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Abstract Bipartite graph is a global optimal algorithm, which enables direct recommendation of crowd-

funding campaigns. In our method, PersonalRank is applied to calculate global similarity for a network in

an iterative manner. It can be applied to recommendations where Cosine similarity function is ineffective.

Furthermore, we propose a bipartite graph based collaborative filtering (CF) by combining CF and Per-

sonalRank. The nodes are classified into one of the following two types: user nodes and item nodes. For

any two types of nodes, the new model calculates the global similarity between the nodes by PersonalRank,

and obtains the recommendation list through CF algorithm. Experiment results show that the bipartite

graph based CF achieves better performance for the extremely sparse data from crowd-funding community.
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�� 22525091�	��� (www.kickstarter.com). ��, �� 60%�������, ����, �����

�������� !, ����������	�� [1]. ��, ��
�������"�������
 !������.

 !#$, Kickstarter 
�����%&"�� 99.99%. ��%&�'�, (#$��"�)��Æ.

��, �� *!+"�'�",��, #$%�-%!,�����, &��)' !+", &��"��

'. ��, ��%&�'�( )�!(��!+��, )�"���"���$ !�� [2].

"���#�%&'�, .$!/)���� !��$"0. ��, PageRank )����.* �

�$"��). �� PageRank ��%! ���+, ��!(1� PageRank )�#!"��&. �

� PageRank �#!)� ("$!2#+) �3'4%�5(. (�$!2#+, ).$&!��� - �

��#', ��$���%&%, ��$,���%&%. )(, (�$!2"��)�'!+", )��'
!+"�,� *�'�'*!+", &�)*�+�'�%& !.

�-'*, .%&'�6, $!2#+&��Æ��"��'. )!�,, .$!2#+��'-.�

��, /��)������$��("7, +)(�)���$,���$��(". )��("�(.
$/001�, � *�' &�)!*��!2, +*3���0�'�%&�4!� !. )$!2#

+�!+"�)#-�",��!#., 45��$!2#+�",��)�, &�������"��'.

�-'*, .%&'�/,6, 
���81(�$!2#+!����"�.

2 �"��

2.1 Æ	� !#"#
� ��$"��), PageRank �-6�)�. PageRank �� “72$.*.%�/�.*, 89+

�2$.*” �Æ9, /+9:�.*��$�, �$�0�*":%3�.*:14+0�,� [3].

$!2�.$�����;5,.-2.$!/;06�#�+���& [4]. $!2� PageRank�,,

PageRank1.$ �<�,$�, �$!2�� �!�2��+, �,�+� ��$<��%&%, �

,�+ ��$���%&% [5]. 
�.$)(=7�$!2, �� ��	��, .���
���. $

!2#+1�8>�)�&��) �$�34,'))((�� �$�!+" [6],��: 5Æ!+"..

"����, �8��45�(6.$!2#+/7?2#+�)�39", ��7?�"�)/0 [7].

2.2 Æ	*$+%&',#"#
",��8=."����:45:�. &����9>��, �)���$�' !+", )("�

!+��61���2. ",��8=!����2� (item-based)",��7����� (user-based)"

,��. �����",��)�?@@��3*, �A(���3*�)��!+"34, ��!+"3

4;:��"�)�.

��'�� ��'42�61��, ��B.'�%& !, )2<="��Æ0 [2], ����5(
�'�6�,��6�27?)�:/",���8�45����5,6�7��6;�",��#+,Æ

-2+�> [8]. .��5(�(���!!/7'-.?76��8.",��#+ [9], .�9�"
�

��'�%& !.

3 ()/de*+,0f

3.1 "#1g
(2 1 ��, 98 � A, B, C, D .'��, :8 � e, f, g, h .'��. �-(������ *!

+"",��)�, �� A !*���� C 7 B, �� f @A�)&"�1�� A, �� A �!*��� f

���%��. ,�, �������",��)�, f ,�)&"�1 A.  *!+")����'*)�,

.%&�.$#'��&��' ��!+"!��). '*!+".C9'�6�"�)/"+*, ��

.'�%&�5<6:�&#��>�#-.
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.$!2)��, )(#�2- ��$�34, ��, &�))�34(���(", #��%"�#
-. ��, 2 1 -�(�#�2 2 :$�$!2. (� PersonalRank � $!2!��). �-��� A

4%"�, =( A �;�, !�-.B), -� 62 �-., �)#-A>, #� A �;����(".

s(A, e) = 0.07709, s(A, f) = 0.01791, s(A, g) = 0.09499, s(A, h) = 0.26949.

/< A �-���� � h, .B � 3 ����, "�CC�: ? g, �� e, �( f. �)���,

PersonalRank ,-.�����!+",  ���#0D5. 2 2 �, A ��E���$�D0!+"�:

s(A, B) = 0.13602, s(A, C) = 0.13602, s(A, D) = 0.04213.


F!+"��� *�',=<>�'�!+"�,. (� *,=<>�', #������$�
'*!+" ("!* �). (2 2 ��, 0��� A 7 D ��=,���,  *�'7=<>!+"�'

G��)H'�$�!+", 1$? s(A, D) = 0. .C9'����������=,���, &�#��
�?"�*6. ��, .%&'�5<6, �'���)��!+"#))��Æ.

