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Abstract In the numerous terrorist attacks that have occurred worldwide, vari-
ous terrorist organizations have shown a trend of collaborative cooperation, posing
significant challenges to international counter-terrorism efforts. Based on the Global
Terrorism Database (GTD), this study constructs a terrorist organization cooper-
ation evolution network from 119,803 terrorist attacks that occurred globally from
2001 to 2018 and conducts a time-series topological structure analysis. Based on
the characteristics of terrorist organization cooperation, the network is divided into
time slices of three years each to model the flow patterns of terrorist communities
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at multiple scales. The analysis shows that the robustness of the terrorist organi-
zation cooperation network has been continually strengthening over time, which is
necessary to develop corresponding strategies to disrupt it. Focusing on the largest
connected sub-network within the terrorist cooperation network, whose influence is
continuously expanding, this study proposes a community structure-based neighbor-
hood centrality index (CSNC) to measure the importance of nodes in the largest
connected component. Experimental results demonstrate that the network disrup-
tion strategy based on CSNC, in the process of disintegrating the terrorist cooper-
ation network from 2001 to 2018, achieved a 16.45% maximum reduction in the R
value compared to benchmark strategies, proving that the CSNC-based disruption
strategy can more effectively dismantle terrorist cooperation networks.

Keywords Complex network, Robustness, Terrorist organization, Community struc-

ture.
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�3XÜ�'X, Ly�ù
|��m�
¢y�Ó�8I½Or�g�K�å

?1�k|���Ó¹Ä. 5gØÓ/«��Ý|�ÏLV�Ü�|¤
��

�¥��S��Ý|��ä. T�ääk�½�ÃIÝA5, =����Ý|��

�õê�Ý|��m�3Ü�'X. ù«�äA5¦�äkpK�å��Ý|�

�N´áÚÙ¦���Ý|��)Ü�'X, �ÙJøÉì���|±, 4�O\


�¥��S�Ý¹Äu)�ªÇ�VÇ, éISS�/³�¤ã�%�.

�©¦^�êâÌ�5u�¥�ÝÌÂmêâ¥GTD,d{Iêp=�Æ

I[�ÝÌÂÚ�ÝÌÂAéïÄé�(START)muÚ�o(www.start.umd.edu/gtd).

Têâ¥¤1�ÚO&EÄu�«úmxN5��w, �@�´î8���¥

�ÝÌÂïÄ+�¥ºX�Ý¯���¦�êâ¥[20]. êâ¥w«2001c�2018c

�¥�u)�121,074å�ÝQÂ¯�, �¹¯�u)/«!ú�<ê!�9��Ý

|��&E. ÏL©ÛTêâ¥§uy�3�þ�ÝQÂ¯�dü��Ý|��

Óüy, L²ùü�|��m�3Ü�'X. (ÜéÜISn¬�à�
¬�#�

�à¶ü(www.un.org/securitycouncil), éêâ?1çÀ��W, ��317,918^�Ý|

�V�Ü�&E. XL1¤«.

L1 �¥�ÝQÂêâ«~

(Table 1 Sample data of global terrorism database)

¯�?Ò c° �° ë�|�1 ë�|�2

200101020004 2001 1 Earth Liberation Front Animal Liberation Front

200301050001 2003 1 Al-Aqsa Martyrs Brigade Hamas

200807020027 2008 7 Ahrar Apl-Jalil Al-Aqsa Martyrs Brigade

201607220018 2016 7 Free Syrian Army Al-Rahman Corps

2.2 êâ?n��ä�ï

Äu�S�ä©Û�{, òêâ8Uìc°y©�18��mI�, z��mI

�þ�1c. e3Ó��ÝQÂ¯�¥�Óë��|��m�3Ü�'X,Kòüy

Ó��ÝQÂ¯��õ��Ý|�©��é��Ü�'X, �ï��±c°�

¢Ú��Ý|�Ü��ä��Ý
. z��Ý|�déA�?ÒI£, �ä¥�z

�!:�L3êâ8¥ÑyL��Ý|�, ¤k!:�O1,218�. Ý
��wi,j = 1

�L�Ý|�i ��Ý|�j�m�3Ü�'X§wi,j = 0L«Ø�3Ü�'X.
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ïþ�ä¥!:éX�;�§Ý; ¦^8àXêÿþ�Ý|��ä�8à5; ¦^

