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MULTI - THREAD PI PELI NED | NSTRUCTI ON DECODER BACKGROUND OF THE | NVENTI O\IJ
Field ofy gntion The present invention relates genei;@-].,b?mt,ﬁ .
|nstruct|on 3ecod| ng for conputer processors, and nore speci |caﬁ

pi pel i ned instruction decoders for mcroprocessors. 2. Background

I nformation Basic instruction n decodi ng techni ques
used in central processors aﬁ@%p’?@?ﬂs@%ﬁé%ﬁb known. Wth

advancenents in desi gn instruction deddRrs have becorre nor e
sophi sticated to | ﬁg@ NS I
instructions in sequence bu gﬂ %Pelr qu]%ﬁrrl{ooral?Wﬁ %?EE;% I'm nary

decoded instructions while others instructions continue to be processed.
However, buffers have Iirﬁ%eﬁ@ﬁmgﬂan@pig@eﬁwgmlbﬁd so that further
i nstructions can nq .I onger _be_ s or,e It 0 nprior art processors
when a buffer lbeca of th A/ e instruction decode pipeline would

~stall. Stalls TgRprRehtihvdrtion 2IRes érﬂ?a$l9ﬁ§:dsﬁu@1dﬁ‘&&&ﬁﬁ PfRTsMpuehen a
subsystem can not handl e tl}e rmunt of "data thr ug '5%5 provi ded bgsepr evi ous
11icg é ]

subsysterPé"Ccé%’f%I&F Mage FR5E yto E%'E}?Ejulnaﬁ"“{}“‘”h UIPICHIPTAE

pi peline is stall etﬁmﬂ;gonﬂdflﬁfbh&mlo mnstructions can be decoded in the
I nst ti d d I art,.

net ruct i on bepaeEriisnaBcodtieR Rl oo RER ettt Mebel i ne.
such as fproamssreashmiaroprecaspay apnedl] kmwn. t Withqdvaredmehtsam desggn, Cl ear i ng
essent i al ]y, {)éﬁf’iéécg r?%a{cﬂ%cbﬂé dﬁ&%dp%ﬁcﬁ\?d I&ﬂ&m&é‘ﬁé{ oﬁg{)‘%g&n@@& rded

and overwitten w ructirons
i nst r uct itopEecessinitIglaRs Inseduedcs biy buffersite wsmpoemﬁy éuoeezaprehfm(nanedecpmﬂm | dat ed)

wi thi n thﬁswaﬁbﬁsuoﬁ.u@&heemﬁcme@ohﬁﬁlmbepr@ceéeel HW&her, blfferdhbéh case,

valid instructions whi have_been cl eared. need, to i nput back into the
begi nni nd'”&ifedtq?ﬁlhlai‘i'gtci‘ﬁéﬁoﬁﬁ fisdsadhaytwrther Hstrpehiags 5an nq W@gﬁé’EGEﬂrﬁ“F{j"E’r ocess
again. Ghahaln iR air mec@s&hwasnhhuﬁeﬁmme fu6ll, dhed eyird intreotiva detadle process
whenasta X Eci’@al ¢ nstructlfo nes _present int eﬁ%ﬁellne of
prior art? 6‘8é"§é‘ 2 Gy for o 88’[5’8 ' "bB\‘A‘B?mErcS’ﬁ%ﬁi%‘t" is an

i mpor t antsubsysimdenatoit band|¢ the agradiet oftdatxcthrmsghpna poovided hynprerioos subsystemns
processor u |, Rl 3 ' in the
execut i oric‘%t?ﬁﬁp : h(gt\ellg;lt %E&nﬂgﬁ%c ‘@ﬁ?‘ﬁ%‘@@f%ﬂ&% q?g,a ﬁécL&’HH ﬁ‘?/f%wm gnhal s
are set tiastaictensisian bsdaecsied in bagriuetiandeceds pipelinei onal bl ocks. In order to

acconpl i sh t hiRe R b2 froRQY¥H, i RstaRBbh Bkcdnitdle YRMVASER tho det erm ne

when an entire funct.i onal
instruction decode pipeline, such as from a cache coherency problem, it required clearing.

Clearing essentially invalidates the instructions so that they can be disregarded and
overwritten with valid instructions. In prior art processors, all instructions, including
valid instructions, are cleared (i.e. invalidated) within the instruction decode pipeline on a
global basis. In which case, valid instructions which have been cleared need to input back
into the beginning of the instruction decode pipeline to start the decoding process again.
Global clearing such as this tends to delay the execution process when a stale or invalid-
instruction becomes present in the pipeline of prior art processors.

In processors, reducing power consumption is an important consideration. In
order to conserve power in prior art processors, entire functional blocks of synchronous
circuitry within the execution unit have their clocks tumed OFF. That is, their clock
signals are set to a stable state throughout eatire functional blocks. In order to accomplish
this, prior-art power down control logic was used to determine when an entire functional
bl'Oﬁ-".r;‘C{f.S idle and can have its clocks shut off. By shutting the clocks OFF to synchronous
cir(-;-mié.-‘sfgnals, including the clock-signal, do not change state. In which case transistors



bl ocxks idle and can have its clocks shut off. By shutting the cloghsﬂﬁfﬁm
to synchronous <circ-am signals, including the clock signal, do not
change stwab godobyonhi ch case transistors | 21 JUN 2064 WO QH106&#8414:9

PCTI USO0O /-11927 are not required to charge or discharge capacitance
associated with the signal lines and therefore power is conserved.

However, q@@r LUah . tk : yonal

bl ocks, tﬁgﬁ&rl r&é&lﬁ,{o%b%ﬁégéﬂs& st %E!v%/g%e[usgnt [ ?AJ%PP ﬂ%ﬁé}%} gﬁ%%épe

conpl et edhergfarapAwstisicopseaesds Hawever.cuwoaiss therrdoghs jagy shut OFribroughant to
rarely shutirduhicdme bRock® td SriorlahHrbdedit haPloQediSurtit 61 firdabnd Ak bbfpRaer 18

conserved over tine. It_is desirable to overcone these and ot her
limtati o‘?’iéh‘Bﬁu‘fmg‘E‘)ﬁ]ﬁ- onh‘%lF%”Sﬁsr'(!?E@E’%?% progessor tpuprehotwt (ABFFioqks tasthe49
PCT/ USOQ fia&iohaShIMMARGcbthal title! poWNT dahseHARI deeEMBl | nvention includes a

~ met hod, apparallt#s an sgstem as c'i_%scridgﬁﬁl in .the cglbfaers.. Brieflé/ in one
enbodi ment, a TCICPAYESLQECoTRE NGt ginsr lipifatens of ihei BEYRST PIOFESSPRS:
present invention to decode nmultiple threads of instructions. The
i nstruction decoder has an instruction decode pipeline. The instruction
decode pipeline decodes each input instruction associated with each
thread. The instruction decode pipeline additionally maintains a thread
identification and a valid indicator in parallel with each instruction
being decoded in the instruction decode pipeline. Qther enbodi nents are
shown, described and clainmed herein. 3 21 JUN 2004 WO O1/ 0- 50249
PCT/ USOQ' 41927 BRI EF DESCRI PTION F THE DRAWNGS Figu- 1 illustrates a bl ock
di agram of a typical conputer in which the present invention is utilized.

Figure 2 illustrates a block diagramof a typical central processing unit
in which the present invention is utilized. Figure 3 illustrates a bl ock
di agram of a m croprocessor including the multi-thread pipelined

i nstruction decoder of the present invention. Figure 4 illustrates a bl ock

di agram of the nulti-thread pipelined instruction



decoder of the present invention. Figure 5 illustrates a bl ock dlaggamumzmn
the instruction decode pipeline of the present invention. Figure 6

il lustratgsegodb@ck di agram of the shadow pi peline and conpicralseh/@@he for
clear, stall and powerdown of a pipestage for the instruction decode

pi peline of Figure 5. Figure 7 illustrates control algorithm equations for
control logic of the presentgyi Qo Ehﬂ?ﬁﬁ\%ﬂﬁr rates a cl ock
ti mng diagramfor an exanpl can be perfornmed

by the i nstrucThoprestnt odentiar intlidessr mednd, dppeaivsiapd sysem@s deseribéd inghe at es a
cl ock tinggghglagran1for an exanpl e of a non-blocking stall which can be
performed by the instruction decoder of the present invention. Figure 10

il lustrates a Briefd¥xinomeampodimgntamicoppPrageseararahndes gp instiuptiensdecadss of thec

cl ear whi ﬁr‘&s&ﬁﬂ\v@ﬁlcﬁﬂbfd%d&%lhﬁ?lbflﬁ’rchdk&ifﬁh&@xhb@éhsd%@G‘ﬁinu@fnori RRofrhaent

~invention. Figure llﬂgk ]r%str es a clock tlnlng diiagram for a first
exanpl e of" IRSUGHOR AECASE PIREHNE. sianatondEcade Pelipe.d YRR ¢ he

instructi m@trﬁtmﬁdwocﬁfedtwum HCE #Redd. I Theadthution ddcoge!pipellnd #ditonelk r at es a

clock timn dla m, f. econ X l.e of.an uni,sti.c r.down.

whi ch can Fed P65 AR o SRRTRaBE i herRE i o iy BEing

i nventi ondccBEﬂ'd&thd)n@Eﬁﬁ]ahlaﬁ@phpelmb.e fol l owi ng detailed description of
the present in r et forth in order to
provi de a thor%sug#: ﬁaers aagéj&o ﬁéf.{]*égfodr%?te h?ﬁ%%‘?on However, it

will be obvious to one skilled in the art that the present |nvent|on may be
practiced without these specific details. In other instances well known

nmet hods, procedures, conponents, and circuits have not been described in
detail so as not to unnecessarily obscure aspects of the present

invention. This invention provides an algorithmto clock, clear and stall a
mul ti-threaded pipelines ,instruction decoder of a nulti-threaded systemto
maxi m ze performance and mnim zepower. A thread is one process of a piece
of software that can be executed. 4 21 JUN 2004 WO 01/ 050249 PCT/ USDQ 41927
Sof tware conpilers can conpile a portion of a software programand split it
into nultiple parallel streans of executable code or can execute nmultiple
different prograns concurrently. Each of the nmultiple parallel streans of
executable code is a thread. Miultiple threads can be executed in parallel
to provide nmultitasking or to increase performance. The



present invention provides the instruction decode pipeline and a shadoyyy 200
pi peline of instruction thread-identification (thread ID) and

i nstruct iypgpy@deagh bits which shadows the instruction decqge,pigghdne. The
thread-1D and valid bits are used to control the clear, cloéﬁ% and stall s

on a per pipestage basis. Instructions associated with one thread can be

cleared or, in sonme cas stal.l | j ol ' tions of

anot her thread in the E&Eu ES{%‘?. e d?ﬁg‘?. .GMH on,

pi pest ages ar eFiguockibsivattya block dagraa ofth typiesk donputed in which eldyreent advance

so that p : mtion and stalling is mnimzed. A valid instruction

is an insﬁ’ygﬁ%oﬁggﬁﬁﬁ%im ned to be executable by an execution unit. An

i nval i d i nstruEtguom? ilkstaztes ablock diagmm ofet ypeiimediralprosssinpuskeovhictbthe, or

an ins”u?{?@.&ﬂjr{v@ﬁﬁm hasntaul ted, or has an exception condition that

requires at It not.]be executed. Referring nowto Figure 1, a block

‘diagram of a t jiguead luswpes &blogh diagrmmwf ammcreprocessas drgiyding the mulénthread
utilized ppelidddupdthti6fldecber SIQRP PheSént #endigic! udes a central processing

uni t (CPU? 101 ,ipeplg{](yout ut E{S))gri pheral s 102 such as keyboard, nodem

printer, exterh$d surjes yklork dasmmefithe multcBread PIRRdined Bt ¥dioBevi ces 103
such as adédsflerast ti gpkent fnvédh&gi.ay. The nonitoring devices 103 provide
conputer inforpation.in hupan iontel ligible formpt such.as yisual or

audi o for mat s, JAFer PRGOSk BiagtmLohe 1rSipeiae dhrofs mRRBE ob e pReenl
central prmyemssing unit 101 in which the present invention is utilized is
illustrated. T e i i I 1,.Gh Opr ogcessor 201
i ncluding the g%é‘g"eﬁ‘f”?‘lﬁ%‘g{f?@? dlal'%éﬂy'{slﬁg‘%%_g'ﬂagag}’g @/ﬁgéﬂ%ﬁ@&l go%r&: tf'szl’?rrem)ry
204 for setleni bl prdpewerdowsatof a@ipesiage fonthy instructig dheade pikedike of Bigurged. devi ce
203 may be a T EpRRY7 fluiiatedédhudl altoritiqihidns FOACHYRI Riic ST pre@ht € opti cal
di sk, flash nenory or other non-volatile storage device. The

m cr opr ocHY8B¥O™01 and the di sk storage device 203 can both read and wite

i nformation i nFizuresluyradta OMoeK tifnigy dEHRM YohiiSexarPle of BHubbleRgidez he

m cropr ocejascﬁglr 28?178%‘3(]' tegg) d‘hSk stora %ﬁ]\l{l EE‘ 203 can all.t er nmenory _

| ocat i ons "W TPh R0y ﬁf’\sl{tjc‘b‘?"gﬁf Y BE RSB MYRU8P der for the disk

storage devi cBigBfd tllmsulaes dcipckltiming diggramifor ancdxachple of adionitloddrigsedll er wit h

direct me i r [ i vy _and t hereby
g@%égg ggggﬁ?ﬂ@%dgdg r}ﬁ?&sﬁgrﬁéﬁ cﬁléégP bfthe pgésgmrmm'h%ﬂ%

modi fy co ( . er ~can directly access the nenory it is
an exanpl e of Higore Kbilusiaiesaclagklemingdmgrym Seyantexampietoé p thiead spesifinavi ng

di rect acepgswhith S4rPbSperfrREABY X inbRicBoNBIRLYr Gifife Sestt MVEn@@ents.  Menory
204 is typical Ly dynam c random access r_rem)r%géggg[ but may be other types
f

of rewitable Eteyraljed tivatiesa plggk Hming diesram Mk @f 49 oppoRsEEicam
menory begénédowh twhich dinieipeefdrhéd by theensiruo@sradacob&tof ued preseat inpionl ni ti al
. <! |
execut | on of At o0f AT RO LR idink dabun19rs SO A%
opportunistic powerdown which can be performed by the instruction decoder of the

present invention.
DETAILED DESCRIPTION
In the following detailed description of the present invention, numerous specific

details are set forth in order to provide a thorough understanding of the present invention.
However, it will be obvious to one skilled in the art that the present invention may be
practiced without these specific details. In other instances well known methods,
procedures, components, and circuits have not been described in detail so as not to
unnecessarily obscure aspects of the present invention.

