ADAPTI VE MESSAGE ROUTI NG FOR MULTI - DI MENSI ONAL NETWORKS FI ELD OF THE
| NVENTI ON The present inventjon pertains to the field of nulti-dinmensional
conput er networks. Specifically, the present invention pertains to 5
adaptive nessage routing in multi-dinmensional network topol ogies..

BACKGROUND OF THE | NVENT] Eﬁ A n“g@ﬁ gf p&r&“&bmﬁﬁgﬁ@%ﬂgﬁ,&omuter
systens and nessage 1042 ' he prior art.
Generally, in suGHEi® o SHEPHPYERTY systens, a |arge nunber of .
processors are inmt%'ﬁ‘rn%on rk. I'n such networks each of the
processors - nmay execute instructions in parallel and may transfer -
. messages to other proggssors in the netwark. 15 Upi ted St ates Patent
No. 4,598,400, invent &8¢ BFSERY ﬁ"&’,‘“%?ﬁ?‘i“%?éﬁﬁ‘-"&i‘?fe‘ﬁgﬁbh'é'l‘e“ﬁ%ﬂ"é | el
processi ng conputcmpiér aBividtkyWhBpécifidaRy,  the PlesOtdRvedtion iptt@imomnected in
a pattern of two or nore dinensions. Communi cation between the nodes is -
directed by addr slaplive messaae rowingi is mnultidimeansional npevasl tepplogigs. | i s
specifically 20 discloses a systemin which a nessage packet may be.routed
fromone node to another in an n-dinmensional network. The nmessage packet
conprises rel ati \BAGKOGROVUNINON TEE 6N TIOIN or mati on to be comuni cat ed
bet ween the nodes. Many known parallel processing conputer systens utilize
a 25 store-and-forward nmechani sm for conmuni cati ng nmessages from one node
to another. The Hilli & symbarofqeaaldlqascasing cdnputrsystethsfamdwnegagechani sm

Such store-and-forward n&chani 13 agei( nmore, clearly described i.n Parviz
Ker mani and LEbndiPYVIRE TGRS B VE& XN Int ?(%'QE.“"A 2l BSuEh

Conmmuni cat i on SW g47R1180 pFe&diBingU Systdths, @ MREee hubktletOsK prod¥sors3arel 979, pp.
267-286._ Kermani et al. distinguishes store-and-forward s%/stems from S

circuit switchi ngniseennesteddpachetvesl.| yn sechengtigrks eaghofithe gregessossn i s ~
described as a sy3hLeMadeButhinsthniGA phfatleP4hd ey 1RATRY TEQRLAN POt veen -

t wo

other processors in the network. _
15 United States Patent No. 4,598,400, invented by Hillis, describes
an n-dimensional parallel processing computer system in which an
array of nodes are interconnected in a pattern of two or more
dimensions. Communication between the nodes is directed by
addresses indicating displacement of the nodes. Hillis specifically
20 discloses a sj;stem in which a message packet rhay be routed from one
node to another in an n-dimensional network. ‘The message packet
comprises relative address information and-information to be
communicated between the nodes. - | €
. Many known pérallel processing computer systems utilize a
25 store-and-forward mechanism for communicating messages from one

node to another. The Hillis system describes such a store-and-forward

mechanism. Such store-and-forward mechanisms are more cleafly
described in Parviz Kermani and Leonard Kleinrock; Virtual Cut-
Through: A new Computer Communication Switching Technique,
30 Computer Networks, Vol. 3, 1979, pp. 267-286. Kermani et al.
distinguishes store-and-forward systems from circuit switching
systems. Specifically, a circuit switching system is described as a

system in which a complete route for communication between two
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‘rrodes is set up before conmunication begins. The communication route is
then tied up during the entire period of comunication between the two
nodes. In store-and-forward (or nmessage) switching systens, nessages are
routed to a destination node without 5 establishing a route beforehand. In
such systens, thenodasiis sebup befose comsaurigation beging, The comnumieatitncat i on of

t he message, gene ' r k | ssage. .
General ly, rressagé@tél?,se&gﬁgfrlgg{bamrﬁegfenég{rgtpgﬁ%gggb@gﬁw(@q%@i ng forwarded
to a sel ected nexbetwdn. thkawoniddes! Ial stofedidifirwdid (orsmessagBy siviteRimgf 10
packetsswi tching systenms. A packet switching systemrecognizes inproved

utilization of resYiiemasmassagesarecrouted &9 ardestimationdaadeywithgutbe real i zed in
some network syst .di yi di sage i nt.,o _snoal | units terned
packets. In suth E%@ﬁ'qé éé‘ghtggﬁe??g?‘g?ﬁhi?égﬂ‘ &St?m%?éﬁé?mgé?ri es its own
addr essi ng i nf or ngdtablished dynamicallyodurisy cGthmithicafibh OF RS nlelggeext ra del ay
Is incurred in known systens because a nessage (or packet) is not permtted

to be transnittedgenesally basedoorn addressinfoonatireinothe message; s Gegerally,
conpletely received. | de

termed-"virtual cmef’ﬂ%%g[?g%g{“?%‘? Irégr qgﬁ'b?@tﬁfe%ddggh%ﬁfgﬁ?%i‘ﬁa b z\’@?ﬂ 20

The virtual cut-tpiselegledsnext abie.s Kerahi eflal furthércdisdussed the iaegopnd packet
switching techniques in which a nessage may begin transm ssion on an

out goi ng chani@| packet sadhing systemns;t iAn packet switchingnsysten wecogmizrsge packet

and sel ection of an_outgoi npel . This system | egds. to,thr.oughput tines
exactly the sane ggpf)ogeg%égﬂ.ﬂtg&gpg?egﬁgt%gﬂﬂégﬁag{r@pe‘%%‘gﬁﬂcﬁ?la}! ﬁ'f rmedi at e
channel s are busybpe Yédliredlih soileaietWwoilabfsteifs &y dividingla tresédfesingy st em | eads

to Whroughput times simlar to a circuit switched system wever - t he_

syst em di sctosed Bpakes upits tesmed ) packets) | Inr sughi systems, each: packet fimstesdi ng t o

busy. 30 - CvaOr Brage? SR it Fon A aoSing G EE,  nt Dora
Structures, PiisD ThesiKemi¥i @t alIvbsesves Gratiextardelsy Rrincurrédin kAdwha
Institute of Technol ogy, Technical Report 5209, March 1986, discusses a

nmessage- passi ng cEyieIms bscausehmessager (oripacket) i net permitied do by
~ transmitted from one node to the next before the message is
completely received. Therefore, Kermani et al,-disclosés an idea
termed-"virtual cut-through™ for establishing a communication route.
20 The virtual cui-through system is a hybrid of circuit switching and
packet switching techniques in which a message may begin
transmission on an outgoing channel upon receipt of routing information
s in the message paéket and selection of an outgoing channel. This
system leads to throughput times exactly the same as in a -
25 store-and-forward system when all intermediate channels are busy.
When all intermediate nodes are idle, this system leads to throughput
times similar to a circuit switched system. However, the system
disclosed by Kermani et al. still requires sufficient buﬁ'erihg'to allow an
entire message to be stored at each-node when all channels are busy.
30 - WJ. Dally; A VLSI Architecture for Concurrent Data
Structdres. Ph.D Thesis, :Department of Computer Science, California
Institute of Technology, Technical Report 5209, March 1986, discusses
a message-passing concurrent architecture to achieve a reduced
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nmessage passing latency. In Chapter 3, Daily discusses a bal anced bi-nary
n-cube architecture. In Chapter 5, Dally discusses an application for
reduci ng nessage |latency. In general, Dally discloses use of a wornhole 5
routing nethod, rather than a store-and-forward nmethod. A wormhol e routing
met hod i s . chamgssageipassingylatencydin ChgptenBp Pally discussesiadatdnchgt e of a

message to t n nede as..the bytes of the nmessage arrive, rather than
waiting for t '@aﬁé&f&gﬁ?’gﬁﬂw ™t he entire packet before beginning - '

transm ssion to thg m@ﬁemw‘gmg&eﬁ g@%@%ﬁgﬁ,ﬁggyﬁsul ts'in nessage

| atency, which is the sumof TWo terms, o s on the nmessAge
| ength L and miessagelatency. win genetalpBPally disclases useiob arwerimfadenuni cat i on -
channel s tgaversed D.  Store-and-forward routing yields |atency depending
upon the pit odtRuEingsmethofd, rather alﬁpwngf#’ﬁy@g‘ é‘ffﬁ)o.ds"lé wormholg § yrt her .

advant age of _ Qb tgpﬁ b i 4RI eyl 0 not use up
t he avail abl eﬁbrrugﬁl ;@egl?dilg'lt&é?%g |at§%2(¥£%.é‘?ér§l§ﬁ%lf?§%s@s gﬁ1 packets do
not interact byteroftdhmessagectosthe next nodeoay thef bytes: of thlnessagecateiveal ong t he
route, but rather ‘hemai n.stri _c%l y within a_routin Chkg network until they
reach their -8 a'?i“&ﬁ"?&&‘“ e-nexpamival of ¢ > PRrkeisBetprs ¢ her di scloses
a_message pac@inﬁm@nﬁxﬁm&wﬁ&@%l\iﬁxﬁ@w Wﬁﬂﬂbresgoéw%dﬁ.s a vari abl e

size data fie conprising a plurality of non-zero data bytes and a tail—.
byt e. The IQwor resulte in message latenopowhichrie thiosumrofitwoutermsitang. of deaddl ock“Tree —

ti t . Th er,l Qrithmdis sed .in | 1y. 25, provi des a
(rzlg;d: (r)]gk-sﬁega']lhb%{ ﬁﬁ%ﬁ;ﬂdﬁ%\ﬁ:’b}gﬂé%q _Inﬁ an tthﬁi”%ro%f_‘gﬁ'cﬁdam i ve routing-
system Reseageiaids owthe riestertftidondhasiciforfEvainels @aveitda/D.routing --  ~

techniques in order to alleviate the congestion that is characteristic i o
heavi |l y | oade8toredani-forwandsiogting vieldsuatencyadependingaspomibe predudtci ent 30

use of channe| s, betweensnoges. Adaptiye routing can al so exploit the
mul tiplici ty 8 L[ﬂng s@?%%a?&ﬂ?geég&m | evel of fault-tolerance in -
15 A further advantage of a wormhole routing method is that - '
- communications do not use up the available memory of intermediate

nodes. In the Dally system, packets do not interact with the ptOCessor R
or memory of intennediate'nodes- along the route, but rather remain I
strictly within a routing chip network until they reach their destination.
20 Dally at pages 1 54-1357 further discloses a message packet— -
comprising relative X and Y address fields, a'va'riablé size data fi’eld.
comprising a plurality of non-zero data bytes and a tail byte. o
'The wormhole routing method alone does not guarantee a- i:'
deadlock-free routing system.: The e3 algorithm discussed in Dally
25 provides a deadlock-free routing; however, Dally does not provide an
adaptive routing system. | F
- Researchers have been motivated to ‘develop adaptive. routing
- ‘ techriiques in order to alleviate the congestion that is characteristic in
| heavily loaded multi-dimensional networks ;nd-'t'o.m_ake more efficient
- 30 use of channels between nodes. Adaptive routing can also exploit the
multiplicity of p_rocessdl;s to-.aciﬁe,ve some level of fault-tolerance in
multiprocessor: or- parallel processing computer systems. These -

adaptive routing techniques allow messages to dynamically take



mul ti processor or parallel processing conputer systens. These adaptive
routing techniques allow nessages to dynamically take 3 alternate routes
when busy or inoperative chapnels are encountered; .however, nmessage packet
buffers are typically required in the internediate*routing el enents in
order to avoi-d baltbrmeadoores wheh buselorciiopdrative dhahheélssaredehcvantdrédy abl y
to the conpl exi t¥p§0f the 5 inplenentations and can add significantly to

tge latency of tHeweygri maesspse cpackaschuffars Wéeab%ﬁ_’_!:léy'oﬁ%’b?ﬁeéﬂi the. 'Cli'lhe )
e v o0 0 GBI S BHSI, WE Pt SRR e

and | \vel ock fre _ fferin e I ntermediate
routing el ement s Jivefock. Theset buffeishaddfoongideralslpl RC the/ @ofipleXity ofegrnt
invention to devel oi)e@an inproved method of comunication between nodes in a
mul ti- di mensSonénplementationsrandipan add significantlystiortbe latency of thp reuting: al | el
processi ng conputer sfem having ,reduced nmessage.passing,latency.. 15

As anot her obj ec%y %‘F’%hé"‘iﬂ égeth ?Wgﬁ? i% n?oqgtesﬁgn.deiflpe%?a[pg{vgevé{tw a
system whi ch ef f igihaiqueyoftthé presudt imentioR s gﬂweﬁmﬁmadmk haadtlivedstk i ng
buffering of nmessage packets ‘at each node. . SUMMARY OF THE | NVENTI ON
The present i nvefiteeowitheut thecneed forspackehbufferingdn ithe imtermagdiateeoutingg an
adaptive routing ﬁﬁ%‘ﬁ" l' que on a nunber of nulti- dinensional network

t opol ogi es that EGINER?: di st+i but ed mul ti- processing systens.. In the
preferred enmhgdi nent Rfis fktefor€afiYbjédtive vfithe praseht inventivh ko deéveétspahonal
routing network, denoted A, conpristng a_plurality of processing nodes is
descri bed. Each hwgeoved method of communication between nodes in a multi-

dimensional network.