0êïþ�Ý|�!:3Ü��ä¥�ÍÝë��^.
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L2 �ä¥%5�I

(Table 2 Network centrality)

¥%5�I úª £ã

²þÝ ki = 1
N

N∑
j=1

aij
N ��ä¥!:oê§aij = 1 L«!:i �!:j�

m�3ë�§aij = 0 L«Ø�3ë�.

�Ý ρ = M
N(N−1)

M��ä¥¢S�3�>ê§N�!:oê§T�I

^5ïþ�ä�Õ�.

8àXê Ci = 2Ei
ki(ki−1)

Ei´!:i ��Ø!:�m¢S�3�>ê§ki �!

:i�Ýê.

0ê Bwi =
∑
s 6=i 6=t

σst(i)
σst

σst�l!:s�!:t ��á´»êþ, σst(i) �l!

:s�!:t ¿�²L!:i ��á´»êþ.

2.4 �ä�)

�Ý|�±Ù(�î���?�ÝÚî���Ô§S�A�, LyÑã��

¡EåÚ»�å, ¦Ù�ä�×��)¤��¥S��;½¯K. �X�Ý|�3

�åQÂ¯�¥�Ü�FÃ\r, �5�õ��Ý|���u/¤ÔÑé�, ��

�Ý|��±ÏLõ�|��8IÜ�|���éX, �ä¥�P{ó´��O
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Ñ!:Úó´�k�É�5, lJ±���`��ä�)�J. �ïÄJÑ
�

«(���¥%5�I(CSNC, Community Structure Neighborhood Centrality)5£O¿

¤OA½�«, ±¢�k���)üÑ. T�IXÚ/�Ø
P{ó´, ¿�Ü


5g�«(��(�É�5, Xã1¤«.

ã 1 �ì(���¥%�I

(Figure 1 Community structure neighborhood centrality)

1) P{�Ø: P{éX/¤ë�¤�9!:�õ^´», ¿��Ñy�8pé

��/�«, ù
8+²~���Ø¿�\UK�, l�

é!:�N�

5�µ�. �
)ûù�¯K, ÏLµ����É5þz!:��5, AO'5

!:�Ù���Ø�'����Ø.

2) (�É�5: �ÄØÓ���ä��, ¿l+á(���Ýþz(�É�

5. �ü��«S�éX�', ØÓ�«m�éX�\�. �ä¥�P{'X�

±Mïõa.��«(�, ù«E,��«(�*�
!:Úó��m��É, |

^ù«(��±�éA½��«?1üÑ�).

CSNC�O�úª�

CSNC(i) =
1

ki

∑
j∈τi

((|τi − τj |) ∗ α)

{
α = 1 if ci 6= cj

α = β if ci = cj
, (2.2)

Ù¥τiÚτj©O�L!:i�!:j��Ø!:�8Ü, |τi − τj |O�
3τi¥%Ø3τj¥
�!:�êþ. �Ä
ØÓ�«ó´�K�, ciL«!:i¤3�«�I\, 0 < β ≤ 1�

ëê¨vXê. �âþã½Â, �Ó��«S��Ø!:�', ª�«ó���Ø

!:éCSNC �!:�5�z�p.
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þk�ÌÝþ,, ��ä¥�>ê8�±½. 2012 c±��ä¥�!:ê8�

>ê8×�þ,, 2016c�üy�ÝQÂ�|�êþ®��300�, �2001 c�'þ

,546.83%. �Ý|�m�Ü�gê�32017c��º¸, =3ù�cm�¥�Ý|

�m�?1
3,084gÜ�.3ù��Ï§�
/«X¥À!�³ÚHæ��£Ä�

Ú�¯Àâ\ì§��Ý|�Jø
_)ÚuÐ��¸. þãêâ3�ä�¡L

²�Ý|�êþ3ÅcO\�Ó�Ù|�mÜ��C��\ª�. Q|æÚ�.

