HEHLEE 2008Vol. 35Ne. 11

R85 B0 77 SR TE 4T A BB R B R 5

B4 Hxie #fR: EEAL
(EBETRFITENFER M 510640) (BHAFXWEEHERAFO
SJHA¥HENSRTFEE¥XKE &T 530004)°

]~ M 510632)%

B B HMTRERZTHANBRNEAGEREE, ESRAFIMFRASHEL QA REBRT LT
HATREAAAREELAR, AT LEREME AR FH PEAGKEE R FSTT WL, LA TREEAR
FEARR TR EEAT 5 A,

XA KEE®R HTLE, AR, { HPH

Research on Application of Algebra and Graph Theory in Parallel Processing

WEI Wen-hong'! XIAO Wen-jun' HUANG Shuqiang'? WANG Gao-cai®
(Dept. of Computer Science, South China University of Technology,Guangzhou 510640, China)!
(Network and Educational Technology Center of Jinan Univertsity, Guangzhou 510632, China)?
(School of Computer and Electronic Information, Guangxi University, Nanning 530004, China)?

Abstract Parallel processing improves the computing speed of solving problem,and is very important in computer tech-
nology. Algebra and graph theory has important effect on research of parallel processing, algebra and graph theory in
parallel interconnect network and loading balance was introduced,and it is clear that algebra and graph theory points out

the developing direction of research in parallel processing in deep.
Keywords Research of algebra and graph, Parallel processing, Interconnect network, Loading balance

1 3l

HATAEE R MG E LB A AR R R TR —,
HAREEZAT KEMASMY X EHTBIE. Bk
FEFAT AL B rp LA AR ) R g 1o L9 PR e AT
BT R G — A B HATH BN EE S Bt B L
BAFECHRE, (2 B3 RIF T ARG MR S 2.
HATH BN S E R E A B (A B (5 R R ,
W H T HEN LRSS EFRENIRERLEEY.
F—Ji R T AT BRI S, RELR
VEURAYBCTT SR » el 6 PR ) Mo A 4b BRI 22 ) B 2 B AR
GHBOARUETDEERN. FFTABER A EARME S
BEMEAN T EEA T ETMEA MR, 47 R
MEZENEA R —SOMTHT R AR RGN

BE BORE—H TR RO S T RER R T4
BB S — TR F SRR RS Y, A3

XENTTRAERILBEAR S AR T HTIT Y EES
5 B R — B B, DU T IR B B
EARRBER R . TEXPABTIE S A RA
BRI Y AR S R B AL e  FE AT AL B b A T
Z R A E R ESHME.

2 REBEEHZFEHTEENKREMSBERE
R Rz
BIE RS, T ENN RSN S AR ERTAR

BREEEN. RN ASKENAERRERIEERME
B> b, R EA BT BIERE AR SE A M BT, BB AR
P AR IATIHE VLA B 4500 B by B R M — R
FhE S HITHENRRNET. FTHHENM
H LS LA R, AT 8 R B R G b L, B/
NERAERENBEER. HTHTEVNIESWHRIT
DAZE SR /INF T Bk R, 225 K O B SR B, M
LE¥A B S J7 i . AL . CCC 1 De Bruijn £ [6 145, & 1 B
Re MBI MREVE, X B H % M4 45 B R Cayley B FE
ERBHTE, Wik Cayley B MR EEENFTHENE
L WERES — b E S5 585N SR LB
Ayt ZEAREE S, Cayley R ARBEEH—8 LA,
AL OEE, xR BB A A AN
B, BN, #Bar R B —F Cayley B, B RAF L LAY
RRFZIHER. BRAGFZEENTELEHERE, 0 De
Bruijn A [ B AR Cayley B, H R ER. BEEER Cay-
ley EIBIRIE], Bt Cayley BB — R, LB A — 2 ar i
BB EER R AR R AT BB ET, X
BERANTER AR, FEXTFRASh AR 4577 LUK A RIS FR 8
BRI, i ENESERBAE T HFLHTFITENEEM
4%, BRI AT LA a2 B o AR e b 8 A I 4% ke o it BR R B
SMEHTHR . B THTIHENEESRERSIHTER
B EHE BEMBRER, BRITARZIG BB ©A47, Btz
FAIERRES BB FERGE—REHMARENTRLER. F
n . —AEE SRR A R STRR R, 384 — Bk LS B B B