-~ "~ 7As another “it is desired to develop a parallel processing |
computer system having reduced message passing latency.
15 As another object of the present invention, it is desired to
_ -— develop a system which eéfficiently and_adaptively passes messages
~  without rgqlx_iriﬁg buffering of message packets at each node. "
N



10 conprises a processi ng neans for processing informati on and a router
means for routing information (i.e. nmessages) between nodes in the
network.in order to inprove the eff|C|ency of the nmessage passing
arrangenment Tin network A -a second nulti-dinensional routing network,
denoted B, of -routers-is connected to network A - Networks 15. A and B are
of equal toposwgem &&lﬁﬂgﬁ_&preferred enbodi nent, each router
has an X coor - 3 v n its- respective network. The
router at particular coordinates in network A is connected to the router at

the correspondi ng coordinates in network *- B via channels denoted
Z-channel s. 20  The Ipresens prvemtione prowvidedi acmeaos ané medmdufornvent i-on,

t k d | dual t f
networks Aan %%tﬁéé@%%ﬁmomﬂe@%ai»'-?é‘%saf%ﬁpwwﬁgn iUl
for comuni caahﬁans%nalnfxema;k% oﬁ, ib§ Sthat "édHifelcy '&;s%bgfeae digi-transfer

i nformati on between a router and ocessor ‘coup ed e router. A
second- channeproasmgdsysien‘lsarlnfﬂre ipméferreak medde!mnlemfrmﬁqn'esdm an X

direction.. Athird channe IS to.transfeg |nfor n between routers
" Y di'rect imientiany gttt cRulidimegsioadlioding BeEMOTk: BREPIRA Fon bet ween
routers in a Zoﬁbii@ﬁ{g'hﬁrplu?_é&ﬁ  CofS ﬁ)&ésnﬁﬁmg% deRBNBEa. Ehbl fog@ occur

—dependi ng on 30 er the g routed includes conplete
addr essi ng0i ntomprisésoa mocesmnpemsefoame@smggmfmm aod a optera nessage
wi t h-eonpl et e_addr

he, add f
~ et wor it bonp! B8RS 1R pRupd dRBRERRc e (R TR e BERE e e

traversed t hepg@idk. Thiordee (6 improve #RS effidiendyldf aheimessagdipassiagpl ete =
~address informati-on inplies the extent to which the nessage "has aversedU

the route. FoArrangementdnwnetvorke diplaesecenttmaulii-dimensiont! ironting S
I nformation i s _passe g th d rk in order
to-determ ne Pﬁ@"ggt gﬁi%lfg ’ém(?a%g‘?‘{stﬁg ﬁeé S&Hag’ #&%&#s‘idb{éﬁ&' 8ut e. o
conpl ete q§ ahSQh!dt B &bs foeqwdldtapology dnd Hﬁﬂéns@ﬁdlnfﬂiét preferred

- embodiment, each router has an X coordmate andayY coordmate in its.

respective network. The souter at particular- coordnna;es_)n_ network A

—— is connected to.the router at the 'corresponding coordinates in network
B via channels deroted Z-channels. -

20 In the preferred embodiment of the present invention, networks
A and B are arranged as ai_ two-dimensional dual mesh connection of

- | nodes. Each node includes a router which comprises four types of

channels for communication of information. A first ch_anﬁe‘l is utilized

O

to transfer information between a router and a processor coupled to
" 25 the router. A second channel is used to transfer information between
routers in an X direction. A third channel is used to transfer
information between routers in a Y direction. A fourth channel is used

" to transfer information between routers in a Z direction. - -
| Two cases of Z channel connectivity can occur depending on
30 whether the message being routed includes complete addressing
infomiation or inco_mpléfe addressing information. For a hessage with
complete addressing, the address information passed to the redundant

network completely indicates the extent to which the message has

5



has an input and an output Z channel that connects to a redundant network.
In the case of inconplete-addressing, two out going and two 10 incom ng
Z-channel s, one pair for X-routing and the other for. Y- routing, connect to
a redundant network. - This*connectivity all ows rréss'ages to pass between

nodes wi thin net WofJered fHal WeE. Inoﬂl'eeéa%e%ﬁ Msdhitetadardssihg, Ahishesmplere
network A and network B by passing through a router. The Touter accepts 15

addr ess i nf or rmt i asidréssoimfommation cimpliesy the extentnte sdhiel the anessagechasidr ess
i nformation from node-t ode to tabllshaco r

i nf origat i on from™%#H "JF?‘S ‘ﬁ ’c'ﬁ}ge't of BMERIRES 8“ thgﬁ‘ﬁ&errg as‘%églﬂghcl udes
addr essi ng i nf or Rk iLiéMtdin tiof)! ist ﬁ&s@ﬂ’mtﬁtthé”iné%fsag‘é)m ¢ediranof
information, the route. 1s released and channels 20 wused by the route are

made avai | abl & f aretomsknini exdes 0o detenine the Memmwhl%ﬂmgwsmha%ut ed

'in networks A and B uswg}routl ng information contained in each nessage by
routing first in YHeerse € ¥W¢on and then in the Y-dinension similar to

e 9, 52 TR SO Wl i, gl g

any two nodes in the 'S ke the prior art,

however, the presigas anrinpot and anr autput iZ chabmelvthat cosoewss ke a/\,ﬂigqlpndant
. unavai | abI e channel s aye er]?;suntered i n r Y direction.i

he
appropriate "Z" C?Fém% case ) incomplgte ia g‘fsé“i&né?me‘?‘ﬁg%{?"é ﬂdqg“éot hat
are busy, nony, 1ﬁke?tcfhaﬂﬁelgabﬁé' rr]kféxf T6F Werodfifs Und' the biherhforpyesent

I nventi on, the rOtﬁ ormati on contained in the message is used only
for purposes of d&iutmgngoﬂdmctmaq'adamdamaeiwodche X and Y-di nensi ons.

E(r)lg,tyélnlgaiolnet Eﬁaﬁnel sze g?fgis"léér)cg‘dgt;r? " a’i%lgfeﬁﬁggggegﬁq%ﬁggg?#ggg%&%mf ransfer
in the X and Y di H&Wrﬁ%; bét{ﬂeéh (ibé\Ei‘Le{;vuhﬁl RelwdrRTBJorobetiveed menverk, Aa -
request is nmade for the Z- channel . Both the rqﬂluest for an X or Y
channel and t-he rmpllastwdrkrB by passing through a router. The router accepts
15 address information from the processing means and commumcates the
address information from node-to-node to establish a communication
“route for information from an origin node to a destination node. The
' méssﬁge includes addressing information and data. At the completion
" of communication of information, the route is released and channels
20 used by the route are made available for communication between
-other nodes.
Messages are routed in networks A and B using routing
o ' information contained in each message by routing first in the X-
dimension and then in the Y-dimension similar to prior art “'routi.ng
25 methods. As in prior art routing, the path between any two nodes in
| the X and Y dimensions is unique. Unlike the prior art, however, the
present invention transitions between networks when uhavailab!e
channels are encountered in the X or Y difection, if the approbriatg WA
- channel is available. Unavailable channels are those that are busy, non-
30 existent, or malfunctioning. Therefore, in the present invention, the -
routing information contained in the message is used only for purposes
- of defining the unique route in the X and '-'Y-dimens’idn's_.' ‘Routing in the
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the Z channel are maintained until one request is granted. The nessage is
then routed on the granted channel and the other reguest is withdrawm. If
the requested (X or Y) channel and the requested "Z" channel are both busy,
t he message is bl ocked and is not routed on the 10 "Z" channel. The router

does not "con@i-dimémionis vadable and ldepéradent dni theoiavailableichaithdls The
normal routing address header is not altered by the transition through the
Z-di mensi.on. YRequntered ipdhe petwerksyes at the destinati-on router, the

nessage i s provid 0t ' | ' - 0 (o) VI . ogi ated -
router. This 'adap'tqlg' '\l/'telﬂ o%??%gﬁééeggérﬂsgé&emlg{e ?g%ﬁ?rgg}i{'hé'ﬁs’ﬁﬁ% ﬁo ter -~/
exam ne the rohanned iaddmeka’rﬂeﬂiaie_tyegm'med.V\ﬁla’e?@esttiisemmEsﬂgetﬁbaz-ar ri ved at
t he destinati OEI n%gg. Tgi i exam nation _is perforned each tinme the nessage
transits the ochanpeleBoththe request fananX of ¥ channeliandsthereauestforo a second

L PR S I o RIS IR

unavai |l abl e, nmessage W 0 outé 'back to the

first networknssssgeZisahen neited O e g Ichdhiid) anll thelfothE Mlqiiest i85 '
Figure 1 is an.illustration of a node in prior art networks. Figure 2 is an
i | [ustration dithdrawn. Jif the seaiuested (X or Y} channeland the orauested "€’ Fi gure 37

is an illustragj Q- Gl MENS| ' Ltecture of
the pref er r od CLABA RS bO Y; heTRiGSiaBR3; oiptRea 253 T BEL IR o' T
router of jphe"2raganhel. MHieNidmer does gor Seahmii: todrbueiig 60.a Chanied 5 is an
illustration of the router of the present invention using inconplete
addressi ng. until gog ds availabley The pepmal royting addness headerds nebalesedi ons

addr ossi ng. FEyPs Unrsifor ESE gl e Bioll” WHef HPRRAEIFIRAIE. et voow
"5 two nodes af thédleptination routesntheanessapeids iprovidpd abethepdemigation .
- processor by its associated router. This ad#p_tiiref routing  technique
15 _requi_fes that the r_o_pt_e,n.e:xamine the routing address: to. determine
~ whether the message has arrived at the destination node. This -
examination is performed each time the message. transits the Z- .
dimension. If a g:ansition-fiom a-first netwé_rk toa secqr'n—c—!_-}network -
takes place ._a_nd,j all desired channels of the second network are
20 unavailable, the mes.s_age will be blocked and will not route back to the

first network on a Z channel.
BRIEF DESCRIPT-IQNQ_ F THE DRAWINGS. - o W

25 . Figurelisan ;_illus_tra’t_ién of a node in prior art networks.
Figure 2 is an il_l_uSi_ration_of a two-dimensional prior art network
architecture. B o | o
Figure 37is an illustration of the i_—w'q-._dimensi,on.al_ dual mesh
 network _ar_c_hit_gctﬁre of the preferred embodiment. .. . .
30 Figur_t’_: 4 is an illustration of the router of the: present _inQemib"ﬂ
using complete_addmssing, R
Figure 5 1s an illustration of the router of the present invention
using incomplete addressing.

. _7 . cm—e . -



addressing. Figure 8 illustrates routing logic for a two di nensional router

using conplete addressing with relative displacenent.” Figure 9 illustrates
routing logic for a two dinensional router 10 using inconplete addressing
with relative displacenment. “"Figure 10 illustrates tfe function of the

arbitration |ogic usedFigurednisr an illastrationwoh therebamged connections betweener s in
each of the enbodinents sha l,n. Figures.8 and 9. 15  DETALLED DESCRI PTI ON
OF THE PREFERRED EW@G&?\S%&T&hQ‘%r%‘gé?R‘ i O using, CaEplete messags,
a-nethod for-- adagiiessing. routing messages in a. multi-dinmensional conputer
netwoN&. I n the follow ng description, nunmerous specific details are set
forth in 20 --order to Pigwe Jeisaan libustrationuofi thes thantied conhectiens hetweenon.

Ho , it owi Ll t.to one with ordi SKill i he art that
these sheci 11 ¢ 3detd HOAER o Jhe pBresEht Tngeqtian  FHBE! ineospleti MERASR: | on

In - other instangg@gres¥fpll - known structures, circuits, and network
protocol s have not been Shown-in detail in order not to unnecessarily
obscure the 25 - presenFigue @énillustratdsnrontiag dogiceforea terdb dithemsionalf rouler

present invention, a first, nmulfj-dinmens| . royting network (A) conprising

onal
a plurality of pr OSHEFQrRPls ULITPSSINg YN JERtIvR splact Mo Figure 1, Node 10,
as configured for. net V‘Piééﬁrl{@ ilﬁlskﬁtéésfduﬁbggpg@dg% 8 twd h}:ﬂéﬁﬁéﬁﬂim}:éryp' cal

30 arrangenent of thes odes I n networ node of networ

conpri ses a pricessingincompletd addressipg sviticrelatiyei displacerentn and a rout er
means or router 12 for_routing information (.i.e. spges,) hetween .nodes in
t he network. Messages gfgé"?dﬁt‘gasﬁ"ﬁ"?nﬁg’ Mﬁ?@éﬂﬁrgﬁﬁ Pgoﬁ'%'é‘feﬁ‘gmeither
a conpl ete addr esyoRgrdBHOAT & hésasR Ghid IHTRGIkES IRLORH. JFStHR

- nceawpl et e addr essing, _t?]e gesti n_atdl‘_on g%gde for thgﬂmas_sage I's defined in
ternms of an X;Y diesphadizentstshbwarintFiguxea 8rand 9.node t hrough which the .
message is being routed. The portion 5. of the destination displacement for
a particular dinmension is stripped : ' S

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

e — - = -

The present invention provides a means and a-method for~
adaptively routing messages in a lﬁultLdi:nénﬁonal"cﬁmpuier network.
In the following description, numerous specific details are set forth in
- 20 " order to provide a thofough undesstanding of the invention. However,

it will be appa'rt_agt'to one with ordinary skill in the art that these

“specific details need not be used to practice-the present invention. In
s - other instances, well-known structures, circuits, and network protocols

~ have not been shown in detail in order not to unnecessarily obscure the
25 present invention. ] ) o .

