WD 2008/ 092037 PCT/ US2008/ 051958 1 USE OF REA STER RENAM NG SYSTEM FOR
FORWARDI NG | NTERVEDI ATE RESULTS BETWEEN CONSTI TUENT | NSTRUCTI ONS OF AN
EXPANDED | NSTRUCTI ON BACKGROUND [ 0001] The present invention rel ates
general |y V82M808%850rs, and in particular,to a systerRCGIES2M8(050988 f or
utilizing existing register renam ng resoufces to execute expanded
instructions that pass partial results. [0002] Processor instructions
operate on data obtained from and wite their results to, nenory. Mdern
processors utilize USEVOEREGISTER RERAVMING SYSTEM FOR CORWARDING 2 few fast,
expensive nenory el ements, such as registers, at the top level. The nenory
hi erarchy then conprises SUINTERMEMAYERESMATSIBETWEEN cost-effective
menory technol ogies at lower |evels, such as cache nenories (SRAV,
solid-state mai n CONSHITYENTRASTRUSTIONS OFAN BXBANDED INSTRUOTION nedi a) ,
respectively. For applications such as portable electronic devices, DRAM
is often the | owest |level of the nmenory hierarchy. [0003] Mst processor
instruction set architectures (| SAgAdKdrgEND set of CGeneral Purpose

Regi sters (GPRs), which are architected regi sters used to pass data
ogi cal andiPHf b ercSgRd g s SEAEEIY Koproaserm. epstngntisaprem  and
st ruct i ond s ardmeliop JGHleRErung GRS R o HoeRES © aie or 1t e dat a
| oaded fro%)%’%méallﬁg[? ng?%tg?ﬁwsgg 'ﬁ'errS? ssigns source and target GPR

identifiers eac rs the instructions, such that
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instructions to rea obtain n operan
few fast, expensive memory elements, such as registers, at the top level. The memory

hierarchy then comprises successively slower but more cost-effective memory
technologies at lower levels, such as cache memories (SRAM), solid-state main
memory (DRAM), and disks (magnetic or optical media), respectively. For applications
such as portable electronic devices, DRAM is often the lowest level of the memory
hierarchy.

[0003] Most processor instruction set architectures (ISA) include a set of General
Purpose Registers (GPRs), which are architected registers used to pass data between
instructions, and to and from memory. Instructions that perform logical and arithmetic
operations on data read their operands from, and write their results to, specified GPRs.
Similarly, memory access instructions read data to be stored to memory from GPRs,
and write data loaded from memory to GPRs. A compiler assigns source and target
GPR identifiers to each instruction, and orders the instructions, such that the proper
results are calculated. That is, instructions are arranged in “program order” that
guarantees correct results by directing earlier instructions to store results in specified
GPRs, and directing later instructions to read those GPRs to obtain operands for

further processing. The GPR identifiers are logical labels (e.g., r0 — r15).



further processing. The GPRidentifiers are logical |abels (e.g., rO -
ri5). WD 2008/ 092037 PCT/ US2008/ 051958 2 [0004] Sone nodern processor

support "expanded" instructions - that is, instructions that perform nore
than a si n§P&%{PBhetic or |ogical operatjon. For exaRGHN/ES2048/H51958
instruction ADD rl1, r2, r3 LSL r4 inplenents the equation rl =r2 + (r3 cc

[r4]), that is, left-shift the value in register r3 by the ambunt stored
in r4, add {[6¢003] r e8Ynie r'h@dérh9rdééé§é€smﬂboﬁzexp%]ﬁ@’el>d”%Qﬁlé’fiorng'_@thQ‘aHriQ,' n register

rl. In a processor whose adder requires the full cycle time, this
expanded i nétstructioh®thatiparfda® mdrp tremenditfle ashhbi: GepREAbBeratcHTPEsi t e

instructions - a shift instruction that left-shifts the value in r3,
gener ati ng akampié.dheripdiradtionr esult, and an add instruction that adds the
internediate result to the value in r2 and stores the sumin rl. In sone

