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A Study on the Performance Analysis of
Partitione  Multistage Interconnection
Network

Young Sun KIM* Jin Kyu CHOE Regular Members

B o Asyscre waixel Aarlod of$ Fogh ¥Eolck A chubabd A&t aldt o #oh wol Halx)
i 9leh

2 =RoAE JAAHA b Aot Algadlold uhil & sgstod 285 ADM/IADM A 4utel 45 #7h%
sk A EadlolA uloletel] ojstod, A%l £ ol ¥ A& A5t AEgelAd ALEs A Mol o g
A4u Ay 7he] BAE 2ok #4 43 hold WAlS ALE3h JADM A 4epo] RSTwlol A 74a vhg A=} %3t
€ ¥ol: Aoz vepydch

ABSTRACT  The interconnection network is an integral part of parallel processing system, The multistage interc-
onnection networks(MINs) have been the objects of intense research in recent years.

In this paper, simulation techniques for circuit switching MIN are extended to allow the performance evaluation of
partitioned ADM /IADM network, Based on simulation data, the relationship between the network performance, the
partitioning scheme employed, and the conflict resolution strategies used within the network is enumerated. It is shown

that JADM network coupled with the use of the hold strategy produces the best network operation in terms of RST
(Request Service Time),

I.M B

Ashe] oh4-o] = 24 A (processor) & A 5 &=

% & = ) =) o
Aol feoFd 5l A2e AsEs AL w3 2] A A#(Parallel Processing System)

*MEE TEEH N of mlefel A FxE FH& B Yek®
Electronics and Tel ications Research Institute. .

Lt bl Tt Rsard i o 3c 32 VLS A5 44E 4
Dept. of Computer Science Taejon National Univ. of o] ZZAAE o]lg3l: walay Axwle]
Technology =
RCEY D 89-65(1 %1989, 9. 12) Mg 75kl st 9ok zely = 2 A4 e
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G7h @ol A4S TR A T2 A, T 2A4
s} vlzel 25e EFHoz AA FHSE
AL Bae o2l FAolw, M o F99

a7 sl ok oreld AE A <uk(Interc-
onnection Network)e] QA&+ #aiAa] <28
Hubel A7e] =zt ®

A3 &) F ook A5 3457 (Multistage
Interconnection Network)®& ~29l3al A x&
T, AF 59} A wold $45hd
ZE A7t AR Yot vk A5 HE5ae
&2 2 7| (topology) oll wtet =] T’f-lﬂ—(cube KR
PM2I(Plus-Minus 2)& o2 & 4 A=?
Fr L mi7ds AHLupog ouisiy v
(Generalized Cube)® Omega, Baseline 4 %1} 5
o] 9li, PM2I & 572 H<E7o 2 Data
Manipulator, ADM(Augmented Data Manipu-
lator) ©, IADM (Inverse ADM), Gamma # -1}
%ol AUtk

odubd o2 wfedAe] A48 SIMD(Single
Instruction stream, Multiple Data stream)v}
MIMD(Multiple Instruction stream, Multiple
Data stream) & g7b#x| & Ezgc), a2y
A5 A Eetof whel £ 7hEsg Al Aglel ol
AHrsla Qleh, £% 7bs A 2"l (partitionable
system)o] gt shvte] AlsmlolA skt o] Abe]
SIMD == MIMD A]4glo] oig)7tz] z7| &
TAE + don, 747 H8How FAH 4
AE Al 28l E AL shg A 2wl ol 2
+ Ultracomputer(multiple MIMD), TRAC(
multiple SIMD % MIMD)§-¢] it}