This invention provides an algorithm to clock, clear and stall a multi-threaded-
pipelir{é"d@‘s_'mction decoder of a multi-threaded system to maximize performance and
nﬁninﬁié.j.ﬁbwcr. A thread is one process of a piece of software that can be executéd.
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the di sk storage 203 or stored in sone other source such as 1/0 devgqeﬁJN 2004
102, the mcroprocessor 201 reads the programinstructions stored in the

di sk st OpAYEwE@Be0r Ot her source and wites theminto mepehyysghdrorone or
nore pages or fractions thereof of the programinstructions stored within

menory 204 are read (i.e. "fetched") by the mcroprocessor 201,

prelimn decoded,, and Sille]g SaflCt Lon c '
Fi gure 2?§¥f8”ar5x%1881t]?%can lfaf:q!frkc’f%len %f[r%o%’?[am i ISP ?“{t g’d‘“‘ M the
i nstruct |pnnallrdisﬂmmsrrdyx¢;mtabka@dﬂntgame¢lrismumzﬂ& djfchnp[e;bgmms( not shown in

Figure 2)?5;"& agrl‘i :FPB%{PIX mhfiple Ph%flé]%%ﬁéé@xe le BRleGL 4t J{}Qa ‘}Wlnhgle':' gure

3, a bloc e mcroE cessor 201 1s ustrate
nmenory 20breads eandie axgevteingragalisyte prowde muart@q&rms@mcreammrmnams The next

i nst ruct i Ga.RE RLERRRH pr()vlnﬁls &é%smﬁ&:dﬂﬁb&&?ﬁu ﬂme%é-ﬂ%hzﬁfohpﬁl 1fRkgsi de buffer
(ITCH 31 a nmenory controller 313, a trace I.nstruction cache 314, a trace

néxt i nstNBEESHeR thrs?%@égg%qavev phread ID) and insimyctigevalifhbitrorbigh shagiews they,
execut i oninbifiidtion H8sodeMibeling £ Theé HAAtID ahdi vialid Bils arkhged tas:bﬁus[tm@aeﬁt or age

el enent s thin the instructi 316, the t cac
execut i on°fi: P“%i‘éﬁs P%@PF%Q’P?Sg%g{ﬂS’&n ”3%"5&??8‘”3 &"hi ?T?ttpﬁ&‘?f’%b%t or age
el enent s desred on & stanechstq staded hﬁhomamngmupcqmislolﬁenmhcxtthmad in the

th t
et of 1 raRPae ppfOf "G Hhe pre il IVERG A pRERERI R ciocked ol WBEAIPSEY' "3 0o
by the i nigstreaion mredé:cwd@ivamo tmwowtmalmmw andetallingde rmamneed Fi4.
M Cr OPY 0Ces ﬁaﬁ.%o & AifhAcA HetMHé&tb‘bEQR e@ﬂa xe@uz.omﬁh 'ﬁ?n

nultlple i nstructions can decode d execut ed
ni cr opr oc'é's'é’('ﬁ inSECIon I%WWC“OH'&F‘FF{“%‘MW‘ beprecpigbley ofcan ‘Bﬁ“{q‘a’i‘@a&t i on

: ookasi dehd%hfﬁ\f\l&"d o Hdg?)] eﬁae%ueﬁabraim& matge ﬁxaetaltm n&fédb@éﬁec]ngeanlsl ations from
i near to physjcal .addres 0 in order ta i.lita

vi rtual mam)ryh %ﬁ'é“gp%fﬁ'él a&’@g?‘%ér fappbﬁ%EC%{g@ﬁeq @@é Chine

i nstruct i priesers investbri i9 uuph;ds:s daismuto'll‘iye QOvipiter 108 énclundet a wentra rpmssm@d in
the trace_i. i nput

| i near ad'él'?' g(?glg)nfadlrg} &?ﬁ@ﬁug%hﬁyhc !r:%gssﬁcr}ggisrgblﬁ 8&"]"5 I\%ﬁﬁﬁp%ﬂ locat I on
of i nst r ustoragadevigdestand ﬂn:ehka@dmndnne dcvlamselwrsgchm(?—%ﬁ or goApbic8 14 can
store mul &xkﬁ’l'af PHOH RSN chcE?‘f@.??:%’ind@%Sﬁgﬁ’l@r infdfaliot il PRSmiCeflidibigr ent

programs in order to provide nultitasking. In a trace instruction  cache
onI y the farmatsuchas f’lﬁé%’lcﬁﬁ‘“ﬁ'ﬁ’ fagmaats.i es of instructions for a program (a

"trace"”) has anefeaﬁiegﬁﬁm@s@a&lmwcﬁgrm of Atﬁmuéﬁ?\@rﬁl prlocéssingtuail 101
n cache are oftenti nes

t t
ot er e PoviEh deirrsbin g o R Mo e e A pieetrna i e
f ol | ow t hincfudes4 micreproaesson2 laneludingphe/present Eml'ewmha disk ktorzgeatericai20Bout an

assoct at el EXhERBR) 20K S35ne PRk AREVLAR CUGLPRGAEN DI oPRY deEL ude

i nstructions anpe: use execut 1 on ‘uni
functi on 203 pepbesdloppy d{skeap@pf&,q Py P disk, hard disk, rewntable optical disk, ﬂash

memory or other non-volatile storage device. The microprocessor 201 and the disk storage
device 203 can both read and write information into memory 204 over the memory bus
205. Thus, both the microprocessor 201 and the disk storage device 203 can alter memory
locations within memory 204 during program execution. In order for the disk storage
device 203 to do this directly, it includes a disk controller with direct memory access
which can perform stores into memory and thereby modify code. Because the controller
can directly access the memory it is an example of a Direct Memory Access (DMA) agent.
Other devices having direct access to store information into memory are also DMA agents.
Memory 204 is typically dynamic random access memory (DRAM) but may be other types
of rewritable storage. Memory may also be referred to herein as program memory because
it is utilized to store program instructions. Upon initial execution of a program stored-in



orpr&ess requires an instruction not within the instruction cache 3121 j8N 2004
m ss ha-is-occurred 6 21 JUN 200& WO 01/ 050249 PCT1US00/ 41927 and the

i nstructivppeneeds to be fetched fromnmenory 204. Menory cai@deQio313
ordinarily interfaces to the instruction cache 314 in order to store

I nstructions therein. In the case of a m'ss menory controller 313 fetches

he d . iR
i notruot | 0% SR A0 or SREL FFERNY g 0Bl MO BB (B 27 157
Ref er ri ngmisoproeesForgiitlereards the progrm distgettoms élforftche thadisk sthragaao;é) opethened
instructi %rce%@%%s thih :ﬂfo tBRoRS BEE Tine SRS Sggbéeco nd{éttﬁe?&&%f the

I nstruction decoder 316 1ncludes ‘an instructi pLpeline

control | BYERMmEtruciogs stosrbyhin sngreeny 284 agpreadfie. fr:wg@ci a@mﬂn decod’er 316
supports midrbp m&és%@:agmnFregﬁuh dessdet OG- stdred Bicdhd dstrbdi@n ch&fet(hu@éhb%

decode pi I ne 400 of tion decoder 316 ac bl ock of
instructi gﬁé‘ﬂ'&ﬁsé@ g?fcfg‘e%ﬁ“”]“t Oﬁ"ﬁﬁﬁﬁ‘e é?sé%'ci'?ﬂss‘“%?‘ﬁwh? HsBuRRache

i ndi vi duamay rbaséaﬁuﬁfola@ﬁﬁd@ﬁﬁmﬁ@shnamm&neaﬁgumsyﬂoﬂeidcamérot@emand and
performs the necessa.é% i nstruction processing needed to formit into a
m cro- opeF“é ch is wunderstandabl e and can be executed by an
execution uni tRe&mrlrg Bsv exBgute Hn tiouktdidger8m of ite midtipsoaatap 201 isritinsttaesd

i nstructi I he 314
for terrpo?‘golhrpy s?g'?%r%%}%rolagﬁoggyexec r{-rﬂ%%u&%@ IJOQ%%&%“ ruc |Q“on decode
pi pel i ne nepy@rsiipetiendprocesser (GF) Tk en mégil@toelr@ﬂmu Wwwffﬁbef fers B

1-BP, and3png n?ém&?rc%nu&ier'3@9'§u§cﬁe%ﬂs%cﬁén dehé BI£LIRBE R8d ilel¥gsh the
regi sters RI-RN and_t fers Bl-BP.. Registers Rl -RN mac}/%conm st of

D-type fl pmqserp@’bi“i ﬁawﬁysmdqcaﬂqﬁéé Ty W%ﬁ&%ﬁ%& and 21eyRmeitgng) s

accor di nghiit 35merﬂaﬁs@c&bamgueid;&nwmh hd inensteen dedidePBIb, HRARZEAN Y
utfer BP is shown

t t ds. t
i F gur e B 36 53R 0 Jois AT, BF it Ren ot A0 g e USRI HPRR | o 400,
it may i nskmaots e cosderdiebe theandtruofiorapipelivetof ulet mamopracsor. Absoeitated with

"ot ruct | Brfioh e /216 et eiehtb EPAQRTBnP8t A SRR B R o,
i ncl udes fropipemorycd04t decoded by G@tlnmcthﬁnd@@dﬂ[?rlﬁoamiﬁppw interthettface pacdadi ng

and a pipg}4. %&W&wmt,g B}Eféf%lgq mlhhlmrck&dtrhfchmeefma@%mmmdl ment, the
I nstruction thr -ID1s a sin It or token representing_a dlfferent

i nstruct i 8eads Pgaﬁ“flﬁ“tﬂﬁ‘ﬁ £aebe #ﬁcé'a%# pukexeentedhby thednictopEacssseeR?ht® SURPOT he
i nstructi efulfigkade pipeline. In the preferred enbodiment, a single bit or
token refers t Thr ead Id Nt i at.i.o ero( and. Threa
e e oS S aY ek S bEB S P Sl e, rore
sophi st i caddressmmahslatdnsdecn lideanto physatl aldrdssessotopoerhory 26¢ ireorder to facilitate

a virrual memory. The page table address transiations associate the instructions stored in

physical memory 204 to the instructions stored in the trace instruction cache 314.
Generally, the ITLB 312 accepts an input linear address and retumns a physical address
associated with the location of instructions within memory 204.

The trace instruction cache 314 can store multiple sequences or traces of decoded
instructions for different programs in order to provide muiltitasking. In a trace instruction
cache only the first instruction of a series of instructions for a program (a “trace™) has an
address associated with it. A sequence of related instructions stored within the trace
instruction cache are oftentimes referred to as a “trace” of instructions. The other
instructions that follow the first instruction are simply stored within the cache without an
assomatcd external address. The trace instruction cache 314 may include mstrucuons’that

‘can: bc used by the execution unit 318 to execute some function or process. If. thc funcuon
iorproccss fequires an instruction not within the instruction cache 314, a miss has occurred



conplicated instruction pipeline. The valid bits and the thread 71 JUN 2004
identification bits may al so be encoded together which in tum nerges

t oget her widngyds@gfor uction valid bit pipeline with the instpggiisQisjos ead-1D
pi pel i ne of the shadow pipeline. The instruction thread-1D and the
instruction valid bit flow through the shadow pipeline 402 in parallel with

200 1 " oifié Bt 56 YRR erlo a8 SR O lBE 5T Cbdow
pi pel i ne @dmanty ineelornsitp the insirustion cadhie Bl 4 insondpieto;singe ingudtions greonmgn

el ement's ¢ ERQIoFhHMiss, nQ‘rﬁJr?Eﬁmtr(ﬂchBB f&ich%bﬁue'd&ﬁHd&ﬁﬁmEﬂoﬁﬁﬁ&%erﬁb@e' i ne 400
by i ncl udi hg reglster RN buffers B |I'-BP the instruction

t hr ead- | *%rrd tH‘i‘é"’"ij"r?éHOdE‘i {raas lv%ca%whﬂhbwaé’e%mllmmﬁﬂ’av%f fers
‘Bl' - BP' pdeeuviigtesishe same storage elenents as RI-RN and B I-BP

respectively, nd in th nstr d d 400 i st
RPRN and” pRftEEme ol Tulhe 8 B RO riuhEea B el RictoR
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duplicative in order to support nore two threads 1n each pipestage of
t he decogstruction thread-ID and an instruction vahd blt The shadow pipeline 402 includes a pipe

for the instruction thread-ID to support multi-threading and a pipe for the instruction valid
bit. In the preferred embodiment, the instruction thread-ID is a single bit or token
representing a different instruction thread from the thread before and the thread behind in
the instruction decode pipeline. In the preferred embodiment, a single bit or token refers to
a Thread Identification zero (Id0) and Thread Identification one (Id1). Muluple bits may
be used to provide a more sophisticated multithread identification to support a more
complicated instruction pipeline. The valid bits and the thread identification bits may also
be encoded together which in tum merges together the instruction valid bit pipeline with
the instruction thread-ID pipeline of the shadow pipeline. The instruction thread-ID and
the mstrucnon valid bit flow lhrough the shadow plpclme 402 in parallel with each
. mstructmn being decoded through thcd-nstmcnon dccodc pipeline 400. In order for the-



pipeline at the same tine. In either case, a single instruction dec@defUN2AB
be used to support nmultiple threads. Referring nowto Figure 5 a detailed

bl ock di ags apdsket he instruction decode pipeline 400" of ghey@uReshment is
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502B for e oints i.n the instruction decode pipeline 400 because
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Using a single bit as the Thread-ID, the present invention supports multi-threading
by allowing instructions of different threads to be mixed within the instruction decode
pipeline 400 between each pipe stage. Using muitiple bits as the Thread-ID, the present

invention can be altered having increased complexity and added hardware which may be
duplicative in order to support more than two threads in each pipestage of the decode
pipeline at the same time. In either case, a single instruction decoder can be used to support
multiple threads.

Referring now to Figure 5, a detailed block diagram of the instruction decode
pipeline 400 of the embodiment is disclosed. In the preferred embodiment, the set of
mstructions or operands are mostly Intel X86 instructions which are backward compatible
with software in combination with other special instructions or operands supported by
advanced Intel microprocessors. In the preferred embodiment, the instructions or
operancjis. are INTEL X 86 instructions which are backward compatible with software and
decoded into UOPs which can be executed by an advanced execution unit, the execution
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502A is found between the second | ength decoder 512 and the instruc? PIUN 2004
aligner 513. Buffer 502B, found at the end of the instruction decode

pi pel i newAPPyosomy be considered to be pare of the trace posisbwiioen cache
314. However, it is shown as part of the instruction decode pipeline 400
to understand the conplete problemthe present invention resol ves In the
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al so be phesegdisiero50liAe505E between Mgna:ibblocﬂsrarﬂxﬁrerbnﬁfbﬂsﬁotmmndﬁﬂﬂnr processi ng
bl ocks or t r. The

f aul t/pre?‘ééigglgg ggfqosrog gﬁgﬁﬁéonggt I og@% rggl(;:{‘]_31 %ﬁtqé}gg&a sﬁg generate
clear si gamprepriste Hoekwignaleancotdingiy BdﬁcrlstSOEA anid 562 Briaygcdata huffers for storing

I nstructi pglafiny 6W@a'nzl L Hhhé%&f&?édéﬁ%o%ﬁﬁ&ﬂttﬁél&g}eaiﬁ%c@dﬁﬁﬁwwmn wei t 118
regardl ess” of the urt’her. deco s OFUI red. Additionall

faul t/ pr eFPRucYen Se¢asie Pipsdine f‘%uuclv Ylgngth deqasier Thiga ﬁ%l@?"?‘ &a8th e
addi t i onadeceiér!sag, &dinslcton hﬁgniesw rﬂfﬁﬁt/p&ﬁxaiéfwtor and Qd:lﬂ&djtalcm&ktrm(bﬂ on. In

whi ch the fault/ tect

DR WU IS CE oA KL T e
as a steering buhé preferfedl esisbodimeentuibufTeps 5027 mrbﬁﬂ&arothrcztddadtmt;dém(&rw
nStruct i sl biiferys$ 3 hiPHiom RS WaltrOlk st (Pthe bR, debigad having a

given thr e prefe rred ment’, e I nput 1rnstruction 410
i nt o t he pipeline 400 because they can output their contents (ie. empty) at vanable rates. Buffer

502A is found between the second length decoder 512 and the instruction aligner 513.
Buffer 502B, found at the end of the instruction decode pipeline 400, may be considered
to be part of the trace instruction cache 314. However, it is shown as part of the
instruction decode pipeline 400 to understand the complete problem the present invention
resolves. _In the preferred embodiment, the registers 501A-505E are D flip-flops each
being clocked in a different cycle than the next.

