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Abstract: In this paper, in order to extract nodes that do not become isolated nodes but have many nodes
that can be reached along the link even in the situation where link cutting occurs, we propose a new centrality
measure called connectedness centrality. Since link cuttings are probabilistic and the number of combina-
tions of which links are cutted is enormous, a great amount of computation time is required, when we strictly
calculate the connected centrality score of each node. Therefore, we propose an efficient algorithm based on
simulations where we add all the links one by one from the initial state where all nodes are isolated ones.
In each simulation, by calculating the scores of a few representative nodes and holding only the difference
value between each node and its representative node, we compute the connectedness centrality score quickly.
By our experiments using real road networks, we evaluate the robustness and approximation accuracy of our
proposed algorithm.
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Algorithm 1 J#E 7V T X 4

1: Input: G = (V,¢€)

2: Output: =z €V, z.score

3: Initialize: Vo € V, x.score < 0

4: for j=1to J do

5: Initialize: £0) — @

6: Initialize: Q «—Shuffle(€)

7 Initialize: R — V, Vz €V, I'(z) «— {z}

8 Initialize: Vx € V, z.delta < 0, z.last — 0
9: for h=1to H do

10: p=h/H

11: dequeue e = (z,y) — Q

12: if T'(z) = (y) then

13: £ — £ U {e}

14: continue

15: end if

16: if |T'(z)| < |T'(y)| then Swap(z,y)
17: end if

18: u « I'(z).represent

19: v «— I'(y).represent

20: u.delta += |I'(z)| X (h — u.last)
21: u.last — h

22: A —v.delta + {|T'(y)| x (h — v.last))} — u.delta
23: v.delta «— 0

24: for z € I'(y) do z.delta += A

25: end for

26: T'(z) « T'(z) UT(y)

27: R — RN\ {v}

28: EWD) — £ U {e}

29: end for
30: for z € R do

31: z.delta += |I'(z)| x (H + 1 — z.last)

32: z.score += z.delta/H

33: for z € I'(x) do z.score += (z.delta + z.delta)/H
34: end for

35: end for

36: end for

37: for z € V do x.score «— x.score/J

38: end for
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Fig. 1 Efficient calculation of difference value.
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Fig. 4 Number of reachable nodes in Kanagawa network.
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Fig. 5 Robustness of centrality measures in Shizuoka network.

10° 10° 10
Node rank

() A2 RV dub

o
Node rank

(c) B HFLME

B B &AL PO R

[

Average Standard Error
Average Standard Error

Average Standard Error

=

Average Standard Error
3,

fersssssses

Node rank

(b) S

Node rank

OF

Node rank

(d) EER2 R vduE

2
Node rank

(c) B LM

6 Kanagawa 1 v N7 — 27 ZB1F 5 EREAOVEO E

Fig. 6 Robustness of centrality measures in Kanagawa network.
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Fig. 7 Robustness of centrality measures in Shizuoka network.
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Fig. 8 Robustness of centrality measures in Kanagawa network.
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Heatmap of centrality scores (Kanagawa network, p = 0.3).

SENH

[1]

2]

3]

[4]

[5]

(7]

8]

[9]

[10]

[11]

Crucitti, P., Latora, V. and Porta, S.: Centrality Mea-
sures in Spatial Networks of Urban Streets, Physical Re-
view E, Vol.73, No.3, p.036125+ (2006).

Montis, D.A., Barthelemy, M., Chessa, A. and Vespig-
nani, A.: The Structure of Interurban Traffic: A
Weighted Network Analysis, Environment and Plan-
ning B: Planning and Design, Vol.34, No.5, pp.905-924
(2007).

Park, K. and Yilmaz, A.: A Social Network Analysis
Approach to Analyze Road Networks, Proc. ASPRS An-
nual Conference 2010 (2010).

R, FRRE, s, WmirR, mR—F %
BIHER ZE Lo E\T&F?af“"@%%ki%@ﬁ)’cx AR M
~OJEH, NTHIREY i 3Cat, Vol.30, No.6, pp.703-712
(2015).

Seidman, S.B.: Network structure and minimum degree,
Social Networks, Vol.5, No.3, pp.269-287 (1983).

Palla, G., Derényi, 1., Farkas, I. and Vicsek, T.: Un-
covering the Overlapping Community Structure of Com-
plex Networks in Nature and Society, Nature, Vol.435,
pp-814-818 (2005).

Saito, K., Yamada, T. and Kazama, K.: The k-Dense
Method to Extract Communities from Complex Net-
works, Mining Complex Data, Zighed, D.A., Tsumoto,
S., Ras, Z.W. and Hacid, H. (Eds.), Studies in Computa-
tional Intelligence, Vol.165, pp.243-257, Springer Berlin/
Heidelberg (2009).

Freeman, L.: Centrality in social networks: Conceptual
clarification, Social Networks, Vol.1, No.3, pp.215-239
(online), DOI: 10.1016,/0378-8733(78)90021-7 (1979).
Dekker, A.: Conceptual Distance in Social Network
Analysis, Journal of Social Structure, Vol.6 (2005).
Brandes, U.: On variants of shortest-path betweenness
centrality and their generic computation, Social Net-
works, Vol.30, No.2, pp.136-145 (2008).