processors ADRgl, r2pridddsgdmpletiats tisaippation dperang3 ke[Mpr g, lemshitt orl y
execut e expanded instructions in programorder - passing the internedi ate
results fr@ae meegihtef 3 hyribe puotnietoredintreadadils ressitt taitbbivaiieiirsr2, and
straightforward. In general, however - particularly in superscalar
processors SRRExthe gppdR tegistar rofin emamessanshpscadden reseuithiedull cycladidiet i onal
resources, such as non-architected "scratch" registers and conplex control
| ogi ¢, nust Neexpanday ipgruchen My be krieMeNied o walsieparatep cempositetitsuttonear di ng
of internediate results between constituent instructions of an expanded

i nst ruct i onT 2SONNREYClighBEpit-aRitis heivalye inr3p aenestingmndntermrsiatereasuls and

descri bed and g({ai meq hg}rgi n Lhe I%as,si ng of internedi ate results between
const i t uent 27 AY a{qtigm happdds fhe ntermadiate rEswitte thervalie in &2 g steesde usi ng
regi ster ren@rri ng resources and control logic. A first constituent

i nstruction”ge H'ergallnesé’ MY RrRRUP at"&- PESETTS HRPUPROTh SR gRb i artiRgian® a
The” phys: caP B G Pa SRR AR el Eet e o O S5 BPF Bl HRSAE | ook

t he physica regrs sec
up in the cpastid4ehstrdddSh IURE LOMLenane. tabl e and reads t i nt er medi ate
results fropomtie éphhySI Eaﬁﬂ ! é)gl élfmgc?]l_nst?uc%on is's ralgﬁtforwarc{. ?n generar?,ei\owever—
particularly in superscalar processors that support out of order instruction execution —
additional resources, such as non-architected “scratch” registers and complex control

logic, must be added to the processor to reliably implement the forwarding of

intermediate results between constituent instructions of an expanded instruction.

SUMMARY

[0005] According to one or more embodiments described and claimed herein, the
passing of intermediate results between constituent instructions of an expanded
instruction is performed using register renaming resources and control logic. A first
constituent instruction generates intermediate results and is assigned a PRN in a
constituent instruction rename table, and writes intermediate results to the physical
register. A second constituent instruction performs a look up in the constituent
instruction rename table and reads the intermediate results from the physical register.
Constituent instruction rename logic tracks the constituent instructions through the
pipeline, and delete the constituent instruction rename table entry and returns the PRN

to a free list when the second constituent instruction has read the intermediate results.



Constituent instruction renane |ogic tracks the constituent instructions
through the pipeline, and delete the constituent instruction renane table
entry and returns the PRN to a free list when the second constituent

i nstruct i ORCRYS P the internediate resufts. WD 2008/RSY2GB908/051958

PCT/ US2008/ 051958 3 [0006] One enbodi nent”rel ates to a nethod of
executing an expanded instruction. The expanded instruction is converted

into two or [0006F Sep® @higddinentegatbal) £met0B St bilddbiiig A SaHEdd iPRRictidh.
physi cal register nunber is assigned to a first constituent instruction

gener ati ng dhe exaadet thst@ion é&seohvertelheto ass bignee sepaiatahaéxece@biet er number
is associated with a second constituent instruction receiving the

i nt er nedi at eonssitiehtinstrycOQG7A phpsitdl ergisterinodibeeis tassigheat t0% first cangiit@messor .
The processor includes one or nore instruction execution pipelines

oper ati ve t isénaiongeneratingarantbodediats resutit Therasbignedjeinaicat repigtea nfirnbertis
constituent instruction generating internmediate results and a second
const i t uent apsesiatadcrithonsacene cernstityeotriestiunticey eaiviag therimsuddiate Tselt.pr ocessor
al so includes a pool of physical registers, each having a physical

regi ster nufi987] ad@otietenBedimaeifelates faa pracesson Themarnessatinaudepenadi ve t o
map instruction identifiers to physical register nunbers. The processor
further incMAHEESELsHER BXCCHER) RiPYpET ararativetio exqcuistan expargrd ipstiugtion e
constituent instructjon repane table for the first constituent instruction
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the constituent instruction rename table for the first constituent instruction and further

operative to perform a constituent instruction rename table lookup for the second

constituent instruction. Intermediate resuits are passed from the first to the second

constituent instructions via physical registers identified by the physical register

numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a functional block diagram of a processor utilizing register
renaming resources to effect intermediate result passing between constituent
instructions of an expanded instruction.