The input instruction 410 into the instruction decode pipeline 400° can be a very
long instruction word (VLIW). The VLIW input instruction 410 is input into the first
length decoder 511 and the second length decoder 512, decoded and marked off into the
multiple processes or functions (i.e. instructions) and stored into the buffer 502A. In the
preferred embodiment, buffer 502A accumulates full or partial variable-length X86
instructions. Buffer 502B, at the output of the instruction decode pipelin€ 400'ris used to
accumu]atc a fixed number of UOPs exiting. thc mstmcuon decode pipeline 400: before
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I nstruction decode pipeline 400" is provided to buffer 502A in ei ghtz 1PN NE 004
chunks of instructions. Wiile buffer 502A receives and can hold three

ei ght bytwoefwseks of instructions in three eight byte regicghensspr9Vvi di ng
twenty-four bytes of information in parallel, one instruction is provided

at its output. In the preferred enbodi nent, buffer 502A outputs corrpl ete

|t el X0O pkME SEHRLRNRe kG Bh, ALY HBLHAIRCNE Al Bu0SABLALE

buffer 50 meen one to t een ecause o
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the same chunk of instructions.in a register until all
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cycles to oyf. one i.nstruction one put one
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an act ual fEkilpgatprégimasier ewatn%edqw @1 make, Bs deieHipation abPHiat i ons
410" sel gﬁtee@hshjacttdae Iﬂhﬂmdw&aeeglumfapn@fﬂedd:&tqﬁfamlﬁdﬁﬂlotﬂoﬂmmtmsb‘t4Jct i on
al i gner 513. e1 § tél On%ULlig'l output for the sane thread, the
t hread- | Dcfiglsiﬂfpz\ ﬁl%}ﬁ' r@ﬁ on being output until the thread
of instructi onﬁuﬁsrﬁmﬁmrefwﬂdmaa:ﬂsm Huften holhds thé oiulteple poRgssesBuf f er 502A
signal's aggl@bhs é“"etttﬂstﬂjctu {5%‘#11{% lkgtﬁlxﬁsu%@ﬁorpiw{%l'h%%cﬂfthreﬂf i S or

functions stored iven I nput iFnstruction 0 and
t hread hagévepderpads[ip- plnth@ prefereed qﬁeltqduwtothe amugﬁ@tmfsm 4P intpthe i dated. A

?_t al L : ni tiﬂtts@ﬁtxg&brb%ec fnemﬁ&s ﬁi@\ﬂdé&%%ul?ﬂeyf:%!ﬁgld ei t|t9f5e d;m@%ssf?glels t he
irst len eco e secon e sta

initiat ed W’Feﬁv'ﬁg’jﬁlf&)gﬁ) AGE1vEt é“qdcat“ﬁlgg %F?}@sﬂf ages 513

t hrough 5instruBidis e ttﬁé&&gh@iyt&mﬁﬁ&rslﬁ&&dﬁg&p&h@tfedr byed dfenﬂda?atd:napat cher
517 prior red into the tr L ecause of
Chis”" ¢ he PP P s BROR Ty Bk e a1t GRS, 47T el RSl Sor D o
and consi G62AtootHuts q@m;tlctolmtlﬁéliﬁt mstouctions himted Méamunmns tbmem geeratasktion

gefcgder 3Hifrer S02AU ELPEe BAGEPERABE R bt bltes onp! Bebas2Bf (A& Jaable Hrfgth Y
Intel X86 instructions, data can be received at a2 much different rate by buffer S02A than

that being output. Buffer 502A holds the same chunk of instructions in a given 8 byte
register until all instructions being serviced by this register are processed. That is, for each
g byte chunk of instructions written into buffer 502A, it may take 8 cycles to read out one
instruction, it may take one cycle to read out one instruction, or the buffer may need to
wait to receive another one or more 8 byte chunks of instructions in order to complete one
instruction at its output. Therefore, one 8 byte register in buffer S02A may become free in
one case while the three 8 byte registers in buffer S02A may all at once free up in another
case. The multiple processes or functions (i.e. instructions) of the VLIW input instruction
410 are output by the buffer 502A as instructions 410’ in a FIFO manner similar to a shift
regtstcr Multiplexers can be used to select the process or function of the plurality of =~
processes or functions: stored in the buffer 502A for a given VLIW input instruction 410
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502B. A stall initiated by buffer 502B, can possibly stall one or nqr‘gejl[m‘mm
prior pipestages 513 through 517, buffer 502A and prior pipestages 511 and

512. As Ry@vi/eisly described, the first |ength decoder 51 8&;;1%05)3 ,5econd
| ength decoder 512 decode and nark off the instruction 4 I nt

mul ti ple processes or functions (i.e. instructions contained wt h| n t he
VL1W BUff&Eﬁ SO%QWR%SIErhnesgno ]emrg)re ocesses or funfclﬁ',ons as
i nstructi ohs AT A THa TR FUEET 87 gner ane oyt sEucoRs 1 %ct i on 410"
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The T aul t {irihioks 450 GFd it the Shrfe h@eet RENGEAL A5 Qhuphlde S ghC nes 1T the
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the threa is adow pi pe 602. The control logic 401
iIIustratga’egﬁ&é 13?@% i|:"11('§}I1udes t he power down | ogic 603, the clock
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each of t t ages. e | nstruction val sha i ncl udes

M pi pe
M r eset abfeéersditg gea Fra&ecqaé%q ﬁlll pyffer agd somsider ro bmprsu@fnhemcemaclaeouﬁl ang miop
series t oaet.ﬁ&mc@&l @daew 316. H iiffe SO2B Beconws fORG 1A R b%tnﬁ%cdi; eutflf ead

identific shadow e.6 udes M | at ches/ f1 i s 612A

t hr ough 6 ??11"“3‘ 2’@56’6‘%\&@ 63@%‘%8%%@9?70 (PHGBP’QB“?%FSSH i es

E(Hit girlMaanglmm S1f, ﬁf@nﬁezﬁ-mdenbopnpeaagtsmlpMGPMe f:_at cplezl fli p fl ops
- i

transparent h? %ﬁ%g&\fﬁéﬁ anq%ra%gl?%stﬁ&gﬁ{ ocelgog %I%BE.'CCSS‘F%%@@& to match

regi ster sd@m'x ‘B@xecededind merk eff Shesidructind 450 2o thikeulsihledossegiepet i ne 402

provi des FJPEn&EE{Fé 1ﬁ‘§ﬁx€ﬁ§z?srébnfa9{ed wAgh{A i VWi g'u?rei %ﬁ&ﬁp% edS b6t | ONS

wi thin the sane 1 nstruction decode pipeline

| at ches/ f MOF: PIPERISESEL {wq*ﬁﬁeefgﬁswm%ﬁﬂ& Dlbs ﬁétrpatqswélgm J13-aligpphes12A
through @i2déth 4108insErepay Hat fRald mefuﬂrﬂﬁr ﬂﬂéﬂmtg thé ffsirbi@ionQRcoddri d bi t

416 and gt pugiion Hesal (e Cpspeall v o o st Fon w i
enbodi neninstrédiencah beexztuted bg ﬂmuoﬁomudirlﬁl @he instecaali mgslen‘or ans
Instructi 9&\%&95{'38 ?r?suﬁ&ucln@%% a%@i’ %sﬁ&%l %%e instruction aliaser 516 provides the
capability of aliasing an instruction, thereby making the decoding logic simpler. The UOP
dispatcher 517 outputs UOPs into buffer 502B. The UOP dispatcher 517 is the final
check to determine if a valid instruction is presented to it by the prior instruction pipestage.
Referring now to Figure 6, a detailed block diagram of the control logic 401 and
shadow pipeline 402 are illustrated. The shadow pipeline 402 includes the instruction
valid shadow pipe 601 and the thread identification shadow pipe 602. The control logic
401 illustrated in Figure 6 includes the power down logic 603, the clock control logic 604,
clear logic 605A through 605M-one for each of the M pipe stages, and thread selection
multiplexers 606A through 606M-one for each of the M pipe stages. The instruction valid
shadow pipe 601 includes M resetable D-type latches/flip-flops 611A through 611M
coupled in series together as shown in Figure 6-one for each pipe stage. The thread
' :dcnuf cation shadow pipe 602 includes M D-type latches/flip-flops 612A through 612M
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The control algorithminplenented by the control |ogic 401 of the predetit 200k
I nvention to support nulti-threading in the pipeline instruction decoder
400' has wonees;ami n functional parts: (1) Efficient StallpggussmdiBubbl e
Squeezing, (2) Thread Specific Cearing, and (3) Qpportunistic Powerdown.
Referring nowto Figure 6 and 7, Figure 7 illustrates control algorithm

equat i ons cgxg emin%@nbytogaﬁc%%wh it pggua: ¢-6he Br e‘é&?px}ﬂf S@g@tawnwnﬁ;

|IIustrateﬁ n Figure g WSM ovvnlolc 603 ated 1 n Fi ure6
execut es PR&A0L 112&%} @@Sﬁ%@éﬂ R Deyeaflirotonsdr teawirepf pest age.
Ibn or](cjer tl:ﬁclda@ vith, apbfbpnaﬁdct\lmctigdﬁlﬁa@@d)rﬁlrr]mggﬁtohﬁach ﬁ@ﬁlicri MAG(B)%;IEM I on Valhl d
it o ea a t he, power. down | ogic executes the
"Stal l f{lg?g%ﬁé %ﬁéfﬁg B&' QﬁJ@“yNEﬁj“c PY'g thg meapgpecessany §0r ¢ o gy
ot her P| pé:StuagmLﬂt}@lé theepda fof mtructtlunsummireuﬂeismaxgmmo?\ dekbodeqpipedine401.dd-  so,
t he power v, hread, st jgnal with
the thr ea%mlcgff%fgﬂg% g’f gPFA ée]?inl\f1 %ﬁfb-tﬁﬁﬁgmﬁggﬁlq—gﬁsﬁék AEH“%@%? age of
t he i nstr §d2Mof theshadew pipsding ﬁ@Z hokbibe dhstrucisomavaligdbit 4lfeand nstruduonrthieadi ¢ 603
processes mWS%%nﬁWékPﬂsWUoﬁ%ﬁln SRS V\ée@%@c EVthé‘NElrﬂclg) it di€ode

i nstruction vali I ven pi pestage e Thstruction ‘valid

bits of tRePelindd@huieribe pre £pbogiaent he Mele A igevanede commlate s with the

det er m natdegdtiky ofvyaqﬁéiﬁfcnbrh&qa@efstazu&s{ﬂscqodwd%ﬁ:&age is stalled. The
power down | ogi tion for each st to the cl ock

asses ,the stall con e
control |ogic g‘a’p "\‘ﬁ‘g algo MW%W%P‘@H@@F@C%PQ@BWQ# E\Sﬁ’é“&i‘ltd stops the
;:I ock topemmlnum pesbpgemulti- &E@ﬂfr@aﬁ(tlgz ]yipdlhaet:i‘iﬂnﬁﬁomﬂmrfmp’ has@hre€ knaknabl e
or an | age I N | 1 Men e e IS not
Sealhed adirorphfipefis,( LRI ATnehol SHBR Sepetting (LR HREN Keini
enabl ed s@nd I(ib)topptonuwnc Bewctdoe-mdla&mmgeowamﬁgm6@ndThEigufee‘bi11ulstm3¢sc 605A
through 6Qghtéila nébﬁg iofls Eﬂcgt'ﬂ:& bg tﬁeckronﬁ'gpllagfé'%?%tf %%@%EQ&ES& t he

| ogi cal equati o or any age | ustrat Igure 7. At
each pi pé%%s&a@dbmﬁaumﬁtmc P& dLOU’“I agif 602 pllustralgd dn Figwr & escatasabed to

det er m ne “PbwhiiBwn'Tof Al RipeRag &X"Eﬁtmmrf@léa@h pifesBES ! BftdéiodB@o RSt ruct i on
decode pipelin

oul i nval j dated b [ setting' the

et ot i BAMGEHoNR IBFE S08 Reh APRLIbE MsfrosuRpareld tued GreluR POTPEe Th A EERUY
si gnal s i nigpowledd@in [bight AB0kedthé OSAR4Er M/t@ﬁﬁﬂ'ﬂﬂﬂc‘s?a&c i(NLB)’ ‘tdqeatlon
mul ti pl ex Q e e I. or._the NOT
C ock, t e‘r%ﬁ1a t}? %ﬁé]h}éf gjva)?gpgg%%g%nﬁbs uat‘ %% F'Ss eglﬁg}é'?cafe "tcﬁ'dcr 1P ggr
Si gnal f osoghe howgidpws degye 60T #@l@!@ﬂr T@ﬁg’naa throad stait$igmal pettthgthraadtlput from
each of t fb? (L 8'd€t’é -rﬁﬁne@ﬂﬁ@n g(@ o'r e‘?%ﬁf&l:ﬁ& dfle{EBS’c ﬁ:g@l ifle€S et
term nal of eac reseta e D-t atc ops ©611A t hrough
61 IM UpShoydér ét&ll% i Elmovm oM logi REECEseERs the ﬂ@\bewdm%f@f 858 the
i nstructi angé Ely BNDih§g tieghstREtLGESA1d BiQ of Adienlpipeafage Wil kheinbirgtibhiCt | on
W thin the vahd [:uts ofeth subsequent pipestage and further ANDing these results with the

determination of whether the next to last pipestage is stalled. The powerdown logic passes

the stall condition for each stage to the clock control logic 604. The clock control logic
selectively runs and stops the clock to each pipestage in accordance with the equation for
“Clock Enable for any PipeStage X" illustrated in Figure 7. If a given pipestage is not
stalled and it is not powerdown, then the given pipestage has its clock enabled so that it
can be clocked on the next cycle.

The clear logic 605A through 605M tilustrated in Figure 6 for each pipestage,
executes the logical equation “Clear for any PipeStage X" illustrated in Figure 7. At each
pipestage but for the next to last, this equation is evaluated to determine if the instruction in

- the-parallel pipestage of the instruction decode pipeline should be invalidated by clearing or
:scttirig'.’ﬁ]e instruction valid bit to indicate an invalid instruction. The Select signals input
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pi pestage of the instruction decode pipeline. Each clear |ogic 605 ezgf ‘ﬂ]lﬁ!.
605M receives as an input the instruction thread-1D of a given pip A@t
and t he wesdgseidon thread-1D of the prior pipestage to pgplusas/eiobhe terns
of the Clear,.) equation. Additionally, all of the clear |ogic 605A

t hrough 605M receive the clear thread signal with the clearthread-I1D.

