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Abstract Many applications require high computational density of the system,the computational density here refers to the com-
putational power of a system in a certain volume or area. This is why a large number of distributed computing such as grid com-
puting and cloud computing cannot completely replace supercomputing. Supercomputers are also widely used in emerging fields.
Academician Chen Zuoning pointed out that the United States is developing an exascale supercomputer with a new advanced ar-
chitecture (probably not a classical one) ,and China is also actively developing its own exascale supercomputer. Interconnection
network is an important part of supercomputer architecture. Academician Chen pointed out that interconnection network is deci-
sive to the performance-price ratio of the system. In this paper,a Cartesian product of modulo p residual class addition groups
model for interconnection networks was designed, which can be used to characterize well-known interconnection networks such as
hypercube and folded hypercube. More importantly, many new interconnection networks have been designed using this model.
These new interconnection networks have their own characteristics and greatly enrich the seed bank of interconnection networks.
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group,Cartesian product, Model

B R GE TR A AR A R X BT R R R R

1 3l

MPATAENGEE R 2N EENE BT S WD A
A B B R St 5 e 00 A s db B AR T L e A E
N AL AR 55 25 AN BE 58 1L 19 KB A % PRI, Tl
R TR Tl ZE S 5 Y e R g S, BB ST L Y
Tl BE 73 B B BR 1A i — A B R 45 ) FREE K B 3
FEMNEZ—. B-DURLFEEIGTENLE ™A
E V52, 307 (Seymour Roger Cray)™ . 20 th42 Lk, Bl 3t
B B S0 R I B 5 — A B B S B = R AR,
PATEN R R E RS @ FBEdE L HEL 2% R
EpNE G AR o N = AW £ - S 2R R TP A A ]

il

W AEVEE W 2 (haizhong. shi@163. com)

BeAr — € AR s T AR N B TH R RE O Xl 2 MR THBR R = 3
AR AR 2R BT A EE

FEIEERT R — & B A B8 A R A5 E GOl 9
HAPLURE R G0 AR REAR R 2 M 7R R 254 5 b B o 1E 76
WAWHE A 2 W E gUB 0T E L .

L A 245 R T R BILVR AR A ) B AR L B R
RGP RE A% LA A e M i B

L O 4% T i RS R A S — A T T X O Ak B (LD L
xR EE B . i () T AE B B AE P
WORSE I 38 5 18R 5 B 45 B BOR B, XA 45 R
SCHERRAR SR B3R A B B T B | AR L B ZE X BR M L 3 8 R L B



300

Computer Science iTHENE#  Vol. 47,No. 6A, June 2020

P DL R g Al 1o R ) B I 45 A0 A T e 4 R
YA I % NNE = VA I . NN =l O SN = U | 9 R SN U P
GO R A LR A (B 4 L R AE A A
AREL 2 JE R 491 G005 34 30 3 R /0N T [ 2 1 T B 458 ) 1) L 32 [0
4%, SCHRLS . 10-21 T8 7 B3 I 2K 1 2 RN, Liu 550 B
FET L R 267 BT EAALR G T M E o i
M. DuZEP I T d-i% 224 1 K (d-consecutive digraph) (1)
Wi

ACSCHR N T B3 R 2% R p SR A S IR A B S R B
LU sy R N T < AR N A SR T A B R
SRR SRAE , B8 B B S, A T B AR Bt Hh T 2 R
L ) 4 3 BT I LI AR AT A B R R R RO HE
W T EEME R

ARSCE 2 AT RAL, — 1 B A BB p A 2B
BIH RRIRELSE 3 AR T 241, — 1 B A R p T4
FEIMBER R RBURT 26 4 AT R 1 AR LA 2 R 4
ZEINBER R RFIL 55 5 WA T IR M 45 6 A4
TINRTDE L 58 T AR T NSI T RIE A S 8 WA A T
X1 AT R 4% 5 e e A 430,

2 WO, - 1EERNE p RREMBHEFRRA

HR2—NHERmER,S 2 HB— M EmERmEses
M—s€S, MR Cay(H,S): Wik V=H; X {F &M z,
yEH, 2 5 yiE—I S HAUKTFAE s€ S ffiff =y +s, BRI
K h H & T4 4 S ik Cayley K, fa # S HnE: Cayley Fl.,

W Z, BB p RIS & Z, (4 s AE B XHE 2
sESH—sES, Nk Cayley Bl Cay(Z, ,S)WE SLANT - T A5,
£ Z, BN (g, g+ 1g€EZ,,s€SY, mAZ, B FKIR
B Z,XZ, XX Z, =B8R pm (A BRIk B 18k
(Zp ) B, 2y = px v ax |2, €2, 0 i=1,24 am} 5
KL 2pXwr = T2 X1 s YuYmo1 o1 € 20 B 2Ty =
o1t YuYme1 o yoy1 = (a3, (2 F e + y1 ) oo
(s +y:)(xy + 1),

Bl1 S,(1)=1{100++0,010%+0,+,000++01,(—1)00-+
0,0(—1)0+++0,000++(—1)}J& Zy MAEREHME €S, (1
W —s€S, (1), AP Cayley B Cay(Zy.S, (D) #EE p
Jom YESL TR Q. (p) o

EMFIAWMTFiES .

