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Fig. 1. Network of concept graph.
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Table 1.  Degree distribution of the concept graph network.

Concept Instance SubConcept
g Quantity Proportion g Quantity Proportion g Quantity Proportion
1 2061496 0.464809 1 9610146 0.831317 1 18 1.91208 x 10°
2 1165725 0.262838 2 1014355 0.087746 2 140735 0.149498132
3 538652 0.121451 3 312310 0.027016 3 186330 0.197932191
4 252438 0.056918 4 156703 0.013555 4 125273 0.133073361
5 130975 0.029531 5 96100 0.008313 5 78365 0.083244546
6 74760 0.016856 6 64809 0.005606 6 52113 0.055357915
7 46336 0.010447 7 46409 0.004015 7 37615 0.039957169
8 31509 0.007104 8 34801 0.00301 8 29314 0.031139292
9 22506 0.005074 9 27177 0.002351 9 23419 0.024877229
10 16510 0.003723 10 21928 0.001897 10 19484 0.020697208
11 12921 0.002913 11 18095 0.001565 11 16465 0.017490224
12 10012 0.002257 12 14935 0.001292 12 14188 0.015071443
13 8188 0.001846 13 12688 0.001098 13 12491 0.013268776
32773 1 2.25 x 107 6716 1 8.65 x 108 364276 1 1.06227 x 10°°
Total 4435143 1 Total 11560144 1 Total 941383 1
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Fig. 2. Network structure leading to the overlap of neigh-
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Graph A] IR — 277 s pg e ef iy i, HE
PR 1 GetNeighbor i Z %1 i Node X & NodeSet
RIAT. 2 pR %G 71 Graph H 015 8., 70 v
SERTERES NodeSet H'. T GetNeighbor(Node,
Graph) IS 24 20 2n, B 3.4 77 1Y S50 AT 0
GetNeighbor(NodeSet, Graph) 141z H i [A] £
FHE 1 GetNeighbor(Node, Graph) iz 17 [H]
1 1.6 %, FrLA GetNeighbor(NodeSet, Graph) [#)

WHEIE AN 1.6 x 2n = 3.2n. %L 2 A0, X}
K+ W 15—+ W27 8 — K GetNeighbor
(NodeSet, Graph), ¥ 4 ## . K72 8 F W i f2
T W 2 %N nl, Wiz 17 GetNeighbor(NodeSet,
Graph) IIRECH nl K, BT LA 2 BN E) 52 A4
9 onl x 3.2n. il 3.4 5 B I KT ROAlIBCSE B &
B, nd BSEPRE 12, T nliz/N T n(33377320),
JFLASEE 2 BT 2R FE IR O(n).

3.4 ERATMHENSZIES3ILL

43 3 % Fl NetwrokX fil % 3 1(SNEBF), &
% 2(SNESO) i 7 #4) 2 () Ak 2 [B1 3 I 28 64T T A
ORI 38 - W B RS 5, BB SE g FREE S 64 fif
Win7 &%, 16 GB W1, Anacodna % i, Python
TER I, HCIN 8] 52 2% B2 RN S iz S 1] L35 2.

K2 R MEERRRA R R X TR

Table 2.  Time complexity of the subset extraction algorithms.

Algorithm Parameters Time complexity Time cost
NetworkX 15 dL I

SNEBF m = 15 114 834 n = 33 377 320 m x 2n =15 114 834 x 2n 25.22 a

SNESO nl=12 n = 33 377 320 nl x 3.2n = 19.2 x 2n 3.49 min (LFRIZH3.80 min)

H AR A NetworkX L) K2 SNEBF K fi#t iz K
TR FE P AR IB AT &5 3 7R BRas 1T R
15 d B2 R TP, FHEAT LIS NetworkX
PR K F I KT 15 d BZEie. scilad 2 rp
SNEBF H1#J GetNeighbor (Node, Graph) iz 5.}
[B]Z°4 10.9 s, SNESO Hf)) GetNeighbor (NodeSet,
Graph) WPFYHERIERN 17.6 s, 214 GetNeighbor
(Node, Graph) i 1.6 £%. K- SNEBF A9 i:f [6] &2
Z2JE N (m x 2n), 1M 2n, Bl GetNeighbor(Node,
Graph) I F-¥1217HF R4 10.9 s, BT LLAT LAE S
i SNEBF HJIizfTHf [0 m x 2n = 15114834 x
10.9 s = 5.22 a. il GetNeighbor(NodeSet, Graph)
BT REES [A)FD nl = 12, 53] SNESO Wiz 1T
I IA) O 3.49 min, 1 2% 530k #4952 Brazs A7 IR Dy
3.80 min. ITLA, SNESO B[] 5 4% FE 5/, 15
B, ds B AR T 4 2 Y, dE /N T
SNEBF Riz i [a].

fifi FH NetworkX iR KM, B Jciid H A
HBPREL connected _component _subgraphs(Graph)

