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New Model for Interconnection Networks: Multipartite Group-theoretic Model
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Abstract

group-theoretic model for interconnection networks and designed many interconnection networks, such as, star network,

An interconnection network is an important partite of a supercomputer. In 1989, S, B. Akers et al, proposed a

bubble sort network, etc. In particularly, star networks own many better performances than the popular n-cubes. How-
ever, they have a weakness: the size of all above networks is 7!, that is,n! is very speedly increasing with adding of n.
This results in that the scalability of supercomputers built by the interconnection networks is very difficult, That is, the
scalability of the supercomputer isn’t good. We proposed a multipartite group-theoretic model based on the the group-
theoretic model. By this model, we designed many interconnection networks, such as, (n,%)-multipartite star networks,
(n,k)-bubble sort networks, etc. Furthermore, we showed star network is(n, 1)-multipartite star network and(n, k)-
multipartite star networks own following better performances: the size of the network increases with fixed increment, its
diameter increases slowly, its dgree is fixed. Other(#n, k) -multipartite networks designed here own also the perform-
ances.

Keywords Interconnection network, Star network, n-cube, (n,k)-multipartite cayley graph, (n,k)-multipartite star net-

work
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W48 (shuffle-exchange networks) 45 348 F 0561 Y aR b
SARBAFARAER ., U ESHRNESERESED, T
{LXF LA Cayley JikiRit H 0 R .

1989 4£,S. B, Akers B, Krishnamurthy P4 Cayley &A%
RbR T B % Mg RO R Cayley Jr ik, 8211 T Xf#
Wiy Cayley B FRE 2, IR H T 2 W% fE WHkTF ME
FU LR E MBI B RN, KEAS
REMIFMER, T2 B FEAR RO GFED S0 5
FeAR T XHRE R Cayley BEHER, IITH T4 IE B WLHEF
P25 55 4% L B 4% (bubble-sort star networks) 158 £ % #t
R B, DL WS ERA — A R B 55 0 - A
EEEHOHR n! EIHEE »n W 2 R RERIE R, X5
T A28 0 45 B i H R R B AL A A SR AR K B
i, i n=8 (&5 /AL BHLBCH 403200 AR B n=9(H K/
APEHLECH 362880 B, A BN 322560 AL ML, HE
FHEB] n=10, T MA LBV B E R RBRAFHEAR
BRI ATRE.

AR, AT SR LR L RATAEFHOE AR
BT 2L WERIRTH T (L0 -SHERE.
(n k) -BIBEWHETE MK . (n, k) - L EE WHEF M,
(n, k) -ZFMEPLE . (n, ) - B TEBING | (n, k) - TR R 4%
& X R LR AT LA BN 45 R B0E K Bt e Bl B
KIS LR, PxEH Mg B RGFHATT R
P, RAEL M, BWEEN I RAN BTG k=1 K1
BRIEE.

AE 2 TEE 8 AR (n, k) -£F Cayley B ;
(n: k) -ZIWEFLE; (n. k) -BEREWHIF RIS (0, &) -
IE BT R (k) - BRI ; (ns k) - BB 45 (n,s
k) - BTN G RIS REGHE.

2 (n,k)-%E} Cayley H

%%{112,-",71}J:E’J—/I\Eﬁiaﬂj 11221, = 1T» E’] (D
=i, r(2) =iy, st =1y t1d200, B2 1,2, ,n FI—FHE
Bl BRardpeerin In WEHR., BT KEBRWROTHR R
n WEGEH ., 28 o RELEM LK BHRBERN » RITFREF,
6K S.. B i, BRI, B i =1,i,=2,,i,=
@orraig=p, i, =n, HH pFq, 0N (p) . HAER
PRI, A BERATIMR N E T SHRER . HoWE
BB RO IREG MR R B R, TRy E .
2K 0 KIGEBRARNMESITH A, , & n REBBRARD
E£H5ILH B, A, BB~ BT RN » KZHEB. 1
H,A, M1B, P BB R n1/2. BF A UB.=S,,
A,NB,=¢,H e, ¢ HasdE,

e A NEIDNTRE=

kAEEIERE;

A ={(g,20):g€A,},i=0,1,-,k—1;

Bui2ii1=1{(g,2i+1):g€B,},i=0,1,,k—1,

—AMEBE G= V. EFHh » i3t E, R v={1,2,
woanbe BB QG={(p) : (p) Ky n ¥tk B (p,q) FyXt Al
G i—%&#). t QG ERRBBBITN PG,

Cayley & T'(PG, QG EXLH

%5 M8 VT=PG;

« 29 .

hEEG={(s,t):5,t € PG HBREEN#H (pg) € QG 1
s(pp) =t}

FRAXHE G 1 Cayley E.

U GCGREERM,PG=S, H (PG, QG R -HE. #
M, B, PG=S, H I'(PG,QG)FR A4 M 8 Cayley
&,

SHI R IFBH £ AT EERE N E G, 3k 2k WEWT .

