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Abstract Various mobile applications (Apps) have overlap functional features, a large number of user

reviews, and multiple labels, which may cause a difficulty for market opportunity discovery, application

integration and selection. This paper proposes a text mining and network fusion analysis framework for

finding information service patterns. First, similarity networks are built from three views of function

description, user reviews and labels. Then, different similarity networks are nonlinearly fused in an in-

tegral manner. Data of 2451 mobile travel applications were crawled, three networks got fusion to form

a comprehensive view, overcoming different measurement and noise, taking advantage of complementary

information. Fused networks were used for clustering. External evaluation result had significantly been

improved including normalized mutual information and accuracy. Mainstream travel service patterns were

found, such as map navigation, train and car tickets, taxi car, bus and so on. The research results provide

factual evidence for exploration of market opportunities and competitors.
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1 ��

�Æ��������������������������. ���������� App ��

�������, ������������, ������� [1]����� [2,3], ������ [4] ���

�������������. �����������������������, ���������

������, ����������������. ������������ ���������
�� [5], ��� ���!�!��""#� [6], Æ App �$��!�� � , �� ��$"Æ�%

&,  #�$"�%� [7]. ��� �������!�Æ�����������������.

'�#$�%&�"�!��������$(��%!, #)'��"&$�!"��������
!' [8]. ��#��������������(��$%&"��Æ�, �%&�����������
�%��!�, �'������#�*' [8]. ( �+)#��)��, ���� (���� [9]��� [9]�

�� [10])�,-����%&""� [11], .�/�&� [10]�sigmoid &� [10] �$""" [11] ��'�
��, �$%!%#$��$�����*�� [11,12]. ��&��������'(, %� �/�&�*
sigmoid&���'���+)��,��� -0. '$"�*""*����+!���$���+0.

��%&��"&$��&����'�, &��������(1�Æ'��, 2()%&".,�)�

!��, "���'(�+!�*��34 [8].

-$, .//�*������� ���, %&����0�����+��)��, ��!�#
,!'-: � �*������� $���? $���.,0+��1+? 5��*�������

(advanced traveler information system, ATIS) ��-��,%2.�/(2.�3-�.$�6.����,

�*�1�/����/�� 0 [13,14]. ���*����� (application, App), �1"0,�11�.

�&���-�'�, �0��*������4, App ��!#2���#$2�'2. ./.���

����"1�*�(3%! App �#)"����, �*%&%&"��"&����������

 �)5.  #& ��*���������, 4*)������ TOP K.

2 p !"#$

$7./)5��8,!'��, �, 1. 3!3, #��'�01�54�!62��%5��. 34

3, #'�%&"�#!5�����'��'-#$&3�"�$��/4� App �%&".,. 35

3, #'�%&"��"&!5�5,%&��&6*��, 7��+ [8] %&"��"&#��#&'$
7%&".,. 383!%&"&7%&".,��������, %&"��"&� Æ/�6��8"

�$(%6+.

D

R

T

W(1)

W(2)
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% 1 �q&'(()*)*++,-,./�0123

3 -4r56.s/7

3.1 08t9u
.�6877�9"1����������, #$5,)",9 App %&�: ����)"���)

"���)".

����)" ���������1���'�,9 App. ����!��-�8����9:�
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�, ������'�8;, Æ/�������1��� [9]. �����%6� 11:<������
9.��, -�8:"/=9�"����%6��=5�. !:�0���+�������;�.;�

,. 7<����'�� D = {dj}, dj �3 j , App ����, j ∈ {1, 2, · · · , n}, n �01 App $�.

��)"! ���������1��'�,9 App. �����������<;*��=<, Æ

�����1��'� [15]. ��� “==*�7>(Æ!!” �Æ�1 “7>” ��'�. 7<��'��
R = {rj}, rj �3 j , App �01���2&��, j ∈ {1, 2, · · · , n}, n �01 App $�. ��4��>1
, App "1? ��2&�!,��.

��)"!5�-�87<�����,9 App. ��!-�8���'��82?@, �1"0,�

�� {%8�0,�7>}. ���A9�,���:B3���, Æ�&����� [16]. 7<"1����
�� T = {tj}, tj �3 j , App ������&, j ∈ {1, 2, · · · , n}, n �01 App $�.

