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MDCE : A New Class of Interconnection Networks
for Massively Parallel Computing
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Hipeo HiroNo T and SHUICHI SAKAI T

Multithreaded architecture is an important candidate for massively parallel computers.
This architecture has advantages in hiding communication-latency and exploiting parallelism,
although, it causes successive fine-grain communication and requires short latency. This paper
discusses adequate interconnection networks for that architecture. First we define DCE
(Directed Cycles Ensemble) networks as a generalized representation of direct networks
derived from multi-stage networks. Then we extend DCE networks into multi-dimensional
space and define MDCE (Multidimensional DCE extension) networks. MDCE networks match
criteria for massively parallel computers: short diameter and mean distance, scalability,
self-routing, uniform traffic, multiple paths, and no interferences among disjoint partitions.
Static analysis on diameter and mean distance and simulation results reveal the network’s
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advantages.
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Fig.1 3X8 Circular Banyan network.
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(a) CCC expressed by DCE.
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(b) Another expression of network in (a).

B2 CCC (Cube-Connected Cycles) #iDZRIE
Fig.2 CCC (Cube-Connected Cycles) as a DCE network.
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Fig.3 Extending DCE network into multidimensional space.
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Fig.5 A (1,1,1)-MDCE network.

EROEEHZ (B+1D)ATHYD, FDON RNy
77 EEAVEBERE /- FTBF)EOF v &
NVERBETBLERD 3,

3.4 N—=Fq43arv

c-Banyan Iz 6 i RT LIy Ic k- T
2" (m=0,1,2,, n) BOBFAEY > 7 % & LEB I
SElEng, BEFRY Y7 2EMNELERBELIDES
WKHET sk, HERTOBRBOTH R %L
FTIEMNTED,

MDCE ##ic 81> T S KITICET % DCE #iz A v
WHERT 35729, —ATOEBSEOEE L M1
JAZEiRRwn, Z0ed, N—F 4 ¥ a ek
DCE#» o DEEREE X5, Thbb, BAHRY
YIREMEL, RIG2: (=12, r) RS E>T

July 1995

o0

100 200

nlXlve wRRIE X1
0.2 120V 2,2
0,371,317 2,3
0.4 14124
06 —J16V 26

X AR\
Jos/ NI

6 c-Banyan 80221515
Fig.6 Partitioning in a c-Banyan network.



Vol.36 No.7

M EOEBICSET 5, BITTRERT 2720, 7l
HHOBINE 2 OEBROMEGE S ARETH S,

4. BREVEFIEDREEAT

41 & =

c-Banyan iR S nic 7 o AV Y7 lian
7oy NEREHIT x MEPED S, BEV—TF 4
YITNTYRRT, diyd (i4)) O 2o B MY
551" THLES, NSy NEEL S EE-TIOD
EhohhoHEND Z L2598, c-Banyan #
BT 2o (BB E DL > T LE S 720, 87 v b8
Dy AEC T AES TR o MEEZTRES Z &K
B, TS LT CCC AR Tld xo MIEHMNELL
RWTe s, N7y SRR EEET A I iR,
7272L, CCCEBoraR ) vy D#ia%ED MDCE #
T, 2o (IBEEZ DL TTY Y7 285,

22T, BRI BOECIVRODEIICRD SN
5.

i (B+C+Dn—1 (B>0)
Ié:@é:{<c+2)n—2 (B=0) (1)
B ZORIF B=0(F7& C=0) ® DCE #Hic b #H

T&E5,

4.2 F i FE B

¥4, DCE ® 27 Z AWEY % c-Banyan 82 DT
Ez2 5, 3.3HTRLIN—T 4 VI HEREDL L X,
Ny NEHR ROy T R VR y EfTEED y 7
FL R ya DEY b I & OHMRIGHER b 25PARE DD
ERBEPEHTS, ETRE/ —FTOHOF 2z By
FERTYL"R X7 R Y 2, “07% 51T
VY7 WERRT B, IREZT T/ — N T -k
DT EWThbi, N7y MSEREIND, Ty M
BAHBY > 2 2B->T 1 EMRCBERD Y > 7 EE
L, 7Y v 7 DAETb-> THRD / — N IZER S
na,