[0009] Figure 2 is a functional block diagram of the pipeline of the processor of
Figure 1.

[0010] Figure 3 is a flow diagram of a method of executing an expanded

instruction.



Figure 1. [0010] Figure 3 is a flow diagramof a nethod of executing an
expanded instruction. WO 2008/092037 PCT/US2008/ 051958 4 DETAI LED

DESCRI PTI ON [0011;? Figure 1 depicts a functional block diagramof a
processor YO 2HEPHE7 1 ogic to utilize regigster renam nPCREBBHSHSEO track
t he passing of internediate results between constituent instructions
generated by an expanded instruction. The processor 10 executes

instructions in an instruction pEeANEDDESERPTIONE 12 according to control
|l ogic 14. The pipeline 12 may be a superscalar design, with nultiple

[ ' . i peli 12 includ vari ous
oot o OMAFCRESMEET finditlord S rors Sl ki an
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The pipeline 12 fetches In ons from an C éjon che or
1$) 26, wt I SheASHSHIRS $b g8 din of
In?structi on?gﬁgg -B'I‘Dr ansIllﬁﬁgﬂﬁggg\éﬁﬁgg}%ﬁgﬁ}g?r %@E%)quaa%t a' P& accessed
from a Dat asiaged)e Ga 3Rl SHd ddouBRonMcl-duitT 8T ¥ Adah ddb?;;ﬁ!

per m ssi onssnanagtsag\)agy gﬁmgi n Tr ar?gl a?? onI ILookasFﬁBu?‘?ir g 32, In

various embliuygmdtshowr)eA IGBhBralBuriBye REGIRE BPRB fikOBYproldedtapisterf the TLB
32. Alter na?id_lvel y, the ITLB 28 and TLB 32 may be integrated. Simlarly,

in various eutoingeh opaf thehserpom trssofy. A6 disthel heashee26pRNE nyycache 30
may be integrated, or unified.
include a Renaming Table (RT) 20, a free list 22, and a Constituent Instruction
Renaming Table (CITR) 24 to allow the use of register renaming resources to efficiently
and reliably forward intermediate results between constituent instructions of expanded
instructions.
[0012] The pipeline 12 fetches instructions from an Instruction Cache (I-Cache or
I$) 26, with memory addressing and permissions managed by an Instruction-side
Translation Lookaside Buffer (ITLB) 28. Data is accessed from a Data Cache (D-Cache
or D$) 30, with memory addressing and permissions managed by a main Translation
Lookaside Buffer (TLB) 32. In various embodiments, the ITLB 28 may comprise a copy
of part of the TLB 32. Alternatively, the ITLB 28 and TLB 32 may be integrated.
Similarly, in various embodiments of the processor 10, the I-cache 26 and D-cache 30
may be integrated, or unified.
[0013] Misses in the I-cache 28 and/or the D-cache 30 cause an access to main
(off-chip) memory 34, under the control of a memory interface 36 (other caches, not
shown, may be interposed between the processor 10 and main memory 34). The

processor 10 may include an Input/Output (I/O) interface 38, controlling access to

various peripheral devices 40, 42. Those of skill in the art will recognize that numerous



[0013] Msses in the I-cache 28 and/or the D-cache 30 cause an access to
main (off-chip) nmenory 34, under the control of a nenory interface 36
(ot her caches, not shown, nay be interposed between the processor 10 and
mai n menor YOBOIL processor 10 nmay inc%ude an | nput PEUYHs/061959)
interface 38, controlling access to various peripheral devices 40, 42.
Those of skill in the art will recognize that nunmerous WO 2008/ 092037

