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Field of the Invention

This invention relates generally to the field of distributed-memory message-
passing parallel computer design and system software, and more particularly, to a
15 method and apparatus for supporting global interrupts and global barrier operations

for multiple interconnected processing nodes of computer structures.

Discussion of the Prior Art

20 Inthe supercomputing arts, massively parallel computing structures
interconnecting large numbers of processing nodes are generally architected as

very regular structures, such as grids, lattices or toruses.

One particular problem commonly faced on such massively parallel systems is the
25 efficient computation of a collective arithmetic or logical operation involving

many nodes.

While the three-dimensional torus interconnect structure 10 shown in Figure 1
which comprises a simple 3-dimensional nearest heighbor interconnect which is
30 “wrapped” at the edges works well for most types of inter-processor

communication, it does not perform as well for collective operations such as



. 25 efficient conputation of a collective arithnmetic or |ogical operation
invol ving many nodes. \Wile the three-dimensional torus interconnect
structure 10 shown in Figure 1 which conprises a sinple 3-dimensi gnal

near est newgRe§909Nt er connect which is 30 "w apped” at th%c"gﬂﬂ’é@s rks wel |
for nost types of inter-processor comunication, it does not performas
wel |l for collective operations, such as 2 2/ 069095 PCT/

reductions, whaeductions, Where asingln resyltds eIRRpied-HomR BRI A ed by
each of the C QP hgpumﬁsi@ I't would thus be highly desi rabl e to provide
an ultra-scal e superconputing 5 architecture that conprises a unique

I nt erconnecti on of processi ng nodes optim zed for effl ciently and reliably

perform ng nan e g gl obal -
arithnetic ope @ﬁi" S&Fi‘l&'ﬁb@’?g&bgp@aﬂ r%%%k@%ﬁfsgge?é n #gl?%é] limted
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I npl enment sone kind of gl oba notifications to signal.a ce jate to
each node part ifex ?ﬁ?‘ﬁﬁ&'mrﬁlw %*%}%@W&}“Wghg?eémmﬁ l%ci)@%kh r'rOr
happens on a nqgdeinid o164l lflielie 8peratidis Aistibiute UftafsyRéhronize, afkhshard | ot her
nodes know about "It a%d t he whol e machine can go into an error recovery

state. It is fdimitedrespyreesil to i npl enent a gl obal barrier to prevent 15
operations in participating nodes until a certain status level for all
processing nodes is attained. It would thus be further desirable to

provi de a gloobaVoreovers oniptge parilibiamachines,riis wesfud to inaplrmoet somekindff globabney so

that a whol e co tln structure, of e eIerrents
may return to @'B'L\?ﬁﬂ Bhséataﬁﬂ %&ﬁg@&%ﬁ%ﬂ%@@ 'Pg‘re'raé‘?slgg}l ng passing
of hi gh-speed M%@e Sﬂ%@&m@happ&hﬁdsmﬂmcitadumm aglebal sntephipt snot

fully suited for this é)ose because 8 | onger 1.atency. .SUVMARY OF THE
| NVENTI ON 25  thatall other nodes know about it and the who emachlne can’go into an error

recovery state. It is further useful to implement a global barrier to prevent

15  operations in participating nodes until a certain status level for all processing nodes

is attained.

It would thus be further desirable to provide a global interrupt and barrier network
to have very low latency so that a whole computing structure of mterconnected
20  processing elements may return to synchronous operations quickly. The normal
* messaging passing of high-speed networks such as an interconnected torus are

simply not fully suited for this purpose because of longer latency.

SUMMARY OF THE INVENTION

.25 .
It is an object of the present invention to provide a low-latency, global barrier and
interrupt network in a computing structure comprising an interconnection of
individual processors so that they can efficiently and reliably perform g]obgl .
arithmetic operations; such as global reductions.
30

It is another object of the present invention to provide a low-latency, global barrier

and interrupt network for issuing global interrupt and barrier signals that may




. It is an object of the present invention to provide a | ow | atency, gl obal
barrier and interrupt network in a conputing structure conprising an

i nterconnection of individual processors so that they can efgi Leptly and
reliably p&¥P0dPéM0%A obal arithnetic operations such as gl%%'ﬂp ‘P@éﬁgt i ons.
30 I't is another object of-the present invention to provide a | owl atency,

gl obal barrier and interrupt network for .i.ssui.n | obal interyupt and
barrier signal £fheentlypeptral W@QMM@EB%’)@E@?&@&?@%%Q@@ M1y control
operations perf&hﬁggn trdchfé Vi dual processing nodes of a conputing
structure. It is ther object of the present invention to provide a

| ow- | at ency, gl obal barrier 5 and interrupt network for issuing gl obal
interrupt and rd ' ’ N ®hiet ONS
perf or med at i HhIVIBlEE P I OB i e e et T
yet a further ciagdésterragt network forssningiglobelinteompttapd bassier signals | ow- | at ency,

gl obal 10 barrier and interrupt..network for.i ' LAk eq rupt and
barrier signal @WW%E@'IW" Hling QprraUons P "%%g.rhgﬁ ?%L‘@p@er?#eg%lﬁ%d at

i ndi vi dual progRded 6¥h ddaffRting Sfuctireonputing structure. It is still another
obj ect of the present invention to incorporate a lowlatency, 15 gl obal
barrier and interrupt network for providing global interrupt and barrier
functionality |fiebs plribiet GbicdrBP i plstnt AeRidrio pRoRGY #ToRPIcRLy, diobale, T he
scal abl e, nassively para éf superconputing device including a plurality
of processilfgy rimimrandhtte'ruptbnetworl@fmSwiamgbgdé@mmdhwwal%erei n each

or communi cat | GRoaEPRURDy o5 GRS TR iR R sRiA! R RRRCL T

operations . | tofiacomphtiiig fteictuedj ect of the present invention to provide a
| ow- | at ency, global barrier and interrupt network for providing
synchronous or asynchronous global interrupt and barrier functionality

that operates ifpigd&liahb@kr oWjdchofth® PiSént Alvemanio ikcorporate a low-latency,
15  global barrier and interrupt network for providing global interrupt and barrier

functionality in a scalable, massively parallel supercomputer device, the scalable,

massively parallel supercomputing device including a plurality of processing nodes
interconnected by an independent network, wherein each node includes one or
more processing elements for performing computation or communication activity

20  as required when performing parallel algorithm operations .

It is a further object of the present invention to provide a low-latency, global

barrier and interrupt network for providing synchronous or asynchronous global

interrupt and barrier functionality that operates in parallel with a physical network
25  arranged as a tree interconnect of processing nodes that perform reliable and

efficient global reduction and broadcast operations.