S, (1, 1) ="{s,s, 1 o5 [WEA =X G, ) flifS 5,5 € {1,
— 1 H 5 =0.kFijk=1,2,

B GRE—ATUEER 1.2, m ) I N EG) 1 2
Bl. LS, (GHWTF.

M p>2 1,8, (G) = {5,851 o525 I sins; € {1, — 1} H
5 =0:kF 1,7 k=12, ,m, F HALH (G, ) € EWG) U {100+
0,(—1)00-+-0}, BLIFFR (G, p) X1, — 1} &5

M p=20,S,(G)= {55155 |s:05, €E{1} H 5, =0,
ki jk=1,2, m, B HAL K G, ) €EEWG U {1000}, 11k
AR (G, p) A1 F LB R (G,2),

XFEFRATHA TR e,

EE1 OWERGRTUSEN L2, ,m) AR, NS,
(G BN Zy MAERERIE €S, (GO —5€S,(G),

sMaisj=1,2,,m}

W H S, (GO EX G A, MR s€S, (G, W—s€S,
(G,

THEEH S, (G Zp 1A e

(Lp>2, FH.S,(1)={100++0,010++0,+:-,000--+01,
(—1)00+0,0(—1)0+++0,+++,000++-0(— 1) } J& Z% M4 hidE .

FH 02220130+ 0 TR 85,1 5251 TAUHE § DorH
si=1, HBM =0k k=1.2,+ ym.,

FH 0:201C) 00 IR 5,51 5051 THRABWANDHE 5, =
1=s; , iAW 5, =0.k7F1,j k=1,2,,m,

F 000C—1)()0+++0(—1)(j)0++0 FRIR 5,8—1 *** 5251 P
BHERAN DR si=— 1.5, = L HRMW 5. =041, j. k=1,
2’"'777!0

F 0-0C—1)()0+01(5)0+0 FIR 5,5,—1 ***s25 5, =
— 1,5, =1, HR/H 5, =0,kF0,j, k=12, ,m,

F0-01() 0=+ 0C—1)()0+0 FLIR 5,5,—1 =525
=1, s;=—1, HRMW 5, =0, ki, jk=1.2,,m,

KA, — 1B (G, p) B G S 3 8, i L 3T R
i€{1. 2, m) GHRA =18 i IR 1 —j —f— o —
Je L ANBT B 1<) <jp<lee<lj,<<i, M.

0++01()0=+0=1(1)0++0+ (—1)(1)0++01(j,)0++0+

0+++0(—1)(j1)0°+01(j,) 00— e+ +0-+
0C—1)(j)0+++1()0+++0
0+++0(—1)()0+0=(—1)(1)0++0+1(1)0++-0(—1) ;)
0+++040---01(j;)0-+-0(—1) (j,) 0+
0t ese 4001 )0+ (—1) ()00
BELLLS, (DHEEITHEH I H S, (GO I ITHE LR, S,
(G Zy s,

(2)p=2,0++0(—1)(i)0+++0=0++01(i)0++0, ] 0+++01
(D)0+++01(j)00 IR 5,51 *>=5251 THEH BN s =1=
5o A 5. =0,k 1, 7, k=1,2,,m,

K1 EI(G,2) T G IR E L BT UL MR R i€ (1,
200 am) G —F 18 i B IC R 1 —j1—jo— i —
AT 1<) <jp<lo-e<lj,<<i, MU

0+++01()0+0=1(1)0+++0+1(1)0++01(5,)0++0+0+--01

(71)0++01(j32) 00+ +=++0-+01(j,—1)

0+++01(j;)0+-04-0+++01(j;)0+++01(:)0+++0
FTLLLS, (DT BICE A S, (G P It ERR .S, (G
= Zy AR,

JEEE
EX 1 B&GETEENL2,-.m)MAENEGH

T T A, p=2 JE FARA ETTA

(1Y p=>2 W, Bk Cayley Bl Cay(Zy,S,(GO) Rl {1,
—1E(G, p) BRI p A 28 B R 8RR R 2
Cay(Zy .S, (G));

(2> p=2 W, Bk Cayley B Cay(Zy,S,(G)) N1 [
(G p) AR 2 TR IEINAE R B R R BE L8 Cay(Zy s
S, (G)),

3 {1, -1 BEERME p RREMBHEFR
A

& HG:({I,Z,"‘,n’l};E]7E2,"',E,,)7~E|1:‘_‘/I\EP\§]7E[]