Exanpl

Sqﬁgngf] gx,mo t}fsﬂ?nu pe‘gfﬂgd hé géeb&% & eicl::n{d @porfééiogft((gge@& nﬁé’f&@ﬁ

al gor i t hrisloglg tmmfdbgeleﬂb,edquaywnrﬁqvem@teémeertemtﬂhgmeesmgxaiﬂnreaqm and || B.
The i || UsgiptiePnehatioN iR fofledch @iielmpBodiBut rdd Lokt e BIBleReA%REAI a e

with the contral of the_ 1nstruction plpe I ne et ween fer
502A and Baugh pUapcoypled igigrthe msetpermaingl of gac @f@hqrﬁmbéqpsxm latche ﬂr@f erred
to as FI p@cﬁis%gﬂéﬁ thdugh bﬂMUpB’l$5clcﬂr 4iBiea] Being \geHdrRad R aeip&stize Die
general iz

tot f t t d d th
Drat act (Bl R GO e aree: SFE Rnal ?mﬁ%%a&aﬁverf’ﬁnﬁ' e I“\‘o 1372 1
é UN 2004 ﬂgsihlglé%ﬁﬁélﬂstﬁﬁi{bim& ﬁ]belﬁ?m% Bdch cle&ﬂlogﬁtﬁﬂlshltm@ugmd)ﬂdbhiee:es
ueezin tal i ne en_any. su a, m cr cessor
oA ra T casddnbu R ASREB Inte RS AR mR A R R o R ARE L o
avoi d | oobe pgompa;agth@exaimam&themmxscm[ﬁﬂmdéissg;ecsmb@y%ddmomﬂp.chlmftlue
stal | ed. é(!&hétg;% G5 A 564 rg;l'{ﬁdsggregﬁ%@% cica?ﬂééa%'sﬁ%ﬂﬁﬁﬂﬁthe%%aﬂﬁ&gé .¥hen no

further instr I ONS ca Iven g
i nstruction delxamples ¢fche f\@cnwabnmﬂ&hﬁgffmm Btanllglgaanétﬂal blefSqueezéngops every

Pi pest ageTieid'§ghcit CleBiy, Usd DRPoRREAUPAI B b AHAR Al Bsctibey

thread-1D or the vali i i pe. A non I cki ng
stal | is WiRFFEncHP ot Sg peb’d" e&ﬁ Bi %Lsﬁﬁlﬁsmsa) FRY D FigeoiriOyal | d
bits intolEcaalniB m{hesoaﬁ&dbbmcihbmgmmmfmchmmn ue:a:oa&lp:péllitrcem | D which is

to be stalled a val.i d b| r.e if a
stall occlﬂfﬁwe%hbugg{ hbg%dm? Bug?r §h {iag 0%3 tﬁmugﬁ(gg‘P &t i ng with a
t hr ead- | Debfredeo as pipbstages $51 mlrubuginPS\ﬂ idlhadtshusam-bcl@' it cae bo gewrmdlitedont | nue
to execut ﬁ,lqag,, - ue to be
decoded b@lﬁ%’r{“ﬂgﬁ%&ll on eco‘% hﬁ% a’r%ﬁl?]r?gt?%r?%l?bg\r,]&ym&&ﬁugm?mé;ad | D of
one ent erﬁgwbmﬁéthemsenwnu@wae pi pel ine. Upon an instruction with a
thread-1D of one entering the instruction decode pipeline, it is stalled.
A bl ocking stall does not take into consideration the thread-I1D of an
instruction. Efficient stalling is the algorithmperforned by the present
invention in the instruction decoder to mnimze the inpact of any stall. A
bubble is a nunber of invalid instructions |located within the instruction
decoder. Usually the bubble is created as a result of an entire thread of
instructions m xed anongst other instruction threads in the instruction
decode pipeline becomng invalid. An exanple
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that would cause this is a m sconnected branch. The bubbl e squeeze 71 JUN 2004
algorithmperforned by the present invention generally squeezes out the
bubbl es wfp émshzagctions in the instruction decode pipeli necTAReo/ bbbl e
squeeze algorithmis essentially acconplished by continuing to clock

pi pest ages which have their instructions marked as invalid until a valid
instruction is received. ThgicsdMCKtaliiRoand q@&ﬁ,ﬁgesﬁlg‘%%g ng a valid

i nstruction are tenporarily stopped unFiI t he reaso or The stall is

cl eared. The i tpHinggeneraly DeAUrbBETRANY SUBRNSHIY Y 3 TUCSORTERESERS cOUNO WNERT i t i ng

val i d i NSkandd fufRer QYLfrofioiheY altis b s I et @ ot 18688: Blla, thdrdt Pest ages.
The bubbl e, squeeze al gorithm antl nu&ith Qﬁr un the inst réjct Ion decode
"t

pi pel i ne FHTHRPHGSOTEPTYSEMSIITE i bt PRIR 38 TRYUERUL desadsT @ Hall Besssl i ne
I nst ead ofo mﬁﬂ@ﬁﬁr{ﬂéf@nﬁeﬂﬁf&dcﬂbﬁd ¢angriec@dedibtlyQctivangpipéstdgk in ﬁgbbl S i
~squeezi ng. can _proyvi reat er, throu ut | e lnstructi on dec er. IS
S or F1 happean SR bRt A bt ST St i Ry PlreBaC SRR 1 o
speci fi c msmbdtionidacddagipedine hegardlcss néthettirdadb D bhthe walidigbdfehe mesumniohs on
buffers. i r ~ | D..f - ad- | | N

i nstruct | @%*’u’;‘r i.dné)rﬁ?osc o& s?ﬂg‘sia?g’t";‘_g@%lﬁ %ﬁh{/"gﬁ ?@TQId&%;;%g&e 'ﬁ%“g‘reg Borithm
det er ni nevalidfbits intglacepunhs fThe son-blockigtstad faeipesan theDhread-IByuehdistgbe o t he
stall wou I Eal _ t he
ext t o1 SRR Sl of U TR E Tk B APK e ooy ol L tbaa BV TNE
the buf f epnG andainsEUrtop ieGeRvERe Wb mthreadiIy gf 2659, theinstrpcionwith 3 redd:  The

next Ej 0 | gsbf f&r@?@hmﬂiﬁumﬁdecimm@lsttﬁfcnbh@w#m&hrgédn?bbﬁg@o kutlaurar der to
provide a Cycl e | 0] ev gatl on |1 e rererred.e odl nen n

Pl Pur et Sedibiic i Hecoted 8 P Bt o e bt yR S S STV R RIS Bhe. nex
to | ast pomesttdag ehe ifsuucdmdscoda pipeling. iUpon ce dastracyerpeih agesad-adf ordo not
have a valj.d.j [ 9] [ tall Ny 4 . i i s after
e b { asiErrd hE ELLER BFGadibeif e <3 APA hIRAGAEGM SAHCPERE HED 211 0
advance usarisideration theghread-IDWf lan insigetian. iffitientstadling ia ghet igornbmtperformheds t

Pl pest agey V&ﬁeﬁ{nﬁs\éﬁt{l?v&ﬂoﬁ fothE Westru@for deRBad % Rénilialthe irhphet ﬁ;f;ﬁg@mpver al |

decode band the instruction data about to enter t uffer is not
of the same t hiidutpbleds @ RembBerfiinvaliddpstiugions lpeaed within RispnstrUsHAR AgFodThi s
keeps i nsUsudlyi tROButbe is 2ricddess atrdudast ah efteifiefdofihahdcagndmtkea latriongst
I nstructions .0 ck in. the. inst rligc‘hl on dﬁcode

t

f the sane thread further $a Kk
pi pel i ne PBELEVEILED EFﬁaé’Fé'bQ“’f"ﬂﬁ‘?’ﬁ%?" ‘?‘?’?8 SRS ReRRMing ARG, A G PRE
i nstruct i tat doulddeuse thiefies miscgnneotedthrardeh g The béhblasqueeaskal garithmpedbangedam f or
I f . ' f or. t. ltith d
a0 XA 5y e el g JUEBAR, ME Bl SADE SR B T {1 1 o2

Wavef or msingQustiogGicoderpipeding. The Puthle squeezgratgasitln is eseqnaially acromplishagebyby one
clock cyclsibingBlock\pipeliagedviiich hiave dhetd iRstkuctbROMAMEdR AvAR Nt 2 valid

instruction is received. The clocks to a pipestage containing a valid instruction are

temporarily stopped until the reason for the stall is cleared. The invalid instructions are
eventually squeezed out by writing valid instructions over the invalid instructions stored in
the pipestages. The bubble squeeze algorithm continues to run the instruction decode
pipeline to bring instructions of other threads further down the pipeline instead of
performing a non-intelligent or blocking stall. Bubble squeezing can provide greater
throughput in the instruction decoder.

This algorithm for efficient stalling and bubble squeezing processes the thread
specific stalls including those generated by the variable consumption buffers. By using the
thread-ID from the thread-ID pipeline and instruction valid bits of the instruction vahd
pipeline, the algonithm determines if a valid instruction of the thread-ID cormresponding to
the stall would be presented to the buffer in the next cycle. If so, then the next to last
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I nstruction states as indicated in the pipestages during tine I. V\avzteﬁ%mgm
802 is a clock diagramwith the instruction states as indicated in e

pi pest ages) ehvisbng tinme 2. Waveform 803 is a clock di agr apcyiusho/ilegr st at es
as indicated in the pipestages during tinme 3. The instruction states for
the instructions in the pipestages are illustrated just above each cycle

of the . . i ng: - ] h
nst ract | iR PAOR(S e ffer 8 e (RLERER BRI Y B bt ot

pi pel i ne.nexhie lagt ptpestres mmchmétsacg the{ast pipestga dn prgex oo Yide acyplsame of

pi pest ag&yvallAforrinahEptrcdRURddERne) In dildfhatd EhBddihéfAE tRabi Pige@thed med to as
a TO instruction, indicates valid instruction in the pjpestage th an

i nst r uct | Brsubsitetgg forths paxt mw%adiebeézcr l'@@‘c.“of‘i‘fjé‘:‘éieé’(‘%“?ges('w en
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alid instruction t he. pi.pestage with thread- .
(Fhr cac- 2 450 paiyartee; ABifaiBERaREtatinsdn BeaiS o e b R 1Bl 70 o
Tl have whie sitistabegiha nkxtao $dsapipestadedo prevantran inguustiorofpbradbemgylodve used in
conjunctign w.th t i n I: t ndj.G :
con unct el AFalc BB BAGAIAN, 3k Feblel Rl 05,000l ner |
Fi gure 8, ofthy s thre@0 s thesstall, Bebiiheclogksi any ket dunning. rihis kespsinsecitcas & i n
| ts earliginep hﬁlgzﬁitf?&lﬁ%eiﬁggbaﬂgﬂaf:ﬁa;lm{%gﬁéﬂﬁﬂ%s@ tfe safie thidad fudhbl BRK4 0. 2

TI instruction associlated \ en one (TI) 1s input |nto§%he
i nst r uct i ba insEuSING dsrods pipelineAr advanegy tharekty farthen IRGreasing thg, bandwidth of Hey
occurs fregnidienidesiept of a stall signal with a thread-1D of zero
and~tfiat a clock cycle ocgurs,, vef.orm 802=i : s' 9enet at ed. . wavef or m
509, pi pe st ABUETREToH G TRETE s HOFR iR pega for par P AR BEn
condi t i onsquie¢zeiwHittipemitbegerfdbimeétilbylibb nROMircd@piptlitlins ficRGT 4ddS00/0f 1827 PS4,
the next to |ast stage..of.t ' ' l e "Stall
for Next ?rSSng‘tvcmﬁr%é ?“étgféaﬁ'eqﬁg P%?F?fﬁsﬁ%%g'f' gg?i!#nﬁglg%ugrgexgg%%ere NLP is
4 for PS4sepanatednmsimetby dnastock sygleof ame. Wavaform 504 st aelackotiagraa witsthe
pi pest age,-ng@ucgim Sfares &s RdR4kédfin %rﬁ%ﬁ@ésﬁg& a&i@fmﬁy 2 WalveRAm 800 id \Godk ef er red
efore an I nstruct

enbodi nent I on di'spatc

) [ ] i S | e ed out of the i sé&u&%l on
decoder . diggran with hednsivsen Halss & ingiqated yythe ﬁlpﬁ%%cég'é“ﬁ&y“ﬁg- HEPTUL ed
for the ngydish@lock@rdprith REGItAGSates ad Mice@d ai the pipestagesJudhk time3. That to Last
Pi peSt age! where NLP.1s 5 for .PS5. From Fiq%ure."7 ﬁd;@vte' \(eII}LPplC ltyal I d
| nst ruct | BRIRGHOPSise{PIghs ngRprtonT HLIE PHES eSSBS e st apvagaeh fedle e " 1o
i nstruct i efthé wapefpand agicar®sokies represehiing tha shreadelD amd thethsirsctasyolid bited with
the TOt hfog)%?%lfﬁgc%ggkgoﬁaﬁ% whthhEaAhRy plzpcﬂncz. ThE'sGA lifdiQhesSh#hdalid @ stal l

condi tion
instruction in a given pipestage. The state TO (token zero), the instruction being referred to

as a TO instruction, indicates a valid instruction in the pipestage with an instruction thread-
ID of zero (thread-ID=0; ID0). The state T1 (token one), the instruction being referred to
as a T1 instruction, indicates a valid instruction in the pipestage with an instruction thread-
ID of one (thread-ID=1; ID1). Instructions associated with each of the tokens TO or T1
have the representative state. One or more apostrophes may be used in conjunction with
the instruction state to indicate the age of an instruction or the age of invalid condition

within a given pipestage.

