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ABSTRACT

On demand of many users, basic networks of a parallel computer system are required to have a property that
can embed various topologies. Bisectional interconnection network is known to satisfy this property, and it can em-
bed various topologies optimally. Nowadays one is very interested in the hypercube as a message passing
multicomputer system, so it is very important to implement a hypercube in bisectional network. In this paper, a

hypercube is implemented in a versatile bisectional network, and its routing and broadcasting algorithm are
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proposed. Conventional bisectional network can accomodate linear array, complete binary tree and mesh structure

as its topology. Now hypercube is implemented to be utilized as a general purpose supercomputer communication

architecture. The proposed routing and broadcasting algorithm embedded in bisectional network are general pur-

pose algorithms which satisfy property of conventional hypercube.

1. &

VLSI 7)&¢) dgs FHIde HE A A28
(parallel processing system)2] 7 to] W2 FAHo]
F93 Jeon, oj# s Al2¥-g s AT PR
o thated B A7rF A= ar JeHi-8). o] 2 g g
g o Aad F2E Adetr] A% A aeRA
bisectional A& A2 JlE ()3} bisectional W E
2] 3)7} A THY). Bisectional EQ A E A28 72
B4 4% A4 topology) 22 HE&H £ slon,
o] §)4ell= A% wid(inear array), ¢4 o] E¢g]
(complete binary tree), "4 F+Z(mesh structure)7}
gltH1o0, 11].

T, H2o) ohE 71 %8 (multicomputer) Al 28 &
357 f8 wol A7 U ol HF H(hy-
percube) ¢74&, #7(diameter)o] xZ=(node) Fl
e eg Fr1she], F2RA 1+ 4(regularity) 2
7rest 73 2l A (routing) 4B E, =22k 88
WYy e EXFe] 4E % 7] dEe =88
FEAAANIE A Heg FREAN E Bl F
F = glrHi2-18]

E =F oM & bisectional U EY AT} A58l 7)
B4 o1, H ge B4l fFHe] d7H
3 e slolHFHE A2 E FEsEH, 97 dad
A Z2uly 432 Z3 WFi(broadeasting) 43 &S
A QFgr}. Bisectional W E QA+ Al7FA] 94el A
3 g, & o]z Eg, v FXE FHEH 59,
RE W4 72 so)HFE FE2E HLE 7 37
2o, 288 W4 TRE /2R 3 solHFE
T2 o] FEo] 7Hg s tHI9L

Bisectional W E Y =+ & 4 E(odd degree) ‘d’E
zte P22, 7 2E(node) 9] R E(codeword)E ©]
Z A& -4=-4) ZE(binary even-weight)& Z+H=c}h.

bisectional W E Y AM AL sto]HFEE=
EQAe] A5 dY H 4, d—134l 9] sto]HFHI

AA AL}, ZF ke o] FEoA B E 9 X](bit position)
& iz} & ), iv= LSBHE 0123..)9 &A1& zted).
shol | F R QAL 7B YES = YA
d=59 g i=d—4, d<59 ASoE i=09], i
A e HAE Zde Fae dAEsA ¥= Al
Aot e zHo g AA4d sl FEe thet ¢
L g Zder

7t kg ol HpnFE s Zde dHE olATE
R ol 2 ste]HAE T2 UL T
e mES 2 dr B 54 27130=d-4, i=
08 HEsle Fiv AAA] ¢7]) did dy v
EqaoMe] dern st A2 JeF A g2
FA], 7]%& bisectional YWl E 9] Ao A AL &3} 73 2l
4 Y ES AT 4 glen, Al stelHF
H gz wX #7] g 332 44 dhyel o
27] gio] dutAQl ste]lHFHRAA ALRItE @
JEEL AT 4 gl gk, M2 A 8E o
HFE g e AP GueFel e
A €t

B mioA A gkl stolHFH A2 BRuA
48] &L bisectional JEY AL A FoM =
Y= A2 L 2R &8 22 stoly
FEZ FEA AAE P2t b7 el Hd A
glo} AR o] YAyt X ALW, o] YA
Aojgt Yoz Z2E FaA stojsFrEe} e A
2l GaEFe 24 Hrd o] Y EFLS, WA
YA =8 BAHA wk Alole] AP HRE e
th a2y 20& RSk o AR Fol ol HF
Ho] FEA Aeld gart ¥ =0 glod 2w
AL upro] URkHQl dtolHFRG L e R
A HE2E A Er

EF sto]lHFHAM LF FLIFL BE kB
oA Wk wAAE Bl o wA R e} g ‘weight’
& Agsted weighto] oA #lAAE HAedte
REE oEA HARE GF 2R U5 AUATL
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AR s} 7)o 9] weight= A2 §F wr3h
EY HE AAE Jedth 2 =FdA Aghs
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TE & AAMH o FabetA st ey o
ul sto] B F R M= weight7} ¥ S127ke] Hd oy
E X7 gAE Atste wd @S
weight® F 4] dojA] F wm7lo] 72 vE 93]
& Agd Frike Adojrh. BE, stolu|FH FHA
Aoe Fae AHEEA gl ol gA AlQhE W
QA FHL AnkHgl slolH B M Ui FH
Zro] X g xio d—1(ZHDDA el 433 3w
A A& 5 AgeA o)

M= Ilo] A &= Bisectional M EY A oA Er}iZ
Al slelHFEE AT HOR FHAI

rlr to

old sgahe AEMAy duE W duw
2 A AgHo 2, bisectional Y| E 9 o)A dho] s F
H4xE 7@ "t

Il. Bisectional #4&HA UEZ

2.1 Bisectional W E$ A2 IR

Bisectional E A= WEHAE FASE x 7}
o] A7t zton, olo AR Ay EFE 2] A
2 (self-routing) 7 H)# 2] @ 3|8 ¥ (faull
tolerant)-& Zh=t}.

