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Software Function Recommender System Based on Collaborative

Filtering

NAOKI OHSUGI,t AKITO MONDEN,t SHUUJI MORISAKI#t
and KEN-ICHI MATSUMOTO

High-Functionality Applications (HFA) includes a large amount of useful yet unbeknown
functions. This paper proposes a Software Function Recommender System based on Collab-
orative Filtering (CF) and evaluates the accuracies of the system’s recommendations. The
proposed system recommends useful yet unbeknown functions to each user, as follows: the
proposed system automatically collects histories of software function execution from many
users, then estimates the usefulness of unused functions using CF algorithms, and recommends
users with the functions ranked by their estimated usefulness. We conducted experimental
evaluation of six CF algorithms including 2 new algorithms (Rank correlation algorithm and
Sequence-based algorithm) by using NDPM (Normalized Distance-based Performance Mea-
sure). The result of the experiments showed that the average NDPM of all the algorithms
were better than that of randomly produced recommendation. This suggested the proposed

system can be used for discovering useful yet unbeknown functions of HFA.

1. 0000

0ooo0ooooOOobOobOoOOoboOoboOooooa
Jooo0doOoooboDbOooOoooobbooboooao
gbooobooboooobobobooboooboooo
00000000000 000000000000
gbd0booooooooooooboobooooo
Microsoft Office XP OO OO OOOOUOOOOOO

fO000oooO0o0oooooooooooooD
Graduate School of Information Science, Nara Institute
of Science and Technology

ff 00o00ooooooooooooooo
Internet Initiative Japan, Inc.

267

O00000oO0oOoooOo220000000000 1
00000000000000000000000d
000000000 2015% 00000

00000000o0oooooooooooooog
goooooOoUooooUoUoOooooooooooo
oooooopoooooO0OopoOoooooooooo
O000000oo0ooooooooogooooo
000 00 %0 Microsoft Word 2000 0 PowerPoint
20000 0000000000000 O0OO00OOOO
O0000o00oO0o0ooooooooo9noooon
000000 0oooooooooooo 161000
0000000000000 40000000000
oooo'tvo



268 goooooooo

00000000000 000000000000
000000000000 D000000000000
00000000000000 1000000000
0000000000O00O0D00O0O0OOOOOo'™oo
000000000000000000000001
0000 63.7000000000000000000
00000000 1000000000000000
0000000000 000000oooYoooo
0000000000000 00D000000000
000000000000000000000000
00000000000 00000D000000000
0000000000000 00000000000
00 0000 High-Functionality Application: HFAD
00000000000000000000000
0000000000000 00000000000
000000000000000000000000
O0ODHFADODODOODODOOOODOODOODODOOOO
000000000000000D000000000
0000000000 O0o0
0000000000000 DD0O0000000
0000000000000000000'YYYon
0000000000000 00000000000
0000000000000 00000000000
00000000000000°0000000000
000D000000000000000000000
0000000000 00000000000000
000000000000 000000000000
000000000000 000000000000
00000000000 0000000000000
0000000000000 000000000n
00000000000 D00000000000000
0000000000000 00000000000
000000D000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
0000000000000 00000000000

Yoo 1) 00000000 00000000 oooooono
goboo0o0oo0o0mOoO0o000 100000000000
o00o0o00o0o0o0o0ooboo0o0ooooooooooooaon
gmoOooooOoOoooOoOoOOOoOoO0OooOooboOoOooOOoOoon
0000000000000000000O00C0O0O0000O0
gmoooooooooooooOoOooOooOoOooOoOoobooooo
gooooooO0ooo0o0oO0OooO0oooo0oOoooooooo
Ooob0000000000000O0O00000000O0O00O0
gooo0oooooooooooooo 2000000000
ooooooooooooo

Jan. 2004

0000000000000000000000000
000000000Ooooooooooagb:s)ie~20
004500000000000000000000
0000000000000 00000000000
000000000000000000000000
0000000000D00000000000000
00000200000 0000 Rank correlation O
00 00 00Sequence-based 000 0000000
600000000000000000000000
oooo

00D0200000000000000000000
30000000000000000000000O0
0D4000000000000000000000
00000000000 000O0500000000
000000000000000000000000
0006000000000000O0D000O0DOOOO
7000000000000008000000O00
ooo0O0oooOo00

2. 00O0ODO0OOO0O0OOOOObOOO00O

00000000000000000000000
0000000000 0000000000000 20
0000000000000000000000000
0000000000000 00000000000
00000000000 0000000M 0000
0000000000000 00000000000
0000000000000 00000DO00Ono
000000000000000000000000
00000000000000000000000
000000000000000000000000
000O000O00Ovete0000000000O0O 0O
000000000000000000000000
0000000000 vote 0000000 ODOO vote
00000000000 0000000000000
0000000 vote D0 vote 000000D0DODOO
000000000 100MO000000votedD
0000000000 vote0OODOODOOOODOD
000000000000000000000000
000000000000000000000000
0000000000000000000000
000000000000000000000 Net-
newsJOOOODODOO Tapestry OO OO OO0OO0O
00000000000 0000000000000
000000000000 000000000000
00000000000 ®000000000000
0000000000000 00000000000