SRS AT 5~ 0 1531, i A R 30 SRR e 2 1 T
W, Bl A K% 38 1 M. connected component
subgraphs(Graph) fJ#%ii A f& — > JC ] NetworkX
K G, fitiod G R T M SR, %R Eue
—A>H AT ACRBR Y for JEER:
for ¢ in connected components(G):
yield G.subgraph(c).copy/()
HHp connected components( Q) 1% [F14% ™% il
D R 4B 05 ¢ B9 F1FR, G.subgraph(c).copy()
WRGIER cEe R B G — M EE TR LUT 2
connected _components(G) HE X:
D seen={};
@ for vin G: /*XF G HPRYEATTE o*/
@ if v not in seen: /* WA 4 [Ty 1 5 45
v*/
@ ¢ = sp_length(G, v); /*ITH A v 3
JITAT AT LA 1Y 5 A 5 i o/
® yield list(c); /*HRFH et 5
Fik*/
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Table 3.  Space complexity of the algorithms.

Algorithm Parameters Space complexity Memory cost
NetworkX — — 40 GB
ESNSO SubNet;, NeighborsSet, MaxSubNet 31724479 5.23 GB
(© seen.update(c);/*H H seen WI{E LI 100 : : . . .
N %, O k vs. CDF(k)
RS FHRERE Y/ 10-1 fit(CDF (k))[CDF (k) 1
@ end if " = (0.5184)k—1116]
end for; 103
NetworkX 3R fift fx K F I 1) 3¢ & 45 1F 2 S
sp_length(G, o) WEC, SUKMM A APAE  § | Gootmemotie
55 4 T DRI B A . .
N 7 juste: -square: 0.
% 3% T NetworkX 5 &3k 2 217 B H) 52 i RMSE: 0.0001181
— N NS 10—
BRINAF I FE. 558 NetworkX U & ik °
8 . . . . .
Y T ZE T 3 40 GB AFE. R H] SNESO 3k S R T T T N T TR T T

fift e KT W BF, 5 FH P AE 9 A8 5/ SubNet,
NeighborsSet, MaxSubNet, ${E 5 i K F M 177
RSB, TR 2 T BB G, SEBR A AR R
5.23 GB.

P B 2 ARl A s TR i 1 5 S A A ) e
KF ML 15114834 A7 55U 32274081 45341, 43
) 7S M A L I 2 YT SR ) 89.24% AN
96.69%. FIFNIZF M7 55 1AL T3 D) 4% 4 K 3R
SIS RS, FEM AR T LA b S et A
L8 (RRTIE, 5 SR M R 52 2= 4 ek 1) o A
i S A TN U Tl L

4 A TS W 2 i B 2 WS P AT

82 2% W25 1 G A AE R B AL B Ay A L ke
shell 0P TR | B REAE A S,

1) BE AR p(k): BE 535 T LAk FRAE 9 25 i
FEA RN, T 4 SR AR T 1 s SRR
FEAMAR, 5 R R, A5 TObR BE 2SR

FAGE T SR ATEER 1—13 A A
Bk 5 e 82% ML S EE R 1, B 82% 11
SR RS — AN AR, BEME A 1 AT A, SE s
85.5%, ME&x 14.5%. HILHIBIFE H SR 5 Ab Bl
Tt e fef FH S50 3) BU ol T A 3R AR ) R — 1] £ S
T 51 SCARHE AR A . 82% HYME & E{EAE 13
Z ), AL ZHMEE R 134 . EEE
AF TR A4 b AR A L 51 it {1 A 388 A T 44

k

P4 AR i d % 8 T R AR A A
Fig. 4. Cumulative degree distribution of the largest connec-
ted subnet.

2) k-shell #.Oo e AR AL F 25 A% 00 B
P A, BV EEAR /DN, X X2 1) 52 M AT AAR K.
k-shell 73R 45 thil 2% 2 rpuO R it T2, e
A B8R I 28 A%

WE S e K F M2 k-shell 23 R 185 )2,
&l 5 J2 452 R EE 3 A BT S4 BEAE, T UL A
R k-shell 4328w, BEEE 02, UL R
(IR VAS RE T8 i 1 e SR 2 RN O VAT TR
NGALE. WK 5 PR, BT 10000 A9 SHR
R 8) TRODZE, BAWRDE bshell (HARAK. T4
R IR IX ST 5 22 B0 E T s BEARAR. Gk 43
#| 13-shell 2 19 77 & “common search term” #l
“connected tool” it =ik 102033 Al 31963, {HIX
PAAS T iy SR8 S s i B S 1 4 ) 2 A
101892 ~F1 31942 4~

K2 (185-shell) 45 786 A4~15 i, Hih 14
B T82, MRS 2 4. D BT AR
119162 4530, MR T — R85 D, 2% %% 0.386,
W TR TR 2.825 x 107. £ 5 EOET
BE A B = 1 20 A9 5 LR (A

BAR RS H S KT B 6.2%, F
Bots )21 99.5%. Ut FESAERES B h e 5 &
B, HARIRAE TS BE AT LA HH:
IR BE TG B iR ) S5, AT DA R L AR R
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Table 4.  Degree distribution analysis of the largest connected subnet.

