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Quality of Recommendation Based Trust-aware Recommender System

WANG Hai-yan ZHOU Yang
(College of Computer Science, Nanjing University of Posts and Telecommunications, Nanjing 210003 ,China)

Abstract Recommender system has achieved great success in dealing with information overload, meanwhile has some
problems, such as data sparse, cold start and so on, How to get satisfied recommendation under the circumstance of data
sparse is urgent for recommender system. Introducing trust into recommender system is an efficient way to resolve the
above problems, Most of existing trust-aware recommender systems are based on Boolean trust relationship,and do not
take domain correlation of trust into account. In the field of service selection, service requestor selects services based on
QoS(quality of service). Inspired by QoS, recommendation requestor can find recommender based on QoR (quality of
recommendation). Thus we put forward the concept of QoR and QoR based trust-aware recommender system. The at-
tributes of qor include user rating similarity, domain trust, domain relative degree and social intimacy degree, whose
weights are determined by method of information entropy. Empirical evaluation shows that our method improves the

precision and ra-ting coverage of recommender system under condition of data sparse, above all, effectively improves the

recall rate of cold start user, resolving the cold start problem to some extend.
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BHOSES HRAGEREN TR ESH AR ENNE. S
FENSEREEERRHEERETHEN N MA e ES
AP BEETIHTS R IRS HBEABAS ., AXE1H
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EX 1HEHEA R, Quality of Recommendation, QoR)
WERE PHBEZ RIS R 1
AR HE SR A8 b JB 5 XU (8] B R A DL | S A 1E
IR B LA R 1 S B
2.1 R R4 HH{6LE Cuser rating similarity)

SCHRLT, 11 JERM A A U AME (R S A Ve R H
FAPBORYE . 423035 B2 4 18 B IR b (pearson) MR HE B
AR EIEMHLE SimU, V), BUAET B[ —1,1], Hd 1
FRFELEMR,0 ALK, T —1 MRRFTELHMX, Sim
W,V BUEBK , BB B P 04T AR A o

PP TP ARDU R B M 8 B AR KRR BE B KT FR P ]
FEEARREEE , AR IE R0 IR S B, XA HE
HERFE—ERNBRE. € XAR UMV ZEEFS
MRS S =Sy NSy, B REEANRE v, 5HF UMV
FIVESROIR S5 2 H | S |3k4T LB

Sim' (U V) = B8US LD s iy, v o

kLA s g T A
FHy Simd UV RTEEIKRBTFLO, 1], X5 FI R
AT ro, RS LD ) e e stasm

BA B, MZE RSB BB BT PSS
HRLB S o
2.2 1% 18 (domain trust value)

B RA WL S | AR FR A — 8 AR
HUD, ERERETEILEREZRES NREEEER
SEAT R FVLRT REME B , B R —Fh Bl MR L R PR TE —SE
BEIRKEWRBCY, FENERHTEFEMNEPRIE
£ £k (truston) , T BAFE M PR A EEE K (trustee) ,
FB P () B 5 (R 45 7T 2 18] B9 BB 5 4E (direct trus) FIK B
HoAth B P 891 82454 (indirect trust),

ZRTM TAES B TR e JEXT PR fl— E W%
B, BLE P DU ] MR BB R IE S TR BT
B, B EERNEEN RN I BRBUESE. HEAX
EE TSR, FHR S WEF_ LT CHEMERn, B
FAW SBELMERREES —BFP . AlnRIEE—E
AETUEHFHESR BAMGEMTUGHESE. AFAHE
RARFERAEEHERBA BRI —HE, U XEEBRF
fER A, R MR ERE BN EEE.

E 19, A H BRI, 88 FELU TR
AR, —MEREERHBESANH. EF -HTEEBA
BRI AR DX ESEEBRERREER
BA, HESRRHERESRT 3 2. H1E M (dispositional) |
ABR# (interpersonal) |, 2 ¥ & (impersonaD ™% | 2 b3 &,
RBRIR B BT R, R XA P GRS ZREE
RFE: ABXAREEMABEE.
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PERRSHEERE.

