MESSAGE ROUTI NG IN A MULTI PROCESSOR COVPUTER SYSTEM BACKGROUND OF THE

I NVENTION 1. - Field of the invention. The present invention relates to

the field of parallel processifng 10 conputer systens: 2. Prior Art. A
nunber of parallel processing conputer systens are well known in the prior
art. Cenerally, in such systens a | arge nunber of 15 -processor It .

I nterconnected in a network. In-such networks each of the proces?o?‘s\g'r?h)zk""3
execute instructions in paral | etssabs RySONT B A MUTIRRIEESSIR| el processi ng
conput er systens may be divi dew!iﬂ;am aries. (1) a single

I nstruction stream nulti and(2) arrultlple

I nstruction stream nultiple data system 20 stream (MNM) system In a Si
system each of the plurality of processors sinultaneously executes the
sane instruction on different data. In MM system each or the plurality
-of processors may sinultaneously execute a different instruction on
different data. In either SIM) or MM) system sone neans is required to
25 all ow conmuni cati on between processors in the conputer system |n such
systens, it is known to logically organi ze processors in an n-cube. A

di scussi on of such n-cube systens nmay be round in Herbert Sullivan and T.R
Bashkow, A Large Scal e Honopgerreous, Fully Distributed Parallel Machine,
Proceedi ngs of the 4th Annual Synposiumon 30 Conputer Architecture, pp.
105-117, 1977. Sul |k vanFeld ef thedneentivnes a nunber of interconnection
structures, |nclud| connecti on, of OCeSSors  on.a b o¢ean n; cube. The
descri bed bool ean n-'EURESTHY 'HYF'Vﬁne'FBBﬁ clﬁchﬁ (gf’ Rar(aBF BrofPBt¥ssors which
may be thogyght c@rfnpﬁﬁer sysfe@igng placed at the corners of an n-di nensional
cube. Sullivan et al. discloses the |ocation of a processor whi ch may-be
descri bed by desi gnati ng_one processor as the origin with a binary address

of 2 Prior Art.

A number of parallel processing computer systems are well

~ known in the prior art. Generally, in such systems a large number of
15 ]Jrocessors arg interconmected in a network.. In—such networks each of --
the processors may exe;ute mstmctmm m parallel. In general such |
parallel processing computer syctems‘ mdy be divided into two
categorlee (1) a single nmrucuon stream, multiple data stream system
(SIMD) and (2) a multiple instruction stream, multiple data system i
20  stream (MIMD) system. In a SIMD system, each of the plurality of -
processors simultaneously executes the same instruction on different
data. In MIMD system, each of the pluraliry of processors may
simultaneously execute a different instruction on different data.
In either SIMD or MIMD syslem, some means is .required to
25  allow communication belween processors in the computer system. In
such systems, it is known to logically organize processors in an n-cube.
A discussion of such n-cube syslems may be found in Herbert Sullivan
and T.R. Bashkow, A Large Scale Homogeneous, Fully Distributed
 Parallel Machine, Proceedings of the 4th Annual Symposium on
30 Computer Architecture, bp. 105-117, 1977. Sullivan et al. discusses
"~ number of interconnection structures, including tonnection of
processors on a boolean n-cube. The described boolean h-cube is an

interconnection of N (N=2N) processors which may be thought of as
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(0,0...0) of n bits. CGther processors may then have their locations 5
expressed as an n bit binary nunber in which each bit position is regarded
as a coordi nate al ong one of the n-dinmensions. In such a system when one
processor is directly linked to another, their addresses will differ by
just one bit. The position of this bit indicates the direction in n-space

al ong whi ch CO”““BE@? 'l%d'_t%l??]l‘lé?@d?né@%f%ﬂ n-cﬂhﬁﬁﬁﬁﬁﬁr&b&aﬁiﬁiﬁh%%l. Thus, the

address of one proceSsor with respect to a nelghboring processor differs by
only one bit. Sul disglosesthedbcatitmsalrd pugesshnwhich way lbe alesgribasdby rel ati ve

addre®% may be co . by taking the bit-by-bit sum-(mdulg 2) of the
addresses of two g’fg%é'g%'s"%r%qe PR Y ‘Es-@f/-oﬁﬁgi/" g’t‘fﬁhﬁa lf‘%’l& ?@d%?ﬁ%eO%lS

equi val ent of taki®mg,.c0) cbrchiusi @theOPratkssofemi Wehenditive Ih&is lochkions
nunber - of non-zero bits . in the risulti ng. rel ative address repr.esents the

nunber of |ink8 wAFRIRSHHSE ap bit Ry BUmbEr ethich sactobit POSIEBdEor to
another. United Siciaded ! £EborthiROlofle o8 of it HuldribidiRs Thl sief a2 im | ar

20--- n-cube paral | el” processing conputer systemin an array of nodes
are i nterconnect edystemawpen pae pragessonds direatlyr linkdidte apotbes, theid conmuni cat i on

bet ween t he-nodes i | by addresses 4d.ndicatin i C nt of the
‘nodes. Hillis spe@??rieg%ﬁ F@h?i?@%%s@gt %"CZ‘{@tJS‘}ﬁ P?‘F?‘\'/&ﬂ @h‘ﬂgﬁ%&dﬁ(& espacket may
be routed from on¢hedidection inmoipacé alohgAdhichRommiinieationtbedween thee nessage

packet canprises relative address information and information_to be
communi cat ed B8t wRERFEFINES Mg Plackn nlhusn ligrndgsgss of one pregesses wihconput er
systens util+ze-a R Erodskifl s GO H 0 TR t,cati ng nessages
frogr one node ta_éﬁ%t ﬁ@?. Tﬁ%%ﬁﬁﬁ%qgggyggf gs r?‘ﬁggmsl:%h a ,

st or e- and- f or war d ‘30 - Sullivdiaeli dntdesSuibes. dthoiveswehd fystenwan delativh addess ar e

LA NNy A i AR
Net wor ks, Vol. 3; ad@ré8sesRi¥-1wdPpfocsfors Kami@bit-bpibitdummiation is the )
15 equivalent of taking an exclusive OR of the two addresses. The
— — number-of non-zero bits in the resulting relative address represents the
number of links which 'must-B_e_ traversed to get from one proces;or to
- ar;)ther. a - o
~United States Patent Number 4,598,400 Hillis describes a similar

20 n-cube parallel processing computer system in which an array of

nodes are interconnected in a pattern of two or more dimensions and

- eommunication between the nodes is directed by addresses indicating

- displacement of the nodes. ‘Hillis specifically discloses a system in
which a message packet may be routed from one node to another in  —

25 ann-cube network. The rhe-.ssagé packet comprises relative address
“information and information to be communicated between the nodes.
Many known parallel processing computer systems utilize a -

store-and-forward mechanism for communicating messages from one

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

30 mechanism. Such store-and-forward mechanisms are more clearly
described in Parviz Kermani and Leonard Kleinrock, Virtual Cut-
- Through: A new Computer Communication Switching Technique,

Computer Networks; Vol. 3, 1979, pp. 267-286. Kermani et al,
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di stingui shes store-and-forward systens fromcircuit sw tching systens.
Specifically, a circuit switching systemis described as a systemin which
a conplete route for conmunication between two nodes is set up before
egins. The comunication 5 route is then tied up during the
f communi cation between the two nodes. In store-and-forward

communi cation b
entire period o

(or nessage) swmﬂmgnahsyabmm IR G/arRD¢

wi t hout est abl
est abl i shed dyn
based on addres
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. Kermani et al.
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dividing a rressqﬂanéame&w heRles Ui tsforé AROTOrRAG KBE festdped Wlictigt ens, each

packet (instead

of nmessage) carries its own addressing i-nformation.

Ker mani

et al. observes sysiamseessageengyropted; taoudestination Rodswitboult ens because a

-~ message (or pac
t he next before
at . discloses a
establ i shin

hybri d-of citcu

st ore-and-forwar,
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age I'sconp rec herefore, Ker
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e node to
mani - et
;

conmu at i he V|rtu _cut-thr stemis a
o TRy SR O A Sk bt malion i e mebsass BN i th
—message My begirfesdagestdré il Mierftitdfie auamaerm@%mm foecei pt of -
routing information 11 the nessage packet and sel ecti.on of an outg

channel . This s;ﬁs&eé#ﬁwdea% mdetﬁﬁungummuﬁun@sr diseusses therideasefe as in a

s are I[’nggb,e[xﬂé S sy éﬁi‘ %ﬁ oﬁaﬁf t}ggsy t

oi ng ‘vJ

When aH
i mes

sim-lar toa ci nmprdwedvmtltzhem eymmed-mxbmducuddﬁ mgtwbdmida)smagsed by

Kermani et al

uires sufficient. hu to aIIo.wan ent

| |
message to D& st Irr&ﬂ“?ﬁqga‘é’ﬁ’erﬂ?d‘@“%‘é'ﬁ'em*l Ycﬂ'ar#i%fg mgsgags ole

smaller units termed packets: In such systems, each packet (mstead -

of message) carnes its own addressmg information.

Kermani et a_l. observes that extra delay_rs incurred in known
systems because a message (or packet) is. no_t-_ben’nitted to be
transmitted from one node to. the next before tlig_ message is
completely received. Therefore; Kermani et al. discloses an idea

termed ‘virtual cut-through” for establishing a communication route.

- The virtual cut-through system is a hybrid of circui( switéhing and

25

packet swntchmg techniques in which a message may begin
transmnssmn on an outgoing channel upon: receipt of routing information
in the messag_e _.pgtckel- and selection of an outgoing channel. This

system leads to throughpul times exactly the same as in a

- store-and-forward system when all intermediate channels are busy. -

- 30

When all intermediate nodes are i_dle. this system leads to throughput
times similar to a circuit switched sysiem. However, the system'
disclosed by Kermani et al. still requires sufficient buffering to-allow an

entire message to be stored at each node when all channels are busy.

3
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WJ. Daily, A VLSl Architecture for Concurrent Data Structures, Ph.D

Thesi s, Departnent of Conputer Science, California Institute of Technol ogy.
~ Techni cal Report 5209, *March 1986, discusses a nmessage-passing concurrent
architecture to achieve a rédiced 5 message paséi*fig | atency. In Chapter 3,
Dal | y discusses a bal anced binary n-cube architecture. In Chapter 5, Dally

di scusses an applicatjqn_f i ng messa e | atency n general, Dally

di scl oses use of a M@ﬂ@!r%%ﬁ %6’6" Qﬁ’éf*“’t"ﬁ’é{ 845t or e- and- f or war d
method. A vor modRyuclfres! PHID iedE! Hfrhient BRCBGHANLARAeRY, EafiRfifia D! NI NG
to fogward each byte of  a nessage e next ndde as the bytes of the
message arrive, Insmhmr of 'ﬁaduw.kbg)i ﬁ"gclﬁmcaltR@oueSQO%Mamhll%é dlh’:ﬂlsmtl re
packet before beginni transm ssion to routing

n ol, e
_thus results in § RAPRESPICUNPUATE "‘Tcﬁ‘éres'ﬁnﬂcgfe"%“’t&} one of is
whi ch depends; ormédig &B&%ﬁ{gelak@ﬁgt NnlClaptertN DAL giscikeitaindgpends on the
nunber of conmuni catlon channel s traversed D. Store-and-forward routi ng
yiel ds |atency dupaydi-eubeiprahitep@resr oduct of L and D. (See Dally at page
153). A further adva a at 20
conmmuni cations do nop*gggp‘gs wﬂl&e gﬁh%aﬁ%h%xdre[dég di ate nodes. In
the Dally systenhmsg@melﬁq N gemdrall mll!\mtdlloiebm@bﬂammhm menory of
internedi ate nodes .al on e route, but '}[(P d{;ra tr ctly W|th|na
tpeward,mef

routing chip net™@BYRE “P‘ TR F‘b‘&ch”'?ﬁe‘f' viole i he Dally
di scl oses a el robfifEheS] FBPRICHEILHY nodeueaf gm&mmmpde to

operate at its own rate wth no ynchronizat | See Dally at page
153). Bally at Suigeof adressage imﬂlehmxt dp@hbﬁmbﬂeméﬁmemgkemmnt ai ni ng

corr Sing e s WA HE AR B of MR 3 Y

_beginning transmission to the next node. Wormhole routing thus

results in message latency, which is the sum of two terms, one of
15 which depends on the message length L and the other of which
- depena—s on the number of ecommunication channels tmvérsei;l D.
- Store-and-forward routing yields latency depending upon the product '
of L.and D. (See Dally at page 153). _ o
A further advantage of a wormhole routing method is that
20 communications do not use up the memory bandwidth of intermediate
nodes. "In the Dally system, packets do not interact with the processor
or memory of in@:rnmdiﬂte nodes along the. route, but rathe'r- remain
strictly within a routing chip network until they reach their destination.
N  However, the Dally discloses a self-timed system, permitting
" 25 each processing node to opcrzué at its own rate with no 'global
synchronization. (See Dally at page 153).
Dally at pages 154-157 further discld.;es a message packet
containing comprising relative X and Y address fields, a \}ariable size

data field comprising a plurality of non-zero data bytes and a tail byte.



