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Abstract Collaborative filtering is the most successful and widely used recommendation technology

in personalized recommender systems. However, collaborative filtering faces cold-start problem, which

includes new user problem and new item problem, when user ratings are extremely sparse. To solve the

new user problem, a cold-start eliminating method was proposed. Firstly, the items access by user was

obtained via web logs; secondly, n-sequence access analytic logic was defined to decompose user’s access

item sequence to user access sub-sequence set; thirdly, a similarity measure for user access item sequence was

proposed to search target user’s nearest neighborhood; fourthly, improved most-frequent item extracting

algorithm, which called IMIEA, was proposed to obtain the top-N recommendation for the new user. The

experimental results show that the proposed method can efficiently eliminate new user problem and obtain

better top-N recommendation quality.

Keywords recommender systems; collaborative filtering; cold-start; n-sequence access analytic logic

1 78

�� Internet �����, �����������������	����
����	��
�
��
�. ���������, ���� [1] �����Æ����	
� (virtual salespeople) �
		

�
�����, ���	��

�����
. �������������������, 
��
��	��
�����
, ����	������Æ�����, ����������Æ�����
�����, ������������: �����Æ� �!"����!�	�����Æ����
�
����
	#��. ���� (collaborative filtering) �����������$������%�
������ [2], �� �!�	������	 - "����& (user-item ratings matrix), �����

9':;: 2010-04-26

<=>?: �����# “251 (����$  ”

@ABC: �! (1978–), �, ��%"�, #�, !"�, &�#': $)�(, �(*�;  %) (1965–), &$%%�, #�, "
�, #��'�, &�#': *�!(+)*+.
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�,���*�	-.�'.�� !( (��+,��
���.�'"��
.�) �$%�	, -)
&$%�	+�
"����.-�*�	+�/��"���/, '.00.-��%��� N "�


����*�(+�	 (top-N ��), �,/#1$�	-+$%�	"�.��
0%� , /,!�	
(user-based)�����. ��,�	���&&*1	, ���������2)1�. 1$,2!����
Æ��	��
"��)*�',230, �
�	 - "����&���3�&; �(�	+4����

"�), *3� 1% 45 [3], 45�	 - "����&$��&156+. �����&6+� (sparsity)
7, [4] 2�0%, 68��9��2). 6��:���	����
����������������
�78�.

+-9 (cold-start)[5] 7,$6+�7,�15.,, �:�;��2/7, (first-rater problem)[6] '
70�2/7, (early-rater problem)[7], �1<-��	7,��"�7,, /=��	 (�"�) '2�
���3, 2!4/	
 (53) 4�"� (�	) ���, 45��;����	���.
�.�"� ('
��"���+.
�.5��	). ���������6<28=(, /��	�/�"�6>��0
+-97,. “7.+�������?�8, ��	��?�7�708@1
�	
->����9�
+	�
	Æ2��
	��3�-����”[8] , ����	7,.+!�"�7,?
@���.

9+697,,/A:B*�Web;:�:<�	;7"C,'.�D� nC;74E5<���4�

�	;7�C*; ��,A6=���	;7"C�.�������>,��	�%6$*=, �
%6
$�	���	;>�-.�'.���	;7"C,'.	B?'�%?C"	<�� IMIEA (improved
most-frequent items extracting algorithm), 4:<%6$�	�%?C"6
�����	� top-N ��.
*��7@����Æ� www.gazelle.com	
��	;7;:�&*6��FAB�8, /A	B���
�
�->������	������, GD�����+-9$���	7,.

/A; 2 C+.���'=�D��E; ; 3 C	B� n C;74E5<��	;7"C.����

���%?C"	<�� IMIEA �����	� top-N ����; ; 4 C� Gazelle �&*6'=�F6
'=AB�E; ; 5 C+B�AA�.

2 D<=E>F

9:-�H��	6
;7;?@�? (������Æ����	���). ,@�E�, 6<I�E
=
'2��F����Æ�. 2!6H��	=-�
Æ�	
�4�9+Æ��
����&, �=-
4���G>, ��F��������;���	
��9�. 1$, ��	G7-�Æ�6 ����
)��
J�, 6KJ��26�11��
�	�� !(. +�, �KL?!H� k-means @A [9]�B

H@A [10] ���+�	;7CD'=L?, 1
�>=-9:�	+ Web J��;7AC.