A
B 

C 

h 

e 

D 

f 
g

- 1 ./2013h2344`5ib5j-
- 2 67-k85j-

' 1 9#��DI!��8�!5. ��
�������"�, J)�8�(�2#+, ��>�(

�$!2#+, E��:&���
�-%�'�%&� !.

; 1 l<�678=5mn679o
�
 �? >F��@� ��E?

Rakesh @ Choo � [10] 2015

4 ���KF: LAM@, �
M@, G�

M@G	N@M@.

�
OAPAQ��AB�HI.

�HR��M@�S, BC���D.

JBI�EB�P, CFJ�����

GK.

An @ Quercia � [1] 2014
���N@CGH�ÆLKIDJ.

ET�L���MKET���NE.

ERCJ�
�F�����UD.

MK��N@��, CO��DP.

Lu @ Shuai � [11] 2014 ���N@CGÆLKIDJ.
L��ERCJ����.

ÆL�E����ÆGH, �ÆF
.

Stone @ Zhang � [12] 2013
LTMI�DEMNNOJOVK.

QR����W
����.

NO��
JESETFT.

KNN �D�Æ�MK�ÆDJUP.

Zhou @ Kuscsik � [13] 2010

KG���DOHIGV���D.

“LJK” LHJKIDJÆLJMG.

������PW
���SQ�.

L�����R�U���SQ��H
MN�NQ, XOO�����T�.

3.2 "#:;Ip
( Kickstarter �.'�
�	�(� Nothing-or-More #0, ���R0�� 40%. ���ST�P

:QYU��, �W����, ���1�G:V. �����)&���$P� !, ,)&�����.

8�	��. ��(��5<, 9�.�����"���, &�40�����R0. ��, RS$!2#

+�2Z, #.",��)��2�, 45(68� !/[\
�������"�.

1) ��'�WX%&�]�, )
�-%�����=7�$!2, &�) ��$�!+".

2) X�$!2#+� �!+", 45��$!2#+�",��)�, �^���"�.

3) ( Kickstarter �'�Y��, -J��$!2#+����"�)���Æ�.
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4 <=K>

4.1 PersonalRank

PageRank ���ZP]9.*!���E.*�$��)�, $��.*PQ. PageRank Æ9��

7.*�_[RS��LT,)(1�Y.%..*$`(. R�Z��.*, ���2�RS: #a,RS

��.%UTLT. ?UTLT�\0� d, ��(!,\0.>�*"�Y.%�_[RS��UTLT.

)���_[UM��. -���UM�(, R�.*:] ��\02A>���b9Æ. )��^0 (1)

:$.

PR(i) =
1 − d

N
+ d

∑
j∈in(i)

PR(j)
|out(j)| (1)

��, PR(i) �.* i �] \0, d �UT] .*�\0 ("NS�'), N �.*9', in(i) '$%3 i

�.*Y. ("T.), out(j) '$.* j %3�.*Y. ("5.).

PageRank��')�,�%! ���@. )�,"���"���7��2� �,�-�V%!, 
&#� �Dc��$", �_ ��$�!�". �� PageRank �#!)� PersonalRank ���$!
2)�, �^0 (2) :$,  )�&������d������PC.

PR(i) = (1 − d)ri + d
∑

j∈in(i)

PR(j)
|out(j)|

ri =

{
1, i = u

0, i �= u

(2)

^0 (1) �^0 (2) %@� 1/N :e`� ri, ,=�f, �, ��Wg\0�,. .$!2#+�,

�- u ��[��, ^0 (2) �)�=�:� �!�� � u �!�".

Xh3f, � PageRank _[RS�� �UM�,, PersonalRank 7 u �:� �5a,  &UM�
�,�+� �. (
�����, �� � &UM��� �, ��� � &UM��� �. �Z

V �(, ( 1 − d �\0iOUM&7 u �VWg, ,�( d �\0UTUM��,�+� �. ��,

PersonalRank)�B��, $�R� �9P\g\0, �-� u �^"�, ? u �: ��\g] \0

� 1, �E �� 0. �� PageRank /f, R� ��\g] \0!,, :(\g] \05� 1/N .

4.2 QR� !
$!2�%02-�,�$� �-�, U-V ���Wb&%�2#+. $!2):9W�.$#

' G = <U, I, E>, �� U '$��Y; I .'�Y; E '$$!2#+�].

2 2 �6+$!2#', ^c 4 ���, 4 ��, �����$���?7.2/�'$�]. Y_;

Z, Æ9]�,�!,. (
�-%��, U �	��, I �
���, ]'$������	���. G �

[
���\S#', )((� PersonalRank �)#��'!+".

4.3 ?qQR� !#@ATB',
",��dX5>=��� (user-based),��� (item-based) �$�!+"�), 1$(��)��

 *!+")�, �^0 (3) :$.

similarity(A, B) = cos(θ) =
A · B

‖A‖ ‖B‖ =
∑n

i=1 Ai × Bi√∑n
i=1 (Ai)

2 ×
√∑n

i=1 (Bi)
2

(3)

�.$!2#+�, )(�) ��$�!+", )�!+"�",��)�U., )&��2$!2

�%"�)*�Æ-.