PIJRERE R 2 B 5E, SEMEP SRR A E Y
MAEE (2s) 2FBT 2LEWE G, 22T, b=y:Dya
DRPTDLER>THWBRIEMOE Y N DAMES |
0</j<m) T3, EjEY W17 E>TWSE I
Eps, Sty iRy T LEWEEHBDY 7
FELRWI EBb»b, BWHY YT BEWTH LXK
D) — FIzEL ETHEYY VIS O KRy THE
B4 s, VIEEIIER,

YRRt (c-Banyan)

L1y L

R [ O AR LA A8 MDCE D458 & 3 1605

S O

ER5,

CCCHZ DT HIZIHON—T 4 ¥ TS H
SOV 2RO TAH L, EERERRC b=ysBya D
BT E RO TWBREMNOE Y hOMES 7 (0
<j<m) ET B, By YT AMEE THL
b Ry TRLBETHLHETLEFEETH S,
CCCOFZE, 7uA ) IR 7 RVABEZRW
B, Ny rAEEy MHESTAMBIERE T
WP GI2)EZ v A ) Y7 2BEHBT S, DO F
BRI R D X D W2k b,

SiBERE (CCC)
n—1 e
=5 a((§7) 25t
%+ﬁj (3)

MDCE ##ic>wT b, i DCE # & FEDFHIEI
£ O FHREELSR O 511 5.

¥ FREERS C O HHRRERNERD L, v ®
FEH/ —FNYOT7 R VA, whREVLETRLVRELRZE
X, BEER S T L2 Ey b Ik OBt EREN d =
wDv: (1<i<r) KD, #LTdA<i<r) HIZ
Ho17D%x, By MIBZ LicgEsHtL

e=2(d)s 6 (0<<n) (4)

BRDL, ZITHBIORY VI DOEEEAY —E
R, c-Banyan DA 1, CCCRDESE 0 £ T 5,
(di); B85 i ROTEBREDE j By b 2ET,

Lo, oOFDOBEKDEE R ETBE, 7y MY
CIHEE i Rwy TS, FIpSY Y TRBoTE
—1HABEL (A—Dnkxy7), SBWCHTY VT E2F
PREE (n—1)/2 4y 7)) LTHAMCEE TS, &
51z CCC BRI & 3k v 7 (B nC/2) bIlb 5.
SRT 2P BT OEEENDHY, ZORPTLEDE
BOHIZ

9(n, B, k, 1)

O CHEO)T ©

Thb, UEr o PHEREEN T2 LTS,
Ye¥gEisE (MDCE)

=t 23 (k=D i+ 25

k=17=1

=2n—

X g(n, B, k, Z.)}+n;1 (6)

L b,
K112, ETRDZFYIERE % 1,024 PE, 512 KPE



1606 TEHRALE R July 1995
R 1 WOXRE: & VW FHIFERED Hg
Tablel Comparison on degree and mean distance.
N , degree 1,024 PEs 512K PEs
etwork topology
(IN+O0UT) config./mean dist. config./mean dist.
(2,0,1)-MDCE ((CB)?) 3+3 4X16X%X16 8.15 8% 256 X 256 18.61
(1,1,1)-MDCE  (CCCB) 3+3 4X16X16 6.44 8X 256 X 256 14.49
c-Banyan (CB) 2+2 8x128 10.01 16X 32768 22.00
Cube-Connected Cycles (CCC) 2+2 8x128 12.52 16X 32768 28.50
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2D Torus (2DT) 4+4 32X32 16.00 1024 X512 384.00
3D Torus (3DT) 6+6 8X8X16 8.00 64 X64x128 64.00
binary Fat-Trees (FT) 4+4 102410 17.00 219X19 | 35.00
Omega (MIN) 2+2 51210 10.00 218x19 E 19.00
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