8 75 Aladl AL o33t o
1. Fault tolerancez} #o}zlcl (faultd H+%-&

Aol Aejgtoe 24 faults glaitt)
2. AlaHE A o] B 4 Ar AHgtel

7} Foixdch
3.z el Aol folafAleh (hFm Alaw

2 9% ZeaAg AAluc B A

Reld AL 4 k)
4 B FAL A% Azue 2%

tasksl 2.7 %3 4 ok
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5. shibel obe] S Hal taskE& WAz A2
¢ 4 aleh
ol 4b3t ol £ by AsHUE e FHE
A3 ok aelit ol @ HHE HAojg o) &
sAw $2H A4S AEel AT A% Wt
Dashek bk 4% HEde] 4% Aobol oo
ot me A7 WAL AP BasA

oto Fuyg AHLulo]| 3 AHolm
ek A= A ek ®® PM2I 32
vlaste] EE 2ot 293 £27} b4
# 1t permutation®] 4-u} fault tolerance =] A

4

oo
P
ol off off i B
2

E2

S4abe] 2 FHE Wi ek ol %— ADM
3 IADM A 49be PM2I 3o s 3ol & <u)

oz PM2I¥ 4w} ol Fo F2 4&511 2l
cOADM IADM A4S $8 siseln g,
¥ vhE AR A5 HEgew AAE
4 olch. =g ADM3} IADM WEnpe £ X3

O

r

it

Aub ooz wodsole ¥ UviAE T
A depolol ) et wysh A A A el Aol &
M BAe B by Az A5 ol Zo

+¥
g T8 AFrh glok obwl Az ekl
e Aol A =l g
whf ot Al galo) Aol o gk Wbyl gleh v
AEedol AR SAtsl Aol abel 2 Fa4)zt
A mele] sfE b7 o R, HEY
o Mol = 8t s el FHuch Al Eelol A
of 2k Ab&xlch®uhets B =Foll4E= ADM
2} IADM ®<£ube] xS wuala)sled ADM-
/IADM A <4} A]4-#) o] 8] (simulator) & 7))+ 3}
2, o] AlEd o] e F o] fate] 3 Wl A A
Aelupal g whelshm A 3 4] ADM A & a)

4 3hedeh,

IADM #H4wte] 5§ vla

o a4

0. 4SH{Y 2D AlZeo|M

ADM AH<£wute 19780 data manipulator
THA o] o 27-E FA s Aot dFHE
H4rpoloh ™ 27 1.2 glEe] 8, &7 o] 84
ADM A <&utojct, 28l 2+ IADM(Inverse
ADM) A <-wa}olc}, IADM A<l ADM A&
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g3} we] sAut Joz wAdsd g ¥ LT
Zolr},

2717k Nol ADM A& aboll 4 dhulel =i
stage)& N7He £9 A4 =H = E node)s} of&
tho] qlels} A= 3%NAe dolel Hzg
TR (28 lollAE N=8), ol & A&
PM2I(Plus-Minus 2!) Az HE71%5% 7128
g} o] 7152 g3 ol HoEE 2n e
7|5 o8 olFoiAr]

PM2,,(j)=j+2 ! mod N (1-a)
PM2;(i)=j-2 ' mod N (1-b)
o} 714 0=j(N, 0=i(N.

ADMz} IADMA 458 o5 7 & AErtoln
2 Y =T WEsh 29 %= WEsl 2A
ke, 193t 29 Abolo] sh} ol 4bel A=t
A g,

HOUZ -~
—HCoTUHCO

STAGE

38 1. 8x8 ADM A<} 8x8 ADM network.

oz~
—CU-ICO

3% 2. 8x8 IADM A %=} 8x8 IADM network,

H&de 2 Ay Free Pto-M (
Processor-to-Memory) 8}41 31 PE-to-PE(Pro-
cessing Element-to-Processing Element) 4}4] o]
A} "PEE g A4l e} ol mu|g FA5Ee Al
42 Processing Element)o|c}t, 2 =Fo A+
Al2®l F22 PE-to-PE WAl & 7} A g}, #-4
A= P-to-M iAol A &xlc}

A% 37te] 848 RST(Request Service
Time)3} ¥4 % (Utilization Factor)% #3}%d
t}, RST= &7 A BE 1 8 Fol 93 oo
B} "ol B Wi e) Azew Yeojuch

Request Service Time(RST)

=72 AA A7 + dlolel A4 A7 (2)