N3E P WROEAN, 7t mEE YElle
2 o] A ulFoli 7t mEY WAL K w
7k g vwste] gk HlERhe] 7he B wE g
ARG 7t wruo Y F¢ dE 2A S =
g Hgo yEAy A2 A Y] A% 540
24 oy g UEYAY) aRHos J8E
9lt}. Bisectional Y E A7} & L3t wadel
ol MY wiE, A o)Xl BEE, vl xR AL
M RE WA TR ol FE FREe) X Eo] vt
*“3}‘4 wpeba], B o= Rol A Al otatis stol W F M P

] o8 3 1°ﬂ st dawy dauaEd 2w
-f‘} etsrgl 29 AAE 71534 g} Bisectional W)
B9zl Alaw] fie ofdioh 32 2l Es HY
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a9 2o g FAsY, 7t e LY dole
daE spg . B 4 w29 A5 e 7 mEo
AA s e 7hade) 5 Jepdh

HEL M Fad 4L ujAz]e] x}7]-7 2w
4 sdolrh o]A& YrgAd eFst gle A4S B
vk ootyal, 2/7F A A9l M E o] A&
Atk 257t e vEYAd daiMde A2y ¢
el ol 42978 stzgo A 9 =2l (hardwired logic)
2, o3 iUt Ae W EY A disjA
WA ggrrsEith AR 2wy e A2
4 ElolEolu} 71e} dlojEflol 27t B glod, @
&) e] HA A FA(destination address)d] 71 &L
AEE 27 el e w AR o B2 Favgko] A
¥k MEZ M Aot 3t A4S 2e o
e]8} = mrigke] Hud AgE 3] M E s
(el 1]8 AFg-gh9).

[Hel 1] 2= 9] F x| j Ale]e) 714
#2 A2 E. G A2](minimum distance)
2 3, LiE Jepith U ES A
AYE e A28 JY 420 9y,

2.2 Bisectional HIE{ 2] ${4t

Bisectional WEH 2] A4S YEYAY AEE
Helle M dEPE REEY, JEY A A
¥ 4= 2¢-1olu}. Bisectional WE A9 94 ¢
g & ol 9} it

(@] Bisectional Y| =91 222) 914 74 ¥
&S A 71 dol ojd s disfiAl 7 2
e Y R s g gl 7t sisg
rEfare] e E FE S
{(JHamming AS(F =9 A= & vwsf M2
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2 a4t
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e 247t} o] § WEYIE bisectional W] E &
At &M, o] YEHAY k= FE o] J-FHI
Axto] ®th 9o} & W ew T AE bisectional
HEH A7} okl [of 1]9] Yy gl

(ol 1]d=59 299 A29 s1ge opg) (29 D
2ok A wE & 1602 37 K=20]1}.

12! 1. Bisectional W E 9} 39 94 (d=95)

Bisectional VIE QA 9] AR dE A == 40 &
Tlog)9t 23, A7 K& A4 == 4= nd| o34
(logzn)/20]] vlelte}. o] Axg 72 A7 Y 734, 9
A d-FHe HAFol A X Fof W F 7] o
bisectional 12 L7} ¢ W % (density)?} Hoha & ¢
AL} Yok 2L ol F8 Ex, ¥ F2&(chordal ring){21]
L} Anksle o] A §FH(generalized binary cube) W E
HAAaed g8 v o & = ok

21’HA JF3(adjacency rule)o] we} o] % kx=71o)
FE% hamming Ag] d-1& ) o]5& o)A d-
FEo 19 dwtsl® 729 AHA FHF}E e
Ziolth A#H o2 AJGE HEYIE ¢ g U
(density), Zt =] &<l #2829 HAsld 4L, ham-
ming A& 9} A 2 2] (minimum path distance)
7re] A AA G B4 L e

E dole F x= x9 yAlole] @ A2l E Ly,
2 33, H,B hamming Agler & wj, HY =d—H,,

o] Ly =Min(Hy, HolTHs]. 919 4ol mhe} )2
o] F LE Ato]9] Huk A L,E & F glen,
A4 Azl ¢} hamming A2l ste] A Y[R 1]o] et
U Atk dE S0, MEHR A E d7F 1A 3%, F
w2 Hy=8% o, [¥ HelA & & %ol A A
2l& 3 ot

E 1. 44 A9 hamming Aglole] Y w
FEZ d=5 7 9 11 13 15

Lxy
1 4 6 8 10 12 14
2 2 2 2 2 2 2 hamming
A 3 1- 4 6 8 10 12 A g
AH e 4 - - 4 4 4 4
L 5 - - - 6 8 10 J
6 - - - 6 6
71- - - - - 8 )

oy

doel ¥ x=E xy@ & W, 4 =29 o)A ¥
dollA A vEV e i EAste 222 U
Bl = Qlrh ololl M} F kX Ale]o] AR o] 3
E9] X (sequence)2. B 7H5 8l &, (211 2)9)
2,1, 63 22 grojrh

Bisectional networkoll 4] 919]€] X x$} yAlo]o A
FHY = ke glol(node-disjoint) Z F U AR 9
T doln, oleid A9 Aol ol 9} 2r}.

DLy =Hy(#K, 372)oI™, Hy ol & ZHE Hyy 7l
o) Az7t EA89, H,y +29) ZolE Z+e H
M e] th(aiternate) 73 Z7b A ek Wy, Hy,
=K o] A B2 ZolE K +1 ot}

DLy=H(#K)o|®, H,, Zol& zt& H) 79
ARt EAEA, Hy, +2 4ol & z2ke HY 9
WA BE7t EAQP HL =K o], K +1 7 o]
E e g A28 28 5 Ao

olg]d FHo| gl AREBL BE wxu xs}y A}
o9 ¥ N RS ARE ZA HY, §F x5}
o B2 S AsA ot [He) 2]8 S8 F
=xke] ME X9 28-S o4 4 ACH9L okef [4
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2lele F

wmzrel g AEsk 4 ME A9 o
& 9Ye Bl 22

A THI].