4.4 CDEF#VG
XjÆ:��Y�: “Z�)Z,[�)[”. Yk]Z06,B.XjÆ:, "����-2[�\]4

27_\]42�^�"`3,  ��=B.XjÆ:. \]42X�061_", ll��E42�;6

1. �2�\"\�, =\`]_e5d.�E���"��'�, �� 42=2\/\^�; f�, �&

Z��9\"�42ll�&!T���"��'�, 4! �2\/\^].



� 4� 
�, �: �
��������: ������������ 1015

���\^]�42(a��\&f*E'�' !+"\0 [14]. ��:7?��=,' �'�\
]m2�E'!+",��<=. RW TF-IDF �5>, �\]��148"ag. Z^0 (4).

s(A, B) = s′(A, B) × 1
log(|A| |B|) (4)

��, s(A, B)��\]��7,(���!+", s′(A, B)�n7,�!+"; |A|7 |B|!@��� A7 B

�\".

5 HIJKe*HILr

5.1 MNXO
Kickstarter �bQ��^W, ��]_ &!`���R(hY.�����, ��&!`����

���. � Kickstarter �2c/Wb��,  ��W���dU����=�&;:o\^ea\, ��

� URL f)�Æ. ��, )(7��Zb�'�[a��:�Zb����, )�:����(Y4%�5

(. 2 3 5$�'�(Y��D^�.

- 3 b\ms5t]Pu
'�(Y! 7 ,: 1) [a���R(hY.������', /�\g���'; 2) X����', (

Y��V` (ac�, acgd, ��bd, !";); 3) X���(YV`, �/��Zb��'; 4) X�Z
b��', [a	��_-Zb���� (^c�R7�����); 5) pRnZ����[���, /�V

�n(Y���'; 6) X�n(Y���', (Y��V`. �3,^ 2)∼6), ��:���V`Yk�Zb
��'(Yqe; 7) X���V`Yk, (Y�E!�Yk.

5.2 MNQR
' 2 5$�DI�-:(��'�Y, ;�'�Y�/`dh�6.

WX%&'�Y�/`: 7�g'�Y�_[RS 5 r���	���, 7�c/ � 1 �����

�. d�5<6,  � 1 �	�������ifB.�, "���,8a+�)�WX5<. D'�Yc

/)*!�����.�: G�+g � 1 �������"��R0. 4b6h"�#$1'�Y&!�

ceY7hsY.  � 1������, �-)���&iceY, =�&6j"��'�)/�; �-&i

�hsY, =�&f� �������3*!+", ��, �&��"��'.

�;%&'�Y�/`: _[7�g'��RS 300���, )([a:�Zb�) 300������

�', '�'�Y, ) 300 ����=� 23967 �	��, �=^c 26756 �	���.
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; 2 <�ST5UVW
d� ��K ��F KI� ��� ��E

1 ki����K 99.72% 14506 787 32226

2 ������K 99.63% 23967 300 26756

3 ��jj��K 99.01% 3880 444 17010

4 jj��K 96.90% 4340 275 37018

�;C9'�Y: 7�g'�Y�_[Ra�k'�.  _[RS�%������_[RS, ���

���,����_[RS. R���	5Zb 4.38 ���; �R���	5V# 38.31 �	�.

C9'�Y: 7�����_[Ra 50r�	���, 7�4a:Zb�'��;� 100����. )

*!��0�Zbl'�, '�!�C9.  '�Y�%&"� 96.90%, )2_�'�C9#�.

��_[pR�'�Y, #$f*: 1) ��'���'� 9∼80k, .�[5<6, 2��`e�l��

g�? 2) '��lX����.'�?

t?, l`4u.f�42'��m��mm�, +nv$<�Vm2
b. !f, V��)(_vV

T, gngh, 4!��'AY42'. w�
, hXi.f�:((������",��8=, =���

��'��n�, ���E^W'�Y, � Moivelens, ��',#a����'.

��, �-'�Y�_�'�Yi.�#
�`e. �W-JDI)���Æ�, =)("4�)��

#�'�
. DI(���,%&"� 4 �'�Y, !@a-��$!2#+)���&.

5.3 XYZv
t?��'9P. PersonalRank � 2 ��': 1) A>�'. &���8�9P� 0.85; 2) -.�'. �

�o9'Æ, #&��['�/9P. �2�"0: a) Zb%9-.�'; b) +g�'�)#-�lA>, �

-A>jiO-.. DIU.�) 2 �"�, (�)� 1 :$�"0!�-..

Algorithm 1 PersonalRank )�-.9P
[\: .$#' C;
[c: $!2#+�)#-;
1: Define G; # 'k.$;
2: Define max iteration; # 9W��-.�';
3: Define item; # 9W PersonalRank UM�;�;
4: Define previous iteration = [Null]; # l9W-.#-;
5: for each iteration in range(0, max iteration) do
6: for each i in G.nodes() do
7: Pr[i] = PersonalRank(G);
8: end for
9: if previous iteration == Pr then

10: Break; # �-A>;
11: end if
12: previous iteration = Pr ;
13: end for
14: return Output;

DI�.$#'!�os��), (���UM;�� PersonalRank �D
&. 100 �-.(A>.