&5 A AzHEke network cycles¢}
ok dlojet Aol ALE5 cycledol vl g
A ojgict

8% (Utilization factor)=

Holet Aol 2183 cycles] % 3)
% network cycle4-
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o] FrhAlE ALdel 4 ,
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L L—E—% receiverz} b=,
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714 1): Sender®} receiverAtolol] 7 27} A A
slm, o] ZAa: i dcycle £t vlolel A&
o] A&t shute] et Eubwl sender+=

& cycleol] 3+& roll we} 2§ oFE WA
gheh, o] Aol o8 r=1 o] senderv &4
275 3 4 Uk

of

O

ol

[o

7R 2): shvbe] 879 EAxs & FE2
N7l 9] receiver7} =% #c}, &, °n‘9]91 receiver

7 AelE stE52 wF o

744 3): shvbe] A9 A LAt FAlel skl
Aol g7 SlEsind, 2% shvute] qlelw
A s 2 ezl A 2] (blocking ) € o,

7R 1)& dielel A5 A7k e WA £

& vebiich bg 2)E ZadA el dA
walol A gdeh Ao A% Fojol o
ek g 45 glev, dbdow By
o 4% %7t 2ol a% iek 7bg 3)¢) el
of a7AdEe AdHoz Faaks] ofe] g
& A4 melof 0;111431 gt & odgel
A Fd A 4 D3 2)w a2 Abgsha,
b 3)e mrad FEA A9 £kl
of st olatel &F7F FAlol R, plus,

(<}
straight, minus 83 Fo2 $AHE ZAEF

shsich.

S AAMZ b, A A9A
BA L wloleh el AojAol meb A A(
blocking) A]7ke] ZAoixlm g szl AHA w4
I 2 Aol &I ko] aTh 2B|ERZ
A Ge 275 oAGA Helshertel uhet 24
ol wetAch Az He WA e zE drop
hold _\;_:go] 11] obs] 3 9&;},‘(9)
678

Drop mwlolgl 837} A5 o] 2= A&7}
senderol] Aet=ld, #AAAA AHAAH A2 E
2§ o] AA e 2 AAE A=)
%1:73_{5] AA a7z ubEsE vbAle|o), Hold
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e
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Program ADM-network- Simulation;
Begin
Initialization ;
For i:=1 to Simulation- Cycles do
Begin
For j:=i to Number-of Processors do
Begin
if Processor-Status(j)=idle
then Request
else if Processor-Status(j)=requesting
then Proceed
else if Processor-Status(j)=data-transfer
then Transfer:

End:
For k:=1 to Number-of-Processors do
Begin
if Processor-Status(j)=End-of-Data-Transfer
then Path-Release:
End:
End:
Print-Result:
End. v

18 3. ADM 4ol Al galold dandF
Simulation algorithm for ADM network.

12 3o 4] Procedure Requestell A& 2-7&
of whel &5 WA, s 7o £
2] & ulAl 2] 7] e}, Procedure Proceedoll 4] += Z 8
ZQl 275 FYvich 1wk AYPA 7} A==
87 4 welvjo Aqk®l kAo Al A 2| g
t}. Procedure Transferoff# ¥ 485 o] 83}od
'd’ cycle Fot wolel-s A4} Procedure
Path-Releasecl] 4] = dio| e} H4ro] Bk 5 A A
¥ A2E AL senderd idleAle] & ulEc},
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O3 4. ADM A 4w} F-dhe] o
Examples of ADM network partitioning.

o] 7% &9 PE7L E£49 PES (7= =i
09 +2° =5 -2 Hag AHEslol shewl

o 09 = straight® A Ao g4
)

©o i =
T
sl SgHal Sl o fold LH4HA)
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ol 4 gl o] wlf A|g Algto g 4ol 4] 7] N=49] H-H4uk BE 27 N=2

1) 7z FA&Enke] arle 29 A4 AFo] ol #H&u Cof DR YraAldlcepd 28 5
glo]of 3} 9} o] thle] 2l =& straight® A A& %

2) Z7|7F 2mol FAH&Etbe] jl&e ZEJ o},
o= 259 9 n-mAel bitz} Ao}

b, ! d, N
X —\ ’
/ ~ — Al N 7 |a E n

E VRN A [a] = v/ A n

ck---kc c c| < A ] [

n AN N Al / \ A A Al o
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Al / \ A A A U \ ! hed [ AJ U
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STAGE STAGE
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Examples of subnetwork partitioning.

