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not built with an aspiration that the efficiency of accessing the shared memory will be

comparable to that of accessing a focal memory. This is because such computers

cannot support fine computational granularity. This problem can be restated as

follows: Decomposing a given algorithm into ever finer granularity levels will yield
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g Sléﬂf’gt SRR PIOSTBIESP R 38Y PEICPZ8E Y hat by application
(Cj)f f ]E Reoti@r tgﬁﬁie df\tpe lrglfanﬂimﬂdld thaa tlﬂEJintdrcﬁﬂnhé‘dt‘gM n@fgvork does not
i fferent designs and products roduced at a
SYRPRY GHIAIFQNIZ2HR Primpfy epARE it %ﬂﬁﬁ# SHEmY B9CEts B IS
bi¥d b ERIAN&8d bt 41&@1&:%%}3&%0%&1% f0| | ow. Reference
is now nmade to Figs. 7A and 7B. Fig. 7A is a sectional
el evahpher fggtuerpd tltﬁalmaerg@ne% et the mp(gwattw npyvork s@HPYises
og%& :{ﬂg%ﬁ?%{riltlgﬂtcgﬁulﬁstﬁeﬂ%ltavrv@’ﬂg kaglighset %rgcxbécﬂuantlt can ll}g Iclrl]%sen
s¢ e torplodide(r deffred dambeuidapathobdtwben BTOCQSQIIHE adres @mﬁ geemory
N 8@ shape resenbles the oriental darbouka drum Mol d
7 conprises a PVC rod 72 having a generally
r ect anghtiafeatorrypolieint enfién &t etx@ods&d iathedag tlen chegrathsdatween
adapter 80 attached at its otlhe % distal fromthe
PRSET AT ST RENK 1S A 806 204 VlsfrPsSqefited gty not
1dHE. SRS tihel Bt @EbrinE QIBnahtNDRUBanCREdaAL toabin@&fonaNyystem, as
mat eri al whi ch does not adhere to pol yurethane. The
sttt cRbRYSy oBe cahaisall of dhess delays nothe s é“sﬁS? &% OB gegks of the
d@l\%,%@&* siabltetrrgftﬁé ﬁtawoﬁs o %P&Hr&ﬂtﬁeﬁohﬂ@‘ﬁs@nﬁ around the
. A pair of alumnumflanges 78 is forned at
t he Apethele fetupe oXi thﬁlmtemtl@rh ds dleka penaratign . betweenf tha rapparatus
s%l(/ﬁ’m%e%ahlgg Yn%tn ﬁ’]%ca% SRR Ser9f tfglew?ﬁiﬂg Ly memory.
URi UM TS pre erre whers precision s requited In
Tﬂtl‘saeparztmnd‘felﬁshe ngjie thesgtwoldedimirstappattusdsenst dwh and simple,
(§1§ %{Jter e80|sf|tttedtothe support unit 18 (Fig.
2t they Rt RTEASFICUTHIYE may be activated via the
cont pabtheinfehtuleloftthe Meiidntie tHeability dhehe éxdenticteshaied nidyory
be acti vat ed to di scharge the heated npl

SYHYR drien i PECKRt e AIRMIBRES Wi ‘Srrbrtod"“at‘tct}‘?) PR @S cRemARy hot
sﬁé’@'t B 8t Sleséiged t(QE‘ﬁ@mF heo 88%dvaHhib, Shé gﬁﬁ@t&ts&dmﬁ Bibles

designed item and the nold are separate fromthe
teedapdiag opargtiogdtashBeMPHERPPYS NHEcasvent i on, the nol d
is separated fromthe nold



article by first renmoving the PVC rod 72 and t hen

extracting the pol yurethane by vacuum or any ot her
W@ iwani4e means, | eaving the hollow outline of PETTE.2008/001474
stool (as shown in Fig. 7B). Polyurethane is preferred
since it does not adhere to PVC or al um num
Pol yurethane is al so used because of its flexibilit
andIrhadditigretsi e aprslerelamdehabapptshireee eastitwarqthss @@h@ﬁy

e PVC rod may be filled in manually if desired.

ef erence is now nade to Figs. 8A and 8B. Fig. 8Ais a
secﬂ) bmastpoEsI welageti torsynéhrotieation| amd gehtuling. yThdesdipigA anestory

iR dhe C t

svsggh 1§ S 10 1, P P R PRl RE 8 @ e e
mLﬂtﬁc&)aé edmipsien gis NaautppSd. WMDI ad d@ﬂlcatedrphlghéb“anatealsynﬁlrmmer/

or PVC rod 92 having an adapter 102 attached at one
schefpler:fAe ol d is shaped accordlng to the desired

ShaE? hot§Riseth@bdry afsé 416l rylldfeﬂttb aﬁﬁmgﬁalﬁhodﬂ‘lﬁlrtgh@lakdaldto

92. A pair of alum numf es 108 IS f d at the

reagften aéﬁﬁ@”p'ﬂ%)(?lﬁ*ﬁﬂ tg éyltql?é‘)% p/aghedging. esg of SPRSY &FCrES?
wil&pfQped in the base, proximal to the adapter 102. An

opgnlng 98 may be formed in the pol yurethane shaped

mol @he Themgg rsysten eiescmfoed lire thep@rmenorg &1ty piseent iinigaidon is

ba\%%l th lsfi'ﬁ? eggerzggca%dq %ﬁt nﬁé%cﬁx‘?lgcg oﬁ 2 \%]dr@ hf"he eﬁzﬁ/ls RY the

Sp

re
netifrk afOsneOnSidrthe hurhbee of pghst thagit pmwtdegﬁ adt(hlatead apter

102 be fitted t.o ort it 18 ig.. .1 nd
ihe R e sy sua tonpiotnyrt gl o
Reabrdit Bl hentikied nphast teehibdged)aThesiope tinds nplssiblantb
pro uce the custom zed design. Once the design is i
YOS EE é‘dm”{tl‘i@red%%’?%‘%dh?tt@?ﬁhﬁﬁg‘et PSSR (BB on  silicon
suﬁﬁpa?ff %ﬁﬁelfﬁo%ﬁﬁh@n&mﬁuw | @ fcRQDiERlaf tdchfology
I nvention, the nold may be separated fromthe nold
mapt eoishie Hgrefthens png M AgMoRe Sysem $ailly pegording ok ihe Meieat
ln{/&tl%pehp ?&%cﬁgx‘j %%9 &fﬁ%ﬁl@%t sRgd BRmBR) ¥kt NRRSeR¥s for
cuum o er -’ sul I'e means, vi‘a the opening
m%pg |dam/|angw¢1h es auothém dnasehhp@n@iy shderh | thatt senegs ulier thelding
g shown in Fig. 8B). The light fitting 94 may be
inptfCtighs-+ o the base by screws or any other suitable

mearphe Aty taf @lﬁ‘eabroeesalﬂploeﬂes ab adess grsbarad meai@qswspalcm with a
[ and 10. Fi

F stration of
cgr i ey hgneadii e fediPar! SR FER s iptated
pBE&ALInk @ lcHbeftes ABSAN bidbatSthefoRSis dhel Hghddmnt &f Mo alilityl of the

an illustration of a |ace chair produced usinhg
capgs tput@hﬂn@oppwtea\wﬂawb PH&{ i N6 camplsachisht mg‘i‘i‘ré'lea ﬁ@; Syee

a&fn‘gqg ad é‘i*ﬁétaﬂ rn‘g@oar 2 ‘E §1‘am:1| \%rk%ﬁ@ﬁﬂf e prd:c@gsmg cores,

be used to create a
whighas & connph@cd a/hgmhamuskﬂmp%@mm@h‘s syirtped with athighgilqygrate

synﬁmn}%ggsc%e&w dudh Fz{sg 30&\!)«%% ﬂ{“il)sB Pa‘!th tSQFﬁ 9§7asa§ ﬁ%ﬁep&)c?d

constructed I n a manne
hérhﬂbéfb@hlwm bothi mgredknﬁlags fulﬁl@edalﬂtb I&Bcessmg mgesaare given the

rdboa box car of, the.
S By erharErRta et SPRe shL e ares by mfisosscommer
a&ERRBldinBY ik Pat REMbaRuRYofl EEekiviyN Ot daf tRenbit daidothat the
water, for exanple. The light fitting, 112 ma

mulisord GostPutsy (@ YR RGUH @q BYHPTORESOTA iSrtehtly ﬁéip%fh The
i Tt H0Gnd BYthP Svid Rheds (T‘eitﬁx%s C&B;S’et?@é%r @ax‘@ir@ ;F%[ricﬁﬂesttﬁat are

nmol ding.” The aperture 116 allows for the fitting t
déscgbed dnd detdilad ebaviea shared MgmenAsysigaiebuilhacorisiies abe peremt

m:sr/g{;t? Ved sullta%l ARy @r? ﬁé 'ﬂ@% \éﬁ}@fl@&ﬁﬂﬁéﬁmaﬂ;@gﬁﬂ& c'bbﬁgd ldhe

oSiPHSert ed” a
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been renoved via the aperture 116. It should be

appreci ated that the since a feature of the invention
WO 2000k645¢ he desi gn may be a single conti nuousPCT/IL2008/001474

extrusion, the edges of the lanp are forned by the

extruded material. Thus, the final product is unique
and ifs giaiji m | ar. féom a standard _bhox-type fitting
seflict $FTUFR aPawndR &P 185 gusent jipvegtien, fylfly adrped faahisot been
fugTRa By MRNEriork@l ds may be created using a silicone
coatjng on a heat resistant synthetic fabric, such as
Kev|‘d itioRal feairen padnptiwantagps @% thsa vEntids wilh §ecome apparent
-8 MRehab : = : even higher. According to
ﬁ(%n‘jrther gﬁqn‘ggléﬁrfg#t%do &t é&?'nventi on, the

nol di ng-material may be nmade fromany material known

Pol yst yr end Hh BESPRIPOR O HE phaNAsRS e o

Acrylonitrile (SAN) Plastic Resin, Acrylonitrile
But athirenketst yindorsadd3S)f Mk dptdntiomedihnregdialty picogibeingents

Acrylic, Thernopl astic¢c rubber (TPR), .and. any ot her
thiggY FEpIcALT P 80165%?3? it%&‘ﬁ&%’n‘ri'péf‘§‘ﬁﬁ E\%W’%‘u inaicy Fke nepsyals

debighste@oftedpoRifg BiS¥Rs bi sekti®s thlRGENIRB A8 whiRt er i al s,
whi ch nmay be used tgQ create the design patterns.

Addi tiBohalPys o garstabred expmpiace i piorsait Fhased meppr aystem
RS IgCarTRY | p i
oPARBHRETSh5R, st e phong, LaELE P KB
prap¥sigg fowpient extruded patterns. Furthernore, any

mat ef:j a b L ke thernopl asti¢ such as gl as

and M a7 & ERNER dgip CCRTRR SThoR SO°T0H Joith
folinmgnop Ingstonmedtnerdnadrk SHARERa EMUER0r$ STt E6Mtrdcted and

TI GHTLY- COUPLED. MULTI PROCESSOR FI ELD OF THE | NVENTI ON
PP ‘Q%F??%J‘i“}?% @’ﬁtﬁ%‘?ﬁm}%@é}? %?eoprﬁ%?m YFBitBssor

CoNPig £BSsholsSthe kBPVIBAST & Rbbwh GPBL of QRBMbAIcS oA Rttwork
. n?lrgﬁ'g articularly, to a multiprocessor, conmputer havin

882 Rearding & ihrpaght RPTtY iccaslpide B acpordenss syitighe
pERIAS HithdBeent fvapRguUrrently and efficiently access
random addresses within the shared nenory. BACKGROUND

OF THE # RYENTRORKamplenal theprooteers tapotomsitof eompt hewsrkaand a
wiEHehEsH BUERSh lggaﬂ];hg?E AARMAY LGS, where the term

] . .
pr OquSI ng core ers to-one pr oc¢essor contained in
t he gl fishbows desaggregatedi wirikloswthat @reu spuotvethe rintemioenection

e ry._spaces. There is eed i mpl .epent in.
B g B Bl SRAEER s SRR Re B RS ob et T T mian
ths hamedk nenplias vsipathe soncdpt cftacbmbinhtibhal spstélin adcbrdah@. with

| ement a shared nenory

1, .a nown t echnfi Eue to irrgl :
a pistesig i pAImENt pidae PRI PN %8hong a desi red number k
of PEE! 6ahoRamkes cortlfht BAANRELcdnhgtidn HeRHGR T Mg CO &R ther
to the k nenory banks through an interconnection

Wik thegirROSS SRR OQ¥Ps #itd ranpory IPaRiSa elBiogucsyibe usriables Bhdjuserthe
vﬂ&@QBﬁ?ﬁéd ﬁpfdn@tticﬁ{s%@ﬁlg?ec\ia'rﬁ cfiet work 20 and a
col l ec anks

ction of nmenory 2, depicted al ongside the
at t dobed sirviectbs somingtomekinR4confibaiopmetask iofi iz 61 g vith a

de%gﬁk%ﬁﬁlorl) oij tﬁg g\’/e'rall ch)m%bri]na't:iioxgal S}Stena}riﬁo combinational sub-blocks;
Fig. 8 shows how a preferred embodiment of the present invention based on
pipelining is obtained by adding pipeline registers;
Fig. 9 shows another preferred embodiment based on pipelining;

