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Abstract: Petersen graph has good performance in parallel and distributed computation because of its
characteristics such as short diameter and regularity. On the basis of topology of double-loops, a new double-loops
connected Petersen graph network DLCPG(k) is constructed. In addition, unicasting, broadcasting and a kind of
fault-tolerant routing algorithms are designed respectively. It is proved that DLCPG(k) not only has good
extensibility, short diameter and simple topology, but also has the following good characteristics for the networks
with 10" nodes: The diameter of DL CPG(k) is shorter than that of 2-dimensional Torus and RP(k) networks, and the
grouping ability of DLCPG(k) overmatches that of 2-dimensional Torus and RP(k) networks at the same time. It is
also proved that the communication efficiency of both the unicasting and broadcasting al gorithms are better than the
unicasting and broadcasting algorithms of RP(k) network conspicuously. Simulation results conclude that the new
fault-tolerant routing algorithm is of good fault-tolerant ability.
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Petersen Petersen CPN(cyclic petersen network), k  CPN CPN;
Petersen , k Petersen ) CPN, 10* ,
5, Petersen ,CPN ,
[3,4] Petersen FPN(folded petersen network),
, k FP FPy k  Petersen . FP, 10* :
3k, 2k . , FP, Petersen , ,
Petersen . [5] Petersen Hypercube , Petersen
HP(hyper petersen).HP ,
J , [6-8] Petersen
: RP(k) - 19
RP(k) Petersen RP(P,ky,ko,... k).
Petersen )
_ Petersen DL CPG(k)(double_loops connected petersen graph)
DLCPG(k) , , 10xk
,DLCPG(k) (1) DLCPG(k) Torus  RP(k)(ringed petersen)
;(2) DLCPG(k) Torus  RP(k)
, DLCPG(k) ,
RP(k) . ) ,
,DLCPG(k)
1 Petersen
11
1 (Petersen ). Petersen G(V,E)
(1) G(V.E) ;
(2) V={ug,us,...,us;vo,v1,...,va};
(3) E={u|i=0,1,...,4y A u;11u,li=0,1,...,4} U{vv;14[i=0,1,...,4,k=2,3} .
1 Petersen . 1 ,Petersen 10 , 0~9
, Petersen (1) 3,
5 2.
(2 3 ,
B I7 ) 3 1,44, 233
'- > -. @ - ! 16 : Petersen
fi e / 24 ). N r
4 i i 0 r
Fig.1 Topology of petersen graph 3( ). A, N
1 Petersen A : A
, Gi(N).
4( )i, NuN,, A Gy(Ny) <G4(N?)
, Ny N,
5( Yo, G=(k,s), 0,1,2,....k-1, i
i—i+1l(mod k) i—i+s(mod k), s , 1<s<k. , ,
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A 4 , A Ji—i+1(mod k) A 0 Ji—i+s(mod k)
A 1 A Ji+k=1(mod k)—i A 2 Ji+k—s(mod k)—i
3
1.2 Petersen
6(Peter sen a2y, Petersen , 2 ,
a,b,0 ) 7
0,
1
7.  Petersen a,b,0, aab00a
® :a0a=0,a00=0,004=0,b05=0,00=0,00b=0,a®b=1,
b®a=1,000=0. sacaaa g "bOOb i
1. Petersen Api(as,az,az,a4, abaObo aaabba
as,as),Ap2(b1,b2,b3,b4,b5,b6),a1,02,03,a4,5,a6,D1,b2,b3,b.4,b5,be € vaaab ’- aaabab
{a,b,0}, Ap1,4,y Dist_P(A,1.4,7)=
i (a,@ bj) . baaa00 baab00
= Fig.2 Coding rules of Petersen graph
2 ,Petersen 5, , 2 Petersen
6 7 O
8(DLCPG(K) ). 10xk , Petersen
, DLCPG(k):
D , 10 Petersen , k  Petersen Petersen ;
(2) k£ Petersen k  Petersen 0~k-1 , Petersen
6 , Petersen 5 , s Wkl
(3) DLCPG(k) :DLCPG(k) A U d® \ N4,
,024,<k-1,4, Petersen .
2. k A1,4,2,4,1,4,2€[0,k-1], Ar1,4,2 (
div ,mod )
| 42~ Al mOd[VE T+ | 4,2 = Al divIVE],
| 4r2- Aal<(k/2] | 4,2 4almod[Vk]<[Vk/2];
[KI=1 A2 2| mOd[VA]+1+ | 4,2~ o |div V],
DA |42 4l (k12 k121 <] 4,2 Al mod[VE] < [Vi]; @
(k=1 4,2 A1) mod[Vk] + (k=] 4,2~ 4,1 divIVk],
| 2= 4> 1612 (k=] 4,2 4] mod[Vk] <[Vk /2];
(VKT = (k= A2~ 2 mOd[VE] +1+ (k= 4,2 A1) civ VK],
| 2= 4l Tk 2] W 12] < (k= | 4,2 4,2 ) mod[Vi] <[Vk].
k A,1,4,2 1) 4
1) Ao Anl<lb2] [A-Aa] mod [V <vk12],  m=|d, A mod [Vk] n=|d,-4,4) div VK],
|4,0-A,1| <[k 2] =41 n-1 B1,..sBrn) 1 , B, 8 2

