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. RESOURCES IN A - MJLTI TEREADED PROCESSOR FI ELD OF THE | NVENTI ON Thd JUN 200k
present invention relates generally to the field of nmultithreaded
processing. More specifically, the present invention relates to h

‘and apparatus WO &#88Yi ng resources in a nultithreaded process%f:'?(ﬁ)ts‘o&%"’4l
BACKGROUND OF THE | NVENTI ON Various nultithreaded processor designs have
been considered inr O ARD APPARATUS FORMANA GING RESOIREESdNoA
processors, especially to provide for a nore effe ml l'ization of
various processor resources. By MEETITHREADEDHER in parallel,
the various processor resources are nore fully utilized which in turn
enhances the overall performance of the processor. For exanple, if sone of
the processor r?l OISTEEINVHNTIONE to a stall condition or other delay

associated wth e executlon of a particular thre respyrces can
be utilized to procesThepmstrinventiontrliates gangrefly to %ﬁﬂﬂe&myﬁﬂg delay in

the processing of a partigular t. I W
t hat can occur |PF°P J@ c%f%@rpﬁ%@qﬁg&mgﬂﬁﬁﬁs?onﬁﬁgﬂ%gm@ cache
m ss or a branchem aniy gﬂig%édihﬁ:csﬁpé‘m&ddd proédsbertit nmul tithreading

capabiliti es, varl ous abl e resources within the processor would have
been idle due to a long-latency operation, for exanple, a nenory access

operation to retriey om nmain nenory, that is needed

to resolve the cB é@g@&mmmrmre mul tithreaded prograns °

and appl i cations have%gmm@m@@;@g ﬁdvebaemmmidemdanr@entthms

mul tithreadi ng programm ng by a nunber of popul ar ope?ﬁtl ng st.ens such
pq_l

as the W ndows Wﬁmmmpmwmgpgfmgeg@gpmom,m or 4 more

applications are partic tractive in S %Ee Fmﬁh??ﬂ% 18 threads in
processi ng. Mul t plEeghY Mﬁ’%‘?‘?%ﬁa Y’ gg classTttied as fine or

coarse grained % %rtrb@uﬁ%ﬁwdmbmrfuﬂ?luaﬁzbdiwhidﬂm@am&
swi tching schene™e oyed w t'hin the respectlve pr sor #?1@ eneral ,
fine grained rrulﬂmtdvmﬂq:@(fouamcg P%'P’Eﬂ”ép P‘?;Eef’ St hin a

Cyol e ny-cycl o bspeoedas MECH A “%Jmﬁd?ﬁ% e RN Bith e excepion

hand, typically hy padieatuethidad, {npeet1e4tirios 0an bé uiliZéddoQECoss nsdius thrad: H stal
condition or other delay in the processing of a particular thread may happen due to a
number of events that can occur in the processor pipeline including, for instance, a
cache miss or 2 branch misprediction. Consequently, without multithreading
capabilities, various available resources within the processor would have been idle
due to a long-latency operation, for example, a memory access operation to retrieve
the necessary data from main memory, that is needed to resolve the cache miss
condition. : :

Furthermore, multithreaded programs and applications have become more
common due to the support provided for multithreading programming by a number of
popular operating systems such as the Windows NT® and UNIX operating systems.
Multithreaded applications are particularly attractive in the area of multimedia
processing. ' '

Multithreaded processors may generally be classified as fine or coarse grained
designs, based upon the particular thread interleaving or switching scheme employed
mthm the respective processor. In general, fine grained multithreaded designs
support multiple active threads within a processor and typically interleave two

. different threads on a cycle-by-cycle basis. Coarse grained multithreaded designs, on
the other hand, typically interleave the instructions of different threads on the
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~event, such as a cache mss. A coarse nultithreaded design is disc 0
Ei ckmayer, it, Johnson, K et al. "Evaluation of Miltithreaded

Uni processors._ far Commercial Application Environnments", The 23 Annual

| nt er nat | SH&PYEPAPosi um on Commuter Architecture pp. 203- PN 4b95. The
di stinctions between fine and coarse designs are further discussed in

Laudon, Jogcurrehtielcf sore longAdtedoy bwit, siichlas & cathd miss.c Aotz multitfieadtdof fs in the
Desi gn of Ml t.iple- ntext pra ors adewchl tectures:
A Summar ydﬁmlﬁéﬁ%g@ml’d‘fmﬂ%' édf‘i’ﬁi?%‘& %A&ﬂ"%ﬁ p. 167- 200,
Kl uwer ACoflglds@itblor ﬁmgm Watidn EVESHAGRIISTRE B AR041 Wi | e |

mul tit hreggg) esi gns base o%ﬁaﬁIS nt erﬁ eaved schenmes are ger general |y

advant agentemational Svmpgsium dn-Comprattr Architegts mh%@ﬁ-%ltszaY 9 Theeir own

i ch i nt GapRs SeNse RSP R it s A WRERER MLbacd 1270 CC, 7 D02

are stati ggptaCA. *&%hﬂ&ﬂhﬂ@ﬁdlnqﬂﬁnenchﬁonrﬁdédﬁﬁﬁemwigamfmhplbhread cannot

nmake progress in every cve Ie Athread's_ |mt toas Ilnstructlon
in the p| ? -BURUIELy : S iinsicim = HEeRtlenci es. To
tolerate b&.ﬁ?waxmml mm& ABdbeirSSPabhghdrs, S next
|nstruct| t he "nenor operatlon i's corrpl eted. However, limting a

t hr ead toNarwdl,h@issﬁGMtB,d »on in the pi pel i ne causes sonme constraints.

First, alarg ggg (%%‘éii? tilize the
processor. Segmnm tgf)‘é‘?’%jor nce o#wﬂ single thread I's poor because a

t hread coagdvdnta ®ver shrglecthraded designs | theyostill avetheir pwn digwitationsvind| e coar se
grained nul tithreaded, designs SO dva t fine -

mul tit hr eSh9ERO 'Hﬁ’ﬁgﬁ%ﬂ’ feémﬁf@‘ﬂ“lﬁmgfedn ﬁ%?&%ﬁﬁg‘? tb"él rst, the cost

of threadm%ﬁ@mmﬁﬁlwnwgwwmmohm&pphmm made late in
the pipeline which can cause part @ |y execut ed@HHSt ns in the

pi pel i ne ﬁliedmth eniacithptieach tigad Bpecause of the
hi gh costyaf % &Edﬁbﬂﬂnh M't@eﬁﬂiﬁh@.@dﬁpoﬁlﬁn@t ﬂ;ﬁpdliﬁ@d to tolerate

short IatenC| €s. ENTI ON The present jnvenfion provides a

met hod andepepdeacigs.uto M@W@&MQ@W#M%W&W processor.

I n one enbodi |- 'ﬁIF ngt@! 1“3 %ﬂ“é ek Qinditify B i8GEaddb aPOr t i ONS
based upo’f?mﬁucnﬁ'ﬁﬁber 0 E}%ﬁr ads being € g@gtegdw concu??gntly Resour ce

al | ocat i oﬁngleinsaacﬁonhh theecpdpeline qeausdstsomeebnsmts sFirgsplargeinpmbenefy t i on of the
rzggzur ce. Lhrcaﬁs Brau.ltdlbteln%ec{eggo fuﬁy WNEARS r%gso? el -afs ﬁ?pé&%‘fm%?ﬁ of 10 JUN

single thread is poor because a thread could at best issue a new instruction every

cycle. While coarse grained multithreaded designs have some advantages over the

fine multithreaded designs, they also have their shortcomings. First, the cost of thread

switching is high becanse the decision to switch is made late in the pipeline which can

cause partially executed instructions in the pipeline from the switching thread to be

squashed, Second, because of the high cost of thread switching, multiple threads

cannot be used to tolerate short latences. :

» SUMMARY OF THE INVENTION

The present invention provides a method and apparatus for managing
resources in a multithreaded processor. In one embodiment, a resource is partitioned
into a number of portions based upon a number of threads being executed
concurrently. Resource allocation for each thread is performed in its respective
portion of the resource. The partitioning is dynamic and changes as the number of
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~active, then all of the resource is devoted to that thread. If all

are active, then the resource is fully partitioned. BRI EF DESCRI PTI ON COF
THE DRAW NGS The features and advantages of the present @gﬁo guvm Il be
nore fi|lWQ01M#4®r st ood by reference to the, acconpanyi ng*@il 6’8

which: Figure 1 is a block diagram of one enbodi ment of a processor

pi pel i ne; ﬂ%n 0 b B5dadqi afive theafall@f theandounte iedevoled a processor
archltecaPBYeﬁnl%E&se ﬁégtE@ OB 5 '

2 G o o votment. B SUkrotbaner e o e PR LAY PERBEE oceasor Uit | hat
Structure of one. ortlURRARSCRETIORAGR TR BRAWRNGS 1 0.7 0, % b eading
. node; Figure 4b illustrates a structure of_one enbodi ment of a circular
Sﬁi“inkﬂd?m%'e%éat&éé&%wedf senralely et | O ot
et hod 1 BerlE R b e 8 e L L hroaded. pr ocessor . -

Figure 7 is mmwam@@chmmmafen@m#%m&“ﬁﬁ%e or performng

resource allqgati | f & blobésegyded processor,

Figure Sis ﬂ“’&\%ﬂ % ﬁ&&%er enbodi ment ofi)a net hod for performng

r esour Cegailit-omad i ehi Wfpmmgmmwmmded processor,

Figure 9 1s flow chart not her, e di csh thedr perform' ng

resource all cﬁme&ﬁheafﬁ\ﬂég‘ﬁk&éﬁ‘“ﬂlﬁf %ﬁﬁ%nuﬁpﬁhrea ed processor,

Fi gur e 10, L} 45 6,8 1e8ohifgdUr ik prestiuviehsow; char t of one errbodl ment of a method
ng

for perf resource aIIocatlon |n a t|thread ﬁ p running in
a single dr cEigiurey 4aillistralr afuemeo fiome gmbq one enbodl ment of a
nmet hod far r f .resource aIIocatlonfor tvvothreads in a parall el
Stri cturv‘é‘nslgﬁﬁ\’]“ﬁgE

é a flow di agram of oneng nt of anethodfor

performng r mnntﬁaﬁwsatsirwme onegg1be %xi ng manner; 3
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. Figure Sisa hlgh level flow d;agram of one embodiment of a method for

managing resources in a multithreaded processor'

Figure 6 shows a high level flow chart of one embodiment of 2 method for

performing resource allocation in 2 nwiltithreaded processor;

Figure 7 is a flow diagram of one embodiment of a method for performing
resource allocation between two threads in a multithreaded processor,

Figure 8 is a flow chart of another embodiment of a method for performing
resource allocation between two threads in a multithreaded processor;

| Figure 9 is a flow chart of another embodiment of a method for performing
resource allocation between two threadsin a mulﬁthreaded Processor,

Figare 10 illustrates a high level flow chart of one embodiment of a method
for performing resource allocation in a multithreaded processor running in a smgle
threading mode; - :

Figure 11 is a flow chagra.m of one embodiment of 2 method for performing
resource allocation for two threads in a parallel structure;

Figure 12 is 2 flow diagram of one embodiment of a method for pe:rfonnmg

resource allocation for two threads in a multiplexing manner;



PCT/ US0032241 Figure 13 illustrates a flow di agram of one enbodi rrenﬁ of aZ
nmet hod for performng stall conputation for two threads in parallel Oa UL 2004
resource allocation in nultiplexed manner, Figure 14 is a detailed flow

“di agram f or %d&%gggng resource allocation for one of the t\ﬁ@ﬁ%@@% Cor

Figure 15 is a detailed flow diagram for perform ng resource
the other of the two threads; Figure 16 is a bl ock diagram of one

enbodi ment of an Figprerkd illustrass a flowrdizgram ofpng embodimentplie method fomd generati ng

a stall signal, Ei LS i l.eeent of an
appar at us fﬁ%%ﬁ%ﬁ%ﬁ”@%g’f_%%%ﬁ%%%%n@@ggﬁ 18 is a

bl ock di agr anuldplensttmenteedi ment of an apparatus for updating an allocation
poi nter. DETAI LED_DESCRI.PTI.ON.In the foll ow detai |l ed description

numer ous speci fi dEMEd4 1S adetal °W§WF%P°%J&E$3W“HF&@P%°E?¢hor ough
under st andi nge ok tich&o Bi@E@Nt i nvention. However, it will be appreciated by
one skilled in the art thal the resent invention maybe practiced wthout

t hese specific dé‘ﬁamé.Sisndwﬁm@m&rp@fm&mwaﬁmwgsf@thq he

pr esent inve%gpﬁgr oMZed to inplenment a nmethod and an apparatus for

managi ng var’ essor tesources used for the execution of nultiple

threads in a nul fFigdredédeablock diegamrof oddwnbedimentof anappuritaeforar e partiti oned

according to a partitjoning sche based upgon, tﬂp nunber of threads that

are execut e@#@%ﬁgﬂt“f’ putghion r&’?@r@ﬁ?ﬁ%ﬁ ynam ¢ and changes as the

number  of activeﬁ%ﬁ@@dmbﬁaﬂ&a?ahfofwm&&aﬁoaﬂéﬁaﬂaﬂ afakisgr  then-all of
evoted to tha

the resources are . thread. If all threadS are active, then
t he resour cepdating the valusofsestall pointereand For i |l ustrative and expl anation

D e SR B o S e 2
mul tit hreadiaﬁgumaw:n;pminmm in which two threads are executed concurrently.
two thr eads and shoud be appMieiRiton BESEHRN ! caal ng envi ronment i n
which nore than two threads are executed concurrently. The teachings of
between_an M t hr Bl SUCaTOR RopRd bocPBben PRmeES ARFSodsAes BRFEHET R o o 14 can
be greater Qp4el ftodilea iirdugh WAdesRhdti} ¢t the present invention. However, it will

be appreciated by one skilled in the art that the present invention may be practiced

without these specific details.

In the discussion below, the teachings of the present invention are utilized to

implement a'methodandanapparams for managing various processor resources used

for the execution of mutﬁi:lethrcadsinamlﬂﬁthreaﬂed processor. The various .

resources are partitioned according to a partitioning scheme based upon the number of

threads that are executed concurrently. The partitioning is dynamic and changes as the

number of active threads changes. If only one thread is active, then all of the

resources are devoted to that thread. If all threads are active, then the resources are

fully partitioned. For illustrative and explanation purposes only, the present invention

is described with respect to a switching scheme between 2 single threading

environment and a multithreading environment in which two threads are executed

concwrrently. However, the teachings of the present invention should not be limited to

two threads and should be applicable to any multithreading environment in which

more than two threads are executed coﬁcm-rcntly. The teachings of the preseat

invention are equally applicable to any svntchmg scheme between an M-threaded

environment to an N-threaded environment whereMcan'be greater or less than N




WO 01/ 48599 PCT/ US00/ 32241 (e.g., switching froma 4-threaded envi rﬁrﬂ‘nj@&
. to a 2-threaded environnent, switching froma 2-threaded environnment 0
5-threaded environnment, etc.). In one enbodinent, when two threads are
executed in a rrultlthreadl ng node, each resource is parg,kgtrh%g to two
porti onsWOHESS t he two portions is reserved for the ex 1"on one
thread and the other portion is reserved for the execution of the ot her

t hr ead. {]g[ soiRhiRg Fom d Agtadbdirvhonmiens ur Béhseated eyowmettat e t he executi on

C

of instr lons wthin one partrcular hr th ignal is
gener at esivitabing fom acrreadsd ep 't#"'ﬁ%‘feaﬁf& &ﬁﬁnﬁror}t Hfar@ particul ar

thread dowp ‘1‘%‘%‘? %eﬁisr&?édxeﬁwmﬁhmﬁmmgmewmmone
avai | abl &% I ngs of the present invention re E?ol able to any

multithrg opemmm Dae ofidhq HORITHABS 5 TERCER ®hreads (e. g

two or hr ead Eﬁq}gp‘gg M&M If he present
|nvent|o e‘i'%‘? f%&@@rﬁg&é%@ rea e‘c’:i’wr%{r]%u?e&ssors and can be applied
.to any pmsmmmmwmmmmhemm@w@nsm bet ween

t asks or processes Figure 1.s bl ock godi ment of a
pr ocessopngPpasaeyla %a%s@ﬁwgg nvent I on %a be i npl enent ed.

For the %ﬁﬁ%ﬁﬂl%ﬁcﬂﬁﬁﬂieadmmé dtmeuntdrmﬁghprocessor
refers to any nmachine that is capabl e o executl a seﬁ?ﬁ%[lctg
i nst ruct reoarceskboshe pyailslle.: Thedpachings gener al

pur pose m croproce %;ﬂﬁﬁl@ﬁﬂeﬁ@ & tgfoﬁtﬂhl cs

cont rol | P%F Wgrocessors vi deo progagssors mul t F-%T’Edl a,controllers
and nicr wﬁaﬂb)&oncmﬁh&y Hiowavess the teaghings of ik preggt IRXEHQBECRY | ous
processing .stages, heginnin pn;cgggo, d/érhi s st age,

i nstruct hmatsdttémt'@t‘?ﬁ‘}% gﬁsyé%l i nt oaﬁjﬁe pl pél'i ne 10%i For exanpl e,

macr oi nS#M%mewbmmmmcmw that is int egral

wi thin the processor or. ¢l gsel ssoci,a r fEVitg retrieved
froman- ext eFigare M?’E‘“g g m{}e Rg{ructt ons retrieved
at the fehoh & ﬁ&&m%%&h%@%mﬂﬁmmmwﬁxﬂf&w 120 where the
I nstructi ons or- nacroi nstructions are de odetg%}i.nt 0 Ju rc?E.g* il tions or

m cro- opwﬁﬂ@mﬂhﬂ%%@@ﬁﬁ%ﬁe@@wm wﬂﬁﬁ ocate stage 130,
processor EFt‘r’%ﬁ& bl Bked BnANRCBitindrbedimitéktongeneml nst r uct i ons
are alloé he next stage |n t he pi pel I ne |smg?q§ﬂfa st age 140 where

ref erenc mxdr@rmbm speciy] prapose BHGTSPTEFLSSORF, ST i nternal or

physi Ca' re |ster Pﬁhi %ﬂ&%@&ﬂﬁﬂeﬁamd by register
reuse. F?e&ﬂ?% Q&?%ﬁh a rgf){é%g each mcroinstructjon is schedul ed
and di spa};rs&wﬁrp emmmmwmmpmmmm&eam Ft88% hen

executed at an _.execute stage 16 Qtind 160, BT Oi NSt ruct i ons
are then ¥i8¢ it gs spee mptgﬁ&lplgs M%ﬁfe&ﬁﬁ&%b

example, & macroinstruction may be retrieved from a cache memory that is integral
within the processor or closely associated therewith, or may be retrieved from an
external memory unit via 2 system bus, The instructions retrieved at the fetch stage
110 are then delivered to a decode stage 120 where the instructions or
macroinstructions are decoded into microinstructions or micro-operations for
execution by the processor. At an allocate stage 130, processor resources necessary
for the execution of the microinstructions are allocated. The next stage in the pipeline
is a rename stage 140 where references to external or logical registers are converted
into internal or physical register references to elimjnate dependencies caused by
register reuse. At a schedule/dispatch stage 150, each microinstruction is scheduled
and dispatched to an execution unit. The microinstructions are then executed at an
execute stage 160, After execution, the microinstructions are then retired at a retire

stage 170.
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~ stages descri bed above can be organized into three phases. The fi r il {W‘Nﬁ@&ﬁ
can be referred to as an in-order front end including the fetch stage 110,

decode stage , cate stage 130, and renane stage 140. [in t he
I n-order frontj‘gge}r%}}%éﬁgse, the instructions proceed through t%@’ﬁﬁwlloo
in their original programorder. The second phase can be referred to as
t he out-of-order eneneembodimasmsthe varidus sthges déstribed abmaicae belgmizahnit age 150

and the executg stage 160. rin hi ase, each instruction. be
schedul ed, di sg‘é‘fe@i‘gﬁ&a_ﬁﬁe @?&fﬁfe{a‘gmkr&?%ﬁ’ a0 t&%‘%@ﬁﬁ&’?@i are
resol ved and t fagcheseps 110, @ecdd8istage m@mchtaahd@m,raaa%ndine%ﬁg@m.tnur&gquentIal
position in the original program_ The third phase, referred to_as the

i n-order reti ribgdhp epghplaseithroinsinetions proceed thrpughdthe pipelined 004n teirc h
et gl . . b . dor 1
breserve the il pldebn bited iclsol 38 an 18 FERAE B wBLBREAG DO 0
preci se i nt er rexetutivngphbse ibcloyiingth? scheduie/dispatohistage d5(r andithe exeate stapoidrent  of

a processor, ip the formof .a general-purpo L.Cr opr gcessor 200, i n which
the present ' i rioties Bt BHESP B6D Mefiittion Sty B8 scoafilod Feralhed SLOBPUS68 Geocr i bed
bel ow i s a nmul §doh i Rodies dépMidencies f€ e&s0bd B theRBubbeusit isRVERBRES Ng nul tiple
instruction threads sinultanepusly. However, the teachings of the present

i nvent i on - des ciegdelesanits Aeqpential ppiyordp fheiopigpplprogran.o T Rrtirg phasscwimsd ¢ hat
process nulti aSh-oHfEt R Pené ' | fefiR -pnd also to
singl e threadpdg‘r%(s)c@e%ssors whi ¢ &@%‘??’h@g@%f’ﬁt I es oﬁ{z(?@?g}ggﬁnul tiple

i nstructions ensthugtiodsrargzeticdd|iv thewrroriginala seqiential piregramn drdeatorpgeserverthmne

enbodi nent, the ol y J ' ture (1A

i o1 opr ocessor oAy 8 PR o o iR ki Blvicl fesfet RhBF kS, ¢

i nst I’]lc.ICt i gn set . Tiﬁgﬂb@'i@ﬁbmebddﬂglam%f@n' € anipidinsams o pro mmrb dﬁﬁhﬁ(‘jon:ntoﬁand, an
out - of -order execution core and an jn-.order retirenment .bac nd. The

i cropr ocessora%ﬂ'm?ﬁ?&‘mww’e‘fw W@v%%ﬁaygﬁctions as an
interface betvigpimici@d/1THE Midriosessr 20086cribed belbw & o MAGRGELIRE IMTY- 0., Mai N

menory unit) of a conputer, systemw thin _which the n croprocessor 200 may
be i npl enent ed®roceRT Fifkcapahle Pt preesssing ubliple mstryeHondhreads pepisicessor 200

to a processornawvm(m&a@&m&gﬁ&%@%a@mm&e iy dpplidiRie ON are

transferred between the m croproc and ot.her system” Conponents

(not shown). Thetherprosassas thatmroenss mulkiple instuitinndbresdsin asinglenind PROB) | ogi C
L e Ll
provi de a buf finsthaiipns either in parallei or in an interleaved manner. In one embodiment, the

microprocessor 200 may be an Intel Architecture (IA) microprocessor that is capabie

of executing an Intel Architecture mstruction set.