Vol. 45 No. 1

Uy Vi1 V2 Vi Vin
i, v Vss P Vi [ Vs
H, va, I va, 2 Vﬂ, 7 Tt va/ n :
Uy Vm, I Vm, 2 e vm, J T Vo, n

A Cvote {EITHID

ooboobooooboooOoobooooobOooooobooboooo

269

BT IR T
FILTdUAL

B CREIY A7 LOHEE votelB p, )

01 0ooooooobobOOooboooO0ooobooboooo
Fig.1 Input and output of collaborative filtering algorithm.

01 GroupLens 0000000000
Table 1 Comparison between GroupLens and the proposed system.

Grouplens BRI AT L
HRTAT S | A HAE e
gy | oRGEEORREET SREE, S B | WESOFEIPAE (00~10 %K, BRI
P EHVES)
B | SRR A vote [ RERMREOE AEOHEN
00 vote 00 00000000000000000 1—FOHES 9 59
000000000 PHOAKSOOOOOOOOOD - (T TN A~ /1 aly
i o5
000000000000000000000000 E;mmnm.ﬂ“f><*vw—a)ﬂ[j»%
0000000000000000000voted00O [ wmzEs T o 2y

00000000000000000O00?)n
Usenet 00000000 GroupLens 000000
vote 0000000 DOO0DOO0DOO0OO0OOOOOO
000000000000000000000000
Oo0'®o0000000000000000000
vote 100000000000 00O000O000O0
000000000000000000000000
00000000000000000000
00000000000000000000000
00000000000000 vote DO0OO0D0DO0O
000000000000000000000000
000000000000 000000D0 100Mm
0000000000 D000000D00000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000 60000000
000000 400000000000000000
0000000000000

[ gmzaEn || gmean | mE2ES |

— BERKOMA F——
‘ #ADB HRERITREE D

B

”””” > WM ORN

. N
02 000000DOO0OOOO

Fig.2 Architecture of the recommender system for

R —

software function discovery.

3. Uooooooo

3.1 O O

goboooooooboboooboo 20000000
gooooooooboooooboooooobooDboo
ooooooooooboooooooboooboood
gooobooboooooooooooooooooo
ooboobooocoooooooobOoOouoboooooo
goooobooboooboooooooooooooon
goboboooooooboooboboooooooog
ooooooooooobooooooobooooooo
ooooO0O0O00000 bBOOOOOOOO0O0OO
ooobooDOobOoODOO000ooboOo0o0o0o0on0 bBO
oooooon



270 goooooooo

0000000000000 000D0O000000
0000000000000 DO0DOoooooo™o
000000000000000000000000
00000mMO000000000 bDBOOOOOO
0000000000000 00000000000
000000000000 000000000000
00 DBOOOOOOOOOOODOOOOOOOO
0000000000000 00000000000
000000000000000000000000
00000 11)00000000000000000
0000000O00ooono
3.2 0O00DOO0ODOO
3.2.1 00DO0OOOOOO
000000000O00000000000000
000000000000000000000 200
00000mMOOD0oo00ooooo
1. 0000000 HFADDODOODODOODOOOO
0000000000000000000000
00000000000 00000000000
0oooooDo
2.0000000000000000 HFAODOOO
000000000000 00000000ng
ooooooog
3. 0000000000000 000000000
0000000000000000000000
00000000 DBOOODOODO
0000000000 300000000000
0000000 Microsoft Office XPO Word Excelld
PowerPoint D0 0000 0000000000000
0000010001000000000000000

u, DEREEITRIE
2000/05/12 152156 HHEEF,
2000/05/12 152532 HEEF,

Jan. 2004

000000000 IDO000O000O0OO000000
0000000000000000000000000
000000000000000000000000
00000000000000000000 3000
00000IDOO0 702400000 ->0000 &CLO
0020020 90 600 140 260 3000000
00000 Del00OOO0OOO0O000O0O0O0O0O
3.2.2 00000
020000000000000000000000
000000000000000000000000
0000000000000000000 DBOODO
000000000000000000000000
000000000000 000000000 DBO
0000000000000000000000000
00 DBOOOOOO
00000000040000000000000
000000000000 U = {uy,us,...,un} 0
00000 v, 000000000 30000000
00000000000000000000 F={f,
faso. o fa}0w; 00000 f; 000000 ¢ 0
ooo
00 1. 00000000000000000000
000000000000 00mMOOO0ooo

7024 2002/09/06 14:26:3 &71)7->9 ~<XT(RC) Del
3517 2002/09/06 14:26:24 EXGETE-H J43R(3C)

128 2002/09/06 14:26:26 {REE>IulcEEd (8U) Ctrl+f
3517 200209/06 14:26:32 EASEE-FH242050)

3518 2002/09/06 14:26:33 EHEFE->XTO#MNIF(EC)

03 0oopooooo
Fig.3 An example of the usage history.