An inherent Iimtation in a systemcontrolled by a clock (strobe) 10
comuni cated with the data is the ability to extend the system- topol ogy
‘Wi t hout bound. This linitation occurs due to the fact that the strobe '
signal is not regenerated as it is routed through each node of a path as is
the data. Since the strobe is not regenerated, it is susceptible - to a
phenonenon known as pul se shrinkage. 15 . Pul se shrinkage occurs when
~a'signal is buffered through devices that have unequal rise and falltimes.
Pul se shrinkage. can cause severe asymmetry in the strobe. signal and
ultimately can cause data errors. Data errors can occur when data hold
times are violated due to --20 ~ pul se shrinkage. Data hold tinme in the
present invention is guaranteed by the frequency of the strobe clock. Lower
“frequencies will create nore hold tinme. Since the data is validated on both
edges of the strobe, any asymetry in this signal- will increase the
effective frequency and reduce the avail-able data hold tine. As the | ength
of 25 the route is increased, the effects of: pulse shrinkage becone nore

pronounced and will event u_aI_Iy__(_:__a_use er_rors It is therefore another
obj ective of the present invention to p'ro‘v'i de a system wherein pul se _
shrinka ge of the strobe is elimnat ed ' our copending: application,

GB 2227341, a paral rocessi.n uter i s described having a
plurality of pr ocesg'h’g“ﬁ'c%&eg'“ﬂh'f‘?ﬁ T “ﬁ?‘e‘?‘?ﬁ%’f?&lgg]tbéfoa FE? g(ﬂfﬁ&?y n- cube.
Each node cogipriciRmuiicledCERE OIARAE thel Milify' REAG&Id el syshiat i on and a
router nmeans for routing infornmati on between nodes in the n-cube. The . = ==

router means- alopelogy witlitun dound.i Hiislintitation oreirmdupdo theofast haptheneans and
comu oot o e 1 FEPEBEM AR L Ny RS a0 oot 011
path as is the data. Since the strobe .is not regenerated, it is susceptible - '
to a phenomenon known as pulse shrinkage.- i
15 Pulse shrinkage occurs when a signal is buffered through
devices that have unequal rise and fall.times. Pulse shrinkage can
~ cause severe asymmetry in lhe strobe si_gn’al:.andaultiméle‘ly can cause
data errors. | Y
- Data errors can occur when data hold times are violated due to -
20 . pulse shrinkage. Data hold time in the present- inventi_On is guaranteed
by the frequency of the sirobe clock... Lower ffe'quencies- will create
more hold time.. Since the data is vi‘tlidated on both edges of the _ _ | :;,
strobe, any asymmetry in this signal will i’ncre’ase'.the effective
frequency and reduce the available data hold time. .As the length of
25 the route is increased, the effects of pulse. shrmkage become more
pronounced and will evemually cause errors. ©
Itis theretore another ob_;ecuve of the present invention 10 -

provide a system :‘wherein pulse shunl\age of the strobe. is eliminated.



to a destination node. After a communication route is established, the
destination node responds over the sane route, in reverse order, with an
acknow edgement that it is ready to accept |nfornat|on Conmruni cat i on of

i nformation then--comrences dver the reserved route® ‘At the conpletion of
comuni cation of information, the route is rel eased and channel s used by
the route are nade available for conmunication between ot her nodes.
Each router nmeans conprises two channels for comrunication of

i nformati on. A first <channel is utilized to transmt - information

from &node to an afRace®E RRRERGENG RRRhiHC2ElARel GB 4227344, t Areceive
i nf or mat i orpdrahlellj precessddgs conpurbami system ob d@hmrnﬁednhawnEQIomed
bet ween nocif-‘?pmm:fisp Nbf OprotedsthgChodsl’ Whd cH A idtaftbonidetée

| nformation, Eaghffy ﬁ-&ﬁﬁ@”e' SELOEPhbass f@?’ﬁéé’é GOERUL SAd :S’;P of

I nf ormati on ot ual SS and tatus/cont
"t or mat Sﬁs”a 38 (T  PEORRRIPEa S LR I g2  RPBERE: MRATR TOF
cont rol | i ngFQueiRGi snfermakiopcbefvesn BPALSKe idaithe FURA- on. Accordlng
to the present invelbhéorrotker imeansoguaeptsyaddness i npfarnationt hree
nodes, eadirdii €hed prOtRSELINPMeaNY: addPCIERGh Ga BEENEhEOTadHEHSSi Ng
irg‘;f’re;mt'ori ﬁoﬁ?&%ﬁén”ﬁaﬁo‘i&r ][xg?ﬁéﬂﬂoi-%&é”atd'tfb” geé*A?SBliQﬂes gaid
R T e

a destination node. After & communication route is

established, the destination node responds over the same

o route, in reverse order, with an acknowledgement that it
is ready to accept information. o - _

Communication of information then~commences over

the reserved route. At the completion of communication

of "information, the route is released and channels used

by .the route are made available for communication

between other nodes. -

" Bach router means comprises two channels -for
communication of information. - A first channel is
utilized to transmit -information from a node to an
adjacent node and a second channel is utilized to
receive information from adjacent nodes. Communication
of information is allowed between nodes under control of
a clock "strobe" transmitted with the information. Each
. of the channels comprises means for communication of
p; data information - (both actual message data and

status/control information) and for communication of
clocking information for controlling transmission and
reception of the data information.

According to the present invention there is a
computer -system having at least three nodes, each of
said nodes comprising:

a processing means. for processing information- _

a router means for routing information between
nodes, said router means having: -

(a)- means for accepting address information from:

‘said processing means; -

%@ n:ybéion1sald



tr itti | i .
Stﬁg;;ﬂtig%nfi?;?_ and status information wth an adjacent. node;
i nformati on and tr;ﬁrs]mm[a?inflg fsgird gffgib\e/i 29 . lrobe Shonal S i h sai d "
_ . : i-gnals with'said i i
Prgélitfirggz ie(r)nnenggﬁsu?tll a destination node igs rea\émhteg;sglng I(S; OrS{T?E)iogn to @
moditoeatton means or ngI fying said strobe signals being received with
nodi fi cation maang .Sﬁi)di fs;[ regbesgfgmjglt (r:g'éieon_srreanls, \anerei losald pyrobe -
regen : - signals i '
. regeng;gﬂgg C;’vllrteirtnatg edges of said str,_obegsi gnal _s.y 'SI'KQt glet Iercﬁlalt g- ed
elinminates the gysgﬁ;%¢EgmaﬁﬁieatedneMmmhm@ﬁpnﬁrqqﬂ;$&%%eﬁPhinventﬁange
t he strbbensméﬁgﬂ-ngs ai{.ag agﬁ?fha._zsq{qaq._@ "eagoemattilog eveiyhot A¥r edge of
edges Oédﬁéeéhtr'nbd'e | ~routed through each node of. the route AIgI o
are used to val i(éat S OnA Al ek i5h Dheal® " 2l N eeivdae. Th ,
data through.t (¢9 estlﬂgb&g;_ﬁ?ﬂ:@&&ﬁ-ﬁé&% 6§- Toufer eq\'tt‘?: ‘ng-Ck hey
Cransmi F E%B{aoo? §fa 18X it said Tnformatien C.Fggg%e&geg gc)'e t}] N
-~ edges gaif. SEF ﬁg“’?ﬁﬁ{ﬁ_ ______-__eI’wi'}dl’p_osaﬁ.écepnf_omﬁi&%*égag%, nexkt “even
Cecel Ve roukE: &é._afn_s-ﬂéﬁéayf _ééj@iﬁaﬁb@ndﬁb&esmst'htataclhedciar?%’e stored in é
edges, .F’@Q"eﬁhomver‘d) a10b9, -&f@gﬁfﬁr;ngngdebgdmifyinngidaven |
| at ched gepqre sogmelengedag XeRelved, Win, saig  Lheprkiseion DR been
e sasmonacaros ovssagn ThrEeil EECHEERET e
by del ajt ﬁhéeg'%%) _\éﬁgeéﬁéobﬂoadgtes Tsaidy nEtaake c|H 8L edgg 'ggnere;t ed
peri od dyR¥Reticabh 'gégﬁﬂﬁﬁitaﬁga”Qﬂmﬁ¢ﬁmwtﬁxf#ﬂgéﬁy-éﬂhals?% ]
nal. " . Thi s positions the even edges ideally in =

Si hal f the

time andstrohensigralfor an .
: | se- - CVen
recei ved strobe The altern_a.yl;e_r_)-uedsgeé sBLLAKAYG il Eipbhike off ekkat in the—

preferred embodiment of the present invention eliminates
- the pulse shrinkage hazard py regenerating every other.
edge of the ‘strobe signal as it is routed through each
node of the route. All odd edges of the strobe signal _
are unmodified by the routing hardware. They are used o
to validate the data received at each - router- and to™
clock the data through ‘to the next routef. The buffered
odd clock edges are then transmitted to the next router.
Upon reception of a message,’ the even edges of the
strobe signal validate the data so that it can be stored. -
in a receive register. This is the  same as the odd’
edges. ‘7he even edges, " however, ‘are. handled-— _
differently. After the data has been latched in the. o
receiving register, it is clocked to the next register o
within the router using a modified of "synthetic" even
- clock edge rather than the receiving ‘even strobe edges.
The synthetic clock edge is -g-ener'ate"d' by ~delaying the .
odd clock edges an amount approximately equal to half
the period of the strobe signal. This positions the
even edges ‘ideally in time and compensates for any pulse
shrinkage that might be present in the received strobe
waveform. The strobe is in effect “regenerated" and its
symmetry when transmitted from . the ' router will Dbe
coiisistent from one router to the next. R
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waveform The strobe is in effect "regenerated” and its symetry when
transmtted from the router wll Dbe consistent fromone router to the
next. 7 BRI EF DESCRI PTI ON. OF THE DRAW NGS Figure 1 is a diagram
illustrating a n-cube network of processors. 5 Figuré 2(a) is a block
diagramillustrating a router architecture. Figure 2(b) is a block diagram
illustrating organization of status o route. Figure 3 is a block diagram

illustrating a physical cBREERIDIBCREENON OFSTHEIDRAWIRGS s a tining

diagramillustrating channel timng. _ Figure 4(b) is an illustration of a
data $6rmat for transnission of data and status information.

--- 20 Figure 4(c) i ?igmiey Eﬁfggg?\gh\(?ﬁ' imtstl?ltirip EI%EUGeOﬁ%HO?ﬂ%ghfo%gg%égj status

information. Figure S milTustrating esta _ 25
comuni cation route in a networked conputer system Figure 6 is a diagram
“illustrating acknow edgenment of establishnent of a route-.in networked
comput er systam 30 Figure 7 is a diagramillustrati ng nessage

transm ssion in a netpphkctaf RMPb0RK dfE2ARMustfating a routerdréhifeduiel S - a
diagramillustrating release of a route in a networked conputer system

Figure 2(b) is u block diagram illustrating organization of status __
10  route. - S

Figu_ré 3 is a black dizigl"am ilfustrating a physical channel - — -

“between nodes..

- 15 Figure 4(a) is a timing diagram illustrating channel.timing, -

Figure 4(b) is an illustration of a data format for transmission of | -
data and status irfformation, ’ R T
20 | o -
Figure 4(c) is a illustration of & format for transmission of status

St information..

Figure 5 is a diagram illustrating establishment of a

25 communication route in a networked computer system,

... Figure 6 is a diagram illustrating acknowledgement of
establishment of a route in networked computer system. ’
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Figure 9 illustrates the data latching circuitry in a typical router as: 10
described in GB2227341 Figure 10 illustrates a first enbodi nent of-a router
of the present invention-including, synthetic clock generator circuitry for
regenerating - the strobe signal. 15 Figure Il illustrates a second

enbodi nent of a router of the present inVention'incIuding synt heti c cl ock

generator circuit ryFuI;{?ie 1&95%5%5 % sﬁﬂﬁngh {j;nt e%ﬂ{xssnﬁrgérka Figure

12 illustrates a preferred |man etic C gener at or
circuitry of thetworkakoompowenysiom.. Fi gure 13 illustrates a tini ng di agram
of the synthetic clock generator ciftcuit of the present invention. v

DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON A paral |l el processing

computer systemis described. In the foll owi ng descri ption, nunmerous
specific details are set forth in order to prowdeathorough .

under st andi Ag of tH'E'!gmeeﬁsérﬂd\dg#@mlilbﬂanlls f@h‘iﬂe of e webedt | however, to

one skilled in h £sent i nvention nmay be practiced w thout

t hese specific’ étl&f %J Cspﬁ "ef hg“mﬁ Ast ances, well-known circuits, structures
and technlques have not been shown in detail in order- not to unnecessarily
obscure the-pr ®sent invention. 10 The present inventdion relates to
paral l el processing conputer systems The preferred enbodi ment of the
present invention ig Gn‘érmﬁhﬁhﬁl'&thaé(ﬂh'lzﬁ?hﬁulﬂ"féﬁ&ryt fiea typisanaiRe 350/ 2t m
fromlntel Corporatlé Santa d ara, |Forn|a . The, 1-RSC/ 2t m conputer is .
a second generation concurd@ntlbwmé&%b%ilorrput er system The 15 ~routing .
systemof the. iPSC2tmis nore fully described in Steven F.“Nugent, The .«
iPSClerr] Direct-Connect[err] Communications Technology Intel Scientific
Conputers, distri btmgdreHstﬁru@ums Meé:abwunehaaﬂarryutkeozQhe pRséht OVERVI-EW

invention mcludmu 9ynlheuc clock generdtor cnrcum'y for regeneratmg

the strobe signal.

|18 : _

- ~ Figure | I 1llusu ales a second embodlmem of a Touter of the -
present invention including :».ymheuc clock generator cxrcunr-y- for _
regenerating the strobe signal. - _

20 Figure 12 illustrates a preferred embodimeht of the synthetic -

clock generator circuitry of the present invention.

Figure 13 illustrates a timing diagram of the synthetic clock

generator circuit ol the present invention.