In accordancé with a preferred embodiment of the invention, there is provided a

global interrupt and barrier network comprising a method and means for generating
30 . global interrupt and barrier signals for controlling global asynchronous operations

performed by processing elements at selected processing nodes of a comppting

structure in accordance with a processing algorithm; and method and means



. 25 arranged as a tree interconnect of processing nodes that perform
reliable and efficient global reduction and broadcast operations. In
accordance with a preferred enbodi nent of the invention, there i rovi ded
a gl obal WOtdPea and barrier network conprising a net h%‘EinH%mﬁ@ ns. for
generating 30 . global interrupt and barrier signals for controlling gl obal

asynchronous operations, perforned b ocessi ng el ts .at selected
processi ng nodégtefﬂonaecea&&ﬁmww%& 'I‘%lfg @W“ﬁ@ﬂt&gég%glgﬁ%‘?tﬁﬂgmﬁpgcessi ng
al gorithm and yRpidiQthnaReh (HR3RkMmefits\Wid BRLIRERAGHSIIRChe bipnals déspectively

i nterconnecting the processing nodes for conmunicating the %It oball I nterrupt
and barrier siigitiating interrupbans l@mmer@n@mabmcmmcsﬁw nodesat timeg se Q‘Ftﬁfﬂal S
respectively iniflati i Pl ations at the processing
nodes at tines @E%’%‘g{“gﬁ‘%PP@?%%‘??%@?E@%@E‘F?##@%@% of the processing
algorithm % In a further one advant ageous enbodi nent, the gl obal interrupt

and barrier netwo may be used to chroni ze .a, gl obal ¢ si gnal over
a whol e scal abl’B2 %&9@&W%P%SI°&%X@H’§8? @&FE‘EP?E " mélyt %ned.b T
Advant ageousl Y, nehpérk iR usbd otsyh shRénizd Wiglbbdl tlogk sigril Woeka Whale gaaleblgt i ng

gl obal interrupt and barrier signals is inplenented in a scal abl e,

massi vel y par almassively nsgallebyupeicemperdevise: t he scal abl e, nassively parall el
superconputer including a plurality of processing nodes interconnected by
mul tipl e i ndependent networks, each node incl udi na{ one or nore _processing

el ements foi0 peidwantageapslyptheglohal interrupt and beriennetwork fos genesatingiglapab s

requi red when peyform arallel.a | : | . | obal tree
net wor k for endB{ePHBt %ﬁg’ﬁ&%@&ﬁ&}sﬁa‘gféﬁeb@g}“ %gc%uﬁ%f g‘a |l%p£pgﬂ%%g sel ect ed
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I nterrupt an arrier network y be 20 inplemgnted as a, sjde band network
al ong an exi st i Heralifygs processing '@FWPWO"P ”ﬁgal%il?&gewgt’?&?‘?fs’par all el ,
di stri but ed- Mergey néRHLEhg b ofthéte pfdcassing@lereit e eriniin contpoeationpt s and

n

barriers, as well as exhibiTing the flexibility for ,
15  or communication activity as required when performing parallel algorithm

operations and, a global tree network for enabling high-spcgd global tree

communications among selected nodes of the tree network or sub-trees

In a further embodiment, the global interrupt and barrier network may be
20 implemented as a side band network along an existing global tree network
implemented in a massively parallel, distributed-memory computer for providing
low latency global interrupts and barriers, as well as exhibiting the flexibility for

partitioning,.

25  Furthermore, when implemented in a scalable, massively parallel supercomputer
incorporating a global tree network, the global interrupt and barrier network of the
invention for implementing (synchronous or asynchronous) global barrier and
interrupt operations, is well-suited for parallel algorithms performed in the field of
life sciences.

30



. partitioning. 25 Furthernore, when inplenented in a scal able, nmassively
paral |l el superconputer incorporating a global tree network, the gl obal
interrupt and barrier network of the invention for inplenentin

(synchr ono&® 02106985 nchr onous) gl obal barrier and interruf ‘EWJ?J‘E&’&? Yons, is
wel |l -suited for parallel algorithns performed in the field of Ilife
sciences. 30 5 WD 02/ 069095 PCT/ USOZ/ 05567 BRI EF DESCRI PTI.ON OF THE

DRAW NGS Furt her features,BE D el JHF DR reppar at us and

met hods of the present |nvent|on Wi II becorre better understood with regard
to the followng 5 description, appended clains, and the acconpanyi ng

drawi ngs where: Fﬁ‘ﬂﬂ!ﬂ'f&nﬁeﬁﬁiﬁe@t’éﬁndiadi'ﬁiithéeslwﬂiela@ﬁariﬁs afd methodsfitkd yv- par al | el
super conputing nachine S orgﬁanl zed as a three- dlg}ggﬁ onal torus; 10

Figure 2 ill ustpm@%"wegtl@b&ﬂ“ hegnrne tﬁ?@“‘!qeé‘é"qqéY‘ﬁHFﬁa’flt% B&t er nal
network congec c \Eothbding kaWings Wherk:] Ustrates the
A obal Conbﬁl ng “ﬂl ?1‘8{ aéra%l%lr%s'l\iéatﬂ ac?:o?glllgng tog the principles of
the invention; 15 F| gure 4 is a schematic diagram of the asynchronous |ogic

100 i npl enent ed in ASI C .nod

associ at ed withF’chE'f"ele&@E%‘? fz“%lpmfﬁ?‘bﬁ%ft asgty%ﬁ/ pgaﬁqﬁigpgﬂgﬂ%mgﬁﬁrges t he
signal detecti thablﬁﬂéwhiéhﬁwgﬁxui’éa(bsfatﬁuresﬁmmgl@mmmg the gl obal signal
with the systemclock and capturing it; and, Figure 6 illustrates the logic
i npl emented for an ASI C processor to set a gI obal barrier or ‘a gl obal

' ON OF
ll'atEe IrDrRlélgtERR.’E(?) t Rigufd ?ﬁﬁkttﬂ?@st&"@liﬂ‘al e5mbinfhg e fletwdrk fElhAink htebabhétivbrk

connections according to the invention;

Figure 3 illustrates the Global Combining Tree and Barrier Network according to
the principles of the invention;

15
Figure 4 is a schematic diagram of the asynchronous logic 100 implemented in
each ASIC node for the global sideband network associated with tree network of
Figure 2;

20 Figure 5 illustra'tes the signal detection logic circuit 200 for synchronizing the
global signal with the system clock and capturing it; and,

Figure 6 illustrates the logic implemented for an ASIC processor to set a global
barrier or a global interrupt, in the global network of Figure 4.
25 -

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

According to the invention, as shown in Figure 3, there is provided for a

30 computing structure such as a Massively Parallel Supercomputer described in
herein incorporated commonly-owned, co-pending United States Patent
Application No. __~_ [YOR920010211US2, D# 15275) a Global Interrupt and

6



. EMBODI MENTS According to the invention, as shown in Figure 3, there is
provided for a 30 conputing structure such as a Massively Parall el
Super conput er described in herein incorporated commonl y-owned, co-pending
United St aWe2Pea08Mt Applicati on No. [ YOR920010211US2, DECYVESRR4SS6] q obal
Interrupt and WD 02/ 069095 PCT/ US02/ 05567 Barrier Network 60 which is a
net wor k for connunicatin%baiobal asynchronous or , synchronous,si gnal s

3

bet ween pr oces sBargerNersoriotEwhich is 3 Retwerkyjorcommunicating global asychropgus or
i nterconnect i ngsrygélg_?&g%é[%aﬂ %gt%er&é&o\%sgi&g ‘ég&ésroVErtlUWQateﬁ& QEngitgdh ent ,

the d obal Inte arrier operates in‘parallel with a
d obal 5 Conbi rlinkg 1Fristercambctimspracessipg sedes ¢2 nEthestricta®, Isomgembodihentn i n

Figure 2, which is.,a, tree configuration.c risin ' A4

i nt er connect i ngtl‘:l‘t’ ﬁ}id’ﬁ‘} Bﬁ%@?ﬁ'@‘[éﬂgaééetﬁrkf or pﬁF%‘%ﬁ‘gP#ﬁﬂgi‘{}#&?gR&s gl obal
operations (£. 9ComBinitpalireé Alfitssapepassirvgg netvadrk 20 comch asshpwinrin Figare 2,

massi vel y-paral | el . superconputi ng struc '