Fig. 10 shows yet another preferred embodiment based on pipelining;



connected through the interconnection network 20 to
the nmenory banks 22, denoted Bi3 2----B/{. The union
wW@Roovher4sndi vi dual nenory spaces enbodi ed by tPEBB.2008/001474
banks constitutes the shared nenory space. Many
di fferent inplementations of the interconnection
network appearing in Fig. 1 are known in the prior
ar t FigndV eshows | the gﬂna&c é‘“cﬂf%fieﬁt@t‘%of RenNgReTY radgpess igspeq by 2
qu%&n%QBﬁ%qued possible to build a shared nenory
at allows tens of processing cores or nore to
C onErg fl érrtrb\ys at censple afid omibpitr vtk astragi topolagy tet isHeimed
Q f
R ol 58 P 3l o Sl SR 0E SRIRRLFE AR, Ll
a Iocal prrvate nenDry A | epresentative summary of

oA En Hete CREPHEN B f kT ek b e M ERaS
Jonn . tanisesdpscHiopn 1 QR toRREER) S AGBTIeGHA °
shhr@d %@éﬁchrrgs\ @?ét@rﬁ Tot B t%ﬂﬁﬁ-c&\blé@ﬁﬂﬂi@rdﬁé&%ﬂ&ﬂ &ﬁr&ahmsh&n She
atenent reads as follows: "To sup

prrnarp@eér)f ﬁrecm@ssfdrwwemfgst th%%?k@ghﬁ%@ﬁ Hé@f&%‘@?ﬁl%@%"fk is
deSc g, fﬁ&?eaﬁ%ro GRIRANS r{AMDSF ke h@é?n&? Q§sﬁé’ﬂr iszd%gcrlbed Then the
erw se t rmmmr@ﬁemmmdrmt be ab
pa$h$ﬂhw pie Poheeddmdwndirwmm«ss apfl mentagy anks ﬁmﬁysrmbsd
processors Accordrng to the prior art, the
tercon n netmork S onceived to be a
—Qé#ﬁﬂ$< 2L pparatus whi ch cannot =

provi.de, bandwi dt h h enou at th

Sbi ddeny S ﬁ%\rs cieBerl ) EOUInoC8 BeT ol SrTeeebe e ep
chﬁﬂﬁQ@ AN LESHSctWnt Met@biiki SidemenmoBOpaks abheected, t atultqﬂe

| ocal memory. This shortcoming i s related to yet

mﬁﬁﬁﬁhé@m$act concerning the prior art of

mul tAPrPERS $PMthd @E&Bnc aﬂ%alcﬁgrouﬂajléf | GOT BivantoAMHek&@bfore, the

construction, which is th low ng: the activity of
ingsyermheation zedtivork 2Adok dh@ddn rSn gorrcnwg donbé ta cemplicated and
cy I%EPS%B’\% ha%‘ atﬂ? Wlér}/cﬁggt{ﬁé&e‘{gg b%}l”!&%/ﬁd;? g(ﬁé‘gﬁ?‘gﬁ él_ﬂqt %he same
tipe |abrde zbrytlatamme:sr lpwoem@sglms(s a$ tm@llquprceal toyrahdeatgddresses with

i ndrance in & i s laying much of the burden

ef{}ﬁﬁf‘cys‘ifoérrpﬁrap eptPnﬂfagSFHPPr‘r HPEA?Fat i on and schedul i ng

act i Mithy/refvaiiigr, siafoneh 0RINGRE I Siyliragnakillvikn aghtivieddyvithin

nmust be %onducted in one way or .another.in eve

g IR G GORTRICLE g BYSHATH &FolTh @ BTk A ol SRRASRN (e term
%%ﬁ&lsgul fefs tHRUER Jr et N RELLIBRITBEWe Y me@éncodapsredss The
oSing a burden, also inpairs the efficiency of th
osay g determpnes, fog cpely qamneneit) yhighyare the qther cewen%wéﬁrheéfto
1tvm%tr%l{, g dh‘@&\/‘ﬂxekay 8B%%?C %’el:tlio%d Thé t(‘{pg%g?rnrlayaazso M&rmine the

ose hat are rel at
psrysn oﬁ ttiom |czrap4>rmntsathat seiveduat |tlnrg conijestinnsa Vdmrpdqabag iveifh an
uﬁea c%mrs«pt N eg\g%rg?g]% r¥leﬁ% sfr gtno L ac%{r}pgﬁe?qlfse mc[u(agsl h@%agig %ngiing
bibeEd &Sat nethetic Al dam@l[‘y sofitbless aind Stheh qum eﬂbmbnrteshat serve for

typically require.read and u era ns, t hat
r@%@gpc&rlg%auengr bﬂ‘?@%ﬁ‘s&f &8 tﬁea% %r?@ fl? forfay© trr“e\r%’{t
of shekiR@wwtk Py 1hBReAestkdohle®dad $holviien Fid. 1a@ridR Arf} BBicCexternal
manner. Anot her design characteristic _of prior art

elpients @r%év@srs@«‘ressmm peips Ah{labgledsP). d2d - Bro» %imﬁr%%ﬁ e sidg of

performance i s demandi ng that the shared nmenory system
support




read-nodi fy transactions rather than just support

sinple reads and wites. In general, prior art
woredovease conputers which are designed so thaPCT/H2008/001474

synchroni zati on and scheduling activity is perforned

t hrough the shared nenory, are not built with an

aspiration that the efficiency of accessing the shared
thermeetwpsk, whil |t enesosmp shenkt 82 t(rbekdtBlofBacBEs sioneected) ¥chp
oo EIPLY, This is because such conputers cannot support
PR he conput ational granularity. This problemcan be

r esF@t @dshaws faoscdhemstic Begonp o |angach netivedn aad g(wmtlemctwork

to ever finer gra nul agi t evels w || el da

RN R o R
op@¥RH iDi@eREndeatitthe brigdiplehetle prbdnv idvymtan pr oducti ve

conmput ation. Wen the nulticore égqputer tntended

f r o HECSHEER A othE e PBRIRIHEING | oo uflhﬁt néeongpction

Nekwdat R 0is| gyglnhl, didniWodteldly, At ﬁ‘xb Sﬁrkt' 1Bid12dd §dwn in Fl% 2,
typically |eads to constructing the conputer in suc

Inmnmelqmn Detvels 30 & preéasregmbodianant 9f tigairesent wgition, i
%}%uc%%ﬁ géqjatl{a}ia» suBGERYIAY é%&’d NB&voRK B@Eer@iﬁ% for

nnessy an erson, cited ove), it Is no
xeadmrm mechoppoasi HWeite diebrdrk a2 aershngrf@dwma)ﬁoyn@m et are
% IIo tens of processing cores or nore to
°°@§ﬁ SH?Eﬂ? @ access random addresses within a shared

nent»{eyenmﬁbr at dﬁeg rs&@m@ﬂeﬁﬂfdfCtlhe nﬁgtambnmapmkﬂnwmn tHaset is

achi ocessi n ore accessin
defibga e rator ReA e Bk f atroed B alateld S8
neBH&RE 6 G asoRiyal Ritbwd BynthSkhleam tatkiton and

schedul i ng activities was described in US Patent

5,202,987 to one of the coinventors of the present
Canstraetionoh thafsensasesiignnewerklT o e ntagimestork fed ¢ W'é%lnetwork
patent. That patent descrjbes a nulticore co

desiRpiereaginpydel g hinalcdil eiaicerncaipmMNaoek Fors representod
bfzﬁﬁ&lﬁ Rk Zafﬁ:l'c@He%@qust‘BnﬁéjUiHe%nném@n N%ﬁ%rk'ob(QMZb}jmq3 ig. 1

are menory sy emthat allows access with
asginfthe ipenc yrt.coigparadsl $ovs thhavtenpors Lo 28 oﬂwﬁwmoyﬁpmhegse@,e

in rel t 1o
“%W%QVV%?“ 0915 %ﬁgﬁ%ﬁeaﬁ%hcb% Cal? trolgI Q??lgjug bgﬁg RALEHL to be
comn&ey, lﬁaa?ocemmgﬁcdrbﬁe}f elad ithdsk ipbats adithat e d@e@tbdofﬁ the bottom
provi di.ng a share tem | ] o cces
o RSP i B o RSRar M et ore o iR RS 39, 22
1ei3féséﬂﬂ likd REHIENEOBRLUBERA] higd Wit NeetorReen raapécaivbly s kel Read
t would therefore be dggira le to prOVIg% ﬁEmQredkBZ
Npiop 0 S5 &9 QPREHIOR 9f gl ins JOAm APy AR e il Nerwor
seh PR BFBBLAGhst @fewpaﬁlﬁgqetmelﬂ @nmherbiadk SfBiel NG tthe Howits bf
the i nvention disclosed in US Pat ent 202,987 to

ingageetion letwesin, thepatsot6 aftftead dichiverk8rad tosg pleWpieNemork 32
t f
rep RGP clsbnis ) il ing. WGRABREILCRABERE Thed F“ﬁ‘é?é;‘? 34 When
needpd, iancinmalg tl@tiya@wtbudﬂmg fobocls efsarinteicoreastiponetwerk.
over t he e
Gosi CRREPER; o PRNANL AR MO AR R bl and it
né’tﬁ/ﬁﬂds)’%%?ﬁﬂ@ﬂm@rcoﬁﬁm@in @bkcll&l SySdserﬁmedl aboee has the following
mul ti processor er, hereinafter o called a
i ER RO Eais o ORa eiecR RE s s Sl g, Ginks 22
t@f tthe THRp %hé&{sﬁ)@ (REREMheSiis NOSERPZ0 S8 6ifer is mcreased in
|nterconnect|on network and a coll ection Bi

cohpasivor (P psirade netyrristhetunderigkes bv@éhearee%weé%ttqna ﬁmbfhe Vﬂﬂte
obatins PORGES SIBO hGRY, 95 oVMIF Bmount of resources that are needed to

10



may initiate references to the shared nenory

concurrently. The present invention provides a shared
wWoreeonngo4sy st em for a nmulticore conputer util i zZPEHIIR008/001474

i nt erconnection network that furnishes the processing

cores with the ability to refer to random addresses in

a shared nenory space with efficiency conparable to
un;ﬂhneerttytm oad snéshfemwrém (swoaw’rwwe@ijatv\}he semeepropertipg teepuse by

bele%H%ggP fi rtr%? %‘?‘F&eﬁt gt& ]ﬂloﬁ]e td.hregt%on 23k fﬁeﬁ{oﬁsu?-@@%%ks is

sinfpferapp nydre gffichenstham terlteoativasihglp hetworlrthat trﬂfh&rx:l@&a bahl
ability is acconplished thanks to a conbination of
Wa¥t-aits or features of the menory system and of the

ent Bh@elibd it GOEQUIRAMPBEIRT a stRéddméheryngatmand sédes only for
feasibility of overcom ng the varlous hi ndrances t hat

readigigs T hisrimash appen. dpr %ﬁatnplqa AvheR PEHAInG 28 dRSRETRY MERETY o a
cm\%\xﬂBﬁ(tEptﬂ# }IQS PhREEH WRIDEKrd¥a! BMRALKTRA iPeh 6k 88 Sshvard
iciency conparable to that of a private
Amtstmwye a\mt@e seperatesmihstiustions domutlete. tihasuahs deqaicppthg
lntgréz n%netctlon glgtwor dﬁﬁgﬁ s§,¥ QI?IP tl%nljeé ét@g&%na doéurfd't] cBntain

er iIs C|en y support massively
a\ﬂﬂEaHN&M<and flnely grained conputations. It can be
said to be tightly-coupled, in the sense that it

al | ows dense and i nt |ve c00 tion between the
]ﬁﬁﬂaﬁé§gﬁﬁdwé6?%@”Wﬁﬁéngﬂé'§W§W@ﬁP ry and via the

synchronlzer/scheduler The i nt erconpectj on_ networ

i nclluaeeprance mathithy BrvgiRies ohdicaesBhBY oY sthe is & "scond
109 BP ARaferMchRaiNGEMREKo] BBthe SGINES drQhtef@asH-AGh Netwizk DO.

as a separate network that serves for witing
Bdto thewesd nativerk| 38tand thej writg mietvyasly 3%@?@%@%@%&*@6@%{”@%

subietyit E@g&g) ? EH@X{A%? is Er?o%\q{ h%Q@ GiatitPRSthe 5? The btinction

net wor te net are connecte .
bepageal leed ntiovosladh and hveite nzmorko?@omrgtynsocvnlbm thet fvematmdof

twork and,the.w.ite, networ
o LRSI BRI SO0 Bl Pel0RE R SOl ek 0o
difpaicabh ebtwebs ;aeserwdﬂedwf anidt Weite eewedkni2, aiteogbabisbloes not

.type of a logarithm c mnultistage networ
L EeF His Bk PHATIEET B SamE RO LRk hSices can be
sef @iffeRinf® thsleRpihined b@g\arl thmc nultist age net wor ks, the

I nt er connect network contai n ot her, basic elene

t hat Theegopungngpplegit qfﬁ@a negrers SOiapmh cbritsr etk g2 l@?éeds on
cogxg?(?g\go d%ﬁ@@ nBnEIBR S sbl§ n@t\hfoﬁ@uﬁtﬁa?ﬂleprﬁehﬁmeéﬁpzefs 19kr

read or of the wite network, at the side
1efeﬂ®drtg as Hige hcmpbcqrtot)a”mt §hrt butanateoike treopl the tsninonfiehy

en " 0
pRos L et R sy PR ERE YeARRES G HETH). ha the
nuthbelri @R that they hosssésscmteab}med their twe srdesads oy the mutriper of
wite network). The inventive shared nmenory system
PIOETSIIE &SP he paths between processing cores and menory
bankg an@wfatede@bydimks kthegec ﬂ(%anﬂrﬁmé eﬁiu]tlﬁtﬁgeametworks are
approval reply to ever proce33|n

CqIpasPA PPN SEESS T sRERBR yrore {%Ofasﬁghf‘ PERRLS Gribe
olﬂzrosﬁ‘e RAIE hadiad tirSudheh BGids WifdwlitcBEl oPRAs doBhle®lth®Mogarithm

reply to every core whose initiative rs not fulfilled.

ackoptingeduinp oo e is ther muweiey eSpartsraé pashiof B1g tyvagidgs of the
i n e
sWl gc%lég n?’vtvo eiatr%flésgb plg?%‘lt?(rgtc%%lgst%% ﬁé:cw&lkg %t Es)é (klrl@w -@‘ ®os

itati on a sinp

slhasdedx tbmhrjmuamhd@me@lﬂ)@ﬁwbtmdﬁb&ﬁawhmﬁcts@éi I n th| s
computation there is no interaction between
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different initiatives, except in the detection of
conflicts which lead to rejections. There is no
w0 e@pemgenent of the paths. The interconnectiPEI/IL2008/001474
networ k does not performany internal buffering or
menori zing of information except, possibly, in
pi pel.ine registers. These registers serve to cieate
t hr eEhepfaselifebletyioryiss ganeiptizad copprnt thak jsarecqeazed in the prior
aflef isnbiRRo HosdP LM lﬁ@ﬁ’e &PWY@%@tru& %@a‘égﬁxem&\gﬂ%ﬂ%
cores to the nmenory banks, (b) intrinsic activit
givensuerabar 198 paesal %ﬂC% SidR.SSomPOEE feym soiitolespaviose fivrobartof @orts
atlERUP e RANIES fven U1 BEAGESS? 118 LBhE Rt I tﬁ%gbyssgfsx PL
he approval “and reje n repeles can be as & 1
p(Hh;yat efcht fidesandss agreosed” fremﬂm@h@s tha)haantl ”‘(Eb;)qrtsam e:{ob)s:de is
all three stages (a), (b) and (c), can be
ﬁmggf&gdﬁuﬁg the latter case the pipelining is
abol indtigd thbtedgstionera, BasblireNdtaames) bpslogyivih eightyagisi4ant

pu conmbi nati onal system t her cases
A L e DVEER 15 GSPRSroi korn A bs 4o EAckioh gaich lzs bW ports
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menory contents t re request ed mul tirple-

itp b@@eb@ldﬂl@g blorles Eat:rytmeh Sameone| dfche e?yccﬂnel poTtsdabmmbmyo to
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netthfbﬂ@odsef; fvar@entand oile rohewltdhg%efefcﬁlgtr@ to &'ehﬁ off tifesd three rows.
interl ea |ng?effect rel at ed to the deco o tion of

At ingde Bl Rrhimgah pral: &t e e

reffétteairtb ab thddree st dfhdndthalk. 7R k)uo%h@ &ﬁeémi@n is adopted in
interleaying effect is related to choosing the

the opiFent HrgUES nlipts Sraeah mbichorktiatiyss that havgyerigiagied phehe

ploBéssflgl ot rd4eavirnge eftRE twittSndnidsah&tohRidfE 89 NG hile
internal path within the |logarithmc nultistage