&7, !, App �'�,9%!,5>4�� xj = {dj, rj , tj}. *����� App ���7<�

X = {xj}, j ∈ {1, 2, · · · , n}, n �01 App $�.

3.2 :;v5<
���������!%#,:3����C, *�����54�, �8, 8���, '�D1=6�

84�. ��54�!;('<;<, �0 “@, (), [ ], �6, http” �. �8!>��?4!��=?8>, 9

��E�8�, �+���7<8> (�56F�Æ7?�6F�08=9�). 8��?!:��8� ��
1,8��!,�68���9, 2@671,8!78��8�@,8*0@8����, ./9�AB

@�"�8����4. '�D1!D1�����������78 [17] ��8 [9] ��&7�'���
�, 6�84�!C('����#������!!8>, � “>;��9�Æ��” �.

��)"�, 1, App ���&% m ,8;��4�, m ≥ 0, �*��88����4�.

4 -4r=>;?@

4.1 <ABC8tDE=FG
%&"�#�?#���54������'���. 9�D�8#������?@, #$ TF-IDF

���#'�)�, %&"�#9�#,D��A�AE>��A%&".

D�8#�� [18] �1,�C+?@�!,��8;D� d. 9� TF-IDF �678;)�, 1,�C

+?@� (tf1 log(n/df1), tf2 log(n/df2), · · · , tfm log(n/dfm)), 0�, tfi !:3 i,8;��C��A+, dfi !

��3 i ,8;��C�. 9:���C��", 1,�CD�*�*B)/G>�" (||dtf−idf || = 1).

�18AH�C7?>�'�, %&AE%&"�#4� App D�@#%&". %IB;"�, AE%

&".#�!�$D%B�J�, '+B;*�"%. CK�&6)8#, 'B!��$(��� �. C7

�CD� di � dj , 7<AE%&" cos (θ) �� (1):

cos(θ) =
di·dj

||di||||dj || . (1)

L�C8;)�%�->� 1, < D�%�8;)�->� 0. �#?*���%&"., W (1).

4.2 HI8tADE=JwFG
��)"%&��#������54�!�. ��?@��#$D�8#��. ��&������

�82��"%�!�, �����%&��#*�9:�&�=�����!!��:< (��ED��

8: E��=C����). ./>"1�!, App ? ��2&�!,�C, .��8�8���01��
�78��8��'��&. .� TF-IDF �#AE%&"0���%&".,. �#��%&"�#��

�#�����#�!�, ���!?#�����'��. ?*���%&"., W (2).

4.3 BK8tDELFG
��%&"�#!��8;�&%&��"�. !�$�!%&�FC� Hownet ���#8<�%

&", �#�8<�G>�=/��? ���34. ��%& Jaccard %&" [19] �##,���&%&

". C7#, App xi � xj ����& ti � tj , 02��F����F�I>Æ/��%&""��DE



1856 � � �  � � � � � � 38�

#$. Jaccard %&"7<�� (2)

Jaccard(titj) =
|ti ∩ tj |
|ti ∪ tj | . (2)

� (2) �, ti = {tagi1, tagi2, · · · , tagim}, tj = {tagj1, tagj2, · · · , tagjn}, m ≥ 0, n ≥ 0, L�& ti, tj H�8

%&"� 0. ��6F0,���& t1 = {DM��, ?�, %@, %8, 0,, 0,%8}, 1"0,���&
� t2 = {7>, 0,%8, *�, DM��, %8, 0,, EF}. Jaccard(t1, t2) �& 4/9. ?*���%&".

, W (3).

5 -MN4r=>;OE

��������5,'�)""&*"�FF#,�#*': 3!!��'�)"��GGJ�, �

�H�IJ�BC, 34!G&���������Æ'��. /�)�+)$��)�#$DA&HGH
E��E, ��"���'��%=�)�!�. ��+/�"&$�����%&"���IB#)'�
��%4 DJFK [8]. 9��+ [8]$�,7<%&"���,G = (V, E), V = A{xj}, j ∈ {1, 2, · · · , n},
n � App �C, M E N? App @#%&". M)�?@� n ∗n �%&".,W , W (i, j) Æ5���'-

#$��%&""�$�. ��5,%&".,7<�: ����%&., W (1), ��%&., W (2), �

�%&., W (3):