�-(�jp-J, 1'�_[!� M p (a M = 8), pR�pd�hsY, 1B6� M − 1 pd�ce
Y. )(.ceY
kl#+,&.hsY
!�"�hs.��qJ6h%[�b9�,!�M ��-,R

��-r(��,�hsY. �(1 M ��-#��6h%[	5Æd��e�6m%[.

5.4 *$+%&#]^fwx_g`',
"���[�,, 6m[),�,, X���8� [15], )"����6m[)i� 4 �: )/0, mq
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0, rs07^�". ^0 (5) �^0 (8) !@5$� 4 �6m%[��)"�.

Precision =
∑

u |Ru ∩ Tu|∑
u |Ru| (5)

Recall =
∑

u |Ru ∩ Tu|∑
u |Tu| (6)

Coverage =
|⋃u∈U RecommendListu|

|item| (7)

Popularity = ln
(

1 +
∑
i∈I

|itemi|
)

(8)

��, Ru �%"������"��', Tu �%���[-t����', |item|.':���'P, Reco-

mmendListu ���� u �"��', U ���Y., I ���Y., |itemi| ��� i :"���'.

' 3 io�DI�2+)�. ��V`�"��sn���!+"/!�"�, ��: �-p��_-

Zb� “on” ���, qr"�)�=Y� ��� “on” ����+��3*, ��!+""P%[^
c: ���@, -2�.$, ����hx, ��;;'P, �?��;;bd(h	5��bd; 6 �%[.

��\"�"��%�%"�\"�0���1�� (item-based), ��\"�"��*6��G�, "�

Wb��/f, #��"��'r�!,�.
; 3 ia13ybcd

d� tF�D ys

1 �pqz� CF �pqzr{Fu��LTMI�D

2 PersonalRank jKMK PersonalRank 
����Hs��

3 �p���� CF |}MK PersonalRank 
�LHr{F, �vMK CF Hs��

4 �pGH��� w���GHHs��

5 �ptF��� ��kt��� (KI) xKI (��)

6 HIel

6.1 fmghMNO#XYin
WX%&'�Y^c 14506 ���� 787 ���� 32226 �	���. '�%&"� 99.72%, J)2

�
 Kickstarter_��%&", �X����.'�.2 472 55$�WX%&'�Y���.)(`�,

��'��Zb���'rt� 5, )�4!'�YWX%&���. ����/f, ���Zbl'4u
�"+�, +��� ��PZb�, �,B.0lv���V#��k	��. ��'*, WX%&'�Y

������ V#� 1 �	�; ��V#� 9046 �	�; 	5R���V#� 41 �	�.

- 4 joklUVWb\zp��5Umno

- 5 joklUVW��qzp5pqUmno

(� PersonalRank ��"��'�' 4 :$. .WX%&'�Y
 PersonalRank �%"��)/0
52�� *!+")��",��)���40��k(
, )'*.%&'�.$
, (��'!+"

)�)(+��"��� �!+"�) !, 40"�)/0.
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' 5 5$���$!2#+�",��)��

"�#- (N = 5), > K = 30 v, )�a#�o"
��&. ' 65$� N = 10�"�#-, > K = 25

v, )�a#�o�&. ��, �2 PersonalRank �
%"�, ��$!2#+�",��)��u2Z.

)'*. '�Y6,(�$!2#+�%"��)
/0)0.

�2' 4, 5, 6, )(#��6#�: .WX%&

'�Y
,(�$!2#+!��%"�#��#-
2���$!2#+�",��)�. )&���

�: 1) 0�'���%&, ��$!2#+�",

; 4 joklUVWr PersonalRank {stu4r
N Recall(%) Precision(%) Coverage(%) Popularity

1 0.16 1.17 1.72 1.586

2 0.28 1.02 3.17 1.545

3 0.41 0.99 4.48 1.476

4 0.52 0.93 5.65 1.434

5 0.59 0.85 6.75 1.425

6 0.67 0.81 7.81 1.415

7 0.72 0.75 8.82 1.401

8 0.80 0.72 9.80 1.382

9 0.85 0.68 10.78 1.372

10 0.90 0.66 11.76 1.365

; 5 joklUVWr�|67-vw5./20135
4r (N = 5)

K Recall(%) Precision(%) Coverage(%) Popularity

5 0.39 0.56 7.72 1.298

10 0.38 0.55 6.22 1.468

15 0.39 0.57 5.62 1.572

20 0.39 0.56 5.40 1.607

25 0.40 0.58 5.27 1.627

30 0.41 0.59 5.19 1.641

35 0.41 0.59 5.16 1.653

40 0.40 0.59 5.10 1.654

45 0.41 0.59 5.09 1.663

50 0.40 0.59 5.08 1.655

; 6 joklUVWr�|67-vw5./20135
4r (N = 10)

K Recall(%) Precision(%) Coverage(%) Popularity

5 0.56 0.41 14.11 1.235

10 0.58 0.42 11.51 1.406

15 0.59 0.43 10.32 1.466

20 0.60 0.43 9.91 1.495

25 0.62 0.45 9.67 1.521

30 0.64 0.47 9.54 1.532

35 0.64 0.47 9.49 1.532

40 0.64 0.47 9.41 1.536

45 0.63 0.45 9.39 1.544

50 0.62 0.45 9.41 1.541

��)�py)(�)�� (��) �$�!+", ,&���*6�� (��), ��, 0�'��WX%&

�, �� *�",��)�&�&7*6V4a�����!�"� (*2� A 7 B >!+, � B ��

��.j�,:("�5/��')/0>?) ,��4!",��)�"�#-+`; 2).WX%&'�Y


, '*)� &��'*�2�; ��%(�$!2#+!�"�, ����'2�)�, &�u!wv%

&\S���.