Pt fstrD Whidvthessi initiptéves e B theifewaletonerds. thOmpeadi agko a2
altehgoe'. By '@ﬁ{a 1191§1630fh9f3):dnﬁ$ ag53 "'Otup'e trH£ fies ?&Qhef ?&fssof the
recei ve the outco 0 elr nmenory ess Inittatives
n@twotmelelfainé fol the kortsyflite buxbdmglblobhseahkeXT he reactiats tolthe cores'

bef.ore, .,a feature

TEREN PR VL 8 BhE YRR, MRl BiBR PR e e

wclaﬁs; imoharpe cdogim thatvesrdain"bor the vidrd "ot neepiedliyziatiuees Qfth
i nformation e %cept of, possibly, limted buffering

inpuy ad OtRUESIBNAIY| | ni ng. Hence, this interconnection

net BT deneBE Gfeh @l Ba¥el FRMRIWER iVVbihyRichilz cCARGARI ily Qfretched out
"conbi nati onal systent, known 1n the §a3|c t heory of

ol p ganay susipes Wrpsmanier thatesmesndgds sk ig o, Mﬁoﬂgwmaéw%s true: if
e BRUFRMNEGLHAN bBFHPHn T rBRlrB1e, LA AR ORI Voral

further sect
lepgthi afl sl patthromi anporyatr agi side of the Maselwdtepweksb enport at the

Ot%nlle¥ldé Hodd, {8[0 adthe le g% :fen&la%o',r]xal cffhtﬁe %u&ﬁﬁxgé‘?c%tnv mrjhlosnxs

e plpe iI's a
anmfwm«kpm olf@amnealemurl@ y conbi nati onal system

thou ess character does_ not change )
ol aff gl &e%f*'ﬁ?fftor% S TSR PHERY L EG%PB%?(% i ride
né’[%l lagitigde FANQY Refasddest donBeddihg R ghifRIY inQRistaBe ERorks in
inmplicity of computing the paths that
par allel with each of these m networks possessing n ports at each side. The parameter

m, which is referred to here and hereinafter as the "duplication factor", assumes a
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are formed between processing cores and nenory banks.
Anot her feature of the invention is that the
W0 piceocamnect i on network does not support PCT/IL2008/001474
synchroni zation primtives, and is designed to support
menory access that is based on sinple read and sinple
wite operations only. Another feature of the
depirpdevrbicothat & doualt tot bregiepieethen rene dmi n)inebeigikhe number of
conmpri s . re logarithmc multistage networks,
p”gﬁgﬁkﬁﬁgﬁ%ggg§§gﬂ%g§htity can be chosen so as to
pr oFigle: shosle sinrexdmplentfethe ebmpahspdiegynwelom rgadosesakrgd a

cores and no banks. ot her feature of the
W"i“ﬁ\‘)Eth”toﬁ‘ol??s%’r‘goré{?é?rétgg‘écdmﬁ@gr{aﬁeen?ug%rt%s‘t hat the paths

bet egdirips 060 %S FiR04Ciarkis elatplaBhONymiER ks pascessing cores 24
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(o8, AB Pt PRk v RO ales 2L GeflFlen P iCre. Thi e
Ld‘g?ﬂ?ﬁrﬁ'@‘m U Bge SVERHEMK: 5ADoskedeed paROMBs arl iRleted0 $PBaKone

0

) hese del ays in the sanme sense as one speaks of fhe
sidpel Onghe sife thatdb facingiprepepieg ¢aliprci4).cind 160K (hat are indexed 0 to0

| £QTRL Bkl Qaaby %t)ﬁé%@@“tha%ﬁ?%ﬁ% hERY 8RS 22 Neouir Meghtith Rk
IS the separation between t_ e apﬁear.at us serving tor
Mubiatign QNeftwoiks rigmerey canmgctethain apapallehtinsthiseexample, f rpmely  the

At . Thi i .
e

ppar ses nore
hdsheyort aib eaedidd. @he biueldrsened at.theAmeyieh part b deuigarods whlkas

invention is the ahility of the inventive shared .
thassr ity (Oyrer eart s 31%11{60%8?&?% F@H‘F’W 322 eb D Snogren o
b ik WON1Bh hré alrfdfig @il badis LUl bYBF a8 PRESOAnet s dIRL

are related to reading. To achieve this, the apparatus
whi chveenerereal RoreoTrlBa BTG o pbihats B Ve direrBry il and are

d (')t @Cg{gg[tﬁe UM%@L he@SF Fid. N, RADhAARR thRubM8n bRARNT $Jadr@6uting,

s, there exist two other kinds of hot spots:
cdnpetion @ puidgingeifait edistso tos {hacdertesrionding dartdie one that has the

schedul\i ng.. I ' i eye r
<DL ool e S BB, SUEAR NSuLALl oAl
exterinkli poaired tieoregpubry ofl thosegbit hpedindicesD @ idbeaidcat depicted at the

hi gh-1 1 rate synchroni [ schedul er: an hot .
it et e Qe sorerga perdr SR S R fr g B v
s&fced@ﬁle mxnge@Ioaha;abgtaﬁtrié@?@nmgstagﬁnﬂbmﬁﬁs 5@t inr thisadxentplepevery
synchrani zati on/ schedul j ng ese ho ots are S
opg alkidpraZeternph 8otk g;eéystb%lqv&eéé)&pio%f .i4nlstchénecJ(e§S[o two
pb it ATRMRIKeseive ifceR bEBERitHMY NtHiRibeNethEKEF4.0N 2

sinple, lean and |ight-wei ght i nt erconnecti on networ k.
The et wpelogy examplified ibFig A T IPFocestiy COFRS: htrBapemnsry

b 4es, | T8hSepBIMEY afpiies &%
bi&g&gﬁfl:dggllﬁcgw%?&%\rfgguc% }Siﬂagggﬁ?eﬁ?%‘nar t echnol g%?{ es
whah tthe ughues tofi thenparaineteist e tidfent hThee ¢¥neo bb ghee dggarithmic
Ther ef or IS

i Rossi bl Q_n\ [ o
bbb iy RS s dp BRBHPAThE Kol e gl s
nstdssagp hasibphsdateof Fukd hewiiitressqual tnkl dribigpeethao kpodnsaly, in

manuf act ured using. a planar technpl o y. cont ai
CREMEN YRRFIENEA SIPATIR i y-<JRR SRTLAPPICABE BPOF e 0% of
vhilEs GRS Sthmeters, which also represents a preferred embodiment of the present
invention, is as follows: The number n of processing cores is 256, the value of the
duplication factor m is 8 and the number & of memory banks is 512.

For the topology to be definite it is necessary that the indexation of the ports

of the logarithmic multistage networks be definite. This indexation is indeed defined
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invention. In particular, it may contain a shared
menory systemthat serves for holding data, as well as
warhensshar ed nenory systemthat serves for POI/Ui20¢8/001474
instructions. The ability of the processing cores to
access a shared nenory space with a degree of
eff|C|ency C.O r e to the degree of efficiency
o T HERIGIR 915t Sre BROLERarG! (o Rass RN g that

ark RE&Wn BY théad &illERNRENS 4S one ingredient of the ability
of the cores to tightly cooperate with each other. The

conpiiefidat 4k alhdlice @rashasingt ceie 24s &we Bibi R) twilli be table to
e Y,
sl RLEN SRIAGERBH bk DRI PPt M AERERN i Wortilfed
embfdiinedof theanpretieinvéngioaghirtpbe dumbdrtk o nngty biudw22atil not
r hedul er such as scrlbed n US Pat ent
LR A S R A R e S
i ngriadinentass af prefeutetl |eMbedmd1tset}1erxm&e>ssn (T3 pﬁ)@éﬁﬁigafoﬁbs 24,

iven the.abi te with ea
o iEer ARy balki ot e i ReRED M Ghisoghole gowers of
hﬁﬁconnndate fine-grain parallel conputations
eff Fth%ﬁ can then be said that the nulticore
't“é er (s §§H'8 76 rEbpdiopatsiis optapied degs the Yormer class by
aétueg@tcbb{nééﬂh‘@ie%ha@{‘b{bgestsﬁl tc'BFes‘Qﬁ?ée@ 'F‘?g{s %) Rfthd BREYF fszstem,
roperties, traits and principles that are descri'bed
1eawag depHedtien of brevessing mr%dwg@mtzy isyesteewhdlaipbwer of two,
ngf 8&%?115]? the o: g]rfatl Q/gl{l)x%: :81@ t(l)le nﬁﬂ?ﬁ%r fﬁf Tgmgrlﬂ/' ba%}?s Es%é Fig. 2)
ad ghthé ylupﬂ @:atpmeﬂcuonnﬂ; WﬁSGﬂ&&tldﬁﬁf the chuabevef. prbeessihg sores 24
t he curren n fulfills a need t h nQt
mBREHSY a11FP e afeBtop bt dotgieomiie Borairamek ecs D frsavel.
Hehevadyia Mea®es syatent ARl it yRathéton dvinot uRREQMR e@mam&mbnge
fron1Fhe fol | gwi ng graMAn S and descrlptlon BRI E

PRUERFrGE PPHE© gapithmic Hhrtistiee Nrgwpiks éﬂdi‘tﬁbe
siff thahB nAPHEIMJrP Bas D, feRAR: the RidilenSARQdl ment s

thereof, reference i s now made to the acconpanyi ng
dr awf gasivantpgasiniheving ijgesatnu velug oy tedipdjpatioa factor m is that the

m\%\lﬁﬁeﬂ %? B&Hﬂ)&%%@lﬁﬁ&%@glﬁ% c%%f%f%ﬂggj%%‘&g BQTI‘(Q 59#151 alsoalﬂgreéégd
art Ahbmgd the valng/ OEﬂstcemllcauwprﬁa@mng may dlﬁfee betm»ra:medtel ead
n&&/‘b%(j(an%qge o ﬁé(\ﬁg&%z(s qﬁﬂ&ﬁnﬁas eccﬂ%,gla fdgnt(ﬁ) Lﬁelgw%sfthe

processing cor es
fadlonirgchdnexituger ko aaﬂq/sﬂtaLAgeoh&trﬁtﬁt gl dmdntdtivh g tk&rinterconnecmon

i_nterconnection n rk.for a shared
et #h it ﬁa%\ﬂatwaﬁe?@%%e e QIR0 CA P 14 an barallel to
eddthioih Bligse\efy BuliRiARI SR budh Y SRfitHRE 46 Bed Fig3 3% aﬁwévew fnk
t opol ogy of a known type of interconnection networKk

"ets*ﬁfthﬂf‘gwéaeta@lké%@é@ldmét RahpentrespRndingdiugfing pénck or dipk of
1R 3Gk e fbder 1. 8GAPL Qg&ﬁ%ax‘%é ofd e dRLkBich nﬁ%\n?;%ﬁ ient, as

present invention; ows an exanple o
we b sreimpten podesigy- of a read network and a wite network
based on logarithmc nultistage networks; Fig. 5 shows

he a re at variables that are input to the
The i ?% temo} % nd the aggregated val ues
? nputed as functions of t hese vari abl es, wherein
Clock'cycles

The memory system presented herein is based on dividing the time into

intervals or slices known by those skilled in the art as “clock cycles”. The same
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the network conplies with the concept of a

conbi national systemin accordance with a preferred
wepioterent of the present invention; Fig. 6 SPOWE.20085001474

conbi nati onal interconnection network of Fig. 5

together with the processing cores and nenory banks

whi ch .p,r,odug[:e the variabl es and use the val ues
CORYRANA KgioA LT theribng apRbcto Vithindle coriest abP Ben FREOTYSYEREWE
allt A€ iipadd Syl i '

B B P ek SO P o oy g =
wedlastte gy Hined exspivEnwithioikd mewmprylysiews; Fig. 8 shows how

a pr odi t.. of. .t heq pr. W\ j.an b

on’ 1) PRSI TR 8P RRER L RRELA LSRGy
addegs$ Htae belpndsi tg thedmehawsparaintiedigdrigftbe poen erboti system, at

based ;on pipeli.ni.ng; Fig.,10 shows vyet t her
o SReTER Y B s PliERes B BV GrOTRyoR Pen gt died 1o £ Prassn”
definigbipagisy be®erS fcadsingn cofesa 20 AR Y nREHFE Ssank$ SUE via
. b¥ a %)r_ocessi ng gore; aRd Fi_g. 12 shows an exanpl e of
infgroNEStisA MAATE RO-al iy eaih deiipiTiag pracesstis peieraedeacy freat
eveREcib8Rdy NSt TR SatWBDs HETRICE drS ndt PAHiALI Ba@Stathef ﬁIIh%{Ihs that

contents of a menmory address. DETAI LED DESCRI PTI ON OF
beg MEINPRPESRRE DO ENVBEOIVENT SnErsonpastipn npiarh g0, and terminate in
mgﬁglgrgaﬁf(gﬁ], in order to present preferred enbodi ments

o shar'ed nenory systemfor a tightly-coupled

mul ti processor in accordance with the principles of
Aprinevaly esbrjectionserfitliepnocessingdored nitarived ogy of t he

i nterconnection network is described. Thereafter, the

t i mingeenegl, e aofesiihef sommEstsyowy sliceportsSoftlhs Ghvittied. and o€ rthe

he paths that .are fornmed between processing cores, an
othglbl DERRES af én dePPBEHon THa o Jor dageet Srfign ieht be
urlaBleefoC RIMNE il B8 iMl84tves Kullthited bySHOvRsiAg 6REMALI G clock

exanpl e of a prior art shared nenory system corrr{g‘%lcs_l n%

oyglf- ilhreredmse crithothe Mt ikveignne mRopstinkae dérinectied 2)

whabe Thitibdi R i€ iR QL RHARG r&RVeS an 'aofﬁ)r&t/afl‘tr , Wbhilk Q%r&%@idgo&re
Background of the Invention” heretofadre, th

24 whesedoitintéxst is oot fnkéilladreceines afejeption replyi 4 proseswng/ese 24 that

. c . nd;.c S .appar.at: s iLC
e R R A R S AP ROR e e syt
The resutaibsden bydohatetheiseise hWaw asninsigtigisd sabmissioml dsakough the
ccess to ragndom addresses with efficiency conparable
Iaﬁ% Cﬁ‘iﬂ?ﬁg‘fe@a‘ie&é%\l‘ nmenory. In the relevant art, as
known to those of ordinary skill, when nentioned
T})Mﬁjﬁé]ﬁetgﬁgeﬁwe@)ﬁy ScegsOnstructing a systemfroma
gi ven set of conponents, the term "topol ogy" refers to
the BRI a@hits bk kked PRBCHE HrABSIOLRIMERR sih@BS8eous accessing of
conponents. The topol ogy determ nes, for each i
meFAYoRE REMeTRkF PFPcasset $paesoinpldesc bpfoliening agtivitc ingtedicnts,
labdied Fr,l@@h a direct, fixed, physical connection. The
topol ogy may al so determine the ports of the
conpohgrrdsent hasubsassice of thre rbeessiogperes indimsivesfhen
deal i P%re\ﬁiietnl‘? fn éﬁgtt%;lco nect h&gv network, the rel vaepnt
set of “conponents ¢ Udes™ Re B%&ipEOCBS@Mgd‘fQﬁegs BiolkE ey
bapks tihaha éfitaRbinecti®e hétworian@hiyh swilit @escashtsotibeifyiba s,
ad%ll enent§ that serve for

resses and control;
Ingredient C: transfer of approval and rejection replies to those processing
cores that initiated memory accesses;