2000/05/12 152755 HHEEF,

2000/05/12 153057 HEEF, Moo | G | daz | U7 | du

din

2000/05/12 15:3712 H#4BES My | 9 | Ga2 | T | Gy

o

WHE ) ffi Sy i

I 1 s . =
U, Ga, 1 Doz | """ o j

u, DIEEE TR

: 5
- GLIE 2 25 Paj
9an

2000/04/01 111221 HEES,

Uy Ini | Gmz | 777 | mi

Im n

2000/04/01 111813 HEEES,
2000/04/01 112145 HEEES,
2000/04/01 112454 HEEES,
2000/04/01 112633 HEEEF,

[HEBESET T /R

PERESEITIRE TS

u, BEATLCL VL
WEE L OWTEHAE o,

o, (ST B

04 000D00O0DO0ODOOO0 we, OOO0OO0ODDOOODO
Fig.4 Procedure of making a recommendation for user u,.



Vol. 45 No. 1

goooooooo

e: .
Gy = =" (1)

E €i,k

fE€F;

oo0000D00 v 00000 f, 000000
;0000 », 0000000 O0DOCOOODOO
FO00000DO

ub 2 000bbooooobbobobobood
000 w . 0000000000 £,0000 pa,y
goooooooooobooooobp4b0000O
oo

ob 3. tob20000w . 00000O0OODODOO
gbobooobobobooobobooboooo
gooooooo

3.2.3 ODODOODOODOO
gooodooobboooo pBOooooooobodg

gooodoobo0obO0oooOobOoboobobo 2000

oooomoooooooooooon

1. ooboooooobobooooboboobooo
ooooooO0o DbBOOOOOOOODOOODO
gooboooooboooobooobog

2. 00000000DOODbDOoODObOOoOooObOOOon
goobooobboooboboobobooboo

4. DO00oO0OO0OO0OOoOoOooOooooooon

0000000000000000 6000000
000000000000 000000000000
0000000 4000000000 4100 440
000000000000000000 200000
0000 4504600000

4.1 User count0O0O0 00O

Terveend 2V 0 webO0 00 000000 PHOAKS
000000000000000000000000
000000000000 0000000O00000
00000000000000000000
0000000 vo00000 (V0000 w0
0000 f, 000000 ¢;00000uw, 000
O f,0000p,; 0000000000

Z binaryOf (¢i,;)

u; €U
a,j = ’
Pa,j |U| o
oooo
binaryOf (qi.;) = { 1 Eq.J, >0 0; @
4, :

0 (3) ooooooag binaryOf(qi,j) 0 Dui 0 fj

ooboobooooboooOoobooooobOooooobooboooo 271

01000000000000 0010000000
000 100000 (2)00000f 0000000
000000000000 000000000000
0000000000000 0000d p.; DOO0O
ooooo

4.2 AverageO0OODOO0O

Shardanand 02 000000000 Ringo O O
00000000000 D00000000noooo
000000000000000000000000
0D00000000000000000000 Du,
oooD f;,0000 p.,; DODOOODODDO

S g

u; €U
0 i = _ 4
Pa,j ‘U| ( )

0(o0ooof;0000000O00D0UODDOO
0o0oUoooooUooOo Wwjooooooooooo
O00o0pDoDOoODoDoOoDooOoODOO00ObO0oOobOoOooono
uooooool p.; DOOODODOOODO

4.3 Correlation coefficient 100000

Resnick 0 '®) 0 GroupLens0 00000000 O
goooboooobbooboboooboooog
0ooodoo w, 0000000 bo0O »w, 0ogoo
00000000 sim(ue,u;) 00000000

stm (U, u;)
> ok —T) @ik —T)
_ frE€EFaNF;
Z (qak — a)? Z (i —T)°
frE€FaNE; frE€FaNE;

(5)
0000w 00000000000 FROK 0000

000000 |F/Oo000000w, 0000000
00 g UOoOOoooooooo

1 1
q |F7,| qi,l |F7,| ( qi,l )

fieF;
(6)

000 »w, 000000 ;0000 p.,; ODOOO
gooooo

Z sim(ta, wi)(qi,; — @)

u; €U

Z stm(ua, Us;)

u; €U
0O (G)00buw,000000w; 000 fLOODOO
¢rD ¢ 000000000000000000
00 [-1,]]0000000000000 (oo 2

(7)

Pa,j = qa +



272 goooooooo

0O00w; 000 f; 00000000 000000
0000000 0ooooooog sim(ue,u;) 00O
O000o00oooOo0oooooooOooooooo
oooOooOoooU0oOooOoooUooooooooo
000000o000b0OoooD pe,; 000O0ODO
ooo