ENI@FEEEE To) KEBEFEEERSFEEEEEE
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MREEEEMEIEER G BREN TS WEER
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ANEXRGBE T BERAPESHEMHEPEITEXE
B B SANK, FEEREEE0,1]. % Ts 408 4 M55k
HRE, Ts€(0.8,1]; BREK, Ts€(0.6,0. 8]; H&, Ts €
(0. 3,0. 61; B4, Ts €[0,0. 3], BHEFBSIEME, LB
¥R P RS RS S, LA RSHR 3 TR ANF
Pt AR % &9 WSDL {4 R R BUSIE T , & LB R & MR E W
R iy B 5 4 FIA) 23 WordNet 12 iR 45 86 1F 71 B 5 5 1,
AT EE A O 1) B A B BE B IR IR B L B B N R %
HEESBHNR. ERFSEEETLUTEEEMEFHE
FE L4 i I (domain) 9 Top. F5F 21 BIs FH F Bl
FARR T IR 45 19 WSDL S04 & 3R — AN WS-
DL Xk SR, Z9BRERENER L,
ZEmESREA, £ &2 B A $ , D(Document) #8 3
BB SCRS AR (Term, i T DAL XA DR E
BREARR BN A NERES B0, FE R WBUEERR,
XA SRR N DTy, Ty T o WEH n A
FEB AT S, BF SH B MHERR T —E W EXR
FRAHEERE, Wi#d TF/IDF E5E48, 8 D=D(T},
Wi Tz s Wese, T, , W), BRAXA DM BRR.BFRUH
VD SR mBRR Y.

(U_domain) =Dy = {(T1 s Wy, ) (T2 s Wy,2) s o5 (T
Wu,m)}

(V_domain) =Dy = {(Ty yWy,1)» (Tos Wy,2) s o5 (T »
Wym)}

FHNC T B4 HBFE U 5% V BILE WSDL I W .
=0 3 Wy =0, BIXF Dy M1 Dy ZHEHHNEHXE
Sim(Dy , Dy )% i 18) B 2 18] 3¢ £ M R X R R, IR (2) fF
IR THE R EE N P 2 8] R S AT (8, B To (UL, V) =
Sim(Dy , Dv) .
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N EWBoX (S Wi

EHBEHREEREFEELN T 5. HEREN—4%
TR TGE,

HEEEF NS UMV S8 A 72 A S
BLUMV BEERENU MEEEEME P REENE
RIBRB R V., E-HERERNENA RN EES
{&4T (Direct Domain Trust, DDTU,V)),H A DDTWU,V)=
To (U, V), 55 —Fpif 02478 19 B B0 35 8 i) 1R 2 U5 2 (In-
direct Domain Trust, IDT(U,V)),

2.2.1 RSB E DT

EREERES, YEEFETEHEFEERNEE
BB, E P A EEEER R, Nk A BB A MR IE
WEHET . ASCRASR16]P R H B s AR E
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Mread 6 2 REREERMRITEIES — TR
WA P EGERNE P RAT SN EEERSE T FiEtE
BRBEEK, KATEERSK. ZEAEGETELE D
ERDIGEAE RN S KBRS R ENT 3 M E1E
HHERRK, FRERARITERAEEXENAFHRE R
R, TP RS » B RER RS NERAPBIL SR
HEERATREA I — % A SRR A TFHRFBE LHREE
BEHFTHE, X EEBE ENEREBFEEMBCESE
AR B E & BAGE, BABE FHNENRAKENK
BERRR LG A REUAR T E L BAWBAEEE WRE £
MNP S ERAG R P R RB, XX £ P I E T
PTG, ERER T SIS ERTANASE
fali. BEGRINBFERROREE P AR AL £ X1
BESGFEERGFEERE, MMEGHEARARS XS PA
FEIABRREREEME Ts KBOEL, B oA 309 B P 1R ABR
KR W AT R o ) B A5 (.