In the preferred embodiment of the. present invention, a first
‘multi-dimensional routing network (A) comprising a plurality of
processing nodes is provided. Referring to Figure 1, Node 10, as
cc_mfigured-for network A, is illustrated. Figure 2 illustrates a typical

30 - arrangement of these nodes in network ‘A. Each node of network A
comprises a proceSsi"ng: means 11 for processing information and a
* router means or router 12 for routing information (i.e. messages)

between nodes in the network. Messages are routed in the network of

B._'- i



fromthe nessage as routing in that dimension is conpl eted. Using 'corrpl ete
t he absol ute address (or relative addréss) in each di nension of

addr essi ng,

the destination node is maintained for the nessage as it

is routed through

- to the destimatjion pnode. The structure of the nodes and 1Q network of
Fi gures 1 and DighFei2iisingoeitheros complete addeessing method\proan ineompletesi ng

URERIE oo Tip SappIc OB lE e PRRIGH AOET " -

conpl ete and i
ordi nary skill

nessage passi rforahe angeagenis définedt iDtermé oftevX, Y ndisplagement froanthe?, t he
present 15 invention rovi'deggesec nd nul ti-di mensional touting net

denot'ed B. . NetGhsFent mode throu
di nensi onal5 net;fv\ﬁlrelgdé;

Network B i's arranged

whichathe gnessage, it beingsoted, cThe, partin

I'fenst on equa

wor k,\j
mul ti- --

ik SRR 6F ol ABINP iy fafop 30 bl 1 20107

of network

A. In the preffeomethecmiessligeeay ravtirighén Mistsdiniengion isheemipleted. Using i rst

nesh connect i dipmaplete

Coor ai nat . 1 n SRERMRRLIIGE YBEdhat R 8 ARG TP the RS !

" network A and the second network B are arranged in a two-di nensional dual

ressing, the ahsoluts; addsessdor selative wddresshin esch Fach

and Y
and

~ networ k B i nclrottal tréigh footliecdestinaiiog ndde.THsthsctire: of the hodesmsdsages in

an X directi-en and Y channels.for routing nessages in a Y direction. Wthin
t he™A netWl} k, natyigrkref Kigutesnheand L agdo methodsh for \nassing, MMRSS3LeS i r st

ntvor "l i A SofE 4 SLEE aadkidh e D

network, routers are a

net work 30

coordinates in network Ais ¢cennected 't

SO conn 0 eac via-C

c heoneepts wélhkidven 10 thivse 6f drdinatyi skill Fhthermut er. .at particular <

‘the router at the .correspondi ng ™

coordinates in net $Brrder pairepLayeethe giliciensy ofc heaessage pasing ring to
Figure 3, the %E aRl HEE t f r gf.e mbodi ment
is illustrat eﬁﬂ{eﬁemr ﬂegwéaﬂﬁdknet MEEHBE%%%sg}eEQ(?r%ng%dbé% ngo_nnect ed -
t oget her ars sﬁumticﬁpprmid&spéecmahmiﬂti@diﬁ:@sibaﬂanutﬁg._jx_iaamdn.ndmtowﬂ to an

adj acent node gl ketwork B is an_-_identical or redundant____message passing multi- '

pu——

- - dimensional network of routers connected to network A as shown in

25

30

Figure 3. Network B is arranged in a topology’ and dimension.equal to
that-of network A. In the preferred embodiment. of  the. present

- invention, the first network A and the second network B are arranged

in a two-dimensional dual mesh connection .of nodes having an X

~dimension and a Y _dim_jension. Each router of the combined network

_3_00.has an associated X coordinate and Y- coordinate in-_i_ts- respective

-netWo_rk. Each node of both network A and network B includes a

router having X channels for routing messages in an X direction and Y
channels for routing messages in a Y direction. Within the A network,

routers are connected to each other via channels (first network

. channels) for the X and Y direction. Sitpil_arly,_. within the B network,

~ routers are also connected to each other.via channels (second network

channels) in the X and Y direction.The router at particular coordinates

in network A is comigcted to the router at the corresponding

. coordinates in network B via channels denoted Z-channels.

€



5 via a Y channel and connected to node 312 via an X channel 'all within
network A. In addition, node 310 is also connected to router 320 in network
B 302 via a Z channel. In the preferred embodi ment of t he present

i nvention, each router of both the A and B networ k& corrprl ses four types of
channel s 10 for commRefetring ng ngﬁmrmﬂkmal'iheﬂenémdrkraﬁiﬁg&ﬁﬁns 300¢

|Illléstrateg:cn F|8 ure 4r$3%£r§3 Eﬁqus S%ei ?’ég’&nﬁe ;erj;i dretsaglgg and.
in Figure or ng i gure
4, a first Cha“”ﬁlaw(r&ld B 302 dr fe%%an{g%g it tﬁﬂné&t@d‘%é‘éﬂ}%ﬁfa@dﬁﬁw nORdet ween

a roubgr and a processor means couple e router I s-first channel 15
is also used to esamply, m)decﬂll(]els showrht Be cohneotéd to ant aljacent asder3diing

t the B t k, A d ch d X
ranetor i i o8 mapTh b Shael 3h8 opRcEIa o Rode 117 354 pak chdnel all Wihind ) el
(Y_in and Y OUt)néﬂvéﬁeﬂ tlﬁ ddd@eas eﬁodfném 'i?hlé?ﬁc&g'] ; 66 Potef S?Orina Y
th channe to 2 .

direction. A four (Zin and out) i1s use transter
i nf ormati on bet waetworkuB 802 \umai Eihahnehct ion. If 'Conpl et e node addressing

is used as shown in Fjgu uter has _a ut (Z in), channel and
an out put (Z_out) chat%é‘;etﬂfﬁfe ‘%Ff‘hotfh’g'e ﬁﬂé\ﬁ?" tﬁ@t’vﬁﬁc

one netvor k 15 cRoRPL e bolh {%ﬁb’f&?fﬁ% SRS BE her Akl 11
contai ned i n10he fmeeaagmdimmgrmfomtmnf Thesz! foutercihiannels are ﬂmsemtedrih of

routlngmaytake the form of an absol ute destlntlo noole mng or a
relative destinafigefbler ‘hﬂ‘éﬁ“@i SMEF'e“Sr'%S £OMp, t?é firesging 1BYR f or
each di nension. i t carried
ottt he 30 noss SciSti Btk BRE e S M) RACAITFI] Mhure 43

-channel and Z_ oufirsthchanat!} (Fam apérPabat)psmped tqtrhmfeaiﬂfodnmrsbumenfa t he
network. If some forns rel ati ve addressi are used, t| ng
i nf ormation for EQWART aPaeﬂnBMﬁsmyﬂ??&s %Pﬁm the tRufst: t-lﬁ'ésnﬁié B“T’ n 10
the message Rgadgy alsbudedtdoCcdnhBESa PduteP &P W A Retdrlifk 38 St ortespoRing

router in the B network. A second channel (+X_in and +X _out) is used
- - - to -transfer information between routers in an X direction. A third
- - ‘channel (+Y_in and +Y_out) is used to transfer information between
- routers in a Y directioni. A fourth channel (Z_in and Z_out) is used to
20 transfer information between routers in a Z direction. -

If complete node a'{ldressing is used as shown in Figure 4, each
- router hhs an input (Z_in) channel and an output (Z_out) channel that
i - connects with the redundant B network. Complete information defining
" the extent of routing performed thus far in one network is carried to
25 the redun&aht' network via infqr’inatio‘n contained in the message
header. The information defining the extent of routing may take the
form of an absolute destination node address or a relative destination
" node address where relative routing information for each dimension is
" retained. Since complete routing information is carried with the
~ 30 ' message itself for this form of addressing, a single Z_in channel and

- Z_out channel can'operaté properly for all dimensions of the network.
If some forms of relative addressing are used, complete routing

information for each dimension may not be carried with the message in
- 10. '
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the extent of routing information for a particular dinmension i's stripped
off fromthe nessage header as soon as routing in that particular dinmension
is conpleted. In this case, separate Z channels for each 5 dinension.are
needed to transfer the extent of routing information between the two

r edundant . net thermessage headerp In fthesectypesrofidhcompletet addressingispsiens] X] _out and

Z and ' ' _ ' nd Z nel s, , i ded |
] -on ) A R Fopfad, FrSbmaod 6y & vl S rasc s hp i O o "
X-routing andoffhftodd Hie. h%sshg@meh&eme\sb_@ﬁ--es,._egaiutf%fiermxc rngﬁé‘n& with t j}e

redundant B- network. Referrfng nowto Figure e chan coupling ~/
arrangement idimension isacempleted: Iw thisdease; separeten: charinels foheaghr esent

e 00 20K SRR 5 pRSOREES et rh HTRRASEIRRITS 1, or i

As 15 shown, bdthReRtRE QWP Fediidant heBvomksS 9 Thé Préfedred efbbdimié@itor by
providing messages to router 610 via channel P_i'n 602. Messages can then be

routed i n nettw dutgoing @X3_outandsZiY I 006) and@wpo incomingh XL n 485,
606) . Me .a| b ted | t k B ' . -
S Nessages: 20 Lk SBmels, fie proyidhd R FRoNSrotses nf Shown n ewre Sa3 614y or

Y channel s (6tke i[r]}f’]) cﬁiﬁﬁlsﬂtﬁ}%viﬁés%aﬁféaB&Sfo?QX-l*éﬁﬁﬂ taﬁ&&herzm fromthe
Zout channel 608 of Touter 610 - to the Z .in channel 6I8 of router 611. If an

X or Y chinethangelsrprovide aumeans:for é-routing withithe redundant Betwark-be routed
to tthe B network ij the Z di Si on. Wsjng.the .7 out. channel 608. Thus, the
nessage may be rogeémgo?ﬂ?ﬁgﬁiﬁ%ﬁg’c#&%ﬁ?ﬂ"%‘(z)@%&mlgoﬂ -_egW?f% the Z in
channel 25 6j\fhsirhtedor @wo hbles it @d Aétwork iof the) piesedit MveRtom Yherd D
unavail able in the B network, the nessage can be routed to t-he A networ k-t -

the Z di nensi eempletegddrassingois vsadhnh cfirss proegssor §0dcis eaupled fotahi s way -

t he nessage fy 8, t TR 1to the
Z i'n channel %@%?ilﬁhﬁg?%%@&Q&é@@éﬁgé&ﬂn@@ﬁ%tﬁ%ﬁsﬁ\;@wg@{£§L routed -
back on aif célgswn) thé processbe \dces' aschamessager poRice e \Briginatér chypnnel .
Thus, if a nmessage is routed to the redundant network via a Z channel

‘because a r eqPfavading messagesniorouter G viaehamnebBLin 602, Messages can.
then be roiited in network A using X channels (603,:604) or Y
channels (605, 606).. Messages can also be routed in network B. usiﬁg
X channels (613, 61 4}--=or'Y channels (615, 616) after the message has,

20 been transferred from the Z _out channel 608 of router 610 to the Z in
. channel 618 of router 611. If an X or Y channel is unavailable in the A

‘ network, the mes_sa_gé-__Qan. be routed to the B network in the Z
dimension ugingi:thg__' Z_out channel 608..Thus, the. message may be

'S

- routed from the Z;oglt channel 608 of router 610 to the Z_in channel

25 618 of router-611__. Similarly, if an.X or Y channel is unavailable in the B
network, the message -ca.n-_'be"routed_ to the A network in the Z
dimension using the Z_out channel 619 of router 611. In this ‘way, the
message may be routed from the Z_out channel 619 of router 611 to

the Z_in..chénnel 609 of router 610. A meséage may not, however be

30 routed back on a Z channel if-the previous channel .'traverse.d; was a Z
channel. Thus, lf a .r:n-essa'.-ge__ is routed to the redundant network via a Z

channel because a required X or Y channel was. unavailable, the B

Y .



message W Il be bl ocked in the redundant network router if the required
channel in the redundant network is al so unavail able. When a nessage
reaches its destination node, ,the nessage is routed to the destination
processor over the Pout charihél. In the 5 configurat¥on depicted in Figure
6, if a nessage ranedsagei will diesblockeidoin rthderedundbnt Aeteodrkorbuter i€ (Hessage
is routed to the B netwrk via, P.out .port 607. The networ k. router 61-1-
recei ves the nessdfd?t ?W?é‘"ﬁﬁ"nmﬁd'ﬁi‘?@?t&ﬁﬁ"?‘%éﬁas&H‘@é’a'cl enessage to
processor 601 via the s - 3 ot -alhher aat | :
enbodhgent, the P_out portsaggégbsg ﬁqu%grgs é’lshg%tg%?éaﬁ’agébg%g%a ee!cst ed
directly to the prouvtedsty tix® destination processer pvehdherd oaychamyelbdnr thet ed
directly to the desti.nation (rrocie(isog:.wit lr#) havi ng to hrayerse.to. t he

al ternate netwdrk SOPHEURGORCPISteE i, Jgure gdnessage Iraches its destation
addressing, 15 d snCiRNAE ok &fbal RN & B efPSiRaGRS
between A and B ng‘?’l‘\;\gr&l‘(‘sh’?nnt ﬁg“?ﬂg’l pggﬁegﬁ&eﬁe%%géﬁﬁ%g‘ugﬁ ng i
arrangenent for. t R_oubipoer60i iThe B metwiorkerontérss il teceives thedimessage o the
7.-A-s shown in Fggure 7 26 %E%nnel cou Iin% arrangenent is simlar- to
t he arangenent sh wﬁ“iﬂ?rfzﬁg rAndgthen, rouigs the,MEssage 30" PIOCESROF @O‘é‘aa 20
709) and a Z[ Y] Chﬁ%ﬁ?koﬁ@.’o@. and 719)-is provided in router 710 for

transferring messages bDetween the A and B networks in both-—directions using -
i nconpl et e addOessi ng. I anyalternativeh embadimentyghe Risiut poriscofivbbet eouters