U A ELE A R p A SR ) R R B

301

Elszv"'vEuZE|IE{1#2H"9H’! J_E,J A%% J’EE_(WE
(DE,#D.i=1,2,+,n;

(Z)UE,:{I,Z,-",m}o

AR R AL

(3E . CE;=i=j
WA HG R s,

ERE HG (1,2, ,myFILE 1,2, om BRI T
%4 ELE . E, BB, RER-ANEAAYE 24
o0 A5, 0% 7 SR 5

A S, (HG) = {5,5,—1 *** s, €41, — 11 H

$2.81 \s,, s Si, sttt

i =0,k=1,2,,m HEE (i viysryi, ) G HAUYIELE HG 1Y)
qu 411slzs"',i,}}U(lO"'O,(fl)O“'O}Q

M S, (HG J& Zp WA R, BT T 4R
2,omb S LN HG 5 T /Y F 8K HGUT(KE’JE@E;%
HHG TS AES T TSR NIFEL, 2, m) B HE
J HG WS T i IR E L E, .+ E, 1) HG, T
H S,(HGUT)=S,(HG) ;¥ S, (H® &2 Z; §IE e,
BUT T AR (1.2, . m) LR ECT) B — R4, 0 #4
W HGYS T HI#EE HGU T ER T A 4E N HG B TR &5 4E
5T TS ENIFE(L.2, . om) , EWNEN HGWihES
T W ENIFE(E E, - E, ) UECD M H4 S, (HGU
T = {susmorsosi s o8, s0ss, €1, — 11 H 5, =0,k=1,
2ovom Bk iy iz ooy ) Y BAUCS A HGUT 38 E
{i)siyseeeyd,p U {1020,(—1)0-++0},

B p>2 B BRCHGU T, p) £ {1, — 1KY p=2
B, —1=1,(HGUT,.p)=(HGUT.2) % 1 #HA,

gk AT E R,

FE2 S,(HGUDE Zy e REREss€eS, (HGU
Dl —s€S,(HGUTD.

WM .Y S, (HG) & Zy A R, B T TS &N
(1,2, .m0 K,.S, (HGUT)=S,(HG) & 7y BYyE 4.

MS,(HG) AN Zy A sl wE, B T ST 480 {1,
2oemeom) W — BB T, T 2@ L T ECD & ECHGU T
BT HI,S, (T2 S, (HGU T W 74, mER 14,8,
(DR Zy W&, Wi, S, (HGU T & Zy 4 il 4 . i A
M S,(HGUDMEX S, % s€S, (HGU DN —s€ S,
(HGUTD.

H B 2 W3k Cayley Bl Cay(Zy .S, (HGUT)),

M p>2 WL BK Cay(Zy .S, (HGUT) HZ {1, —1} K
(HG, p) A R BIBE p TR B MBEWH R RBRELIEH Cay
(zZy .S, (HGUT) ;% p=2 W, F& Cay(Zy,S, (HGU T)H Ny

% 1 BE(HG.2) 4 LR BE 2 F A28 Bk i 1 R R AR 32 2k
Cay(Zy .S, (HGU T,

T FATEE LA BT .

Bl 2 HE HG=({1,2,m};{1},{2), = {m}).

(Y p=>2 0f,S, (HG) = {10+
(—1)0+++0,0(—1)0---0,---,0---0(— 1) } & Z W4 B T
R ER(L, 2, m =B, HGU T=HG, S, (HGU
T)=S,(HG),(HGUT,p)#Z£{1,—1} &, Cayley B Cay
(Z3 .S, (HGUT) K p 70 m 43 I ik ;

()Y p=20F,S, (HG) ={10++0,010+:0,+++,0++-01} &

0,010+++0,++,0+--01,

Zy WML R T AT LN 2,.m =B, HGU
T=HG,S,(HGUT)=S, (HG),(HGUT,2) ¥ £ 1 & &,
Cayley ¥l Cay(Zy .S, (HGUT) N m 4B 7714 Q,, .

B3 MME HG=({1,2,,m};{1},{2} - {m},{1,
2,000 ,m)}) s Sy, (HG) = {10++20,010+++0, +++, 0=+ 01, 11+ 1} &
Zy WHEBAE R T T LR, 2, .m =B, HGU
T=HG.S,(HGUT)=S,(HG),(HGUT,2) k% 1 BHA,
Cayley [l Cay(Zy .S, (HGU T)) N m 44 & #8751k FQ.,, .

