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Abstract In this paper, we propose a new class of MIN(Multistage Interconnection Network) called
SCMIN(ShortCut MIN) which can form a cheap and efficient packet switching interconnection
network. SCMIN satisfies full access capability(FAC) and has multiple redundant paths between
processor-memory pairs even though SCMIN is constructed with 25N-4 SEs which is far fewer SEs
than that of MINs. SCMIN can be coﬁstructed suitable for localized communication by providing the
shortcut path and multiple paths inside the processor-memory cluster which has frequent data
communications. Therefore, SCMIN can be used as an attractive interconnection network for parallet
applications with a localized communication pattern in shared-memory multiprocessor systems.
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22
for(i=1 to class)

tj =0
5
end
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for(i=0 to class+1) t; = dy
end.

3 HE-2E ¢, ,c,....c; YA MSBE g A|F3}
o Q8% wgko [SBIA ZAlStY Hx9 1o] @A
2 972 AP F, ol Hzx9 1o LA,
o] Mlrzg REd WF AFL +12 2RI Y
ok adtc, F BEC0Y A%, 2 ASS 12 3
) ol tg dxElEy Zol R,

Az 27 PP o83 FuAFos AHY =%
Bl 28 o3l SCMINOIA B3 =7 Az
AFstA Ak olEg B HE AMRY S 2H
olA] i Y& 294 22 F¢H 82 4, T A
Apste] o]zl golE, 2 293 AAel 29 YEZ 4
©@Q Up XEZ AAL AFd Wef 4, ,,=1 ©]
W, 2 293 2A9 29 XEF 33U Down XE
2 Ad¥E HE 29T F I=F ddE AT

A& Eol <2y 4> ZL 16x16 SCMINOIA &
AA 010(00020¢F EAA 310(0011)AM1E HATE 4= 9L
© ZAEE 7] 98 A9E 4 e A9 F2E WA
b0l AMBEE ZUAY HIE-2EY 003 53| H|
E-2E8 00:& exclusive-OR 94+e +#8s1d, 1 2
% 1§ zZe HEE & § g7 g AF 12A

Axgd.

2% 4 16X16 SCMINOIXe] 58 Z2E9]

ned 2w B2 A FaIAFA J& 4-,=1



@9 REE o &3 MIN® FEH 4A 1585

2 NEHI, 4=q¢ B, 2D 4=d, 2 FLH] 2
23 BeE "Bas 11kel Bt ool ulg 32y 9=
<ag 4>8) Aoz FAFH Ut agjzm tE A4
22 3 5 e 9d A=2E ¥¥sku gl

4. NsEN

4.1 HEH3 M5 maiiH Him 24

(% 41 7 43dZ WEHYI tigt s T
El(performance parameter)E HlZ 3 Aot} o 7)ol A
HMIN[16]% TCMIN[6]2 4 uzg Axd
(distributed memory system)olA A9 Iz &
37) 43 MINS2A B =FoXe F§ HEg Ax
dejre}l SCMIN#HE HEHE A2d 70 vz
webA olgjdt thE Al2"ojMe A3dd WES T
A A5S AEFH NS B39 Bla E4¥0E R
< dulyt gle Ao HAHo A% & gL v
A F Sle B A gEdE 2 o)ES AE Blu B
Ak [E 4194 & UEelgRo] SCMING 71&¢]
MINOA e} o] WEST =377} 2722 Z713817) o)
2o A FAANE BASIE E£F MINoIMel 23
LA DTA #9Ee 2 U2 JEANL + it =
& HMINoJu TCMINS Zel&® zrst o2y o
A7) QB AHEHe 4 Z2aqe A Hele
a7 agt 2 Z7E 3% 2 2JY £+ gley,
SCMINS Z2{28 2717} 2904 RE 272 #5534
L2 WE # A7) WEY & ZEIP) 87 o
2 g8l =Z7]9] 23] 7bs3th

