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Fault Free Shortest Path routing on the de Bruijn networks
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ABSTRACT

It is shown that the de Bruijn graph (dBG) can be used as an architecture for interconnection networks and a
suitable structure for parallel computation. Recent works have classified dBG based routing algorithms into
shortest path routing and fault tolerant routing but investigation into fault free shortest path (FFSP) on dBG has
been non-existent. In addition, as the size of the network increase, more faults are to be expected and therefore
shortest path dBG algorithms in fault free mode may not be suitable routing algorithms for real interconnection
networks, which contain several failures. Furthermore, long fault free path may lead to high traffic, high delay
time and low throughput. In this paper we investigate routing algorithms in the condition of existing failure,
based on the Bidirectional de Bruijn graph (BdBG). Two FFSP routing algorithms are proposed. Then, the
performances of the two algorithms are analyzed in terms of mean path lengths and discrete set mean sizes. Our
study shows that the proposed algorithms can be one of the candidates for routing in real interconnection networks
based on dBG.
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1. FFSP(Fault Free Shortest Path) 1
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1 DECLARE two array A[n] and B[n] of DS type

2 SETA[0]tos

3 SETB[0]tod

4 SETiandjto0

5 WHILE (aj, is not neighbor of by)

6  CALL Expand function with A[i] and return value to A[i+1]
7 i=itl

8  IF (ap is neighbor of by) THEN

9  Exit while loop

10 ENDIF

11 CALL Expand function with B[j] and return value to Bfj+1}
12 j=+1

13 ENDWHILE

14 DEFINE Expand function of a DS M
15 DECLARE array N of DS type

16 SET N to DS of all neighbors of each element in M
17 CALL duplicate_check(N)

18 RETURN(N)

19 ENDDEFINE

8| 2. FFSP1 ¢a2]&
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2. FFSP(Fault Free Shortest Path) 2
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Corollary 3: & 828 Auslr] ¢laA #3E 2
& A5 4 DSp o FHd 84 2p ot o
714 pi= DSy 9] § 8ot

FFSP19] Zzlel #3] 24] 2§ FFSP2 Yx&l&
L :7_% 334, 71;} Va, € A[i], Vb, e B[] ol o =}
al 59} glal 89} 24L, DS ¢ A Ads} DS B
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DS M9 o WAE zect 2kl 199 23]

1 DECLARE two array A[n] and B[n] of DS type
2 SETA[0}tos

3 SETB[0] tod

4 SETiandjto0

5 WHILE (aj, is not neighbor of by)
6 CALL SPD function with A[i] and return value to A[i+1]
7 =i+l

8 IF (ajp is neighbor of by) THEN

9 EXIT while loop

10 ENDIF
11 CALL SPD function with B[j] and return value to B[j+1]
12 j=j+l

13 ENDWHILE

14 DEFINE SPD function of a DS M
15  DECLARE array N of DS type
16  SET N to DS of all neighbors of each element in M
17 WHILE
(there exist set of elements T which differ in 1 bit in N)

18 IF (T is leftmostbit difference) THEN
19 CALL Pathlength function type RL2 and R
20 CALL

Eliminate function to eliminate non-dominant elements
21 ENDIF
22 IF (T is rightmostbit difference)
23 CALL Pathlength function type LR2 and L
24 CALL

Eliminate function to eliminate non-dominant elements
25 ENDIF
26 ENDWHILE
27  CALL duplicate_check(N)
28 RETURN(N)
29 ENDDEFINE

17| 3. FFSP2 438l
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Mean path leng Total ezternal traffic @

3}A|%t FFSP gh$-dol 3 =8 oA7A] o
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E 1. dBG(d,kelA 2

Mean path lengths
No. | SCP |RFR(| NSC | PMC |FFSP1/2
dklof | (fault | fault | (fault | (fault |(fault
nodgs free | free | free | free [free
mode) | mede) | mode) [ mode) | mode)

1.167(1.167 {1.167 |1.167 | 1.167 | 1.333 | 1.333 1 1

1.643/1.64311.643{1.643| 1.643 | 1.762 | 1.762 | 1.733 | 1.733
2.258 {2.188 12.146 |2.142 | 2.142 | 2.1 | 2.21 | 2.286 | 2.286
2.984(2.796 |2.794 {2.766 | 2.754 | 2.787 | 2.794 | 2.285 | 2.832
3.801{3.653 |3.551 |3.495 | 3.453 | 3.467 | 3.483 | 3.487 | 3.506
1.417 (1471 |1.417 |1.417] 1417 | 1.429 | 1.429 | 1476 | 1.476
3,3 [27 |2.12812.105 [2.007 |2.077 | 2.077 | 2.095 | 2.095 | 2.117 | 2.117
3,4 |81 {2,978 12.911 |2.865]2.849 | 2.833 | 2.84 | 2.842 | 2.846 | 2.848
3,5 |246{3.907 | 3.800 {3.755 |3.736 | 3.674 | 3.676 | 3.696 | 3.678 | 3.698
3,6 [729]4.875 [4.775 |4.704 [4.722 | 4.572 | 4.573 | 4.626 | 4.573 | 4.627
4,2 |16 |1.550|1.550 [1.550 |1.550 | 1.550 | 1.552 | 1.552 | 1.56 | 1.56
4,3 164 12.369 (2.343 12.321 [2.321 | 2.321 | 2.327§ 2.327 | 2.335 | 2.335
4,4 1256(3.298 [3.251 {3.214 [3.218 | 3.178 | 3.18 | 3.185 | 3.184 | 3.189
45 [10244.273 [4.207 }4.172 {4209 | 4.1 | 4.101 | 413 | 4.101 | 4.13
5,2 125 (1.63311.633 [1.633 {1.633 | 1.633 | 1.634 | 1.634 | 1.636 | 1.636
53 1125[2.510 |2.491 (2.471 {2471 | 2.471 | 2.473 | 2.473 | 2.476 | 2.476
5,4 1625(3.471 |3.438 [3.41 [3.437] 3.378 | 3.379 | 3.385 | 3.379 | 3.385
6,2 136 [1.690]1.690 [1.690 [1.690 ] 1.690 | 1.691 | 1.691 | 1.693 | 1.693
6,3 [216]2.601 [2.585 |2.570 {2.570 | 2.570 | 2.571 | 2.571 | 2.573 | 2.573

FFSP1 |FFSP2 |FFSP1
(1node|(1node|(2node|(2node
fail) fail) fail) fail)

FFSP2
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23 (8
24 (16
25132
26 |64
3219
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Fol 78 £& AWt sk, E dENZCANE
NSC7} o}& Lﬂ 1A gaelE vl A e oA
7} kel A o] A9 A=z Holrt Ak
el 7t ek AP’ F e GuelEe o
vl Ao dwelEst wlwsle dAI) FL AW}
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