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PARALLEL PROCESSI NG COMPUTER SYSTEM W TH REDUCED PONER
CONSUMPTI ON AND METHOD FOR PROVI DI NG THE SAME FI ELD OF

WA RIEINMIENTI ON This i nvention relates to par al PEI/US2008/011079
processi ng conputer systens, and approaches i ntended
to reduce the power consunption of |arge scale

PARBBERY PROCESP B SSVRIL ER ySHSERY  WITACKEGROEMFOMER TAQRSUMPTION AND METHOD

FOR| RRAVNIPTNNTRE <3*¥Pr ocessors have evol ved since their
original creation, now boasting billions of
transi stors with picoseconds of sw tching speed. Over
time they have gai ned enornnus conpl exity and have

been optim zed £p . l'icati
such ag speegi e Bﬁ%@gt]{ g SWE;V %)pokcgolng;ﬁ
This 1&%%&11' tiedR a?zﬁi%l Pf&@sﬁﬁg &ﬁﬁ;ﬁﬁé}aéyst‘é SHPIppré ey intdided to

hel r nore- power f cousins, conmércial file servers.
reduceCﬁhe ppaet ¢anshmpiign Dﬁtaegmabqlarallei processplgosysiemst ar ge
arrays of conmp ' e rches
povver t he Mﬁé@ﬁﬁﬂ(@%%if@m Eﬁfﬁi‘ﬂbﬁel | - known
ernet . rchi LD
ﬂpré)gﬁs 21}71 ypl Ca 1{/1@(? fgle ro%lg?l{c?l gx%gﬁg %ogxnl?éﬁﬁné/\ﬁﬁhons of
trans1s€&ﬁWﬂlﬁﬁccﬁb@@oﬂd§ f swabifing Gﬂ)ée\de IGBdr tlﬁleahs}EHd\@f'gaSI&deanﬁnous
such as the well known Google website. Google, and

complexifesnst havg been optirﬁme@ AR paéﬁcwrgsslé Pk ?ﬂﬂhk’ﬁéﬂm syh gs speeding up
cxising 508 Aoyt RSP LL AR PobBRHPBy P nd
their morelpblvytfabcasiispedmmerial lfikd ssrngt.- connect ed sources al |

over the Web/world. Wthin fracia ons of second of

pOR¢ BRIHCHGT T IRfenseastiv ik Farloying g arays o (Fgpyters 1s the

LG | I
e
Internétn Sesrekingabr pafieulencesent As thdWebos emactofitydypichldptaguested by a
content on the b.and urrber of i.nter o cte

clent {RRSER TRGET FBi Sh TS SRIFPGEPitfe AUTTSFY i kg Google

websulée@fo% 1eS &R §fReRNKeNE $mpRH At ﬁal@@ﬁﬂlﬁ@knd\ﬁ’{ 8s & SQrfthtedgine,”
I% l'enge of organi zi ngﬁt he billions of web pages

which (efﬁq1¢11t1ycm)sts dlirough the)avahiatile fstkad mﬁpropn@eqtm wel sites aggdhelr

arch haye nalnt i ned 0 -
undeerWﬁrcé? 9@51{1& ﬂ@elflge%% oMY 3%0“5“8 (dq Ja Fla{hte W/g%élidf Within fractions
of a se8&RI §fperRemlinga séﬁ@clﬂ&gﬁé‘slt ,%hé Mclﬂéh\gﬁleﬁt bRy raTass ity the

dat acenters and f them wi th hundreds of thousands
requesgng Pis Aswdummoys (18 mapyespsesy Bpting of applipaple pijes and textual
pa allelismof their search algorithnms by dividing up
referenc % . !
web pages anongst their servers so that each server is
r &s prengilinh e of availhbRroohtengow tHeyweb amiadumigsr of éntefcotineted
Internet, Search Engines are now buil di ng new

requesing sH@nt b HewarseorHeRly §) E?"%‘thﬁélénieéf FhgUes, Bk pe Foogle;
have rfFErg td th chéllé?lf e ng’anfillx%ﬁlé ibBlibYs SSRGS %}f?&ﬁs@f ‘words) that

at acerters are eryexpen3| ve an ]
make wp)ﬂnstlnmmen oBucipseacthbmmgines beeswaimyaindgd (ahé atxomptﬂdéo improve) the

respong{v%{q%ﬁts gﬁ% qught ?%elrnseggz?l resu? ' \i’%rd% ti’{’% tﬁey@a c[r)eatec{ massive

datacenters and filled them with hundreds of thousands of PC-based servers. They exploit

the massive parallelism of their search algorithms by dividing up web pages amongst their
servers so that each server is responsible for searching only a small piece of the Internet.
Search Engines are now building new datacenters because their old datacenters have

reached the limits of their electricity usage (megawatts). These datacenters are very
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The ability to divide a search task into many pieces
i's somewhat unique to certain types of tasks, which

w0 e@afosaséerassi ve parallelism(e.g. sinulation PET/DSBNN$011079
circuits is also nmassively parallel). These algorithns

often differ fron1the % ograns for_which eXIStb %: di
expenshie e RO LUSBHEIATaYRH IS CEAMBREFSHTY, dhe AAMRYYT PHBLEF YA In
their sef Y?Lv\éfae &te Iﬁwéﬂ%ﬁﬁﬁgﬁnc' es of program steps,

Ivere rough a pipeline. An exanple of a seria
délp abdtm (:cydl\)ml.el asebrhvthkrigtcamanybpisces, is acmuewhatsmm@de @ertam
ul.at e

types of sk Pt higapre Pistie Pealisy (daSETvNGR pEPRM Gt so

massw@l!y%fdlfebWhe@ﬂ?@ﬁﬁlﬁ{s)’ofteﬁ diffé¥orh the proSrahey S Whi@dexisting
hout ‘regard to each other. hi various Ia@ge scal e

micropgeessopy eye dsem gptsl}lmeénmmqlh those that fnyolvecicaakdapgndrasigs of

o b SSE] S PRRIRE SHASHPBILN sl ffdencs woula o

where £ BCLESAnAE i§ YisédRARo chloglatech 8g. B8Ha= Mlﬁé curEhoseabefore
data centers. The power consunption of sone |arge

calculating F.eInbp caserfonasgely resicd plgofEns spRYsAsALE Hand f's are
ts of their existing
daennﬁbcﬁﬁﬁﬁggéﬁg%@ggggnﬁ%ﬁi some of these web search data

e Rhigs s lhgeacile datappyedsihg sysaand, ithére $s drhiatreasing acedkfs tools to
nore el ectrical_power. As newer processors

reduce paygr eansumeHony Thisippatiedladya profilem ip lareppealgparallel processing
systemgjI @ajledlflgﬁ YRR W d&dn fd@tsatc%ﬁtepsr er%taﬁ&ﬁnﬁtﬁ;ne(?f 'some
And MUl tipte processor cores as i ncreased
large sdald web sduréihéata oertensihhaapproadticé as exaended the power limits ‘of their
pawer - consunpt i heat_, and gost Wth the cos

n, of
existing g1 {FS o ACEHAINENESOME, A hS5e MFe B H@taaceﬁﬁeascléasvgiﬁe% moved to
fac111tle§gﬁﬁ%aﬁ'agée@£ nﬁ@él@&n@ﬂcﬁotv\}e?nal server capacity may not

he best solution to i ncreased vol une in search
adctiewer pesessods mahefastuiedvy compgnieaisnehyasplated of pnta Clara, CA

nave pBYEEA R sty b B ke ity Prso SpRETHE"

increastd, R wath th@sdfconhE ihcfeasin R WEREshiEnRivhaht) arﬁlmost With the
(e.g. simulation of brain circuits is also massive

cost of gaergy los|the rise siseply|i |ug€<§¢asmgnaspr@f:q8éw gisHerd and/phadding cadhtional
server %""5’?.&{ azméafng{ be\:/\@]]e %Ig§tes)31u§1 &E&F(’&ﬁ%%qg 'S armxalxj?ﬁgsnand

hose i nvol ve ‘ser

others ﬂ@@ﬁﬂ%&ﬂﬁl&l@ﬁpﬁﬁll&@@ﬁﬁﬁh&it eps del i vered through a
pi pel i ne. )l e of a serlg ndependenc woul d
d

WFayeyep the eblhtyao Yidle Ehej sgaigh &ask dniognany RIS tl%sqm%h*ﬁ unique to
certain %ﬁ)es Of Taskd, v6h gEd\ﬁ/IrF kDQWYE P?@{l@l'fs?n g@# Gith@latiBg of braff circuits is

case of massively para thns, conversely,
also mz(SsB'eB/rpireﬂleft) dfesel elgeriﬂimmﬁam dlffemfrometgapnbgram@&xrlwhlch existing

BN AT O S TR it
prograﬂ‘l%tegg (fé‘l‘l‘%/@re@rt%hgﬁ ﬁtp'rﬂe@iﬁet RatexBin ?}@ ster sethf dpeRidncyRRAM be

performance in | arge scal e paral processi ng dafa
where  etec.sandwhis neededitn tcallcniategf (012. £ eduTifhgonhmiupt igwee before

ch ar s..shoul d aII
calculagg%ieﬁ{)tﬁns ﬁgﬁe d?‘?sﬁ}é’re %feg 61§P§{WSQ cg?/\éetr n§’¥¥os %nd f’s are
determRRBANRAL M3BFEIORASISbIALE SO that serial tasks are stil
avai | abl e, but those tasks involving
It is highly desirable to provide improved computer architectures and methods for
providing and using such architectures that provide sufficient speed performance in large
scale parallel processing data centers, while maintaining or reducing their power

consumption. Such architectures should allow conventional software and operating systems
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paral | el operations can be achieved at significantly

i ncreased performance thereby reducing the burden to
W@pPoy216Or e numer ous, and nore powerful proceRCGDUS2008011079

expand capacity. SUVMARY OF THE | NVENTI ON Vari ous

devel gpnent s ar sented in the. res Iosur
to be epplayisl WeHHRPSBID Gt BaGETBLAPKRAS St Pvaéf%g#p glét {hpgaeirigvolving
paralleg’gﬁf@ﬁtlcﬁ@ REh! Hpta&ﬁlgvé?lf at Q?gh?ﬂiéaﬁh?/ HPERES bODorH¥EE Mereby reducing
.0 In large scal e parall processi ng systens).
the burAetdict éroplay nore ahineravas andemots) peoter fud progessbrdte expantberpacity.
fromthe description below The invention presented by
t he dlsclosure be directed to a system (a single
system or m :&QSRéﬁleéf Y E r- readable

nedla &_ nmedi um or pl.ur al nedlag or an

ﬂg? ?Weiql? Bﬁhe ?I‘S?CI‘% ﬁl&s%re t? CI'VC OI‘IC rOI' more
objecti%éC @d'r(iﬁﬁﬁl leVWécﬁc SoWer UQﬁs%nﬁ;tlth)‘?Rﬁﬁh@ \BBRERg systems (e.g., in
descri bed be OW. or pur poses of this disclosure,
large s@spaailmmmsgyg tsmraﬂ)d/zbddm@rqb ot elternatixtaabliestiveslivall be evident

| ural) and not a signal by itself. In
ﬁomtﬁﬁ%ﬁagg %&Wh one enbodi nent of the disclosure,
Spitifventior phéseiic bydRél disblosilte ints/ BedEiradtedad aRggems@ainte

node including a web page collection, In addition, the
systemsyaadterm gyaignng mmdacm@butg@mé@bl@ srtiagsingls medivetes plaral
medla)r ?] ?q}/aqr%bo\f%g(g/ry\%}l % 1o\é1\/|§ l‘t)he{%%~I (e}V\ﬁogr éarﬁgl%eﬁra%ggl%[ﬂﬁgé/ with one or

more o G GibdIRGESs dBsdribsd BWAWC at dreaipoees dfhtals diesésurgisgdtetnheans
search query. A search Eage returner may be provided

systemygnil(of CP@pe@ﬁwagia\al@dn%a gle Ar plugal} and IEPéérSIg%l )] isell
rlﬁl qléceoq'dz?r%g ith Jﬁbe exﬁﬁanc ggtyoftﬂé: hféglgs&e l}/gtem ma%be \%owﬁed which

I'cl ency- processi ng subsyste
includé aﬂWlebl pasge $dapghaarissnclading lhevdd pago celanion. dn edditof, thesysiem may

to enulate N virtual processors, and they a
includgpep gwerdcqnéglur% tp rgcelys, f1QH} @ BivVER s o ieh &350%{&%% gearch
query 1%1@1581 e WVordd, %Qkhrpfhetrﬁﬁe N d4hubddudlse BER PESSQR $ts own collection

ccesSes” menory e nenory accessed by each of the N
that besti mﬁtulathememhsmerys A:ragartiepml\netumrmm previded iwhaelt s,

nenory a cess B h of the N virtua
ConﬁgﬂFgé wiypsto;t %Pﬁﬁggg %ﬂgﬁﬁgagﬁndon1access menory ( DRAM
)The doidk BlayREsitié Bpok-eHicidde {QW&@KIJ&@SMQMW&% which

description below refers to the acconpanyin raw ngs,
includesfMpinpashsors:i ‘Ghe M processeisage eenftgureshie canieg H%‘ém“ abprogegsors, and
sea o) i.agr
ey s SRR B R s D SRR ALy B speor e N

virtual ipfocd@sddrPadccseaieatoref an illustrative enbodi rrent of
search processor systemFig. 4 is a block di agram of

arhefraememyraceessed by gaghef therbovrthalmroesssys gwyrhe - In select
o BT EaEif o B HLE P B iAGE i

random access memory (DRAM ).

BRIEF DESCRIPTION OF THE DRAWINGS

The invention description below refers to the accompanying drawings, of which:
Fig. 1 is a diagram of one embodiment of web search system;
Fig. 2 is a block diagram of an illustrative embodiment of a web search system;

Fig. 3 is a block diagram of an illustrative embodiment of search processor system;
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core; Fig. 6 is a block diagramof an illustrative
enbodi nent of search processing system enpl oying

W@ e@pok1ps ocessi ng cards coupled to a central PCT/US2008/011079
processing unit (CPU); Fig. 7 is a block diagramof an

Rt AP R Tt S g g BN EL reroh processor

system Fig. 8 is a schematic diagram of a conputer
screen, or portion of a conputer screen, including a

dugfi gwﬂamloduagmreoff another Hiugtratige embodimeshefa search processor
flowhart of an illustrative web search process; Fig.

11 is a block diagramof a given node of a search

PistERa Bib&k dligrahﬁoﬁarﬂﬂlﬁgkat%%ﬁ{b@ﬂlrﬂént@f BeR¥lepRlcadsihg system,
paral | el proceSS| uter cluster; Fig. 13 is a
employihgstareti ar@peﬁwngca nﬁéﬂ@ayem presssyagput éePU);

oV. de Wit b power ef f.i ¢ s
B 2B ES G AR R e ORER S SR ISR RN pfdthping
systeml\ﬁhlahh‘l ddnaigiRdiebe av&}ﬁfsbmh@?sta’ﬁ; p enbodi nent of a
power -effi ci enc enhanced conputer architecture

e s arﬁgh@raatam iagTas et REqryRIteisERFOnRROrtieR gf a ggmpytepscreen,
includ@%@%’&ﬁh &ragoﬁ‘g{t%lﬂ gf a basic processor architecture
at mag be e 0

COrI¢C,

COrce;

et in various enbodi nents herein;
Aiigs. 9ldndi 1$) @o&@ﬂmthamt afi anglastrative avebi slehnchtplr@ctess;e
pr.ocessor |.ementi Jul ti Ie V|rt processors

ddgoyldis 3! ‘P diagtam glﬁ?ri n°‘@'s °Brg. 17 is a
Lftlg."\f:ﬂ@r alblodk &Q%x%ﬁ%fpi @E){&ﬂ{iﬁ#&?ﬁalfe@ bfdceskifEortyutér cluster;

cessor I n accordance [ustrative
dripokhi ilsrmrttlocdeiggraﬁBOf ! ea;eﬁipmm desktopéorapyenpressled with power-
carried out n node,

cffciegip PG AR Srhaacprne o R g mitdine
fﬁlgv‘ﬁf‘l@ratbl&fk diRgraRf SCGESStefOMBhip enthllimdst offal ghwet@fficiency-

| ock diagramillustrati ng how various operations
enhanced gopuisr p@hntn@urmcmdmgapam isteatizg emboél@wor s in

Zl‘cg Oﬁdﬁ%%%%g\rna%tgc gﬁamf oLiSaF lga% Ic prSceesg(pr %Iﬁ?e@ fire ﬁiag ma%loe elc‘nployed

t'ent on proces

in van@jmﬁcﬁﬁﬁl@ﬁ@hbfmaooor danoe WI th an i I I ust rati ve
enbodi nent; Fig 2 1A is_a bl ock_ di agr am of

an
Mg Ukt isarschemate diagiem 9foin HpEEAVE gTeasescs BplenepHng multiple

ers in accordance
Vmual\}\)n?%% %ﬁeEl (}{Eé Q{ 111’351?&@%%9%5‘8%{5&1#(1 ot her enbodi ments
efipl Wis I’aglcavqliattrdflante)(emﬁlaw pitodeds carrixcless by s, pré¢eaysord

is a flowhart shomg)qﬁg exanple states of the
accordam@rmﬂée@ Uhustrathm@mPoimer; 21: Fig. 23 is a bl ock

gngai@a {HAG o FAYpri@s Qirrl@?f 3P ea Fi A n6¥&, f8Seximple, of the

ration el ght "pi pelined virtual processors;
cluster shown in Fig. 12

Fig. 19 is a more detailed flowchart of the process shown in Fig. 18;

Fig. 20 is a block diagram illustrating how various operations can be pipelined with
plural virtual processors in accordance with an illustrative embodiment;

Fig. 21 is a schematic diagram of a system-on-chip processor architecture in
accordance with an illustrative embodiment;

Fig 21A is a block diagram of an illustrative selector for ordering the operation of
each of the Virtual Processor counters in accordance with the embodiments of Fig. 21 and
other embodiments employing a plurality of virtual processors;

Fig. 22 is a flowchart showing example states of the architecture shown in Fig. 21;
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Fig. 24 is a block diagramof a nulti-core
systemon-chip processor architecture; Fig. 25 is a
whbk@ekixs@agr am of a desktop expansi on card, i npCEDIE00&011079

with many nmulti-core chips on a given card in

accor danc ith an illuystrative enbodiment; Fig. 26 is

a1gi %wiaflﬁ@& e EpE AW RS YWY SABIRIG EhXFeSAf @pgration of
eight pRIhE@RIrRHPAREQBrcar ds may be provided in an desktop

onputer in accordance with an illustrative
elfigoZ# ertilockdiggradyof smaltbtorelsysicrmeprachip pragesddr aenimegture;

rr ondi to eight virtual processars.in )
BT ook dHEab ekl RO . deluBsnted with many
multi-&r€ mesieﬁ urgs%&he_naa&_?d i &cord@ndSwith Bh ﬁﬁi%trgii@fgéxﬁﬂbdlﬁleﬁt;

net wor k-on-chi p inplementation in accordance with an '
i Fipu2ft watsimplifedpetsprestive dREIAG sliehviDESOR seY¢rald@ktop expansion

enmbodi nent .of the .disclosure is diirected to. st e
cards rgayglg)e: prggldtfﬂ A An Qﬁs%%9or&9u%8§ln é}ﬁglorg?{éce Jyith an gﬁlsg'thve m
embod_&ﬁmpn‘oi nations thereof. The illustrative system

i ncl udes a web search system 100 that operates in
doe ot diandiock dingrancoBAM sreaory sarrespondiggde eight virtual
eliver el | [ £
pose 5 i BB 8y SRR LRGBSt B
ipr 28 isSelock divganpPaien& @ arkc bn-oRigampldddentationein agedrderfice with
106, and a searched page returner 108. In operation, a
an illugyajizp epbpdia@dé sear ch node 102 (and each of the others
per this enbodi ment) includes a web page collection
104. The web server 106 is configured to receive, from
a given user Vi pETSWILEDBESCREPTROO¢arch query 110
i ncl udi ng keywords. The gi ven node 102 is caused to
S ahbghgest ofithe tsclwamreastirenttd ora gylstem, eeg. cd4s shhen in Fig. 1, or

search ery..The searche e returner 108 jis
any ong GhRGL LEO VB THERDT EREy.  RE NSER SREL ek ageb search
systemPR@8Ratloperatd A8 cdtiSite ARk e oRaa8Snal LdarBRyeqRBstaFADEred by a
results that were brought together by a results

client gier pgerwarkaguch gs derintegugte dhe dlusirative systpae heQ alse snaledes a plural
fr,om pl ura b ge sear es ;10 e I
st {EOAUAL I A28 SR PRSP pus e S S . o

operatiPh O£ £i%&h W@b paps ¥k emadb4.02 Th&d each of the others per this embodiment)
. power - ef fi ci ency- enhanced processing subsystem 114
includgsipeyehipagenollgetyay ko4 ) Therwetesesvsrd 09 1confrgared toreeea s dragn 2

. ar i I i . r 8 .
eiven by B BB BI5 b par bR AL QAR AR KB Horb D7 RP Bivgn moce
102 is tdweediopeymchgakepindaasemed]ectisn tanfagirthel sedreinigerg. The searched

virtual processor menory access rate at which eagh _of )
page rqfWBeRIQ8 b OBl SYPA LT etobs st i gacss Fanked Raghs )2 Those high

ranked phBed 1128y b% laiﬁ%fl% ﬁésﬁgs ﬁﬂp%féﬁeﬁ%lhatltt@%etﬁ@'mra)’re;ﬂi%z%rh@ér that is

i's accessed by each of the N virt rocessors
configurag ta bichgitechRAMs 1k freniddaraDRANpage sarohrrodspé@l.f i ¢

SRS TEIL) 3ol BN ESE RO s
subsysgpg E{an ’{5135 %bvvz??-&ﬁ@i%ﬁéﬁ%lﬁln&é@prgﬁesﬁfh@%ﬁ%}%&rﬁ N4 iRERles M
(physical) processors 116. The M processors 116 are configured to, together with memory
118 and interfaces 120, emulate N virtual processors 122, and the M physical processors, as
configured, limit a virtual processor memory access rate at which each of the N virtual

processors 122 accesses the memory 118.
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a low |l atency, |ow power bus, interface, and/or
networ k connection. Mire specifically, the nenory
wW@ewensas by a gi ven one of the virtual procesBOr/ESI988011079

be |l ocal nenory on the sanme chip as a processor 116

enmul ating the en one of the vjrtual processo 122.

1A thedlusEaed ngﬂalmepﬁéh? mergsy 1 h%%élfs aeesped, by pig of the N
virtual BEREERSO1 %) i3y inchuRAIRIAM Rerbdtitbd DN AVGh dh¥fRispeiie

er of” processors I'n a specifi

embodamdrayli Tilms tmendry akdéd!sqd yhtbe &N Kirfugl pmcesemsgéﬂ vy belotal”

certai n enbodi nents

i rtual ssor
memorgerbr GEHBBRSS & PHTE P & PHKESITY 14 PEOTIruBb Sugpoa Brgximity over
a low-HRMcPoRgIowes @u@%nt‘éﬂﬁcé %ﬁ&’oﬁhet\”@)ﬂ@ Ebrﬁﬁ@tl&{ Rlotdgstcandlly, the
a store is perfornmed by the given virtual processor
memoryzazcessed byea gweofonﬁeﬁﬁmla@d@@@ssqm@may@cdml memory on the same
this ra mted to a | ue
chip S P i5aMo e G b s o A e igefford 1 2
[1h @66 $AM68indeh®, thd itegtr hlikiBbr NIoTCAHRE0 brdtREsdry 1 BCigRgSal to a
rate may be approximately equal to or less than (M

multiplafV pehieduisiiye nyrabesrod peacsssore | Yo kinraagpscificrpmhsdanent, N =kM,

di a h C asa clock rate of
WhaegggghgggﬁaimPg gﬁc g?gﬁﬁgﬁgéégugl%grocessors has a
cﬁmovknﬁzﬁtpeoc(eaml neeaTy dcCegh yata off® giey vaties peockssoe )l 20 nay be
In accordance wi th another aspect of the
deﬁnecba%tép 538 REWhiIch@ngeh a fRagand A steres Bﬁfmdfbdrtha giyiep giytual

proces 185 LT B ety A%y RO b Ta PP Aer s e s
limited3p@oiatiecatll elowra mocsssatariosk ratet ¢ omeef endddproesstorsd 16. The
gi ven web page collection for a seghph node may

virtual PRRopgRgE MEMORA AECSHE 1RY e @BPTOgHPR! 9l tBer sy M)

| | DRAM stored snall| databases,
mumplé%%:@ @le%\?\%&%{?rlgfsocg?%r@ed in a respective portion of

DRAdE¢t embodments, HSI) POESSes pbmhlasn@clbck aatc/oﬂiﬂ)aMHz while each

rocessor 12 ven cess of
of the FGTRESTR R Halfel e iR gt aipehhe miftno Bodtos o)y 21 MHe
Vh abdtrlarRe QG 8SaRker Adpkchyf tht ABcRshel the Wébepdge\¢Blection 104 for a
processor 116. More ige0|f|cally, for exanple, each of
given se#rehvode 132 mey be dividedsingt a niabercaf sma)l datahasesithat can be searched
in parallc%:l.s t%fi)ﬁ%ltﬁlc%l? %ll’li] gcc%rcYan\gee B t(\glcress nr ﬁ?r}é%rgggg%te% 8&%’8 Page g0 col e)ctlon

for a seﬂi:tihi ideangi iMe€lnds h @Ezirﬁ adcthet ilettivh Mhy B dpidRiEatod number of
where t he glven rocessor executes an |nStrUCt|0n for

local DR A xstorgfl Fma’dl appateasach of whichye stoped) Ingrepnigtiye Restion of
DW$§m§I 1ty %ets&g} @ ﬂhﬁ&@ﬁﬁget’s%@w her aspect of

reis ted to or any one or
Mogees phmesﬂor h&6 bHihe M ipescesdors A6 pay be obnfipreedrt drodlate a set of

referrin web search tem 200 sho i n
virtual progessrs 2% s l%e%%glﬁgbprﬁa@séorsiﬁ SHCRETEAL )

exampl*é eeaQB of 'tlf\i:e\qrtuél'iﬁl)éégéd?' oPRWR! 8¢ sifdesa Bldid, Al @B eglven
hbodi nent, a given web page search conputer is used

proceSStOo | eamaic araugtruempmfsmje givied. visallpeecsssapfef the sethdumapa given
uters, 21

. age arch
single QRGO 67 B En BRI b SRR oo sl g B or a
next viR@Iro®kddr ¢bLRE Y& hanees n§ﬁ"§ﬁ¥§l@é§cl§@f the @hiverigrycessor.
i nclude M processors 211. The M processors 2 11 are
Another aspect of the disclosure is directed to a method, or any one or more
subcombinations thereof. As part of the method, referring, e.g., to the web search system 200
shown in Fig. 2, a cluster 208 of web page search computers may be provided, including

networked nodes 210. In one embodiment, a given web page search computer is used to
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configured to enmulate N virtual processors, and they
are configured to limt a rate at which each of N

WO R0 15@r ocessors accesses nenory. | n the enpoOUS®N$/011079
of Fig. 2, an integer value "J" (k=J) of virtual

processors i s enul te b i ven ocessor,
implenfepCmeneBrRote 201 fé eF] et SO e L RARSBeh RO R 4] pisTeplacd
with ol Ure8se K@Iey 18 cidy- elﬂhhﬁ:eh%Bﬂl%ﬁteH‘ ahd\bnel dt AGR power-efficiency-

varlatl this énbodi nent, the nenory accessed by
enhancedicdirnplﬁtetsrcwllvctl\tahjaincmd@d\émmGSSOISLZI1| sTimRxi\propgsisers mégre

contaf A5 008 S o e R B LB L Ay B9 i
each o2 virdla® PRIcessobs Qﬂ%@ss@%ﬁﬁﬁio@y eﬁﬂﬁg bﬂ?bﬁﬂl,méﬁt of kfe. 2Tﬂ€1nMger value
processors may be connected to each other via

“3” (H)aoﬁwrtkalcmﬂmeqrs tmemiloied dyamgiven pracgqsgrammclp@rPPs%EﬁQOR lin

the 111ugt?33§(i2:>faé1ep ogf %‘“{g]ﬁt é%lnE%r V?lug %tag{{/ﬁpr ocC ssor S may %Fe yaration

of this MaBediafedt, themefoeg hdcéssed®yRayh aﬁmeS’Bwaabﬁaceﬁsoas Di2VieMRAM,
one of the N virtual processors 112

which kasissleeger Fanacity pad sonsyanes desg poyer thap §%m¥@ @|njorg sRecific
variatiw ({:Ha &/Hpr%qé 1ggﬂiinte er. Iﬁgge %ﬂplg‘,@fnbsmﬁnent %6= 16.