20 Di sclosed is a direct connection routing nmechani sm which
provides for inproved performance over known parallel processing conputer
systens. The direct connecti.on nechani smenhances perfornance in parallel
processi ng conputer systens “by reduci ng nessage passing | atency, increasing
node-t o-node 25 bandw dth and all owi ng for sinultaneous bidirectional
nmessage traffic between any tvvo nodes The direct connect rout| ng systemis
a hardware control DETAHdHad2 & Nty of.
routers, each router coupl ed W|th conput ati'on nodes. -‘the routers for

al l omng passing of . - 30 nessages of arbitrary size between pairs of

. conmputational nodes. ATB&all@Pﬁn%Eéssf:&r&rﬁptﬁbf Q&Htémﬁ!("‘d&&‘di‘ﬁﬂdn%wﬁék t hat
dynami cal ly creates a route froma source node.to a destination node. The
route remai ns opfolowing dessripliont nuonerofs spesifiedetaiearemebforthuincordenty i ses a

Gest i natton rbad oTke 4 BtelelPoRatlepiief B Estel RsaBp RO ¥t B oot ac e

nodes in defi ni ngppakemt) IRdwerer, bk aikiltedoin désart uﬁnﬂm;ﬁﬁsdﬁm ifentioha and a
clock controlling transm ssion of the data over the sane.5 route. Channels

in the preferrednan®sdratised orithaw thase sepeilicetsilsi on other igstanses,j al and
full duplex and td ghbor
nodes i p - spacer AP RO GRIRE AARIrED P RECHARR 1yt nbr BEA Bl
connections for depail tn erdghnof td dullxténp:mnl)chbmued Biegelseb0 inveagiohe )

i nt er connect ed to fogrﬂ%netv\or nmeasi-Qns cont ai ning 128

to seven E
nodes. It ist%pparent "EFORR B’fveBﬂ‘?ﬂ ﬁfé??q dpiparal aLpfqu:gssA?g COMRELEL) t ernat i ve

ergdi Ments My $38teRRNSTHEplefélrdiPihBEdithedl SRR pfikertAMRntIvANRET of =
-di mensi ons and/ or nodes. Each of the eight channel s is routed -

i ndepepdent | y, aommessipllypavadablegindey the wadenamesiPSE/HE fr@m tntel
si mul t aneous| y. é&pbﬂu‘?mﬂroﬁ‘fs‘?‘ ﬁém‘%ﬁ""é’;ﬂhﬁﬁﬂ%\he nerﬁbﬁ} Jﬂgtftfef puter is

dedi cate to ‘act: externa Fout oOWs renote
devices to accesseednidagémdnhhon concurrent processing computer system. The

15 routing system of the iPSC/2tm is | more fully described in Steven F.
Nugent, The iPSCI2ML Direct-Connect™ Gommunfcati_ons ) -
~~Technology, Imel Sciemtilic Computer-s: distributed Hypercube =
Conference. January I9 21.) I988 | ~
-  QVERVIEW . I
20 i)isclosgd is a direct comnection routmg
mechanism which pl"i;\_/idés for impfoved perfonqanée over known
ek parallel processing compmer systems. The direct connection
mechanism enhzinces p_crl'oi‘nuﬁlc:e in parallel processing computer
systems by reducing message paSsing latency, increasing node-to-node - - .
25 bandwidth and allowinL for simulianeous bidirectional message traffic -
between any two nodes | |
- . | The direct ceanect routing system is a hardware comrolled
_message passing system comprising a plumhty of routers, each router
cOupled with compul.uion nodes, the routers for allowing passing of
30 messages of arbitrary size between pairs of computational nodes. The
routers form a circuit-switched network that dynamically creates a
route from a source node (o 4 destination node. The route remains
open for the duration of the m_e.#sage. The route comprises a series of
10



routing capabilities of the network. The router communicates with its

conput at i onal

in the preferred enbodi ment
di scussed in Sullivan et al.

-node over two 20 wunidirectional parallel buses. --

Rout i ng

i s based on the n-cube routi [
: _ ng al gorithm
Thi s al gorithm guarantees a deadlgock free

_ networ k. ' [
As will be described in nore detail below routes are dynam cally

constructed for C 215f \Sﬁﬁ
Ge PELETrdIR the Sourcamsde &
route is bui |<t 'mﬂgla E‘E Bng‘i l gpc pr"oceessI i'n whi ch r0Ut§m§§9”§nfgnglr :te

arbitrated frguniRhieRabde. otl‘henoulAfm-Br passrthraugh; SOme:RYHRY

t he channel s

whi ch constitute th
€ UL, B el Yol "o FGlté Aot vshemiremage

Transmi ssi on mﬂemﬂﬁ%é@é‘f‘b@

€ desti.nation node Is ready to

begin a
the measagn. nggg 18 s/ ICcIBER SaaoIARg (aiamision of therdataauerdhGA—RE he end of
connect i on roug the roufers connected by the channel. The di

5 Opddteg system d| sclosed herein is a variation on wornholee rect

routing di
g di scussed bé@'t?‘glﬂ ahe ' (!?"‘ﬁgﬁ{a% einbhdimeht6t the peesgat inventiems i t t ed

after the route isC

of the transm

all ows the syg
el i ni nat es t hgtsneadest oeighbounedsstipdl-s

. routing probe

fromrouter td®

controlling r
stgnificantly

15

-20

25

30

I on - CII’CUItI’ ,Of anag

?\égggerglxjﬁ%@nﬁihgaﬁlﬁs pﬂrytbe, comslruct g%ggé B1ef
fewer number of chmenslons and/or nodes

E'lch of the eleht r.h.mnelx is routed mdependently, allowmg up
to eight mesq‘wes lO be routecl mnmlmneously ln the preferred |
embodlment one ch.mn’e'l per router’ is dedlcate“d to act as an extemal

route lnto the netwolk and allows |emote dev:ces to access the full

routing c'\pablhtles of the netwmk i
The router communicates with its computanonal node over - two

umdxrecuonal par'\llel buses.
o Routmg in the prel'emed embodunent is based on the n-cube

rommg als.onthm dlscu\scd m'Sthvan et al. Tlm algonthm guarantees
a deadlock free netvmk As will be deqcnbed m more detail below

routes are dynamlcally constructed for each

message puor to its lmnsmlssmn A complete route 1s bullt ina
step-by-step process in which route segments are arbm'ated from at
each router. After a route is dehned the channels whlch constltute the
route are held for the duration of the message Transmxssxon of a
message begmv. when thc clestmanon node is ready to begin acceptmg
the message and clmnnels are rele.ned when the end of the message
passes through the routers conuected by the channel '

The diréct connection routing system, dlsclosed herem is

a variation on wor. mhnlc routing discussed by Dallx However,

1

er- than - establlshl n the route as part

feSBQQeﬂﬁl axmtlmﬁﬁﬁ@@ﬂnﬁprﬂdldﬁcw'ﬁ‘éww from) 91 N9dRHOS aspect

emto o
per at e-conpl et el felpltﬁé’?al o ﬁﬁ?grﬂggﬂﬁ?\treduces or
iate t
SO LA 66dpt et smpemches pof sy
or
an origin fbod%ﬁ‘ilﬁeanéﬂcm\deaul neaforomheyrks Ehtgﬁoesﬁ\té@rou hirsdhsfonsout e bet ween

the nessage is _ comu
circuitry is pronidineg #]2:83?9'[( e?‘c‘E@ﬁ E.hﬁ) 6:Y@otf1&@ﬁﬁt_y Ekilltxhehe asepar ate

e I's established,

'U

gﬁﬂg Iatency s -



15 systens. As discussed above, such known systens largely utilize -

. store-and-forward, packet sw tching networks. Using the above descri bed
techni ques, nessages are royted froman origin node to a destination node
encountering mniml dela i'n routing through intiermedi ate nodes. Further,
the routing of 20 messages through internedi ati&*hodes does not require
interruption of processes on those nodegeOfefdagdvic AahSRIeB RN at the

i nt ernedi at e nodes. The preferred enbodi ment of the present 1 nventi-on

i npl ement s rout efaig cﬂjtllpirﬂbgdambIllewg%ﬂidﬂahn@y@e rpgte as part of thhe preferred

nboe f d
i or connect aa. w TR ARDR 1 g1 B0 By B B8 ForPd YRR S TRR B, o "cube wher e

each node has N nearest nel ghlltgwinodessiehit sysh@nednspleledn said to have a
*di mensi on N. The ef erred enbodi nent conprises 128 nodes where N equal s
7.- ReferringSt o‘)gﬁ"qtlt\j'ﬁ‘rye‘"’i | redncgyr elimigaies de Regd tog ftayneemtrelons used
herein are illustimé uﬁngérﬁﬁdi ad ldidsirates a cube having a di nmension 3.
In-the preferred enbodl nent, odes are: assi gned uni'que addresses so that

t he address or any two near est nei ghbd¥ rogdusprbe fcompiBing rekagivene bi nary
digit. For--exanp)] addr 1838, Q. The address of node 1
101, one of node° «SdgE ﬁ‘b OTLIOR I3 “éﬂgh‘%%‘ﬂ‘ée‘%“’o'd’%‘) r'f'ﬂé?'é ofe thet hese two

nodes' addr eSsesnétwidikin @fdet b RsABHSID b i béhgd:én aiborigin nodeTdiR) £li nensi on of
t he channel between any two nodes js defined by taking the bjnary Exclusive
OR of the addPesdedingtion pade.d\igsdb roylg ﬂ*ewlarér!ﬁsj *élﬁe"erfﬁmss Excl usi ve OR,

the bit posttion l, qn [ ik 1 or 2in the case of
Figure 1) is thecélﬁgﬁ{r'l'e ﬁkgl @,,@Q ‘“e{’zg'gl% (?“rr teer taki ng the Exclusive OR

10 of 000 and %i:aréﬁéecﬂtidﬁtfﬁ Jprﬂﬁﬁﬂe@ ﬂr.Qﬂ awcaﬁﬁ&ahammé@&;%f \ée' Y,

the'result Ts Oo%odeA%m conu(ﬁlmg mutmg_. lb"smu ehese tal;petc):lst, position

W . message passing latency is sngmh_canlly reduced over known
15  syslems. As discusscd above, such known systems largely utilize
— 9!0|e-¢mc¥~f<nw.nd.—paclsu swrlchuw networks.

U%mg. the above (|escnl)ed luhmques mesmgeq are routed
from an orlgm nudc 10 2 destination node encoumenng minimal delays
in routing (_hrough_ ir_nic:rmécliale nodes. Further, the routing of
20 messages _t.h__rough i_n_lermedi':.u'e.n_odes does not require irnerruption of
processes on lhor:cf node_s or flow control buffering_at the intermediate
nodes. |
The prelemd embodiment nl the present invention implements
roulers using programmable gdre mmys . -
25 . 'l‘he prel'ened embochment comprises a col!ecuon of single board
processors or nodes m!elcmmecled with full dup!exed blt-senal
channels to form a cube where each node has N nearest nelghbor : -
nodes. The system is then said to have a dimension N. The preferred
embodiment comprises 128 nodes where N equals 7. Referring to
30. Figure I, channel and node naming corivenlfons used herein are
illustrated. Figure | illustrates a cube having 4 dimension 3.
In the preferred emhochmenl nodes are amgned unique

addleeseq so that the address of any two nearest nelghbor nodes differ

12



O is a one. Therefore, these two nodes are connected by a channel being

designat ed as havi ng di nension 0, channel 0 102. - - Al t hough the

preferred enbodi nent calculates a relative address 15 at the origin node
and transmts the relative address from node-to-node - to establish the
route, several alternative enbodi ments-are avail abl e For exanple, in one
alternative enbodt nent,; . the dei_tl nati on lEOde S ab %g a& I's routed
f r om node- t 0- no@¥.OM&t ipagy fligihq Eor exmpley 9“‘3&8 QQ ¢ s] dfr§ ed based on

the destinationThedgdsesaBFabé @ RN, oﬁ@%?%ae@ﬁdldd“ﬁea?&%@%ﬁbefs fshe current.
node. This relative address i-s used for determning the channel ' on whi chie

to transmit to ORE FherefordhesrovvaRIaRAKIITEERUSE e only iR onerbinarya)
illustrates a r?uter - .. The 25 . router of the preferred
enbodi ment conp s e ght mdependent routing el emants 201- 208, one for

2?22\9%56582%26?3%?%‘%2 geémméﬁage rTB(?u es hrotlr;&he ;g:!lt laggof the -
conput er syst erfqgies é@%’n T‘Pb%ﬁs iV :Q%eﬂg 201-208 is
capable of driv go t tinme.

Shee more t hana0iesits YTUERE) oBULLCHTE: SR B vinay B QDG | OF.

channel 221- 228bh|pmitmanenmhinyu aama&binpbsmbn(ﬁh lrmcﬁmnhs msfé&ﬂ' Hrgumr ovi ded
for resalving c

The .y out-er referr nent
further conpri sgg'stWG %‘H!"&ﬁ%r"é'é‘fl?cbné@ ﬁé‘i“HPF F‘}'Erh'éﬁ ‘g ES‘CH'BH@ qur ce 231

~and_a_node"§pnk 02380 aﬁﬂ!)()@flhtzhﬂdf&lr'bf%d@bel'mrﬁrﬂ wRie-2P§,my request the
node sink channel 232 for: output and, |ikew se,. the node source channel 231

has 5 access t &espeetivaly. gm resuBHa ORd| s‘\szguklzezsr:ennn tbmesyakebréppeaon
enbodi ment, they E‘%”&%T ﬁgrQH{&”&c_@IR RbadOFe R &Etﬁ& bg%rt te 1/0

port. This prow es an’| n and out o or renote .
devi ces such asbelingldekignamed agrlmpimahnréewnneﬂs chamhei GalIOZtl me | / O. In the
preferred embodi rrentAmg:(ma h !ﬁe pvel%rrecl emboclrment calculates 4 relative address
15 at the ongm node and lldnsmll\ the relauve address from node-to-node
—_- - to establish the route, xcveml allernulwe embodnments ﬂre avallable
- Eor example m onc dl((:l nauve embodrment the destmauon node's
- absolute addless is muled lrom noc!e lo-node At each node, the_ LT
relative addrexs rs computed b‘ned on the deqnnauon node’s absolute
2(5_ | _ address and the dddre“ o[‘ the currem node This re!atlve ‘address is

used for detennmmg the clmnnel on whrch to transmr_t to the next node.

