and

T109R22& () -39 | nl0%&
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the same circuit to independently generate a fiest and

second plurality of resulting data elements by

performing an operation spealied by the single macro
instruction on at least ane pair of corresponding data
elements iv the fitst snd second plurality correspond-
ing data clements to produce at lesst onc resulting
daty clement of the first and second pluralily of
resulting data elemeats, and

sctting rcmaining resulting dats clements of the first
and sccond plurality of resulting duty elements to onc
or more predelermined valucs; and

storing the Grst and sccond plurality of resulting dats
clements in a single lopical register as a third packed
data opcrand.

8. The method of claim 7, whercin thc one or more
predetermined values comprisc values of data elements from
either the frst packed data operand or the second packed
duts operand.

9. The method of claim 7, whercin the one or more
predelermined valucs comprise zero.

10. The method of claim 7, whercin thc one or mare
predetermined valucs comprise a not-a-pumber (NaN) indi-
cation.

11. The method of claim 7, whercin the single mucro
instruction is a packed data mecro instruction.

12. A processor comprsing:

a plurality of registecs;

& register renaminp unit coupled to the plurality of reg-
islers lo provide an architectural register file to storc
packed data operands, each ol said packed data oper-
ands having & plurality of data clements;

a3 dccoder, coupled to said register renaming unit, to
decode a first and second sel of packed data instructions
that each specify one or more registers in the architec-
tural registec (ile, cach packed data instruction in the
first set of packed data instructions specitying opera-
tions oa 4ll of the data clements of onc or morc pacled
data operands slored in the specificd onc or more
regasters, each of the sccond set of packed data instruc-
tions specifying an operation on only a subsct of data
elements of onc or more packed data operands stored in
the specified one or more rcgisters; and

a partial-width execution unit, coupled to the decoder ta
execlte operallons specificd by either of the first ar the
sccond sct of packed dats justructions.
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10uu 14. The processor of claim 12, further comprising an
execution unit 1o selectively perform & specified operation
on one or morc data clements ia the specified one or morc
rcgisters depending upon which of the first or second set of
Instructions the specified operation is associated.
15. The processor of claim 14, wherein the execution unit
further comprises a plurality of multiplexers to select
between u result of the specified aperation and a predeter-
mined value,
16. The processor of claim 14, wherein the exceution unit
further compriscs a plurality of multiplexers to select
between 4 data element of the one or more duta elements and
an identity [unction for input to the specified operation.
17. A method comprising:
receiving a single full-width macro instruction specifying
al Ieast two logical repisters, the two logical registers
respectively storing first and second packed data oper-
ands having correspopding data clements;
responsive to the single full-width macro instruction,
dividing the single full-width macro instruction into at
least two partial-width micro instruclions that each
correspond (o a subsct of the corresponding data ele-
ments of the first and second packed data operands, by
penerating a first and second partial-width micro
instruction corresponding to the single tuli-width
macro 1ustruction;
climinating an opcration on a second subsct of the cor-
—~ responding data elements from sald first and second
packed data opcrands;
accessing s fisst subset of the correspunding data clements
from the first and second Jogical registers in response la
the first partial-width micro instruction; and
cesponsive to the first partial-width micro instruction,
perloming an opérution specified by the single full-
width macro instraction onm the first subset of (he
corresponding data clements from said first and second
packed data operands, to gencrate a first subset of
resulting data clements, the first subset of resulting data
clements being stored in a portion of a single logical
register as a third packed dala opeorand.
18. A method us in claim 17, further comprising sctting
the remauinder of the single logical register to one or more
predetermined valucs.
15. A method as ia claim 18, additionally comprising
climinating the sccond partial-width micro instruction.
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predetermined values comprises values from data elements

in one of the first and second packed data opecands [rom the
sccond subsct of concspondmg data elemunts.

21. A mcthod a5 in claim 18, wherein the predetermined
values comprises zero.

22. A mcthod as in claim 18, wherein the predetermined
values comprises & nol-a- numbcr (NaN) indicator.

23, A mcthod comprising:

Tecciving a single macro instruction specitying an opera-

tion;

,  generaling a [irst micro instruction and second micro
instruction corresponding (o the single macro
ymstruction, the [irst micro instruction specifying a first
operation and the second micre inslruction specifying a
sccond operation;

4 partigl-width execution unit cxgeuting the first operation
specified by the first micro instruction on a first subset
of a plurality of data elements o generale a first sct of
resulting data clements to be stored in 2 portion of &
single logical register; and

ehiminating the second operation specificd by the second
micro instruction.

24. A method ss in claim 23, further comprising seting
the remuindet of the single logical register to one or mare
predetermined valucs.

25. A method as in claim 24, additionally comprising
eliminating the second micro instruction.

26. A mcthod as in claim 24, wherein the predetermined
values compriscs zcra.

27. A method 4s in cluir 24, whercin the predetermined
values comprises a not-a-number (NaN) ipdieator.

28. A processor comprising:

a reginter file contuining packed data wherein the data

includes a plurality of duta clements;

a partial-width execution unit coupled to the register file;
and

a circuit, coupled to the register file and the execution
unit, in response to a single full-widtly macro instruc-
tion specifying an operalion, being confipured lo:
divide the single full-width macro instruction into at

least two parlia]-width micro instructions, that cach
correspond to a subset of comresponding data ele-
ments of the plurality of data elements, by gencrating
a first and second partial-width micro instenetion
corresponding to the single full-widih macro instruc-
tion;
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portion of a single logical register; and
cause the partial-width exccution wnit to eliminate
perforniing the operation on the second subset of the
plurality of data clements.
29, The processor of claim 28, wherein the plurality of
data clements includes 128-bits of data from the register file.
30, The processor of cluim 29, wherein the fist and
second subscl of the plurality of data clemeants each include
64-bits of data from. the register file.
31. Aprocessorof claim 28, further compiising setting the
remainder of the single logical register 1o one or more
predetermined values.
32. A machinc-readable medium having stored thereon
data representing sequences of instrictions, the scquences of
instructions which, when executed by a processor, canse the
processor to perform the operations of:
receiving a single full-width macro instruction specifying
at lcast two logical registers, whercin the two logical
tegislers respectively store a first and second packed
data opecands having corresponding data clements;

tesponsive to the single full-width macro ipstruciion,
dividing the sinple full-width macro instruction iato aut
least two partixl-width micro insteuctions, that cach
correspond to a subsct of the corresponding data cle-
rocnts of the first and second packed data operands, by
gencrating a fitst and sccond partial-width micro
instruction corresponding to the single [ull-width
macro instruclion;

eliminating an operation on a sccond subset of the cor-

rosponding data clements from suid first and second
packed data operands,
mdcpcndently uccessing a first subset of the corrcspond-
g data elements from the first logical register in
rcsponse to Lhe first partial-width micro instruction; and

responsive to the first purtial-width micre imstructon,
performing an opcration specified by the single full-
width macro instruction om the first subsct of the
corresponding data elements [fom saicl first and second
packed data operands to independenlly generate a first
plurality of resulting dula clomonts, wherein, the first
plurality of resulling data clemcnts is stored iq single
logical register as a (hird packed data operand.
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33. The machine-readable medium of claim 32, wherein
the first subset of the corresponding data elements comiprise
a lower order duta segment of the fiest and second packed
data operands and the sccond subset of the corresponding
data elements comprse a higher order datu sepment of the
first and second packed dela operands,

34. The muchine-readable medium of claim 32, further
comprising setting the remainder of the single logical rog-
ister to onc or morc predetermined values.



