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Query Expansion Method Based on Predictive Algorithms for
Collaborative Filtering

KEericHIRO HoAsHI,F KAZUNORI MATSUMOTO,! NAOMI INOUEf
and KAzuo HASHIMOTO

In this research, we propose a novel query expansion method baseed on predictive algo-
rithms used in collaborative filtering. Existing query expansion methods such as Rocchio’s
algorithm consider all documents in the relevant document set equally. This means that even
in situations where the actual relevance of the documents in the set are not clear, documents
with high similarity to the initial query are considered the same as documents with low simi-
larity. In predictive algorithms, votes of users with high correlation to the active user are used
to predict votes of the active user. By applying this algorithm to query expansion, jit is pos-
sible to emphasize information extracted from documents highly similar to the initial query,
which is expected to lead to improvement of text retrieval. Through experiments conducted
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on TREC data, we have proved the effectiveness of the proposed method.
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Fig.1 Concept of collaborative filtering.

512141

@
B
D
D

2. JO0oooooooobooooobooOoog
goooo

0000000000 D0O0000 collaborative fil-
teringO0 00000000 0O0OCOOCOOODODOO
ooooooooooooooooooo

2.1 JOO0OOOOOoOOo

O00oooo0oooooOoooooooooo
J0oo0dooooooOooOoooooooooon
00o0ooOooDoOoooOoOOoOoooOooooooo
000000 00000000000000000
00000000 0ooooooooooDoOoooo
00000000 000o0oo0ooooooooooag
oooooOo0ooO0oOoooooOogooooooog
oooooUoooUooOoooOoUooOooooood
0000ooooooOoooooooooooooog
gdo0ooooUooooooooooooooooo
gd0o0ooooU00oooooUooooooooooo
oooO0ooooOO0DooOoOoOoOooooooooOooag
oo00oooooooooooooooon

010000000000000D000000 10
0000000000 active userOu, 00000 4y
0000000000000 oooooooooog
0100000 w, 000000 wiOwOus 0000
u, 000000000000 0000000 weOO
O0wuw, O 4, 0000000000000 0OOwu, O
i, 000000000000 0D0O0000000wO
us 00000 w, O00D00000000000Ou,
ooooooooooonoss, 0000oooooog
goooooooooao

000000000000 oooooooooog
000000000 00oooooO0oooOoooooon



1102 goooooooo

000oo0ooooooooooooooooooo
ooo

2.2 JO00O0O0OO0OOOOO

Breese 1 10 0000000000000000
J00000CO00OOooOoO Memory-based OO
0000 Model-basedD 00 0000 200000
O00Memory-based D00 OO0O0O0O00O0O0O0O0O
o0o00o00oooooooooooooooo
ooooo0ooooo0ooooooooooooo
poooooO0OoOoOo0ooooOoooooooooo
Model-based 000 00000000000 OOOO
ooooooooooooooooooooooooo
oo0ooo0oooooo0oU0oooOoooooooo
00oooo0ooOo0o0ooooooooooooooao
O000000OMemory-based 000 O000O0O0OOOO
0000oo0oooO00ooUoUooooooooooo
o0o0oo0oo0ooO0U0oooU0oOoOooOoooooo
oooooOoooooOoOoooOoooOoOoooooo
0000000000000 0Model-based000 O
oo00oo0ooo0oo0oooooooooooooo
oooooOooooo0ooOooooOoooOoooooo
goooooooooooOoooooooooooo
oooooopoooOoOooooUOooooOooooo
000o00o0ooooooooooooooooo
oooooOoooooooooo