ROU r‘l- R ARCl-llTECTURE
- Figure 2(d) 1Ih|slm|es a routel. o o The
25 router of !he pneferled embodrment cbmpmes elght mdependent
routing elements 201 208 one for each of enght mcommg channels
— (numbered 0-7) 211. 2l!s The lOllllll" elements 201-208 dynamlcally
. create messaue roulcs lhmuuh mndules of lhe computer system of the
~ present mvennon E ach rouuno clement 201: :208 is c1pable of driving
30 several outgomg chdnnels 72l 228 one ata ume Since more than
one routmg elemem 20] -208 may nequest the same outgomg channel
221-228 snmultaneously, an arbitration mechamsm 230 is provided for

resolving conﬂncts

13



10 node O serves as the host interface. Channel 7 in other nodes is
general purpose and used in the currently preferred enbodi ment as an 1/0
gateway to disk farns. As will be explained in nore detail below, the
prefered enbodi nent provides ¥t or routing of a routisgiprobe froma origin
node to a 15 destination. The routing of the routing probe acts to reserve

a route for subsequent ansm 12 Qf AES e This r out e may
be referred to as. a prTh%f\}‘"ﬁﬁg’@L&ep'FI&eﬁé’ "éﬁ%%ﬁ h@ﬁ]@é%ﬁglpr@gﬁ w%n to the
primary nessage raisidifectioh§! purefi€irchannel§) a meteodiurge3 Iparva dede sinkecondary
route,\feferred to as the status route, which routes status infornation

fromthe destinati23%- rvaeof §ha Kutigp glemenina@l-308 @myhreques dhr node,sink
status.route is usgdnhdi 739%aPof ¥p@ﬁ m&*&g@&t D hodsdifre biank] 93‘1 ﬁQ@t rol

for messages. To pass status in of 1T ween routers, statu
i nformati on i s srulaccessasad (ﬂﬁ:._.omgtcdmmités 2DR20RI s dur| ng rressage

transm ssion. In the aps ssages, statys rmatio
continuously. To suppoﬁ\ %Ssﬂ'ﬁ "ie Hehadigents the '"P fé%"n ‘{}F'@F’é gﬁft he

preferred enbodi Meperdtei BN h $6mofe 21 Phis Qﬂi'dE A NG gatedaySnldPshdE 1S
‘illustrated with reffarenceltonFl We’ﬁ’t’ b l(;1dr s?aﬁd stgt us"ayl lc1)g| c 30

al | ows status infoutef themnetwesk dart fompte deviges suoheasi disk farms. geaphicsdy t o
receive a message foiag, a[é?lil% A9irhd ?/63 te %aj%% Leﬂﬂm’&ﬂqgmt bR %@E? of

i nter nedi at e nodes back he"8ri'gin'h router is capabl e of
routl ng statusio nfrededx setW\esfwllml@m intéritee] altemusl Trn‘ass&ges:oda'ms

“destination ready” tus information is passed fJ:om the d stl nat | on node
back_t o the ortgi ﬂeﬁﬁr@gpﬂﬂ@r“eﬁ‘ﬂg usednin the PRIy Rretertsdsmbagi Msite
direction fromt hq@gg mﬁﬁqlgqgﬁ“ssed above in the pref erred errbodl ment ,
status 5 informati I'tiplexed with data during nmessage transm ssion.
As can be seen with reAeNeHd@ q:«phﬁnghmng(eu)emrtbnlawmﬂm prefieredr

provided from St a&#&vna@ of rm mv 8 F&ilifhe g, g!t)euﬁom' epgﬁgi%%zodte%t he out put

15 destination. The routing of the routmg probe acts to reserve a route for
_subsequent transmission ol a message. This reserved route may be _
referred to as a primary message route. ‘

] STATUS ROUTES )
In addmon to the primary message routes, the preferred
- 20 embodiment provides a secondary route, referred to as the status -
route, which routes status information from the destination node to the

U, source node of each message. The status . route is used in the

preferred embodiment lo_provicle flow control for messages. To pass
~ status information between routers, status information is multiplexed

25 onto the channels during message transmission. In the absence of:
messages status information is passed continuously.

"To support establishment of status routes, routers of the
preferred embodiment comprise "send status” logic. This status logic
is illustrated with’rc_-rl'ércﬁce to Figure 2(b). The "send status” logic

30" allows status information, inclicating the destination node is ready to
receive a message being routed from the destination node through
intermediate nodes back 1o the origin node. Each router is capable of
routing status information for eight simultaneous messages. The

14



had

channel s 258. This status information is nultiplexed with the data on
channel out lines ChO Ch7 251. 10 In the absence of nessage traffic,
status generator 250 provides status information to be-sent out over |ines
ChO Ch7 251. Status generator 250 provides the sane send status as provided
to the the routers on input channels 259 for aII channel s that are idle.

This status infgQ v de to st at us. g r send
status lines . éfengi%'lf’" rFf'd’&ﬂ "Y)é" ‘bg'r"é‘ nt pf‘?i o%?ﬁéopéﬁ?r?ﬁfégskl Il in the
art that alter ngddevisnckaching arigh warle dver tie daneeiidrmedintmodescatthen of status
i nformation. For exanple, direct wiring of nodes may be utilized for ;
comuni cat i on oPPROSHE GesimbiTREY ihgHEsHHCer nat i vel y, explicit status 20

ressages may be t aDNiLLRGd RARR ifiné BRIBELERBbANE iblughave vari ous

advant ages and di sadvant ages. Responsive to receliving a routing probe at
“the desti nat$ oninfiorgwtiontie nudeple pat vish dawadiyingi pesshge warsmigsioat é¢ by the -
destination node enerat ser.i | zer t I ne 252.

Af t er passing 2%2'" P%el}g‘ﬁ‘ﬁgnéﬁ ‘f‘ér‘?r&ﬁ“ﬁ?gbr)bfﬁngaﬁéﬂ% Eefeg%"étn&ﬁ isarrl ves at .
the source routprovidedi fadrh Zenuasvisch 244 @W\@Rt'admﬁ)lihéoﬂfs w@tel owrputl i ne 253.

The Al l ow Data sjigna lies, cantr t, transm ssi on of
data fromthe s%‘%ﬂ“&@“r@gt e'r“‘%ﬂr‘\“al‘ﬁ“l?g? ‘“'MNNQ ‘P Q‘H algon

Channels in thecmﬁgpélq‘qq‘ee@m@n‘pggl connect a router coupled with a node
with each of the node"s nearest .nei ghbor's routers. In the preferred

embodi nent , 1@ach chdnnbe¢ absenpe DSG&SSQ@M&[&W&U@@S"@@@I 250provigleshown i n
Figure 3. Label | j the ¢ uclgrs N ur, nder st ood wi th
reference to noﬁfég’g mé}‘?’&‘d%“ g‘hﬁ‘ C% SYLPE" l§ @Pﬁ%@%&?l é*ro e signals omu
from node 0. Dapénerator Qscl@th.aé«suﬁaanﬁrsanamahumstmsmdabahé tien node- 0.

Strobe in conductor 303 is coupled to al|ow node O \”5 [ye strobe -
signals. Data i W‘E@'ﬁd\ﬂdﬂb‘l"sc"ﬁﬂﬂdalzégﬁ(’fcfﬂhfh@ﬂe'ﬁéhﬁlqrﬁ g0 JADSEYS 1 ecei ve

data signals. ThiSembiilh & PEHAEP IS status ¢ generator 250 over send statis lines
15 254,

It will be apparent to one of ordihaty_:sk:ill in the art that
- alternative techniques may ._be utilized for cohjmunicqtipn of status
information. For example, clir_ect' wiring of nodes may be utilized for
communication of status inl“onﬁa_lion_.' Al:tem_ati_vély, explicit status
20. messages may be transmitied. Each of these techniques will have
- - various advantages and disadvanlages. _. P
Responsive to receiving a routing probe at the _c_l_estinalion node, .
the destination ready signal is originated by, _t_he. destination node, _ \
o - generated by the deserializer and output on’fine 252, After passing :
25 . through any intermediate routers, the signal amves at the source
router serializer as an Allow Data control qlgnal on line 253 The
Allow Data signal. as the name implies, controh the transmnssnon of
data from the source router scrmlm.r _ - _
CHANNEL DFSCR]PTION o ) -
30  Channels in the preferred .e_mbodlmc_nt connect a router coupled -
with a node with each of the node’s nearest neighbor's routers. In the
" preferred embodiment. each channel compriSés 'four conductors 301-

304, as shown in Figure 3. Labelling of the conductors in Figure 3 may

15 T —



301- 304 may be thought of as conprising two pair of conductors for each
channel ; a first pair conprisi-ng.strobe out conductors 301 and data out
conductors 302 and a second pai.r conprising stobe in conductors 303 and
data in conductors 304. The"pai'ts operate 10 i ndepgndent |y of each ot her.
Serial data control and status bits are transferred across the data l|ines.

The strobe |ines be andasotiaviviakdidiaher Idgodka0.a Stiobepuanondicter 30lovi de a
cl ock source for the subseqguent router. As can he seen W|th ref rence to
Figure 4(A), bot htf?'?%""h‘b"'t‘g‘@ sdenudyaw liamdipge 0. 409ta gy cosducters 3034 f 4 | i ng

edges Such as edopmehig dddigdath rgh nﬁﬁkqpesﬁblga”ﬁlll&114!9310?'3@34930 & used to

val idate data |ines 40 . The cl ock:signal communi cated over |ines
301 and 303 is us@daltqw obdeﬂmheumsssmlmegmdat Batmin| ¢mcw3%dre304

respectlvely Thi s transmn ted ata ave t he

entire message® ro‘fﬂ"é’le(fgq ﬁkfg’Y Hf’ge f’égﬁﬁ‘feﬂf’e i q{gt"é{LSnTle %or_@l 8‘(9125 si gnal

with a data signad0l-8e4 mayede Mbueofe cofiprisilg ®b rafamimic&)rglf@ck whi | e

each node (and the router "associated w th the node operate on its own
Qﬂé’“é

clock. A channel ¢achhgnyalna fsslcpaiscerppiisiog seabnhut ¢ tost ROk japdal
transmtted wth 3£§ f%‘f:gndl}ctdr.? 3[199\% a .S%g%nd?@dll comlprlg’tﬁg dst?&%‘m)l e, Wth

reference to Figure m node 4
(address 100) to codactrg aﬂﬁaad$1.|0|0ﬂ1)coniladz<mmg?ﬁ40e'l‘ﬁn<phus|operaG? of .100 and
001 yields a rel ative address of 1&}1 Therefore, the data wll be routed
fromthe seritdi z‘é’fieBef"a“ﬁB‘dé"iet“d‘ P¥HEr-channel 0 routing. el ement of node 5.

The data will then begeqyf Eﬁh390:11:(9%(1@‘4(&@8:(?h@ﬁﬁsf&r&@ﬂéﬂo@ﬂtlﬁ' ement - of
node.5 on channel 2 to the channel 2 routi ng el ement of node 1. During this

process, a cl ock datghiaes.i Thgshebaiies g ushd te uplidate ther dasa lingsiend algni ch i s
Ly ansni o0 ol neyldh { DR RURF SRR il Re o TR e o
node 5 and is usemférenceont Fighrd High)Cbamnating edges, stich as edges 411 and
' 15 421, and falling edges. such as edges 412 and 422, of strobe signals
401 and. 403 are used to validate data lines 402 and 404, |
~ The clock signal communicated over
lines 301 and 303 is used to clock the associated data on hnes 302 and
304, respectively. This clock signal is transmitted with the data over
20  the entire message route. Using this technique of _transmi;ting a clock
- signal with a data signal, data may always be controlled by a single
clock while each node (and the router associated with the node) may
operate on its own clock. A channel at a given node is controlled by -
—the clock signal transmitted with the data it is receiving.
- 25 For exzimple. with reference 10 Figure 1, assume data is to be
communicated from node 4 (a;ldress 100) to node 1 (address 001).
~ Taking the Exclusive OR of 100 and 001 yields a relative address of
101. Therefore, thedata will be routed from the serializer of node 4 to
the channel O routing element of node 5. The data will then be routed
30 - out of the channel 0 rouung element of node 5 on channel 2 to the .
" channel 2 routing element of node 1. - )
During this process, a clock signal is generated by the serializer

on node 4 which is transmitted along with the data over the strobe out

6 -— -



el ement. The clock is retransmitted with the data over channel 2 fromthe
channel O routing elenent and is received by the channel 2 routing 5

el enent of node 1. Thus, the clock follows.the data throughout-its.
transm ssion along the route. One advantage o the routing technique
descri bed over fliid 30!aﬂd§ilgalee1 prlhisadotlssngsaltrkrmcei\red b)olllbit':hgnmed(fhni que
allows for a generally rates of

| transfer rate. Tra
" handshake pr ot oJSPE“&F@"{fg' F&P&?QI"&M? ug c'gufé’é“ a@ﬁ%‘ ié‘f}g'é@ by t he
requi red node- t Gjaqes, aﬂ@%r@tﬂa%mm.%umdwﬁﬁeﬁ@dd@gcmd@hwrueszr&xhe R
channel s are nade physically longer. In the present invention, the use gf,
FI FO buffers at tilh@ham&lg@udegtelmmlll end tsametypddw the ghanrel 2ofaugingng dat a

si gnal s t hroughoyt for
nandehake pr o ocdreeR el AR Ie R W ob bR e hbSarillls 70 o
channel Iength qia“%ﬁﬁmyﬁ eﬁgg&n@ .._clﬂéay The dat'a bandw dth of the preferred
enbodi nent is 2. 8- I\/b tes/ second. .
Two st atus/control L :&wentpae§édweowuana®echwmer W&b%pet itive basis

bet ween nearest neig N0 whet her or, th ssa Iransm ssion is
occurring. These®¥&k E“ﬂ mﬁ@ R‘%ﬂ q(‘RDY) The.
EOM bit- indicates that atﬂ(’nes fmst gm-ndl)ohu.hhledmswgbr Inate. Hérensfcr ansnitted.
This bit is | nored unl €ss nessa ess )4 represents
25 the stat e of Faies %ﬂ?feg'éh@f '?I%‘"ggkl‘“ r%f'? g‘[‘}a’é‘-f chjﬁe%g Is%}]E% hed Foute.
EOM and RDY Dbi t ScAsed maﬁedeqmaeneo@f tol-Helel mmwgemenes find speefdor nat ,
illustrated in Figure 4(1), . allows .the EO\/Ib é,@&d RDE}M 432 to be
i nt er spersed wi t fgaradation ds the chaguels ars made P y"‘éf‘ &g prepant st r at gd
in Figure 4(0), gk, MM Bf ﬁﬂi() %BﬁeRQIY th ineddapeBestihatidi dmdssed in the
absence of nessage tra}

ahove- ment i oned €losk bignalsJollawingriz signals rougheytisiata transmnissign 434 f or

'Afggl C?fql ,[]ﬁ e-t g]g télﬁgﬁm’\es the n@e&j?thah‘mﬁ?ﬁtgeinwo%gﬁf EonsiiflenitiylmEN data bits
. throughput'iq not a function of channel fength or. acknowledgment

. delay. The data bandwidih of the preferred embodlment is 2.8

- Mbytes/%eccmd : —_ S S

- ' R TVO status/control bits are passed on a
20 | contihﬁdu_s repel-:ilive basis bétween nearest neighbor nodes, whether—
or not messagé lrém&miSsion is occurring. These bits are END OF -
MESSAGE (EOM) and READY S¥ATUS (RDY). The EOM bit
indicates that -'lh'e last word of the me‘ss;lge has been transmitted. This oy
bit is ignored unléeqh message i$ ini progress. The RDY bit represents
25 the state of, readmess of the destmatmn node of an established route.
EOM and RDY ‘bits are p'\seed in one of two formats: (1) a first.
format, |I|mrr.ued in Fu.ure 4(B), allows the' EOM bit 431 and RDY bit
432 to be mtempemed wnhm a data message 430 and (2) a second
format, lllmualed in Figure 4(C), allows: EOM bn 44! and RDY bxl 442

30 to be pemed in the absence of message traffic.

