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Robust Transition Estimation for Community Evolution and Evolutionary Outlier Detection
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Abstract: Community evolutionary pattern analysis in temporal datasets is a key issue in social network dynamics research and
applications. Identifying outlying objects against main community evolution trends is not only meaningful by itself for the purpose of
finding novel evolution behaviors, but also helpful for better understanding the mainstream of community evolution. Upon giving the
belonging matrix of community members, this study defines a type of transition matrix to characterize the pattern of the evolutionary
dynamic between two consecutive belonging snapshots. A set of properties about the transition matrix is discussed, which reveals its close
relation to the gradual community structural change in quantity. The transition matrix is further optimized using M-estimator Robust
Regression methods by minimizing the disturbance incurred by the outliers, and the abnormality of the outlier objects can then be
computed at the same time. Considering that large proportion of trivial but nomadic objects may exist in large datasets like those of
complex social networks, focus is placed only on the community evolutionary outliers that show remarkable difference from the main

bodies of their communities and sharp change of their membership role within the communities. A definition on such type of local and
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global outliers is given, and an algorithm on detection such kind of outliers is proposed in this paper. Experimental results on both
synthetic and real datasets show that the proposed approach is highly effective in discovering interesting evolutionary community outliers.

Key words: temporal dataset; community evolution; transition matrix; robust regression; outlier detection algorithm
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RERZ O A A ) — DA R AR BEAZ LR S (k) VAl Class-2 J6;Class-3 &R T 7EAL I Zx BE B & 1
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IR R B TETE DM 58 1 28 58 2 RANEE 3 SR B U AE AR I 222 AN 6 1SpoAll RoCTOD B3R H 4t
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P A B2 8] B 2 s BUESE, T A I e A S50l v i S 25 DX ) 1 3 K- 4 T8 3R A R i BV S R p N
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1
a,(n) = Hp(t+1)—EzquKNN(pm)fI(t‘Fl) )

I 28 1) T B 0 80 0% 2R (R W0 55092 — B KONIN o) ¥ A 28 48 TR R IR e 00 AN AN 52 3 o 528 3 11 PR A i AL
K- AR A2 2 HE 75 A R B AL 22 57

R 1 HIRIRN & 450 R AR B B2 3 1.000,5 000 FT 20 00055 2 41 4 5 4% 31 R U Hds b 3 26 5%
B SRR T UG i 1) B R TR LS N st BRAT TR AR R T 3 SR L A 0 1 L L O B 3 R
ERTZE 58 AR B8 ) X A S I B T AR B ATk AR A IFRI X 4 RS AR ROC
(receiver operating characteristic) il 25 T i B[ AUC 45475 (area under ROC curve)! WE Sy 55 1 Uk MRS 1 1) 2 %
FrfE. 2R 1 24 NN,1Su5 RoCTOD Sy A8 25 1) AUC 18,3256 45 W 4 20 IRFEIFAEESE0N v 8 45 R 1.

Table 1 AUC values of the three algorithms to the community transition outlier detection

T 1 3 FREVERIAL BT RS BB S AUC 18

BEAS N | St b AR R\ i S [ERiiFie )
KNN ISy RoCTOD | KNN Sy RoCTOD | KNN ISy RoCTOD
Class1=2% | 0.787 0977  0.986 | 0.735 0933 0975 | 0.802 0.951  0.981
Class2=1% | 0.812 0.979  0.989 | 0.792 0950 0978 | 0.814 0.960  0.984
1 000 Class3=5% | 0.725 0954  [0.013 | 0.701 0.924 0771  0.934
Class1=8% | 0.764 0.965  0.976 | 0.714 0940 0973 | 0.793 0946 0977
Class2=4% | 0.795 0.971 ~ 0.985 | 0.725 0955 0974 | 0.795 0952  0.982
Class3=10% | 0.701  0.934  [0.028 | 0.683 0.917  [o.101] | 0716 0.921  [0.063
Class1=2% | 0.756 0.964  0.984 | 0.736 0.941 0977 | 0.786 0952  0.983
Class2=1% | 0.803 0.971  0.985 | 0.803 0.953  0.985 | 0.801 0.959  0.984
5000 Class3=5% | 0.695 0.945  [o.01§ | 0.694 0.926  [0.103] | 0.715 0.921
Class1=8% | 0.743 0959  0.979 | 0.724 0953 0976 | 0.782 0.950  0.980
Class2=4% | 0.789 0.959  0.982 | 0.758 0.960  0.981 | 0.788 0.954  0.983
Class3=10% | 0.657 0931  [0.033) | 0.637 0932  [oaul] | 0.697 0918  [0.077
Class1=2% | 0.733 0962  0.981 | 0.738 0967 0980 | 0.805 0.958  0.983
Class2=1% | 0.802 0971  0.984 | 0.777 0979 0982 | 0.811 0.961  0.986
0000 | Class3=5% | 0669 0901  [.027 | 0.653 0944 .09y | 0779 0920 078
Class1=8% | 0.727 0947  0.974 | 0.720 0969  0.973 | 0.797 0.951  0.980
Class2=4% | 0773 0.952  0.980 | 0.755 0.978 0979 | 0.798 0.955  0.982
Class3=10% | 0.605 0.904  [0.048 | 0.611 0919  [o.115 | 0.687 0.920  [0.089