B4 BE HG= ({1,2,-,m}; {1}, {1.2}, -, {1,
2o om )R BIGEBELICA P, BUT AT E R (]
2, m) LR S, (HGUT R S, (P,),

(DY p>2 8,5, (P,) = {5,00, 5,5, 100, -,
SwSm1 5251 |5 € { 1y, i=1.2,,m},J& Z) B4,
(P, p)HZ {1, — 1} HIYF A, Cayley B Cay(Zy,S,(P,))
PR m e FODEEL p A FE B0 R KRB 4%, 188 Cay
(Z3,S,(P,));

()Y p=2m,S,(P,)={10+0,110%-0,++,1---11} J&
7y WA AR . (P, . 2) £ 1 FIPHE E , Cayley Bl Cay(Zy .S,
(PO m E RUGEAE 2 T80 4% 2 I 0 1 R O BRUI 4%, 767 ik
KIMEYER % ,id R AP, .

FE3 (Dp>2W,S, (PR 28 +2° -+ 2=
2" =2 AL E

() p=2W.S,(POHF 1 +1++1"=m PILE;

(3) p=>2 B} sm HERIPEEL p T4 SRR (9 8 R IR BN 4%
Cay(Z," S, (P,) & 2" —2 WIE N A pm AT

() p=2 B o 4 FUYFRL 2 ] 45 2 i B 9 4 < JR BRI 2%
Cay(Z3 .S, (P,))  BVINAT G M 4 AP, J&m IEWE LA 2" 4
T A5,

4 WIEERKER p MREMBHEFRAMNE

HE ST HAY )AL E(GL2) A AR 2 A 3hn B
FYH R R FRIEL, 2 G HUAS [R) /Y 3% 3 17 53 ST i, B Gy T e 42
o Zy WA A RS R AR A SR B0 45 Bl R %,

(LDGWHBEEWG ={,D|i=2.3,,m}, B G2
ST, +S,(ST,)={110++0,1010+-0,10+--01} U {10++-0}, Bk
Cayley & Cay(Zy .S, (ST, ) NHNEM % it N AS,, .

G HNE EG={G,i+DI]i=1,2,,m—1},80 G &
18] m B B, .S, (B,)={110+-+0,0110+-0, =, 0+=-011} U
{100}, #% Cayley B Cay(Zy .S, (B,)) RN E o HE 7’ 2% ,
it AB,, .

BOGHWHEEWG ={G,i+DI]i=1,2,,m—1}U
{(1,m)} B G &Rl MB,, .S, (MB,,) ={110+--0,0110+++0, **+,
0++011,10-+-01} U {10---0} . Fx Cayley & Cay(Zy .S, (MB,))
o E IE B T M4 . id h AMB,, .

WDGWHEEWG ={G,i+DI]i=2,3,~,m—1}U
(1D ]i=2,3,-.m}, B GERMHIF A BS, .S, (BS,) =
{0110+:0,00110+++ 0, +++,0+++011} U {110++0,1010 -0, ==+,
10+++1} U {100} , FK Cayley & Cay(Z%,S, (BS,)) Ml E
¥ M % ,i0h ABS,,

GIGHHEEWG) ={Git 1) ]i=2,3,
{2, UL, D i=2,3,,m} B
{0110++-0,00110++-0,+++,0+--011,010+-01

,m—1} U
GRERW,.S,(W,)=
yU{110+::0,1010++-



302

Computer Science iTHENE#  Vol. 47,No. 6A, June 2020

0,000,101} U {100} , K Cayley B Cay(Zy,S, (W, ) NN
B ie N AW, .

OOGHTSE VG ={1.2, . p.pT1l.om) g E
(G={U.Dli=2,3,~,ptU{@. D |j=p+1,p+2,,
m} it A DS p.sm) S, (DS p,m)) ={110++0,1010-0, **+,
1o-~-01<p—1>o,10--~01<p)0~~o}U<01o--~01<p+1>0~-~0,
010+++01(p=+2)0+++0,++,010-+-01 Cm) } U { bR C
B Cay(Zy S;(Dg(p,m)))fljlﬂﬂmlx_xléﬁqLﬂfj ADS p.m),

(DG Hm Brse«e®CT, B CT, Wih#E ECCT,) =
{(z,])\1<1<]<m} S, (CT,,)={0++01(i)0++01(;j)0++0]|
1<i<j<<mjyU{10 } o FR Cayley W Cay(Zy .S, (CT,)) N
e &M 0 ACT,, .

BGHHBEEWG) ={((1,2),(1,), (2, [i=3.,4, -,
m) e H TT, . R =MAE,S, (TT,) =1{1010++0,10010 -
0,++,10+:01,0110+++0,01010+++0,+++,010---01} U {110---0} U
{100}, FK Cayley B Cay(Zy .S, (TT,)) = ¥ ™%,
ich ATT, .

(D#F GRHTEE VG ={1,2,.m B —H T, , 0
#x Cayley Kl Cay(Zy , SﬂT,,,))ﬂviJﬂWlW%dEﬂv AT, .

BT, 24X 1 & G HUAS 7] Y % 58 B i), 38 W DL i
EA R CATE R

T XA FE W Hamilton A 43 L& .

EX3 WGHREr EMEEE.Z GWETI&MNZ—.