4.4 Binary correlation000000O

Breese 1Y 0000000000000 DOODO
oOoooooooo0Oooooooooooooooo
00000000000 w, 000000000 us
O00000oOooooong sim(ue,w;) DOO0OO
ooo

stm (Ua, Us)
>~ {binaryOf(ga,x) x binaryOf (qix)}
frE€EFaUF;

> binaryOf (qa.k) >

frE€EFQUF; frE€EFqUF;

binaryOf (qi,k)

(8)

0000w O0O0000D00DOO0O0O F,000000
00 binaryOf(¢s,;) OO0 (3) 00000 0O0OOODO
000000 v, 000000 f£,0000 pe,; OO
(mooooooo

4.5 Rank correlation 000000

O0o00ooooUoooooooooOoooooog
o0oobDODoDOoDbOObodoo43 00000 Cor-
relation coefficient 0 0 0000000000000
0000000 00ooooooooooooooo
go0ooOooopoooooooOoOoooooooo
00%0GroupLens 00 0000000000000
voteUO 100 5000000C0O0O0C0O0O0O0OOO
0000000 oo0oooooUoooooooood
000 00000000000000000000
oooooo

00000000000 w, 000000000 wg
0000000000000 sim(ue,u;) 00000
ooo

stm (U, u;)

>°  raenkOf(ga,k)?

fr€FaNF;
+ >
frE€EFaNF;
n Z (7“anlcOf(qa,k)2 —T?)

frEFqNF;

X fn >

fr€FaNF;

n 2

x — =T

2 2
rankOf (qi k)" — d

(rankOf (gi,k)* = T?)

(9)
0000w 00000000000 K 0000

Jan. 2004

O00n0O FonF,00000CO0OO0ODOOOOODOO
T=n(n+1)/2000d>= > (rankOf(qax)—

fr€F.NF;

rankOf (¢;,1))? 0 00 O rankOf (¢; ) DO F,NEF; O
00000000000000000000D0000
00000000 w, 000000 0000 pa,;
00 (7)0000000

4.6 Sequence-based 100 000

00000000000000000000¥®~19n
4500000 Rank correlation 000 000000
0000000000000 00000000000
00000000 000000000000000
0000000000000 00000000000
000000000000000000000000
000D0000000000000000OYa02? O
000000 dpmO0000D0D0O00O00OOODODO
00000D000000000 »w, 00000000
0w 0000000000000 sim(ue,u;) 00
0000000000 (10)0000 20000000
NDPMOOOO (13)00000000000NDPM
00000 w,00000000000000 0,00
00o0o00O00O00D0o0o0nD o,/00000000
000000000000000000000000
000000000000 000000000000
00 (50(8) 0000 [-1,+1]000000000
(13) 0000 [0,1]0000000000D00000

00001-2x (0 (13)00)oooooo
stm (U, Us)

>° dpm(daks Gats Giks i)
—1_9% fr€EFanF; fi€FqNF;

Z dpmNormalizer(qa,k, da,)
fLE€EFaNF; fi€FqNF;

(10)
oooor,0F/ 000000000 w,Ouw, 000
oooooooooooon

dpm(qa.k, Ga,l, Qi k, Gi1)
(Qa.k > qa,1) A (Qik > i)
0 V (Qak = qa,1) A (qik = i)
V (Gak < qa,i) A (qik < @)

= 1 (Ga,k = qa,t) A (qik 7 qi1)
\ (qa,k # qa,l) Q7, k = qi, l

9 ( (qa,k > qa,l) A (Qz < Qzl >
(

\ (qa,k < qa,l) qz k> Qzl
11)



Vol. 45 No. 1

1 (qa,k = qa,l)
2 (Ga,k # qart)
(12)

dpmNormalizer (qa,k,qa,1) = {

oboooooo

0 (1)O00O000 dpmOO00F,NF;, 00000
0000 (fe, /) ODDOO0O0000 we OO0 (f&, f1)
00000 (gak,¢ey) 00w 00O (f, f1) 00O
00 (gik,¢i) 00000000000 (qak,gas) O
(¢ix,q:) 0000000000 dpm=000000
00000000000 dpm =20000(qak, qas)
000 (gikgy)000000D000000DOO0
000 dpm=10000000000dpm0O 200
gooobooooooboobooobooooboooo
gooooooooooOooboooOooooboooo
gooobooooooobooobooooobooooobo
goboobooooobooooooooobooDD
goooooooooobbooooooooood
goboboooooooo

0 (12)0 0000 dpmNormalizer 0 00 (10)00
002000000 [0,])]00000oUoUooo
0000000000000 (10)000 (5)000
0O [-1,1]00000000000000 weOOO
000 f; 0000 p,; 00 (7)D0O000OD