MEBEEEAE U H %, 8B Bt 4518 & (Breadth_First
Search, BFS) 5{E{EF & V A EHEXBH4IE B P (trustee
neighbor) TN, &R B Xt Ts<<0. 5 MEFHA T% I,
TN BN TN, TN b8 i MHPERA TN, 16
ITNI, AU 3 TN: MR ESH P (TN, HEER
|PCTND |, BBREEHE § MEEZ P(TND; . HENU 3|
TN: BB j &R0 p=U, Uy, Uy, X EBRHERE
{51118 (aggregated trust, AT) g AT(P(TN);)=Ts(U,U,)

X Ts Wy Un). HA RECF BB HREAR N,
1
W=D 3
=)
Hi,D, FRE i MEBEHEKE .« FRBKEMEHE. UL
Bk, F P el U A E A FE AR .
S W, X ATPCTND,)
IDTUV)= X lmﬁww X
2 X WXAT(P(TNDD
DDT(TN;,V) @

2.2.2 HHEHBMEEAE

TS EE DTW, V) P S S8 E T E M
SREEENES, THERXOHE.

DTU,V)=aDDTU,V)+RIDTWU,V) 5
i, o f1 B h E B SR 2 E A 8] B U5 R E M ALE H
Frat+p=1 H 0<<e<<1, 001, a IS WIR/NERABF B
BERMELREFZE, SKELT B/ EAMES
BEXY EEXE AR ERESINTELREN{S.
2.2.3 tEE&Y B A

ERERFAREEREEE-RIIRS G, WE R
B LA RS EERN T CAE T, B3 AR R U5 i
REWRMEE., EWMERE RS ZEN, WA HEFERE
LR ZMAREAFR, AP VE—XERBREES
MRE VXX ER S HIES A RP LRP . RY AP U 3
BUX SR & #EE A S X B R4 B4 A RSP LRP , -+,
Ry WMHERTEHHEEN.

5 IRPRP |

) RPN vou |
sat(U,V)=0.5 sX Range

6
- 122 -

HH1,Range RER P ITHHEEME. TEBHE sax(U,V)
BIFEREIZEL —0. 5,0. 5], M{E [ 0,0. 58T A A i Tk HEFE MO 3K
REIH, BHEHRH(—0. 5,010 B LR R R BANEFH,
RBEFEREFHHN LA EEE, ERENAREE
KERXN 1L,ELE 19 A<B, WEHIGFEAW To, FH
ERERBERRERT 1L, WEH G REET S U HENE
08 Ts, X EEASCERI17]9 32 W 8 EE B s 3 3K
WmF.

51U, V)= (1—sat(U, V) X Ts (U, V) +5at (U, V(7

T WU, V)=Q—satWU, V) X Ty (U, V) +sazU, V) (8)
2, e AR,

B EER TS AP RS ERIENES, 8H W%
T, EFEREEXEAF RN To, 52760 To IAF
WEBHY To, BB Z R ME LA REERTTE.
2.3 48 3% B (demain relative degree)

SCHER(18 Jrpés F P S e B B R P e B
AREREZ—, U 7 H AR BRI $ 1 59 20k
BIINRMNFERR CIEFHM BHEE, REEH CIEFH
ZIMHEE LRI R E MR L. FSCEHSIA
fEREmEERRNERZ—. BERH P SEALER
WERAFXEEME N THBRENLERE. FHEREE
REFEFERM SRR, BN SHERE Rl
SRR A RA TRNEZER A ONE., B TRITH
FRIRAT S B Bk A 2y, R X LR AT BN N
P RS HITN R L, WA P X3 5 18U
XA, TR RSEGEEEN ERRE T T 5%,
AT g 38 550 L P2 R 5 A B 9 i P DA B AR BB G B B s
THRG. BEEEEREABEEENRS RN T, %
APV REEFMERE D T RIRE N BB Ny, Frg#
FHPY TRRSHEE N, W FEAE X B (domain rel-
ative degree) THE AR N .