Concept Instance SubConcept Total
¢ Quantity Percentage Quantity Percentage Quantity Percentage Quantity
1 1468308 40.3 8636049 82.0 0 0.0 10104357
2 1014641 27.9 968156 9.2 138875 14.8 2121672
3 503109 13.8 309716 2.9 185665 19.8 998490
4 242308 6.7 156248 1.5 125045 13.3 523601
5 127833 3.5 96027 0.9 78311 8.3 302171
6 73429 2.0 64778 0.6 52090 5.6 190297
7 45834 1.3 46398 0.4 37604 4.0 129836
8 31237 0.9 34799 0.3 29301 3.1 95337
9 22401 0.6 27173 0.3 23417 2.5 72991

10 16439 0.5 21925 0.2 19488 2.1 57852

11 12880 0.4 18095 0.2 16464 1.8 47439

12 9981 0.3 14934 0.1 14187 1.5 39102

13 8169 0.2 12688 0.1 12503 1.3 33360

Total 3639631 10536663 938540 15114838

200 g T

Lo hveran g - o Ko BORPEIREN 20 M

x avg(k) vs. k-shell Table 5. Top 20 nodes with the highest degree in

160 core.

o node k node k
= 2 factor 364343 Event 113364
% 100
e feature 204130 company 110609

ZZ issue 202331 program 93963

10 product 174283 technique 92341

20l item 159164 application 90644

o o
0 Q area 144595 organization 90605
10° ; : 10> 10° topic 137781 Name 87637
service 137398 Case 85863
Bl5 AR Reshell S0 G ER A activity 124670 method 84157
Fig. 5. Relationship between degree and k-shell. information 114500 project 82122

PR B TR) FHE &, B0 topic VF MHE & BT AL 4R cultural,
political, physica %5 SE ], 3 46525 AT LA 15 2
FEARRY topic (@), #F5 topic HA IsA KA.
VERSEBIRT, topic MIEZ MEEEISLH], 4l concept,
document, information 5.
3) PRy pAL: W2 AR ave(D) 2T A
RENER e 111 RS o (Mo 5 T 42 R e A ]
o> B ARRE . A ERe R At B3 AT d S AR Bk LA
THE RIS A] 52 2% BE R3] O(n-370) 191, ARE A8 P i D] 245
T SO 15114834, BT THE-F 15 e A,
T BT 114229095866361 A7 %] 22 I 1) e Ji

AR, IHREE R, RIS R RS LR
ARG R, FARIHFEAR K.

B e 22k ] NetworkX i1 8 & K F M 19
avg(l), 1817 T 30 d LA 45 5%, TR}
() A B, e L% 3/ NS O M PR s D 248 iR A 7 1
BEL R IR LR A (i PR i 340 A 5 i AT
B [RIBINRBL R 4%, an 6 T3], Horr ¢ 4y 1
B, n 01954, e Mili%k

K 6 fE7rn T NetworkX 11546 6 H 4% W 45F
) e 42 ) SE Bz B E] time(s) 45 09 25 BIARE (5 400
B on), &t WG AT FAATE REOC &R time(n) =
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Table 6. Threshold networks and the number of nodes.
t n e t n e t n e t n e
10 415491 936536 60 27654 66704 150 9492 19845 600 1788 2637
20 119367 303323 70 23089 54533 200 6850 13315 700 1453 2059
30 66272 169774 80 19567 45510 300 4336 7566 800 1076 1487
40 45410 114629 90 17042 38921 400 3013 4920 900 922 1222
50 34467 85085 100 15086 33983 500 2318 3577 1000 770 994
108 K RE B R 2, IR O T CDZ B2
O n vs. time N — pe
107} fit((time(n))[til?)e(;zz)%] PR 48 R AR X, HLZ20m (] )2 P 7 A i EL AR
= (5.121 X 10~ 7)n>
100} MR A 3 P i K% 8 1 M 2R gsil, 2SS
I JZ 22 W B B AT AR P 45 5 22 TR B B,
g 104k f;isj?ll;:;fl Il%—square: 1 éﬁﬂgﬁ{u%i@%@%ﬁéﬁﬁ
& RMSE: 474.6
i minavg (I) + maxavg (/
10° 2 AppAvg (1) = g) 5 gl) (1)
102 . . N
Hir AppAveg (1) e 4% 13T B3 B AR K
10! — 2 N = 4
JE, minavg(l) F/R AT BEAAAE AL 38 Joe i i A28
0 . , . _
oz 108 104 10° 106 KR IR/IME, maxavg(l) 27R AT BEFAAAE Y IR

n

Bl 6 NetworkX 15813 42 T 7 B )
Fig. 6. Time cost of NetworkX for avg(l).

