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Multithreading Parallel Algorithm for Solving Circuits of
Large-scale Sparse Directed Graphs
NIU Jian, CUI Huanging, CHENG Xi, FU You

(College of Computer Science and Engineering, Shandong University of Science and Technology,

Qingdao, Shandong 266590, China)

Abstract: To solve the incapability of traditional circuit algorithms based on depth-first traversal in solving the large-
scale graph due to the limited memory and the high cost of the existing distributed graph computing platforms with
the help of computer cluster, this paper presented a multithreading parallel algorithm for solving circuits of large-
scale sparse directed graphs which could be conducted on ordinary personal computers. According to the out-degree
of vertices, the algorithm first deleted the vertices with the out-degree of 0, then solved the circuits containing the
vertices with larger out-degree by using multithreading paralell algorithm,and finally computed the residual graph’s
circuits by using serial algorithm. Experiment results show that the proposed algorithm can solve all circuits of a
large-scale sparse graph on an ordinary computer.
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Tab.1 Analysis of out-degree of directed sparse graphs

0/ %5

44 FR V| |E| 8/107 d2 dsus, 0,/ %

a=0.1 a=0.2 a=0.3
p2p-Gnutella04 10 876 39 994 3. 38 3. 68 100 54. 62 0. 044 0.074 0.102
p2p-Gnutella25 22 687 54 705 1.06 2.41 64 72.58 0.021 0.042 0.075
p2p-Gnutella30 36 682 88 328 6. 56 2. 41 54 73.50 0.013 0. 037 0.078
p2p-Gnutella31 62 586 147 892 3.78 2. 36 78 73. 81 0. 007 0.025 0. 045
email-EuAll 265 214 420 045 5.97 1.58 930 72.44 0.012 0.026 0.041
web-NotreDame 325 729 1497 134 1.41 4,59 3 445 57.65 0.016 0.032 0. 050
wiki-Talk 2394385 5021410 8.76 2.10 100 022 93. 83 0.011 0.023 0.035
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MPCF &%

Input:Directed graph G = (V,E), parameter «
Output; All circuits set CS of G
procedure MPCF(G, « )

1. CS< &

2. Getd for each v; € V using Equation (1)
3.  Sort d! in non-descending order {a; s a,,***say}
4. V<V —{v | d™ =0}

5. Viewe < {0 | arney <d?™ <a, )

6. n<min{|Vig| s 7 )

7. Fork n threads

8. for each thread do in parallel

9. synchronized u < nextVertex ()

10. CS < CS \J findCircuits (u)

11. end for

12. V<V — Vi

13. G' < induceSubGraph (V')

14, forallv e V' do

15. CS < CS U findCircuits (v)

16. end for

17. return CS

18. end procedure
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Tab. 2 Experimental results of different ¢ values ms

a=0.1 a=0.2 a=0.3
EA S

tp;\m ts«‘q Liotal tpilm l‘qu tiotal t[)llri\ zqu tiotal

p2p-Gnutella04 41.787 9  305.269 5 347.057 4 228.640 1 260.159 7 488.799 8 279.905 7 210.548 4 490. 454 1
p2p-Gnutella25 147.704 5  515.024 2 662.728 7 389.790 3 465.002 5 854.792 8 508.382 0 400. 258 1 908. 640 1
p2p-Gnutella30 214,993 6  706.040 6 921.034 2 434.783 1 683.487 3 1118.270 4 783.720 0 604.581 9 1 388.3019

p2p-Gnutella3l 333.9559  904.818 9 1 238.774 8 644.629 3 807.554 9 1452.184 2 883.467 2 800.597 7 1 684.064 9

email-EuAll 567.472 3 783.3103 2015.6352 2798.9455 1089.6503 2055.481 1 3 145.1314
web-NotreDame 804.471 1 — — 1156.580 6 2524.007 0 3 680.587 6 1638.8100 2 844.6007 4 483.4107
wiki-Talk 1124.478 1 — — 1569.218 8 — — 1.842.056 3 3065.699 4 4907.7557

FRAE S 56 25 L, v LA i

D) YRS HAE 10 JT LR, o =0. 1 Frs i 5 af [l e b

2) MTSEEE 10 J7 ) 100 J7 Z A, « =0.1 B G BATRM G . « =0. 2 B a5 iR 220>

3) MTHEH T 100 JTRE, JHA o =0. 3 J5 Al SR g [l %
4.2 MPCF LS

i T SCHR 5 R ke JE TR R TRk s By . X T2 1 v (0 R R L A 1 g 408 432 60 G 4 7 2 o5 1) K
AN FE2S (], 0kt 10 5 AN T00S A B, B GE R AN 6 B T AT 1 BN A7, B A 40 42 40 B ot 7 22 o i o
9 GB WAF. TS v, U 2 /0 F5 28 20 GB A7, I FA Ok e 38 PC L5t HL,

A SO MPCF 835 5 56 F DFS 1) 8247 [l 8% R fff 5505 A7 % Lo 20 07 AT RS TRl an 28 3 w5 FH N A7 1
PLANEE 1 TR . 6 3 Wit R ERAT SR ARSI BT A I 18] o 20, Al R FE 401 TR E Y o (E LR LR fif 5k
g EsF 16

®3 HiEMEESW

Tab. 3 Performance analysis of algorithms ms
AR Ldfs Lpara Loeq Lol Iu] s K
p2p-Gnutella04 355.517 9 41.787 9 305.269 5 347.057 4 62 608
p2p-Gnutella25 615.346 6 77.704 5 515.024 2 592.728 7 97 409
p2p-Gnutella30 — 184.993 6 706. 040 6 891.034 2 184 758
p2p-Gnutella31l 333.955 9 904. 818 9 1238.774 8 447 592
email-EuAll — 783.310 3 2 015.635 2 2 798.945 5 603 901
web-NotreDame — 1 156.580 6 2 524.007 0 3 680.587 6 1078 473
wiki-Talk 1 842.056 3 3 065.699 4 4 907.755 7 1158 291
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Fig. 1 Memory contrast of algorithms
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