' 7io�.WX%&'�Y
;�)�s.�2#-,. '�Y
,(� PersonalRank�)$!2

#+� �34���Æ�,���(��'!+"34�",��)�. ���V`�"��Æ-�`�,

��\"�"�)�."�)/�
2��� *� CF 7��V`�"�, ��rs0j? (0.047 0.07),

)�0���\"�"�)�@A "�qq��\���1�[��.

��� *� CF, > K = 40 7 K = 55 v, &!@V#�o�"�Æ-, ��&��, Uh/`)/
0W?, )���.WX%&'�Y
, ���$�jY>�, )4!>!%��' !+���.

; 7 joklUVWrtx13}uvi4r
���D rw�F N kstO� K Recall(%) Precision(%) Coverage(%) Popularity

�pqz� CF 5 40 0.10 0.35 2.33 1.052

�pqz� CF 10 55 0.18 0.30 4.40 0.99

PersonalRank 5 KG 0.59 0.85 6.75 1.425

PersonalRank 10 KG 0.90 0.66 11.76 1.365

�p���� CF 5 30 0.41 0.59 5.19 1.641

�p���� CF 10 30 0.64 0.47 9.54 1.532

�pGH��� 5 90 0.08 0.25 0.55 1.933

�pGH��� 10 100 0.12 0.20 1.01 1.76

�ptF��� 5 – 0.34 0.53 0.04 2.90

�ptF��� 10 – 0.51 0.40 0.07 2.729
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6.2 ~wghMNO#XYin
�;%&'�Y^c 23967 �	��� 300 ���� 26756 �	���, '�%&"� 99.63%. 7'

�%&"
`, �;%&'�Y�WX%&'�Y�`e&��. �� '�Y�����4u")�, 	

5R��� � 1.12 �	���. )�!u���#0� Kickstarter 
�_�	���)V%u, 2 6 7

2 7 !@5$��;%&'�Y
��Zb��'P��(h��:Zb��'P��.

- 6 `xklUVWb\zp��5Umno - 7 `xklUVW��qzp5pqUmno
' 8 5$�.�;%&'�Y
 PersonalRank

�%"�#-, )(`�(� PersonalRank �%�
)�' �!+",&��9�"
40"��)/
0.

' 97' 105$��;%&'�Y
��$!
2#+�",���"�#-, 1��2)(#�,

 '�Y
��$!2#+�",��)����

 *!+"�",��)��"��&�D�!.�

�$!2#+�",��)�&�&Y\ Personal-

Rank �%"�.

; 8 `xklUVWr PersonalRank {stu4r
N Recall(%) Precision(%) Coverage(%) Popularity

1 0.02 0.25 0.35 0.904

2 0.04 0.23 0.67 0.864

3 0.04 0.17 0.99 0.838

4 0.05 0.14 1.30 0.819

5 0.05 0.12 1.62 0.805

6 0.06 0.11 1.93 0.794

7 0.06 0.09 2.24 0.785

8 0.06 0.09 2.55 0.778

9 0.06 0.08 2.86 0.772

10 0.06 0.08 3.16 0.767

; 9 `xklUVWr�|67-vw5./20135
4r (N = 5)

K Recall(%) Precision(%) Coverage(%) Popularity

5 0.03 0.06 1.71 0.797

10 0.03 0.07 1.56 0.836

15 0.03 0.07 1.45 0.85

20 0.03 0.07 1.41 0.86

25 0.03 0.07 1.40 0.862

30 0.03 0.07 1.37 0.857

35 0.03 0.07 1.37 0.858

40 0.03 0.07 1.37 0.858

45 0.03 0.07 1.37 0.858

50 0.03 0.07 1.37 0.858

; 10 `xklUVWr�|67-vw5./2013
54r (N = 10)

K Recall(%) Precision(%) Coverage(%) Popularity

5 0.05 0.06 3.27 0.766

10 0.04 0.05 3.04 0.801

15 0.04 0.05 2.85 0.814

20 0.05 0.06 2.76 0.821

25 0.05 0.06 2.72 0.823

30 0.05 0.06 2.65 0.821

35 0.05 0.06 2.64 0.821

40 0.05 0.06 2.64 0.822

45 0.05 0.06 2.64 0.822

50 0.05 0.06 2.64 0.822

' 11 9#��;%&'�Y
;�)�s.�2#-, . '�Y6, ��Æ�"�)����\"
�"�, �����V`�"�, �$!2#+."��)/0
Æ(���V`�"�, ��.rs07

