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Abstract

This paper deals with performance evaluation of an eight-neighbor mesh-
connected processor array, in which each processor has eight links, that
is degree 8. We obtain 10 performance measures for the array in two
cases of without wraparounds and with wraparounds (that is a torus), and
then compare with the four-neighbor mesh-connected processor array and
the binary n-cube. As a results, we conclude that (1)the eight-neighbor
mesh-connected processor array basically has properties as a lattice as
well as the four-neighbor mesh-connected one, (2)the torus is superior to
the binary n-cube if the number of processors is not so large, but it is
inferior if the number of processors becomes large. A critical number exists
between 128 and 256, (3) depending on performance measures, some properties
of the array without wraparounds are better than ones of the four-neighbor
mesh-connected array with wraparounds, but the others are worse.
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Fig.1 Structure of an 8-neighbor mesh-
connected processor array.
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Fig. 2 An 8-neighbor mesh-connected torus
network consisting of horizontal and
vetical wraparounds (a) and two
diagonal wraparounds (b).
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Fig.5 Partition of the processor array for
calculation of internode distance.
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Fig.6 A calculation method for internode
distance.
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Fig.7 Relative locations between sending
and receiving PEs.
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Table 1 Combinations of sending and
receiving PEs.
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Fig.8 A calculation method for the number
of messages switched by a processor
in case of an even number N.
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in case of an odd number N.

BOBAZIFEL TH L0 56, HeEREkobhiks
ERHBIIIAWE 2HEL, EEHLGHRSENT
WEi=jHPEICOWTHIELZ LARB4EBTH
v, 2ok EDOWIEHIL,

S—68+(6m+9)i*+(8m?*—6m—5)i

i=1

—(8m?*—2)}=m(9m*— 8m*—3m+2)/2

LR BDT, HAMEHED FH R,
4m(56m*—60m®—10m*+15m— 1)/15 (9

ERDHLNE . EPEHIIN=2mX2m7h 5,
HOYNom=yN/2 AL T, NTE3 &, Ftyrh
HEIRDLNE, Lid -7, PEhikErrid

r =(7N3*?*—15N—~5N24+15—2N"?)/15
@0

LN

x, y HED P EEPFBENG A 20T,
9Nk )RS DT CHERICEHETE, 20
BIEHENEEEELTH S,
(8) FHAkHilie

X8 CHikEIRKICEE2DIE (m, m), (m,
m+1), (m+1,m), (m+1, m+1)DPET
bh, - THRAPHEERODLY

R=N*?—(3/4)N—(7/2)N"*+ 2 @D

E% b, x, yHBEOP EREDVFRENEEIC
ik ESERRICL LR, (m, m) APET, #
DEEOBRKRFHEIT

R=N*?-N-N"2+1] 32
kb,
(9) ikt

F=3 : 33
1) #=2t

C=(8n*~12n+4)(n—1)/n? 34)

(b) BBEBEIET + — T XiH

b2 ZOGAIZIEN LB TH L DT, K
W BICERE2 KDL e TED, F—F X
WOLFMRIETH LI & LHFECT B 20, %
REFICHRT t 2N, 8SHEBETROEA LKA

T 5,
(1) #ERi

G, =38 (39)
2 &Y%

L.=4N 36)

(3) KAk
D.=n/2 @

I, xlEAx DB CEKOEKTH S,
(4) Py EE A

q :{n/B(ni%?%c)
T n2n?-1) /{6 (n2=1)} (n:B%) 69

EROLNBD, BENEAICL n/3ITEPTE
LT, LT, di=n/3&T 5,
(5) EMICFEEE s

Si=8n/3 39
(6) A e—UEREE

te=n/12 (40)
(7) ik

re=(n*-3n*-n+3)/6 thy



40 WRERERE (T2) $228 $£15 FHLIFELA

Table 2 Comparison of performance measures between four

kinds of networks.
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Fig.10 Number of processors vs. average internode distance.

2000 — BRtER T
1500 ¢~
27
1000 i—
500
0 ! |
16 32 64 128 256 512 1024

PE# N

Fig.11 Number of processors vs. average number of messages
switched by a processor.



42 R E (T

c

Wa

0 | u 1

#) $22% $1F% FRAFELH

I l ]

16 32 64 128

256 512 1024
PE# N

Fig.12 Number of processors ve. cost of structure

MEREAR T b — 7 A L AT BRI , A
R 0@%@&%ﬁ&i%v&%mtto

415, SHEHERET/ b — 7 AMWMORBEICHA L 72
T RAERFEL 2V,

e % Fln-> T MW ENRNEBEIC B
Ll EF 5,

BE3E
1) Gajski, D.D. and Peir, J.
in Multi-Processor Systems, Computer,
Vol.18, No.6, pp.9-28(1985).
2) EfEEE L OB OBIR, E
AL, Vol28, No.l, pp.10-18(1987).
3) 3—bF,CLarwxd, L.E EE WE
DHELSIARY, 35 AE(1981).

4) @, #il, PR, BE o WHIETEEPAX-128,
{2%5m, Vol. J67-D, No.8, pp.853-860(1984).

5) RIH B9 E{SLE-e s s, L, Voles,
No.1, pp.19-26(1987).

6 ) Wittie, L.D. ! Communication Structures

. Essential Issues

for Large Networks of Microcomputers,

IEEE Trans.Comput., Vol. C-30, No.4, pp.
264-273(1981).

7 ) Reed, D. A. and Grunwald, D, G, : The
Performance of Multicomputer Inter-
connection Networks, Computer, Vol.20,
No.6, pp.63-73(1987).

8 ) Snyder,L. : Introduction to the Configur-
able Highly Parallel Computer, Computer,
Vol.15, No.1, pp47-56(1982).