5. 00OOooOao

5.1 0OOOOO

oooooooOoooOooUoooooogooo
00000Ya0?? 00000 NDPMO Normalized
Distance-based Performance Measure 00 O 0 O O
NDPM OOODO w, OOOOOODOOOODOOO

ooboobooooboooOoobooooobOooooobooboooo 273

00, 000000000000000 0,/ 000
0D00000000000000000000000
000000000000 000000000000
0000o0oooooY2IgNDPM O [0,1] 00
0000000000000000 0,0 O, 00
0000000000000000000000000
0000000000 05000000000000
000000000000 NDPMOOOOOODOO
0000000 NDPMODOOOOOO0O000000
000000000 NDPMOOODOOOODOOO
0D0000000000000000000000

NDPM ODOOOOOOOOO

NDPM (O,,0})

§ : 2 : ’ ’
dpm(oa,kvoa,lvoa,k y Oa,l )

0, €04 U0/, 0,€0,U0},

Z Z dpmNormalizer(0g,k, 0a,1)

0, €0qUO), 0,€0,U0,

(13)
000 0o 0 0, 000000 k000000 rankO
000000 O,/000000 kOOOOOODO
gooooog dpm OO0 dpmNormalizer OO O
o0o0 (1nHo@a2)ooooo
5.2 0O0O0OO
00000ooooOooOooo 200000000
0000000 00ooO0ooooooooooooog
000000000000 00000ooooooon
00000000000000000ooooooon
O0OMSWordOODOOOOOOOOMS PowerPoint
000000000 00000OMS ExcelDODOODO
ooooooUopUOoooOoooooooooooo
OooooMSWordOOOOODOOOOOOOOOO

02 000000000000000
Table 2 Usage histories for experimental evaluation.

E=: )| L )
% HFA Word 2000 Word 2002 PowerPoint 2002 Excel 2002
S 6 23 21 20
R 254 147 A 10 A 145 A
Foo MR 3 A 1 4 AZ 1 4 A0 174
AR 12.0 5 A 504 A 465 H 55454
BRI TRERE 108 143 162 77
o NEA TR 62 16 29 15
TYEATHERER 90.0 67.3 909 420
I TEN AR 209 227 254 132




274 goooooooo

1-1. EENCHEERTHEREER TS

1-2, BAER(TIE R AL u, DEIT
LTLILVBE £ 20 S DBUHT

f
#
1-3. 0, ([CF /T —FEITLY, g, (285

TO 5 DIEBOERIEN o, 7IHE
EE

1-4. ., DEITLTLELEEEE TIC
DT 13 ETLY, o, OETEOHRE
IBE O, #HE TS

¥

Jan. 2004

2-1. BN SHEEEITHERE(ERTS

2-2, AR TIBEREREL, u, HEIT
il f 2 OEDRUET
I

¥

2-3. u, NEATUIBEEDD T, £ D
FITHE ¢, NMTB BB DB
Lo, YEHETD

!

2-4, ,, BEITUAHEEES TOHEE
(DT 2-3 E1TLy, EITHEEDIE
FOoZRETZ

1-5. 7L TR LEBAL, u, (23
57 OERE, TS

1-6. 1, B'EITLTL VI REES TIC
DT 15 ETLY, DRF LD, I

ITOHERDIER 0, ERETD

1-7.0,6 0, EHBL, ndprE BT |

()00 1000

2-5.., DEEELI R T ARITHES
0ICTAFEITLTLELI &(EE)

I

2-6. 7 )LOUALEBRAL, u, (3
TELOBRE p, FHETE

I

2-7. ., HEITLICHEES TO#EE
(ZDLT 2-5, 2-6 &1TL, LT LN
u, [ATOHERBDIER O, ZIRTE TS

]

v
2-8. 0, & O L, ndpmE BEH TS

(b) 0O 2000

05 000000D0ODDODO00O000 v, 000000000 DO0O00O00OO0
Fig.5 An experimental protocol in evaluating a recommendation for user u,.

MS PowerPoint 0 0 OO0 00 O0OO0O0OOOOODOO
000000 OMSExcelDODODOODOODOOO
ogoooo

53 0 O0ODO

5.3.1 00 100000 bOOoOoOobobooon
ooo w, 0OOO0O0OO O, DODOODOOOOO
gooobooogoboboboboooboooooobo
0,/ 00000NDPMODOOODOOO, 000000
goooooooooooooOoooooooooo
goooooboobooooooboooooooo
02000000000 HFAO MS Word 20000
0000 600000000DOO0ODOOODOOODOUser
countJ Averageld Correlation coefficient(dSequence-
basedJ 400000