Fouting of a messS HE ALLTER be;cantacisH Do BoCrHor 04 dRBH rment
a portion of the | _ : P ey 4RO rk.
Thowmsange Lhon THamely, Bk eSRaRs I O dpBied Rhiselyyfo e COGAIRT

ports. The nessag@rotessorwithouubaving to tmverset torthe iallermate netwvarkt er nat e

networ k. This channel arrangermept and node Gonnect, vi,ty -as,.sho in the 30 _
preferred enbodi nent s- 4t 2RPHGF e@el@agmegn dimeat Hﬂggdﬁé‘%’"?lﬁtﬁ)éé@e%f’%een

network A and et \yiak ZPchdimelitite rBguired F&t fransRoiind! Mebiiges Beiviedd A and

information (i.e. a routing address header) contained in each nmessage for
the purpose of “setB inetwesksdngheZ direakiom The-chaunel coupling Rprangement for

this alternative -embodiment is illustrated in Figure 7.-As shown in
' Figure 7, the channel coupling arrangement is similar fo the
- arangement shown in Figure 6, except-that a Z[X] channel (708 and
20° 709) and a Z[Y] channel (718 and 719)~i§ pro'vidéd in router 710 for
transferring messages bétween the A and B networks in both
direc&ons using incomplete addressing. In yet another embediment
\ Y using incomplete addressing, the ‘P_in/P_out ports of each router can
“be used to share routing of a message between the redundant
‘25 networks. In this embodiment, a portion of th;'routiﬁg of a mesSQge
could be performed in one network. The message then transitions to
‘the alternate network via the P_in/P_out -ports. The message then
“continues to its destination on the alternate network.
- This channel —arrangement and node connectivity as shown in the
30  preferred embodiments-of Figures 6 and 7 allows messages to pass
-' betwe’eri'network A and network B through -the routers. Routers use
‘routing information (i.e. a routing address header) contained in each
message for the purpose of setting up a path between the source node
_ 12
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and the destination node for the nmessage. In order to prevent deadl ock,
nmessages are. routed in networks A and B by routing first in the X-

di mension and then in the Y-di nension. Deadlock is an error condition
caused when two nodes are waiting for a channel reserved by the 5 other
node. By rout and the destinationmedx fdi thecoessagehkmorder tohprevedt deadlocky, t he path

bet ween any two _nodes | e, X and Y;di I QNns. IS uni th between
~ the source" an&‘?fégﬁqsn%fﬁrgﬁp%lfb“Fgw?rﬁﬁsgg‘é‘? ﬁre\?y 5%“‘!%?@&%3’ gw red -
channel s necegankision ahd theh i 88 SEiRedsion] U&Edl%@le”i§§n eRde chRditieat | nat i on
"node first inthe X direction and then in the 10. Y direction.-Wen ,.\/‘

cont enti on i scansadumhenciwa modes ragquvalwgcﬁum@hanmlt tesepvedr by therecti on, a

transition_be t c correspondlng Z
channel is avémeeg%foé’h ﬁe‘?’gﬁ etnrs Ubh ‘?'mcgﬂ%@%dn&%ta AHECHOT  he - '
header of t he thepathdiserwetn dny AoSsibdes 1H5tﬁ@| Xoahd Y-@iménsiaisRurifuélef i ni ng
the uni que route i'n the X and Y- 15 di nensions. I\/bssage routing

i nf or mati on dd&e: pash between the: sourseramd d#mnbommosigusn us idefineda@si on. Thus,
t he redundant B C, In t hout the
need to nodi f§h? ﬁg{"‘gr@ ?@ﬁﬁ?‘ﬂg *ﬁ?ﬁ?%? dﬁﬁt&% g%‘? E%fe%ﬁessage
Routing in thgodrcediodens! di:@nnmotﬁhwéoﬁest il RO X aﬁectmaﬁtrnmdmheon the
congestion 20 encountered in the A and/or B networks. Sone prior_art

" networks u8e & tireetion. %nam&mw@mtewmgsmgmrcd@hmgel\Anere a

Por el ou o o Tk K B 3P SBEAGATA bRsl Btk BBE S i3 pbBUARSahY 2o g
systens, probibeihady if theeoHEsponAihg2Z chibiR IS BeARBRS FhéreforkOMiReing0 transiT
across a single Z-channel w thout conplete relati-ve routing infornation.

This i s becaudefosmapipatcontaingd- w—téreslpnadgeﬁrtheumcssngetbm woutedbis part Qf
the message e i rom o t ot her.
router in-t h\g{&g?‘ll é’%‘hﬂ?‘if ﬁ‘é‘%ﬂ%?i ﬁ&gf g'g 'é'ﬁ]ﬂggsg{ﬁ% hﬁg% %Drfp “parti aI
rel ative "5 3@imessions sMessigerroufing inforaragiont does dibtasse dwacsitainCZher

net wor ks use an absol ute addressing capability, .. Instead of
_ _dnmgnswn routmg information.. hus, the redundant B network can be

d’%

Yt

added to an existing A tietwork wuhout. the need to modify.the existing
' routing information stored _for each message. Routing in the Z-
dimension is variabl‘e, adaptive, and dependent ‘on the congestion
20 encountered in the A. and/or B networks.
| Some pnor art networks use a- form of relative addressmg for
méssage routing where a portion of the routing information is stripped -

off when routing in a. particular direction is finished. ;Fo_r. these

O

incomplete message addressing systems, problems are encountered
25 when msssa_gés are: dllb_Wed to transit across -a_single- Z-channel
without compl_e_t_e_ relative routing information. This is because.complete
X and Y-displacement information must be part of the message when it
rﬁskes the'transi_ﬁ'dn from one network to the other. A router in the
_ alternate network’ may not be able to distinguish a partial relative
30 address header from a complete address header. - .
. Other net,w_orks_usei an absolute addressing capability.. Instead of
sending X and .Y displacements with the message. in the address -
header, the _ab_soltr_te address of the destination node is sent with the
13



sending X and Y displacenents with the nessage in the address header, the
absol ute address of the destination node is sent wwth the 13 message.
Wien a router receives a nmessage, the router conpares the destination node
address in the message to the¥router's own address:*Based on this
conparison, the megsage.cWhennd nasteriecBivesos imdssage) ithe Jrotier Ldtnpdies the

transmtting the gsage to_.the next router in line.. 5 sol.ute .
addr essi ng, -t herégg?‘éa on: fode aflﬁEeSF'é&lﬁhPéﬁﬁwgettﬂdﬁeéaﬁwﬁg(ﬂ}y@ra%esémre of
its address withi + W\ S t Qe 5 j

addressi ng. The a}%b rgg%m og;\eng{ﬁp\%ﬁg‘?\ﬁ’a 501188%65 dggrdreséslﬁ wgh%hsf’ﬁ}ste hly'?'ecﬂ t he
following form (& usé§ witenn tiahsmiitingo the imessage donthes nextakroated - inXline: 10

Y, Z) when the .ne}[%r i S %hree.—di nsi_onal . Qg?and Y correspond to the
cartesian cooPdi ute, addiessinge therefarssregtes,the (rrguirementss st eagh i i ng
‘net wor k. R : A : SHAM r must
conpare its int er’ﬁ‘éﬁefy"es%"éﬁr&?féggg ur?gé:g}ggllr“g&éafl?m tﬁﬁ'tmgggsiﬁﬁpé%ggﬁress
15 acconpanyi ng witke reletisegddresding.he addresses are the sane, the nmessage
exits out the P_out pgrt of, the router, to the noc rocessor.. -.1f the
addresses do_not mat cﬂ‘i‘f" ﬁdﬁéesagfpr@ﬁbm"me@gﬁ ‘\%ﬁégsﬁ“‘&nﬁ ysed; by 8{‘ Bees is-
o detor mine. v ARUSRAE forE, BXPYINhENG AEdiork 4 Eadimeatioarand i o, oo
exanpl g if ~t10e NOAZ) wlwnahbutetwaﬂdiseﬂsee-dimmsicﬂﬁl.aﬁﬁ anfl€Y audrespendita i vi ng

with the nmessage js (2,- 8), the difference between the.coprdinates s
cal cul ated as iojithﬁ\ﬁ'(ba.“eﬁ‘a}' CAPO‘—:&- gtesflﬁpt ‘PF@teXﬁleoB?‘gq H’dﬁﬁ% \alea rqss%blegrz f or

the Y coordi nat eSguting Hefforkesul ts indicate that.the nessage nust be routed
in %e =X direction, gi‘ nce all 25 X-routing must be performed prior to
Y-routi-ng: I n this callpon heceptioheof rc anéssagecthe neutér anasdicoaipezei its

2gai 1 (4, 6) and PHITRNE, aired: ansphije Attt Hibo i FESUItE o AR
15 accompanying the message. If the addresses are the same, the
- _ ' _message exits out the P_out port of the router to the node processor.
- :.—1If the addresses do not match; the difference between the X and Y
" 7 _coordinates is-calculated respectively. The sign of the result of each
- : calculation is used to determine which channel of the router to exit. -
- 20 For a first example, if the node's absolute address is (4, 6) and
the address arri.ving. with the message is (2,'-8)_, the difference between
the coordinates is calculated as follows: 2 - 4 = -2 - for the X
. 3 t:bordinates and 8 - 6 = +2 forthe Y goordinat‘es. - These results
indicate that the message must be routed in the -X direction, since all _
25 X-routing must be performed prior to Y-routing. In this case, the
- difference between the X coordinates is non-zero.
‘For a second example, if the node's absolute address is once
again (4, 6) and the address arriving with the message is (4, 8), the
" calculated difference equals (0, 2). This indicates that the message
30 must be routed in the +Y direction, since the X result is zero. In a
system ﬁsiqg complete addressing, the address sent with the message

is not stripped or modified by the routers during routing. -

14
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[ equals (0, 2). This indicates that the nessage 30 .
rcrﬁlstcuhgt ?gu?egffhe?ﬁg +$ di re((:tlon) since the X result is zero. Inta system
usi ng conpl ete addressing, the address sent with the nessagRefl;s“n(r)] ol
stripped or r'rodifie%%_.the routers during routing. 14 ef e g ag
to Figure 3, an.exa TIHe 484in te Figure 3r,mmexay1pietdfaﬂeﬁhe§sbg>e PéR

gt
source nodeée from_
whi oh & messaganmod VI fhe pidsdat, (ERTH, T uiiyd; Node 31 orehosen 2s an e
destination nod@brtrmmoomcemw‘ﬁomwmwﬁ mésga?ﬁ gghﬁﬁwd 3@3&%@/ is 1 |

n.the X directiogn along pa to no
g:::gg :MS| Irouéiﬁg Iﬁ’d'gyt ghossne aﬁoaaﬂet‘éﬂga&roonnododwhere thess¥geli Fokinigon as

di nate
I at gs I coor
boual To tho: cemnitkes, Bitidlly, Ghe fckiEeTF i atﬂégeﬁseﬁb%m@wmsh. n the Y

| 330to niede 3b21 The rhessdge wilacdftihul18 mblE 1dSaf higkign outer
?Isr(raggl:ﬁgdunt Ihe Hessaﬂ&gés‘{;out ed ou%b of the P out channel #‘-\%ﬁ%“router

and recei ved by°ff fecgon_as long tas Il&thﬁlaretauilam%eogbfotggg\r/\e\(/ler
an X, Y channel me%siget réaﬂh@sda@kee&{lﬁfrﬁ&lggoaﬁgﬁgéte&u u@gg@qp nede, '

the channel is busy servicing an

el.. Both
mal f uncti oni ngthe mwmﬂdﬁgll$tﬁmegﬁgtﬁgmgiﬁsiggﬁ@gw:tféwggstﬁ{hgi:oﬁea until

e Feauead0!' MaRhed SHHER e M ukiich muterds reash: thecmesaam o aovicd

s then
Fout ed- on t hooor antedt < chaR)r e Rt and nleNBLhy: e Prageer oF s
- ranted C
\r/\no'ltjhg(rjamzn 'I[?efth%r destinatien nodeo Fi gure 3, X channel 331 from, node 312 is busy.