IB,,~An|=n Jk =|4,2-4,1] mod [Vk]=|B,,~A, mod [Vk].
Brn

mod [vVk]<[Vk /2] =

4,-A,1] mod [Wk <k /2] =|B,,~4,,|

Ar2 |Bm_Ar2| mod ['\/;] :‘ArZ_Ar1| mod [\/;] . ’
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Disr_L(ArluArZ): |Ar2_Ar1| mod [\/;] +|Ar2_Ar1| div ['\/;] .

2) 3 , 1) , . O
3. DLCPG(k) A(A,1,4,1),B(4,2,4,2),4,1,4,2€[0,k1], A,B
Dist(4,B)=Dist_L(A,1,4,2)+Dist_P(4,1,4,7).
2 , A(A4,1,4,1) C(4,2,4p1) Dist_L(A4:1,4,2), C4,2.4,1) B(4,2,
Apz) , 1 , Dl'sl‘_P(Apl,Apz), A(Arl,Apl) ,B(A,.Z,Apz)
Dist(4,B)=Dist_L(A,1,4,5)+Dist_P(4,1,4,2). O

1.3 DLCPG(K)

DLCPG(#) 1 2 , ).
10xk, DLCPG(k) , 7
2. 10xk, DLCPG(k) [VE |+ T[]
10xk, DLCPG(k) RP() Torus 1

Tablel Comparative data of DLCPG(k), RP(k), 2-dimensional Torus and ring
1 DLCPG(k) RP(k), Torus

Characteristic DL CPG(k) RP(k) 2-Dimensional Torus Ring
Regularity Yes Yes Yes Yes
Connective degree 7 5 4 2
Diameter [k 1+1 [k/2]+2 2x [10k /2] Sxk
1 DLCPG(k) 3 4 , ).
3. 10xk, DLCPG(k) RP(k) , k  ,DLCPG(k)
RP(k) 2([ Jk 1+1).
4., 10xk, DLCPG(k) Torus . k
,DLCPG(k) Torus 2/410.
DLCPG(k),RP(k) Torus .
DLCPG(k) ( div ,mod )
1 1=2
d(G,(DLCPG(k))) =1 2+ (1-1) div10, 3< A <10(Wk]+1) )
2+{(A-1) divi0} mod[vk]+ (A -1 divigk], A >10(vk]+1)
RP(k)
1, 1=2
d(G,(RP(K))) = 3
(G2 (RP() {2+(/1—1)div10, 1>3 &
Torus
d(G, (Torus)) = 2x (4 —1) (4)
@~ @ 5 6 .
5. 10xk, DLCPG(k) RP(k)
. , 2>10([Wk]+1) 4 ,DLCPG(k) RP(k)
V] .
6. 10xk, DLCPG(k) Torus
2210([Wk]+1) A  ,DLCPG(k) Torus