2.2.1 Memory-based 000000

OO0000OMemory-based0 00 OO0O00COOOO
oooooopooooD 00000 jO0000000
0Owv,; 0000000 «000000000000
00 00000000 s0000009;00 (1)
oooooooooo

m:ﬁzum (1)
JEI;

oooo|L|0 b 000000 0ooooooooo
Memory-based 00 0000000000000 a
00000 j0000000000000O0O0O0O a
0;0000000000000000000000
ooooooooooooooooooooo j00
00000 «0000000 pe,; 0000 Opa,; O
0O (2)oooooooooo

n

Pag =Ta+ k> wla,i)(vi; — ) )
i=1
gododnb «0OO00OO0O0ODODOOOOODODOOODO
w(e,) 0000 « 0000 <00000000DOOO
O000x0 w(e,q) 0000 10000000000

Apr. 2002

00000000000000000000p,; 000
« 00000000000 w(ed 00000000
000000000000000000000w(a,i)
000000000000000000000000
00000 (3)000000000000 (4000
000000000000000000000000
0oooo

w(a ’L) = Zi(vavjfﬁa)(vi,jfﬁi)
\/ZJ'(U“*J'fﬁa)2 Z].(vm-f@.)z

®3)

. Va,j Vi,j
w(a,i) = 4
(@0 =3 =t
J kel, Yak ker; Yik

O00000OMemory-based0O00 OOOOODOOO
0000000000000 00000000000
00000000000 0000000000000
0000000000000000000YYo

2.2.2 Model-based D 00O 00O

00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000 o000 mODOOOODOOODOO
O0p,; 00 (5)00000000000000O0O

Pag = Pr(va; = ilva,k € L)i (5)
=0
0O (G)000O0 Pr()00000 «0 jO0000
0000000000000000000000 40
j00000000000000000D00000
000000000000000000000000
O000000OO0o0D0oOo0oooo'®o
2.3 000O00O00O0O0O0DOO0
Breese 0 0 Memory-based 0 00 00 OO Model-
based 000 0000000000000 OOOOO
0000000000 000000
e MS Web
Microsoft 00 000000000000 O000
0000000000000000000000
0000000000000 100000000
000 o00000000000D0O000
e Television
Neilsen 000 000000000000 DO0
00O00O0OMSWebODOODOODOODOOOOO
0000 10000000000 0000000
0Ooooooooon

e EachMovie'"



Vol. 43 No. 4

oooooooOoooooooUooooooooo
00 o000 5s00000000000000000
0000000000 oooOoooooooog
000000000 oooooooooooon
O 000 implicit votesOO OO OO0 OOOOOOO
00000000ooooUoooogoooooog
O explicit votesOO 2000000000000 0O0O
000000 oooDoOoOMS WebO Television O
000000000000 EachMovieD OO OOO
ooooooo
Breese 000 O0O0O0OO0O0OOOOOOOOOOOOO
MS Web O Television 0 0 0O O Model-based O O
00000 Memory-based 000 OOOODOOO0O
O00000000EachMovieO OO O OQOOOO
0 Memory-based 0 00 OO 00O OO Model-based
00000oooooooooooooooooon
O0000000oooooooooooooooon
00000000 Memory-based OO OO DOOO
0O Model-based 000 0000000000000
oopoooood

3. 0 O0O0O0

00000000000000000000000
00000000 RocchioOOOOOODOOOOOD
000000D000000000000

3.1 RocchioOOOOOODO
0000000000D000000 100 Rocchio
00000000000000000%0RocchioD
0000000 196000000000000000
000000 SMART'Y00O0000OO0OO0OODO
oooooooono

RocchioD O OO ODODDOOOOOOODODO
000000000000000000000000
000000000000000000000000
00000000000 00000D00000000
000000000000000000000000
000000000000000000000000
0000000000000 00®Oo0000000
000000000000000000000000
0000000000000 000000D00000
0000000000 0RocchioDDOOOOO0O0O
0000000 @, 00 (6)000000000

Goi=g 3. Doy S D (©)

