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Construction Algorithm of Completely Independent Spanning Tree in Dragonfly Network

BIAN Qing-rong'* ,CHENG Bao-lei'"* ,FAN Jian-xi' and PAN Zhi-yong'**
1 School of Computer Science and Technology,Soochow University,Suzhou, Jiangsu 215006 , China

2 Jiangsu Provincial Key Laboratory for Computer Information Processing Technology,Soochow University,Suzhou,Jiangsu 215006, China

Abstract Dragonfly network, proposed by Kim et al. ,is a topology for high-performance computer systems. In dragonfly net-
work ,compute nodes are attached to switches, the switches are organized into groups,and the network is organized as a two-level
clique. There is a link between any two nodes in a group,and there is a global link between different groups. Completely inde-
pendent spanning trees(CISTs) play important roles in reliable information transmission, parallel transmission and safe distribu-
tion of information. In practical application, with the continuous increase of network scale, the requirements for information trans-
mission efficiency and security are becoming higher and higher. Therefore.it is meaningful to study the construction of completely
independent spanning trees in dragonfly network. At present,there are many results on completely independent spanning trees in
networks, but completely independent spanning trees in dragonfly network have not been studied. In this paper,construction algo-
rithm for the global link of dragonfly network is proposed,which is divided into completely independent spanning tree under re-
lative link,absolute link and circulant link. Based on this division,a construction algorithm for the edge set of completely inde-
pendent spanning tree is given,and the correctness of the above algorithms is proved. Finally, the time complexity of these algo-
rithms is analyzed.

Keywords Dragonfly network, Topology.Completely independent spanning tree, Algorithm
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[0,g—1]. TEHE m ANV IPH SGn,a—j— D H SGn,
DE VLI B SGnya—1)F1 SGn,0) &K T W 3% % , [& 1),
VLI SGm . floor(a/2)+1)5 VT SCm, j) &4,
WXt T BVL]L VL D& —AE@ 3 H I 29800 2
E(H)>V(H),

%I 2.3 Vi€[1.floor(a/2)]H j=0,

IEMFESIE 2. 2,

gi Ltk , 8B BV, VDB A W43 iE e,

EE O ESER1IABNEERS D(pa,h) T AN
T4 V0], V1], V[{loor(a/2) | R EEBEM 4 D(p.a,h)TE
AR 6 3 N 19— A~ 58 A2 ST A O R 45

WEHA i EIEE 1. 5B 4— 5B 6 nl Al E BT . JIESE
3.2 daxdHEdE TR T IR A M 58 £ 9h a7 A AR R4

TG R B A% B B Oy 20T 58 A Al A A R 43
Ak,
&3k 2 CISTP2(a.h)
B I T 4 453 201 35 ML a L) T A A8 MBI 4 ) i B A b
i th :DCpyash) B —A> 58 207 A R ) 43 . V0] V1], -+, VL floor

(a/2)]
l.g=axh+1;
2. nextGroup=/[|;

/ * nextGroup I F F4& T — A4 &8 bl = /

3 for i=0 to floor(a/2)do in parallel.

| VLi]=0;

5 VLi]=V[iJUS0.i US0.floor(a/2)+1i);

6. nextGroup. append(S(0,1)) ;

7 nextGroup. append(S(0, floor(a/2) +1));

8 while nextGroup! =null

9 next=nextGroup[ 0];

10. for j=0 to R(next). length—1

11. if R(next)[j])not in V[i]

12. V[i]=V[iJURMexO [j1US(G(R(next)[j ],
NC|R(next)[j1) —floor(a/2) | )

13. end if

14. end for

15. nextGroup=nextGroup. remove(next) ;

16. n= (floor(j/2) +1)mod a;

17. nextGroup. append((g+i+R(next)[j]. length) (modg ) ,n);

18. if V[i].length >=g¢g

19. break;