�L?�	;7CD���$,E��, I�,F�9:�	;7�GK Web J�, ��9:�	;
7WebJ��AC,/�	;7�-C�,���	;7J��B3AC�M��	� �9B��. ��,
�	 u1�u2�u3 IA�;7J�I(>B3ACHI�5:

u1 : P1 → P3 → P4 → P2 → P5 → P3

u2 : P2 → P4 → P3 → P5 → P4

u3 : P3 → P4 → P2 → P5 → P3

J46;7JC�K, �	 u1�u2�u3 L;7�J�*= {P2, P3, P4, P5}. 1$J;7CD�K, u3 � u1

�;7ACÆK�5, . u2 � u1 �;7AC�.DD, ���	 u1�u3 ;>�.���! u1 � u2 �.

��. ��L�1��	�;7CD6�-C�, N��O! [11] 	B��� K-paths @A���+�	;
7CD'=@A, 1
��$,! k-means @A��=��, 45 “M3$B!��NM%P4”.

D�-C�;Q, +!���������9�.R, �	�;7CD4�-��EF�, 1$2!�
���Æ���J(N'=�	4K, ��		
�	�,���O;��1�
"J��O5��, �

�	.4*�,�� Web J�O5"�
�
J�. ��, �	L.4*�Æ���
�A4KJ�PP
'2C��OE��
"��J�; �.4C5*�Æ�:J� “�J>G” �
C5H2
�
��M�
'=Q�, J.�Q�ABI�$?N
�
�O5I"�.
��
J�. 61�
�	;7CD$.
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-.=�M�J�$
�	�,��S� �
"���$M��4KJ��AJ. ��, +!�Y���
�	;7��"�
, 2!H��,��;7��, �-45;7CDWX��. �B��F��;7CD
YT��, ��69 K-paths @A, �-T�UK;7CD,.�, J.�6UKCDU2,��@A.

1$, +!����Æ�MZ!.R, 
%�[�$�	?Æ;7�GK�
, 4Z&�T2�	��
 !(. .�	*�GKÆJ"�6K�
"J��7,, D?
.+[�. ��, �F��\],!�	;
7CD'=�	.���E�#C,�, /A4�	;7"C���	.����� &, 6,F.4�V
�W)�	;7CD^��\B�	;7�
"�-C�, 6'.4��	.����J�=��EL.

)&69#C, /A]�4�45U��7,:
1) ��
��	��
";7CI (/�	;7"C)? +�/A	B� n C;74E5<�4�.
2) ��,!�	;7"C+B����	� top-N ��? +�/A	B��	;7"C.�����

��%?C"	<�� IMIEA �4�.

3 n GFHÆFIG

3.1 JHIKLMJKN
LO 1 (Web�?�-�	B^) +!4_Web�? G, �`MA�.�N���-�	 G = 〈P, E〉.

�$, P $�? G "-J�� URL *=; E $I�J�>�_O5*=, / G $-�`�*=.
LO 2 (�	;7"C) =�	 u ;7�"-�
"*=� I(u) ' I(u) ��a� |I(u)| = n, D u �

�	;7"C S(u) ���\�9B3^CI, .� S(u) �N���bMN:

〈u.ip, u.uid, {Ig.iid, Ig.url, Ig.time}(n)〉
�$, u.ip�u.uid �X�N�	� IP NO� ID *OÆ; {Ig.iid, Ig.url, Ig.time}(1 ≤ g ≤ n ≤ N) �N

�	 u ;7�; g ��
"� ID *OÆ�URL NO�;7(>, {Ig.url}(n) ∈ P ; n :��	;7"C�

^�, �! S(u) $��
"P�; N �N
Æ���
"P�. *3.,5, - n << N , /�	)&��
 !(*3Q-;7Æ��a�M��
. ���	;7Æ�[��(>�30, 
�	��	;7"C�
-,23^. 5�+B�	;7"C��1:<PR.