(D2 r REET G W] 43 % KA A ZE ) r/2 A~ Hamilton
V& 1t 91 5

Cayley

Y r HEHE .G AR ARNZENr—1)/2 4
Hamilton [& F1—~5¢ 3 VG Tid A9 3+ 5

M# G /& Hamilton 7] 43 fi# H9 .

EATR BT

AL R B G R EE B WXL A G A AL 2
T A FOMBE A R /R BLUE R Hamilton 7] 43 19 .

FEXTLL b 9 S 2% VRSN FIRSEAR 4.1 A9 AEE, FRATA -

EA1. 1 bk 9 KWL AS, . AB,, , AMB,, , ABS,, ,
AW, ,ADS, ,ACT,, ,ATT, ,AT, F 1% — &
A G i

5 MM

TG n 2 Mg AS, PR

JNE M % AS,, TSR Z A o B2 M 4% AS,, 1L
1 ST, WS4 VST, ) =1{1,2,,m},i1%E E(ST,) =
(LD i=2.3,.m}; IR % AS,, WEMRES, (ST,) =
{10+++0,110++-0,1010+++0,+++,10+++01},

B 5 A M AS, TS % V(AS,) =1{00,01,10,
11}, X1 ST, BT A% V(ST,)={1.2}.11% E(ST,) =

{2 IMEME AS, EMSE S, (ST,)={10,11}., ME
M4 AS, i E(AS,) = {(00,10),(00,11),(10,01),
01,11},

6 INEMZ AS; TS V(AS;)={000,001,010,
011,100,101,110, 111}, X 1 & ST, M T &4 V(ST,) =
{1,2,3) , 1% E(ST,)={(1,2),(1,3) ) I B M4 AS, By 4=
W4 S, (ST,) = {100,110, 101}, JNEM% AS, ¥4 E
(AS;) = {(000,100), (000,110), (000, 101), (001, 101),

Hamilton

(oo1,111», (o01,100), (010,110), (010, 100), (010,111),
(011,111).€011,101),(011,110)},

3|38 oMoty QH%S%ﬁﬁﬁﬁE‘ﬁ&/\iﬁﬁﬁﬂﬁé?iﬁ
JC, W Cayley B Cay(I',S) W& «(Cay(I',S) =S|, H
HISIFRR S P EITLEMANEL.

533 (1)S,(1)={10:-0,010+-0,+-+,0+--01} &= F PR
e Zy BN A AR
(2)S,(ST,,)={10++0,110+++0,1010+++0,+++,10---01} 55

S; (DA B S, (ST, 5 S, (D P TLR A E KR

(3)S, (ST, %2 Z5 Wtk /MNE A HAR S AT,

iM% AS, BE X 518 2 F5) #3 n] A, n £ 5
% AS, AT

FIE 4 (DAS, A 2" AT .
&l 5

(2)AS,, & Cayley I, 2 5 AT H

(3)AS,, (13 3 B H m s

(DAS, WHZEH m;

HBCR m2n R m IE N

(5)AS,, 2 ZHE (X, Y), Hd, X = {15, 1502 525 |
5;€{0,10,i=1,2,sm—1}, Y ={05,—1 5z 525 | 5, € {0,
1}.i=1,2,sm—1},

WEH (D AS, (2 BT g,

(2)H AS,, B2 X Sr Binr g,

(MBI 2. 513 3 DL ER 3 g2 BIn 5,

(DO 2)HLAS, & s rlE R R TS 00-+-0 35
TSR m BIAT, W02 m KA R, 112 1=00-+0+
10+++0+110++0+1010+++0++++ 41001, [H B TH & 00+ 0 F]
111 (BE B ms 28 m R ABELHS 011+ 1=00++-0+ 100+

110++-041010+++0+ ==+ +10+--01, K T s, 00++-0 F] 01---1 FYHIH
B m, B2, m A B JE M, TS 00---0 F T

FUMEER R m, FIIL AS,, MER R m
(5) WA,

6 AnETEE M 2%

25 3 45 3 WY (2O F1L IR PE I 45 AP, Bl 2l Cayley
B Cay(Zy .S, (P,)) HIL AP, 2 sl EE .,

MR OMRGEMLE AP, A 2" AT & m IENE i
B mem

MR 2 AIMFEIPINYE AP, .Y m BT, A 00---0
F T 55 0101-+-01 MFEET N m; Y m N & BB, T 00-+-0 F]
T 0101011 WISl m—1,

ERE .4 m B BT, 0101+-01=00+-0+01(2)0+--0+
0001(4)0+++0+4+++-+0000+-01(m) s 54 00++-01(2{)00++-00=

1+++1(2i—= 100+ 1-+-1(2)0--0, K, i=1,2,,m/2, N
1,000 B 0101---01 WIBEES K m/2X 2=m,
Mo K AFEET 0101011 =100+++0-+01(2)0+++0-+ 0001