5121 x 107 x n226. 4 ¢ = 10 B}, NetworkX
SEBRIZAT T 1868428.416 s, 24 22 d. B KT MY
JEBUR A GZ R BT T NetworkX 75 2318 184 a,
XAJETE 30 d B S 25 R R A

BJe, 22 R A S B2 S Y CDZ Jr kit
FVEERE. 120721 SR SR e i Sk XA
SR 28 A 7 IX Sk s 2 S5 P IX ko
) P 5 8 s DX ) s A AR ﬁtﬂa‘mﬁlﬂ%
FA A RN A T DX s 5 A B AR 5 DX P B AR 1)
HEd RS 24 K BOR O(nlogn + e + &), nJ2 15 A%
B, e SR, d Rl sSUECE B AE X T R AL

4%, CDZ Wil A B A Jobr B R AE 1) 52 4% ) 2% .
Cszr%;th W 4% Cora ~F 34 B 42 1) B 18] Ry

20 435, Cora By n = 30751, e = 134450, #% /8
HRFT R T AR B d oy 46, PRI A A2 4%
PRI R 369792, X T HE & B S B KT T
n = 15114834, e = 32274081, d = 130109, P A}
] &2 Z% B pR A A 2202531075674600, f& Cora
) 5956132434 f%. %8 CDZ 115 Cora ¥ 4%
FAIE R 20 s 1158, CDZ 3 AR S Y fe KM
I AL TG EL 3777 a.

R FRATTEE T — Ak I I 2% o o i A

SN IN
Zz 123 Z+1(lmm zg)

minavg () = n—-1/2 (2)
lmax i
maxavg (l) = i nl E:(jn irll() 72 ), (3)

HA Gy 3 RT3 R 5 ATRERY B/ MIRAR G
JE, lyax o N TR0 BT AT REAERORIAS L.
BT MERZRCHR, T BT R Z I
FEETE— R BEAR A (19 80 4, "ol a5, 195 5), It
BEAR NPT BEAETE B K I B A, FLRE B Al
(4)
HP Licenter P loenterj 739 278 19 5 4 B H0 19 11
(Center) [ 2 Fl Center 2|77 5 j BB R K .
HRAEXSFRPE, T e B E A R A
PR EEAH ).
lcenteri = licenter = floor (i) — 1+ 1 = floor (i), (5)
Hrp floor( ) FRT AR zFﬁTE’JF’%ﬂZ BT a0z
@?ﬂﬁ/\ wi, TR G — 7 T TE R 2
B2 1 ﬁﬁﬂ L. 1 Fon T SRR .OER
BRI, T 1 R LRI s Z IR ES AR ICE.
TR 2 MBITE RIS ST M4
JEBOAS TR & T s . R (4), (5) LK
B TR 3 R b AT R T Y R R B A
A 770350922065817, fEA (3) oy maxavg(l) = 6.74.

min (lij) <= licenter + lCenterja
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Table 7. Subnet structure and quantity of nodes.
Layer Quantity Layer Quantity Layer Quantity Layer Quantity
1 2 4 4639826 7 11921 10 73
2 553406 5 639119 8 1609 11 16
3 9202185 6 66347 9 327 12 3

B B 25 e B A A J2 5 A B R R B

JE BV A ZE X, RS, 5 a5 % 22 [ (8 B AR K
WL A

lmin i; = |floor (¢) — floor (j) | < min (l;;).  (6)

R (6) IR 7 I s W] LSRG 7Y

A B/ NIE BS Y AR 125617583016439, K5 HAT A

(2) =X AT S5/ NI AR 34 05 AR K B minavg (1)

R 1.10. JIT LA I 1) 552 s T 389 die i I A 4 B Ak T

(1.10, 6.74) FYFFIXEI PN, A4 (1) SrTHA7 20 M

28 PR B A R AR B 3.92, R

W 26 Hh Y SRS 2 28 0d 3.92 AN SR v] LA EIAAT:
BRI E, RS R P 25 AT /N B R
AEXTF B AR VCRCINT 5, LAE T PRRIA TN #2517 Y
R R B Ay T

7 & NetworkX FIA SC Iy ki B B9 A R
FRABE I 45 (1) S B - 34 #6542 Real Avg (1) R L2
#% 1% AppAvg(l), n A 17 % . AppAvg() 5
Real Avg(1) 28034 ], LI ) 25 REASTHS fin i st
AN, IFRREFE—A A oA EE. AR T4
5 P 28 - 1 A 1 L S 5 3 ARV LU A P 241
A RealAvg(l) = 1.1 x AppAvg(l).

6.5 T
6.0 XX x O AppAvg(l)
5.5k oX X« x RealAvg(l)
= o x
% 5.0 SRR x
> [¢] o X
S 4.5 [e} ° XXX X X % X x % X
4.0F 0 ®oo0oo0o0 o o o
3.5 1 1 1
108 104 10° 106

K7 FRERAOR R T RME S R C R
Fig. 7. Relationships of RealAvg(l) and AppAvg(]) to n.