The microprocessor 200 comprises an in-order front end, an out-of-order

execution core and an in-order retirement back end. The microprocessor 200 includes

a bus interface it 202 which functions as an interface between the microprocessor

200 and other components (¢.g., main memory uﬁit) of a computer system within

. which the microprocessor 200 may bé implemented. The bus interface tnit 202

couples the microprocessor 200 to a processor bus (not shown) via which data and

control information are transferred between the microprocessor 200 and other system

components (not shown). The bus interface unit 202 includes Front Side Bus (FSB)

logic 204 that controls and facilitates communications over the processor bus. The

bus interface unit 202 also includes a bus queue 206 that is used to provide a buffering

function with respect to the communications over the processor bus. The bus

interface unit 202 receives bus requests 208 from a memory execution nit 212. The




function with respect to the comuni cati ons over the processor bus. Euﬁ-l bus
I nterface unit 202 receives bus requests 208 froma nenory executloﬂ 2004
212. The 6 1 0 JUN 2004 WD 01/48599 PCT/ US00/ 32241 bus interface unit 202
al so sends snoops or bus returns to the menory execution unit 212. The
Menory exwouisesyounit 212 is structured and configured t PETHEWWBHas a

| ocal nmenory within the m croprocessor 200. The nenory execution unit 212

i ncl udes a uni ;efgcg %lgdgindslgﬁ&?%f&ﬁ@etﬁi@{b&heﬁﬂmoq ehataioinaits| at i on
Lookasi deﬁ‘ﬁﬁa r quuﬂ?ﬁ 216, and a nmenory ordering |logic 218. The nmenory
execution2imit 212 receives instruction fetch requests 220 froma
m croi nstructign transl ation ‘JIEEQng AaaReh PriaNdHas s s aw
i nstructions 2 @giiﬁhdc% %% %gcodes t he raw
i nstructi gﬁa Wﬁ&h‘@ﬁm‘&fo@fﬁb&sﬁ@ﬁﬂ&nﬂhwmwuxmhomm2@12 into a

ng set

"correspon of microj nstruct oreferr :

M cr o- ope ingtudesrunified datrcand msnch ZE%FS%@T%gég:ﬂ%%kﬁPﬁgeugﬁe M TE 224
to atrac Lo Eﬂkﬂi QJ-BFI g@ﬂs ThembEerP&ecftisnanitad? as a

"m croi nstﬁ@%ﬁ cég aﬁeor e primary source of mcroinstructions for
a downstr%&m«mmmhmfeuhmqu@mmﬁwmmwmé‘%“%%ce cache 232, a
trace branc I C SPHE DROTRPRATEZRE, and a

m cr o- ope &F&ﬁ? ‘iﬁm ggdmﬁg&hg& g\%%ge a mcroinstruction caching
function dwoaéymeiamnm@mmrepmw&mmemmmmnm%&w. cally the

trace cache 232 can |everage the do rovi de a
i spondingcseinf Ruep %%f&%ﬁ@%gl n onJMA-#bEug2’:&'3&)9“13

rel ati vel yoig odiment, the trace

cache 232&&&99@5@9@%%&% %Mr@mvauﬁﬁdchsﬂvmmlﬁail The term

"trace", in one enbodi nent ref ers to a se uence,of,, m.cr ucti ons

stored as ent r TesTPE 23¢/fmetions & adRicrinssy S if BR y Having pointers
to precedi g i ééuﬁbki?ﬁmm.lmemnmné.ndéﬁherefore t he
b iR 56t LBl o

trace cac cll 11 gh erfor mance quenC| n at the
addr ess ofratdvache232t a wase :taém%’r %“E‘Efﬁg%iﬁ;ﬁ\{]

m croi nstruction ﬁi&? ﬁ@;é@hﬁ fctibed. The trace
cache br afkd¥ &"’% %&%Rorow ggs ‘1%%{ ranch predi gt lons W th respect
to traces v)MhH‘thE' b&sdrlp&pahneg&eﬂbm anitmsctﬁcaléié the fraprecachs 52688 t he

m crocode sequence i 6h ini@oifktilcBo®P queue
238. The r#‘@ﬁé?% %nﬁh&ﬁ}gﬁ?‘% %g?na%tﬁgﬁrﬁm ro-op queue 238 to a
cluster (gh®A eiﬁéﬂe@dabbﬁnﬂﬁLﬁb&WZM@pmmm&waRepl ay, and

Retirement or RRRR cluster) 240 ,,The RR gsenbodi nent ,
i s r esponseigswciismenary. The t?::m éﬁo&mﬁé%@@as&qﬁe&ﬂ

microinstructions stored as entries in the trace cache 232 with each entry having
pointers to preceding and proceeding microinstructions in the trace. Therefore, the
trace cache 232 can facilitate high-performance sequencing in that the address of the
next entry to be accessed to obtain a subsequent microinstruction is known before a
current access is completed. The trace cache branch predictor 234 provides local
branch predicﬁons with respect to u'aces'within the trace cache 232. The trace cache
232 and the microcode sequencer 236 provide microinstructions to the micro-op

"U

queue 238.
The microinstructions are then fed from the micro-op queue 238 to a cluster

(also referred 1o as the Rename, Reservation Station, Replay, and Retirement ot
RRRR cluster) 240. The RRRR cluster 240, i one embodiment, is responsible for
controlling the flow of the microinstructions received from the TDE 230 through the
rest of fhe microprocessor 200, The fimctions performed by the RRRR cluster 240
include allocating the resources used for the execution of the microinstructions
received from TDE 230; converting references to external or logical registers into



controlling the flow of the mcroinstructions received fromthe TDE 2D§
~through the rest of the mcroprocessor 200. The functions performea N {l
RRRR cluster 240 include allocating the resources used for the execution

of the m ' ctions received from TDE 230; converti es to
ext er nal gfepig%%s% registers into 7 1 0 JUN 1006 WO 01/ 42%@6%%%‘9

PCT/ US00/ 32241 internal or physical register references; scheduling and
di spat chi rintemiakor phivsieal registergelercaees; Fhadulinganddispatchigg B execution unit 270;

provi di ng _t.h ' ' ' Beeot - La-Lxecuted-to the
execution "a‘ﬁ‘f%?“%'}@&’%g‘ﬁ%‘?‘ﬁﬁ %’%B%f(%ggzén mcr 81%@%%@%5 t hat have

conpl et ed mEis@istrictiona tict aced to beamdyexbaredte the ecrstetion mit76; sudretingr e and
operation of the RRRR cl uster 240 ﬂre d%gqcbré)i be igﬁgoge etail below 1In
the event thossmigrRINS a5 Xr. eompleted exeftionand pre [RRY 19T 5 process a
m cr oi NSt rg kirfdhureand op@htichlof M FIORK ShustbCI40 @Rt desdribed MRMbte@etaitt €1 240 wi | |

assert a stall signal 282 that is propagated to the TDE 230. The stall
si gnal 28delow. tth éhe eyguatthel dhererpurose pre igat orppavadaple to pregesdt TE 224. The

M Cr of NS LUCHL 003 il 3Dl RliofR GE N ik 24 SAFGRRL st O t he

RRRR cl ust®@r°730 g executron unit n"one “embodi nent, the
execut i on signalt282 2R is propageied teethé TR 236 Thostadl signeb282 is tenapditedeand74,  an

i nt eger execytio | 7 a level 0 data cache 278. In one

enbodi mnﬁﬂtﬁymﬁﬁgh@%&mﬂssor 200 executes the I A32 instruction
set. Figure 3 ghowScraindrtibnsthadrorad foodeotioh efidispaiched frith eRRRR cl ust er
240 described in Figure 2 above. The RRRR cluster 240 as shown in Figure 3
i ncl udes m%@%ﬂm%?@«%@% PSEHOBPMY g free- | st
manager ( Abflycfikds o Abaisgholh bischth A o7d eButioA®hgiE 211 f er ( RCB)
331, a sc'r?lg%'fcer a?\d Sc :jjgg%ard uni '(884_0) 34T, and a checker and replay
unit ( CRUand5 level hdatieache 3%% fn onepobodiment in whieh thomicroprogessenfPs t he

m croinstructio %ﬂ l% th the ALF 311 and the RAT 301. The ALF 311

ﬁutmg%rmgal 0 &SQP

S respon§?‘ cat1ng nost of the resources needed for the
execution of t Figupe@showceblockiliigramof bre cfiibeda@0t of theRRRR chuster 24Q | udes a

of regl ot dPRPROBIFTNZ hivg. AT HRER P40 pEotE HERB ol 12 P S0
renanes t hgghaQilsaition SHISERAT) 30D alloebrianid freshst bERages (AL 31 ppamopr i at e
Felae. " OndRevoRE R G320 A FOE REFe 802 3005 SRV E, B8 FRBIPLor  espondi ng
functi onsm;tmlglﬂi’,smarﬁmaﬂ&@mmﬁqm J5or tenporary holding prior to
bei ng di spatched for ) ) o .
In the present embodiment, the TDE 230 delivers the microinstructions

(UOPs) to both the ALF 311 and the RAT 301. The ALF 311 is responsible for

allocating most of the resources needed for the execution of the UOPs received from

the TDE 230. The ALF 311 includes a free-list manager structure (FLM) 315 that i ._

used to maintain a history of register allocation. The RAT (also referred to as register

renamer) 301 renames the logical registers specified in each UOP to the appropriate

physical register pointers'to remove the dependencies caused by register reuse. Once
_the ALF 311 and the RAT 301 have completed their corresponding fumctions, the

UOPs are sent to the IQ 321 for temporary holding prior to being dispatched for

execution by the SSU 341. In the embodiment shown in Figure 3, the IQ 321 is

responsible for providing the information sbout each UOP to the SSU 341 so that the

SSU 341 can dispatch the respective UOP to the proper execution unit based on data

dependency. In one embodiment, the IQ 321 includes & memory instruction address

queus (MIAQ) 323, a general instruction address queue (GIAQ) 325, and an

instruction data queue (IDQ) 327. In one embodiment, the MIAQ 323 and the GIAQ




execution by the SSU 341. In the enbodi nent shown in Figure 3, the Igbm
I's responsible for providing the infornmation about each UOP to the | LpgL
so that the SSU 341 can dispatch the respective UOP to the proper

execution ed on data dependency. In one enbodi NeRlradshfshai 321
I ncl udes mlkory I nstruction address queue (MAQ 323, a genera%

instruction address queue (G AQ 325, and an instruction data queue (1DQ
327. 1In onesmmﬂmdandmdmmmlmfe@n@m@@e hiN 8004 WO 01/ 48599

Fﬁ;rgyﬁgto{ gﬁ‘%l‘é %@e@ﬂg&éﬂm@w C Rs neeggﬁé#hgamﬁglrltltfggl
:Dgf or (rjrat i q@sﬁn?ﬁéedggtgogh%f tclsJ mpeﬂd:@orahdtypdaﬁnpmmhrﬂvmll ZE ﬁg(r:yt h:t C.
WA 323 aeienmscx e s MPR 1557 e AR ol e Rl i

i nformat i Setive it UOP. TRORIAQAR3 3Bed forueatdry or menory
UOPs (i . %n%%@ﬁ%nbﬂ?dggﬁﬁ rrermm?by access} The GH{USJ?,ZS I's used for non

JTenory UC]%@RS@&,UM“WW%WM “The I1DQ 327 is
d to hold t d d
T et ofPad a7, i

sourcesS are ready and an execution unit is
avai | abl e to héie teSets tiuklcritickl dnfoinetion suthdis theapedde and WM\%‘F execut i on.

There are instances n_sone _UORs for exanple

due to a |evel v&”&&%ﬁé&%"w& WH%X“ Bart %‘gﬁ;ﬁ%&%ﬁ% ces i ncorrect

data or usQ$ siHgsIEd Adidispakcies it UOB forxreutiom rTheteare mmncessmenmme be i nforned

of the need for this partlcular UOP t o ex . yed unti |

t he corredfOPseIB%HRde‘E'F @’#H’Eﬂ?ﬁ'@&fé’ l%éata%@%f%[@gqggam nes each

uorP aftertﬂagﬁuﬁ m%wwmuﬂeﬂmmmﬁtww needs to be
so

re- execu the repl ay mana%n; of, th&%}ﬁw 351 |s fgs onsi bl e for
r e- di spat @RM@SIWH@#@@B@&@\?@WQT nunit for

re-executio %J};%f,ﬁ@%ﬂ e‘fhééh%&ké‘ PﬁEURMﬂrexHﬂiedoeS not
need to bm&%@% a partlcu ar WI|°| be sent_to the ROB 331
for reti r@&ﬁf\UOPiﬁazWﬂnMemmmrémUmchpﬁgw@ééﬁm inits
original |ogical ram or de ﬁléfdlﬂﬁ | eted and
it is ready ¥ J‘fef"?’r&‘g ?ﬁy . Spﬁgdrﬂep 4% n a t|on 1e 331 is
responsi blge fegectia WIOP aothe m;mpmie camhtxonnmbfanm-m H@R&Wk@s of

UGPS Suich dsomiet bR APARISHIY CRE foras o460 BF rethepiifa it plueliiior’ o1 [0S

UOPs that fee st tdthe ROBHH dodaytiretbenti cr ocode (e.g., assists). external
events include int errupts pa_gle fault ml\guro%qneg ginﬁtlggicﬂn one

enbodi ment, th
program order once its execution has been completed and it is ready for retirement

(i.e. no replay). In addition, the ROB 331 is responsible for handling internal and
external events. Examples of internal events include exceptions signaled by the write
back of various UOPs such as floating point denormal assist or other events signaled
- by UOPs that noed to be bandled by the microcode (e.g., assists). External events
include interrupts, page fault, SMI requests, etc. In one embodiment, the ROB 331 is
the unit responsible for ensuring that all events are serviced in accordance with the
architectural requirements of the microﬁrocessor. There are several conditions like
events, interrupts, halt, reset, etc. that will cause the machine to change mode or to
switch between MT and ST configuration. Whenever the ROB 331 detects sucha
condition, it asserts a signal or a set of signals (referred to as CRNuke herein) which
canses all the UOPs being processed but not retired or committed to be flushed. The
ROB 331 then provides the TDE 230 with the address of the microinstruction from
which io start sequencing UOPs to handle the event. For example, if the memory




the unit responsible for ensuring that all events are serviced in 0 JUN 2004
accordance with the architectural requirenents of the m'croprocess&r

There are several conditions like events, interrupts, halt, reset, etc.
that w | | wane#ssehe nmachi ne to change node or to sw tch legtiyvweseosddh; and ST
configuration. Wenever the ROB 331 detects such a condition, it asserts a

tsihgnzalcpgrbg]rs%g proceg%gggt%{%ut% ?llérag com%ﬁgﬁ{fe%ga%ﬂfushgggs'ﬁea-l |

ROB 331 t [ROB p3Iotoi alerbtht ROBIIR of &is edenh WMWB%I rxfachel ¢hignjoed 0i nstructi on
from whi o start guenci S, 1 hanlet e_event xample, if

t he rrem)rw @J?Wég E%W %P7 4y 0\503& ects a page
faul t excem\hﬂ%gﬁemaluwadmselﬁnwémtwmsnawmtﬁ&aéenamet he ROB 331 to

alert the ROB 331 of this event. When the ROB 331 reaches this load . UOP, -

it will adperppriateifarmgien tachaillE 230 & st sequameing USRS tasenvies thepageny of t he

UOPs mclM& | oad UOP and those following it. The ROB 331 will then
send the appropriate information to the TDE 230 to start sequencing UOPs to
service the pa@eonefwhoﬂim@mtR@BBBIisreapens&ﬂt)foddaerrhingandtmﬁdlﬁnﬁl is

;es}glogsltﬁl e f.or g’g&?ct | lﬂ'lﬁ d Cont{h%ﬁ @ﬁ@%@ﬁﬁ trfngﬁgﬂ}]ﬁéﬁqﬁchr ne from

corres poncibﬂr@-uisria@brrwpoﬁumgﬁtreﬁdmygimﬁﬂ eeeiitsswhidh calh beefthdpe ei t her

i nternal Qr exter assert e to he rest f the rrachl ne and
al so assermiHy °r§?"§ﬂ‘&F%“%t H‘F &SSFRO8i ne. The
rest of t@r%nﬂ?ﬁﬂo&ﬁnﬁﬂ&?&ﬁch&:&tﬁ@o@@ﬁ%hﬁb%&'mﬁ%ﬂﬁb&ﬁcwte signal s
to enter or exit MI nbde or ST node . In one enbodi nent, the resources

that are mmem&ee;nﬂwedﬂasmegfmmme@mw@w@wmmm ng UOPs
l)pflgrjggltlhggr gH program or er Mﬁ%spectr\#whll%r%ge%ggrnegs
t he sequermeutomdfdhe gpeamimg UDRsandudeliBPiolpwingn a particular thread is uni que
110 eSPect bl e A op RSA G ik HBA iy 001
execut i ongrder &f thorespeeti edUOPh én erequthodiment, tHesequaficecmatbet fiWen to eacl so used in
Froe L1 ot Upbimigin & prdfyter sl i e 3B Tesp o Bl UGRRRER 2T came i ot or y
of the re§ﬂﬁatmmwmme@&nbmﬁmlmddfoeﬂﬁméMmmﬁere is problem
Entry i DOEs Rees it cxicos eqompleus TIF 5esietos TR6s oGS IORS o the
also used in the event that the input UOPs are to be executed in-order,
2. Entry in the Free List Manager (FLM) 315 given to each UOP to allow the
‘rename history of the respective UOP to be tracked and recovered in case there is -
problem with the execution of a particuiar UOP and it needs to be re-executed,
3. Entry in the Reorder Buffer (ROB) 331 given to each UOP to allow the
respective UOP to be retired in-order once its executmn is completed successfuily and
theUOPmr&adytoberetued.
' 4. Fniry in the physical register filc given to each UOP to store the operand ,
datanoededfortheexecuﬁonofﬁlemspecﬁchOPandthnremﬂtpmduced
therefrom.
5. Entlymﬂ:cLoadBuﬂ’crgwentoeachUOPﬂmtneedstorecewodataﬁ'om
the MEU 212 (also referred to as the memory execution cluster).
6. Entry in the Store Buffer given to each UOP that is to produce some data to
be stored in the memory execution cluster.
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respective UOP to be retired in-order once its execution is conpl et(ﬁ;a 0l
successfully and the UOP is ready to be retired. 4. Entry in the p sl”@'a?lu
register file given to each UOP to store the operand data needed for the

execution q{/ to%cﬁ',gspective UCP and the result produced thgmefgees224b.
Entry in the Load Buffer given to each UOP that needs to receive data from

the MEU 212 (also_referred to.as the us . Entry I n
the Store Buffer7- §pieR Q) WWWWE?W?&%&%MMW 0
stored in E%W #Mh%&gf?th&@um@t&w&&ﬁ%mﬁm 48599
PCT/ USOO 3 tr |nthe |vento each gﬁdthe
i nstruction mfd‘rﬁiatrymrthewaﬁéfislﬁ@tp F‘s‘b%lp d by the SSU
341 to the gxecution nlt adol fofge t 0 each
nenory UCP %YFPr‘?/ DP‘FHE‘%%%%%E‘E%‘%\?& te%ﬁgg%ﬁ&ﬁon ?reno UOD to hold
Ejhe ti mﬁ gr,ig&ﬂegﬁh.}euéqs)ﬁagfg?tnﬁmsfr:]ﬂﬂwﬂb?thessmﬁdmmex@hm# ; ij_s )
i spatched by the to t xecution enbodi nent, the
ALF 311 is respdﬁ§P®%@§F%&%&f”H@r§ﬁm¥#e$§§%ﬂ a?“e required for-
the executiQp r&gﬂ% %f,ﬁmmmmmamm much of

ne

required resources to be aI I ocat ed for the r pectlveUltﬁD For :
exanpl e, t hendAoRBuch of pguived rssasrops pred TeSREIY 5T det er mi ne

whet her a | gad f b9 KB deteeniadpr opri at e
| oad buffere"a@ﬁ'F &W ‘*’szpecfg %oﬁﬁ[‘dxéﬂﬁr’.e i's an entry availabl ein
the | oad bu&:ﬁaneranéadrbnﬁeesmwysmdedmadwbﬂbcawﬁ:@mpm qaﬁbllﬂ'generate a
stall signal 282 sho ure 2 to nd ot her
units V\nthl‘W%’ﬁéﬂg mﬁ@%ﬁﬁﬁéﬁtﬁ?ﬁ&%&% cann e a | ocat ed and
certfu nhunlwiﬁugbléfmmsﬁﬂrgméx?aeﬂﬁghﬂmhm goEm 13 bigurerddied go st al |
until the sta condi tions e c)eare | n one ALF 311
provi des t hiafammshe FPE 260 and qther ypitsyatn, ths ‘%?‘mgﬁg“’%ﬁ#é i on pointers)
gglot hﬁf g%hé%twm&a&dwcaﬁmmﬁmﬁheﬁemmlmmlmmﬂm the RAT
t he

1 and _other. emts outside he .R R%M for
exanpl e thmwmwm@)mhwaﬁe es certain
i nformation Fbt E!é‘p%;%ﬁézeoaﬁlﬂ@dhonlﬂf&hfaﬁ (é@a]it&aﬁo rSRintas) tooidiet evits 1 ef er r ed

ers t

to as tail li")Oln

ermne, Wth respect_to ar, resource
Such as & |-whinthe RRRR cluser 24hianiding o @ 82 kAT 38, s 5P} 3o
ue To  br oA R pyaF ot RRRR CElske 30 Bt 8“%2‘?23?? N ’?' are used to
det er ni ne whet hein one embodiment, the ALF 311 uses certain information maintaine
«nnits such as a set of pointers refen'edtoastaﬂpomtmstodctmmne,mthrespwtto a

particular resource such s a load buffer, the amount of free entries available for

allocation. The ALF 311 also receives other signals such as clear signals due to -

branch misprediction (¢.g., JEClear and CRClear) that are used to determine whether

to generate a stall signal.