de 313. In prior art\el
and thus prevents t nessage f ei n routed to no
net wor ks, Iot he rressa{g howeYer g8, ky}&tg‘ﬁ seeluistnot isampdiagdy vgranedawhew! e. | n

makes a request
For X channel "Sonerel; bhotgter (e B8 el is (RS, Beudine, Fhoder 2 Crannel
i s avai |l abl®, Eequest, tqreth%pethr () mdlﬁlm:mrmig&), lanrequest is made for the
correspondmg Z-channel. Both the X or Y chamlel fequest and the Z
- channel request is maintained- until one request is granted. The router
- .does not.commit to routmg on a particular channel until a channel
~Fequest is granted. The message is then routed on the granted channel
20 and the other channel Tequest is withdrawn, o .
. Referring agam to.Figure 3, X ehannel 331 from node 312 is
busy and thus prevents the message from: bemg routed to node 313. In
prior art networks, the message would be. blocked until path 331 was C
available. In the present mventton, however, the router for node 312
25 makes a request for X channel 331 followed by a request for Z channel
- 332. If the Z channel is available, as is the case for the example in
Figure 3, the message is routed in the Z direction along path 332 to the
- B network router 322. ‘The request. for- X channel— 331 is~withdrawn.
Notably, the normal routing ‘address: header contamed in the message
30 is not altered by the transition through the Z-dimenslon Thus, the
message is able to contmue 1ts joumey to the destmatlon node, while

message routing .in the prior art network would be stalled at node 312,

15



Figure 3, the nessage is routed in the Z direction along path 332 to the B

L

network router 322. Thé regquest for X channel-331 is wthdrawn. Notably,
the normal - routing address header contained in the nessage 30 is not
altered by the transition th#8ugh the Z-di nension. :iThus, the nessage is

able to continue its jHavingbetn rotmeddeshe Bihemworkpthe, meksdge cuminageto out i ng
in the prior art network woul e stalle t node 312. 1 . Having, been
routed to the B n'eqm&!&wée ﬁ%@%@%aﬁq&it & BEssage was 5{5{"&9%@%9 in

direction as if t Neset : ' \ : d x Th
routi Rg addfelss h@g er Cg’%tﬂi‘ 'ﬂ%%‘gk'{sﬁjgﬁ%&t&%d?(?gggﬂn&%ietr?é?\dﬁé%%tﬁi ng

i nformation. The amb¥Yadimensiomnowtihg infomeationS Thei messageris wonted ihhke dessage
"reaches the X coordi nate coérespondi ng tqQ the &esti ation node. | n the
exanpl e of Fi glr edigectipnjunty €

e 005 i SAOE 6 BERROR T AT ol

termnates and Y r
t he Z channel onlthet samienX tdoardih@te abedestigution dnaded 303arThus,ooncé thannel -~

i's busy, the nessage is blocked an t wait for the required X o Y
channel. In this %‘ﬁﬁﬁet'ﬁéch@s@ggéd%anx&“tﬁ’é 'FBH'{'@EF%’J@KQOW“PHS begsannel .

out from node 324.

the; wessags rearhss the, inate cerrgspending, to

a nessage | recelve er

case, a request for the

ng
on

As shown in Fi gur g 3mdsBe dRSRREe BYY Mo IRV pinfiERaNS di ng
n thi rg Ecﬁanne? g 3 g _

| eadi ng from nodetheZrequiredaddundant X er Yechaanel i dusy hthenessapedd bigked s

still pending. Wen_either the Y channel ue r th channel reqguest
is granted, the nRdJBustc St ﬁ%%h%ﬁeqmée‘{qsgﬂfe @Tﬁiﬁ\"{gl fn'ltﬂlsFF‘thr éﬁ?’q, Z

channel 336 is sh
reguest is wthdr
A. Again, the nes
direction. If the
340), the nessage
destination rgyte
destination node

20

‘node in the Y direction. If the message encounters another busy Y

Mess not %%ﬁeﬁiﬁa'éfc-on“ﬁe?kﬁarﬁﬁf.e’ the Y channel

awn the nessage s route B
sage As showndd Figuer3] the enessagei encouniernadmsy Y channel

338 Joska8 Al GORL 05, 1P s S50 ATEANGN 10 e 2 et

B36 qeédiﬂglf}amrm*m ishigde While 'ORiGuBSt RRARESS chrenes t he

address or the relative

_ 335 is still pending. When either the Y channel request or the Z channel —

request is granted, the message continues- on the ‘granted channel. In-
Figure 3, Z channel 336 is shown to be granted first. In this case, the Y
channel 335 request is withdrawn and the message is routed to node

314 in network A. Again, the message is routed toward the destination

channel (i.e. path 340), the message may again be routed in the Z

- 25

direction until the destination router is finally reached. When the routing
address matches .the  destination node address or the relative

dimensional disp)acements are zero, the message exits the P_out pb'rt

~of the destination router and is received by the destination processor.

- Roming Logi¢c of the Preferred Embodiment -

The routing logic of the adaptive routers of the present invention

is implemented using ‘a routing automata. These automata are

_ hardware -elements including switching, decrementing, and decision

‘making elements. Figures 8 and 9 illustrate this routing automata as it

— - 16 -
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to-node 20 314 in network



25 dinensional displacenments are zero, .the nessage exits the P _out port
of the destination router and is received by the destination processor.
Routing Logic of the Preferred Enbodi nent 30 The routing logic of the
adaptive routers of the present invention is inplenented using a routing

automat a.  Thesgréed 8ihessiess WAHIE ifrofkf T tbﬂc'ﬁl@an dﬁysi@fygn%

decrenenti ng, deci si on ures strate.this
routing aut orrauangslognc for a two. dixﬁensmmlanateralsmg nsmh;esadﬂfetssmgg t hr ough

the route Fi .8 tra out c for .a,tw di nrensional .. -.

rout{aruusr?\g ’(5&15] F@f éid"tﬂlil et "ﬁ"z's iR Péﬂg sd?'é‘ﬂ?%%ﬁ?’lal"ware 9 N

|| ustrates IfifdniforalIrsute’ n&n?""‘in&xﬂ?lﬁ%oﬁﬁﬁrés%f%e 'witf! Behatide0 ! ete
acenen

addressmg with relative 5 dis i gure ustrates the:
function d&. tdlsplacdmentaﬁg\me Ilﬁgilustuﬂesjtheoﬁmnbncﬂf mbmrbﬂmmnﬂogﬁessages at’
junction points,as the g rmve into nultiplexers gs showd in each of

t he enbodi rrer\’ts§dsf'ﬂ)\fﬁ9nfrr? ﬁ Pfamessagesc Ak JANciOR PInts A8 the ¢ he
routing | ogi GnéQiasast Wiovd rﬁ,@él ﬁﬁhpat e ﬁeﬁd@hn cggg}{ ese t"f\ dr essi ng

with relative-displacenentis 1l each odi-nent s~
shown in Fi genssodiments Qowmdndﬁgnrestﬁeahd&l ow, . routers-feceive nessages on

each of six input nngl s; .- Xin, n, -Yin - ¥YLn, .Pin, . and Zin (for the
i nconpl et e addr essﬁ{%e%}?@o'(ﬂ Fignre 8t éﬁ W’é‘gg"g% rAa F‘HB@E‘“P%S‘Z'@&) in and.

Z(Y)in). b rbatdr %Q:ﬁ%] c‘%ﬁ?ef@‘ aHB?e%%ufH‘%Vﬁﬁ' feldBve OéﬁHfaceH\eB?rﬁ| lel. For

each nessage in thes nensi onal - enbodi nent s, relative
di spl acerrent idfnstrated nlns eacheof thertwa embodinnemis lsbnwnsnd%lgumrﬂ iu}d Phe rressage

i'n two portiaon a fir ortio epresents. dis cenent ||’1
the Xl rect 480 8heeived il Bilefs sirefle eSfEeEIN ehet oL aih i8pdlhc
di spl acement ghanhéle: YX6h,' $#Kin,0/¥in, R¥in2 PifeSafd Zih §E6r uﬁdumﬁmae- Xin -
channel shown in Figure '8, -the X di spl acenent is conpared with zero

(deci si on corfddrssinggembodiment néF)smé)pchnsnut ist nba!@q)mﬁ)nabs) no
movement {4 tli]&ltﬁlg on each of these channels may occur in parallel. For each

" message in these two-dnmens:onal-embod}ments,- the relative -- =
_ displacement of ‘the message from . its’ destination is carried by il-le
message in two . portions: a first p’br’tio‘n’ (X disp.)’ represents the
displacement .in the- X direction, and a second portion (Y dlsp)

20 represents the displacement in the Y direction.
For a message received on the -Xin channel shown in Fi'g‘ure 8,
the X displacement is compared with zero (decision component 804).

_ ( )

If the X displacement is zero (path 805); no movement in the X
. direction is requi.re'd:'for this message. In this case, the message moves
25 to the decision component 884 illustrated in Figure 8. Decision
component 884 handles message movement in the Y direction. For
absolute addressing network systems or other types of complete
“relative addressing systems, the routing address header is not modxﬁed
- during this movement. '
30 Referring agaih to Figure 8, the message moves to arbitration
junction 808 if the-X fdisﬁ'l'acememj is non-zero (path 806). Arbitration
- junction ‘808..-.is-'--_the:fifSt.'-example of the’ arﬁitfatibn'-iprbcess used
- throughout the design shown in Figures 8 and 9. At each arbitration
— = 17
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direction is required for this nmessage. In this case, the nessage noves 25
to the decision conponént 884 illustrated in Figure 8 Decision conponent
884 handl es nmessage novenent: in the Y direction. For absol ute addressing
net work systens-or other typégiof conplete relativesdddressing systens, the

routing address h i SN i fi L 09 LH S, T, Nt 30

Referring again t'gﬂﬂ:?g)l?r 2“8&}% @%ﬁ%dém%\%skﬁﬁ%ﬁﬁﬁﬁ%‘h s]Qe ©t4Bn 808 )
iL t]tl_e X di spl alcepe?bn:]\éd. Fg_rl-dmt_y,;(nnt harvégre 'i%{ibﬂtemih%nmwaﬁuihgﬁoSOS i s
the first exanple of the arbjtratjion process, us roughout the, design
shown\h Fi gures BIQFEsS Isgnotshowndn Figlires 20,8, }unqtmc?dJ 6 STRESHEN { o
enbodi nents, - si N (Y JAN =1 1o} r Lty s 1 he
~hardwar e i npl'enerqpll.%ssﬁg tér%%‘t‘r%c?%ﬁQpa)r%{:gggﬁ#‘ggn%?ggﬁg\j\.éma@nqﬁ%r)épgé 8 and
9. The functiop ofuridnendiasidn inpup path (patts 806 dntthisfiish case) casd two ddtput

‘avai | abl e channel . Each arbitration 5 %ﬂgtion has an_input path (path 806
inthis first casPpthsaf@athyB8 anduPaphn886 inthis gaselafane -2HpubPath ishi s

e t put ' ' . ' . 885),:.t h
otner out put  pat ndPafaleR A PePAkty Sarh \pafl BESY B bitet Rt fth jg
. The steps perfor mgdsignacedclas athel seesnduryi ontputopathr épathl 886).atl@ istepsi gur e

10. 10 Referring now to Figure 10, the arbitration _steps perfornmed
at each of the ar performedat eaghaarbitrationsjunction are-illustrated I‘%F,lg‘!fﬁeugri mary

path is requesfed (st : I 16 CRMES It P i nnel
are well kno bi n theegf*&}ﬁ}%g tn@ ?%%Eé% F%’r%@%%‘ﬁ'@‘r@%gtﬂ%ﬁ@hﬁgrﬁ
granted (path 81l4)kach bf th arbixiaticijunctivis-Reillusaited "Rirkty ded prniang path is15
unavail abl e for sone other reason._.In this_case, the Z p_at_E' requested .
(step 817) to tranequastadnestep81hyMethodsfor sequesting anpasticplar chappelare: he

Brimary path to bOOnEndl i o 4R ing Sodll 1t Brimhdly ol if B Bl oo
(path -819), the rKpatha@dd)s the primarynt pathe maybitier buspn maifenctionid@, arnt |
one of the T eqy e avalublc Tor some ofhier Teason. Tn this Shse, 1he Z path s requested
(step 817)-to transfer_the message to the redundant network. Without
the present invention, the message would be stalled waiting for the
busy 'pritﬁaty path to become available, If the Z"path request is a_lsa not
~granted (path 819), the message is stalled at the arbitration junction
20 until one of the requested channels are granted. This stalled state is
illustrated in Figure 10 by path 819 leading back to step 812 where the
availability of the primary path is tested. At this-point in the arbitration
o - - process, two channel requests are pending; the primary path and the Z
- path. The message continues to be stalled at the arbitration junction as
25 long as both the primary and Z paths are-'busy.'Notably, the-méssage
- does not commit to taking either the primary path or the Z path until
one these channels becomes available. '
If the primary .p'ét_h ‘becomes available first, path 813 is taken'to
" step 815. At step 815, the Z path request is withdrawn. Next, the
.30 multiplexer coupled to the primary path is switched to the primary path
“(step 833) and message is routed along the primary path.
Referring back to step 818 of Figure 10, path 820 is taken to step
821, if the Z path becomes available before the primary path. At step

- 18



illustrated in Figure 10 by path 819 | eading back to step 812t\r/]\2ere t he
avai l'ability of the primary path is tested. At this point in r ath and
arbitration process, two channel requests are pending, the prinary p th and
the Z path. The message continues to be stalled at the arbitration ju