E 4 4% seiEe Bia

MIN |
' | HMIN TCMIN MIN SCMIN
litem
Network Size oL 242" 2 2
Cluster Size > 2 2 22"
Avg Distance el 20*1_3:1_ R 2°(2n~3)+2
(Unfrm, trif) 2 2'+1 -2
Weighted Avg. _3-
Disance 3n-2an 2n-aln+1) n 3«*(\—«){%}
LavS Dygm | 2 .
H/W cost (n+2”)22 (n+2,‘) 5 25%2°-¢

2P #Y 229 B4 FYolNE SCMING e
MINET A7} BolAe B$8e 2D 92L& 4 9
o 3y QelME dFstaRe] e $§ Z2
adEe AL &9 TEAM-RAR TAE Zeay
Wld B B4 HeE waer] wEel Agtw

SCMINE o|2l§t R FxAe] 5& BIE e 541
Bl w2 fElgk YESZY. wEkA [X 4)9H
SCMIN® ti§t 712 BF A9 AAqE & Yeid
Kol Y FxAo] oldS4S HuAds ENA 2
7l 4 A9 A gE oz vehtn Ju 1
I efARe g st=do] &S zF MINOlA AMg-sta
AE 294 2zt 8 Hlud Ae2AM SCMINS th
£ old MIN Box 84 A& 49 29F Aty &
€ 723 gle ez yeht sedof vig dg =9
HEtget.

4.2 HERI3 X8 S0 2t 24

e VIELAY 3 5 3(combinatorial power:
CP)el tis] £4317]18 stk Nxnv =Z7]18] MINe]
A 2% THeRn e AL NAY F &9
(permutation)®] ol tisiA FEo] glo] I YE
A3E BN F e ¢899 o) Ui uEe T
gtk o)y @ B3 e £49L 1 VEYIE SiA
N7ig 193 NAlel 2¥E BAC 42ANE & sl
¥4 AYE] 3= Aot} v} CPx1o|d, MINelA
4R 53T wdvs FHNE F doe RE on@
ot mEtA 2xz 2719 2803 AAE ARRSlE vxwy
27]19) SCMINE % 2.58-4 79 =393 245 22
NI, T3 TN 2 293 AN FlEE e
FE M du(FE 972, zsdd)ste s,
SCMINOA & e]9) = 2294 oo} Wl CPe
2w olh, o]RL FYU @Y 7|1E MINolA e
CP, 2™m Hr} 2§ 580l "ol AAE AW
th 0]3t& SCMIN®] 7]&2] MINETH $E°] glo] &
Aol MIEHZE FAlY §dAZS de «d9 71
Arke g3E FA"He Ag 9 o)HT dde
SCMINoIA Algsle 293 2xb8) AF7L 229
MIN Ht}h HA AggtozA BAaEEe Aot} oet
A 99 e B4 23HAAM UehgRe) & =
ZAA ogel Ao BXxs AG3H x, =i B
2 A@Azte] 2% YR 6e 284 tgolx
© 28 &8 T2y 8 Ropiliy SCMINS T
3719} 71&8 MIN Ho} 4§ A% Holm glo
olgdg #FolM ELH AEdF UEYAZ g9
4 A Aol

4.3 845 84

B =FMe 4592 VEYIE Scientific and
Engineering Software Inc.Ale] SES/workbench[18]
£ AHE8t o)ab Al 2 dE)(discrete event model-
ing)22 AEY o] A(simulation)E FR3AT. SES/



156 ARAGIH=EA A2 2 ol A 27 A A 2 320002

workbench 2d& § /]l B 2 oY MEEdg
748 ¢ Ak 4 2d 49 3 agoEN ¥
#AHt}y. SES/workbench Z#3(graph)®] 7|EA¢ T
4 84 (component)= *xZ(node), otZ(arc), EANH
A(transaction), AF(resource)E2 TAHALE EWRAQ
& T A xEdH olaZE B the w==z9 3§
o224 afZdMde vehdx get 24 edsdde
F3E process, HZAHAY W4 dolel, =& X
APFA Aol A3ZE vEhdy.  AYHoew SES/
workbench 24L& B EWYHS HPHo g 434
2 # Ao E=3 d% FA(performance statistics)E
2 7k EdAM Uy FA 7L € + Yz, dH
3 239 471 Ut