Step 1 +Æ�� Web ;:'=.a�, �B�	;7G>*=.
����Æ��	�Æ�6�;7VP�&$2�? Web 9�QA9G>�;:$ [12]. �	<�	

;7G>���$, %�����1$��	�OX. �D6���	<-: bcSc1/�B��/��=
���	; d/Sc�WX�	. +!�!.R, *��	 ID OX
�X3Cd; +!3!.R, 2!/N
Y8���e�9�Q�����, �1ELOX/��WX�	6,Cd, ��+WX�	�OX]�T
e���ED. /A+B45UKWX�	OXED:

PQ 1 �Web ;7;:$, RUK;7G>� IP NO.�, 1e�;:?NUK;7G>"���
f���' �QA^,�, D69UK;7G>�XS!U�,��WX�	.

PQ 2 �Web ;7;:$, RUK;7G>� IP NO.�, 1�	=�TU�J���	c ��
J�;>;4�_O5, D69UK;7G>�XS!U�,��WX�	.

Step 2 +!�	;7G>, )&�	 IP��	 ID ��
" ID OX�	<�	+�
"�;7G>,
6IU;7(>'=HC, f�
�	+�
"�-C;7G>*=, J.
�I�"]���	;7"C.
�	;7"C$/A'=����	� top-N ��� &.
3.2 n MIKRSTV

���	;7"C.44E�	�,�^��;7CI. 5�:B+B�	;7�C�ZY.
LO 3 (�	;7�C) �	 u ����	;7�C S(u(k))$W u �^�� n��	;7"C S(u)

$4_��^�� k(1 ≤ k ≤ n) �;7CI. � k /�,�.
�,�^�� S(u(k)), "- S(u(k)) D�
��	 u ��	;7�C*

⋃
1≤k≤n

{S(u(k))} . S(u(k)) $ S(u) $J; In−k+1 ��
"ZV<[g k ��


"�;7CI, /

S(u(k)) = 〈u.ip, u.uid, {In−k+i.iid, In−k+i.url, In−k+i.time} : 1 ≤ i ≤ k〉 (1)

W (1) .D��N�
S(u(k)) = In−k+1.iid → In−k+2.iid → · · · → In−k+k.iid (2)
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2W (2) .X, = k = 1 (, S(u(1)) �N�	 u ;7�;���
",
⋃

k=1

{S(u(k))} /� u ;7

� n ��
"�*=; = k = n (, S(u(n)) /��	 u ��	;7"C S(u). 5�+B,� k /(�⋃
1≤k≤n

{S(u(k))} [B: ∣∣∣∣∣∣
⋃

1≤k≤n

{S(u(k))}
∣∣∣∣∣∣ = n − k + 1, 1 ≤ k ≤ n (3)

��, =�	 u ��	;7"C S(u) = I1.32 → I2.65 → I3.27 → I4.28, D��	;7�C*⋃
1≤k≤n

{S(u(k))} �� 1 "N.

Y 1 UZ[VWXYZ[
S(u(1)) S(u(2)) S(u(3)) S(u(4))

I1.32 I1.32 → I2.65 I1.32 → I2.65 → I3.27 I1.32 → I2.65 → I3.27 → I4.28

I2.65 I2.65 → I3.27 I2.65 → I3.27 → I4.28

I3.27 I3.27 → I4.28

I4.28

5�X���J�	 u ��	;7"C S(u) 
� u ��	;7�C* ⋃
1≤k≤n

{S(u(k))}. +�, /A	

B,!e\7V#1� n C;74E5<�
�"-^�� S(u(k)).
LO 4 (n C;74E5<) n C;74E5< ADL(n) $��YMN:

ADL(n) =
〈 →⋃

,Σ ,Ψ , l(n)
〉

(4)

W (4) $,

1)
→⋃

=

{ ⋃
1≤k≤n

{S(u(k))}
}

, �N��-h�-�CI*=;