J10/20.
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DLCPG(k) :
A(ArvAp) B (Brva)
D A,B Petersen , , A B ; A
B , B.
2 A,B Petersen , 2 A,B Petersen d=
Dist_L(4,B,). d=ox[Jk]+y,  0<y<[Vk].
1)  (4,+d) mod k=B, mod k, y<[JkI12], A o 1
o % [\/; ] Petersen A, ; , ¥ 0
B B,  Petersen A, , (1) B.
2)  (4+d)mod k=B, modk, y>[Nkl2], A o+l 1
(c+Dx[vk]  Petersen YA Wkl-» 2
B B,  Petersen A, , D B.
3)  (4+d) modk<>4, modk, y<[Wk!2], 4 o 3
o X [\/; ] Petersen A, ; % 2
B B, Petersen A, , Q B.
4)  (4+d) mod k<>B, mod k, y>[Jk/2], 4 o+l 3
(o+1)><[\/z] Petersen A, ; [\/;] -y
0 B B. Petersen A, , (0] B.
2 ,DLCPG(k) [k [+1. , DLCPG(k)
[Vk J+1
A )- : t :
1t
9, 3 7 .
7. 10xk, DLCPG(k) RP(k)
(I k 1+2)2
' DLCPG(k),RP(k) [ Vk |+1,[k2]+2
DLCPG(k) RP(k) . 2
DLCPG(k) RP(k)
Table2 Comparative data of communication rounds for unicast between DLCPG(k) and RP(k)
2 DLCPG(k) RP(k)
Number of nodes Communication rounds of DLCPG(k) Communication rounds of RP(k)
43280 272 21282
49 000 71 2452
110 000 106 5502
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2.2 DLCPG(K)

DLCPG(k) : 4,
1 4 Petersen ;
2 A Petersen 0,1,2,3
DLCPG(k) wm 2 . @ [kl
,DLCPG(k) [k |+1
3 8 .
8. 10xk, DLCPG(k) RP(k)
(Vi 1+1)/2
DLCPG(k) RP(k) , 3
DLCPG(k) RP(k)

Table3 Comparative data of communication rounds for broadcasting between DLCPG(k) and RP(k)
3 DLCPG(k) RP(k)

Number of nodes Communication rounds of DLCPG(k) Communication rounds of RP(k)
490 8 26
1210 12 62
36 000 61 1802
400 000 201 20 002

2.3 DLCPG(K)

DLCPG(k) :

10. 6 Petersen , b>a>0, A4, 3

A A 4 ’ A
A 5 , A A 6 t
8 5 ,DLCPG(k) A 7 ; 0~6. A 0~6

A 0~6 , nei(A,0)~nei(4,6).

1( ). k Petersen DLCPG(k) A,

(IVk |+1)x7  0-1 , DLCPG_SPM,.  ,DLCPG_SPM,[[/1(1<t<[ Vk ]+1,0<<6)

DLCPG_SPM,[1] [;]:{J(; 4
6
DLCPG sPM[2|jj=1> ~ PLCPG_SPM [[j1+3 DLCPG _SPM {1l =8

iz
0,
2<i<[ i |+1 ,DLCPG_SPM [{]=[be,bs,bs,as,a2,a1,a0]-

6
1 DLCPG_SPM ,[1[;]+ ) DLCPG _SPM , , [t —1][i] =8

i=0 !
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6
1 DLCPG_SPM [[j]+Y DLCPG _SPM,,, [t-1[i]1=8

i=0

3 3
b=yl Y DLCPG_SPM [[i]+ > DLCPG_SPM, ,[t-1[j]1=8.