DE€Rel D¢Rel

OOD0DODRONDODOODOODOODOODOOODOO

000000000oo00O0OD0ORelOOODODODOO

gooooooooobooooooooooboo 1103

000000000000 (6)000000o0ooo
0000000000000000 00000

000000000000 0000Doooog
0000000000000 0D0D00O0O000000
000000000000 D0000O000000000
000000000000 D000000000000
000000000000000000000000
0000000000000 00D000000000
0000000 00*OoDoo0000O000o00on
000 (70000

Guew =% Gorg + % % 3 D
DERel
1 -

vaD;;dD (7)
0 (7yOoooOoooooooooooooooo
0000000000000 0ooooooooog
00000 «O0p0yO00000O0DOOCOSMARTO
oodooOooooooooOooooooooooo
oo0ooo0oouooooooooooo
3.2 0 O O
000000000000 000ORocchioOOOO
0000000 /000000000000O00 a0
pf0~0000000000000000O000O0OO
000oo0ooDo0oooooooOooooooon
00000000000ooooogooooong
00000O0000o0ooooooooooooog
oooooopooopoooooOopoOoooooooo
ooooooOoodooOoooOooooooOooooo
RocchioOOOOOOOOOOOOOOOOOOOO
0o00ooooooouoooooogooooooo
ooooooodg
0000000000000 pseudo feedback O O
oooooooooOoDoOOOooOoOoOoooooOooo
Jo0o0oo0o00o0oO0oo0Ooooooooogooog
Pseudo feedback 00 000000000000 O0O
0000000 000oD0Do000oooooooooo
000000000 0O0O0O00ORocchioOOODODO
ooooOoOo0oUooooUooooOoooooooo
000000oooooooooooooooooo
Jo00oooooouopDopoooooOoooooooo
00o00O000ooooo0ooooooooooooo
000oo0ooooooooooooooooooan
O00o0ooooooooon
00000000 000oooooooooooo
00d0o00o000o0ooooooonooooooo



1104 goooooooo

goobooodoooooooooooboooooboooo
oobooooooooooo

4. 0 00O

goo0o0o0doooooooooboooboooooo
oooo

ddoooboboOooO0oo0ooobOoooooooboono
goboobobodooooooobooboooboo
goboobobobobooboobuoooobboooboo
gdoobooooboobobooooobooo
goooobobooOoobbooobooooboooo
Jddbodooobooooboooooboobooo
goooooooo

go0o00o0o0o0ooOooOobOoooooooon
000000000000 0000000Y™oooo
00000000 0oobOooboOoooooDooooo
00oDo0o00ooobOoOo0oooOooooooooon
gooboboooobbobbooooooouoooga
gooobbooboboboboouooboboooo
gooobobdooboooobbobobbobo
gooboooooood

goob00oobOoooooooboooboboboo
gooooooo0o0obooooooooooooono
goooooobooboobOooooooboooog
gooooooooooooooooooobooo
Jo00b000ooopooooooooobooOobooono
000Do00000bOO0o0oODOOobOobOOobOooooo
goo2000000b000b00b00bOb

20000 1000000 b0bubD w, OO
00000000000 QUouuooooooog
gdoooooboobobboouoobboobo
godbooooobooooooboooo 20000
t, 00000000000 000002200000
gooodoooooooooboooobooooa
goooot,, 00oboobobboooobooooo
gooooogoo

0000Db00000oO0oooOooDo2200000
20000000000 000D0DO 00OMemory-based
JO00Db0O00D00O000D0O0D0OOMemory-based [
0000000000000 DbO23 00000 Breese
goobOo0oboboboooboobbboobooo
JO000o0o0ooonoOoD Memory-based 00O OO
00 Model-based 00O OO OOOOOODODOOO
0odbooooobooooDobooooooooo
Jd0dDoOoOobOOoobOOobOoOobooobooOoono
go0obOoo0o0obOoOooooobOooooooooa

Apr. 2002

t5 cee t

QueryQ | 5| 1|4 |23 ] soo |21
LPif2]a]1]3]3] ¢ |2
5
EllD2|5|2]4|1|3] = |G)
a

D3| 3|4 |3 |4|5 ] e« |3
L |
Term Weights

02 0000000000000DO0O00DOO0ObOOOoOoOoOooo
Fig.2 Concept of query expansion based on predictive
algorithm.