(4)0#+04+++4+00+++01(n—3)0+++0-400+-01 (m—2) 00+ 00 -+
001Gn—1)1Gn) s LA 00---01(2:)00-+-0=11+++1(2m—1) 0+
04+11++1(2)0++0, Hh,i=1,2,,u—23) /2,1 00-+-01
(m—11Gn)=11++1Gmn—2)00+11---11Cn) , A I} 00++-0 F]

0101+-011 E’Jﬁﬁ*ﬁ m

?M‘H%tﬂﬂu?i%“ﬁ‘&o

><2+2:m*1D



AR ELE A AR p A ZE R A A R R B R 303
HA 2 MR 4% AP, J& Hamilton T 4M Y . sias; €1V H 5, =0,kF0,j k=1,2,,m, 4 HAN Y, ) EE

7 NNSL 75 R 4

WS (HUS, (P, Bt 2y A4, HILH Cayley
Bl Cay(Zy .S, (1DUS, (P, F Cay(Zs,S, (1H)US, (P,))
S IMSE T RYE R 2% 30 AQP., .

AQP,, UL F R,

EIE S5  fISL ) RIGERI4 AQP, A LT MR .

(DAQP,, A 2" AT Cm—1) 2" 5kill s

(2)AQP,, & 2m—1 IEN K ;

(3)AQP, 72 Cayley &l , & 55 vl iF &1 ;

(DAQP, WFEMEER 2m—1;

(5)AQP, i trten| .

TEH MR (D — (3 AQP,, B9 E XL B nl 5,

PR (DS (DUS, (P, )& AQP,, BIA 4. i S, (1)
S, (P,O#RE Zzy MM /NE R MH S, (HNS, (P, =
{10---0},H L AQP,, %ﬁjﬁﬁi Q.. MMALYE M 4 AP, 1
IFE BALAE 100 AR — RN ES, B 57K Q. Fjm
RIPEM 4 AP, E"JLLE%‘BE m,fﬁ( AQP,, BEEE R 2m—1,

PER (5) 24 m g B E .

0101++-01=100+++00+0100+++00+000100+++00++++ 40000+

01
K, 00200 3 0101--+01 EgﬁE%j{l%o

11++1=00+0-+11--1,H itk ,00---0 F] 11---1 R & K
Lo 554 0000 B 11+++1() 00 IR R 1,i=1,2,,m,

B 002220 B 5,5, 15,51 MIFEE R
D d(002048,8m—1"""525 )<%7 M St

MNEUNTEET m/2 B}
2)d(00+20,5,5, 1

%si'l SuSuo1eesesy 11 E"J’l‘%ﬂlﬁ?%ﬁ‘h

s2 50 1

$25) =d (111 45,85,—1 525 ) T 1<

HE 4 m B AQP, B F7E 2|

24 om B ,0101-+-010=00+++0 +0100+-00 + -+ +

010 E‘JEE%?@'"Z_l

0101-+-011=00++-0 +0100---000 +000100+--000 —++++ +
0000++-01(Gn—3)000 +0000---011
0000---011=11---1Gn—2)00 +11---111

0000+++010, fif A 00---0 %] 0101+

1t ,0000+--0 F| 0101 -+ 011 E"JE‘E%)’J?+2:”’+1 _

2
m
il
I—ﬁ m 7%1%%&5#%{& 75(‘1‘ AQP,, E"J ,HJTED‘I'E\ SmSm—1"""82851
A d(00++0,5,5,,—1 *** 5251 )g(%w ST LAY o A B,

AQP, | 1.

B2 AQP, M| 2|,
8§ X 1B

B EG, 2% G ZEMWELS, (G) =

{Y,,,Smﬂ fttS2 s ‘

(@ }1U{100--0}: 2 1 HIPHBEREI (P, . 2)H P, =({1,2,,
7')7};{1}’{1,2}7"'7{1,2,"-,772})752(P,,,):UO 0,110
0serealeel KRy S, (P, Zy WHERAE . FTLL S, (G US,
(P,) & 2y ﬂ/Jﬂ‘EE%,J\_#,JEﬁ Cayley B Cay(Zy,S, (G) U
S, (P,)), Frix Cayley B MR 1 EI RN % .00 AGP,, .

G WA [ F 2 58 T )L FR AT o L AN TR 45 B OR Y B
9 2

(DST, &A.ST, MAEAK EST,)={(1.D]i=2,
3,0 em) S, (ST, ) ={110+++0,10100+++0,+++,100+++01} U {100++*

0}, X FERLA Cayley B Cay(Zy .S, (ST,)US, (P,)) . # N in
BRIP4 it ASP,, .

(2B, JE#.B, WhEAEMB)={G.i+D|i=1,
2,00 om—1},S,(B,,)=1{110+0,01100+++0, *==,000+--011} U
{100+-0} , XA A Cayley & Cay(Zy,S, (B,)US; (P,)),
FR R hn & i HE P BOE R 45 . iE S ABP,, .