��ISIS|��ÅÇå, üy
2015cni�ë��ÝQÂÚ2016 cÙ°l�Å|

9/cÕ��¿Y[24], éISS�/³JÑî��]Ô.

ã 2 !:Ú>�SA�Cz

(Figure 2 Temporal characteristic changes of nodes and edges)

3.2 �äÿÀ�SA�

�Ý©fÜ��ä�ÿÀ(��¥y
²w��SA�, Xã3¤«. 2001-

2004cm, ²þÝ�±32.5�m, 3Tã�m¥z��|�²þ�2.5��Ý|��

±Ü�'X, 2007c±�, �ä�²þÝ�±Åcþ,ª³, ùL²�Ý|��m

�Ü�Åì��, 2017c��º¸, ²þz�|��21��Ý|��)Ü�'X.

�2018c, �Ý©f�ä�²þÝ�2001c�'J,
754%. 3�ä�Ý�¡, 2006

c�Ý|�Ü��ä��Ý���p, �0.11, `²32006c�Ý|��Ü��ä�
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!:êþ�,vk¯�O�, �Ù>�êþ�'c5ck
��J,, `²32006 c

�Ý|�m©¥y�8Ü��ª³. 2006c±��ä�Ý30.04-0.07�mÅÄ, �ä

¥�>�êþ�O�ª³�±3���é½�G�.

ã3(c)�x
�Ý|�Ü��ä�8àXê��mCz�ª³, 8àXê�N



�ä¥�3�n�/½Ü�'X�'~, 2001-2018cm, �Ý|�Ü��ä

�8àXê¥yÅcþ,�ª³, 2018c8àXê�ê��0.81, '2001 c8àXê

J,
127%. ã3(d) ��ä¥�0êCzª³, 2007-2012cm�Ý|��ä�0ê

�±3���$�Y²,(Ü²þÝ!�Ý�8àXê,�±íäÑ�,2007-2012c

m�Ý|��m�Ü�ª³k¤\r, �´ÿ�Ñyk�r+�å�'��Ý|

�!:.

ã 3 �äÿÀ�SA�

(Figure 3 Temporal characteristic of network topology)

ã4L²32012c±�, �Ý|��ä¥m©Ñyäk�r+�å�'��Ý

|�!:, ¿�T�Ý|�Ü��ä�K�å��mØäOr, �2017cK�å�

�º¸, T�ä¥�k143��Ý|��m��½m��3Ü�'X.
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ã 4 �ä�ì(��SA�

(Figure 4 Temporal characteristic of network community structure)

2009c�ä��¬Ý=k0.03, �Ù�C�2008!2010�2011c�¬Ý��$, `

²ù2008-2011cm�Ý|��m�Ü�'X��Û-, �ìA�Ø²w.

3.3 �ä�ìüz©Û

�Ý|�Ü��ä�ÿÀ'XCz3÷*�¡Ð«
�Ý|��m�N�Å

cÜ�y�. 3�I�?�éÜ�Âe, �Ý|��m¥yÑ/�ì�æ0�ª³.

5g�¥�ÝÌÂêâ¥(GTD)�êâw«,�Ý|�±��¯��ÝÑy���,

zc�kØ��©����Ý|�´¹��, ¿�ù�'~�é½[20]. �á��

mã(X�c)�UÃ{¿©ÓP�|�mÜ��Ä�Cz, ����m¡�UùX

���mª³Ú�ª. ¦^3c�����m¡, �±Jø��¡�À�5*	

Ú©Û|�m�Ü��ª9ÙüC. Ïdò���äU�m^Sy©�6��m¡,

z��m¡�3c, Ø��±P¹�õê|���)Ú��L§, ~�O�gê, �

U
�ß/Ð«�Ý|�Ü��ä�üzL§. 3éêâ�?nL§¥, òz��

¡Ü��ä?1�ìy©, P¹z�|�¤á��ì. 3z���ì¥, Pk��

Ýê�!:�T�ì¥K�å����Ý|�, �±w�T�ì�+�ö. �X,

Jl2001-2018cÑyL�1,218��Ý|�3z��m�¡¥¤á�+�ö�ì, L

È����Ý|�, ���Ý|��ìüzL§Xã5¤«.
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ã 5 �Ý|��ì6ÄL§