Tn one embodiment, the microprocessor 200 can operats in cither a single

thread (ST) mode or a multithread (MT) mode based upon a control input signal. In

one embodiment, the control input signal indicating whether the microprocessor 200

is to operate in ST or MT mode is provided by the operating system. As explained

above, the ALF unit 311, in the present embodiment, is responsible for allocating

most of the processor resources that are used for the execution of 8 particular UOP in

a particular thread. The various resources allocated by the ALF unit 311 include the

ROB 331, the FLM 315, the MIAQ 323, the GIAQ 325, the IDQ 327, the Joad buffer

(LB) (not shown), the store buffer (SB) (not shown), and the physical register file

entries that are required by the input UOPs. Each of the resources mentioned above

1



to generate a stall signal. In one emnent, the m croprocessor 200 ¢
~operate in either a single thread (ST) node or a nultithread (M) rita)d;éUNZUﬂﬁ
based upon a control input signal. In one enbodi nent the control input
signal ingj i whet her the m croprocessor 200 is to operate in ST or MI
node is p%@?&@%g%y the operating system As explained abBvEUS®REZAF unit
311, in the present enbodinent, is responsible for allocating nost of the
processor comsinsia predeteiminednumbasefdesoorce tlamentx erentricsthabaredo part i cul ar UOP i n

a particul gr r.ead. The varj Qus resour al l.gcat ed, by t ALF unit 311
e ude t ADboskebisSR b e uitd gt SR Ueihatna S5 Wity SR 1R 0o
327, the hQagcdulbinefits of éfties( MDéneehdidiment, e egdraie, thaROBR3({ Shijtaifot shown),

and the physical reqgister file entries that are required b he i nput
UOPs.  Eat RSbmintms ted o Eoamient 6 pidoaie JOQ 2T somagt ATt BY) 45559

PCTI USCa ﬁﬁéﬁg%@%@%ﬁ% %ﬁ&‘?ﬁl@%jﬁdﬁomgﬁ eftfied, BRAGHIGuARE EMENL S OF

entries that ocate sed upon the need of the respective
UOPs and téreains/48 ¢nttied, the gtoos buffencontains@d sutries, and thephysicabregistar filees. 1 n one
enbodi nment, .f.or ffxa | e, the ROB 331 contains 126 entries, the FLM 315
contai ns FIBAEILT RIS o | DO 327 contains 126 entries, the G AQ 325

contains 32 enmrthegisciskion a¥J1os] itdOianaisthaZhas asites thrédds, theadio buf f er
contains 48 entries, é_he storﬁ buffer contai n% 4 entries, .t he physi cal
regi ster fTQand tgaddi(fd) thotrap e Freguied pqpeqryrptly by AIOCREEPr 40P ows, it is

assuned t jaf mbfesexadited WRvIIRIRAA ST nlddk c AEwlver, i oetead 1(Tl) that

can be executed concurrently by the mcroprocessor 200 in Ml node or

execut ed presinyinventianshpyld gat bedinited pimstheadsiand evaryibime dissussed heseinpr esent

I nvention J ﬁo@é‘sﬁ SRirb S dnteh ﬂmﬁ%,‘%ﬁ g di scussed
herein eﬁcﬂ%ﬁ"?%g%%h to aéprocesm ng&ﬁeigﬁlﬁfragenrrent In I ch nmore than two
t hr eads aecuted eangtimentlyo dx addition; thy distussion belowanfocuded ou khegesoyrasn bel ow i s
focused on the res .CQ i ] | 0 d by the ALP
unit 311 WM@@%%W%W&%%%W&?M%Et%ﬁEF einafter as

Q that i excaphiry guenesrefetred pciepdimaftasasaQ, tinit isuonfigurad muopente dsuf f er . However,

the teachin of the esent inventiqQn is ual ly. applicable to any other
processorcq‘_g'i%ﬂl‘%oﬁpgéﬂy%fvﬁ =ﬁ%§‘é&¥58£ﬁ@?§“f"%&?ﬁ 1oRys eﬁ'l‘]ﬁly not limted
to, a nonaglitsbie @Blangl UiEprodesstt dsbieee 6 dnly BitREddtd Riuchind icluding, buan arr ay
structure,” a tree structure, eta In ST _node.or ST configuration, each

pr ocessor ntdiEued i 8 ReREITHarqueue SR, plinkedrlist SICHRgEd pARALFSISS ed t o t he
"wor Ki Ng" 5 L8d KRckareckicher thread 0 or thread 1. The

In ST mode or ST configuration, each processor resource used in the execution
of the UOPs is allocated to the “working” thread, cither thread 0 or thread 1. The
working thread is the particular thread to which the current set of UOPs received from
the TDE 230 belong with respect to the current processing period. In one
embodimeat, the TDE 230 supplies as many as three valid UOPs per a processing
clock cycle. All valid UOPs in each clock cycle are tagged with one thread bit
indicating the particular thread to which the respective allocation clock belongs, The
thread bit is used to identify which of the two threads is the current working thread. In
addition, the TDE 230 is responsible for supplying the correct valid bits for the set of
UOPs that the TDE 230 delivers to the RRRR cluster 240. Each UOP received from
the TDE 230 therefore is tagged with a valid bit indicating whether the respective
UOP is a valid UOP. When the TDE 230 has no valid UOPs to be allocated, the TDE
230 is responsible for driving the valid bits to invalid status. The UOPs within each
thread are delivered by the TDE 230 to the RRRR cluster 240 in their original

sequential program order.
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working thread is the particular thread to which the current set of m
received from the TDE 230 belong with respect to the current proce% i 1ook
period. In one enbodinent, the TDE 230 supplies as many as three valid

UOPs per a processing clock cycle. Al valid UOPs in eagmshfekiaycle are
tagged WWROYAB® hread bit indicating the particular thread to which the

respective allocation clock belongs. The thread bif is eqd to identify
whi ch of the mmmmmwmm?fmmﬁg%m#ﬁd@ IWedition, the

TDE 230 is respopsi f,or _suppi.vj Elﬁ%ﬁy@{ heihdided f6ror t he set of
UCPs thatexﬁ?\’t?"gﬁga’fg@&éﬁ fg&{%&’t 3%0' ster 540.. Each UCP received
from t hgyLRF0 3RPtHe deteepodtin if sscfl fydeendvii. tth one smbadimentithe A cat i ng whet her

the respective UQP is val i d . en the T alid TIJOPs to
_be all ocqxodtnnstawmqu@w M@@wi@gﬁ ea@a i bg bits to

invalid st : Sbdiifnah) e dE{Eical RRESRE ai¢ £catanby esewtcdip behe TDE 230
to the %mgﬁn% I n t%?r %rﬁ?hglgi nal sg&gentzim%l %%oqlram order. 12 1 0
JUN 2004 syied by a8eaid) 2 Hireddauafirsroms, Hi ssyad bexs 9 RB%E™ur ati on, each of

the queues or buyffers . - ohien & Wirkdap of the UOPs is partitioned
into tmwttqncﬂﬁféh”&%'g%g“ |onb|s tgﬁ)tf)g used for _thread 0,and the other
portion is usqﬂoﬁ@anbdﬂhaaﬂﬁinqubmmhﬁmf@dmmwdt%mﬁgm%ﬁt ions are
si zed egual ly.so that  each read j I ven BHOBEL wiifer UeuUe or
buf f er eri¥c Q“Wgrf@“@ﬁtwm%’ﬁﬁéy’p y%%’gg?cf?{e%?sters are a common
resource Loihe aggéﬁbﬁ%ﬁﬁbs&%ﬁmﬂ will Ghrignsroamt] shdotartet therbegnadge, fir st

n

served basi's and there is no partjition of.the physj | rs between
the two tofitbmgasne prbusice Bisyaen %WW%UB%@%F%%#@ erass- ﬁ oé'ttc)’g al | ocat ed
are confi @Scrived fxfgtba JRBELRSW B comjunstidrawitbitiefverions opemtiondi ngl y, once
the end otfq&ff?%ueue‘bor a buffer.is reac'Led,,aII cationg]{lj Laslgsequent UOPs
wi |1 wr apperformedibythe AZFH1 indoingresogisg FORPHEH THEWSEAUE=0r buffer. The
wr ap aroung operation with respect to a circular queue. or buffer is

descri be Whter detail bel ow i n ponj unction with-the vari ous
operations pemfone embodimertt/the ALIP3 Bl utilizes ﬁwmwwmmt i on and

resource allocation fqQr ~each re. X , i tatién@rdALF 311
utilizes MM@E?‘?&E%%%@%M%P%%EWMW h respect to each

resource Sffor édeh BeEl0 AFSichethere arm two scpposp sl RointerR ass08aPb cat i on for
W h eachwith seheRoE, ERFIE ol BRnisR GRS » i Eopie & it b 23071 B BT
poi nter, andnaines Pid hed@pdiiteris nstd dortheallopationtod thel gueve eritso £t he al | ocat i on
of the queue“entries. For . i )

' example, if the head pointer for a particular queue poinis to entry 1 in that queue, then
enuylisﬂ:eeutrytobenlloeatedfo:%erUOP. Onpeenu'ylisaﬂocflted,
theMadpohterisadvmedtothenextenhyinthequeue,mtyl The tail pointer is
used for the deallocation of queue entries. For example, if the tail pointer fora

_ parﬁcularquwspointstbmtrylinfhaiqumﬂlmcnirylisfhcemrytobefreed
once the execution of the respective UOP is completed. Once entry 1 is deallocated or
froed up, e tail pointer is advanced to thenext entry o be deallocated, entry 2. The
tall posnter is used to determine whether there are enough free quenc enfriesto
accommodate the next allocation. For example, if the stall pointer for a particular
queue points to entry 3 and the incoming UOPs require three entries for their
allocaﬁon,ﬁmnﬂ:estallpoimcrwi]lpointtomhy6ifthmisenoughroominthz
gqueue to allocate three entries for the input UOPs. In one embodiment, the value of
the stall pointer is compared with the value of the tail pointer to determine whether

there is enough room for the required allocation.

Del/)

ey
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exanple, if the head pointer for a particular queue points to entry,l N}u
that queue, then entry 1 is the entry to be allocated for the respé(pt 004
UOP. Once entry 1 is allocated, the head pointer is advanced to the next

entry in the queue, entry 2. The tail pointer is wused f r‘ﬁl‘éﬁ | I ocati on
of queueWOV48EY rFor exanple, if the tail pointer for a% ﬁ“ggﬁér queue

points to entry 1 in that queue, then entry 1 is the entry to be freed

once the exeCH{dnﬁfbnsﬁodhﬁ&t,ﬂﬁ%ﬂeﬁibﬂpoﬁ@%séﬁor:ﬂmﬂ@?é‘d.m5mﬂry 1lis
deal l ocated or freed up, the tail pointer,in advan next entry to
be deal | $0Qt33d is ahlopk aljoc WQ?%IWef@?E%Sﬁ@%g}% ne whet her
there are_e L2850 iéd £ quedSOwilllBedisédevedn i noeail ofal | ocat i on.
For exar’rﬁfteo?%e stgﬁﬁﬁ%ﬁlégﬁﬁ%&f _gup.articul ar &&e&gg sgoi nts to entry 3
and the igRciapitnOBSRs: validuTheallonatise peliey Willkrespset tos +%cation, then the -
stall poinie || ' ' ' tge the queue
to all oc&%@?ﬁeb@%éﬁ%&%ﬁaﬁsn%%ﬁ%?‘d n one er]beggir?fnent, the val ue
of the WU@QJ Rlcedrdinglycenriea hethosé quznésiveill be liecatsd onlydf theinpuhoi nter to

e

determn ether _there is enough roomfor the required allocation. 13 10
JUN 2004 U@PsoequigdbenyCT/ USO4132241 I n one enbodi nent, the allocation policy

used for the ﬁ@r#@aadﬁm{'iﬁﬂsém% BRdrdukr gudnle Qoéommidingmt i on of three.
Accordingly, i1 there is any valid in the g’tF of ..t hr.ee #]tggut UCPs t hen

3 entri egredetetrhinednuuberefentiies, fop exaraple 1615 the,aflogsion RIS, bt s UoPs

are valid. The.all ' kG VA W 5, M AQ 323,
are Val | Qg a3 B o el obtfoR SPRAA thodads Dandi| T2 Q

ed upon the actual requirenents of the
i nput WMMIWMW@&NW&%%-CM ed only if
t he input, - s requi.re. the i éﬁ’ur@eﬂ%m s dRtMiogwigxanpl e of a
.circul ar %ﬁ“‘é@gﬁbgpﬁgﬂguﬁg%{ﬁ?er m ne mgéh% entries, for exanple
16, that fbested. TOMT edsivoets dfpointdrs bk esedndicfioieg offige 404t 8T node and
for the allocation ofboth threads O and.l i . T node,
dependi n@sﬂwﬁ%aﬂ'ﬁ“ﬂt% FJ- m%rﬁﬁt’dghﬁﬁg?&%gtlﬁer he. thread O or
t hr ead lcggéﬁ%egéntﬁegehw&afghbh@y 1 5 sSidseothread Ois thewotkingthetadltheocat i on wit h
reaped to Q In M node, two sets of pointer arﬁ L{sgd.. Referring to Figure
4s, it isctds)gmmmeﬁ&rtk%aﬁwe%m&%em SFEEARPESST node. The
ci reul ar que 9Bt AERD FFR SAllMTOSSTAED IR, (Sihéy theigitireqiouyisl 5. Si nce
thread 0 T's"the’ workimig thread, the™ set of pointers usedu%%?r t he
al | ocat i cssignedtdibs woaking theead i ST mosgthe endal @ypueithit e PORBY A | PTR TO

[P0 Lo, BB 0P s b T TR 1o, 12 (0 Lhe
TO HEAD_PTR, and T0' STALL,_PTR will wrap around whea they are vanced
pas-; entry 15 in the gueue. In ST mode, the allocation in the exemplary queue Q is
performed serially starting from entry 0. Since the pointers can wrap around, it is
necessary to keep track of the wrap around situation so that the resource computation
and resource allocation with respect to Q can be performed correctly. In one
embodiment, a wrap bit is nsed to keep track of the wrap around situation with respect
to each pointer. At the start of thread 0 execution orin:response to a break event as
described above, the thread 0 pointers and their associated wrap bits for Q are -
initialized to their appropriate values assuming that thread 0 is the working thread. In
one embodiment, TO_TAIL, PTR, TO_HEAD PTR, and TO_STALL_PTR are
initialized to point to the first entry, i.c. entry 0, in the queue Q and their |
corresponding wrap bits are sot to 0, to indicate that the queue Q is empty at this stage.
As entries for the input UOPs are being allocated, the TO. HEAD_PTR is updated to
reflect the allocations made. Similarly, as entries in the queue are being freed up or

deallocated, the TO_TAIL_PTR is updated accordingly to reflect the deallocations

14
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entry 15 in the queue. Since the queue Qis circular, the TO TAIIl. _PTR

- TO_HEAD PTR, and TO STALL PTR will wap around when they are advanae}d-'%@@l'
entry 15 in the queue. In ST node, the allocation in the exenplary queue Q
is perfornmed serially starting fromentry 0. Since the painter n wrap
around, o ipssspecessary to keep track of the wap aroun(?c?qus%z so t hat
t he resource conput at|on and resource allocation with respect to Q can be

per f or med ﬁﬁﬁﬁhﬁl g{cwhemyﬁ&ehtetmﬁlmmahk keep track
of the S|tua't|on Wlt respect to each oi nt At the start of

t hr ead Oeﬁﬁﬁgmmmeuewmmmspdns&em%ﬂ@?%a@eé\?@ﬁ? fcﬁ"f bed above, the
thread O pointers, and,the ﬂ%ﬁl&p Wmemltlallzedto
their ap;ﬁﬁ@gﬂq Mﬁ?gﬁﬁrﬁﬂ%ﬁ hre}a O 1S the working thread. In
one enboqgﬂg%% end|dP qléd, . £ Eiiry THO HEAD PTR, and TOSTALL PTR are initialized
“to point *to the flrst entry, i.e entr¥8 I.n thiﬁﬁﬁﬁﬁ‘e‘hﬁm pkheir
cor r espondi ng Riguxe 4biiil Wé%@‘@@@%ﬂ“ R ConfpnE qg;ue Qis enpty
at this Ag ?ﬁt NET indRs! Onb/phition bEthb quces, antries Oel ed, the TO }
EAD PTR .f’i“’%gﬁ’ai"é ref ect the al | ocati ons rrade Si as entries
in the quergerasdfdyeimsl 0 allveationwhile theothsr pestion efdh fﬁig%ﬁx BYR is updat ed

accordingly tq qubeb(RO 8O \Lifits/ 48399

PCT/ USWW@%%&“E#W@ g%&@%ls use to co ute et her there are
suf ficieng eawvlaa@ﬂﬂeadarunﬂloemmhm@mmmmdé s¢te P‘H%tqsnput UOPs.
The val ue of the wa pksgdedet ween 0 and 1 each
tinme that(TﬁaTM %M%%@wgas@ %g end of queue, i.e. entry
15. Figurg Joh 4 ERdcaSorAwitieresyRRY ta the ption ees@ved W&fﬂ;G entries that
are to be ocated for_thr g 8 d}ﬁu”i: ﬂh rrpﬁgj g portion of

t he queuegnothet setof penters (TigT “ﬁg 33 3 ]Ei-g Xﬁ"vcat | 02 while the

ot her por @atam;ﬁo@wﬁ]ﬁmspattommﬁ ¥read |

al | ocati #%ﬁccgﬁg 1.‘r ead and of queue SQW to entry .7
and t hr eagirehd @ndhtdiic gartefdMT wﬂf set of pointers

(TO TAIl ZPTR. TQO ﬁ%gidg vﬁi@?bade& partitiordsgour ce
corrputah@FF“ﬁH ocat1 on wtﬁglpes ect to the p%{q%g rese d for thread
0 and an%&ge@ﬁmﬁtwohmemMWWWsW Ef{'ya(iTl STALL PTR)

is used for, thg.resourc @Eﬁ eqncw i,blmmect to the
portion rE%fE?’?Feﬁo ’r“?qﬁ?ea . %Mﬂe start. 0 executlor‘é nmode, the
respect i vgnmémq?bﬁtéﬁmhﬂnmﬁﬁpahﬂwﬁam@MWF F2 8% their

fﬁr;ezgg%g val ues baseg‘&é%“’éﬁg’ﬁ?ﬂ%wl gttagm&%érigggﬁﬂﬁhmm ed. In
accordingly, for example to 0. In this example, both portions of the queue Qeare
configured to be circular. Aocordmgly,TOpomtexswmmamundtoenn-yOas
theyareadvancedpastmuy'? Slmﬂarly,TlpomtasmllwrapamundtoenHySas
theyareaﬁvancodpastentryIS Ascparatcwrapbltlsusedtokeeptmckofthewmp
aroundslmanonﬁoreachpomterofeachthrcadwnhrespectm its respective portion
of the queue. Forexmnplc,thevalueofthewrapb:tfop-mhthmadﬁpomtu
(T0_WBIT) wwggledcachtmethatpamcularthrcadOpomtensadvancedpastenty
7. SmﬂMy,mevalueofthewrapbltforeauhthreadlpomter('Tl WRIT) is toggled
eachtmethatpm'ucularﬂreadlpomtensadvancedpastmu'yls The values of
TO_TAIL_PTR, TO_STALL PTR and the corresponding wrap bits for TO_TAILL_PTR
and TO_STALL,_PTR are used to determine the numbar of eatries available in TO
portion of the quene for thread 0 allocation. Similarly, the values of TI_TAIL PTR,
T1_STALL_PTR and the corresponding wrap bits for these two pointers are used to
determine the munber of entries available in Tl portmn of the queus for thread 1

allocation.
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portions, TO pointers are initialized to poi nt to the begi nni ng of ﬁ@e
queue, i.e. entry O, and the Tl pointers are initialized to point 4@4{]”‘
m ddl e of the queue, i.e., entry 8. The corresponding wap bits for both

thread 0 gfgojfpsend 1 pointers are also initialized accompgrngdosa2fipr
exanple to 0. In this exanple, both portions of the queue Q are configured

to be circular, Accordin . TO pointers,wll wap ggﬂaﬁ o entry 0 as
they. are advanid@e pressat ent, QARFFPQ,TeSOPCER, B RPVAVEZRR [° \wr ap around to

entry 8 agy ¢ Pt BOPARRAH a BRBLuIAredd, IR ATF SR SHE géfictgle i t IS used to

keep track of the wap around situation for each _pointer of each thread

wi t h repestallisignilveitly epretio thatpesieular dhreadde infore e dD :23&#“185@5%51“& the val ue
i b 0 N g S, 1 11

t hat parti S vanced past entry . Simlarly, the
val ue of tHhepednitpdinhént,fstilingandand thatahel ALF A1l aglehe RAT 30BWIY notget oggl ed each

time that particuyl hread 1 inter is adv a ntry 15. The val ues
of TO TAl 2nyngw Vﬂi’éa@?ﬁﬂ_‘e aflagate 42 terplore 5P pe ﬁgﬁgﬁﬁﬁ‘o‘ﬁﬁ’;‘ffe%ﬁ“%'f‘gr TO '
TALI" PTR t@&d&%ﬁi&#&&?ﬁd@%&%ﬁh@ EQuEtioR, e TIE 2301865 toatopent 1 i es
available In TO portion of the queue for thread O aIIocg%i n.. Simlarly,

t he val uedetdfingmewr i SWCM%MEEW%WE@%F% B@ﬁ@t‘&rap bits
for these j ' it hSuts %"81!'.’@@‘ t?%elmé%) entries -

avai | abl ed’r‘WﬂB@;?. on g?m#mueuegﬁ%r thread 1 al'lofgtt?{))n. 15 1 0 JUN
2004 WD 0 Hré&5 SRreRDD DS 2,44t chmbe ¢recysedenarirrentiih sitherdhread 9o t he required
resources are _no vail able.to X£C ' L&Nhkn a particul ar
t hr ead, tMtﬂm’ WM%%&%W%%H%M#@ﬁespect to that
parti cul afhdrdire &b separatelsailxigniie, ohBFor23éh thredd, dhanoan heractivatedby the n t he

m cr oprocessor. .that the ed to stall until the stall I £l,Qns are

cl ear ed. W%Aép‘g%%‘ﬁ%’ﬁ?%fcﬁ?‘ﬁ‘ﬁéo#ﬁﬁ Wﬁqmﬁeﬁéuﬁé&%f&gﬁd t he RAT
301 will l&giutgar's. P/ HRed\0 ¥iall ignAlGRferred todds| ATSTAL 1T0¢ks altivatdddrydhero new val i d
UOPs will De transferred to the rest t he pr.oc ﬁ%'d wn .the pipeline. In
addi ti on, Mﬁéﬁ&%m&e@%%ﬂ@iw HE%’&/ ?%@?Q@se the' |l ast set
of UOPs t hglewfiB! e fHpéad NOICRRAD tefRd3b bOABS PAT LT &5 defivitb®bpthal | condition
caused by T nsufficient resources. Since there . are_two,. thrﬁgds, thread O

and t hr eadLF, 314 ithere ave nobenonghissanaces émallocate eiipput HOKs an ad 0 or thread
1 or both thré@%%&&&.ﬁ%ﬁ%ﬂusﬁ@mmomwomspaeces.