20. end if

21.  end while

22. end for

23. if a mod 2£0

24, forj=0tog—1

25. VI0]=V[0]US(.floor(a/2)+1);
26. end for

27. end if
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28. return V; /* V H A V[0],V[1],-,V[floor(a/2)] * /

29. end function

T L DCp .4, 2) Jg S fil ik
5 VImE . RFRRMRTEMN—FE, 5% odm
%052 5THA S0,0),500,2) 40 F 4 VLol gt VLo]=
{S(0,0),5(0,2)}, I HTE nextGroup it 5% F 43 5€ AY T 15,
FAFFHT — AR 0 8, B 53 2 /AL R(S0,0))
HAE S.05 S2,0, Witk S(1,00 5 S2,0) 7B 4
V0], I4E nextGroup B SC0.0), 5 ARXT 86 32 07 A IH]
B2, BATE N A nextGroup 304 19 ITCE J& R(S(0,0))
5 KB A F Y (floor (0/2) 4+ 1) mod a 5 T A&, Itk &b B
S(2,1), M VI0]=1{S(0,0),5(0,2),5(1,0),5(2,0)},
R & 45338 VI0]={S(0,0).5(0,2),S(1,0).S(2,
0),5(1,2),5(2,1),58(5,0),5(6,3),5(5,6),S(7,3),S(3,
1),5(3,3),8(4,1),5(4,3),5(7,3),58(7,2),5(8,3),5(8,
). RIEAAE VI1]={S(1.1),5(1.3),.S(3,0),5(3,2),
S(4,0),5(4,2),58(5,2),5(5,1),8(6,2),5(6,1),S(7,1),
S(7,0),5(8,0),5(8,2),5(2,3),5(2,2),S(1,1),5(1,3)},
B 645t T D(p,4,2)38 i 559k 2 15 2/ P> 08 %47

R 2 SR, X Vo]

6 D(p,d,2)fEL4 X FEHE T 1Y — A TS R 43
Fig. 6 Vertex partition of D(p,4,2) under absolute link

BARVIOIEVI1]E D4, 2D —ATiE %4, Bl
B 6 v FEH.GIVLi]].i€{0. 1} 2iEMln, FEEEN—4Ad.
VL0115 VI1]& A WA AR /Y9 TR P X T4 — A 43 3
T SRR BOR T EUAE T IO A, R A5 2 04 BT TR
43 VL0155 V112 D(p.4.2) B —A 58 @Al 7 28 B R 45

SIE 7 REEMERM L D(poa.h) TR ES NV, W 6E 5
w2 An 4% Viol.VIE1], -, V[ floor(a/2)]H V
1 —A %5

WEH % mid =floor(a/2) ,g=ah+1, ¥ FAEEH i N
B SG, )5 SGymid+i) GEL0,mid],i € [0.ah]), RIEEE
W) 2% 4 JR) E B 4 % B 7 KHES LI, R (S;) =
R (S, ODUR (S, ), HHPp R (S, )={S,..| m>i.ithj+1
(mod g) <m<<i+h(j+1) (mod g),n:floor(z/h)},
R (S, ))={S,..| m<i,ithj+1(mod o) <m<<i+h(j+1)
(mod g)sn=floor (i —1)/h)} . MIWEHE 2, 8 i next-
Group ¥ R(SG,j)) 4 5 fe K 09 24 K ] S0 5K /Y TH
BT m # n.SGam) 7 SGa.m), AKEBRH VLiIN
VLil=0.

B 1 a mod2=0,

XFVYi€[0,mid], VL] bR & DCp,a,h) B4 AW
AT IVE] T =2g, WL |VLOJUVI1IIU = UVImid]| =
2g * mid=ag=V(D(p,a,0)), XA VLiINV[i]=0, i
VL0, V1], , V[ floor(a/2) 1R V B—AKI 43,

HH 2 amod2 # 0,

YFVYi€[lomid] VL] bR D(poa.h) BHK
PATLE L VL] =2g. Bk 285 (V[Io]l=2¢+g.
IVIOJUVILIU - UVLmid]| =2g * (mid—1) +3g=
ag=V(D(p.a-h)). XA VLiINV[jl=0. H V[o].
V[1],-,V[floor(a/2) IH V il —4%14} .

i b VLol V1], . VLmid] R V 19—
mid=floor(a/2) L5,

5|38 8 HIAE 2 R BT D(paa,h) TS HY
FHEN V0] V1], V[floor(a/2)], W T H 8 FHE GLV
LR EER, Hrp ie[0.floor(a/2)].