(3)MB,, & ,MB, Mi#fE4G EMB,)={G,i+D]i=
1,2,---,m*1}U{(l,n1)>,Sz(MB,”)={110---0 01100 *++
0,°++,000-+-011} U {100-+-01} U {100~ XA Cayley
l’§]Cay(Zf_)”,Sz(MB,,l)USZ(P,,,))J/JWJM@IEﬁYﬂﬁﬂh,ﬂ!{t}?
M4 it AMBP,, .

()BS,, B HHF 2. BS, WiiHEA EBS,) ={1.D |
i=2,3,sm} U{G.i+D]i=2,3,+,m—1},S,(BS,)=
{110+++0,10100+++0,+++,100++01} U {0110++0,001100+++0, ++,

0---011} U {1000}, X H ¥t i Cayley & Cay (Zy, S,
(BS,)US: (P, B& & i He 7 2 B Yk %%, 32 AB-
SP,,.

(HOW,, B# W, MAESEW,)={0,D]i=2,3,,
myU{G,i+Di=2,3,.m—1U{2,m)},S, (W,,)=
{110+++0,10100+++0,+++,100++01} U {0110+++0,001100+++0, ++,
000+---011} U {010---1} U {100---0} , X FERE A Cayley B Cay
(Z3 3 S; (WO US, (P, B IMAERIPE M 4% ,i2 AWP,, .

(6)DS,, WA, DS, W S4E VIDS,)={1,2,,p,
p+1sum}),DS, ML&ES E(DS,)={(1,i=2,3,--,
prU D i=pspt+1s--am},S,(DS,)=1{110--0,10100-++
0,+++,100-+:01(p) 00} U {010-+01(p+1)0++0,010---01
(p+2)0+++0,++,010+01} U {100+--0}, XFEHL A Cayley K
Cay(Zy .S, (DS,) U S, (P,)), R R Jin 3R 7Y /4%, 90
ADSP,, ,

(DCT, & m WEel,CT, WHE S ECT,)=1{0,))|
1<i<<j<<m}, S, (CT,)=1{0-+01(:)0+++01(;)0+0| (i,j) EE
(CT,) U {1000} , X FEFEA Cayley Bl Cay(Zy .S, (CT,) U
S, (P,)), Bk N nse &Ryt M4 .ic by ACTP,, .

OTT, B=MEB.TT, WHEESECTT,) ={(1,1,
2,0 ]i=3,4,.myU{1,2)},S, (TT,)={10---01(i)0+++
0,010+--01(:)00++-0]i=3,4,+m} U {110---0} U {100---0} , X
A Cayley B Cay(Zy .S, (TT,OUS, (P,)), Bk =4
B RIDEM 4% 32 ATTP,, .

(DTR, W, TR, WMLEEGHN E(TR,),S, (TR,) =
{0+--01()0---01(;j)0---0| (i, ;) EE(TR,)} U {1000}, X ¥
WA Cayley B Cay(Zs .S, (TR,,) US, (P,)) . B Jg m s B 1f
M4 ,ic i ATRP,, .



304

Com puter Science THEHLEL#  Vol. 47,No. 6A, June 2020

BETT L FATTHE AR A AR
A3 W1 KIBIYE M 4% AGP,
FE LA
B 3.1
A 3.2

J& Hamiton 7] 43 f# 1 .

A RLYE M 4% ASP,, & Hamilton 7] 23 1 .
Jin g I HE P R YR 4% ABP,, J& Hamilton AJ

Vo A0

AR 3.3 & IE B AR ALY N 4 AMBP,, j& Hamil-
ton AT 43 (1 .

A 3.4 mEHEF 2 RPN 4 ABSP, f& Hamilton
iR g: 310

KEAE 3.5

B3 6

A 3. 7

A 3.8
fift 19

AR 3.9 S EIPER 4 ATRP,, 42 Hamilton 7] /0 #HY .

HRiE %EThi?‘éﬁ’%lﬂEEﬁﬁﬂ%ﬂ*ﬁﬂﬁ%ﬁ&
SR R E5H ARV BB A R S LI IR R 50D 19 E TS
rh [ s 7E B AR B B EE’J E 908 0L. HE W4 0% 8 %t
FEHLR R 454 09 B AL BB 4y DR IE R BE 4t L% ) 45 %
F G B PEBEM K EL A Y T Y R ZIKS'C%EHTELWJ%E’J
B p T 42 ST 4 4 R R BURE A, R R AR R i T 2 A
B L R 4 T 4B 7N T Ik ST L ) 4 1) — s B AR M R
Eu%m,"’ﬁftﬂﬂ“ﬁt*ﬂﬁ”uz;uzfrtﬂjftﬁﬁﬁﬂﬁﬁ M4, 55 4
B BT A 3 T I 45 1 2 R R AT R i — 2 BT .