he Web searc uters wt
(fetsﬂireﬂmy-bera‘hﬁﬁmﬁﬂ tocmﬂubmerswmmebeoﬁmnmlon for
FOVI i ng search processing car each. of ch hol ds
examplg, # gre8bi PEF seﬁem\bahp@)d%@@egg@w AR RS JBERr the clock

rate of %%’o‘ﬁe?ﬁ’ew %S%W%@M@fz‘) G fhaeBreb il ﬁl@ﬁl’&hﬁa&ess rate

er o dvir processi ng threads hi
ofa gwdnl omg toff e vemdmdqblrmsﬁomt 12Amgy b@ sutiskangialiy idse thanss (8.2.,1 n

o RS ES  SESS L SER IR B B o

VI\}%BL&%@ wkB pabt kéath BSRHRSS ifh pdVRFUTH cidASREAENEEN computers

given V|rtual processors may be enbedded on the
may besdome bytprpvidingtsearch rpowssog sardsnekelt phyhichdodsgi sunpber of

nervorfd SRR b S B St o BRI BB

implenRn@CLEEAbS o uddted Glriulaﬁﬁn@bé/s@ﬂlg\thlfebdb’ﬂ InpheilRs&ared embodiment
roup of less than N enul ated processing threads may

of Fig. Shthienameres I Ioongrumkadimento Pye serFihpreRsring|cail %Wé?s 16
L e e

MYmbE Reccisee it giver viwasl pra¢ssor arayebeaameddedibn iksame chip
MHz. A given enul ated processing thr

d may be
as the preggsgers gMudatigdBpse %ﬁerb\‘lrttlﬁleprg?ﬁéﬁqrs 1 %M%e%%ﬁwmory may
be on at{ézaﬁcag&i (%gg é\%ﬁl’:ﬁg ﬁ%fﬁ tFlg %%11 e{%é@e%rs]@g %gﬁlgitg@ghe given
v1rtua16>rooessors npl emented by the sarre set of one or nore
ocess rs share common ion of the
oA Stomait A T 2 ] BrOC R B B8y ah e SRR Figppover
memoxgS A5 sndll foRepSvECtheBbiemag, Br exadfpl RVIMBN Mibi@-spuifically, this

ear ch process systen1(or any one oOor nore
small lgw kpmoved neatdry msayt bee B of rduclimdy Whiageespetcat adewer rate, for

e search processing cards 602. A dupl ex
examPPn? %&gngM may be provided for each card,

A given emulated processing thread may be assigned to a portion of the small low-
power memory that is dedicated to the given emulated processing thread. Meanwhile, all of
the threads in a group (i.e., implemented by the same set of one or more processors) may

share a common portion of the memory that holds web page data.
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which is configured to connect the search processing

card 602 to a central processing unit 600. The centra
wEe@emsdscig unit 600 nmay serve as an internedi BCHUS®08/011079

rel ay requests to the processors on each of t he search

processor cards 602. In o di ment ,

ne e sear
ﬁp@@@gémcewﬂumm@ riasdcy b aiISﬁfquaq Pigy aars 56tk search
process6 ggte g%ng P %’g’éé %bc@%lﬂaﬁﬁhéjﬁll%ﬁeo@) eﬁE Efﬁlrﬁéd/wﬁfch include one
oces 8, and a cha
Or more ecmmnpmaessmg candi)2prA delslsn IEeIGHS. 60|4nna)hbsple>rvt£bdrfme¢ﬁch card,
progessor 605 is called a and is
which BiE0REvRE 10 FoRSCLB SEEY PRGSO AP ORI e Blite itk uni
600. The cBstIPYScedsitit Ghit 606 hia F&%El‘v@réshﬂ REHAryRE Eeléql{rdques‘fs to the
gl ven processor 605 includes DRAM 608, a plural set
process(omom pachhef the bassthr proeessemndsods ¢A2nt ) of processor cores

0 for co n
pobe bpRinieth MesestatmisessFiPL B el s ARy processor
605. APEQER ?f&é%oﬁ B0 mchiles apRurslitydEptR@sdon cors 806 DRAM 08, and a
out put 614 of duplex interface 604, Nbanmhlle
channep fqr@eggmrm@ﬁrtopm@moeﬁssceaéﬂ6 ol hisourbeskimentgagh arasessor 605 is
e par a to an input 618 of duplex
canaianP@ %a%%igd% &, éﬂJgen card 602, for exanple, Card #1,
MERe PJro€dssiste nﬂyrbél'dbﬁﬁg@rfed@m epariine so {ahieyepeighiiditiuetion
In the illustrative enbodi nent, the nunber of
throughpuws pes ¥iditls equal s t he nunber of nodul es tines the
n
B
embodfza¢tl) #lprotersdidess 606 adh clidnndPOl (nfod ubmsyunéatibn rmnbrng ¢he
includes a total of 30 processor cores, and each
proces§r$He@sor core emulates a total of 37 virtual

gﬁg&%&ﬁqfl ts b2 BEERAMIAMGEBEEBOR Qgré%@g%e &inn%t‘t'eé in %arallel to

I men a given processor core 606 is confi
an outpiud 6é4nof dupler atérfak 604s Meanwihak, proesessaitputh 16 o ch of

procesSir B et RSP 6500, B8 by Al BERSCAREhc IRy have

M givah CaFd 09 kot Repl, CAAL 21, dhayt iR€luda ARubdeof processors (one per
resulting in a per nodul e output data rate of %

moduleye gathet lélugtea’avs@cﬁwdlraerérthge £r FApoeRsEers €guals the number of
modul(?sat{rgesf tﬁ? n{lﬁlgfr %%6/ E{:]ess%g I%FrS %édlilgh%s S?lé\%%l if? Wi éfﬁbéjcﬁﬁl t of Fig. 6,

S per secon
a giverfdard 662 (fop bkarRd18, @irddﬁlpimmae@hmtﬁmfamodﬁe@ lRacH module
processor inputs 612 may have a data |nput rate of

lnCIUdfﬁ?@gtaE’rl PE3QBrocs®eh oren R &3eh PrReesSPIT g Fulatesya tofql 0&87 Virtua

&H 320 nodul es for a given card 602, the input data
proces

e on average to each nodul e may be 50 negabits per
Slﬁeedfuidaﬂcfe vaDomabpba o f diie epbodintbad a givagproeessoacate 606 is
as shown, the total data rate at outgft 614 of

conﬁglerer& fesmplatestach o8 g gutyal ProgessersdHgng slictas JieiBFassoTp et
particuff $PER sdor hJRLRR a I nfini SRRt et RS BS tho¥asid ﬁe?)second, and

accordingly output data at the same rate, resulting in a per module output data rate of 50
megabits per second average. If 320 modules are provided on a given card 502, the total
output data rate for that module will be 16 gigabits per second, at the input 618 of duplex
interface 604.

Each of processor inputs 612 may have a data input rate of 1.5 megabits per second
average. Accordingly, for all of the 320 modules for a given card 602, the input data rate on

average to each module may be 50 megabits per second. If 320 modules are provided in a

8
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The channel 610 within a given nodule (e.g., Mdule

#1) connecting all of the processor cores of that
woreaaloe16d or exanpl e, processor cores # 1-30) PE&EUS2008/011079

transfer data between processors at a rate, for

given Q00 26 RO MR LHE HAB el AL P DA PLORIEN BHEIESE 0041S
accordﬁgy 95! aggmit@ %e%e%gh 50 ﬁég{b@t@ ?)%r ééc§nd Pﬁfey RN mmes)

eri al search
Chirgehaynetwy O oatisn algm\tenane;dme(e:gmMmie]re #lﬂ commectiog all of the

procestit CqRi it PR FeahERaBIRI. REPCrsecs chisa g echa feRFtRo e
betwee\%l\#go%%r?ﬁt @Fa‘%é Qﬁﬁ&a&xﬂ)l@ ot 'lfifg‘?ga%ﬂﬁ pefdecOihd.Web pages.

en a user 2 searches for new keywor ds, each node
Rferfringdmick agE@ 2 ninj acsordamcecwith hetdisstosureef the sboymingprporated-

t he ry. Results mall. e
by-refirferr Proy th PR GBS 2k KB PR GRS i spripgny may
constrid? @ sUﬁ&Eorﬁﬁt&eﬂ inatha flas K Wb dfdctha)éiend2@0 Biehetiopking together
Once user types keywords into browser 204, those

thousan@wfcﬂealston PEsseash seyiag sebnasier Fach sueh nafe? 19anqxpe opigned to a
dlffereg{l%:‘i P}I Ii) %g%egf MWE&C% ﬁ%e\gﬁ pg% qtrgheg f84| 11r11§>\t7 Eéyv?n{rd? URHLEES210 finds

pages #iitsl dvansolztti PR gas bed yndich the alneﬂfye CRdstﬂltst froml all thadotiéseare brought
results may be combined to send the best results back
togethqrganc e highiesigapresVAEES BiF reeseddp theowstil &F ViagudaiKion; 494having a
web b undred milliseconds. As discussed generally
abové, in order to keep up with the increasing anounts
aOnadad wset hypes keyvbaids ints beoveder 204, itheselkeyepristare send te Asveb
ing r Ilance 0 tern t searchin

f
server '55@3 HeBsaen’ Qi netends the ai?g’}"ﬁ STy OF eampafEEs 210, tha
operat@Bhcdhsidy Hih r“ﬁgalfeﬁ] emlﬁsﬁsoélspa%&em%l 8D GearMit@Nn 45tk and the results

centers contiriue to run their “exis |ng systens the
may bcsecmﬂmhectumcad itleesbedbrasolts brakao dreousghis baveser P idesktemoomputer 204

cooling,tq upgrade their clusters by replacing old
W‘thmé‘cf%ﬂi‘lugfhfg\m'ﬁ%ef?f@ | at est processors, for exanple,
t@@&l\@}&@géﬁ sl Ay deie, lintoede fid k@é’]bdlp‘\l\% khe i@Ere@HAH i@dUALs of data

e Processor speeds in a system using
that is being eeﬂri:lowathednm@@smdsthmrmm rEbanice € HeErS ppinternet searching,

eiven 53 AR Bipphied el ulyha? e on BRI nAEHAT the lobe

When a6 c&as8 Eohfiguedaun &hdihf exiQinglsystems ethp kexrels Scﬂhﬁames do not have
consune. In the enbodi nent shown in Fig f he nodes

enouglpalectivaify ped peqlingde dpgradn theiailagera @%Fplﬁwg BlsleemRyteRs, ith the
latest ;ﬁ&%?&é %tsexcialng)lg XGEORAi1AAE fBnSHRI® Ghd RWIBEL 8f gtmnyvale CA.

rgcessors per node. This woul I'ow t he
swarle brcﬁeg;bﬂ gpdeds iruansystanh ufiag tenvenhpha praressons mgylhass

NI PR TN e -
clock s?@gds 28GR0 TR s8d FR2arRGl? %f bIRLLIBEY REc@80r8 c8fInhe. f Indthe

onputer chip approximately 150 square mllineters in
embodémerdt shown ithBige hibel inoder 2 1hanbé repRicgd wath thousands of low- power

search cessi ng. system 300 . ﬁg di sasserrbl
slow DRGETROFD TEFGHE L AT UEORENS OaiE R Rshb PIORRS R et
This welldeiol Bie 348 E8Sh& ferun much faster while consuming less power overall.
As shown in Fig. 3, search processing system 300 may be provided, which include
many modules 302, each module 302 being implemented as a small flat computer chip

approximately 150 square millimeters in area. In the embodiment shown in Fig. 3, search
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Each nodul e 302 may contain 16 processor cores 304. In
t he enbodi nrent shown in Fig. 3, each processor core

WO 0v9/0&x15850 MHz, resulting in an aggregate prPCEES10N$011079
rate of 5.6 GHz for a given nodule 302. 16 tines 2 1

\VHz equa WMHz. whj.ch i al ue r.oachi.ng t he
procesyng o0 S e B B PR BB mey o
combifidR8 thAE A entdRGcHHeO@ASSOr core 304 is tine sliced

Into 16 virtual processors, logically running at 2 1

Nb4zh niodvie 302 miap gontaint moomomeSp}Qﬂvuldéh@em’a@mment shown in

Fis 3. et P DR S0 VTP e P R oq@8nb e or .
GHz fdria r%%ﬂ RBaelk Johanclihads mePIQ@udtl@BSG MiRlsvhichhis  value

enabl es the use of slower or &%er menory | atency
approaghivj thesrateheft caph prdcgesar WCDF’!A ¢h 1sdh0MHEas a | ar ger

SRR e LR R L R o R LB ocesor.
logicalBEinfithglt Q¢ @3HZNg system as shown in Fig. 3 may have

15 nanoseconds bet ween | ogi cal c cl es. where the Intel
ABreslisasg ity W00 BO¥EEFTaYCch ‘Pﬂéerrt@él%&’éféfl%f% egeh virtual

procef 0830 DAL G ioPL TRESGERAPHEUALE, 58 SHRrk gy ot of
some Iacd PR, t hat regularly occur with the Intel CPU.

Speci al. i nstruct F- THE cal Ll ed code "branches
akhds eppblesrihe quﬂseetjbs %earrqm@gger -'?\'??Pgorzs iae?ﬂcg S As thatpiovded by

DRANQ:@?E??}SE%E%EG%@%E@ d % R8RS IWAS-Ridieht R thRY¥ léﬁ“gﬁgﬁpacmes

ey are spread throughout
than SRAYE oHsorpt EPEM. in the same sentence (indicating a

etrer t.ch iven nDd | e 302 as. i n.Fi
A S Grbod Pt e h e S nE PIRRH B0 Tha T NSt SPIRvE1S
nanose@@ﬁc[s' Bétwé—é?lelogﬁgpéy%ﬁes%?er@ﬂﬁ IRRNOOFY @ Had éhl? 300 gﬁ:l%éconds The
hernet network,” so that m!llion of nodu

reduced rmmre acesye sprsd. of mitiral neswessersitdp asrbpwaer F_% 3o(sf @5 MHz) also
t 35 4 | d
serves ?on{)rgvixg \ﬁlg {?glex%rp teswéto rregﬁ%rl] %&?ﬁ& ﬁ’ﬁ %the%{l{eg%}i 6I E e2

Ispdetal idsBaEtidHs QIR THBN)GAalled St ‘ibsarehoy’ ade domirion ih mi searches.
nenorg (i ncl udi ng nenori A 308 and nenory B 308
¥

This ogsursyherha sgasche yhethena gagg l|13(§vg§1 the Ep)(,@/ﬁrc?s and if so,
e RSET8SrS Yoyl BBHBLbERPERE  hh kB

benmnhama)IOMIone | oad or store per clock cycle. In t he
illustrated exanple each_170 MHz eDRAM s £s eus P
Jnp gjven gopplgA02 35 shewen Bt Eigzh@roessspa corrs aaff gthe form

of a mABT Gihe ARRS g&%@%ré@%e@te& Qs a Gl A6t tathHetZrebw ik, E(Ufﬂat million of

processors he 11l ustrated enbodi nent) can
module&talnnmbmﬂe mget]nbr | Eadbngoduié 302rinciusies fl 6 oovest eagh eﬂsnnmg at 350
rel ated t

i, S A8 SRS BRI RSB G505 R0R, B9 s -
MHz. %ﬁﬁggot%lgﬁsgpﬁgr;%4§99romdeh'm fosal Méthds (igudihf &ensiry A 308 and
memory B 308 (each of which are eDRAM memory)). This allows a given processor core
304 to provide each of its virtual processors 306 with sufficient bandwidth (to memory) to
allow one load or store per clock cycle.

In the illustrated example, each 170 MHz eDRAM supplies eight 21 MHz virtual
processors 306. Power usage of a given search processing module 304 (including 256 virtual
processors 306 in the illustrated embodiment) can be estimated by utilizing information from

studies related to each subcomponent. Based upon some calculations, the power usage of the
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consune 200 mlliwatts, and the overall network hub
may consune 200 mlliwatts. Menory can be enbedded in

w0 b@ossares si |l i con as each processor core 304, PCT/US2008/011079
alternatively put on dedicated nmenory chip that is

s S TR Ao PSR
consur%fﬁﬁa(tyo J{nﬁgwi%ﬁ%td%e bilr&H n&%sRk Hht Bay cohdurhS2 @Sl MRS,

rat ed search process system 300 may
ddesiangecant benamshedded inthietssme Adicombs eahtprocdssarvoreg3 ®, Gz

Intel QX977Q estimate a power. usage. of 19.5 tts per
alternalj oy @uEBR e sy RIS ioP BEfin g g pfRope SEh memory
may cdiRlnBBoP Exdrfp1BC6§0-86 fnl1idlits BOrREAdNit Yan@RErylloWapéwer at idle.

during 1dle.” Fig. 4 shows another embodi ment of a
Accordinglyeit soestiontasl thathewliustrated\sedreh pragessdwatent H0 may apihsayme at

@n é:\l(nthearch processi ng nodul e 302, for exanple, as
most L\ i n t he enbodi ment of Fig. 3. The illustrated

A AEHI6RE oLME 8. AQOIZi Ihtel 0iexy 70 @stithate UHowet ASRRUINS. AR Etts per
A given one of the virtual processors, for exanple, o
processgpicore. Memary esage of thatisameeare i gsomateshio bp&aywatss ding activity
of nor , and to a web page dat abase portion 404 of
and3‘?{r%tﬁor$l§m§?{d1§tcor dingly, in the enbodi nent shown in Fig.
&ig hpgHowafanbliRr ¢inbbdiadenp bOg protesser Cfre 406 wHithumay de@dovided, for
E%ocessor core 400 (virtual processors_ 1-8) are )
exampleg O P SEATER PEpCEEINE O C FRADI0y exmplR; astphpyyntin the embodiment of
3 embodi ment conprises 1MB of storage of an eDRAM nenory
‘unit. Meanwhile, the other half of virtual processors

(Theliipstaatal mougsetcdre 460 dmdideat 6 dirmmirproce8oradi2c hA @&fiven one of
.conprises 1MB of an eDRAM nenory unif. The t.ot DRA
the viryabRIPRRNOTSntop £¥RBRIE O F d ot €OURIEA Y%é g@ﬁm!” PRyfIgn Mlcatéy 1) of
memo@%,%ﬁ'tgggfég ap?fgg Qa8 REGPSELBAbYy AS ARCOMIAAY, in the

th a portion of its correspondi ng nenory
embodimértt shomemin §igA4 alredf ofethe virtud) progessoisofahes dluswatpd oboessoa core

shared web page dat ahase riion, holding a rtion of ..
400 (113! RS0 BArGBATICE I € P TOBRPO B TAn ghe ciibodiment
compriS&MVIB Fstorhgl b SMRAN ARAlory BRMNMeanwhile, tHe othBEhMEBS virtual

page dat abase portion of each of nmenory A and nmenory B

processang (Y1 t@sare pprpisd feea dedicagbmemierpBgwhichfalsegomprisge IMB of an
eDra i apagEiy I PP/ nlalTii SERESERIERRE 9P inssgpaimely

2MB. savings. Atotal of 4 search processing nodules, with
a total of 16 processing cores per nodul e

. . dule, is : :

b epah peagesser 492 aeroadinplyde Prgyided; idhya dediegtad portion of its
cones RIS £ BB o 97 o IBE R et wes
page dathbdke PértioinrHoldihg prpoetssef the mebiphps daatsd imthat meSiweh (memory A

search _processi ng system, be estimated to consune
or memyy B). 1 the grahadipgnt PITIBDIE. dh b rgﬁgsgié@ga%eseomm gheach of
memoryA Q}P@ernﬁ% Blifltudes approximately 300 web pages of data.

The embodiment shown in Fig. 4 may be designed for increased speed performance,

Fig.

at the expense of power savings. A total of 4 search processing modules, with a total of 16
processing cores per module, is contemplated for such a speed optimized search processing
system. As shown in Fig. 4, each processor core 400 includes 16 virtual processors, for a
total of 1024 virtual processors in this embodiment. Such a search processing system may be
estimated to consume up to 7.2 watts for all 1024 virtual processors, which is about one third

of that of an Intel CPU.
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of that of an Intel CPU. Each of the dedicated nenories
410, e.g. Dedicated 1, shown in Fig. 4 may be

w0 ppbesass ed in the formof "stack" menory. TheRCT/US2008/011079
enbodi mrent of Fig. 5 shows a processor core 500 that

b ! 1 dedigpledmpoReEith fén Dot CaleR B bR T g
implenfent&Gh (A REMWS sRRgendaloppase 1-16 (510). Accordingly,

virtual processor 1 (VPl) 'has a correspondi ng _
deiati epztiodinevelo f Fag)eS hatvaleagaecessorant: ¥00 thatinclwdes &6 sutual

VP a_dedi cat ed web pa at abase 8. Each .
procesthEt| Val-36) HAmGPS) T AR 0 “RBR ke AP ARk holdin
dedicafel webSiHROdhiaBiNe. 1-16 (AWB. Aeasinely, Wirked phsdesior 1 (VP1) has a

approxi mately 600 web pages. Thi's allows for a total
correspoDRinlg dedivated vodb mapgaseplr, ooéyubral pmcessen8 (VPRihgs a dedicated

emhodi e Ls.estinmated to er at t.a speed A
web pogERRPARY HniRoichRe arertey RS Befeha Sl BRE aggppase. in s
embodithédt] 8 2MBLEBh bLE iR apbr@kimétel F660 Webpkgedi Wi SAN W for a
anot her enbodi nent of a | ow power parallel processing

total cl3RAM mepmuy of BAMIB paiPreceswd cgiesi®m 700 i ncl udes one or
'ﬁgse exﬁf%cﬁl'nleg{ isRsfihGRd _}(g §Bér%\t%l 2 grsgeeZioc%mdﬁ%lé) {S&5hQ IntdPEPU at
nmedi atron p . nb r e

rocessors nu r ot ocessor cor

certain3&sks, HuPGHEesAbcH kesd mdvedr. of L) is provi ded, each PCS
bei ng. coupl ed to nedi at.i onwgro,cessor( ) 704 via
(o]

dug! ei¢ addefhediagramefgnofher embodimsalioh tW-BPWES @aral%l processing
h ) . i
system BB ey SRR o R0 ot B hpo R giREplpss controllers 702,

and on€ onmeed mediatidr processersor04nk aupbeacaysocessatdre satcl(RiTHs) 706 (a
Qr_.nore nmenories 2. The set of processors 71 )

total ofohip PreaAdeTH SEch Bee SIS Bt Rlct P(P@Fiﬁ%(ﬁaf O wa gduplex

conneck@70g. out the functions of a nunber of processing

elements 718. As illustrated, the processing el enents
iInthecieb@ipentoefdS g catheREh} o1 exampledPGY-apEse inchides an interface

71, e SO R )P G TS BBy . nd o

or mor€hiRRIMes 718 may be a virtual processor enul ated by one
or nore of processors 710. Alternatively, a processing

The setedfaqreeassors 81 frapemperies Hi2y epnnestipsolidrcodeetivgly pnplagaseigarry out
710. That 1.S e sqr. .

v ol s oL oG ST RS S Bremens

includd QPP6RSSNE cletientss fcludiOPERL PEEXS S| IRE-Q). eBrdh frodds8ingaddment
have inputs and outputs. Each of the inputs of

718 supposisesPerssiapdiwsad s BY reviadexampley g prasessingelemrneciiagay be a

it RBER Sl o U 380t 0 RACAAFL v
element 188 hmyderange¢rekbw-power ahlat pracessan 71 plibat 182 myimbgm pf processors
710 ma%(r)eglglgc Iafr)nq gr8 @ﬁe%&%%ﬁ%ﬁo , C;aagligggbég%p%gssgre core set)
706.

Processing elements 718 each have inputs and outputs. Each of the inputs of
processing elements 718 for a given PCS is connected in parallel to an output 730 of a duplex
connection 708, and each of the outputs of processing elements 718 is connected in parallel to
an input 732 of duplex connection 708.

A configuration mechanism 720 may be provided, the functions of which may be

carried out by one or more processors of mediation processor(s) 704 operating in conjunction

with local communication channels and local memory thereof. Alternatively, configuration
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carried out by one or nore processors of nediation
processor(s) 704 operating in conjunction with | oca

W@ ve#16@t i on channel s and | ocal nenory t her eRET/US2008/011079
Al ternatively, configurationmechanism 720 can be

carrjed oyt by.a separate speci al canfigured
mechag i (ARGt G H OB 0L BB FO YT gptgy o genera
purpos{éEgﬁ?:g{%?,rinclﬁﬁiﬂgra)/pro@&goﬂ, Retlory MAeSdd] e8mnectiong 88 EaryPsiit the

the nctionality of the mechanism Configuration
functiomebtyaofitbemie@ilamsy. be provi ded with configuration

fields aor sw tches i nput nechani,sm for contrql,ling .
o anheotEnaRt 7iime B bl A fr s SR il o Sitches,

an inp@HechAnigt BHEoRRIIih®0r dHRhgMicSRd Sime dfiRacte BEIdeBE switétes, and an
of such fields or switches. Accordingly a user can

output\pogtien foe disnlaymg: the ewrrény giate olovwch ficlds dir Syitelhrs. AAgcprdingly a user

can i GP UL SHE L8 o SERER AL GRS B30 0 B v

specifiE oW SadtopYotedoecbresat (BEShASE depfipurclior exanpl e, the
nunber of grocessors 710 and nmenories 712 that are

diowaeh PeS dperdiearsd may he hasodgporder exampledhe gugbeeel
procesizy 310 Snd RERloPs 87 % 00l T PRTIRLGHARG Y, P rate.
given FCS naaythelfdovitled hethnpro@ssoraynd 0 alchwmries, whilomdy 20ef the
per how they were configured by confi

proceshirE RAMFEH SRS ARd § R8T INHITBEDoaEsaBR bR SR {0 opgrasger how they
were c%ﬁiﬁgﬂr@&{)yg&% EGeReRnishP72grenories 712, interface

and” connections /715, all provided on a
singheithustratet embodiniant, R CY 0§ jnchrdes pawesw®rs7 11D, arminories 712,

. co ctions 715 b royi ded on, one chip, ile

itertafo o AR SRS CHRGS Do A VTGRS e SRR A e

proceskd€17€0 higd SodHeBilorPASGnay BWro@idel &Y% -onk @MpD WNBE memories 712 may
connection between the "chip holding the processors 710

be provided vhe seprrge lsbipdimigret thererie abrghespedd. dowAatgnes doweppwe
whi ch, confj r.ati chani sm 7 a onf i 8 .
comneclBpoficd peUyB hoRtalBE W S 7 GRT SRR Bl fedng meoris

712. processing elenments to be carried out by processors

710. For exanple, one processor_ 710 may be utilized tao
ehtherevay wumbieh corligraiasmpeignisne fthean copfigure a given PCS (e.g.,
[ . | Vi kL
pes-als B RTENhHE TR e HITERng ot Ebotalidifiut by pypcessors

710. Fot egargple coheRiESecdsot0A Omayy esutiladed td 6muiatd aialimpenefascdssing
respectively serving as the processing el enents 718.
elements, dhe propessHigAeraeRLs ﬂ@redaYaﬁgwa% 8 VIFURINPPEaAL BYvay of example,

s vl PLEFAA O, A0cAPESTE Yl SHER, (011 RaPBEL Attty
servinglasthk pyedsome tlemeoifiét er screen and nmechani sns (e. g.,

.mouse-control l.ed cursor [ | owi n us to interact
iEre Brroelourdn SREETDR 1 T R S anedar S0 ofa gOmppRF torcen
(or a pHRBhiof aldi14RARBMpluter $Ye&d), WRfRriABLdQ E1éMertts 8RpRYEE on the
and to input” new data or other configuration _
compuienfsoream andmechnesms (et a mpuse-eantollgd canspomllpwing 4 uges to interact

with th%ge(:) elier%%lllt% %%thg cgnl{{)rl?tgrr sc(r)éenf, ie.%'., qg mo-crlll}())/%}?e rfniar?rlleqsm Which information
is displayed, and to input new data or other configuration information.