Ingredient D: reading from memory banks, pursuant to read initiatives;
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routing, connection or bridging, as well as the
el ements attached to the external ports of the
WOeio6Hs9 I n the current context as shown i n FPQI/IIR008/001474
(Prior Art), these external el enents are the
processing cores 24 (labeled PI, P/ ?), connected
at one side ofthe network, and the rrermry banks 22
(1 abérasedignt E:pansfopplogontentsrifiaiovesd read e mspions panks to the
pretbélfhe &obdd-nd i SHAKE R Spfipmt i © diagram of a read
tWork and a wiite net fk forming an interconnection
net vvdngreqhemt & tehsfeed! ooty frapghess prewsssing eeedabinitiated
ra acco d
wilP SR s ORI R Wit 02 DS AU F B biabd g

c 0 n’p regredishive: wmmg wgnenm‘ry birds )| mireaston metd matmthest wor k
i.s hie erarc hl

{
C o f aCeBBRE TR Bpe prltdy Dol e e brebdt® igefiEin b e
acilﬂtyam@fe@fé?tfsr Bt ashorineny saafe dhof MigsBRE atepefoihenat bie
shown as constructed fromtw)y, snaller sub-networ ﬁgméead

clark gyc R K “@odsSeﬁ@Pthvgtyflagreqlle&a Bn: PrBrh #ckBRF pg

at WelshBe N%t:mf/&e 2he ﬁt'gYéd%t AQfoniuntdhiget fenffENOI Y t hat
are connected in parallel. Hereineafter, at the second

| evéh agfordanee Withrseeshil pafeprdanehmdimensrihe agiiit ingsedients B,

C qf%c r{dt@ gr 39 o%%&bat%e §a|9n% ci?%c%v@u%lé? l‘%l\od\{%E K\?\fﬁérﬁ which they

constructed Tromeven Sial
stdngfohegst, mgteldmvz\ﬁ ibperfdnmsdatske kdbechuemt dyhle, @nvhich a fresh set

L P S R B
wik ilkdownl Kyt mbmgefatm e di@isvw’rtflt(peﬁﬂe‘l The efraanee bﬁﬁfﬁmmg
. an outer an orrespon erco | O
is flgs RpFel g@%@l@lé@y i d aagn 99 the f%}‘ %lesp &?16 purgpsr 0 IEIPQP ne

stézed! i Qwd NP BEoRYTREFRAT TefbdBimedB 0 fthd Pesent invention, as
conprehensi ve network, with those ports 26 that are

l“d@m"ff@tlé@h@aﬂont)‘ﬂ@gtdwr%lﬁ Fig. 2 being intended to be
connected to proceSS|ng cores 24 and t hose ports 28

) % s!tz{geen e§ec59d Qﬁge

et rboxes oyU,
Pha \Mit+ o Nat
L LA~ vy

L TNCU VVU

erves for
: yalpgels . the Wite
IHWWGJHQ EQaChHﬁV@Q H‘Feﬂﬂ})rboer ationg of \N?‘]I ting{to menory
Inghedidnt BCRragsferarfesntatits thaewpssireads |of i nt er secti on v
ngetiweeR: Tiaesfaoficent2@s of wikead Nefwor k 80 and|t hose of
Ind¥ddicnt SeWwing t3menepr esent el engnts 34 of routing, |
connection or bridging. These el enments 34, when
needgthccdigh@ RN thite Joskedr&d Sttbddihad o kiRcitesedf indéhtion, the
i nt erconnection network. Construction of
aqtiyits riegyAdiees i BrDNEtaREr&k 29 PrYmed et dhasane &logk gygle as the
mgFédt Sit ! ghoth gzstéljn‘ aﬁo@é\%r,cﬂ’t@ NGl ﬁgreﬁl%n@a@ ainheﬁ are
escri bed ove has the follow ng advantage: the
pﬂmdawepdtsn@ebmlmclpr ocessing cores 24 and menory
bankﬁtkézti%h@c&dqﬁfe?&%r glgg&ﬁh%ﬁ gégcﬁggdo ﬂ@l%ﬁ‘l%lﬁ%ﬁ’, tPe third
i's increased, In conparison to a
p&!’dﬁ@ﬂem’metlmwhklstaKmtbasuﬂdmrtWalpqghb@Bthgdshthe defeeknce being in the
erations.and t oper
PR TeRb O OR PSS 4SS 1S TeL b Rss THh P bg e
dtaetarfpﬂmecsw NUhitMEertadR 16 HRthied Wefde@d embbdimehtCr eased at
t Re same proportion, because by being intended to
transfer data only in one direction, each of the two
sub-networks is sinpler and nore effi cient than the
alternative single network that transfers data both
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ways. Sonetimes it is required to build a shared
menory systemthat serves only for reading. This may
whappeendsd or exanpl e, when buil ding an i nstruckP¢CDIL2008/001474
menory for a conputer that is based on what is known
by those skilled in the art as Harvard Architecture,
whi-ch g_e_pa_r_a_t_es_I_nSt__p_uml onhs fromdata. ln such a
. o, t hACHK P _Net wor k Blostetnger | geSecond gtage
Irlgrﬁé’!wteédsmvmmoféomam:%does not contdin a Wite
Ingedisnt B: B&initldreoftmgsl ogy of the|read setwork and of
Inghedliom Ct Appretadocjkction raglieer dancelwi th the princi pl €s of
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nunber of ports at_each of the two sides of the
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includes the following three generic stages (a), (b) and (c):

(a) The stage of conveyance from the processing cores to the memory banks;

(b) The stage of intrinsic activity inside the memory banks; and
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and those at the other side 44 are |labeled Qut 0 to

Qut _7. The nunbers 0 to 7 serve here as indices. The
wWoeaenoedsconpri ses three rows of switches 46, Mii/Hl2008/001474

constitutes its basic building blocks. Every path from

one of the external ports |labeled In_J) toIn_7 to ore

of the external ports |labeled Qut 0 to Qut_7 at the
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bri dgi ng which are anong the basic building bl ocks of
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side that is near nenory banks 22, remains the
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byflsgagﬁrkeg, %@2@5 388 nRhsitioR YEHEDE 1 %.07%@@: AR PPENniRRRE R ters

essi ng cores. ere t’pipellne
are oinfpilaptrdatin cndermy abédity the t sveendortht ethvril ngpdt Heurtth makferred
tages.(a b) . and as_di sjoint stages; or on
e‘%ﬁ?%ﬁ??‘ﬁ{;‘“lrg}&g%W%F%s)e(di‘aﬁtraomsone stage so that altogether
t hermgr & smiws owoa predigesl envodoner of il prgsepbinvemtn(teped on
K qto one, st a%g S‘? .that here too there remain two
pigelHngs’s obRIngfh by AT4E PigeTd S ibPSe st ages (a), (b) and
(C) THH RcOepetASE enbBdinttat is baded 86 two Mipefihg elapee(the first
remai ns. The acti vi t%/ ingredients A B an% F .al \é1\/ays ..
beied () ginified ot () gne A sesepd Reing (@) apdyg PPgTMIRg, fhe activity
gfe‘ﬁg .beiﬂttﬁeE ﬁrs?@ﬁgg‘"lacl %9@&{}% R P alend L AGRink ki’é%i?ti_@%G are -

i
"Bhgredient al ways belongs to stage (c%. Fi na , the
ingoarited tsyshongriedigri Whershty thes laemey nzhotissddbn et hack reetpgies-

t it f t . T
s et Rar S g 20h A baEs SAERRalnte B0 Ba i, TO

enbopligmonstewef thirh eprefiersd rmbbdivient, i iricld @sfars e the second
(PRUE % A Qb8P T tieoRe PG e HE LD Batr ey Eoh By in

tﬂ(er )@é‘csﬁ% %Eagjs.nh@ahmeac&namms exdcoR alsi fupphagtet heitls tpagpdiae
a) an

: into one stage. These t enbodi ment s
regifiqrepd MR OMPIISE Sﬁh'é’?%“fe‘%% 6§t 7%%?121 he activity

i ngredi qgt k S eP8AdRE B erkd dniRdBREORd thy efRérteidvention
enbogl%nggtmﬁw |%I§ st age‘n?g)eror (b), wher eas,?n t he

badei! od pppebfisgr ed enbodi nent it is stage (c). The

conbinat i onal L NLGEGORTRGH BRI IR
The ilrﬁ?’ Ré{ragno%ﬁgg%ﬁ%{;}eg{e\%ghygg%ekl{s}ggﬁ%g. 2) accep.tﬁs@ﬂpé11 °
stabes, intetcbatecti@s nofworh 20T i cess iprayidedr weh 2uipglingsregisters 56

.Si gnal s gener ate ne ks I nput
‘WB‘%’P*&%F“@ ng Tf‘}’g’rlr??‘ﬁgé’eéw\’/z(?’iagg?éés ng}%t(}v gr"&% ‘2@1 i on

net walole B8 wiemuikes dohmutes|thofinapnf fyircedchns tife fout prefegred
embodiments of interconnection network 20a, 20b, 20c, and 20d illustrated in Figs. 7

through 10.



fi: the paths that should be defined between
processing cores 24 and nenory banks 22, and are
wexpreessd in the switching states of the basiPBCT/IL2008/001474
el ements from which interconnection network 20 is
built and; f2: the data contents that shoul d appear on
t he ’Forts of various nenory banks 22, and which
or i gifvabiEnter o pipdline siages fraenyw pipelbicdpyysicns i ln@wnomﬂlose
Be
sk?lfjed ih tl%raéts %s tg% ﬁ{xé@kg a I'i ?1’? ﬂ% gtr%@}ltiébe%ﬁog tﬁaegﬁpg epth is
tW@aqquésvet Nétersthorgl e ap msang@mtntdwﬁew cp«;mmmg thie rpeﬁ&hﬁé depth is
k instruct th etf rmread
oSERIEY (DB 3he shALbBEhic"Sinit SO fodhaE e doi mvention
heﬂ}ESptb | pe&/ehbott shn@nfﬁcmhﬂy eddudkethe @feqPénee ®F SloPhge s loBRerwids known
as ,EJII " - t atﬂfg‘ tents that sg oul d appear on the
POPUS By GPTrBD i BRs T dor e e HRCR: Wi may occur

whkirs{he mﬁﬁﬁbl?)éysﬂ@ﬁw MipOIRUSTIZ id &b bQIRRNE R Jv@ll hﬁ‘cﬁ&h by those
I ves t hese pr ocessi n‘g cores 24. In

‘Hpeé'f gyt f]%aﬂéh%dbﬁ RRORASSiBE CpTfe v therasrlver e e ipifelingdaWhag s
nde@éd Ras ﬁﬁtc@%eﬂh&ﬁlth@ Bg)gl’met B8ees YKL in%@ %;ste gnd ho e of

functions f i ve not depen P
pregessing cpigs é‘ﬂdﬁﬁn@ma mcwemmptc 20shoskeleexiped. thezasutccnne of its

N P YRS R vl oo S Sl g hon

thevsuag\eathrdndotrheapmatmév\}aemkbm.nat| onal systent, known in
the basi c theory of digital systens. Fig. 5 shows the
2 ted variablies that are input to the
Hisetier Qn eslemBrwokand t he aggregat ed val ues
conput eg by the interconnection as functions of these
var i BT o\fhablethe RrReSSHBE woreR 28068 Figs 2iniot #rcetsehe shared
m@xﬂ&?ﬂpﬁh Qfdeﬁeé: Qmﬁ&@ﬁdﬂm aﬁ%ﬁ R ThatNcRECRN %E&@snx}%& focal
preferred enbodi nents “of t e present 1 nvention
mefperynehe Fgssemen that peyst e megt iREfae thei dedaynefivhe ontgncgnneﬁmon
ipirat [ ection.
ok U6EP LENEA GRIP NS IR i DR RRAN S urement
baam@@néwllwesgfwmputs 60 The out puts 60 i ndi cat ed by
I 40, ar e the current val ues of the
i npu] s hg m%gfaré ?Pﬁlmc P¥§‘6|“é“§“°§z?“ea‘h‘a’ Worgr ovi ded
t hat2)t the symbanbhas/xtb}&enalloﬁg Yopah FoRe side &t aldk! 6Z ehe
Fi gure. ? 6°JP cts a conbinational |interconnection
net wor KB Ingeioq sprbwprk, Qel?eﬁd%l@%a“ﬁlm%bfe%éhe ivfgery 2 of
col | echioaesshg coles,ph@CESSI Ng cores 24 and a col l ection
64 of nemory banks 22, which produce the val ues of the
var i Abihédissfubpraperty of wrRase ingMNetwirrelgter ée itpphysical-geometric

l/gr Sggﬁg?ﬁgbn aa}ﬂeg'na%‘ %fa&gﬁf 4 mb e P RS szg(gn? }o Flg d? Such that

ose neani ngs ar
her ei nbéwi rteS baund Vathsroa ag:gm‘ggatl&snmﬁmahge@mtcabmml Tdngth

vari ab Toly £s th at |.v of the

col | ec{)iearﬁ/ p@ﬁ' n%lp s%’?enstj‘%codmées13 Eimgﬁﬁw@ﬂi {gfé" port at the
var i abbtherXsidon®td huit eﬁcesd ghalishgfe bEhadiegbndl of M bounding
col l ecti on 64 of nmenory banks 22. Note that Fig. 6
does nBft 8%151 ct fi because it is used internally by
the interconnection

The delay time associated with the computation of the functions i, 3, f3 and £,

defined in the earlier section above is expressed by

Ttorward = Tbridgel + logyn * Tinhto“out + Twiret
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network itself. Being a conbinational system
contributes to maki ng conbi nati onal interconnection
WoeawoesP0a sinple, |ean and |ight-weight. | tPEI/HR008/001474

makes this inventive network fundanmental ly different

fromprior art interconnection networks which are

arranged such that data, addresses and control val ues

make a journey that nmay last nultiple clock cycles
wheier om t heir processing cores to their nmenory banks or