In Figure 8, waveform 801 has a bubble of invalid instructions, state X, in its
earlier pipestages PS2 and PS3 during time }. An instruction 410°, a T1 instruction
associated with the token one (T1) is input into the instruction decode pipeline. Assuming
that a TO thread specific stall occurs from the receipt of a stall signal with a thread-ID of
zero andhihat a clock cycle occurs, ﬁ'iiréfpnn 80215i'_s*§i=._ncratcd. In waveform 802,
pipestages PS4 and PS5 -hav:g_ théijf__c‘lbékfsfstalled.“ The’stalt condition within pipestage
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in pipestage PS4. The clocks to pipestage PS4 are thus turned OFF faory JQ}WZUM
next clock <cycle to hold the instruction. This can be evaluated fromt

equat i onwigornsesédsock Enable for any Pipestage X' illustrateqdsi®sdegure 7.
Clock. = NOT Stall X, AND NOT Powerdown (X) Because a stall condition exists
in pipestage PS4, its clock enable signal is lowto stop the clock for the

t cl
25§| u;t ggﬂ‘% r‘omr{%ﬁt ta, lgl(i‘agéﬁ% ﬂhé b%\mﬁ@%dgg&%ihggﬁﬂg?&on&ﬁ ﬁ ust r at ed
Cn Fiqur eplpesmaq"eeqxam@ lﬂjus&mtedP5§y e\t dmiere NLPyad ok S (FheGteiom 1sh P por

AND Val i Y EdeBnstédd Br %ﬁé@t ia}peﬁhu intcAddr to Bﬁﬁﬁ’d&%y&:i&%ﬁé &e@taﬁ.g@ozPS!S has

avalid I nstruction and priar cycle d:{i)resumabl had a valid

i nst ruct i 8 W@mﬂéﬁwoﬁmnhbﬁﬁ?@lq“(‘ﬂﬂ_q”f"%‘bﬁ PRiShe@ Ut dhe 1BstBKKEPBGe PS5

gg; ? st {adg]écosanql:;. hllt?ﬁatasmwddncn&h@eq;lisoﬁbssﬁ P h@égrmo uESEOﬁmeném% turned
or e .next cloc e | ecause a

Sral 1 Condrmioes e ?‘bfe@aﬁgtv b%ﬁt S e NP afor

gener at edP$5. Frioeh Eigued 7 @8 ha@:ock Enabl e for any Pipestage X', is lowto

stop the cl ock fg_ﬁr the next clock cycle. Therefore, the TO instructions in

pi pest ages PS4>3He*PS5 do not nove forward in the instruction decode
pi pel i ne, but ¥akd straction in Ripegi pANITHJdsadHY pe TheRAIDsofdtadNat ched by the

UCP di spat Cherﬁ é?:ée ?F“%‘(‘?‘Agi}ucu hin B §t#:‘ét1*§2¢r§§ ? g‘if?& ﬁ%&ﬁﬁtﬁﬂ Y i$ Qk&add  Peing

associated w't read carf he i nstruction

decode pi wish ieel0 thrad spesificsstalb(rmeadtb sld e é@éﬁé’msf stalisp stal ooy xastn ot
stal |l ed apditditig Ilpsunqihe Hiokk OB ﬁ:&sw PPSY agahBSlurhed QB A GREnd < clok ke

i nstruction decode ellne i n, wavef.or m §f time 2.
Astall  QieteBhRIBEUHEN. dhihe FV%Pﬁeffra@éhpsq%am%f Fogetinabl,

wavef or mﬁﬁaniaeﬁaa.usge Khelluﬁtratsd irRigufe/al i d | nstruction in the

subsequent pi pe P e waveform 802, the invalid

i nstruction pré‘tﬁcgﬁﬂ éﬁﬁ%lmm @gtPg §é‘°‘has been overwritten by a Ti.
16 21 JUN 2004Be@ued 4 aﬁmmm:mwms@mm@mge PSdsity cdo¢k emableBigralisdow e
instructig B%HE‘E?&‘E fmmgb]gg%]&kl %, ehas an invalid instruction |ocated

withinit er Tl _instruction 410' can be advanced
from pi pest age'r @salicw'meww@wwp@ski’ $3cp be pralustediremiias “Halbta apy c| e,

wavef or m g pipe %@Kate&ﬂmoh MustaialiR FipuddB whr X ks 5 fsrtpsscti on previously
I n the pi pesta i s advanced into the next pipestage PS3 while a Ti

I nstruction frgﬁ‘ﬂ p}‘pestage PSI is advanced into pipestage PS2_ Thus the
second i nval i dvahéInsugitioann pipey ANE Yalidinstingdion in Pipe, i ANBX gk, PS3  of

vevel of 1802 |, SUERZ S Ruke FLs hIS, LRTOHRGERONSRERE RLPEJATE: |

wavef orm 803 . ‘ .
presumably had a valid instruction dispatched and a Stall(NLP) condition exists; pipestage

PS5 has a stall condition as well. The clocks to pipestage PS5 are thus tumed OFF for the
next ctock cycle as well to hold the TO instruction. Because a stall condition exists in
pipestage PS5, its clock enable signal, generated by the equation “Clock Enable for any
Pipestage X", is low to stop the clock for the next clock cycle. Therefore, the TO
instructions in pipestages PS4 and PSS do not move forward in the instruction decode
pipeline, but are held in the pipestages and no UOP is dispatched by the UOP dispatcher
517. However, T1 instructions represented by token T1 being associated with a different
thread can move forward in the instruction decode pipeline. The clocks to the pipestages
PS1, PS2 and PS3 are not stalled and the T instruction in pipestage PS1 is advanced in
the instruction decode pipeline to pipestage PS2 in waveform 802 during time 2. A stall

condition does not exist for pipestage PS2 during time 2 in waveform 802 because there is
an invalid instruction in the subscqugﬁ't*pipcsté;gc PS3: As indicated by the waveform 802,
the invalid instruction previousljf‘fqund in pipeslagé PS2 has been overwritten by a T1,
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because the instruction decode pipeline is now full, the entire insgrygghsp
decode pipeline is stalled and no further clocklng of any pi pestage can
occur untwd oime24b0 thread specific stall is cleared to alplewsuidis2t 0 be

di spatched. In this manner a bubble of invalid instructions can be
squeezed out of the instruction decoder. Referring now to Figure 9, a clock

timng di ALY, f BELE 1?%88?0#5 e@ﬁ(ﬂ?tllmgt!:lﬂ'%e a§ gﬁa *nv?] al mgtHcIn%n? ﬁt al |
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in tine by &?thﬁ'&ft‘%l&é{{;&gﬁl anﬁér othé’?"éf@ﬂ(koégmcg%vefgﬂﬁgojﬂlgdgcﬁg@mar Ened ock

di agr ans & ustratln structjon states as indicate ove t
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Now assuniR LAY SRy e R ERaYah BEP A, Lt oSy o2 e PEE e F1 by ¢ he
control | diggramd Alystratireg the srstrottamistatgsciséndigaedatatve shet wavefmms irovin 903. 1 n
wavef orm @@stﬁggﬂu%}%ﬁﬂ? 4 H@E L4 Lithe St l%&ggggy pwgﬁats 10n @é@swgbé {fe aNOt her

TO instru I'n waveft or ructi ons now occupy
the pi pessaa@eerge@mgspsz:revmsly disrusyedavittprsfererae to Fgure8+ r ucti ons in the | ater

pipestag s of {§ghR%) fﬂécg,ﬁs&&gekqﬁq%nmbhra@c&fe@n&@nee&h&;uqm ons and not
T1 instructions' the né can ecotlnuedto be .cl ocked untél a Ti

i nst ruct | BRIEROBEframat waﬁﬁavlnsaﬂmﬁﬂ%o ong #dokfhiRs\ystiony i5em 2 Abr
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Pi pest ageingiRuddoh i$ stomedtin pipestdge R3xinkQldcnded formi oln voaveinqeni . P85 i s
instructions are stored in pipestages PS3, PS4, and PS5. After another clock cycle,
waveform 902 is generated. Each instruction within the pipestages illustrated by
waveform 90! has advanced in the instruction decode pipeline. The TO instruction
previously in the pipestage PS5 of waveform 901 is dispatched by pipestage PS5 during
time 2. In waveform 902, a T1 instruction 410’ is incident within pipestage PS1 and other
T1 instructions are stored in pipestages PS2 and PS3 in a decoded form. In waveform
902, TO instructions are now stored in pipestages PS4 and PS5. Now assuming thata T1
thread specific stall signal is received by the control logic 401, the next clock cycle
generates the waveform 903. In waveform 903, one TO instruction is stored in pipestage
PS5 while another TO instruction is dispatched. In waveform 903, T1 instructions now
occupy the pipestages S1, PS2, PS3, and PS4. Because the instructions in the later
pipestagéfs of the instruction decode pipeline are TO instructions and not T1 instructioi%s,
the pipei%p can be continued to be clocked untit a T1 instruction associated with the T1
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i nstructin us t he st al f | S cIe g ‘ \lgased rocessor
desi gn, the p mﬂ@'& QRTS8 TFeaY rom e 'ﬂ P"ic on de 8@38*’5 erfiiRs 'éi anal yzed to
det er mi neinstﬁuqtimey therein Sarabhienlied decading andpaeéwiombytthemidropracesspedihg i ¢
clearin |} : ly rin

N9 dfealls lﬂ@maﬁ%%egagﬁh,{q mgﬁruemnvmﬁnﬁ,@%ﬁﬁgméﬁl&quok %L&a g

essenti al 1%/ ves a t etting 1nt er thread
in the ind &wlnaﬁlct@@é‘&w lﬂwpéﬁcamcrrh‘bl lmr@am ofcthe ﬁh@éowrpmhew%mrred to

as a deachlsgfelaea@@@nms%wahme%ﬁ% scbﬁtam:hlué hn fnkichdiRAE the cﬁﬁEﬁioH@ﬁgSha“ ng

of t hr cadPRBSeng et o °C$sc°”du Sfiset tha COTENpoBHng AL 9iBhese o o
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thread-| I%f]lhcf: {n%m;él%n“&c%a% pzlpcj[l U\ t%locgé s%f(% c/lgg H}Z lf‘hg 11'1:.:;%:url:tluosncdxc)lc0&é pipeline
allows the removal of one thread of instructions while leaving other threads of instructions

- intact. The intact instructions have the ability to be advanced in the instruction decode

pipeline over those which have been removed by being invalidated. . Thread specific -
clearing can be preformed during a stall to eliminate the stall condition if the instruction
causing the stall is cleared. In a cycle based processor design, the pipestages of the
mnstruction decode pipeline are analyzed to determine if they are stalled or not to perform
the thread specific clearing to eliminate the stall condition. The thread specific clearing
essentially removes a thread that is getting in the way of another thread in the instruction
decode pipeline. This solves the problem referred to as a deadlock condition which occurs
in multithreaded machines sharing the same hardware. A deadlock condition for example
is-where:an instruction of thread-ID 0 is stalled waiting for instruction of thread-ID 1 to do
somefhing:but instruction of thread-ID 0 is blocking instruction of thread-ID ! from using
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In the pi ages ILn PS2 and have ot ervmg
i nstruct |"gaﬁ’§ 1004 vrll ipstrpgrions i the @g;@gtaags |$‘Fd?%%1?'é‘6° BptugEondecedlg s can be

eval :Jlat ehigiline Ma}ialdﬂﬁng Afedq Wdw adtufte lflﬂaqﬁlrlhlfeﬁﬂ sptifid i1 Rhogen X' Whi ch
is illustrate

. _AND C.e ead,
(Thr eadt Bt e iyebeliging sosimufins olich SE dieeP Bea it Bread BT 0 ¢
NOT O oc kokeAND1 ), [afeGnealidalddria shkaiipe stafhof thd htseracticn. ded &dE) gipel (DR
Cl ear Thr = . | [ N, - terns one
ter m i 1 1 gtgns il 67ihe o ealod b bR BRO e ot
t he- cl oclpipasigeef thy shadam wpeling. Imvavefame 1002 ¢he pipestages ha'@ alcheenof 19
clocked to shift instructions to the next pipestage in progression from that of waveform

1001. The instructions in the pipestages in PS2 and PS4 which would have otherwise held
T1 instructions are now in invalid states as indicated by the X. This can be evaluated by
analyzing the equation of “Clear for any PipeStage X" which is illustrated in Figure 7.

Cleary,= {Clocky, AND [(ClearThread,,,, AND (ThreadID,
=ID1)) OR (ClearThread,,, AND (ThreadID,, ,,=ID1))}

OR

{NOT Clocky,, AND [(ClearThread,r,,, AND (ThreadID,,=ID0))
OR (ClearThready,,, AND (ThreadID,,,=ID1))}

(L2

This equation has two terifis one term with Clockm and another term with NOT
Clockm As a result of the. clocks hot being stalled i m this case, the term with Clock,,-of
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bl ock. | n‘°§‘?’fb’f°ﬁ%%ﬁé)aé-§ IMSURENGS pRIF (NN 18PN éﬂ%ﬁ&ém’eé{%fo? %tlhruFFEH’rYagg op the

cl ock to_iaﬂwctiphpeﬁi:]@myaﬁ?mnznruishiﬂysdlimb@iptgxagdlmapm_ RS¥. e@d imtructions

instructions (;per.threa that t.hr . was. cl.egred i n.orde conserve

power . | narflﬁflgjdﬂglpr‘féllag??ssej,a"f‘@o%‘ﬂ%rfﬁ%"éﬁ%‘%d@éﬁ’ﬁ%%cg 5 ‘8%§"|¢ﬁm can stop

t he cl o_(:kdismtctﬁneﬁhhﬁlhri@ tirns_ﬂr chm_isomrd'ecohtepd wtdifa;rglearim'gof thcipimsia'gq_:g/oﬂ f
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circulrtry providin Instructions (per pipeline) to the instruction

decoder . Dibestages andiean befartherdepededayithoubanydelaye] ock control circuitry to
determ ne when to disable the clock enable signal to turn OFF the

Opportunistic Powerdown

The opportunistic powerdown algorithm in one case stops the clock to an entire
pipestage of circuitry (per pipe) in order to conserve power as opposed to just a functional
block. In another case, the opportunistic powerdown algorithm can stop the clock to any
pipestages of circuitry holding the same thread of instructions (per thread) if that thread
was cleared in order to conserve power. In yet another case, the opportunistic powerdown
algorithm can stop the clock to the entire instruction decoder and any prior circuitry if there
is no valid instruction within the instruction decoder or in prior circuitry providing
instructions (per pipeline) to the instruction decoder. These conditions can be detected by
clock control circuitry to deterrnine when to disable the clock enable signal to turn OFF the
clock to-one or more pipestages of circuitry. Because the powering down is transparent to
a user, thcr_; being no performance or functional penalty’ the algorithm is opportunistic.
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cl ock toone or nore pipestages of circuitry. Because the powering d:z UI\SZBDL
transparent to a user, there being no performance or functional %

t he al gow@bmdo§4gopportun| stic. 20 2 1 JUN 2004 WO 01/ 050%9,1}%@3'/4}4%@ 41927
Power conservation is the only noticeable effect to a user fromthe
opportuni stic powerdown algorithm The opportunistic powerdovvn al gorithm
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In Figure 11 A, waveform 1101 has instructions from two threads within its
pipestages as indicated by the token one (T1) state and the token zero (T0) state. In
waveform 1101, TO instructions, instructions of a thread associated with the token zero
(T0}, are in pipestages PS2 and PS4. T1 instructions, instructions of a thread associated
with the token one (T1), are in pipestages PS3 and PS5. A new instruction 410°,a T1
instruction, is input into pipestage PS1. Because all instructions are valid in the instruction
decode pipeline iliustrated by waveform 1101 during time 1, all clocks to each pipestage
will run to generate the next cycle. Now assume that a T1 thread specific clear has been
received such that T1 instructions are to be invalidated in pipestages that are to receive
these instructions on the next cycle.