Drd(V,T)=Ny/N 9
2.4 ZEEEM (social intimacy degree)

M GEEMENHEUESREEER BESHRES
FHENRSEREMHERARASHY. EHERAY,
AR SO BREHARGE. InRMNEERE,
1P A RBGRRE , AT AR R SR E R T, &
fEEMRTSaCXEAERENRMIL. BEERES
HERAFHREERESE, XA NEEERS, X
ZARRUT, B, AR SOK R P 2 (R R R B R A
FEWRER M, SRFEERE FERERXNEFEA S, M
HEENE. BRERAP REEELRERE A TETEL
B, AR AN, R E SR MEER PR TR
BRE, M2 RFEEERS. BEBRFEREU SR
AP ZEAESEA (@), 58P VRTEREY 1 WU,
VLU MV Z R EERETEARN.

SidU, V)= IU,V)/ I(all) (10)
2.5 #:% 5 & (quality of recommendation)

TEMR S BEREAT, IR 5575 R B RS B QoS 14, finmsg i
AHiE] AT SR RS M R R EOR AT IR S 5 .
RS RS, EEEREE MR M58 QR
YER iR EFEHEH . QR BHARE LrEIH



RPTEMAHE S EEE A E RERE. XHE
FHPHE QR BHER THMEME, TUEESMEF
# QoR fH, & S FifE B XA E BIEMAE LS. 585
R i1 AR (Shannon) #1205 | AfE BT, HoAR
WE N B — N EERS, B TEORM b4 A E 7
MER, EFHFREZHEEMEERAREENERE, &
BHREZE  EREGHTHBIAGENEEGERD . B
I, EHRERM RN BN AR EERF SRR ER,
WA LABALSEX N EAEFTRNXTEACHER,
ANBEGEERERRELHET™ . REARGEMHITE
=W
H{attri) = —attri X logattri— (1—attri)log(1 —attri)
an
B, anri REBENE. Hlaztrd) BEBRA, B attri @)
EHAHwmEESK. ARADTUFE 0<KH(anrd) <1, B
R artri=0. 5 KX FR A4 BEBH areri ZEX (@] [0, 0.
sIFIZER E (0. 5, 1]l BB R £ A E B EA/DEE, &
FHERB X R, RATA B —HI BT i AT ERAHE
HRERE. X —RR RIEARXM TR,

{1——1—1—H(attri) s H(attri)>0.5
ogo

V= (12)
0. 5—%H(attri) , Hattri)<0. 5
ogb
B ERENETBEARN.
W =V / 2:3le 13

HEHEBENNES, TR HAF UM QR
BT EXH:

Qor(U)= Z;]IW,,, Xattrim a4

3 ETHFHRRBHEEBAESE RS (QRBTARS)

BEEHHENEERR RE—METHRERRWR
FHFTE. NEEEREFHE BFSERBERKEEEAR
EENRAF, fIAR 15 T E S M AITH QoR H, Hkik i
QoR {& K FH1#4H QoR(threshold) # I / , H R AEE HEFE
P4 (Trustworthy Recommender Set) , QoR (threshold) &
BREFFBEAPVEREERE. BUAREFERER
Fast 3L AR % B9 PRS- SR B UF P XX KR4 RSy . TR
ARWTF
veZTJ Qo7 pro X (ryi — 1)

T Qo

wET,,
Kb, T, BN HHEFRENEEEERF S, Q.. . RR A
PV A FREFREOEERR, . R P VRS i
RISy, r, RN V TS .
BAmBELRNT
Wik ETHRERBVWRSEERE
Input. #EFERE S, P IRF V25 FE Roce s 1545 B (trust ma-
trix)  fEEA AR A RFEE Ts, EAFBAE MAXRy,
Qor i FH thresholdy, , HE BB M FHKA T, FE45R
PER L,
1. Compute Tp of trust matrix for type T
2. User [ JuserSet=BFS(L);

3. For(user; userSet) {

A
Prr,izrn'_'_

as

compute Sim(S, user) , DT(S, user) , Drd(S, user) , Sid(S, user) ;
compute Qor(user) ;
If (qor(user)>>qor(threshold)) {
If(4+count >= MAXru);
Break;
}

