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A Preference Elicitation Method Based on Users’ Cognitive Behavior for

Context-Aware Recommender System

GAO Quan-Li GAO Ling YANG Jian-Feng WANG Hai

(School of Information Science and Technology, Northwest University, Xi’an 710127)

Abstract To solve the problem that the internal relation between user’s cognitive behaviors and
preferences have not been considered which lead to low predictive accuracy in existing recommender
systems, inspired by the theory of distributed cognition and the processing model of memory, a
cognitive behavior based approach is proposed. Firstly, the paper introduces many cognition
concepts into the process of acquiring user preferences under multidimensional context environment,
such as cognitive level, cognitive usefulness, cognitive risk, effective cognitive and so on.
Secondly, this paper provides the definitions and calculation methods of those concepts. Finally,
it elicits user preferences under unidimensional and multidimensional context environments by
establishing the cognitive factors’ mutual effect model. The authors present empirical experiments by
using a real extensive dataset, experimental results show that the proposed algorithms can achieve

better prediction accuracy compared with collaborative filtering and context-aware algorithm.

Keywords cognitive behavior; context-aware; preference elicitation; recommender system

Wk B W :2014-04-01 5 S 218 Bt R e ) H 99 2014-12-23. A PREI13 3 B K [ SR Bl 2% 36 4 (61373176) L3 & #8145 3 4 (20116101110016)
Beph s H AR B2 3 4 (2012JQB047) B 15 45 2 & T B WF 3 4 (11JK1059) . Bk 75 45 T & BH 4 81 57 % 97 % 4 (2012ZKC05-2) J Bk 76 44
HHIT 2013 AF R FE I (2013]K1178) WE ). B4 A1, 59,1988 4F A4 L0584k . 2058 0 1 8 R4 7% R 4. E-mail: gaoquanli@
nwu. edu. cn. B U8, 1964 4EA, W, HUR L, P EIFE LY S (CCR) B oA G, FEM RS i BH M4 IR& 8. g,
Y1981 AE AR LB gE A TR BT NS REE R R R E L L1977 AR L RO . R SRS Oy i o LA R ) VIR 5
AL



1768 it ) Bl 2F Eitd 2015 4F
(D BN HK S A F PR A XU A 3%
1 51 § ST S 25 U\ 0 450 S0 2 5 AR B 2K G B L IR 4

Wi 5 5 B HE AR M LR, M4 14 R 5 Btk
Z ARG T X R G T A ANBR G
REHE 52 Ak BRI ROR] T e L 3l £ R 4R
[F) R50. if 30 3E T R T 1 IR 55 A R R 1
U5 R AR A ) L oA B T o AL B Y
EPsKie P SV WIRGIE S BN NE N i & v S ]
KA EE T T P XA A AR Bk, 4
AR SE AT B 25 b 35 26 {5 3, JIr 7 1) ) [ 2
R HEZ M. BRI RIIE fF AR REFHARMNE
JRAE—E PR LG 1 3k A ) R, AELATS TG 5 A T Hh
PR TR I ] 1 45 55 D7 T A8 S TR) B s O 18 i i 2
SO EERBCT MG EIEM AR SR P
AR 52 B 5 R 2 Wil 7 [ 2

TEIX PR EE T, BE 8 ik D AN W) P A P AL
SR EHE S 2R 4 (Recommender System) il & 2% A 5t
5Tk A ry 0T 5T G BT i HE AE &R G A A R
PP 3 s2 AT S 05 8 B P ) st H ) 4 A 4B
IR FR M A7 4 HL W A i 4 A SR AR T AE 4 -
I H” (User-Ttem) [H] ) — 2 3¢ Z A7, Sy 4 37 119
JRHEAE S AH G Y B U5 T AN 2 R P2 A I TRD 2
BOAEEAE 1R SUE AL R e Ry A SR Y
HoOR AN G B L B O P B8 i 25 BB I TA) L 2R R
JE O 55 PR 3R AR Ak i A2 Ak I HLR P BT AL Y 3R 5
W2 S e A P i P ERXRE LR . T
SCIE N (Context-Aware) £ AR 76 #7740 385 B 19 17 i
WEFE N 7 AT 1T B e s

ZHH) BT OB R Okl R R SUfE
ERLAR AP -3 H ) —on R RER R G 8 5
ST H Xk P A A 0 S e R A R SOF
BN R 84T R #EAT 43 B A R B S80I i
A7 2 332 AN AL B 1 3 S ol 0 B 5l
MAE—E R 132 Y H0 R OB . T2k
AT A RAT ) 9 22 5% AT 3 2o F 58 AN [m)
FUTEA S BN SOREE T BN FIAT R 5 AR 4 18] 0 N
TEIE AR - FRATTHE 1 — b 1o ) 5 5 Aok 4807 [ U ) e
TINHAT R0 R SO BF BRI & Fh B R 3
F RS ORI E B A JE XS AT A 5
i) Al 5 A R AR R RO AT R0
FAT R ALY I 5t T HOM B e B 1E G R
M4 TRT A O B 8 BB 2 DA R A5 B o A 1 P g
W AR S EE R TTER N

H MR A SRR R R R LR 58 R 56 R
(4R T — ARG B R SCFE R BT i
YR 22 i G B OB 2 O AR RO LS R AR
AT TR,
ASSCES 2 71 gy A SR P 9T A 50 3 1Y R4
RA SO b Sk i S BT U5 5 5 4 1 4 SRR
TEREEIE 5 5 1 4 AR SU/NES K PLE BF5E 07 k.