PCT/ US2008/ @adflidBs ofthy pfdcaddoP e af pdskible PFSI&R&S P, th p?dc%sé?ﬁ?%@'n@y%clfo‘ér
exanpl e, the processor 10 may include a second- | evel (L2) cache for

ei ther or batsecérdevel QiR chrheaoneEthe?dr,bolilthe | Bn@OdbtNRDE, 904N aditidPbe Of the
functional blocks depicted in the processor 10 nay be omtted froma

particul ar eniod ofdre fun{t@dalilodvbdypicted Y the prooeesds 00 Mad GeKeEdd fom a
instructions out of order” - that is, in other than the |nstruct|_ons'
pr ogr am or dearticulareenplpgdingenit i | i ze nul tiple pipelines 12a, 12b and inprove
overall performance. Qut of order instruction execution raises nunerous
dependenci e$004t we danyrradericprioegrsorskifiexacuds instiactiansiout ofater” hatzaisdm ari se
when t he reor dering of instructions would change the order of access to
t he oper and°hGUBRY & insiructions’ erepamuesdere- tolaltyatitizezmuitisle wipglines 1@hath f i ed
into three t es: Read after Wite (RaW, Wite after Wite (VWAW, and
Wite after?@ Wf%wmfra"msﬁ@mwa? QU ef mdauingifuction exRsyiEpN(RISRY nemsOUS s not a
data hazard performed in any order. Data hazards, such as
RaW can al sBe‘%?@@ﬁ?c'%w?%”?tﬂ@f’ﬁ’qﬁc'f’?%“r'i‘sasaF‘%Zﬁ‘Rﬁ ﬁ’@@f‘é@;@%ﬁrﬁgmhenéhmly
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identifiers
hazards, such as RaW can also occur when the instructions are not reordered, but

simply need to hold in a particular stage until their results have been written back or are
ready for forwarding.

[0015] A known system for handling data hazards in processors 10 that support out
of order instruction execution is register renaming. In a register renaming system, a
large set or pool of physical registers, each having a physical register number (PRN), is
managed by dynamically assigning logical register numbers (LRNs) to the physical
registers. The LRNs may comprise, for example, the logical GPR identifiers (r0, r1, r2,
...). The number of physical registers is greater than the number of LRNs, or
architected GPRs. A Renaming Table (RT) 20 maintains the dynamic mapping

between LRNs and PRNs, and available PRNs are maintained in a free list 22.

[0016] Figure 2 depicts, in greater detail, a functional block diagram of the pipeline
12 and various register renaming resources. A fetch stage 50 of the pipeline 12 fetches
instructions from the instruction cache 26. The instructions are decoded in a decode
stage 52, and may enter an issue buffer 54. Instructions are issued from the issue

buffer 54 into a pipeline 12a, 12b. Rename logic 56 inspects the register access



...). The nunber of physical registers is greater than the nunber of LRNs,
or architected GPRs. A Renami ng Table (RT) 20 maintains the dynamc

mappi ng between LRNs and PRNs, and available PRNs are maintained in a free
list 22. [\YO28/0R398TUre 2 depicts, in greater detail, a RGEEI20@H&§1958| ock

di agram of the pipeline 12 and various regi ster renam ng resources. A
fetch stage 50 of the pipeline 12 fetches instructions fromthe

i nstruction chaeberisis oflifsirddisdd, Hed IrQhatéY e dRNCYEY., b@ﬁd%ﬂ?i@%& stage 52,
and may enter an issue buffer 54. Instructions are issue romthe issue

buf fer 54 i absoctatqy Wiel thethskdétion IZPRNREBABEsESY] da BR reRshe bR s d'REl St er
access WD 2008/ 092037 PCT/ US200S/ 051958 6 characteristics of