YEY =0} i thYge sk W5 (parameter) S&
FEAA AEHY o)A 3 A 10,000 A Bl Al
7t S$i(simulation time unit)2 AAstd A EH oA
S FYANZT #3294 YEYAY] A5S B
3 FrFep] sk X e)S(throughput)® X A(delay)
Al Hxz Ao, 27 ML ST Y
EQZE Y £ Qv HAY HAF F =
packet/cycle® AoFith E& HF AAAFE H3lo)
HWEHRY gy FEOM &9 xEZ Eysicd 2
de FHaANHcycle )22 gt R (load)=
cycle@ WEYIY ¢ XEo 93 wolsols
A F2 Aogitt,

SCMIN®| A5g& SA387] 98 g 2 2
EE AME3CH4],[5].

(a) Uniform Distribution : #S¥ XA 48 =
E 7t €8 XE (2 WAXE BY gEo w
€ ij, i%jol g} 5L}

Sphere of Locality : 54 49ule} gle ==
E e o e HAAA ago] dojd 7HeA
o] etk wety Z 9Y =7} radius(L)E 2
£ AY9A Focality sphere)dl ZFAlFoletxn
AAE, & =7t 3 AGYT W] &E o
€ 7HA3 AN E Buie, %3 12 X943
e gl ==28 8 (1-2)E 713z WA
g BUA .

Decreasing Probability Distribution : ¢l %
ew WAIAE Bl 5o Fzdole At
2 Rejdt). ozt LY AR WAAE HYE
gE o (L)2 olesh Erh

(L) = o(L)=((1-D) DH)/(1— D*™)xD.

(b

=

>

(c

a7l L& Az Zolelxd, Lmaxe
diameter, 28] D<= decay coefficiente]t}.

<21 5>& Cross-bar HEHAY AEAH<S MIN
2 Agtd WEYAY SCMINA wisted, 9] 37 N
o] Z71¢ W XY AXLd @ME JiaEHE YygEe
Wwste Bl Relrt. Y EL cycled £23H 239
AFEN AT 471N YEYZY BAge B3
(me 12 3Ren, SCMIN® window 27|18 12
st wndlgtk. o] window W] A2 HlE&(e)o|
23 F(a= 04013helME vz e 4L Hol
A, o7t FHESFE O $43% AL Uiz 9

o}

E=SER

—e— Crombor
—g— Tradticnal MIN
SOMING «.0)

» ECMING 0.2

—x— SCMING =0.)

Bandwidth
g

throughpu

TogN
1% 6 decreasing probability distribution3loiA] UE
A= Azl wE xelg Wsl

<Y 6>& decreasing probability distribution®]
e A9 23 ag=eld. JgtlE Fo|R Dkl o
4 MEAZ 277t 71 8 T8 g %
<€ & & vk Dol & W fiFlo] B3 xrE
RUAE #F0) Fa Ao} F7E £ piEs B

47} gk e Dgke) F7kske) 1o] 2AHBTE A

™



@9 ZEE o] 83 MINY HFH A 157

£ #FEXY A gE guR HME 5
£30 2 Dol AL e AUy ZYA=z 2e A
7} && 5EFAZ gL dHo] AfsAl Hol =& A
&L HojAl He Zlojth

<2y 7>& AYTF EX(sphere of locality distri-
bution)& BAFE Ao|t} AR windowA 77} #A
A & AMo&e 72A3A Hu, windowd =717 F
old & A& AAA drh

»

ek A

o windows2 |
@~ windawsq !
D5 windowsg |

s window= |
~x— window=10]

8

throughj

04 o5 08 %3 08

39 7 window Z7|% AFFE GaA e Wsiel
e Aeles Wt

<% 8>¥ decreasing probability distribution®i]
3 2ot} Fo]7 Dol wisiA HlELZ kel
dein MEAE 27 27kl me FE AL AR
wE Ut €oh 283 Dol FvF & dx A4
Ate FrHEA 28 B 5 Ao