%}ﬁ% Vz,:g:(An,Zi UBn.2i+1 )

Bl s 5GBS BUERENTER:

DFFALE 1(O<G<b—DE 5,t € A,2 UB,2ix1 (24,201 B
i 2k)

DFFEXT B (po) € QG T &2 — L

F s=(g,20), M t=(g(pe),2i+1);

D s=(g,2i-+1, M t=(g(p),2i+1+1);

OF s=(g,2i— 1), t=(g(pg),2i—11%1),
BRR (n, k) -ZHB Cayley B LI R (0,0 -T(G),

3|28 17  Cayley B T(PG,QG) 1E n=>3 Bt BB K& &
B,

A IIASBR.

EH 1 RXRE G REEE,G WL SR n(n=23) ,k
R EREL I

1 (n, 1)-% 3 Cayley Bl (n, D-T(G) M B E G &
Cayley B, E S S B0 n! B ERE G WML HE 2 3%
A,

2)k2=22 B, (n, k) - %3 Cayley B (n, k) -T(G) Ky 45 S K
Fnl,BERERNGHLEW 2 RE 2% BERE; R
Cayley B T'(V, Q) . (V. &8, H i, V W1 AR, V EfIE
BH(g,i) R (g, i) = (grg2, 01 T4 (mod(2))), & i 4
Q={(p@, LD . (p € QG} ; R HFITHY, LN k—1+
d, B .d H(n, D-T GO WER,

VR 1D (n, D-T(G KIS L V=A,0 UB.1, B BLS
V=S5, WF:

) f:An oA, fg,0)=g;

b f:B,1—>B,, f((g,1))=g,

BA, f BB G, D-TWG E TS, , Q6 F .,

2) HEE LTV, QOB Q B EMAERE,V
3V 9 E SRR (0, ) - TG B TV, O RIS

EE2 BHE G EBWEM,.GME LB n(n=23),
iB% T,k BIEBE, W

D (e, D-£3 Cayley B (n, D-T(T) BERXHEM T, B
Cayley B, ERIG S B n!, B n—1 EW B, 2 2 $iEE
A,

22k=22 B, (n, k) - B3 Cayley Bl (n, k) -T(T,) W55 S8
Hnl BEEER 2(n— DF, th B 22 % EE, thE Cayley
B, R A T

e T 1 LB AR,

HAEB—-EMNE, Y G AEEN, (PG, QG HWE &
A, AT BB 26 TRRTHRE G i Cayley B,

3 (n,-BEBEMLK

BB R » SRR ST, G R V(ST) = (1,
2,00 ond, IR E(ST) ={(1,0); 2<i<in} » b R IEBE S, AR



(n,k) -2 Cayley B (n, k) -T(ST,) KX (n, k)-ZIREBE W&,
B, k) -T(ST,), ST, i Cayley ML EEZ LMW B ME
(star network) S,

e 2 MorEk[1)miRe s,

B 1 DOG,D-TSTOBMBEMSE S, B RECY
nl BN n— 1L, ERANL 3(n—1)/2 1, HEBE M EE
By n—1, 418 Cayley B, 2K TEM,

22 k=g Bt , (n, k) -T(STO MG RBR kn! B EER 2(n
=1, HR2H b1+ 3(e—1>/2 |, R Cayley B, 2 S H

B S T L, 58 M ) (B =7 B 8) ,BEE &k 1Y
WK, (ny k) -T'(ST,) B HLAE (85 S 30 DB SE R 18 () 38
KABEEE 20— DARE, ER k— 1+ 3(e—1)/2 LI IR
1K, XEHR G, -TSTORBFMATY RBE, R THE
. SR B AR s B R AR (4 B0 RO KT K 19 55
FMABREENERHASA. ERAMLEREL 15
BIEN, O-ZRERMEERBR TREPIEHOES T
P BRI .

*£1 HE
M 3 F YRS
n B EB HA% n B BB BEE
10 10 10 1024 7 6 9 5040
11 11 11 2048 8 7 10 40320
12 12 12 4096 9 8 12 362880
13 13 13 8192 10 9 13 3628800
4 14 14 16384 11 10 15
15 15 15 32768
(7,k)-%# B & B K- BEWHE
k K EB H#K% k  F ER HBER
1 6 9 5040 1 7 10 40320
8 12 16 40320 2 14 11 80640
9 12 17 45360 3 14 12 120960
10 12 18 50400 4 14 13 161280
11 12 19 55440 5 14 4 201600

12 12 20 60480

4 (n,l)-SEPEIAHF L%

XA N n NS BE PB,, B4 8 V(PB) ={1,
2,000on} U8R E(PB,) = {(,i+1): 1<i<<n—1};k HTEE
B, WFR (n, k) -2 Cayley B (n, &) -T'(PB,) K (n, k) - £
EHHEE M, JHE R (n, ) -T(PB,). (»,1)-T(PB,) AR
240 S HEE N 4% B, (bubble sort network)[ 113

RISE B 2 BOCRRC1IANRE 3] .

#it 2 DG, D-T(PBOBEEHWHF NS B, , E%
HERLEGEENn—1LEBN n(n—1)/2, REEERN
n—1, R EEE, R Cayley B, HERFTEH,

D=2 B (n, B)-T(PB) WS K kn) B RER 2(n
D, ERFE—1+n(n—1)/2, REBEEMOEEEY R
2(n—1), 2 Cayley B, th 2 S AT H .

