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dedermine Message 10uting. Mhe existence OF
multiple paths bfw {wo nodes Meang that toheo

\EOUHj linles 'ave  encoun tered, H”E’j Can uéua!y be

oided by Stmple, local fouting  decfsion o e

0
f “76‘ Ghm{f’sl voutes g Dot aVO:?’OUE',O messaﬁe
maj be Sent Over Q !008 path-

HJP“CUBG Ynbev connection Detworks have been used

N Qoo mach{’nes.@g's ‘oclude Tnker  'P8C,

Connect upto

Whith uged a 1-mefn6.’ona1 Cube to
cahieh had <P

198 nodes and  Ncoge s Ncuge/ten

109y nodes tn a lo-dSmensional Cube-
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:_'—;Hfrconnef{fnﬂ a lﬂ\’ﬁe
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o . possibilitres
Ong OP 'H-)e S,mf)lea{ - and' mOS{-"C-FPECEWt’ POS M’ Gnd

P nodf
16 ’co Choose a POH) b}w a' Souvce!
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| Ny
P‘Qte 'n ' the horizontal divection ﬁrom N' toward ™)’
AY's: Tn}ex's paragon and &he.e.xpey."mmm; machine

" Dash apd Flagh at Stanford  Unfrersity | and  Alewibe
at MIT-

g waparound Connection g made blw the node &
at the Opposite edjes in the result in @ ne kworl<
that (ongrsts 08 a 8et of b.’d?rec{fonal r:’ngs "
the x {ovusy the Olvemje JQ’ffn(‘j of nformation
ts veduced ,but the Cost of grmm Cgmplf;‘?fj. Such
an Snplerconnectton petwork is used o Fujitsu’s

AP 3000 machines:

Both the rejulor mesh and the ftorus Schemegs Can
also be nmplcmenEeJ as 3-D netwoyles, in Whith the

lfpKs Qve bjw neic}hbors tn 1 the Xa Y &'Z directions -
fé’j's of 3-D .fOrus 1S 'ﬁound ) (‘raj‘s T3€

mul{?onceasow
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ﬂ. hffmwkfmllj Strucluved network ?mPlt’mfﬂ“’d
0 the form of Htree ‘fs OInoH)ey '?n{erC'Onne(h‘OO
‘l‘DPOloaﬂ-'(TFE’ (f,iﬂ-a) Showg a q_mqj tree that
biteeninetls 16 -ttodiless To dhty Bree casich PAHE'
node_?alloms COmmun?co{‘fon. bju Ewo of its Children
at a Hme- Ao ‘in{ermédfo%e -level nod!e Can provide @
Connection from one 0f ths Child nodes to Tt
pavent: (This enables two leaf' nodes that are ang

distance apart t Communicate:

. O OoOoo DDDEIEID
318 A fou'—waJ tree

6 tree networle performs el P8 there fs a lage

Amount 0f foful:'fj °n  Communieation that s only
Q@ 8maqll portion of networle traffio joes {hroujh

the G?rﬁle vote noade:
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nO'O-E HO)CG ' the UPPFTIFWIG O-P Q tree h?f’lroy(}-,j
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\\ . 4
tn  (NM-5 meachrhe bj -‘Ihfnjci‘nj Machi’nea ‘Grpomhoo

Q‘n” [\lf{wovlcs-_- - |

- - -
= - - -
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I”‘O:n QJVODPG\(JE 0f this -GtrOnjemeni g thal the

ths easy | 2 i ,
Y?nﬁ s, to frm plement + fnlee, ’n the mﬁ Can be
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w;de; USUO,B
ig  (Connected to Only

0 pavallels because €ach hode
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i s nol ueeful to Cons trud

400 ﬂfi:jhbomﬁ' Howevey, the

nodeg because

a \ery long ting to Connect mory
43 % . unacceptably

' aned d b
la{fnfﬂ of nformation transfer woul

IO]ﬁf.