9) BT, i%H, B VLSI oG,
(1985).

10) Schneck,P.B., Sguires.S.L. and Wallgren,
K. : Parallel Processor Programs in the

Vol.18,

HEE

Federal Goverment”, Computer,
No.6, pp43-56(1985).

11) FHENE ¢ 8 — B TR A B FIRTERIC &
BY—T 47, FERLEYET LT XA
74 5-— 9, pp.65-70(1989).

12) FFEP, MENE, (AR 8 —HERERE TR ORRE &
WHNY —F 4 > 7, WHRES KT L,
pp.9-16(1989).

13) Barnes,G.H. : The Illiac IV Computer,
IEEE Trans. Comput., Vol. C-17, No.g,



FHEF - B - LA D 8 BEEERS R O L REETAE

pp.746-757(1968)

14) Reed,D.A. and Fujimoto, R.M. : Multi-
computer Networks  Message-Based
Parallel Processing”. The MIT Press
(1987).

15) EfEaE  WHMBED2H N7 1 &y ks
H3, B, Vol23, No.3, pp.201-209
(1982).

16) Bhuyan,L .N. and AgrawalD.P., . Gene-
ralized  Hyper-cube and  Hyperbus

Structure for Computer Network, IEEE

— k-i =
I-j = Y —f
L—  k-i >
i< kL i<t
—— k-i =
t-§ > Y
e
— k-i =
it =Y —
br—— k-1 >
i< K i >
— k-i =
=i >y —
e S A
— i~k =
(——— ft=s Y —
-k >
P> ko3>
— i~k =
-t > v —
——— itk >
— -k &
1-§ = v -
— ek >
i > k.3 <
— i~k =
-3 > ¥ —]
ik >
t-j =
i< t-j >
i-t >
i-h =
i >k i~k >
PR [~

Fig Al The

bad b

»

x

<«

MR KN <<

43

Trans. Comput., Vol.C-33, No.4, pp.323-333
(1984).

17) BHER © LHEHAERERGE, ERE(1986).

48 b+~ RBPOBKBIRFTILTY X L
8 — BT b — 9 ZAHORMEIRT LT Y X
LERALICERT, 270, xFOPE#%m

L, yHEIOZEFNEn & L TWd, 72, x=
m, y=nThd,

k-i > 1-j T KECQ1-§) ECk=i-1+3)
——Ek-. = 1-j @ REQL-§)
K-i < i-j T NECK-ED HC-j-k+iD
m-k+i > 1-j T NwCi-§) WCm-k+i-T1+§D
‘E mkbi = 1-§ ¢ NeCL-)
m-k+i < 1-] T NWCm-kHi)  NC - jemtk- i)
n-t+j > k-i T SECk-E) SCn-1+j-k+i)
-—E n-l¢d = k-i : SECk-iD
n-tej < k-i 1 SE(n-1+3> ECk-i-ntt-j>
n-1+j > a-k+ti : SWlu-k+i) SCn-I+j-mtk-id
———E n-14j = m-k#i I SW(m-k+i)
nel+j < m-kel : SW(n-1+3) W(m-kti-ndl-jD
k-i > j-1 T SECE-DD ECk-i-j+1D
——E k-i = j-1 T SECi-1)
ki < j-t T SECk-i) SCi-1-k+i)d
m-k+i > j-1 T oswCi-1n WCm-kti-j+id
———E a-k+i = j-1 T osw(j-1)
a-k4i < -1 1 SW(m-k+i) SCi-tek-i-w)
n-j+t > k-i I NECk-i) NCn-jel-k+i)
.—E nej+l = k-i T KECKk-id
n-j+l < k-i : HE(n-j+1d> ECk-i-ntj-1)
n-jtt > a-hti 1 NW(a-R+i)  Na-j+l-athei)
——E na-j+l = m-kti I NW(a-hti)
a-j+l < a-kti I NWCa-je1) wm-heimnvi-i)
i~k > -1 Tosw(i-1) WCi-kej+td
———E -k o= j-1 :osw(i-1)
ik < -t T SWi-K) SCi-1-i4k)
m-itk > -t T SECG-1) ECm-i+k-j+1)
——E a-itk = j-1 © SECi-1)
m-itk < -t 1 SECm-itk) SCi-i-mti-k)
n-j4l > i-k 2 ai-k) H(n-jet-iek)
—-—E -+l = i-k T HWCi-kO
n-J4l < i-k T NUCn-§41)  W(i-k-n+j-1)
a-j+l > m-itk I NECm-i+k) N(n-j+l-a+ti-&)
——E a-jtl = a-itk I HECa-i¢k)
a-je¢l < m-itk T HECa-j¢1) ECm-itk-atji-1)
i~k > 1-j T NCE-§) WCi-k-14j)
——-—E i~k = 0-j T HuC1-3)
-k < 1§ 2 wwCi-k) HCI-§-i4%)
a-isk > 1-§ T HECI-§) ECa-itk-143)
—-—E -4k = -} T NEQI-3)
a-itk < 1-§ D HECm~i+k) RCi-j-ati-k)
n-14j > i-k T SWi-k) SCn-1+j-itk)
——E ale} = ik SWCi-Kd
a-1¢j < i-k 1 SWn-1+§) WCi-k-ntl-jd
n-t4j > m-itk : SECE-iek) S(n-t4+j-amti-k)
———E a-1+j = m-ithk ° SEQu-i¢k)
n-1+) < a-itk : SE(n-14j) E(m-itk-n+i-jd
: HCE-§)
2 S(a-1+3d
T s~
: H(n-jeld
HER Y €22
I ECn-itk)
T ECK-i)
T Wln-k+i)

shortest path routing algorithm for the torus.