%&"��"& (similarity network fusion, SNF) ��.��IJN"&)7,�&6*��. �

���%&., W (2) !!,JD.,, �G&-�8�H)��� App 9:��. ��., W (2) �

��., W (3) %&<���'(!!,IL.,. �"&5,%&".,, SNF $��%&��K-

�&%7<&!,=/L�!,ILL. =/L!!,�J)�., P = D−1W , ., D !��.,

D (i, i) =
∑

j W (i, j),
∑

j P (i, j) = 1. �', �,*B)Æ�%& W ��%&34'+0&�6�K7
�. !�$�!��!�.E�*B), ��?� (3). �,*B)�2(���$�%&GG:<, DM"

� ∑
j P (i, j) = 1.

P (i, j) =

⎧⎨
⎩

W (i, j)
2

∑
k �=i W (i, k)

, j �= i,

1
2
, j = i.

(3)

M N i N? xi �, G �*N�, C7!,, G, � K 6*"�-<H)/, �� (4). �,O���
+6*�4�-%&"�E.

S (i, j) =

{ W (i, j)
2

∑
k∈Ni W (i, k)

, j ∈ N i,

0, otherwise.
(4)

�=/ P KLC7)"1, App @#? �%&��, ' S Æ!6F& K ,&%* App ��. "&

#�� P ��P2IJ, �� S ��L.,, 2,"&�#��9:,-<����#��.

N P
(1)
t=0 = P (1), P

(2)
t=0 = P (2), P

(3)
t=0 = P (3) N?5,P2IJ (t = 0) .,, SNF $�!'3JO!5

�1,'�)"�IJN.;%&".,, ��� (5)∼(7) ?@:

P
(1)
t+1 = S(1) ×

(
P

(2)
t + P

(3)
t

2

)
× (S(2))

T
, (5)

P
(2)
t+1 = S(2) ×

(
P

(1)
t + P

(3)
t

2

)
× (S(2))

T
, (6)

P
(3)
t+1 = S(3) ×

(
P

(1)
t + P

(2)
t

2

)
× (S(3))

T
. (7)

� (5)∼(7) �JN��7�&#��%&"��"&$�LHLM. 0��PN�� #,,74 

%��*N, NGDÆ��&�!, ; HO� #,,7�!,'���%&��6, �!�H!,'�
��4 D6�%&�, "&#��"��,%&��.�"&����AQ. %& S ! P �!, K *

1,, �QF�$,7@#�!�BC. �1RJN7, � P
(1)
t+1, P

(2)
t+1, P

(3)
t+1 H�� (3) ��&*B), �I
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"�1,,7�#RJN7$!��R&%&, /="�"&� ������34��O9����. �

t RJN7$�IJ.,�� (8):

P (c) =
P

(1)
t + P

(2)
t + P

(3)
t

3
. (8)

&7� P (c) O!#)%&""&.,, Æ�&$(������, ���S���$(. � #�.#

'�, m > 3, J� (5)∼(7) ÆPK�� (9), &7 t RJN�"&., P (c) �� (10):

P (ν) = S(ν) +

∑
k �=ν P (k)

m − 1
+ (S(ν))

T
, ν = 1, 2, · · · , m, (9)

P (c) =
∑v

k=1 P k
t

m
, ν = 1, 2, · · · , m. (10)

%&"��"&$��I�8#'+'�8#����. #��?#Æ/!4�%&", L�����

(;P�IM), Æ/9���%&""�$�. %&"��JN��9:��'�� K &6*��, �&�

%�!��'�"&4 TJ3��.#�JD�SQ� Q@%&""&#��&���HT�4 KU

� [8]. M#�LK!���I�JN*����#3�.

6 Px-MN4r=>;OEQÆKRS

6.1 TULM9u
��$�!!�!��""$�, N� ���$�&��U,7�, ���!,7�����$"�

%&, ��7�@#���$"�%�. �0��"&%&"., P (c) %!%, #$��$�0��� .