000000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000O00000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000
002000000000000000000000
00000000000000000000000C0
0D00000000000000000000000
00 0000000000000000000000
0000000Memory-based 000 0000000
00000000000
00000000000000000000
00000 Q 000000000 D, 000
00 n0000000 @ = (q,---,q2) 00D
D; = (dja1,---,d;») 0000000000000
0:0000 00 (8000000000

K
g =Q+rY_ Sim(Q,Dy)(dr; — Di) (8)
k=1
0000QDD; 00000 G000 D; 0000
00000000000000000K 00000
0000000000000000S8im(Q,D;) 00
00 QOO0 D;000000000000000
00Sm(Q,D;)00 (4000000000000
0000000000 (2)00 (8)00000000
000000000000 Memory-based D OO OO
0000 w(e,i)0000000000000000
0000000000000000000
0000000000RocchioD 00000000
000000000000000000000000



Vol. 43 No. 4

odoo0ooUooUoooooooooooooooo
o0oo0o00oOU00oOoooUooooooooooo
00o00o0oooooooooooooooooon
0000d000oooooooooooooooooo
00 Opseudo feedback OO0 0O O 00000000
0000000o0oo0ooooooooooooooo
0000000000000oo0ooooooooo
oooooOooooooooooogoogoooo
ooooooooooooooOoooooouooo
0o0000o0ooopoooooooogooooooo
o0dooo0ooUooooooooooooooooo
00oooooooooooooooooooo

5. 0D Ooogano

gooboooOoboboooooooooog
5.1 0O O
00o000o0oo00oO0bOOoDOoOobOOooboOooooo
goobbooboobobboobboobobooboboo
000 RocchioODOOOOOODOOOOO
5.2 O0OO0O0OO
O00O0O0OOTREC-60000 TREC-70 Ad hoc
Track 00 0000ODODODODODOODOOODODODOO
000000ooooooooboDog 000 TopicO
Jo000oooOoooooobOoooono TRECO
CD-ROM Vol 4050 000000000000 Con-
gressional Records 00000 5300000000
Joo0bO0ooooo10b0000000D00o000
ogooooo
0000000000 Db0O TopicODODOOOODOO
gooboooobbOobOooobobooooooobooo
goooooooobooogooo
5.3 0O0O0OOO
0o0o0o00o00obOOooooooooboooooono
0o0ooo00oboooooboobooooboooooo
0000000000 Tr«IDFODOOOODOOOO
0000000 TF+IDFO 00000 0SMART '
00000000000 oOobOOoo0oooooooo
go0o00ooooo TFOOO IDFOOOOOOOOO
e TF factor

log(1 +tfs) 9)
e IDF factor

lo %
g df:
gopootf; 000 :00000000000O0O4df; 0O

gobooooooooobo «ooooooboboM
gbooooooooooooooooooboooobo

(10)

gooooooooobooooooooooboo

1105

01 TREC-6000 TREC-7 Ad hocODOOODO

Table 1 Details of TREC-6 and TREC-7 ad hoc data.
Data type Data name # of docs
TREC-6 Query Topics 301-350 50
TREC-7 Query Topics 351-400 50

Documents Financial Times, Fed- | 528155

eral Register, Foreign

Broadcast Information

Service, LA Times
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02 TREC600OO0OOOOOOOO
Table 2 Average precision of experiments on TREC-6 data.