2 HEXIE

WedE R 0 0 B ) 238 2k % 25 s e P O 4 1)
I B S A B 2R AT 43 AT A5, AR IBOT] Y TE 19 2%
NI e 20 L P AL G HER BOR £ G5 T
N2 B HEFR & 1 (Content-based Recommender)t |
W16 5 3 2 3 (Collaborative Filtering)™ V& & #E
& 4 (Hybrid Recommender)t™ 2 35 6 8k #5 &
5 F P -3 H 7 g S22 o330 AR S B0 U o B
P24 5 U0 A0 Bk Chi 2 I 2 OR300k LR SR 48D 42
it JH e 3 S Bl P B e i AR BRI H L I 38 A 4
BT AT D9 5 2R A6 T S F00 ) 0 £ it e G 2R

BEA “E SRS SR RGN A B R
BUIE 3 B R I 1] ] Bl BRI ot BT 4 R AR
SO PRI IR 55, BT SO 5 3E L B =2 A
RS T IEHERE R G D 2R E b
B B e AR SR TP -3 H ” I8 6 & 78 52 R b
F 5 5 b HL v ot v 5 3 e A AE AR K ) R 3
Ty 2 [ - I B PR R A 1 L T AR R )
BER B 1 0B o 398 S AU 1] 2 e e 8RR AA ) H
55 A R P SR ) T AR R Bl P A A — st
BIT RIS, 1N SCUBHIESE 7 40 bl B R 5 0 ot
FERGT HAR S R P A G B R SOE B ROA i 4 AR
WO — A AR TS M S RS e i
FE )5 6 I b o R bR SOfE R B A A
Z5E  RRRS R MERE IR PR g R R
BlREAE W 26 UL B SO 51 A RS B Ik 55 e 4%
iR R TR S5 e R 0 HERR M T AR

BAT BT SO B AR IR R R 2 il E By
Br bR SCERBE R T W AT R A5 2k R IO Y
U T AR5 R P AT R 2 32 A O B B2 ST
DA RS TR P % T4 28R R SCfE B AT
5 FH P i G 1) F A AR TR AR S BT R e N A A
AOAS 20 BT DL, A S8R 98 3 T 4R 45 A A 0



9 Ay A BT SOV R GE & T R IR NAT D B i S O 1769

B2 SR TE P A SRR 0 A BE AT 5T E
A5 IATA L B 27 5 £ 0 K 1 A5 5 5f 3R U P
(O A R R A T A SR A BT
SCAR X FH P AR S AT AR A A AT AR
OB PSS F Hek BRI R P R A 7R
RGP N e AR P S i £
JE R I A BT SR SR AR BUH P i i 5 1R
P R R TIRA E BT Z —.

3 ETRRPANMITANLETXREET
R EX

A E SR BT SCRON R G B R A G AE B
HEAT A L 25 1 B SUBH R 58 1B A4
iR NEFD B SCE R R P AE B AR
PSP i 452 W B4 3 32 RS B A KR UL
B AR AT A S5 R S M G B B 5 A Al 4 AR It R
IR IRTE B 4E 5 248 b5 SO T 3 THA AT MY
F P i 45
3.1 LTXRMEEFERS

HHi" BSOS Te bR e 8 . 82k i 2
Dey " 45 19— A A 2 A X RS Y g 3 |
T S IRBE A By K H BT A i S A i e B X
07 2, 38 Rl i HORE AT (5 2. Hor,
SEURET LAJE O (L S P R AR [R] A2
HARRH G B AR CELEE T K IR P AR 55D 7. #1855
k FASTRI 8B bR SCfE BB L E ST

C=(C,Cy,,Cp),
Hrp,C.CCGe 1.k DFRIE— KR RLAEL 1T
BRI Ci={c [pe[1.q: ) g MK
ANIZAE ER ORI R S E RECH . Bk B
5 BRBlanT .

C::Emotion (It 1] ARRIL2], 343 ], MEF 4D,
C, :Location(Jpn3 i [ 1. % sh ¥ 5[ 2], K[ 3],
w41 8ITL5D.

AL B SCHRIE T ARG R -0 H 7 4
VO3 TR AL 5t 4 e O 40 5% BF SCfE B 2 4E i
AL R . User X Context X Item—> Rating™ , H h
User ,Context, [tem R&5 AL R R B A0

User & UName X Address X Income X Age;

Item & IName X Type X Price;

Context & Location X Emotion X Time X

Environment.

BT BRI FATR B T —FAE BT SO

T B P IA AT O B T SRR B AR R B2
HEAT FEAR 3 A 19 07 ¥ AH DR BN 1 SR IR

EX 1 ZERWHE &L FXHES, 0 H
ML SR I E 5 A RS2 IR 55
B AR — 2R 035 H 524K L AT 3R Ent, = {S, | s€
[1.NJ}.N R H¥H. 5620 H &5 U R 55
SE M BTSRRI G W) iR il H AR 5 BRI 45 B 2R
TiH SRR B ROF B a5 AR S S, = {sor, |
nE[l,m]}, Htp sor, Z{Ent; U+ UEnt,}sm=
Card{Ent, U -+ UEnt,} A0 465 H &£ & i 851 H

EX 2. Z4E B SUH P s TR S
U;,Prej;, ={Pre,;, | je[1, U], i€ [1,k], s €
[1NT}RRAE— 7 U 7 B SCHEE C R 4 3
H S i fmbr. Hrp S, €S, . Pre; fHBRULHIIH S,
PG I U i e 1) 3Bk

EX 3. BRI fE B4, YU, ,
UP;=1{U,,S,,;.C;,PreS; } #ii& I"F SCH P U, 1w
UHE B o S, Ros P U I i6 58 &2 T H
LA U TR i B & 2R H & %G
4R R SCE B PreS, b U, I i 350 H 4E.