“The first formal comprises, in addition- to the @bove-mentioned
EOM bit 431 and RDY bit 432, two bits 433 and 434 for indicating the
transfer is a data message transler and sixteen data bits 435. In the

17
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f)referred enbodi nent, (the two bits 433 and 434 are set to 0 to indicate
the nmessage is a data transfer nmessage. The second format, referred to as a
"status nibble", conpri'ses four bits, the EOM bit 441. the RDY bit 442 and
two bits 443 and 444 5  fer; i:ndicating the format,is a status only
transfer. In the _ref_e{refl' nmbodi ment t,hes%'tv\o*’bf‘“f-"?s 443 and 444 are set
to 1. During traR&ieesd gmbadimgng, g dwh;hits 4id andibdaangrsat to P dojindigpeq.
Status nibbles agr peP&LE it Yeda IARFnidsesheOy all rolters in the absence
of a data transfer. 10 ' ~The RDY bit 7s stored as it is received at
each™outer in a " Deskliensechuth Ieaidyreleregyl Bt oy a dstalus piblgled dasmprisesw cont r ol

above, tu ~ot ar (O BERAANEagL e Ry, i 443 apg pog tis ST TEERET D01

the status ang dedréainfliensimg he fhomat Fvpsthiuk ondy @astéd i Inatle ppefened t he nessage
Is processed in t hal ves by the routers. Odd nunbered_bits are processed
i ndependent |y f r Sabpdigneabdhessunmebitydsi aad Add areeset g e uring s al | ows for

hi gher-data - trgl : ; - IS is h Nt gate arrays
of the preferred gﬁ%@é?’?r@%’f .§| l&‘ga'nbﬂw’%ﬂ:%gﬁ g@&@hﬁ%’esﬁ) %%@?&% ,

i nf ormati on bei ngrei repetitiyedy smdsmitted byesls agaedanahe absenee wéasdage f or nat
herein rs lIhe end of a nessage can easily be detected by routers
on the fly. This 8M"'fnates the need for a message size counter in the
routers and, jpher eby THeeRDYESi1 &MolddMs 6 if RcER¥I AUBANPRDYWGENT Z€.
Therefore, 25 messages in the present inventi-on may be of any-arbitrary
si ze. Each mess abl@esnnalmn Ready” register and is useq Hvdpqmgogﬁgl._gbmisggteﬁbde and
one~r ecei vi ng noQ@tles;‘@?ﬁyeB%‘b@? t hat nessages take_through - - the network
are uni que ‘bet ween any +wo nodes. The cg'nbi nat-[on‘ of channel s that conpose -
a route are defined bys déneribedhabyve ube 'stattnbitd’, 433 gwdi 4¥moxs descri bed
by Herbert Sullivan adsds BreBaeiliosd ob bef theCAaRusUHAIERED ormdts. | ¥
Distributed Parallel Machine, Proceedings of the 4th Annual Synposium on

Conput er Ar chit eting Bits . wiilldRd MkecaustARe mekkag ialpyocdstddriti ovd halvesr

descri bed wth rgf erence : . L
y the routers. Odd numbered bils are processed independently from

the even numbered bits in the router— This allows for higher-data -
~ transfer rates Than otherwise possible in the the gale arrays of the -

preferred embodiment. : - -

200 ~ As one advaniage of status information being interspersed with
message dala in the message formal | herein - ° _theend

of a message can casily be (lelecle{l_by rd_u(ers_ on the f ly. '!'his_.
L eliminates the need lor i message size counter in the routers and,
thereby, removes any limits to maximum message size. Therefore,
25 messageé in the present invention may be of any arbitrary size. -
Each message . involves one sending -
node and one recciving node. The routes that messages take through
—  the network are unitjue between imy two nodes. The combination of
c_hahnels that compose a route are defined by the binary-cube routing
~ 30 algorithm as de._s;cribec}_ by Herbert Su!livim and T.R. Bashkow, A
Large__ Sé;(_(lc' Homaogencous, I;‘)?II 'y I)i’.s‘lributéd Parallel 'Maéltin'e,
: P;oceedinﬁs of the 4ih Annual Symposium on Cg mguler' Architecture,
pp. 105-117, 1977. This a'lgo_rilhm is further des_cfibed with reference




to C R Lang, Jr.. The Extension of Object-Oiented Languages to a
Honogeneous, Concurrent Architecture, Departnent of Conputer Science,
California Institute of Technol ogy. Technical Report Nunber 5014, My,
1982. Using such a binary-cube al gorithm guarantees that 5 no circular
routes will occur in the nessage routing and thus, prevents deadl ock from
occurring. The g g®R.L4HE, siamszt\mumhnéwsj@n -ORcGldlIangRag a0 Hst
deadl ock, nessages in binary cubes can routed in |ncrea5|ngly hi gher

di mensi ons unti w'opmede@tsu- a{"mm'ws/\r@ueﬁwe. Depariment ofl Camg

defined above cgLi.es ese. | FR¥of WsthBir Of A
I ncreasingly hi nt i guous.
Routi ng of ness&hzs, Mapm%lgmsﬁngmrﬂher bmaqheumeilgotxmnh gwanmcmned

channels (or_channel s of the s rre di ne ﬁs or%ﬂls nqt al d. -For instance.

a route may tonBP &replar W‘a’ﬁh&‘ GCCurRAAR Hpessage rfﬂ""%l‘?&ﬂn USPIRKENR | nvol ves
the routers of a@‘m;pgmgfm&ugm 13. In this case the source router is at
node 0, the internediate routers—are at nodes.1 and 5 and the destination
router is at node 1Fhemlgotithnhatagysdhat inoprder to guarantee against deadiockse br oken
into four phase b0 r Qut he destination
20 node being '?‘53 ?e?l?'l' #,ﬁﬁ \g)lé&zi' %s@amg?&pﬁ%ﬁ%g%%h%hg}sl on and

rel easi ng connegimensions ingil it ﬂosﬁixmnmhmwtadrlgnm‘clamnelsmagbermgne source .
node transfers 3 mnj num of --one 32 bi ~wo dto the [ts,router. The. |ow order.
16 bits of thi sosfineg abpyeisorrespoilsdg imgnsighgT RQUISS JBRY camustut i ng

pr obe conpri ses : tahi sh 25 the ..
connecti ons thrgﬁgﬁ{ ﬁ%?@%gﬁ%@gﬂ;%&f@gﬂ%lgﬁ rrgqllgE 3688% b’oute that the W/
nmessage takes- ¢ontigueupr dalfcmnned»l emdss_t_genﬁmm lngiterlnugfbemdj@mnaelgho bits of

tile routine pr@be are set |o o(z) 5 \évg( r-der. nbs of the
routing probe  aPeEdumerdgh BS’“" £§ ‘"?‘Fég u‘é‘f‘!Fe “31‘0 A8} nary
address of the gleswédiaFbpmsnmde, .3ﬂmlélﬂdlytdiﬁsﬁpbfﬁl%ﬁh@ﬂ@ dhaffielli t of the’

routi ng probe corresPonds t.0 a channel that the nessage can_be routed on.
(The preferted channel 3 which mvolves lhe routers of nodes 0, 1, 5 and 13. In this _

_ case the source router ls al node 0 th_e mtermedxate Touters aré at

_— nodes 1 and.5 and the desnnuuon router is at node 13. S : :
A routing oper: ation ' T - can be broken into
four phases: establmhmg 1 route. dcknowledgemem of the destination
20 node bemg ready to fc:(:cxve a messdoe. message transmission and
releasing connecuem Io ummle ihe routing of a message, the source
node traaners a mnmmum of one 32 bxt word 1o the its router. The low L e
' order 16 bits of thls ﬁrst ‘{2 bit word comprise a routmg probe. The
routing probe compmes dcldremm.. mformatlon and is used to estabhsh :
25 the connections through mlelmechate routers which make up the route
that the message tdke# In the prelened embodlment the high order
elght bm of lhe routmo probe are set to zeros.
. The low order elght bIN of the 1outmg probe are calculated by
.takmg the Excluswe OR of the bmary dddress of the destination node
30 and the source node. l‘..ich bit of the. :ommg probe corresponds to a
channel that ﬂ1e 'r'he'“doe can be routed on.. (The preferred
embodlmem compmes a 7-d|mens|onal bmary cube, the eighth bit is

used for addrewng the external /O channel.)
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enbodi nent conprises a 7-di mensional binary cube, the eighth bit is used
for addressing the external 1/ 0O channel.) 19 The first segnent of the
route is established when the serializer in the source router requests the
out goi ng channel that corregpends to the | owest order bit set in the
routing probe. Requests for the same channel arefafbitrated anong | ocal
requestors by the arbl o I me
using a "round robin" ﬁf)l’l{ggtgi’@%mggﬁhé%"lgwa%'?ﬂﬂﬂg%%g“%é sseﬂgarhg%l{ ed, the
routing probe is denhe lsxyurtchemﬂuureqeemoutcecrutbmﬁmrchame} thre cHAGEPOndaMS M SSi on
takeé:‘pl ace. For. g ga) ({ 3)r|rout r?‘g rgrobe | nsferred to the router
in which bit Nis F‘ﬁ wehaLder Bitst e routing R eI W“ﬁ?‘fl‘”b‘gelsé‘&ﬁested 10
Wien the arbiter ghamiel aedarbingkd MmohB9oéAYbdqedids BPeha\aibiteReThe ansni tt ed
to the internmediate router that is the nearest neighbor to the source node
on channel N. I t3RRitesBIpRE OBE rRGMSHCI Hetine. Witk a [ caymdviohip” arkitraden | ng
probe, the inter -ﬁﬂd&te Ut s the

hi gh 15 or der _g%gtlnfqéé(a ' o'lriw\%m?@ ?é‘r '%nggbglse?':%uﬁﬁ%g?oc??ggfg*ﬁg%%gﬁghort
routing probe. -ThesOdtceaautbedmﬁWeSmwirhéwm reaonisiion edled plicet he destination
router. The short route 'r-el?e ‘ assed between internedi ate routers,
reserving additional ‘@fg ofil # Fauting prebe wansfergdtodhe ruergin: of s

exam ne bits N ihith bitN G el Tewed Uilie bl \etrﬁ%in@QNR{'ﬂQ?e @u&%@rm ne the
| owest order bit that is set. The - outgolng channel, corresponding to the
the first bit ¥hatWhen getarbiten grans chaupedN.abe sndingrsobtwill beouting probe

w il wait. Wen t rrTme n he short g probe is
trapsnitted to thgﬁ'ﬁg@b&%ﬁﬁgg }‘%B*“qu{"grh)sg i Fl]ed%etafeg agﬁﬁ i%gur-e 5,
this process repeahessom’t:t|noaéontch&nﬁe®lNI ng probe is received by the
destination router. {?grrln to Figure 5, a nessage is to be transmtted .
from source node 2 (biuthg Piefgrred smbg )""&'}U‘l ‘ERS’"d@S?‘VW&tq‘%ﬁOmmé”Qb‘(vbl nary

address 01) 503 i Qh@lrﬁeﬁlhélﬁﬂé'r&ﬂﬁil s16HRQhe THRInEPIOBE aR@dRcaidL the high

.15 order 8 bits (all of which arc zeroes). thus creating a short routing

- probe. The thscm’red bits will be reconstricted at the destination -

router. The short routing probe is p‘med between mtgrm__edlale

- routers, reserving d(khl!OlMl segments of the route.
_ The intermediate routers examine bits N+1 to bit 7 of the short
20 _'r&ﬁtmg probe Lo determine the lowest order bit that is set. The
- outgoing channel, corresponding to the the first bit that is set; will be .
requested and the short routing probe will.wait. When the outgoing
channel is granted, the short routing probe is transmitted to the next
“router in the route. As illustrated in Figure 5, this process repeats until
25 the routing probe is received bj' the destination router,
Réferring to Figure 5. a message is to be transmitted from -
source node 2 (binary address 10) 501 1o destination node 1 (binary
* address 01) 503 in a 2-dimensional cube. The source node 501
transfers a routing probe 1o its router 511, As described above, the
30 routing probe comprise;s'- the relative address of the source and
destination nodes; thus. in the example in Figure 5, the routing probe
ccontains the address 11 (10 XOR 01 = [1). In this case, bit zero, -



-

transfers a routing probe to i
. _ its router 511. As d '
rout ; escr
node;?gtﬁLgb?ncﬁﬂgrgigs fhe.relatlve address of tlhe sggsgeaggéeaegPsnggi
Mddress 1T (10 XoR Olm—) e in Figure 5 the routing probe contains the on
o charnel 0 is a1 Th 11). In this case, bit zero, 20 corr espondi
channel 0 for transni STihgrs],as described above, the routed probe régugsltgg
channel 0 t_.h-e-ifFQﬂRsPﬂ'b‘ﬁ B’Fb%&'m?‘g‘-‘t’ng al UThiN] apidehuitiod ahorntlBR access t
corresponain COUE s Ly e TS sent over channel 0. to router 512 °
al gori t hm of gt h‘cebugerdeggﬁterri&%‘\}iga?mmm@ Bo2andBIH®er i bed above, the routiig
probe out on a ChanoRhem herogas PFaRSrbfey hebeselo B0 omeC i o routing
ool o, U A SE) PN b 8 e 48 OGP (or 1 b
. n ; .
15 ) e Siiemenonms S0 st i, IR SBER OLE
. nn 1 . . L ’
exanpl e, the fi ithe presept -_iﬁ?éﬁ?xﬁ%ﬁ'ﬁﬂl&%&ﬁr &2 1d sénd thelrouting propa Pl cul quest
channel " 1. The rauf jiw t BN position 1 and a. request | de ?r
cor r espondi ng i g@}"?%g{)ﬁgh&diﬁﬁnsim,umguit_mscrﬁ%}‘@e Sy Thereford? .18 15
. — ’ | . . :
Ega?e begi nBi ng robten Sﬂa@egmbggﬂgﬁﬂﬁbﬁ}é)fmdﬁﬁgghgﬁg &z{%ﬁgﬁﬂmnes t he routing
ina bro o ; < an the ch
fouting probe vas ssine With B8 bhinbiipadsiious (he g PP WAS LN |t ihﬁg
: . I Of'e, - eterm ' ' .
L T v o ot Al M g 15 e
res: ' i Gl Ra : ©
Ean accept a mes.gﬁgg _f_gli llﬂ'lt.é\ﬁ,&lgq“_llei ?‘éﬁéﬁ&gﬁﬁg éEthé vvle -b(ijﬂ fIntthis pagieuiatat | onWIr E)ut eny
eqgi . i o ' now edge . : g,
I e o K EYdrROCITR Mruph ol & DL position ! o SJpaveR] st fBEY O 1) Thi S
fromthe destin EhaseqlreqU| res that a determnistic connection 25 be mad
carrying flow ant?gll gl.ut-er back to the source rout er for t pur osg rr?de
' T Th' [RITR PrOR is TRinsmitged &1 cisnghb to roulerh5e13_ P 0
15 correspond‘ing with des_l_i'nalion node 503. Router 513 -examines the '
ith the bits of higher dimenision than the _

- - routing probe 'begiimihg w
In the illustrated example,

_channel the routing probe was received on.

a!rréinaining bits are 0. Thercfore, router 513 determines the routing

probe has reached Aits final destination. . - )
20 Router 513 pads the routing probe with eight zeros to restore it

to its original suue. - Il the destination router can accept a message, it

will signal an acklmwiledgcme_m (the RDY .bit).. Lo . ' »
This begins. the acknowledgement phase. of the routing 'operation.