Bonacich, P.: Power and Centrality: A Family of Mea-
sures, The American Journal of Sociology, Vol.92, No.5,
pp.1170-1182 (online), DOIL: 10.2307/2780000 (1987).

10



ERNBS LR/ HEETFIMEEGE Vol.11 No.2 1-11 (July 2018)

[12] Kleinberg, J.M.: Authoritative sources in a hyperlinked
environment, J. ACM, Vol.46, pp.604-632 (1999).

[13] Chen, P.-Y. and Hero, A.O.: Deep Community Detec-
tion, IEEE Trans. Signal Processing, Vol.63, No.21,
pp.5706-5719 (2015).

[14] Chen, P.-Y. and Hero, A.O.: Local Fiedler vector cen-
trality for detection of deep and overlapping communi-
ties in networks, 2014 IEEE International Conference
on Acoustics, Speech and Signal Processing (ICASSP),
pp.1120-1124 (2014).

[15] Albert, R., Jeong, H. and Barabdsi, A.L.: Error and
attack tolerance of complex networks, Nature, Vol.406,
pp.378-382 (2000).

[16] Borgatti, S.P., Carley, K.M. and Krackhardt, D.: On the
robustness of centrality measures under conditions of im-
perfect data, Social Networks, Vol.28, No.2, pp.124-136
(online), DOI: 10.1016/j.socnet.2005.05.001 (2006).

[17] Ng, A.Y., Zheng, A.X. and Jordan, M.L.: Stable algo-
rithms for link analysis, Proc. 24th Annual International
ACM SIGIR Conference on Research and Development
in Information Retrieval, SIGIR 01, New York, NY,
USA, ACM, pp.258-266 (2001).

(18] Hllfh—HIE 2 | ERSGEOE TR, 27 1k (2014).

[19] Taylor, M.A.P., SekharGlen, V.C. and D’Este, M.: Ap-
plication of Accessibility Based Methods for Vulnerabil-
ity Analysis of Strategic Road Networks, Networks and
Spatial Economics, Vol.6, pp.267-291 (2006).

[20] K A, EFERET, SEBREAT, SRE B - R
RINTBUT B [HEMAZERL] (2HH L HEEORKE
MkEE 2 OB, TARF AR 576, pp.69-82 (1997).

(21] FNZEE, PHUARS, =iinAZ e IR R DL o
WEHR T — 7 1230  BMHERROBE!, HAME
TH & CE, Vol.11, No.4, pp.34-47 (2011).

[22] AP @il 7 TERIBEOHEREIZOWT (B
KE) BB A EEEHE LT EOBE, AFR
(http://www.bousai.go.jp/jishin/nankai/taisaku_wg/
pdf/20130318_shiryo4.pdf).

(23]  HE I e B AE R ED O MO R | B IR AT 4 R
ERE LR, AT (https:/ /www.pref.shizuoka.jp/
bousai/4higaisoutei/shiryou.html).

KRR =%

20171 4FH ) U 37 K2 K e B a2 1 i
R RHME LS T . 2014 4EEHR
BT RFRFBAREETERA 7 X— 2 3
CIRZERHE R RS T, R4
I N7 RS R 2 B AR B I i 2 B
FeH. 2015 fFHUE KT E A1 A
T4 7 REENEE (PD). 2017 £ X 0, HELRAF D
V¥ A=A T A, Ay T =2, W
fbofgeiched. it (). ATHgEss, BRT—%
N—RFELRERE.

(IE£R)

© 2018 Information Processing Society of Japan

FEE B

1985 4F- B JE 36 K 22 3 T 5 A2

FfEHAEGERS (k) At 2007 4
B AT R B e . 2018
FELY, MSENKFHEEEREZ. B
oy b7 — 27 OffZEICHES. it (T
). BEEHGEE RS, ALY

(IE%H)

%, AARMREREYS, ARCHEHEYS, BAfTEEE
PR, HRT = N=-2A¥XKRH.

tHE &k

1979 4F 3 RUAR S B 22 B 75 Rk 4 RL 26
. 1981 AEH UK R BB R
JEFHME MR F BB LR T, 4R
HABEEEH AT G, NTT) Exo#
ERFFERT AT, 2002 4F % I A7 K&
V7 b TIEHREEE AR . 2006 4F
L0, BRI REFREE I MARESIZ. 7T 7 N— AT,
TEHRE, HREHY AT L OIS, Bt (L¥).
BT HBHEESS, HAF—y~— 234, ACM £2A.

KV T RH.

(IE&R)

R —&F

1988 4F H I KPR FbE LA FeFbHG
FTHFEIUE LG T, FEDRE
fE8aG (Fk) AtL. 2005 fERUERASK
R ) S SO A S e A Bl g
LR T, 2012 4R X 0, FIEkILOK
FUAT W HEE. Web TSR
F#E, Web ¥4 = v 7 ofseicfes. it (BHeE). AL
MBS, HAY 7 b 2 7RSS, HARTF— 7 N— 2%
%, ACM £%H.

(IE%R)

11