Tbndggg g;?ﬁgg; t!gg@ lcggﬂg?tgq? thye{hﬁ eg&%@nrtsl%ﬂr cffhx%ﬁt‘?n Q:Bﬂ‘nectlon or

artial or
- pat s, b Bakide @Vﬂlebeﬁme&k/dnhdatae@lthemée pe;pvprl@?fz a
blld@ggﬁa{éiﬁgt at eﬁgt hat lszt be r

ne

and elpelile elomerie4reitFiz Ty priside I°§eh 'p\b ‘ﬁ‘é‘};{%y‘i%&%% 1#R6iks
54: addition of buffer nenories and conplicated control

mechani sms. I n contrast to such other networks, the

i ght ht c t] I cbi 08 type v whidBa

Tin tpple‘sgean%‘\%@g‘i"ﬁe E%S\f’ft%rrvé’\%% Oﬁ?tagﬁéecggp%sent |§r%)?/ent| on

the E@ganbfmewnﬁm@reedaeasom P (sac Figodwhiaeompesgdiown by t hose

k

led in the art as a "carry-1Iookahead" adder: Both

LinSYBLREE wikks Whéleding igplifierporappegtersd that
vurde aggﬂggg@gg ggt%lrlthmggalllil on the nunber of

may/mioaei:tbcbslongbthc@r\mﬁsl@@k ahead adder is consider ed a
very conpact and fast system The SI I|C|ge¥ ? d cessin

loggospaistinets logarithe dceneingi 0 20 AR HathOREIO °f P &

corédM4eeoRBED! | on network 20a shown in Fig. 6, as vveII
as the fact that the execution of every nenory sz
i s TRTRbIE) eehevdstduinedawithrigt sotipuiekor E e BORIFT HE PR t'o

defg{gaﬁgg\t@; ;alggtt}%ehf?lﬂggo%gf N ?20 g;gqn%q’r fisvefreld ngtlﬁe@ BorBftd ARGy

vat e wever,
vailils dSh@kSQ aneGeasad Kavkhatn aumdg @rwdedfbydmrmemam ks 22
I nt erconnecti on netvvork 20a will be small

enough, and
(set iz 21 hebaynfgseirony pb %’étbﬁs that the network can provide
bet ween processing cores 24 and nenory banks 22 w ||
be | arge enoq&gaqwamﬂ]ebnpgaeqse)@gn*m&e_mnimirgzndeed
satisfies theS€ requi rements, as oFescri bed further

herein, in the subsectl on entltl ed "The delay of the
whef§ er con

necti on network", and the_section enti t
Tbr,d;ae @aa:lm;sumo comeibited by Eherplerdrnys of AP ORI rg"?‘r e

GRS TR b R o s Ot
intFl@seoBKEd bieitle Logdr Hem@riVukistagp Nggﬂ,'qrhcesﬁr g&p yvapa ues( 'ﬁbndgez

the interconnecti on.n twork. Apart fromthe pipeline
andldgiiost ared1ot BICESSERlE A%y of the i nt er connection net wor k

I s combi nati onal . The pi.pel i ne re |st r
Tdulo tohié & deleymeat ipHaich g‘ygltléﬁ?%% ¥ ﬂ’ts‘ reaﬁ“e%{'ﬂ?&ﬁg"‘?&

Lo g}nﬁan}/llﬂtlfs{égegﬂﬁﬂ%?ks sheud ubRpoRD. Theleko veles Tou 1o in and

ore computed in its entirety from
Tgla,eout\a&fm@knb@ssaniyeqwlc@dhced above, in a single clock

cycle. Also, all of the functions f2 to f6 are

C. O{Tglétqeg,af ﬁregag&on ﬁmemrdsm witdseinchding ampbﬁws PhEePRRiEIe dlt
above and from f froma,su

mag ba ledateg|adong| sk wdseeﬂgw(wlvghjef ‘fe’han% 'aré(nftr}fécésba)nly

e saffe

t%l? I nterconnection is not based on pipelini ng) The
Tow ng table details which pipeliner e

need@He |dgelavahlmgm§" ooy and Thagmd 2o indeed S LRAR Smli€ The

components Toridges and Torigge2 depend only weakly on the number 7 of processing

cores 24, the number k of memory banks 22 and the duplication factor m. The
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preferred enbodi nents based on pipelining. W now refer
again to the four preferred enbodi nents discussed in

w0 b@selasecti on entitled "The pipeline stages PET/H2NER0p1474
access".Fig. 7 shows the conbinational interconnection
network of Fig. 5, but with a deconposition of the
overal |l conbi national systeminto conbinati onal

COEPNBIG ckis so_oTth ﬁ@ flomstin grage egongsitbuéiato dhaﬁedﬁpeadrmt@' tdhe 7,
e t.hy

R R T T

wishihed]eteyraf accxarrpﬂocésahmad hiddeir, g combirBkiena uimstdrh dek & (ﬁﬁsldered

homn nai n roke n any
val¥ cofBac 30 £ FCMibhdor e BRPOen R e hs o dhe
dq@amhem"mga,df AN Qiwa HEpeRS 58 ratlmalahye eﬁgdai ai%irésp @hich do not
of. the i onnecti on networ ais -
e"ﬁFeeCLtEF\Fé’étl’LﬁfﬁéF‘?gQBg&E 8 O‘I‘rﬁhrtﬁ"@Fté‘FgH%d enbodi ment s t hat

are based on pipelining. The other three preferred

TRIRAN OBMSin M hSHoR§sthased on two or three pipeline
stages, are described herei nbefore using diagrans that

ng@,@gb,; Xft)'i@};&:}? bRl ,yoca@%rggggeﬁmézgz oﬁfg%@szpr med at

each st'age. Here 1s provi tio poi nt of

Y, | ewrt}é)yaﬁ\ ercgncﬂe Shnt &?\N&Eﬁ%@ oédngﬁu%a aqlg&l al‘f g\%?% alock

e plpe Ining réegistéers are
cycrhe on dieis cbmpmﬂatxm thetehs eemeddo tﬁl&memtohaacdumrpdthﬁ @ufnbiited at

r.ef err.ed n‘podi n s introduced | t hese
i SOCRTE RORTS sPsr B roctreSnib T bn oot ' REBr B e
sldlmadelmtth@ Brt b@S@drrﬁfgeﬁbtﬁle bf tHen@tiss Abthad Aads at ad@dtaﬁunmg
line registers. g%second preferred enbodi nme i s

the é’é@dﬁa‘ﬁeep\ﬁdﬂfﬁ?eﬁw fRee &t arrbs MemRE hank 2L whiel ﬂ(eaamcessm"

cdBD iffatvd 4 RrdrBice ade idiR RRAW KD %’th@ﬂpt@@e)s);mé@ge@ Fhitiatives
performng the activity i ngredient Cin th

ingq grgeuntTEhaspisanty thinssddpisedinreieetionipléds wrh@n r:ergﬂlsts betaveen
paﬁgs L& 43Pk qgmdofa N YN, e a{f'n?e ﬁfhf vyp&&%h&ch&f%e&vorkv

I zed by the rec erconnec
bleiHWg) blocR9 bT}mISs awe diargs i gmlysumpbfyo tHesconGBitaties, of7fh,e [atich,

thgge]b}/ EE%i gtheS p V\@ontnhctloﬁ éxe{ % (E) Wg ?H%g%t%%gngﬁy%xﬂpg, tci lﬁe ilﬁlgle,
lebmaid lhgmlwehgite the activity ingredient Cis perf or rred
in the second.stage. | nterconnec wor k 20c
ST PSSP G T TtRar S 1465 i 256 sarppulfdslgom the
mMeMOPI 4RSS Sthichth® ploseBfz B 247 Ree Elrgdzy%bnﬁﬂs Oplusl ifsrhauen

yet anot her preferred enbodi nent of the present
at?(\% sty Rfmoliagsess —omheiep 1 1§ AireRg. orPowkilst &’hﬁn £ [PECorRSing apre 24

inffdseh egbceRkb el e RldredhinC Rnd %hQ@& eﬂelﬁ&glt Qﬁa%@ RiiP dAdgHe%s

stages, interconnection network 20d is al So provi
ungae fropil redefines thefpillowingshme itewsl ant ed anong sub- bl ocks

10. Note that
gzb gﬁmh%%%) BlanY( é};‘bei%‘%éagfgagﬁc aé% f ] in each of the
fiour whatefsghe eden eai‘mddnesmmslsie dlfat imeery bamke2d, iafd inednjwickon
2 QX .1l ustrat in Figs. t.hr h
Wi e 8 mnda oai! s B phiscERulih affirsamgridiisal et
$1¥i3 L 81 pash K QWG idtyrebihR86orS kktwlogd 20Nthkdigh 8k RicShd REcess to
eline depth". In the present invention, the

mﬁi“ﬁ&‘lsﬁ i th is two or three. Wer e _there are no
ar r apgeAeRb YirfePdnt BERELsING! datbs 24NereP (RHifrdIent doR o' e same

address in the shared space, they refer to the same memory bank 22 and to the same
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consi dered to be one. The small pipeline depth of up
to three in the present invention helps to prevent or
WG @plbi4sant |y reduce the frequency of stoppagkGI/IL2008/001474
ot herwi se known as "stalls" in the operation of the
processing cores 24 (see Fig. 2), which nmay occur when
the menory systemis pipelined. This is so because it
intdreal vedHiesk imsidh that oéroew bekk 22 eHowpver hibe gpthsithpfthgy,ese are
.Jprocessi;ng_core 4.1 ' i ned. What
d'ff% e ST %chauée ?‘rﬁtg CH° Z%ié%@%sgﬁgpgglﬁ?%g@st ages of
t heAseERH hesjitefne,and prdfoss cfboginmme abiha grasentarvepiqon the

mel a pr.ocessi Cor, houl
R R L b
duSiicadéh faelde nre Whble@oteks of Ywd.edsd, dteaelatiban t he st age at
which the initiative Mﬁf taken. The delay of the
r

i nterconnecti on netwo Fn" 6rler to enabl e the
or pridRaslyng cores 24 (see Fig. 2) to access the shared
menory with a degr el <ePe¥'ci 8% conparabl e to that

achieved in accessing a |ocal nenory, one requirenent
hotds ditue rThstovieral maimbes of titstthat jgee 13@}1@@1 igfthe tymary representation of

a xi n'%oerr Caggrggcﬁ(ingvon IB? LRE KiiR O W thé afl8s %f'f\&ii%%‘f'ttljleyacﬁf@i‘i is
THEYPPES'ERY “"vent i on neets thi s requi rement based on
deteheintolbly ainé desifed atzerethel Jharddemeroortyi spacsi. dihisl WidHnisayriealy

f.ihe int ti twor ks . 2 : .
Iargs\ﬁ 1@? g%nsgﬁgﬁgpng—ﬁglo%%? Eﬁe? \r/%%r %fl' %’% )dtléllﬂzg‘lu(gj\g %gfbrr tnﬁfé typically

snlaNEEhSOMB & etk 0N tha eluMbekk sfepandsg bhidga2i t hrri cal |y on the
nunmber’ n of processing cores,.

: ang» 3%1 Lhe gtfcfésléllissued by a
propegtll sovs BASEMTNEREIHBIRY PE P a"8d Po (TS Y
prBNShE Bbre 98 OTRI depfetibRYPHIE. PNofh@lepRent&ithl daeinaly memory
manner that corresponds to Fig. 3, su h_thaé when it h
addgeshFUnissueidt by rprecepalg A0rg1 2 @hin Fig Pal® HS8nQr PPy the

) . : N «at one side of
d%ﬁéﬂ%&é@ﬁ?%ﬂn{é}g@%QP?%hgC%ﬁ%?ﬁgfﬁﬁﬁg ot her side does
not Erceest sigeificandiinh obfthe adiiresgonahe defimes bibandi the least

rectangle. T del i . i af.e | ]
SIBiE gt 5 PPt e et AR BO8h, Mkt LREthe pumber of
mieﬁhofyglﬁanﬁﬁlahi(&re Kigcl)i ol dabated Fiesd Mm%?r@mﬁdemyinmgmméﬁ@re
Tbrj dgel, + t> Tjnj,0 T wire re e
capolgei g . s B B By i 82V e s T pROARR
aﬂ’e(a;éﬂc:ﬁtg&ﬁe%@?ﬂﬁﬁt th® ([jbg% ?alag" 7sllixghme h&ijaieﬁamplé_alfi @,rwttté'regn isxhe
outside o e read net Wwor K, an e Wi
n@pber D PrLRNg FrEcte PErHEALE §K—‘ig Pn Tg‘f grreyiteg @, Z’Z) g“t‘a‘s r‘ﬁ‘%d
ab-098Ld Al Mddtih 8laReadgE Wor ks 54; T mto_out is a

elay tine of a swmtch with b ports at each side, of
the type fromwhich the Logarithm c Miltistage

net wor.ks. 54 .(see, Fi QINNS fbrercelif Fialle 1S A
7@#§%§F”%F%%éﬁgfi2%”?%ﬁ%§%ﬁ?§§§%‘&9regg”fﬁffud?ﬁa
anplifiers or repeaters that nmay be | ocated al on

. ¢ :
t hes@heiiindss; ofirike Inogiorstlans?% & WiHeh Ity aplptenss i made is
Besandy By R RRSE & 1lia™ 84 BemPYURESs. AldRERE 858 hkGdjacent

or sufficiently close to one another differ only in the value of Field A 84, and
therefore such addresses are implemented in distinct memory banks.

A program that is being run on a multicore computer typically tends to make
their processing cores issue subsequent references to nearby addresses, according to

what is known by those skilled in the art as “the principle of locality of reference".
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cores 24 (see Fig. 2). The delay tinme associated with
the conputation of the functions fs and f defined

wW@Rwveeo4sd t er the functions f), f2, f3 and f4 PEI/BL2008/001474

al ready been conputed and the val ues of the rel evant
vari abl es have been already provided by the nenory
banks 22 (see Fig. 2), is bounded from above by

Hapac kyehr glespndge 2entd o ge IscatteiedQuorte0 distinoni maRorgwhigimis. This

Ls:a del ay ti cont.riputed by the el enepts o
PHERBABRA. Wik SR Bn g Tl S el eaf T ghes he
advettggedef aifevidtiag reeattst ehdaokflist. ahe chiffictdrblo@ard ekmosrk not

and,al.sg in Fig. 4. outside of the Logarithmc
repfod PafuE o Rt RisriclinadtioR B a0 s e 23 Botimt soaemory
banfel gei (aifie FOt2)NBERSEA! thbde emRls arltQilvetitldsd rhahifsted and
me_of a switch with b ports at each sid of

del ay t . : i de,
d"t“f?é%t VY pRing the, intgrcpreclioy ApTWoRRRE. NLslenenta g . dtet(tsr ke B4)
thefef BRMARSREated BE ith WoriMalHER eggﬁlﬁrledqs}tﬂkr%geiﬂ- 'itthi\eoseQHJm

are not necessarily equal; and T It IS a signa
enditlgsh abyaatingreonflists beiwesoghthel.r es, i ncl uding anplifiers

or repeaters that nay be | ocated al ong these wires.