HR A Bt B1L 19X 24 - 387 e o B AR B A A =X
TR ) RS AL I 28 B SE 2 B A A2 N Landom
~ In(N)/In(k) = 11.38, H:Hr N &K F AT
N k= 4.274 B S BEAE, AR FIRE
By i B AR R DA AT RIS (i) ~0.35 +
2.06 x lgN = 15.14, 7] HIHEA I3 W 45 54755 50 0]
(AR R L ] S RS (1% B ATL D) 285 11 248 I 1 A5 T 1)
N -t i 0 N N e e P B i o e
o £ RASE RT3 I K, AR A e 33 o 4% 114 - 34 s A2
W D) £ RS PR35 R B T/ S, I e & i T —A 4
LAWEME. X —IHR ] ie 5 ES M A
R, MR REICILG, XF A 2 THEA ) (E 45
KA PSRN B 28 R IR G547 T 58t 3R 8 22
25 B P 26 P 25T R B I B 2 Uk 2548 B 4%
LT T AL

M 8 AT LIFE H, 3 2 (1 X 45 S5 A 1 i

R PLELH_E A2, #RIE IR T 2R <2587 4
s KA U P TE P AR AT A 452, AT i
AT Wi TR Z . B R A USRS N, R
7 SR AR A TR 4 2, BRI fE &
AL R RS A 4 2B aT A, nT LA
— 7 R AP TR L e PR 33 X 2451 2 e S AR il
0 25 RIS AT R T 4 2 Ak AN E (I HE
AR S MR IR B AR R, w] DL R VR A
ARFIYL 8 — D NER R Z, Hoh—A
SRR B A 2R B 55— AR 8 3 B L s b

4) BERM: RERZW ORTA T REER
B, IR 2% T s SR O, B R 25
R

XETREA 1R R, TR RIS R BB A SEbr
B, AT 0 2% 14 SR 2 R BT B e E AR
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Table 8. Layer structure and node number in each layer.

Layer t=10 t=20 t=30 t=50 t =100 t =200 t = 300 t = 500 t = 1000
1 2 2 2 2 2 2 2 2 2
2 26993 10212 6226 3409 1534 748 456 258 88
3 223659 65471 34244 16456 6445 2437 1305 558 103
4 131967 36095 21646 12077 5712 2829 1722 832 205
5 28219 6590 3563 2037 1116 656 661 438 108
6 3745 821 505 418 206 129 157 187 128
7 766 143 74 55 62 41 30 29 89
8 98 25 12 11 7 4 3 13 29
9 27 6 — 2 2 3 — 1 13
10 12 2 — — — 1 — — 5
11 3 — — — — — — — —

A 5010477 A5 i THRATAA LR T M
HAE B =T B SRS GraphLink, QAR5 4
AT EHT AR R, e oK
W54 GraphLink 5 2)3Z 735 S AR E T S ES,
FEFEVEHA 3.3 77H ) GetNeighbor(Node, Graph)
PREL, K S8 Graph ¥ty GraphLink; 2 J5H
YK 7 GraphLink 75 248 &35 S5 AR
()& i, A I R I ] GetNeighbor(Node,
Graph), HAMBN ¥ Graph £ A GraphLink. £
W8 3.4 7 rp it [|) 52 2% B2 0y 20 A, PRI — N5 1
R R BN R) S A% B2 Ay Db A R AR ) s ] 52
FPEZ A, B 2n + 3.2n = 5.2n, WAL n R
GraphLink £ 5 (718 (32274033). HT75 Zi 1A
BB EBUR N 5010477, 2 BN 1/6,
JITLATHEE 26 1 SRS R A I B S 24 By 5.2n <
n x 1/6 = 0.867n?, WA 22 BEATIALE R, BT LATRAT]
Ko B T k.

Nodey, /R BEAEN k; 177 S ARG MRPE
S3 AR AT, BEARLER/IN, X Y OB R, BE
{6 = 100.

XPFEEE KT 0077 s A G Nodey(ki =
O+1, 042, -, K, FeA Ry RS A0 B K
{8): Seh ¥R iRl T M 1 14 A GraphLink 5
#4547 #1 Node; e Nodey; 1946 J& 5 s &
Neighbor * #X J #i J1 GraphLink "7 %) 4 — 45 11,
% Nodey 54 Node,, HUBHZAITIA- 5 12
& #R & T Neighbor M, 25 02, W R 7R %30 2 1% #
Node; FY LR FETT S, BEMEN k; B9 5
(&P 5 17 R 8] S B BGA B B Edgey,, HATA#

K k-value JEZ, 41 Edge;; = {{Node,:edge, },
{Nodey:edge,}, -, {Nodejedge;}}, HH edge; Ny
9 5 Node; FILBJE T M. 19 5 Node; [5R
EREOHE AT

Edge; (Node;

ST "
Hp Edgey(Node;) %7~ Edgey,; "' 5 Node; Xf i
Y edge;.