IADM #<wbe] 32 ADM A 4w ) v]s vkoll 4] 2] droprt4]l 7} holdwk Al el w2 A5 937}
stch, 2 ol 52 18] 47 5F d o' vt 2 alodch, w3 Haksl ADM #4-wbal Hatgl
m [ADM AH<£Enb 2ol o7 %} o] sl IADM # &vel 458 ol HAstgdct oA
Z 4uleo] BEL routing tag-s: masking dlof o] M= o ADM/IADM % <ul A]4-2) o)
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n-m)- loll 21+ node j+= straight & 4 A ] o] o} [M-1. Hold glAl
A= ADM #Zwkat JADM # 42 gl ubg oo

2 e SR s o M drope] v} hold 4] el z aHOéklaig_ » topology 7} 7o m @ B-83lx]
wZ A% Hrhe w3 d vpol glek B ool el o%gkg v Ao e 458 nelrh HEuUE
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Partitioned PEs=8, d=10

32

ADM|
—~ 307
(] r
2 ]
& ol IADM
T g
E
& 261
>
&~ -
]
2]
o 241
3
g
m 22 T ¥ T T v T L L) T L

0 0.2 0.4 0.6 0.8 1.0

Reguest rate
78 6. 8 PE groupe.g $¥x H4ukEel RST(hold #
4], N=32, d=10). RST for networks partitioned
to 8 PE groups (hold strategy, N=32, d=10).

H 1. Hold w48 223 RST (Request Service Time).
(N=32)
RST using hold strategy. (N=32)
Data trans. Request 4PE group 8PE group 16PE group
cycles rate IADM ADM IADM ADM IADM ADM
1.0 13. 89 17.19 16. 96 20. 10 20.07 22.14
5 0.2 12. 86 15.27 15.01 18.03 18. 27 19. 36
0.1 12,33 14. 27 13. 87 16. 15 16. 14 17.33
1.0 22.45 26. 57 27.63 " 31.30 33,07 35. 09
10 0.2 21.00 24.31 25. 65 28. 57 31.33 32.49
0.1 19. 50 22. 82 22.87 26. 11 27.09 29. 92
1.0 39. 43 43.11 47. 48 52. 94 58. 44 62. 30
15 0.2 38.25 41.62 46. 37 49, 63 55. 45 56. 89
0.1 35.76 37. 81 44. 41 48. 26 5102 54. 27

olo} & Az thg} o] EAHE 4 Ut
ADMe| 7 $-olla] H&oll 93le] ubEolx| =
FA S 238 kel sholl A ek wpebad
2371 8" goll 23td, o] ol4 AR
ukg-o] glo] EFzlz AYPEA Elck mA e
tho] B&slo] gloidd, £ g A s
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HEag s Easted Adeles A9 A7
FAE e o E 275 A=A &
o}, o]o} w|3le] IADM H&g 739
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EN
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AL AR} Gens $8H &g Fobshen)
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FA% AAREE FolAl wich mheb

RST7} ADM A &-ebsch 2 A=l o}
M-2. Drop Al
& 20l drop #Alel 1§ &€ ADM A5
2} %35l IADM A 4+ke] RST Azst qlch
RSTwloll 4] IADM #45he ADM < ujol
sjste] £8 27]9} wlolel A A|zbell whe}
Ha 3%olA AW 11% A= HAA ek
681
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Partitioned PEs=8, d=10

32
ADM
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o 301
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< —
E IADM
o 281
2
g
b
% 261
g
g' 4
24

24 —r yrer——— —r—

0 0.2 0.4 0.6 0.8 1.0
Request rate

12l 7. 8 PE groupe@ #35 g4upEe RST(drop

uka] N=32, d=10)., RST for networks partitioned
to 8 PE groups(drop strategy, N=32, d=10).