(Figure 5 The community movement of terrorist organizations)

3¤k�Jl��ìüC{§��Ý|�¥, uy32013c±c�Ý|�¤á

�ì��©Ñ,z��m�¡�±/¤7-9�|��ì,ù
�ì�5���Ø�.�

�2013cm©Ñyäk��K�å��ì, ©O±MUHAMMAD JAMAL NETWORK

(MJN) �LASHKAR I JHANGVI (LJ) ��+�ö. MJN ¤áu2011c, T|�3D9

Ú|'æïá
õ��Ý©fÔöE, �î³��å4à©fïáéX, ¿üyõ

å�¿ªgàQÂ¯�[25]. LJ ´�[oÜ unÄd"�ÖZ�4à|�, T|

�ë�
õg�Ý¹Ä, AO´�énÄd"���;d��QÂ. T|�±Ù�

åQÂª¶,Ù�Ý¹ÄE¤
�þÃ�²¬�ú�[26]. ±MJN�LJ��+�ö

��Ý|�Ü��ìéIS�¬S�E¤
ã��%�.

À�z��m�¡¥äk��!:êþ��ì(�, �ï
ã6¤«�Ý|�

�ì(�üzã[27]. ã¥�±�*/*	�z��mãS�Ý|�Ü��ä�Ø

%µe. 2001-2012cm, �Ý|�Ü��ì¥�!:ê340±e, |�m�Ü�5�

�$. 2012c±��Ý|�Ü��ª³²wOr, 2016-2018cmÑy
Pk101 �!

:, 2992^>����Ý|�Ü��ì, T�ì�ä��Ýp�59.24%. �ì(�!

:ê�>ê�Czª³Ly
�Ý|��m�Åì;��é(ÚFÃE,�Ü�

�ª, àwÑIS��ó�¡��#]Ô.
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ã 6 �Ý|��ì(�üC

(Figure 6 Evolution of the community structure of terrorist organizations)

�Ý|��ÓüyL�ÝQÂ, L²§��m�U���±XÜ�'X. Ïd

�ï�þ(2001-2018c)�Ý|�Ü��äã, |^Louvain�{?1�ìuÿ, uyÙ

�ì(�²w. (Üþ©¤ã, �Ý|��m¥yÅcÜ�\r�ª³, k7�æ

�k���ä�)üÑéÙ?1�Â�v¤.

3.4 Ü��ä�)üÑ©Û

¦^R����ä°�5ÿþ�I, §�Ä
3;ÉôÂ��ä¥�{��ë

Ï©þ���[28], úª�

R =
1

N

N∑
Q=1

s(Q), (3.1)

Ù¥s(Q)�£ØQ�!:���ëÏ¡¥!:ê8Ó�©��ëÏ¡!:ê8�'
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~. 8�zÏf 1
N(�T�I�±'�ØÓ����ä�°�5. R���, L²�

Ý|�Ü��ä�°�5�r. �Ý|��m�Ü��ääkpÝ�>5, §�3

;É�Â�U
3�½�mS¡EÙÄ��|�õU. 2001c±5, �Ý|�Ü�

�ä�>5wÍOr, �ì�ä¥��ëÏ¡�!:êþÅcþ,. ùL², =¦

É��½§Ý��Â, ù
|�U
3�éá��mS#ïáéX, �±Ù'�

�|�õU.�
r���Ý|��ì$��UéI[���¤¢�5%�, Áã

»��£N��½, \ì�¬Ä�. IS��ó�Ïd¡�Xã�]Ô, I�æ

�k���»�ù
Ü��ä, ±�f§��³åÚ¹ÄUå.