i nstruct i ondist 22nBortinsinisficriseisatiwnice & FRIYstdrea Gew phiRRal RgRtdrid istled Ams Pl at ed
with the instruction to PRNs as necessary, via the renane table 20 and
free |ist 2Relifi@2, anvkd new t Rbrs-PRNahapping i eatereigh siicaenarde fie Ph)Yeiscal
register is selected fromthe free list 22, and a new LRN-t o- PRN mappi ng
is entered imaps e kRMtoran wraise@PRY. sdlthiakthe mitesis tinectéd A dncasaociategised PRN, so
that the wite is directed to an associated physical register (that is,
the LRN is PRihiegisier (thalds.rthe LR s reratedt)eladtrectipesyinst rend amegisteriegi st er
access pipe stage 58a, 58b translate their LRNto a PRN via a renane table
20 | ookup. "CHRICTARRESSHIRS Tiaoetfseedaranslaid thair LRY tp e IR wia arresainartgble 20
instruction throughout its tenure through the pipeline 12a, 12b. [0017]
Regi st er - wr {KYRy ThAERNIeMabssserriaient Wit e register-feadiag ingtivelien thwpughoehitst o t he
sane LRN, he@mqite i,;s directed to a new, unused PRN (as the LRN is
renamed to SHEATOBERGNE ARRIPS (1€3.i18Rs that fol l ow the writing instruction
in program Wﬂﬁ vvig | . Bae directed to the sanme PRN, to obtain the witten
val ue. I nst FUCEY on&egisEadiingnshuctions 49 7ej “sonupt neer \aiesiwittap fxihasame der
wer e mapped ) ren taple 20 to i fferen hysi cal register
(prior tot hgmttéggm’en'a%%cet?iﬁ oMY “ahﬁf%vﬁﬁ' Ea(?d'?ﬁ It-’ﬁ’ﬁéy egaRee K53 " at
physi cal regggt§ ' ructions that wite a given LRN may be
execut ed aheags'oéﬁriuﬁg%gaﬁtilfdc?)lﬁé’ t'?%%?t'ngr'%séwgtéo”dﬁj P@gr%g{?@r PHidm ettt i (vaR)
or write a flsQme ™18 obtintMEwlRN VoY Whstructions preceding the writing instruction

in program order were mapped by the rename table 20 to a different physical register

(prior to the renaming operation), and will continue to access that physical register.

Thus, instructions that write a given LRN may be executed ahead of instructions that

read a prior value from the LRN (WaR) or write a prior result to the LRN (Waw).

[0018] When a register-writing instruction commits for execution at pipe stage 60a,

60b — that is, when the instruction ascertains neither it, nor any instruction ahead of it in

program order, will cause an exception — the PRN assigned to it becomes the relevant
architected GPR. The instruction will write its results to this PRN at write back pipe
stage 62a, 62b (perhaps after a write buffer 64a, 64b). At this point, any older renaming
of the same LRN (GPR identifier) to other PRNs is removed from the rename table 20.
When all instructions reading the GPR complete execution, the PRN is returned to the
free list 22, as an available resource for another rename operation. The in-flight
rename logic 66 performs these functions by monitoring the pipeline 12 as instructions

commit for execution, and sending the proper control signals to the rename table 20

and free list 22.



[0018] When a register-witing instruction commts for execution at pipe
stage 60a, 60b - that is, when the instruction ascertains neither it, nor

any instruction ahead of it in programorder, wll cause an exception -
thg PRN asSPgA®E*1%7 i t becomes the relevans architect RFRAHV0SHIESS

instruction will wite its results to this PRN at wite back pipe stage
62a, 62b (perhaps after a wite buffer 64a, 64b). At this point, any ol der

renam ng off0019¢ saxvzoldY t6 GRRoi MemRtdnidodiments) tHt lBgistePRNameSyEBAayed from
the renane table 20. When all instructions reading the GPR conpl ete
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[0020] When the constituent instructlions receiving intermediate results reach the
register access pipe stage 58a, 58b, the instructions access the constituent instruction
rename table 24 to retrieve the PRN identifying the register that holds their
intermediate results. When the constituent instructions receiving intermediate results
commit for execution at pipe stage 60a, 60b, constituent instruction rename logic 68
removes the relevant entry from the constituent instruction rename table 24, and
returns the PRN to the free list 22. Note that although the constituent instruction
rename table 24 is depicted in Figure 2 as an independent functional entity, in some
embodiments, the functionality may be included in the rename table 20. In this case,
constituent instructions of expanded instructions that generate and receive
intermediate results are treated as a special case of register renaming, with an
instruction identifier rather than a LRN being renamed. In other embodiments, the
constituent instruction register renaming may be separate from the register renaming,

with a separate pool of physical registers and a separate free list 22 dedicated to

expanded instructions.



regi ster access pipe stage 58a, 58b, the instructions access the
constituent instruction renane table 24 to retrieve the PRN identifying
the register that holds their intermediate results. When the constituent
i nstructi oW 2PBU&IGT ng i nternediate results conmit forP@EXER0S0SHAt pi pe
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associ ati on Be via an entr %/ constituent instruction renanme table
24, or a reH'?ﬁfé‘ 215 r@“ﬂ’dt gnerat %'ﬁlsgl'@r'”rﬂ??rf&ﬂ‘ﬁwg'de§V§Ejé>r¥1fh€[ aTIppd PRA. f i r st
consti tuent nstru tion Pgtfn execut ed bI ock 106 and t he
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recognize that block 106 and 108 may be implemented by operand forwarding, using

the assigned PRN to identify instructions, without actually writing the intermediate

results to a physical register.