��^�"2�%[
0?���V`�"�)�. ��V`�"�)��0?2Z)&/'�(6��:

. '�Y
, ��'P+� (WX%&'�Y���'P� 787 �, ��;%&'�Y���'P� 300

�) , ��'P�v��f��)���$�!+", ��, #����!+")V)w. ,v��, ��\

"�"�,X�+0�)/0, ��#$&���, ��\"�"�rs0W?.
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; 11 `xklUVWrtx13}uvi4r
���D rw�F N kstO� K Recall(%) Precision(%) Coverage(%) Popularity

�pqz� CF 5 10 0.03 0.08 1.66 0.729

�pqz� CF 10 10 0.05 0.06 3.10 0.724

PersonalRank 5 KG 0.05 0.12 1.62 0.805

PersonalRank 10 KG 0.06 0.08 3.16 0.767

�p���� CF 5 10 0.03 0.07 1.56 0.836

�p���� CF 10 5 0.05 0.06 3.27 0.766

�pGH��� 5 40 0.07 0.19 1.20 1.183

�pGH��� 10 70 0.09 0.12 1.22 1.252

�ptF��� 5 – 0.08 0.22 0.02 1.812

�ptF��� 10 – 0.14 0.18 0.04 1.602

6.3 ~wyyMNO#XYin
2 8 5$��;C9'�Y���Zb��'�!c2. )(`�, ���	���Y�. 10 ��

�(6,  ��'zw��Zb��P��. 2 9 5$����Zb'!c2, +����V#�Zb'
� 30∼50,  ��'��V#Y� 50 �Zb�.

- 8 `xzzUVWb\zp��5Umno - 9 `xzzUVW��qzp5pqUmno

PersonalRank)���-#-�' 12 :$. _

{ N Æ[V, mq0[V, )/067. ,vrs0

[V,^�"7?.)'*,> N +t, PersonalRank

)�)/0+0, ��!2",��)�, �"��

��r�^��, rs��2"+x.

�2 PersonalRank�%"�7�� *� CF,

PersonalRank )��%"���&�&Y\ *�
' (Z' 15). > N = 5 7 N = 10 v, Personal-

Rank )�)/0!@� 1.78 VS 2.30 (h 1.43 VS

1.95, )'* PersonalRank "��&#a40)/
0. .�;C9~	
, �� *�'�",��)

�2 PersonalRank )V�Æ.

; 12 `xzzUVWr PersonalRank {stu
N Recall(%) Precision(%) Coverage(%) Popularity

1 0.61 2.60 0.25 4.199

2 0.99 2.12 0.79 3.987

3 1.35 1.93 1.56 3.798

4 1.82 1.94 2.54 3.644

5 2.08 1.78 3.39 3.533

6 2.36 1.68 4.35 3.442

7 2.68 1.64 5.28 3.367

8 2.92 1.56 6.22 3.307

9 3.10 1.48 7.22 3.255

10 3.34 1.43 8.16 3.21

' 135$��;C9'�Y
��$!2#+�",��)��"�#- (N = 5),)(`�,> K =

70v,)��&�o. )�!��� *�'�",��)�`e��. t?,.K Æ��2
,��K =

70 va#�o�&, $��!. =mq0/f, 2�!@� 2.52 � 2.41, `@��; ��)/0/f, 2�!

@� 2.16 � 2.30; �rs0/f, 2�!@� 10.00 � 9.49; ��^�"/f, 2�!@� 3.066 � 3.085.

' 14 #$���$!2#+�",��"�)��#- (N = 10), �' 13 q{q��!, �;|F.
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; 13 `xzzUVWr�|67-vw5./2013
54r (N = 5)

K Recall(%) Precision(%) Coverage(%) Popularity

5 1.84 1.57 29.90 2.068

10 2.00 1.71 26.60 2.255

15 2.11 1.81 22.67 2.422

20 2.32 1.98 20.13 2.54

25 2.37 2.03 18.30 2.626

30 2.39 2.04 16.94 2.701

35 2.37 2.02 15.47 2.771

40 2.42 2.07 14.22 2.831

45 2.44 2.09 13.21 2.88

50 2.48 2.12 12.36 2.929

55 2.45 2.10 11.73 2.968

60 2.50 2.14 11.05 3.007

65 2.49 2.13 10.53 3.039

70 2.52 2.16 10.00 3.066

75 2.51 2.15 9.65 3.091

80 2.47 2.12 9.23 3.114

85 2.46 2.10 8.87 3.134

90 2.43 2.08 8.53 3.156

95 2.39 2.05 8.17 3.174

100 2.39 2.05 7.94 3.191

; 14 `xzzUVWr�|67-vw5./2013
54r (N = 10)