[ 2] Pyl ¥ =28 x, yet & o, o] 59
olzl g ol zhzh i, 3l HE §1%
(bit position)E2] H3F i, j=1{0,1}
[ 2] A= dvt 701, HA o] 31 MIES A A 2
AR 4 x7F 00011000] 3 2 &2 T2 yr}
0110101 )2} s}®, H, =4°]3 H, =d—H
=3 ojth. @b, Ly(He Ae)=3 olth. =
g pY ol ik Zh 3 jhe ot o 7ok

2
x:OOOl“OOI

y:0110MO01 | PY,={2},

5 4 0
x:0Kd 1100 )
y:oMo1 oM JP‘YOI:{0,4,5},

3
x:OOOlIlOO]
y:01t 101 ] PY,=(3},

6 1
ymom1mol
y:l 110101 ] PYy={1,6},

o ol A A 2l darelFol AF AR, A
o] oo vebd AH A Z(direct path)E 938k i 3t
S HA AHEE 2 1, 60 v mEbq 2932 =
(0001100)0 A ZA =] %==(011010DE 7}7] =)
 29A 2B xofA HE 93] b P xEE

A kol 7 11101110] HH, Lo v E $ X

o> oin mln

0001100 0001100 0001100 «— x
2 3 1
1110111 0110011 1110001
1 2
0001010 1001000 1001110
5 1 2
0110101 0110101 0110101 « ¥y

T2l 2 F2u)A 2] o (x:0001100, y:0110101)
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lo] 7+e =X & 2A €W 00010100] @t vhxjgt
o2 HE 9A 6o] 2 xTF o B
01101010) ®c}. 99 73:1“}17@ £ME 2,1, 6L 2
JLden, o e 6,2 17 1,6 2 o] U}
olo] gk AL 9} 2Fe =ME oty o
& 918 Aol mol ofel <1y 2)el Yeh AUtk

2.3 Bisectional HIE A0 Me| H2uNY A2|FE

A AE e Dl we WARXNE AEE7) Yl
(Algorithm 3 72 & Wl o g o] 2 v B =t}
%8, wobh el 2914 kA Ffde we
AR 7E QL21 wEoll wl AR S Bl 9 750
i, ol wies ARFC xEE Ve ] o Foll 53X
wEgh obd ARFe) wugubehich oka) (digor
ithm 1) Q.5 7F Qe el A qlole] & wrazhe
Bz g welm, olol oja of 7} obe) [o 3]
vhepct el

(Algorithm 1)

Stepl :Find Lu,.

Step2: Find sets P*y, P*y,, P* o, P*;.

Step3:If L.y = even, then goto Step4
else 1€ P*y UPY,, 2l I8 &o}r] o] 2
L nE AME. Stop.

Stepd i€ PY, UPY 3l i& oM o] % == nE A

g, Stop.

(Algorithm 1] 3] 44 & AHHEH, A Stepl
ol 1 Min(Hsy,, Hy)oll whet Ly & 271 gk Step2e]
At 97 w1 wsh 847 ey Apold] ¥ owE
rol mlE 91AE vehlle I PE e
Step3oll 4] Luy 7t &1 A5, P UP™, 5 A &}
vhe] fl4E Adste o HE fA7 e olR =
=2 7 do B disiAe 99 e 8

& ma e Step27hA & Zon, #ro]7] w &l
Stepd2 7}A PY ,UPY, 59 94 E 3y MY sy
ME YA L ol mER T Ext. (Aigor-
ithm 1)9] 3 A & Ho] 7] Y& o7} o} [
3ol veht 2ddh

[o 3] A% d7} 9015 &, AA| =E 4= no} 256¢] 4
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# % /Bisectional 43974 WEYANA slolHFH ZHA A2uA G2

EQAA, 249 A xE x& 001101010, &
A k& yE 0010100000} 2t & of, A 2 a7y
& 9o guelEol uet olef o e HAE
Az o] Fojzit.

Stepl :L,,=4=H,
Step2: Py, =1{0, 2, 7, 8}

Pv, ={6}
Py ={1, 3, 5}
Py ={4}

Step3:L,,7} &4 o] 22 goto Step4.

Step4: P, UP™, ={1, 3, 4, 5}
o714 14 MHEld o)]% mE n o
2 aAAE A5

ot o] (¢ 3)& H9 dolA ehd x9} y Alo]
o Mg #AE AR 59 FUE HoAEh WA, 249
A X x(001101010)01 4 HIE 9] 10] 2+ x=29)
1100101112 7t} thSole H|E 91X 30 e
001100002 7HAl =™, t}& o2 HE $3] 47} 2
1100011112 7t} mpxlvto 2 HlE 9% 571 728
00101000022 7} 2Ax %= yr} 5o] 2 =uA
S npxA

0011010}0 < X
11001(3111
0011040000
110(101111

001010000 «y

a8 3.7 ®e 7329 o(x:001101010, y:001010000)

Il. Bisectional U EF0lA{ slo|xFae| 2H

24 A= dE 7= bisectional M EQ A= M )
g, &4 ol Ed, v e A7t Fag Yoz
#HAslso] ALd + . B3] RE W 2xE
P stolHFHRE] AHgol sH5alr) @l bi-
sectional W ERA S B E A% doll thafM d—1 =}

He stojFFHI} g EAEA Ak F, d7F 3¢
3% 2244, d7} 591 A 44, d7F 7 A 6k
T2 stolHFEI SAT. 242e] dof HajA 3
L8 WA T8 VEE solvFHE 7AE 9 o}
e At 2 22 st AlHNA stolHFHE
¥ 3o}, Bisectional Y E $] Aol A] 3lo]HFH R &
S, ZF doll dislAe 4R =79 22 vE AXNE
Zhe 938 oL dolFFEE A g3