[0023] After the second constituent instruction has received the intermediate result,

the PRN is disassociated from the second constituent instruction (block 110), such as

by removing the relevant entry from the constituent instruction rename table 24 (or

register rename table 20). The PRN is then returned to the register renaming pool

(block 112), such as by returning the PRN to the free list 22. The PRN may be

disassociated from the second constituent instruction and returned to the free list 22 as

soon as the second constituent instruction reads the intermediate result during its

execution, or at any later time.

[0024] By utilizing the resources and methodology of existing register renaming

systems, as described herein, expanded instructions may be executed as two or more

constituent instructions without the need for extensive additional processor resources

and logic to effect the passing of intermediate results between the constituent

instructions. Although described herein in terms of two constituent instructions passing



result fromthe register identified by the assigned PRN. Those of skill in
the art will recognize that block 106 and 108 nay be inplemented by
operand forwarding, using the assigned PRN to identify instructions,

wi thout acVO3MBPOWBTting the internediate results to PEHYSIPEAS195gI st er .
[ 0023] After the second constituent i nstruttion has received the
internediate result, the PRN is disassociated fromthe second constituent

i nstruct i on a(dHdRSktckAiate Sesl, MSse &xékmfﬁmﬂé'aﬂgwlt REdTyELEYRYe Aty from the

constituent instruction renane table 24 (or register renane table 20).
The PRN i s phssntrigiantioveid noblirhifedl tb g éﬁ]@ddlrh@rﬂalmgwerﬁp@“argéhh:‘%&0*12) such
as by returning the PRN to the free list 22. The PRN may be disassoci ated
from t he secomtfitueatiastrictiem mayisd geretatenfrandny expandedink®udibe, dndage | i st 22
as soon as the second constituent instruction reads the internediate
resul t duri egnstituent iextactionsonay passatlargayuinbéesf ittémediaidR24dils iywedn | i zi ng
the resources and net hodol ogy of existing register renamng systens, as
descri bed héesiselvesxiblizintetie iregsteruetaroing sysigm s dmsethede@rels t WO or nore
constituent instructions without the need for extensive additional
processor r éH38} ceThemrpentpyention maf fecourshidepasisidmyt ofotherverystdinat e
results between the constituent instructions. Although described herein
in terms of MoRe seenifisalivt spé farthinesain withqup Aepastingdrany esaenthd) 0BABGIROSIES of the

PCT/ US2008/ 051958 _9 a single internediate result, those of skill in the
art will r eé{UP”tﬁp”rEQ?oEfﬁ?% emkadimenis ar%bé@é‘@ﬂsm‘ﬂ@ém alomgspestsyas illystrativeed t o
thi s enbodi nent eral, a large nunber of constituent instructions

may be genefiqd B rﬁt%(g‘lv%rﬁ?dégé ﬁﬁ?ﬂﬂ@ﬁ CPREGMIB the Mmeanag eRG eqWvaency ranast
instructions tgag FgassdaI I ar% r@gr of internediate results between

t hensel ves, PU'f PPRSTHGY CRES 5intensted (e e pRGoed Be@iR- as descri bed her ei n.

[ 0025] The present invention may, of course, be carried out in other ways
than those specifically set forth herein w thout departing from essenti al

characteristics of the invention. The present enbodi nents are to be
considered in all respects as illustrative



and not restrictive, and all changes com ng within the neaning and
equi val ency range of the appended clains are intended to be enbraced
therein. 10 CLAIMS 1. A nethod of executing an expanded instruction in a
systemwith a renanme table, a free |ist, and a constituent instruction
renane table, conprising: converting fthe expanded instruction into a
plurality of separately executable constituent instructions including a
first constituent instruction and a second constituent instruction;
assigning a physical register nundrAldMSoci ated with a physical register
to the first constituent instruction by mapping an identifier of the
first constituent instruction to the physical register number in the
const i t ugnA niditsddrdfekedifing @R axFani@binSurucibe i & stehPwlth b $EnanfNabIE B8
|nstruct|on is to .generate an internediate result; and aSSOC|at|ng t he
assi gned lighind xeanstitagptdpsgiuctionmsazme mbkhcqrmlw sonRyeEBeghe exnapded