The acknowledgement phase re
de from the destination router back to the source ro
termed the

quires that a deterministic connection
25 be ma uter for the
purpose of’ carrying flow control information. ‘This is

"Status route” and follows exactly through the same intermediate

- B nodes as the message route. -but in the opposite: direction from the

destination node to the source node. L B R
'For-ex_z\_nﬁ)lc; il z\':mcs'sage__routed from CHANNEL 2 IN to

CHANNEL 4 QUT-at an im(;rmedizng router,.

CHANNEL 4.IN 10 CI-lANNEL 2. OUT is made for the status route.

30
a connection from
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""“Status route" and follows exactly t. e sane i nternedi ate nodes as
t he message route. but in the oppOSI' i'on fromthe destination node
to the source node. 30 For exanple, if a nessage routed from
CHANNEL 2 I N to CHANNEL 4 QJT at an internediate router, a connection from
CHANNEL 4 I N to CHANNEL 2 QUF is made for the status -route. 21 The

status route, g maintains its connectl n for the
duration of the ﬁ@é 'é“ rg}nﬁuﬁbe@ 'I“Fu%%?é?@g it tt f& Z‘H&ff)’ phase of
the routing oper alléQmmuon of the message. In Fi gufe 6 node 601
corresponds 5 to node 501 of Figure 5; router 611 corresponds, to router
511; node 602 correspEFﬂ!%e 6dlingaucsthe, ackpewledggmertsphnse 0f U roalisgsi mi | ar

| abel i ng corres AGE- As shown by Fi guy, §'oq g&m s sent
‘fromrouter 613 F@% respondl ng with desti ngf ‘g"r%"éﬁl‘(g)'cfgﬁ?@gg %\? P Channel 1
to 10 internedi abeodeidrofdigurel Hironwedi hicorrespoinds té tditéros Wamadet o
acknow edgenent origin router over_.channel ere i.if is received
by node 2 601. Asﬁo% ?qrreaemaf d@r”é’%#@%b?%r@%’iﬂ rfﬂﬁdrﬁaﬁg ves{imilari n the art,
RDY status infor Ngbdiffe icd £SO fded in the formats discussed above.
--Therefore, nessage |n?%rcngt|ona%rom a different 15 origin node may be
transmtted sinult anedgshpwnityhFighe 6tan u@\nmﬂodgmqnonb sene franh gogane

_channel. |If ther re no re yest e hann tus ni bbl e
e et abmue S RoPeiaRAtERk T Ralilinh RIS e R el e The
source Trode 601, ihftgmeBRatagRdTEI2S Nintérhdi:pd aGie6 Dl ftﬁ'waTdbetoSOUFCG ROUTER
tah™20 transmt data continuously . into the network (in the f or mat

descri bed above) agkpowledgemendodr '&'hé"%b@hb@"?rsc'k‘éﬂ?l QwhgreHtis r eady
~indication is reqeeeigerey%dé@%cﬁt%%.;reélhﬁde.h@oa%y S FrIaminAIed ment

nessages are not buf In the internediate ro e seen W|th_
ref erence to Figlneh&artt h@Yngslgagdmmauon is transmitted in the formats

discussed above. Therefore, message information from a different
15  origin node may be transmitied simultaneously with the status
- information over the same channel. If there are no requests to use th'e. _
— same channel,-a status nibble (discussed above) is transmitted.
When the RDY bit linally reaches the source node 6Ql , the -
message transmission phase begins. The source ROUTER can
20 transmit data continuously-into the network (in the format described
above) until the end of the messuge is sent or a not ready indication is
L received over the status route. In the preferred embodiment, -
messages are not buflered in the imer'l-necliate routers. -
- ' As can_ be scen with relference to Figure 7, the _mEssagé '

25 information is‘transmitted from node 2 701 to router 711 and then out
the serializer of router 711. The message information is then
transmitted over the feserved -rouie (CHANNEL O to intermediafe
router 712, CHANNEL 1" to destination router 713). The message is
then deserialized at router 713 and transmitted to destination node 703.

30 - If, during transmission of the message, the source router 711 ™
receives a not ready indication on incoming channel 0, it will

* discontinue transmission of the message and transmit status nibbles.
When a ready indication is again received on incoming channel 0, the
22 '



25 information is transmtted fromnode 2 701 to router 711 and then out
the serializer of router 71 1. The nessage information is then transmtted
.over the reserved route (CHANNEL O to internedi ate router 712, CHANNEL | to
destination router 713). The nessage is then deseri alized at router 713 and
transmtted to destination node 703. 30 ~during transm ssion of

the nessage, the source router, 711 receives am? ready I ndi cation on
i ncomi ng channapurge royteyyvill agqin hsgin HrRsmissing of dhe migswee Ha: th?essage and

transm t st ugdtkiabl 8wolfidh2uiccdidhnbdil FAhECHoles BPGREED Vo0 o

I ncom ng chann source router WI I'n transm sibn
of the rressagemfbnnatirm whighds iretassibadhereinte, the et deelyiindication isout er st ores
any nmessage i nf ot mat in tran e ti ma-tae not ready

D aae age At L TREkehle CneT o et Robudiled BY 4 1UrEALd by b aot ready

5 indicat§onjndicatidat fo Wniﬁbxixefé%(ﬂu $ioE®Bn he hevoTR! Wit thePdle rat her ~are
stored in the FIFO buffer.of the desti nati on router. This nethod of

throttling massl@g\td m@nsﬂf@&ldfﬂ@f ﬂﬂ%d@'ﬂ'\?ﬂh@}‘ rontern Thismeashod RE dest i nat i on
node is not th Sufth! n?eggwﬁgqginqgnf{sgcﬁpﬁ”\ I’O|R$ ann r&:h&%t Shade i n response t.c_)

such an indica e network. After

conpl eti on of desmtatibssmdmmnﬁmacmsa%m@bsﬂmgumxmiwidxmf thppends a
checksum word to the nessage. The: data for.mt Cn@ tains the checksum
word has the EGI9S$fAgE ‘§é’?“l"’gﬁe“’cﬂié'&‘lcg’dl‘r‘f'ﬁr‘ﬁﬂ)" Bb%‘”é\e B “f6°‘UE91| By nessage
integrity hp ofdeherivaridet ect 15 .-hardware: failures .should.they occur. As
shown in Figure 8. the transnmi ssion of a word with the EOM bit set causes .

t he source router aﬁﬂelt@mldhle@asefmasmw@mqul eiessage]. the csouragetouer reservedur

oL e e gkl A e PR ok W o U o7 B2 1
rel eased when téaiiarifle %édhmlihe\vﬁﬂ\/hbd theSEOM bitrsef.r The eheéiadm Those
channel s are then free to be used for other
- provides a means lo verily message mteonly in order to detect -
15  hardware failures should lhey occur:. e
- As shown in Fi igure 8 the lr.msmlselon of a word with the EOM
~bit set causes the source router 81110 release the outgoing channel .
.(channel Q) reserved l"m"'!hc_mes.?sage. At each intermediate Touter in
the route (router 812 in the illustruted exumple), the channel reserved : -
20 for the message is released v_vh_eh the word with the EOM bit set is
retransmitted. 'l‘-_hosc' channels are then free to be _uséd for other
messages. o e ' ' V
When a word with the EOM bit set is received at the destination
router 813, it is assumed that the accompanying data information is the
25  checksum for the message. The checksum information is used to
'verify the integrity of the message. Since the cljecksum information is
not part of the original message, it is stripped off by the-des_tinaiion . ; -
router 813. The result is stored for further inspectio_n at the destination
node 803. : '
30 : As described earlier. strobe lines are used tc; 'va‘lida_te data lines.
and also to provide u clock source for a subsequent router. Both rising
edges.-and. falling edges are used to validate data.: Rising and falling

edges may be denoted as even and odd edges, since the direction of
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‘messages. Wien a word with the EOM bit set i:s received at the destination
router 813, it is assuned:-that the acconpanying data information is the 25
"checksum for the nmessage. The'checksuminformation is used to verify the
integrity of the nmessage..Since the checksuminformation is not part of the
original nmessage, it is stri pped of f by the destfnation router 813. The '
result is stored for further inspection at the destination node 803. 30

As described earltherstrobe'sbansiiimesuabeeqsedetity maaplémian!eddaeahén nes and al so

to provide a cloc urce. for subsequent . rout er. ng edges and
fal ling edges ar c&[&cg F’ ?3&%‘ Hlgs i AYSegdiSHig & ifgoge a‘l"lthf @ﬂ Es may be

denoted as even aﬂéfeﬂ‘ikh mggﬁne ‘ﬁh'iﬁtﬂ.tﬁt@%ldit[ﬁéﬂ(D@l‘ 902) 33dep |ctédl1e strobe's
transition can be_equivalently inplenmented in ei t her dlrectlon Fi.gure 9

illustrates a sysThasedatches are asebhehold thentonting prebe dﬁéﬂéchﬁwgdtbd Figure 9,
a plurality ofgl ahe gﬁtef 9@%11 plp(.%)ls Lﬁug\g&ﬂcﬁﬁ ngbeTPﬁégoi ﬁb&g%% used to

hol d t he routlng probe as I'S recel latch is
coupl ed to a str oW s si'ew@[)ﬁ Fgude &. dﬁteqallumhq &f0ldtches 0AWA02)ns F| gure 9. The

plurality of latc 1 i cally divided into. two ks; an odd

bank 901 tri ggere@ ‘lﬁrc‘)?“}dwo‘é’g‘b\s’fv‘b ar ﬁ‘e“"s?‘TVdolBE‘\és%grfé‘lgggﬁBé’ﬁraP on strobe

l'ine 903 and and éiig%rbftlﬁé\ktr&%ugzﬁdlﬁﬁﬁé.ﬁﬂg,% AFdbe\IRR FOAEhddndidvenst r obe

signal. In this way, 10 bits of e routlna probe can be | atched in and
1

stored on both r|mw&nkulgganeﬂmgmedgesdm of the strobeisignatrnln dis why si gnal on
strobe line 92?3] 3 nstag@hbfb %J,S%DBEQ “&e‘fth%h IQQSdFQL%echxQBS{h r?ﬁ‘?rfgc%{ﬂi chis

coupled to ea Fout ers signal is
used to-provide afaﬂmg:éﬁgamoﬂmedmbae.t n‘aasmme danalearstrobe tiae 903 1S The

system for connection. plurali routers to Qmmn robe line as _
depicted in Fi gur%‘“@pﬂ%f?md%!"gtﬁﬁ béf“ * uh sienglh 30 vhi dﬂc?‘l’fgeciﬁ?rﬁ?&!‘ of

routers thus Connﬁc&€¢outéfst1ﬁrtlmé RAWBH. OPRis ToAfitin ABCR SighABEislusétfrad03 1S
supplied to and anplif by a nunber of routers,-the strobe
prov:de a 9ync wonous data trausler between fouters.
‘15 The system for umnccun« a plurality of routers to a common
strobe line as depicied in Fi igure 9 may be subject to a limitation on the
number of routers thus connected. After the strobe signal on strobe -
~ line 903 is supplied to and amplified by a number of routers, the strobe
- signal may be subject to pulse shrinkage. Pulse shrinkage occurs
20  when a signal is bufTered through devices that have unequal rise and -
fall times. Pulse shrinkage can cause severe asymmetry in the strobe
\J ) signal and ultimately can cause data errors.
Referring to Figures 10 and 11, an improved method for
providing a common strobe signal to a plurality of routers is illustrated.
25  This improved means and method is denoted herein as alternate edge
strobe regeneration. The alternate edge regeneration circuit eliminates
the pulse shrinkage pmblcm by regenerating every other edge-of the
strobe signal as it is routed: through each router. All even edges of the
- strobe signal are modified by the routing hardware while odd edges of
30 the strobe are sent unmodified 10 the next router. It will be apparent to -
those skilled in the art that odd edges may coincide with rising edges of B
a signal while even edges may correspond to the falling edge of a

‘signal. Similarly, the reverse configuration may equivalently be
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signal may be subject to pulse shrinkage. Pulse shrinkage occurs 20  when
~a signal is buffered through devices that have unequal rise and fall tines.
Pul se shrinkage can cause severe asymmetry in thé strobe signal and
ultimately can cause data errors; Referring to Figures 10 and Il an

i nproved nethod for providing a cormon strobe signal to a plurality of
routers is illustrat.ed oved neans, and, nethod,i.s enoted

_This |
herein as alter na’t"éplg'a’ﬁgég't F’Sbb"l ?‘é‘lé’e‘ﬁé‘f’%lm 1% oInEide Withdysing edees of a

regeneration cir CMFhalQbhn'lE odd eduet hmmhsq;cﬁmhnbrm@uﬂmgg eddecon absi fflgenerating
every other edge-of the strobe signal as it is routed throug each r out e