: . Sh I . . hi
G obal Conbi ni nyhich s &taee Gop M@@"p‘é’ggﬂ“ﬁ}é‘g ﬁl‘g{‘%\ﬁf‘ﬁ&ﬁ%\{‘mf‘?ﬁ’%ﬁé@ ‘C&lg&i%‘ﬂ% uzjelsS

associ ation w t 3013 RitévedthPimARebul Zlobhiperations @ig) gldbabrelictdnyaidy hi gh-

speed access to an external system 50 via a high speed network interfaces
99. All nodes afifichéonshimtbe massively-pasalleh supercomputing SsturRe AsshoWp ik -

interface 98 via a f. ] . L] I

conmmonl y- owned, ﬁé&‘-epi;ﬁﬁﬁm%’%ﬂm’;é@g@?a eee;ai g’?%%ﬁgp i\%%glnggh?%g@ further

[ YOR92001021igl USAcluB¥s absstTabibn skéthauniifyrt/ostpatmode h2\for provding thetrge With highe|
Superconputer archjtecture which is in,.the f.orm of three- . di sipnal
torus desi gned Qpﬁe‘ij%qcFVé? %F’SE@Q’&W@’"&S a%‘ﬁﬂfmd(??ta'é’f B‘?e ag?s%;s&l?
(trillion fl oathdugs RMHheE haveAirditicBifectdty t6 aficthéhnetwdrk twfate 98 ahge Of
applications. The 20 Massively Parall el Superconputer architecture, in the

exenpl ary enmbodnetserk swisBdBi bed, conprises 64k processing nodes organi zed
as a 64x32x32 torus with each conmpute node 12 connected to six (6)

nei ghbori ng processing nodes 12 as shown in Figure 1. This architecture
can be | eversageHeren incorporettd, cmmanlzoPEd co-perdling UnitediStates Ratent require

significantly nR{)ﬁic%gcr)T;P iz_i_t_i ﬁ?okB%blﬁé’ ﬁw', bah l)'%] AEscribes such a novel
Massively Parallel Supercomputer architecture which is in the form of a three-
dimensional torus designed to deliver processing power on the order of teraOPS
(trillion floating-point operations per second) for a wide range of applications. The

20  Massively Parallel Supercomputer architecture, in the exemplary embodiment

described, comprises 64k processing nodes organized as a 64x32x32 torus with
each compute node 12 connected to six (6) neighboring processing nodes 12 as
shown in Figure 1. This architecture can be leveraged to hundreds of teraOPS for
applications that require significantly more computation than communication or

25  which require only nearest neighbor communications.

In a preferred embodiment, as described in greater detail in incorporated

commonly-owned, co-pending United States Patent Application No.

[D#1 5275], each node is based on a system-on-a-chip process, i.e., all functions of
30 acomputer node are integrated into a single ASIC, resulting in dramatic size and

power reduction for the node. This supercomputer architecture is further leveraged

to increase node density thereby decreasing the overall cost/performance for the



. 25 which require only nearest neighbor conmunications. In a preferred

enbodi nent, as described in greater detail in incorporated conmmonly-owned,
co-pending United States Patent Application No. [D#l 527513, each node is
based on awey210689%n- a-chip process, i.e., all functions B¢TUSRNOSYonput er

node are integrated into a single ASIC, resulting in dramatic size and
power reduction for the node. This superconputer ar hitect.ur\%@irs further

| everaged to imeshings Eaclorndepesfenably 1Rqea058¢s My, W tgngdntg g 5 |
cost I per f or mancg . ofe Wsfc hHRAZhAGIPREBA: VPOAPDSAS cbehictprocisny node

preferably incorp es nmany unctions into the conputer ASIC
i ncl udi ng, but cod, alFlowting Boinbeore, embadded ORAM, intageatetbexignd JB megorore, a

Fl oating Point co enbedded Mg, d d ORGSO

control I er, nescggggllc&xge&s&%c&r?c%gﬂ% e}%df,}%%&%@éj%%éﬁ&é@k&%ﬁ as net'v\g%/ e

routers. | nsonenibodiitithesine dolpurASICandpniay fukstich asmd/Gnyde which ison as an

1/0 node which is  associated with a subset of ;@e %grrgute é]odes, e.g.- 64
&ne-&ritf DOASS: 49,

nodes, for handissasiptedyitha gybsetof theromppies0 Jending,s” As

mentioned, the fp flef CoMRGhicAfINMRE P &RRRiohd. N the torus .conpute nodes
works 10 well ftor nost types of inter-processor comruni cation but not for

col l ective operations such as reductions, where a single result is conputed

from operands pr ﬁ%\éﬁtg)%gd B ﬁ?e?{bnﬂéct B&%ﬁ@éﬂ%&?ﬁng Al]8rus LoBute hBddsheorke Vel
I'Te uperconpu

Massi vel y Para er architecture described In herein
i ncor por at e cometbfor ynostriypes, of inter-precesson goramunicetiondus netforeatleetiveAppl i cat i on

No. [D#15275], and further i 5 herein i.ncor t - ed,
co- pendi ng Uni tQRgradpus §& %Fg}ﬂ‘gfm"i\aﬂefecaa??@%fﬁF@Eﬁﬁgg’Bﬂﬁg%ﬁ]@ﬁé‘ %g@ 15271] an
addi tional gl ohghyilléEsy ediR bMhe kordPute A6desd Thas, it nove! Mussipély Pamkel
I nterconnecting the process nodes 12 _ along |i,nks 14ﬁ$ccord| nq toqg tree
3 r

structure as | sSupetsRmphter schjtacirodesqrified in hergin incompasatad FommpRly k 20 is

e oIR8 SR ARSI 20 (s e o
recei ver filst erhengjn trpepoidted, gommonly-owned, co-pending United States Patent
" Application _____ [YOR920020028US1, D# 15271] an additional global tree
network 20 including routers for physical interconnccting the process nodes 12
along links 14 according to a tree structure as is shown in Figure 2. The global
combining tree network 20 is well suited for moving data as well as computing
20  collective reduction operations and additionally provides broadcast, synchronous

barrier, and receiver ﬂlteririg capability.

As described in [YOR920010211US2, D# 15275} both the torus and the
synchronous global tree networks of the massively-parallel supercomputing

25  machine can be partitioned into different logical partitions without re-cabling.
Each logical partition is electronically isolated. When implementing the global
asynchronous signals of the invention , it is very desirable that they also be
partitioned. Thus, in the preferred embodiment, the global asynchronous signals
follow the same path as the synchronous global tree (Figure 2, 3) and function like

30 side band signals to automatically gain the re-partitioning benefit.
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conjunction therewith for initiating global asynchronous operations in
15

Referring back to Figure 3, edch root node 65 of the global interrupt and barrier
network 60 is connected along the route of the Global Combining Tree to a
predetermined number of compute nodes 12 of the computing structure and
operates in conjunction therewith for initiating global asynchronous operations in

20  the computing structure, c; g., the massively-parailel supercomputer, as needed for
a particular parallel algorithm. Preferably, this binary-like combining tree and
barrier and interrupt networks may extend over the entire supercomputer machine,
allowing data to be sent from any node 12 to all others (broadcast), or a subset of

. hodes 12, with low latency. It is understood that other tree embodiments, e.g.,