. - e ——

average del

1% 8 decreasing probability distributiondte] A WIE
92 @719 BE I AJAE W

<2y 9> AYFE XA gk A Ajzke] ws)
£ 49 2 Aotk window Z7)7} F71E 5 Véﬁ
A4 AIZ-e Z715H Gk o)RAL FFlo] meEE
ARzke] A7t F7kEkzl wWRBolrh. @ Fold

window Z7|NA o go) F71E £2 7 XA A
°of Zol=€ AL & & e olv HAel AT
o Sl BAXZ 2¥E HE°] %A AARHY WHE
ol

§ 8 8

average dek
¥ 2

o B8 & 8

2

o5 08 o7 o8

a3 9 window 2718} A FZ AS9) Wdle] W
A AJzEel wsl

Aot ZL HIE AWE W, B4 BIV 5 X
Y wi= SCMINg Ao 71€9 MIN Er} "Ho|A&E
WA, 5o A9G3td o) = SCMIN®| $-4=3}A
yebgo dutdgem zg2 M9 vre ZE3ke] 4%
AZ4E 98 MING AMR3LT Qe T T2 Alx
HelME dAYE §F ZEAAM7E FRIEe AR
2EY 47 w9 Ao wHA olE @RS e

SCMING w$ EfAe ez 888 & YS
Rolck.

5d 8

2 =RdNE B4 2y UF Z2AN A2

A AestE A aaen% e HY 28 ZzaYde
agHoz #3902 & =S 7 AP 4EAF W)
91224 SCMING A|9HSIgth SCMINES E4lo|
WdEA P Felar YR woh We F2s
AZEF Y& B ohiz J2Y @Y Az AW
ZHe MINOIA AFSE 293 axbel A4

2o mjg AL 2] (2.58—4 JNEE AEFoE BT
st o] dF ARE AFINY oF L JMEd
=5 4AEF0.

E =%9Me SCMINe] 71&9] MINdIA AM&H+&
e 8 293 AAE ARSI BT Y99
g ZzAHMAA BE virg REZ HIY 4+ AE
FAC(Full Access Capability)7} T+=H& 24L& £3}
of Hyow, &3 Adsly FeiE 5]"»“ nle ot
T A2E AZE 7 YL ST o) AxE

7N X log zN)



158 ARAGI=EA AET F ol A 27 E A 2 Z20002)

A7} FVEEE, VEHIGNAS 2F 38 2 uF
o] EF tia] olg Y + A = tF 42
g &3 S 1Yo

SCMINS] &3 HAx Y 27 UNIT ZEEH
A4 &7 7S 3 olFo)x7] " vE AdX
HAGd AL A|2" Z7]9 SCMING athE AAHEL
& & A3, AHEF<Q SCMINTe] a2 o] wl$ &
w317 "o AAl 4§ OF Z2AM Aol 4
+ FF FEo] olFod 4 g Holth uwelA
SCMIN-& 3l=9jo] HIE3 Hedg msiyed 7
£ MINETH E&FQ vEfazdy & 5 gt o
2 T2 AN} viEe REE FAY e 2|9 &
g2He =2 A9st BA EXE AY, 2§ F4
A Azre] WES=AY =  5¥(combinatorial
power)B0} o] $83H e ¥WE &8 Hopo] 5743
02 AT F Q' A3AE YEYF

a8y A5 EHEAME BglToe] SCMINS &
3= WE Z20aY 8 Eobo] B4 ¥} X493
Hol A %= 7Y BE 542 714 A% viEg
MIN# Hwslde o dso] Hojde Aoz e
2 Aok =3 SCMINJA = 71&¢ MIN RHth A&
9 293 &35 AMEE7] Wi JESNZY =F
FYo] BAAA He F3A8o] gEn ok FF A7
24, SCMINS B34 dAdd g2 F9 293 &4
£ ol#d dHE B3] H &4 wtez dyvt
o|fojZttd Adstd T4 oA ®yt ol
d REE Zc ¥HE Z20Y $8 EoplME 3%
A5S Ueld F e MING AT ¢+ UL Aew
qRl=g

2128

[1] SG. Abraham, and E.S. Davidson, "A
Communication Model for Optimizing Hierarchical
Multiprocessor System,” In Proc. Int’l Conf on
Parallel Processing, pp.467-474, 1986.