The illustrated configuration interface 800 includes a number of fields. Those fields may
include, for example, one or more processor core set 1 (PCS1) fields 802, one or more
processor core set 2 (PCS2) fields 804, ... and so on. In addition, one or more PCS
configuration fields 806 may be provided for each PCS.
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i nclude, for exanple, one or nore processor core set 1
(PCSlI) fields 802, one or nore processor core set 2

w@ Ro$a)2156 el ds 804, . .. and so on. |In additi oPCT/US®0$011079
nore PCS configuration fields 806 may be provided for

each PCS. Data associ ated with these (llustrated, fjelds
Data aggpgiategwith e %'Gétfﬁﬁ@%ls@? épéﬁoéeanqe @é&nay agfq%?ﬁowtorage
(memofy of tE1- 7 &@#é‘g'le@ia'ie %&hwhﬁ’&%ﬂ‘ﬁ Btiofy ﬁﬁéﬂf%ﬁr@fr(])' déplays the

I'mterface 800 d ay$ the data associated wth these

data asfdcidteld wiith théwe fpldsphithagraplioalsodls 202, 804, 8(B0 6ic.)atpreyenting them.

nccorgBl S0P BT, i SRR b SR S het BB 2y or e
reqwcéagﬁadiespective fields. As shown in Fig. 8, inputs

or the illustrated fields may include a processor ID
As shoivmmpnFig 80 inputs fos geritlisirptedfigidsmay irdletesy pegessopHe input 820

rqcessar [ 22.corres din PCS2 fiel
comes By iR P 8o 300 LGP RIAE 5 cBiPRehifedl o2
field(s) STAULIA adBYioREa Bt @Y v atesliscohfigeRaoM inp@itd Bay Be€provided corresponding
configuration fields for each PCS (PCSI, PCS2, etc.).
to the cpnégeraiay fiekis forrach (P (PGS 13 RGABestc of Theseanpeincpsye.g. a
(13 I n t "’ G " .” 2
s M B0 ALY P RIR] BBt R i B s o
other idedti fleRToRS o€ ﬁtd’frer thelfosieS Bat. thé\fﬁgpq:tivb @Bg@gnr y : nput s
834, nore specific inputs_may be provided including
Among the memeyanpyis 83.imee spedhe lwt%@bbﬂwvsh%@éaclﬁg%ﬂwts 836

_ ) | dent i fvi hy :
indenti§R5% ne 3ol i iatot 3t 30 TRARIin DB hremory banics
will cotrdponidfty pagicalaaPES, andrimputs 83Rlidentifyirig rarat memoof aride

sane, indicating how a nenory may be set .gsi de and
configuR4eTb ol MG ANBARTTE AR RRRONISERE SEATIAS R Fifpt gnong a
particubg Qet 4455 830, 832, 834, 836, and 838 (and/or others

not shown) nmay include graphical tools which are '
Each opimpstsri26¢ 823, 830,837 884r836cambd38 @udior athgraptiisbawn} wey include

. identify to the,user types of data.to be .i t., . .
sraphicihfpols BkharoMESTHHEY & coBPREC TRt “Pb oprEut ey identit
to the fs€f typBEoL@td RSRORFUN) and pRb&ht @he bt BlodSvalidy Bathte aliPatly input for

val Ues that are presented to the user via the conputer

the corsasperatingrfigldiardi Adready dapit yalugpthat gigiphesentedde s yser via the

val ues. or .val ues proposed fi gqura

compulf oS5 ol kAT PRART R Pisbr AR Ml preppsca by
the corlfiguf#£idQinvé&hwhidmg A ghipiital tesefurihepiniay bakonfigurtd of redaiva via

_defining a cpn&%%yration_for a corresponding field %f
graphiqa usegdnputyan igpwicslefadeliving e renfigupation fohs GATespopeige figld or
fields. @Y be emul ated by a given PCS (e.g., as different

“time slots of a given processor within the PCS), and
The prédessing sleatentf (PESpshewenulFag. edmB¥-be emulatedoley » gnieadCS (e.g., as

) dynam cally. This could be con | ed by one or re
differenjitime ok Al pFrROs e8P oA BRBES) 383 R B thosy emulated
PEs collRAARAd %?ic]éilyeﬁ“ﬂﬂtc'oﬂﬁl He coﬁm%ll%@%ﬁbn@{ﬁm%fe &f mgcﬁgtion

per PCS and/ or system 700 coul e set to a fixe
processous1P@4 and/tri ghcandighthtios nacctiafisml 120n Uxtsemativieke thepiptal nember of
or. could urabl e

PEs peﬁ?é&%@ﬂjfolr &Eﬁsgﬁegh?(ﬁ) Sould’ géoseert 63 %f)(le: numger, whicteotid be a default

number fixed by the system, or could be a number configurable by a user via configuration

mechanism 720, e.g., using the configuration interface 800 shown in Fig. 8.
The one or more parallel process controllers 720 shown in Fig. 7 carry out certain parallel
processes. In one embodiment, the parallel process controllers 702 comprise a search engine.

In another embodiment, the parallel process controllers 702 comprise a financial analysis
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mechani sm 720, e.g., using the configuration interface

800 shown in Fig. 8. The one or nore parallel process
w@ownoaibers 720 shown in Fig. 7 carry out cerP@i/ns2008/011079

paral l el processes hi one enbodi ment, the parallel

ocess controllers 7 a.sear I ne

systemhehengres Qb ATARTE! G SATEY-oT O SHEL SO GRIdheLa real-time
ﬁnanc1ngna?}%{g’§yht%§1 alnfddﬁﬁﬂ)(ﬁ' el a)ff@héﬁib%& @iBlhdIAg cKehistrgnd protein

out a financial analysis nethod. The financial system
foldmgmmlud: theparallggirotdsses. fln nawtbelaﬂmbmhmysﬁ, theyyompise prweather

ditjon, scientific applications including chemstry
predwt%’osyﬁfregl ein folding can be the parallel processes. In
The en®¥AIM&Tt SRHVR, dfbf‘@ﬁm Tehi@VFig ONPEiudes &nuRBENer v1ﬂﬁ:ﬁcﬁr6&ds§lﬁs
system The e odlnent shown, for exanple, in Fig.

carrymgrmut adgmbar ofithirads ﬁfat exierspﬁémerprt@ BV Be parfPymange @e@ala/ for

memorﬁe@rc ?%SF rlraaﬁ%cté’h [)e f g‘?‘? Vi r(? 0 ?S%ne?rr% %lf‘“gg% 22121 Ilt)% Ylﬁhrg hﬁltd fiso to

removPABEREITHSpipEEnCOLNee ndbiahiciDvo coeno Il’yaddiﬂﬁh ahsmetmory
renmove any need for pipeline flushes and _branch

associgecewith theapropgsserg ghowld have asutfisient pumbyqiibankyenf mAmERe
capacngl s Hse bﬁﬁl&“ od}'tn%@ A %%lljt e'n‘fdr? QECEEH BRRiwidh ﬁ]@lglﬁﬁlg but not

menory capac ose to provi

11m1tedtbgiﬁeﬁndmdl"9rayc®§pelslﬁoba;soi\/pedt:yclbnc| udi ng but not
limted to one mnMenory _access per rocess r per c ée. .
Power P@%érm% & prIjAlm embpimegts, APzt SaTHEATEY aamuPﬁP Ryver 1s

need p gteaah doa‘i‘é ot 2 Ry BRYGIE o'faengeig nB&ded BEANhEmBARccess.

W anount of power Is needed for per
Connemtmm rbytvmene}seslocﬂanmaoty onecifted wethrprotessdre éél iseterably by low-

assocj. ate 2 11 f
power poElBte daRhEEHIeRG PRt 2| D Shep i tkiodnraory
and/or fo dabhTler R £ W PoRer bR-cHR MW ﬁ(nd/ or to each other

via a | ower power on-chip network. The total nenory
The tofabwemous pgpeerarsdge auhiots) POSEO PopekIage eregiven n@ade 210 could

be mac% Dahar qeté)ze]eigla clc:)g'gl gfgr:%rarxﬁg) e%o “%glrv?ﬁ ngdet ?lda ?I?ehm%lpl%[m or

averag@ﬁ@%élg@sa@@w!heliﬁdl’% ﬁ?&ce&&tﬁs ﬂﬁ?%e%oﬁﬁ@ﬁé& S@b@atrﬁilxévél&:lose toa
configured to be at | evel ose to a maxi mum or

maXImamr@gérqgemweuw@é Oéfhetrh@nﬁ%'ﬁﬁrt?/atlr\"? ¢hat node. The

The nolaes G oefIQ% %)h a%}: f)é]oxi%%}x g@}ﬁtg ﬁo@éﬁ%ﬁﬁ% tﬂ&t%a&?ﬂ@de Is a

suc eacC one group.

membéi&lif bn@ gfohp. Rayh Reoupphebeithsidmentet Iﬂetlfedbnn of amadddd-canl
card connectable to a standard interface of an

connecgable to qqaarpterd IHerfars Rl 28 co1HEE Ry e Tode erups sraydhs ader
orgam%g stogﬁ'{t Ffegildﬁ A @ udd S‘éus(ég%lgr}lh SntlPEd SMe! foir RxAAfle, Fig.

exanp e, Fig. the nodes in a
6. Allnbthe ngriesiin amdergq@ ey iredeorenaformatién fomaa conmmon inpy bus.

. .bus. A high capacgit provi d
A high faRiciy B TaRETNPE RICY e P a&réﬁ%zrmgraai?ﬁl%‘?de mth SRS group of
procesddts. ORCorREARYAREt; tHidmBmEBRGAY bERYankieacRBEY bR GSiHE @8 oB¥mized
using an optim zed i t hographic fabrication process on
lithographec Bibeicatidn precesaon cok ditevhplesaels abihs pmmr&wchedhwth that

o B S5 e B hE g Oring process o

their own die.
The chip dies of the processors and the memory associated with those processors may be

joined together via 3-D (three dimensional) stacking.
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their own die. The chip dies of the processors and the
menory associ ated with those processors may be joi ned
wo ogenkmse via 3-D (three di nensional) stacki ngedheszhs/o1079
di es respectively for the processors and the high
capacity nmenprjes associated with those. processors nm
The chippdiepraseertiygly iy hisprorrssers aad ﬁ”}e&l% FERBS ) mepgies gapotiated with
those prOLHISSHE hﬁ% de!)6iRel 8 q@}?ﬁ‘g HeRBEs 1Yt i YsilOWPOWRIecting them to
connections i'n a pgc age. A given node, for exanple,
each otherleiafy Rivepowemcoangetiods imaypadkagé.urt her provided with

. a flash nmenory far | domused data storage. Th .
A Eivef Rt BRI 57 10 FRSVEh Uogs araphe Bfibgrap e witha flash
memomR BF §383huséd ddeh stR¥gebe requested in blocks of a size
imlar to the size of operands of a given processor 2 )
The mdrioryTaguastaddryythepyodgesorsefireradsdeign Podasssess a?l Jangy berequested in

| arger than the size.of operands of a qgiv ngge
blocks o B T 1 e § P EreaRE KL R eB PSP dhdr o) PEdRsgagy may be
reques®@Gn bi¥eks bESHICE 1RMRNaCMB SRR oPerandéth Sived Rde processor 211,

| ow- power processors 2 11 may have an executi on speed
to reduicp thesnugibegloé memary a-cass Frbibys rRIVEAPRVEN ¢ARSRMPYOR-oner

t. more po fLShent . . h _af -

e of e Y- RFsS SLE by BT BEORLN G881 Bl
proces@iig EreadthaoR 15Weesht ntdre powengfiieichhp@atehbstacecssss| ower

but nore power efficientéger i nstruction execution.
Each of he lgporassey pracessory may bsduharinievider wih apjcggeution speed for a

single %h?g‘atdrtHgtt ig gl%vJe? Pﬁfﬁgfé&;ov&? reffY@érft g@ ildtrlid o &chti%
ransistors optirm ze for ow akage current. e
The prb&k@g e 1 t utayertoptiinidiefor hishshstution terpugieud per wats byl ubilizing

.increasjng the proportion of ti a transistor is.
transisiges pRHERLzed (i le i pekagn QR iTHE 1‘{%@&%& SpITORL oF ﬂ»&t{a&ﬁlstors may be
decrealgésa iﬁExlegf]ng Tﬂb?prgg&ﬂgﬁ b Bef trdnsortif &tivR1y SvRsHisd &id working

ctively"switching and working toward i'nstruction =
towarddastpletiph enmpiefione Tha prepmstech bitime thag asiangjstor pedctively switching

and RS T bS58 b RGrelad bt o
and fulth@BSSIRQESsiKs the nubbePbf VidhBstot @s@81211 2t En@ne embodiment, each of
corréspondi ng set of virtual processors by sw tching

the progessarset 1daiconfigured o erorlpterongsnmnding setaf Visiuakriogessars by
vl G4 BPLP <800 e SR a3 BN il hion
A nodé P10 &ehobvatih Phig. Of mhybé Furttet providedelitipalalipelvies imglemhtation of
) by bundlinﬁ indeEendent i nstructions into small groups
instrucgpn deygpparallelispe(ILR) by hupdnerindensndsnt isiucgensontq fmpalhgipups at
. e i ndependent or dependent instructions into
ConWﬂEE@ﬁ% groups at conpile tinme. This nmay be done while
A low-fyag/ki ingplamyntiation eAHSIman btuidle independeneocdependqpit redtiungons into
dept h by addi ng virtual procesgqrs and %¥ teducin%lthe.
small grppspt GPmRILE tighe: ks may §e deugpdile mas Kpqreased Instruction
5 ihd Lir@alshestiS ah@byrediR e tAE QF&RIIHTall virtual
latenc}g%g;ég&i?{gr e?ﬁgﬁ)garug%eésslor r%ﬁ&l)lescor raespgrrl%li ng gt o those Al v
processars saithat freoaggsgat. speedyititbequalsdbe P14 redlgrocessarspecdaior the

procesi;sogm\ﬁiggrego%din%’ to those k\)’lel‘tlﬁlli 8¥0ic(ejsesg>rs\{vi th a very small

A given node 210, for example as shown in Fig. 2, may be provided with a very small low-
power data cache on the same chip as the processors of that node. The virtual processors 212
that correspond to a given processor 211 may be allowed to communicate with each other

(and/or to other nodes) via such a very small local cache.
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data cache on the same chip as the processors of that
node. The virtual processors 212 that correspond to a
w@emendspsocessor 211 may be al l owed to comuni BEE/ES2408/611079

each other (and/or to other nodes) via such a very

small | ocal cache.Real -ti.me._applications nmay he
Real-(g3epl G P4 oy 2 Bt DPBR et ShaiaTstBIe DR A aYShRN Per
viﬁual@?&ce‘ééd’rﬂ'ﬁi. processors 212. A node network, for

xanple, as shown in Fig. 2, may be optimzed for o
A nods nativorlg domexainpde, ias shdwih ireFig. Bymay b¢ pptimiged for small communication

on- bl ocki ng | ow |l atency. switch. ch a npde network .
buers 5 PR B PPVl BORGr S BT ur Y Firs B TRoa gy mized for
low povRY G fOAhOAsRINiIzZEd By BdgRé ki n6ads! iMtoieRrIM&lyl sega@lized local

groupS. A given high capacity nenory provided on a
groupsnode 210 may be optim zed for | ow power usage during
. idl st andh hases n. no r
v i SOV BB T AN JIRRY RERE %08 e

usage &R LidlNERAEESDH phdtss witnatcitswlaraRrvhddesdeb @resibade h
process described in the above

Fig. 9 isracbrwpdest sbawing aepramutieny search pricsss 0o fintecppiinee yithdhe search
poces S35 O ok 806k 08  SEWRLAR Rt s
No. 617018, %gywor ds 901 may be forwarded to each node via a

| oad bal ancer 903, for exanple, .as sho in Fig. 9.
In an agf 902 kepyorde are At Bya HSFIORR tp oGSS In 33ieP 5By Eism. The

r : a

A g T U e
in Fig. Pageferass D@l e dach hode @iey eachprdegssoromitiesgondangito 4 sedepfa

we ages for the_current. keyword.. The | ooked
numbeg o Ladta reeEEmEt gt ST HELHE BN FLpuBrAPe SRR ceoigt (o he
given Iﬁbgﬁgg)gﬁiﬂgmpaé: Q24veblgagss 8 Mle @ftenPREwRd dThe pAEAbbIRI up are

fist
e das toli/\(net her a node is done with all keywords
web pageathah evgaingba givenkeyordn L hiskappens inrpst 904.him ppeyd @gisd006, a

a0k B AR o Ao B ol B

the use®! €f AROKE ProtRss 1B6E & fo tho Bt KEYWROSat AaVE0S) and rdtomik eslact 904,
up, as determ ned at act 906, the process proceeds to

where ghetwebiprgeawithithe givsaiksywardiee é&9aked #Pi on is made as to
t b Vi I
Once 4115 FER BALF DR MRl ol BB Chr ShESHERBRSBcecs o
act 910, RewRichgiotnttadetdea)inaiiohsiy made ae rdhd iwabriagehkeavéngall kegwords
rocess may_ keep track of each keyword's nultiple
(e.g, tgweb Pasrsds bpth istplat wers Qhiiaed injget 34, vese thgfep were two
keywog(psZerm nation is made as to the degree of match for
ach web page that has all keywords. This may invol ve
In emboidimiémgherhimg thegrntasn amyfheay reck of ¢aoh keymgrdéomultiple atdurrences
. ksr%/egords in order. In addition, the process may take
in thosg P#€Ebunt the "page rank" of web pages so that

In act 9 TP deRRhiRAGE $s Aale hPlARE dédrbk st G 15 GeRFwdbige that has all
others. This portion of the process at act ]

keywords. This may involve finding short sentence fragments that may contain all keywords

in order. In addition, the process may take into account the “page rank” of web pages so that

important pages are ranked (like CNN) higher than others. This portion of the process at act

912 may be computation intensive. This could be a limiting factor in bigger search engines,

resulting in the purchase of more computers.

The process proceeds to act 914, which is shown at the top of Fig. 10. At act 914, for the

current node, (a determination is made for each of the various processes connected in
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912 may be conputation intensive. This could be a
limting factor in bigger search engines, resulting in

w0 b@prishase of nore conputers. The process pPODESE8/011079
to act 914, which is shown at the top of Fig. 10. At

914,. for the current node, .(a .det rn1n
parallefcidctpghing tsORadérs 1§ dia (B0 Gt S e dSodEe ManiLinihesin the
1llustraleﬁ%‘ilﬂdllrﬁleﬁt' ﬁl@[ﬁ%@&@l@ﬁ?ﬂll@f‘fdrﬁa@@ﬂs‘%t@&f feuitshsnhd @R costs

I.e top 10 matches in the illustrated
mcreaserhﬂuemlmemub lTrmaElygfmvve@sfemétSm mlar for larger sets of

resu .and the sts.incre ase | i near |
In a nefet Pl G o TR b naSGEa ey B o Elaeatichier; prpcessor
that ha§ Q&nlégs&ﬁ&liiot fnd @& tf1 €0 GAhIrEIeAPPR cadsBr fpiteslR. For example
[ ocal "chi ef grocessor t hat has been assigned to find
10 processors vy sond @ Hishlts invasingle serasats pracessep thas Sipds e tpp A0 of those
100 exanpl e, 10 processors may send 10 results to a single
" separate processor that finds the top 10 of those 100.

Ina nektnac@9 N&x%he plceifay inRBIVRNRE RSS! Bl prevessors sérdeng theiltop 10
chi ef processors sending their top 10 results to

results te ¥hégf-aftchaef]’ processoro cHYS By beTapaatedss nseesseye cBflingthe
“Cthf-QF—&§§§'3; %f%esk&g%%lﬁ%thﬁal}%%p 3l £ ~chiM St RE QSIS BRES processor.
sendil n elr op result to a

This hi¢@itgfcadfbewtiafizeal soahitefonpnudesoas baddwidtthiimitatieisyare aot
be optim zed so that comruni cati ons bandw dth
reached.j i t ati ons are not reached. In a next act 920, a
[ R - r
ina nek Rt A oPARRERRREs Wil F41 bR YGY 7 eckRPIcHfe user.
Fig. 115h6Rs aKeympldsnoill&(DlOZarKeMMaﬂ diédatedorvpded tssprocdssor1104 of

of_n 1102, ichis co Ied to n :
node 1 gyt SBUDIFH B ERY BE RSN | L o LLSBBP I Edl hegen.
processdr 1164 1431 Vlﬂﬁﬂcﬁﬁ&sﬁﬂgﬁﬂ%ﬁ@%ﬁ%d%ﬁﬂl Muaﬁ'ﬁr@&%éb@' that has a
processor, that has a correspondi ng6port| on of

correspen&mgdmdmmﬂﬁmhwddod gDRADS meamaty tIhE6, amdi thatagidizes a certain
tain. dw dth to acc

m b
max1mH,g1ntgélg8' tcr fl%eﬁ tﬁat mgmoLy, panaged | 111(‘515}11%% tﬁ? rT&fegS rate of virtual

procesddt 2¢@psor 1104. The menory 1106 corresponding to
processor 1104 may include a nunber of tables (i.e
The ménaeryd 06 gbiresppndingto EMﬁiﬁOé 116y igeludq a numbgr of talps(i.e.,

1ookulffat%(reﬁ(gi %%122@1%”??@9? ﬁ@,? %%%%g)lﬁn)ééﬁf?#g}dﬁeﬁ gﬁm). As

shown hm@ﬂewﬂaﬂglﬁdﬂf‘ 1t OlC, dtablery# D{11d oy\ﬂiaymgedm tdibkap keyvary doddtion of a
Table # 2 include ljsts ? ages é

web paga@ﬁthkaem% XTa e § 24 {12) map) ingldle lﬁﬁ\lqw?d\éﬁ Pagegyor each

keywofdar*ﬂ‘(abi &k 3%9?1&&‘3@%}19@1986 h? %al? TERACH w a%@'ir?fin@&@iﬁ%ry

a given virtu 0cesso e a thread Supported by
As notahatast uagiven eatms processut mby bg atthread suppoated by @oessal processor
ecutes one instructian

ermulatfig oG] FPBEEOB PBEESLB AR oL e aRY eAIH bRt G G one

virtual gi’}ﬂctaé‘s%? SaddEdAREMdAut v call) HF REIKRILR VMBI Wt Précesédrs every
Iven architecture may support a nunber of virtua

cycle. processor threads, with the use of a

A given architecture may support a number of virtual processor threads, with the use of a
smaller number of actual processors, where the virtual processor threads are sufficient in
number to remove performance penalties for memory access latency and to remove any need
for pipeline flushes and branch predictions. This becomes an issue when the virtual
processors are interacting with slower memory including eDRAM, which has a high capacity

yet consumes less power per megabyte than other types of memory.
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smal | er nunber of actual processors, where the virtua
processor threads are sufficient in nunber to renove

w@eebosatece penalties for nmenory access | at enegI/HSZH0%/G11079
renmove any need for pipeline flushes and branch

redi ctions is becopes an i n the.virtual
The m%?%@ég%@e%%tﬁ the ¥ ['Eﬁaewwﬁeﬁsw iz, Spffigien idmber of
banks folfrb¥dE ngﬁmlmé’iﬁb@rhct‘% bﬁncmllﬁth ﬁl@ﬁl@fﬂ% o 1848t one memory access
consunes | ess power per negabyte than other types of
per virtughpriogessbie nenor y aSSOCIated with the virtua
Th r ocessors sh%dn i ze adlsuf ft Cll ente nur Ver of bvggrks
© MyTROTYTBIY ‘i° %C?EE??BPS} 08 actudl RI9eemie K OReP U g
conneclibns. €BEdse QBN VEBRY MaR b §fuSa PA-pdwétdhathip heSasE OF budhe
menory may be coupled to the correspondi ng _actua

The prme@sgggq}mgct\ur@mpﬁﬁpm Hagirbachiggesure fopefficient storage and
access 8 Q%m%nﬁe%y bl?m aa%& tle QP& fo? r§ea%‘ljl 1%;51% %{}Jﬁ

e processor a Itecture nmay sup

applicaio68 kichcds HflRringlouepdrnéaphy,sletectge cl@ﬁldmg sites $indfng duphcate
instruction nenory. It may al so be optim zed for

sites, aSBHBE AR fﬁ’ék%taﬂé%neﬁtl%ﬁmﬂgi%é??féh@g§ﬁ@ﬁ ard serying dypgmic web
pagesout por nogr aphy, detecting cloaking sites, finding
‘duplicate sites, assigning aprior ranks to respective

The nodegefSa clastar mhy bg oeganided idto (gr&q;TS\shcigtmyemhirrodma pﬁ:gﬁﬁ:r of one
The nodes. of a cluster may be organiz nt o grou
group. sTha el Rsationaiosswithin de ﬁaé%g%ougfmwj i’%ﬂ'ﬁat &modular

piece ocf%ulc%&ﬁ"és 'tﬂpe)&fm C{ﬁé ndddshirg P hﬁ:uﬁﬁ‘%ﬁolﬂf AP allBY oﬁltﬁ@szﬁ’ﬁe card,

ane nD ar pl ece O ardwar e; for exanpl e,
for exatipde,no dc,—tcs)rdxfnca vspt-hrthia eombadingmo sipwrain Eik| 6 bed desctined slsz@

card, for e i.n_accorda ce th.t nbodi
A mod§ it Giscr A Ak, SETIREEBF B SAT TRV ikl B bF apblemented
as an a@d- oﬁ%ﬁfji"@raq?c Wt GrlterTRees MR £hisAIsPeSousIHTMRE PO. Fihg high-speed bus
may be inplenmented as an add-on card to a PC that

may bd mpderensed avk ACAENPIAS st cbilbe SC1 Bpercpiniese may comprise &

multlp{I A%% r]?@lg 139&%# @h)@% S ggé)(is S é)?gno?és sp%c&%lallﬁ)ég ra%’cél Express

x16. Hireddordnee WatheanBer bmbsdlh&‘ﬁﬁ theT el Ekghsssmeﬂa)bbléa m Express
nore specifically be a PCl Express x16. In accordance

2.0. with another enbodi ment, the PCl Express bus may be a

o 504 35 s 550 PSS S S B
networke Bach &f thbeePComalyhhareinBlude mrdutan diardlwm:é cmiﬂall’mrglprat:essors

rdware containi ng, processors coupled to that PC via
couplegtqﬁhgthggb@h{g@Sspp@dgqxﬁeoﬁb,e P cluster of nodes may

A cluslﬁI dcfég H‘l‘g@e&l&) REfAR L heRiorREE PCY tlﬁEl‘éQﬂH&Wa Yigh- spee% 10

-speed”10 G gabit connecti ons. may al so
Gigabit:onmecncms Uha PLshhghalspbe dorinetied |vtfamU1gbﬁspnei:hlfumbanA
nunber of hardware nodul es, e.g., cards as descri bed
connecligly e and as shown in Fig. 6, may be interconnected

A num}f%ﬁfgm{’t}vﬁﬁge gﬁﬁﬁ%sc@ggggﬂé afldestNb&d W ehad 498wy in Fig. 6, may
be interconnected via a high-speed connection. This may be done by installing all of those
hardware modules in a bus structure of a given PC. For example, a number of PCs may be
organized such that enough add-on cards are integrated into each PC, such that the total
power usage of the entire PC is dominated by power usage of the add-on cards.

A layout of nodes of a cluster may be provided within a given module, such that air cooling is

optimized. The layout of nodes within a given module may be optimal for water cooling via

a water block.
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har dware nodules in a bus structure of a given PC. For
exanpl e, a nunber of PCs nmay be organi zed such that
Werwanke1s€d- on cards are integrated i nto each RO/US290$1011079
that the total power usage of the entire PCis
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ardware nodul.e may be .organi zed such.that all es, ..
network G IEGIber HRGH RIS GHnest R BB on Chgti o orerh B ERL
Ethern¥f LU thifiginden hardware nodule (e.g., a card as shown

Ih Fig. 6) may be networked together via an

The nodnemhdertneanay he Hesigmag, sueh that each@iogalspatainstadygiest number of
10-G gabi t . Et hernet .. and | nfini.band. The nod . . .

processir i R BLYI B NG B BELT g rea-DUBA sy BuER R fdn a single i

die withQR FroBSssarsNb O REhbEHLTREEN Slocedsekadamied tallitk fext lower power of 2.
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el s SFBSAELE L AUBIFT- 0 PRI AU En procss o
one di€@afdthe pele SRS Eirfespbniting thefetl h@amanuisuteret singithéir own optimized

capacity nmenory i s manufactured using its own
procesggstontheie@wniditogr aphi ¢ f abr | cation process on one die

€. O I r -

s oA BERFHRRELS FALESRAI M BEIEHY iRoraco o s
dies, tHobeties aviy kit jeinedsogretice ¢iabdv@hree Hirhérsiqgadceskargs lankk

the correspondj ng nmenory_ are provided. on. separ.ate :
altemafip g horeHUSURAY B i BELRG: el e e Al Siee vt g fihpaspecting

| PR O Bkr Shiafekiiotk in ik {hife Blckggenat i ve, those dies

them v(riir(iay ge ] g)i neal togetlﬂgrmby Iayi n%gctﬁgem flat side-by-side

A giveamdde orandetprongdedenth\flash wempory dor-sebiner-ussdrdata storags with no
the sane package. A given node may be provided with

POWer £9S84sh menory for sel domused data storage with no

The higmu@ﬁsitzﬁﬁémo&hﬁa balnslemenied a6BROM. ey be i npl ement ed
as DRAM The node architecture nmay be designed such

The nodh atchithetureamay he desigragirush it Hie memprydp r¢suseied by giyen

bl f ize.siml . '
s 0oy Bp SR b LB AS I BELE e

requested Deodka @S bel dTarsitdarder #tinahe Sipeoboyisartls dfhige Prooesssisorreduce
to reduce the nunber of nenory accesses and thus

the numb@w@mracemwth%tedmp%’hf‘é_ceﬁ%éntr%ht , nenory
Per oné gﬂyg&h%gggﬁfee&%y{rﬁq@sgﬁﬁ%} B indodlislo? 32 Bt € WIRHATEN), in

I naccor C ano enbodl ment, nenory requeést
accordam vaigh anbthdrankdirherdmbimbosy refhest neayebean biodks of 64 biteay
i eve a parall.el opergﬁion desi%nation vi.a a use

achi ey .
The nods areBiestars BrY pHbevsba RN oPeralgh At gnqtionyig aPpeindication of

threads able to operate in parallel.