Accordingly, ere are t separate stall signals, one for each thread,
that can deteaminedineeaty blpck if éhe prpoEssen is NT mode.i stk mpds e r esour ces

|

L0 ! el ST SR G AT SR T 2 O a1

upon the working thread. In MT mode, when only ALSTALLTO is asserted, the TDE

230 can drive one of the following to the RRRR clustez: (1) valid UOPs from thread

1; (2) invalid UOPs; or (3) the stalled UOPs from thread 0. Similarly, if only

ALSTALLTI is asserted, the TDE 230 can drive to the RRRR cluster either valid

UOPs from thread 0, invalid UOPs, or the stalled UOPs from thread 1. When both

ALSTALLTO and ALSTALLT! are asserted, the TDE 230 can drive either the stalled

UOPs from thread 0, the stalled UOPS from thread 1, of invalid UOPs. In one

embodiment, the earliest that the ALF 311 will be able to allocate the stalled UOPs is

two clocks after the stall signal corresponding to that thread becomes inactive. In

order for the ALF 311 to allocate in two clocks, the TDE 230 needs to drive the

stalled UOPs on the last clock that the stall signal corresponding to that thread is still

active, : . :
In one embodiment, to enable the stall oom;putahon, an additional clock is
added to the RRRR interface with the TDE. The first clock is used to perform the
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ALF 311 if there are not enough resources to allocate the input

thread 0. Likewise, the thread | stall signal, referred to as ALSTiLDL NZDU&
is activated by the ALF 311 if there are not enough resources to all ocat e

the input UOPs in thread 1. In one enbodi nent, the ALSTALL signals for both
t hreads Qy@uorssomre deternmined in every clock if the prBEE’é@g‘W' runni ng

in MI node. In ST node, there is only one ALSTALL signal. It can be either

ALSTALLTO pr AT £ et A éﬁ%yﬁb&kﬂmﬁmm&:hom Mhenode, when
only ALS gis_sertﬁ emhe TDE 230 can_ drive onge the following to

t he RRRng,uq.@w sutédlipr  set pERtEOPIOPS pesmy mpdiam glock.. Ay ment S ae JSuoPs; or (3)

the stalled UCPs fromt | the BILRGARETL is asserted
the TDE %W&WW.W ?%ﬂﬁaﬂggw %&6 thr&?ﬁbglrwvg lid UOPs from thread

0, invali S Hulfer, aidastore BuffdPRBilé block computationisnd\alleps®¥Bit, ALSTALLTO
~and ALST. are assert e “ﬁg%dtag@vestal led UOPs
from t hr alade @ith respedt fotpe m&gﬁ‘)ﬁt ﬁ‘gg%ﬂéb‘y invalid UOPs. In one
enmbodi rreB“ g:a],'%gfaﬁ%fa chiaPthrdal KilPdicBilstedif therehae: inbifficient ealtiedcat e t he
*stall ed cks after the staI I licLP%nal correspondi ng.to t hat

t hr ead baﬁaﬁe&mmmfﬂl@ecsowneﬂ@ﬁﬂ@rm &rthg 311 to allocate in two
cl ocks, the TDE 230 aﬁﬁ@m]ﬁsa&ﬂ& ghptielitn fop edchéhreast cl ock t hat
the stall si g%?n%ﬂ?%lg&%gﬁng ta‘é@q at thread |s still, act e I n one
enbodi ne%,ong%mmwmmmmmmm sl PRtk i s added

to the RRRR interf dr}lel gpseiyo performthe
16 1 0 JWMO\PEQ&I’/ %ﬁ“‘%ﬁ%é staﬂ conput ati on and the
al | ocat i. fjodySpyel ihugtith m@wmmw@béﬁmwémmmomall The . stall is
conmput ed Qor a set of thraceﬁgh;i% [ %1 um c% %ﬁ Meiidgoned above,
act ual resouFigurti) ?&%ﬁ“’b ne wth respect to the A AQ
325, {8 bsoutdin Teatltibydaliedprodeisoe20fl. dolene onput at i on and

i RO matﬂ%ﬂﬂ%vr‘att

al | ocat i respect to the FLM.315, ROB 30%% a he 1DQ 327,
As di scusasibdirhent,s contrblesl Read Wil be

activat ed 1@ ¥dglSfireadifie ﬁaameacmrmdeﬁt t he ,
resourcesﬁ’[“b‘é g°5a%1grﬂstyﬁtr§a&%%egﬁt UCPs. one enbodl rre%% reis a
0

separ at e ﬁ,t@deboddlmme ooeraople I, mmﬂeﬁeéa%ﬁew#vé%raaﬂm&fﬁ I ment, when
the processor . I ui 3#:”%0@50%?@ é‘oﬁtﬂ@st%?&bv&f’wlﬂ@mfmw thread 0

and the sf&f are perfornmed_in |lel in every
cl ock eveeaﬁﬁlﬁkiﬂbnﬁbﬁruae mmrymuhéo apothen gxocutiqganede; 8@%@85“ each cl ock.

E‘Ie'? hod S L OR S et o evind londftibg it e o SEHPERRIKAIScR B dithé Of 2
TUOPs being processed but not yet retired or committed to be flushed.
With continuing reference to Figure 5, the method 500 starts at 501. At

decision block 505, the method 500 proceeds to block 509 if an event has been
- detocted. Otherwise it proceeds to block 541. In one embodiment, an event can be an
internal or external event or a condition detected by the ROB 331 which then
generates a8 CRNuke signal as described above. In one: embod:ment, one or more
signals are generated to indicate that state recovery is complete One example of such
a signal is that after the state in the RAT 311 wmcova-edandallphymca]regtstersare
ﬁ'eedthenasraterecoverydone signal is asserted. Whenallsuchstaicrecoverydone
signals are asserted then the state recovery is considered complete. At decision block
509, the method 500 proceeds to block 513 if the state yecovery is completed. At
block 513, the thread active bits are latched. The method 500 then proceeds from
block 513 to decision block 517 to determine whether the processor is to ron in MT or
ST mode. The method 500 then proceeds to block 521 if MT mode is indicated and to
block 531 if ST mode is indicated. At block 521, the allocation pointers for both
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500 for managi ng various resources in the multithreaded processor 2 OQ
one enbodinent, a control signal indicating the correspondi ng execut YN 2004
node is set to a first value, for exanple O, to indicate that the single

t hr eadi ngwipgipigk® active and set to a second val ue, for eeaEeeszka1to
indicate that the nultithreading node is active. In one enbodi rrent, t he

processor 20 i faor..t.he state recov t.0 Iete can

transitioﬂ’%%i%ﬁ%%&@@& gﬁg}h@pﬂd %ﬁ’gﬁ Whenever the

ROB 331 dgjle%%ﬂa&t@ﬂgﬁﬁ;teméh@ﬁmdgwﬁeﬁiﬁa]ma@b m@RNuke whi ch

causes all the but not vyet retire {;rmtted to be
st

ei ngeﬁ@ocesse
f1 ushed. wedqﬁeremﬂdu then prpggedsdiom cithged lﬁ@% arts at

501. At Y &%3‘% O‘stgggﬁﬁﬁ sifettheli 509 if an
event hasg%@g%i et ect'e lq%tbf‘;'ervvl se It p}éocee s to %ock 541. In one .

enbodi mengcherasnoeMAhkcheazmn The methodithendoopa backr fromx bleckh 541 tablack 58%. a condi ti on

detccted by t ROB 331 i t hen ener a as descri bed
above. In gne%ﬁl’ﬁﬁﬁ%@ Wﬁ'&ﬁie"(?{hqﬂﬂ(r(g ﬁt%l’fe?%eﬂa%%g?'g?&%sto i ndi cat e
that stat Wﬁ%ﬁﬁé&@ibﬁmﬁ%ﬁﬁm@%@ﬁﬁa&bwatﬂ&hGOBaﬁdﬂ‘Bédeds s that

after the state in the RAT_ 311 |s recovw e SIC regi sters are
fi ned theWMt@ eﬁmﬁl"% @?%&WP such state
recovery PTSnaR 1L ode 1o Rdld cweea its_consi der ed

conpl et e. eC|S|on block 509, the nethod 500 proceeds to block 513 if

the st at ebloekofidlde petformygsopteseleration in $l wede. Shs process thawrweesedsdi ve bits are
| at ched. n%ﬁ W 500 then proceeds from block 513 to decision block 517
to deter é’l er the processor is torimin M or ST node. The nethod
500 t hen pr ocaagha-eﬂasbhxghlevinﬂnwﬂlagﬂﬁnmmncémbddmmﬁemto bl ock 531 if

ST node i s |nd|cated bl 52 for both 17 1 0
JUN 2004 #hecehpp M?@?W&ME%WQ e
accor di ng@&&ﬁ,eﬂeﬂmmoa cME is edﬁtpaﬁMelcﬂozb&BihmsdrMI | ocati on |

pointers for the vvorkln ead arelnltlallzed co
predeternﬁhmlsfh%m Cl B?#E?qckﬂ&ol ock 521 or

bl ock  5314t9s g &fﬂ&%ﬂb%ﬁ&uﬁﬁﬂlaf ilp.NThedd accor di ng
to either the schene or MT schene. The method then | oops back from:

bl ock 54 lcomputstion for thyepd Orng fireads! wibesdiscussed in marpaletag] bglowy. kbggr am of a
L?i?ﬁéieﬁ'g%ﬁﬂé#ﬁ%éiﬁ%%ﬁﬂa%P%ﬁfﬁd 7L B a7 oi on bl ock
605, the pespectively. pxtdecisiosblock M7 tie msqmomdsftgblnck 7e2¥H0Jenet] | ocation in
M mode i f ] BRdReibSmb PoaR bhieedshid Gld Bfick 781 PAPRERH i 717,
the process proceeds to block 719 if T1 is not stalled. Otherwise the process proceeds
to end at block 791. At block 709, resource allocation for thread 0 is performed. At
"block 719, resource allocation for thread 1 is performed; The resource allocation
performed at blocks 709 and 719 will be described in more detail below. The process
then proceeds to end at block 791.
Figure 8 illustrates a high level flow diagram of another embodiment of an
MT resource allocation process 800 performed at block :511 in Figure 6. In this
cmbodimmtboththestaﬂcomputaﬁonmdtheresom&aﬂqcaﬁonfore@ofthe
two threads 0 and 1 are performed in a multiplexed manner based upon the thread ID
associated with the input UOPs received from the TDE 230. The process begins at
block 801 and proceeds to decision block 805. At decision block 805, the process
proceeds to block 811 if the UOPs received from the TDE come from thread 0.
Otherwise, the process proceeds o block 821, As dcscri;bed above, in one
embodiment, each UOP received from the TDE 230 is tigged with & thread bit
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bl ock 621 to performresource allocation in IST node. The process thg
proceeds to end at block 691. . Figure 7 is a hi gh level flow diagr anHN 2004
one enbodi nent of a resource allocation process in MI node 700 per f or med

at bl OCK(}%% }4&9@ gure 6. In this enbodinent, the all ocapiPRsioagss is

performed rn parallel for both thread 0 and thread 1. The process starts
at block 701 and proceeds in parallel h bI s 70 715 to

per f or m sindicatingdhppartieylagthrees %W’h“'é‘d&b%‘m&ﬁ 3’5‘ Vely. The
stall copp @*Ph%s aﬁgc c&c&?&ﬁﬂ&ﬂﬁ@m]m&dhchﬁeﬂlmﬂmﬁﬂ in nore
det ai | be‘TIow protess then proceeds in %ar al | 8 Iocks 705 and
715 to b|mmmzpmrm1qmmmdmpébatibﬁém&nxﬁ QE&W s t he

process pro bl ock, 70 Ql%q grgﬁrlvvl;ge 'Ehe process
.proceeds W&%@E‘E’ B GERP 173 %%@%y on eFé‘tck d}ﬂ% t he process proceeds
to block yid& sfy, Ithnbémp\ﬂinuatfaiﬂhmddﬂﬂﬁe@meddoﬁﬁmmmMMMds to end
at block 791. Af bl ock 709, sour ti 0 is perforned.
At bl ocksuffigient resQBRIPLIQ SXPY HDBWCL?%f %W@'ﬁﬁa% t@ 51[0 %d The resource
al I ocatio &ﬁ% %%'ﬁ&k%ﬁl%%&&nﬂﬁ&k@lsl Xfl&cisionlbidel Sdﬁsberprbmis in nore

W.

det ai |

rocess then procegeds to end at blo Figure 8
i |l ust ratpﬁ@dht@gwélmﬂﬁ&ﬂsgﬁgﬂﬁa ? ogés ; éﬂ’?—?ﬁﬁ @bﬁaﬁi:gl gnG I\/IlT
resource a s@%ehp%sﬂﬁ&_gﬁﬁﬁ]aﬁ oﬁﬁ{-&i@éiﬁ@ s Blosdds ibehll at blo re n
ot

this enmbda e stal | conputation and the resource allocation
for each Réfeirlg atmmm&wwumuam@rmaﬂﬁwfm% 1°ﬁ¥exed manl i er

based upo he threa pt}cht@ Ps@eal ved fromthe
TDE 230. 'PH% M@Fﬁﬁ%@%ﬂ ij&s% an rocee to deci sion bl ock
805. At ddfggéaaufﬁhbbmkssamﬁnpr?dwdqub%zkéﬂmdmlﬂgcw?éeI61811 if the UODZ
received fromthe cone from @@ﬁ w@&ecggﬁ],process proceeds
to bl ock @eEas the BEPoaTs SR BT UCP recei ved
fromthe fburded(or the %mbmammmtm@mmﬂmkzom WO 01/ 48599

PCTI US00132241 i nd| cat| art.i ad to Belongs. In one
embodi nmenOthermese W %\g’ F@gﬂ‘g‘%)él Rﬁ‘ % oncurrently in the

MI node, LRe HREESD &itiock 328 € eridat bREE’YIRAI ue, for exarrpl e 0, to indicate
that the respectlve UOCP is in thread 0 and set té ano% val ue, for

exanpl e 1, to Fudmfhlsehllﬂhlﬂﬂtw@"’r@%%ﬂ { apetheggmb d 1. At block
Lo o SRR Bl S0V Aot v el gt 1 whother ¢here
o ecess | hadumrus Bl soriadireed Gt bBUR APSRIH oot o on
bl ock 815&2&9&81%%3%1&&1@5 forthreadOandthreadlaremultxplexed. Theprocoss

starts at block 901 and proceeds to perform the stall computation for thread 0 and

thread 1 in parallel at block 905 and block 909, respectively. The process then

proceeds from blocks 905 and 909 to decision block 913 to determine whether the

mputUOPsrecelvadmthecm'rentclockc;mlebelongtothrcadOorﬂ:mad1 As

described above, each input UOP recelvedﬁomtheTDE 230 is tagged with a tag bit

indicating the corresponding thread to which the respe¢t1veUOP belongs. The

process then proceeds from decision block 913 toblock 915 if the respective UOP

belongs to thread 0, otherwise it proceeds to block 917' At decision block 915, the

Process proceeds to block 921 to perform resource allocation for thread 0 if thread 0 is

not stalled. Otherwise, the process proceeds to end at block 991. At decision block

917, the process proceeds to block 931 to perform resource allogation for thread 1 if

thread 1 is not stalled, Otherwise the process proceeds to end at block 991, The

process then proceeds from either block 921 or 931 to end at block 991. In one

embodiment, both the resource computation and the resource allocation tasks are
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proceeds to block 819 to performresource allocation for the respect1i f{?l W
If there are sufficient resources available. O herw se the process UN 200
proceeds to and at block 891. Referring back to block 821, stall

comput ati%;, [ssbgiread | is performed in this block to decgSenszuhet her
there are sufficCient resources to execute the input UOPs from thread 1.

The process then proceeds from bl ock 821 t bI (o] :
deci si on ptrfarinedzsthe saue gockcade Eﬁ@%‘é@d@b?&mﬂ §F te t he

NECESSAY cod RRAl i Bt &geﬁ%ecﬁéﬁ eeéﬁle%?f%sd‘ﬁmtclampamaa@fosufefucuent

resour ces erw se process proceeds to cad at block 891.
The procew]ﬁﬁgethrqadmeﬂsndjdnmﬂ)enexttdwkcmlﬁack 819 or bI ock 829 to- end at

bl ock 891. Fi | ev T enbodi nent  of
an MT resourgﬁigamb(té’t"wﬁﬁ 8%’8%@ v@@@&perkorma A1 in Fi gnre 6.
In this eohadi ARRAtion f16cess HIOD perfiimed aitblach 21 mF:ghreahmmedhread 1 are

performed in parallel while the res urc aIIocatlo fon.t.hread 0 and
thread 1 abeverinithe $T BroEs mode, thar ?)E‘ &é 5’%19 Bflg;nd proceeds to

performthe s %&%ﬁl ga%moataw&k 1Odmrﬁﬂq3rdcebdlt@al‘ allel at

bl ock 905 “GHt dfe%fl respectlvel he process th plﬁgf eds from

bl ocks QOHeciﬂGhlﬂeﬁc I@Sdééﬂm\m@cw @MRT@C%P@FW i!}\ﬁé‘t the input
UCPs received ﬂ?ﬂ,&l&glg @gead). 0&s thread 1. As
descri bed HERRy tm ggﬁﬁilfwtoﬁ&‘; recei veg e TZE 230 is_tagged with a
tag bit Iﬁ&lh&@alw@e;mmmmmmmmmm essh threadeiBeet t i ve UOP
bel ongs. The proc SS t en ceeds, f I | ock 915 if
t he respe@ksopied 8‘ ‘E‘%Wﬁ%‘&ﬁ%&&%& gr&g%%e%@e{)o bl ock
917, At dgﬁbﬂm&tﬁbﬂpkm%éwo W&mﬁmmmammm&ﬂ to perform
resource

ocation, for thread f read not. O herw se,
t he procewwmmwmmmt é%%gmh a%?“é 517, the .
process pW%ﬂés&%%&S&\%ﬂemememdeMnm for thread 1
if threa I's not stalled. Otherw se it cess Eliéc.eed to_end at bl ock
991. The pmfmémﬂlﬁweﬁ%@&égmﬂﬁwetmﬁba*ﬂmg end at -
bl ock 991. "?qﬁ PYoGMk; “pﬂ‘gl&aﬂwﬁ) 230 UTeSpréceatikprocdedand the re
source al It% % o are 11’9 0 JUN 2001 WD.Q1/ 48544 PCT1USOO 32241

per f or med ﬂ-om'lﬂh!k atts éﬁcmbéqpkllﬁﬂ | At depigion block ML BARTPCESE he. st al |
conputation far I ?ﬁ:h% f&&ﬂcﬁqﬁtﬁg%ﬁwmﬂm le the
resource @mfﬁ%fﬁﬁgﬁﬂ]%%?tf e V\oﬂr%ﬁ{%\égggﬁread I s perforned, in the next clock
cycle. Fi quom ififle tinendD sallsigyial is inactivet |fhererisafhe prosess pFRCSRISHOM ment of an ST

resour ce gl oS hiodl 1535 B bR 10 TR fiok B Béctsidirbloudos aug © 6. As
process proceeds to block 1021 if the working thread is thread 1. At block 1021, stall
computation is performed with respect to thread 1 to determine whether there are
sufficient resources to execnte the input thread 1 UOPs received from the TDE 230.
At decision block 1023, the process proceeds to block 1025 to allocate the necessary
resources far the execution of the input thread 1 UQPsiif the thread 1 stall signal is
imactive. Otherwise, the process proceeds to end at block 1091. As discussed above,
in the ST mode, the resources are allocated to the active or working thread, cither
thread 0 or thread 1. Ifitis determined that there are insufficient resources o execute
the input UOPs for the working thread fetched from th? TDE 230, the ALF 311
generates the appropriate stall signal for the working ﬂiread, either thread 0 or thread
1, to inform the TDE 230 and other units mthmthemcroprocﬁsorthatthcoommg
TUOPs carmot be executed. In this case, the TDE 230 npeds to stall further fetching of

UOPs to the RRRR 300 until the conditions that cause rthe stall are cleared.
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above, in the ST nam ng node, there is only one thread bei ng execut g&hm
it is considered the working thread. The process begins at block 1 Hlﬂ’*
proceeds to deci sion block 1005. At decision block 1005, the process
proceeds t‘g 1011 if the working thread is thread O griSoophiaik 1021