I nstruct i QpycMgESIabIY ! ceive the
i nter madl5 at lelc result a’]) a%%g%%%&g%# Taim %Ltﬂﬁ% %ﬂg?tpocngﬁr%crh?dsull :
execut i nijrit hensfiiuest lnstmwbn am:bmecpnrktmnmmﬂnnstma_l@g nesigtieg & pRysidat er medi at e

result. thod of clajm further c i.sing.using the assigned
physi cal rergés ‘?rélflgﬂ%%ﬁﬁ%é?teé:‘fvghﬁé’ﬁm?ag 'tﬁﬁ@nﬁIﬁﬁtcﬁoaggu?“éé'%FrPCt% n oper and
of the Sﬁﬁt@{?ﬂg e® RiehiifieteTthd Mst donstithen 1ns%&tﬂ91ucb tl@etﬁfy'siwh‘e iStet RlrfbdFesli at e
result in hysical register. 4. The nmethod of c¢laim wherein

assi gni n{:i“etcﬁés%llﬁlé Insipction gpasmer tablgntarein ghe first qongtiftent destgetionie e
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i nstruct mith tlueosebcbmi q@hytﬂuemlmsmgnm; ahereinuh sscpndioshstitehthiastnedopistsi ng
receiving the interne (E ate esult by the second constituent instruction
wi t hout BEPFSPWHW6“33 %8Eﬁb in the constituent instruction rename table.
5. The method of claim2, further conprising storing the internedi ate

result to the hysi cal register.
2. The method of claim 1, further comprising executing the first constituent instruction to

generate the intermediate result.

3. The method of claim 2, further comprising using the assigned physical register number
to forward the intermediate result as an operand of the second constituent instruction

without storing the intermediate result in the physical register.

4. The method of claim 3, wherein assigning the physical register number to the first
constituent instruction comprises creating an entry in a constituent instruction rename
table that maps the identifier of the first constituent instruction to the physical register
number, and further comprising receiving the intermediate result by the second

constituent instruction without performing a lookup in the constituent instruction rename

table.

5. The method of claim 2, further comprising storing the intermediate result to the

physical register.

6. The method of claim 5, further comprising executing the second constituent



6. The nethod of claimb5, further conprising executing the second
constituent 11 instruction, wherein executing the second constituent
instruction includes retrieving the internediate result fromthe physical
register. 7. The method of claim1, wherein assigning the physical

regi ster nunber to the first constituent instruction conprises creating
an entry in a constituent instruction renane table that maps the
identifier of the first constituent instruction to the physical register
nunber . $istrTetonprehérenh exkcutingitim secondhenetitnertt estrpétysi iocludesagirsyimg theunber i s
selected.froma |ist of available .physical registers. 9. The nethod of
clainll,ltﬁ}eﬁ@#”@%ﬂ%glgfﬁaq@?@%JF?%ﬁxthe second constituent instruction
wherei n executing the second constituent instruction further conprises
performng.alo Kyp in a constituent instruction renane table using the

i dent i fi dr Tirmethed of ¢laigy Loviessin peseaming the phiisice] wsaister pumperdtotha firs of ¢l ai m
1, furth 4 Sl i g i,G i her om
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const i t utable thatghapsdhd identifree atithetfing comdtitwenedhstatation és thetphydidal rddigterret hod of
claim 10 m@erein rel easing the physical register nunber conprises adding
t he physp%% eI}egister nunber to a list of avail able physical registers.
12. The method of claim 1, wherein associating the assigned physical

regi ster _nunber wth the second constituent instruction conprises tagging
t he secoRdlhedRethed efeiim T.vdherain thedhysiFal egivier numbst isfselepted frophlistiof st
constitugaﬁmbgz%gygﬂg Nters3- A processor conprising: a renane table, a
free list, a constituent Instruction renane table, an instruction
execution pipeline operative to execute an expanded instruction by

converti t he ex $Ed jnstruction.to a first constituent instruction and
a second Bg@berfg?tﬁ?cggﬂ a‘frhis{%\n%hl?:ef CORPIRE T gﬁée PICPEE CUBHREN yent
I nstruct iftudtion! Wh@eiRkaduin@helsdcond constituent instruction further comprises

performing a lookup in a constituent instruction rename table using the identifier of the

first constituent instruction.