HAT I, XY 222 B, (n,B)-T(PB) WA RFWAY B
.

5 (n.k)-ZEMEERBHFRME
BB R n Rl CMB, , BI%S j4R V(CMB,) =

{1,250} 188 E(CMB)={(,i+1D:1<G<ln— 1} U {(1,
i, kN IEBE, MHK (2, £)-% F Cayley B (n, £)-T
(CMB) X (ny k) -2 345 1E B W HE 7 M4, 75388 (s k) -T
(CMB))., $k=18,EMAEZWEERMWHETF MNE
MB,, twHHEET,

HMER 1453,

#BiL3 DGLD-EHBEFREFMLE (1, D-T
(CMB,) iR TE B HHF W% MB, , R BB ol 8K
Bl HEN A2/4 ), BRERRE, HR2 Cayley B, hE &
AR, R RE N EEESR .

k=20t (n, k) -T'(CMB,) B SN kn!, B RE R
2n, B2 k—1+ n*/4 |, Cayley B, th R AWM.

BT, 2 £=>>2 B, (n, &) -T(CMB,) A R IF Al ™
JBYE, X4 n ANZEE), HAEHE £ K18,

6 (n,b-ZEBHM%E

BN HER n(n=DONMERWBE WL, A%
VWL, ={1,2,,n}, 182 EWL,)={(1,).:2<i<n} U
{G,i+1):2<G<n— 1 U2, m) } 5 b HIEEEE TIFR (n, £)-%
B Cayley B (n, k) -T(WL,) Ky (n, k) - BEH P&, 5100 (n,
k)-T(WL,)., WL, i) Cayley BBl b 34 R W 4% W, (wheel
network)["J

HEH 153,

#it4 DG, D-ZHEME (, D-TWLOBRERKN
BEWL,EWEREI L EREN 2D, BRRET
L3(n—1)/2 |, & @A, R Cayley B, R K FIIH, A
HEEENAEREER 20— 1D,

2)k=2 i}, (n, B)-T(WLO BIGE EBCH kn! , AR
4(n— 1D, BRI k—1-H3(r—1)/2 ], 8 Cayley B, 1
BAETEN.

B ET I, 2 >2 B, (n, &) -D(WL D WE RF WA R
2 n AR, HRHE £ HKEE.

7 (n,k)-ZEBE MK

WXHREN n(n=2) NMESWHE BSS,, WEEEV
(BSS,)={1,2,,n}, i EWL,) = {(1,:2<i<n} U
{Grit 1) 2<i<n— 1}, k HIFEEE WFR (n, £) -LFE Cayley
& (ny k)-T(BSS,) K (n, ) - W 4%, 18 K (n, B)-T
(BSS,). BSS, i) Cayley B[ 253 4 #) bubble-sort-star &
%EZSJ .

MEHE 1183,

WiLS5 1, D-BFHEME(n, D-T(BSS,)ELE bub-
ble-sort-star P4 , B BIGE S BCH n! 5 E R 2n—3, HRA
ABHL3(r—1)/2 |, R EEE, hiE Cayley B, 2 S AT
W, AR BRI E R 2n—3,

2)k=>2 Bty (ny k) -T(BSS,) WA R ECH kn! B EN 4n
—6, HRAHIT k—1H.3(—1)/2 |, 18 Cayley B, 2 &
a5l

B AT I, X =2 B, (n, &) -T(BSS,) A REFHI AT §~
BYE Y n AR, HARKE & KA.

8 (n,k)-BIPEEIIRMLE

BB N n(n =2 M2 E CT,, B4 A&
L] 23 .



V(CT,)={1,2,,n}, 18 ECCT,)={(i, ) :1<i<j<n} &
A IEBE WFR (n, k)-8 Cayley B (n,k)-T(CT,) K (n, k) -
ZEREXTE ML, 510K (n, k) -T(CT,), CT, & Cayley
T B 2 35 45 B9 52 & X 6 P 4% (complete transposition net-
work)[®?

HEH 1183,

BIE6 DG, D-ZWMRME (n, D-TICTHORET L
XM, ERE R B n  ERER (=D /2, AR
n—1, WREEE, R Cayley B, WR K AEW, fEEE
A EEE R n(n—1)/2,

k=2 B 5 (n, k) -T(CT) B REBR k!, 5 R n(n
— 1, HRBN ntk—2,1R2 Cayley B, R S FTEH .

AT B, 24 k222 B, (n, k) -T(CT WA BEFHTT B
. Y n AR, HERE £ KE18,

BRIE HEZITEIBRBRRI, BEME R E
—AKENEE. BrEEMARNEREGZRFESEF
J& BN, /NS R BE TR I B (B4R D) Z ) B — Xt OF
&> EERBWBTHREL T I RS E, R, 8]
R T HEMER (n,k)-EF Cayley RIEAL, BiHH T 27
HEMSE, IS T EMNREAER, EREMAREFHATY
Bt EfTHEAMRE RS HBIR.
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