25 tertiary-tree, quaternary, etc. may be implemented with the trade-off for lower
latency being more interconnects. Message passing is supported on the global
combining tree 20, and controlled by either of the processors within each ASIC,
allowing intensive operations like all-to-all communication to proceed independent
of the compute nodes. Every branch of this tree has a preferred target bandwidth

30 of1.4GB/s,or2 bytés per processor cycle, in both the transmit and receive

directions.
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entire supwode#m®er nachine, allowing data to be sent fPERUEISHIde 12 to
all others (broadcast), or a subset of nodes 12, with low latency. It is

under stood that other tree enbodinments, e.qg., 25 terti&r,y-tree,E“%gaternary,
etc. may be i npTherhardwate funcrionality huilhingo the free 20 is/intgesr additipp, Raxigumy g nor e

i nt erconnects. . ' s shiTHe tree
20, and controqugﬁ?%g&g?mPp%w 1&%&%@%&?2%?1&@?%%@2@%&1&?@? al I owi ng
i nt ensi ve oper dunctivss hiekimpleimented imthe laweshiatencymanner pessipléceed i ndependent
of the compute nodes. Every branch of this tree has a preferred target
bandwi dth 30 of 1.4 GB/s, or 2 bytes per processor cycle, in both the

transmt andg reseginyde giteffiviénd itApleRe@idiis GGACHPorRERIlIROGIOBH SEchTdneusar dwar e

functionality built ipto the tree.20 is integes | t, O Xl bitw se
| ogi cal AND, biq‘w@@cp@@P eHens Kt Wﬁqﬁgﬁg‘ﬁaﬁ E%t‘*t?ﬁ%‘”ﬁ@%‘ﬁ@? The
functions are igplaRtaiddred thifdimdlassoeiaied padiapmy foranese glddabayitigondus A si npl e
yet efficient inplenmentation is to incorporate all the gl obg{o synchronous
and asynchr onodegitdenstives Figure 4 dapigts thalpsic yilizedJorasyrehronous globalsign
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for asynchri@gnousregghtingéntiohgnal generation that is inplemented in the

gl obal interrupt and barrier network of the 10 present invention.
Particularly, in view of Figure 4, the global interrupt and barrier network

60 when i npl enmpi&ihrRS infvigw € PiRlfk 4) Gevidotal inferfupCardl babiter netwuisk 60 adet 1 ee
network of Figure 2, rises a network of intercqonnected I‘@L{I{f . _devi ces,

one per node. émlprq@tq%%ggéidemir@tévqrh& the &lobal combining Eee nrbye B an
ei ther be Conneftcﬁquﬁ&s%rﬁQ of nReéoRhect& roePAARS, o8 Per ude. Eagect ed.

Details regardiig operati on o e router nmay be found in herein
i ncor por at €, coutepdévjcedneludes acwmberefipegs that cancritherheconnected to another

router, or disabled when not connected. Details regarding operation of the router
may be found in herein incorporated, commonly-owned, co-pending United States
Patent Application [YOR920020028USI , D# 15271]. For purposes of
discussion, however, as shown in Figure 4, the router has four ports 101-104

20 providing datapaths, that permit a 3-tree to be constructed. Only one of the four
ports, e.g., port 101 is designated as a connection to a parent node, and up to three
of the remaining ports can be connected to child nodes. A leaf node at the bottom
of the tree will have only the one port connected to its parent node enabled, while
the root of the tree will have no parent enabled, but at least one child enabled.

25 '
Figure 4 is a schematic diagram of the asynchronous logic 100 implemented in a

router device included in each ASIC node 12 for global signal tree and barrier
network of Figure 3. In the global signal asynchronous network, for each side '
band signal, there are four (4) logical bi-directional ports, one up tree port (Fig. 3,
30  101) and three (3) down tree ports (Fig. 4, 102, 103 and 104). These four logical
bi-directional ports are mapped onto four physical bi-directional ports. With
software configuration, any one of the physical ports may be mapped as the up tree

10
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S

Figure 6 illustrates the steps implemented for an ASIC processor to set a global

20 barrier in the global network of Figure 4. As shown in Figure 6, a signal 601 from
a processor control register is input to a timer logic circuit 602 implemented in the
ASIC. The signal 601 is initially set to a logic ‘0’. When the CPU enters the
barrier call, it first sets the control register to a logic ‘1’ level, then back to a logic
zero‘0’. This will generate a ‘0’ — ‘1’ — “0’ pulse on line 601. The timer logic

25  circuit 602 preferably includes two programmable hardware timers. When it
detects a logic ‘0’-¢1” transition on its input 601, it will set its output signal 603,
from level ‘0’ to ‘1°. It will then wait for signal 604, the output of gate 204 in
Figure 5, to go high signaling the detection of a global barrier. When timer logic
602 detects that signal 604 becomes a level ‘1, it will start a first timer. Aftera

30 time period T1 on the first timer, it will initiate a change in output signal 603 to
‘0’, and start the second timer. After a time period T2 on the second timer, the

CPU may start another barrier call.

11




the very top of the tree, the two signals for the up tree port (Fig. 4,
101) are sinply connected together through an initial software
configuration either in the top node 15 or in a link chip device enabling
torus and WOsR/08995 net work partitioning as described i n hBEEUR02/05567

i ncor porat ed, commonl y-owned, co-pending United States Provisional Patent
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call. 11 WO 02/ 069095 PCT/ US02/ 05567 Tinme Tl is preferably set for a

dur ati on necessthig petwerklatene t hat each node will detect the gl obal
interrupt. This is typically only a few system clock cycles. The interrupt
register unit that the output of 204 in Fig. 5 is input to has -the '
property of 5 déisamdenstpod thit,rie eennsetian witl the setting,ef giepal barsiers depisted i cpy)
the transitionsg; O s re ks O Vot ' rably
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global AND, now is inverted and then connects to the input of 201 for the global
OR operation through a predetermined software configuration. The end result is
that the output 604 of the detection logic in Figure 5 will always go from ‘0’ to ‘1
20  when a global event (barrier or interrupt) has occurred; and, (2) in the case of |
global OR, the 2 timers described above will automatically start from the time the
global interrupt event is detected (604 goes from ‘0’ to ‘1 ’), independent of

whether the local processor had set the global interrupt or not.

25  There may be several asynchronous signals implemented on a machine. In the
massively-parallel, distributed-memory computer, there is implemented four (4)
such signals, each with their own ﬁp tree, down tree ports and processor interface.
Each signal implemented, are logic level signals and, as discussed above, may
function as either a global AND or a global OR. If each processor holds its input

30 105 high (e.g., a logic 1) at the start of operation, then any one node may be
controlled to lower its input when it wants to initiate a global interrupt signal. The
final global signal on the top of the tree of Figure 4 which is broadcast to all nodes

12
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3

does not participate in it (such as the processors in I/O nodes, for example).

Because these signals are propagated asynchronously, the total round trip delay
20 from bottom of the tree to the top and then back to the bottom is determined only
by the internal gate delay of an ASIC, the cable delay between nodes and the total
number of hops for the total round trip. This is very fast because the tree structure
reduces the total number of hops and small gate delay within an ASIC (no signal
recapturing and re-synchronization involved). It is estimated that this delay is only
25  afew hundred processor cycles on a 64k node system, for example, which is

extremely fast for a machine of such large scale.