After another clock cycle has occurred, waveform 1102 is formed at time 2. In-

-waveform 1102, the pipestages have all been clocked from waveform 1101 to shift =~
instructions to the next pipestage in progression. Because of the T1 thread specific clear,
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will run to generate the next cycle. Now assune that a Ti thread sp@di fUNc)0L
cl ear has been received such that Tl instructions are to be invalidated in

pi pest agasobhatozare to receive these instructions on the wmepbswouede. After
anot her cl ock cycle has occurred, waveform 1102 is forned at tine 2. In-
waveform1102 t he pi pestages have all been cl ocked fromwaveform 1101 to

shift gﬁ:@%l%ésq%%fIrHliﬁhew’ﬁ?@ﬁ%&il@%ﬁ@&ﬁcﬂﬂsﬂ@@ﬁ%ﬁétﬁ@ tioReGRYRS of the Ti
thread sp cl ear WO Q1/ 249 PCTI US09/ . 11927

pi pest ageBolPmg myaldpastruclians:3 indeated Ry ihe BYahdrsiatese Xndbcgause 3 hsthradt i ons,
are now kgeflicnGedr B¥@lrted, iha3dst 116irbaivh imtheipistilina tafcdidd inReaveforal 11d1 st at es,

X. Becausg .a Ti.thread specific, cl occurred,, . the | uctlon I n
the pi pel P§iB8AdiiBsHYEYoPn W‘G’r?ﬂ@%ﬁ?o'ﬁ‘ﬂgl“fﬁ déFP?ChF‘ﬂéX F'\.?rc]‘?é n,

cl eared adgpitbius 510tdoiing tine<. di spat ched by the UOP dispatcher 517 dur| ng
time 2. In order f the o nj r

I nstruction dei’bﬂréig f°5hhef?fprP%8l ol%ln %cﬁn“éé}g&"‘% ggﬁ%&lﬂgbﬂé{smér?eoeodef%g%%t ain

i nval i d i fistchomtone s mofe gipesagep npebtoagetain iRvgel inGhuctioan Agiwowwpedopn i f t he
I nstructi L n | ' ontains an
invalid iﬁgﬁ"ﬂ]cﬁﬁgor?l iﬁl%&%‘g Y" ﬁﬁ%ﬁ%‘i‘nﬁttﬁé Hﬁ&hgitgﬁln ‘% WAC?E for any
Pi peSt age[Bip¢k |, Leamtainsean inpalim lgm@tism Ebw‘am(}(om the mwafqr Howaslowct i on

in  Pipe(Yorah @n,lgg )p;mgg{,@gﬁ,p,%uﬁow\erdom by turning its clocks OFF.
Wth an invali d ructj gehl nd the given pi pestage, clocking the

pi pestage on tﬁ@wﬁ@?f”"otycN alidlpgiryedion i Gieixay dat a woul d consume power
unnecessarily. A g‘ivﬂﬁip@égﬁgﬁ 111;8‘2rerdbwm€b§rttm&ig xESSoc&d&d)FEPSEHdhamemtall\m r clocks

t d f th le b t I
have | nvalTr e Rt et PR loleRs B Ripoiee Bt o Biebba e
[ Pi pe( x+" jnvalidddiaatailg cmsuneewmgumm:bssmklgd Is wapeforpad 02gepéstages P83 endcks
turned ON Sbfhfn‘?e th%%r%ﬁclck? &Bﬂ%&d’ fBPti\g%%ﬁ Jg?fe b%émﬁ& pgiggn g L3805 4 pigvance the

valid instruc as I'ts clock running
for the neespcq;yelymaemmahé :mmteqnsagmqqulbyrt @éﬁ vidovsevegitBe pipesiagsut put on

the next ﬁ& ) ThinediaRly R8cRaRg af ke B8p ittseata @ﬁasflgrd@k@ahn&rml ﬁafor
any Pip IlTustrated in Figure 7. i taII ﬁ?&g
cPNYyEQR Jges NAhEKHL ITrdET 1 adpance ¢ Yaé' s!“%’FEE‘é ﬁrﬁ'g

Power dovvn E‘;’é
pi pest age pidebiagd PS4 Ha ItSCi:lod]d’lﬁhrl’ltig farahe nexk Eydl®©and he @uﬁhrysoﬂeoekledcmﬁ al a

s eloBah APl R SR AR oG R I s PRl b
i nval i d i asy PipeSiaga X tlustrasdindiigee §t ages as i ndicated by the X status. In

Clock,y, = NOT Stall , AND NOT Powerdown,y,

Pipestages with invalid instructions, preceding the given pipestage with the valid
instruction, are continuously clocked until a valid instruction is contained therein.

In waveform 1102, the clock to pipestages PS2 and PS4 will run on the next cycle
because there is an invalid instruction in these pipe stages as indicated by the X status. In
this manner, the instruction decoder continues to decode until valid instructions are
decoded into these pipe stages. The clock to pipestages PS3 and PS5 have their clocks
stopped because they hold valid instructions as indicated by the token TO.

After another clock cycle has occurred, waveform 1103 is formed at time 3. In
waveform 1103, the clock to pipestages PS3 and PSS will run to generate the next cycle
because there is an old instruction in these pipe stages as indicated by the TO' status
because the TO instruction has progressed to the next stage. An old instruction is indicated
by one.or more apostrophe symbols depending upon how may cycles it has remained in
the- same plpestage Anold mstmcuon is similar to an invalid instruction in that it can be
ovcrwntten or discarded. This 4 is djfferent from a slalled instruction which is still Valld and
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this manner, the instruction decoder continues to decode until vali 1 JUN 2004
I nstructions are decoded into these pipe stages. The clock to pipestages
PS3 and Rapohéwguot heir cl ocks stopped because they hol d yalhrheoh/ebs uctions
as indicated by the token TO After another clock cycle has occurred,
waveform 1103 is fornmed at tinme 3. In waveform 1103, the clock to

pi pest ageéanﬁ%@mnﬁ’ﬁ%nwmkmg Wanhé, &@nx%rn%@or} Hﬁogﬁ&n& dﬁ%‘?o d%%ﬁgla%ﬁﬁ there

is an O|dInStI’UCtI0nIn hese plpesages as I n st at us
because t KidfosusY PR ATE ﬁ?ﬁ?dﬁ%@ HE Gice S50 wayetfamm Hé’itths@l@gka to pipesiiggs

oW TRy Crg e D o R et ructi on
is sim | alfSEEFuQRs f‘%ﬁ?a’lc H%ﬁgi k?q —B(IIJI gFFaPFF'aP‘PF%‘a%%?%%HE’Id VY tten or
di Isczélmr degmsgllmtﬁnhﬁﬂﬁlﬁnfoﬁilﬁ% cydlomw mdﬁgtag ?}ﬂvageﬁ)hhimz)% QRe Mhrﬁﬁutbl&)nsih 'l

valid an cannot . be
overwritt 8P %?t}?%tbﬁllﬁl ﬁg%ndé?patc?’ g)ﬁoiqpruug’(s% ‘oc?'%lédg? ng Jut H'Lﬁa ®t o decode
until vainstudties decrsleipipedine bEpigletagbeRB 1i in m\hhdps pﬂlcalad(hy\mlaﬁeﬁ ovavefoi3, t he
clock to next
cycle becgh%gﬁ) % Oélﬁigv rﬁapﬁﬁ%?%égstilg%glg ?3%@?%8%% %m%ngen TO.
Because piﬂp@mt@g@n%ﬂdxétlédacm id TO i nstruct | on in the prior clock cycle
as indicated by, fé’ﬁ#‘%ﬂ it r%mo]ﬁg@re 1ﬁﬁeaIQckﬂﬁ£ﬁg~'&15%% dfShe é@céﬁ@éﬁhﬁﬁ%&y the UCP

di spatcher 517. I nstruction bei n into t ruction

decode pi PRAIYRISHE Pwﬁréewag‘eﬂhngra% Mﬂwfqral bl 1|h?é|i"1§§'t1@bpnl§>ff°€‘h%"9< in
wavef or m threkae wahirie, plf!&ggé 8Gkdicfied B tHel tbidn e} Afte aMblheadi@ngkRPPed to

ow, Lo Fi DGl n R Erosma 1t Tt i Eoingie ot oL £ REPLA e BTn

oppor t uni gieitckegparary OWis irspiptdtagatRSait é[d inshénosibas, instiiddonsast anhtsaai uct ions from

L e SRSl Ui i 5Bh BEF LRGSR A AT, s phakaneane (T1) stare

and the t 1'n " wa nstructlons
i nst r uct | teguasionad 10h adddnstoistion ds edmwmmwpcﬂegetb‘kleri%q:ena; aqrrn})tmcngns age

pi pest ageyiidin i métﬂﬁ:bf)ﬁ'ﬂ&!oggg ge!;ﬁ@ﬁfukﬂté@ﬁ%g%@eé@# Tfﬁa&nng%%ﬁcl gjjed with

t he t oken one( , .arein tages PS2 |nstruct|on
410", aTIclpekstte E@?chl Bpestage “i’ ph tolgﬁt‘%fa‘ﬁllb%%%"éﬁ)édPSN°WBé%’é‘EFs at T1 th

i nstruct i gRsifidickar Na Uedn fd&cf&fb@sdcﬂiﬁdtqqtlhﬂﬁcd&ﬁ‘s}ﬁ\‘@tdlieﬁﬂbdliamed|1rl F@&sr:@gteed by
cl ocks each pi pestage w run to

waveform{}_%;ll gurl n h '% I
gener at e PRETREKECTYLIRESE ’Rﬁ%’cggg%%[hFﬁﬁf[ X°¥i thread specific clear has
been recei ved Aftehartoltedr clbck cydé hascddconed, avavefoombd 12 isfetmethataning 21 Joi pest ages

that are Lo dEGe1 YR, 1iGiBestagel hlG i Yeen LRk O HavEtbfihG111 o shift

instructions to the next pipestage in progression. Because of the T1 thread specific clear,
pipestages PS2, PS3, and PS4, which would have otherwise held T1 instructions, are
now holding invalid instructions as indicated by the invalid states, X. Because a T1 thread
specific clear occurred, the last instruction in the pipeline indicated in waveformn 1111,
being a T1 instruction, was cleared and thus nothing was dispatched by the UOP
dispatcher 517 duning time 2. In waveform 1112, pipestages PS3, PS4 and PS5 have
their clocks stopped for the next cycle because pipestages PS2, PS3 and PS4 respectively
have invalid instructions as indicated by the X status. Pipestage PS2 has its clock running
in order to receive the valid TO instruction being input into the first pipe stage PS1 in
waveform 1112. Because the TO instruction in pipestage PS5 is valid, the buffer 502B
will receive a dispatch output on the next cycle.

After another clock cycle has occurred, waveform 1113 is formed at time 3. In
waveform 1113, the clock to pipestages PS3 will run‘to generate the next cycle because
there is an old invalidated instruction in pipestage PS3 as indicated by the X’ status to *
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After another clock cycle has occurred, waveform 1112 is formed at tz F?UI@ZB[]L
In waveform 1112, the pi pestages have all been clocked from wavef or
11 to sh|\{/@m,{,§b§§g uctions to the next pipestage in progresgifispResause of
the Ti thread specific clear, pipestages PS2, PS3, and PS4, which would
have otherwi se held Ti instructions, are now holding invalid instructions
as indica fi;GaCl ear
occurred, E%%%H?/ (?ﬁ}s*hrg ?Al?clg piﬁc@%agéf Psli(mpll§ 8@%9%@ tﬁ% [ ca&ggalqﬁv a\?\/gf;oe 01r1%31111
bei ng a Ttheickoekntopinestagesis’ wilkrn @dg@n@tetthqgeﬁ@vﬂw@mse thegpatTt®ed by the
uoP di Spﬁkﬁb&fon@ﬂxcﬂ%du’?ﬁnﬁ* mS)ugmtd lri\e\ﬁ?s’{ E(H%é]- rmﬂﬂbﬂgﬁkégﬁﬁ)nl t PS4
cyc

and PS5 have heir cl ocks s ecause_ pl pest ages
PS2, PS3 4HY- Abe cleskp de thepapestagenlidd ?Waﬁﬁremaﬁswmmd@ﬁéo B2 ValiKdi cat ed by
the X st amsﬁm%naﬂﬁ A them, 'l"ﬁém'sﬁr&n%h QGthid PipLdtALE PS4 arAITESIa EQthﬂ@re' ve the

valid TO i nst el n into the first pipe stage in waveform
1112. Bec&Yéfé“’[ “I'%- 8"(‘}&'?’ I¥n i n pipestage PS5 is valid, the buf f er 502B

wll receive aAmespfmaJsr m&lqmytledmb&&mm&)@a\&ymrellmfzt formadat e 4cliwck cycle

Crack to papdaraiaLtalobeye SpHeToa Ry Rl shaelband WERELEAlE, " hore

is an ol dthem/ialah@id actalidedd instruation impipestags tBbgdeas REBcaed bynitie ¢&t stetubto t he X

status t0.,,q g Fo ilns g% Q@E}é& P83 %Oéégre?ﬁy Méﬁ%{éﬂa@@ In VRS 94
|nstruct|on |n plpes rogres € nex n wave orn1
1113, t héheelleskio pa)epias@ssli’ 2W\m Tun te genaraje ghermerbexsia lﬁ@%@tlh‘t%‘f’ e to
recei ve t g RQWiclioh fidhs e Yriok 9&&&“&%&& Eelﬁgl Er{f%ﬂifnid’thb %Péitplﬁeaiagcopﬁﬁfrﬁh{ st

pi pestage PSI. fromthe instructio he cl ocks

pi pest agethe ipssmCHAR NpgE 4} Q. ndibg cgpbﬁb@a P&&éta%i’%wwmmgtdva& pQyplid

precedi nglﬁshemonﬁmcddﬁsglwc pibedtapsiHSAl ThpiRestagewithif pandta@SPSaggesanot her

cycle to X lﬁ ﬁgjspectlvely After another clock cycle has occurred,

wavef or m 1% ercé'dﬁf? d-at tine 4. In waveform 1114, the clock to

pi pest age PS4 Wiftelr anothet dogjenyeleeias otdvered ewd vedgrol Bl I5as farged at fiwe 6. s an ol d

I nval i dat I [ | tus to
%%g:f'ﬁ% 1455 LRQcIoQk iy pﬁg&&%g?’sgéég%f %’n&%‘c‘%ﬂc Ré’xttcgac éecaﬁ&ea

cause the I'nstruction e next stage. In

wavef or m theris anﬂlﬁl%mwntlb piiepless g@‘e@ ipdigatgéh By Q/v'l' |tp caysp thegl Gener at e

the next %ﬁhalanqnﬁﬁ ka‘é@ PSA80 BRIYresd € ﬂh@%Eitlé‘fégb% JYaverark el 18! ihekclkReSt age
after being t eflrsélrggggs e PSI fronkthejnstruct n i nput

G10° The POrDRESE % B3 AnddtAay  EDEYSIEN DIETS B

ipg ; tructi mtmftﬁ;ﬁﬂeld;mghe p::arrpqgsmgi ?ﬂgebew?pﬂ hitot :thhsﬁﬂsmpefmcmsu Htomn mcpgst age
ages .ahotner. c ' ' er. ano Cl O Cl e

wavef gr m irfirg lll%'l ?’8%‘%@ .ai)n %fsneécagxp}el, Hlpcsr}age Swasa Cblit: &y have its %Foc?g &H}%e%

in an opportunistic powerdown for three cycles. Pipestage PS4 was able to have its clocks

=

stopped in an opportunistic powerdown for two cycles. Pipestage PS3 was able to have its
clocks stopped in an opportunistic powerdown for one cycle. In other cases of
opportunistic powerdown conditions, more or less power will be conserved.

The algorithms for Efficient Stalling and Bubble Squeezing, Thread Specific -
Clearing, and Opportunistic Powerdown are inter-related. For example clearing a specific
pipestage using a thread specific clear can cause a stall to be eliminated for a given
pipestage. Alternatively, a thread specific clear may invalidate instructions in certain
pipestages to provide an opportunistic powerdown condition.