��$�VM, �./9��%'���N4� rbr, 11!� direct $�, ��'%�VR�� agglo, K-

medoids[18], D"O> (density peak clustering, DPC)[20] ����. rbr�direct, agglo ��9� CLUTO �

4 (http://glaros.dtc.umn.edu/gkhome/views/cluto)��. K-medoids, DPC 9� MATLAB �9��.

rbr ��!�PD���, P2 ? �$��!,�B, .�O�!�N k − 1 R�N4�� k ,�

�. direct � rbr %I, �-11�#* k ,��, � k �& 20, rbr !.+3�. agglo ��!�QD%
��, P2 1,�$��!,�B, �7 ���BW!7�&R;�&�T��B, 1/�/ k ,��.

rbr�direct, agglo �<��&�#$ H2 = I2
E1
��/-F) [7], I2 !&�) �%&", γ1 !&F) #

%&".

K-medoids ��.�&�)�$��H-�%&"����� [21]. D"O> DPC[20] #�PN!� 

�H+4 TR-<D"�*N-�S, R�4 .6D"�D�- %�T�B;.

6.2 TULMAVPHWyB
��#�O<N ��5�2 O��B������$. ��:�#1S!)Æ�� (normalized

mutual information, NMI) �%6+ Accuracy. O���<�� 5 >2.(3HG, �C7���%!

%�����& 1 1TR��;U App ���B��, �� 1100 , App. 5�VS�67&7�B. C7

����0 13 ,�: X.Q.�2.���OPF-�S��/20W�8Y�S�6.�0,%8�X��
Æ�.�VTT#���.�0@.

S!)Æ��!!�%&�������%, .��#��� c �O���< ĉ @#�Æ�� NMI

������ �O��B�<�!�� [22], NMI >Q6, YP��� QE. 7<��� (11).

NMI =
I(c, ĉ)√

H(c)
√

H(ĉ)
. (11)

I(c, ĉ) ?@��� c �O��B�< ĉ @#Æ��. H(·) ?@G,�BD����R.

%6+ Accuracy !!�.�1U������O<��:�, Accuracy Q6, ��N QE. 7<�

�� (12):

Accuracy =
∑N

i=1 δ(ĉi, map(ci))
N

. (12)

0� ĉi !���$ i �O��B�<, ci !��� . &� δ(x, y) �&IT#,���!��, � x = y,

J δ(x, y) = 1; VJ δ(x, y) = 0. map(·) ! ��� ��B�<�U/O��B�<. map(·). V54/
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��� ��&�!��? ���$, �7�#NG�O��B�<AR, �5��O��B�<�W4

W/O��B�<.

7 XYZ[S

7.1 :;BCL\F
360 ��#�!F�&�������GZ, ��#$MGZ� “0,OP” � App (http://zhushou.

360.cn/list/index/cid/102231/). � 2017 Q 5 R"1M�? App ����������=������.

("1 2451, App, $��R�� 116199,G, App �&#��R�� 4215,&F�� 0, GR�� 77R.

���� 2000 /% 15 , App, 1000∼2000  17 ,, 500∼1000  30, 100∼500  87, 100 /� 1358.

 �� App �� 1761 ,, GR���� 3.

7.2 ]^T_8tJwz`abUJwATUGMcVWX
�K�%&G!'�=#'�"&�W%&"���X+, %&����%&., W (1)���%&.

, W (2)���%&., W (3), #��"&., P (C), 9��I� rbr ��#�����.  �X",��

�,K@ 1100 ,�A App ��N , �, 2. X",����X"GG&���6F [8], WS rbr ���

���X9ON, O97 App W���, TYQ$N? App @#%&"Q6. ��,� Netdraw YY, �

�K-?@), App, HG����� App K-4 %��@I�TY. M�%&%&".,Z��&6
*.,, 1,,7&6*�1 10,0%&">"S, 0AZ 0. �IÆ/.���,K@)'�%&"���
� !��X+�".

(a1) Y�[\ZU W (1)

[Z�

(b1) [�[\ZU W (2)

[Z�

(c1) �\[\ZU W (3)

[Z�

(d1) Y� + [� + �\�

�ZU P (C) [Z�

(a2) Y�[\ZU W (1)

]T�

(b2) [�[\ZU W (2)

]T�

(c2) �\[\ZU W (3)

]T�

(d2) Y� + [� + �\�

�ZU P (C) ]T�

% 2 �q[de{f|}()*)f|*g\hij]k^_`

%&����W (1) ���N TE, X", (, 2-a1)Q@��/��7 %�;U, #�,B7 �
;U, ��6-Æ�!,B7 ( '��PU. ��, (, 2-a2))7 EV�)!�0@�B� App, �

 E������TE,9����.