EX 4. EFOUEAHEE RGE A E A
UD,,.= (D). Dy ) GE[1.UL, Ent, =S,,)
T A A 0 H bR 4EJE A )L Dy = {Diys e
Digay  GE L1 UL Ent, &S, Ay fii U 45 5 4k B =5
], H24 57 UD,,. ND,. =& BN EE F., COMT
WHEH P A2 45 BF SCH&AF N X 3H B R 47
Pre; B4 bR SCRRAMHESR RGN djy s s
dcga,, BBV 078 J5e KR LETCH iy s oo+
Hog b e L

V{d;i s adipn,) S UD,,.
(diy s sdicgn,,) = argmax F,.,(UD . .D,.).

3.2 NAITAMERERHISIAN

1E 20 42 90 4EAL, Cole 25 A 3A 9 AATTHIIA
VS B AU AE T ORI S I8 A7 A8 T4 P ) BRI (AL
SR A VA AR A 2 I RE sh i) — D) 50 1
UE T TR NG 3 5 40 L R SRR Y G I
Craik % AN 8 £ 500 oK BE887 A 2
KPR B 5 I E) Y B 23 A T TR SCERBE XS
NP 520, 25 1T 52 M A RS- 1 A LR
FA7 AR OB A O B A A B B P e AT 4R
IR R R L BES DRI 2 vy 0 RO RS I 3. IR, R
15253 A FOA R BEIE " 5 104257 B A AL A G
BRI SR R BN FIAT O 51 A B R BB e 4 4 il

’ d:(Enrk) ’



1770 it =2

Ee i 2015 4

BN UE R R A H B A JE R AT
I RIEZ R A G N HIKE R T A RXUR: |
A RBONENAT Sy S5 A A RS TR L AH B ) DG 7R U A
LA 1, 25 HE B B B AR an F .

AT Jy |
M e mHse | ) AR
R |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

‘ i
HF T b !
A e e K] e | |
(S < 1

* L B
P e 1
éi 3 kTﬁfﬁw; Do AR

_____________________________________
,,,,,,,,,,,,,,,,,,

Fl1 TP A AT O A B S A O R A0

EX S R, P (User) fEA U 48
R 3y R B9 AR i 8 B 25 R A R P
s HoAi Ak User = { Name, Age, Income, Adress}.
IAHI (Cognition) 45 3 i .0 #E 3l CANJE BEHE & L A
WA W EAR 50O R AR IBUE B OF B2 & R AMEE B
FA) R M) 245t 5 DA A 2k A BE Sk P X 45 Bk R SCAR
SN A R AR RE g 48 B R AN A g
A5 B BIRE T - 5 Pl SRR A T Ak R SR A7 A
BRI R,

EX 6. A KR & TR 4
B AR I K O 1 5 G AL R AT A K
SERN oM - (1) 41 4%3A H1 (Primary Cognition). F|
AR IR P R K i D Al G 35 B TR A5 (2D S A A A
(Conditional Re-cognition). 8 = F 1A 1 7 5 24
& 1AL O 1 € i B 5 (3) 2% 1 4 B (Conditional
Inference). M4 Iy 52 24 2 5% 2t #E 380307 B =X 19 fi
5 (4) 3% LA (Semantic Cognition). X 425151 H
(I 1 35 B s (5) 4% 1 #9 # (Conditional
Construction). A MK LA S %, A17TH gt
SR AAT HEAT IR i 4 23 A DRI A R B RT A Dy
CD={Pc,Cr,Ci,Sc,Cc}. 51 ANFHR I H 19 1E T
25 AR K P 1Y RLYE 73 AR A SO H LA )
G HEAT B 43T

EX 7. AR 2R P A& B AN E R 55
L BB TR AERZ R X 2 R s R R D
FA P BN AR S A SC 25 52 e P DA K SF- 1Y
SRR, FEARE. (D) A EA BT, S
AR R R AR LB AE s (2) I H /Y E AR

PEAHE S A R IUE XS (3) X4 FT I H 1Y
ORVEFRBE 320 FLRI 2 350 B % 30 B v K vl B s 1]
) G TR B 52 e 5 (4) [y s 2 5 52 e, i 2R I H 1 [
S fi B ke B A e B X R I H R SR G
AP HT T 52 2255 » — Ml o6 H: [ 28 100 5 Y o 1k
PEOMER A 5 (5) T B R SCER 5L AL 4 I i L £
BRGSO AN T Y A B R B R
TAEN B 52 A5 AR K 22 5 5 o) 7% B2 0 X DA
PEAT ELAR I B 53 BT BT DA AS ST A I 7K P 5 )
KW MER ERHREKRDER: O EMLEH R
(Positive Correlation) , B RE % 34 58 FJ ' X 24 i1t H
i 4 A JBE 10 R 2R A9 G v 3 2R 0 H AR 1 B B oK
BRTHBA BN E RS © iUl XH R
(Negative Correlation) , Bl §8 %% R 5 JH 7 XF 24 Rij 30
H s o7 R B2 1 R 2R 491 200 ol i 1 A S B VAR 25 Y g
N2 I A CHLAT l 8 SR AR i A e 8k 5 B
A 13 FH A 55 R 45 ) /) 3 R DU R AT 40 ) . AR LA
SHIZKF- 4 78 2 1E 57 AH G PR 2R T 52 B 18] R B HEE
SCO5 A E
D1 (Pe;),,