OBEXTHEZEFE BAREES No. 60763013), 7" KA HARRHF RS (05011896) , 7~ HRARHEHRITA B (No. 2006B15401002) F1J~ KA E
PIMEESLREFAUHARESED . BT 0, 8045, HREBEIMESHTHERITE; YR #8148, R8N ES5H
TafmHE:EER THEM.Bt4e MRSV EL MESH MEREHHTE; FEAS HEH1LE FRABIIGIMNEEHBE.A

BT,

0670



Bt SRR, IR AT AT LG — 55 B3 b A i e
BEAME, XN —HEENERA—BRSHEZE/H, @
FATA LA F AL ERA-Fob T 3% 45 g 9 191 B0, AT 0] A4S BA &
HEZSHN—BEEE. . B Laplacian HFEHE IS H %
G GBEEEMARS RS S AT RSB P
CAETEARR DY, SR, I SCERI 7B i By, 56T Cayley
B CE—fi i, R EED RN —REGBEAE RO F TN
B IE R ERSHEERN. TR EIIFHHEE,
FEBEHE SIS, AR EX—BIRAEME TiFE R
B BRATRIAREESS 1 TR B AR EX A 5 o AR AL B M B S
EFIRER B — R B BT Mk R AR B R BT AR B RS A E
Laplacian M 7 RO FTHE R, 2 o FEBE R HATHE
VIEESEH S B m BT 5, USRS E— B k.
XE—MEBH—EHFEAP TSI

<000,2> 001, 2>
C <00190>
| .
<000, 1>, ”QLO) <ol 7 ,)\
y — (
' \

e

B 1 JLFRE R EE M a5

— MNP E S ERR R FE TR A BN
REMERS B EEE R Y R A A R X
S, XEWSEMBELABEIEOLD, BERETER
BH—NEENHRISE ERATRZAEENRKE,
R AR, REFERN R B ERNIT
BREEN. MHRRHEBEA—ITER SN SEEN
B, T BN IB TR AR E Love THHEMEeE, J
ﬂ%&ﬁ&%ﬁﬁﬁ&@ﬁﬁ*B‘J”‘/I\IEBBAEW%L, NIZIE
B BRAX B ETE W LR ETFE i E i AT k%R
1, HHEERATE, iR R e LA AR, T E
EEAHFRLA Cayley B FIFE 4 B W EIRI M B 5 B h
B, ¥R B K Cayley B FIRE B M — B FHE S,
RAZ FHESWABEBEENAR S, EC L8855
FEME MR, Wl i LG R Cayley B, i De
Bruijn A [] & , Shuffle-Exchange A [n] Bl % R REE K, W W F
3K Cayley BB E BN —REHERBEAEERE LW,

WR—AWE A Betir AER 2% B, IF 4 7EM 45 B L
I A EFFERE S, B EEREZER#SATRE
HER., MEMBRATERSEPRIE R, Bl B &R
BEREATRANSR . BRERRRDABRS, E—Mark
FIBE R A R TADBIBFR S R &R R B W B 454, A
WA B R eI —B . BESEREMNESE &
IR, FERAMRE RSN —HEL PR A THRE

. 68 o

EHEEMZ AR R,

HESEHS5HTEEN— I EENFRAEE eI
FrR¥Ei R, EEMXFRYEA TGS G R,
—ANE R TR A AL , B35 0 X A B BT B4 TS, R —
AE A R R — A R A —A, R R AR Al
DI X, Tafsa BN T EEERRE—#
7, LTS A EE T A B B R EE N, T —14
R A5 M BT IR B MR KA, B Sl T
HIXT PR R EIFTIFER R P EENE . RERNITRE
) R T o PP 9 D) L, A 5 2 A1) 8 7 6 L 3 5 4 P B PR B
MAEEMAERR P NERE.

EEMBHTRNERT . AR ENHE-TE—K
AR ——Cayley R £ EHERZ T, E—4
BEMEMEFRR. IEIIHTHEIEESHS5RHE
BHSE— e Tk, AR AL R W EE S W
#)——Cayley BIFIREE B M &7 T » tEHFR M  E R &R
BHEY, RMEXFE, 2AKEH TSN, JSEH—
BHEA R A& S B R —Cayley B FIFE 8 B M HE, 40
B R B R A SR BRI LR, REBERRN—T %
A,