I f the working read is thread 1. As nentioned above, a thread active bit
I's maintained with respect to each t hread bei ng executed t.o dicate

whet her that peﬁlﬂl@mlaﬁu&“ﬁ?"ea@ eilpdovs dip g of °§'r§b9¢§‘8 th[%her t hr ead

0 or thre a{-aiefllg& &@oﬁ deécﬁ*be@ra?mgﬁibé?ﬂwmatmaxs&swte t hr ead

active bit malntalne or each thread and'is set tg a first value to

i ndi cat e tmve,lmﬂnmmwmbamssaﬂmm@%mﬂfemél legabier fiTse. At Dbl ock
1011, stal]| bl¥cE3fo1Gmgo det ermi ne
whet her th@%ggp@égjﬁ?% sou?gguw‘ e @E%gt{;é the i|2’E1>put UOPs recei ved

fromthe Thicedlin Meplb%ﬂﬂﬁodchemsmebﬁdsudbmmbibdckloﬁoﬁm t o deci sion
bl ock 101 At deci sion_block 1013, SS roc ock 1015 to
al | ocate tMC%MWP@BMwég&‘F&P“{hﬁQB?@ﬁE‘&d %ﬁea %wm: UoPs if the
thread O S\{h@ktocéds go'iégedtsfto LA bioke 119! to tipeadiir Qtdesisipn dloeleds f r om

deci si on o end at bl ock 109 I%sf ﬁ n liack deci si on

bl ock 1005 155hthe process@reseprsie blogks 1 169 ifthe,mput '&qu%é mﬁﬁﬁg thread is

thread 1. l.oc eshdwy. tAx respect to
¢ GlmtyiSs e RivEts piceds tg GRNERHioBl 1 31 it Bl 80

thread | ere are sufficiéent resources to execute
t he i nput mm@aammmmwmnﬁmhm?gmdmmexpw&eu on bl ock 1023,

t he process p ocegds t.0 K 1 qprces for the
execution iHPP %?1 U@W{‘Bg‘a“ﬁng% @%%Pﬁf{e]gg’%d'ar@é ignal is

i nacti ve. gdnewpr méﬂmmmemmuebmfoammrsmmmb@wm di scussed
above, in the ST node 2 d Ve or

wor ki ng thﬂ’émwﬂgrsmt %B&&ﬂgﬂéﬁ f@gﬁiﬁ%ﬁ?ﬁ&tgﬂ e%%ﬁned t hat
there are }@E&Hééslnee&affoﬂtsémorwemm antl ieread 1UOPE @Rpediivelyt he wor ki ng
thread fetched fromthe TDE 23Q the ALFE 3&111 gﬁ@e%oat gﬁ)ﬁ%?g propr| ate
stal | si gnhe process then prIcReds omytlogk 1120 fohlock i B 1, to inform
the TDE 23@1 g{‘ei’lo%t tk%ldé.ﬂlﬁﬁs Welafolnt dT9estint 6y s il dlecfosihreal fatxedulion com ng

UOPs canno execut e

his case, the TDEmZ#ﬁ (jg'fﬁ% stall further
f et chi ng okdﬁ%&&tﬂ@@ﬁﬁ&@@@@ﬁ?ﬁ%‘% Fgcﬂ' f cause the stall
?lreug![ (ra:'[ Sg“é&’fg‘ éet al %)W% I a %ﬂ%%ﬁg%ﬁﬁlé&ﬁ?ug??ﬁe Mr
paral | el " biocks 1180 akd H respeciivelss chtaledision WWW re
?éiﬁfi?ﬁ&ﬁﬁ%ﬁ%ﬁ%ﬂé‘g’? gngﬁr eaHﬁFe are pew&enpgpgl lel."
The. pr 06 es sydsaj asexstuth ediput VOPs o thread 0. Otherwise, the process Froceeds
to block 1130 to allocate the required resources fortha execution of the input thread 0
UOPs. The process then contimes from block 1130 to block 1135 to update the
resource allocation pointers for thread 0 to keep track|of the amount of resources
allocated in block 1130, The pracess thea proceeds fiom either block 1125 or block -
1135 to end at block 1191, Referring back to block 1165, the process proceeds from
block 1165 to block 1170. At decision block 1170, the process proceeds to block
1175toacﬁvatethestallsignalforﬂn-eadlifthereaxieinsufﬁcitresourcesmhandle
the execution of thread 1 UOPs. Otherwise the process continues to block 1180 to
allocate the necessary resources for thread 1 UOPs. The process then proceeds from
block 1180 to biock 1185 to update the resource allogation pointers for thread 1 to
keep track of the amount of resources allocatedinbldck 1180. The process then
proceeds from either block 1175 or block 1185 to end at block 1191.
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proceeds in parallel to both blocks 1105 and 1155. At deci sion bl ock| [ili]ﬁﬁ
the process continues to block 1110 if the input UOPs for thread 0 & 2004
- valid. Gherwi se, the process proceeds to end at block 1191 with respect
to threadyB.g12ksedeci sion block 1155, the process proceedgctrosizzd 1160 if
the input UOPs for thread 1 are valid. Oherw se the process proceeds to

end at block 1191 with respect to thregd 1. As di.scussed , i n one
embodi ment, edtgnneds shewsa mews detailid Hovediggpm s5eng gnbo@.%%ifp%tgpmh a.valid
bi t i ndi catjna MBEkRrdobd dedAbddlit Mghke $/FoveS mvtilsicthbodifini] Bhih 30 i S
responsi b%d or suppF_yl ng rtdhe coruge(;g?l e\=/aI Id bits for the UOPs that it
f et ches tmsourdeeompRRtiel axiresourzdlocaionfbuibresd § andthassd 121650, the ; ALF unit

311 determnes the. resour sLonuefr jdysead 0-UOPs And
s A o = AR
1 1 10 t oapiREionblddk 1208] tho poooely continud ilhbidck 1269 ke ibp@3JOPRard| ock 1115, the
anount of resoqurces gvailable for thre 0 cut,ion . | m ned. At
iR%

bl ock 116%lidt RELCEYASE He PBROCHS é%eng\pg ]I°€[lb%qf ?r‘%?‘%‘égl exécution is
determin B8R o 618N 209 B delpBe frRepriateqirtert for Shremtld if165 to bl ocks
1120 ande'%ﬁ%?érsgfspectivel y. ‘At decision bloc 1120,ceet£e &h&:@s@ proceeds to
bl ock 112hread0ascthe verant werkingthresd. (theryises the PIOGeSS REPCEEGS L0 re
i nsuf ficigent, r,eso Arald S.Qg&?gwﬁ bR Srocssay frod@erdf rom t hread O.
O her wi setf’sflﬁ%%bcr%@gog’gaﬁrpceel S o) c‘%%o ?‘rg all ocate the required
resour ceSbl?ﬁkrlmﬁler bl);dcllllﬂdmbbék 1282 0 éppermingtheamount of yopaircsfhe pr OCFISS t hen
continues fro ock 1130 t c YRI A Ead & allocation
poi nters %’1‘""5}5‘? @%h‘%@ﬁfh@‘lﬁb‘%ﬂ‘{‘ﬁe agount (I}?E esources allocated
i123gl ;)ck %ﬁﬂﬁwﬁﬂogﬁs?dﬁmf ' epl_lmmnlsb okfavoltabée' I  tebaywees fasdhe 1125 or bl ock

o end_ a ock. . Ref.erring ba 0 rocess
proceeds WWMWl W%W%ﬁﬁfﬁ%@%?%ﬁg%%%g%gm t he
process gsreg.g cdefls 1 bIsk 12370 dbtbvaiothé sall sigid] dorsthabdrrest workingf or thread 1 if

there are insufficient resources to handle he execguti o 911% thread 1 UOPs,
Ot her wi sethread citherdlmgad @ erthread, bdf there grefiok sAopgR ToSEUree) bﬁlﬁﬁ%- he necessary

resourcesgieg%ﬁoﬁ%fﬁﬁ%ﬂutti%form&v&mgw efeRa0c&0Mgh fesamresbl ock 1180 to

12k of aadakiermrocsss Drocsed s desisianiod 228 o VIBEk1 780 S1oRRE B ocess ¢ hon
BUN 2004 TSR TebEn Bk RE SR B UObE st b ed flow
di agr am ofurentwaerking direasiare bin upeteiimocordingly picdogh 1292 2 kSR descri bed
Ir gsghgg;eﬁqﬁggﬁlﬁ#ﬁw% %‘r e%%ﬁ%?g%d 1 lar e ﬁﬁeeﬁ@@t atton and
either block 1233 or block 1241 to end at block 1291,
Figure 13 illustrates a more detailed flow diagram of one embodiment of the
MT resource allocation proc&ss described in Figure 9 above. In this embodiment, the
resource stall computation for both thread 0 and thread 1 are done in paralle] but the
resource allocation is only performed for the current working thread, i.e., resource
allocation for thread 0 and thread 1 is multiplexed: )
The process begins at block 1301 and proceeds in parallel to both blocks 1305
and 1325. At decision block 1305, the process proceeds to end at block 1391 if the TO
input UOPs are invalid. Otherwisc it proceeds to block 1309 to determino the
resources required for the execution of the TO input UOPs. The process then
contimues to block 1313 to determine the amount of resources available for thread 0
execution. At decision block 1317, the process proceeds to block 1321 to activate the
stall signal for thread 0 if there are insufficient resources to handle the execution of
the TO input UOPs. Otherwise the process proceeds to decision block 1351,
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mul ti pl exed. The process starts at bl ock 1201 and proceeds to decision

bl ock 1205. At decision block 1205, the process continues to bl ock]020¥
the input UOPs are valid. O herwi se the process proceeds to end at bl ock
1291. At gfffiaksn bl ock 1209, the process proceeds to blprrwshdafat o sel ect
the appropriate pointers for thread O if thread O is the current working

thread. Otherw se, the, proce ‘Qceeds t-0 b ect the
approprrH@%ﬂﬂﬂlSrbe@lﬁtq %%E’iqi?s%l °F?FQ9€§W 54%%&8& ?@g#n either bl ock
1213 or @ﬂ.ﬁ HOoPLrbinala. blriwikit fRicesE talodk 1328 rodutdrmirie theesour ces
required cute the 1 nput UOPs for the current vvorﬁr ng thread. The

process rdsmcesceqmadlf@s!m@emlﬂfﬁ@ﬁlw&@ &r APHEFOPSSR unt of available
resources for th i JhG o RRE Suildbid Br dedatiler s sel ect ed.

. At deci sFYROBFSIE E’lof‘ggéﬁ@h% orggnesl%ioggtoceegs to block 1233 to activate the
stal | si be%’uh&xprmtdvelsiburblcehﬂsmmerm&sstmomdﬁmblwh&“ﬂn#@ﬁ’&"dh%r thread 1,
If there are not enou sources .t 0 handl e t he i nput

. UOPs f or stalhsigpg)f Rﬁﬁﬁ”&ﬂr‘-@gﬂe @Iﬁ%méﬁﬁgﬂ%urceangvar | abl e, the
process pL.og omm&wﬁemﬂibmd@r&mromehmnhrommu dtal | ocate the

required resources for the current I nput Resqurce al.l.ocation pointers
for the demsicreblockd3id E‘Qﬁk%&t’@ﬂ%@?m at bl ock 1241
to keep tra m?é? t,m{:agggﬂ& ‘bﬂﬁ'@t@eﬂw swor ki ng t hread.
The pr oci@%a%ﬁt%onn%%ocee Uﬁgrtg?n el ther Dbl ock 1233 or ock 1241 to end at
bl ock 129ﬂm&gmblecn3359rtoadeqt§teepprapmﬂmétlmwf e of one
enbodi nent _of th SAggé‘cf‘s{dnhﬁa;kl n Figure 9

” contimues @R%%ﬁﬁgﬁgﬂtcﬁﬁa%cﬁﬁﬂss B bIBEK3SD.

above. resource sta nputation faor both thread
0 and t hnggd te pRocessiproeceistorzad il thedtalbsignal ﬁethermvlﬁ@haﬁé‘%&dr%n is only

per f or med for the current r Ki eQurrgdt! Ocation for
t hr ead Oaﬁ-ﬁ@tﬁ@h‘r@mq ?ﬁﬂg‘iggc}hgﬁ%%spipoices Eegr ns at bl ock 1301 and
proceeds g uiRafirdalictithePthidal 0 obtioeidd, 6ok 13AL Mocwﬂlémnmm bl ock 1305,

the process p oceeds to end at b 1391 if S are
i nval i d. fommeledk £ 1ite blogk PMB {'_l@c%ueo?@r e GEHQD r esour ces
required ﬁgﬁg ésBﬂmi[ cB¢ld to &4dR8 bloth @39 ocess t hen

[ SCLJ?'EDR‘{B 1313 to det o

conti nue erm ne the anpunt 9{#resources avail abl e for
thread 0 exeﬁgnmﬁr‘ls]mvsde‘lﬂ“sﬁéﬁmm of gRe ambodiment g WL broceeds to bl ock

1321 to activ | &Pﬂ"ucé‘s?f it sP¢laddoiding!th Gieaes@hings ofsuf f i ci ent
r esour ceSPFBY tﬁé??a%nla ﬁ}cgg%%?r The TO i nput UOPs. Ctherw se the

process phogesdsinventiveci si on bl ock 1351. 22 1-0 JUN 1004 WO Ov485"
Fggﬁ?;gzﬁﬁé&%ﬁ#&%%o}dgrﬂ%ﬂﬁfn?&e%ﬁ%eEoﬁﬁrﬁmdnfﬁdpéseﬁess proceeds
allocation for each thread, the ALF 311 utilizes and maintains a scparate set of
pointers for each respective thread. For each resource, the ALF 311 maintains a set of
pointers inclading a head pointer, a tail pointer, and a stall pointer for each thread to
compute the amount of available entries in the resource and to allocate the appropriate
entries in the resource as required for the execution of each UOP within each thread.
VInthc discussion that follows, the process is discussed with respect to a particular
queue, for example, the instruction quene as one of the resources needed for the
execution of a particular UOP within thread 0 even though everything discussed
herein is equally @pﬁcable to the resource computation and resource allocation with
respect to other resources. As discussed above, in ST mode, each resource is wholly
dedicaxedtoservingthewoﬂcingthread,eitha'thmadOOIthmadl. In MT mode,
each resource is partitioned into two portions. One portion is reserved for thread 0
while the other portion is reserved for thread 1. Tn one embodiment, the lower or first
halfofthequeueisreservedforusebythreadoa:ndtheupperorsecondhalfofthe
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the Tl input UOPs are invalid. Oherwise it proceeds to block 1329 t@dig”
determ ne the resources required for the execution of the Tl input : 004
The process then continues to block 1333 to deternine the amount of

resour ces e for thread | execution. At decision L, the
WA Wit

process procee o block 1341 to activate the stall signa read |
if there are insufficient resources to handle the execution of the Tl

i nput UOPsquc@® tseresaived forruse by thrsad b Aecsndingly thers e Byossetsol poigters hais) At
deci si-on bl ock 1 0 %ﬁgatﬂ:‘ el ect the
applrz:ori at%°“feﬁ%§§§fﬁhr&§?%°g'?§%§?ﬂé‘¥°§§§§b*@§% e cu??ogr?tk&ws)rki ng thread,

ot her wi se refsrgrwitteespecito thresd dsant thridddc Hn tha PBsend examiple; assutingdbddr opri at e
thread | pointer The prqce then continues. t.0.bl ock fromeither
bl ock 135@5?%9@@&%@Sﬂﬁiﬁémﬁw{%&“ﬁ%@ﬂ‘%ﬁg%& cess proceeds to
end if t heﬂﬁh@tﬁo@ i9 Qadigaf 2é Q€ 164/ ST afdle. VBIMT Bddé, Withaskpect to theéadvat ed,

otherwi se Tt proceeds to allocate the necessary resourggs for, the current
wor ki ng t HY thedeginningef quene s fandthe end pf qugne i3 Uiy 1igvhseses ﬂ?“‘i Iln €process

g Busemeo ol

1t
al I ocat i on” 50I current “working 't%read. .The process then
proceeds tappeniitedibyisne skilladi the attaty the idathinpronfshepredeatimamsign shoulk one

enbodi nent of the resoutc CO tati.on-a [ I Esﬁ”:o i on process for
thread 0 é@é&?ﬂ%@y%ﬁ?@?&cﬁpﬂé@mwgﬁéh%&g@gﬂf |nvehtGIi%gn. As descri bed
above, i n gsdi@igs bPihp presat Mvedtion afesapplicable tomyuitler scirmencl waysofir ce
allocation for each,t rea%bgéalge ALP 311 uti lli zes and rm.'hnt%{,’i@ses separate
set of pdesRUSseParttondegy RAHFQR)- Fercxamplearsqius fan RE PR, o' A p 311
mai ntai ns eSSl &hm&ﬁieaﬁﬁﬁsmbﬂqimdwaﬁodswa @iteis includiag bupoi nt er, and
a stall pointer for each thread to conpute the anmount of av iétabl e entries
in the remn@d@ﬁd%@h@lmmféhwb&ﬁﬁmﬁ@c%m@i@%% resource as
requi r ed gL e HeGhal b BleatiB i o thdithiRa £ 31 Asih@fédrple, d N (he
di scussi ont8§ a f&féows,_ the pr esoggi:‘qs di scussed with respect to a
parti cul arresapmeeican bé partitiorsd pritetwot imequat pertionstin which Ye obthe Eesgfec I§f t he
resources needed f or ti | ¢ edSoF s thitireddr €ad O
even thoudﬁ%@%&%%ﬁ%%@ég&#&%ﬂ%l n |§ﬁ%ddg#% appﬁmca le to the
resource qe@M) ation and resource allocation with respect to other
resources. As disgussed.ahove, in.ST node, ea l.S..Whol | y :
dedi cated to screPFREE %ﬁr%ﬁg%fsﬁ%vtgiwt{%gq%oﬁethread 1. In M
mode,  eaclonipaffibh &l Alvcstivh prdckss)ieshoulitbe nbiad, ssexplzined aboPechgefied on i s
reserved for thread 0, ,while ,the, other, gorti.Qn i s reserv. for thread 1. In
one enboditheFRNuke agnal ixassegied @?Wﬂ‘a‘FB"Ww‘a}fm{gﬁiﬁfﬁ erved for use
by thread Hread§, thbssbGined potfiters &% ach fRaufce @fe ihiialized i the agpdipAAL4 VO 01/ 48599

values depending on whether the processor is to run in ST mode or MT mode. In ST

mode, cither the set of pointers for thread 0 or the set of pointers for thread 1 are

initialized depending on whether thread 0 or thread 1 is the working thread. For

example, if thread 0 is the working thread in ST mode, then TO_HEAD_PTR,

TO_TAIL_PTR, and T0_STALL_PTR are initialized to 0 and the end of queue value

is Q - 1 where Q is the size of the particular resource to be allocated for the execution

of thread 0 UOPs. Similarly, when thread 1 is the working thread in ST mode,

T1_HEAD_PTR, T1_TAIL _PTR, and T1_STALL_PTR are initialized to 0 and the

end of queue value with respect to thread 1 is also Q - 1. In ST mode, the whole

resource is to be reserved for the working thread. In MT mode, howcvcr, the queue or

the resource is partitioned into two equal portions and the sets of pointers for thread 0

and thread 1 are set to the appropriate corresponding values. For example, in MT

mode, TO_HEAD_PTR, TO_TAIL_PTR, and TO_STALL_PTR are setto 0 after
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PCT/ US00132241 queue is reserved for use by thread 1. Accordingly, Be
are two sets of pointers that are used to performthe resource co t |28[H
and resource allocation for each resource with respect to thread 0 and

thread 1. In the present exanple, assumng that the size eis
Q and theWOpH#¥htry in the queue is 0, themthe and of ?qgtfi?%ﬂggzé?(EOQ)

Is designated as Q-1 in ST node. In MI node, with respect to thread O the
begi nni ng gfuRe %@F_lﬂgr;q BRAD! FER,@NdTAlL GURLedT_STALL FIR smetéas for thread
g o

1 the beginnin ueue is @2 and the en 11t shoul d be
under st ood QBafte m%w%mwﬂﬁ“@ﬁgﬂﬁf“}%{%’%e t eachi ngs of
t he present gg%q‘,ﬁ] -he Byiskiting thetpoirtérefopqual
partitionin %tﬁ?#e&)(gtu ue” or sour ce. T\ééestQ te?glhl n ofpbth resent
I nventi on amfea@pahd thiedde mmmwmg@mﬁdmgwaf F"@%‘g&“r%
partition (e.g., ,unequal, par Fo g%!ng Bbdif@niCgdeh be
partltlonedquel-‘ﬁ@d’etaﬁg ‘grﬂ?‘éh?ﬂ?gd%ﬁrw %qrn% ons base on varl ous factors or
criteria i ngludi bt be Mocusads cdnﬁgmfeeﬁkamculnh@membembrbﬂﬁﬁf &ds bei ng

eXxecuted co urrently, the capacjty, of the reso rc k€
processi ng such,ovtien ghensoiuters OTﬁH?J’éhﬁadBfitE Tespegto %f&ﬁ{)ﬂ%éﬁgo resource can be

partitioned jnto Wmm aronaduAce i S
reserved fo‘?’dva?fgdi’%geag 2% vﬂ%&b nd % of the reso%ﬂ?ge |S%PPeserved for
anot her thrﬁ@bﬁﬁﬁﬁyed)tok@mknﬁthgwmtﬁwwﬁﬁmﬁ%wr@ Y h respect
to thread O resourc tbﬁEd 5818 S Firstivalué Boul d be

not ed, as e&frﬁaﬁ?%gﬁﬁ‘aggﬁg%pthﬁtﬁ&?ﬁg&é{i% eﬂssl gnal IS zlalsserted and

t he teventf|&eq%ﬁomdmdthHb@o?dmgpdnt§Iaﬂdothemmp 31’9?5— é@&f)m at ed
poi nters for each resource are i.nitj A g%lté val ues -
dependi ng oveluefthrewraprhit 37 ¢fetRQipter is Soglgg un |mn %i g MI mode. In ST
mode, eithegy ?%lngWﬁg&nﬁ@f@dneeﬁdeﬁmple,nﬁ'ﬁﬂsﬁ’éiAIdLPfS&Qﬁters f or
thread | are 1 nitialized dependi ng V\hepgg{ s.g is the
wor ki ng t hr €adrAIEQPTR deraparticulay H““f!-‘ﬁr‘seagﬂ”l?‘i |ng rea In ST node,
then TO HEAQE[P% , & ﬂM@BE%rWQTIQ.S’W&ItEH’MMfDﬂQ umzm to 0 and

t he end of

1vm‘ere£|s t he shﬁg of .t he éﬁeﬁular
resour ce towmmmmmmlarmmfe T larly,
when thread astesdPei :ﬁ&ddﬁaﬂ$¥l&hﬂ.me
initiali zed“’c%‘eﬁ'ﬂ; %&%%@W T1 TA?nL PM end of .queug,val ue with
respect to mm&mmmwm%yme%mﬁ&@ﬂ%ﬁ@“ﬁ&% s to be

reserved for the wor Ki n ‘H-? or the
resour ce i sPFFam F‘i‘ﬂ?@o‘g B&te}gv\%n)eqaai portlons g g‘the sets of pointers

for thread Qm@%ﬂr&&ﬁr@ﬂﬂﬂctﬁchngﬂf&@pmtmmh%m@meﬁ%ﬁy ng val ues.