K Recall(%) Precision(%) Coverage(%) Popularity

5 2.91 1.24 45.48 1.939

10 3.25 1.39 41.57 2.151

15 3.55 1.52 37.79 2.261

20 3.71 1.59 33.80 2.36

25 3.70 1.58 31.01 2.439

30 3.80 1.62 28.83 2.503

35 3.85 1.65 26.90 2.558

40 3.91 1.68 25.30 2.603

45 4.01 1.72 24.08 2.642

50 3.95 1.69 22.91 2.682

55 3.93 1.68 21.83 2.717

60 3.93 1.68 20.88 2.745

65 3.97 1.70 20.11 2.772

70 3.98 1.71 19.33 2.796

75 3.96 1.70 18.68 2.818

80 3.90 1.67 18.09 2.838

85 3.87 1.66 17.46 2.856

90 3.92 1.68 16.86 2.872

95 3.90 1.67 16.42 2.888

100 3.91 1.68 16.04 2.902

' 15 �5��;C9'�Y
;�)�s.�2#-. .:��2+)��, ��V`�"���`
�,)'*����V`&�&�Æ@@	��3*,`x|f,. '�Y�,	��_-Zb� “y=”�

��&���{ 	���-t “on” ���, D'�Y�	5R���Zb� 2.66���, "`� 2.45,

)'*	���	�3*B.>���!, ��	��-t	��,�@���, ��z	��-t 	�
p��@6���. ��$!2�",��)�!���� *�'�",��)�, .;�%[
5x�
��, '*.�;C9'�Y�, �� *�'�",��)���Æ�)�.

; 15 `xzzUVWrtx13}uvi4r
���D rw�F N kstO� K Recall(%) Precision(%) Coverage(%) Popularity

�pqz� CF 5 70 2.41 2.30 9.49 3.085

�pqz� CF 10 65 4.08 1.95 18.96 2.804

PersonalRank 5 KG 2.08 1.78 3.39 3.533

PersonalRank 10 KG 3.34 1.43 8.16 3.21

�p���� CF 5 70 2.52 2.16 10.00 3.066

�p���� CF 10 45 4.01 1.72 24.08 2.642

�pGH��� 5 50 1.38 1.32 6.00 3.09

�pGH��� 10 45 2.11 1.01 11.63 2.80

�ptF��� 5 – 1.71 1.63 0.13 3.758

�ptF��� 10 – 2.60 1.24 0.26 3.464

6.4 yyMNO#XYin
C9'�Y��0�Zbl'�, '�!�C9, ^c 4340 ���� 275 ���� 37018 �Zb��,

'�%&"� 96.90%. 2 10 72 11 !@5$�C9'�Y���:Zb5<(h��Zb�����#
-. ���Zbl'xyvyZ, �����,xyvyZ. ��'�� Zb 20 �(V���.

' 16 5$�(� PersonalRank �%"��)��&. !��� *�'�",��)�, Personal-

Rank �%"���&&�*, .:��6m%[�5+�yZ.

' 175$�.C9'�Y
��$!2#+�",��)��"�#- (N = 5). > K = 10v, "�

Æ-�o, )/0� 12.93%.



1022 � � � � � � � � � � 37�

- 10 zzUVWb\zp��5Umno - 11 zzUVW��qzp5pqUmno

' 185$�.C9'�Y
��$!2#+�

",��)��"�#- (N = 10). . K = 10 v,

)��&�o, )/0Z� 10.59%.

.' 19�5$�.C9'�Y
;�)��s
.�2. )(`�, �� *�'�",��)�a

#�o�"�Æ-. )(f, .C9'�Y6, ��

$!2#+�)�&G2Z.���V`�"�7�

�\"�"�.C9'�Y
�"�)/05�0,

)2�)��8..C9'�Y6!�"�.

; 16 zzUVWr PersonalRank {stu
N Recall(%) Precision(%) Coverage(%) Popularity

1 0.77 11.36 0.35 4.306

2 1.33 9.91 0.59 4.199

3 1.81 8.94 0.95 4.133

4 2.18 8.09 1.23 4.089

5 2.55 7.57 1.52 4.053

6 2.97 7.36 1.69 4.021

7 3.44 7.29 1.91 3.987

8 3.83 7.12 2.07 3.957

9 4.14 6.84 2.30 3.927

10 4.50 6.68 2.49 3.899

; 17 zzUVWr�|67-vw5./201354
r (N = 5)

K Recall(%) Precision(%) Coverage(%) Popularity

5 3.98 11.80 15.18 2.816

10 4.35 12.93 10.96 3.036

15 4.22 12.52 8.52 3.179

20 4.18 12.41 6.97 3.267

25 4.08 12.12 5.93 3.33

30 4.04 11.99 5.25 3.382

35 3.95 11.73 4.71 3.423

40 3.86 11.46 4.36 3.456

45 3.75 11.13 4.05 3.489

50 3.65 10.85 3.75 3.518

; 18 zzUVWr�|67-vw5./201354
r (N=10)

K Recall(%) Precision(%) Coverage(%) Popularity

5 6.80 10.09 24.51 2.737

10 7.14 10.59 17.72 2.932

15 6.99 10.38 14.01 3.058

20 6.79 10.08 11.80 3.143

25 6.63 9.84 10.08 3.21

30 6.53 9.71 8.91 3.26

35 6.34 9.42 8.10 3.306

40 6.27 9.31 7.34 3.344

45 6.17 9.16 6.76 3.38

50 6.03 8.96 6.31 3.411

; 19 zzUVWrtx13}uvi4r
���D rw�F N kstO� K Recall(%) Precision(%) Coverage(%) Popularity