Al even edges of the Figured@ ilpsirigs aabiest phiemativedershodiment Qﬁ%‘ilfh'galﬁar dwar e
whi | dd ed t t | t
1€ odd edges 0%%% thdbe é&érf%flﬁxéﬁr eh ‘ﬁ@ Hu{fﬂQﬁﬁtgﬁ Cka&&(% Derhfite router. It

wi Il be apparent hose S e ‘ar es nmay coi nci de
with rising edgesembodmsangnﬁhlw#nadeeedgmrrobdmnmmonorrespond to the

falling edge of aS|g Sim arl the r ver ratlo
equi valently be 24 slerngAo f q’ra'tpll-"s‘ ﬁl“é’élj ya'@ol(ﬁeyab‘g with
rising edges of asﬁdv&paiw@mame@ql% Gﬁﬁﬁ?td‘rﬁ%séﬁé %@%@hg{gre gnd al | i ng edge

of a signal. Figure 10 1lTustrates a first al ter ative e ment of
al ternate edge st nsdefor eepehduginincbsiorifg dermeuting prabes tAsineEigaresdatanal

alternative ter at e edge strobe regeneration.. Refer ri ng
to Figure 10 a g?ﬁ%?ﬁfﬁf"dﬂ”“r QP Q E“?‘ibm and 1002) .is shown. These

| atches are shgilar t@udbadie smemct,md:uea 16ilgehes POGENghd BB0L 4mdra r ecei vi ng
and storing the routjng probe. in Figure 9, data _line 904 is coupled to

each latch..10 wméf%ﬁ'edf éﬁ&'yeecq-’e"bbﬁ’%uw@ e@ivaleat waysi#01 and 1002 O/

and a_synt hetic Cheﬁksxeaqn«ar;ﬂtpémm(rnﬁumtmmpﬁedm Fl‘gﬂr@m'hﬂ@h‘%&?on\ﬂﬁys as
depicted in a first enbodiment illustrated In and a second

embodi nent i | | ust eeabedinent Hiugtmied jin Figrine 13 rrﬂhgv@arwdt%\ennmmdesaa
Sy ol ok, SEBRAOGRL kol TR 5 PRI, AR 7 1°
-15  signal transmitied on strobe line 903. The design and operation of -
- -synthéiid&ock gencrator 100'4 is .d_c_:_sc_ribied_bélow and illustrated in
Figure 12. . o L : R
Refemng again 1o I mure 10, wobe hne 903 is coupled directly
to odd latches 1001 and chreclly 10 symhenc clock generator 1003.
20 Strobe lme 903 i is also dnrecuy conmecled to the first even latch of the
set of even ldtchcs 1002, T he 1cmmnmg even latches. 1002 are
" coupled to the output side _l_()_O_4 of synthetic clock generator circuit
10__03., By. -coupl__ing.lhe_' latches to strobe line 903 as depicted in Figu.re
10, the odd e_dg.éS_‘_- of the sli@be‘ signal .gln'iﬁre latches 1001 as directly
25 received.on s;;fpi)c' Iine_‘)O}whih the _modified even edges produced by
the synthetic c'lbck generator 1003 drive all but the first of the even.
latches 1002. Smnl.lrly lhc mochhed .even edges of the strobe signal as
output by the symhem clock g generator 1003 are amplified to produce_
a strobe out signal 1005. Wthh are then sent on to the next router. This
30 method of modifying thc strobe slg_.nal using alternate edge
regeneration-eliminates |5ulsé shrinkage.
.- Referring now to Figure 11, a _seeou1d alternative embodiment of
the stmbe_c,_phuccli(_m is illustrated. In _Figuré 11, strobe line 903 is
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‘synthetic clock generator 1003-i s :descrished-bel ow and illustrated in Figure
12. Referring again to Figure 10.*&t.robe ld-ne 903 is coupled directly to
odd | atches 1001 and directly to*synthetic clock generator 1003. 20

Strobe line 903 is also directly connected to the first even latch of the
set of even | at cditestlyonnecidtorsymthietic redockvgenetagardif3. 1o@ddiios. coupl ed to

t he out put side f el | I r | it y coupling
the latches to s%'(r%g’geh |9§’éq§§&%&{gy %@%ﬁéfgggﬁﬁaﬁﬁgg@&{aﬁ’ &t'%‘gqgtdo edges of
It_he e\s,lé B gb\ih js: gnaéddjlaich_e?!m%bm‘hmg&t e&xﬂiag?hwfgyé”eébgre@eeimﬁespn sltrollze

in ile t i fi even es produce t sypt hetic .cl oc
generator 1003 dﬁﬁl}e qreaiiers ‘tlhl'é‘q?'?ggf‘ tg‘? °@$:§‘d6\18§1 pad oRdke evpipside; larly,
L1 wDdL I L ed &V eIuBaae Sofecidiothe 8RpuP LM A008 B Qe Bk N Synt het ¢

‘cl ock generator 1003 are anp ied t uce a s out signal 1005
whi ch are then sgaerabor tG03t hes oendigurediinethis Secosd &@bodisiemtbidasof nodi fyi ng t he

strobe signal* usin | terpat e edge .regeneratl o | im nates | se shrinkage.
Ref erring now fto'“l'—’?ﬁ‘ﬂ? "i%,g“}f E‘_eg’SHH“ |‘1“8}°?Féfﬂﬁ‘{}§ﬁ_e?@88?f%%§‘9‘ﬂ¥-"t he strobe
connection is ilgipsdiranteke mbaiffeddwes edge oﬁtlfe%h%bék%ﬁa%suppl?@by directly
connected to synthetic cl ockogenerator 1003. In addition, strobe |ine 903

is directly connderasputsidehiOfiof syathgtic slack zeneraigs 1083. Jhistegondt ches 1001
and the first,ev f f. I : ter, all™ _
| at ches on t % oﬁﬁbé?é%hilg&llﬁgﬁ’clﬁg%eﬁwéﬁl\gﬁgﬁ) t@% §§% E"ﬁggﬁ%efﬂaar% ifeﬁ%(;ig(‘)innec—t-ed to

t he out put side inOBigursf 16 yHicmodidied sboke signariatoplifiéd® pradueoaf i gured in

this second enbodi qent . as i trated in Eigure |1, both the. dified” ™™
odd ;edge of the %f?r%b tsslgé:ﬁgbb_(ﬁxghc d* %?:fle?loggo e'llléxé&%‘étefif {}? ﬁlg}.ggrobe -
si gnal are suppl taffigayatidncofaithpt thesfigeor Q4ndémbidiineats, thecdyndhetigener at or

1003. This second 10 enbodi nent is functional llé equivalent to the first™ .~
enbodi ment  depi ctloak iganeraign 1003 gperpies tRduevang gulse shiakage pithe kol i i ed

o ggoggge 2,51 ' Q8Ga1Wim YoRBling 802 LbUi 6Ll by 10ARE 380PAnd 90686 BEH T outer.
router of the network. ' '
a Referring now to Figure 12, a preferred embodiment ofthe
synthetic clock generator circuit 1003 is illustrated. The circuit 1003
- includes delay devices, flip-flop devices, and logic devices each qf
20 . which are independe_ﬁtly well known in the art. Strobe line 903 -
- provides the single input to synthetic clock generator 1003. In the
- preferred embodiment of the present invention, the strobe signal
carried on strobe line 903 is an active low signal that initiates an active
pulse by the occurrence of a falling edge. It will be apparent to those
25  skilled in the art that an equivalent altemative embodiment may be
implemented where the strobe signal is an active high signal where an
active pulse is initiated by a rising edge. |
) - -~ Initially, flip-flop devices FF1- 1203 and FF2 1204 are in a reset
- . condition after a re;el Signal 1320 is applied to the clear input of both
30 - flip-flops 1203-and 1204. Both FF1 and FF2 output a low Q signal when
reset. Since the Q output 1215 of FF2 1204 is low and the signal on line
1211 is initially high, the output of gate 1205 is low. Thus, once the

reset signal 1320 is removed (goes low), the clear input 1216 to FF1
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configuration of either the first or-second enbodi nents, the synthetic
cl ock generator 1003 operates to prevent pul‘se shrinkage of the strobe 15
signal fromcorrupting data received by |atches 1001 and 1002 in each
router of the network. Referring nowto Figure 12, a preferred enbodi nent

of the synthetic cloock generator ci rcui t 1003 is illustrated. The circuit
1003 includes d I devi ces, fli evic and.l.ogi.c . devj each of
20 which are r?@éﬁ’@ﬁ?f@ﬁﬁ ety R 'R'HHWn 'F‘&ra[‘h‘iepé‘f‘t"“ @t'g%é'anﬁkg‘?@b o

provi des the si qghgp,uggq;, Mgureygt hetic clock generat.or 1003. In the e

preferred enbodi nent of the present invention, the strobe signal carri edwbn
strobe |ine 903 is aRefesingegdinie Eiggreal2 wnhFigurd 13.dhestrebe signalps pul se by

the ocourrence qlrofe Ik obas SRy s 1kl bld® ARBCHRDnd it gf Ty Si || o

in the art that urval en enment ed
Where the strsobdnedrgsdadn ihe chatkanpirue il gm)SJ ma@mpuhel B2 EnoflfEl ¥20%ul se i s
initiated by a risipg edge. Initially, flip ﬁ dev&;g& FFI ﬁ 3 and FF2
1204 are in a r dJEWRINSIA QP! ?"‘&‘F‘@?@Pe@?g Q) an 3 areefilel 1o the
clear input of %ﬁﬂlﬁ@bﬂtﬁ'(h@ﬁ% Fﬁﬁd HeOmIRRolddfd ¢Pe Q@E&oﬁﬂ@gﬁﬁ? output a
low Q signal when rieset. Since Q out put 1215 of F2 1204 i s | ow and the
signal on |ine mBllpasses hrongh ﬂse q@hwwlemlhe'l‘lw@q:lw conporants 12Qand; | oW,

Thiss,_once the «omBlus LaiAnobAAR e FINIRALGRRP Al e cLoar Tnput 1216

to FF1 26 120 econes 1 na I'agr am tepi ction of reset
si gnal 1320 ics depi cWekni znfzﬂmggndge]lamlaeha's ohsgobe tine 903, lﬁtlgclelaylZ and

'Figure 13, the strobe si 0 trobe |i ly, N hlgh o
state. Thus, af t‘@mﬁqﬁ‘ﬁ“g%b@"&"é%f“]‘g‘"?m '2@”553‘3%3 #'ﬂ]é" Fg%"k i nput to N/
FFI 1203, the OUdadlly the kxrhe tidhe. FﬁheﬂRQ@IaFQﬂqllﬁﬁow@QﬁM gamd \siet e.  Del ay
conponents 1201 and 1202 are used ' bot h the r|5|ngvand t he

falling (odd andasitide nuwbsss). Bie clock 'tggf!i'l' 13 Or‘l’P'Ms@J'f t 03 tpas
corponent. The Idl%lﬁa&ﬂmﬂﬁ'@ﬂ%e?ehjyzcolﬁsnﬁg‘ilreléo&nﬁﬁtelmldf momje, those of

ordi nary ski’ll
15 transilion to a hu_.h state as shown by nsmu edge 1304.in F:gure 13.

- Referring agam o Flgure 12, The oulpul Q 12|2 of FFl 1203 is _
also inverted and received by the clock input of FF2 1204, When the
output Q 1212 of I°I°l l2m g,oes to & low state, the clock mput 12I2 to

FF2 1204 becomes active. llowever when lhe clear input 1211 t0
20 FF2 1204 is high, the Q output 1215 of FF2 1204 remains low.
After a delay of j+k nanoseconds. referenced from the time of
the falling edge 1302 on the strobe signal 903, a falling edge a_ppéafs on
the output side 1211 of (lé.lay.' 1_202.__111_is falling edge signal on line
1211 is suppl_ied to both gate '205 and the clear input to FIF2 1204. As;_
25 the signal --on._]ine_ 121 |_ran_siliphs_.to a low state, both inputs to gale
1205 are low. Since both iﬁpt_llS o gaté 1205 are low, the output 1214
produced by gate 1205 transitions to a high state. This high state on
line 1214 is passed through gate 1 ZZ | and serves to?lear FF1-1203
- . thereby causing a lramumn at the Q output 1212 of FF1 1203 from a
30 high state to a low ﬁlale “Thus, a falling edge appears on synthetic
strobe output 1213. Thn eymhenc falling edge 1306 is depicted in
Figure-13. Since the clear input to FF2 1204 is inactive and the clock
input 1212 is iiow.active.‘.the Q output 1215 of FF2 1204 transitions to



10 When a falling edge 1302 . strobe line 903, both del ay
conponent 1201 and del ay corrponent; =1202' receive the falling edge at nearly
the sane tine. After a delay 6f j nanoseconds (j and k are positive
nunbers), the clock si gnal 1210 applied to FF1 1203 transitions to an

active state t erEb%‘H the. out ut 1212 aof F1 1%03 to 15 transition
to a high stale"g Bwn H? FANS K yes e %'ﬂf“é‘b‘fee'w]e%f“&"? ng again

to Figure 12.t tEt 1903 e BEE i £ ei ved by
t he cl.ock |npt}?qg188£§q % 2;}Vefmgn"t Jé"%ﬁ‘?ﬁ’ﬁt‘%ggﬁ hQ¥FélE—’?‘gltgﬂ%l%§'gs to a
| ow stat e, thendireck2|putecéRd.to FF2 1204 becorres acti-ve. However, when

the clear input 1211 to 20 FF2 1204 is_hig the Q output 1215 of FF2
1204 renai ns | ow. Xh%rsua"aeqlayudﬂlejon@raimgéémﬁscmbflep@%w FigdWet he tine

of the fal Lingse 0 n i 3 appears
on the out ;g)ut Qgrgqfﬁgé% &1(%% ld'er 08&2‘8'8%0? ‘g'n'% éﬁfe "%gdgjellm g qﬂﬁn l'i ne
1211 is suppl il03te gy hfea) ﬁaﬂ@&‘éoaﬂd tmﬁ:s ehfVccunPetadse thelda04. As 25
the signal on_line 1211 transitions to a |ow state, both inputs to gate

1205 are | ow. igpuide Ffok h20hpudisabledgAdier Jfbmdaﬂ@eqoad,s, thesignalon line 14

d db 20 hi gh h h I
1214 is paﬁs335‘3&rlsaaﬁhéé,E‘E‘S“'dﬁezﬁ‘i‘ﬁ%ﬁmn%éwb S0 R0 stale Mierchgaatineoy
causing a {1 afiak ifipuc2 16 fy REPUAL FRAZ 104 fEhallAded [OFsR: AL 1 oh state

to a |l ow state; I ng edge appears ofi synthetic strobe out put
1213. Thi aosyrlaﬂataamingl tlherngmdtbgﬂ: &m&fig edu@leqmappad omsnthetie stidbeSi nce t he
clear input to FF2 is inacti e clock input 1212 i s _now

astive, the Q @uimmhr@zh%l %fl Frﬂ:i’%dzm ﬂ%t-h%ﬁ ﬂmeab%glﬂal to EFhilg@3st at e. - | .

o e T o Py A0Sk RSOl 1 RNl SRR 0,10 %

recei ved. ThussanSieaeri zi ng the operation of the circuit depicted in Figure
5 12, a falling- edge on strobe |ine 903 causes the output Q 1212 of "FF1
1203 to rise after pmgam@s@cmdsamtmhsmnmfdbcLsyntimv:usleck lgenctator