Not abl y, the nmessage
35 25 Itongmiqst%htg%engﬁ%'??hg"ﬁ‘[}gg% ths ar E}%‘l‘h&wg A, uhei | one
oes not ¢ .
these channels. w@ameﬁwggplg?ltelhézﬁg -g;sgfgegf%nagﬁe @ggggtegﬁgab'? .
i {na o, Next 208 E8E6e i eloin, e 2 5ovs Bnen sy aeatchion | O
swi tched to thejlmdtitﬁf ¥s Eﬂéﬁhlﬁt@feﬂflf%@%éﬁgfgﬁgﬁge 0 rouqfieglggts gr?t aken-to
D e a5 13 Elgrpa aﬁ.éﬁamio;mf’mpg SRS, Ue SPERARGH BRidayy AL S P
18 > 821, the g r ?ﬁt tgquest I s wi thdrawn. 832) and
‘mul tipl exer COUFf&gib?g %gezr%g OT3Sui tched to trgl tzr 2?;[ gn(sbﬁgt ion is
message i s rout teﬁ aldméﬁrﬁ ch g&? \AtBEF‘%E{)éd :Etnergu?artmsa Jupction 8tlgmd 9,

esi

oL s " hiraiion fonthe pe penkary pth 885,312 9t 86 54 g&?&lﬁgl By
per f or med. Ref twg%pmgwghﬁl | l;%qm!g mtmuesmthe&dwfeenmdotﬂe‘ the _
arbitration for wectlpntothe
primary patto 885ultipleit>ér88873£i1d 6Pty Hé&eﬁﬁﬂﬁhglﬂ:ﬁ%‘gﬂ h@g(

eI i ng
10 nultiplexer 88F-and on to decrenentli ng '
- conponent 889 XRIBPRReH: §39 héecrmmnmp ithe: eXe dispdaceniéht "6 Smgem%g%ﬁ%et ed. T

thereby i Ed' Catdl-dttg %sﬂ err%lﬁij ﬂgﬂhrg&&béﬁﬁjgggﬂﬂ;gfmsag&aii&en | fﬂi
the Bt i mary g%m&mm%em o1t 15 B ol Gt &é”%ﬁq@fﬁ‘@ on The e
(path.886), routi nggéontl nues to t he bubbl el i ofA L
bubble Al ogi P2 onnects path 886 -to an i .np:
15 - If the pnmary path 885 cannot be obtamed but the Z channe]
— . _.can be obtgmed (path.886), routing continues to: the ‘bubble labeled A
-~ in Figure 8. The bubble A. loglcally cofinects path 886 t0 an input of
- multlplexer 1000 where routing out the Zout: channel 15 accomplished.
" Referring back to declslon component . 804, path 805 is taken if
20 the X dlsplacement is equal to zero. In thls case, the message travels
-on"path 805-to- decision component 884. Decision component 884
handles message movement in the Y direction. At decns:on component
884, the Y. dlsplacement of the message is. compared ‘with zero. If the
Y d:splacement is less than zero (path 891), the' message |s routed to -
25 ‘arbitration junction 897 on path 891. If a primary path is avallable (path
903), the message- is routed to multiplexer 898. then to decrementing
component 901. Decrementing component' 901 ‘decrements the Y
displacement of the message -address thereby mdlcatmg that routing
through this router. has been completed The message then exits the
30 . router out the -Yout port on path 905. - S :

If at arbitration junction 897, the primary- path ‘903 cannot be
obtained, but the Z channel can be -obtained - (path 904), routing
continues to the bubble labeled F in Figure 8.-The bubble F connects

19
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«mul tipl exer 1000 where routing out the Zout channel is acconplished.
Referring back to decision conponent 804, path 805 is taken if 20 the X
di spl acenent is equal to zero. In this case, the nessage travels.on path
805 to decision conponent 884: Decision conponent {884 handl es nessage

movement in the Ypaith99dttoodn inPutdsiomaliiplestOD0ewhefSoutingeolt diesEbarement
of the nmessage is conpared with zero. If the Y displacenent is |less than -
zero (path 891), Qhﬁénelrféﬁﬁgf@lﬂ‘%hqd@uted 'to 25 arbitration junction 897 on
path 891. If a primar b S: ' _ '3 : '

r out eﬁ/ to multipl -'exerkggﬁﬁbgghﬁkng%%ég?%ﬁﬁéﬁﬁ%&gg%g’ngﬁgm.ﬁ"f’@g%@enti ng
conponent 901 decgfethienmessape is gtiéater thaanzesd (pith 892), theamagapeaiidronted
thereby indicating that, routing tfbrough w@r uter, has ﬁ'een cQ et ed.
The nessage tHen ©xarbiration jwpctipn §96,on, pat - @uprimarx Path arvrigdl 1 at
“arbitration junctg t | JABLY Ra 3 : ' t the
Z channel can be @@i%@’(%gt F}Hé@%’%é’ i‘r'a’ou‘?iftgg %%ﬁppmfelgf?‘gqor?ertﬁgﬂbﬁje

| abel ed F in Fi gudecrémentingb warmpofiertorfd:t Dekementiagh cwirponentn 90Pput  of

mul ti pl exer 1000 where routing,oyf the Zout channel is acconplighed.
Referring again t‘éﬁcdﬁ@ﬁgtsoﬂ‘?c&rpa@ cegeat '?ffgt- ?lem"rs%i%p!’é@@ﬁén CB‘?CLX he

nessage i s great z (a3 I
arbitration |j 'uncﬁng?l&gﬁé @épﬁéﬁﬁgéﬁ%kp %‘%F%‘??fﬁg%ni%%it@éb’f% (path
906), the ness@gemessage shedetins thiel router eutthed6Votthport bo mtle 98Rent i ng

conponent 902. Decrenenting .conponent 90 ecrements the, Y. di spl ac nt of
the message address tHEabB{bitratipRunsHoR égg' F%wawm%ﬂg?ﬁ% ﬁﬁ’é" eﬁ%er has

bheen completed. T Safe [ e ] + ort on
pann 002, 1T at a0plied HASAA"Z SRnfRy b HR°obBIAE! (Rilh STRL TOMIE e

obt ai ned, but--t hecahtivives e thecbubbile lateled Mein Figatrt 80 The, bubble Migoooerts nues
to the bubbl e | abel ed in Figure 8. The bub M.connects pa 9Q,/ to- an
i nput of nultipleR ?L(yotp'%égg‘“r BEWJBP'GG?T H@ Hgre routing 55k the Zou

i5  channel is accomplished. : : :

Referring again to decision component 884, if the Y displacement
----- of the message is equal to zero (path 893), the message is routed to
multiplexer 899. The message then exits the network out the Pout port
on path 910, since routing in both X and Y dimensions has been
" 20 completed. '
For a message received on the +Xin channel shown in Figure 8,
processing occurs, similar to that described for the -Xin channel. First,
W, - the X displacement- is compared with zero (decision component 814).
~If the X displacement is zero (path 815), no movement in the X
25 difection is required for this message. In this case, the message moves
to the decision component 874. Decision component 874 handles
. message movement in the Y direction; this component is described in
detail below. For absolute addressing network s-yste'ms_or other types
of complete relative addressing systems, the routing address header is
30 not modified. - _ _ )
Ref_érring again. _tb Figure 8 at decision component 814, the
message moves to arbitration junction 818-if the X displacement is
* non-zero (path 816). Arbitration junction 818 is another example of the
) 20 i— —
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- 15 channel is acconplished. Referring again to decision conponent 884, if *
the Y displacenent of the nessage is equal to zero (path 893), the nessage

is routed to nultiplexer 899. The nessage then exits the network out the

Pout port on path 910, since routing in both X and Y di nensi ons has been 20
conpl et ed. Forammﬁmamoé@%baqﬁroﬁghwm&&ﬁtgﬁmel preséitintdhiiopdur € 8,

pr ocessi ng occurs, simlar to that described ffor the -X n channe First,

the X di spl accRbaistaps pasfermestiatatbitration jynasions Bb8 mmmnlamto&m;e If the X

equi red Tor ROl JubihlehjaolCHOY Fherild BC 400 USRI eci Sipn

conponent 874.Figa fd §0.0n conponent 874 handl es nmessage novenent in the Y
direction; thi s conponent is _described in detail below For absolute .
addr essi ng: -‘networ k% erring still do HEigury feat oarbitsativnt junctioat B8, abklr essi ng

h dress head itied.. R -
o Figure 8 at SMEHEDIPT A SemeAty ot 373 0 2, 8aeLRES it PetonBed I5the o on
junction 818 ';fymfnhﬁr tHig7s! na%mﬁed 'réuti}%c&ﬁf niie$ RRie Rlditectiohtbithét | On

junction 818 i's another_ exa arbitration process used
t hr oughout - trmuuuﬂeww am lpt@dmmnmpbmonw& dpecrpmentingred at -

Punct i on 808 deuppfedt 478, Bedtefentl he X SRRIRERGHE s g o .

Referring gdi|iddressitgiely Sndicatip ithdtofouting mmﬁgmmhﬁlﬁmtémﬂa@bbeﬁ ration

for the primary path 875 or Z path 876,is performed. |f the primary path

875 i s obt ai neéPmpletad. nkhe: Biessaggcthen exitsethg reuies Qutothe: XONE PRt on pl exer— - -
877 and on toelgﬁﬁ 6ent| ng conponent 879. Decrenenti.ng conponent 879 T
decrenents th spI acenment of the nmessage 10 address thereby indi catlhd

that routing through thé\psxmarytmhst ¢xembt bergtained, bhbehenZsehathel Nen exits
the router out the +Xout

por
can be obtamed (path 876), routing continues to thé bubble labeled D in
15 Figure 8. The bubble D connects path 876 to an input of multtplexer

- " 1000 where routmg out the Zout channel is accomphshed._ - .,
' " Referring back to decision component 814, path 815 1is taken if
the X displacement is equal to zero. In this case, path 815 routes the -
message to decision component 874. Decision component 874 handles |
20 message movement in the Y direction. At decision comporent 874, the
Y displacement of the message is compared with zero. If the Y
displacement is less than zero (path 851), the message: is routed to |
arbitration junction 857 on path 851. If a primary path is available (path w
863), the message is routed to multiplexer 898 then to deérétheming |
25 comp'oh,ent. 901. -Decrementing component 901 decrements the Y
displacement -of the message address thereby indicatihgu that.--routing
through this router has ‘been completed. 'l‘he message - then exits the
- | router out the -Yout port on path 905. - _ R
| - If at arbitration junction 857, the primary path 863 cannot be
- 30 obtained, but the Z channel can be obtained (path 864), routing
' .continues to the bubble labeled K in Figure 8. The bubble K connects
path 864 to an input of multiplexer 1000 where routing out the Zout -

channel is accomplished.
21
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pat h 880 ' - If the primary
path 875 cannot be obtained, but the Z channel can be obtained (path 876),
routing- continues to the bubble labeled Din 15 Figure 8. The bubble D
connects path 876 to an input“of multiplexer 1000 wiére routing out the

Z h I h
out. channel 1 accormisbivifadith 8 dOfidiAcinacRefioR1A P he R BSPRRUER', Pa!

815 is taken if the X displfacement s equal "to zero as path 815
rout es the nessagktheomessagei nrgmtmdhmteﬁ?(patlbﬁﬁnhl the- melsqagaaltroﬁtu

handl gs 20 massage novenment in t di rectiopn, At, deci si n corrpo ent 874,
the Yagi spl acemel®t 'Eh“ rgion M&“é‘&é‘e §§°B &éb Eﬁ?ﬂ’“ﬂﬁr&! ﬁ’ﬁt tifavailabl

di spl t t
alr EPt ?gfingﬂ J qu]C{ I on gg?ﬁ &P%??' %#%gt%d:ﬁ%an?ﬁﬁﬁg&ﬂésbgga?ﬁeil e (path
863), the rresSagéecmmemingj wmlmlnbhpl 882 Derenhaiting dem‘;mmﬁll 99225

‘conponent 901. crenenting c onent 901 decrenents the Y, di sp] acenent of
the nessage add?&%‘é’e{"f@% i Adi 3??@"?% ?r%t messags Addresstherebyt er has

‘been conpleted. e dm.gﬁgﬁ'.bnﬁagleegga\g%;{]msr&ﬁt&rhﬁuseém%ﬁn@%&kcp% on

path 905. If at I on junc the prinmary pat annot be 30
obt ai ned, but t hmegsageahemlexitstheyrounént outrthel +Ymatt lpod4)., routing conti nues

to the bubblelabele KlnF ure,.8. The bIeKconnet ath 864 to an
i nput of nultiplexer (%(?IRH 1o, Jpction %%] f PTHEPALY Pﬁéh%é ‘F"E““Ot

acconpl i shed. lozlohtan?é‘d bil e 3 AdHanhel Q:‘iﬁ' Bt %t&i%@&oﬁfa@% b fnlge v

di spl acenent of the message 1s greater than zero t—he nmessage i s
routed to arbltraonmuqsdndhc:dm%labelgh?hn%igurew Ihprhnwlt;/l’pmmlecs

avallable(path8 he ne.ssaels tiplexer-900,t to 5 -
deckenent i_ng conB%&eﬁ‘?’; épAn Bpy é’Fré'ﬂ\“Ir"rPSe r*b@ﬂe‘?d’e oPuHDE, ‘MFWZ?% Y -
di spl acenent of EhRgnEPsSacdniplitheds thereby indrcating-that routing through.

this router has been conpleted. The nmessage then exits the router out the
+Yout port. - Referring again to decision component 874, lf the Y displacement

15 of the message is equal to zero (path 853), the message is routed to
- multiplexer 899. The message-therrexits the-network out the Pout port —

on path 910, since routmg in both X and Y dlmensnons has been

. | completed_ S Co ST
Thus, message. routing by a router receiving message in;;ut on
20 -X and +X channels is described. Routing a message teceived on the.
- -Y and +Y channels is performed in a similar manner to that described
above for X channels. The main difference is that routing in the Y
S dimension implies that X dimension routing has already been
. completed. Thus, Y routing begins as illustrated in the middle of Figure
25 8 with the decision components 840 (-Yin) and 841 (+Yin). Similar to X
- routing, the Y displacement .is' compared with zero in decision
- components 840 (-Yin) and 841 (+Yin). If the Y displacement is not
. equal to zero (paths 842 and 846) and a Yout (;i:annel is available, the
- message is routed to a Yout channel through nﬁnltiplexer‘s 898 or 900.
30 If the Y displacemeiit is not equal to zero (paths 842 and 846) and a
Yout channel is not. availéble_-, the message is routed to a Zout channel
. via bubbles E and Q and multiplexer 1000. . |
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If at arbitration junction 856, the primary path 866 cannot be 10
obt ai ned, but the Z channel can be obtained (path 867), routing continues
to the bubble I abeled P in Figure 8. The bubble P connects path 867 to an
i nput of muftiplexer 1000 where routing out the Zout channel is

i spl acemmnt 15 QEeiepAnBIRR |6 RO RepSURRE aol(mh and el s i
routed to mul (+Yimxdf tROY displacenwentds equel txizefo (pths 847veridk 843y, t he Pout
port on path 910, since, routi n%l n hoth X and _ Y. di nensions has been o

conpl et ed. - Thinessagestomting iy the X ang 'édﬁ'ﬂﬁt’%P“r‘@éM cgmpletedgFhusiput orv20
-X and +X ¢ haﬂﬁehﬁfé%ﬁ%ﬂli&e@ O88stingién ﬁg@%ﬁg @ﬁ%b-\’tﬁglt@ne){)?e -Y and