Col filter Rocchio Improvement rate
N K=10 K=20| K=10 K=20| K=10 K =20
10 0.2005 0.2046 0.1709 0.1724 17.3% 18.7%
50 0.2052 0.2217 0.1863 0.1915 10.1% 19.3%
100 0.2097 0.2285 0.1912 0.2004 9.7% 8.3%
250 0.2019 0.2171 0.2032 0.2075 -0.6% 6.8%
500 0.1883 0.2061 0.2066 0.2125 -8.9% -3.0%

Baseline 0.1864

038 TREC-7rOOO0OOOOOOO
Table 3 Average precision of experiments on TREC-7 data.

Col filter Rocchio Improvement rate
N K=10 K=20| K=10 K=20| K=10 K =20
10 0.1695 0.1764 0.1722 0.1693 -1.6% 5.4%
50 0.1862 0.1933 0.1924 0.1869 -3.2% 3.4%
100 0.1896 0.2006 0.1994 0.1943 -5.9% 3.2%
250 0.1849 0.2048 0.2044 0.2015 -9.5% 1.6%
500 0.1728 0.1964 0.2101 0.2069 -16.5% -6.5%

Baseline 0.1553
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04 TREC-600000 Prec@b
Table 4 Precision at 5 documents for TREC-6 data.
Collaborative Rocchio Improvement rate Manual Rocchio
N K =10 K =20 K =10 K =20 K =10 K =20 K =10 K =20

10 0.4360 0.4560 0.3680 0.3680 18.5% 23.9% 0.6480 0.6360
50 0.4080 0.4560 0.4040 0.4000 1.0% 14.0% 0.8080 0.7760
100 0.4560 0.4640 0.4000 0.4080 14.0% 13.7% 0.8560 0.8240
250 0.4280 0.4480 0.4120 0.4160 3.9% 7.7% 0.9160 0.8920
500 0.4040 0.4440 0.4160 0.4160 -2.9% 6.7% 0.9320 0.9080

05 TREC-600000 Prec@l0
Table 5 Precision at 10 documents for TREC-6 data.

Collaborative Rocchio Improvement rate Manual Rocchio
N K =10 K =20 K =10 K =20 K =10 K =20 K =10 K =20
10 0.3700 0.3880 0.3180 0.2980 16.3% 30.2% 0.5320 0.5380
50 0.3560 0.4020 0.3440 0.3380 3.5% 18.9% 0.6720 0.6680
100 0.3620 0.3820 0.3440 0.3540 5.2% 7.9% 0.7280 0.7260
250 0.3620 0.3920 0.3480 0.3580 4.0% 9.5% 0.7720 0.7680
500 0.3500 0.3940 0.3460 0.3580 1.2% 10.1% 0.7980 0.8040

06 TREC-7OO00OO Prec@5
Table 6 Precision at 5 documents for TREC-7 data.

Collaborative Rocchio Improvement rate Manual Rocchio
N K=10 K=20| K=10 K=20| K=10 K=20| K=10 K =20
10 0.4000 0.3880 0.3480 0.3200 14.9% 21.3% 0.5720 0.5560
50 0.4360 0.4040 0.3340 0.3520 30.5% 14.8% 0.7800 0.7480
100 0.4360 0.4280 0.3920 0.3680 11.2% 16.3% 0.8440 0.8000
250 0.4360 0.4560 0.4120 0.3800 5.8% 20.0% 0.9080 0.8720
500 0.4320 0.4520 0.4120 0.4000 4.6% 13.0% 0.9200 0.8920

07 TREC-7T00000 Prec@Ql0
Table 7 Precision at 10 documents for TREC-7 data.

Collaborative Rocchio Improvement rate Manual Rocchio
N K=10 K=20| K=10 K=20| K=10 K=20| K=10 K =20
10 0.3460 0.3540 0.3220 0.2980 16.1% 18.8% 0.5320 5040
50 0.3740 0.3780 0.3340 0.3340 12.0% 13.2% 0.6660 0.6520

100 0.3720 0.3800 0.3460 0.3400 7.5% 11.8% 0.7340 0.7080
250 0.3580 0.3740 0.3500 0.3480 2.3% 7.5% 0.7860 0.7620
500 0.3640 0.3800 0.3480 0.3520 4.6% 8.0% 0.7960 0.7900
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