Eg: 1(:a éamgfg%ﬁe&ﬂfrwﬁd?m&%%%%ﬁ& LRl plrtB0. FR a1 ALL FTR are

Tesouree can be partitioned into two or more unequal portions based on various factors
or criteria including, but are not limited to, the number of threads being executed
concurrently, the capacity of the resource, the relative processing priority of cach
thread, etc. As an example, a resource can be partitioned into two unequal portions in
which % of the resource is reserved for one thread (e.g., Q/4) and ¥ of the resource is
reserved for another thread (3Q/4).

Puefening back to Figure 14, the process begins at block 1401 and proceeds to
block 1405 to st the TO_PREV_STALL _PTR to be equal to the current
TO_STAIL_?TR. At decision block 1409, the process proceeds to block 1413 to
select Q/2-1as theendofqueuevalueiftheprocessorisnmninginMI‘modc.
Otherwise, the process proceeds to block 1417 to select Q - 1 as the end of queue
vatue. The process then continues from cither block 1413 or block 1417 to block
1421 to compute the number of entries needed for this set of input UOPs. The process
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24 1 0 JUN 2004 Wo 01/38599 PGI/ USO0I 32241 NUKE whereas TI HEAD PTE, u;ﬂPNZU[ll»
TAIL PTR, and T1-STALL PTR are set to Q2 after NUKE. The end of ¢ (9

. wWith respect to thread O in MI node is Q2 -1 while the end of queue with

respect to thread 1 is Q- 1. By setting the pointers for thread 0 and
thread | tOOHE corresponding val ues as descri bed above PCIAIS0P3RMUr ce or
queue to be allocated is partitioned into two equal portions. In one
enbodi mentproceadsito blpdle 142500 chmpdiethe héw vilee ft theTat STALIS PARNIh gne ed . as a

circul ar queue or. circular er. As sych, whep the pointers for each
Chr ead i eropgupa, i STALESoCi inccpraiid By tbeiiimberio! spBes BRRed pact
their respesoblyf42ANE oBlaindHehey vARISETP STRLEPIHe For Wkamigd around. A wap
bit is used to keeﬁ track of the wap around situation.with respect to each

poi nter  HO_SBhAhLiIResd 0_STALIWFAR HR1 CHbwhera RBaChd| intheaumberddch thread i s
set to a fj éégt&"ﬁa?ﬂs : I ndihcat: pondi ng

poi nt er hgg&i%%) een w%ﬁ@gﬁ%gﬁhydva ﬁneﬁlgglt“?g’q\l}mg%&ﬁt for each
poi nt er |grdce@g k@woﬂlM7mmmm-mewmzmT£@gmm anli_idugh:L P%ﬁd p'?'StTEATIS TR
corresponding end o etgF or exanmple, if. = - Qr 0_ _
for a partcP’E%P‘é&g'éﬁJ‘gﬁg%f %&‘gaﬁ%a“g@&f@f"? g’mﬁ%ﬁﬁ PRES T1 in M
node, t heRgoitifestodibckil¥3d. Ohs difeustd\bBove, e thelgieuevth B9 allichtell Bére 50 TAI L PTR
with respett_ to that particular gueue is. to ed. This Wr%bjt for each

poi nter i sorfigired as g cirprlarqusys, oncs %Té@i]%&{wm%w Qs descri bed
in nmore d ' Qﬁl‘% 1nA and the cSRR ; %?51 Q%]gopr.eciated by
one skill g%@lknhot e tt a'?_ t%geteac#ﬂg]gn? 0 ?ﬁgﬁg%ggn I nvention should
not in anympdinﬂy.ll"qriﬂtmlcﬂfﬁhé'ﬂgﬁifdﬂa _B&'Rﬁmrﬂimghbm_tsﬂ'éllqlgf\ke or
resource. ..T ' . I i ' . |cable to any

ot her sc e%%%?%&hﬁégggt#géﬁ%ghﬁr%%ﬁ%%%gﬂﬁg%%‘? partition). For
exanpl e, pesenvesfonthrveadarlf the TP STALL PARG: EDQ6 I, ihen the T STALDSPTRI porti ons

based on various factor or. cLiteria.including, Jbut.are not.linmited to,
Che. nunbels TRPREAAEEY Wb s B it e SretrEvEReriot of R SREBRBE LY of ¢ he
resour ce, afd® ontIThk prRedtnPscd-R1 fidtd K16dk! M3Pto HeEK 430N 6Lk 1988, As an
exanpl e, a resource can be partifioned into two unequal, pertions in

whi ch' /, 81 ToRRTALL Jiik-is cpmpsred with 40 FAIL RTR taken wigcopgidgration ey and' of t he

reSour Ce Ygueslof BB bitdidsseibeddWith TV STALL (PR 4id TOAATL P TWPACK Lo Figare
14, the process begins at block 140T and proceeds To T©Dlock 1405 to set the

TO PREY Stgtermi Khereage enougi freyamivies in b guene tsalilgeptethrentiiesdeci si on bl ock
queue val THREC 3p ot ARRRER I G HbeTS STRTLERIR £ o deap it 17 ON0 O e
proceeds foo TOI DA, FIR is 9, and tiedd; STALL PR is preatenthan theile TAIL _PTR

then there is ot enongh room in the queue to allocate the require entries for thread 0.

If there is not enough room to allocate the required entries or if T0O_CLEAR is

activated then the process proceeds to block 1447 to activate the stall signal for thread

0, T0_STALL (also referred to as ALstallT0). Otherwise the process proceeds to

block 1443 to deactivate the stall signal for thread 0. The process then proceeds from

cither block 1443 or block 1447 to block 1451. At decision block 1451, if

TO_STALL is not active then the process proceeds to block 1455 to allocate the

required entries in the queue and update the TO_HEAD_PTR to reflect the allocation

made. Otherwise the process proceeds to block 1459 to restore the previous value of

the T0_STALL_PTR in preparation for the next round of resource computation and

" allocation for thread 0. The process then proceeds from either block 1455 or block
1459 to end at block 1491. .
X should be noted that while the process is described in a sequential manner,
many of the tasks performed by the process do not need to be done sequentially and

L
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val ue. The process then continues fromeither block 1413 or bl ock 14’#%6‘5’\?
bl ock 1421 to conpute the nunber of entries needed for this set of i 1004
UOPs. The process 25 1 0 JUN 2004 WO 01/ 48599 PCT/ U500132241 proceeds to

bl ock 1425 to conpute the new value for the TO STALL PTRP%#}U%)% "

enbodi me WO OI#f9rO- STALL PTR is increnented by the nunber s
conputed in block 1421 to obtain the new value for TO STAlI,L PTR For

exanpl e, c'gpbﬂdﬂelinﬁi@]ao?ﬁﬁfﬂhhntﬁi&&pmﬁd@l\ﬂiMF@Wmﬂi s the nunber of
entries needed that is conputed in block 1421. At decision block 1433, the
process C}WG@%WW&‘E‘R P87 to wrap around the new TO STALL_PTR and

toggle the ceihasA9RRIWIS Nivagtith of bnd dmbadinentefthprsturthie respective EOQ

Gt herwi se the pgtocess continues to block 1439. As g(i?ﬁlgg?sagied gove, si nce

t he queuecotnpuhﬁomhﬂmmaﬂma@@mcﬁémﬂﬁ@éé&c%d‘&g Pmﬁf}’ ue, once the

" TO STALL PTR advances _past the FAQit needs to be w apped around and the
e B B

correspo T needs to be toggled accordin li‘{i’k For exanple, if
the TO STALL RE —haa@abmmﬁduaelmmﬁgn@mmsdm@gp gevBhd to 0, which

"is the start of the respegtiv or,ti on_of .t.h for thread O.
1f the Td@Wﬂi@fﬁPR’tF%ﬁba&?%h’@‘ﬁ@ss@ﬁﬁﬁ%$géﬁ%§%sﬁ¥§geped around to
1, which js;the sf@lhe Sordpitte vaERTbindingarwtitier the provessquisdenydl us 1,  and

so on. The process then proceeds from block 1437 t.o bl ock 1439. At bl ock
1439, t him STon@iBAr MPmIRAe.s conpared with TO TAl _PTR taken into

consi deration fu1dcl€ SUT &1 dobdebdsas BIREL 25 towtthe TO STALL PTR and
TO TAIL PTR tJh"%e ernqé%s%r? b

ether there are enough fr entries in the

queue to i |PREM STARE BTR td besequal de;thic cament T i:ﬁgrﬂrowﬁ, the wrap bit
for TO STALL PTR.is" t bt Tloke FAIRs fos tteadd t he TO STALL
PTR is gr%wmﬁ@%#@%ﬁ?%ﬁ%ﬁ%ﬁeﬁ% i s not enough foom in the
queue tO hd SERbEthéncontiagesits blodnt 521 de cdmpute the verbey of eptries @8 ot enough
roomto allocate the required entri b {eSthe A& batad ed then the
process pﬁ@é@%ﬁnﬁ%ﬁgp&c a2 tl %ﬁﬁ@é"%@‘ﬂ%@%‘%ﬁﬁ%l gnal for thread O,
TO STALL &akaery SFALL G¥R Onate Ahisddimédt@he TIXSTALL PFRiib incpressiesds proceeds to
bl ock 1443 to dgactivate the stal i | f.ar. t.hr e process then
proceeds bYWWWé@%WE@?%@%@P&%%%%@%PfﬁSl. At deci sion
bl ock 1454y 4furFOpFi/b: ditmpRl TASTALE, PIRR THSTALDCBER RGBS to bl ock
1455 to a F-oca ethe required entries jn the queue Pd gggf\t&the TO HEAD
PTR to refvhaeR_CNG inthegumbeisd entrggfeed @t%ﬁﬁ%’g’ﬁéﬂg kdél Bhceeds to
bl ock 1453 Lo restqr DLy 2tk 537, 5EL SPASIAPTRPTR i n
preparati lﬁ?‘%‘gsgzé’@? oundﬁo!f. resource conputatij,on ang]

advances past the corresponding EOQ. Otherwise the process continues to block

1539. Since the queue to be allocated here is configured as a circular queue, once the

T1_STALL PTR advances past the BOQ it needs to be wrapped around and iis

coﬁresponding’map bit needs to be toggled accordingly. For example, 1fﬂle

T1_STALL PTR=EOQ then the T1_STALL_PTR is wrapped around to Q/2, which

isthosta:toftheconwpondingporﬁonofﬂ:equeuerescrvedforihrcadl. Ifthe

Tl STAI.,L__P'IR=EOQ+l,thenﬁaeTlﬁ_STALL__P'I'Riswrapped around to Q/2 +

1, which is the start of the corresponding portion of the queue plus 1, and so on. The

process then proceeds from block 1537 to block 1539. At block 1539, the

T1 STALL_PTR is compared with T1_TAIL_PTR taken intq consideration the

values of their corresponding wrap bits to determine whether there are encugh free

entries in the queue to allocate the eniries required. ‘In one embodiment, if the wrap

bit for Tl_'STALL_PTR is 1, the wrap bit for T1_TAIL_PTR is 0 and the

T1 STALL PTR is greater than the T1_TAIL PTR then there is not enough room in

the quene o aliocate the require eniries for thread 1. If there is not enough room in
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al l ocation for thread 0. The process then proceeds fromeither blocﬁdtﬁ?S
or block 1459 to end at block 1491. It should be noted that while tHeJUN 200
process is described in a sequential manner, many of the tasks perforned

by the pr not need to be done sequentially and 26, N42004 VO
01/ 48599%@%@4/ 32241 can"be done in parallel or in a d(??ﬁerent order
provided that there is no |ogical endenci es between, thqgse tasks. Figure

15 shows tha@dwmmhlkgataﬁhco&qmém@d T1_SLEARs1gnakis apewstedcBeput at i on and
resource allocatio 10 achings of the
present (PHQREFTRT 8‘??%1’295%51;4{1%&:&‘%& “}‘%?g&?(ﬁ ugg%;%%él i s asserted
and the Mﬂk@:@&ﬁﬂ%mW)Wm@emM&@oWimead 1, the
associ ated pointers far I ni gd IE'& appropriate
val ues delsastiyaisdh %ﬁﬂ@\ﬁ&‘ﬁgfr%’ 85"58?5%? 3 adjﬁﬁ% #hgtlﬁrmde or Ml rmode
The proc§$2 gp%#g1ﬁ7@bmlgﬁomg%1mQM1tmelscm.L:hSﬁ& to set the

T1 PREV E be equal to the current T1 STAL|L PTR.T process then

pr oceeds mbvdﬁhmtlhermssmo@edsé@beﬁﬁSé%au%ﬁegﬁde‘B’F grres eUe for thread

1. The process .th onf Q%?ij R?E‘E{‘é&%}? £ Q¥R OthbRAsdweber of
entries ‘H’dﬁ?&&ct&% ! G?)?Rnpu eoprocess roceeds to bl ock

1525 to mmmmassemmm@moﬁmmﬂm AdePdBbodi nent, the

Tl STALL PTR |s |ncr ment ed b he nunmber of e in bl ock 1521

to obtai ridPFEERER TRSFINCS COIRY ‘&I‘—’Br‘m‘%@a"%ﬁ’mﬂ%‘%&l\LL PTR =

T1_STALL 4k %Ml whags Ro =BT biosk 11 585 drbiveke 155 toend atitdeckridBtied that is
ock 1551-0

conputed Tn At decision bl gck 153 t he cess _proceeds to
bl ock 1537, i fit shpulde apied thpkwhileth aa@e@p%&aiﬁiw@bm&?

QL her W S & LR He6ES Bk guregyaﬁ plcbolll Bkt ok Bbe SuBs@uEdtalguslic "o be

al l ocate ré s co as"a circul ar eue once 1 Tl _STALL PTR
advances mbtdﬁﬂmﬁ@ldtwm@ﬁmwm .correspondi ng
wrap bit to ccordl ngly. For exarrpl e, |f the Tl STALL PTR
= EOchéf?Pf'ﬁén %ﬁ%ﬁ@fg I's wrapped around to Q’2 which is the start of
t he correspomhgtmuﬁrshomubcnd:weﬂmermmm¢ fOI. If the T1

STAL | PTR EQQ + 1 hen ST P Guto Q2 + 1,
whi ch i s ReHeIRHg “%g?’i‘%gmld_nm Egﬁiﬁon ypt e queue pI us-1l;, and so

on. The &%ﬁ@ﬁmﬁb@ﬁrhbﬁ&&e&m fridntielad baic dbb&in parallil m@kertsbgk At bl ock
1539, thecycle even though resource aﬂocahonisperfonnedﬂoronethrcadatahme In the :
discussion that follows, thread 0 will also be referred to as the blue thread and thread
1 will also be referred to as the red thread. Accordingly, various operations or
pointers associated with thread 0 will also be referred to as the “blue” operations or
“blue” pointers, for example TO_STALL_PTR will also be referred to &s the
BLUESTALLPTR. Similarly, various operations or pointers associated with thread 1
will also be referred to as the “red” operations or “red” pointers, for example
T1_STALL_PTR will also be referred to as the REDSTALLPTR. In addition, the
discussion below will focus on the operations and computations with respect to thread
0 (the blue thread) although everything discussed herein equally applies to the other
thread (thread 1 or the red thread).

In one embodiment, the stall computation unit shown in Figure 16 can contain
several logical blacks that operate together to perform the stall computation with
respect to a particular thread, ¢.g., thread 0, and to activate the appropriate stall signal
if certain conditions ere satisfied. These logical blocks include: a first block that
performs UOP decoding and counting to determine the number of entries required in a
particular resource to execute the input UOPs; a second block that computes the
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T1- STALL PTR is conpared with TI-TAIL _PTR taken into consideration t[ﬂ?
val ues of their corresponding wap bits to deternine whether there UN 2004
enough free entries in the queue to allocate the entries required. In one

enbodinment  if the wap bit for Tl1_STALL PTRis 1, the oeddzahar T
TAIL PTRYQ Y4839 the T STALL PTRis greater than the Ti- |_ PTR then -
there is not enough roomin the queue to allogglie the re e entries for
t hread .1. avhiﬂabldmmecsrmthmesomm?@hmibbﬁﬂh#c?m@s / 48599

PCTI USOCO 41 t eu QidinERn@nh K tiscki T the T

1- CLEAR st L&Q@lﬂﬁe %@ﬂ&{ﬂ#? process groceeds fo bl QCk 1547 to
activﬂeltglge,egﬁﬂgsta]ﬂmﬁbréompMOEﬁdmdsm uesd i d to as )
ALstallT O herw se the p cee activate the
stall si gwamutaaﬂnmﬂhéaﬁ“f°°‘£rhé%ﬁéﬂ%t‘£"§“{?ﬁ8%5%?€£% ﬁ?é r#s“d%g bl ock

1543 or bl o waitﬁ Zsﬁwt&ir@ﬁhﬁiﬂmﬁmm@mﬂmbﬁmwalﬁﬂgmmm STALL is
not active en't process proceeds to bj ock 555 to Iocilte t he

,required wntpmaasnforbp thehread, @ s thrrad & gteione myparayel iy B % ef  ect the

al l ocation V\q%ﬁgfﬁg DEDGEEH: Wa&ﬁ;&bl ock 1559 to restore

t he prevrﬂ’ﬁg %gsggﬁ ZEI?A PTRrr n preparation for the next round
of resource cREfeiag higin wrkigurie!16cmset ofithieo nputly 53%“4 theirhe process then
proceeds from either 555 or c @5, ALesksicl591. It
shoul d bewdmﬁéfﬁh% g0%%%%8€?§°¥b£§escrl b@(}d} n a sequential manner,

many of tﬁo gﬁmﬁtfl&hd@%ﬁﬁ mhmmran¢pmmddnthndecodsbqurmab@@@ne
sequent i y an

Chat t her eoinplogicdgi LRt gl SnauurEs s pahrhate P A il dfl P O LEL

a bl ock di a{q;@& I0R the Bdundhl RPIRAGEN ate ten latchpdibiydheni ng t he stal |
corrput atlglg%or threa es gﬁg Eia

conput at i ]:ntuhmgrdehgc mlrwlém;g%%g%ﬂ%&é%t %ﬁé%tﬁgné}% hl%Ia ?;alal/er y

cl ock cyﬁ eveg,f,g DOub of [Efirel hPdeRdrnBiRd by tﬁé%ﬁmﬂﬁbéwﬂone thread at
atine. Fq‘r SCuUSSI on at foll ows, thread al so &e]referredto

as' the bl ﬂesﬁdmmnm@ndlsnhewmumm,cdrw%ortbqlérﬂh@adw%% he red

t hread. Accordi | | Eh‘éfcﬁséﬁa%ﬂ ed with thread
O wll al %%@5?@%%% @@%ﬁﬁég&%ﬁq&p?{)ﬁ@gﬁons or glbﬁée poi nters.
for exanphgry Sl ¢1 F58 il lif thetesor dxectiydive entsids xequired; enftC2 BSEHSTALLPTR
Simlarly, varlous 0 rﬁtlons Qr _pointers assocrated with thread I wll
al so be r éfidhere cfeq'g'ﬁg'ratrons or fed" pointers, for exanple
T1- STALL PTR L SRR mgﬁwlmeme%&ombhbhaﬁEWtPWWWMMWn t he

di scussi on beI ow wi [| focus on t r on th respect
t o t hr eadavailability block, computes the nurm Lo R0 E REBHACE bd RANGw

Since the three input UOPs 1607 may require yp to three entries in the resource for

" their execution, there are three different scenarios that need to be considered. The
first scenario is that the number of entries required by the input UOPs is one and the
resource has at least one free entry to allocate which is sufficient. The second
scenanomttmtthentmberofenmss required by the input UOPs is two and the
resowrce has st least two free entries to allocate which is sufficient. The third scenario
is that the number of entries mquncdlsthrecandthsrwomehasatleastthreeﬁ-ee
entries to allocate which is sufficient. Accordingly, the subtract logic 1631, subtract
logic 1633, and the subtract logic 1635 are performed in parallel to compare three
different values of the stall pointer with the value of the tail pointer taken into
consideration the values of the wrap bits associated with these two pointers to
determine the resource availability with respect to the three scenarios described above.
The values of the wrap bits need to be considered because the resource is structured as
a circular quene in this exaruple, as described above. The subtract logic 1631

=
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O (the blue thread) although everything discussed herein equally apql Lm t(]ﬁ)
the other thread (thread | or the red thread), in one enbodi nent, tQ 2004
stall conputation unit shown in Figure 16 can contain several |ogical

bl ocks that operate together to performthe stall conputation with respect
to a par tWM¥¥hread, e.g., thread 0, and to activate t RETHPVHH ate
stall signal if certain condl tions are satisfied. These |ogical blocks

i ncl ude: @oﬁﬂu{réstﬂnbkf@hkofﬂhaburrqneﬂﬂbpmdm ade (SialPigt Brwdtictbevangef t o

deter m ne the nunber of ntr uire ource to
execut e t e taihpeipter HfR, tafen g %@%ﬁ%ﬁ?ﬁ%@?&@% 0 JUN 2004 WO
01148599 ﬁgW%ﬁ&e%&ﬂb@@l@ﬂﬁb&&lbﬂlfﬂia'eiseﬁmtbﬁcﬁmth| rd bl ock
that contains stall conditions related to