3.1 78 3y

Bisectional M| E A+, 1<s<d—1¢] P& 3l
S-xp e} 2ol TR, F F7 oA FX d9
bisectional W E Y& wiXwrX ... Xw, 99 W4
2 189 5 glh d71A, wi=2%0]3 Ybi=d—19]
t}HIl. 919t #e AAd wel T E bisectional U E¢
ae 999 2y Az 8 7Hssin

=3, d-AY RYA Ydole]l mixmyX ... Xmg ¥4
(mij=2"e n-FEZ wgdg 5 gonjn=P +P, +
o +Pg). A7Vl A 2} Ao A gt ¥ F v 7l (numbering)
& ¥ e] $=A(gray sequence)E wETH19]. o)of u}
2t 9ol o] v+l e n-FHE9 TR rhFdlin).

212} 7Ho] bisectional EYAE ¢l 2] vj4z 7
A7kssty, doe] mde n-FEREY FHo) 7%
37) W&ol bisectional W E 9] oA 3lo]nFH 2|
TF#Ho| g 7ttt olezte] 2HE 2T G=
(V, E)7F n-F 2.9 &7 o} o} 7o}

DVE 2" 79 kel

NRE e X ng ZHer)

3)GE A= U

4)19)9} o] &3t F =1 Al Bi= Ul Y(one-to-one)

W$-g ol &

99} 2o HA & A A bisectional YEY A A
A8zt 7+ E2i4e] 94 d(wraparound) 4x4
HH(H e 4-FE2 AAE $ ok

3.2 5ol M 73 72T Mo

A9} & Y& 7122 bisectional Y| E ) Aol A
slolsRH FHo] shEaln solwFR FHA
YEhte gle 339 HE 88 (¥ 29 2} o
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S0 = bisectional U] E$] =100 4]
=2k viE $ X7} ‘3(LSBH
g stolHFEE FHE}

2 A48 stoldrolA Qi 2 e fg

4w | A 4 Qe gael M 74
(d) (d=1) | (F wxgrel ne g 1n];.v_)
3 T e meEaw ge
5 4 ‘1 .

7 6 3 .
9 8 s -
1 10 ‘ .
(¥ 218 7122 HEY2L] Jr d9 F =ik

e mE 937 i ofl [ 32 e AAE A
1 @O, @8 N2 stolH NG FHGIU

E 3y g deh v 914 iske] A

d 3 s 7 e o 3
i 0 1 3 579 e
d:uEYAY] AR, i% :LLMI 7o v e 91A)
T+ H:ii=(0, for d<<§ -ererrreeiinnneen (D

d—d, for d=5 e @

(¥ 3l9] +3 @2 d7t l"} 391 A%-8 sy o]
g 7t 09 A E el FHE FH,
@A M= d7t sEo AAY 3 € & wain], o
= i7f dRT 47} A e HAae g} o 3. sfol
2 2@} e} 2L AAE NEE ol (1F 4)
(2 SHol M d7t 353 590 Aol tHalA w4
FEE 7N EE FolHFHs e AL B
ok (¥ 4)9] (a)= d7} 391 bisectional U E$] =L
A A E vpAE FA-E woled "i**”}xl X%
s Rao] 9@ o) bisectional W E ¢ ZE VERATH
o] 7)ol A1 00034 110, 0113} 1018 VA3 AAe
T2 @ol whzt d7} 30]7] mfel] M E $3] 0o
e T xuzie P35 AsiA doh gas |
A5 7*“9"5" 000, O11, 110, 101-& @A 3= vl 7F A
A¥|o], o= & (b)o] 2x}9 sfolWFHI} ®h EE
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(z1g 5)9] (a)¥ d7} 59! bisectional U] E ¢ =o)X
WE @ wet F wmmbe] HE QA i=d—42]

=
=T,

HE A TR 7R f% erzhe] YA A9

A A" gl E B 55 Aok 2 B

o] 7F iz AT} Bt Z.‘i@ i 4 Kol

o, o]iz 3 (b)e] 47k7] stolHFE R Y}

000

(8¢

(a) ¥ (b) ko] 7 1.

Q2! 4 =320 A4, w419} sel el 1A

(a) vl 4
11000 peos [{IL)
1841 o109 sl o
(b) stol # 1 1

12l 5. d =590 A%, w419 stolHFe 74

V. 22y o ¢S dn2E

Bisectional W E Y ZdjA # L4 H so|pHfHEe
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# 3 /Bisectional 3532 M EHAA stolfFLe] FH F2uA SnE

F9 Fo|HRR o= O BIE 2t &
71&9 sto|HFHE 24 =& HE e HE 9 1
Fzel Ahgle] FANGAY =3 v E), JLH o]
HifBRe A9 FEO o B HEE et o)%
2& T4 Aol Wit e = HI1E 7HA
I slelHFHY HRWMAE o] F Slojok gl
weka olo] #Fate ABZMA AZeFE AL
W, Bd G FL 1S R0 AR T
WA X Af5A Ags) FE weightghol dojA &
@ 2 Eg doh 5, i dae]F2 weight
RS whro] AEEy]) wEel 7iE9) ol R
W i EY 449, BE koA W vlAA
2 483 Fuy d-1 GAg 2l < Qi

4 AZuid dnalE

Bisectional H{ E Ao A FHE Slo|HFHE (£
29} (¥ 312 712 32 o, B oA Agts}
= A=zu4 %131%—3: (Algorithm 1)& 7122 3}
X vk F, A 49 FolHFEE (¥ 39 w3 O,
@8 71282 FASU7 W& (dlgorithm 1Y A
FYPHE ZE FAV TEHY YA gt BE A
948 dae #4 O, @9 HA iolty. WA HY
AR HAAA #H O, @9 ZL YAt EAsH
B2 E vHito]of g}