The overall system may be provided with a network bandwidth allocation for low-power via
hierarchical connections. The hierarchical network bandwidth allocation may be such that
the aggregation of search results is uninhibited.

The system may support high-speed communication between nodes via a high-speed non-
blocking switch. Networking elements may be low-power relative to the power usage of the

nodes being networked.

20



10

15

20

25

30

The overall system may be provided with a network
bandwi dth al | ocati on for | ow power via hierarchical

W@ owpeedisons. The hi erarchical network bandw dedir/us2008/011079
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hundred tines slower than a typical comodit
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ticular virtual proces s and _stored
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so that the processor receives a keyword
within iamiermhicbbmcfemet\t/dnk) dbbeinedet may hggregaie endEber reswispfesdveral
to that virt roces When a thread sends the
threads, gedyeing the tqt%i E"g%f?‘ 'f"ld hi$#8&end them to anot her
The arﬁﬁ%ﬂuf@fna? 9 %e§1§béd &y tthnthE BéaReh ﬁfoc@sfs%éi@égré’gahbh Rwiach is
I erarchical networ k). The node gr egat e and
recursif’¢ hndehierazchitalssoothatseneswark ofnasige svill p gnalﬁ@dp iy results
; kf dw d h usage. The architecture may be
aggegagg%%@ It At he search process uses aggregation

The nodBafdhiteGufeaably ¢ Yptimivdd Hoetigh Glstraadion theodghphit Fer veitvey ktilizing
of nodes will provide a final node with results

tfanms@g‘gﬂ@@@? eptimizes far jovplepkigefyggst: The node architecture
The powe¥ {;o% 9193{1 t{y azge 961{ ?}Fste!}h I%tyor d &tﬂe@lﬁeﬁ I%B/%g DRk n?%{dedlcated

ans are optim ze
floating @Wink pﬁié&g&lgpluﬁf (EFIPCU ). Hevgener shbuhishﬂmde(bﬂlaaang FP@rmay be

stemma be further reduced b not t|I|2|
providefken Rt alcihe prshiteaidredant tnt‘ffP%r& ﬁ‘gc%f s tp rﬁ@?}? entional
techmcg.‘gwgég shdh RROH Th%‘?ﬁfed%é deldal sRR aEPﬁJtH%ésé’gf a financial

as part o architecture (and
applicdtioher connect ed according to conventional techni ques)

i perS RS S SHBLE Y BB 08 PSS, oMl 85,1l Bing

network EM &R spS§REALY, & 'kb&\ﬁél‘dabrﬂﬁdéaﬁ%rfrﬁﬂhciso niRkhariérh i3l be provided
pr ocessors ovér an existing network. More
in the mypeeiki i cal | y, a keyword broadcast or nulticast

The brcr)r;?cﬁzgsﬂrgr TouifieRst Pe%ugé Qn\ély%e implemented via time division multiplexing
(TDM) of a shared bus.

The broadcast or multicast feature may be implemented via a statistical time-domain

* multiplexing of a shared bus such as Ethernet.

The search criteria may include keywords. The node network may be optimized for small

communication buffers by utilizing a non-blocking low-latency switch. The network may be
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in the network. The broadcast or nulticast feature nay

be inplenmented via tinme division nmultiplexing (TDM of
w@2@®basae bus. The broadcast or nulticast featRPCEUSEYS/011079

be inplenmented via a statistical tinme-domain

mul tiplexing of a shared hus such as .Et hernet. The
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rank okjhe (eretbesnpehng docuygniaga NG {0 ﬁé?cwi alrfqagpmaﬁ@r that determines
| e : ' ty i ifier (1D)
the top K bkt Eh G 05 S B e R X L et o, 11
The aggrogatibwnetiodandy sddnteibdndpidth esqorenidmist oftetweorki jnestians dy only
taop X best-matchj ng docunents from.thgose nultiple top
transmyipg qp §§>.estmétcg e tlsio_l:}hthﬁ‘ﬂ’_taf]i‘cﬂﬂlyd’é‘g/:t‘r"é‘d uce bandwi dt h
The syEt%HH‘nﬁ%H@ mrﬁqei)fogﬂﬁﬁz\@:ﬁ W utitiR el SABIS a ¥ @Bbtidn ABBH hireldo limit
~“top X best-matching reSults out through any junction,
the inpuihbarslyd démequiedos jinetivheby mduting teeinwybertdfisptsiof gesylie heing
an %g?re ation nmethod tuned to Iimt the input
aggreggle ARAMY A UK red at junctions by reducing the nunber

The nodf af@fitSctafe hep B UEsi BRIING tRAIRE D] hleradry3idyved DSagetadgehe total
The node architecture may be designed so that the

Processastpalv SFrBsABERT OIS toLpasly é%/hﬁhi:!l RragticedtyAd) yitise aggesespRiviermemory
. _usage C t I e ' i
oo o455 B B FRR PR el B ARG g e AL AR R povr

usage dfecleatigridoapphiakahewmdaly atedssesl nt 0 account the
| ower power usage of cycles that do not nake new

The tolgh ROV UsaER BN HE OPHENIFCS LY tupingdhe prdfArchigFtyse according to
benchr@@%iﬁ%\#é?xﬂargﬁeés #)P &tﬂ&té&‘ﬁerﬁ%ﬁr@éﬁ?ﬂéﬁﬁge&r& tﬁ'@ﬁa?éeq laBBlidaBion and

rformances or esti enchmar
power perdeqt retetsd pbwehesagadgetg topt beshimrksand power usage

The e S LS o SRS STy
furtherdROGHBH timizE8 BiptYiat @Bp1ARYr a benchmark.

The power requirements for particular pipeline stages may be optimized during particular
cycles that require less power due to the particular instructions or conditions of execution.
The power tuning may be optimized by increasing benchmark performance-per-watt
throughput by adding new processor instructions that would otherwise require multiple
instructions to complete. The instructions may be implemented in addition to or as a lower
power partial or whole replacement of super scalar architecture or simplified super scalar

architecture.
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further include optimzed pipeline depth for a
benchmar k. The power requirenents for particul ar
WQEr@eia1ss st ages may be optim zed during partiRCl/E82008/011079
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arc re may fur suppor t

flash n@niv@NPTEE Aighi cdpacipestaape thag bstfemher Tinplesyenteimsmeywndk attached
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storageoyt current program data stored in high capacity

AEIR ' i & be high
Netwocapag?{?({/gtst ?Eanél %ﬁg})}ﬂ’gbéﬁ f?H[,zrﬁé;(lp %ﬁtﬁ%%?iedgag%?gﬁﬁgg st acked,

A metlod fonsenidote-degrchicditerfd taghe vigtwal yrocehers mayhuse demeiotdy
storage may be further inmplenented as.netwgrk attached

comm i GHBY arom 198 LD RS B PN T s T T B

collocdtsd HBuftof ARG, HHBEELsEIs ¥ivirtlalPrb&tasbré 86 ns€EHtAlE afi§ Ab&ilments

criteria to the virtual processors may use keyword
that meet the search criteria. Such nodes, processors, or virtual processors would not have

any keywords sent to them, when none of their documents contains any of the searched
keywords.

A process may be provided for tuning the architecture from benchmarks or simulated
benchmarks such that the next architecture revision has optimized the keyword pruning
method by optimizing a pruning branching factor for an expected real-world impact of

different pruning branching factors.
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conmuni cati on pruning. Such pruning would involve

determ ning which ones of a collocated group of nodes,
WEL@eesdss s, or virtual processors do not contBECTUS2I998/011079

docunents that neet the search criteria. Such nodes,

The syRequBRE 6° SiHier PRIt A GIFORGHEN Jp" YHPE HEhghtieinory access
metho&ggﬁ bO3s@Mhd Herh &S sBEFEE REGnk 8Y WREHSquehie PEAGERS TRY registers
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may suppog Ianacthed Gpors’i thatl ratr@desbzen@h meenkayy sabile in lasequdnee nexaining

.architecture, r timzed the ke d .
contlgltﬂ,ua r’??%orﬁfé{e‘ﬁjéd ?Wlse eﬂ.\ogl oﬁ Ehea pp?lpu h‘?ﬁ%‘cﬂ?%ﬁg’ﬁ?vﬁé only accessing
memorya6 tr&heft@&e@ﬂexﬁé‘@%l&dhﬁﬁﬁé{ﬂ& réc@nilyPaHEy e ind ﬁr@ﬁbﬁﬂnemory

pruni ng branching factors. The system may be further
read mpokmgjmdltmlet halaeSrrechanl sm for utilizi ng a reduced

rocessor and u

The syfER ity BN Gp B b icrPoll 8RS Mot rERRRLsB ARSI For
exampfel! MDA kearciBE HREugHIRS of ddtunieats'tb ¢RIMen e ®CUMEBIRBEM contain two

val ue in a sequence containing contiguous menory
or morg ggﬂgordp;ﬁﬂngg@qﬁsg{l@@ﬁrydpaq%ay %Bseq tasead gach dist of documents

ves only accessing nenory to retrieve the menory
ﬁmnnk%¥9g that was not recently retrieved in a previous
Conngﬁemhymb@aﬁadmay b ngedmoliterfie ehrg@ghilbsts offkeyvayd oecarrages found
conti gquous nenpry reads to jnprove

in the Wéﬂcm@b 1§ mabe dopgfo %@s@ﬁﬁp%cluﬁmﬁqofs%lsﬂekﬁwrds or in-order
chustert e SO B e e 1R BTl al Bk of
word otayrdneesifonh memogathrﬁgqhoctdssihg of docunents from
us menory reads. ma ed t |ter te
The sy P RgUGh St SN SR RORIOTEaT O SE TR Toa b s esing of
memorYRG4 T8 ieval B 8djaBht BRnHRY %aiu@s gat e5ithing fIriist 6f Se ¥quested
query keywords "or in-order clusters of the query
memotyegnpuepisate shifigiparptioheox thoist yalues ané an appropaadis logicalddRy
teach l'ist of word occurrences from menmory during
operalifncessing. The system nay further involve a processor
A list dfadbr pigts M wetd-fnldfes flaly Bastrbdamy Ak eadd v fih fds@veb pages via
menory via a retrieval of adjacent nenory val ues that
a revere@mdax Mash febletising %IfOHtWEZ¢Cb%$9@§P aed pddressing mpthedori at e
The 1n5f§16ugcl 1é%1 ?&&% glgor'ggsts% r‘Ps ng\ﬁ‘%e \éﬁ HS?I%’CU%IE] glél@g% ﬂgﬁ&ﬁ@%%tgger
represeﬁﬁhg aikiési weR8 intayhdofirssinemedy addleldn eS'S‘&dseMntiébt hashhalsle that might
%es via a reyerse-index hash table using an
store ﬂ%ﬁ’p‘ﬁ}’rﬁn advalicqpoipier dhatksywetd ng net hod. The
9
The ingtARHEREH ALY et B0 B HRERE IRl M Heor@ilionsl memory read
that reals Iffqm one df twm destgmateﬂlmanonydnmny)nacwdeaxes the xalueue ose
ex . hash t hat. m ght store the key and a
deSIgHQ}S [RESST “CREt'°Reyword. The instruction set

The indfR¥tiby Eéthﬁz{ fu%ENﬂ@luﬁ@ ah AsstriubGén ROAInRCd dsHaRebnal memory read that
condltlonal menory read

reads from one de51gnated memory location (or register), and stores the value in one of two

designated registers based on the condition.

The instruction set may further include a conditional memory read from one of two
designated registers, and stores the value in one designated memory location based on the
condition.

The instruction set may further include a conditional increment that increments one of two

designated registers based on the condition.
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that reads fromone of two designated nenory
| ocati ons, and stores the value in one designated

WO e@oesar6 based on the condition. The instructPCGRUSHDS/011079
may further include an instruction holding a

e S T EIRE e o, Lo e ek e
conditiShg iRrefnbRt SRS GRAlRMal fGdkFFadbased on the

condition. The instruction set may further include a
The ingtowton sesmady fustior inchdadnf nolikedby brapth’t instreeminghattreguires low

overheh RS €5 g QL nbARAREL Ut PSRl rction
groupingsSit thCdacAN cS 6F ndTRBmipltind&thdr igdtiidBoms iBARElBloupiay if the unlikely
increnment that increments one of two designated
branchrigtpken.evherghnsenikety branches sesh 4sdaompeits tegeirg less paweieand/or
i rr%y fcurt her include functionality of two conditional
SthconieottSGeti ons such as a conditional increnent and a
The in§RREbA k@ AahiFEHRIBE Mak ©8dptithigedito 3édude hinambeedf bigy/required per
further include an "unlikely branch" instruction that,
instructieq by ceastiagung therusaklg TOF RIS Sl RSN Efpegperand registers to
I ructions in conpile-time superscalar instruction
becon{ég%oblﬁi ngs at the sacrifice of not conpleting other
Docunie&trhaiche sliccatad tb hertgi pragessgrs fuch tieat tird loke b ddirummanh s¢agching is
t aken, whereby unlikely branches .?uch as Io&p ex'hts
balancedsgpssey 110ea) PrOSREAS: dALPHMAT. By GHIYIBS Hif dasumegfsdhat are

. . ! e X
frequell}tggfoﬁﬂ&‘ i 9&;%12% a%;sf)géah%’fﬁ Hﬁ‘l%nggr)é: ReuARrb&Esid to

uce a nu its requi per instruction by
The viteal procebsuirnmay be posatédtoraidjpierlosalevigual dygcessors that are over
constraining two operand registers to be contjquous.
burdengd SafitE SRV P DORAFBITEGU 1 § (PP Bbelneat et
The ai&iﬁgbfsﬁa%r | ipRdl SrocEQ6H R LiveBAHGRI gi8cdssord Hlagnaaddas Maasl
viTtual processors, for ‘exanple, by verifying the
processhy@uerssing andher virtwal procgseerty gssfgnedh theimory during excles at the
spre out anong.the vi.rtual. processors. The virtual
memorﬁr‘fba‘gts HEAGHRPORRY BP0 H ‘flléte%llipég%e%%oer i local virtual
The syREeRGRSFBE Sptiitded 86 €ha? Mesw Rtoldanethomdrnd bidicde ol blttedmemory

query processing due to a tenporary unbal anced | oad.
access Treeutdizadl Ry usingetTegran Arehigctpovel Shnt empryagessses are rare and

are onlgg)gh%%kea%ﬁs&?f%zﬁelgza%gg%wgﬁe tmgta YakycR (RCREE OF an

essi ng anot her processor s assi gned nenory

overbugdbned girajat peedsbat the menory is not being accessed by
its assigned virtual processor. The, sy

tem m e ... .
Less poyer adAess use of pharehmeBRri gy r%%lﬂ%tﬂﬁéi{YéH&Wé%& i virual
proces&!&@éI gﬂllmrym@&gﬁﬁﬁﬁgégﬁs whiv[iggd. by using a program

architecture, suc at nmenory accesses are rare and
Less pawer andllysspse Db shpel] mieerory inay bamaineoed dymrsogramming virtual

att errg%.i n? to r@&yce t hg | oad of . an over bur dened
procesgirs Hifing Fesigctiert louiepsidR namah o/ QUSSR 45FeShay oo
The pa@ﬁ?ﬁﬁchﬁ\’thg‘ﬁs fRpIhRhiAD yRYgidéd AvktBgmhP enchidd regl-time financial
virtua
prediction, forecast, or trading analysis. The program performed by the parallel processing
system may include real-time analysis of sensor networks including prediction, analysis, and
threat assessment of natural disasters such as tsunamis or hurricanes.
The parallel execution of network routing tasks may include sophisticated multicast network

support requiring high capacity memory to store routing data and high memory access

throughput to determine the route.
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processor to stall while a nmenory access is
unavail abl e. Less power and | ess use of shared nenory
woreapooe16@i nt ai ned by programmi ng virtual procRPSBHUSR08/011079
utilizing register buffers to reduce the nunber of
menory accesses. The parallel process that is
The arqmtsptgmgge ggs1gn (pafin bishrcsormayes iggensegichi fhose
normaﬁl;hg:ﬂﬁﬁ'i a ﬁn@gﬁt?édapﬂ%skgdy ;ﬁ'ﬁ@e%gor, QIF lrr{ol’bﬁg IR GicBNR =i cell

program performed by the parallel processing

. phoness yitieeapplieations alayden mathin therppwan ahyedors afthesenieyices.

net wor ks i ncl.udi n redi cti.on, .anal ysis, . .and threat .
The priggsngeiBREPBl S PAFTOY SHLTRr DB S T D Sk ATy video game
physic$WcEleFARGSr pIbteinBIdihg €1 execution of network routing
tasks may include sophisticated nulticast network o
The pasalisbprocessaguinay imyohiedhgleapréermancergraphigs calcglagpes including high
Lut" o%é:'? E%qdat a and high nmenory access throughput to
resolution; &'%&%e route. The architecture may be designed
The patdllel prdcBisily LY et eRerdfry ¢t appdisions Hcludase 8iR8Ec web page
~normally requiring a conventional desktop processor,
servinghn nobi | e devi ces including cell phones. The
applicatio 1.5 Il : -
he prBLOARL AT Y i ikl 5 BRYEE AL SRl opraions
includif bichaNinhiyedne ISQI searmeat execationul at i ons i ncl udi ng
vi deo gane physics acceleration or protejin_folding
The parhlel pracessing may Beliei trgSmEing AvbIeselVHIE A BEPSHFHMIOE
. i al | i i i . hi i ; ..
inform ANy e i ALIRTpro BRP oS K ERRUHE T rom missing
bits in & probabilidpe knd pitcpagsionalohartien gudyasaBdyesias beagk coding. Such a
serving. The process perforned by the parall el o
procesyngy B Sx¢ryted with g de Py e UdaEIRY %%&laﬁ?wgmmumcamm-
' ' 1%% PRfvolveatabdsd SherfthonS iRl EITRE lavE&FOHieht and -
The pakfﬁ%i g%?éa%gf %}F ocgis‘)seirﬂr?kga%rrséyéﬁ nvolnve tr anés]rﬁ tting and o
investiganeisuppat ddtabases. oTlsé ppvalle praessing orapanvave ssavdhamgytor

The parallel .processing. may jnvolve reconstructin .
fingerpgyof wlafchgim rulrgoemeHing dnd gt sonSEiog o oty video from
databa&rs‘é%ﬁﬁfgi. onal manner such as Bayesi an network codi ng.

Such a process may be executed with nobile devices
The paratle] procesginigonay Swiher wiveblesys etlinnae HiBa S¢RFAE netypeks including

arall el processing may..l Avol S ti
ser B8 e SRR P TR P PR CRER S B

includif@ fal as@gnitioneoiparsdht bt Moded3i thg givey preiniees/ Such a process may
' searching for fingerprint matches, crimnal face
involvgygtopkh systerader Usedp SanHps ASMOGES frefA CA$1BAS-noi sy vi deo

Per an4t§§{%rg@%ﬁﬁaﬁeth%mﬂ gftﬁessme eRANAD Rl A R6&RSH 9 Ehhay serve

I nvol ve surv ancé UusSing sensor networ
as a smallgbtvdt fig d seghrengiay s Byf waasfrxampha) sudhoviedalf ocessor servers may
particul ar patterns suc ment. of peo

h ove l.e, :
be run piAPPIRNIGIoHA L MISE rRrE RO GRIQRIS Gt neptry at Hichhgep Rgfform their
search E%n@b &0idHse nm_é?é%mﬁy 6hvérs WREESArdMBYndIRY S4t¥ 8 Feb PHER.

system for use 1 n banning nenbers from casi nos.
This use of virtual processing threads facilitates the use of a smaller processor speed of
power-efficient processors which reduces the power usage and decreases the difference
between memory latency and processor speed. Another advantage is that it allows a user to
designate a sufficient amount of parallelism (for example, enough threads) and hardware

support for all the virtual processors, in order to increase the delay between instructions

executed on the same virtual processor.
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Per anot her enbodi nent, the virtual processors, e.g.,

VPs 306 as shown in Fig. 3, may serve as a small
w@ee9e#218@r a search engine. By way of exanpl ePCHUSI908/011079

virtual processor servers may be run at apprOX| mat el y
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e RERSY bk By AR DS TE: Sl gpgmanisigl o miind
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rom n5¥ STBUE 5 58 RS B 05 R SRV R over
expres$Bis/€r S may be outfitted with these devices that are
about twenty times nore power efficient at search than
In this embgdumf@t,gy to Hgch Maodexpieasevided en Prﬁyfeaénodule 302 (a
utfitted w wWo. _hun t
single PﬁnPtFﬁi et b%%{l])p §nd ghéeghar% hnq%lgrglgl?fég ufsmg e}(rlb%ghl RIAM for memory.
MemoBy i @rddéd itcRR posicaicgee, ph ithy :ﬁ@heﬁdlé asl ezichhﬁacfdisc(rPCBl)e eDRAM

These chi ps may be networked together u3|n
may bespiinpized 1oy QRO E PROMRBIOTHRCCERY] HoB SHEMPIA S mggalippanks may be

prov1d§(£i RS RYeddGof 2@?%@%? an 3951t%rf6§gets\%ﬁlgak&9f)r\{g@ ps

recelrve connections many no I ps
approx$mitei8. 2§ miRinpsersaguatd of memchndtusmgmppmxuaauebrﬂ Somelliwatts
PCl. express, bus odi nent, referring to Fig.
dumg@ChWSﬁ@&é@ %.letelﬂaaéweééasscsfﬁ':o géwaﬁy modul e 302 (a

Two ofsﬂh@%! "y%@ prbviasd bn Q%Weﬂ ro&@éi)rtcBFe)B(ﬁlr @nd the associated

rrente using enbeddéd Mfor nenory. Menory is
procesq.'mmmyiﬁni'e (arl:lcmkdlatem'f@ppmmatcb'riﬁ3 Miizt whichaweuld irequags a use of

Qcessor may m z
sbout S GG sararkAbR Y S e ny cpbp bt & miPhatjsf pover in 90
nm tecRAs16gy. MY be
Therefore, 32 processor cores configured in this manner along with 64 banks of eDRAM may

fit in less than 250 millimeters squared of chip space, while consuming approximately 3.7

watts.
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provided in 90 nmtechnol ogy at 166 MHz using 32 bit
or 64 bit words occupying approxi mately 3.25
worRdobjosaser s squared of area, and using appr oxXPCEUS1098/011079
25 mlliwatts during active use and about 1000 tines
| ess during. standhy. Two of these banks
The pra?eawrggaesa% (RIS G P 2RO BTUBHn G RS Gher aEr @ shared bus,
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arrangerhenttsuch &s hlﬂnllbanétoeaglyd?udith@'ngtf silicon area and

bout | tt f
Each 38 AP or A ruPare s e cuBl Frouib L G ggied processors
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| ess O mllimeters squared of c pace, while
When gong gBRn‘gs/Iaxp pyRiSHEE @lgféllse ?hmm@hnfmgm&ce@t@s extribyest the
hi s nicate thf% ﬁumpther Qv
et

numbeéogé g}rgg %28 péocessor%/ Pt ngﬁg%r %rgcesa% t virtual procssors E%eratmg
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arrangenent such as Infiniband or a gigabit Ethernet,
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provi ded. For exanple, in the case of “st age

5 1s nopdigwsibleby 2t arad ﬂaemngtnmt pfrqwnesl eﬁle5st\5| \nttu@llprme@ms olide the 5

... (each er i VHz to to
pipetin §35h 251§ 9, P imere HGi | ot ity st e fiRlaRa BhCprpgessors
would Bagf d@@ﬁé@cﬁda@e ﬁf@i@éoaﬁﬁﬁ@ ryduRe M bt (Of Redidteis ré@sifed by the
333 MHz provided by two 166 Mdiz banks) is equal to the
architegigte(sineg ehet visalproeqssor 1A WESY Sorven gat wE ragsiersonyd; theseriggisters
[
have a g&‘f‘s@m g?)@%b éjsrt]ﬁ %%ﬁ%érds%@&é%é? t& §§%ﬁ§px?g?%é1% Véﬂ?gs 1?]sert10n of
additionsispsitihg ytagésh tedgtenmgahs ﬁﬁmbmcﬁ"rsk@as/ between ﬂ&fﬁe}g)nnnhg ofa
follows that, because 5 is not divisible by 2, and the
memorararc%m"g &ne Hie tirag)at Whish ghe regidtis %pwt?<f (s SpBeding dugher fptency
Ilg,lde the 5 pipeline stages, then 6, 8, 10, or nore,
virtual processors can be enployed. Six processors
In this woplenhehtatibheeadie pracessor ivoukichave atdfﬁss tomlemiosy eaxhroydlgc &ach group
t he anount of isters requiyted t he archlt ur
of five PLARQTLREN 9% (HE e B RATS ST Mot STaaod Petioaid Share B
memory€8h&d BER wélld bk REHBwee gftﬁ'iéi‘fk? pBRME; Br A6MSsBNThEP¥Eessors
cost). However, using at |east 10 virtual processors

could eamtttwulmle compie @meﬂdmn instra¢tionai whikgyng palgefsorder operation or

hean t f stages between the begi nning
qwmﬂ%?@ éﬁ%g e tine at which the result is

A giveRPP% @k}ﬁ‘éss @ fna?lb@ﬁﬁl'pldrﬁ@ltéﬂ @haat it at@uBk its width to allow
sufficient space for air cooling, or water cooling if preferred. Depending upon thermal
constraints, heat sinks may be attached to each node module. The cooling system that may be
provided may include a vacuum that sits outside the computer case and sucks air out of the

computer case with a high CFM fan. Openings in each card may be provided so that air
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menory. hi this inplenentation, each processor would
have access to nenory each cycle. Each group of five
WQe@eesdss s may use the sane nenory bank in onBCT/US2008/011079
enbodi nent, and share this nenpry, since there would
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own chassis and renmai n" unconnected with a host PC
power glippdict Meanwhsle élmmpwerdemnmqntﬁgcamb@ redupsd &y twetsapnck cards per
server TS S tp: Mt oS e R cal o Rty BER berhans
only avf1gt51€ G569 FediBElit Habiy (fbﬁéihnh}ﬂ@ ut206 rmeadsy.he net wor k and
perform searches on its assigned docunents using the
A systenhpigy brelgsignersand yrmempntsd y58g IFT-powsh Ga v ﬁéﬂtcloamocessors
This ngﬁﬁgﬁoévﬁféoééggcfrg )t((?:ﬁ‘n@t Vy 1@%@0&\&\{1@& g;%gtleeﬁ QSIE gt?éloasnw&ﬁd be
power aﬁﬁbhnnasalopgwe po'fvemqatds ribwafapproxigixepaidearlgariteclock speed. Thus,

per sona r W t 00 watt power. suppl.y. .
by way\@d X P lee e w&mg ﬁg&ﬁ 1\31 ORGSR IP w&plﬁlélauﬁ%% >PMElggirtual
process%?sa(t& He%:a"i’é Hl%nﬂ)‘f"!j g‘%ﬁ g/:%élg tpﬂﬁ:thﬁ@ crfé’ljlﬁ e?sr §iReedt E?oscessors

power powe supp |s per h
runmng)atIS,OMT/hldaatbleelsai. a reduced capacity (for exarrpl e,

Memor]y%ztl)tgnc\:,yva a{ntds 3ipeline dependencies may hurt performance when virtual processors
are not used. The memory latency problem can be combated by using relatively low-latency
eDRAM and underclocking the processors even more (and adding more virtual processors to
compensate).