TEHT « ol T U W 0 2% 2 P TS A 0l o Ak 4y O e 2, ]
WAHMNAEZEB TS SGn,n) 5 SOmyn,) bR IEEM Y (m €
[0,g—1]sn 0, €[0,a— 1], XTF AR L Z 8] /Y T 54
THREIE

H# 1 a mod 2=0,

XF Vi€ [0.floor(a/2) ], 5 7 v,V HTE
— PP TUR . AR R E XM, GV =& i%E
I,

B 2 amod2 # 0,

X FYie[1.floor(a/2) ], 51EE 1 WBAG GLV[i]]
EEW, Y¥i=0m,V;€[0,a—1]H j#floor(a/2)+1,
MEFER G 7 /45 VI AEE R WP TR . H
AR R SCAT AL GLVL T i i 1y . 4% 45 20 v ) 1 4

floor(a/2) +1 ST MA VL0]Z b, & 41 N # 2 4% 4%

B H LA B floor(a/2) +1 ST MRS I F R X2k B
Y .

g bprd, T E GIVE R

A& 53, o
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19 1 ERE MM D(p.a.h) TE
TH& R V0], V1], V[floor(a/2)], M =K B[],
Vi DBEABEWSZ, K i,j€[0,floor(a/2) ],

TEBH FRATA IR RS E

I 1 a mod 2=0,

XFVi.je€[0,floor(a/2)]H i) . H5I B 7 Al A1,V [i]
HPHERE AT MW A, EEE-HNW. VI m
Stnsp) M SO 5 VjIHF W SGn.0) 5 SGn. k) IR
B HA me[0,g15p,q:0,k€E[0,a—1]H pogat k FIBIA
M, Wik F BWVLL. VDS — 1 EmES % H iy .
VR R ECHDZ=V(HD . B B,V DBEAEW .

B 2 a mod2 # 0,

I 2.1 Yi.j€[1.floor(a/2)]H i7j,

WAEBIEW RIEE 1. Rk,

B 2.2 VYj€[1l,.floor(a/2)]H i=0,

hgl 7 a8 VIR Sn.p 5 Stn.g) . He me
[0,g—1]5p,q€[0,a—1]H pFHq. VLOIHFH Sn,D5
Stm,k), Heth me [0, g— 1], EH m AN VLEIP W
SGnsp)F1 SGnsg) 5 VLOIH ) SCm.t) Fl SCm s k) 208K W 1
I VIO Y S(m, floor(a/2)+1)5 VI I SGn,
PDERE X T BVL]L VDM —DEE S HE .

PR ECH) >V (HD,

& 2.3 Vi€[1l,floor(a/2)]H j=0,

WEM FEIE 2. 2.,

g B, 3K BV VL DBEEMY ., I,

EE2 WM 2PN ENS D(pa,h) TN
T4 V[I0].V[1]. . V[floor(a/2) JEUEME M 4 D(p.a.h) 1
A X 65 2 R 09— A 58 4 ST AR R R 45

TER B 1,5 B 7— 5 3 O mIH K E BT . IEEE
3.3 fEIRHEIE X T IR A 5E 4 057 4 BT &I 43

6 AR5 432 5 AR B 4 Oy B 4R, K HIAE T 340 —
A A MLINE AR X B BEKE 5§ AR5 R b B SS AL S (s k) BE
BB i+hk+1(mod g) s+ i+h(E+1) (mod g) 40 1Y %i
BN a—k—1 BZHAL, B UL A A T0 R 2 6 B 41 5
a—k— 15 5% p ST, 08 PR 4E 3 T 2 B 52 10 %) R 41 1Y
kS AL W FEAEREHDE P 5% a1 ST,
Mk R 2 Ak 1 Ak FRT A4 5 16 /73K
nextGroup. append (S (G (R (next) [j 1)), i) ; nextGroup. ap-
pend(S(G(R(next)[j])),a—i—1);