2) Σ = {I1.iid, I2.iid, · · · , Ik.iid}, �N
→⋃ $"-CI�C?*=, Ik.iid �N�	�-�CI6";7

��
" (k $)&�	;7(>AC�g]^/), '-
→⋃⋂

Σ =
⋃

k=1

{S(u(k))};
3) Ψ $CIZVÆ'\\ Ψ

⋂
Σ �= ∅;

4) l(n) $�- l(n): (Ii.iid → Ij .iid)1≤i≤j≤n fW�-h4B[D*, �(\\'Gi\\�5�2:
b 8��, /

{Ii.iid, ∀Ig.iid, Ij .iid} ∈ Σ , i < g < j.

d �h�, / ∣∣∣∣∣∣
⋃

i<g<j

Ig.iid

∣∣∣∣∣∣ = j − i − 1.

i -C�, /
∀Ig−1.iid �= ∅, ∀Ig+1.iid �= ∅, i < g < j.

3.3 JHIKLMJ\]^_`]^
+!U�,���	, ����	;7"C�.��(,
FF+��C5YT, .$

�U��	

IA��	;7�C*6'=YT. �1$8, L�9:U��	_�;7���
"�), ��9:U�
�	��	;7�C��*�a (6�M��	;7�
"�9B��-C�). =�	 u�v (u �= v) IA�
�	;7"C�X� S(u)�S(v), |S(u)| = n, |S(v)| = m, D�	;7"C�.�� sim(S(u), S(v)) .4�
4�,! k C�"C.���,! max(n, m) C�"C.��6U�M��X��, 73'=[=a�

�.���j�/.
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3.3.1 _a k MJLM\]^
] sim(u, v)S(u(k)),S(v(k)) �N�^�� k(1 ≤ k ≤ min(n, m)) ��	;7�C* ⋃

k

{S(u(k))} 6�.

��, D+!�	 u�v ��	;7�C*�6* Sk =

{ ⋃
1≤k≤n

{S(u(k))}
}⋃{ ⋃

1≤k≤m

{S(v(k))}
}

, ���

sim(u, v)S(u(k)),S(v(k)) (]�YT.��CB��[�.
] |Sk| = h, Sk,i �N Sk $�; i(1 ≤ i ≤ h) ��	;7�C, Sk,i(u)�Sk,i(v) �X�N Sk,i �⋃

k

{S(u(k))}�⋃
k

{S(v(k))}$B��[�,D.� h×28�&Mu,v(k, 2)��N�	 u�v�^�� k(1 ≤ k ≤
min(n, m))��	;7�C*⋃

k

{S(u(k))}6�.��.)&Mu,v(k, 2)I�.4�
⋃
k

{S(u(k))}�⋃
k

{S(v(k))}
�N��)

−→
S u,k�

−→
S v,k:

−→
S u,k = (Sk,1(u), Sk,2(u), · · · , Sk,h(u)) (5)

−→
S v,k = (Sk,1(v), Sk,2(v), · · · , Sk,h(v)) (6)

J., I�.4H��).��������� −→
S u,k�

−→
S v,k ;>�.�� sim

(−→
S u,k,

−→
S v,k

)
:

sim
(−→

S u,k,
−→
S v,k

)
=

−→
S u,k · −→S v,k

‖−→S u,k‖2 · ‖−→S v,k‖2

=

h∑
i=1

Sk,i(u, j) · Sk,i(v, j)√
h∑

i=1

S2
k,i(u, j) ·

√
h∑

i=1

S2
k,i(v, j)

= sim(u, v)S(u(k)),S(v(k)) (7)

J., �	 u�v �I� k ^���	;7�C*6�.�� sim(u, v)S(u(k)),S(v(k)),1≤k≤min(n,m) �:

sim(u, v)S(u(k)),S(v(k)),1≤k≤min(n,m) =

min(n,m)∑
k=1

(
λk · sim(u, v)S(u(k)),S(v(k))

)
min(n, m)

=

min(n,m)∑
k=1

⎛
⎜⎝λk ·

h∑
i=1

Sk,i(u,j)·Sk,i(v,j)√
h∑

i=1
S2

k,i(u,j)·
√

h∑
i=1

S2
k,i(v,j)

⎞
⎟⎠

min(n, m)
(8)

W (8) $, λk � sim(u, v)S(u(k)),S(v(k)) � sim(u, v)S(u(k)),S(v(k)),1≤k≤min(n,m) $�\�, ']�\\
min(n,m)∑

k=1

λk = 1 (9)

k /1�, D.
�\� λk 1�. �1$8, U��	;>�_�;7�C1^, D6U��C;>�.�
�1�, �NU��	�� !(1.6. ���7,$, ��^4=��\� λk?