Cl,, =" (D
B+>) (Ne,»,

Hrb, CLRRH P U X FIH S /AN H K, H
Cl, €CD, Pc;. 5 Nc;, 43 5l F R HOE A G H &,
HO M RN BRI R R 1, RIS Pe, iy
B 3, Ney o 5 Y5 i F P DA 60 K7 B 2l ok
3/5, pc 5 ne Sy AIFRIE UM EH R .8 IBIA
6 IE L B A R

Jl’ > (Ne,), = 0
n € ne

-

0, HAth
EX 8. ANHARTE. BT RRTE U E
PRALITEH X P A TC R 51 FATEIAGA A
AR AE 2 R e T P 2 A 4 A2 o BRIk T H iy oG B
P K. b T8 s 250 500 L DR A 2
ZIH B I RUK SR D BUIE TR Sy 1 AW TR 2
Al BN SCEE CR TP Pt H S i ATA R,
AR 94 2= 1 (Mean Variation) U™ 3f 7R 1A
A PR = A EUE US RoRXTIE S A 47 R

ISR DA R 2 O 22 30

(2

2.CL,
2 _ Jeus
reus s .
MV, — card (US) 3)
card (US)

Hr card(US)Fm 4R US w9450 WA



9 Ay A BT SOV R GE & T R IR NAT D B i S O 1771

FA A& A EE R
2 CL.
CU,, = <2 __ 1+ MV, (1)
card (US)

Hp CULGell,Uliell k], se [, NDERRH
FUUE BN SCREE Co R I H S A kA
AL SR A R O AR A D« (D) X 24 i 5 H
AT AT i s R S RUK S R OR BUE A
B 51 015 (2) A8 1 BT B R SCHEE R L AN R A ]
AN K - fi 22 8 B2 o G 8 Kt 7 24 Al B 3¢
PRBES S S5 DN A 2 T B A3 A
T2 s AR AT 5 200 1 5 A2 FH P o 2R M 3 e B
O — il 2% B R _ET SCH X P BA KK P 1 8 1
REX 9. INHIRE 45 FH U ok SR JC 3% 10
JEGAE A A B AT . B DR SR A7 A — B0 3 E Y
AN RE T DRI XU s 5 M P RS Y B R B A 2
i 75 FEL P $E 3R ST A sk . A2 P Sl AR
HChr sz ) 5 5 H A B E R i CH A%, 28R
85D FEALEE T XEZIH B 5 B R I H
B 32 5 R PP A 5 B L A 2 XIS O A i oA 3
PP it 2R BR XU » FH P A B 5068 BE 2K 1 s B9 ) i 2K
BB DAL DRI KD 5. AT I8 S DA R R I 1
{8 R [ » FLBRIN) U2 18 2 45 52 00 D9 381 324 {0 CHR Fl
LA R B2 ) BIT 100T B 1 £ R R8OR T L )
ST Y- 35 B 0 OB 7 et A R TR
1656  JLOARRU B 2 B AR R Z At 2 3. i R £0.,
5 RSO MR S MR KT 5T
INTF R [ » FAESS 1 A5 W R 3 AR A IE | 5 RUBR B
{6 Rfpi 5 Rfn. 535
1. Rfb,

prn - IO, Rf[“v (5)
~jo. R,
Rfn, 11, Rl (6)

FH P B IAHRS: ASE 5 S R/ 0 5 A [ A7 e A
Al 5 Dy s RURS: CRA AR B A 0 XU D A 6 P X
W H SR H Py s KU R A YO HAEAE XU
() AT RE MR A . e, SRR P U FIE S,
IR » AT 25 B 7 08 A AU 52 el IR R 5 0 s
IRUBSE & 2R FH 2l 28 RUBS: T A1 5 ok ik an k-

Rf,. (1—1) 2, Rfp.D

Rf, (1) = :
F3u () <Rfj_\.(t—1>+go

2 (Rfngy) + €
s}

D

Fod R [ (O FR7% M1 N FNARE 0 (e € ND Ry 24 i
P D6 DR Y 28 JH AP AR T 1 AN [ P 1 7 s 47
HACEEGH R, () =1, rs HIH S, 8520 N £
B Ry i sh 280 G R (0, 1) DA il
T3 k2 RGBS XoF 24 i DA R0 XU 19 52 e e B2 L € oA B Uk
GrEER 0 B IE S50 BRIAWIME LT

- Jl, ﬁu%i]uefnﬂ) —0

0, HAt

EX 10, ARONFAT Ny A 2 BRA H 8 &
Tl Mg 75 B840 o B LR 1 2 A 0 IR L 28 K MR LA AR
PEDCHVE IR 4506 O 2 IR s e, AT 51 A
RONFIRY AR S S 1 B 00 A 800 S XA K
838 2l W 5 XU AT PRI VO R R T
1, R Cl,=wvepy+ Cli,—1)
; Rf,, () Z(Rf;,(t— 1)+ Rfuas)

lo, HoAt

€))