Else continue;

}

4, Predict rating for unrated service of S;
5. Return highest top k services;
6. Update relevant trust;
Qutput K services

FRERESE I ERRR T OTEEEE 2 5
SRAr- EREBEEERARH 3 WK QR WREEKR
B PR P8, 5 4 B4 B R S R RS
RIS, 58 5 IAMR BT IR S, 58 6 A EHEMEE. B
75 BB P B SR R A SRR A W R
ERE,IUEERAEEEEERBNNFTASER. #
RABFEH P R [ BB R OCkd) , oo k FRBEM B
WA NE ,d ZRFEEENER. MEiolhE
RIER BEERF 8, A SO R E P e &2 2
EERBL. A5 MILEHFTRPITE, A CBRER A
fE L R & AT 20 28 FR T B AR A R SUR R HEME . X
TE BSR4

BB REWINE 3 FiR.
L T ]
f.
=t =
MR P BERR BEFEEERSL | |BH 28R TopKBEKS
SRR % BE?}CEDL Web Servicel
'Mf _ij BRER Web Servn:ce2
% (H g %ﬂiﬂiﬁil Web Service3
oo ol | s
5l ¥ li“?ﬁﬁ }
alalw EYIN
4

REEWHA
s i
(emmrammn B & & ssarz & & |

B 3 QoRBTARS hkEZi#

4 HEELBRLERSH

41 XWHAE
BEATIAGENREEREETZRNBELEE
FilmTrust,{B FilmTrust HFEEEELAF . B EFXRH
Epinions $#E4¢, Epinions HiB& 2 %4 T Epinions M35 1
FAEE, M P AR U] LA & R & (B8 R IR
AT RIT A (RE N 5, BN L, AU S B EMm A
PRI RA HEE T, BBEEPRERAME, B
AR PPEAY SO , BE 49289 AN P 3T 139738 AR SR Y
664825 M4y, B ABEMS ST, AEF T 49289 MH
FiE] 487181 MEER R . A TFHEE P ERMEEAL T X
BBV E MRS, BlLd XHBUF S0 54
WRPES D HERB—BHEP 500 &2 . WA ANEIHS2
e 123



FRRGSHPP A AR A KRB — B B & 2500 ME R L e B3
£. BLBREEEN 0N BB RN INLGEE, KT H 20% K
R¥IE. 185 Epinions B P EEEXREM/RER,
HRA P BARE M REHER, HEA RS ERITR, AL
PREFANEEEATAXMGEENTE. By TRIER
XHEMFRE, XEANGEEOAFMARXLRGEHEAE
Ts, Ts ZERHBERE B RBOY L X =0. 5 Ryt FRjl, Wit M
e RN Web it %18 & 5% (A Binding Point,Grand Cen-
tral ,Seekda . Web Service List F1 Web Service Supermarket) 3
B 2500 1~ Web R . ik 2.2 PR BIMRE HEF
B IRSE 28, IR AHE R B MR L0 5 BN
W WX SE R 4 WA I P AE BT IR %5 T SR % .
4.2 LWITMER

W

BHRERGBE - MEERERERINEEER, AX
FRAERG TR BT84 % B2 MAE(Mean Abso-
lute Erron) VEJp¥E B BE 36 5. MAE 333 18 500 9 B P IRt
F VP41 55 3CBR 89 R P IR S 2 1] 1 25 5k B B B0 ey e i
MAE #&/M, o ERE .,

(DR RSP R

RGN R IR R R BRI A2 Ja 3 A P HERE A [R)
&, T Epinions $EEFIFSERERNMANMH P L3
BNAPRER 42. 2%, BTRER s PN A B X
(Recal ) B ESIAGEMETH RS BERERARINE
Eftr. HERBIEHBERENTERS BT EREET B
SNED o

I EER

EYERANEL T, VO R SREEABREERERS
HEBEHRZ —. R EHK(Rate Coverage) IR EHEEER
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