+Y channel s is per simlar nanner escri ove for X

channel s. . Fhe899ianddhé Peutclannek910)df thedRtut ehanmel i availablerensi on i npli es
that X di mension routing has already been conpleted. Thus, Y routing begins
as illustrated in HhBro We"r&mﬁ'%r’e%sa@ phishthemegsagesinip tlilGrrponent S

840 (-Yin) an 8 S :
conpared wt hﬂ%tzb?%rkl ﬁﬁ ecl s?o%gdggﬁr%gﬁ%épé%kbn% Vgh'% ! b@ﬁ n) If the

Y di spl acenenthamneloTheq Pit chamielr mafpaksd sb84ided o Bdﬁplaactha péat channel
is available, the nessage is_routed to a. Yout channel through mul tipl exers

898 or 900. 3between the Poyt shrnned ofone network. and| Pous chanpel ofithe 842 and
846 d Y ts t Zout
cannal Q" DRRA Lo I b7 Bhd BNork B RAD I bRl Bhnk0, 2 FOVL
deci |S| on corrpdeﬁtmzmdﬁ4ﬁr;iccr.“s@,dm%3 Z‘endné%éﬂge(s%ca)vedi by tahmuYT,]rdo?( rthag%imegt is
equal to zero an e e roufin e -mensi-on

hgs been corrpFég e '°’E’h“e°'ﬂ%€”5:{§ if@girsoﬁ?%{i 19%“‘(‘“%‘5136@9? aﬁ?lgn N
processor vi adisﬁbféd&ﬁéﬂtpiﬁﬁﬁm%nsﬂ%@eﬁ&ﬁ 6Pﬁlepﬂié§sa§@i@rl€§s thath zdrb the Pout

channel is aval processor originating a sage. puts the message
into the . .(path 411), the message is routed in the -X direction vna arbitration

15 junction 4;1-__2,_-.mu-l.t!plex_e.r. 887, and decrementer -'co__mponent- 889. The
" _message travels to, the-redundant network via the bubble labeled B and-
multiplexer 1000 if the primary channel of arbitration junction 412 is_
ﬁnavailable. If the X displacem_ent of the message is greater than zero
(path 313), the message is routed in the +X direction via arbitration

20 junction 41.4;'-multipleier 877, and decrementer cdr’npbnem 879. The
~ message travels to-the redundant network via the bubble labeled 'C and.
mul_tiplexer-'l()OO' if the p:imai:y channel of arbitraiioﬁ junction 414 is
‘unavailable. If -t__hé‘ 'X-'di-spla'ceméht of the.-'message' is equal to zero
(path 425), no X dimension routing is required; thus, the message is

25 routed to decigion.'cot;lponent'-4'-20_'whefé-'-t.he Y displacement is tested.’
At decision component 420, the Y displacement -of the message

is compared with.zero. If the Y displacement is less than zero, the

: ;;raessagé is: -r_oﬁ?ed ‘to- arbitration .-junciio’ﬁ‘-; 8951f ar-primaiy- path is
available, the '-'_me_s's'age- is routed  to' multiplexer 898 then to

30 decrementing component 901. Decrémenting component’ 901
decrements the Y .dispiécement of ‘the ---mesSAQe' ‘address thereby
indicating that routing through ' this ‘router has: been “comipleted. The

message then .exits the router out the -Yout port on path 905.
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network system by sending the nessage to its router via the Pin channel.
The Pin channel may al 50 be -used to conplete the path between the Pout
channel of one network and Pout channel of the 10 redundant network if only
one network is directly Pout coupled to the destination processor. For
messages received by i rapuasbitiation hﬁn&xﬂncﬁwﬂ]nﬁie prildaiysipath canpondet 410

Is used to initiall |slace heXdlspIacerrent of the.
message is |ess t9P %‘“E&rgukgﬁti“ilﬂﬁe ‘Eaf’i’e n‘?“?‘ﬂ&tcé’ﬂupﬁeﬂ%t

di rectz»~on vi a ar i jyiid : i1l ﬁiﬁi
decre@nter corrpginent g%léé}%{ewlﬁ ‘5‘828 fﬁgevte)ml%ﬁ ﬁ e§ 5 netvvork via
t he bubbl e | abel ddpt afdmultiplexet 4000 whefe réutitne quti ther Zonh ahamelofs

arbitration j-unction 416%45 unavail able. 1If the X di splacenent of the
_message is grea eat dccomplished.q (path 413), the message is routed in the +X

direction via arbltra “'%3 Wkt I48he

decrenment er conponent kg@«% r?ghrress‘!aegfah' ravePM&@Pbﬁé%%émﬂﬁ FWork via
the bubbl e | abelofth€ mestagelis gréateraharn 860 arfd thHecY hiannelyiscivailable, m‘e
arbitration junction 414 is upavai l abI e. If the X displacenent of the

message is equal TRESSAES s ropted to my ltiplexen9Q9 ety o desrementing icompeReRt; ed;
thus, the messagebd? ﬁcli_’ fx[a(ﬂgteggt e -g?ﬁhtsbﬁéh}%?m@[‘ﬁ tﬁgﬂal Sp ﬁt offhe

dlsplacenent i's Cl sl on conponen acenent of

t e nessage i 0 canpssage isvgteaterahai zerof aridnthe Y dhamieidsnamvanhbleebm thean
zero, the rressage Iﬁég@'&gtw to arbitration junctio rlmary pat h

is available, the &ap de hizipgd.Touting PPM‘Mr‘QM%Ph@ﬁ I?QF
i ShLacerent Comﬁgﬁm B0 3he URMIETT Shhfitn ORP R io o ipflogf RRNIEKEC T

di spl.acenent of theé nmessage address I ng rout ng t hr ough—
this router has blﬂﬂ@whe:plmuadgoihﬂ:erﬂmﬁa@nnnéieuae«bmpllshed router out the

bath cannot be’ obt ai nkEfeTEnE agam ® detision Pomnsmast 430: i the & displactment ™"
a canno e obtain

continues to e I I u t he
c 119 Gl kb ol B sl BAGh 18 samepEke

path to an

3 899. The message then exits the network out the Pout port on path
910, since routing in both-X"and Y dimensions has been completed.
\ Fih'aiiy, routing for a message received by a router on the Zin
- channel is illustrated in Figure 8. The X displacement of a message
20 received on the Zin channel is tested with zero at decision component
431, If the X displacement of the message is less than zero (path 432),
the meésage is routed in the -X direction via multiplexer 887 and
\_ :  decrementer component-889. If the X displacement of the message is
greater than zero (path 433), the message is routed in the +X direction
- 25 . via  multiplexer 877 and decrementer component 879. If the X
displacement of the message is equal to zero (path 437), no X
dimension routing is required; thus, the 'message"is routed to decision
component 430 where the Y displacement is tested. )
At decision component 430, the Y displacement of the message -
30 is compared with zero. If.the Y. displacement is less than zero {path
434), the message is routed to multiplexer: 898 then to decrementing
- component 901, Decrementing component 901- decrements the Y
displacement of the message address thereby indicating that routing
24 : ’ —



i nput of multiplexer 1000 where routing out the Zout channel is 5
acconplished. Referring again to decision conponent, 420, if the Y
di spl acenent of the message is greater than zero and the Y channel is
avai l abl e, The nessage is routed to nultiplexer 900 then to decrenenting

conmponent 90Zhsvughf thisrduten hias theen wompilereiaMhe| medsage her ekigpihacenent of
the 10 rressa eis rea er than zero and the Y channel is not available,

but the Z ch 'HEFOE e oyb Pt RILPath 895i ng- conti nues to the Bubbl e | abel ed
Nin Figure 8. Th i plexgr,
1000 where routi ng %ﬂ#@é ﬁéﬂ%tﬁ?i& gﬁgan‘n%%&ﬁgg‘é% Flﬁyséh{e)gm Eﬂg&e% ng agaLFr to
deci si on corrpﬁrtbentme‘szﬂge is gtda&er\thdnscpha(mthﬁﬁﬂ.&heahesdagermsrsagd i s equal

to zero, the mess nul tiplexer 899 e then exits
the net wo%k sa My ﬁgﬁ%ﬁ?b{g@? @n‘?"rﬁ’é‘ enfing camponent 862 aHgE‘S o®# X and Y
di mensi ons hake hyot Eﬁéiﬁie?tl@éfenﬁig‘i’édﬂto Bé&iélbﬁ@oﬁ@bsémrm%ﬂxé?ce' ved by a

router on the Zin channel ‘is i1llustrated 1n Figur The X di spl acenent of-
a message 20 displacementi ofithe mesZage ishequakbto zerotﬂwtmdssagehszenmdab deci si on
conmponent 431. .If_the X di Iacerren of th rressa t han zero (path
332} "the moaultlexer 8391 THE mFsSAEE LR sis hg BRAIR QWi hF SoukEPRgsy and.

decrenenter S88thce! § I s greater
than zero (pgﬁﬂpﬁglg?m' ﬁecﬁesosuta}l‘?‘g ?ﬁsipgﬁt)g n tﬂﬁﬁ%ﬁ I{“gr??ftg'%n% Vi a

mul ti pl exiér &pmpletdddecr ement er conponent 879. If the X displ.acement of the
[ I th 43 X _ ti d;

T L X G S Rl R

di spl acenment enthddimbRCof the Jﬁ‘w t hiﬂ%nﬁ@ﬂﬂ%ﬁ@fed‘iﬁ% ghRB ¥s désthibagerment of -

the message 30 is conpare Zero I the-Y displacenent is |ess thaW
zero (path 4Referringnowstoaliguire % antadtfcmamvm:andlmt igsBowndior tao

S?ELFZ‘EE&%R? RRE 3o s i S WS N e AR "5,
15  is very similar.except for the addition of stripping components 200-203
and the subsmutlon of multiplexer 1000 for the two multlplexers 1001
- and 1002. Also illustrated m Flgure 9, messages are received by
routers on two. Z channels (Z(-X), and Z(Y)) instead of the single Zin

channel of the complete addressing embodiment. -
20 ~In the incomplete. addressing case of Figure 9, decision
_ comppnent-43l_ now receives the Z(X)in input and decision component
430 ie.cei,ves- ‘the Z(Y)in input. Stripping components: 200-202 are
provided to strip the X displacement of the message routing address "
_after routing in-the X direction has been completed. Stripping
25 component 203 is provided _to,-: strip_ the Y displacement of the message
routing address after routing in the Y direction has been completed.
Multiplexer _1.0(_)_0'_-i_s now. split into two separate multiplexers. The first
multiplexer 1001 collects input for the Z(X)out channel. The second
multiplexer 1002 collects input for the Z(Y)out channel. )

30 .

. Thus, an ada-piivé ro_ﬁ_ting means and method Tus_eful for
transferring messages. in a multi-dimensional network is disclosed.
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through this router has been conpleted The,nessage then exits the router
out the -Yout port on ‘path 905. Referrlng agai n to deci sion conmponent 430,
if the Y displacenent of the nessage is greater than zero (path 435), the
message is routed 5 to multiplexer 900 then to decrenenting conponent 902
g Ty QUL Lhe.  Kittou RN Shvenfish Hat ben 3HAUA ih F=186h S0 A pArAERER T
430, if the Y displacenent sage IS equa e nessage is.,
routed to nulti plenbodififeat, lt'ln'ﬂmultlaastalmcddsmerﬁ(sﬁ lmmad rRathur kt sdimited Pout
port @4 path 910(H§ §§F routin |n Jboth X and Y di mensi ons has been 10
conpl §Led. Thus ¥ byhe appended olaimise of the conpl ete addr essi ng

enbodi nent of the present invention illustrated in Figure 8 is described.
Referring now to Figure 9, an alternative enbodi nent is shown for a routing
system usi ng i nconpl ete addressing.- Note that the architecture 15 is very
*simlar except for the addition of stripping conponents 200-203 and the
substitution of nultiplexer 1000 for the two nultipl exers 1001 and 1002.