00 10000 NDPMOOOODOOO 5(a)00
JdobOoFDOO0O00OO0O0O00OO0O0ODODDOOODDODO
F, 04w, 0O00D0O0DOODOODOOOODOOD
oooooooooo o, 000gooouooooog
goooooooooooobooooog

e u, 000 f;00000000OOODODOOO

doooooooooooboobboboooooo
Oobof;00000000000000000O0

00000000000 00000000000
0000000000000000000000
0000000000000000000000
0000000000000000000000
0ooo
e u, 0 f;0000000000000O0O0DOO0O
000000000000 000000000
e u, 0 f;0000000000000O000O00
0000000 2000000000
53.2 0020000000000
000 w.000000000000000000
00000000 0,000000000000 O,
O0D00ONDPMOOOOOOO00O000000C
000000000000000000000000,
00000000000 0000000000000
000000000000000000000000
000000000000000000000000
ooooooo?e~20g
02000000000000000000 Word
20020 PowerPoint 20020 Excel 20020 000000
0200230000000000000000000
100000000000 Binary correlation0 Rank



Vol. 45 No. 1 ooboobooooboooOoobooooobOooooobooboooo 275

03 00 100000000000000D000 NDPM OO

Table 3 Experimental result 1 (interview based evaluation).

N2= N
R
User count Average Correlation coefficient Sequence-based
# 0.2701 02702 0.2654 0.2811
2 0.5868 0.5868 0.5553 04268
# 0.3358 03371 0.3288 03373
#4 0.4388 0.4401 0.4179 03873
#5 03664 03532 03533 03454
#6 0.4243 03894 03778 03497
Ria) 0.4037 03961 0.3831 03546
04 OO0 20000000000000000 NDPM OO
Table 4 Experimental result 2 (history based evaluation).
TINEYRL ‘Word 2002 PowerPomt 2002 Excel2002
Rank correlation 02842 0.2345 0.2618
Sequence-based 0.2858 02345 0.2619
Binary correlation 0.2883 0.2366 0.2638
Average 0.2891 0.2374 0.2666
Correlation coefficient 0.2910 0.2376 0.2664
User count 03109 02758 0.2912

correlation0 000 60000000 1000000
oo0ooooOooOoU0ooooooooooooog
Oo0DoO00o0DOo002000000C0oo00g 20
000 ndpmO0OO0O0OO0OOS5(M)0O0O0O

54 0 O0OO

00 l1l0000ooooooooooooooo
OO0 NDPM OODOOOOOOOOOOOO 300
0000000000000 0o0oooooooog
O NDPM=050000 NDPMODOOOOOOODOO
O0o0O0o0oooooooooooooooo s5%0
00000 @oooooogogos0goooon
O000ooodoooooooooooooooo
0000000000004 2000 0Sequence-based
000000 ooO0o0ooUoooooooooooo
oooDooopoU0ooOoooooooooooooo
User count — Average — Correlation coefficient —
Sequence-based D 0O O0O0O00OOOOOOOOOO
O NDPMOOOODOOOOOOOOOOOOOO
O0000Sequence-based D OO0 OO0 OOOOO
00000oooooooooo

00 20000000000000 NDPMOOO
0004000000000 0000O00DO0OOOOO
O0odoooooOo0ooUoooooooooooo
O005%000000M0000000oooooog
O000oo0ooo0oooooooooooooooo
O00o0oooooooooo0ooooogooog
00 Word20020 Excel20020 PowerPoint200200 O
00O OUser count — Correlation coefficient — Av-
erage — Binary correlation — Sequence-based —
Rank correlation 0 00 0000000000000
ONDPMOOOODOOODOOOOOODO 4000000
OO0 NDPMODOOOOOODOOODOOO NDPM O
000000000 %0 000000000000
00000 NDPMOOOOODOOOOOOOOOOO

6. O O

o0 10200000000 o000000o0o000n
gbobooboooooooooooooooobooo
oobooboooobooboooooooobooDboo
gooobooooooooooboooooooobo



276 goooooooo Jan. 2004

goooobooooOooooboboooOoooooo
gooobobooooobooooooooooboooo
gobooOoooOOooObDUoobOoogoooobooo
00o0oobopoOooobOO0odooooboOooooo
gooooood

000o0ooo00oo0oooonoooooo 400
000 0000 000OBinary correlationd Sequence-
based Rank correlation ] 30000000000
000 2000000000 User countd Average[
gooooooooboooobOoboooobooooo
goopooooOoooOoooooOooOoboooooao
goooodooooooooboooooogooo
go0oo0d0ooOoDOOoO0oOooUODoDOooboobooooogo
520000000000000DO0OOODOOOOO
OO0 HFAQOOOOOOOOoooooooood
000ooooOoO0o000ooooDoO0Oooooooog
Joo0oooOoOoooO0DOoo0ooooooooonog
gooooboooooooobooooooooooo
ooobooooDoooon