o ) Opper n"nﬂ
/@m rn
) A ios

(b) l—l?rrorqu of h"njs

Short h’r)js reduces Subs{onh'allﬂ the

Hav?nj
that nVolves hodes O the
:6 {}’)Q{ H’e

fO’r

la%ean of tansferd
Same anﬂ- (The drawback 0¢ this Scheme

| |
hfjheslr-level hnj may become a  bottlenecl

alfre

(Bmmem’a] machines  that feature Tfnj ne Lwoyk
‘nclude  Anemplay V2600 bj Hewlett - packavd and

ksR-@ by [cendal Square Research:
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.._JH_JIT
|[H‘-

SEVF"Q\ di Pferen{- '!'DPO'{??:FS Cbm bf’ USC’C’ %0 " 'fT)P,f’l’hen[
the nterconnection netwerk i 0 mu]{procmssor 38{””
Aach has Certaln advqn%oges and dusad\lonto\?ee

when C‘ompmi’nj difPerent approaches -

. o 0
the ™Most 'Pur)cfamer)ka} requivement 18 that

‘o 5
Commuo: cation nf"l‘(ﬂ()]]vl'c be:l) fan:n' f’nOU\?‘-, QI)J BQVC

Sublicient thoughput to Satishy the trafiic demand

in ;
Multiprocessor System-

MUIHPMCE’SSOY 0P dfPevent Stzes ave meeded-
(— "ol
lhe tea) networic would be Suitable for an Sizeg
"0”\9""’3 Hom J"us’c Q ffw processor to PO\SS?bB

thousands of Processors - Clhe term “Scalab;l.’{j ' s

O-Hfr‘)l uséd ko desartbe the Qb?l;’-lj .OE mul Erprocessor

avchitecture o provide ‘ncveased  performance as

the size of  Gystem neveases, w@hile the fncrease

in Cast is Proportional to H:g inCrease in Srze-

I0 addtHon  to provfd?nj the basic Communicqtion

b’tb Sources and destinations ot 1g usefy) to

have :bm'qclcg,g{fna (‘apobi"f{j wheve @  Mess0ge

troverses the  entfre NeEtworle and fs Yecefved 9:

all podes-
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J ﬁl;E 05?”@ t Send a messaﬁe o only a Subset
+ Such

of the network nodes s to also benedicial

J“'O”SPP'S are C‘tian muH?ms{fnﬁ-
T: o Lo function €€
Jdeallj, the machine Could Continue

08 Some link in the ne+worle farls -

(3oth mesh and r?rﬁ network are Chavackerized

ohich pan be driven at

by point-to-point [Fn1cs
j Ulable 10 Small Con\PgUVO'

Botih Qve
elpanded without dr"ff.“culi\tj'
N a h’nj ne twol¢

hi’gh clocle rates:

ons and Can be .
Toevemental Capansion is  Smaller
thop n mesh netw oYk’
ﬂli_ﬁ‘d Switch blocle ncludes both the Clch.hﬁ
1
transPey and the

the PO H‘) %r
that selects bt’?nﬁ Hangsfened-

buffeys needed to bold the dato

in 0ONE
a’@cua Qve H’onsfermcl wg(om the buffer

oy Lthe nent node f©n ODE

node to the bu et

Cloclc (ﬂtlf'
(lhe btdirectional COmmUO?CQ{—th s needed 10

both xgV divections, eiﬂh{' distnct  networke lin)e

must be Connected o the no de:
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o modales |

@ node in a megh

'[ | process?og ey

| & Node tn a Hng

.

" W width of the linkes ae  limited bJ fotal ng.op
lll ~ loives fhdp Can e used, taling: finto the ACcount

|
\ the (ost and Paclcﬂjmﬂ" (he tevm {1t [ Flow
|

'; Clontvol du‘ﬂIT] is often used to' refer to @ portion
| of the packet that Can be Qccepted by Switching
,j‘é Cf:cu:hj 'n the node for Polrcuaerg, Or buff’f’u’nj

?r) Case the formon; POH'I 1S blodcf’c’ !33 another
trangfer

| A 6’[\(01"95F\90vwarc| Scheme known ag the
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istove- and- forcogvd” method s to provide a laxge

’ 2
Nough  buPPey tn paep node hold all  €lits O
x ed
paclcets- ' flhgg, @QN entire Paclcf% ' g trans ferr