�pqz� CF 5 10 4.83 16.11 13.73 2.971

�pqz� CF 10 10 7.92 13.21 22.40 2.87

PersonalRank 5 KG 2.55 7.57 1.52 4.053

PersonalRank 10 KG 4.50 6.68 2.49 3.899

�p���� CF 5 10 4.35 12.93 10.96 3.036

�p���� CF 10 10 7.14 10.59 17.72 2.932

�pGH��� 5 55 1.95 6.52 1.75 3.888

�pGH��� 10 55 3.17 5.29 3.21 3.759

�ptF��� 5 – 1.05 3.50 0.12 4.234

�ptF��� 10 – 1.93 3.22 0.23 4.107
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7 e{e*�|

}� Kickstarter �
�	�
, '�%&"Y� 99%, �� *�'�",��&��>. ��, 4

5��%&'����"�, (#!"���&. (���$!2�.$#'zF���
����	��
�, (� PersonalRank �)������$�34, ��"��'. &U.$!2#+�",��)�, (

� PersonalRank #��Y�$��(". �-'*: 1) .C9'�Y
, �� *�'�",��Æ-+

*, )'*'*)�8.C9'�Y; 2) .%&'�Y
, ��$!2�"�Æ-)o; 3) 9h�{, '�\

%&, $!2#+��&=\*.

$!2#+,���: 1) .'�C9�5<6, �� *�'�",��)�Æ, 2$!2#+�"�

#-))/; 2)$!2#+��)39"+0, �)v$� �'P��, .DI� 4�'�Y
,$!2#

+��)v$� *!+")�� 10 k(
.

n/�8�"3�: 1) =$!2#+�{, /� PersonalRank,+��E)�)(�) �$�!+�,

� SimRank, n/)(os�E2#+.
���"���:�; 2) 0��)�39�, DI(�����

��",��)�. ��, .�z5<6, �V��!T��v, �����"��).��RS. n/)(

os������"�!��2; 3)DI�'�/' Kickstarter,+)(os�E�
�	� (� Indiegogo,

Rockethub), (-J$!2#+�8��.

~}~�

[1] An J, Quercia D, Crowcroft J. Recommending investors for crowdfunding projects[C]// Proceedings of the 23rd

International Conference on World Wide Web, 2014: 261–270.

[2] Chen L, Chen G, Wang F. Recommender systems based on user reviews: The state of the art[J]. User Modeling

and User-Adapted Interaction, 2015: 25: 99–154.

[3] Brin S, Page L. The anatomy of a large-scale hypertextual web search engine[J]. Computer Networks and ISDN

Systems, 1998, 30(1): 107–117.

[4] Tay D B H, Lin Z. Design of near orthogonal graph filter banks[J]. IEEE Signal Processing Letters, 2015, 22:

701–704.

[5] Hammack R, Puffenberger O. A prime factor theorem for bipartite graphs[J]. European Journal of Combinatorics,

2015, 47: 123–140.

[6] Gharibshah J, Jalili M. Connectedness of users-items networks and recommender systems[J]. Applied Mathe-

matics and Computation, 2014, 243: 578–584.

[7] Lee S, Kahng M, Lee S. Constructing compact and effective graphs for recommender systems via node and edge

aggregations[J]. Expert Systems with Applications, 2015, 42(7): 3396–3409.

[8] z|�, �{, }�{. �p�z{�@KI||�LTMI���� [J]. ���������, 2013, 33(11): 2945–

2953.

Deng X Y, Jin C, Han Q P. Improved collaborative filtering model based on context clustering and user ranking[J].

Systems Engineering — Theory & Practice, 2013, 33(11): 2945–2953.

[9] }~, }}~. �p PCA-SOM �~�LTMI�� [J]. ���������, 2010, 30(10): 1850–1854.

Yu X, Li M Q. Effective hybrid collaborative filtering model based on PCA-SOM[J]. Systems Engineering —

Theory & Practice, 2010, 30(10): 1850–1854.

[10] Rakesh V, Choo J, Reddy C K. Project recommendation using heterogeneous traits in crowdfunding[C]// Ninth

International AAAI Conference on Web and Social Media, 2015: 1–10.

[11] Lu C T, Shuai H H, Yu P S. Identifying your customers in social networks[C]// Proceedings of the 23rd ACM

International Conference on Conference on Information and Knowledge Management, 2014: 391–400.

[12] Stone T, Zhang W, Zhao X. An empirical study of top-n recommendation for venture finance[C]// Proceedings

of the 22nd ACM International Conference on Conference on Information & Knowledge Management, 2013:

1865–1868.

[13] Zhou T, Kuscsik Z, Liu J G, et al. Solving the apparent diversity-accuracy dilemma of recommender systems[J].

Proceedings of the National Academy of Sciences, 2010, 107(10): 4511–4515.

[14] �~. ������ [M]. |�: 
��}~��, 2012: 23–29, 45–49.

[15] Zaier Z, Godin R, Faucher L. Evaluating recommender systems[C]// Automated Solutions for Cross Media

Content and Multi-channel Distribution, 2008: 211–217.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