Finally, when the asynchronous signal comes back to the processors on a node
(Fig. 4, 106), it is required that it synchronize with the system clock. This is

30 performed by feeding the signal through a detection circuit 200 comprising a serial
configuration of several D type flip-flops 201-203 clocked by the system clock
signal 205, as shown in the signal detection logic circuit depicted in Figure 5.
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. at boot tinme via a software configuration. In the nmassively-parallel,

di stributed- nenory conputer, out of the four global asynchronous signals,
it is intended that two are inplenented for gl obal AND operations and two
for gl obal WOR2068P%ti ons. 10 It shoul d be noted that ther BCTASRYSS6T
theoretical limt for the nunber of down tree ports even though in an
exenpl ary enbodi rent of the massively-parallel, distributed-nmenory

conput er, the nunber of down tree ports is three (3), For a given nachine

size, not all OpyclldrRe adsholwh i Figkees, theiepchfoneus global zigral 166 eetyrningto 15 can
be individually disabl"ed via a software majk. Th&, sarre I S t'rgoe for Fhe
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operations if ife, (ﬂ&ﬁl%mgtxslogﬁoﬁiiﬁt@@ih@bm d1bbal Sighd) iSGonipEreRaOs gRBA S in 1/0
nodes, for exanple). Because these signals are propagated asynchronously,
the total rdundANDIgnddeimgrtedfort ifitistaglobshOBf Partisularlpcoutpits fiemdiiferetd t hen

back to the bottomis t ey iM.ned ' an

ASI C, the cabl 185[1%2%??/&83 aﬁ%‘é‘@? eﬁﬁ%‘?ﬁgﬁ%’?fgga&ﬁigﬁ%g&%ﬁh%ﬁ or the
total round triﬁﬁnﬂmmeb@é&éﬂsmmphegiawsmﬁt He this manrserranty sigmals theduces t he
total nunber of hops and, Il gate, del a i thin.a Si 0.S] gn
recapturing and@veapylse W%Hnﬁl%&?" i q’%VS?eg’e%ca“Y"ﬂqegeég?&ng@é&s ’lo%é@ildt his
delay is only 2@ 4E@WidabTHbRE irdbesattdies IMES SobalAsyhchbionatewskdogen for
exanpl e, which I's extrenely fast for a machine of such |arge scale.

Final |y, whih t e pregessdrisontorraptaegisten witl senerats aonaskable interypbWhasisy 8P¥, o
node (Fig. 4, | L 1S F@qul & | HEZ: stem
clock. This is %eesrf#ot(r)r} E%I(f @y e@g%g éé's?%ﬁgacﬁﬂpgﬂgﬁleg?%ﬂe%&té?on
circuit 200 conheighbalgasgncheonoas sigmabnf i gurati on of several D type flip-flops

201- 203 cl ocked by the systemclock signal 205, as shown in the signal
detection logic circuit depicted in Figure 5. 13 WO 02/ 069095

PCT/ US02/ 05567 [RatHet, @ inteript regiseN208willrbefableito detbot ahdh eenaesbiec (untih beisg g1 obal
signal 106 retur ni;l(g to the processor fromthe as nthonous.%ogbal tree,

i s direct | ylondleeddha losici@’ torpuransifen o This pdge senssiye nterup} WHEOPAS ¢ he si de
band gl obal si gpah b fhafBRLNRY[0RR 02 ift FRuEnay de-assert a signal after a timeout

period to prepare for the next global barrier or global interrupt call.

For the supercomputing architecture described in herein incorporated commonly-
20 owned, co-pending United States Provisional Patent Applicétion L
[YOR920010211US2, D# 15275, any packet may be injected into a global tree
network with an interrupt request attached. According to the invention, the
eventual effect of this is to cause a maskable interrupt at every node that receives
the packet or, in the case of reductions, a result computed from the packet. A
25  reduction result will cause interrupts if any. of the injected packets contributing to

that result requested an interrupt.

A global reduction operation over the global combining network will also imply a
global barrier. This is because the network will block until all participating nodes
30 have injected their correspondiné operands. Therefore, software barriers can also
be implemented through global reductions on the global combining network,
though the latency will be higher than the asynchronous network. Because of
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.5 AND and in inverted formif it is a global OR Particularly, outputs from
different flip-flops 202 and 203 are ANDed together by |ogic gate 204
before sending the signal to the processor's interrupt register 206. In

thi s nmanneWwp 02M699%i gnal s that have a pul se width | argerPe¢HEM2O0R®7syst em
clock wi-ll be detected. This is to. avoid false detection of noise induced

glitches in the gl obal, gsynchronous .netwgrk.l.ogic. .10 The pr r's

i nterrupt regi sTBshIgss ngﬁéwervéa & 'g‘e fesien, eegl‘?ﬁé?%ﬁ?/?flﬁ?“‘vdﬁé‘ﬁ&@ggf‘?}‘gut
changes from | OgiéntioRl is 416 generally florepeRaEe.e. This logic is duplicated for
each of the global asynchronous signals. Further, the interrupt register

206 will be able to detect and renmenber (until being 15 cleared) the logic

(O to 1t angllduihroddihg o deauPRALAdMFElbBH BbthbiRing HiworkBRyl S used o
that the tinmer Iéglc 8% igure 6 may de-assert a signal after a timeout
period to prsepaadditfonally beeused i triggertinterripts at everygeceiyingnede; Fhisleadpto cal | . For

t he superconputi architecture Cri ' [ 0 ] orated comonl y-

20 owned, co- peslf &’t%é‘%ﬂlp&%‘?ﬂg%sqyl‘%&ggllolgﬁa‘{aﬁ{ygfpg{'%{]ﬁpi cation

[ YOR920010211US2, D# 15275], any packet may be injected into a global tree

network with angjdttRighithe gl66H aSincirohaisesvorlidescribidt@réimntagbei nventi on, the

eventual effect of this is to cause a maskabl e, interrupt., at every node that

receives the pipkementad asiawh@nelgss@ed}anq? %‘&Eﬁ!'_f‘ f@ﬁyfngdﬁgégﬁﬂtw{!’s}%%ﬁ ed from

the packet . %eJ&W&kgﬁgufeeﬁ,%a ﬂ%&oﬁ&ﬁ%@?bﬁhﬁe@fa&%iﬁmltﬁe ABIC,Gf the
uting’to that resul

I nj ected packets contri requested an interrupt. A
gl obal reduct i cshooldcheamierstood that the asygchrbadus aetwsrkmay be implemgnted nsing so

part o pat s ng- rEReEoRHDR o BB TG "B SR hemt o |

Therefore, sof t A8ICorftwrifnpRirfented onatpatate logid oljpsand,furtliermbre; dogs ngt néedito
reductions on the gl obal .¢caonbi ni ng net

k, .th h th t L1l b
hi gher than t hefoley b samhinias pe %9?“&2%5359%&36‘?“” ﬁSW?e%é%%%‘svﬂ is,
PCT/ USO02/ 05667 #Bifever, §erferdlRPréfeird o HRsyrithionbusiftwek to fallewghebal

asynchronous network of thée invention is also_generally nore . reliable.
: combining network on higher integration level, like on a crate evel, so that the

easy partitioning of the combining network can be realized.