�éz��m�¡�ä±9�þ�ä, ¦^ÄuCSNC�I��)üÑ�ÄO

�{é�ä?1�). ϕR �R�J,Ý[29], O�úª�

ϕR =
RbestÄO�{ −RCSNC

RbestÄO�{

× 100%, (3.2)

Ù¥RÄO�{�¦^ÄO�{�����R�, RCSNC�¦^ÄuCSNC��)üÑ��

�R�. ØÓ�)üÑ'�(JXL3 ¤«.

L3 �ä�)üÑ'�

(Table 3 Comparison of network disintegration strategies)

Network Degree
Eigenvector

Centrality
K-core

Page

Rank

Cycle

Basis

Centrality

Cluster

Rank

Leverage

Centrality

Information

Entropy
CSNC ϕR

2001-2003 0.185 0.226 0.268 0.198 0.186 0.180 0.194 0.180 0.163 9.20%

2004-2006 0.358 0.358 0.439 0.358 0.376 0.362 0.358 0.358 0.358 -

2007-2009 0.396 0.396 0.497 0.396 0.396 0.396 0.396 0.396 0.396 -

2010-2012 0.318 0.318 0.426 0.318 0.330 0.318 0.322 0.318 0.318 -

2013-2015 0.324 0.422 0.424 0.189 0.309 0.174 0.176 0.331 0.162 6.55%

2016-2018 0.349 0.433 0.439 0.197 0.341 0.216 0.199 0.365 0.179 9.39%

2001-2018 0.244 0.394 0.324 0.112 0.203 0.120 0.120 0.268 0.094 16.45%

lL3�±wÑ, 32001-2003c!2013-2015c±92016-2018c, ¦^CSNC��¥%

5�Ié�Ý©f|��ä?1�)©O��
9.20%, 6.55%Ú9.39%�J,.3Ù

{�m�¡�äS, TüÑ���
�Z��)�J. 32004-2006, 2007-2009�2010-

2012�ä¥�3Ü©¥%5�I�)���R����Ì��Ï´ùn��ä��

Ý©O�68.6%, 67.6%�56.4%, þ�L50%, ¿���ëÏ¡!:ê8��,©O�15,

21Ú37, Ïd3é¥%5�IüSü���3�þ!:��5�Ó. 2001-2003,

2004-2006±92016-2018c�ä�Ý©O�17.9%,9.18%�14.8%,�þ�ä(2001-2018)�

�Ý�3.51%, ÏdØÓ¥%5�I�)��R�kwÍ�É.

3©Û�þ�Ý©fÜ��ä�, Äu�ì(�Ú��¥%5��)üÑw

«Ñ`É��J. TüÑ3�)�UþØ=`uÙ¦�{, �ÙR�'ü¶1�

�üÑü$
16.45%, ��0.094. �ä�)L§��[Ð«�ã7.
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ã 7 �Ý|�Ü��ä�)L§

(Figure 7 Comparison of the disintegration process of terrorist cooperation network)

þã(JL², �©JÑ��)üÑU
k�/�)�Ý|��ä, cÙ3�

Ý|��m�Ü�'X�����, Ù�)�J��wÍ.

ÄuCSNC£�ì(���¥%5�I¤��{, Ø=U
O(/£OÑ�Ý

|�Ü��ä¥�Ø%!:, =@
3|�mÜ�Ú&E6=¥u�'��^�

+�5�Ý|�, ��U?�Ún)§�3�ä¥��^ÚK�å. ÏLéù


'�!:��\©Û§�±3±eÊ��¡�«�Ý�ä�$��ªÚ|�(�,

��½k����üÑJø��â.

1) ]76ÚãÖi�: ÏLISÜ�Ú7Ki+Å���Ï, i�Ú{ä+�

5�Ý|��]75Ú6Ä. �)�lÕ1�´, �Â�{]7Ê8¹Ä, ±9

È(�Ý|��]�Úâr.