10. The method of claim 1, further comprising releasing the physical register number
from assignment to the first constituent instruction after the second constituent instruction

reads the intermediate result.

11. The method of claim 10, wherein releasing the physical register number comprises

adding the physical register number to a list of available physical registers.

12. The method of claim 1, wherein associating the assigned physical register number
with the second constituent instruction comprises tagging the second constituent

instruction with the identifier of the first constituent instruction.

13. A processor comprising: a rename table, a free list, a constituent instruction rename
table, an instruction execution pipeline operative to execute an expanded instruction by
converting the expanded instruction to a first constituent instruction and a second

constituent instruction, wherein the first constituent instruction is to generate an



intermedi ate result and the second constituent instruction is to receive
the internediate result; and a physical register to store the
internediate result generated by the first constituent instruction,
wherein the physical register has an associ ated physical register nunber;
and renane logic to assign the physicel register nunber to the first
constituent instruction by mapping in the constituent instruction renane
table an identifier of the first constituent instruction to the physi cal
regi st er inenmsdiatcagshlbanslabé secpmdycanisiatuptyiedtsigtion is ¢égieseise theuntsenediate h t he
second c it Lnstruction: rein the second constituent

i nstruct ?‘%ﬁﬁi ¢ ld"t% gathy %18"‘3#%%&%%@ Sltoﬁ‘\%,\@r%rlrlgtarir%etdéa%?ree lfc]f%?neia%dsb%ti‘e glf%cessor of

cl ai m 13 comsfiaregi insta@fibn Obhdréigite physiogieediteMersta assotidfed phhsicd ygEiteal

regi ster nu erlH{o the free list after aSrhe,second constituent 1 nstruction
r ecei ves NPRECT pi IER3RG |ogicdo ety the Physicarrgistir gu@beiie th figst eanstitugnt wher ei n
a constit st : A g j i ruction
ename. 1 S A AR R e Bl R i 1 O ot e
wi t h t he cénstitentiostatctipn émnthe iphygstical sigistan ntimbertread phyosiatiag thegdiysitar nunber .

16. The processor of.claim13 rein the first copstituent jnstruction
o tost RN BRe i Ptk Dol iont hRer BIREteshhs nstifiz

pr ocessolns@fictithnds 10 réceivorhe iigbrmdd g eagond constituent instruction reads
the internediate result fromthe physical register. 18. The processor of

claim 15, wherein the second constituent instruction is to retrieve the

physi cal lﬁ.eﬁieﬁntr&res%'ﬂﬂpaﬁinyilﬁ.v@ne?é?ﬁ'%ritrto'l‘ﬁ%%cl i'gBgésr?ﬁ\getéo%¥neeﬂ9glﬁ¥sﬁaﬁ>' e | ookup

at the constituent iInstruction renane the 1 den ler of the
first corgistermember toshe fred liwafter th®secdibeqmstmestdostruofiorctcaéinesithe wherei n t he
constituent instruction rename table entry is renoved fromthe

const i tugﬁ?rrqeﬁlgterﬁgﬁﬁ.on renane table after the second constituent
instruction has received the internediate result.

15. The processor of claim 13, wherein a constituent instruction rename table entry of a
constituent instruction rename table maps the first constituent instruction identifier

associated with the first constituent instruction to the physical register number.

16. The processor of claim 13, wherein the first constituent instruction writes the

intermediate result to the physical register.

17. The processor of claim 13, wherein the second constituent instruction reads the

intermediate result from the physical register.

18. The processor of claim 15, wherein the second constituent instruction is to retrieve
the physical register number via a constituent instruction rename table lookup at the

constituent instruction rename table using the identifier of the first constituent instruction.

19. The processor of claim 15, wherein the constituent instruction rename table entry is
removed from the constituent instruction rename table after the second constituent

instruction has received the intermediate result.