(Algorithm 1Yo~ Stepla} Step2ol] W} Ly,ot PV,
P, P, P& & %, Lyl &4 &5 o5
iz} P UP™, A et P¥,, UPY, 388 #8.
aajv P UP™, 83 PV UPY,, Af el 3
O FL @F WFste A 7t FA Y slojwFu
o] @A gl A7 Wi thE H 2 F, §o
HAHe A2 w4 g westef gioh &, PYy
UPY, ol PV UP™,, el 3 O, @&
WEsle ¥a vk gled JE dadEY we s
w2, slo] B FEH o o] 7 ZujH o] o] Rl

H AR #3 O, @8 9Este 93 7t E4)
3 A A2 LuyE Max(Hey, H)Z vk L.,
& Hw9 H.,F9M 2 oz ubs 59 PYy,U
PYy A% PV, UPY, AR N2 45 wiAE e
AFeIER 2L Lyl 2 it EA38H4] g
o B3 NE2S Ly,e F3 71 TFE A22 49

FuUE A2 5 A A2E 2A 99 ©FdA] Max
(Hyy, H ) 9% Lyyol #8 ©, @9 i7t 2352
@2 Atde 71EY (Algorithm 1)3} o] R 2w
ol olFAA, § & A izt 3o} Lu7t
Max(Hyy, Hy)Z vIAAE e 332 i§ A% o
E AR F AG AR F2uA o) o] R}

olef {(Algorithm 2)= #H&¥ slo| ¥ FHIA $3
He A2 drEEg 2o F£0. StepldMe
F =t ME YRE ER & PYy, PV, PYy,
P, HE et 13 @, @9 93 1§ FAR)
A& ODD¢} EVENolzt= I jhg A3} Step2
NAE Hwot HLE 7122 dY 22 Lu,E Min
(Huy, Hi)2 73t} Step3idie #3 @, @8 AA
gk WA, K d7) sEY 222X 4R E %
asich 2el w3 F, d7F SRY A A SdE 7} 3
$HODD, EVEN)ol tisis v E 9 07} X350
AeA #derate] 0o £ UL Afoie &
32 %, LuwyE Max(Huy, Hi)E vE 018 thA
Step3 & w3 g} wef 0o] XHO A X A
e 2 el Yae tisiM Ao ig Me sy
ol kX nE T+ F WA "ok o e wye
B d7F5EY 24U 32 A9 dsiME 43 E
o] Fao] o] Fo{xH, o] Hg-2] HIE 934 ix d—4
Sl #Aojt). (Algorithm 1Y v E AR &
WHE eE we WAAE A$st) 98 ol Uz
€ 7Y%, wil 94 =E x4 & Hee

AA & will7) ek ol .

(Algorithm 2)
Stepl : Find Sets P, P™,, P™y, PYy,.
Let Set ODD ={i}=P", UPY,,
EVEN={i}=P", UP",,.
Step2: Find Luy=Min(H.,, H,,)
Step3: Case (d, Lwy, ODD, EVEN) of

:{d < 5) & (Lwy=even) & (0 € EVEN) then goto
Step4,

:(d <5) & (Lwy=¢even) & (0& EVEN) then Choose
an element i, with i€ EVEN. Select neighbor
node n;, Stop;

H{d <5 & (Luy=o0dd) & (0€ ODD) then goto
Step4;
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:(d<5) & (Luy=o0dd) & (0§ ODD) then Choose
an element i, with i€ ODD. Select neighbor
node n;, Stop;

(d=5) & (Luy=even) & (d—4=1€ EVEN)
then goto Step4;

:d=5) & (L,,=even) & (d—4=1& EVEN)
then Choose an element i, with 1€ EVEN. Sel-
ect neighbor node n;, Stop;

:(d =5 & (Luy=o0dd) & (d—4=i€ ODD) then
goto Step4;

:(d = 5) & (Lyy=o0dd) & (d —4=i & ODD) then
Choose an element i, with i€ ODD. Select
neighbor node n;, Stop;

Stepd : Replace L,y =Max(Huy, Hy,), goto Step3;

(4% 1] 919 (Algorithm 2)& 34 =5 woly Aol
o) M e ARE Zter

EW Ly AR AEE devde AE F9F
o2 Lyt 713 B2 A2E HAE 549
gt grlolA ze AUR ST EFo] AHE
shE wol old AEE weo o] mrmojm,
Lye wsb B3 2] x y Ato]o] A7jQl LKW
o} st zhe g Zhet) o] & B S
oz #mg & gt ol A A4E Ax
2 velle d9 =49 g F2 Lyt &
4ol E59x, 18]z} EVEN olu
ODD A3 We) dofl wat 3 O, @] i @
o] Zol AeAd met o] A7) i d,
Lwy, EVEN(ODD)ol| we} 872 -7+ A43)
o} whebA o) 9] 7} A 9ol tfEi A F Foh

Case 1:(d < 5) & (Lwy=even) & (0 € EVEN)
d7} 58} 22 A 9o Luy7t &5 24 EVENY
o ‘0c] X3} e Af= WA ¥A At

Case 2:(d < 5) & (Lwy=¢ven) & (0 & EVEN)

Luy?t #2588 Luy=Hw,<H,, ot} 121 i€
PV UPY o8t A HA 270 uah B3l ol =28
st} Aelsbd H =Hw—10] 5% H,y=H,y +27t
o) o) & E8 H,o HiE vias) B H < H,

2y &
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7b fch. Wk Ly =Hiolth $lelA Ly =Huwol7]
¥l H,)=Huw—19] 2tz Ly9t Ly, & tiYgss
Liy=Ley—10] At} wehA] well ofz] A" o] %
9] zo M 9] Lyv LyBol s 2e e 24 €
c}.