The parallel processing that may be performed by a cluster of nodes, as described herein in

various embodiments, could include financial data analysis or pattern recognition. Real-time
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A system may be designed and i npl enmented using

| ow- power, or under-cl ocked processors. This woul d
wa@bkdoomspsOcessors to not have to support a vi reCEHDS2008/011079
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proxi mal processors use the same input data. ng/
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an actiGfE & beeddikctdie hddk&sindpand 19Endy PHHREESTHY brc}%ﬁ&h@}nt}ﬁﬁfhebﬁarket

estinmated. Even the €rror of this estinate can
action will galirao effe¢tdbefiet eompetitotsreactianid chings market cmldmons thus

mar,ket action one,of the.c
changipg he nraRapility c\yﬁF%Sﬁ%oretjﬁﬁ%rg%ﬁi%et %el%:éerdema{]iggf%c%ggt terns
Reducﬁi@ PhdBehBRFfIREd kP perfdinSaiChctRdnf biiabhdhg e LEAROBY enalysis
data system and many nore stocks can be analyzed in

perforrn@hqm tdakrtimel stockduticeiand market dﬂ@rlnp'@atﬁdéﬁesm guyket apign. This
be .de ase |ncrea
can vy Y FRRER 0 R AT b0 Oy M BTG B st be

made. hodes. In this case, it is pOSSI bl e for t he novel
architecture described herein to reduce | atency of )
Depenging kpen thettypmef drja aralysinalgpgthonperiRrmsddydhe B%ﬁaﬁ%]l processing
oRer h n;
sysemp BB Rn S s REFBSIATRALBRARLE 1 Rohparircar
algont]&h@ bl ghly Y oinpatatibh éntemsikebutaedquicnveny littleguemntyo thef drelutecture
ore conpetitors react and change market conditions

may bg Mgnle?pawgwdeasmglbm%r ey G OERIQCES O e FAUNg fhe
proporﬁ&?o{st%ltag Ob&er 48 ga%d R%ohnHutatf3ed lIPih@Qtléd?ﬁhl‘ﬂ@h%‘féWer accesses to

required to per orman action, or increasingt
memoxan‘dnﬂn ltheoefrclamhys can peoptomized by medusiig: mﬁmr}sbamkvlqiihw@é
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optimi 5 SRR EPAREERATT (5t MO PR N ROEPRRR 5 3O B Thion
For cefdth GiRasdisll 80 rithRk ke lar sescnefiomay BYSEhibeed by maintaining a log of the

recent stock price. If larger logs support more accurate market decisions, then increased
memory capacity may become a high priority. The decision to increase memory capacity per

virtual processor must be weighed against the advantages of simply adding more nodes.
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made. Dependi ng upon the type of data anal ysis
al gorithm perforned by the parallel processing system

W b@okixybe capacity nmenory can be increased or PCT/US2008/011079
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c : , ,
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bandwidth is still small., thep sl r (.0 .
separaig ghiphe GG san Sriuneeoa tyivesd i epa i ore power and is
much ESW&dhAEHH-Ship&ofiniunidationl Bysearbe chipratiiekcturégany ifthnde the

may be executed quickly and within a so called "po

y ) . power .
processom B apranory; anl theyl® frfgifacesilhin onschine swestantiaily yequeag off-chip
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of cluster computing, a goal, per select enpodi hents,
dedicat®8)exteend] tnamsary énterfaseedt\allpbuweioukf ihsteadnde conglatieesace to the
_i.e. conputers optinm zed to achieve the hi ghest
outsidg,wprld forgsbBOTkeONYBYRICARQE ch can then be networ ked

There %r%g ré}@ﬁt t%é.srbfr A MRLY id &g’a&ﬂ‘ﬁ%ﬁlgﬂ?&%@%& WthidsT&ent

out e A conputer as described herein my .
performamerand powenticaragenxties.s Fwo typesorfynemony usediroeommuter chips today

[catio evi ce Dependi.ng .on t.he enbodi nen .
RN TIR R R
extrem®y faft a"ﬁﬁsr@sp%ﬁgfw.nBEéﬁﬂs@ﬁ 19 RIWRREhcG NieRive Bt IE @iSnd i @Beded

nore power and is .
between sending a command to SRAM and having that command carried out. Drawbacks of
using SRAM are that it uses 6 transistors per memory bit, thereby consuming considerable

chip area for large memories, which directly relates to higher manufacturing costs per bit. In
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much sl ower than on-chip comunication. System on-chip
architectures may include the processor, the nenory,
w@nwInkmsd O i nterface all in one chip, substaneCEUE2008/011079
reduci ng of f-chi p comuni cati on. An architecture that
nclug S suff10|enf on- ch| nmenor

additiogeth ELVER GHELIATal ARNBTY™ RESRPRLEN PV 1sobf gerisgs inearly

wﬁhnkﬂﬁﬁf@ﬂmHﬁg a single |nterface to the outside world

network conmuni cation. There are different types
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erent erformance aracte
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power %ﬁ‘i@ M\ﬁtlo§%b§>g§/}’@m |ter€ QRStwier ek of transistors; one larger,

h- per f or mance nenory t that is extrenely fast and

called h@d&Snsamd@ne BaeHers eallad ‘indOF W WaileSRAM, useabpthidyges, DRAM may
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ve ok i o SRR AR B AR R SO st mpce vy
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of DR A ¢n et Bigherdhie Al SRASLUFIDE fit e AR GHRIO Seven times or
more. %n%se?%%%%fg '&Pi&?l%s 1S Qﬁ\é{ r1tbiI %%tgﬁ%lﬁqgwhgmpgé&g%usg fé}é%rg &Sio typical

leakagé b6weﬂ§cﬁﬁuﬂnpﬁ@ﬁpér}blw THis issaoaysecagiabit is/stoloRAd/h ha;sacuor which
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natura R CTTRANFIG O hb et HE RO oh SURRHS B ToE St GBI Beeee for each
bit, altfétg(l@ftlh% r‘ﬁlﬁlstacngas?%l | pq‘féécgﬁ{d RE il becgﬁéentﬂe @Ebacc:f\t/%rs slowly loses

owpower ¢ rication technol ogy,
its chatdeer e are tmo types of tranS|stors one |l arger, called
MOS! and
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ry small, or even placed underneath the transistor
significatllydron tﬁebmcsn@tetebbmsu@e@mmlheedmrmo@cemw legic DRAselect

embodgpgrg?ﬁﬁrgﬁg gyggggﬁrel{l 251%35 tﬁ%AMengr%%n -C Hl% lﬁgﬁd ?xﬂgmse a

fabricddBAWrdcesd that ﬁ)ﬂollldle§ gbéd pérfdrinant ©fur ﬁb@M?S%Esdi’ @St Gandiftorsewhile
is no typical |eakage power consunption per bit. This

sacnﬁmgg pee gbiditytocienpirectitke smalestcapaciiore 45 kg BAY Wi @hoptimal

oS AT P e e e B AR TArr

chips dnEQMermt@dknOg:ﬁla&l ¢tipd bry tdpeof readﬁotaadarrdemmmdmemrtgahamseith small
the capacitor slowy Ioses its c Especi ) .

verticahmgtal Sfsac PEGCCERRAM &R AR MEEPTY R APBrSPAD B8 sfge chip. This

may be? 8&’?&' tﬁlavgi%btﬁ 3'§silﬁ9 dffﬁgtgﬂw ﬂf’s‘f #(ﬁr{gatrwo%%fe%t ViEhY withBJeky low

tors. e st eps abrication have
error (dlllcfrf)ﬂ@des) gmd f,q mmt 4 yeducton fnadmoliog effaracy esslomatpde\slth stacking

mwoy Sk g Wnsﬁ[;\o ¢ Z?ﬁ%g%m!g %B%I%bge%t?%ﬁéyets?] ﬁ}at processors must

consurh@ hfgh ¥dse Qﬂ/etct%' Aol M RS Errérsf.abri cation process
hat prOV|des good performance for processor |ogic

If the lbglarasdsm@n@ywm foesmsém theusemng‘alymgoaprqopss)»(l sonot chip stacking),
tru t the smal C tor t hey nm

the redi0 i it e S RaRe BRI RTb L s S Fhel et B 631

conne@Rg tHBRMOEHp Rienforpr A%Hréfﬁ@cﬁﬁ@hta@ﬁalmaﬁﬁ& @educes the amount of

processing speed per chip so that sufficient memory will also fit on chip may gain improved

power efficiency.
Some algorithms perform many memory operations that are independent and could be done

in parallel with separate memories. These algorithms may work well with fast SRAM
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chi ps and then stacking these chips on top of each

ot her and interconnecting themw th small verti cal
woreaoal425¢ es. Processor | ogic and nenory may bRCT/US2008/011079

fabricated on the sama chip. This may be done to avoid

t he 033|bed| .of stackln two d
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“banksavr‘at r fhah R Ghdt SR AN xﬁ&ﬁbﬂynq?oefafhhg}ﬁlj?ﬁa@ﬁéloﬂg&‘itﬁ& Wan
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individuelddiaw rpgoa:e@ls mag/ whfpletadlye sagte johas a pinglefsioprocesg stith minimal or
ess .power to avoid heat-induced errors).
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could 4gbiere m@iﬁgameefdnn@meb«y B dasgdnaychitecpires YYhIIQ prasigipg higher
emor§Ra g GG KAEaRe! RRFLA0 SR TP R et

many pArdllel ﬁfo%@ssfes a9 beProvided ¥agtpatr fixgdrspore @peﬂa@lvmfﬁment to allow
efficiency. Sone al ?OI‘I thns perform many nenory

memoroxmﬁmtlp@ﬁg) qomenletgbelqrp gapuereprocess ¢ WSLEYFI®e done in

I I. r,
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each processdias jfs GRPANPrBPTYRaGS that th“nﬁ‘é?ﬁﬁ RIPVRRIEBY T P, %%ess cycle
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memory b tgf i8Br f or mance to SRAM based

Since ALK Bit to? th ¥l rﬁmﬁﬁ tétisOghed & nsga%v whabadlk (déquiring
and wasting | ess power ﬁ el i m nati ng SRAM | eakage.
B

only a ibatyebpracs feificalh Eyery dewynihseednds), Sgp@@ggzp@gnﬁ:gy hpygin suggest
N I -

This mEfho8 @54 therRit Edkﬁdi@tmﬂrﬁvﬁhﬁ)%r%fﬁ&an(t)s ]hﬂhi‘ddﬂgldnbﬁle large
bank that anot her process is trying to access,

numbeg h%basie siealbproyistearenmefTisionthigh mgmery ceRrErageip thyt the
algontl?m nF] mafggt nee?? 902&\% tcgmg?ﬁm%gt%?%hl aneﬁﬁ?(g}ﬁzcxtcé#gg. t hat

ocess

For ﬁlrfctiﬁﬁ§ th@ﬂéﬂdn}bt spoeilcaibicsl, e vidrple pretiosgiss loydihgisahotimnstfitns data
probl em This techni que need not, require co

l e
memorysHehes PR\ M lawaPErsrage Wity 18g51qupns o nglm)a(ﬂeﬁ’mr e
A secogggllpg ‘ggﬁerﬁﬁ?ace ss pcrkaﬂ‘éél q{sﬂ??tﬁ&f feﬁ"ﬁcﬁ RERCHES afihd s{atrtsof each

I's sufficiently high. Since each
instruchiott cydfle &ie@bﬁiﬂdﬁmldw}i@t retradving memsuyatshalaraon nbtheaest

el o o SSELE SRR SV RS e
prograﬁl&‘aﬁé{f aﬂﬁ%dﬂ&ﬁcféﬁf&ﬁt&rﬁmgiéa@%@{r@&mm albrédray! d

not cause a significant power increase. This method
automatigglly indicateothe lgration ¢é thermbm@t!ucpmm rTl@fﬁrDEﬂathntqr may also be

manipi g8 by Pt lies R eTa e BaplERSpebas St Re ppicn
instruction is next (e.g. to loop multiple times through a certain instruction sequence until a
condition is met).

For functions that are not speed-critical, a simple method of loading instructions from data
memory allows execution of large programs. In high-performance processors, performance-

critical instruction sequences may be stored or cached in a SRAM memory dedicated to this
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algorithmmy in fact need to avoid inefficient

of f-chip nmenory accesses. For functions that are not
w@pwed4nsé tical, a sinple nethod of |oading  PCT/US2008/011079

instructions fromdata nenory such as DRAM al | ows

sk S LR LS L O 0, 8% SUOROT e Borogra, s
- ' f Guéloniémefart of each instruction
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. N, )., For
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the rapid execution of only.a very small |ist of
exeoutingea (e SR GNP agmrq%aﬁfa%aﬁﬁf@ Q{I_h?ror hi gh
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memoty Rrdaohdhrel relafiieylyRefrepent (e busid®he perforatanas-cBRédlisection of
menory for instruction fetches, provided it is

code), thefdni-eltip netwprk may be designed fo seswge piffisieatly lnvoBisssaging sneeds

s by PR TR PSR kel s

thus kdepin@@hé anmtire ehiposiweerdfcienmny sl ow processes nmay be
executed on a sin%Ie chip to achieve. inp
1

rov ower
An examplp brrgii ! thom arehitprtusRA h%wgpuﬁwwnai%?fﬁga%gﬁw (such as a
Vi adi Vi l. . :
o Y, ALY T BSOS LA
assignéttovsmiy losie procebempy sl deetutcousingd nwn-lneblt mpherypopsragaesalbeit at
xecuting on the sa hip to,co nicate with eac
reducegfﬂ%?d. dugite Ry i RelRTplalRoEY gnd _B%@%{é{ﬁ‘”ﬂﬁﬁﬁweﬁﬁ’ﬁk hese non-
local nfBn¥ty oBEratiShSby 8L Yestii@bd 1o ddcedsingRRF b RERaif Pbrtion of the remote
procésses to send nessages over an on-chip network to

on-chip ewuesy bamkroAyrosptheahi these acdsssiblerbrok pedions mayFepEspgat a
. bank not assigned.to the origipating o

contigfigh pteny Satrory parbtesneo 2y Ep el AE Ruplre LA

execut{n o spetih B} ddehardeare 6 ff WhidR fecCoredihilipe@dramatd had nof conceived.

A given processor core, per embodiments herein, may serve as its own microprocessor that,

when coupled with memory and IO (network-on-chip), is capable of sequentially executing
instructions. To communicate off-chip, these microprocessor communicate with an external

network interface. The microprocessors might access this external network interface as if it
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code), the on-chip network nay be designed to service
sufficiently | ow nessagi ng speeds such that the

w@eeoliyscaet work i ncreases total chip power uskGEUR®DSOT1079
a desired threshold, thus keeping the entire chip

power -efficient. An exanple benefit_of this
were apgtheri MSEARIPEESPY> P FRALNGREYPHUSP hidx e migrapsagegsors may send

commdhdf gﬁ(?ﬁ?[a (S HiehefPork ifltl&i*acé)ﬁqcef’d'i%@ 4 %R}et:fé‘l‘ gfdt&rb‘”l‘,l orldri¥eX which
operating system that require re nory than is
the neta®st ginsethct anderytandsearprexeewss. nyhesdrivdr cedermqueemsntagre
non- 1| ocal operations, albeit at.reduced speed
burdengRfge.ibis ST WBIARRRETSP iR FEERERtp DIoTaBE- AT B oS O 2 fow
_chis 85 ' HRR1dr PedtbcdreNOry operati ons may be
mldné@@%??%%e O?gﬁgégéss?néeznli a certain portion of the .
Aggregating hecropradiessormmap ey ankthe semoweds reseivhd ghroughes simple on-chip

ccessi bl e.ban ortjons .represent a contigquyous . ;.
protocdlaRg FmEHEL Raf b SR Ta LRE T Ss BPGQPA ChRgrver
The spSéEcapBRIBESatd RUCHSRIIBXSOME RGN néRek @hd A&Work interface may
hardwar e, of which the original programrer had not
be redused (i;r_eq'n\dgdt_o radefiononv ey pg@@g@jyon@gp]@ ;hap@(talmimﬁfﬁfrgance-p er-watt
will no?ﬁ% %eggy &%ﬁ%&eﬁé%ﬁr}%o'rﬁ 8?\%3\9(1%55%% '?l{lzl_g Uk Byé B?\é/er-g\&ﬁ%fbncy for

y and on-c

algoritigapatt 8o abt r@ pesHibidive v XS vbinAginidatibh vajuirengntsTo
communi cate off-chip, these mcroprocessor comrunicate
In ordepfq poraFRUBICREIA) SHEHRGRIMPIHETS, i HI3¥ beiggessary to use contemporary
networ! h%f 0o gl?c%sa%.r]fthé‘qq&h P\ BS&@&ﬁfﬁ%%? al%ﬁﬁggtﬁlt%lm%ﬁéﬁ%gé(to use more
Intertrace as it 1twere anot her m croprocessor, over

power-efRidig heavdtk Barddhargto coiremuonicate prmoag $iself andratilizeprdtocol
commands and data to .the network interface according )

translation gquiprAENtdP PEMeELE BIIdBGor dtsstages tiidehse irm Hag peyy ¢ -efficient
' f S f | ;

nevork 3 B ST B AR RAP Rl e G

that is notaoo poweessfiicerntt the ggrteganechip eetwonte sgerfass coolddreemplemented
a few.on-chip mcroprocessors using a sinpler

to be C%‘PB?t\gH%I . Aggregating microprocessors may carry out

When fuBSdCHIRMAS thRFPrYRLsdr A @At an i THMeQos tHeSidh an instruction
prot ocol "and communi cate themto the network 1nterface

cycle, &igi, agfodlomsr @) Retnidvieawx eisigudtioarfrominensgyg @geording to the Program

ComGRIREGRAERE, BRI LA o

instructi&dl W @ie RPP@price K biiioh Aihituch a$ rdbritheletit 1ediciahieALU; (5)
perfornance-g;r-matt will not be greatly inpacted(gy

Executp gnsiiyekotp dQeVriie sgalts qhinstrection; Hgnipvie thotesnl! esgistes Ay

micropﬁ’@é’es@rg o) l‘&[‘g} CIOQE& ergﬁ%son Q giﬁ?svtﬁatptr ggl'e Wdfif/Sn/ahf - S0 Rinfinite
comruni catron require Rt n or GBF t0 communi cat e

loop. With existing conputers, it nmay be necessary to use
contenporary . network hardware . su as _Fthernef. A

ProcesgRstigtay dfipis carqpit Apnaiopgen ﬁ?@@%&?ﬁ%e 009) HE Ll Grom on to

off) cdPOYES ;1‘8%% gi%hﬁpfnl WhkHRAdE thgsf SE S dd% yROFBHA G Bt MR Smple

util'ize protocol translation equipnment to
synchrgmons iptiecessdo miditeopecate ireths doléswing nanaee (seWMartdor néx clock signal;

ower-efficient. network to %%r arts of a network.
(2) Per rfnestifpétli‘gé?fg’ei Ipstgichigh ﬁ%{?lenéﬁ : Pf’ﬁhar dware is provided
Note tHab @thilk @ sftRplepPecRNeay LR drforin@ilt anytsJ?%) BtEE Ri¥trafidihdyRle, the
network interface coul'd be inplenented to be
logic respomsiblie forethe other 5 stages may not be doing anything useful. In order to reduce
this waste and speed up processing, some modern microprocessors use a pipeline paradigm
which attempts to start the next instruction before the previous instruction has finished.

Using a 6-stage instruction cycle, programs can fill the pipeline completely so that no
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When turned on, a given m croprocessor may start an
infinite | oop through an instruction cycle, e.g., as

WO oiobo¥Ese (1) Retrieve next instruction from neODU$2008/011079
according to the Program Counter PC, (2) Increnent PC,

... (3 e instructi atch reqister o
pipeling Stagr B LGE A & B THLORD HE ST A0 URULILPBH (nFfeckGarosrams
many tRfesHstar. | TSR A alwwg)spobiible, Mwbvef %heEéﬂﬁﬁiéhﬁe hazards that occur

instruction; (6) Wite results of instruction, if any,
when ettbertthe resosibf an mgtrgtttmn (efg. bmcw‘ﬁf’ém{@@@ﬁ% e3n Cf@@% selegtion of

st nf R R AR RS e Uit BB R R 8048 pucion e
has not;yéﬂ%ﬂlﬁl@fed%dt\ﬂﬁ)sé 'r@'uﬁgal(eflfo‘iﬂ?btcacvfnl&lﬂeon) or falling

fromon to off) edge of a clock signal, in which case
A methloldé9 awgid heeardein apinehnoidosa bitqrelaﬁtlttlgtlon\(@dmil téose that come after

it) to st%lé and, 58&%%? e@a%[%? O?I{eﬁgeg)‘??‘j}trfs%gﬁg %fﬁla{bﬁk ’{‘l%s \g#:pﬂ] g
perfornsdrRp $f thay ﬁﬁgdshﬁ:cbﬂﬁs tidleduiingtheystdle; W@ﬁﬁar&ﬁms acb thw\lpto(blem have

that while a sinple processaor may be performn
includegtpspdicting e rPSr\‘étthl?é%qcéﬂnséWP@ns Pﬁérqcﬁﬁﬁﬁg pe %6’%§P‘B¥d€m
er
succea g oS! Thed® AARGISTRN iR ALR L Bl Banioms and
logic apd MeaS¢ pewerssage. NBelerxampie; lﬁnapproccsssrqnsdmsetharq:suhebf mbranch
, dar adi gm whi ch attenpis to start the. next |nstruct|on
instruchiest BicarTedily: SPag SHuems {fgélrhﬁelf | O Steiof the PLyRssRor (R REFVQus state
prior tmakifg thd Rebk ﬁ)keﬁﬂtfb\ﬁc IE@r 1HRE RAEHRomBRydtbink ubd'&dvanced branch
pi pel Tne conpletely so that nopipéline Stage is
predictioail han@yara ticht Gndreases powéraossempti@xasiuthipgrea requirements.
neous t 0 execute many iines

Anothetprethq o el et tns LR Rgmmer sV PSP meptip fhat
attempt@%RtdiRatidARY %Ei%i'ha%&@m%rb fstan@ réftdtlgt $nsucBbns so that

instruction (e.g. branch " statenent) can change
hazardsedcgr teise fregiientlywhenribe pmgran@lts wn. dhis methedchaveryer.wanpd avoid

e 054 B 5B LERHAE S8 ROl REDEIGH K e

pipeliny®bpea¥i@di. abl e. A nethod to av0|d hazards in a pipeline
is for a later instruction (and all those that cone
Some %ﬁ(fltl@ﬁmif‘ts) exeguts thy JamerRIosRss rgpeaed i eipipaling skhdlssurgy ¢ which

pons 5l AL 0o P SR AR by v
mlcroptc&eid@r $o havelloaimaimieg pmbssdsedaad)y adéxetutedpethse ndand $takbéd. In

branch instructions, aqr procee n on, t o i ndepepdent
addition, PRAREATRELYES FAGBHTP sstiecllpg6ad &t%@ww@&f} PEocess should

be run R«QQ MdQH§|h§J@££QSnM§BW%F§n@E}Q p hRGiand 3l }Bdigﬁtga@l?'%epnve

ower usage. For exanpl if a processor predict
some prcmesdes sf dfeirdfatysharelofi prcs:lesstoc txgmtipmtiorer ect |y, sone

One meﬁ]\;%% iPST, gmg?cyfx@b gsrct}eé?m %tir?%glg)ﬁlirbqeﬁg%ﬁ% ?é) vrv1t11(fes"§1 risk of

plpehnE’ heshirds, 0. exB&lte hidilBplE BATRESes SR ﬁ‘%m%‘i’éﬁl@dfbpﬂé@@ssaﬂ ¥adic@ek at the
branch prediction hardware that increases power

start of caeis ewp i an ibtiwkiipn eancle rettpyed écrrewrgcesmthi@ﬁs netthaye any
1nstruct15(zl}§té?% w?pqﬁ%gf ts IAthgealt L%%}éorlilp(f %1 t%%?e{%?elcw%s a set number of

processe aflihelsama sadediSn b PeRhAHERBp Adated ﬂﬂﬁfd&ﬂbﬁl whsdl neetdinongequire
so that hazards occur less frequently when the program

any significayirschaylingpiichisey, andgnax eltaingHaorovsgs siticiency. In this

implementation, the processes do not perform operations that take more cycles than the

number of processes executing on the microprocessor. Alternatively, notifying programmers
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normal g REgHee

all hazards and sone types of "extrenely serial" code
still may gain no benefit fromthe pipelined

Wo@p@pailen. Sone architectures execute the sanmeCPUSESE11079
repeatedly until a pipeline stall occurs, at which

ot il B S e S e B LT RS R oi Bose
instrucbed 19Rﬁ@g@r$&ﬁ{ankélcﬂﬁ<¥aﬁ sBQidn§GRLsHeNY Processes ready to
execut e because all are stalled hi addition, many

Performansieimascaley be imprgued by putvediog each taeasaanith a @atai grearary pésome
form tllvéa\'g i‘fs%ﬁeego V\Brcsogﬁ) !et% r?.brgerrggrg' orf)%)r(a 10&2\&%616% ? ﬁ%\/\@g’s cycle and
therefoREHJid @ sRUMETHRI2BE6 €S §1@§1t€tftuﬂéf¢@,h be Edaﬂtecﬁfbﬁp’revﬂfe this using low-
rocessor execution time. One nethod, per enbodiments
power E?&Pe\’f rmemeny, ReRiSVIoyslyidse¢nbed. st ages active with |ess
ri.s i 7
s oL AR RRL i SHBEN b oy et

that th DRIAM @ficre@§banievart yerhpletean optdtisatbefore cldamdxe instruction for that
retrieved for_a pr ocess t hat does not Bave any

process #aity GeCrée Farraxample gORANeiehequisesbees iy Somplsie B

|
operatlH? &1}1@{ glgiﬁe s‘?%lé’ E?cl?)ré]lﬁfg S?artrlgﬁigc{r ar]gg%’%ﬁ ggécuﬂﬁg GESPAPIz or less.
A pow&x@@fﬁdrenobmaropmbesshr ushegla 3660 Mldzidiocke cyaly asd suyipbitoent6 processes

BEET T pEiR TV N T —
cycles E%Ingg[?&{(f 6&% afn@ ﬁ)vtnlﬁﬁé 45 3R SIDERIs DBV & PrBéRs Ef@es. The

er o roce Ses xecut| ng on the ni croprocessor
extra 2Aln1amseadmd$@byl,d bmtseﬂycv n@nplﬁtaghanﬁﬁr stegeswifitbhinstruction cycle such

i nstr estal n s them
as inst e ECH 1k OTAG ot ROBEOPHETS P ARG TSP ioh cycle can be
compl&@&éé&h'ﬁé&@s @}Fcllél cal sections of code. Perfornmance nay

al so be inproved by providing each process with a data
In ordemgoriyroué¢ thearsefufinasprotf hew cPEpfitgs archiieniye ampodanpnte peesgnted
herem,{gﬁgqrg%%r eve ot | %ﬂt woésh 1J|nFy Bﬁ.ﬁ%o@ﬂ%ﬁ RHR&E dsﬁlc? Xl%&lﬁieaa%mpbler for at

e avol ove arc Itecture can

least oRhBEREhhidgRABtage & 4] S, whichgrahsiwee hemaDRAlteneprogiamsasato
previously descri bed. In sonme enbodi ments, the

machingrwdgpHtandable dnstargHppT: t%or*s@bkwrpgr@n@r?pummm@ﬁd in C, which can
S I
be comBhi88 Ao RHEicr ook sl6rs, ANV EABlobnRRN o SARACRER i
prograipk haeseeatvaritteh i@X@ salthaoproviding e Carnpheler all@Rﬁ\MﬂdWers to use
requires 20 nse gqxggl ete any operation can provide
prograggs ﬁﬁ‘ii E0QS/AF % ARE A ’53&5 IPoWENt or o process executing
Mt oading e rsefel iabRkiolt 61 #PFREQSARY
Booungts?lcﬁg a é%\'d&/ﬁz% 83 ocg cycrse ean1 suplgort [ ng 16 memory:
These msmmmemawhéxdcamewttbe loadingi dfadditionddasisussions thapcowpin
(350nhz/ 16 proce on i nstructi,on
%&espﬁgvcoe%@ ons fWLEOOBP%\‘}lS&?‘ '%C}}fgﬁ%és{ecozl Load
mstrucB@ﬁé’\ﬁ&B p‘%fs@éi@xﬁ%n&ﬁ@ﬂyeéﬁhe-f@ﬁ i 6r20f23h A BRS €)M ifsdticHons
be used to conplete the other st ages of the
from tthQﬂdﬂ; ion cycle such as instruction fetch and

o 0 SR B oS0 L8 b G e

send thelinQfud€6ns. OTHBYONY Bwd lﬁﬁathtﬁﬁfab& ﬁtﬁ&ﬁc@%aﬂﬂ@WmeﬁﬁHI a0 the persistent

archi tecture enbodi nents presented
on-chip memory may contain just enough instructions to enable booting from network.