%&�� W (2) ���N !:, �2#������. ��6-Æ�%&����J�T�, X",

(, 2-b1) ��/7 ���!'BPQ. �!��, (, 2-b2) �<�7 ��TE, YP App ����T

#�E@� #&��%& App.

%&�� W (3) ��, ����UN7, ��!�%�%6, ���/TE��. X", (, 2-c1) Æ/

U/��/��7 D;U, �%&<� App < ��, [#�8Z. ��, (, 2-c2) �)�� M\P
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U, Æ FW7 ��#� App, Æ�6-!����7<�HGX����U!�J�.

%&"&., P (C) ���"&����������5,��'�, X", (, 2-d1) Q@��/��

7 +=;U, ��, (2-d2) Q@)7 !���]F�0@�B App. 8,%&".,��N �E�
&'�"&Æ/�X��N [��)��Æ'��.

7.3 ]^`abUJwAalTUGMcVWX
��I��"&%&"., P (c) �����$�%?�, �E#$5,�I%&.,: %& LDA ^

4�������%&., W LDA, %& TF-IDF D�8#�������%&., W (1), %&����

W (1) ���"& W (3) �"&., P (1+3). 0� W LDA !9� LDA ^4�� [23] �����W�, 9

� JS (Jensen-Shannon) B;�#4� App ^4G+�)D�@#�%&�. �B � rbr, direct, agglo,

K-medoids, DPC $�, ����C k � 13 � 20 �����, 9� NMI � Accuracy #,O<��:��
���N �A, ���C k � 13 �A� �? 1, ���C k � 20 �A� �? 2.

�? 1 �? 2 ����A:��U, W LDA %&".,�)���#�%?�H4&LK, ��6-

LDA ��5�;P����#�C��4%�), %&������T=, -$� �\�M. %& TF-

IDF D�8#�������., W (1) ����'���, �����7���7��'��, �%&"

��"&�X+T�. P (1+3) "&�����#<�%6��, -$�<���#�%?�TE, � agglo,

K-medoids. %&��.,��N �J�Qb�$E, %&"&., P (c) �0@.,���N J��

0.05 GG� 0.01 GGHQb, E�"&.,� N�X��N , Æ�&��$(���.

c 1 kway-13 dmj]hineo^c

[\ZZU
kway-13 NMI ]\_^ kway-13 ACC ]\_^

rbr direct agglo K-medoids DPC rbr direct agglo K-medoids DPC

P C (Y� + [� + �\) 0.86* 0.81* 0.68 0.68 0.50* 0.96* 0.94* 0.86* 0.83 0.64*

P (1+3) (Y� + �\) 0.68 0.75 0.69* 0.74* 0.48 0.84 0.91 0.85 0.89* 0.61

W (2) (Y�) 0.69 0.65 0.55 0.44 0.25 0.88 0.85 0.78 0.65 0.39

W LDA (Y� LDA) 0.14 0.14 0.15 0.16 0.07 0.41 0.42 0.42 0.42 0.31

c 2 kway-20 dmj]hineo^c

[\ZZU
kway-20NMI ]\_^ kway-20 ACC ]\_^

rbr direct agglo K-medoids DPC rbr direct agglo K-medoids DPC

P C (Y� + [� + �\) 0.80* 0.76* 0.65* 0.74* 0.46 0.96* 0.95* 0.87* 0.93* 0.64*

P (1+3) (Y� + �\) 0.69 0.73 0.65 0.73 0.49* 0.87 0.92 0.85 0.92 0.61

W (2) (Y�) 0.68 0.68 0.58 0.44 0.27 0.88 0.88 0.82 0.67 0.41

W LDA (Y� LDA) 0.17 0.17 0.17 0.17 0.09 0.43 0.44 0.43 0.45 0.36

7.4 ]^bUJwTUpVAqrfsgÆt
360 ��#�� “*�OP�” ����� App, ./�E� !.�%67< App @#%&�, ��

����������. �? 1 ÆU*, ���AN &E! rbr!���, -$#1M��0�� 13,�

� V7���,  V7��6A'�8, 1, App ��, ���>$= ���O��? 3 ?@.

