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Strongly Connected Components Mining Algorithm Based on k-step Search of Vertex Granule and
Rough Set Theory

CHENG Fu-hao' , XU Tai-hua' ,CHEN Jian-jun' , SONG Jing-jing'* and YANG Xi-bei'
1 School of Computer, Jiangsu University of Science and Technology,Zhenjiang, Jiangsu 212000, China

2 Key Laboratory of Data Science and Intelligent Application,Fujian Province University,Zhangzhou, Fujian 363000, China

Abstract Strong connected components (SCCs) mining is one of the classic problems in graph theory. It has practical require-
ments to design a serial SCCs mining algorithm with high efficiency. GRSCC algorithm can use SUB-RSCC function to discover
SCCs of simple digraphs. SUB-RSCC function is formed by two operators of rough set theory (RST) ,k-step upper approximation
set and k-step R-related,which are the main contributors to time consumption. Then the invocation times of SUB-RSCC decide
the efficiency of GRSCC algorithm. Based on the SCCs correlations among vertices, GRSCC algorithm introduces granulation
strategy to reduce the invocation times of SUB-RSCC function, then improve the mining efficiency. Two new SCCs correlations
are found by analysis of SCCs in the framework of RST,then a new vertex granulation strategy is designed to granulate the vertex
set of target digraphs. In order to reduce the invocation times of SUB-RSCC function to a greater extent,a method called k-step
search of vertex granule is proposed. Finally, combining with GRSCC algorithm, an algorithm called KGRSCC for mining SCCs
based on k-step search of vertex granule and RST is proposed. Experimental results show that,compared with RSCC, GRSCC and
Tarjan algorithms, the proposed KGRSCC algorithm has better performance.

Keywords Strongly connected components,Rough set.Graph theory.Granulation strategy.k-step search of vertex granule
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r(X)=U{r(o):2€ X} (2) EIE 5% BWU,RE—NIREMZE,D={(U,E} &
RX={x€U|0#r()EX} (3) XA E,Y2€U & r(o={y}.x fl y [JEFT—DFHM
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B.VX CU:
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O (X)) =r(X) (7

(X)) =r(r( (X)) (8)
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RAAREMIFE 92X
AX)=U(R® X:£=>1) (9
GX)=U{r* (X):£221) (10)
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Fig. 2 Relationship between RST and graph theory'?>]
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SR G A e R A 1) R P R R A5 R, SOk 26 48

T A A TR Ak SR W RDRL RS AR 09 5RO G A i 2k
GRSCC, HI T M\ — A B A7 [n] ] v D LG b 1 A (L 588 32 T
Sy 1 TR,
&% 1 GRSCC
WA HIE D={U,E}
itk D A (B R % S ) B
1. SCCset<=0; T <Uj; granu < (;
2. for x€ U do
3. if [r(x) | =1 then

add x into granu(r(x));
add r(x) into granu(x) ;
end if
if IR{x}|=1 then

add x into granu(R{x});

© 0 N > G

add R{x} into granu(x) ;
10. end if

11, if [r(0 =0 or |R{x}
12. T<T\{x};

13. end if

| =@ then

14. end for

15. while T#0 do

16. SUB-RSCC(T(1));

17. end while

18. output SCCset;

19. function SUB-RSCC(x)

20. Compute U, =xU{Ax) N2} ;

21, if A(x)N2(x) =0 then

22, T<T\{x)

23. end if

24, SCCset<—{SCCset. Uy} ;

25. T<T\U,;

26. T<T\ U granu(y);
y€ Uy

sreturn;

27. end function
3.1 Bk
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Fig.4 Process of GRSCC and KGRSCC algorithms searching for
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vertex granules in the third case
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Table 3 Datasets information
%5 B & n m ¢
1 celegansneural 297 2345 3
2 DKO1R 903 10863 3
3 CollegeMsg 1899 20296 6
4 zenios 2873 1314 45
5 poli 4008 4180 38
6 EPA 4772 8965 26
7 shermanACd 6136 47193 2
8 EVA 8497 6724 10
9 FA 10617 72172 9
10 foldoc 13356 120238 6
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Table 4 Comparison of mining efficiency of Tarjan,RSCC,GRSCC and KGRSCC algorithms

ok Tarjan RSCC GRSCC KGRSCC : :
t ¢ Nsus St t Nsus St t Nsus St Sg Si
celegansneural 0.0168 0.0068 27 2.46 0.0066 25 2.53 0.0029 3 5.82 2.36 2.30
DKO1R 0.0569 0.0077 5 7.41 0.0079 5 7.21 0.0063 3 9.01 1.22 1.25
CollegeMsg 0.1346 0.0280 15 4. 81 0.0273 12 4.93 0.0242 6 5.57 1.16 1.13
zenios 0.1652 0.0305 45 5.42 0.0300 45 5.50 0.0308 45 5.37 0.99 0.98
poli 0.2544 0.0667 529 3.82 0.0611 480 4.17 0.0277 103 9.18 2.41 2.20
EPA 0.3466 0.1177 717 2.95 0.1129 670 3.07 0.0559 199 6.20 2.10 2.02
shermanACd 0.2999 0.0723 16 4,15 0.0736 16 4.07 0.0250 2 12.01 2.90 2.95
EVA 0.7637 0.0982 399 7.78 0.0973 392 7.85 0.0435 76 17.57 2.26 2.24
FA 0.7635 0.1157 16 6. 60 0.1126 15 6.78 0.0839 9 9.10 1.38 1.34
foldoc 0.7758 0.2491 24 3.11 0.2201 21 3.52 0.1372 1 5.66 1.82 1. 60
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Fig. 7 Time consumption of Tarjan,RSCC,GRSCC and KGRSCC

algorithms on 10 datasets
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