(9
BRIV SH A R0 A 2658 R A A SR RIS LA R 7K - U8 3 i
JER T BE W g RGN B VC, =1, /W VC,, =
0. Hrpr s vy AR ZK V- 3l E 0 46 15 S -1
M52 MV o R foa NS S50
3.3 ETARANAITANLETXRIFIKRE
AR /N 38 i A Al A P A AR AT 18] B 29 5
KE LY FFSCR AR Ok S e g 5 2 4k |
T SCEREE T B e 4
XL e BRSO 4 3R R L UDCP
(UniDimensional Context-aware Prediction), LA #.
4k bR SCH P AT 8l D B s IR P U 7E R 3
KM C MM FTIH S A& BEE NRAUKF CL 5
INFIA F I CU S 538 h 38 i, BT = % 380 5
A SR AR B AT R B A s FLARF G P i e 14
L A0 AR o L3 Ao i 47 ME 38 52 DA XU R f 5, () 1Y
ZIqAEIE. SRR LE EF UG AT
Pre;;= (1 —=Rf;, (1)) *Q; +CU;;, + 2, + CL;)
(10)
Horbt 205 A I HA TS5 R K i B T
I A5 Ao B A TR IO R I 1 A A R S AR
KB AL . H 20 (10D AN HE A B 24 A 0 KUBS: 2 &
I o Pre;;, {ELATBE Jy 7, 10 3% B0 00 9 A 75 & % WL 5%
Pro PG AT 5 AB IE S L R AB IE Prej, 9 BUH .
mr e
Pre;i,»  UWH Pre;;, =0
Pre;;, =

0, HoAth



1772 it =2

Hl

£l 2015 4

E2

A 2. 24 ERSURMBIME FRATR A RA AR
KRB R IR Y R SR AR M. AR AT B
FOARTE AL BRSO EE Co 5 C,F S i fml i x5t H
SHE LR P ES R US, ETFXC5C,
[F1) R AL Ay

2 (Prec . —Pre;) (Prec,, —Pre;)

C,.C eC
jeus

SimC,,C,)=

2 \/(Prejgu,\. —Pre;)? (P;’e,(,yf\.—ﬁe])2
(12)
Hlt . Pre, . 5 Pre, A B3R M U 46 .45 1T
B C, 5 C, FXWH S, R 8, Pre, 27 ™
JAEANTE] B SCER SRR - 2 i G a2 R
i) FH P 1 B 041 24 fi 4 [ Ok 168 1 A 4 22 5. AR DA
JEEARBR R, s AN R ST 5 R 4B
AR 3. FE 24 BT U R 4R O
MDCP ( MultiDimensional Context-aware Prediction) ,
M 212 T8 W 2 4 E T SCEAE LR, 45 33 A1
PUE R &R kA LT XEAS CMCMCO P U,
TEZ4E bR SCHEE R X IH S/ i 45

E \Preﬂfk_\*Pre% ‘

(Pre jinu )j(‘(._\ = C,CCM

. Pre]p’,\

1+

k
(13)
Jot Prec, 50 H S 76 1 F SCHREE C,F X P
P34 0 0 AFL 7 2 BT 00 0 B0 7E 45 J A
(LI BLE 1T SCERES R 2 0 BL 4 | 300
1B .

4 ZWHTRERERSH

AT 3 2k S 5 R B Uk AN R R R . (1) B uE DA A
IRV 5N HA F VLA ] B $h s 4R Y e A
YR B 3 b oA R R 38 6 T4 4 3R IO S i 5 (2) B
$E i E) UDCP 5 MDCP 5.1 5 H Al fi % 48 IO 2%
FHLE o BE AR IS B 4 f) 4HE 77 5
4.1 ZIWHIEE

AR SE B B SR B B A 4R O TR S B 4R
BookCrossing™® gy %&ab E @i i A& H# B R Xk
BHRI AR5 T — MU S E R S MBookCrossing.
BookCrossing £t ## £ J& 1 Cai-Nicolas Ziegler fifi FJ
€ 2 ¥ M Book-Crossing |8 45 #£ X | % 4 1)
278858 M IR 271379 A HEATRIAT HIE R A
T JE 0 B A E A 4

(1) MBX-Users, i % H P 19 ID L AF 3%
(2) MBX-Books, fi, & K 45 i) ISBN, #5 # , 1

HVRATHER AL S
(3) MBX-Book-Ratings, fi, & A /= XF & - A9 3
orfE R

(4) MBX-Book-Contexts , f, & BJ [a] \ 7 & . J& Fi
E20 7 ol A" =0 5 N = W S 151 7 P i i N
M b ALE R N I A G R E VBT s A
IBEIr hy  E R BT P AT A [E] BB RS AE B
Oy A 2EIE T H IR AR L TAE (2 ) 4§

B X S AL e AR AR AT & &R i A
TE L BURH SC PR R A S BRI Sy AR PR R A A e
NIEMRH R BN A AR, RITHER N &R
I 5 AR e T O HEA T 1/2, E R
Iy NE A sl SV S AL PRR Y
ST B KT A, A R B 5 REIE S P F
G RTVEo3 4 % Tz e M P i BE
JE VRIS B AR A TP X5 2T A () 2 Y
Wy S A AR T IR 53 Y 0 VF 2. A0 RURS: R A R AR
s PO 5 25 i) TR 26 ) o A TEAR TP 1
BRI PE I3 5 2190 it (4 ~F- S 37 23/ T Hoe o i i
WPy s B 2R B S B B 220 ROLE Y S
KU FEE R s KATHEG R 45 Z i
4.2 ZREREERE

FRATR A P@R R Sy i - 8 TS W e 1) o
B, P@R BIVAR 45 i & 35 BT 2% BT 30 A 24 i H
FU i SRR DR /N Sy AT HE R L S HAHERE Top-R A
TiH IR Top-R A5 H 5 P04 o - 3 1)
Top-R A5 B #F47 X5 L DA 58 4 7 v 4 5, HoAE
TR 2 W 7 11 A 3