Case 3:(d < 5) & (Lwy=0dd) & (0E EVEN)

Lw7t 58 Ly =H,, <Huolth #3 EVEN
el 5F& e ‘00 35|} Ql7] uj ol Stepd=
7FA Luwy® Max(Huy, Hy)E A8t Luy=Hu?t
510] Lo #&47F @k thA] Step3E 7hA 2AL
AR B, (d < 5) & (Lwy=even) & (0& EVEN)7}
dct o71e)A 2l Luy 3 Hwo HL g FolA 2
&L JHA ghola, iePY, UPY ot A 87l
e ol kEg s A H, =Hy,—10] 5
™, Hyy=Hu’t Bt W84 Ly =H,[01 3 Luy=Hu,
7} 5 7] B %o Ly =Luy—1°] €t} mztA] well o3
Melg o] $ w9l 2o A 9] Ly LyB T} it 22
e 2k gk

Case 4:(d < 5) & (Lwy,=0dd) & (0§ ODD)

L7t EFebd Luy=H,, <H., otk 281 i€
P UPY, 8} STHA 8ol met o] & =28 shyt
Melad H,=H) ~10] 58 H)\=H,, +27} ¥t}
ol& %3 H,ot H) 8 Wws] Bd Hy<H, 7t €
o} @k Ly=Hyolth $191A Ly =H,0l7] &
ol Hy=HJ -1 2t7} L9 Lo, & tsishd Ly=
Ly, —10] ®ith waba] woll o8 He ¥l o] & =gl
2914 9] Loy LuwyEoh bt 22 3hg 284 |t

Case 5:(d > 5) & (Luy=even) & (d —4=i€ EVEN)

Luy7t A58t Ly=H.,, <Hlolth 3 @9 i
=d—491 i7F ¥ EVENU o] X35 o] U7 o F o
Step 42 7+ LuwyE Max(Huy, Hy)E 28} L,
= HI7F Ho 471 €} oA Step3E 7HA =7
S ZHAEE (d>5) & (Luy=o0dd) & (d—4=i&
ODD)7} Atk i€ PWUP™, 9k A g7 wat
o] £ w2 s} Aesd Hy=H], —1°] "t} o
71l A Hyy <HLSE Hy > Hy o) 5704 97k 9l g
F A=l Hy > H,\8 Aol Hy Wl d—491 i7h
AR 4o ¥3s o] thA Step4E 7HA Ly =H, 7t ®
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# 3 /Bisectional 43974 IEH Ao slo|oFHe 2H3} A2y gz

o @b B4 Lye Hyt 90k A3 402 Hy=
Hoy =191 Lyy% L& 77t 88 Lyy=Luy—10]
@k

Case 6:(d > 5) & (Luy=even) & (d —4=i & EVEN)
Case 29} T o2 S9E & AUt

Case 7:(d = 5) & (Luy=o0dd) & (d—4=i€ ODD)

Luy7b &8 Ly=H,, <H.olt}. F3 @9 i
=d—49] i7} 3 ODDW] E3Ho] U7 w &
Step 42 7HA LuyE Max(Hyy, H})E A8t L,
© Huy 7t Ho] #47} gt). thA] Step3 s 7}A] 22
2 HAEA (d=5) & (Luy=even) & (d—4=i&
EVEN)7} &th i€PY, UPY, o8} S1HA &7 o
2t o]% ==& 3y MEsld H) =H,,—19°] gt}
710 M H,y < HS % Hy>Hj o 5712 797 9l
< F Sled, Hy<H; 9 A$oe H, Wol d—49]
7} AZ &0 X3=o] T4 StepdE 7}A L,y=H,,
7 A9 webA 34 Lye H 7 g A3 ¥ ez
Hy=Huy—1o] L,% Lu,& 2zt et L=
Luy—1 ©] ®t}h

Case 8:(d > 5) & (Luy=0dd) & (d—4=i5 ODD)
Case 49} T WHo 2 339 4 9t}

HAet e 87k Ao M BF Lye LRt
ht ZE g g3 2A o2 A (Algorithm 2)&
B4 dole T xo wet yAlolel sbE B AR e
zZ+&t}h Q.ED

(Algorithm 2)9] $¥HH & B 7] Y& o7}
obe [l 4]0 LhebL glch.

[} 4] A= d7} 52 bisectional M EY Ao 78H
4214 stolHFRE ofef (219 6)F 2t} o
714 29A RE xE 11000, A A & yE
oot010]2t & ), xoll A y2 WA A Bl
3L 3k&}. ool uba} ( Algorithm 2) & -8 51,
WA Steploll A Py, P, PY,, PV, & 73}
A =, o] ol 9} e}

ot

00000

P ={1},

P¥y =10, 2},
PY=1{3, 4},
PV =p={}

23 PV UPY, ={1}& ODD A3tolg} 3}
SLOPY, UPY,,=1{0, 2, 3, 4} EVEN Z o]
2t &2}k Step 2914 = Min(H,y, H)ol o}
L& F3H4 1o @ch(Hy=4, H,, =1). Step3
A d, L., ODD, EVENS 7128 248 7
Alg B (d 2 5) & (Ly=o0dd) & (d—4=i€
ODD)?lt}. &, d 59|22 Lye &5 109,
ODD 3 {1} ¢roll i=d—4%1 i 3t 19] &)
o). whebA] StepdZ 71 Ly, E Max(Hy,,
H)Z uh2t). Stepdoll o8] L= 42 vpy 1
t}A] Step3o. & 7hu}.