3 RYERAEERBFEFREA

AT AN QBB RN T 0 TR
HIALBEAE ST, FRIE RGBT R X E— L vk
M, Bk r kAR B EMAEP R T TEE
LI SR BB T 5 L PR B AR A5 IR FRAT, S B
RS 5 RGELES TR BB, RATLH
G—FEXW A HK RS, RIVAE, TN REELES
WA SR RN EE. AR, - ERREEES
H ] LR B —ME R SRR B R BN 8827 Rk
B MERMART T R—RHhBE" EXBE
XFREER T EAMERH . AR AR EE SR
HITERR— A B R R EESN B hBIEM AR A E S
B, AESBREA S AESHERE, #EIR
o] A A B 5 3 7 4 D SO A SR O, B R AR
HATABRE — TR T [ . 2 E NI S SRR r
F—RAMERNECARANTE, REMEA THEAR
BRSBTS AT B R A B B E T 8
HA U5 Y BURMZE SR 07 55 X B S BT B — 146 BR A B
FEURAE, K&t 8 T B i) Laplacian 48 M7 U . R
IR, BT RIORESRE BN R0 BLR K  E
HHESHERTERENRE, RS T RENER, XB—
N iRt A, R R A T X BB B+ ER,
EHRNERAKE R 55204 2 Kb AR NP-5E2
[ BB R — A — BRI, NI B — P TEAR
58. RACBRIE J7 ik T s — A S A AT M L B
45K B B R AR ECT R X R — MER KNP RT
BB B B3 GO K 3 AT A B R R E K
HESEA.

AT R EALA AL EREE T, 1 B 8 S35 B
HTRUETHEEN. BRESEXTHEHT T KERHF
FLEREHRBA LA M R A B B, SR
RITHRAZ AR E R B LA 77 8 #aL HT3t
BHE R — BN, R — A R R E S Bk
FIG RS ECHY E0RE, 1 2 T S, Rl AR R T I EILR &
MBIt




HTHENRGERA BRI, 150 F A
FeE, RERRMARS BT R. HBSERIFTIHENL
FREMKREEES, EEERG MBI HEL B A
EHARREAR, UERENLGEEREBIRML. 7230
(LFELRI T RENBHEENILS 5 EESHERHE
B A BB R RAVR BRI BN, FREIF1T
RAM QRN BT RN S LS EESHR RN AT H
BHMRR, BIOBZSG— B EEEH . BhE R AR5
ALl

FERARBS B KRR TR RREER R
¥, NP AY Laplacian % FF S R A0 77 8, anAl A6 455, i
REES AR T RTE R BAMECHT T s R A AR Z Y.
BRI EHBEA R RELBE - MRS, HIRA]
R — B RAB 5 1 B BOB 7 o KRB B R AR AL 7 1k
BATRTE B 2R B, Cayley RIFIFEER R — ML R EESH
BERL H LUK AR RN RESR 54T SR BL 7 R

BFIE G, £ MM REHTH RV EELSH
AR REMERT . A HBRARE gtk
TP, G — b B AT AN E A5 B B AN £ A )
B SR e — BB I . REHEAME AR
B EEAE A AL T 7 B B B4 L B R 25 Laplacian
FEREFILRNE, £ —F L R B SR — R R I AE
BTG-S T ENERN L ESH BhBEERRR
S BC I R , AT HE S G — BB 07 SR AR BT

2 % XM

[1] El-Rewini H, El- Barr M A, Advanced Computer Architecture
and Parallel Processing, Wiley-Interscience, 2005

[2] Dally W J, Towles B P. Principles and Practices of Interconnec-
tion Networks, Morgan Kaufmann, 2004

[3] Grama A,et al. Introduction to Parallel Computing,Second Edi-
tion. Pearson Education Limited, 2003

(4] BRER.FHHE—42H .85 HE BEHF HMR, 2001

[5] Heydemann M. Cayley Graphs and Interconnection Networks,
Graph Symmetry; Algebraic Methods and Applications, 1997
167-224

[6] Chen Baoxing, Xiao Wenjun, Parhami B. Internode distance and
optimal routing in a class of alternating group networks, IEEE
Transactions on Computers, 2006,55(12) ;:1645-1648

[7] Xiao Wenjun , Parhami B. Further mathematical properties of
Cayley digraphs applied to hexagonal and honeycomb meshes.
Discrete Applied Math, ,2007,155(13):1752-1760

(8] Xiao Wenjun,Parhami B. Some mathematical properties of Cay-
ley digraphs with applications to interconnection network de-
sign. International Journal Computer Math. , 2005, 85(5); 521-
528