:B] λk = kx, �$ k /��	 u�v �_�;7�C^�, x D�\��9B5h/ (/=�UH�
	_�;7�C^�� 1 (��C.��), J.�	�C;>�.�����_�;7�C^��30.
3�, '

min(n,m)∑
k=1

kx = 1 (10)

D-
min(n,m)∑

k=1

kx = [1 + 2 + · · · + k + · · · + min(n, m)] · x

=
min(n, m) · [min(n, m) + 1]

2
· x

= 1 (11)
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2W (11) .U


x =
2

min(n, m) · [min(n, m) + 1]
(12)

��\� λk �

λk = k · x =
2k

min(n, m) · [min(n, m) + 1]
(13)

J.-
∑min(n,m)

k=1 λk = 1, ` sim(u, v)S(u(k)),S(v(k)),1≤k≤min(n,m) �?k�

sim(u, v)S(u(k)),S(v(k)),1≤k≤min(n,m)

=

min(n,m)∑
k=1

(
λk · sim(u, v)S(u(k)),S(v(k))

)
min(n, m)

=

min(n,m)∑
k=1

⎛
⎜⎝ 2k

min(n,m)·[min(n,m)+1] ·
h∑

i=1
Sk,i(u,j)·Sk,i(v,j)√

h∑
i=1

S2
k,i(u,j)·

√
h∑

i=1
S2

k,i(v,j)

⎞
⎟⎠

min(n, m)
. (14)

3.3.2 _a max(n, m) MJLM\]^
+!U��	 u�v ��	;7"C S(u)�S(v), 2!�	(a |S(u)| �= |S(v)|(��! n �= m), / u�v

��	;7"C^�,�, ��F���).��4�^+/_` (Manhattan)�aW_` (Euclidean)�b
9],_`�.������ [13] L;�C5
�!YT S(u) � S(v) � max(n, m) C6�.��. +�,
/AcbA7`Ra�����
�� Levenshtein _` [14] (Levenshtein distance, �: edit distance, �
!��U�	3�);>�.��) �#1���,! max(n, m) C�"C.�� sim(u, v)S(u(n)),S(v(m)).

1) :B� S(u)�S(v)(/ S(u(n))�S(v(m))) �X�N��) −→
S u,n�

−→
S v,m, ] Si

u,n�Sj
v,m �X�N

−→
S u,n�

−→
S v,m $�4_���
", �$ 1 ≤ i ≤ n, 1 ≤ j ≤ m;

2) ,! max(n, m) C�"C.�� sim(u, v)S(u(n)),S(v(m)) �*�2�)
−→
S u,n "�� −→

S v,m "]�'

=�30�̂ D�_c��f��[��1�.
,! max(n, m) C�"C.����d9�5:
1) �D�� n × m 8�&, 48j_`/;
2)kV� (n+1)×(m+1)8�&Mn+1,m+1,6`;�=�I�/J 0 ZV3^. ad�)−→

S u,n�
−→
S v,m,

R Si
u,n = Sj

v,m, ��) temp G� 0; dD temp G� 1. 73��&� Mn+1,m+1[i, j] ^/�

Mn+1,m+1[i, j] = min

⎧⎪⎨
⎪⎩

(Mn+1,m+1[i − 1, j] + 1)
(Mn+1,m+1[i, j − 1] + 1)
(Mn+1,m+1[i − 1, j − 1] + temp)

⎫⎪⎬
⎪⎭ (15)

3) adAb3, ef�&�%3��// Mn+1,m+1[n, m], /��) −→
S u,n�

−→
S v,m ;>�_`. 2!