Step3oll A} thA] A& AA s B (d>5) &
(Lsy=even) & (d—4=i § EVEN)o|t}. & de
50]3 Ly &9 40]8, EVEN A% {0, 2, 3,
4} ol i=d—491 i gto] A eA] Q=)
wetA EVEN R § {0, 2, 3,419 ¢1ole] 9
&8 AYsld o]g k=2 2t & wA o
S MEdtal = 001108 7}, 1 O 28
Adelgte] 111012 2 ¥, 38 ddsle =&
010102 & 71t} v} o2 48 Mdsle AZ
X=EZ 001012 714 €} o]9 AzujR e 7=
gto] 3 FH oA o) A 2uj A} 7o) Fayg ).
(2@ 6)°llA 110003} 00101 Atele) HA L 9
2] 9] bisectional W E 9 A &A= Pz
olth. wetr (Algorithm 1) X Ly =19 u}
2H{1}e] Aoz HF B2 = 001015 7}HA

s1108
1000
Hoo 00011t 00110

10100 10001 01010

1100
Tottl 0100t 10010

HTI e 00101

T8 6.d=5% A% stelAFE Az o
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At et shol w1 TEA o] FAE it
3 @, @ we AHgaA gt adne
95t 7e g oz Azugel ol ol

42 Y& L12E

A= dol| thaiA 34%‘% Slo] H 7 E A ALE 4
W v Ee e vl o] dneEe 9

o]o] oA AR, d<5Q) AfAEi=0,d>

rlr

B R
sfpelel stolw el T4l o] YAk *}%-*GMI
eb7] wiolch. whgol AlRH W glel o) ntio] A v

AA 9} 37 RE o]-% nTof] weightZA] 738 wjE
ANE Agsc) 7 xoe ge S = v M A
5 Agsiy, o] u WA E W& iz 11 weightd
o 2o YATS AlLEte] e g s 3
t} 7b mrEis BEe UE 9% & weight7} ‘00 Q) 7
©. 1 o)A uMl A8 AgebA] gert HE, A
As

=

H) E

T atH O, @ sjdets WA iw AHSEA %

g E R AdsE M daene g
ol 41 4 SHEI 9] AL o sersol H ot
3 S d—1 AWl BE BES vhA

(Algorithm 3)
Stepl : Start the algorithm at any node with weight set
tod—1
Step2: Initialize i, weight;
where, i:bit position between Llwo nodes
weight : same bil position between two nodes,
Step3: For each link i from this node with i less than
weight
Send the message on link i with a weight
of i;
where, if d <5 then, Do not send the message
and weight, for i=0
else, Do not send the

message and weight, for i=d -4

Nl (Algorithm 3)& 715 slo|HFH ] Wi <
2 EF FAFSA T GR| Ao weightE A F =
tl Slolr, 71% StolsFE = ¥ mEZHY 59 U]
E A& Xd—erb}’t“: WA, B (Algorithm 3yl =

1190

ro] e mE A E AEd. o)g o] 7]
J—E]T;TQ]]H weight 3r7He MEAA 37 g &
of 71& sjolHRE W G Fe e a2
etk A8 spolHitE oA (dlgorithm 3)E

FAG g BuEFe) o7t obzf o 5]o) Ve
At

‘rN rf

1

i

[l 5] A% d7F 591 bisectional U9} 7oA 2 &35
stolmFHe] Wi duEg Qs wa
(29 Ty A8l o] nr x 101000 4] W4
& Ak A9 3R gl A 27) weight

4% JFA5L 01$- X 01010, 01111, 00011,
HIONI R W vl A 4] 9 947 weight& e

th. o} 714 weight= 27} 0, 2, 3, 4 oju}. d7}
501 7] Wil i=d—4°0 i gk 12 AML-hx] 9
O A ThAl o)A 1 010102 weight 7}
00]7] o violyd W &R Ogy, LS
011112 weight 28 7ZE51 Ql7] wj ol o]1vt}
Fo(1-8 A3 YA 007 k= 111012 W
F& stk v R & 2 000112 weight 0,
29]) 6}]”6}-1 11101, 110002 52 W45
&, 1t 110118 weight 0, 2, 3] ) 23}
X2 00101, 00000, 011000, 8 W42 8t}
A Ao A DAl 99 e b
o s old Wit 2@o] of (1¥
Tyl vrebtt flvh e o) eHAg e B

lA L.

o 71 9% WA 2 (g 8)o] vhep)
W, (2 8o 7 JAade 1 kel o)A
= weight7h Lheb} Qloh
11101
1o 00011 00110
alitt
10100 P X 1000} 01010
YT 01100 €1001 10010
00000 oIt o o101

O 7.d=5%10 A9 g b Fel o
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B =5e 80 u]$ A E-F bisectional Y EH
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9 slolHFHE A& A=A 2 B ¢ndF
& A3l g ). Bisectional I E A7} A F 3k 7]
Bl Yatde AE ulg, &4 o)A B, w4 7
Z7t 9o, ol @7 el FEE FHAIL o
d sgale A2ZWMA daEL AATe=HA bi-
sectional E A7 b AFE L Y EYA 22
849 + A e

%3 bisectional EHZAA vl LRE 2R
g4 stolHFHY To| NS HYLn, ol
e FHE 71Estn) ol A S V22 A
B 3lelHFEES ) AgE AR ¢ UE g
&2 7129 solHFRAM FdsHE 74 Yy
Zo Ade ade gEar ZRMA xS &
47 229 BHA kT Ato]o] 4 &S ARE
AnkA QA slo]WFH e zho] FRujAPo] o]Foiz]
o, i G EL WAAE stolHFESY U
d—1 gAY B E wxo) F33] iy WE o
5 A7 FdAZe 2EE slo|HFHRAM 0 F
2T 5 e A 2 wd dudFd o
A2} lojof &, 7|9 dlo| ] F HAM ALE
E de] 42 de e AES g2 AeA
Sle wietol i g At P a st}

ook 2 du

o EH

1. D. K. Pradhan and S. M. Reddy, “A fauli-tolerant

communication architecture for distributed sys-
tems,” IEEE Trans. Comput., vol.C-31, pp.863-870.
Sept., 1982.