For instance, in addition, the global interrupt and barrier network of the invention

20  may be used to synchronize a global clock over the whole parallel machine '
structure. Every CPU inside a node has an internal timer that generates a local
time. The first step to calibrate this local clock is to measure the round trip time
from each node setting a global interrupt (global OR) signal to it receiving the
same interrupt, after a round trip to the top of the tree. As illustrated in Fig 3, root

25  node 65 sits at the top of the tree network, whereas node 66 is somewhere in the
middle or, as shown in Figure 3, at the bottom of the tree network. When all other
nodes are idle (not inserting a global interrupt), node 66 will set a global interrupt,
record the current local time as T1. When the interrupt travels up-tree then down-
tree to node 66, it records the time when the global interrupt is received as T2.

30 Then T =T2-Tl is the total round trip time from node 66 to the top of tree. This
timing step will be performed one node after another. Once every node is

calibrated, the second step is for the top node 65, to set its local time to 0, and to
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A gl obal broadcast on the dual functional gl obal conbining network may 5
additionally be used to trigger interrupts at every receiving node. This

| eads to global interrupts inplenented over the gl obal conbini ng network.
Even t hougWotopessgpobal asynchronous network described her B HUSR{PB¥?

i npl enented as asynchronous side band signals follow ng the gl obal

conmbi ning 10 tree network (Figure 2), and asynchronous | ogic¢s,inteqrated

into the ASIC, Sete glohguntgrens infednesn sme- t"mﬁ"f{oﬁ%‘ﬁg‘gﬁﬁ%%%& it may

be inpl ement ed jighg tirﬁéﬂtt}?kzsf%m@mgm elwiua@m%hﬁenoﬂée thiagiep.is SV, | 0gi C
or be

may be integrated 1nto an o be inplenented on separate | ogic chips
and, furt her noreverydwde within apastitiarowillrhave @Wchllﬁéizefbﬂlﬁlrﬁi%g FQ\&EWBP‘I@?%"S‘H ctly,

especially on the s I tad leS &R 8 'fé hino-
preferred for t%@%ﬁ%@%& W@oﬁfﬁ%tc})dc gy%gsmﬁ%ﬁmgb%ggﬁ%i ning network on
hi gher i nt edgr atgeesnds €a/g| 10 hinbeseconds) at s | evel , so that the easy
partitioning of the conbining network can be.realized. For instance, in

addition, the global interrupt and barrier _ netwo of, the.dnventjon 20 nmay
be used to sync ﬁﬁﬂﬁén‘éﬁ“&w‘bﬁﬁlbeﬁ’? prrticuler rShPWB awﬁ]g?sgnlbegr\&d?reepp i ne
structure. Everiyiftve Bind slefofmEPeRbdiRbemeithertbE itVall belufiBérstobdiby geer at es a
local time. The first step to calibrate this local clock is.to asure the

round trip timeskilledd stdhieforagoing agd ather changesiim formyand defeils B4 Pe OR)

signal to i, receiving.t i --g;&oesr QR vbdti he top
of the tr ee]F0 As'%F‘ﬁ thé?‘rna‘{)@}? “u?ﬁ‘[@."é‘@?m %g%p 15 no§%&665 Sl tgérgtitoﬂtvﬂgcl% op of

t he tree networshouldivelinsitednatiehbydie s@pe oftbeappesdédclaims. ni ddl e or, as shown
in Figure 3, at the bottomof the tree network. Wen all other nodes are
idle (not inserting a global interrupt), node 66 will set a gl obal
interrupt, record the current local tine as Tl. Wen the interrupt travels
up-tree then down- tree to node 66, it records the tinme when the gl obal
interrupt is received as T2. 30 Then T = T2 - Tl is the total round trip
time fromnode 66 to the top of tree. This timng step will be perforned
one node after another. Once every node is calibrated, the second step is
for the top node 65, to set its local tinme to O, and to 15 WD 02/ 069095
PCT/ US02/ 05567
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. set a global interrupt in the nmean tinme. Wien node 66 detects the gl obal
interrupt, it sets its tinmer to T/2. Every other node will do the sane.
Once this step is over, every node within a partition will have

synchr oni ZW0 02MeH095 cl ock to a global clock with very hi ghCHURBORE, within
a few clock cycles (e.g., 10 cycles) or a few nano- 5 seconds (e.g., 10
nano- seconds) at nost. Wiile the inven@&ghjgsa.s been particularly shown and
described with respect to. illustrati ‘pr ef ormed enbodi nents t hereof,
it will be understood by those skilled in the art that the foregoing and
ot her changes in formand details may be 10 nade therein w fhout departing
from the spiri tHaving thusdescrbedaue invantions what Weglaim asdigyy angd &“"F 1988 only by
t he scope of tl"b &8‘% %‘?&tﬁ‘l aims. 16 WD 02/ 069095 PCT/ US02/ 05567 CLAI Ms:
Havi ng thus described our Inhvention, what we claimas new, and desire to
secure by Letters Patent is: 1 1. A global interrupt and barrier network

conprising: , 2 ns, for generatin bal | rrupt and barrier signals
for control I} ngﬁﬁg’ﬁ‘“&%&?ﬁh@éﬁrbmﬁge‘gjﬁﬁ?i |j5{r¥sn§berforned by processing
el enents at gsel ected processing 5 nodes of a conputing structure in
accordance with a processing al gq(i[ithm 7 .means, interco .necfo'bgg said

r

6
processi ng ﬁodé!ie@élforcﬂﬁm?ﬂ&&lw intergyny angd bagrier s@ﬁ“ﬁht %"r_‘fOBB? ling & i er
signals to sai das?ﬁ&?@ﬁ%o%érﬁidn@%ﬂf&ﬁﬁ&ﬁy pRzedihg efethdntsSdt 9¢ladted pricessing _
respectively initrating interrupt and barrier Operations at said processing
nodes at 16 t invdes ofd computing struchyse inozordanagevithay pragrseing algeatba; pr ocessi ng
al gorithm 2. The global interrupt and barrier network as clained in
Claim1, i enented in 2 a scal able,.mssively-parallel conputing
struct ure canprimedns gnterciinectidg said rocessingiates orcemnenicatingwédglobalnodes each
ineluding ages égtai’t;/q%{d ¢ chg%agtcf%}ﬁge?e%énts \ﬁa ?o%\ll-fiater}l?:gggﬂlg%laiﬁgignals

i nt er connect®ed 1
9  respectively initiating interrupt and barrier operations at said processing nodes at

10  times selected for optimizing performance of said processing algorithm.

1 2. The global interrupt and barrier network as claimed in Claim 1, implemented in
2 ascalable, massively-parallel computing structure comprising a plurality of

3  interconnected processing nodes each including a respective processing element,
4

said nodes being interconnected by a first network type.

1 3. The global interrupt and barrier network as claimed in Claim 1, wherein the

2 global signals are generated and communicated asynchronously.