The present invention has many advantages over the prior art. One advantage of
the present invention is that stalls in the front-end of the processor will occur infrequently.
Another advantage of the present invention is that invalid instruction ‘bubbles’ can be,
squeezcd out from the instruction- ﬂow Another advantage of the present invention ls"ihat

it can cléar instructions of-one thread in the mstructlon decode pipeline while leaving othcr
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waveform 1115, the clock to pipestage PS5 will run to generate the qujUN Tgﬂf;
cycle because there is an old instruction in pipestage PS5 as indiCated
the TO ..woogmawse the TO instruction in pipestage PS4 t PGFEYOEsE 7t o0 t he
next stage. In waveform 1115, the clock to pipestages PS2, PS3, and PS4
will run to generate the next cycle to receive the new TO instruction from

the prior jpiResdrde:aas intict. Dgiongr hdih]mntagh of met;inseiﬁtim&tnuph pahatagend?8ecddeom t he

instruction input. 410°. |n,this i pe e PSH I have its
cl ocks stgjﬁb‘é‘a%%ﬁﬁ'%eaéﬁ%o‘???}h'fr V%nqg%wefrtgcogﬁs gg“’{: Wi’e"e'w@nsaéﬁgg&a T pest age
PS4 was ablichit mehﬂstmdutrsdecbm:ﬂnsclu@tam@prddctmk@wmcﬂmpgﬂv-m%@mh@om for

two cycles age P o t ¥

oppor tuni St C-BTLERBREST 6! NG, (ROR) Eoianee O AERRFABARIN B R,

power down mmnpueuhm ofmctmns |sbgs thsape Ingunctionedecgdes do %fFaSCH’f-‘éOé? gorit hns

for Effi c "’E Irpé 9384 B H&]Mg@nr&m Thread Specific Cearing, and
e

Opportunl wn are | nt rel ated. For exanple clearing a specific

pi pest age u5| ngWaile pereinerspplary Frebedi agpishane besndescribed and shoymyR the i i nat ed
for a gi Vea'acorﬂ{) REHAGSwinds LEE Rebd MiRleystodt :hhtrs@alderap@:ﬁm‘eh@ afd @edelymay
ra

invalidate ins ctions in certai est t vide an o rtunistic

power down 'Besi@ve phandmebresircd g, on Bﬁ\;’p ‘BYF Wﬁﬁ@a gﬁ%ﬂ'ﬁf@ﬁ’@srpog r the

]prl 0{ aréI ilr?tfjh:adwamaﬁe cO!fstru‘t:hﬁtsmmﬂmﬁgfdmmm?wn ang dedadibeds skt sar:cmst hef
ront-end o e.processor Wil cur .in age o

the presef§" rﬂ'}%g RN T2y AT }%@gf’e Azl uc Amﬁbﬂﬁ%ﬁgggﬁg‘gg\iﬁp

squeezed qutscht oneritioe i$ medimietiois ﬁ;trtbmallmomérlﬂvzdiwﬁt@géc"%tdﬁFﬁé"@ buisent

I nvent i Onoér:]aﬁ g@:ed tbtaefﬁurﬁlt%: é!ﬁtdeélp faﬁlﬁt:hﬁﬂr%u% Q%dérhr}?%ﬁflcﬁﬁbré hﬁ‘e

instructi aving o
01/ 050249 muswmnssz pdaptedde pBIST ftm%%ta% atCﬁ% %Hf’t 0%%8( H@PCf&BtP&F&Sabe of

the pres e('}ha:' stsg&m ingﬂ; ih?eaﬁh'@tm bRy m&a@@qp@&nom@dmwm 16 sbppoiansied.

Anot her advant age of present .invention is that &g within the
et ruct | GhreagiaddeayseRaMeh EmRBPAT f EPERRET BT BT BTR AR L & vali d
i nstruct i ogerfdpbmizy AHARRRANY, M]s possidle to‘ih'qﬂdmnl&d\mmeatgevm;ohhesqmeebm

I nvention Ofﬁilatg_»gggg?rﬁ‘@' L ﬁ'{;.ﬁ\é%rgree ds, OBAQ&%MSM »Uﬁcéh?ef d?g%ld

instructi et or nance

i npl enent aihiagroceesdr readhble etocagctrmdtmmxeqtmsanggnehtb@mlﬁ?ém@cwedmn

descri bed q&q ghomn in the acconpanying drawings, it is to be understood
that such Bnb8di nents are nmerely illustrative of and not restrictive on

t he broad |nvent|on and that this invention not be limted to the
specific constructions and arrangenents. shown and descri bed, since various
ot her nodifications may occur to those ordinarily skilled in the art. For
exanple, the present inventionis not limted inits application to only
Intel X86 instruction decodi ng but
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can be applied to any multi-threaded pipelined instruction decoder.
Furthernore, the present invention can be adapted to other functio@éﬁJUsza
areas and bl ocks of a mcroprocessor that support nulti-threading in order
to reduce the anount of hardware to support multi- threading, reduce power
consunptiqghgkﬁgg g%:the negative effects that stalls have on

per f or mance. rtronally, it is possible to inplenent the present
invention or sone of its features in hardware, firmvare, software or a
conbinatiqn “h%&ﬁmﬁg?m%8£}W@ﬁ§mis provided 1in a processor readable storage
medi um such as nagné%lc, opticaF, or sem conductor storage. 25 2 1 JUN
2004 What is claimedction:detadeorearde prubip&sbendsiof@istrcitiogs, tleninsdtmstianuct i on
decoder tqldqgoge.nultiple threads of instructions, the instruction

decoder havif§' "aH'® nstruction decode pipeline to decode each i nput
instructi on associ ataadnstrattida dealh pipeliead de@beesh shpadavrpetipeissareitaper at i ng
in parallel. wth the instruction decode pipeline, the shadow pipeline
includingf“gﬁmﬁhgr?gﬁW?on thread identification pipeline to associate a
thread identificat iashaduvi fipgine bpdratdiorinipdrhlenwhe itiegnstieaaseidcdds ptpakne,
instructiq %F ode pipeline and an instruction valid pipeline to associate
a valid iﬁ@? 3@%¥p "% MEMAPE i nstruction bei ng decoded in the instruction
decode pipeline. 2. The nindfistpeinemsat idaftifichtinmipklind@ragdobiafehehreqdst r uct i on

decode pi pel i.ne and.shadaw. pipeline ar.e,physically integrated together
Cnto one. issuRraEn iR PPt deust B S paiit it fe an” O o
m croprocessor of clai m lanvi@metich viali@pipéliie talgssocile fledddadicdiairditheacthas, a

pi peline controller coupled to the.instructian decode pipeline and the
Bhadow - pi BRTFIR beis des bt e AR E PRt AR Bonc r o1 i b barall el the

cl ocki ng of each pipestage of the instruction decode pipeline and each

pi pest age .of t shadow pi peli.,ne. 4, The m croprocessor of cl.ajm 3 wherein
D Phread dheci rihe Thpampeif PEURR L herfa e TR FRE A hes G eow

i nval i dat gSpetind ye phaselly negraditogeaer infb @8 ipeHicalitias a pipesbager of the
instructian decode pipeline having a thread identification the sane as the
thread i déRFFPFEEITSn of the thread specific clear. 5. The nmicroprocessor
of claim4 wherein the pipeline controller invalidates instructions in

g?;g SE Iagg t g? et mslc?r%;grlog so?l;;)f gl!li% ‘prgei% 1 ee iXs%Jul:t?on' dgg(;dgla }u(r)tFnerlhgs,t he parall el

a pipeline controller coupled to the instruction decode pipeline and the shadow
pipeline, the pipeline controller to control in parallel the clocking of each pipestage of the

instruction decode pipeline and each pipestage of the shadow pipeline.

4. The microprocessor of claim 3 wherein a thread specific clear is received and the
pipeline controller invalidates only those instructions in each stalled pipestage of the
instruction decode pipeline having a thread identification the same as the thread identification

of the thread specific clear.

5. The microprocessor of claim 4 wherein the pipeline controller invalidates instructions
in each pipestage by setting or clearing the valid indicator in the paralle] pipestages of the

instruction valid pipeline.

6. The microprocessor of claim 3 wherein a thread specific clear is received and the
pipeline controller invalidates only those instructions input into each clocked pipestage of the
instruction decode pipeline when a pipestage prior to each clocked pipestage has a thread
identification the same as the thread identification of the thread specific clear.
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instruction valid pipeline. 6. The m croprocessor of claim3 wherei rzﬁ
thread specific clear is received and the pipeline controller inval4 AN Z0
only those instructions input into each cl ocked pi pestage of the

i nstruction decode pipeline when a pipestage prior to each cl ocked

pi pest age has arHehMi®dprocdsa Rt ElhinC@lh @8in R RARE AT N envhiidRAnstructions
identification of the thread specific clear. 26 2 1 JUN 2004 7. The

ni cr opr oc d8 §4P PHESREAYSFENpAT SRS thearaky] iBdrsterdn dsrerade] rivestapss g fat es

i nstructi QRgructidh @G PipPliRest age by setting or clearing the valid indicator
in the parallel pipestages of the instruction valid pipeline. 8 The

m croprocessor of claim3 wherein a stall associated with a thread
identification THeSnibBFRb&ER 0R0Gint DEnAERGsIaNBss0ORES Rlith @hnrERtigEHFBRRNt hat the
thread identification associated with the stall matches the thread

i dent i fi cdt feefivesiand e pinglipgicantiaer determupesithpt te repdsidentificatigg psspriged vidye  of
the instrygd aPmASERUR (RlREILAGICARA of AR vREPRLREoFRANEd Rki BNast hipbdape t he next
to |l ast pipestage by stopping the clock to the next to | ast pipestage for

the next oflednsrycts|dgcadsoipphing apdthegipelipe sapiobwntals the Xt Helegipipesiage The

m Cr opr 08 SRppRk el Rl BHMREE & 195t bhestiieRs! tiq@@ex‘s%retertau_ﬂ@rmef\u_naher _
det er m nes tha? a valid instruction is contained wwthin a first pipestage

of the i nshstyedqnean@wedtherchi pel i ne other than the next to |ast pipestage
and a valid instruction is contained within a second pi pestage imrediately
subsequent to the first pipestage and the pipeline controller stalls the
first pigestageeicropopgsiaigt elpa Evberkinths ninsding ¢qngpllesifigeher dgermings thahe next

cycle to hol.fgiRGuctBh istondaiAed fHih i Pt 9{5_@&% Refhe LEL&ION deckle pipBighe other
m croprocessor of claim9 wherein the pipeline controller determ nes that

an i nst r uban thpngxstoegt pipesige andi yalidrigptrupionjagantrined giitg it orecpidipinesagehe

I nstructi QRmédidefl RbREnDS B firsGRbddapd BRIKAGENindbonlidBe Bafs BRITPGESSOr Of
claim3 wherein the pipe controller further determnes that an invalid

i nst ruct i gipesaecnttenriedhasledkitnthy first pipestage ferdbegrat pistegeihald Sieyvabd i or to a

second PiiRESEAISohRinkiBieleflst ructi on decode pipeline and the pipe
controll er powers down the second pipestage by stopping the clock to the

second pipestage until a valid instruction is contained wthin the first
pi pestage {0 COMREEVSpRONES: of igim Pwhaibih itfe iR RInR6hdrAeEmhinSithdiGh i on
decoder conprising: an instruction decode pipeline to decode instructions
associ at ednshuetengs paligroyiapalyzing the yalidrindieatqr gvithinhe ingteuctign vplid pigeipod pi pel i ne
operating dufh Rpdsalgbel With the instruction decode pipeline, the shadow
pi pel i ne including,

il. The microprocessor of claim 3 wherein the pipe controller further determines that an

invalid instruction is contained within a first pipestage immediately prior to a second

pipestage in the instruction decode pipeline and the pipe controller powers down the second

pipestage by stopping the clock to the second pipestage until a valid instruction is contained

within the first pipestage to conserve power.

12. A multithread pipelined instruction decoder comprising:
an instruction decode pipeline to decode instructions associated with a plurality of
instruction threads; and
a shadow pipeline operating in parallel with the instruction decode pipeline, the
shadow pipeline including,
an instruction thread identification pipeline to associate a thread identification

at each pipe stage with each instruction being decoded in the instruction decode pipeline, and
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an instruction thread identification pipeline to associate a thread 2100
identification at each pipe stage with each instruction being decoo?ehJW\ {
the instruction decode pipeline, and 27 2 1 JUN 2004 an instruction valid
pipeline to associated a valid indicator at each pipe stage wth each

i nstruction being de JLhe ARAT RN cle e RLRELI N8 pikSsta
mul tithread pipeli neag]qﬂsg%fer'c{}ctpoﬂﬁ)%ecéder {{ (pfgal m dga urthe p%oﬁp i sing:

a pi pel i nevidosach oistrestion beind dsdoded in the insiadtiondedodepigelowde  pi peI i ne and the
shadow pi peline, the pipeline controller to control in parallel the

cl ocki ng of each pipestage of the instruction decode pipeline and each

pi pest age Bf t hBeghdtitbwappipelined astrdetion ﬂfmdmlft:ia'trmt%@uhgiqg@biiﬁ@ instruction
decoder of clai j I the, ntrols the

i nval i dation ofarTa éeghtn L?)g%scton'ﬁeagt!g%% 1@%@% a%tg&% "e“I %}ﬁs?r{]}g OSNon decode
pi pel i ne hyipdiet, ttilengpetlilnecmadoild' ¢ ntditrvhmcplarailei tead bekpigpé sach gepesthget dighe

instructi Onstr\'ﬁ%!nc') d ec(?d 1 e'llneeantd%ac!,hnql Ga fqpe n a“L |]dell nstruction. 15. The

mul tit hreal prpeli neé’plpns?ructl orP%Fec der cq al'm 13 wherein the pi peline
control |l er includes powerdown [ogic to analyze the valid indicator of each
pi pest age ,0 e i f. the Gan; be, ho nd to

det er m ne f4f egf,}h plfq?ﬂ)tgrse éﬁlgehrﬁ%wéum%ege%ﬁ r%? gnn}#) Yﬁ%elﬁliﬁ% el neéacont roll er
further imohmdlem@:ﬁhmhtmlstﬂemodahdwgn of mstmded)resrimamhpip[estge of theokstrsetgmal  t o
each pipesta i_nstruct ode _pi d. w pi peline
can be St%ﬁ%ﬁ:&l}%elme nssgr the va é)mdlcgtg r"é:a%rlp es&%% Eemgtructlgn \?I{]igll 16. The
mul t it hr eagipginpel indiede hn”tist/a‘lldonstmcncxﬂecoder of claim15 V\/nerel n the powerdown
|l ogic of the pipeline controller to analyze the valid indicator of each

pi pestage to determine if the next pipestage can be powerdown includes, an
inverter fior edlhe rmilmbmadigi@elimd imwartion tévedearalf i:ldini h&jwwtiorthet;@etliett ermne if

t he next i a wn_.for The
nul tithread m?g?]? r%ﬁ’d?js '?Orvgfdro ﬁlgfgocdm&lé%géthe Va? &5 dma or éea\?\%%lP &taﬁg%e power down
| ogi ¢ of tdwnpinpeﬂthmmexcplptsl:agb kavbetpowenday zisl tt)hletemahct d eaahiipestgr shodld each

pi pest age e mhe L. .5aG : I el pdes, for a
determ natl?eosﬁaq'o‘i aidth ?%PTIIHSS?]H mp I Oan%f%?ﬁgl%%gO%l(g?%%ﬂ g)é? tJ) gg%stzfggg an XOR
gate to exudcbqksngmlltyez@ﬂptpias;ageharfdadnarrdenm|db¢ctdapipoﬁne<:aﬁ1dtﬂvehmMprmqhnt et

pi pestage , W, th ntific e stall to determned if
they matchl® 5‘%’8‘3‘“" ??Sg'fvg%\%ﬁem? 'Iesetwe(%htg%{ Hgg S‘E‘ru d indicator of the next to
| ast pi pestage with the output fromthe XOR gate to determine if a

pi pestage Hief Or'lehe muqtltlﬁrea plpgl ned Pnslo l?c%l%gggcoﬁg%lf lq np Fs wﬁéral] lth%q)owgt%own

logic of the pipeline controller to analyze the valid indicator of each pipestage to determine if
the next pipestage can be powerdown includes,
an inverter for each pipestage to invert the valid indicator to determine if the next

pipestage can be powerdown for a next clock cycle.