[2] G.B. Adams III, D.P. Agrawal, and H.]. Siegel, "A
Survey and Comparison of Fault-Tolerant Multi-
stage Interconnection Network,” IEEE, Compt.,
pp.14-27, June, 1987.

[3] R. Agrawal and H.V. Jagadish, “Partitioning
Techniques for Large-Grained Parallelism,” IEEE
Trans. Compt., vol. C-37, pp.1627-1634,. Dec., 1938.

[4] BD. Alleyne and LD. Scherson, "Expanded Delta
Networks for Very Large Parallel Computer,” In
Proc. Int'l Conf. on Parallel Processing, vol. I,
pp.127-131, 1992.

{5] RJ. Baron and L. Higbie, Computer Architecture
Case Studies, Addison-Wesley Pub., 1992.

[6] P.T. Breznay and M.A. Lopez, "A Class of Static
and Dynamic Hierarchical Interconnection
Networks,” In Proc. Int’'l Conf on Parallel Pro-
cessing, vol. 1, pp.59-62, 1994.

[7] CM. Chiang, S. Bhattacharya, and LM. Li
"Multicast in Extra-Stage Multistage Inter-
connection Networks,” In Proc. the 6th IEEE Symp.
on Parallel and Distributed Processing, pp.452-459,
Oct., 1994.

[8] AL. Decegama, The Technology of Parallel Pro-
cessing : Parallel Processing Architectures and
VLSI hardware volume I, Prentice-Hall Inter-
national Editions, 1989.

[9] M. Dubois and S.S. Thakkar, Cache and
Interconnect Architectures in Multiprocessors,
Kluwer Academic Pub., 1990.

[10] T. Hanawa, H.Amano, and Y. Fujikawa, "Multistage

Interconnection Networks with multiple outlets,” In

Proc. Int’l Conf on Parallel Processing, vol. I,

pp.1-8, 1994.

M. Jurczyk and T. Schwederski, "On Partially

Dilated Multistage Interconnection Networks with

Uniform Traffic and Nonuniform Traffic Spot,”

Proc. of 5th IEEE Symp. on Parallel and

Distributed Processing, pp.788-795, 1993.

[12] VPP. Kumar and S.M. Reddy, "Augmented
Shuffle-Exchange Multistage Interconnection
Networks,” IEEE Compt., pp.30-40, Aug., 1987.

[13] K.Y. Lee and W. Hegazy, “The Extra Stage Gamma
Network,” [IEEE Trans. Compt, vol. C-37,
pp.1445-1450, Nov., 1988.

[14] N. Suzuki, Shared Memory Multiprocessing, The
MIT Press, 1992.

[15] D.A. Patterson and J.L. Hennessy, Computer
Architecture A Quantitative Approach, Morgan
Kaufmann Pub., 1996.

[16] G.F. Pfister et al, “The IBM Research Parallel
Processor  Prototype(RP3):  Introduction and
Architecture,” In Proc. Int’l Conf on Parallel
Processing, pp.764-771, 1985.

[17]1 D.K. Pradhan, Fauit-Tolerant Computer System
Design, Prentice-Hall PTR, 1996.

[18] SES/workbench Rel. 3.0, Scientific and Engineering
Software, Inc., 1995

(m

—t



99 BEE o] &3 MIN H5F 4A

HZE

19883 29 WA AxA e &
4. 1990 29 MZgw A A=
Adstal FEAAL HE, 19909 19 ~
1990d 9€ Ul*-FA JleNEE 28
19979 89 A7 tishel HAMA At
&a Fehkal S, 19979 9€ ~ &
A =g sty AFH ey 2as

244

19753 M&dista shAL 19799 Wayne
State University Computer Engi-
neering MS. 19821 Wayne State
University  Computer  Engineering
PhD. 1982d ~ 1984 California
State University Computer
Engineering &34, 19343 ~ 19859 FAWEA(F) 3
P74, 1985d ~ @A ARuEtn ARy ns @
Al&-ol=  Parallel Computer System, Interconnection
Network, Process Scheduling, Faulttolerance System

159