{9] Xiao Wenjun,Parhami B. A group construction method with ap-
plications to deriving pruned interconnection networks. IEEE
Transactions on Parallel and Distributed Systems, 2007,18(5):
637-643

[10] Xiao Wenjun , Parhami B. Structural Properties of Cayley Di -
graphs with Applications to Mesh and Pruned Torus Intercon-
nection Networks. Journal of Computer and System Sciences,
2007,73:1232-1239

[11] Elsasser R, Monien B, Schamberger S. Load Balancing in Dy-
namic Networks // Proc. of the 7% International Symposium on
Parallel Architectures, Algorithms and Networks. 2004 ;1-8

[12] Antonis K, et al. A hierarchical adaptive distributed algorithm
for load balancing. J. Parallel and Distributed Computing, 2004,
64.:151-162

[13] Devine K D, et al. New challenges in dynamic load balancing.
Applied Numerical Math, ,2005,52(2/3):133-152

{147 Rotaru T, Nageli H H. Dynamic load balancing by diffusion in
heterogeneous systems. Parallel and Distributed Computing,
2004,64 .481-497

[15] Arndt H. On finite dimension exchange algorithms. Linear Alge-
bra and its Applications,2004,380:73-93

{167 Berenbrink P, et al. Dynamic diffusion load balancing // Lecture
Notes in Computer Science, 3580. 2005;1386-1398

[17] Dolev S, et al. Dynamic load balancing with group communica-
tior. Theoretical Computer Science, 2006,369 (1/3) :348-360

(18] Zhao Chenggui , Xiao Wenjun , Qin Yong . Hybrid Diffusion
Schemes for Load Balancing on OTIS-Networks// Lecture Notes
in Computer Science 4494, 2007:421-432

(E#% 31 R)

[27] Brewster S, Chohan F , Brown L. Tactile Feedback for Mobile
Interactions[ C] // CHI 2007 Proceeding. San Jose, California,
USA, 2007

[28] Poupyrev I , Maruyama S. Tactile Interfaces for Small Touch
Screens[ C]//Proc. of UIST 2003. ACM Press, 2003.217-220

[297] Cockburn A,Brewster S A. Multimodal feedback for the acqui-
sition of small targets[J]. Ergonomics, 2005, 48(9):1129-1150

[30] ErpJ BV, Veen H A V. Vibrotactile in-vehicle navigation sys-
tem. Transportation Research Part F; Traffic Psychology and
Behaviour, 2004, 7(4/5):247-256

[31] van Veen H A H C, van Erp ] B F, Tactile information presen-
tation in the cockpit [J]. Lecture Notes in Computer Science
2058. 2001(3118).:174-181

{327 Lindeman R W, Sibert J L., Mendez-Mendez E, et al. Effective-
ness of directional vibrotactile cuing on a building-clearing task
[C]//CHI’05; Proceeding of the SIGCHI Conference on Hu-
man Factors in Computing Systems. New York, NY, USA.
ACM Press, 2005:271-280

[33] Wall S, Brewster S A. Feeling What You Hear: Tactile Feed-

back for Navigation of Audio Graphs[ C]//Proceedings of ACM
CHI 2006. Montreal, Canada: ACM Press Addison-Wesley,
2006:1123-1132

[34] YU Wai, Kangas K, Brewster S, Web-based hap tic applica-
tions for blind people to creavte virtual graphs // Proceeding of
the 11th Symposium on Haptic Interfaces for Virtual Environ-
ment and Teleoperator System[C]. Los Angeles, 2003: 318-
324

[35] YU Wai , Ramloll R , Brewster S. Haptic graphs for blind com -
puter users; Human-Computer Interaction Workshop [C].
Glasgow, 2000: 41-51

[36] Kajimoto H, Kawakami N, Tachi S,et al. Smarttouch: Electric
skin to touch the untouchable[J]. TEEE Computer Graphics and
Applications, 2004, 24(1):36-43

[37] McGookinDK , Brewster SA. MultiVis : Improving Access to
Visualisations for Visually Impaired People[ C] / Vol 11 Pro-
ceedings of ACM CHI 2006 (Montreal, Canada), ACM Press,
2006.267-270

[38] McGookin D K , Brewster S A . Graph Builder : Constructing
Non-visual Visualizations [ C] // Proceedings of the 20th BCS
HCI Group Conference, London, UK, 2006

0690