The two val ues Tvwe2 and Twirei are not necessarily
Tieglegdrintitien giiiay the imesnal biremyitlsidavle Famokwaind ar e

i ndeed sufficiently small: The conponents Tbpdgei and

Tbpdhe2ddepeinsido tay msgky YarRre2t (e fﬁgﬂi} &6 whichfthe reference is

acessi n ores 24 .t nynber k of menory banks 22
mg%e s ﬁ‘gmagiﬂpl?yclg‘ﬂdﬁ%g? BEE?‘SPSWSSTheconponent s Tin_to_Out
and Tout _toj n have contributions that depend only on

TR, detP@datibhbF €D e phiptiR H&rintte;&_‘émfe@ﬁ&f’ﬁenk@lgc%ﬁou% loRich the
contribution therefore stands in analogy with e
acqess &y memory igdeney- | ook- ahead adder, a conbi nati onal
systemthat is considered very conpact and fast. The
contyfi QubiqQ bt e TV i .and TWre2 to
the del ay tﬁeg lt‘lr"f %{r% V\goﬁgrb %2d&IT%aGCXX\}\gar?gmggtboélngetgﬁﬁ( 2 as
deserihgt abdveethk dagtmatidn ofithepsth inkiudés: do not exceed t he
1 engt h. di.agonal ,.of .a bqundi ng, rectangl e, The
pat hs(l?lf'gjr (Preg%frl?llﬁ' gﬁ%e%ﬁg]ﬁypa yg%sé%gfb@flﬁ*h ;’aiel 1570 BFtWPHe30 or
thpadgh tHeetrite eetwarlpd Des Bigng); core and a nenory bank The
pat hs,..i n interconnectjion network 2 0 are conputed
anew %‘t‘%e@fé?fwa% éﬁe Eﬁ%ﬂrghmlchPmS@g% OieptRrktitothirqugh ehich
thé path ad3 ed gl Akgd Nto account paths conputed at
earlier_clock cycles; nanely, there is no need to
per f ddipddndsiermigingn dhen imgmeh el sisidel B¢ logatithmiarmultistage
nethGRIGLRgeneny " of the paths. Another fact is that in
deternmining the path between a processing core 24 and
a nelhertrep gakpagentso(iiif), dhi.Dherdpliodessistigtecopethddda full and
.0t . rence here is. no need. to take, other
et Bl Bt AR ool PRUE S e AR oh e i o8 Ulen
wioiph the tabesnefable processing corerdjte 6 tricary Bpki2eds When These

conflicts between path ccur a result of a contest
thﬁ@é?mB%PPQ38?&%ﬂgdWhW§§@gWH@%Fggn networ k' s bui | di ng

bl ocks. These two facts greatly sinplify the

conmput ation of the paths, thereby hel ping the

i nterconnection network 20 of the present invention to

be sinple,
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| ean and |ight-weight. A path in the interconnection
network 20 (see Fig. 2) is conputed fromthe nenory
waepeessanhi ch the processing core 24 (see Fi geCRIL2008/001474
submts, plus information about the type of access -
whether it is a read or a wite. Wen a processing

core 24 initiates an access to an address in\t_he______,__l
[ sGam@dnemnory space, this addresPetaibqui vocal |y

m—qj}abht@@ﬁmtn? TlofHidtdrhiddio @ done BEcording towhd orpmetimt that the
whilBdtkhegath S DEi RELefGE&HEM sididlis(ih tonjieebn iwith tiememory
paskddtRoNS (haddr|eQ8rebd) $dodRIMZIRE tyPR TP Fa|udbtddiacdeds —aRkbihdd it is a
rea&ﬁ%ﬂ@id an Wity (;l‘hleWIllt@f or rrat ion about the type of
pfgﬁawoykh@_ ddress unequi vocally al so defines: (iii)
ﬂﬂg\xd? e TSGR A chPé %8 thce Jrﬂén@éJ&szeld C
il € "acciess, A0, JRIRL Wy ﬂg? %‘ lé’\f&rger than
b b@l}@ﬂt e context

ér ent TOCGS

]ié 16‘[%)\'01 onest e%ﬂ Or?ea@%g i’l%oﬁr
leBal & S ﬁ%a g_%?he rEferelgc Fond 3 tls?h ﬁ?%ﬁ%ry &Y 22

P2 BAFht er nal  EHEFE éO%p ifferent
However, the Ea%g"i‘gt g "ciﬁﬁ fgéw g%% e 5 ﬁ?tgﬂesalv}glﬁl
because the en ?‘H?%D“J’fas 15 i 1’136 1 L
__As stated her} P A

(D Ocprayirg | n%ﬁtiistémflﬁémﬁ&% ACEPINg ER%E é%@?% JPeD
thednteps! wsh | as| Thef thepdstsesskThstrowgnedhsdeia kegathimip pu ﬁ@ge
insiilephd oawritbinict petteprkridds éomp@dmé\%éwg igferanjyputing kys of a
mutiigageel at i on- kloganithmiqwoktisieguilsrapiaf Ee thiesl ehose; (reordere
netowoel 5.1 nunber achfevbithesfotltraingaFlee patictheicheding at thasidp thahisy
repr esent at i opclofer & the porcyssagdoas 4 (den &g 4bshoulsiowd at the
skilled in theothet sides(nbinely'thd ddchthatfis tlheer aodhe ewstory banks 22)
det ermi ned by| htike paswhewd isdexds gilvert byeFiskidd &8 ofrémaddress.
space. This wdth is typically larger than the sum

l0g2 + | 092 .| Fhepréahée ebodibentifhd mradehninyéraioh svhernths
typically sma Lsgarttmﬁ NiliEistgd NewofkstsharauftheBadeling type,
menory banks 22nd fhkPare bdmphRaGronnavikkheamhyt have b= 2 ports at
representati on N e site h\exAHAE @5Bigl $Sthe thHeyenBrouting law is as
processi ng col &, Rds: Aing, ifGRivE b@ﬁthb? Fintbst Bil oPfieliME78 is ‘0"
represent ati ongof i ;9.1&}5‘ oXeeﬁ?HPcWélc@@ BERERitpaHaKlobi

1§re t

processi ng col g, 2d (8 tHa?stﬁc@l othBrvA¥dYn@hly the
t he determ na %/Qlﬂe%'lr% 53(; dehid ut@zQ QES egiu)ut 1. Then,
addr 655 i ¢hd GEPP dsf** ke T S e

is the right §lonq.o §§ eﬁg 1ug:8 es@a ? Bat
is the nunber
denoted Fiel d Wﬁ 18 W Feﬁ%‘? ‘tbOftF‘ ¢p Soﬁhe address
denoted Fi el d etem’@wg @“P‘&%at ¢ &Wt’tﬁ@&r Bits” ‘3?5”3

where mis the 2a¢ g?’batl on factor, are denoted Fie

C, and the | og2n Ippecordzges yish thepeesen; I%V(‘?@W?“ e ’ﬁeEE‘ roetmg
where n is the inidarcBasgfingNeivedsis H@Seé i ggmg g\ﬁé’“ﬁ

Field D. The t|helevant fieldwf thejaddress fjom rightity laff. 0‘5%1853
are now descr i|siificanthisideiermise thei YP“““BW&“@@?@WH?*W ohHhe
of (i) -the mefsslingdveovork. Wb Sionhis qrddrde asfi@eiass nade
The index of t|lsterievbmyefbaniVien tvoaddiessts heme idesticat eandants
is made i s in Field C 82, which means that they imply paths that use the
same Logarithmic Multistage Network 54, it is still desirable to
prevent a conflict between these two paths when the two
addresses are relatively close to each other. Such relative
closeness is expressed in an identity between the more significant
bits of Field D 78 of the two addresses, while the less significant

| bits are non-identical.
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determ ned by the contents of Field A 84 of the
address. Addresses that are adjacent or sufficiently
W@ Lk@9me6wss one another differ only in the val ueP@f/IRoed/1474
A 84, and therefore such addresses are inplenmented in
di stinct nenory banks. A programthat is being run on
a milticore conputer typically tends to nmake their

processi ng corjes Acsendngso lisequting lawetBneinbese, the tve pathy that
addr esses, acciardimgietl bywhatwo rslakingylobyaddrass pak iffoheghch
in the art as ['dthe apeadycit Heeeadf stagsalfitieyB3éline Network. In this
ref erence”. Heniceyy scmifiiotéf geesesls tend to be scattered
among di stinct| mewheythbanksiplickibrsproiiesn 0B aiiplickhibrhcios
known by t hose| fiKithd ienbed ntofiroedsingTorek DI @F dr&AM thah the

has the advant pgentef x af neioAt baals T M lISwAB Happens: Each
conflicts. The| Gemhdl Ipeit%fﬂféllﬁtmeﬁnéaﬁéﬁne%&k%t axﬁ&{g&h&@ that
to paths in theark BtBE GOOPEGE nRAELMRE K2 3 (t&ough an
2) but rather tQefBRBLYoPRAMS:, LonreBon i bF: 1H%Bta (m><n)
however, these &ﬂggcbil |y 1@%}@3 VELFD % SHBmIC b et ork

and det ect ed AN %rg S&toln g IXY%e r? ’1ffer nt
el ements 34, 34p d daglﬁ%xmelﬂory

| ocated at its|ps m
in the section E%[(%N?o%%bs g?é?st e ic ﬁe rft IB%“@E %éﬁg‘t’rks“'
ggf}lrzss |T2§| g: 13? ?ﬁ ]lO gglivﬁgmgwf k 22.
nmenory bank 22 e ! rB“WHPE}W practeriaatipp AEgIch g

; rf@l 4rens §f B’P tprgecaign peeen ol B 8

made is deter

|nterconnect|on netmork through mhlch the access to
menory is done In accordance with the topology of the
Thentieg eoicschdrorenmathsor k 20 as descri bed above, the
determ nation of the path includes: (111.1)

det eEashriirogssikecdre 24 (ke Figth) rpa;sr:aks tl’(ehmnulagim bihm:cesmg the

0_.or thr 9f h
S@fed“%%i% 3 e IRl ThE SHoG AT bR e G e ven
clbigt wyldkdGthet hrecomesponding bet tofi@equastéd pzﬁﬁssl@ﬁwééhe;ﬁofdsgn 89res
nd %111 ?Q l?ﬁ(}t?;erm ning the internal path inside t%
B PP Aben i stage network 54 (see Fig. 4). The
t hr e€oMERARGNoscut| bdtwedn diffedrdnt atidNghaf ibklong)to this set. In
constitute together a full and unequi vocal

acgardapss Wik thsnprarciplaset ghe Rrasendilaventipn thamemennixsten defects
sueBt Rl Anli NEQUIR, Wféinc Byt ?fl”ogﬁ@gsa%t@%tdﬁfer Cﬁsﬁl' NBad

core 24 to a nenmory bank ese
netyhpgoARMmng iar die detitai heselonkn32 Hesef Bigl @i e read network 30 is

di t"ﬁ@u%hg@ ﬁ:Bﬁ)ln[ﬁplkn d‘ge?\!vérﬁ 3@% aué‘:)oﬂ?% r{uHm,ars]‘. fv@ll) }acﬂngnrl?utes to

rm nat one accor
a tdﬂiat:tldrh@ thietiinber of I@enfﬂ)latsther msslolﬁ gnﬂ:tﬁfaﬁ: 124heStebdrinbt$vork

0 BB F e i e VS plsih Padirdst Pttt cbitast for

awhmtﬂwatmgtreacﬁre@wde@dsm'work 30 or read or a wite,.
t he V\f;[f.:te network 32. (ili. ? Determ ning Thi s
det eFBfi riailqveng jdesqipien aré@EﬁSd ndhe Se‘Fﬁ@%@ﬁtC@ﬁﬂ@tSoﬁ“d the

pl%'\/@loq & tRerch@BAL itd RRALE o8 2pe91fou¥1@tﬁ b AAr GG conhB&idnt iwork,
duplication factor mis |arger an
excluding a read network.

A conflict between two requested paths exists when they both pass via the

same switch (such as 46 — see Fig. 3) or other basic network element, and moreover —
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mul ti stage network one, the interleaving phenonenon

expl ai ned above in the context 54 through which the of
waeawversng the references anong different nmeneCyII2a0©1474

22 path passes. occurs here too; the current context

is the usage of different Logarithmc Miltistage

Net wor ks 54. Here the interl eaving phenonmenon has the
theﬁdlvthn’e@gﬂz thé sahé port tteraof atontids that indossbif mpwpsy banks 22

f gﬁed to paths in the interconnection network 20.
(seq 51)3) Determining This deternmination is done

accmbal g abavetdosripiind efiths topblogyy ef thidicdrinectiontnewrak 2 Eseh

7 he addr ss The routln t he arithmc
Fi“n%l if 155‘53&@%‘3? e Gé’o’ftﬁ%“ b%g}}% ﬁf’E&‘ﬁg‘ﬁ Zf% P€%done
accq@y di ng dogt dfha iheher @mchrcsmt L&GhrithRYiB Wlmaag?aNémsﬂ@igde

logarithmc multistage network of the Qsen
In PR OBihe TERACDERG SIS GG onTHE TkisHEe

nethBfs e Qe NSasBfine ﬂ@tw%'ﬂgec Qrgﬁt;ed Fofl QARhed 86 W@ two ports at

processing cores (see shoul d end at the
eachtshder This @Eear( iﬁmzﬂ"y)l‘ tlméo‘stLHepCtYh@Pe Fig. Dl oser to the

Ei gﬁby Db% % gf %1 gtlslgtogefvew&sl%u# gl'ne%tlgﬁ ¥ Briding,

enbodi nen
sudbfastiitae pr gaetiat ara‘dlegmted)at th Bver pane of_Eigaft ptt 44 theclower part of

Nﬁltlst age Networks 54 are of the Baseline type, and
Fig. ey are conposed fromsw tches that have b 2 ports at

eackyishdge (&ReBfio XA 8Mrea |p@rthig typ3) M abwve diierie m’(deed a
routing lawis as follows: Fir t he.val.ue of

i
comp@tﬁmﬁw B InteeONPPQLon re5oREpe; %/ielmthet%gwewp@ iRV 2 BoPof
tyé%r g§e QHE 'ééjcﬁalgffa Echﬁpeftﬂtlf)ﬁ toveMh hfekholP rebbinGé) Yetause the

Vi a of that sw tch; othermnsg
tw() mammuy:s tr¢seonsabl@ éor.tlse qqnff’ ating paths IMeTiD 6 BESaHe MEons bank

22V(Iﬁ a lt éhz)p PIE)%NCQ# H] Ns rdvBBe® aﬁchdé?@c?ccf \Qltﬂ% %%%nectmn

er SWtc whi ch belong to
rmhhﬂksamﬁtﬂunh&nmnhnbumkham stages. The sane rul e that

t he é%?@%ﬂwté :}se gév:ec:t%l; gogmﬁ {' };]h% Q’&I{CH t(ﬁ ttt gﬁ’l@!‘ Xas[)(p Betwfork

ht oSt
eldrha@k Owhdn/&0br b ragideess adqm:ertm Ay pdnh cheravfital thy side 52

the th tch, f bet
(S%Clglgf ta)acﬁé\%r gg pﬁmgxg(ebea\égéémae F}g\/\l\gﬁ?m é)rhace? h’féhe?egrieglrleﬁ%l arrive

v1£ Q}ﬁe']é]ﬁ pbS$ hid@e §1d53§ Qéderlﬁ’% Mgtk cloer b@ﬂﬁd}r@i@ssmsg oges 24
he bits of the rel evant

ld of th d
(s¢q Gt 2% Bor expimple fhemibg r%%ﬁxﬁ:nfe ﬁlsmg’éts%agwg% {qu @’8%&"518?% igside
%%e‘? '\é&eanﬁ QYL 't\f/‘(g é‘ttts Etrk%cﬁ’%fdle' o hAGaSthaf arfitevia the

ase twork. Thi done in order to achi eve an
pdrtstier rO mdvllnng mef teltitle alWFé@ﬂtQ peonflietri Blaotle seaniag Bheipge Ut th T

L B SRy e e
fop4uchi 4 callisi@t toldccudés thnsadthpteoltmmmarya[btd@m $qfﬁ¢1ent) that the
1ekl)e%tal\4\€e beltn oft Fhelg% '58 of tg J]ds es\émw?lrl] be 1cf%nt1(\:l\ﬁ) at the two memory addresses
which serve as targets for access.