H 2. Drop w4l

217} 7o drop WAl S L7 Wshel wpE
RSTe} #3hg vehi gl

ADM 7 %boll 42} @42 hold w4l 744
o} vl szetch F, —i—"’a whg et Ao
Alede g alatel FA Lol A=<l A A7t
2obsich IADM %ol 4 £33 del 49

87 AvhA e $HE e 979 A
£3 AAsich ¥R 9 EAG 8P A
sopg Aot Ax ekl A2 E A
il chal $@ whg AdeA ek o)l
e s $ g ke d e FAEY Wl AA
age W deh olel® J@oz IADM 44
Bl A e ADM F4hast FA vhebdeh

A-83t RST(Request Service Time).

(N=32) RST using drop strategy. (N=32)

Data trans. Request 4PE group 8PE group 16PE group
cycles rate IADM ADM IADM ADM IADM ADM
1.0 16. 11 17. 87 18.78 20.72 22,33 23.25
5 0.2 14. 42 16. 03 16. 72 18. 59 19. 95 20.91
0.1 13. 43 14. 56 15. 53 16. 67 17.79 18. 18
1.0 24,44 27.07 29.27 31. 52 33.50 35. 57
10 0.2 22. 58 24.73 27.14 28.74 30. 48 32. 66
0.1 21.00 22.67 24. 44 26.71 28.02 30. 29
1.0 41.43 44.01 49.43 52.09 56. 44 58. 22
15 0.2 39.51 39.71 44. 90 47.38 52.27 52. 99
0.1 37.44 38. 36 44. 32 46. 13 49, 58 51. 67

M-3. &5 HID
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wel dwbd e 2 hold WAjel drop #lel ¥lah
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epol A8l AA Az el wlas vhehd
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Partitioned PEs=8, d=10

32 Drop

314 Hold
304
294

284

Request service time( cycles)

26 4t ey
0

Request rate

2! 8. 8 PE groupe & &% ADM #4ute| RST (N=
32, d=10).
RST for ADM network partitioned to 8 PE group
(N=32, d=10).

Partitioned PEs=8, d=10

Drop

Reguest service time{ cycles)

22 e 4 ey
0.2 0.4 0.6 0.8 1o

Request rate

a7 9. 8 PE groupe. & H&sl IADM A #4vfe] RST
(N=32, d=10).
RST for IADM network partitioned to 8 PE group
(N=32, d=10).

Ax) Aol whal AAlel of ke Hojzich AE
o o] g% Uehe 8= Z$E hold
walo] drop wAlNTh e Aoz vehdeh
27 109 =23 11+ ADM A&z IADM
4ol i §8EF vehdeh

Partitioned PEs=8, d=10
! Hold

Drop

Utilization factor
o ) =) =y =)
o o w w w
c , ¥ ., S .7 .
N
]
]

0 0.2 0.4 0.6 0.8 L0

Request rate
2 10. 8 PE groupe & #3r%l ADM #4etel f&5
(N=32, d=10)

Utilization factor for ADM network partitioned
to 8 PE group (N=32, d=10)

Partitioned PEs=8, d=10

0.37
J Hold
0.354
Drop
§ 4
$0.334
[
2 4
g
=0.31
-
0.29 . —r gt —
0 0.2 0.4 0.6 0.8 1.0
Request rate
1%l 11. 8 PE groupe g #%sl [ADM 4wt {8

(N=32, d=10). Utilization factor for TADM
network partitioned to 8 PE group (N=32, d=1

Aol ¥4 A3 g4 sl5HelA IADM
% o+ A
ah, ADM H&7te) 3 Zol4 YHAAc
IADM A&t 2& A% 4% + A& 2ol

c}.