A method that potentially achieves very low boot overhead is to boot the chip with a hard-
coded first instruction address pointing to DRAM memory address zero. DRAM memory

resets to all zero once powered off for a sufficient length of time. Thus if no boot precautions
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herei n, additional devel opnment tools may be provided.
These could include a conpiler for at |east one
wEew@gnsrne ng | anguage, e.g., C, which transl atBSI/US2008/011079
human-witten prograns into machi ne-understandabl e
Instructi.ons. .Portabl e prograns coul d be(provind N .
are con&im 1na1g1gghn5goelgﬁﬁ§spé ghef CTQpIpEEsSar may ldad an'all-zero instruction,
which 881 B8P LRAASSEd o bRt SHRhRANR TiselfOQAIS: AB Prédeedlin an infinite
source prograns have been witten in C so that
loop. providing a C conpiler allows devel opers to use

v o R oGRS BP0 S gk ML B ety

each oh-ORipP#6ddsetSs RbigAed DR MéM61, TRAW instal RSB tions into the
instructions may then carry out the |loading o

: f
micropEeRgsIor SragmeTysY Rilrcthe rSTOPFRsesob i sk loping(Prepded nprripcal
r L T i O for. | N- C.hi .
o BESH g YRGREL BB IR0, ST v
the zergiindn@tti@ntocioide the pafckssohiostoplvdp{ng)andgatipite sHer firct instrsction of
fromthe network. In a network case, a nonitori

) g
the loadeshprogram- bbis R Pl mehode cowdiallpyra BEER anélﬂlfé%"fig’oﬁh §pquence
n . 0] .
sch K L DAl 15 TR, GREN oty Ok Bty ot
procesgeg ivnrtlye chdp. contai n j ust enough instructions to enable

booting fromnetwork. A nethod that potenti all
Some TRiCFRRSQRSSTE PSR BIBIAI0BY Hish BAYF e ebPuRGREn P s ngles, called

Very L%%%B%@W@Q(\@W}, ukﬁh?%&ﬁﬂiﬁﬂg 3d96£3 SndRRICAbAOTHi®

M nmenory address zero. menory resets to all
bundlizgemey be perfomngek tgdthe pfogrammer’s W v¢lopent thelsgguieh @s arcpmpiler, that

Thus. i f no boot, precayti onsafe contai.ned.in.a given
may beRTpidsd BEEeCmbABER Ry dhgedBRrRGRY. i ghehdert can be
perforrRéd mgRkAl NHLifGEd Q, tdrehitdealt Af Babadialentsafréifl cb@ldae some
a junp statenent to itself, tying the process in an

of the spafe processingdime (efg-+ Fensee) inarekionmitbest avsrucamsin a specific serial
instructions. fromthe n .
order sy RS- DT sk Y oo ot A TERE Bubihpn on he

eac sor
first or¥edPdy, it can install instructions into the

m croprocessor's nennr¥ whi | e the m croprocessor j
%

. S .
This cqyid he pesgpp agovdrovissalnbreftlofalW insiicljons sudisas a S-instruction
rr.j j [ f, A e ‘
e
Compadre@tccanottiee vpluer@3 Setect (bratcbpnéxs dymitrugtiam dependmgtan thheesults of the

first instruction of the |oade rogram This. or, ot her
compagitarh o S5 156 TS AMSHGHb S QO PV BabPo 6 D Sk ety read
and wr{tﬁe&‘l(iﬁ 1185re PRIAChK R hS 1ntsffu&ﬁ>|n: Jpt£REahe lijeishﬂs. aTHisah €

on-chip circuit that eventually boots a processes on
signifidangy céruge ti8oarea averhends aakpessibly hegowss overbeadiapéaspary to

. t hat been grouped into tiny bundles, called Very

”nphnﬁgﬁ@\ﬁﬁéf?ﬁgﬁf%ﬁ“Wbrds (VLIW, usually containing 1, 2

Each ofchip inRtgbpro&dss&dan bEotipled Rt Hgeriaimple 10grbeussdrdhMattempts
the programmer's devel opnent tools, such as a

interpregsapdramunichtéen thay might etherwise haprto knaplemenipdrizhgoftware and

requiregagér?)%%ﬁéo;jr Qfe%%ﬁ?{@%r{tféﬁ& 'b@é}?&hn%%eéﬂ%&?ﬁ?ﬂ? Pkg *prc?c%@so*? ?nay accept
very sidipfdddn@Gants&ubh asreadicitstas meaioey blocRW t niselossimRemory block
B”. The microprocessor may check on the IO processor’s progress and, when an 10
command completes, give a new command to the IO processor. The 1O processor would not
execute software but instead accept very simple commands from its assigned microprocessor

that might otherwise be very time consuming for the microprocessor. The IO processor is
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of the spare processing tinme (e.g., 23 nsec) to
performthese instructions in a specific serial order

W@ 00hext1s¢ he second instruction may depend on PEEUS2008/011079
first, and third m ght depend on the first or second

S could be used to all ow for usual | y usef
thus ing Rl oIS 2diieh B sSITEHUET T GHOBRIRFE rH 4O Processor

behav1eleﬁ§1ﬁ’£ Bﬁtlcﬁﬁ?sétﬁﬁés%@'tﬂgld) Brétesdongk6r é%ééﬁ{p% dutihg b88d the 10
val ue from menory; (2) Conpare to another val te; (3)
procesSginaight {lvamehiory esmmiands mmmng)fnoméb@ﬁmﬁh@ rmﬁwonketo get priority

sccessyE b3 Srepbely Fenan Bl obesh "oaCoifitTafissh dgustopy from

it. Latef)@haMgiirid @ deRigh@oul@allsvansniteibt iféighdshe hw@plﬁmﬁylo@er other
operands and results. This can significantly reduce

memomntaperations m/@mmewtheémal pEesssBs perfarmapesael e/ K9 peaggssor performs

local ng%%ﬁ?’%g 18? %Iﬂgw et 615 fg)g?]é ré%e%éugurottg%elé ﬁg l&%ﬁhemory, itis

possibRl f6Pemlos) PloeRERHY trdﬂ@ﬁdrreﬂtﬂemq)rbcfﬂs&rs igRs Seducmg process
comruni cation that m ght otherw se have to be

performagficenent ed i n software and require a process to

Descnﬁé(dsg%tvg i %rﬁ{étcﬁd?ﬂ Lv%hl%leﬁgkérﬂlgocﬁ{ﬂ@ﬁ@tlé ngS% denT 138- éﬁl@) computer
cessor mmy accept ver e Cco S suc

archltectulramﬁlaﬁsm@ Sxﬁhll SRmMynshfLmokn Alehmrres,rhl ghﬂgailultt’emicr HRAM for

data mgl!,ngg)g ggB@pmg mzl g ég'gar gc Sf%ﬁgga gq%l%hecrtkgoqigcérthtgm to maintain a fully
active ﬁ%ﬂ@ét?&njﬂgelﬂiev Endla FHEHYIVE PO\R/Qr Jrhﬁnk Qef%&ﬁ et @brk ihR8face,
proc

or woul d not execute softwa 1 nst ead
and clastee aptwork cypabilerpf alaptingtnatbitfary meeBerHskxpgnsmmng millions of

o RSB Aot A8 TLONL CLICEM S B MG LTS et o s

archltebﬁﬁ'@b’&ahibvtﬁl:y 8shrloNbEBIVR ARERATy ik FhiBidns bf Mkl ifd¥@pendent
advant ageous” to control 10O processor behavi or using

Inoumaptlonal settings of the IO processor. For exanple,

One alg guedn ?togﬁjﬁrl%hﬁg Sfutg#n%f PoARChilR gl:;é h%ue‘%}é‘ﬁ{ r@%ﬁ( search engine.

e on- C I'p’netwo

SearchRhigiilel EdawaAEEEwsb by dbWaldadingl wetepapey, semehinifthérh efoﬂ @@l and
process is attenpting to fetch instructions fromit

downlczaalnr@r hrﬂ@ﬁm pAges. hT kesg dopinieadeg iich PagISeo RN ASTRE th% hillions, are
then st{n%‘éi%h Gi%at iR c%}éeﬁ Sear ?fxé& ySe‘N%,g n%tllﬂﬁ—% of G855 ¥a fiy%é&f%

rove t process®s per ornance
searchﬂ@@b‘e&% pagesnholsandsof thaed persatony. d',imedcﬁtﬂllsp adargaklustwheficomputers
e local process is not accessi.ng ]Jocal .ne It |

th [ It |S
stores {55t 9 Ehep v eh@RgHy SHATFIRPUS B EToLEFBiR EdtyElmEgl set of
pages. Wﬁ@ﬁﬁ%@g q\gb%ﬁ%/eg SlLEd R B BE8SH B %fl%@fn‘ﬁﬁfé?@whlch then find

Descr | e in connection with sel ect enbodi nents
best-mashmgsyeht pages froohthpir @ssignedeset. aflodse resotts ngeregatp up i hngarchy

such (B3t 3ol BN (v CCBRBIES PR eted g ol dhe PR cEhes are
forwar@& @At hoa 188 t}khﬂ%&féh&a 'A’ittl?é F%f fnd lln)i!ra?éHy' tW€ best matches

instruction pipeline, and a relatively | ow power
acrossmmrmwnbhmheenﬁem%rk interface, and cluster
t o_ar.bi

This Seélﬁt‘&l qngglgsa?gqjﬁm I(-jﬁ%ri)tgﬁ %cgt(;)fe pﬁ?vd%%si)é @és\éflged’\gg XPuter architecture
becaust WeBpABE dantRS seiehéd in\Furylldd WdthoahEoriilihicBddn B&wee Sdmputers.
Also, t¥1\e/elrelsul(t)sncatnhblesaggregated in a hierarchy whose height determines the total
communication latency of the output. By adding a few levels to the hierarchy the algorithm
can use many times more computers. By dividing web page sets into smaller sets the

algorithm can accommodate small memory banks such as those DRAM banks assigned to
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architecture because they cannot be divided

efficiently into mllions of |argely independent
Wee@eesass. One al gorithmparticularly well-suPCEUS2008/011079

this architecture, hovvever is a web search eng| ne.

Sear ch_engi ne downl
cach o e by M S SO BB
clusterg)iéfgfﬁem-r(fhe&ﬁ pERWR @l‘ijeegltﬁ\@ Q/eﬁaﬂ%ﬁlp n}‘lﬂdﬂﬁbhzﬂgisf)ébti &fhe novel

ions, are then stored so that then can
compusa araiiteckureSge alsogvell-suitedfor sshrahsmgmesastigh @agherreaghm@nctlons

s R R SO Sel RSRR Bl TS By B ety

pipeline@%fchtbcthR8S qh\é@&dP@ﬁl%re-ﬁ%Bh SONME iR ruéssi @E!%Bﬂbe’il above is
certain rel atlvehéthsmall set of pages. Wien a new

actuallqaemymd i thescore plethk eganeh erging matdme algorathm dendriearging

which Bg&e% gﬂt%tgle n%II h%f?(hg\% }ds gslg %gnt opa?g %émﬁﬁ%gkfél?g#s{: \ﬁould

probab$yfdauirbat least t&ﬁﬁﬁhebhﬁf@éﬁﬂﬁé tb ebsﬁ'ﬂpldmﬂﬁs ﬁmgemeﬁmbmlcro step of
filtered out and only the best matches are forwarded

search{ o t he next level of the hierarchy. At the top of the

i
AnothﬁgxL aZé1 q{tﬁ&%délpglhfégsté éﬁglg(ﬁ}%g%rgcﬁﬁéc?ﬁ%al 91]%) ?ﬁarﬁ'ﬁl aigoritffls DA%E Monte
Carlo si@lulatioti Thdse Algdrithmp requieurahdom esmbeised nqnnmhleh can be time

architecture because web s can be se C
o oSy SRR CRRE SRR by L o
vy oS0y BOESHAEULL Bk P B RARATAL sl A
regenetra¢dn Burofg a ﬁnmnmaﬂ Mdnte Byrlaslmnuiglcm, thevsaimevaolds may teraxecuted

hi erarch

he al :
milliongsaigRto Wpeg g HanoY dge L Fl BS FRIEdpe gpgrandom
numbe} h ?hﬁl ABEME lerﬁ)@f‘o%?rﬁﬂmg Ab&s§FB IbecABEPNYhE prkFichsiithe final

hose DRAM banks assi gned toeach process. Using
answenmustrhepwlthlg lsomafeactiony om@mr@dﬁhy tatel doller walpepf ﬁlﬁéé@l answer
Wws .a cluste

my o RSB TR 485 b8 o ol

answeC QP sRIw1g) &shthé Sqilakd ﬁ)o@bﬁthahﬁl(:hbéﬁ bf saempleedF cfr&bn&fa’hg(ﬁ'hhms
nes; such as the matching functions used to rapk

outputwé%w@gg@@ myghbe nvmgedr@rrﬁyrrw% s¥ehsthat Bedinesansiar Isdhe gy erage of
bllllon%l gﬁgl_dwl l:y' cf%glr ‘L,Jl Xﬁlﬂbﬁ?v\ﬂﬁn ae'é@l{]Mo%‘l:é ahgs s&gﬂé}@, %comphcated

anc Bruction descr i ove
functidnSsuak fasl abdpy (edih@iheedniral riunebet erte thaf inpinepovey cin tekgmudtiple
mat chi ng algorlthm(for ’qetermnl [

h
cycles Gomteahiy. Mo HBE R eQaroREse FORh ST L OHEAIOHARSP SobpBtegpee of o
many fld5E T8 ﬁggﬁg fhe @'f l?ﬁ?tbf'l: ¥t theehEforAlthd ﬁlﬁfﬁﬁerto? etit Places of

nor e cyc e this fundanental mcro-step of
requiresiegeoiacy)inay helmghﬁcmltlyhmpaetl the Sinaltangwen Inkigadofedlculating the
urelsfln nci al orithns nte.Carl o

h
exp fugiia R o R e GOPE RIRS Pet e ORI IR N LR 12-

bits oflaRRithey MIhEthp aﬁith?z bitdR tROBSBH. WedalscISMRE silgRificanit lobM storage
stori ng many of these nunbers locally in the DRAM

for eaqlnmrme,%s irhiby nar'@l asehifcriraid sekilsqly that sechdtaples wosld haguipy
access%g? F ne@clépchg%mﬁlrf 5t n N I rtag?t] 1803%%‘8%/? ﬁg#?)gfﬂ%regg%&non could
be conséted imymhglewyereuul@dlble lookup.

Notably, Fig. 12 is a computer cluster comprising a collection of interconnected computers
that together serve as a type of supercomputer useful for applications in need of high
performance such as Search Engines, Financial Analysis, and Weather Prediction. As shown

the depicted, exemplary computer cluster comprises many computers 1200, each with a
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mllions or billions of tinmes, with the only
nodi fi cati on between runs being the i nput random
Woeebes2156Thi s extrene nunber of sanples is necEGEHS2008/011079
because (1) the preC| si on of the final answer nust be
fractl gent, and the total., dol|ar

Wi, t hi
networl i GRSt DReCOTREES A e BT TRIGRE B CORRFE OF F BRI 04 The
comput%][sof%?@[}?% g 984-2opati¥i€ Gb&'t(ﬁﬁaon%iﬁel(s 2N nﬁ&ﬁltéﬁ' BGh8 k&fle or

imal answer grows slowy, as the square root
nearbymﬁcks Imea databertenflt ssealgsl pssibleofor scqmpalegm be wery, small frtexample

s sing S SR R BB 50y SHTTR 5B bRt o e
productifgli Yhéj\i%le' 1v04 @ﬁdy\’&(’tiﬁﬁ Hikdriet viake, aR@ tlféﬁfé’ﬁwbﬂd’lt 2Gasy thelude
sanple, a cogg i cated function such as "exp" (raising

routerstlmelmmmmalan poetpca, ﬁl@rqbbt@llpwmthpgmp)ltetsa}? R ommunicate

wing PR REBLEF ol ISR i A FESPA B B

switché¥eind roeRahst: pakShiesdages bdiR el &MMItER based dri 'Slefdﬁﬁtiﬁaltl@ﬂ address
(the nunber of decimal places of required accuracy)

of the megpagrot ClsignrpRlicatiensrunpERgrems Re cpshrAMRHER&7ch MREtEhd
f ) . o
pertorfpe S35 B AP0, 80, LS RET K644 kiR
cluster Ih@xl’dhxaalﬁé, bt2ausbiah application uiac ysegiardl e al gnpﬂtmarmcb)(béutb ionsnultiple
at the output. Because of .the SI@%&UI ca | ocal

Compl@f o ABgBOY A taé‘é*c‘ﬁ‘n&eéé%%r%tefi mateparalisl b t&? itecture it

[ Y t I
i 135 WA Sk s 0 sl g
cluster ae descyibed i @xpodinentsihereic o't[]he::lﬂkmetrﬁoah'pbmpe@r umhedes pngbmng

cycle via bI | ookup. t abl i S
clemergy ey d3MBATE R RETE MUPRRSE Rl FHRrETsRR T ERB £08.
Buses FRBRKE Slotvel i3h dn Bédes D MY oS, And MRE pAfwer-efficiency is typically
super conput er useful for applications in need of hi'gh
rated ipgightuitsrpeen second gier alliSedtr dh cBnierishes-chipi gpanfohaication requires orders

at her Predictd on
of magiliiBpol dnfarys b moat er e uptind Bt Ber lugpey. due o
the sho%m%?ér?tﬂ- aflPlack @5 Haﬁ‘ﬁﬁ&h Bé’[%wbrk-chllptaﬁﬂfoﬁf}ehlﬂ; .
connec

. to a "wre" which may be copper or fiber
When entng sepagages chipgefog G]@mﬁl@r 153092&5}/ bé&; SEre B jipIuE power
usage tg:?tSkt PR a‘t\tgngéil?e C%vﬂ?rl ntéimc EB goqmllnﬂm"cgt?onsx% eﬁ’t@,az[nmfhls could in
®EOPAHE SO p033| or a

fact be G—Iﬁimllii giier tiantBie ‘dﬁh}pomhhagefocﬁ & hégtayrpifecient ?E’tgilpe 13 D0ymnemory
_ é 10mmflat chip in a &ackage possibly with no
chip 18 and mgtversk drigriaey dnp hekt RIBRERIEISh. The wire 1204

Fig. 1418¥ lb%lé%?{o%gﬁlrb?rark Eteti-52 chlgﬁ%b REmPeleyRrckitdde dm}/ammg

inc ters inplenmentihg an I P protocol, thereby
processihg elwmngtstllséo;:mmuﬂenmrfhz@(I)3®4)arl:hrmmnr)c @ allsomglelsme chip.
toco S. &@e net wor

TCP/ | al '
The nefiarhgp ki, LA TORR S BERYHemetit iR 0RA P SEbr S0 Phgtled

compu@:?sté AR DTSy REM RSO TRV, eFt iRasiafe sy stdifon-chip 1400
deéstinati on address of the nmessage. C uster

architeetpysl useat istgle matwork intarface frallesehna eepunercatione and therefor e

inelud5RIER Rt lp03ef ipsb TRk SR Eer Py e

quantit) 3F hediRy 1BET assied an cﬂﬁﬁﬂs lali%’lbﬁ-itlﬁﬁ depisidens S}&&fn@-lohﬁihlps may be
algorithms to execute on nu | e conputers, .and not

practicaglly limgsé s appiovgmatdpaP@eredlf W@rqdarlhme@rs ofighip Egegvhen using
conventlogshltp]agka%%%%f%ﬂ& sg Pa%rt pereg aof%gcg@férec{f s}g’tgﬁi &{Jgﬁpé‘ﬁhe

improved power efficiency of on-chip communication encourages using a larger chip size so

that less off-chip communication is necessary.
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cluster as described in enbodi nents herein. The
illustrated conputer includes processing el enents,

woreeon0y213802 and a network interface 1304, al|PCT/US2008/011079
i nterconnected via a bus 1308. Buses 1308 are sl ower

) t Ks,. d ' .
e SO PRy Rl | i ppesor
describzd HeRgh R t‘y beliplefdnted. |F}o%£eéfﬁs é)@f‘éhtl&ﬂp&hé&ls bP, iteratively

conmuni cati on requires or of magni tude less power
complettmgahdn1mwcttdmmelmen$tmn@EClardequdSﬁhmglh@Wé@ral steps and in

N I L et

Increm‘éﬁ! P‘(g PEDoat abuablics 4) Dispitd@nepister bﬁ&@ndsl SpExe(ﬂiﬁdlnStructlon
4, t'here is a m.ni mum power usage that can be

and 6) élfmtaurpﬁetﬂmf IrstrgrtiemE ¢tel dpads Hianexs ingtHetean indhe program from
memof Y TR g o B Ml

Countel3$04 SR, leiu merfolﬁroa-ﬁchqiaWzky limerﬁlﬁ&:@mﬂnumciﬁdmtells the
Iementat|on is a block d|a§ramof a

PC 15%@5@&@ 8- %1ﬁfle}3t ‘134%0%@%}?&3( E044p s bead/deee widhi Ani ng
The P%%@? )ﬁ/g‘gi%% atﬁ?ﬁ%%rﬁ%r% ﬁg&es%\ﬁg&% t'_?%&ﬁé ﬁfé%e&?’%gﬁfﬁg instruction

e sane c he net wor
from nmdnicy 1802 T3P C wmin&SAstheh eer&l)sshtePfC onhehisy2 1et 0@, Logdi Sthre unit
can also be called a co te o a cl ust of .
1502 vy e i SrL ey JereIordoy e hird | [l anidy SR fiearsiggso the
Load/ Slcéﬁg%nﬂrl%BQtv Hi®niSER-Posd/ §Q)lr@pﬁﬁ'5vﬂ§’ K16 fbtl?s@ftﬁ’&ﬁcfv‘a[ue to read
all external comuni cati on, d therefore includes
the nexg infistiuctiem fromemempryl 30%: bmadé$tpp: 4rot hﬁerthan sengsadead command to
erfor, i se antlt
the meRoRy Byt ﬂ&cmaﬁﬂ? Lhady S@m QT Dt 1@3%3%%/ efirgabeRC Cpglueas.
the addJBY th@epEAQctically limted to apprOX|nater 100 or 200
square mllineters of chip area when using
The meooyemti G2 thgerskigyicn this vadlha figueis infespaltcieuigeandyistusns gata
represeéllnpgi e %68‘3/1 S%[m%tﬁonﬁr tﬁqu Eggds/ Stotrcle1 S}Eut gﬁ@ég %gigt&ér) gg’g\é{em é)athwzg/ 1544.

The Lda@/Si6re (mlti tRerSéehds B2 1h§tﬁlct1|oﬁﬁ%ta&ﬁfthdihllsﬁuami\ﬂmmat ismo also
i s necessary.Fig. 15 is a block dlaqran1of

called B}.odethedroa WetterlRma@Vi@obS 18 orhiswsiteeenst ofcths %%Srt%w%\%n Fetch
stage. Qﬁ%ﬁ {Hegfcqblrb?rl er a ?ePC 'T@b? ?ﬁsﬁggg lAa Ve éﬁ%ﬁﬁ@@@ as

y conple e instructi
well asoiji€ hecesddrg pathsiays! (:It5|40n1 A2c il 844 rlGd:&,elchl 6) eruged derieg dle

d [ | ' l.d b
Instrucan §oich SEe0 AJL G TDS 12 304 1DRO) Hethy T4t Qs 1532
1538, 2924 H‘ﬁ' SR pr %sso}) @@%ﬁ%e'lﬂé& e Bin@R: sta@: op'tlﬁﬂ)ﬁﬁt?ﬁbtlon

regfste operan Execute instruction;
Cycle Witithey didswot pafomnmtyuscful@peﬁebnmdummhe fimeruntion Fetch stage and

instructi.on in_ the progra m menory 1302. This is
were meg éfll g inhe peike proce ﬁf?r%?fg YE€omuni cating to the

The neRf Qgé@lmt@hhﬁﬁe‘?ﬁenl 5@45tag%r irR¢hi¢Rithe P€11304 BSmmunicates to the PC
Control -t o- PC pat hway 1540. Thi's conmunication tel

IncremehteurPCl 30500 that tb@mlut: rétheRG srincremened 4o therpsldrass 95@143 next
mstrucilﬁlétr}rlﬁlﬁ{%lr%adg@(#k@g ]Crse%%ent%n%log CB\égid?%thgseestl\x%nlﬁlg and their

cate next

conneddin@ PatiRayNsd bihet p@ﬁeé‘sbﬂﬁmm%ymﬂcﬂ% in toenpREingnhé Irdvéiftent PC
then sends the PC val ue 1542 to the Load/ Store unit

stage. TheIngrpmentRC Fase dogsawy haxeioocpar iHwagdiatsyfollqying the Instruction
Fetch p@&gé,ragh 1&&&0&1@9 QabiBB 154RRAbS FERh ts&%e and before the Write Results

stage.
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Load/ Store unit 1502 via the Control -to-Load/ Store
pat hway 1516 to use the PC value to read the next

w0 p@vouasé on from nmenory. The Load/ Store unit RGDBS100&011079
sends a read command to the menory unit 1302 via the

Load/ St ore- Menory pat hway 1544 indicating the PC valu
The nea%st@g?@féhﬁwggctm ‘D@l"r léé%e Despdedpstpiciion stage-1 fpdus fiage the

Contro[ ﬁltu'i ﬁ?d&e%aapfhw% bY@l fhef 1ﬁ§fmc't15§ r rg”ét@rr b 4l éﬁéﬁatrés t@@gnd the
turns data representing the fmext instruction to the
proper lsxgaawsﬂ) tdresothieriunitd H theviiracessre 11580 Mecaspary hovagr fdral the ifidiniction.

. ad/ Store unit, then sends l.Nstr jon ta to the
BesideF g6 Dt PG FLAET GHLs T8 o BRI i tepad Py sifhe and
were Vdagﬁ%/ﬁ Pheutlndg? pathway 1518. This is the end of the

Instruction Fetch stage. Only the Control 1508, IR
The neX’Eﬂ;@e 1@@161151}11@&]18@@153@@m:ralﬂ@gtagﬁdme will g@gldegghe case where

1540 4 1
the insifGeion S5 AP eUIRREL T ng PTG RR0TRET P RHEP ol unit 1508
mgnahﬁ%ﬁﬁtﬁe R‘églstéi’.*, bk 1500 bver (HOESntrall3d R eglsvett path®d4, 1526 86 send data

8, 1532, 1538, 1524, 1522) in the processor
from 2 pEOGUIAK Fégitier Lﬁgédhattnw indicaied insthggarment inplauqtiestte be an gRerand

I
othe G101 33000 Vb e B3, BFIRCAN 1558 L naRERS a1t
instructiéhh hmgtwO’bﬁehﬁlds glov&d mrregle&ss; theam@’ml seat tfrone Cotrel Hd8tto
sta is the Increment PC stage, in_ whi

_ ich the PC 1
Registars hampihblée spesiiyieserend Regisige k241 Sescy o8 dhe q?%?rslifﬁfé port.
P
e8P G 1308 REEATEA L bp SHERES Sy b Spsrcion
data, cdlldGn IBﬁﬁd:diﬁS dveede Medmtbtts-ﬁdmﬂ phtﬂn&ualy 1684n étmtnungons may
pat hway, no ot her proces%or units_were involve

specifSLaiiST 1P REM e HEIT piepsyel 2 FhElciaeratidh opseand may be
either ;ﬁlt iAdfeARESr Q‘ﬁefgﬁ?éfq 558 oBEGHA. [MRB AR & ol dplet 420k, NBe tAS

Instruction phase, and is perforned after t he
operaniisisiay be tplrcomdfﬁbmdwosﬁwﬁera na2hef asinglhiesgigtén IS 2rasd tsmgle
Irnrndtage The next stage of the Instruction cycle is the

¢diiCode I nstruction stage. In this stage the Control

If the 1H§ihfct1315 @8ed RAREVE BBy Hcrdndsa $iBGalivitsidld Het beDsrénf ttghs R%glsters
0 and prepares to send the proper si

na
( 1522)@nﬁ ap imniediate ﬁaltlhéwp}ddme@gbio the Ad-Uh 623 gthyn the %@%1$t61i8rh522

recelveu%?lggﬂ&% %egl%t OICP%?andB R ngﬁr‘m?%@ tl%y)s xg@ h'{e§e (r)tl}}ghﬁg% 1530 over the

ports d&digigieBitcth¥es Bmaad thiong tHedCondrol uhit1 60&t AgevithTjrevinexstages in the
stage is the Dispatch Regi st eaé%)er ands stage

Instruc{jan Gygle, HspYUEPNS Hdhe REECHE nd the SSmRIY UgH 1@82 spend the

his stage proceeds by the

DISpat%oeR%QEﬁgFéﬁp%nqgggg%ﬁuaﬂ ling to the Registers unit 1522

In the évear thahthe Gasntuctidn isaroRan iAdtlé i $3 (pastruetion52 insfeadsiememory

data froma partjcular regis r 1524 t .
operatiphcifie SpEANS(R) WHLOCHY inibe SUSIRIE 1B 15 8_@3%??6 Kserisnde-
Load/ Sk&eyaﬁwﬁ{yq 54936, ﬁl\é%ras@oP@REWh@ﬁiogﬁ bperafdr, I8¢ control unit 1508
171526 or Read-port 2 1528." If the
will alsmadtcaﬂnetth@duesltlastlamgmpmrléaél forghoresultitmbe sggitse.ers, the

e ) 35 BT RSB R BB SRR e comen
instruclif® i8R URB&LIABH 11 530. During this stage the Control unit 1508 specifies the
operation designated in the current instruction to the ALU 1530 over the Instruction
Specification pathway 1536. The Control Unit also sends the ALU 1530 the destination to
which the result should be sent during the Write Result stage that will follow. The ALU 1530

then performs the operation and computes the result.
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Al ternatively, the Control unit 1508 nay provide an

operand contained wthin the Instruction data, called
wW@eoobi¥asé at e, over the | mredi at e-to- ALU pat hwegT/LSR348/011079

Instructions nmay specify either zero, one, or two

oper.an In the cas f I d
In the 3 UBBEIcLHER BAryoHvEs AP ron LY 1SagEva o i SEran