Having explained how conflicts are detected, the following description relates
to how the interconnection network 20 reacts to them (excluding the read network 30
shown in Fig. 2 which is discussed separately in the section entitled Support of
multicast for accommodating read-related hot spots). A switch or anather network
element that detects a conflict takes a local decision to which of the conflicting

incoming requests to grant the contested port.

30



addresses are relatively close to each other. Such
relative closeness is expressed in an identity between

WO b@eds9 si gni ficant bits of Field D 78 of t hRCT/WR2008/001474
addresses, while the less significant bits are non-
identical.Treating conflicts between paths Each
processing core 24 (see Fig. 2) may take the
i ni in atirsferred eabedimsity thherestndrieentiemvhiy datisieweelies only

on 8 ?1 tﬁ?’ﬁé assx;gn?d R grtsa.l\t thé E]i'dg c%tsér g%hes Hx%g%sgﬁlg gox%g 2@
give e de nes a correspon

thnoegiu edticd ttpatelqsestseame;nwbﬂ@ beingi fl‘mg-,;dcwrtb sres’zpéctafmdtnne,mhege

n r bet n rent t hs
orERUES B8P et obine 1B P e BB Ceothet B R BRser o
memt(bry Chapke220fThishe prsapse tdebﬂ@Mﬁ %h@ﬁnlsﬁ)hﬁlaﬂeﬂiﬁﬁyutw & an
tects such copflicts, and reacts to them by

Sleﬂg?rf‘?ﬁs NSBYTi ty differently in the read network 30

and rh BufsighcdloftiQ RELWRY the 3Rt 8L ofhikInetddrk dlRert@R6brts an
network 30 is distinguished fromthe wite network 32

appiovalspiyrtia Hig nedl @f higside dgsecte he praceisingeepres4y that serves
thd W#Mﬁﬁé Pé?]u@gt ftheson ﬁé' re?éctlgﬁ rllcg,rldfegtv% thylforé ggl@?ur %l‘n%fesrlde

multicast in the re IS explaln
cldser teithe proceshiwg setss %)rth@trstenvte |tl®doth@upcpwsts myblvml lik the assttest.

. ' d h
A Sl BSSAVRHERE DR A AP o e cos o

detemirﬁgziacmﬁhand the provi sion of the reactions to them

erforomed by gn inter onnec n net excl.udin
o I iR Yol o PP OF BEOTRLA: Aris LAt bSRE AT SaRe
lamzsﬂ stag WhaneekilewrRidy paesated @ocbhtﬁ AafRwaMed GBjeltfiCReply
as 46 - see Fig. 3) or other basic network el ement,

SUBF{EFdsD rady VP! Qtah dPlpGha theqeirieat mRvasls rRleTpt thas Hasperaied.
M@lteobél Swﬁérﬂ?reﬁ&ﬁ&n !rc%lyczirtq\%% fat b Aet B ALY mBARAS, %%tpt(hér%gf at the

From t he above description of the ol ogy o
Sldm@fe?h@ dneieeny eanks é@vtba’cwas (he¢rs geaniedgin 2yponse fosa céquest, this

1e{eb@c¥| ég@ﬁnés @)? rfé{vfé bﬁ#cpft hilsLod H)?W?xfdecli O% tf)] J(o)#r? W i9other
vvo]ty S: (I po an tnternar sw tch a
sidcogvanietyhtﬁecsuﬂm bt pstoesying Netasal4 tE{buglh nvtactpthef\einh'fmg request

t th t h
co gt EHPE LT SRS ALY B s oy STl o netvork
elddednnahdtsdaanp asamflid ofd Syhéahe s ﬁtﬁedﬁﬂoh trepl\yolomryt S‘a?@tthen
por t see

each side. This is an "Qut Q" or an )
Prepagate toigh ofhck nedyopk P BPEHE AL clRstr B ABepgRe cores
24 Bikhiglly GRNAET trbQReL theDFbEGEAY cofdI SN A st NEiBgIRYis Hhing
that are depicted at the |lower part of Fig. 2 or at

rejepgd| ower part of Fig. 4. Wen the conpetition is over

a PO tyrQesdiydPEork 14 RROMEeivdsl §%A&mm@@9qﬁac£§m9 untlts 1%

over an interconnection resour
injtigtivevelra stgyoackatycley Plee gubmissitnonfehe ftitigiviesat gt deehlyclack

cy%f%np\% ' Btoﬁght()\éggut ﬂ{% ? atioft Sﬁyré:ne i beg@&%e %Jt ﬁns% the

nitiatirves respons e con
inperchadatiot actwoek B@.ﬁﬂ\lmmntorswubaﬁﬁ lat QﬂetMGEelEmmt wajich detects a

ver, the conflict ed .and etecte wi thin
o ORI SomETRk o2 5eh a0 GEeS et DickcHupying
re§BRS of the interconnection network 20, such an incomplete path may prevent the
allocation of other paths and the fulfillment of other requests. Nevertheless, to keep
the computation of the paths simple and fast, no reclaiming of the resources and no

rearrangement of the paths are done.
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The conflict is detected locally at the switch or at
the other basic network el enment, when two or nore
WO 2@puee4s9 t 0 acqui re the sane port thereof at PCEIR0EH01474
52 (see Fig. 4 ) closer to nenory banks 22 (see Fig.
2) are placed. These requests arrive via different
ports at the side 50 (see Fig. 4) that is closer to
TheramBeraf @esiligpeiBi es 24 (see Fig. 2). For exanpl e,
when the relevant elenent is a swtch 46 that resides
i nsilolerder Baasehe peocpgstngorokesatd (shad’ig W0 apoenablegt to access the
- . o £ \V/ . .
R8P i g OB BnL I AL D Sl
lotrb intemoey i seeortdieqEpcmienCiiat mOst bermétf intelthion eq therrequtiteenent

.por t t | (see.Fig.,3).. Fromthe explanati qn above it
aifGhsen vy RRESEFRE Tl s o TG G oM B o PRy pgveen
provedsiid €ores R4 iafd MERRSS danks(IHhad istdicbhidcBit hetivda! 24 B
relevant. bjt of Fi el %,D 78 of the address will be i
PrPYEnugbe Beetreughnd hifeoR et Ses 4t HiHeR fpospRecondlicts
ark &k GeddSad Al reRAC 8B TombRIRAToR¥ Rha :BRA: RO W GROfiltkehnctich
detected, the followi ng description relates to how the
netwerk P8 GAd evaritemmpraerydierks AP therasslwest o t hem (excl udi ng
the geadneiWonk: Pughownd ﬁmﬁx‘t o Wi e SesHbS GBRRAG
separately 1n the section entit ed Suppor t ot
camadrhing atbe ruorbenof patiw datindegd rattatked ét at edmbnt syt dpilt A

SR ot B BERGP DL BT PRI RAreiie foepiS vlues for
the @ninbércdfl IogarithaRninnlgstgahesbks t5d (Gedfip. 4he@naaddeistmachllel
ort.]n a preferred e di t of. the present
ol ib GRMBET L MSrL (PG OF 18 Gl . onh fgignal means for
atRlidi®) ihk idesired<obj@fedisttRe §upBoR OF hiulttdastlil @heSietl® nWORETO s6e
the processing cores 24, through which the requests
Figr £ plichyiphpregentrd; lafgr- rinasglyiiral nesuddpaey presentedyior theraunber
ar A : . ¢ _
o o EREF R P A BerbiS N b o bR R A REeg
thsireadInetvdele 88i on nmechani smthat contributes to the
sle r t o u n '
et Bran s pisab bt o Uace® AHRBHRR el hdrbenof pans
baweappoaésihg ceps 94 whdnielwerypbanks Qathat hee el ol sodedk dyole,
he processing cores 24) that serves the w nning
S@E&h@ﬁ? t%ﬁf’wé\%ﬁre%ﬁsﬁw'? “Pej ection replies via the
o PaME Firdt absihpBibn {sBatThelfro6dsTIRL Corb®24 BFeritt AERP&SIABELCST B6h
24) that serve the other requests involved in the
coHtest . A rejection reply can be generated | ocally at
ot I, t . 1l CasS f eC. [ :
canp iR ol FioBER W i thd ploBablt AT IpL Bt DB Bages o
asneanarestiess asfanp efopig cyade inaridedy soakehahuetphathichss aniform for
result of being generated | ocal.ly. A forwarded
it S i S REP e aro R fiw S aerEe 5 Raosemgt
CLUfiifigBh MEhMP rfeehediindny ivengdsukratieds thebmoapldientanh edlue
a rejection reply arrives at a network element via a
pdr‘tp-i hereof at the side of the nmenory banks 22 that
oh 2 GLAPHGHis! tHat! £ RADTEve 1§ Rcds® nta)ipRrtain ¢
r gﬁggtﬁi o% r egll.y ]rius% "‘E’Z fo?ﬁvlar ded? SAn?r%%ﬁy nugtp%b%m o any
f orameory eddressavithibe paonet prabability. ot her side (namely the
si de . . . L
7 equill “EREECRLAR, FRlERe Pok 1t AR R st ARl e
rdvie enesheadad wid ehits bparitionatis auchethanalk tied lgafthmihabltistage

n?tg/tg %lt 54 %85{%{1]1%1'% Ieiﬁt thgnﬂte A ltor? “hetwork 56 talreo st Q\lll% equal
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propagates through other network el enents that are

ever closer to the processing cores 24. Eventually the
W@ e@dosaches the processing core 24 whose i nPCT/HI20088001474

is being rejected. A processing core 24 that receives

arejection reply typically resubmts its initiative

at a later clock cycle. The subm ssion of the
freiqnc'trtc'y,aitlmpectafce df vénether thepserst ﬁnkeady ot for hxaﬁesb’rfbia gérboves the

ut. th {
cofReeeb Aedrted i hbnaren b HER sl eREv g Bt P et
siigitoivp oRtheleaipdig. whi ch detects a conflict and takes a
I t t th itted t
ooty PTG b i et MR oim ey i 1 Aiaces ST RETORS OLPa
tHHaR AcekbIhtORseldtopahd: r stQ& wventdn&wyu@q@équeno@ﬁe

ot her paths and the fulfill nment ot her uests
NevEplisEperdugt derreep ni the nuwhpnf atdceningfeoras e pandps the
¢ f dr
oA SEOLARE L SELL TG, 81 RARHLCES o0
1epm§|ntrﬂyéoemewmﬁldmepﬂwdie¢ ta ¢ranflicting ppthe cﬂm«emge tadzlegmpdar of
pa&hssetﬁat ar tura l% %{egtegpf g%aﬁfeaxh %:h)?}n %%C em%rige ]? oga{lﬁ'l Mﬁéfage
Na&m}&\éadsdem@@gt eashing m Hodcthk read metwork 30 srelthe d/rlte network

qU|r t t hat addition to t
S0kt S s Binostbhom suene SHELPRON Paat siyach 7. e
f ol \@Wse ntfiBerdf BRAS (HRf aB AtHBIDEENEER gPlA 6§ S BEMBRT €S

24 and menory banks 22 that the interconnection
network 20 can provi de nust be | arge enough. This
requi renent is not nmet wh too many confl izt Jre

created as result of coppet tlon OVel, e fesqurces
of th*bveleﬂeé'r“&‘m‘i’ﬁ ++onkmed wor 12(} eV the mor'y
banks?fPthshensel Ves. Howeper }in what\fod fows id is

poi nted out that the desiXed objective concernisg the

nunber of paths is indeed attained in a nenory system

built in accordance with the principles of the present
whare értiaaning by thesy tbolg isadqlilaws val ues for the nunber

th [.tist t ks 54 F 4
- o SaR sl SR e RO TS S Siber of mamor y
o DMK §y R k 3RRISTob theBumbAoafisthdrl @Rdls, means for

at t aini ng? the desired objective is the support of
o mifhhe syl #i siandh gorrtbapumbear wb lgadihmicmeltisiage ngyorkamprtpined
[ re I [

i BETRER Rl BrololuPAS bRkl i diicron made
| rbb‘e\reem rtimebgamhmitenmhrstaga Getvefrbreentkined sugporedd abtwork and
ngl% g i S C{a tﬁ ge rea?(l network 30. It is

Sf b arFSO'H?Ig‘E LR WO PR¥ AR Yt i cal formul a the

o AVRE 3@ALA) YHRAIs Br tRabRDaRIBEWEAN ROQBSAS LHE iKiG41E€Sa Amory
and menory banks 22 that are formed at a clock cycle,

su?fFl’@&%eat‘G“X gxert JPtiotiiclty t hr ee assunptions: The first
t t t
SRR e P e AR SR NG s AR e
th@themhgbwf@gbneh by yhei eb;atesaorpx e®2é®3| ng core 24
ht iates.a . menory access at_any, c )l
oy MRS SPY o o & PR SR Pgiesir FersPatSingatfene.
CQ685 tddes, &ﬂtb@@eppm@ﬁ probability that a processing

core_24 does not
From the above formula it follows that when » and p are kept fixed, it is

possible to make the average number of paths that are actually created as close as

desired to 1 X p, through a sufficient increase of m and k. Namely, with a given
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initiate a nmenory reference at any given clock cycle

is the conplenentary value -P-) The third assunption
WO g00vle4sany initiative to access nenory may pRCT/HI2008/001474

any nmenory address with the sane probability. The

anal ytical formula presented belowis intended for a

situation where the ratio between read and wite
nopter af poasssing cexgs B4 t(dxain Fag.12) ahda Eogaprobhiity tlrmtl a proteagjes
ccg&&ﬁomléatese & m%?r{g)tﬁ)‘?“ goﬁgﬁ ]Jtnis %Qseslblen I Lfe??cgqgg 5?18 ]t‘cx\ﬁﬁigts to
amhédshed 1dvhefaitierghendtao absaals zofo)f his 1\~Malch1e@ad HShagoropriately
.remgves the co i cat on as oci a j t he _.
B P Do e AR a e PEBOS § (PR ik Aemngrine
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product between n, the nunber of processing cores 24,
agniebod Witheequebfadieniy yirrespertine ofaphetherahee pasvs fercreadssor for
méfy?\g%rmg'tn&% stuﬂﬁm AIRORG RS MRy Pétlomﬁtortﬁg UeEYSis of a

may be a ejecflo reply dtie t o con ictin ; t Re
datisetingdetvatal ead anmwritmpemhsandmman eeaelcahdl azlriteynetworks

cr ea d.is s

vt S i RET neient 3 @ e Pr hOR exetr o fikRionah Fides, for
rédmemg e@dai@innef kondli-tane mbt%bwﬂct&smgtw%rage n(®@er dfipgths

2) are conposed fromsw tches thatéj? g orts 3

thh afp &tepdly qroreca B BEAURERT SBPOT El??é*t Ity fsgintended for

sﬁ&r&k&ﬁé hiek et thiivss & e rpr&xssmgecofr@rmﬁd td B/ Bld@endent,

unber of paths where the neaning of the synbols is as
afx@umcawer ~Thanys prasetsing arrendd waok 1q mierdniiipm ehe gpme memory

aﬁﬁl‘g&eﬁ ﬁ{e@g:gg 91{2)9? cyc%@ﬁcl’?%ﬂ%%esgc ﬁﬂggﬁ ? Q4 REIHIPHRE.