15 -circuit as depicled in Figure 12 and described above, a synchronous
strobe signal-can be supplied to an unlimited number of routers in-a
parallel processing network without the danger of experiencing data

loss due to a pulse shrinkage condition-occurring on the strobe line.




input to FEL_1203 is disabled. After j+k nanoseconds, the signal on line
1211 supplied to gate 1205 transitions to a Fow state thereby setting the
cl ear input J?ﬂﬂl”mn'mm'ﬂm This clear signal serves to reset FF1-10

1203 causing !k | 1ing edge to appear on synthetic strobe
output line 1213. EF2"1294 then dega%cl.ear signal to FF1 1203
ensuring that FF1 12038 can respond t xt strobe | owto-high S
transition. Using @\ pomipalerasysembadvingni 1&dst tinee awaes)alach oflsaikk generator 5
circuit as depicted in Figure 12 and described above, a synchronous strobhe
si gnal - can be Rafss|coBtPrisigin unlimited nunber of routers in-a-parallel
processi ng network _ w the, er. o -jened ng data | oss due to a |
pul se shrinkage coﬁmrb%gﬁ‘écﬁﬁe?gﬁ?ﬁg%ﬂp{sﬁ@ﬁgﬂdgﬁ{e@lﬁhe: 28 - CLAIMS 1. A
conmput er syst em hawirogteatmdierdor réutae imfolamtioadsdiweén aadek, saides conpri si ng:
a processing neans for progessing information; 5~ - a router neans for
routing-i nf or MERISHNEASRAYINE o des, said router nmeans havi ng: (a) means for
accepting address i) QAR iRckEATS Adledd BEGRRIIYD HEASiq (D) data
comuni cati on neans for receiving and transmtting 10 -data and status

i nf or mati on wiprocessingdjeasst node; (c) strobe connmuni cation neans for

recel ving strobe sygngle AN S2kdod RERRTRY R0 dh PRIk Ag, Sai d strobe
signals with said i jp‘}‘?‘ﬁﬂ_dw.fb“é he t T out ? R AN RENYM™ st i nat i on -
node is regchedhita and sibus informuiel) witlr abadjaceitfriodai i on neans for nodi fying
sai d strobe signals being receirved with said i nformation by said strobe
conmmruni cati on meanéc) SrdiEspmauniratiop Mpginsdey f"'l%&’t’ﬁ’&)ﬁ"ﬂg%lﬁé“ di fies said -
strobe signal syQy sadnhiinid R dhd FARARNRL A ALSEY fighds Warsia’ N

information~to a next router means until a destination node is reached;

and
15 (d) strobe modification means .fo'r modifying $aid strobe signals
—  being received with said information by said sl"mbe communication
- means, +wherein said strobe modification means modifies said
‘ strobe s_ignai.s by ;yilthetically regeneratmg alternate edges of
7 said strobe signals. B
20— -

2. The computer sysiem as recited by Claim | wherein said strobe
communication means provides an even clock edge and an odd clock - o/
edge, said even clock edge indicalinQ valid data for said data

25 communication means. said odd clock edge further indicating valid data

for said data communication means.

- - 3. The computer system as claimed in claim 1 wherein said router

| means further including: | ' -

30 fatching means for receiving said information sent to said router,
said latching means coupled to said strobe communication means and

said strobe modification means.

29




-

Said strobe signals. 2. The corrputer syste_m as recited by daiml wherein
sai d strobe conmuni cati on neans pr.ovides ‘an-eéven cl ock edge and an odd

cl ock edge, said even clock edge indicating valid data for said data 25
comuni cation neans said odd cl ock edge further indi cating valid data for
sai d data comuni catj.on neans. 3. The, copput er W%em as claimed in
claim |1 wherein%said %ﬁ?'@t""ﬁbaﬁ’ém‘uﬁt éF“‘F‘hBP h'dF‘H rein said rquigrchi ng
means for recei Wieafs Pk |E@lﬂ’5ﬁﬁt' on sent to said; r___@uter -said |l atching
nmeans .coupl ed to said stro

e coffuni cati on means and said strobe

modi M-cati on neans. even-la2Ring méans loThecmonmutrecsvmypdrannaﬁ saidai med in claim
| wherein said rquter neans further including: eyen ﬁhlng nmeans for

recei ving an evl OHB?‘t'(?'bﬁo’Bf““é‘éq“&“{H’f&f‘ fapish ?&%ﬁ’(ﬁﬂ %é‘i@dgm?"é‘él d router,

sai d even 'a£Chb§\q:l€EQ6‘§¢uﬁ sufoBRRIcRtnbficaabd ?&ﬁu&‘t&ﬁ WpotAL | on means and

said strobe nodification neans. whereln sal even c I'ng nmeans receives a
nmodi fied st robenmdyﬁuaitgomndmmdd\Hcamomaugevmahsclﬁng meimslrecelgem .odd portion
of said - di.fn;égr r_nal{si on '(i.o' nicated to said router, said odd

| at chi ng neans TOOEHIES$ESUIY st robe comnmunication neans and said

strobe nodification ga@afch *h@iu'ik RitirEcqPihgl A 6dU porioRIISalECcei Ves an
unnodi fied strobe signal. . he corrputer systemas clainmed in claim4

wherei nsai d 15mfouwmlacmhmngtmh@ suid epwies saichodil tatching mesbe si gnal . . 6.
The- conput e obe nodi fication

means furt hg?* y?\‘%:‘f%m&?io g'é'e}a“y'Qgr\g,éﬁ’g"pg'l"cﬁ'é?'éf'eﬁ@l'gﬂg%égnéu% cation of said

strobe signal s fmedificationateNRl m@dreh shkm?dd mcl?ng :i{érm'sqewuéeﬁnsyst em as

~clhaimed inm claink vvheirel n sard even
unmodified strobe signal.

5. The computer system as claimed in claim & wherein said
15  odd latching means receives a modified strobe signal.
.. .6.  The computer system as claimed in claim 1 wherein said strobe
" modification means further includes delay means for delaying the

communication of said s_lrof;e- signals for a I ixed period of time.
20 - . )
7_ The co.mpulelj system as claited in ck\im2'whe|'ein said even
clock edges are synthetically gencrated by said strobe modification

‘means based on said odd edges.

25 8.  The compier system as claimed in claim:2 wherein said strobe
modification means leaves said odd edges substantially unmodified
while said strobe modification means synthetically generates said even

edges. . | -
30 9. A parallel processing computer sysiem haviug a plurality of

nodes for processing information, said plurality of nodes interconnected

in a binary n-cube, each of said nodés coupled with adjacent nodes for -

*
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cl ock edges are synthetically generated by said strobe nodification neans
based on said odd edges. 25 8. The conputer systemas clainmed in
claim2 wherein said strobe nodification neans | eaves said odd edges
substantially unnodified while said strobe nodification nmeans synthetically
generates said even edges. 30 9. A parallel processing conputer system
having a pl ur alprovidoig m@dm;mﬂtica!imnm bngveienfqaicﬁﬂbdm eadnplisgtdural ity of
nodes i nt erconnect ed ' each of said nodes coupled wth

bi nar
adj acent nodes CPBP"“"'%H’%r‘a{?ﬁ‘ggﬂ“e'd?f%n. cation route between said nodes,-

each of said comuni ¢aét iRk fof ¢bRRMARGRNIgSINTEmaion fréth d fiR€nb& to a v
communi cating informtion froma first node to a second node; 5 a

second |ine fosceenthmadeat i ng synthetic strobe infornation between said

cl ooki ng sacd data ? NRSPRGIRORT cohfihly EPhFM BedL WaRG WORMIEL 2, | o

means for synt etwes said dapenede agl sditl seoaid npde,tsabdh symthetiaitdolsd r obe
i nformation. 1Q 10. n a conputer, system having at, | east three nodes, each

of sai d nodes W&Wﬁ‘@"ﬁ"ﬁ?'o‘é@%'s’l‘&@"%‘ééﬁ%"?fSF'"fS'r'Qibé’é‘gl ng information and a
router means for roy,r‘ e d ﬁpﬂmﬂe%bp MﬁSH rﬁ&ﬁﬁsf?gi‘ymgﬁgﬁfyfor

comuni cating inforna |on c sing~the ste a) accepting
addr ess i nf or ngeneratifip ariesaitel ppnioms disaigl steabesinf¢imationcei vi ng st robe
signal s froma router means; (c) nodifying said said strobe signals being
-+eceived if%aid receivinhg step to produce nodified strobe signals by

synt heti cal | Y g CORD r&,h ﬁ&ﬂﬁ@nﬁ‘%\b“& AAgRs nﬁfee%désSémb& ghanal s; 20
(d) rece|V|ng aan tus I'mformati on from.an a'jacent router nmeans 4/
s}

usi ng -unnodi{ | ewdes habmgsa presessingneane yor progassing i gnmmaarahd st at us

I nformation usi rotter meam for routing information between nodes. a process for
) commumcatmg information comprising the steps’ of:
15 (a) ﬂccepmn. address information Irom eald processmg means,
- - (b) receiving strobe signals from 4 _router means; S _
«©) mothfynm_ said said slmbe mgnals being received in sald

recelvmg slep lo pmcluce modlﬁed strobe s:q,gna].s by synthetlcally-
regeneratmg altemauve edges of said strobe 51gnals-
(d) rece1v1ng data and status mformatlon from an adjacent
router means usmg unmodlfled strobe 31gnals, and i
(e) transmlttmg data and status mformation using said o
n_lc_x_iifl_ed:strobe signals to an adjacent router means.

25

12 The process as recited by Claim, 10’ivlieréin-said'Strdl;e signals
include an even clock edge and an odd clock edge, said even clock
edge mdncatmg valid data for sa:d receiving data step and said

30 transmitting data step, said odd clock edge further indicating valid data
for said said receiving data step and said tranémitting -data step.

-12 The process as claimed in claim 1_6'!‘uﬂher including the step of:

3
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h o

-

‘modi fied strobe signals to an adjacent: roUt er means. 25 11 The process as
recited by Claim 10 wherein sai¢-st robe “si gnal s include an even cl ock
edge and an odd cl ock edge, said even clock edge indicating valid data for
said receiving data step and said 30 transmtting data step, said odd cl ock
edge further indicating valid data for said said receiving data step and
said transmtting diatchisg eaﬁd |ﬁ(2mn.|Tha sech&aﬁl mw‘rl madﬂ@hchhgait@ m 10
further includi ngrthe step C | at chi ng said
i nforpation se®€r PU”@‘&PH’"&G’L&@F""‘&'HFG ‘I'ﬁ%h‘&ﬂé‘ st ep ‘per formed’ usi ng an
unm:\w fied strobe signal. 13. The process as clained in claim10O further
i ncl udi ng the steps of: 5 | at chi ng an even portion of said
i nformati on co®®uni The prbcess mi.ld:merhixecl,\imalﬁfuahemdekldxhgMgp steppofier f or ned
using an unm)dlfle . obe S|8nal t rgns nh tr 9 fied even edge of

bl oI

sai d strobe3signal "EFt"éf’gnfé‘kF" bigdion tion cq"é‘f‘t'mcﬁﬁ 148 odd portion

of said i nfor MBAidodule? ¥HIN b ﬁdcﬁ.ﬁa%eépdprerrmhea ushig &h. Qﬁﬁuohméah' ng step
usi ng an unnodi fied strobe signal he process as clained in claim10

further incl udlstrgbft signgkeps of: | atching an even portion of said

I nformati on comunicated to er.. sai en | tch| n step '
performed using sai (ﬂa'}'ﬂ)‘wtfqge‘&l"%‘{‘\‘@%‘k%‘?'bﬁ( edf d‘é‘t’ ?’ﬁﬂaalﬁ"b portlon of
sai d informati gsuiegrgnani cated to said router sal d odd | atching step
performed using sai'd nodified strobe signal . 20 The process as clainmed in
clai m 10 f @t her i neldingan add pepiar ef Ma;fpﬂgaltmec%mmmamtp@m)f sai d

St! robe signal s r&ﬂér,%a{d &(&Plapﬁ{mé) gleqfusmgn.ﬁi unmodified strobe signal.
. - . _ Y

14, The process as claimed in claim 10 further including the steps of:
latching an even postion of said information communicated to
15  said router, said even latching step performed using said modified
strobe signal; and _ - -
latching an odd portion of said information communicated to said .
router, said odd latching step performed using said modified strobe
signal. ) B}
20
- #5. The process as claimed in claim 10 further including a step of:
delaying the comniunication of said strobe signals for a fixed period of
 time. ' " |
25 , 16. The process as claimed in claim 11 wherein said even clock
edges are synthetically gener.ued by said strobe modification means
based on said odd edges. . . _
17. The process as claimed in claim 11l'wherein said odd edges are
30  substantially unmadifiéd in said modifying step while said even edges -

are synthetically generated.
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25 16. The process as claimed in claim 11l wherein said even cl ock ed'ges-h"':"cgi
are synthetically generated by said strobe nodification neans based on said <
odd edges. 17. The process as clained in claimlliwherein said odd edges are
30 substantially unnodified in said nodifying step while said even edges
are synthetically generated. 32 * C L M S * 18. In a parallel
processing cofgut & aspihRel pxcendn@ cpipitérn $psieh NRwes afpliralitp@essi ng
information, said plurality of nodes interconnected in a binary n-cube,
each of sai d nedgeforpigsessingiinforavitiove sidrplveality of nodssiintenconnected .
- communi cation route between said.nodes, a progess for .5 co nigating

nf or mat | on_ dBAPEIYE-GRe. cAEROTGHId Bk FouRled yithiadhogpnades (e

i nf or mati on G'Wd?n'f iar&'fm- AR RntrottE BRAVATH&4id GRIHRY M BRb synt hetic
strobe infor E%tl on between sg"% 7 rst 'no@é an 'gall s'e%m ér%gc@y sai d
synt het i ¢ sst cohmmunicatinptinfomfationlddmpiiting khegtepsiaf: dat a and st at us
information; and synthetically generating, alternate portions of..said strobeé
i nformation. - 33cOmmunicating dafa and status information from a first node to a

second node; _ |
‘communicating synthetic strobe information between said first -
node and said second node, said Symhelic strobe information..f:or
10 clocking said di_lla.élhd.!:s{tlzllll's information; and | | |
synthetically gegléfzilillg alternate portions of said strobe -/

information. . S ' .-