Bt

683

www.dbpia.co.kr



RS (E S HE SCiE'89-12 Vol. 14 No. 6

NZ& &

28 a3z STe] A5 HoHE A5
34294 ADM=} IADM A <4-=b-8 5 el e afed
pascal ol 2 Al g ol el & FH AL o] A&
dlo| B 5 o]83td ADM3 IADM AH&we
84 F24E Al gl A, RSTe} f8 52
2 AzE vla EASG A gl A,
A 2| A 2] Aol @A glo] IADM A &-w)o] ADM
A& uck RSTHAA Al 23% =HF R
& vehlglch of ol ¥ cho]l A&
% Holl 8128t ADM Y& doll M £25 whg
F3she A Alzke] FAEL W AAtES
woled Hldte, FAEY ol EdH xhol
A A8t IADM A& 2l Al 7bo] 44wt
Wl AR #EE oA ¥ Aoz ¥4t
wrebA] EgE bl ¥ Foll x5+ IADM
A&ede], 22" o] 28 Fol A=
ADM &=t AR 28 g4 mgHal
As &+ Ut =23 zizlxialﬁ“'«} B
£ hold Aol & Aoz vehved, o
o]+ drop 4] 9| %T T ke o] B3
3k FobHal Al A1z w ol A A F el RST
Ae dez ¥4 o 2jue £3
7bs Al&elel 4 hold WA & AH8-ét= IADM
A&l 7H3 v A5 F2E 2clds
AE & F Aok o) ¥4 Az A&nte v¥
ol A4t Tl M AHE el RS
& & Aok & =AM Ee AR 4T A5
Aol W FAHL oz UG Alawl
A3 &Y AA 8 4 AT Aol

2 EF XM

684

1. K. Hwang and F. A Briggs, “Computer Arch-
itecture and parallel processing,” McGraw-Hill,
1984.

2. CWu, “Interconnection networks in multiple-
processor systems,” Wayne state Univ. PHD,
1978.

3. CLWu and T.Y.Feng, “Tutorial: Interconne-
ction networks for parallel and distributed pro-
cessing, " IEEE com.soc. press, 1984.

4. RJMcMillen, “A study of Multistage interc-
onnection networks,” Purdue Univ, PH.D, 19
82.

5. H.J.Siegel and S.D.Smith, “Study of multistage
SIMD interconnection networks,” 5th Annual
Intl Symp. Computer Architecture, pp.223-2
29, Apr. 1978.

6. S.D.Smith, “Use of Augmented Data Manipu-
lator Multistage Network for SIMD Machines,”
Proceedings 1980 Int’l conf. on Parallel Proce-
ssing, pp.75-890, 1980

7. H.J.Siegel, “Interconnection Networks for Lar-
ge-Scale parallel Processing System,” Lexington
Books, 1985.

8. A.L.Overvig, “The simulation of the generaliz-
ed cube interconnection network,” Purdue Univ.
M.S., 1982.

9. M.Lee, “Design and analysis of an interconn-
ection network for multiprocessing,” ‘Texas
Univ. PH.D,, 1986.

10. G.B.Adams, “On the Number of Permutations
performable by the Augmented Data Manip-
ulator Network,” IEEE Transactions on Com-

puters, Vol.C-31, pp.75-80, Apr.1982.

11. R.J. McMillen “Routing Schemes for the
Augmented Data Manipulator Network in an
MIMD System,” IEEE Transactions on Com-
puters, vol.C-31, pp.184-196, Dec. 1982.

www.dbpia.co.kr



WX/ 2ed Gz SR 4% $Ael Hwy A7

4 % %(Young Sun KIM) F@A % & £(Jin Kyu CHOE) E@8

1956411 A 290 % 19584 9 F20H4:
198042 A ' BEX BT LBH =% 19804£ 2 A BB ASK BFI8HN ¥
(r8:+) ¥
19824 2 A | R ABE EFI8H x 198242 A | GEABR K8k EFT
¥ () BE g (THHL)
19874 9 A~ . GEEASE BF L 19874 8 A : AR KB KB BT T
BH #LRE . B BERE 5% (TH
19824 3 A ~Hif . RRE FliEMEm t#-+)
AlAH 2R 198749 A ~B7 B KHT¥E KB

E AR B

685

www.dbpia.co.kr