max(Mn+1,m+1[n, m]) = max(n, m), D,! max(n, m) C�"C.���D�:

sim(u, v)S(u(n)),S(v(m)) = 1 − Mn+1,m+1[n, m]
max(n, m)

(16)

3.3.3 JHIKLM\]^ sim(S(u), S(v))
�	;7"C.�� sim(S(u), S(v)) $�,! k C�"C.�� sim(u, v)S(u(k)),S(v(k)),1≤k≤min(n,m)

�,! max(n, m) C�"C.�� sim(u, v)S(u(n)),S(v(m)) '=[=a�
�:

sim(S(u), S(v))

=
√

sim(u, v)S(u(k)),S(v(k)),1≤k≤min(n,m) × sim(u, v)S(u(n)),S(v(m))

=

√√√√√√√√
min(n,m)∑

k=1

⎛
⎜⎝ 2k

min(n,m)·[min(n,m)+1] ·
h∑

i=1
Sk,i(u,j)·Sk,i(v,j)√

h∑
i=1

S2
k,i(u,j)·

√
h∑

i=1
S2

k,i(v,j)

⎞
⎟⎠

min(n, m)
·
(

1 − Mn+1,m+1[n, m]
max(n, m)

)
(17)
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3.4 _aabcdbLeN`^J top-N fg
���+��	 u ��	;7G>$�
�	�.����3, I�1.4l< sim(S(u), S(v)) /%

��� r ��	N���	 u �%6$*=, 73*�%?C"	<�����	�B top-N ��. F�
��$: ad%6$*=��	;7"C, ��6K%6$�	;7�I��
�[�, 73�;7[�%
�'��	 u 4/;7��� N (N /*3< 10) ��
"�� top-N ��"*�(+ u.

1$, 69F�%?C"	<��Q9:�%6$�	+�
"�;7[�, ./9:I�%6$�	
���	��	;7"C.���a+ top-N ����9. J��6g, ���	;>�-%��	;7"
C.���%6$�	";7��
".+!�
�	;7��
"J�-��2/,/Z6K�
"�;
7�[�.�. ��, /Ac=9:�
";7[��;7�	.+!��	����, 	B���?'�
%?C"	<�� IMIEA (improved most-frequent items extracting algorithm).

IMIEA ���,/d9�5:
Step 1 +!%6$�	*= NUS c;71��	 u/;7�4_�
" Ik, / ∀Ik ∈ ⋃(1−S(ur)),

�$ ur �%6$*= NUS $;7� Ik �4_�	, = Ik �%6$�	;7�[�� C(Ik), D Ik ��

�/ v(Ik) H�W (18) ��:

v(Ik) =
∑

ur∈NUS

C(Ik) · (sim(S(u), S(v))) (18)

Step 2 00 v(Ik) %��� N ��
"�� top-N ��"* Irec �(+��	:

Irec = {Ik| arg max(v(Ik))} (19)

�%� Irec ���$, %6$�) r ��a���$d
��� N �%?C"�>,, �1$8 r �

a�h.
-
,�\�� N �%?C". )& Herlocker �/ [15] �L?AB, �d�\e$%6$�	
�)=� 20–50 YT=�, / r ∈ [20, 50]. R,!6 20–50 �%6$��	;7"C6,

� N �%?
C", D.� r �/'�Pi�, C��� top-N %?C"*�>,.

4 hijek>F

4.1 lmfn�opgqrshP
�F"� PC j�fi� Intel Pentium 4 2.66GHz CPU�1GB RAM, f���$ Windows XP, ��

�CH� PowerBuilder 9.0 ��, �&g� Access 2003.
�F,! Gazelle Web ;:�&*��. *�+;:�&'=.a�, 	<� 1426 H;7)�)��

	+ 207 ��
� 10053K->;7G>���F�&*, (>h�� 2 �j, �&*6+�� 3.4%, Æ=
��
�mi. /K;7G>�N����MNn�	 ID, �
 ID, ;7(>o. 73, '�P��F�&*
��lj* (training set) �-c* (test set) U�M�, k���$��F�&*$/��	%3 10 d�
;7G>mpZ���-c*, �n�;7G>��lj*. lj*�!���	;7"C6'=.���
�, 4,���	�%6$*=6%� top-N ��* (top-N set); -c*D�!-) top-N ��2), /�
B top-N ��*$;��
"B��
�	-c*$, D�N%����kL��.