A BRI 1 RAITT LIS 3] D(p. 4, 2) 76 06 3R 4k
TN — DM AW R 5, B 74T D(p,4,2)
TR 1 AS B P T R 43

7 DCpad 2 TENRFGE ST B —A> DL Rl 4
Fig. 7 Vertex partition of D(p.4,2) under cyclic link

EIE 3 EANBYENEE 1 AENSERNE D(p.a,
TR F 4 VI0], V1], -, Vfloor (a/2) ]2 W §E [ 2%
D(psash) FERIREEHE T 19—~ 58 400 7 A B &) 43

TEBH AR SRR 50 0 A S5 b R3S AL S Gy k) 4
BB i+hk+1(mod g) s+ i+ h(k+1) (mod g)4H i 4
SR a—k—1 WS HRAL ., TG P0G 2 D00 R B 2 1 X R ALY R
SRHHL., R IE 5 B 1 E 0 i AR A R [ B AT A5 9%
SEHLIE .

3.4 D(p,a,h) WL M7 £ MHEIEE X

WA L AE 2, NEB T Dpaa, D — 4
S Az A S 3 TR 45 AR 3 AR R T AR B 1 o8 4 a7 2k
TR R 43 S # 3E H BY floor (a/2) B 52 42 P ST AR SR
#3%k 3 CIST1(a,h, V)

A V0], V[1],+, VL iloor(a/2)]

itk 58 A ST AR W AR

l.g=ax h+1;

2. for i=0 to floor(a/2)

3. ELi]=0;

4 for j=0 to g—1

5 m= findIndex(j, V[i]) ; / * findindex KA #& V[i]ZE4 j 4
PHANFS R T EA DA ELPATUGE VIS, Jilk
m N ECR R </

6. ELiJ=ELiJU(SG.m[0]).SG.m[1]))

7. E[]=E[JU(SG,m[0]) . R(SG,m[0D)» U SG,m[1]),
R(SG,m[ 1))

8. for k=0 toa—1

9. if (k << floor(a/2) and k > m[0]) or(k > m[0])

10. ELJ=ELJUSG.m[0]),SG. k)

11. elif (k<< m[0]Dor (k > floor(a/2) and k << m[1])
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12. E[J=E[iJU(SG,m[1]),SG,k));

13. end if

14. if a mod 270

15. E[i]=E[JU(SG,m[0]),S(,floor(a/2)+1);
16. end for

17. end for

18.  end for

19. return E; /*E A E[0].E[1],+-,E[floor(a/2)] * /

20. end function

EIE 4 ﬁﬁ%&s%ﬂ%ﬂmdwm¢mgﬁﬁﬁﬁ
2 D(pyash) 1 floor(a/2) 58 4l T A LA 19 3

TEW] B 3 R vk 1 ME L 2 1581 floor(a/2) A4~ 58
A SE A RO ) 43 R TR A Sy AT T R H Al TR R AR IR A
Rt F A AR V2R R B RS R L E S
KA TL e i HAE VI Z i, Btk 5 i 5 ik 4
13308 floor(a/2) AN E B IRIEHE ML D(poash) 1 floor
Ca/2) B58 4 ST A AR 1 31

B8 45t TR 4 MG AR,

F 4

%itd
B8 Mkt
Fig. 8 Construction process
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EIE S5 Bk 1M E
ML
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6] 52 2% O(ND , Hiv wiﬂﬁﬁﬁﬁ/\ﬁ
EIE 6 Fk 2 MEFEE 2 ON) i N BT
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T — A4 e T, BEA 4P WA TS A next-
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