%{&r ke, condi tions
that are emtryinrthe resetres tapBoostec Af ihews.arenorfEsg eptHes oppess O o1 ns st al |

poi nter co t GipitoFehe fibtrdee st al |l

corrput auB‘H{BP{Pa}Idﬁcés é%lﬁ}@f‘%ﬁ: %&%@%?&Hﬁ&g??gtlon of the fourth bl ock
i's frowg ct&Bmma{wafmmmmmmﬁ?emesmmpmmmﬂbmm az .

menti one ove a u ion fo rea are
done in p&ﬂ‘hﬁl%W’h&éﬁW%l% gf‘%w%g tb‘ %’H’B‘ft%%rﬁsource al'location is
per f or medyfep W&MW&&&&@M&E%&WWWﬁWw 16, a set of
t hree |nput s and their correspondl ng valid |t.s%6}go7 %% inputted into

a basi c dethetwdss. SEhecoutmrsrony fhe sphigact logigd B3q Enbigetilest es the input
UCPs and Bl e Bes e B Sbud BB ik 9677, T lEGIA 68DGHlesl 617t hat

counts th entries ‘required based upon the ti;pes of the input

UOPs. Thecm&mamﬁm&mdnmmw@utbw@mmm@%ﬁm BiGkE3%c by t he

| at chi ng devi ce [ QV S gl s to the
sel ect or M %&Q@#ﬁﬂ%’ﬁﬁ@%h@éd&w{ﬁ;@g@@e Ired as determ ned by
the count e611.. Ifﬂa%ﬂnpinmmslrequﬁrgﬂyen&@wmm@%m@etwms Co, Ci1,
and C2 of the Tatc 1l .are s f h unting

| ogi ¢ 1617"*30@@3?@55@?% iéﬁ‘?ﬁ%“’l eou ‘@&?:’I&‘?‘P@‘ 8‘%‘4‘9‘% Py ?‘e;"ﬁﬁ’?ed dis
set to | hﬁ;uiﬁéﬂ’ﬁ fafte 6§ Gird mﬁlwﬂﬁﬂmlmtwemwhchcmmmstoset to 1 if
there are éxactl ree e t equi.red ri ure 16, the
second bl 3€X7 tosF tF“e?‘EP‘F te‘°$'%l§§r&€“”%§"¢§% %%tg#cg

comput es Lpg.n Eﬁ%g19fset%/ﬁ'ghalmcﬁcame§tte%eledmrtmmfo&smrmeouapufﬂm ows. Since
t he three™ i nput

{oi - o othetmiomact10g8y 634+  no ek Kqpev e Bk SPHIDPH SRk el (o be
Fhe 1 nput CBaPLl bt 18 I kleR clebB 14373 MEDE oot S To
al | ocat e b sdlecter 1687, bassdemon thEiselectsignalg representing the number of entries
required by the input UOPs and the signals representing the number of entries
" available in the resource, generates a corresponding signal indicating whether the
resource has sufficient available entries. As an example, assuming that the input
UOPs require only one entry. In this case, the counting logic 1617 will set the CO
input of the latching device 1621 which will canse the selector 1637 to select the
" ouiput from the subtract logic 1631. In this case, there can be two possible outcomes
depending on whether the resource has at least one free entry to allocate. As
described above, if the resource has at least one free entry then the output of the
subtract logic 1631 is set to low, otherwise it is set to high. If the ontput of the
subtract logic 1631 is set to Jow, there is at least one ﬁeeentyinthcresourceathhat
is sufficient because the input UOPs only require one entry in this example. Ifthe
output of the subtract logic 1631 is set to high, the resource is full and the required
entry cannot be allocated in this example, which is a stall condition. As shown in
Figure 16, the output of the selector is inputted into the OR gate 1651. The output of
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scenario is that the nunber of entries required by the input UOPs is‘lﬁvﬁN 2004
and the resource has at least two free entries to allocate which is

. sufficient. The third scenario is that the nunber of entries required is

three and the resource has at |least three free entries t g?}dﬁ%rﬂﬁlv‘h' ch
is sufficVEAPHESor dingly, the subtract |ogic 1631, subtr ogrc 1633,

and the subtract logic 1635 are perforned in parallel to conpare three

di f f erent yedeleetdr D§37treresahta b btalb comdition dwé tolinsuffesiephreseures. the tai |l pointer

taken into consjderation.t WL a jidfd W th these
two point etcgo@eﬂrdgﬁﬁm%°f‘ﬁ%*f°§§bﬁﬁ3§és%tv 111%30&? t%at'um respect to the
three scepalings Jei@agll bed above. The values of the wap bits need to be
consi dered because the resource is structurtg séeil (f‘i %Iﬁﬁtr gueue in this
exanpl e, as dederdessabedaboves thefed blogk 1‘6’9‘11 9% 545" FUN 2004 WO
01/ 48599 P E&Hﬁ éctiditions 2643, poi nt er
pl us one (@%%W W t ﬁﬁsﬁe val‘ue o tﬂﬁgégg%or nt er 1629 t aken
into COﬂSIl@%&hﬂﬂi&GRﬁlkeabndwndﬂTheab@mp&qﬂdﬁdwm 1681t The out put
of the subtract 1631 is . set to tf@Rdr one free
entry in taqditpe M@W‘B’@ f’sgm?fm]? éér‘ﬁé“éé’?gg‘%‘éi‘ir@e entries in the
resource, hgred ggm@@w,ﬂsmwtmcm&mﬂmm@mmo hi gh.
Simlarly, the output of the subt{.ﬁ Qi &5%0# z%ShQ owrf t here
are at | edbiead Quwyilt peastivaied if gy qug 0 5@8&%&?‘@@’ 5 is set to
hi gh ot herwi seg ed‘*tm" S%lock AR oA Ftéhe Shbidiaer uPin gpbrahadgbrupliatiz i s set to
at | ea

low if there ar st three free entrres in the resqgurce to allocate
and set t abévakke oftheratallgoinder fi tﬁé“g VEEPYS| ogi ¢ 1631,

subtract Io '. 1%%+¢§]§Or é‘iﬁéu#e@ﬁhﬁxﬂﬁ%ﬁ% Hrghletdput t ed i nto

t he sel ect € Sele / sel ects he output from
subt r act |tﬁﬁh({31 titréeal) stall poititer yndate funstienality: Ju this emgpodimp %@gﬂﬁr t he

output fromthe s btr | .0gi ¢ l Q%Eﬁ_pﬁm%, ff thrédaout signal's
fromthe %&'ﬁ?‘ﬁg B’%’%@Afg'?'fa%@%ﬁ’g B‘@ S re tﬁﬂFe only one entry,
then COig blﬁ@stshl ettaltpmmwsforﬂmeadél(ﬂaemistalmtw adlamgt t he out put
fromthe subtract npu entries,
then C 1 |%ﬂﬂsl@tnt?1 %MJ&@E %@%ﬁﬁnﬁ%%?f 5se?ect t he

out put fr deﬂo@&ﬂ@ad&BfﬁxﬂeﬁdﬁmbpdmbWﬁoeﬂmmﬂ t hree
entries, then C2 is set to hjgh I ch causges the s 637.1,0 sel ect

t he out putcommmweﬂéhetttaeﬁgt&y ’BE’WWWF@"J C#%&Pé%%f?%td by the

i nput U@iﬂgﬁﬁ(: Q‘%an?ointa%ﬂbeﬁ&oﬁﬂeamtbnspﬁvioﬁsmwmmatMS t he

sel ect or | ow val ue as its output The sel ector 1637,
based uponallobatios id raade in thgdast dodkepr esent i ng t he number of entries required

by the 1nput Uk Afln et 19/t Sew GERESITE dulltpditer RHEHRE (elsont 11 €

avai lable I b resourc generat es a correspondi ng sj eﬁal i ndi cating
whet her t heferred to as TO_STALL PTR or BlueStallPtr) 1791 canbesetorupdag

different values by the selector 1781 based upon the select signals 1777 and 1775.
Basically, the value of the BlueStallPtr is updated based on three different SCENATiOSs
according to the values of the select signals 1777 and 1779. In the first scenario, the -
selector 1781 will select, as the BlueStallPtr 1791, the output of the selector 1767 if
the second select signal 1779 is set. The sclect signal 1779 is set according to the
Nuke Done signal 1701. In this case, when the Nuke Done signal 1701 is set, the
BlueStallPtr 1791 is initielized to its appropriate starting value, which is zero in either
ST mode or MT mode. As described above, thread 0 pointers and thread 1 pointers
are initialized to point to their corresponding partions of the queus based upon
whether the current processing mode is ST or MT. For example, if the current
processing mode is ST, the end of queue with respect to thread O {the blue thread) will
be set to Q — 1 by the selector 1733. If the current processing mode is MT, the end of
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resource has sufficient available entries. As an exanple, assum ng that the
input UOPs require only one entry. In this case, the counting |ogicl At 200
will set the CO input of the latching device 1621 which will cam se the
selector 1637 to select the output fromthe subtract logic 1631. In this
case, t herBOSYBR t wo possi bl e out cones dependi ng on whetTePSWFE4 s our ce
has at | east one free entry to allocate. As described above, if the

resource hmsuswit wapict ortireid @ghedrite threaflewilltbe setaaQist 1 by thetselecterubt r act | ogi c
1631 is set ;5'0 | ow, otherwise it is set to high. If the output of the
subtract Ilga 'c 1631 is set to low, there is at |east one free entry in the

resource and t ipthe sbdond sdehirid, 80 6l BRSAUTSE will seldchy valubSthe pleyiouequi re one
entry in this exanple. |If the output of the subtract %cﬁﬁ%l is set to
hi gh, the stadiqpomtador threed, 0 (PravitallPi 17 Hcasithesvpluedpr the Blusg B l'ocated in

this exanmle L ohel t: %[qug L : shnotEkigUr e 16, the
out put o%%%m%;%}%g?gn}l?%ﬁilﬁ%% e ng nt o tcﬂlegﬁ gg?g%% . The output of 30
1 0 JUN 20Myrefife:, G tHiS&eserio(Iht BESHBP® 4191 is ecstondddmthto itsa@gviousyalisent s a

stall condjti due to insufficient resource. ordi.nal ¥, J.f .t he out put
of 1t he- vortbie Bfied oué Rgnalfatof e 4 Ry 0 ﬁ‘ﬁ%lﬁ’&ﬁg‘gc‘%r?&ﬁh%%i"ﬁéf%‘&d 0O wlil be
act i vat ed.cjAg Bies WiitPtieh BhueySiall Blue, Sthll Bihel Qelc. edindfahess different stail al |

condi tions such as , CRCl ear_and CRNuke conditjons. The signals representing
CRC ear coruditionsfze ingutdo the Qf gate 1idd %@W@W@%W#ﬁo‘%% are al so

nput ted igyg i7he B cHAiEd 0l ohd it AR i 1Rs AAIDABL igmBESENt | Ng

resource s \ conputations with respect to other resources are al so

i nput ted ithe sall printeracgds to be estored Aacltocdtsmgryoussisll valugia weflegishe B68r  thread 0
will be a |va5ﬁo%ﬁg%?gyl&g%qngel§spa?wput signals to the OR gate 1651 is

set. Figu I's a bloc I'agram of one enbodi nent of an apparatus for
updating the Unthethinscédasiosthaselectooil ig lewilk solect the eutput®f therseletlplie t hr ead)

based upo rious caondit]| ' . 0 t{h i-sgussed herein
i s equal | ;{ﬁﬁfﬁ‘ﬁ%&‘b‘wﬁ%ﬁk‘fﬁ%‘g@?ﬁ?fg@%ﬁ %&}%&Pﬁgﬂﬁnﬁgr updat e

f unct i onalgpd bt sdtyl.el,if there tmrkiire mient tuftbrione of the stall bomditions #ri thisad Giiser s t hat

ot ol 1 pol BEERY, IS ceteni e e sope prBLHokeeAES i IR | Dol nier). and
one st al lpRRkNPE1700%Will heinkRmkitedby HvAacicortesponding Srthe dimbertof it i s assumed
in every clock g%attgfbge machi ne woul d no%lv%qt'i Il dg&g t.ﬂglanext stal |

poi nt er t aeqwired,entdes me&%% %Mﬁﬂ% s if the

al | ocat i ol & fiBAfs Bl GAABAI bites touifdtdytad pit UOR Sincaakd quabed, L he

stall pointer w )e restored back to itS previous value to reflect that
no al | ocan tharexampledsieirauiar, theBleeSiallRir mex be wrapped around if it advances past

the end of its comresponding portion in the queue. Since the input UOPs may require
from 0 to 3 entries in the quens for their execution, the StallPtr 1719 which represents
the current value of the BlueStallPir 1791 may be advanced by 0, 1, 2, or 3. To enable
fast computation for the new value of the BlueStallPtr 1791, the four possible

different values of the StallPir 1719 are computed separately and compared against the
appropriate value of the blue thread end of queue (EOQ) in parallel to determine
whether wrapping around is needed. The selector 1737 will select either 0 or StallPtr
+ 1 depending on Whether StallPtr + 1 is greater than the EOQ. If the StaliPir + 1 is
not greater than EOQ, then there is no wrap around. If the StallPtr + 1 is greater than
EOQ, then it is wrapped around to point to 0, the beginning of the quene. Similarly,

. the selector 1739 will select either 0, 1, or StallPir + 2 depending on whether StallPtr
+ 2 is greater than the EOQ. If StallPtr + 2 is not greater than the EOQ, then there is
no wrap around. If StallPtr + 2 goes past the EOQ by 1, then it is wrapped around to
point to 0, the begitming of the quene. If the StallPtr + 2 goes past the quene by 2,

32 -



As shown in Figure 17, the new value of the stall pointer for threag

(also referred to as TO STALL PTR or BlueStallPtr)1791 can be set ,UJUN 2004
updated to different values by the selector 1781 based upon the sel ect
signals 1777 and 1779. Basically, the value of the Bl ue.f,tht @ § updated
based on WRPHESH fferent scenarios according to the val U€s o e seI ect
signals 1777 and 1779. In the first scenario, the selector, 1781 w ||

sel ect aﬁentxhg“Bbppeéﬁoatdt@pomlmgllik%eoﬂwpﬂ@t@fﬂﬁhm sl eider 1767 it the

second select s 779 i.S B t according
to the Nake? Bb{;tgﬁgf'g"#aﬂcp':fm%g&ﬁ“% ﬁlsé%%@? §“9 the Nukegge"’rale si gnal 1701
vl e, b oL e SerD ey her ST gmde o it e bed sbove. "
“thread 0 Hdinm%leﬁﬁ%l?%”égaﬁ?“ﬁ‘gﬁa’gﬂ’gchaﬁgeg% et°f£ﬁ°§‘“ﬁo point to their
cor r espong %838&&1%%& 1?57’{}};@%11 PUESThORESEr ITB9)or thhGltherofttiee cur r ent

processin For exanple, if.the current 7LABrocesm ng node
i's ST, thelentl T, tpseiupontheiselec sigadiprovidedihy dhedatching devies 1% hread) will be

nd of StaeosRREAROHBRE TS ab e R Bag) 48 S SepERRERCE L2 o 1

thread O {inquithif fmalmtl]l?mwﬂtusdmte@emenmwahméorsrbt ector 1733. In
t he second scenario the or 178 se I of t he

previ ous BWP% Lot Efrﬂ‘?lﬁi’m? éé‘fﬂ“&eg’ “%%mlcp_ﬁﬁﬂ%&%“?o? he val ue for
t he Bl ueS# % b&uodnﬁ@afubh@llb@@l@tﬁda&ﬂgmhvmfon s set and the

second select S|g al "1779 is_not set. 'Therefore ario, the
BlueSt al | BlueStali®n 179, Hitheinpws A/QPsasquis 2 ey %M%ﬁz he Nuke Done

signal is not s wifbé MDD tﬂ,ldgwqmwfbﬂmas IS present:

C ear Bl u¥® “W&{EF iHﬁiﬁueﬂ{dét ai Bl Ue, St aII Blue + AI(#J of these
di fferenthmwmdme&mwmwsmMW t‘flbel ‘“ﬁ% t put of
which is used as the sel ect ﬁéte@ BSYaRB®aene ONice it IS
det er mi ne®f i tﬂ'ﬁ?@ﬂﬁ%ﬁw ?i%?gl S égi?evsg taI | "poi nter needs to be
restored BRedtal@r i1, previ ous stall value to reflect the fact that no

al l ocation was nmade in the |ast.clock. i[igE §%an fdrhe sel ector
1781 will sel éemmevo@tﬂtﬂ ff’ﬁé‘ gg‘lwg%q igg new val ue for the
Bl ucSt al | Bl hhrde/ S feredt sB@iatossRbcibed sbogeal s 1777 and 1779 are not set, i.e.,
If there 1's no nuke event and_non f the ] | thread Ois
present. Seengigl c¥een }&%@“ﬁ) raé’:fﬁgﬂt tﬁ%%ﬁﬂg\orkl ng thread,

t hen the , Stall Ptr 1791 will be increnented by a value corresponding to

the numbel® St required entries to be allocated, assum ng that the queue
has suffici entBlacﬁinl]P&b'l'@

Scenario 2:  'When NUKE DONE is not asserted and at least one stall condition
(e.g., stall due to insufficient resource, stall due to CRClear, etc.) is present with
respect to the blue thread. .

 BlueStallPtr = PrevStallPte

Qeenario 3:  When NUKE DONE is not asserted and there is no stall condition

present with respect to the blue thread.
If StallPtr + R_CNT is not greater than the EOQ for the blue thread thea

BlueStaliPtr = StallPtr + R_CNT
else

BlueStaliPtr = Wrap-Around(StallPtr + R_CNT)

where R_CNT is the mumber of entries required by the mput UQOPs.
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entries to allocate the nunber of entries required by the inputtJOP eﬁj%ﬁ
the queue in this exanple is circular, the BlueStallPtr may be wra&g N
around if it advances past the and of its corresponding portion in the

queue. Siywefoiidaged Nnput UOPs may require fromO to 3 entrippgnisiesig queue
for their execution, the StallPtr 1719 which represents the current val ue

of the BlueStallPtr_ 1791 maybe advan ed by s 0 enable fast
conput at i on foFISPFFe §xbamyap %BF‘U%@{OQWW f"12 a,ra four possible

di fferent e heQlioddiBn &ﬁ!&%ﬁwwla&@ﬁer&@mms&wam and _conpar ed

agai nst t abproprl ate value of the blue thread end of queue (EOQ in
paral | el ﬂ:mad.elmomnmommdﬁm@pbm edponecthread epnalieqsie iF|9BY sel ect or 1737

will select eit allPtr+ 1 is

gr eat er tﬂé{f‘P?lﬂ‘g‘ﬁ&wﬂﬁﬁ%@acpm?h%wwno%%er fhan EOQ then

there is a%ry\e]d 3 clwrmmfofretmgwﬁ Lﬂt&&hssbmixedm@mmﬂatthmdcms | tlhen it

i s wrapped aroun oint. to ni.ng o ueue. Sinmilarly,

the sel echesdvageed dPﬂPHCﬁgF W%@%@WIEBPQAQWE dependi ng on

whet her Sé]éi-folnﬁh& he? phriclkrSRc R 'Iﬁ:?%@aéﬂlﬁht&@@ra‘ﬂar&hﬂﬂhﬁaﬁ,fﬁrZ i's not
than e EOQ

greater then there is no wap around. If StaliPtr + 2 goes

past the Mpﬂg/thneadlomﬂl nof bé advencadincthie dﬂdﬂ%&lﬁtm“'hﬁfélq{bﬁt@@wt he begi nni ng
of the que 1 0 JUN 2004
VO 01/ 4859809 é’%%@ﬂﬁﬁ%ﬁs %{'&%gmﬁgé%’e@ aro to p0| nt to 1.

Li kew se, refib& tht n6 allovatidyé madk inl thateloek cycde.t O CRNuke, Bfierzhe siate 8t al | ft + 3
dependi ng_on whet her . the St al Leater, .t he EQQ Tile

out put s oﬁmww%ép fq%gthé%eﬂ%&gi:}ﬁ %&\b% ed to the

sel ect or paki bhen AR, Bhe hetpamtekywill by vpdate@ togint thetdppropﬁahanged val ue of
the StallPtr, the output of the sel ector 1737 H?tﬁ f t he sel ector
1739, or Topations i F%ﬁ“‘ﬂ’ﬁ% o fieprcsysing made agse G@‘B’gﬂﬁ e K8 ect signal
provi ded by, eg.ias gs% th@&ﬁ@w&ﬁﬁgﬂﬂmsf\%&{ﬂtﬂwﬂhﬂmﬁmmpm UoPs 1721

require no ueue hen the current value (unchagged) of the
Stal |l Ptr mﬂammewmwfmﬂlwﬂmwwm@wm&w all Ptr 1791.

| f the input UCPs amﬁw:“ Pr%!ﬂt &H&hgﬁﬁ'e gpits
correspon Fﬂ'écuv?/?efip roun ue b%F e ected as taﬁel&’r;lﬁgw val ue for

Bl ueSt al Iﬁbde Jﬂmbnewmmdemgmdemmstheemheedﬁommmth @it her

he now vERCov e uSE R el DRGSR RN oG tE e gt 1o ot o0 o

require %cﬁﬂttblﬂﬁﬂacghhng oéﬂielqemeﬁtvhbmﬂtheheaﬁpomtersfwﬂrmdrlaslﬁmm ng wrapped
around value wll be sel e%fug f&% the new value for the BlueStallPtr 1791.
i n sunmmar Ypdated do PR} to Hre piddlg,of ag QuBCRe St a1 | Ptr 1791 is updated as fol | ows

for In one embodiment, there are three head pointers associated with each resource
or queue: one head pointer for thread 0 (also referred to s TO_HEAD PTR or |
BlueHead), one head pointer for thread 1 (also referred to as TI_HEAD_PTR or
Redhead), and one head pointer to be used for the current working thread (referred to
as HEAD PTR or Head Ptr). In one embodiment, 2 thread bit indicating the current
working thread will be used in addition to the working head pointer to solect the
appropriate entries in the queue to be allocated for the input UOPs.