' where B 18
werom one module node to Qnother e -
the
Stoved until H Ccan be PorwavJC’J to "
o Megormho €
9” Qdrackive aHt’maHVt’ Ig ihe ﬂ{_ {—ha%
£ 6
I ! nce of '
rou%?nﬂ Scheme N whteh Seque o e
I VIewe 4
Constitute ¢ paclcet Can  be o ik -
l) H‘it’ ﬂ(’l‘(ﬂO”"
that moves ,:hvoug e bl o
N 0 Worm Contains @ heade
addvess  Of the destination nod e
Y
1] . 0
Iomhole touting 8 A7 applica tion ot?h X
2 .\S
oot SwikChin whieh !
G{vo{e\gtj known @8 Civcurt | j o

Df{'wofks ’

ConceP b fLom  telephone

familiar
twoyK is

Pa—th -Hwough the ne€ |
dialed - e Cond & vation

Called C!'TCUH:' Once a Cirewk

established  @heD
~ takeg Place

[

!
o number 18

alo ng thi's pa th

blished ,howevey,
Loward the destination without

(”Te Sfrqqu ies ?ﬂ

o esla the temaioing flits Of the
\

paclcet MOVE
e1perffncfﬂj

which an enti're pGCIC{’Jc 19
Store-anad - -f—’onnmd method C'allf’d
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bufPered at €ach node

ag tn the
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(The " masn "'cla‘s'admndfye? of a hievaveh'aal ting \
nebwovic  that the "”j at the top of  the }"P’O'”’j
‘mﬂj bfmmf a  bottleneck ¢f too many Packets
f\flt’c% .{0 be' transered over 0 (Thig will Occuy T
the .Iﬂmlflll-ﬂ' o ('ommi’ni’oaHor)l s low- (The "‘o"j
bage {jSFem has  hundreds ¢ Pprocessors: To
Coldtl'ﬂﬁi - Megh- baged System scale wel o thousand
..aE Pracessors.

(The f?i"nj-basfg System are cagier to  implement
but do not Scale Qg ., well as mesh- based G\ljsif’m-
lhe mesh G\js[-ems Qre Sui‘lab)e for uls(’ {n both
Smal  qnd U"‘fj !mje Sjsft’ms-

Hilf’& (?P(}Iojj f\Jdmorlcs

- - -~

5@65?30615 of multiprocessors Sds{em Strive to
achieve  Supeyior  performance at a reasonable Cost:
Io an ePfort to exploit most advantageous
Chavacieris tres ol  different ‘inpoltnjfeg ,many Jucessful
machines featuye mixed "UPO'OQE'@S' Bus and
Crosshar are  excellent  Choices Por Connecting a
Feeo proces sors ijt’l'h""’

Lata @cntral's AVE5000 Sjs{f’m uses Nodes

where processovs  are Connected kij the bug-
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Hewlett~ pacicard's  Axemplar  vogoo also uses @

] 0 L bod es
ij network Lo (nterconnect nodeg: Cohere cac

the pProcessors:

has a Crossbgr Gu)f’éfbfnj Connect
to

tree
PomPQQ'G Alpha Sevver ¢ Uses @ fat

g0rS
°Ce proc_ee
i°n£e\rCOnnec% lhe node that  Compri

Connected bj Crosshay  SwitCh

\S\jmmﬂn’c Multprocessors s -

v i )
A mu |7 proces so S\jskfm 'n hich a

to all memory

Processors have fdentical —access
TP arﬂ processor €aP

modules and all ilo devices

erther Ehe Opfvafi’rza \%Skt’m kevnel
the machine g Called Q "Sjmmf-h:‘c
" (Mhis also implies that

t]o Opeation to

0y

Crcecute

Use prOjrams;

Mullproces sot [snP]
intiate  On

Qny PYoCessor can
an
J and it Can hand le 45

G any ilo device
exteral Intervupt
SMp's ave usuallj tmplemented us.'rﬁ erther a

bus or Cvossbay networlc'thﬂn. an Sme ie used

as an node n much ’Grge mul ki processor \ystcm.
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