Also illustrated in Figure 9, nessages are received by routers on-two Z
channels (Z(X), and Z(Y)) instead of the single Zin channel of the conplete
addr essi ng enbodi nent. 20 In the inconpl ete addressing case of Figure

9, decision conponent 431 now receives the Z(X)in input and decision

conponent 430 receives the Z(Y)in input. Stripping conponents 200- 202 are_
provided to strip the X di spl acefrent of the nessage routing address after
routing in the X direction has been conpleted. Stripping 25 conponent 203

is provided to strip the Y displacenent of the nessage routing address -
after routing in the Y direction has. been conpleted. Miltiplexer 1000 is .-
now,split into two separate mu tiplexers. _The first nultiplexer -1001

collects input for the Z(X)out channel, The second nultiplexer 1002 —
collects input for the Z(Y)out channel. 30 - Thus, an adaptive
routing neans and nethod useful for transferring nessages in a

mul ti-di mensi onal network is disclosed. 25 _ .
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Al t hough this invention has been shown in relation to a particular

enbodi nent, it should not be considered so limted. Rather, it is limted
only by the appended clains. 26 CLAIMS "4 1. A network for routing
nessages conprising: 5 a first network having a plurality of nodes,
each said node having a router, said des being coupl ed together by first
net wor k channel s for routihg'nesSa&ggﬂgetMEen nodes of said first network;
a second network -having a plurality-of-nodes; each said node having 10

a router, said nodes being coupled together by second network channel s for
routing nessages between nodes of said second network, each said routekAn

sai d second.np_twelgwaﬂdﬂg,@@ﬁﬁk%stsggegtcohﬂﬁ&}nggne- router in said first ™"
network by Z channels for routing nessages between nodes of each network,

sai d first5 and afirst netwogkihgvingco pluralityvefr nodesceadh said swpdelhavingasi on; and
nessage routing - S bl I sposed w thin each sgld, router, of both
said first networ Eg'g#&’ ggﬁé%g’g%%ﬂbﬂ t%pméé gggﬁt%ﬁﬁr;@%\ urst REEVOIK eans
routing messages fchafnélsSfot geutif Gnésdages] detween i fodeR0ee i@ Haed first

net wor k channels and said 20 - second network channels, said nessage
routing neans rouﬁkﬁgoﬂﬁssages bet ween sai.d first network and said second .

e or o 21 e BE b eSOy RS iy BB 2

requi red second ne channe ava _ e ne rR cl ai ned
in claim jowherei a faitek, said nodesubeing @oupled fogktherty secondnhetiwdel i n each
message for routl rtl: agr?el;lg 'fré?sr%% lggt'x?xe'!sstaZess %Iegwgeens 't:'i'i}ﬁ‘é‘é Io%nsaqus?e'cond |
network, each said router in said second network being coupled V
- to at least one router inSaid first network by Z channels for
-routing messages between nodes of each n'etWork', said first and
15 said second networks being of equal dimension; and |
' -message routing means operably disp_nsed within each said router
- of both said first network and Said second network, said
message fout{ng means routiﬁg—;nessages f;om a_séurcé node to
a destination node via said first netwotk channels and said
20 second network channels, said message routing means routing
messages betvg_een said first network and said second network
on said Z channels if a required ﬁr#t network channel or a

required second network channel is unavailable. v

25 2. The network claimed in claim 1 wherein said routers use rbu’ting
information contained in each message for fouting said message to its
said destination node.

3. The network claimed in claim 1 wherein said first network and said

30 second network are ar;a_n_ged in a two-‘dimensional dual mesh

_ conneciion of nodes, Sa,id. routers of said first network and said second
- network having X channels for routing messages in an X direction and

Y channels for routing messages in a Y direction.
27
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3. The network clained in claim1 wherein'said first network and said 30
second network are arranged in a twoe ‘di nensi onal dual mesh connection of
nodes, said routers of said first network and said second network having X
channel s for routing nessages in an X direction and Y channels for routing
nmessages in a Y direction. 27 4. The network claimed in claim1
wherein said nessage routing neans routes nessages between said first
network and said second netwdr:k on said Z channels in:either direction.

The nerwork cl a| med i n¥ﬁ:,_1_ an,{gt%o\i&ier 819 ﬁi@hd ﬂ;s%ﬁ OL{[ [ QE EFE?&S %gghes -

messaged between said Tirst network an sai d se net wo
channel s if tmesfags genting fgans reytes NREsages abit‘éﬁehnéﬂldelrSt The

networ k cl ai mygbtivibrd aaAd LatlderSddoridi fletReSRIDH Ot idJ ZMeeKEnn 4 Neh
i ncl udes: means, for ,regu t| ng the wuse of ‘a primary channel in order

to route a neSidde Mans for deternmining if a requested channel is
avai l abl e for use; neans for requesting the use of a secondary channel in

order to rout g sai d gﬁﬁf%g%e%r Onc'l%ﬁ\ghd Pﬁl e m(‘:ha'lnne,kxt énagﬁésabl e;

and neans for granti e use O annel Tn order to ro sage
‘thereon, sai mmlr@}namgédnmmgrwmes imessages betveencsasdd €hustel s

to become avaijelidrk 7aﬂd said GNP hetlidt REGH Ns&iQl 2 Q:ﬁéﬂﬁé‘fé \M%en .

ncl udi ng nmeans for W thdraw ng a request for the use of [o anneI

reduest for tfﬁ‘%s&rﬁ)‘f’-%{’%r?m%e%r %%WW%%EI%% EPEHPE

_ _ 6. _The network_ claimed in claim 1 wherein said
N message routing means further includes: - _
' means for requesting the use of a primary
channel in order-to route a message thereon;:’
) means for determining if a requested channel is
available for use; —
. - means for, requestlng the use of a secondary -
— ' channel in order to route said message thereon if said
primary channel is unavallable, and .
means for grant:.ng the use of a channel in order
~to route said message thereon, said channel granted
being the first of said requested channels to become
available. h —

7. - The network claimed in claim 6 further including

means for withdrawing a request for tﬁe use of a channel

when a request for the use of a primary or secondary
- channel is granted. '

8. The network claimed in claim 7 wherein_  said-

secondary channel is one of said Z channels.

9. The network claimed in claim 7 .wherein -said
message routing means further includes:
) ’ 28
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8. The network claimed in claim?7 wherein said- secondary channel is
one of said Z channels. 9. The network clainmed.in claim7 wherein
sai d nessage routing neans further includes: 28 ' means for

repeatedly “testing for the availability of both said primary

channel and said secondary channel, until either said primary channel or
sai d secondary channel becones avail able. 10. The network clained in
claiml1l wherein said nessages are routed using relative nessage addressing.

11. The net wor i mede L. cl g ein said. ppssa ar e[ out eg=;
usi ng absol ute _rresé'ae%(l’a"@add?feégi .ng.@e?f;t%‘i?l n-a %éeﬁllv\'é?k hgg’l‘srng :téei st \J
networ k i nevadilapid idyur @fi t posh nsadd, puimaxyi cchaumehavand saiditer 5

sai d nodes shebRdaty- Rikthricade gt i PYel thek QS&&D&:‘L&H&%?“ radf¥) 'eHting
nmessages between nodes of said first network and-a second network 1 ncl uding

a plural it $adfl secepdary,channed heromes a¥dda®er, sai d nodes being

coupl ed together by second network channels for routing nessages between
nodes of sai.d seco neg K., ea ald rqQuter _i.n said second network being
coupl ed to‘algt’ | eas nen_"‘%ﬁ?g}c i‘ghfgi?%gfiﬁ%t%&&i\%or b ?r%‘ﬁﬁnr%?’g& or
routing nevessageiseanesrovdeds usfingcteladtive messwige dddmessingsai d second
net wor ks being of equal dinension, a process for routing nessages

-conprising the ste% of: routing nessages, from, £ a source ,node to a
destinati oAlnode viTResapgtWerk: Glailed dinfdRdmnd swhereinopift wor k

channel s, melsdadfessAGRS rovited iy dricRAie JRigbddd dandawingand said
second network on said Z channels if a required first network channel or a

12. "In a network having a first network including a _ S*)
' éiurality of nodes, each saidfnbde having a router, said '
nodes being coupled together by first network channels
. for routing messages between nodes of said first network
and a second network including a plurality of: nodes,
" each -said node ha@ihg a router,'saidfnodesfbeing coupled _
.-together by second network channels -for routing messages _—
between nodes of said SeCQnd'network,;each said router
in said_secbnd network being coupled to: at least one-:
" router in said first network by-Z-channels'fbr routing
" messages between nodes of each network, said first and
said second networks being of equal dimension, a prdEess
for routing messages comprising the step of: el
routing messages from a source node to a e
destination node via said _first. network channels and
said second network channels, said_méssages.being_routed
between said first network and'said-second network on
said Z channels if a required first network channel or a
required second network channel is unavailable.

13. The process claimed in claim 20 wherein said
message routing stéb further includes:
requesting the use of a primary channel in order
to route a message thereon; }
: 29
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reéqui red second network channel is unavallable 13. The process clai ned
in claim?20 wherein sai'd nmessage routing step further includes: requesting
the use of a primary channel in order to route a nessage thereon; 29 * C

L M S * determining if a requested channel is available for use;
requesting the use of a secondary channel in order to route said nessage
thereon if said primary channel is unavail able; and granting the use of a

channel in order to route saiid-nmessage thereon, said channel granted being

the fiFst of said requpstasmbRpRgels horbgpesteavailailal 14. availdble
procegsf clalﬁgF_ in claim 12 further including a step of: decoding

routing infor HP%ont ai ned i.n each message for routing said nessage-to
its said destination nmstpuedtiing thEheuser afesa sécomdary i chanreIn ih?2
further inclu ep g es h a

a Y directi onqn:%lér{:a %éa ﬁ&fl erg%gi({]ne \%%%%gg d%héﬁgbh EE: u%c?éd? #’grﬁ&é??o
cont ai ned i n channeksiganawilablahaand ocess cl ai rred in claim12 wherein

messages may be rout edyhefd ¢héhasacbe bl eRatdied fir sfsr@@fveekrbataal d -

second network or_ fromsaid second network to said first network
The process SAi4l nBgsspge cFhereong said nehappef,grapted: eing “the

first of said requested channels to become available.

14. The process claimed in olaim'.lz further
1nclud1nq a step of:

st decoding routing _information_contained in each
mésSage for routing said message. to its”seid destination
node.

15, The process claimed_ in claim 12 further

- '1nclud1ng a_ step of; , _
routing messages in either an X, dlrectlon or a ¥
direction in said first network dependlng upon

information contained in each message.

16. The process claimed in claim 12 ﬁhetein messages
may be routed on said Z channels from sa1d flrst network
to said second network or from said second network to
said first network.

17. The process claimed in claim 13 further
including a step of: | |

- ~ withdrawing a request for the use of a '‘channel
when a«request-for the use of a prlmary'or secondary
channel is granted.. | - '
18. The process claimed in . claim --13 further
including a step of: ' )
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wi t hdrawi ng a request for the use of a channel when a request -for the use =«

of a primary or secondary channel is granted. 18. . The process clained
in claim 13 further including a step of: 30 repeatedly testing for
the availability of both said primary channel and said secondary channel,
until either said primary channel or said secondary channel becones
avai l able. 19. A network routing apparatus conprising: a primry )
channel and a secondary channel, said primry channel and said secondary
channel being used to route nmessages in a first network; a Z channel, gajd
Z channel being usedpéatedayetess'amyaidm ﬂleeavaallabu.\lmtig ofncbatlutl ngJ
oo o OUPkE S Bl D B £ MR ea ) CeOSHRLAF KnaliA Q! orith S a2z
channel , . sal ut1ng”l ogLc-conpri'sin means eq ues e use of
said pri mytbﬁﬁnrﬁélq nPﬁHléFYt &megl aOFe £adge FﬁéPE@ﬁrYrréﬂ}@ﬂ%l

det er m ni ngekémas’ a¢ueshsdechannel is available for use; neans for -
requesting the use of said secondary .- channel in order to route said
nessage thereon if said pri mary. channel is wanavail able; and means for
granting tbe,use oA nethonkeh:'ounmgdauppiam-altmst cecaqndsins;s:age t hereon, said

channel - granted bgi ag st idialnfl) Sohd! aegagahagrg W5l 0 BeeeT™

avai |l abl e. I Ng apparatrus ¢ dl ar m
primary channel and said secondary channel being used to

~ route messages in a first network, I
a2 channel said z channel being used to route
messages to a second network, and ; oo - B

routing 1ogic coupled to said primary channel,

'said secondary channel and said 2 channel said routing
logic comprising. '

means for requesting the use of said primary

channel in order to route a message.thereon,_

means for determining 1f a requested channel is

available for use; : - -
means for requesting the use of said secondaryachannel
in order to route said message thereon if said primary
channel is unavailable, and ' '
f_ means for grantlng the use of a channel in order
to route said. message thereon,' sa1d channel ‘granted
being the first of said requested channels to become \J

available.

20. The network routing apparatus claimed 1n claim

19 further 1nc1ud1ng' - ;

_ means for decoding routing information contained

in each message for routing said message to a
- destination node. '

21, The network routing'apparatus'claimed in claim
19 further including: '
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19 further including: neans for decoding routing infornmation contained in
each nmessage for rolting said nesSage to 'a destination node. 21.

The network routing apparatus ¢laimed in claim19 further i ncluding: 31
means for routing nessages in either an X direction or a Y
direction in said first network depending upon information contained in
each nessage. 22. The network routing apparatus clainmed in claim19
wher ei n nessages nmay be routeg: on said Z channel fromsaid first network to
sai d §eeond network or from'said - second network t'6¥said first network.

23. 4 The networ k meansngfeppareutding amessagesc| dinm edthiesr eiam s d

rout i ng | 09! caj#etBEbnCOBRI | AESYTEAELRIH ¢ I 2Wala 3 siERCSeiRiorhe use

of a channel request he use ry or secondary channe
is granted. -4epending maennénﬁermateepuﬁengﬁgaeéta§ erShB@SSR9S-ai m - 19
wherein said routing logic further conprises nmeans __ for repeatedly

FEUCREAR T RIS EN RGN TR ANC L W LR
channel beconts wheréihl mes8dages may be routed on said Z channel from
said first network to said second network or from said
— second network to-said first network.

__.23. The network routing apparatus claimed in claim
ﬂ\/' 19 wherein said routing logic further comprises means
— ; _for withdrawing a request for the use of a_channel when
a request for the use of a primary or secondary channel

is granted. o .

-— — 24. .-The network routing apparatus claimed in claim

— 19 wherein said routing logic further comprises means

_._for repeatedly testing for the availability of both said
primary channel and said -secondary channel, until either
said primary channel or said secondary .channel becomes
available: N

_—

- lmpinmnm __ a

32