�? 3 Æ/U*, 0,%8�����!� App ������H!&#�, 6A'�8�00,�%
8�;/�?C�?W�, /!�*�]�*��CK��*�%`���*!, !�� App ��T#�6

-. a.S^.S�����S�57�_X�-,?�X�, ]�$]�=^*�. X.H.����2I
T�, 6#Q(1Hb�KYY, 11*��_hH.�V^Z.�!<H.`[����`a, ]�$]_

a^.*�. /2�X��0bL/FBS/2�X� 8684 /2�\%/2�.�&�, 2 ��HZ��
&'7^�� App, /2*���ic�/�_�*�$�, 0����$ic�8]b]�#. 8Y�S

��0G&8Y�����)88/`����, 6A'� �S�8Y�cd�88����. ^.%8�

��.+8%, ��L�F^.*��%8�+^��.?W�.[���. 6.�����6.�.>�6
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.��X���. c.ae.��`W(1*�GZ. 0,EF�����0,��, G&���I0,%
8�J. Q.�����^.Q\]�. 7> GPS ���Db GPS ��7>��K-. 0W������
�0W/%�X. d !, ����PU, Æ�6-!��"&#�&6*�C#$:<.

c 3 �q rbr hio^*juv~ TOP5 wv~xyz
e�a�\ App �] c_]fk a^c_d` TOP5

f�		 324 1, 395, 453, 693 gbf�
hif�
gb		
�c		
da		

gdefde 165 236, 388, 219 g_h`e
aa	
ea 12306
`gde
gejh
fd�d 160 149, 270, 595 kkg`
il�d
jfbd
c��d
mmh�
l�id 250 87, 483, 511 8684 l�
ekl�
dbc
jkl�
def

	lie 86 64, 158, 074 	ljh
mmn
nl	g
	hoj
���	
fd		 163 59, 917, 755 ff		
Google fm
GPSTest
fd FM
GPSStatus

fd 79 40, 757, 278 ghf�
gfd
fdon	
0 hfd
cnf

odiod 82 29, 715, 620 pqod
ip
ddjd
kig`
51 jd

f�kl 164 23, 312, 095 Google f�kl
qjm�f�
kkf�
h`jlf�
mnf�

rd 86 11, 047, 924 ilrd
rog`
csrd
kkld
rrd
pn GPS 166 6, 773, 070 GPS �po
		pl
d_		
GPS �lf�
		f�

fe 85 5, 715, 534 8684 fe
fe	qlfefet_�pufe
��\sm 641 2, 148, 426 �\sv, [�qq, �a��smq
k
 2451 2, 112, 141, 794

� �+���C, Æ��.#:�������, �(1G., tÆ^., Ga7>�. .�����

����������,  #&-�1%6:B��rw1, GZr�1%& App %&���.%6�
�, 2.r�1:B)�2.��3�*rI@, �Y7��(1iu��D�.

8 [{.�|

./9�#)'�7<��%&", �I�8#'+'�8#��#)'���, ��&�����

����� �. V5#$��������5,)",9��%&�, n'&G,)"��'(����

�x. ����������8��st, ]F#���'(, !%&""����)". ����%&�&

�, #���IL, �!�&m ��������, ���)#�6&%&""��%6�. ������
���7<�B��,  #&�����!�. ))"'��)#�J&����G&,9, Æ5�)'�
�� (;P�IM) #����%&""�$�, ��$��ÆoK�J. 0R, %&"��"&$��\.

�+/�$�"&#)'�, vp-�/�)�#$���'����%��!�2��$7%&"IJ.

%&""&�IJN"&))"%&".,� K 6*��, �%&""��BC4 KU�,  N"�&

�����34. �!3./*9:���)E@#$&3 K >�WILL., S, rs)T��#��

:<. &7, %&"&� �����$��S!)Æ���%6+:�%�X��N , E�&"&$�
Æ�6��8"� � topK �4%6+, t�d�9:.#��#�3��.

�!3./ !�&5,$D: 1) ��%&�"��)"t�Æ9:�+,s��A�.#)", .+

/M7<%&�; 2) �!3rs%&����)�"&T��"&� �:<, ��"&.,�#7��#

�H �X, �C]d< !���$��\ N4�? ���������; 3) L���������

����1��'�, �&��������(wy����, ��,�)��.
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