2) ÏÕ�äZ6: |^p?��äi�Ú>f��Eâ, Z6+�5�Ý|�

�ÏÕ�ä. �)�¼\�Ï&, i���xN²�, ±937��æ��äôÂ

Ãã»�+�5�Ý|��ÏÕUå.

3) ��Â8Ú©Û: \ré'��Ý|����Â8ó�, cÙ´é@
+�

5!:�iÀ. I��I��Å��m�;�Ü�Ú&E��, ±ïá��¡!O

(��Ý|�êâ¥. 4) �é5�Â1Ä: 3(@'�!:��¹e, æ�°(�

�¯½�{1Ä5�)½Ó¼ù
�Ý|��+�¤
. ù
1ÄA3¦�U~

�²¬ú³Ú�ÅIS{�cJe?1.

5) ý�Ú�4àz��: 3�fyk�Ý�ä�Ó�, �I�æ���ý�#

��Ý|�Çå. �)�«�¡��4àz�8, ��Ú�ÔOy, ±9Jpú¯
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é�ÝÌÂ%��¿£, ;�Ñyäkp�«K�å�'��Ý|�!:.

4 o(�?Ø

911¯���, ±{I�Ä���é�é�¥�ÝÌÂ?1�E5�Â, �

�2001-2007cm�¥�Ý|�!:�|�mÜ�²w~�. �3d��, �X�E

?Ú��¥zØä�\, �Ý|�Ü�Åì��äz!�/z!©Ñz=C, �5

�õ��Ý|�=C�äk����Ø�qÝ�'�!:, |^pé�Ú]¶�

�xN\rªI.��ÏÚÜ�. d	, /��£�Àâ���Ý|���/zJ

ø
©z!�£!²L!¤
ç59��¼���¡�`³. Ïd, 32007 c��

�Ý|�¹ÄFì�n, �ÝQÂêþ×�þ,.

�Ý|��m�;�é(ÚFÃE,z�Ü��ªé�¥�¬S�/³�¤


î���. �Ý|��m�Ü�ª³Åcþ,, �ì(��Øä)ä�IS��

ó��5
ã�]Ô.�©¦^GTD�¥�ÝÌÂêâ¥,Äu2001-2018c�ÝQÂ

¯�P¹�ï
�¥�Ý|�Ü��ä, ÏL4�¥%5�IéoN�äÿÀ�S

Cz?1&Ä, ¿¦^�m�¡é�Ý|�Ü��äüzL§?1ï�, lõºÝ

&Ä�Ý|�Ü��ä�üz�ª±9�Ý|��ì6ÄÅn. d	, TïÄME

5/JÑ
8¤
�«(����¥%5�CSNC �)üÑ, ¿�Ù¦�ä�)ü

Ñ?1'�, y²
TüÑ3�Ý|�Ü��ä�)¥�k�5.

©Û(JL², �Ý|�Ü��ì3�I�?�éÜ�Âe¥yõ�ìÍÜ

A�,�X�m�í£,��ì��u���ì(Ü,lOr���Ý|�Ü��

ä�°�5. 2016-2018 cm�Ý|�Ü��ä(�pÝ�8, ÑyPk101�!:,

�Ýp�59.24%��ì�ä(�. �Ý|�Ü��ä¥��8ë�«��U´�

ä�)�'�8I, ª�ØÓ�«?1éX�!:�U3�X�ä(�¥�ü�

���Ú, P{éX¬���ä¥/¤pÝpé�ÛÜ8+, �)üÑI�£

O¿�fù
P{éX, ±ü$�ä��NëÏ5Ú°�5. 32001-2018 c�Ý|

�Ü��ä¥, ÄuCSNC��)üÑ�Ä
þã�äA5, �Ù¦ÄOüÑ�',

òR�ü$
16.45%, y²ÄuCSNC��)üÑ�±k�/¢yé�Ý|�Ü��

ä��).

Äum�ÝQÂêâ¥, �ïÄ|^�ì�ÀzÚ�ä©Û�., lõºÝ

�÷
�Ý|��Ä�Ü�üz5Æ, JÑ
�«p���Ý|�Ü��ä�)
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