17. The multithread pipelined instruction decoder of claim 15 wherein the powerdown
logic of the pipeline controller to analyze the valid indicator of each pipestage to determine if
each pipestage should be stalled includes,

for a determination of a stall condition for the next to last pipestage,

an XOR gate to exclusively OR the thread identification of the next to last pipestage
with the thread identification of the stall to determined if they match, and

a first AND gate to AND the valid indicator of the next to last pipestage with the
output from the XOR gate to determine if a pipestage before the next last pipestage should be
stalled.

28



2 1 JUN 2004 18. The nmultithread pipelined instruction decoder of clthuﬁﬁm&
wherein the powerdown |ogic of the pipeline controller to analyze t

valid indicator of each pipestage to determne if each pipestage should be
stalled includes, for a deternination of a stall condition for any other

pi pestage fut tg tfhreh@pip@fikd is ctloﬁﬁ%dé?'opgﬁﬂrﬁgﬁ\lyhe{?ﬁ*\ tfl' i fleRonfrcond AND

gate to AND the va at or the pest age
det er m natlbginof the bleelng cnutde!emowhalt'wehq/@lhd dldilqatshr obitaoh pipéstagheo drtsrmingiibest age,

and a third ,AND put of the second AND gate with the
out put freg?h' ?‘ﬂesgdgg &OL%&ﬁNBHE‘{]&Itgg&det ermne if a given pipestage ot her

t han the next tf0r¢¢m¢mp1apes0fa@@11 whditibrdfob enysitlzr ppestage Sut the next koldst.abr
decodi ng rrul tllBes%g:[e ﬂtc ol instructions, conprising: inputting an

i nstruction of t read of instructions, a first instruction thread
i dentification, and aasetmndsﬂtNID gt reusNDaolre waiil indicetodpithae pipestage doravhpihpkd | ne i n
parallel; od n i nst rugt on f. 13t thredof i nstructions;

mai nt ai ni ncg% mat' 'S ‘r‘%% mases‘ggttg I dﬁ "f)at"ta?or OHFHeXt prt)et’ TS ?"ldon of the first
t hread, the f| r st |zn$trda¢ND gatetbmtﬁadmerodmutaﬁthecsatdndmN[agmle tvhhathkrons)tlt

instructio i r, during the odi f the ins of t he
first threfgfd"@'Ffdgi‘i@?‘ﬁju%a??tgﬁgtewlﬁ(ﬁ)gtatgtwenp qa §StT u@’ ?%]ﬁ e 13 g cFg S thread

of i nstruchb@dse stallelecond i nstruction thread i dentification, and a second
instruction valid indicator into a pipeline in parallel; decoding the
instruction of the second thread of instructions; and maintaining the
paral | el agsociAketiod becﬂarvaﬁng mhteiplenlstadsef inetucobnst frengismend t hr ead of

i nstructions, the econd i nst ad. i entr? the second
i nst ruction vaI I %uns gnaa I%séru(c)tlon&)u atflrsgrl'tr ala ‘ta’mstru 1008, a rrs? Hts{rrilcitllgrtl ?}13%,[ ion of the

second thr ueadtf'oﬁnmrmﬁ ratfrrttm(snscnoﬁﬁrahdrinelcatmt 1ht0dl pm;iehoé aipayall®; f ur t her
conprising: inv struetions having a first instruction

thread identifi 5? %th?ﬁtsmfch%n optgz irs {hrev\ﬂoﬁnstrutcﬁons

I"'ne read specific clear for the
first instructimsnkiningaie pasallebaseucmdn b&@¥eenTheinseichadofohe Glsathrer@ @henher ei n,

th t t ted b ' lid

i ngl I(:zr;tS or - St'r"c‘)sgfjt&ﬁ"r“%l‘t"fg‘t/fd ttq[ac%tﬁon ?‘Xi‘ﬁeﬁt‘.‘tlss {Qnr‘gaggn%icafogglﬁrﬁnéqﬁ gzsvlanl t he
pi peline. cR:Eodlﬂ'gxﬁthmhhndnmfofcﬂwaﬁmntmmannsitrecticmsmpr| sing: disabling a clock
S| gnal to a neXt tﬁ?%%aarlsl}lst I{:lp es(%f%geecohd] th%eag OP fé;?t?uc nes y‘@ﬁ@ndtlnﬁrucptﬁlt rnlég ion

val i d i ndi cat or""Bt Tuct i on con ext to |ast
pi pest age idedific@ioasand asadond idGu@ibn 34N iRdicator into aplpelme in parallel;

decoding the instruction of the second thread of instructions; and
maintaining the parallel association between the instruction of the second thread of
instructions, the second instruction thread identification, and the second instruction valid

indicator during the decoding of the instruction of the second thread of instructions.

20. The method of claim 19 further comprising:
invalidating only those instructions having a first instruction thread identification in

the pipeline when a thread specific clear for the first instruction thread is received.

21. The method of claim 20 wherein,
the instructions are invalidated by clearing the first instruction valid indicator for each

instruction of the first thread of instructions in the pipeline.

22, The method of claim 19 further comprising:
disabling a clock signal to a next to last pipestage in the pipeline when the instruction
valid indicator of the instruction contained within the next to last pipestage indicates a valid
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instruction and a thread identification of a thread specific stall nzt‘cnﬁznm
the thread identification of the instruction contained within the n xtJ
| ast pi pestage. 23. The nethod of claim 19 further conprising: disabling a

clock signal to a pipestage qther than the next to |as i pestage in the

pi pel i ne Mcq%é‘"ﬁﬁgt’?a\ﬁld%“ﬁiﬁca\?ﬁ?f’ 'i%ﬁeais Epa?f‘gl" sl ”{affgesi th%ﬁ'l“%gti on cont ai ned
Wi t hi n t heddptipesioagthe RRirn@ios vaitalpddedthintle Gadt eslad pipabthgk. i nstructi on and the
instruction valid indicator of the instruction of a next pipestage

indicates a valid instruction and the next to | ast pipestage is stalled.
24. The nmehod Ok nehad®f A8inf L fuRkdr cempAdiigSi Ng: enabling a clock signal to a

pi pest age when the pipestage is not stalled and the i pestage is not

power down. 25. dﬁfﬁ‘g" ﬁ‘b‘ﬁi S(@Jb":ff'alé"l’ 3 PiRFsiage PHET Rt the Beh i '§§r?@933t8$es‘5mei ng a cl ock
si gnal to ppelhdRBIMABEINMRRAoRY AN iiicalir BEGE BFRuERA t&itdifedamitiinihalpipdstage
instruction as indicated by a valid indjcator of the ipstrugtion to
conserve p6igevalyagedi d'E%?ﬁ?L}PE‘F instrgqtig prfighe inglrycHigr yajid "&‘ﬂ‘&ft‘%i Oﬁfhér opr ocessor,

the ni cr ORfRGESHAUT ainBaIpHRLAL in@ldsNShidHEhRAoFSRIARERxt © 160 pRERagaw ti pl e
t hreads of instructions, the instruction decoder having, an instruction

decode pi f&Fhe to decode each input instruction associated with each
thread; and a shadow pi peline operating in parallel with the instruction

decode pipeline, the shadpmggipeline iincluding, an instruction thread
i denti fi cati on Preputhode! elaimKstyehescamprisitghr ead i dentification with each

instruction beiéﬂ%lﬁ@@@ﬂﬁﬂsigﬂalE&wpib&&géwﬁéﬂtﬁ@piF@s@a@Q% et fgliddngd tend an
instruction valid pipeline to associated a valid indicator wth each

i nst ruct i GPHERG§ "HAROYEEEYPNn the instruction decode pipeline. 27. A nethod
of elimnpating invalid instructions within an instruction decoder
conprising: receiving a thread sgeci fic. clear instruction indicating a
thread | D%f i ndemeghd 9helaimn! Hurther i campsips r om a pi peline: 30 2 1 JUN 2004

Cﬁrma_r i nlg_ a t hrgadindenddkfisigasl 10k pRagdrewWhsh i padripiesiid ddhiaigas hvplipest age of
t he pipellne
PtP instruction as indicated by a valid indicator of the instruction to conserve power.

26. A computer including:
a memory; and
a microprocessor, the microprocessor including,
an instruction decoder to decode multiple threads of instructions, the
instruction decoder having,
an instruction decode pipeline to decode each input instruction
associated with each thread; and
a shadow pipeline operating in parallel with the instruction decode
pipeline, the shadow pipeline including,
an instruction thread identification pipeline to associate a
thread identification with each instruction being decoded in the instruction decode pipeline,
and
an instruction valid pipeline to associated a valid indicator

with each instruction being decoded in the instruction decode pipeline.

27. A method of eliminating invalid instructions within an instruction decoder
comprising:
receiving a thread specific clear instruction indicating a thread ID of instructions to be

cleared from a pipeline;
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to determine if it matches the thread ID of instructions to be clearf? L&zﬂﬁ
the pipeline; invalidating a valid bit for each instruction having & H

I D matching the thread 1D of instructions to be cleared fromthe pipeline.
28. The nethod of claim 27 further conprising: clocking each pipestage of

t he pipeline t Forpainearepd dguitfishel sepingtacten iRip carbipiRspiaze ithaniveliphe

pi peline ag dbBeifat RGhdNed M tHread 3D ofinbiricBionsA8 be AL FrORURGRSRSFRE; | Ncl udi ng:
an instruction decoder to decode multiple threads of instructions, the
instruction deByddanEAMRHGYI R eachdnsiruetion davinge e tered 3P erchig the thesad ID

i nstructi off idecafas RikeleaRRg flof thesipde€ach i nput instruction associated
with each thread, and the instruction decode pipeline to maintain a thread
identification and a valid indicator in parallel with each instruction

bei ng decoged ifhetdihddPetiaineti ARRALERPSsing! pel ine. 30. The m croprocessor
of claim29 wherein the instruction decode pipeline includes a series of

regi sters wi t hifeckingicashdpinesieesefdire piprlisg lopoidnusite daspde thgyalidypgaructions

M cropr ocegnN thehigelif MirkifeIBY @l vali@bitsnst ructi on decoder further has, a
pi peline controller coupled to the instruction decode pipeline, the

pi peline controller to control the clocking of each pipestage of the
instructiop decode. pR&LdPicludg: The m croprocessor of claim31l wherein a
thread specific clear 1s received and the pipeline controller invalidates
only those i nstanyesiiugins deppdetie eends multplgrhisadstod fstreftioph ghe ipsyaetiaiet i on
decode pipglifaehdiegi N9 a thread identification the sane as the thread
identification of ‘the thread specific clear. 33. The microprocessor of

cl ai m 31 wherein a t#wiesgcugpalsidde @irglitcar i s recei ved and the pipeline

controller invalidates onhyifQeen idsld MO RSdebsRWhH iBHR iRA6HIA! ocked
pi pestage of the instruction decode pipeline when a pipestage prior to

each cl ockwsepepicgegthageh thead.and hread i dentification the same as the thread

identification of the thrgadSRE6H Bdcballifde 103faindNG (iesd BRBEARRARd Of
claim 31 wherein a stall associated with a thread identification 31 2 1

JUN 2004 iasvajiegdiogien inpagnliehwithgagle instrection brirsbdaceded dethe ingirpdion dpeode t he t hr ead
i dentificafjpeassociated with the stall matches the thread identification
of the valid instruction in the next to | ast pipestage of the instruction
decode pipeline and the pipeline controller stalls the next to | ast

pi pestage 3by StRRALAProtdSor6l A 3Pwlididn X strhQiohd8lodP bERIeABudedk t he next
cycle to hold the valid ] o
series of registers within a microprocessor integrated circuit.

31. The microprocessor of claim 29 wherein the instruction decoder further has,
a pipeline controller coupled to the instruction decode pipeline, the pipeline controller

to control the clocking of each pipestage of the instruction decode pipeline.

32, The microprocessor of claim 31 wherein a thread specific clear is received and the
pipeline controller invalidates only those instructions in each stalled pipestage of the
instruction decode pipeline having a thread identification the same as the thread identification

of the thread specific clear.

33. The microprocessor of ¢laim 31 wherein a thread specific clear is received and the
pipeline controller invalidates only those instructions input into each clocked pipestage of the
instruction decode pipeline when a pipestage prior to each clocked pipestage has a thread

identification the same as the thread identification of the thread specific clear.

34. The microprocessor of claim 31 wherein a stall associated with a thread identification
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instruction contained therein. 35. The m croprocessor of claim3l mﬁ%rgfq
the pipeline controller further determnes that a valid instructionR'i N 2004
contained within a first pipestage of the instruction decode pipeline

ot her than the next to. last pipestage.and a valid.instruction.is, contained
o i o SeteOREra pedimge BT Aneryn Dt s 4THHESH pFPEE FAL: age
and t he pitpeddingatCiRR tHeQhled idsdt@ichtsonton e vhlid mktnpligemtiRoexiy 15t pipgtdag t he
clock to the first_phpestage,for the,n?xt C cﬁe to hold the valid

i nst ruct i G NEdREFHRE et His PECcHne 288 hepireling sﬂ%ﬁ salsGF 8t IR PREH A her e n
the pipe Q@Gieﬁ@ikéﬂfe cloek id@E neletebitipipedade Hatthamext dyareab heldimesknigiction is
contained within a first pipestage imedi ately prior to a second pipestage
in the i ndbYUEHINSAMABESHE™H pel i ne and the pipe controller powers down the
second pipestage by stopping the clock to the second pi pestage until a

valid instruction is contained wthin the first pipestage {o conserve
power. 32 35. The microprocessor of claim 31 wherein the pipeline controller further determines

that a valid instruction is contained within a first pipestage of the instruction decode pipeline
other than the next to last pipestage and a valid instruction is contained within a second
pipestage immediately subsequent to the first pipestage and the pipeline controller stalls the
first pipestage by stopping the clock to the first pipestage for the next cycle to hold the valid

instruction contained therein.

- 36. The microprocessor of claim 31 wherein the pipe controller further determines that an
invalid instruction is contained within a first pipestage immediately prior to a second
pipestage in the instruction decode pipeline and the pipe controller powers down the second
pipestage by stopping the clock to the second pipestage until a valid instruction is contained

within the first pipestage to conserve power.
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