4. The global interrupt and barrier network as claimed in Claim 1, wherein the

2 global sighals are communicated synchronously.
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1 3. The global interrupt and barrier network as clained in daiml,
wherein the 2 global signals are generated and communi cat ed
asynchronously. 1 4. The global interrupt and barrier network as clained in
Claim 1, wwereiommwhe 2 global signals are comuni cated sPRENSHASHy. 17
WO 02/ 069095 PCT/ US02/ 05567 | The gl obal. interrupt and barrier network as

claimed in dQaim3, wherein said, 2 barrier sigpal,, erafi mean

i ncl udes meahs ét%&lﬁbﬂé@mﬁﬁ“‘&%ﬁﬂeﬁ‘&oéia@ ‘%edlg%p‘?‘ﬁ‘?#'b‘a’g"e&saﬁfgre :

connecti ng @deﬁugaldsci) [ Faki A el ificlGieditdand RLa&PA0dONE? récéifg sighals upon
|

sai d signals, sal AND"operation functioning to enable a 5 gl obal
barrier operkt i fiomame oningreseonnectiog npdes and foxperferminga glebaldegical &NRodes are 6

prevented frpm ' A - . A | ; ' i d

Gl obal barridr SrPERRTRBR e R S TEhA MNP ekt BhBa il €
barrier net vpr kglabal barieneperationGt aaidsélectedrmdes, whereinisaiti selectedmodestarei gnal
generati ng ans includes neans at each node for. receiVvi.ng. si s .3 from
one or nore &onPrEXENteLIrem perce gpn ‘f‘eftﬁlr“rﬂpﬁrﬁaﬁg 8f‘tﬁﬁlgbp %@lggﬁlb@eﬁ
operation uppn irftion HaS edriipletedl d | ogi cal OR operation functioning to

enabl e gl obal notification operations at said selected nodes. 1 7. The
gl obal interrupt and barrier network as claimed in Caim6, wherein said 2

means i nt er conngciq Is | Re AMRGSE ok O NHeRMKsee@Pr | Si Ng
low 3 | at enfgy gaméslg Bg%l\}\!ggﬁ& rsr?o%jé‘zgé,‘ri:i\g\l}r1er el n aélelgﬁgﬁdqflggﬁr%pt .a.nds barrier
signals flow4 intestupesigndl generatingimiaesincludesmenns ateadk podsf for receiving signalsd

downstream fyo arent 5 nodes . .to child,pnodes of. sai I . The

gl obal inter ugﬁg'aﬁ&eséwr%?nﬂmf‘& %5“%?%#’8‘3%"’}‘?8 g@”%‘éfgcm}?ei n said
2. conputi ngs st spegationupbilE4id signals)Ghiddegicah OR opdeamion dametionjhg hednableagiobabt wor k
for 3 enabling hi %_Q;-Qspeed | obal Ireeﬁg‘g ni cati ons anong sai d processing
nodes, 4 whereféfl F‘Ef’?ﬁ.‘&’%@“??&séﬁdéﬁﬁ % sai d processing nodes forns a
tree network 5 operating in parallel with said. independent global tree

network for efficient Ig 6 initiating said global asynchronous oper,éat ions in
coordi nati ont wi 7-hThegla @,imjg@ggia.n@bamer network as claimed in Claim 6, wherein sai

2 means interconnecting said processing nodes forms a tree network comprising low-
3 latency paths between nodes, wherein global interrupt and barrier signals flow
- 4 upstream from children to parent nodes of said tree and downstream from parent
5

nodes to child nodes of said tree.

8. The global interrupt and barrier network as claimed in Claim 6, wherein said
computing structure further includes an independent global tree network for
enabling high-speed global tree communications among said processing nodes,
wherein said means interconnecting said processing nodes forms a tree network
operating in parallel with said-independent global tree network for efficiently
initiating said global asynchronous operations in coordination with said processing
algorithm.

~N N b W N

9. The global interrupt and barrier network as claimed in Claim 7, wherein each
said node includes an associated routing device for routing signals to other nodes,

said router including an upstream port for routing said global asynchronous signals

AW N -

in respective upstream direction toward a parent node of said tree network and
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. 7 algorithm 1 9. The global interrupt and barrier network as clained in
Claim7, wherein each 2 said node includes an associ ated routing device
for routing signals to other nodes, 3 said router including an u stream
port for rwot026908%i d gl obal asynchronous signals 4 in rBEHEEAGS upst r eam
direction toward a parent node of said tree netvvork and 18 WD 02/ 069095

PCT/ US02/ 05567 5 down stream ports for i;agadc 8‘%&? @ s\é ‘ghronous
signals in @r @p@o‘ttr@%pom&ts gasting go P B EPRBHYE of said
tree networl %:fn‘é{? al?ec%ﬁkwh?@anld%h&dﬁ%aﬁdee%ﬁoﬂtrcwt responsive to

signal s recel veé’ rom 9 processing elenents included at said node and from
ot her nodes 7connected 10 therewith for.initiating interrupt and barrier

operations at i e. 1 10.
The gt obar ot SR AP R B nond espRie el MR S BOE. 2 T
each 2 sai@ | ngcbsging elements ircluddéd at smiarwehmdfrmatolthengo@s oam;mtf}dronous

gl obal sign 3( qQnse.to, a contr. nal,. from sai.d pro

el ement . %1 ‘gﬁéwljﬁ i‘g'dplt‘P’i‘ng‘Preﬂ'HP”a‘ﬂ %‘?F &?ee?hoﬂéfm‘?t &gg%lpgdesr’roggpl n Caim
10, wherei qleacgaldn’)odgqgﬁld&gg,udes a detection device for receiving an

asynchronous gl obal signal, said 3 detection device conprising nmeans for
synchroni zi ng said received asynchronous 4 signal with a system cl ock

signal for gvoig) baﬁo%ﬁl?er it n oﬂ@add‘axﬁﬁﬂﬁméfaﬁﬁﬁwﬁ&éi‘ﬁ%& 112.

The gl obal |nterrup as clarnmed in armlll wherein
said 2 neams fsard ldgnberrt:umgrchrdemgams forseiting agyhsypehirorgug global signaljge

sensitive. Ioba twork as clained in
Claim1, fu therFsl’onel (?I°88+’%lgs‘$’r‘r§g§§rgts?ﬁIrll?ozcrgér%{r{gsegﬁr déﬁ?l obal interrupt and
barrier network for 3 synchr on| zing a gl obal cl ock over a whol e conputer
structure. 114 A e for Ierrentln Io S I ons
in a conputilng B- sTtheLGi‘i dshaﬁ‘bergefﬁ%{}g%ﬁq e&r}/ﬁ@ 3 ‘ﬁfeé 8 ‘ﬁ‘ect ed
by at |east 0n&qye mlmEQQetecnon device for receiving an asynchronous global signal, said |

3 detection device comprising means for synchronizing said received asynchronous

4  signal with a system clock signal for avoiding false detection of noise in said tree

5  network.

12. The global interrupt and barrier network as claimed in Claim 11, wherein said

2 means for detecting an asynchronous global signal is edge sensitive.

13. The global interrupt and barrier network as claimed in Claim 1, further
including means utilizing said global interrupt and barrier network for

synchronizing a global clock over a whole computer structure.