nenory e sy m stands for the nunber

of logarithmc nmultistage networks contained in the
Suppcer cfonidatsi fonacvetmadkiifg reat-ndaed hospotscont ext t here
- is no distinction nade between the logarithmc

mul t ilstvagexphatatiohdtetofné dbwettle ipart tdfenr ie@cbonadeion laetwrdk 20

t hgse t hat ont |ned ip the wr twork).. The
oo BoupdiisBe Bl nrepk gp ABFr bRk S sl et

t& @ﬁe@h I THet ledt ﬁawarmm Yistiffugshed E@mathe a8 of ithee thidtt@bction

cyc The synbol /stands for the mathe i,ca

wgmjk R I WP%ﬁngHWsﬁe‘é{hl% Gorsdbutss to g r?ﬁ@ﬂ%%@? amount

(&b&%hgkvgps@gmgggag%@&e53|on X - X2I A, The expression
log2 appearing as an upper index indicates repetitive

i nvodatodhe, is detgetad deaaly at efswithle orappiotist basie glamene of the
e

l}esrgogg,’ wli%)lglmseﬁtbfge;s St’:lfl tlke?%‘ﬁr:é r}lé}gttha\tm)gxg a&;e r@égq% Be t]l)% ﬂ%ne port

thatdrs at hiat side ehacisudbdey torthatmenag lehbs ézaséxt cthsmaetdoﬁ the

RisfroRieclioh priveEa Bhieh FpTPes B IS 6 s TRBRA: 2 pehonk
didindnit Gake? ) IGAOdR isPrvVANoPrIAEIR Binbihg u‘xetcba“dn@ PGSBS ighgt the

core 24 injitiates, a nenor access, QSSI ble to
qoaiested PPRelnibg Eed B?twéﬂﬁfsé/’l hawever, the network element may take a

different type of reaction, based on checking the memory addresses which the
colliding initiatives want to read. When two or more addresses are identical, a
multicast may takes place, which is manifested as follows: The network element

transfers the contents arriving from the direction of the memory banks 22 via the
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any desired | evel (although not to absolute zero);

this is achieved by appropriately increasing the
wWoenopee046d Logarithmc Miltistage Networks 54 PGEHBE.2PIS01474

4), and the nunber of partial banks which together

enbody the shared nenory space In deriving the above
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clegieat $&epmisfarathe cantpnt$ eirivingt frmyhet (atceaomfatbememm}clbanks 22
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vieELO RS hcRig b pMEar I QDAL URK g R e AR heer
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MUt By 65310k GRS Ple T HElpRiEoe o HESHPROHAR! nptHiicaptig the read
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sanme sinple selection schenme as descri bed above
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collldlng requests. \Wen the contents of a nenory
address is being nmulticast to nore than one processing
core, a nmulti-path 35



with a tree topology is fornmed inside the read network

30 (see the exanple in Fig. 12). Fig. 12 shows an
Wex@npbEsof a muliipath with a tree topol ogy tP@EE/IL2808/001474

fornmed inside the read network when there is a

mul ticast of the contents of a menory address. In this

xanpl.e, the nmulticast enables the readi f the me
rorfaRy Ritare sB s eEtes SRR e e Byt Esp T fieak! En R
intdA O RSBV AGuEIDMOEifiddiond REfa TR tha Sebpe 85 the aflbdﬂﬂéd Shitdi N
the menory bank 22 depicted in Fig. 12. Milticast
Wegdditi s here in read network 30 in two separate basic
bui | di ng bl ocks 88 which are | abeled "Interconnectjon
L. El efveptstem Hpf |siirng #lidoegtdeVgm od pipfy@ations| Bk iy Sevnbedne
Yi0es ARe oPPSsthdbdidhd tompfigee Of switches 46
acc?gs%ee@Iéé‘li\ﬁ{g..Jlg’??tgr?dpi“asiléc}le el em%nPESmS‘?é (those that appear
near pirelityi ofe nBmoiy bilg, sdifl, babks qrpidias hie spacef @ gremory
E f,these two interconnection elenents represented
addﬁ)ef/gg%u%ddi ng bl ocks 88 receives, via ports at the side
t hain ingerainaseion hetwioble spid aewaslk pgvelngesc®4 pathnbetween said
reaglges.ts to a%qrgi re the sane port thereof at the other
ports ad Spif B REY P8 Sappend this port to a path. While
det @&t ke R@eeand d &timeemgimoivhtRe ti® is divided into clock
i nterconnection elenments 88 al so checks and finds that
Cy"_(lﬁe two col liding requests were derived fromread
I ni §di@§%s‘t’e‘?§ binataR®le F dAnfi@ink REriSAABIL 8PNtk dp&iS Svery
Hence t'he nul trcast, whereby the Tnterconnection , .
clogh epsnta BBialitas mesmory RecesoHersAetionainitialyehg rceiyrd tifesaid
pofll hEELL. Bk RlndliflP PRI Y B BaiREs V1 @ Lhe contested
port T6 two ports at the side cldser to the processing
cor gsh 2t intatehda ttansagtignimitiatie intw baid system isperferied edthin
each i nterconnecti el nt I [ 3 c .
» SR SRR et bOBr SaTERE Y Rl HreaBil (LBEUEF in
motiiIpiak dgyconByitsatad inngid sheee bf arsiberaddfestdae cont ent s
stored in one nenory address to nultiple processin
cor 65! dnttRitechie tohudk garaing, R <salify fh gt do o
trafBdttidnCiaglative) dah@céBamthnBdtwedKa $Brtcaanaid $ydteesarsup pirory
for efficiently accomodati ng read-rel ated hot spots.
banlpmpgisgfedeicibed the invention with regard to certain
Speghbdet RAROYLIRNE, (dAeL8Qhpt lof cdtDIibP B JARORT S&rRPMed
that the description is not neant as a linitation,

withirnrrcengle eleelr cyedl pad leadsite are plaPv neAtsiBlegytcemeshensel ves

to L hase 8&25“‘4 Sfkche _tﬂéﬁlgagtfcce@{&? e\%mt_ta‘%)llﬂ]sﬁrrfem snded %@hofand

cover su noditications as fa In the scop

fulfihmertpd exid ddnwbtainisitiatie, gichiding idsuagkesy s epnré\at reptyp pidhg
and_retri.eving, of inforpmati sai ' .
e ST BB RChur RS PFRY' Bfore o, SrsBSh SH ST ncluding
iss@ameP raf airgjgetion rgdlynatifying thef caneatiption dfaaidiransaiioh nitinkise,
providi ng a space. menory addresses, and a .
P b uhitelo i o ok o B sPBUE Prrid s
of Rt &sniddef WERNeSAbE sBi@rshice M thenRirgl aliBBIREYs Parftued Sthth a
_systemoperating in a tine regine wherein tine is
single\ilagk$y¢lat o cl ock cycles, said system being capabl e
of admitting during normal operation, upon every clock
cycle, a plurality of nmenory access transaction

g, 1N t]"h@%)'/s\(e%’? of BEREY v $ikr¥ih 8a38hfrconnection network comprises pure

combinational circuitty and pipeline registers exclusively, with said pure

combinational circuitry arranged such that no regenerative circuit is created, and with
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ports thereof, and handling said transaction
initiatives, such that intake of a transaction
WO piove4sve i nto said systemis perfonned w t hP@I/H.2008/001474
single clock cycle, said intake including any contents
intended to be used in nodifying the contents stored
. n.said space of menory addresses, said .
saf RSP ATRERET OFF MUK L DR SIS M 63 BY BN meory
acdeSSpORSRioh Auing FAMSRAkInWheiclick cdle.ve, an access path
between a port of sajd system and a nmenory bank .
3. conpPf S¥E REFlITH 2, WAgsigisald\inETPopRSSHeR AREOrkseaneprises only
cobin@tidial LiuRs) @Qllldu%fhe%%lg]@ o@gip@mesreg@treisor med within a
single clock cycle, and 1eads to one of two possible
out cones, a first possible outcone being successful
4. est ab¢ sxtameaf clain Lavkbrgasnd dndsactierf initiatwes copfprisaredd and
wrhd ﬁ‘%@&fdng@x«%l&yi\;eygﬁc}/\%heréiﬂcl udi ng issuance of an
approval reply, and a second possi bl e outcone being
f ai hueael tramsapsivalbhlyshtrisaisdop@nis of ian dhterdied gneng sy aditess @ahid

a.ejection reply notifyi t he cancell ati.on of sajd
gy o Bt e ent V2 o s s R i B0 ng o read
trafasi$o bed @hére@me occurs, delivery by said system of
any contents retrieved fromsaid space of nenory
addP @448 STNEAHER PERMURFERCOMPHS 4°STRgI Ve &1 RsEK T3 eystom
unalRedS¥ 8k R ARbd fefo) alidregfier ei n sai d interconnection
net wor k conprises pure conbinational circuitry and
pi peline registers exclusively, with said pure
co : . :
5 egaRarat g i GiAelels Bd ARGESnSER e B onby ead
trapsagii@iser s operating such that one register may serve
any given nmenory access transaction during no nore
than one clock cycle. 3. The system of claim 2,
6. wheilbe pysgai of ¢laitret, sdrredc taid ntdrednroctionaeturk sdvided to a

conmbipational gircujtry wthout the usage of pipeline
frsf Qe e SV, O S, BRI of &SR PAithBRo oS iy Wit
trafida@iERCAADD thifd pdrBthbtvR5ilieRdEtht $6ndce@sh anshidWiist @nd second
transactions exclusjvely, and wherein a read
paity Y B! dn 3 9thﬁlel>ertwe%§wcw@éﬁt seidofysigm ant eid epmory
paf®NOry address and transfers said contents unaltered
via a port of said systemused in initiating said read
transaction, and wherein a wite transaction only

‘ : . a- _
7. S Oﬁ“ﬁésﬁ%ﬂ%ﬂlﬁﬂ@ We%égrgsa\{d ﬁrs@gzﬂg g%sragcg glf@{:é)gm%léh glggl@s%og%n

unal tere an inten menor
sergifng eindi 1rad frandaeions suppaits muliicestmgrofeobtenn rezdtiimor k memory
. I .ead_ t.rans ions. 6. The s em of .cl ain
oG8 E B LR S AR e e G P RS0 O a0
sanmieninemaryf dddsts pmuttancbatly deingapaatidular cleakicydl@nsact i ons,
a second part that serves only wite transactions, and
athird part that facilitates the connection of said

8. fi rThe antnBECAMIh Qavhkfeil shidaFsabhiebf {20 BaSEOLnAEHHBA network
bet ween the ports of sahg system and_  sai d nenory .
serpigg gty tead figasagirsetidoteic posPRd Bart whikingi arbs urige fransagtions

eadi@bpPbe;sai d i nterconnection network

at least one sub-network arranged in parallel to each other, each said sub-
network having ports facing the ports of said system for storing and retrieving of
information, and other ports facing said memory banks, with

at least one said sub-network being a logarithmic muitistage network.
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serving oniy read transactions supports multicasting
of contents read froma nenory address to ful fil
wOoredovel4e9 r ead transacti ons requesting retri evedT/052008/001474
contents from said sanme nenory address sinultaneously
during a particular clock cycle. 8. The system of
claim6, wherein said first part of said
i nt erconnection network serving only read
9. L r amaacydtansf claingl 8sehdteinaboObtbrilbnimise of isaig pons yf said sub-
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neljuke s 0 S T, SRRrERE GVl MfuBral Bafl of W
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sub SAERAGE 10§ S%léé%@etya{katﬁw ofgf Seﬁememory
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ports of said nmenory banks through nediating
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east © ogarithmc nultistage network is a Baseline
a Blpelior Netwbgk. The system of claim 1, wherein the
identity of a nenory bank containing an address
bel onging to said space of nenory addresses is
122det erha systembnyf c&ug rno mhemfn the adntiyi ofird fbmanyt badk gbutgingi an

sai d. addr.ess. stem qgf, cl ai.m rein the
addfss Of ki d tQ S@ 69%&%?{?{““%/ tﬂ%'ﬁ?éﬂ%s fi%qﬁf“a“%a‘%a ig5ouP of
le&@h@hiﬂc&l’ﬁ@ ifsiof §did dddrdseent of a transaction, is

determ ned by a group of |east significant dlglts of a

menory address referenced by said transaction. 14. The

jsyst ?H& st 84 (mmlnlS WReshigtHR 1@6@%‘ bt @&Ibalmt\héﬁrﬁemrdu@ﬁ inghgch

a Baseli'ne Network is determne group of | east
a githyd ¢stabdisheddn Glfilmentt o ageansacHian.of d@ﬁe%m Oy ageup of least

ath, said
LI Rk aG RN R Pt gL, o2
sai d nenory address excluding any digits serving in

g meﬁg’l g%‘c‘ﬂph?ﬁgt ?nvtvla:ré/m%fpa sgalbﬁﬁqséﬁ g #sm{ekNet{Vgrk

esser sig | cance
is \Metehhfﬂieﬁ aid @dsuptm“ lemsi ﬁl'mﬁm{ﬂt«i}@‘d oif B gdetoerqﬁarmﬂgors aildress

at h a ta a Ba e | oser to . kh
reigied by S B RpBreiFy By SRor g eetien pf ey Adis
cdnﬂﬁrﬂfl@ﬁﬂ Qfgikd of kAR BémoBMadliresd akdding Vhlﬁsar(ﬁgiﬂs sathg in

path wthin said |nterconnect|§n network 1 s conputed
dasergweing Hleddsptibrof saiddinss!iic g wksinpdpawenvehthg

trana?‘acﬁél{od}’ 2 Sfevser s@ﬁlﬁcance within said group being employed in

determining said path at a stage of said Baseline Network closer to the ports of said

system for storing and retrieving of information.
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said path. 16. The systemof claim8, wherein said
| ogarithm c nultistage networks conprise swtches,
W@ 200d/060459 ches havi ng ports at a side thereof PEEII2Q08/001474
said ports of said systemfor storing and retrieving
of information, and said switches also have ports at
(sanot-her. stde rt o] aci ng sai d.nenory banks, .and
_ V\hertﬁ%nsycoﬂf%l %@?@%‘%@%F‘r |Sﬁgi pﬁl@q Ritig spid dptersanegtion ngtyjork
is sompathe based saltiybnanmeinbifyerddress pdrbiged 69 dashedti®yserved by
sl faglgar ent transaction initiatives being resolved in a
nner such that said conflict is resolved locally at
said switch based solely on identities of ports of
m_'r:,ai dl‘etiew tChg}Nhi ch halve .been granted access to said
eque! SEeP Lt pleim &4y rge Cal é@aﬁ@fﬁlgwg&ag@r@‘a’pﬂm Senprse
SV\,Q{CPé‘s;aISQ? SWRSRIMAORg SRS dt AGIRN A& ELRY 5B pQks of said system
informatjon, ) )
for storing and retrieving of information, and said switches also have potts at another
side thereof facing said memory banks, and
wherein conflicts occurring at a port of one of said switches located on
different paths requested by different transaction initiatives being resolved in a
manner such that said conflict is resolved locally at said switch based solely on
identities Qf ports of said switch which have been granted access to said requested
paths, said granted ports facing said ports of said system for storing and retrieving of

information.
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