1nstruc{15‘n HRECEASS! Vit 1368 QRAL 333al foNBe LYRI/OREE AME S5 Reform a
rovided in two Registers~1524, or a single register

read or]vﬁité nagIory apieragiioe ak s gnaedby fHe cubrent instreationi dhedead/Store unit

1502 (R SeREyRe FOIEAI 80 91 TaAONGT kAl L DA BT Rohihe

Registét§M524 @uﬁrigethélpkévl&%%aééh §fthe ti'ﬁ‘erﬁ&% I:)‘BEﬁ'h%n 1623 rit€6/hMRaNd, the

a signal to send operands to th 1530 they send
data provide@by thet lnead/§tore15801 iﬁzedesngnetepm memgey adfessdd Wiiet¢and the

e BT AR, R oL 308 g IS YePlion i

internaPEie&iRE$ OIf tAS REnfdiy op Sratisesny REA!D dpelai(da, gRanke Lo&)/Store unit
Di spatch Regi ster Operands stage idli 386 In the event

1502 d@ﬂimatwﬁbe laegtipn of thedlatastohgireags WAJLQB ths Memeryt i398 tungfhen
retrlevesse n(% t1 ot@tglglaﬁgla {' Xn&’ Qéurd?'i)hﬁlgrg th@ ichB gLo@Q g&& )l 5 M u/erk%ﬁe

ore unit over t egi ster-to

Load/SksradVi&inoryepapavipesd41512. I n the case of a READ nMenory
operation, the control unit 1508 will also |ng| cate

In the nebaRfbBRALTEAZE O theclgpigpction {oyske, results are wHlen to the dgyination
1nd1cat§c?ﬂltthg QETJA}(?nﬁﬁﬁtloﬁ.t REEALY {930 g@gﬁggB V&}ﬁhﬁ?’ﬁr@ Yot FOMP or

e case i s consi ere the current
BRANCEBmsmmttlom, the AAJ A830 wilksendahe compBadreshiine thy Regisser 1524

) t he Cont rol th
previogbeTgitaitdcb e CRBITBLATIE RN o1t h L BrlorBEihes nitty dabei2. In
the casgﬂﬁrf tﬂeﬂ%n‘eﬁ?fn@#ﬁ&io‘l’ﬂls 2Rqih ifsahish PRIOWAYs A TBMP SPBRANCH

Control Unit al so sends the ALU 1530 the destinati on
instruction,whe celult ell be surittengb ohd BIC 604 tmoughuthe rzﬂ}lﬂﬁ@PW patkway 1538,

Result ,stage t The .ALU 1 .
thus chiaipg rhicH HarysgRpat i sRbeRBl Bt PeEnImE 7 B At rsipgion
Cycle. G8%Ke 438 khd:t R @SR 16 BRidMiEY IREAD Sndhaictié) t}‘l‘é-UoécﬁS%re unit -
instruction but a nmenory instruction, the Control Unit

1502 wik eendstia aise vaousi yyredtievied Wéo temenpoprsate (Rgister1i9d4 over the

Loaa GBI 55 e

prev1oﬁsl‘58ﬁdﬁﬁwd83)tthe%ﬂtf63m08hﬁnﬂ; he msm)ry unit 1302 with
the data supplied by the Registers 1522 during the
Fig. 16s ablaskdliagrager apro¢aseorigplnensipeg muliiplg Vigia) PipGepRrs 1600

which %Z%{%ﬁg?eﬁ ? & Sdiﬂttﬁ'at Qﬁé}g g.geesd:g Bohed J%?o&@&%r&ﬁé@ tdjﬁﬂch vireld

‘he neno s towite'to and t val ue
processto@ stich awd PCas504 Hﬁstmctfﬁhé(ergmmr(mprﬁ 10 ahd@Zetvof datg hepmsters 1522.
te the data to that location in its.int

This arEfifectire 1§00 TR ETENhSREHge JRaiPB YIS ot Rashyyirtbal processorin
stagger@ﬁ ?z{s?ﬁdnoéﬁch et dfiesib-aasionleAt @xdéﬂytoné 92 pegb ARk e8struction

ocation of the data to be read, which the nory
Fetch, @B0YP s DecddienInsauetiay ese MPamDismatdhingR egibter Opmnd&yone VP is

ExecutLq(,gng;?t%{nchl%gL %ﬁyo\/% és[e#\ﬂgadg o{ts ]lilaclhtVl-l ?sopzer \ﬁ%rmg a step in the
Instruction Cycle that no other VP is doing. The entire processor’s 1600 resources are
utilized every cycle. Compared to the naive processor 1500 this new processor could execute
instructions six times faster.

As an example processor cycle, suppose that VP#6 is currently fetching an instruction using

VP#6 PC 1612 to designate which instruction to fetch, which will be stored in VP#6
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In the next and final stage of the Instruction Cycle,
results are witten to the destination indicated in

WO h@perisent i nstruction. For ALU 1530 i nstr uck@DNS2008/011079
that are not JUVP or BRANCH i nstructions, the ALU 1530

Instrucipr e BTy 65 af BATEITDH N ASdmMeEEiE e G 6104 YR is
Decodl’ﬁ‘g U isthREbS HEVBH#P ﬁ{slﬁ%ﬁforilﬁgéstef Nedd BatRasiddirl t&B Rycles

rrent instruction is an instruction 1530 that is
earlier.aVP#IHs GrispRANG-Register Opt:naodus These reggsien operarids laee only selected

rom SR BRE PR NGB0 AR STy o2

operand thhf'feRAASARINRE dafing AR p’i@‘%ibué Bclld. UePi# Py W&‘l@lhg Reshlts fdeither

case that the instruction is a nmenory READ
VP#1 RG1360210t 2 YR 1 Registasd@2Gt ore uni t 1502 will send the
retrieved

During 54 Rpckeied Yol ShCoi ekt R4 GLD GERR! Slec n he

instrucBHLEYA1Y. SEcYWIPEH jing Finsshed cdmgretieghs 1ﬁs|&©cﬂ@i ay(ﬂélt will start a new
previously indicated by the Control 1508 unit. Fig. 16

instructign eydi¢.dekinginegh dhrhsriitt sagse EstebAnstipstierent i ng
A smal;lrﬁaéh I%gr%o}r{y fé(ﬁﬂ?h? e98 Foredlde agi‘ga ‘g@ 'tl‘fé1 ﬁfefn{ -6hs %hg; fzgﬂé) (:Pr inside

re are se resources pr

the systeﬁn ea-<¢hipy i Flaghahenoncmesides Ehd:(}idvatﬁage tIHﬁl ﬁﬁﬁlﬂbe completely turned
Instruction Register (IR 1510 and a dat a
off (thysegnstiyRe nEpoWery RS stglf MR s Storeheat N&eg Sed back on,

which ﬁ%gﬁécﬁ{)@rsmf}ﬁ{ ? ﬁ(ﬁl &Qf&ls‘%% ??o%&éeﬁ&dﬂlac&%%e(ﬁl%@&ch as

agger e ion suc at at y given nonent
bootloemagtlﬂlsyruonmsVP is performng Instruction Fetch, one VP

o 1 TS Mk T By
mstruct:i‘('i‘ﬂ:l 1 0K rﬂécr)ndr? optiatibRg76E %ﬁltﬁlﬁetlcl-:tﬁ%?aﬁ\éﬁs (B702¢1 7@6)%8 @Gna

step 1A the Instruction Cycle that no other
uncondgtpdmragjurfin &7 @ht Theecqnddmasklraneh msmmctro@ss a¢t9®léy E’erlnStruCthHS

til d
namet o o S sPUEb St SRR Sk Sl RS B0 RS frucn
parts irf ﬂh%@xtft%&@r Théﬁro@fh&h@i@hﬁla@bﬁ)@@ﬁ&@ ko theGheer 15¢w@m3emch
hat VP#6 is currently fetchi n]gpan i nstruction usin

Enginey/py8inodon ef 2 Searchlergign s&t@ fimdi albofi the weh egesthatrongain hll of the
ch d
comolffiE0ttln b5, HOEEE 100 RIS ARRLE ORI A5

keywordP#PhekS1i€e @ﬁkdb@greédirtdd‘tstfﬁcuhtwt@s’ieardh p(&éé%smgs Wslmtdxample
Regi ster 1646 that _was fetched two cycles earlier.

considgrgwpdists af ysaberehy m&péﬁarwwgwsboﬂ‘mé@eﬁm@@r %ﬂtnél?afe the two
web pa%giéqlﬂgﬁ rmin g Ir(;h gleflﬁe BRbiGHe Eﬁc@lms\/ﬁgsgalﬁ%gb%gé{ Sorte@aft ascending

I'nstruction using Regi st er
order a&ﬁﬁ‘&mg p& tl&lildl&dé)l)aﬂf the farstdiss'p dirsthvedh hge iimtextibbi ghueethlan 3

1is Witing Results to eifher VP#]l PC 1
second 6 Fgpe cbrragr-<he Pasca 39, OB ARG tf\%%ﬁ g 1 Ktown to
not be YR hs@aﬂa Ytk tl'Frs@&'ﬁﬁlSl%’svﬂrktl wéBPY: Q’fbntl ehed IR, MEKE first

st age In the instruction cyc e. Since J ust
list’s fifst mieblpagde tdnysl than thg seepnidisst’s digstiveeb rage! téle |pagw dd nadtnagteh and

e e R PRSI RIB L i MR RS IR B o wes
page. R%r@ﬂﬁ th& peehele tiashcac@néngi fufericiyshsrepeatady Palddd page
1ndexesf) Ermlnnnsulemory, compare web page index’s, and branch to different instructions
depending on the result of the comparison.

Fig. 18 is a flowchart 1800 in which each node is an actual CPU instruction such that the

program 1700 in Fig. 17 is carried out by the list of computer instructions in Fig. 18. The
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the systemon-chip. Flash nenory provides the
advantage that it can be conpletely turned off (thus,

W@ ovsiiing no power) and still remenber its stPCEUSHAL/@11079
mhen turned back on, which is called persistent dat a.

data is useful for .storin I essed dat a
“inner &swh 1820 %\Bﬁmﬁaaali)tf?gtlpﬂéfesmal?lg@e? %%18-5‘ efiby g cgmparison

1nstmc{1ﬁ19ﬂﬁ éf n8f oA thd desHBlIfhd MBtAXESP] S4Y alt] @8h 3Brd@Qnstruction
that 1 n es a branch instruction 1706, nenory

1806 theyp de;mnkis) on 1O2sultr ofttheredrnparcsper Mdanoory addr‘ﬁssbs 1] ﬂ(ﬁd)aﬁ@rﬁ the

BN TR AR TR

uses mERATRAGI SERB idthcRokRst dré 8l toRaAD Gt thelprSdrai I Thelfuter loop 1822
di vi'lded into these constituent parts in the next

also peffogus & meTiey ppgrgtlaml &h%bsfprﬁ ¢r&¢r1r;grtb9 amer &wpt B20pwhich the first

1nstruch o, eﬁtéle ug{)elr gcfxfpa}gé la?%t up Wtel Bm% gbeééfo?ei[']tgg frrcl:eg%cgg%rggﬁtlon

must ﬁﬂlshb@foréﬁﬁéﬁﬁﬁﬁ‘&fdﬂﬁl%ﬂ @n@tsen query. This can be done
finding one list of web pages for each keyword.

This progrageuses str@WclaﬁtrlEféwprcefsl@rtb@dh os g that wged 18 dag dgscriptions of

Fig. 15%%18%23 51_‘60 g]%he%%\&aﬁ]ﬁ%&g}ﬁl gcgsa%?&hgﬁ{hﬁg FH%SItbéc%td% afll []j'fﬁﬁtch

mstrucﬁ@rfﬁ-’tagﬁhéxhﬁ thd\@n\ﬂ@hamgﬁ& @hertdiffereacs iB3nhat gh@Inctdmeﬂt iP€1 stage
assunme_each |ist has already. been sorted in ascendin

has be«z(@rraeveda%@arsamg? too>teged r Qtfrﬁawf thq grdphesiFygHon Gyl stages are the
same. ;l'i‘n{rli{heﬁg' ﬁ’lgtglgctfoﬂ% le'f8r thle Qﬁ&wfn@%%ﬁl fé W%ﬂhiééfruélon

pages o not “mat ¢
(1900, |19H§;dl920ﬁ1b)3pag@40 $950Mo(@) Dezodeinshrection zbmltIhlspatsh Regmted

Oners R RN ol Sk B Bl ST 2. 12
1932, 1t9|219 Eé%‘izzgd Eké{utélﬂsh{léﬁoﬁ/@bo@a@% v, panes ode, 193Y); (4) Write

esser web page is known to not be in
Resultsb(d1966 | 1996519208930 1046008 6);ed () locrenient PE (ifi the insfption has

st o880 RSSO RL B, ATIoh ) S5 BOEA v ony

possiblERSBEHmPHRARRY Bst@ltioRagelelin 8Of' 6%,tag@§1 thub Eﬁﬂﬁ&f th@ stages can be
di fferent instructions depending on the result of the

ﬁlrthersi@mmmsgémo agtiigye agesired gumbenwidages. dbougha GRmpHtes architecture
typlcal[]}'rlgg)ll%{rﬁer%s/a %/tausélll lg@ﬂff% Sﬂetl:ﬁgl% Ir“lﬁe df%r%?et%ﬁﬁ%nﬁa Iaﬁclzompos tion of

the InsGOETVAL ©yclé. NBé1 dx@iripls) shd IntdFiPgntivB 47 hﬁ:hhtﬂﬂﬁre lsedp"341824
contains a subtraction instruction 1802, follomed by a
pipelingofpEMg $9 #hej stages gia STORPedaccodEIhgis CORetRoa F’@s‘f}?tfls’“Sf‘ in Fig.
18 t he subtraction 1804, and then a branch instruction
" 1806 that depends on the results of the conparison.
Althoulyk tir arrosichire sis eshowa, eidh Boxf danpdnd usealindeesufiovan® the next box

the GOTO statenent 1810 to illustrate h an, act.ual .
underngfyif (2Fe PHFEPHATLIS B aa@as%&séf)aﬁtata@teﬁ%é Tuf Bt parat i the
last sta%lé1 8t th@%‘?aﬂéﬁ@“ﬂF’t Ris&@étioh @38, TN&IPIRELADN cliher 9&2@[9363\991 set the

al so perforns a nenory operation 1812 before

PC to pmmteo Itllﬂgﬁltshmstmﬂlim dfab@umsrzloomlm)% ko thabthfei et stage will be

kRS0 B b 807D SR ST G g Gpucio

undernb4tf 130@56 et tRMekBRdgewl @@msfructﬂﬂ Eet¢ DIIOAM uses a

new i nstruction cycle that differs fromthat used in
Fig. 20tipa bipskcliagseingn svhagh operations on the same horizontal axis occur
simultaneously and operations lower in the chart occur later in time. Each column depicts the
Instruction Cycle operation of a single virtual processor. Each virtual processor starts at the

first stage 1900 of the first instruction of Fig. 19. The only time that Virtual Processors do
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Fig. 15 and Fig. 16. The new instruction cycle
acconpl i shes the Decode and Di spatch instructions

w0 ogekass i n t he same stage. The ot her differ ePCBEUBR08/011079
that the Increment PC stage has been noved from St age

tgQ Sta 5. O:her se the ord uction ¢
not all §imieBe Sl THeEHTE il bosie wDAG ety il PREEGRmEYy Gt to start the
Instrucflgﬁ C‘é/@f% th FetcBHE L fieX ARuBtidrS At]-t)lmgqt:@rBO'OB slirvigtuh PProcessors are
1910, 1920, 1930, 1940, 1950): (2) Decode
operatlhg snmmane@rsl)ami \Eallsgmtmne Re§<i> se wtiltheprosersoy isdwmeil 9& Each

block c%?%é%v Itl?eglie"_ngtrﬁc%gﬁé:y%§gaf @ AEBQ{:GL%E%M%?”M e% lftt)e%ll Virtual

Procesid?§h£\kécsttér€€al 4t 1206k 1r§rﬁﬂ of tl@%{l@ gra@3Becditho cbadrbnal ¥rhnch
Wite Results (19 926, 1936, 1946, 1956);

(“IF”’) msdugt®ps lamr@n@mreﬁcduﬂng this ex¢qusion @bty igHalRrgcessers proceed to

executgﬁlg{jffnlal% gréslntﬁ%%lé 19 Oﬁla?u]%%gtgelng g‘t%g?s' arg' ?t:'jig% red. 4§|caﬂ' B2 §éen thht no

pipelind Gagiidd ¢mhodcliebdcasde thedei s atdlyast @s manp Vortufl Fsbagsss (fwd) as
each of the st ages can be further deconposed taq

pipeling stgges/@lse fiesi Thus. Him¥YatuabP r‘@?%tgﬁéssa‘:h%ﬂ"? FRSH@‘HE’%( high instruction
e [ e V.
througl‘g{ﬁgﬁﬁle a élgglérfelgf;}rg%ééq : r"}[éh)é%kﬁﬁbgeyglr)\gg\ée? er‘Er%ﬁ}?ﬁesqmat alBthe stages of
the insttectivmaysletrequireodnly hainghstyaliecto complyte! e. For exanpl e,
the Intel Pentium 4(t architecture usgg@? 34-.st

Fig. 21jf ﬁé’llqclkéil%ﬁralplsﬁhefﬂ@ct RS APt pLe) HLiziRgPRGhip

DRAM(E%(& éhéry 3 Egﬁhfa Hétg @to'rzfgeﬁhébhaﬂﬁm HdtMRUERtruction
the arrows are not each box can, and usually

Local Stores or ﬁxbdmsﬁruﬂtmnt&terenakw sotke pndmmmtrh)ry fromOwbich instructions

e RSB bl BT SR 34 25 R B

using SKI@MIHGﬁlbﬂn Th93&r fbNthehsirichish Susit 2040 & Ad1Rbn&in@d®o much
Wil 'set the PCto point to the first instruction

power uflatmeo itrencropropess@0and; rnemvéy,rtbs( {nsgva@@n Yorg 20 can be

made Veﬂ’zg"%ft fd‘og%‘fﬁﬁ‘{n% %8&?1%8 bﬁ | ns IP&@%lég\‘rgl\g In er n %Bthowever

this sh&ﬁ@%e 90oib@in pdrforimande- Sﬂit&g@ ctdd. | Bhaudeisifonpbn@ncrit@ial bode is
940. Fig. 20 is a block diagramin which operations

usuallyOahSmﬂéS% afinsHEPHBba araaPsatse aany $iAs| AR BIPSrMaKY! be able
t
o i BRSNS bl e FRSRLUAPSHRe AEUEL L0TLIT, o

The architectugd kas\bieeh addptal pass adDR AFAatemory 2 U0, wiridesssganized into

starts at the fir a 1900 of the first
four bapka g L 21 b 23114 1g 21 1 A eniares § RIPFHSSATSEioyfq qmplte, called a
4-cycl a&ﬁi@%sﬁ{ 4803104 \}ucﬁ '1%&@8@5%&¥c1@@8ﬁﬂ§a blﬁgﬁtExecute stage
en each Virtual Processor nust wait fo start
of the Inkteudtiog theciuinber &/ ciktmak professar hahbmn ih¢negsed to 8 including new

ves1 QRO et Man BB Ay Mo (e ARG T B8 ovo

memor?Q)pHHﬁlbhs fo‘?%v&fyo\ﬁ?tﬁﬁpprob&sbﬂéﬂ%jbyofiécmgnﬁ%cﬂhe PdsRE Kf two processors
descri bes the instruction cycle stage that is being

(for exmrppheéﬂg%l dndoViP#d tg> bang 21A0). By elopsatingthe Eég@ftg StAe® B0 4 cycles
tart t, t h
and mAURTH Rl B Ay B Ao et B BT

Decodélbkid D&phtdh, W@R@ﬁul@naﬁd IncMinidnti 2C; Rn@pmm Eor[éﬁﬁf;@@ﬁhal
to execute the sanme instructions,  al t hough t heir

processor 4 e@mplete ax angige metruCtan eygle eaeh yiraml pWSSﬁbcwlﬁeF?rr@ample
at hard@%tzeta];rg?es% 3}8&%“1 ) Vg?oéggs%ﬁ' %1 ?W#?)t mk@ﬁ‘%g afthe TRILH

essors
instruction cycle. Thus, at T=2 Virtual Processor #1 (VP#1) will perform a Decode &

Dispatch stage. At T=3 the Virtual Processor will begin the Execute stage of the instruction
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pi peline stages (also five). Thus, the Virtua
Processors achi eve extrenely high instruction

wao booonghiput for a pipelined processor. The exam@i/&$2008/011079
however, requires that all the stages of the

[ rutlon Iere ir nky a .si
cycle, whishiva ¢y firdyoag Gles B i e Btk Sy Rletsie ghorg are 8
Vlrtualmre&%§§@)' re%ﬁﬁf‘ésts 8¢ WE@Le@tll@Qnéﬁdchbﬁ iMm@ﬁrog)hblperatlon or an ALU
DRAM 21 menory storage as the primary data stora
1530 ﬁnremhan ilféthe arstrufaert islangilcUdnstowtiondhé Vate é’rO@ssqrm@ggt spend

t ..on. Star.e 140
cyeles . B REPUYRERE e pEReHan o AtpmeL B Gyl Epegsor i
waiting, I@lﬁ‘e AE@Jt {5 46l 's&'@lﬂ % ifRt4A VistuhlaEbeesvbt (pRodeBindeny non-memory
achi eved usi ng menory. In order for the

instructiens) ﬁu@rmh@rdv&rg py,sclg m@lsmt idingcas a8y b same prigwe Bueg rest of the

proest bt kgL R 5RR0E K HALITRRY o, v

are in thESHIKLE t ARRSuARisalrsittcbRird flagRecn fsrowmtﬁret DA, thertardware is
2100 however this should be avoided in

being fply v lipedat dhe expenseof addiionaBeardyyake registers required by the Virtual
f

posc S B3 TRRES GBS0 kBAPHE 0 B3 th plcsor e

overhe@d opmhassregistdrs ban l&bﬂedudeﬂ fAlthotugha rpdircftlon nmnsxble:ragisna‘rabould

drasticR Reregf DS @STIDBEATIES O 86 A SRAMen I g1 DDA GHER By of the
DRAI\@@%%gigﬁub&t tHe E&&hﬁt H® Rovelata getms%n tl?elslﬂalﬁﬁ\ﬁnger of registers

requires rocessor cycles to conplete,
and theBRIAM neerdorgycl e | atency. In order to allow such

i nstructions execut e duri a Sj Execute sta
Note, lafthq HESHSSOHF GL6-Gh CoBHEEHR T Groc e R DURSSon g VPH7 and
VP#8, RICdnfo! EEGERbW ﬁlc&deWPMI IRD 13 in¥RAP(IR1Z)4. aAdddition,
VP#g 2122). Thus, the DRAM nenories 2100 are able to
the regp:mﬂﬁ oV’ RW%@M ‘éb@r@tlﬁéhlsawechee@a@dqd tqithe register block 1522.

Moreoxberroxe/ét gf]regen(y.% eFl%i%ﬁ% §%E’§% ful?l tlﬁgfq 1% (t)\y@eckwitﬁ}ldj)the control

1508 td&Yorfttod Bgelddtioh bFerEﬁ@wt @ch‘tv@@ﬁll peocdssoy MR , VEAE] thereby
nalntalnln? single cle stages for the other 4 sta
y

maintammgaihuesarq*@ yesetiqicef tavksitbicads, angdepiizargiadyassges pl the e virtual
proceséNor IatF]c tlﬁ-ng ha?grge &H §SIPMch P?O%XJ&III dotinf¥ ?%ﬁa Bh&1EL0ne of these
processo to co e an en

every dyoRt ﬂuﬁtelnﬁlﬁlled yedgear @6tintel will Qéndpts(fpregaﬁf comiyitdr @aluEao the output
exanp at hardware processor cycle T=l Virt

|
bus, baprumascibe direquqnygshg Sfﬁ?‘é‘%’ﬁﬂt?@ g Cdhenable e 218 U BTG
2178, 2°1¥36' SlszTg‘l‘%oé Abo. zﬁl ValdeUal 88 REGS&PBy ﬁlsﬂruét‘i/é?##étcﬂ\hhﬂt 2140. In

rfornm’ code spat stage. At" T=3 the Virtua
this coﬂﬁguremmhe\lnétfucheg Fetch IumtEﬁéQ mteei eilzgepmfrt ¢reeinput pathway, and
uctlonc t ake 4 har war e.
cach oyl e SELovioF EL o PHOLE BPe EIrEo SR IpiTb el By he
Instruc¥bh FeRh uR(t2226 93 koFr8d@me seifiufid ﬂbf"ﬂltah@iclé h®hen the Selector
instruction is a nenory operation or an ALU 1530
2170 réagives o mitializetinputi21 94 riticgsesrio the aginming @fmé& schedulgnAn example

e Vir Proce or. m.ght. spen cl es
schedalt Gl i PRIFPSRT T NisRRRG S o apiher b cyete 2
etc. and/PFdgéah C%u‘ﬁfé@%scﬁlﬁ'mg%ymlg hﬁkﬂstaﬁtﬁh@ tl‘l‘é-&éhe&ul&tolvki during cycle 9 to
servicing a different Virtual Processor (processi ng .
10N 1S

output Rragramr-avetrsrlydurimgteyeletd and yo eler yh YRIFIGRAL Ehecspiackor
apphcatbﬁ efagaﬁlg o‘?ltﬁé’]gn@c;dlﬁl Jint’s td%%%gggﬂgreﬁﬁl t\wﬁ%h gaﬁurtaﬁ@ er\ﬁxttuzﬁf

cessor exce itional registers-consuned
proces$dys hlerovdéd.ng Vi rt ual Processor, which
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are in fact idling. A though this architecture nmay

seemslow at first glance, the hardware is being fully
waieiiozase at t he expense of additional hardwarBCT/US2008/011079

regi sters required by the Virtual Processors.

m nim zing the nunber of registers required f

e ch
To complgte the expile gng DALY Ph“g%a’ =41Vt OPes§Ps P%r Ugs the
Write I@&u t§ gtggg G TAR t\hﬁHQl cé's%i‘uﬁﬂt% 1) BeldSiaid tﬁe NRGERERIC stage,
cou d astically reduce the performance of an
and wil lbeglhtaertﬂ“umtructthm dyictghat Jar9dini attotheaeaamplsi thetYirpfl Piogessor may
M nenory reduces th ena paid,to.nmve dat
performh & IReT Y B RA I R Ve P Bl G TeN e g, from T=3
to T= GWEFHUMGWM Sganiple ! Tﬁls%mhsi e labhteethROto 1isB DIOAMIPIU0 £ low-
the additional virtual processors VP#7 and VP#8,
power, thmgl eapacigyriate storage ingo@embw SRAM diéa caghe by larcamepdating the

nigher 5y o LR Uty By iR BRI L st hal fppisgenue s

that ViRLAToddeded paYiogRy®imandel fenbief fireMtddnil atéd@sing nl&‘hlor@t held
Sel ector function 2 110 is provided within the control

within 15 @®ignsd benk.r Shistihauise? eeitashiospaedtghyppest asgutectures that use
Vi j
high- Spse gmgﬁﬁé chat%ﬁ% ﬁv%{g)ﬁﬂs sY'f’%%ﬁhg?g&% %gb Ifflorrﬁeg%vg RGta in a
single @t&‘yeant ages of the virtual processor architecture the
has one out put for each program counter an enagl es

Each D&qwdnemﬁ@@léan@\féwe @YNIECted R AR IRHE AP OFY g5t apount of
pover Hiblss R S RORRLAMGRUTLE poteltfe] By s Do

methochsatb blefﬁlclemdygllirﬂ DRAFBogRIréoureesy 8ich2s msemzﬁlem@s and read

Thlsvlue will be recejved by.|nstruct Fet
bit hneanPtngwc 19 DAY ersrptiqustig ﬂoaw 1§ lﬁgr?g’@rfﬁ%fﬁlyo%S‘?!gP
prev1oﬁ’sW %algliliétgd RERH. mhﬁg SHBRAGIHANS theRWircRARS RWaN, alﬁﬁdthese
edch cycle the selector ensures that the respective
assertiqgnsagg camirosant dreerugctbi vdlthgd)R AMe 1(1311(8!6!5011@'9?&)@ septecttherianks.

t he correct e schedul ed.for t
Thus s GRA 10t FES3E roulFpdBRdR Sl AR iy YRR area
efficieddy dn@$RtWer bfididiRybegi nning of its schedule. An exanple
sChedul e woul d out put Program Counter 1 during cycle

Another methashfoa nedosing the poweednsymptien ef PRAM aneraery 1pF0egHReS the
8 d |
o A B Sry BOFE B  Reh E BO9 Eins e

numbeﬁ yCdAurins BNeimsmodyibank. . Ths HlﬁBcF\Ss memoty tdpacse tceb:et traded for
function is applicable to any of the enb(?dl men

reduced pawey gagumeten. thisaligyiag the pemewy hanks ag BIOPERTS to be balanced
and us@E&ﬁﬁzﬁ‘&lﬂE ?)8%&00&9?{ ILggd. To conpl ete the exanpl e,
during ha

war e-cycle T=7 Virtual Processor # 1
The DRAM memory REOOdnt e dpesnizedsfos pager effiicichicd bypletfuahlng memory
Pr ocessor

(VP erfaqr t he | ncrenent
operatgigiayRs Fhusks bt FRUS B o 26 §0hL S5 pospige Wife Sl being

sufficiéht ‘P(Sl{]ﬁ:?fo%%‘i@ @htlctah%c\(bﬁst &BdodEr OReIaH m@ﬁﬁbdﬁﬁfgﬁpfe@l@e data in
operation during the Execute stage, which w |

32-bit chegls rfareglstey-ﬂbre&l,e GRWYuser3Bbity Angthegmmethed pmeh‘i QRinize the

e 50Ros F EPAERp EG E) b5FASE Sba FRudTl e soi

chunksnh WEcARE tht FROVCERsaneaolien BY faccanisd datangetbs didaher
| atency of DRAM , thus inproving power-efficiency. A

instrucfions are éyp¢albyr8Osbitsrarteire @ sregiimaungst 80 bits.
Fig. 22 is a bock diagram 2200 showing an example state of the architecture 2160 in Fig. 21.