Top-R HE77 50 H 4 60 2 i 5
Top-R # H (1%
R

BB o<

P@R=

4.3 Wit RER

LI 1. 3 AR R 52 oA

AR S 5 S R S i B Y Y 3 R R0 R ZR R
T A 2 00 5 e SIS AT HE AT A H AR E 3 b
INHTA R X PR RE e R R 5. 0t R &
W5 0k L FRATTBEH LA 60 %0 A MBookCrossing %%
IR R AR AL B SO 8 k=6,
5 BB A B Sy [0, 10 ], #EAT AR R SE . ek
B B E SE IR T SN

() BRI AR, FeATT T 2 280 A4 5 2. iYL
B G0 P @ BY(ELR FE & X P@R W2, i T



9 Ay A BT SOV R GE & T R IR NAT D B i S O 1773

7 25 5L 09 R BUR IR T Pre,. BIARXT AN A 5 A1)
TR AR 3 0 AR YR S92 56 85 R 7 A 5 ) o R) O R AT 3 B
A=A, =5 BT AR L L 5

(2) BRIV A FATE E S H o 5 20 IR
B, 38 3 O 20 R R LX) P@R REW O T BERE
T BRI AU 5 A K P 1 BUE L L AE
A S B0 BUE 2 () BEEL =0. 5, A, =5

(3) Bt XA HTA FIE IS E 9=0.5,4,=5
CBUE B B[R] (2)) 5 38 3 2028 20 ok R P@R 1Y
A

BALR P ALIR N EIE R=4.5,6,7.8 I
() P@R 354 . 3t R 9250 % 2 i 4icdls 4R F A3
BT JLAA R IR L0455 i 2~ 4 FioR.

0.25

CJuDpcp
I \VIDCP

0.05F

01 02 03 04 05 06 07 08 09
¢

P2 AR X i 4 3 B 2R B4 2 )

C—JuDcp
0.18; I MDCP

1 2 3 1 5 6 7 8 9
A

B3 AKX i 4 3R B SR B0 )

TESERG T S5 oA > A B B B IR ES & T
3 b A DR SR A 2 AR 2R PR B LR HUE O
HAE B W 2 B % 3 A SEBUE 2 ). 52
BWACRAUE WM BE 3 DS HORME R R 4
P@R R{ETE B R 15 B 8 g 4. B W 1A

0.20

C_JuDCP
0.18 | I MDCP

0.16

0.14}f

0.12}

5

S o010}

- 0.08]
0.06f

0.041

1 2 3 1 5 6 7 8 9
At

4 DRHA FIE T O e 25 2 2R 14 52

SRR T F FH P i 4 K A B0RE 56 6 & A
P55 UHUKTAH X FH P i e 2K BOR TE AH 96 6 &R L X
LI T 2 (10 B35 114 4 .

XW 2. HURESSEE MR,

6 4 i B0 4 R AT 4 0 4R B 2096, 40 %
602,802 ) MBookCrossing % 4 £ 1E Jy Il 25 4k
FRAE 4 Fh B SR A TS0 00 L 7F 4 AR T L &l
S A2 M3 5 B e B B B B o =0. 5 ML TR X
B k=6, FFEF X B YE TR SO A 3R BUR 2 UDCP
LA 24 BT SCH D i B U A MDCP 43 i) %
BHL X Az o RO FHEFEMER A S (AT T i 52 5K
B F kB T HAREEN L R Ik 1~% 3
Fi7s.

F1 A4=3.L,=5BHELEHIE

ENGE/E % R
Bkt 4 5 6 7 8
20% 0.25 0.22 0.17 0.14 0.13
. 40%  0.32 0.31 0.18 0. 24 0.14
UDCP
60 % 0.23 0.23 0. 20 0.18 0.14
80 % 0.28 0.28 0.28 0.25 0.16
20% 0.37 0.47 0.48 0.43 0. 34
409 0.37 0. 46 0.49 0.43 0. 36
MDCP %
60 % 0. 36 0. 46 0. 47 0. 44 0.33
80 % 0. 34 0. 36 0.37 0.34 0.33
K2 M=5.1L=10LHHIE
AN FE BT R
BN 4 5 6 7 8

20% 0.28 0.21 0.16 0.13 0.13
40% 0.29 0.23 0.19 0.16 0.19

UDCP
60% 0. 24 0. 24 0.19 0.17 0.14
80% 0.28 0.25 0.22 0.19 0.21
20% 0.33 0.36 0.35 0.31 0.19
409 .37 .37 ). 0.35 .29

MDCP 0% 0.3 0.3 0.36 35 0
60% 0.33 0.37 0.32 0. 37 0.28
80% 0. 36 0.38 0.36 0. 36 0.27




1774 it = Ml 2 ik 2015 4
%E 3 A =5,A,=3 ﬁ‘]‘?ﬁl?ﬁﬁtt 0.60
—+— UDCP—60%
SGE 7 R .
T Hﬁ%ﬁﬁgﬁT - _ - - : 055} —5— MDCP—60%
" : ° —#«— CF—60%
20%  0.25 0.21 0.16 0.16 0.13 0.50r —— IMLBRS—60%
0 s -
UDCP 40% 0.29 0.31 0. 26 0. 24 0.14 045}
60% 0.24 0.23 0.21 0.18 0.15
80%  0.32  0.32  0.28  0.27 0.19 x 0-40{
20%  0.34 0. 38 0. 38 0. 37 0.33 % 0.35) ,
. 10% 0. 34 0.34 0.33 0.33 0.28 3
MDCP B 0.30F
60% 0.35 0. 34 0.38 0.38 0. 34 -
80%  0.32 0. 36 0.37 0. 34 0. 29 0.251
- w o _p 0.20f i
K1~ 3FHMERT 4 HEHREERELT. S T
% - 8 - < 0.15F
B A A ZEAR T R AL B UDCP 5 MDCP i k
N a2 N 0.10 L L L L L L L
B BORS FE B 52 . 43 36 LG 3 4> 2 Bl mT L & L