YT EEAE/N T2 T 0 1071 mAES Nodey, (ki =
1,2, 0): B FR2 5 kXY Nodey,
S Neighbor }i(j = 1, 2, -, length(Nodey,)), H
length(Nodey;) %7~ Nodey,; 1715 A E L ARG
¥ (Nodey; U Neighbor i, j=1,2, -+, length(Nodey))
M GraphLink H i i 533 #6795 S AHOC A 301, 4%
#5311 5 & PartOfGraphy; FXf PartOfGraphy;
R A —45i1, XF Nodey,; 951 Node;, F W Y
Pt e 75 )8 T Neighbor M, 5, W ER7R %4
JEJEHE Node, 1 >4 F5 19 s8] 19 3. 153 AH
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Table 9. Part of N, and k,, (k).

k N, (k) k N, (k)
1 10104357 31235.02 159164 1(item) 122.577
2 2121672 13384.27 174283 1(product) 98.812
3 998490 10435.94 202331 1(issue) 91.266
4 523601 10231.12 204130 1(feature) 85.926
5

302171 10388.98

364343

1(factor)

56.088

128902-12


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 12 (2019) 128902

105
o k vs. avg_nd(k)
104 E .lll"” i
—_ s
% 103 ¢ Pearson: —0.067
5
60
4
102 L
@ % ° o
8
101 f 0
[e]
100 . . . O L 8.0
10° 10 10% 103 10* 10° 108
k

9 B4R KPS BEAR A Y
Fig. 9. Analysis of degree and average degree of neighbor

nodes.

1.0
(a)

0.9 1.0k T

08 S @005 Rl

0.74\

"0 E
w0 0.005 0.010 0.015 0.020

067 Nrm/N

“ 0.5
0.4f
0.3F
0.2

———-SelectReduce

0.1p RandomReduce

0

0 0.2 0.4 0.6 0.8 1.0
Nrm/N

1.00

. ‘ . 1

0.90 - N
0.85F

© 0.80 o

RandomReduce(Concept)
0.65F ——~ RandomReduce(SubConcept) ~-~_ |

RandomReduce(Instance) \L

0 20 40 60 80 100 120 140
Nrm

10 IR T g X A P 33 o2 A M S i
Fig. 10. Size of the giant component when nodes are re-

moved.

TFRIZIR R BA FIAERE A ER 59
RN T 0, 60 TR 0 x BE  i
SEREAEIRIREIE, 1] 10(b) FEBEHLMER 1140 1=

TS S ARk, AT UL AT B e R
PRSI B K, O S, 52 SE . A T A
DL EIRG, WA T T & 2871 U B 0 B :
M S EE N 2,911, 52 1.899, THE&
N 36.214. HLALE UEFEHLIMER 1 L& R I 252k
2 3 i (IRZ R R ); BREHLINER 1 45541 R
BF RRANE 2 253k, BEHLINER 1 A>FEE, Fs
W2 36 45301, DRI AR B 1 25 2 0 I 4% e B vk
SN B K

WE SRR T EUC R P R0 5%, 2
N YA R . A8 RS AP 1R
SR i —38 20, (HHIA 2R S5 Rk B
FLAR R SR T 248 AN 7 B AR, Mk S
SR N A A 1 AN S SR IS 18 |1 s AN S S TRl
ASSZH), R WIEIE T 3 /& prime number (K %K),
HEZEYR T prime number FIHES:, SEATLIHERTH 3 2
prime number. {H U0 RS EH T,
41 prime number, H 3 #EFH prime number ol H:
T 2R AR AR RIME.

5 % @

Az 5 5% W 24 BRAS X PR o 2 el 33 o
P RE S G I ZS AT T i, B T REES IS
K S 2T S, 3R T —FhE SRS RS
P B R IR, S R B G T4 s Al e K
) MU A P O 2%, 2 S A I ) AR 2 ] B 08 T
NetworkX. FESEFT 5 15 B o0 A 43 AT s AS(H & B
Kl W EA TR B R e, i R RS E e &
P vy vl 2 T LA A A (. 82% B SR
RS —AMEESAAAE TsA SCBE, mIRATHER 75541
TATE SCAS 3B vl AN 23 K — 18] 22 S JR I
XL o) 3O 2 G S SN = (i e
PRIE, 2 H T — i 0L o 245 - 24 B 8 i 108 T vk
XJH NetworkX Hil CDZ HA B B AL 43 #1#HH
W T D 2 5T /T SRR, S8 B AR I ] 244 A
FEIE T NI T e (E 4; S B 24 11«22
W gEkgtaR TR AR T e 4 ARTE; 8
A I O 2% HLASE 1 i kN ik — B4 5 N
FHEFRRE T BE RN RIG TP X — B — 3. 4%
RERPEOR, M7 SR G BN I .
R0 B AH S B934T, P2 4 mh 5 v BEARL T A AH
AT S0 BEAE AR, S ARBEE Y STy

128902-13


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 12 (2019)

128902

AR B g, E-F- R S B G, A A TS B
AL PRI P B R U B AR PR e B M R Y
BEHIL it 2 AN BB L M R M TR 3 e B P ) 5
UL e ST

R B ML P A A, DA X 4 R
A AT R A 25 BB DG AR YT ) MG R B S R S
R, 12 LUR B AR a] DL 5 & 1875 18] F1
RGBT M 25 A AR b, R SRR 1
A SR B F MR THE & B 04 A Sl 2= BE 5.