Because DRAM memory access requires four cycles to complete, the Execute stage (1904,

1914, 1924, 1934, 1944, 1954) is allotted four cycles to complete, regardless of the
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that Virtual Processes pay no performance penalty for

random y accessing nenory held within its assigned
WhH2awRk/042IR s is quite a contrast to sonme hi gh- SpPEBUS2008/011079

architectures that use high- speed SRAM dat a cache,

S NEE R e R e R .
waltlng'"fncthé EQELRd stﬁge am thR é}kﬁﬁl i3 tﬁ@%ﬁﬁﬁh@a(&bcés@&%)aréiw#@ {2283)

of power relative to the power consunption of
executmgcadﬂsmﬂnrl(lst)ucltlbn i1834,0¢8#4 §22§é} sAlenytingon eomparisod ms;rchon 1924,

ffl Ci ntI shar.e .o eso h_as thos
Vs Tk G S M) O AL PR 1) AP Tistruction
The Fem%émm@(f i19ng, 1926, | W, ¢95( regllited dnBchd iR dycle to complete
asser a previously calcul ated value. Usin

due to thetushefal rghrsrpee@r@rrrletmrt sforg K0 & thevgxemplee VA ﬁ&)n%m the

e ST R i .
1932, rgaaowmals@oeqldre@w ahecydle & @@npsikiena 1ﬁ1€tﬁi§ieﬁll§)mbte VP#7 (2287)
achi eve better area efficiency anng’rvver effic

is execpieg Hes stagas HBd- f Bre Wara &epgt sthes g8 l%éng%%éptl%ﬁ 46, 1956)
also re@ﬁé’éﬂ r{eyc cfe t%%ofrpg)‘iié'lg St (15 ERERL1 '\;P?#Zt(bg@)gg @xecutlng this

r O erati on. IS can
stage 1946.r Ths Irmgemdflﬁ Plgtiogy 1908 LClO18nTe28, h938, rTﬁ%),rl)QSB)imllso requlres only

This all ows nenory capa e traded fo reduc
one stage {RFoBRIRSy ARt RS eﬁﬁ@gfea\/f‘%hflr?g 1} KEXRHie @ﬂ& This
|
snapshBtr (gﬁaerg&g&erﬁ'oegﬁ&eexgahﬁilgﬁeg’}lﬁﬁg ]I_Dg%c%gsgﬂn '%Qegggglg%})?ig’?ﬁe tQdasa
startlng)pmmfoeﬁfseqneanalwnla;ysmenfthﬂmnxmdjlgmmry oper ati ons using
chunks | so that .are as

Fig. 23F}§,§§ qﬂk %all‘fﬂ]né%gb ?qlstrﬁgp%zo §m1{a§ af matp&funnlglwﬁgh 8 Virtual
Proces%g &fsmfsg) EfdchicGhé sa?ﬁ@féﬂo%fbt?n 8iit $8€8g aMerepdift Dol HOd

retrieve data in 3 chunks |f registers on
executllohe Ac:lanly peit 3Pl (230142100 ércambetsoeh thiagalt InspuctidnzCyelpstages

e o B VR Gt AP 2S8R P,

addltloﬁathﬁaetdfﬂﬁe Vixatal PESdesass (P281-2088 eite herithg) ihkél et doativflstage, and,
menory and the instructions are typically 80 bits or

if the eav:celtlag iRSkiugHioN tsfa 19emprt eperatiqn, thpppjosess ip paking fag thermemory

operan%n h&”f”%éeca H%@ AL 8aslf ftd%?erﬁéryﬁﬁsﬁtlﬂgtﬁc%ﬁ%s

menory access requires rtour

procesﬂé@i'aiﬁng ﬁ)r@l@d’ﬂﬁbﬁﬁb@( dzttiﬂ&) foxee ditoen ﬁiea@;lEAMﬁ%orgt 94uks. This is the
24, 1934, 19 is allotted four cles to
case fog U%B §2288) @éﬁ’&lﬁd ireésT > A =04 AU 12380 %3& g execut ed.

When gl?tg%l eﬁbéesﬁ@r@%fy‘abtlé]ﬁ)r Serfir thék Wehorp %géx%ﬂ[)rllélﬁéiﬁé@tlﬂy local DRAM

sors walting i'n the Execute st
memoxgxtamekanpleemmufeomre xslalbtmtaloppram@e&smabtlmpéashﬁ#sbe(caﬂwll of these
executin anch instruction 1934, VP#4 (2284)
IHSWCEQWFWE f%\”’c YU i nstructi on 1924, VP#5 2285

Fig. 24%%}&'1('%@&%%%&1%%& E‘y‘asién%hlc%g) A4 ERRGMER
(2286) a nmenory instructi'on. The Fetch stage (1900,

micropt€regsor 1rgﬁkamem9ng)mu1taﬂ@)nrtleqchee@ozsmnyl rwiepbtlagés @9@W
N L TR ORI ST
such as a crossbar switch. The architecture sacrifices total available bandwidth, if necessary,
to reduce the power consumption of the network-on-chip such that it does not impact overall
chip power consumption beyond a tolerable threshold. The network interface 2404
communicates with the microprocessors using the same protocol the microprocessors use to

communicate with each other over the NOC 2410. If an IP core (licensable chip component)
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VP in the Fetch Instruction stage 1910. The Decode and

Di spatch stage (1902, 1912, 1922, 1932, 1942, 1952)
W@bk@o/osa6ui res just one cycle to conpl ete, andPCTHUSINNE011079

exanpl e VP#7 (2287) is executing this stage 1952. The

Wite Resylt st 906 6 1926, 1936, ,1946
implemeissy deqiieg ne ??@g B 91 8 t@mcgltmyl%wgﬁ%m%%el n
mlcrop§£ﬂe§so§)&€m&n<¥? o8 t6 Bt cHip it gaddtd il ALWSrISind@act 3B Gore.

I ncrenent PC stage (1908, 1918, 1928, 1938, 1948,

Fig. 25119 a®Jockl diagramcpfi ardaasktopleypmemqaagéﬁ%wnb mﬂnertreultlme Flrips

VP# 1 198 thi
2400 oy AR EHIR ot <P EbpranBlaarh B b haYR: ik 2540
althougll &ﬁ@ﬁ%&ﬁ/&kﬁ@gz&%tc?e%&&ﬁay\ﬂéﬁveb fnpioeed wér—éﬂf @fentyeelative to IP

point for a sequential analysis in the next figure.
over thlegnet 2Bor exampid, @mndqlg@m@gmm@oarphmwrﬁ Mighiderered yo redace

buffer F)ﬁgs%%ztgtg%?&g%gugégeq bty dgﬁ h%rﬁLgvﬁl gsgga nz%sg%? ﬁgﬁa %smble The

Ethernéli fct@6:&6hip 2540 intcdfacexwitbih @ﬁherﬁ‘ét ta M I{Exphdss naaa;ttemlp 2520
(2301-2310) it can be seen that all Instruction cle

. ! Qy
which istableste teanstep aiasepgsepetyicaa deskien pitachedhviaghe Plrdjexpress contacts

[ Lq Bk tion,
2530 affl ARERRT Snk SGRp S i ShadolR, BP0 ol 720
The ml\t‘lﬁl-ddr@ghlpmNMBCmMIIle@ noddsagel thamddes that teside wecha sange
instruction is a menory operatiop, this grocess i S

expansigy} ¢arthg>3Ggan trﬁes%wobeynélbwm S FBOYbAIPsAn ayjog group may
use knﬁ\ﬁf‘eﬁhé bEGhich dtﬁlertnlaﬁescﬁé g?ﬂ{ec?édq@%%ni%%bmlk&tdh%‘%m or

I's°process I's wal he nenory data to arrive
connedctedothrduzh oIaBAMfevemwrlbmkeh chiips 254 0sandiresidmgeonf the sarP¢8xpansion

card 2330 Rt P Brests b ta aogyhe gt%@ﬁ@?%%ﬁf Fifgfk Speritions and

provid T RABLY nOREF&Ed KRR réh%bﬁ‘ﬂ)lé)féltéﬁc% Qe buoRAYLBBRIR tMat thip@t otherwise
exanpl e architecture is able to operate in a real-tine

perforrh gobilp hy semaecating myfre figguentiyngith highpolatenex geerse f or

If mor%?c{els arep gce%,osrt t@&e&%&wﬁ%al %%Ob th ang%e?%rrégéf {)y g single

networkisGA{@RRO4E £ REsibIRFNb eomaitet hg netWdrk Ph @ hidrircHiahl fashion in order to
processors and nultlgl e banks of DRAM msm)ry 2160. The

reduce ihenwpba s glgtwoerk |smlté sdeeesppryHO goprachall kicgmden; thug Né@mg

2
poer 280k 3t PSS hrBe 5 FRFE RIS by 05 oo e pansin
card 235@cessary, to reduce the power consunption of the

twork-on-chip such that it i:i es not inpact Qqv %l
Fig. 26@5@@%@@%@%@9%&%&#%&6% deskiPcRBNNION FATAS Aot ymay be fit
inside &Q%a&%f‘@&&kﬂo tc%ﬁf fft Zgég 4Tﬁ9§@@éf€u@ﬁfoﬁ§ tﬁ’a\ﬂt thetfﬂ €nost from

M Croprocessors u ng t sane pr ot ocol
executimig@hapdskeponputes @600 (smohas thosatlat viquire earcflss it hagrd drives) may

over NOC 2410. I n | P. core (l.icen
be run eaﬁlifoéf‘éﬁ&op CRH}Pé‘FFérW‘E{eé QST BT RO &1y o b gipisned just
those t2B@RE R me&d 4HictatiTRYanh Fol kR h iyt afré‘ Reliafuited.

m cr opr ocessor comuni cation to the on-chip interface

Fig. 2706 atbhecknbagramiofiDRAM Nemarp2¢el dividadgntopgus banks? bldk 2112,

e e

virtual pRdREdorc @ 7M 272 8¥ AndOinBRbryviegionl 220 edsBeied $uY profraddBat must
al t hough ot her networking protocols may deliver

be run ppyshipAat hpvabighargmeryspeyramsnis, sueh asgey@al megabytes. Some

versions of Linux are able to run with relatively low memory requirements (compared to
desktop Linux), but these requirements are beyond the memory capacity of any one DRAM

bank. Still, multiple DRAM banks may combine and emulate a contiguous address space to
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over Ethernet. For exanple, a non-blocking swtch
architecture mght be used to reduce buffer |oad, and

W@ bwws/ogaser usage, by delivering nessages as reQi/tub200&611079
possi bl e. The Et hernet network chip 2540 interfaces

such pRRTAEH. PEAATINE bORDSIfS? 4F0hEE 3@@%3 a padd Ty 30 such
that naﬂkﬁﬁ%@% a\'iﬂ?csglhg rg; gl asSdhl; db‘i’ﬁ‘%&;%ﬁssar% séi'@ﬂil tnbe%abytes of

re syst Chlp 2400 on the expanS|on card
memorgp&dh beTtanstatéd io-desigpatelihpspdfiate hankbendcaldresd withde that bank.

TR S5 G BT BRI e
signifidafit§ 14286 8ol gﬁﬁﬁs Meé{k%ﬁa&" P 1REEE; Bb wbd NV PesraMe efat do

are” connected to the sane network switch chip 2540 or
not useoumnemefﬁcnenﬂnm arerityl usefd p etswee. swi t ch chi ps 2540

Fig. 28@] S\Rﬁlioé% dﬂaqgvoiggtl hﬁsat%%g%ents 96315;’('%1%2}1 @e%%gég?é? n t(;em&}ﬁps 2400 (Fig.

24), sublethaPEdehqREdeatih @ B6re1601$ Eotipla] Wik uh I@@@I@cepﬁﬁrzsowmdn mediates
reasonabl e | at ean(l,le stributions bounds that m ght

betweepithensiisec-perchin 24190 BRAMBYeroemal A0 dEte: AL, A Brocessing core
1600. fl“flg ?(Hﬁpgce}f oW%%?%giagElgée St’ ST QXO%Egégsoﬁ{)&an gorc]:@ 1 core 1600

are ace car

such asSthe woaamg dfia dembngtitmketsidink iswh brhidath-iotalddRAM eemory into
to connect the network in a hierarchical fas

the locglARAM Bematic Eh Ha PHRRSBROF T IETHS 306 P alow the brioritzing
behav1§1§c\$f\§§$ R?_?ér&c%s&)? B6E Eorﬁi%xré}/dqﬁudr}gagf?@d wtaP Usich &6l Hﬁbﬁﬁzmg Processor

us nmany, possi reds of’ nore, nodes may
DRAMmmemoac sduests 1600 thanare éngpanct ow Retchesdo? Bﬁﬁ'uctﬁ)rg tha@gloj mt reside

inthe seensipedias. bosls piapeer PR Ciede e Shge e mple
commagﬁ§ Kxﬂ?‘nguﬂﬂ%i’giﬁ% t}%@gcutmﬂﬁqhé AHiGHpRELRPS 14012 thikeRPEding

rom executing on a desktop conputer 2600 (such
througlamlt ﬁmegnahmtthateqqulreebcah @ swd poodgssod celmpu@gyn maje fé commands

executgﬂ%ﬁ@llbﬁgg?esgé} @gttglgrw%%reglﬁ}rg%la%g ftﬁ'g re prog Sﬁor cycles

to combfé?éuﬁh@g?ﬂlo@lﬁﬁgﬁ@r prbdegsoranginicabnsii ch t hey are
wel | -suited 27 is_a bl ock diagram of

A graphitaitog] mpy étsslmdes foriegamplsadk icop21 buigon thaj ¢an bezaqlfatedi’y clicking
a mOUS]e']\'?\(ISI h a 8%{%%} ski)tﬁgtiéd 0%11 tltﬂg 1coq1I Bﬂtt%ﬁd é\ gljap}tnual bVmhy HARR a form or

or us € assli gne processors

textual(lﬂﬁlil répreseﬁ?eﬂfﬁn zﬁﬂﬂnpﬁﬂéﬂc}/edhegﬁk gmphiZZl?tBor @aginodeef omenu of
prograns that run on-chi.p. but gv high menor
dlsplaxeé qmmb@hs(@mt@(t ﬂ&a eau15§e§é%€rnahy RRMYINS fogad ¢ E ERBE P¥FY giYEn

symbopér U ﬁlc?mogl L d Wln\é’l&&ig a BbAHOWER nYerO¥¥ MB% type of

quirte conpare esktop Linux), but these
graphlcrads qwl r Amtentameiyeotbelympt* mhéebanprowrded wpﬁ@w taylscif tomytroh@d

oprs S Mo L RGP R i v
use ofpggﬁhgﬁg hhg%qﬁg;@g@r e 1502 unit contains an address

transl at or 30 such that naive nenory address
The fofegoipg has beeri adetaidetbidescaptiasef ilnsragive @n@oémerré‘gaﬂglﬁ gvention.

translated ta.de
Varon ARk SRR RSO BI R R g e
of this {fl@nE6H. | ER&hSofTh& Pariis Chitd didéifls E&eribeiabove ady BRAMBbined with
may conmbine to provide a | _ _
other described embodiments in order to provide multiple features. Furthermore, while the
foregoing describes a number of separate embodiments of the system and method of the

present invention, what has been described herein is merely illustrative of the application of

the principles of the present invention. The processing or functions described herein may be
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significantly | arge contiguous address space,
facilitating the execution of prograns that do not use
woreowony21ed fi ciently, but are still useful to tPer/us2008/011079
system Fig. 28 is a block diagram 2801 that augnents
previ ously derived tem gn-chi 2400 (Fi.g. 24 .
perforrBegt by § RAEIeGRETEsH G PR B BB Predsiape aTform lipked by
JoriRfe QAR FDRheARA0 tARsH A ER Rek Bssittor created as a result of
anappo > ﬁ on- cﬁlp 241 %]RAM menory Z?R% ﬁPﬁo 21), and
such pmcmsegman@esmred 600 tyfihef MemEry; By 3@y Oi 8wnnlaysw£bdéﬁﬂmay be

nP e comuands froH%;heg% 0 SS|Q% ore 160p &Souter. Tn
stored A ERAEFRALIOrY, HENGP § KR ORRToer AP R R R BAVERCATP
addltloﬂo& ih YtV RIFRd4td MbPbé BBrddiaabnderAéd® E& de\le@s for

O processor may provide settings that allowt
exampm mgnemczdwi@ aiTitohle opieal disks) apdpoce SIdSroperating system
1nstantﬁ? Z& g}gc{)(?od . sr\r/gt(?ersr{srdee?ln\’\@}/ﬂ %cch%%ages ﬁfl Itl%'é 'uweﬁh&g can be any

Fory reques

acceptdtS EdrHpite Oshr@tng ¥stefrOwith fisd capabiliaesof Ihﬁlﬁhdg theqparallel
reside in the Instructiogn store 2140. The |1 O processor

processipgpsksscaapgapletsddgraiy. bikewisrethe C@F%'Feé s¥eiRmra Geratemplated herein
- r

can be V\%%Pg&ij{ th %%lgﬁpélg gox’iv@ﬂﬁr fal %ﬁ% gé tl’%? glé:?ﬁéﬁﬁssgﬁﬁlgﬁgée%%s

partlcu[z&@uivlﬁ@ellﬁah@ sﬂe@i afi Gluth roess ataydenyfuesatconcern TAecd@ingly, this
conmands execut ed the 10O Processor, 2800

deseringonds WEge 15 56 (AFE oAU 87 ChEHETIE GEULCLF0 BPERBEe Lt the scope

ofﬂnsﬁR@HL &t e using blocking | O processor instructions. A

ical tool may include, for exanple, an icon or

bUhMchhhnmiSan be activated by clicking a nouse with
a curser situated over the icon button. A graphica
tool may include a formor textual input represented
on a conputer screen. A graphical tool may include a
menu of displayed synbols or text that could be chosen
by pointing to and clicking over a given synbol or
text. A graphical tool can also include a drop-down
menu, or any other type of graphical tool.
Al ternatively, other tools may be provided to allow a
user to control and operate various functions referred
to in the interfaces depicted herein, for exanple,
wWth the use of a command line type interface. The
foregoi ng has been a detail ed description of
illustrative enbodi nents of the invention. Various
nodi fications and additions can be nmade w t hout
departing fromthe spirit and scope of this invention.
Each of the various enbodi nents descri bed above nay be
conbi ned with other described enbodinents in order to
provide multiple features. Furthernore, while the
foregoi ng descri bes a nunber of separate enbodi nents
of the system and nethod of the present invention,
what has been described herein is nmerely illustrative
of the application of the principles of the present
i nvention. The processing or functions described
herein may beperformed by a single processing platform
or by a distributed processing platformlinked by an
appropriate interconnection. Any data handled in such
processing or created as a result of such processing
can be stored in any type of nenory. By way of
exanpl e, such data may be
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stored in a tenporary nmenory, such as in the random
access nenory of a given conputer. In addition, or in
W@ b@oakries nati ve, such data may be stored in PCT/US2008/011079
| onger-term storage devices, for exanple, nagnetic
di sks, rewitable optical _disks, and so on. The
operating systemi nst antC&tﬂ:MSn t he conputer systens
defined in accordance with this invention can be any
accept abl e conmputer operating systemw th the
1. A2BARULAE g@erggoﬁgﬁghﬁpg the parallel processing tasks
cont enpl ated herein. Likew se, the conputer systens
xwab pags searcd riede dicluding a pebapdapeeltectiony un rel ativel y
conventional. appl.ication hat. i ncl u ' ,
£ 7B SELESOM PR b &G Rk b T s $ 2 el Proyyssgy  search query
includin%ﬂ&?ﬁ§ﬁlsm}ieﬂ%ﬁl B nb@s & canseias Reardi pAFediingth Ywntdaillsction that best
escription is neant to be taken only by way of
match thesgaishaueahd@néiot to otherwise linit the scope of this

LRFRA R obin ) (bt U0 I i CrFREPHIRG o

wkdreipapenodd inekideoa powemeffickac yenhawed pgueesihg mbsystem, the power
. receive, froma givenp user via a we:Mbrov(ser, a search
efficiengy @hpneadcqubasign ksiuibne M Praresseisntheid ProfFesars beigy saryigured to
emulatetl\ﬁvﬁ“ﬁﬁf ﬁ%c@ﬁgﬁsanh DeloTofWBured BRfil LPirtulBdroB&3Sr MBMBF) access
the search query; and a s€arch page returner
rate at whidlf ¢éaghro€ thet ¥ viratal pmcessors dveesssememiorgh r anked pages;
wherei n the node includes a power-efficiency-enhanced
processi ng subsystem the power efficiency enhanced
2. 'ﬁ ba¥RhER deREdrHbinig cMiRMOEaRS U otuprishe; MIREREEEWEH Page search
eing configured to enulate N virtual processors and
computdre imripdinghétyeried nodes, ithd nodgs being assigmaddeakereniastropfyweb pages.
access rate at which each of the N virtual processors
accesses nenory. 2. The systemas set forth in to
3. Thedydledn Adiet Rtth i©QORIHIHI NGhéteidl tHe tREtePbf Web pp@gsearch computers
~search conputers including networked nodes, the nodes
comprispes supesesnppierdnelydiggifwpbfustest s of web pages. 3. The
systemas set forth in to claim2 wherein the cluster
of web page search conputers conprises a supercomnputer
4. Ticdydtbinngs ek Borell inab eiimrSwheéeinthe nsdestirchudstheatowrowth page
into claim2 wherein the nodes include their own web
collectigngge col | ections. 5. The systemas set forth in to
claim1 further conprising a results bringer
configured to bring together results fromthe nodes,
5. Tieesystethas ¢ fortthingaghlaimet further congirisingsa tdselthbumger gokdeghred to
. ages from amng the results that were brought .
bring toBJRRIS ot B dyS UL Etrer BPEhT T HRP oEirhs fhe pieh ranked

| OREBY waECs eS8 thuethidie Vvirtual processors
pages ﬁ?ﬁgn%ﬂ;gsth%%&M frrg{rmr y. g;{{ @gé

6. The system as set forth in to claim 1 wherein the memory accessed by the virtual

processors includes DRAM memory.

7. The system as set forth in to claim 6 wherein the DRAM memory includes a local

memory local to a given processor emulating a given virtual processor.

54



7. The systemas set forth in to claim6 wherein the

DRAM nmenory includes a |l ocal nenory |ocal to a given
WEe@eesdss enmul ating a given virtual processorPGI/US1968/011079

systemas set forth in to claim®6 wherein the DRAM

nory includes a | ocal r 0 iven virtual
s ROl wh ot i g na LR inshitieg @ ocal
memory 88 @i W@V iMbAItpHEdesBITOMARS S4me Ehip DG pPocEtRMeAmilfARle the given virtual
forth in to claim1 wherein Nis a nultiple of M 10.
processdihe system as set forth in to claiml wherein Nis
equal to (16)M 11. The systemas set forth in to
claim1 wherein Nis equal to kM where k is an
9. THS §8&im ¥oded Corthlr to UMEmSY $heRiaN iseul@sielbfiM to claim
1 wherein the virtual processor nenory access rate, in
terns of nenory accesses by a virtual processor per
cQ LS. li-m to.a Vv . \Wal. ocessor
0. FFERRMEmpSser o Bl Rl s ot RUBR 0 S e
as set forth in to claim112 wherein the virtua
Erocessor menory. access rate is_less then or ) )
Pros¥ssanias st Jordyiao ddm MvRgretn Nes equat (e whstsrk b5 agdRteger
rate. 15. The systemas set forth into claiml
wherein the web page collection for the search node is
divided into a nunber of small databases that can be

11.

value.

earched in parallel. .16, The.systemas set forth in

12, Th PSSO SR brRERin e iTHal PR OT Fieisy decess rate, in
terms of MeRbAf £dedss By b UGRtal PRAM RS pOCIeBSRA ivihitedto/d VhlMahwell below a
processor. 17.” The systemas set forth in to claim16
processovhaoaki natet dfeongelh tixalyleprootssenst i on for a search node is a
shard. 18. The systemas set forth into claiml
wherein a given processor of the M processors is
14. TROyist 8fsel Gorfiil t8lctaim BEWh&Einvthé {idedlal ProdEREEMEmIBY access rate is
tinme slicing the given processor.19. The system as set
less thett oF anpwxm@tgy pquad todNE) timesidin padcesses clack rata
processors supports a thread, and wherein the given
processor executes an instruction for the given
15.  Vhe $ydfim B Q€ &80 tdwildimgl ahereirethe Sieb@lage cyltdceionffort the search node
. ..given processor, and wherein the processor executes an
is dividedhigiq 3 pember gfemall dagabasesthat san bgserreeddp Patalichg a next
single cycle of the given processor. 20. A nethod for
provi ding a conputing system conprising: providing a
16. Thaststm af senédotipmge ciear cWwhemwipedsck of therttiVidedd mgall databases 1s stored
_ t ed nodes;. and. repl aci ng at | east one of the web
lnakm%zggggtﬁﬁgﬂmﬁgﬁﬁﬁk%Ygt PIRCHRE or nore power
ef fi ci ency enhanced conputers, the one or nore power
efficiency enhanced conputers collectively including M
17. Phosystsoasset forth i tprebaimsifowkerbisi thg web phggcoliagtion for a search node
mul ate N virtual processors and being configured to
imt arate at which each of the N virtual processors
accesses nenory, where Mand N are integer val ues and

where Nis larger than M 21. A conputing system .
18. Elamngystest agset forth in to claim 1 wherein a given processor of the M processors 1s

is a sharl%

configured to emulate a set of virtual processors by time slicing the given processor.
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a processor card; a duplex interface configured to
connect the processor card to a central processing

W@ riop421be processor card including a pluralitRCDUS2008/011079
processor cores, a given processor core of the
géocessor cores jncl.udji ng. DRA | ural set of

iV
19. OBEkEbASset [t B dHEhHe VeI %ﬁﬁﬁmec‘aftrémra?ﬁﬁﬁ s fyigports a
thread, SHAWERerBnQRE ﬁ/@ﬁ roctek %k&u‘té&%ﬂtlﬁstﬁfctloﬂ €ordh¥ 8fVen virtual processor

processors onnected in parallel to an output of
during & gieerdsipglexyclntoé‘ thicogigcrapcodser, @nd whetquu the popceasher geaies an
cessors.are connected in garm

mstruct PGPS Y T Breamer duryet § ABC s R E et o e dRBarhgssor

configured in a pipeline to achieve a high instruction
throughput per watt. 22. A power-efficiency-enhanced
20.  pmocthedfon preudisg stcompuding ay%cmrwompmgmsy stem

PRTRE hberpEy S P R et o S RERRE Ry SRS and

I\éPr akihd] at PMaC&STTtBe VBB padd ft@rodtotpuitdre Withenkas knore power
the virtual processors selectively interacting with
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21. A computing system comprising:

a processor card;

a duplex interface configured to connect the processor card to a central processing unit;

the processor card including a plurality of processor cores, a given processor core of the
processor cores including DRAM, a plural set of given processors, and a channel for
communication among the given processors, wherein inputs of the given processors are
connected in parallel to an output of the duplex interface and wherein outputs of the given
processors are connected in parallel to an input to the duplex interface; and

the processor cores being configured in a pipeline to achieve a high instruction
throughput per watt.
22. A power-efficiency-enhanced processing subsystem for a computing system comprising:
at least one physical processor organized into a plurality of virtual processors, each of the virtual
processors operating on a pipeline task, each of the virtual processors selectively interacting with

a memory operatively connected to the physical processor and comprising a DRAM.

23.  The system as set forth in to claim 22 wherein a virtual processor memory access rate for
the DRAM, in terms of memory accesses by a virtual processor per second, is limited to a value

well below a processor clock rate of one of the physical process
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