BT X PR R A — A AUE A S N 55— K
ZHRRESAE — & B2 BE b B i HE A 45 R 0 Ml 3L X
Wt W AE DA RS [ 72 18 0 T S KO 5
FH A X6F T 77 45 2R 1) M A 38 i — ol TE AR G 1
W AP 5525 1 4590 R 47— 2. £ 6 % 18 50 10 B8 AT
DL B, MDCP ) 5 {4 HfE 75 e 1y 2 2 {L T UDCP,
UL 2% 2 4t b SCPRER 0 i g A OO L
A 4 AR BB 1% B 08 IS B A A 4 A DA S
ZPRTTLVE L UL P@R YRR PE AR UE . BEE R B3
L HEFHER R R Z N e 5. 2 A =3,4, =5,
R=05 5 6 M 79 o 50 325 ) B AR VB R 45 1

KU 3. 5 A D AT AR O X L SE

Zeit R SR, FRATI A =3, 4, =5, I ik
20 %055 60 Yo R Il 25 4 Lo A1 0 AT 5250 A SO
UDCP Jz MDCP 553 , 5 2 L) By ) 3o 38 55032 (CF)
Je BT 1T SO OB 6 #1753k AMLBRS) ™ i
ozt b Hodh i F CF Bk & -1 H
(] P4 R B2 M0 o DAL G AR Y S 36 v A SR P A []
££ ) MBX-Book-Ratings #43. % b 45 5t j& 5~

Kl 6 frs.
0.60

—+— UDCP—20%
0.55} —— MDCP—20%

r —#— CF—20%
0.50 —*— IMLBRS—20%
0.45F
0.40F

59
%o.ao»
= 0.300
0.254
0.20F
0.15
0.10 L _\ L L L L L
1.0 45 50 55 GRO 6.5 7.0 75 8.0

B 5 20 0 I 4 JLA B3 X LU AR 45 2R

K6 6001 M Il ZRAE SRR S 2 bE i 45 2R

ME 5~ 6 7] LA H . LL P@R Ry PF i Ar i
(1) IMLBRS 583 K A SCH i ik ik BT
CF 53k X U B 7E AR U 72 45 R it %8 1 T U5 B
Xt P i e B9 5 0 B B4 B SRR P 1A A R
(BRI S 8 AR A B 1 4 v P O G i B o
JE RIS F P A B R R R B E R R R 3%
P MR R SCHREE R ; (2) MDCP B3k 7E — &
FEEE LA F Hofb 3 i fs 4K U 2% XU B R £
Y b SCAE B PN AT R R S RE % 35
0 A B L OF HL R AT A P R A A 3% R
SCAFBRZI  (3) filA 248 1T 0 MDCP 583
B R e R S0 UDCP 535 B8 76 K [
M R SCHREE T P B A7 — 8 1 22 S 1k 3
TRIFAT 5% 280 BT SCHABE 0 28 TR, 5 H 4
AT, 22 R SCHR BTN 5 i RE % 3k
IOCE 5 A RS 1 9 R P D 4

5 H#RiF

WP RGOS AR B 27 ) B A T B
HA EEN AR I AE S T AL 5E (8. B X 3
AW T SURAMERE RGP R FH R T
I BN SUE B A EAT O 55 P TR 1 N
FEIBE 2 B F P A B 000 o 35 AS v A D) R, AR S
Z AR O ATENE " B e B TR S &
TR T N EAT A B R SO R BRI
UDCP 5 MDCP. % J5 %38 i 43 Hr 4 Fp B F CfF B
Xt PN ENAT SRy B4 5 ) o K DA K A R
AR RV A RO AT kg 55 DA 400 3 ME 4 i A Al
AR (I 30 2o 4 A ) Y B 1 e R L B A
SREECH A RS B A0 R P O A A SRR B A 1



9 Ay A BT SOV R GE & T R IR NAT D B i S O 1775

S AR R W] % T VA RE W A SR 42 A P YA
1109 5 HAwbr Z W 19 R B &R LA P@R A
T i 47 2R IBCER R B 88 10 T 2 L % B ) o i Bk
BRSO . AR LR BOBEFE AR R O RS
AP P 3 (80 A T4 g 19 AR 52 W) 5% 2 O S i o il
A B R VN A R U R A SIE I I

2 % x #

[1] Kim]J, Lee D, Chung K Y. Item recommendation based on
context-aware model for personalized u-healthcare service.
Multimedia Tools and Applications, 2013, 67(3): 1-18

[2] Van Setten M, Pokraev S, Koolwaaij J. Context-aware
recommendations in the mobile tourist application COMPASS
//Proceedings of the 3rd International Conference on
Adaptive Hypermedia and Adaptive Web-Based Systems.
Eindhoven, Netherlands, 2004. 235-244

[3] Adomavicius G, Tuzhilin A. Recommender Systems Hand-
book: Context-Aware Recommender Systems. New York:
Springer, 2011