S 0k

[1] Wang Z Y, Wang H X, Wen J R, Xiao Y H 2015 ACM
International Conference on Information and Knowledge
Management Melbourne, Australia, October 18—23, 2015 p653

[2] Hagberg A A, Schult D A, Swart P J 2008 Proceedings of the
Tth Python in Science Conference Pasadena, CA USA,
August 19-24, 2008 pl11

[3] Watts D J, Strogatz S H 1998 Nature 393 440

[4] Barabési A L, Albert R 1999 Science 286 509

[5] LiuZ H, Zeng Y, Wu H L, Ma J F 2014 Journal of Computer
Research and Development 51 2788 (in Chinese) [Xl7 %%,
B, R, Dt 2014 MG 5 &R 51 2788]

[6] An H Z, Zhong W Q, Chen Y R, Li H J, Gao X Y 2014
Energy 74 254

[7] Almog A, Squartini T, Garlaschelli D 2015 New J. Phys. 17
013009

[8] Xing X, Yu D X, Tian X J, Wang S G 2017 Acta Phys. Sin.
66 230501 (in Chinese) [J8S5, T4, WAL, £ 2017
YAk 66 230501

[9] Colombo A, Campos G R D, Rossa F D 2017 IEEE Trans.
Autom. Control 62 4933

[10] Wan X, Li Q M, Yuan J F, Schonfeld P M 2015 Accid. Anal.
Prev. 82 90

[11] Ye K H, Yuan X 2018 Resources Development & Market 34
59 (in Chinese) [IM-ZR%, ik 2018 WRIEI & 51114 34 59]

[12] Hu Y H, Zhu D L 2009 Physica A 388 2061

[13] Pien K C, Han K, Shang W L, Majumdar A 2015
Transportmetrica A 11 772

(14] Albert R, Jeong H, Barabdsi A L 2000 Nature 406 378

[15] Broder A, Kumar R, Maghoul F, Raghavan P, Rajagopalan

(16]
(17]

(18]

(19]

(20]
[21]
[22]
(23]

(24]

[25]

[26]
(27]

(28]

29]

(30]

(31]

(32]

(33]

(34]
35]

128902-14

S, Stata R, Tomkins A, Wiener J 2000 Comput. Netw. 33 309
Albert R, Jeong H, Barabdsi A L 1999 Nature 401 130

Aiello W, Chung F, Lu L Y 2001 42nd Annual Symposium on
Foundations of Computer Science Las Vegas, NV, USA
October 14-17, 2001 p510

Aiello W, Chung F, Lu L 'Y 2000 Proceedings of the Thirty-
second Annual ACM Symposium on Theory of Computing
Portland, Oregon, USA, May 21-23, 2000 p171

Rattigan M, Maier M, Jensen D 2006 Proceedings of the 12th
ACM SIGKDD International Conference on Knowledge
Discovery and Data Mining Philadelphia, PA, USA, August
20-23, 2006 p357

Fiedor P 2015 Acta Phys. Pol. A 127 863

Wang G J, Xie C, Stanley H E 2018 Comput. Econ. 51 607
Qiu L, Jia T M, Yang H J 2016 Acta Phys. Sin. 65 198901
(in Chinese) [EBEK, B{REA, #4788 2016 WIHE2=HL 65 198901]
Sun Y F, Wang C Y 2018 Acta Phys. Sin. 67 148901 (in
Chinese) [FMEX, THI5 2018 YHI2EH 67 148901]

Ruan Y R, Lao S Y, Wang J D, Bai L, Chen L D 2017 Acta
Phys. Sin. 66 038902 (in Chinese) [BCiEVE, Eiitn, TR,
FI52, BRI 2017 PU3E243R 66 038902]

Kitsak M, Gallos L K, Havlin S, Liljeros F, Muchnik L,
Stanley H E, Makse H A 2010 Nat. Phys. 6 888

Li Q, Zhou T, Lu L 'Y, Chen D B 2014 Physica A 404 47
Ruan Y R, Lao S Y, Xiao Y D, Wang J D, Bai L 2016 Chin.
Phys. Lett. 33 028901

Kong J T, Huang J, Gong J X, Li E'Y 2018 Acta Phys. Sin.
67 098901 (in Chinese) [fLILU, Hifi, FBEENS, 2K E 2018
YIHEAR 67 098901]

Han D D, Yao Q Q, Chen Q, Qian J H 2017 Acta Phys. Sin.
66 248901 (in Chinese) [¥fiEE, Mk, MMk, BRI 2017
PR 66 248901]

Niu R W, Pan G J 2016 Chin. Phys. Lett. 33 068901

Jiang J, Zhang R, Guo L, Li W, Cai X 2016 Chin. Phys. Lett.
33 108901

Tang J Y, Wang T, Wang W 2011 Journal of Software 22
2279 (in Chinese) [ #8, THE, ik 2011 K244 22
2279

NetworkX Developers https://networkx.github.io/documenta-
tion/networkx1.9/modules /networkx /algorithms/components
/connected.html#connected component subgraphs [2014-6-
21]