2. G. B. Adams III and H. J. Siegel, “The Extra
Stage Cube: A Fault-Tolerant Interconnection Net-
work for Supersystems,” IEEE Trans. Comput.,
pp.443-454, May, 1982.

3. R. J. Mcmillen and H. J. Siegel, “Routing Schemes
for the Augmented Data Manipulator Network in
an MIMD Systems,” 1EEE Trans. Comput., pp.
184-196, Dec., 1982.

4. D. K. Pradhan, “Fault-tolerant multiprocessor link
and bus network architectures,” IEEE Trans.
Comput., vol.34, pp.33-45, Jan., 198S.

5. Kai Hwang and Faye A. Briggs, Computer Archi-
tecture and Parallel Processing, Mcgraw Hill, 1984.

6. L. N. Bhuyan and D. P. Agrawal, “Design and

performance of a general class of interconnection

networks,” IEEE Trans. Comput., vol.C-30, pp.
587-590, Aug., 1981.

7. L. D. Wittic, “Communication structures for large
networks of microcomputers,” IEEE Trans.
Comput., vol.C-30, pp.264-273, Apr., 1981.

8. L. W. Hawkes, “A regular fault-tolerant architec-
ture for interconnection networks,” IEEE Trans
Comput., vol.C-34, pp.677-680, July, 1985.

9. Arif Ghafoor, Theodore R. Bashkow, Imran Gha-
foor, “Bisectional Fault-Tolerant Communication
Architecture for Supercomputer Systems,” IEEE
Trans. Comput., vol.38, pp.1425-1446, NO.10,
Oct., 1989.

10. E. Horowitz and A. Zorat, “The binary tree as an
interconnection network : Applications to multi-
processor systems and VLSL" IEEE Trans.
Comput., vol.C-30, pp.247-253, Apr., 1981.

11. Q. F. Stout, “Mesh connected computers with
broadcast,” IEEE Trans. Comput., vol.C-30 pp.
291-295, Apr., 1981.

12. J. R. Armstrong and F. G. Gray, “Fault diagnosis
in a Boolean n-cube array of microprocessors,”
IEEE Trans. Comput., vol.C-30, pp.581-590,

191

www.dbpia.co.kr



BEHESERLEE '9%6~5 Vol.21 No.5

14.

15.

16.

17.

20.

21.

Aug., 1981.

. L. N. Bhuyan and D. P. Agrawal, “Generalized
hypercube and hyperbus structures for a computer
network,” IEEE Trans. Comput., vol.C-33, pp.
323-333, 1984.

J. P. Hayes, T. N. Mudge, and Q. F. Stout,
“Architecture of a hypercube supercomputer,” Int.

Conf. Parallel Processing, pp.653-660, 1986.

John P. Hayes, Trevor Mudge, and Quentin F.

Stout, “A Microprocessor based Hypercube Super-

computer,” IEEE Micro, pp.6-17, Oct., 1986.
Abdol-Hossein Esfahnian, “On Enhancing Hyper-

cube Multiprocessors,” Int, Conf. Parallel Proces-

sing, pp.86-89, May, 1988.

Youcef Saad and Martin H. Schultz, “Data com-

munication in Hypercubes,” Journal of Parallel

and Distributed Computing 6, pp.115-135, 1989.

. Douglas M. Blough, Nader Bagherzadeh, and
Rajeev Sehgal, “A New Fault-Tolerant Routing
Algorithm for Hypercube system,” Proceedings of
the 3rd Annual Parallel Processing Symposium,
pp.130-137, Mar., 1989.

. Youcef Saad and Martin H. Schultz, “Topological

Properties of Hypercubes,” IEEE Trans. Comput.,

vol.37, pp.867-872, NO.7, July, 1988.

Howard P. Katseff, “Incomplete Hypercube,”

IEEE Trans. Comput., vol.37, NO.5, May, 1988.
B. W. Arden and H. Lee, “Analysis of chordal

ring network,” TEEE Trans. Comput., vol.C-30,

pp.291-295, Apr., 1981.

#| ZF #(Chang Hoon Choi)# 3] ¢
1988 29 -\ A ) & A 4F
&3} £<
19903 29 : M7 st ojghg A

A e F A AD
=
‘ 19903 19 ~99Y 541 7]1&71

> oy

1992~ F A : 3T Bk Thokel WA kst uhap

$4 A%E
F#A Eok:Computer Architecture, paianel pro-
cessing system

1192

& ¥ B(Young-Ho Jeong) A 3] ¢}
1990 29 M 7Zojsta WA
Arabat £4
19921 29 A7t d A A
2ratat tjstky &4
1992d 29~ A A A2 F)
NNEFH T

4 A &(Sung-Chun Kim) 4 3] 91
19759 - M Sl &t Fapdat &
Q8 8HA 7] 4 2 8kA}
19761 ~1977'd - & o} F B (57)
Sys. Eng.
19773 ~19783 298] Fuw
Sales Rep.
1978 : Wayne State Univ. % 3F
EEL P
1982 : Wayne State Univ. # 3-8} 3-8} vpa}
198213 ~1984 - A o] Lo} Yol =
198413 ~1985\ : F A=A () A g7
198611 ~1989' : Mgl 8t S 3t M ApA Ak
s
19899 ~19913 - A o 8k Ehef 8t 2 ahA) 4bshat
sha
1985~ A Mol sk Fabo) 8 A=A E ) =
WA(1985. 8~1987. 8), ¥-:4~(1987. 9
~1992. 8), :L4=(1992. 9~ A)
1989~ @A) : =1 B shs) W xala 2~y op
521 474(1989~1993), 91121994~
A), g 2588 9l gl as =
SR 1A ) 11991~ 3 A, 1993~3 A))
¥ T4 Fof v 2 2 2l A 28 (Parallel Computer Ar-
chitecture, Interconnection Network),
Computer Network

www.dbpia.co.kr