Correlation coefficient 0 00000000000
00ob00o00ooO0oooooOooooo 20b0000o
0000000000 User countdAverageJ 00O
0000000000000000D0000Correlation
coefficient 0 0000000 O00OO0ODODOOOOO
Joo0oo0oobOoboOobobDOobOoboOoboooo
000000000oDooDoo0oooooooooon
ODO0Y0HFADODDOODOOOODOOOOOO
oo00oMmoooooOomoooooooboooooo
gooooooobobooooobbooooooooo
oomoobooOOmooooOoooooooooo
oo000oooooooooomoooboboooobooo
000 OO0 OO0 Binary correlation Sequence-based
Rank correlation00 000000000 OOOOO
goo0oooooooooooobobooooog

7. 0000

000000000 DO0000000000OHFA
00000000000000000wen'® 0 DYK
0 Did You KnowDDO OO DO OHorvitzO ” O “Tip
ofthe Day’ 100 D0DO0D0O0OOOOOOOOOO
000000000000 0OO00OHFADDOOOOO
100000000000000000000000
000000000000000000000000
000000000000 000000000000
00000000000 D0000000000000
00000000000 0000000000000

000oo0ooouoooooooooooo
HFAODOOOOOOOOOOOOoOooooooo
0000000 OFischer0% O Active Help 0 OO
00 O Horvitz O ® O Microsoft Office Assistant O
00o0dooOooU0oo0ooooooooooood
00000oO0oDoO0oo0oooooooooooooon
00000000 00ooooooooooooogo
goooooooOoooOoooooooooooog
oooooooodoomoooooooooooo
000000000000000 Active Help O OO
00 Microsoft Office Assistant 000000000
joooooooooUoooooUooooooooo
dooo00o0oooOoooOoooooooooooon
O00o0ooOoooooooooooog

8. 0 0O O

O000DO0OHFAODOOOOOOOOOOOOOO
gooodooooooopooooUooogooogoo
goo0oo0ooo0oooooooooooooooo
o0ooooooooooOooooooogoooo
ooo0ooOooOoooUoooooOoOoooooooo
ooooobooooooooeooooboOooDOO
0oooooooooooooo NDPM ODOOO
goooooOoooooOoDooOoOooOoooooon
0oo0oooo0oooooooooooooooon
Joo0o0oooooooooooOoooooooon
ood

ooOooo0oOooooooooooooooooo
000000 300000 0000 Rank correlationd
Sequence-based[ Binary correlation00 OO0 00O 0O
000000 2000000000 User countd Av-
erage00 0000000000 OOCOOOOOOOO
goooo0ooOoooooOOoo0ooooooooog
O00000000000000000 0000 Rank
correlationd Sequence-based 00 000000000
0 00000 Correlation coefficient 0 000000
Jo00o0oooo0oooooooooooooooo
0o000o0ooooopooooooooooooooo
goooopoooooOoooocOoooooooog

oo0oooOooUoooooooooooooood
O000000O000oOoooOo veteOOOOODOO
0doUo0ooOooUoUooooooooooooooo
O00000oDoooOOOooO0oOooooooooooO
JoooooooO0ooooooooooooooog
J0oo0ooooooooooooooooooon
0000000 0o0ooomoDooooooooo o



Vol. 45 No. 1

0000000000000 000OooOoO HFAO
gbobooobooooooboooooooobooobooo
gobooboooooooboooooooobooooo
oooooooooooocooboooooomonoo
goboooboobooooboooboobooboomO
goooooooooobooooooooobooboooo
goooooooboooobobobooooooobomo
gooobobooooboooooooooooooon
gboooooboooooooooooooooan
gbooboboooobooooooooooooooobooo
ubooooooOoooboooooooboobooooo
goboobooooouooboooocooboooobooboo
o1o00000

g o o o

1) Balabanovic, M. and Shoham, Y.: Fab:
Content-based Collaborative Recommenda-
tion, Comm. ACM, Vol.40, No.3, pp.66-72
(1997).

2) Balabanovic, M.: An Adaptive Web Page
Recommendation Service, Proc. 1st Inter-
national Conference on Autonomous Agents
(Agents ’97), pp.378-385 (1997).

3) Breese, J.S., Heckerman, D. and Kadie, C.:
Empirical Analysis of Predictive Algorithms
for Collaborative Filtering, Proc. 14th Confer-
ence on Uncertainty in Artificial Intelligence,
pp-43-52 (1998).

4) Fischer, G., Lemke, A.C. and Schwab, T.:
Knowledge-based Help Systems, Proc. CHI 85
Conference on Human Factors in Computing
Systems, pp.161-167 (1985).

5) Fischer, G.: User Modeling in Human-
Computer Interaction, User Modeling and
User-Adapted Interaction (UMUAI), Vol.11,
No.1/2, pp.65-86 (2001).

6) Goldberg, D., Nichols, D., Oki, B.M. and
Terry, D.: Using Collaborative Filtering to
Weave an Information Tapestry, Comm. ACM,
Vol.35, No.12, pp.61-70 (1992).