Referring to Figure 18, the new value for the Head Pir 1891 canbe setor
updated to different values based on different scenarios according to the current
allocation thread ID 1801 and the current stall thread ID 1851. The current allocahon
thread ID 1801 is used to indicate the particular thread being allocated in the current
clock cycle, i.e., the working thread. The current stall thread ID 1851 is used to
indicate the particular thread that will be allocated in the next clock cycle since stall
computation is computed ahead of the allocation. The allocation thread ID 1801 and
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the three different scenari os descri bed above: Scenario 1: When NUKW
signal is asserted indicating that the Nuke event is done. BlueStall 3‘19"
Scenario 2: When NUKE DONE is not asserted Pnd at | east One stall condition
(e.g., stall due to insufficient resource, stall due to CRCIg& i“ﬁtc )t is
present Wid yassdspect to the blue thread. BlueSt U tt' = %

Scenario 3: When, NUKE DONE is not asserted and there is no stall condition

present with res the bl y @xclthdiond l:ﬂS’Ilrwh:ncleWs not greater
t han the@%’%@?‘gf liﬁiﬂeﬂﬁ%r eag)%ﬁ{etﬁﬁ Bl ueSt a IPt Ptr + R CNT el se

Bl ueSt al jpt dtggcléﬂ;c]ﬁlgﬁﬂiﬁtthﬁ&lectorlm\mw R"‘]Pﬁ]"ﬁ t he nunber of

entries requ y the in B0 ot hre 8D 99

PCTI USOO!;BQ@-IQIJ m@%l @HW@%@%% I"agram of one enbodi nent of an

appar at uaa gp gﬂﬁﬂ ﬁr&hm@tdmxmmw&mmmﬂm@lﬁm pBEsL e t he

* required k) or t wor Ki n&o@ﬂ-&;ﬂﬁ Fll W@g 55 @S descri bed
above, ompbih iadieaté red)alendheselsrtph FF%?"’ 5‘?{‘} cl’'ock cycle even though

stal | conputat i gjd i &h&ﬂm%hwm@m@/ﬂﬂél ock cycl e
- Ther ef or &he Y @Jﬁlﬁglﬂ%rs asscl)ffctlﬂ%%ﬂgg‘wnth a rt%‘hﬁﬂ“g tiead can

advanced (0| (4RSI UK Ylut, ithep ke vatusof thepeadpoinies rce al |l ocat | on i s
performed for that ular .t ﬁ%d 8 pqlt'ﬂieaﬂscdmn a particular

t hr ead, ft‘mBl“éﬁaﬂ%l gg’[‘f#‘é’éaﬁﬁ‘%@ not ebggvgncegﬂlrag t he g_.oock cycle in
whi ch eit @gbﬁmdmmwmmmmhsmm okdB iPOFFT O sserted with
respect t at partlcul ar éﬂgfﬁaﬁgvnﬁhgs {éﬁ%ﬂe%mﬁ—lmgmlon is made in

t hat cl oake neddhread ate I'n the RAT 301 has been
recoveredgiagsgatg} |e1tﬂ&rthd@ﬁplitofthb6¢1wtwfﬂrséad§° have been
h poi nt ers w |

T%ﬁ&: | onsoriputoftheadeses meaths%irq‘-fpi VS %‘éé@ﬁ%@%é@?*ﬁfgfﬁﬁuﬁﬁifSpé'ﬁﬁtee
|f the new l&@fﬁgﬂt e%%g%g@sor y 1h8 WNIP e 1B30and tre ORs g €ei ther the

head poi nt the head pol ters be

;,Iﬁdat gdotﬁ, bl totthe AND gaeghmm ﬁ@@%&‘%ﬁéﬁggﬂ)&gﬁmﬂet her
rea or ea e new

processi n@ em&’@mﬁtﬁkﬁg%%e 935 oi nters for t&ﬁhrﬁgds 0

1son1yset1fbothoftheses1gnalsareassa't i.e., nuke is d onefor
Thcreamfommpu:stothzORgatc]&S Acoordmgly,thcow;)utoftheORga.te
1835 is set if any of its four inputs is set. ThefourmputstotheORgate1835
representthedlﬁ'aentstaﬂoondmons for either the blue thread or the red thread
which are selected accordingly by the selector 1825 based on the allocation thread ID

1801. ) .
- Refarring aga.m 1o the selector 1855, there are three different scenanos that can

oceut based on the select signals from the AND gate 1830 and the OR gate 1835. In
the first scenario, if the output of the AND gate 1830 is sct then the output of the
selector 1845 is selected as the output of the selector 1855. In this case, the new value
for the Head Pl 1891 will be initialized to 0 or Q/2 depending on the current

processing mode as indicated by the ST/MT signal 1822 and the allocation thread. In

the second scenario, if the output of the AND gate 1830 is not set and the output of

the OR gate 1835 is set, then the value of the Head Ptr 1891 is not updated. This is
the case where the allocating thread is being stalled and therefore no allocation is
made. Accordingly, the Head Ptr is not updated to reflect the fact that no allocation is
made in the current clock cycle due to 2 stall condition.

Tn the third scenario, if both the outputs of the AND gate 1830 and the OR gate

1835 are not set, then the output of the selector 1840 will be selected as the new value
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and | will be updated. In this case, the head pointers for thread 01\/\¢]Iu gﬁl
updated to point to the beginning of the queues whereas the head poi tJ 'F
for thread 1 will be wupdated to point to the mddle of the gueues. In one
enbodi mentyoh)pisee are three head pointers associated w th peghsdoRssdirce or
gueue: one %ead pointer for thread O (also referred to as TO HEAD PTR or

Bl ueHead),,. one_head naint.er._ .far read TI HEAD PTR

or Redhegﬁﬁmﬂgbﬂe% %g}enc%%rvilege %Egﬁﬂs@wg%@{nﬁéﬁc‘h?‘?ﬁ? wor ki ng

thread (r%faﬁrobﬁaﬁb@pr@atmm&raﬁfmmm?mﬁtﬂaggmabt@hmwam s t, athr eﬁd

bit indicating the current rking thre W S in.addition to the

wor ki ng hé’é(écgm EHS%Pégﬁqqh@%ﬁgﬁPgmﬁ@oﬁﬁﬁg?ﬁsFﬁdﬁ‘?@kqu‘eue to be

al | ocat edﬁé@%tﬂéﬁush@%%h Relreiilby, [Tdhe vllsi o tecH ekl Phi 1391 pRitheal ue for the
ca

Head Ptr e set or ~updated to different values based on different
scenari os cauntorlde 3§08 i5 grester than therend ofquene ten # Wil be ageppedbarpiad BYd t he

ised to | et B stec ey outif oBA R hurll SOPRAGE BOUSEL | o

cl ock cyclerredpotling tap armmbiivalge bimed emlthe Tévalt ofithe enmperiseh genemtestly | D 1851 i s

used to indicate the ti.cul ar threa h i in the next
cl ock cycl@%l%‘&llgﬁ'é@r?ﬁﬂﬁ’éﬁ?%c ?egw%wﬂ %ﬁ'g%egge(i#%?%’g&ﬁl | ocati on.
The al | ocabi,Qamt FsraBsHedd BPDEbiand 34 1 0 JUN 2004 WO 01/48599 |
PC r1UsS00132241 the stall {)qu}ead J D 1851 are inpuited.to.,a nutual exclusion
| ogi ¢ 1871 whi &he masRiionhasbeeniescrbed g cpupetion iththe BefRds for (he sel ector
1881 accoreﬂiga%g?& evﬁhgfﬁtaammas altklaf6 @l inddifichicevatiRticdk8add and t he
stall threa 51. It both the allocation thread 1D 1801,and the stall
thread | Duss5will bawppresiaied bythoseskilled i @@mbﬂ?ﬁfﬁ?&@&?%gﬁi@w bot'h
indicate red), then the selector 1881 will select the output of the.

sel ector 1855 as the new value for the Head Ptr 1891. If the allocation
thread 1D 1801 is red and the stall thread ID 1851 is blue, then the val ue
of the head pointer for the blue thread (i.e., the BlueHead) 1860 will be
selected as the new Head ft 1891. If the allocation thread IDis blue and
the stall thread IDis red, then the value of the head pointer for the red
thread (i.e., the RedHead) 1865 will be selected as the new Head Ptr 1891,
The sel ector 1855 selects, as its output, either the output of the selector
1840, the output of the selector 1845, or the current value of the Head
Ptr 1891, based on the select signals that are generated by the AND gate
1830 and the OR gate 1835. The two inputs to the AND gate 1830 are the two
signals indicating that Nuke is done for the blue thread and Nuke is done
for the red thread. Thus, the output of the AND gate

36



is only set if both of these signals are asserted, i.e., nuke is done for
both threads. There are four inputs to the OR gate 1835. Accordi ngly] Juth0L
output of the OR gate 1835 is set if any of its four inputs is set. The
four inputs to the OR gate 1835 represent the different stall conditions
for either the blue thread or the red thread which are selected
accordingly by the selector 1825 based on the allocation thread 1D 1801.
Referri rwhe}gai El.to t he selector 1855, there are three different scenarios
that can” 20cef “B%%léd on the select signals fromthe AND gate 1830 and the
OR gate 1835. In the first scenario, if the output of the AND gate 1830 is
set then the lodt POEEsSPT ¢AMPIISiT: ect or 1845 is sel ected as the output of the
sel ector 1855. In this case, the new value for the Head Ptr 1891 will be
i nitializef ibsnfttion deliverd epgine ingoremnt fetck ifstractions ps be exiited bydhke as
. indicated by the STMI signal 1822 and the allocation thread. In the second
scenari i - Of | d e out put of
the OR dat eési%@ nﬁg &lgie*tal,lﬁtoﬁtégn}e%{ﬁgp\s/gﬁﬁo n(])afBcolh ?ﬁ:%%ﬁ%s%??n%ﬁﬁcps not
updated. This.is he case ere the all.ocatj.ng,thread i.s bein tall ed and
heret or e HACRGEIR ieesvF St HEDs SRR e ARG oD SHIB eREeheiR 106 PRgv i dat o
toreflect the fact that no allocation is mnmade in the current clock cycle
due to alcation Werpedsser.regonraerequirdd for theenegution of theljosthuctibes kaseput s of t he
AND gate 1830 and the OR gate 1835 are not set, then the output of the
sel ect orupbB84Re tdrtdnt porcesicihede. as t he new val ue 35 10 JUN 2004 WO 01/ 48599
PCT/ USOQ 32241 for the Head Ptr 1891. This is.the case where there is no

nuke event a i I i1 erefore the

current Headr%t]iﬂg%ggcfls%ergggla%Eib‘iéhegg‘\ggirﬁ%‘lélgﬁa@%/g%%%raﬁgg%tbd?%eésq;al ue to
flect th nb f tri ted jn this clock le, Si > th

e | TR B ol epIuraay,Poihecant Tk ApHye U CUFTsat PORSSPEMAtEoy pi us

the count value 1808 is@greater than the end of queue then it wll be
wr apped srgle fiueading and Slecadlogaton 8xignajalportingl afdhe procésser restupeet toeacthef t he
out put of the adder 1826 or its corresponding wap around val ue based on

t he resuht phuoitity o€ ttrenpatimag cgrntend e thy curfdneprooeRmizanddeds ¢ 1827. The
out put of the selector 1840 will then be selected as the new value for the

Head Ptrydfigdreadife | Nvention has been described in conjunction with the
preferred enbodifrent. It is evident that flu merous alternatives,
nodi fi cati ons ariations ses W Il .be appreciated by those skilled in

d
the art in | i%,jh e(?fo%eﬁséorf%?%%izﬁ‘&hc&?gbri ption. 36

if the current processing mode is single threading, the allocator allocates an amount of
entries for the jnstructions from the one of the plurality of threads in the processor
resource if th?. processor resource has sufficient available entries and wherein ¥hc
allocator activates at least one stall signal if the processor resource does not have
sufficient available eniries; and,

if the current processing mode is multithreading, the allocator allocates an amount of
entries for the instructions from each respective thread in a respective portion of the
Processor resource if the respective portion has sufficient available entries and whereiﬁ
the allocator activates at least one stall signal if the respective portion does not have

sufficient available entries.
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1 0 JUN 2004 What is clainmed is: 1. A processor conpri sing: anirwtrg?hi%m
delivery engine to store and fetch instructions to be executed by th N 2004
processor froma plurality of threads based upon a current processing node;
and an allocator to receive instructions fromthe instruction delivery
engine and to perform allocation in a processor resource required for the
execution of the instructions based upon the current processing node. 2.

The processor4, dhepradesdot ofibkirgi3snvlidiéinahd Peah@ionaleliveiyengink ueds thbigt processor
resource to a one of the plurality of threads that is active if the current

pr oces g BROS Signdt SRR SE 0k 8hond difof! | 0cator assigns a port ion

of the processor resource to eac ality of threads running
concurrently jf _the current processing node is nmultithreading. 3. The
processor of ingierﬂr%fW?éP plimdrwhegen bﬁ#"éﬁ?d@ﬂd@@g%’ﬁ@%%f&@l%i ngl e

t hreading, the allocator allocates an ambunt of entries for the

i nst r uctstailed ifistmetivheindherespedtive thrkart @l the yllefatdriif thadsleast ohbetajirstmasisor
resource if the processor resource has sufficient available entries and
wher ei n dcheatedl! | ocator activates at | east one stall signal if the processor
resource does not have sufficient available entries; and, if the current

processi ng n, i | i threadi,n t.he al |l ocat or, al |l ocates anount of
entries for t 'grhleﬁ’sr@éﬁ‘sé riooﬁfsaa%iqgr4 o‘%‘%&%ﬁh‘? lé’gg'é%foﬁfj@ﬁf’w&}amﬁfgtgh?é’specti ve
portion ofb the processor resource if the respective georti on has sufficient
avai | abl WoERENIBSEHONARIR Ao ther flaread tooha eBecaterif thatabieasitone stadlsignab st al |

signal if the respective portion does not have sufficient available
ent ri es.foBthekepedtine DO idactivaredpndcaidsaothef thedadiigmet stklrdei n t he
instruction delivery engine uses the at |east one stall signal to perform

! ! ( 3 ( H
its correspontiThe gredbzédrdT clann 4W&rﬁh%§§r§gﬁtg>§ #ﬁﬁ&fﬁ%%&é} a%‘h:

instruction delivery engine re-fetches ns 1 n
respectiye I alof i.f.the east one stall signal is
acti vat elﬁ.aly.ﬁ ige ntﬁ?‘&é@%s%irocé}g clr & %#’uls’\%%ﬁlg{ {tletrf‘?é’e?th‘?t &ililso%ng%tﬁlvery
engi ne fetche§ a shu%zéquli:nt Jdnstruction fromanother thread to the
al locator if ¢Hemsthqddgrplleratingprocesser iaeurcesttyra piosessers eqnethed t hread i s
activated and said another thread is not stalled. 7. The processor of claim
4 wher ei99mpBsmgist ructi on delivery engine fetches an invalid instruction
to the allocator if the stall signal for the respective thread is
act i vat ed. fetching instructions to be executed by the processor from one or more threads based

upon a current processing mode; and,

performing allocation in a processor resource required for the execution of the

instructions based upon the current processing mode.
9. The method of claim 8 further comprising;
assigning all of the processor resource to a one of the plurality of threads that is active
if the current processing mode is ginglc threading, and,

assigning a portion of the processor resource to each of the plurality of threads
running concurrently if the current processing mode is multithreading.

10. The method of claim 9 wherein:

if the current processing mode is single threading,
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8. A nethod for allocating processor resources by a processor, the netqﬁﬂ
conprising: fetching instructions to be executed by the processor f AdhGhH0k
or nore threads based upon a current processing node; and, performng
allocation in a processor resource required for the execution of the

i nstructions based upon the current processing node. 9. The nethod of claim
8 further conprising: assigning all of the processor resource to a one of

the pluralityaetatidy f@Hoimar ehtfiedfor iheinstnictiole frohir the bhe of the phighlitg offode is
single threading, and, assigning a portion of the processor resource to

each of {h | it f t i.n I, 5 . ent

ot ocessi Mg Ednf ohackseP} pospEane RGPS AREE R Wit dpltadERICHEARE, |
the current processing node is single threading, 38 1 0 JUN 2004 all ocating
an amourdof entries for the instructions fromthe one of the plurality of
threads in the processor resource if the processor resource has sufficient
avai | abl e entactiesting #trichsaons stall signaldf the pasdesson eesdiudk ldosd gnakve f t he
processor resource does not have sufficient available entries; and, if the

current ngg,ﬁ%gggam%%@ !l tithreading, allocating an amount of entries
for the instructions from’each respective thread in a respective portion

of the progessor resource if the r ect.ive portion has sufficient
avai |l abl e Igﬁlerciu&c, ?g’i‘?&esélﬁgir{}%‘iq‘ﬁémﬁﬁ&fe@g@tg’ one stall signal if the

respective portion does not have sufficient available entries. 11. The
nmet hod of cl allecatong ar apennt of apirics fargheisisimeciione fram ¢ash sespestiveshigad insi gnal
to perform corresponding functions by the instruction delivery engine. 12.
The et hogsgdctive portiohoffthy proe¢sseravivursd ifitherrespetiedpordon had ugfcibmist r uct i ons
in the respective thread to the allocator if the at |east one stall signal
is activiahRsble tdtried hgmet hod of claim 11 further conprising fetching a
subsequent instruction fromanother thread to the allocator if the at

| east one st . SJ: I rt respeehive thread .is.actiyated d said
anot her thr eg‘icf lhlvgin%% IE{SEPP%%}.%I TE fﬁ%‘cﬁstpﬁ eﬁor%‘i”h'ii‘?ﬁsi‘fyﬁ%}’retsﬂ len

conpri si ngjftﬁtchin an invalid instruction to the allocator if the stall
signal fARlgHeep ctive thread is activated. 15. A processor conprising:

11. The method of claim 10 further comprising using the at least one stall signal
to perform corresponding functions by the instruction delivery engine.

12. The method of claim 11 further comprising re-fetching stalled instmctiﬁns in
the respective thread to the allocator if the at least one stall signal is activated.

13. The method of claim 11 further comprising fetching a subsequent instruction
from another thread to the allocator if the at least one stall signal for the respective thread
15 activated and said another thread is not stalled.

14. The method of claim 11 further comprising fetching an invalid instruction to
the allocator if the stall signal for the respective thread is activated.

15. A processor comprising:

means for fetching instructions to be e);ecuted by the processor from one or more

threads based upon a current processing mode; and,
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means for fetching instructions to be executed by the processor fromone or
nore threads based upon a current processing node; and, 39 1 0 JUNI!SaiA 200
means for performng allocation in a processor resource required for the
execution of the instructions based upon the current processing node. 16.
The processor of claim 15 further conprising: means for assigning all of
the processor resource to a one of the plurality of threads that is active

if the curpRms oF 9@1%15:&1{1% allBéioh $n & pAtk&of se@dt Reuired thr theansuhied of
assigning a portion of the processor resource to each of the plurality of

t hr eads and . i [ focessing node is

mul tit hr]‘!(ialg(%&l[&’l r@gtlﬁﬁ#ﬁéﬁgéﬁo%gSc:ég%ﬁﬁ;g&%séﬁ%@@e.m(ar ein: neans that are
operative if the current processing node is single threading for

al | ocati ng anl&nBgmroessserpiclas kiSfurthercompsisinget i ons fromthe one of the
plurality of threads in the processor resource if the processor resource
has suffi cineats foy asdiglihg ak of thegBoceasd resd0ide @k oRg oBthe lphaakitywTemseidl | si gnal
if the processor resource does not have sufficient available entries; and,
means t (= b Mfer : 4] e is multithreading
for al P%tggtﬁiaggpﬁﬁ&gén%unt ltgotcg%tl%ég?%rs [gﬁééﬁ?e%g.?%m rons from each
respective_thread in a respective portion of the processor resource if the
respect i ve 87 PO ASHELNE A PPTIOPA ke Igr\?&‘?sls%fb‘rsﬂ)“é?ﬁtf’ieé%h, Oﬁlﬁap i‘li”Vé’g ing at

| east one stall signal if the respective portion does not have sufficient
avai | abl ireads rurssng gencumgetlpif sheeutant pfocessitigrmade it anttidreadingpr i si ng neans
for using the at | east one stall signal to performcorrespondi ng functions
by the instrut?.iThe etdsy@rof changi Ifewhetbin: The processor of claim 18 further
conprising nmeans for re-fetching stalled instructions in the respective

thread to b 1. 8] I tivated. 40
10 JUN 200%%%%%%@8?%@222%@%@%ﬁ%ﬁn&@% A Sc@%"é‘?ﬁ‘& Bans f or

f et chi ng guent . instruction.from.anqther, thre tQ the allocator if
the at " aleatii B8Rt ARBHiaH T e tsbey S it oot S PP hRe e DiRege and
said another thread is not _stalled. 21. The processor of claim 18 further
conpri si WJhFBEATESSOB FespRIce pf the PERFEFSOV Edspurce hesssufficientawaiable tuiries, land at or | f
the stall signal for the respective thread is activated. 41

activating at least one stall signal if the processor resource does not have sufficient

available entries; and,
means that are operative if the current processing mode is multithreading for

allocating an amount of entries for the instructions from each respective thread in a
respective portion of the processor resource if the respective portion has sufficient
available entries, and activating at least one stall signal if the respective portion does not
have sufﬁcit;nt available entries.

18. The processor of claim 17 further comprising means for using the at Jeast one
stall signal to perform corresponding functions by the instruction delivery engine.

19. The processor of claim 18 further comprising means for re-fetching stalled

instructions in the respective thread to the allocator if the at least one stall signal is

activated.
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20. The processor of claim 18 further comprising means for fetching a subsequent
instruction from another thread to the allocator if the at least one stall signal for the
respective thread is activated and said another thread is not stalled.

21. The processor of claim 18 further comprising means for fetching an invalid

nstruction to the allocator if the stall signal for the respective thread is activated.
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