Newman M E J 2003 Phys. Rev. E 67 026126

Holme P, Kim B J, Yoon C N, Yoon C N, Han S K 2002
Phys. Rev. E 65 056109


http://dx.doi.org/10.1145/2806416.2806533
http://dx.doi.org/10.1145/2806416.2806533
http://dx.doi.org/10.1145/2806416.2806533
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=BB6F73F5E25C446531B1516CDB90E23B?doi=10.1.1.36.5527&amp;amp;rep=rep1&amp;amp;type=pdf
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1145/2806416.2806533
http://dx.doi.org/10.1145/2806416.2806533
http://dx.doi.org/10.1145/2806416.2806533
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=BB6F73F5E25C446531B1516CDB90E23B?doi=10.1.1.36.5527&amp;amp;rep=rep1&amp;amp;type=pdf
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1145/2806416.2806533
http://dx.doi.org/10.1145/2806416.2806533
http://dx.doi.org/10.1145/2806416.2806533
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1145/2806416.2806533
http://dx.doi.org/10.1145/2806416.2806533
http://dx.doi.org/10.1145/2806416.2806533
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://conference.scipy.org/proceedings/SciPy2008/paper_2
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1038/30918
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.1126/science.286.5439.509
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.7544/issn1000-1239.2014.20131050
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1016/j.energy.2014.06.095
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.1088/1367-2630/17/1/013009
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
https://ieeexplore.ieee.org/document/7867800
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.1016/j.aap.2015.05.015
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.3969/j.issn.1005-8141.2018.01.011
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
http://dx.doi.org/10.1016/j.physa.2008.12.016
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
https://doi.org/10.1080/23249935.2015.1087233
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1038/35019019
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=BB6F73F5E25C446531B1516CDB90E23B?doi=10.1.1.36.5527&amp;amp;rep=rep1&amp;amp;type=pdf
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1016/S1389-1286(00)00083-9
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://dx.doi.org/10.1038/43601
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://math.ucsd.edu/~fan/wp/ev.pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=BB6F73F5E25C446531B1516CDB90E23B?doi=10.1.1.36.5527&amp;amp;rep=rep1&amp;amp;type=pdf
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
https://doi.org/10.1145/1150402.1150443
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.12693/APhysPolA.127.863
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.1007/s10614-016-9627-7
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.65.198901
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.67.20172490
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.7498/aps.66.038902
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1038/nphys1746
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1016/j.physa.2014.02.041
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.1088/0256-307X/33/2/028901
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.67.20172295
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.7498/aps.66.248901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/6/068901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://dx.doi.org/10.1088/0256-307X/33/10/108901
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
http://www.jos.org.cn/jos/ch/reader/view_abstract.aspx?flag=1&amp;amp;file_no=3924&amp;amp;journal_id=jos
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
https://networkx.github.io/documentation/networkx-1.9/modules/networkx/algorithms/components/connected.html#connected_component_subgraphs
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.67.026126
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://dx.doi.org/10.1103/PhysRevE.65.056109
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 12 (2019) 128902

Empirical study of knowledge network based on complex
network theory”

Ding Lian-Hong!)  Sun Bin"  Shi Peng?f

1) (School of Information, Beijing Wuzi University, Beijing 101149, China)

2) (National Center for Materials Service Safety, University of Science and Technology Beijing, Beijing 100083, China)
( Received 20 January 2019; revised manuscript received 21 April 2019 )

Abstract

Knowledge graph is a hot topic in artificial intelligence area and has been widely adopted in intelligent
search and question-and-answer system. Knowledge graph can be regarded as a complex network system and
analyzed by complex network theory, which studies the interaction or relationship between various factors and
basic characteristics of complex system. Its characteristics and their physical meanings are very helpful in
understanding the nature of the knowledge graph. Concept graph is a large-scaled knowledge graph published
by Microsoft. In this paper, we construct a huge complex network according to Microsoft’s concept graph. Its
complex network characteristics, such as degree distribution, average shortest distance, clustering coefficient
and degree correlation, are calculated and analyzed. The concept graph is not a connected network and its scale
is very large; an approach is proposed to extract its largest connected subnet. The method has obvious
advantages in both time complexity and space complexity. In this paper, we also present a method of
calculating the approximate average shortest path of the largest connected subnet. The method estimates the
maximum and minimum value of the shortest distance between nodes according to the distance between the
central node and the network layer that the node belongs to and the distance between different layers. In order
to calculate the clustering coefficient, different methods are introduced for nodes with different degree values
and Map/Reduce idea is adopted to reduce the time cost. The experimental results show that the largest subnet
of the concept graph is an ultra-small world network with the characteristics of scale-free. The average shortest
path length decreases towards 4 with the network size increasing, which can be easily explained by the
diamond-shaped network structure. The concept graph is a disassortative network where low degree nodes tend
to connect to high degree nodes. The subConcepts account for 99.5% of nodes in the innermost k-core after k-
shell decomposition. It shows that the subConcepts play an important role in the connectivity of network. The
absence of subConcept affects the complexness of concept graph most, the concept next, and the instance least.
The 82% instance nodes and 40% concept nodes of the concept graph each have a degree value of 1. It is
believed that compared with the concept words, the instance words do not lead to the ambiguity in the

understanding of natural language, caused by polysemy.
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