% x

[1] SI H W,FENG L S. Semour Cray: The Father of Supercomputer
[1]. Journal of Dialectics of Nature,2018,40(7) ;127-133.

[2] CHEN Z N. Supercomputers Entering a New Era[ J]. Democra-
cy &. Science,2017,167(4) :24-25.

[3] WANG D X,CHEN G L. Analysis of Interconnection Network
Structure[ M. Beijing: Science Press,1990.

[4] XU J M. A First Course in Graph Theory[ M]. Beijing: Science
Press,2015.

[5] AKERSS B.KRISHNAMURTHY B. A Group-Theoretic Mod-

JN4S AL 2% AWP,, J& Hamilton 7] 43 fi# 1) ,
SRR JLGE M 2% ADSP,, & Hamilton AT 31
TSP 4% ACTP,, j& Hamilton A ZM# .
TN = f BRI 2% ATTP,, & Hamilton 7] 43

el for Symmetric Interconnection Networks[ J]. IEEE Transac-
tions on Computers,1989,38(4) :555-565.

[6] LEIGHTON F T. Complexity Issues in VLSI: Optimal Layouts
for Shuffle-exchange graphs and other networks[ CJ // Cam-
bridge, MA:MIT Press. 1983:76-93.

[7] PEASE M C. The Indirect Binary n-cube Microprocessor Array
[J1. IEEE Transactions on Computers,1977,C-26:458-473.

[8] EIFAMAWY A,LATIFI S. Properties and Performance of Fol-
ded Hypercubes[ J]. IEEE Transactions on Parallel and Distrib-
uted Systems,1991,2(3):31-42.

[9] LAKSHMIVARAHAN S,JWO ] S,DHALL S K. Symmetry in
Interconnection Networks Based on Cayley graphs of permuta-
tion groups: A Survey[ ] ]. Parallel Computing.1993,19(4) :361-
407.

[10] XU J M. Combinatorial Theory in Networks[ M]. Beijing: Sci-

ence Press,2007.

[11] XU J M. Combinatorial Theory in Networks[ M. Beijing: Sci-
ence Press,2013.

[12] SHI H Z.Some New Cartesian Product interconnection Net-
works[ J]. Computer Science,2013,40(6A) :265-270,306.

[13] SHI H Z,L.U J B. On Conjectures of Interconnection Networks
[J]. Computer Engineering and Applications,2008,44(31) :112-
115.

[14] SHI H Z.Regular Graph Connected Cycle: A Unity Model of
Many Interconnection Networks[ C]// Proceedings of the Tenth
National Conference of Operations Research Society of China.
Beijing,2010:202-208.

[15] SHI H Z,SHI Y. A New Model for Interconnection Networks:
k-hierarchical Ring and r-layer graph networks[ EB/OL]. ht-
tp://vdisk. weibo. com/s/dliz] yferZ-Z1.

[16] SHI H Z,SHI Y. A Hierarchical Ring Group-theoretic Model
for Interconnection Networks[ EB/OL]. http://vdisk. weibo.
com/s/dliz]yfeBX-2].

[17] SHI H Z,SHI Y. Cell-breading graph Model for Interconnection
Networks[ EB/OL]. http://vdisk. weibo. com/s/dliz] yfesb05y.

[18] SHI H Z. New Model for Interconnection Networks: Multipar-
tite Group-theoretic Model[ ] ]. Computer Science,2013,40(9)
21-24.

[19] SHI H Z. A Ring-theoretic Model —for Interconnection Network
[D]. Beijing: Doctor Thesis, Institute of Applied Mathematics,
Academia Sinica,1998.

[20] SHI H Z,NIU P F,.MA ] Y.et al. A Vector Graph Model for
Interconnection Networks [ J ]. Operations Research Transac-
tions,2011,15(3) :115-123.

[21] SHI H Z,SHI Y. M-layers Binary Graph Model for Interconnec-
tion Networks[ ]J]. Computer Science,2017,44(Z2) :308-311.

[22] LIU X,GUO H,SUN R J,et al. The Characteristic Analysis and
Exascale Scalability Research of Large Scale Parallel Applica-
tions on Sunway Taihulight Supercomputer[]]. Chinese Journal
of Computers,2018,41(10):2209-2220.

[23] DU D Z,HSU F,HWANG F K. Hamiltonian Property of d-con-
secutive Digraphs[ ]J]. Mathematical and Computing Modeling,
1993,17(11) :61-63.

SHI Teng. born in 2000. His main re-
search interests include network science

and language.

SHI Hai-zhong, born in 1962, Ph.D, pro-
fessor. His main research interests in-
clude interconnection network, graph
semigroup, ( V, R)-semigroup, undirec-
ted graph language, digraph language,
random graph language, (V, R)-lan-

guage.network science and language.