7) Horvitz, E.: Agents with Beliefs: Reflec-
tions on Bayesian Methods for User Modeling,
Proc. 16th Intl. Conference on User Modeling
(UM °97), pp.441-442 (1997).

8) Horvitz, E., Breese, J., Heckerman, D., Hovel,
D. and Rommelse, K.: The Lumiere Project:
Bayesian User Modeling for Inferring the Goals
and Needs of Software Users, Proc. 14th Confer-
ence on Uncertainty in Artificial Intelligence,
pp.256—265 (1998).

9) 00 0O0OQ0OUOUODOOUOOO0OO (1984).

ooboobooooboooOoobooooobOooooobooboooo 277

10) OOoOO0oOooOooooooooooooooo
00000000O00ooDoooooooooog
000000000000 000Vol.41, No.10,
pp.2770-2781 (2000).

11) 00oO00oO0ooOooooooooooooooo
O000000o0o0O0oo0oooooooooon
00000000000 oooooooogn
OO0O000 D-10Vol.J84-D-1, No.6, pp.755-767
(2001).

12) 0000000000 O0UODDOODOOOOOOO
0000000Vol.37, No.8, pp.751-758 (1996).

13) Ohsugi, N., Monden, A. and Matsumoto, K.:
A Recommendation System for Software Func-
tion Discovery, Proc. 9th Asia Pacific Soft-
ware Engineering Conference (APSEC2002),
pp.248-257 (2002).

14) Ohsugi, N., Monden, A. and Morisaki, S.:
Collaborative Filtering Approach for Software
Function Discovery, Proc. 2002 Intl. Sympo-
stum on Empirical Software Engineering (IS-
ESE2002), Vol.2, pp.29-30 (2002).

15) 00000000 0oooooooooooo
0000000000000 0000O0OOoo
0000000oooooooooon 20020
00 O pp.15-24 (2002).

16) Owen, D.: Answers First, Then Ques-
tions, User-Centered System Design, New
Perspectives on Human-Computer Interaction,
pp-361-375, Lawrence Erlbaum Associates,
Inc. (1986).

17) Pretschner, A. and Gauch, S.: Ontology Based
Personalized Search, Proc. 11th IEEE Intl.
Conf. on Tools with Artificial Intelligence,
pp-391-398 (1999).

18) Resnick, P., Iacovou, N., Suchak, M.,
Bergstrom, P. and Riedl, J.: GroupLens: An
Open Architecture for Collaborative Filter-
ing of Netnews, Proc. ACM 1994 Confer-
ence on Computer Supported Cooperative Work
(CSCW 94), pp.175-186 (1994).

19) Sarwar, B., Karypis, G., Konstan, J. and
Riedl, J.: Item-based Collaborative Filter-
ing Recommendation Algorithms, Proc. 10th
Intl. World Wide Web Conference (WWW10),
pp.285-295 (2001).

20) Shardanand, U. and Maes, P.: Social In-
formation Filtering: Algorithms for Automat-
ing ‘Word of Mouth’, Proc. CHI’95 Confer-
ence on Human Factors in Computing Systems,
pp.210-217 (1995).

21) Terveen, L., Hill, W., McDonald, D. and
Creter, J.: PHOAKS: A System for Sharing
Recommendations, Comm. ACM, Vol.40, No.3,
pp.59-62 (1997).



278 goooooooo

22) Yao, Y.Y.: Measuring Retrieval Effectiveness
Based on User Preference of Documents, J.
Am. Soc. Inf. Sci., Vol.46, No.2, pp.133-145

(1995).
(00150 5 016000)
(00150110 4 000)
00 00000000
00 1300000000000
== 0000000000000000

¥ ) 1500000000000000O0
goooooooooooooan
oooooooooooooooon
gooobooooooomobooooooooooo
gooOoooooO00oooUooo/ooooouooo
gobooobooooboboooboooobobooDbooboo
0000000000000 0000IEEECDOOO

o0 oOooogooo

gboebOouooooooooon
goooooiooooooooon
goooooocoooooooon
goooooooooooboooobo
150 Auckland0OOOO0O0OOO
gooomoooooooobooooobooboooo
OOIEEEDACMOOOO00O000OOO0OO0OOOO
gooooooooooboooooooboooooo
gooooooon

Jan. 2004

o0 Oo0Oooooo
ob1300o00o00oooooo
gooooooooooooooon
b ooooooooobooooooa
ﬂ goooooooobobobooomo
gbobooooobouoboooooooo
gooooooooobooooooobooooobooo
gooboooooboooooooo

o0 Oooogoooo

gbeoO0OO0OOOOOOOO
gooooooooooooooon
gooooooooooooooo
ooooooooobo sonoooon
ooooooooboobooboooboo s
gobobooooooooooooooooooon
0000000 ooO0o0OoO00ooo/oooooo
gobooobooooooooooooooooobooboo
0000000000000 IEEEDACMOOOO