CEE AT S UG 45 R AR SCEVE N B8 1 280 5 2 R A BRI B A T NN IS R 6 28 3 2R v £k
it RS T IR S5 23 08, B B AL 90 7 AN 4A0), S50 BB A 004 ol JEL ) A A4 SR I B B o I T, 408 K 2 A
DU BT A0, Ay e 75 T 2206 A ) () 28038 b AR S8y el A0k T AR A s 0 ) AR TH B i R &2 7 K
L0207 = A = e R o e RPN TS I A7/ G 91 | A7

S5 2 AN T 1) 220 5 0HE 16 S5 38 5 o P 30 1 (M X)) R J ek 2 20 5 B S b 305 AN 2530 1996 4:~2005 45
£y GDP W85 —~3 = =k fdy LB 4R 34T 0, SL B AR R 3R -3k T 3 287l oy B AR v A R i 3 R K,
LA ) B 25 S S A, 0 T A R SR S BE A A T BE Bk . BRI T TS IE AR A R
I ESE GDP =/ i i AN EE M R 305 4 =4E500, 38 10 N0 9256 4% 77 M T 2506 3k iy Bl
HEAT 3 — e 3 4% 72 M by LS TR AT 40 bR, NI B i T 4272 Mk 3 543 2511 3 ANtk 3

SEI0 T SR AR BE B 17 T — 4R SE AL AR EOE R A B, 26 2 4 9 ANMIERE BE J £00E AR M-l THE IE
S ARG B H R 1 B UT 5% 221 7 RS IE 5 000 o D 2 {0 20 A o R ke 22 . L v AR [ml A B 58— 1
4 0.001;Min@,Min @ /R0 Ak 305 A S5 10 5% 2 a6 i 2 Al

F 2 YL, M-ASTHULA S BORS AT A R0 B B % 1 2 R 0 b 4005 500 AL PR 1100 5 A A A 38 0 e s
TR A 3 T JBORAE A 38 3k 5 45 A0 4R A8 03 V8 A0 52 T0F R 4 o 39 T A B4 0 T R O, 3K 8 3 8 0T 1 R 2B 38 7 5 0t
N3 T AH AR 47y GDP A4 B 1) SE B A O, B 72 b b T 258 2 (RIS 1T 7= 2 5 2 A A A5 -
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(1) HEHK(1998-1999), B REFE AR K 0.388.1% 11 Al 1998 FE LT & I, He = /=t iy LU 1h 15.7%:42.1%:42.2%%%
R 34.7%:30.5%:34.8%, — ;= Lt 491 {2 25 50 L DRLE TR bR IX 9 AN ERR T IS, AR Ml = Ml s 43 % 7=
NAET AT E S A

(2) FEFE(1997-2001), X B Rl BB bR A 0.54. 5 4 [E LA Tk g2k B @A F,EE =57
FM 1997 4E 1) 15%:62%:23%55745 Jy 2001 4EMH 16%:51%:32%. FJR IRILE T /6 b 3 & 10H™ X IR 17, %
I R A SR 4 Mt s k2 Bk £ el 250 Jh i 3 S atbpr.

(3) TR ZWN(1997-2005),10 4F BN A B Fabn e i, o8 0.918.10 4 [A]Z T M AN S R ) Tk E %
BIIET.10 FFrp, 24 GDP KB 20%, Ml 0 i 40%. i) DAL 0 32 47%:22%:31% % 4%
0 T%:53%:41%, B3 T o B 30 I R ) T 3 2% S 5 SR 3R W A S JEVARL 5 ARV R A AE IR 0 T U
REEAAE.