[4] Chen C M. An intelligent mobile location-aware book recom-
mendation system that enhances problem-based learning in
libraries. Interactive Learning Environments, 2013, 21(5);
469-495

[5] WeiS, Ye N, Zhang S, et al. Collaborative filtering recom-
mendation algorithm based on item clustering and global
similarity//Proceedings of the 5th International Conference
on Business Intelligence and Financial Engineering (BIFE).
Lanzhou, China, 2012 69-72

[6] Cantador I. An enhanced semantic layer for hybrid recom-
mender systems. Semantic Web: Ontology and Knowledge
Base Enabled Tools Services and Applications, 2013, 72(4):
235-238

[7] Wang Li-Cai, Meng Xiang-Wu, Zhang Yu-Jie. Context-
aware recommender systems. Journal of Software, 2012,
23(1): 1-20(in Chinese)

(CESL A, @b, REW. LT OURMMERERE. RM4¥
iz, 2012, 23(1): 1-20)

[8] Tu Dan-Dan, Shu Cheng-Chun, Yu Hai-Yan, Using unified

probabilistic matrix factorization for contextual advertisement

recommendation. Journal of Software, 2013, 24(3). 454-

GAO Quan-Li, born in 1988, Ph. D.
candidate. His research interests focus

on recommender systems and data

mining.

-

-

e

464 (in Chinese)
GRFFE, GF7RAE . RUGEME. BT 6 A ME R R0 B 4 09 1T 3C
IR S B2, 2018, 24(3) . 454-464)

[9] Wang Yu-Xiang, Qiao Xiu-Quan, Li Xiao-Feng, et al.
Research on context-awareness mobile SNS service selection
mechanism. Chinese Journal of Computers, 2010, 33(11);
2126-2135(in Chinese)

(EEHE, FoH 4. RIS, BT SCURMM RS 3k 38 /) 45 it
5 EHLRIBTE. A LR, 2013, 33(1D) . 2126-2135)

[10] Wang Li-Cai, Meng Xiang-Wu, Zhang Yu-Jie. A cognitive
psychology-based approach to user preferences elicitation for
mobile network services. Acta Electronica Sinica. 2011,
39(11): 2547-2553(in Chinese)

(ESA dwff i, KETE. BhRKIR 5 T 5L T IAALL B
FO T P A 4 32 BT 5. B F R, 2010, 39 (11): 2547-
2553)

[11] Kuo M H, Chen L C, Liang C W. Building and evaluating a
location-based service recommendation system with a
preference adjustment mechanism. Expert Systems with
Applications, 2009, 36(2): 3543-3554

[12] Dey A K. Understanding and using context. Personal and
Ubiquitous Computing, 2001, 5(1): 4-7

[13] Adomavicius G, Tuzhilin A. Toward the next generation of
recommender systems: A survey of the state-of-the-art and
possible extensions. IEEE Transactions on Knowledge and
Data Engineering, 2005, 17(6) . 734-749

[14] Cole M, Engestrom Y. A Cultural-Historical Approach to
Distributed Cognition. Distributed Cognitions: Psychological
and Educational Considerations. USA: Cambridge University
Press, 1993

[15] Craik F I M, Lockhart R S. Levels of processing: A frame-
work for memory research. Journal of Verbal Learning and
Verbal Behavior, 1972, 11(6): 671-684

[16] Kommers P A M, Jonassen D H, Mayes ] T. Cognitive tools
for learning (Nato ASI Series (closed), Nato ASI Subseries
F. Heidelberg: Springer Publishing Company, Incorporated,
2012

[17] Forsyth P A, Kennedy J S, Tse S T, et al. Optimal trade
execution: A mean quadratic variation approach. Journal of
Economic Dynamics and Control, 2012, 36(12); 1971-1991

[18] Ziegler C N, McNee S M, Konstan ] A, et al. Improving
recommendation lists through topic diversification//Proceed-
ings of the 14th International Conference on World Wide
Web. Chiba, Japan, 2005. 22-32

GAO Ling, born in 1964, Ph.D.., professor. His
current research mainly concentrates on services computing
and computer network.

YANG Jian-Feng, born in 1981, Ph.D. candidate,
engineer. His research interests focus on personalized
recommendation.

WANG Hai, born in 1977, Ph. D., lecturer. His main
research interests include machine learning and services

computing.



1776 it =2

2 e 2015 4

Background

Traditional recommender systems have been extensively
used in various applications to make recommendations based
on users’ history of preferences. There are many researchers
focus on this field and figure out many solutions to get the
items that fit users’ personal habits and preferences, such as
collaborative filtering, singular value decomposition,
mathematic models. But the existing methods have been
widely suffered from the sparse and cold-start problems, and
in some applications failure to consider the users’ current
situations may result in considerable performance degradation
in recommendation effectiveness because users may have
different preferences for items in different problems.

In this paper, we study the problems which belong to
the field of recommender systems, and it is also related to
intelligent computing. We proposed a preference elicitation
method based on users’ cognitive behavior for context-aware
recommender system to overcome those drawbacks that

mentioned above. Firstly, this method analysis the influence

the multidimensional context environment and users’ and

items’ objective attributes. Secondly, it puts forward many
calculation methods of concept models such as cognitive
level, cognitive usefulness. cognitive risk, effective cognitive
and so on. Finally, we coalesce those concept models to the
users’ preference elicit processing to get the users’ personal
preference items. The experimental results show that the
methods that mentioned above can achieve better recommen-
dation accuracy.
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