14. A method for implementing global asynchronous operations in a computing
structure comprising a plurality of nodes interconnected by at least one high-speed

network, said method comprising:

a) generating global interrupt and barrier signals for controlling global

asynchronous operations performed by processing elements at selected processing

N N AW

nodes of a computing structure in accordance with a processing algorithm

19



3 network, said nethod conprising: 4 5 a) generating global interrupt and
barrier signals for controlling global 6 asynchronous operations perfornmed
by processing elenents at selected processing 7 nodes of a conputing
structure We 0H6WPHance with a processing al gorithm 19 WPEEP

PCT/ US02/ 05567 8 9 b) providi ng anot her hi gh-speed .network interconnecting
sai d processing nodes for 10 conmunicating said global interrupt and
barrier sigfals to said elenments via low 11 |atency paths, said signals
respectivel yo i nj\dradiling al i i fifdd s4d prodéssingAodéy far
processi ng 3n§od2‘§)ﬂé@‘?ﬁ“ﬁeag&ggﬂé%?%pﬁgﬁ@gﬁ?%?ﬁ% l}géerf_o?mamcekqf said 13
processi ng Hl gosamrhwnicating Said ghabakinterrupt and barigr siganls to seidglements vip Ja¥-enent ed
in a scal able, ' 13 o a

ol urar ity off | SACp¥h peigsignEtdbcctioels fifiing MeTinidhd iBereRioRs 19 2. e
processi ng K ensaid proesssidg nodbsait timessgpledted foraptionizing pertorippneerofistidependent
torus netwc){k. 1 16.. Th% rrﬁ]tgpod as clainmed in CGaim14, wherein the gl obal
signal s arel}endPeEs¥ge #8°0MM. ¢ onmuni cat ed asynchronously. 1 17. The met hod
as claimed in Caim 14, wherein the global signals are 2 conmunicated
synchronously. 1 18. The nethaod as clained in d ai erein ?ai d

¢ ! m 16,
generating sk ep15-n'Ethetbod'#éﬂaineéi-lbgal%‘ﬂséﬁﬁmﬂteﬁtm 2 scajpble, massiyely-3 4
recei ving sign ' f£ormng a
ol bl 1ogi o BREIS SohERbe im0 BEA b plpaito g RRlectod tolBSihe
oper ati on f uhctnales eaphtinclading eespectivopratessiag elemento paid nedesheisg sai d sel ect ed

goggﬁ ai ﬁ an-r efnpergo%lngctgfll)ye%i%geprég&]e%to%senemc?ri{.ent ed from processing beyond

1  16. The method as claimed in Claim 14, wherein the global signgls are generated

2 and communicated asynchronously.

17. The method as claimed in Claim 14, wherein the global signals are

2 communicated synchronously.

1 18. The method as claimed in Claim 16, wherein said generating step includes the
2 step implemented at each node of: '

3

4  receiving signals from one or more connecting nodes; and

5 :

6 performing a global logical AND operation upon said signals, said logical AND
7  operation functioning to enable a global barrier operation at said selected nodes,
8  wherein said selected nodes are prevented from processing beyond a certain

9  operating state until said global barrier operation has completed.

1  19. The method as claimed in Claim 18, wherein said generating step furthe_r

2 includes the step implemented at each node of:.

3

4  receiving signals from one or more connecting nodes; and

20



9 operating state until said global barrier operation has conpleted. 1 19.
The nmethod as clainmed in Caim18, wherein said generating step further 2
i ncludes the step inplenented at each node of.. 3 4 recejy i)g gals from
one or norWO0d3MeM8eY i ng nodes; and 20 WD 02/ 069095 PCT/ Uso‘é‘ﬂ':fgg‘% % 6
perform ng a global |ogical OR operation upon said signals, said |ogical OR
7 operation functioning to enable global notification operations at said

sel ected 8%nodes. 1 20. The method as claimed in Caim19, wherein said
processi ng d i ' ogwa]l@ Upoh¥hid signelBdaid logicalr@R wor k

conpri sing :Pé)welfeéfﬁgﬁgl&%p%%gr betl\}etogﬁmtri\%ld.e@?_ Wne?gi,n gl ob,gf;e I nterrupt and
barrier si grfal soferation fignstioringto engble glpbghnatificatipniapergtiprsat Sﬁéé@ﬁ"t@ﬁe said tree
and downstream fo@gp parent nodes to child 5 nodes of said tree. 1 21. The
met hod as clai I'n Claim19, wherein said conputing structure further 2
I ncl udes an i ndependent gl obal tree network for enabling high-speed gl obal

tree 3 co ni cat i.Qns ai d, processin o) o 3N necting of
said 4 pro esﬁgﬂﬁdﬁggg‘?%r "H&dE‘@?‘é‘éf%é’@’\f%ﬁ?%dp%@g‘%sgﬁg%%és%gérlal lel with
sai d 5 i ndegendgfercoath€dtéd tolfsraa plobalarels nétosorleédniprisingtlby-latendyipatlisng sai d
gl obal asynchronous 6 operations in coordipnation, w sai dtrg%gﬁ%ssi ng

al gorithm B 22betwera nodes berstn glpbal interryph ISHEnaAOMYRY i d node
I ncl udes an g2 1Bfeh? S%eﬁ%ﬁbﬂﬁ'sgﬁ‘&e@‘in& @dwishreirh B@nSpaséia h6ddsqo ekilter nodes,
said router 1ncluding an upstream port for routing said global

asynchr onouss sinpdas ef said treespecti ve 4 upstreamdirection toward a parent
node of said tree network and down stream 5 ports for broadcasting gl obal
asynchronous signals in a respective downstream 6 direction toward child
nodes of saild tZieeTheahsthddas chemed EClaing 19, whishein sasdoqmpusing gtructire further

2 includes an independent global tree network for enabling high-speed global tree

3 communications among said processing nodes, said interconnecting of said

.4 processing nodes forming a tree network operating in parallel with said
5  independent global tree network for efficiently initiating said global asynchronous
6 operations in coordination with said processing algorithm.
1 22. The method as claimed in Claim 20, wherein each saidr node includes an
2  associated routing d:avice for routing signals to other nodes, said router including
3 an upstream port for routing said global asynchronous signals in respective
4  upstream direction toward a p&ent node of said tree network and down stream
5  ports for broadcasting global asynchronous signals in a respective downstream
6 direction toward child nodes of said tree network, said method further comprising:
7
8  implementing logic at each node in response to signals received from processing
9  elements included at said node and from other nodes connected therewith for

10  initiating interrupt and barrier operations at parent and child nodes of said node in

—
o

said tree.
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. 8 i'nplenenting |l ogic at each node in response to signals received from
processing 9 elenents included at said node and from ot her nodes connect ed
therewith for 10 initiating interrupt and barrier operations at parent and
child nodewosR06MP™ node in 11 said tree. 21 WO 02/ 06909BCBEY(08¥3/ 05567 1
23. The nethod as clainmed in Caim 22, wherein said |ogic inplenented
includes 2 the step of setting an asynghrqgnous bal, barrieger.on interrupt
signal in réspo?@sé[m@e@dﬁGWF‘gln(gF‘éhg:“&Fﬁm?%@%HB‘B@E?P%&“&I% gnt. 1
24. The et hod tﬁés@é'@fﬁﬁﬂ\ i aSyrithiBnoss glybae battier Grasterritdignainirespondestot he
steps 2 of 3 Je ecting recei pt of an asynchronous gl obal signal; and,

5 6 synchrodi ziaepniral signabfemseid niesessing eerBeld. si gnal with a system cl ock
signal for 7 avoiding false detection of noise in said tree network. 1 25.
The method as clained in Claim24, wherein said logic inplenented for 2
detecting an aspncihemhsl glchiimbd mi Gaint 23, wherbireeash nede implementthe step® net hod
as clainmed in daim14, further including the step of utilizing said 2

gl obal inter2rup9f5 and barrier network for synchronizing a global clock over
a whole 3 @onputer structure. 22

4  detecting receipt of an asynchronous global signal; and,

5
6 synchfonizing said received asynchronous signal with a system clock signal for
7

avoiding false detection of noise in said tree network.

Lo

25. The method as claimed iﬁ Claim 24, wherein said logic implemented for

2 detecting an asynchronous global signal is edge sensitive.

26. The method as claimed in Claim 14, further including the step of utilizing said
2 global interrupt and barrier network for synchronizing a global clock over a whole

3 computer structure.
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