�FH� F -measure[16] �� top-N ��2)��2*E. F -measure 2��lG�������lf
3 (recall)�EL3 (precision) N�, 6$2!lf3�EL3�m6$.7kq�, ��30��*��
N 
	�lf3, 1nr�EL3. lf3�EL3�F -measure �������X�W (20)�(21)�(22) "
N (W$ N �N top-N ��P�)s

recall =
|test ⋂ {top -N}|

|test| (20)

precision =
|test ⋂ {top -N}|

N
(21)

F -measure =
2 × recall × precision

recall + precision
(22)

4.2 lmtmqnS
�F+45 2 ���'=YT: b,!CD@A� top-N ���� (G� PCM), /H�Ao [11] 	B

�CD@A��+�F�&*'=a�6
�.
� top-N ��AB; d/A	B�,! n C;74E5
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<� top-N ���� (G� UAIS-based CF). �F�����t�$��	�%6$�	*=��a, )
& Herlocker � [15] �L?AB, �d�\e$%6$�	�)=� 20–50 YT=�, / r ∈ [20, 50]. ��,
/A�F�X�%6$�)� 20�30�40�50 �.,5+ PCM�UAIS-based CF '= top-N ��%��
F -measure /��, 
���FAB�	 1 "N.

0.14

0.15

0.16

0.17

0.18

Number of neighbors

F
-m

ea
su

re

PCM UAIS-based CF

PCM 0.143 0.149 0.152 0.160 

UAIS-based CF 0.146 0.164 0.171 0.173 

20 30 40 50

u 1 top-N vwxyoz

69�FAB�8, /A	B� UAIS-based CF .+! PCM � F -measure W*6eL	�� 1.25%,
�� UAIS-based CF� top-N ��2)6P! PCM. UAIS-based CF;"4
�	� top-N ��2),$
��F��,!�	 �CD�'= Web �	�A����!�u�	�CD6��5�, .ol��	
“=p” 6KCD1��O� “��N” J�, J.45� “�ff” ��:, �
/� � “��N” J�.
���	;>2!M��CD,� (6�,�k��A"9, $2!�	Ag+Æ��hp��,�5� 
���,��	��iq��), �-�@A�,���	N, 6Y�1�
%r� top-N ��2),�. /
A	B� n C;74E5<vm�F�#C"8�� “�ff” jq, �(��
����9��(>
�
kW, -n!	����(��0%J(��	1F.

5 j{

�������?�	��
"�)�,23^,��GD+-97,c����������'�P
��"sw4��lo7,;�. /A�po�!, 9+����+-9$%�����	7,	B���
,! n C;74E5<�GD��, A=?'�%?C"	<�� IMIEA �%�����	� top-N �
�. �FAB�8/A	B����->GD���	7,. �Q, 4-U?]�EXWB:

1) ����`�
�. /A	B����@!4�����Æ�+-97,, 1�m6
����.4
m���n�,���.
�!��	����
��tp�o?��������9�, ��9+qL/
��Ao���9+O%�	����9+Ær�	�����, ��. I��k�xc�����"��
r���	����'=A=, q�����O%��p	�cÆ������
.

2) 5�PL?JC. ��, /A����c*��I��JM�FÆ�, 
�FÆ��p��s�t$
	
��1uA	��u?s��
yq�der. *�B	�d-c, ��������B]/\_��
��
; t���I���������	;7"C�	<64.'�P=�A93)J�B^, dD��
*�/�v� Web ;:�&�f��	;7"C���)��, -�9�s
�>B. ��, 5�P���
��1$��������.ff��	;7"CA93)J�B^. �Q, 
d�GD��	7,��(
�4�+-9$��"�7,, �$5�P��$]�9:�JC.
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