Table 2 Outlier index and global outlier index of the top five cities of each year

T2 OSSR S AR B R BN 4 B AR AL

Year-to-year 1996-1997 1997-1998 1998-1999 1999-2000 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005
Min @ (for all 304 items) | 2.997 2.624 3.166 2.365 1.88 2.19 3.16 3.26 5.29
Min@" (for all 304 items)| 0.458 0.396 0.544 0.280 0.269 0.360 0.375 0.401 0.439

Top most Ay,(f) 0.1717 0.1152 0.388 2 0.170 2 0.113 6 0.114 6 0.1112 0.1479 0.174 0

Outliers find 3 4 5 9 2 7 3 5 6

55 3 ASEKCR A COW world Bilateral Trade %idfs #5010 i% 30 #5405 425k 197 ANE K 1870 4F LUK, X 4b
HEH TS 510 791 491 4508 (AL b, 18 [ 2007-2009 45 3 H4i B 2k, 19 1 528 5 41 U800 O ok 7).k UL
H2000-2009 ER 11 J5 4 Kb, 12 8 58 Ge vk S0 5 4t [ (3% 47 108 10 52 B 0 56 25 T Serrano 25 A RIBIEFT 2%
BB AEBAT AR RN, 3% A S 1 5 -k it (dominance-dependence) 5% 2 T 3t 5 3¢ g AU 8 (i 1 2 Jirw).
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Fig.2 Dominance-Dependency change of foreign trade of the top 70 countries in the world

Kl 2 AERANRHEAATT 70 4 K KO0 AR 5 -0 R AR R B K

I 2 A7 00,10 4[], B SRR 6 32 SR H0C R R A T 3 oA i E 2 R 2000 4E (2 32 5 e R A 5 Ak
b 2009 4F (1) 3 S A, & B W IF SR R R Al BN R i 7 [ B B B R A R A T Ak
WA X — AL A O R T TR X ) B B A4 T 70 44 IR B R 10 AN 70x70 1A B2 5 0 O 2 S J R 5K
AR AR A 4 J3E ) P R A0 A A B T A A B BF A 3R 3 B T AR SO VARG Hh 11 45 4 ) - R A B 4 e 11
ARk 2 IR AR IBE BRI I TR 57 (L DX ) I 85 45 T s AT ol S e v 1D R R 40 3 B
(1)  ZXKJEM:5ZA KT S o524 B LA S 8 X AN 57 5 7™ 6 5 [ (1 7l 56 1R KA 2 A4
P33 55 51 5 B R 1 75 5 (2002-2009 4F (7 ELAK IR 67.4%,73.6%,67%,63%,59.5%,60%,56%,61.5%).
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JLVE AR S S0 AR A A SR A B 5K SR R AE TR SE U B2 5 o (CAFTA-DR) IR B4 %2 £
A AL

(2)  PHHrF:2007 F5F3E A S E 27.9%, 1 2006 4F (5 L 36.8%. LA, by vt il HEEH K
£ 1 57 BM%%%&&MU&%%VﬁmHﬁk%ﬁhmT%%l ﬁkﬂ£l%ﬂﬂzm%5

3) ¢H2m3¢ﬁ%mmL%@zﬁh%% %%%?kiii%&@ﬁi”%mzmziﬁw
24.1% T BF 2] 21%,5%F 6 52 2 W 2.3%38 K 21 6.5% (5 ¥ 06 KBk 52 2 W 9.2% K T 1] 25.9%), 1M % J&
i EE0.5% LA 9 22 A 1R 5% R B R 82 0 1A A o g Al T 5 S 28 AN () TRT b, 5 7 0 o [ A
7E 2002-2003 4F Fi by 55 5 R L AR R AR 10 AR R 1 BT BRI 51 0.069, 57 5 M 45 bk
Je s B AR, AT LA A Je 4 S R A

Table 3 Robust transition matrix fitting global residuals and yearly outliers of world trade relations

R 3 2000-2009 FJE I B o RRUBT RS M BERLA 4 R ik 25 A &4 1 B T A,

AERE 2000-2001 2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008  2008-2009
A JR Rk 7E 0.06 0.049 0.019 0.008 0.008 0.006 0.016 0.008 0.013
I KBS RERE 0.009 0.003 0.002 5 0.000 6 0.001 0 0.001 0.002 0.001 0.001 8
o Y1) 1l 5K ZE[S JIEVN pE KRR ZoKen ZKe i [ EZSE LLEVAT LA 7

4 % it

WAL TR 70 M 0T 4% 285G 3R W 4 5 g 2 13 A A5 2, 48 7 4 3 s A R AT 28 T 5L JF 10 2
DA £ T £ T A JR T A A BRI I S AR A U T 4 70 P % A PR A ) S R, B T LB
I 5 A S B T SRR I A A A 2 AT VR B AR G TS B B A B B R T i AT B 2 ot A
U A0 PR A 2 1 0% 20 AT 10 8 SR AEL U AT RGHERR 199 2% o K B L AE 1 G AT T 90, A4 e SR AR TR 210 B
P FEAR S AL R L0 BT (1 LA 1)

AR 5 R P RSARE AT VT 3 SR AR A AR5 P RS TR R e, LU DA e e 40 5 A A 1 4 R A B A I
LAl L, B2 L T I AR A /o RS 570 PR S A T A A 2 77 v ARG ) B0 S8 4 R AR Wi T VR ) T R AL R A
FAT BB U3 fiE
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