i=0 i=0
0,
DLCPG_SPM, :DLCPG_SPM [{][j]=1= A
, A 1 t . 1=e<[ Ak |+
1 DLCPG(k) A, 4 d+1(d>1), nei(4,))(je[4,5,6]) d
, nei(4,i)(i€[0,1,2,3]) d, nei(A,i) j d-1.
B(B..B,) A(4,.4,) d+1 = Dist_L(A,,B,)+Dist_P(d,,B,)=d+1. B(B..B,)
nei(4,4)(4,,C,) d=Dist_L(A,,B,)+Dist_P(B,,C,)=d=Dist_P(4,,B,) -Dist_P(B,,C,)=1. Petersen
2, Dist_P(B,,C,)=0,Dist_P(,,B,)=1  Dist_P(B,,C,)=1,Dist_P(A,,B,)=2
1)  Dist_P(B,,C,)=0,Dist_P(4,,B,)=1=Dist_L(4,,B,)=d. nei(4,0),nei(4,1),nei(4,2),nei(4,3) (45.4,),
(41,4,).(4.,4,),(4,,4,)=>Dist_L(A4,,B,),Dist_L(4,,B,),Dist_L(A4,,B,),Dist_L(A,,B,) d-1(
nei(4,0),nei(A4,1),nei(4,2),nei(4,3) A ). Dist_L(4,,B,)=d-1=>B(B,.B,)  nei(4,0)
(4,,4,) Dist_L(A,,B,)+Dist_P(A,,B,)=d-1+1=d.  nei(4,0)(4,,4,) 4 G,
G=G(4,,C,). B(B.B,) G(4,C,) Dist_L(4,,B,)+Dist_P(C,,B,)=d-1+0=d-1, B  nei(4,0)
d nei(4,0) 4 d-1.
2)  Dist_P(B,.C,)=1,Dist_P(A4,,B,)=2, 1) , B nei(4,0) d nei(A4,0)
4 d-1. a
4. DLCPG_SPM[{[/]=1= 4 , A -1
t , 1<e<[ Wk |+1.
<2 11 DLCPG_SPM,[A[/]=1 A -1
-1 , A j ( ) . A t, A
i -1 t . t>2 ) 11
DLCPG_SPM [A[j]=1 1 , A t, A j -1
t . g
, g DLCPG_SPM ,
4,

Algorithm DLCPG_SPM_Route(){
IF (cur==dest) Send to node and Return(SUCCESS);
FOR (link=0;link<7;link++){ /I
IF (DLCPG_SPM.,,,[Dist(cur,dest)][link]==1 & & DLCPG_SPM.,,[1][link]==1){
Send message with this /ink and Return (SUCCESS);}
IF (DLCPG_SPM.,,, [ Dist(cur,dest)][link]==1 & & DLCPG_SPM.,,,[1][link]==0 & & Dist(A4,dest)>2
& & link>3){ FOR (j=0;j<4;j++){
IF (DCP_SPM,,,[1][j1==1 & & Dist(cur,dest)==Dist(nei(cury),dest)+1){
Send message with this j-link and Return (SUCCESS);}}}}
FOR (link=0;link<7;link++){ [/
IF (DLCPG_SPM,,, [ Dist(cur,dest)+1][link]==1 & & DLCPG_SPM.,,[1][link]==1){
Send message with this /ink and Return (SUCCESS);}
IF (DLCPG_SPM.,,,[Dist(cur,dest)+1][link]==1 & & DLCPG_SPM_,,,[1][link]==0
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& & Dist(A,dest)>2 & & link>3){
FOR (j=0;j<3;j++){
IF (DCP_SPM,,[1][j1==1 & & Dist(cur,dest)== Dist(nei(cury),dest)+2){
Send message with thisj-link and Return (SUCCESS);}}}}
Return (FALSE);}

‘(D)
(2 , , (
Dist(sour,dest)) (3 , , (
Dist(sour,dest)+1)
DLCPG_SPM . 8 10 DLCPG(k)
,DLCPG_SPM . : 8
DLCPG , 1 w0
, 100 ,
100%, DLCPG_SPM .
4 5 ,OPExist .OPin DLCPG_SPM
DLCPG_SPM . ,OP in DLCPG_SPM DLCPG_SPM
4 5 ,DLCPG_SPM
Table4 Simulation results of 8-Dimensional DLCPG(k) with fault links
4 DLCPG_SPM 8 )
Number of fault links OPin DLCPG_SPM OP exist
10 95.480 9 98.214 5
15 93.628 1 97.3219
20 90.512 6 96.428 6
25 88.634 5 95.535 7
30 85.334 8 94.660 9
Table5 Simulation results of 10-Dimensional DLCPG(k) with fault links
5 DLCPG_SPM (10 )
Number of fault links OPin DLCPG_SPM OP exist
15 93.987 4 97.857 4
30 88.741 2 95.716 5
40 84.876 9 94.2859
50 81.6411 92.856 7
60 77.954 7 91.429 6
3
Petersen ,
Petersen DLCPG(k), ,
, 10x k ,DLCPG(k) RP(k) Torus
, DLCPG(k) ,
RP(k) )
, DLCPG(k)
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