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Figure 1 Multiple potential solutions for a mashup
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F P AT Nk B i AN B, A2 sh PG 7 P i B En i &2 % 1. #2230 B A 8L T ) Mashup
TEAT IR . B 55 #7775 225 R P4k RIS S RO 52, DA 4 J 403 Y P ARG
o, St — AN AR 1 Mashup RS RE, P36 Sh AT B s &4k 800 L TRAT . SIIABIHE . A
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RBMRS - XATIRSS VR IR S 55, (X B8 ik 55 AR AN 358 B 5 F P AR IX — i R HR AT AR R T R —
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R o€ TR AT RERIALETT 2. BN, 3EZNFA (a1, as, as) F (a2, aq, ar, ag) HBAEWEH B 75K, (H2AE
ANFE TR SOAEE A g FL P RS AR, AR SEA 58 N [0 Mashup #TG ZEAERATN 21 ¢o MURILS,
{HSZ, B IF IR IR BET 2 (81, to, ts) M FTAL LR SOIAS, K S EUHSEMIE K Mashup 45 2
PAIRAT R HORCR.

FR, &1%F Mashup 525505 SR KIBEFE T X044 B Mashup AAFAOIEZAMERE D, BF 735 P2
TARZAERI I, BFEEET A QoS HHEFF Bl B 115 SR 101 JET- P A i HER (0, e T4k5e
WL HER [T 45 SR SR HERE DA TS 2 F P 2T MR T Mashup B, (HI2, RS THEH
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i, A SCHUREAR H AR, A SCEZTTRRIN S : 1. S22k T H G280 Mashup BCEM T %, KR
B HURIPAAT S P BRI bR SOMM S AR 5 10 P AT D9 X, S P 35 s i S - A A LS L P A
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W& 759, 55 6 A T RISRIG SO, 26 7 WA TSR IIAR, BB 8 TRACHEAT M, IR
2 5E I TAE.
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Figure 2 The context- and user preference-based mashup scenario

Mashup ZH-& 454 B TG 5 RS54, T imgs L AR AR TE 2 3.

FEX1 (Mashup 411F) #JE Mashup B 5k %%, /&2 Web-APT k55 SEARE#RAE SO0 HIHh R, &
NNIEH: me = (Op, In, Out, Desc), HH Op KREEIELFR, In = {iny, ing, ...} A Out = {out;, outs,

o} %W%iﬁﬁﬂ%niﬁﬂj%ﬁ%/*\ BANSHFRRN—A 04l p = (name, type, req), peInuOut, F

EP req€{OPTIONAL, REQUIRED} R/RSH & E NIk, Desc R AT HAFIARIEEE S Desc={anno;,
annog, ...}

fE B R SURAN (context-aware) FAR T, BN SCEE IR A ALE IR ELSE R A OC I EDIR
A WOl AR BN SCIME R YW BE K — 2 B HE Mashup PUTIEFEH R E(EE, i 2 ek
SRR 7RIS

EX2 (Mashup EF3X) ETFXSHMES: metx={mcp,, mcp,, ...}, HLHENSEHERN—
NI mep;=(pn, pt, pv), pn, pt, pv AR IR AR B RS HUE.

Mashup SRR — IR 5E ¥ 1) Mashup $ATHLIE, CLHEW KB PG H0F . A9 53T BF
3 A PAT A AR PR B B Mashup SEFIEE G #I8 T Mashup H .

E X3 (Mashup SEHI)  —A Mashup SEHIR RN =J6H: mi = (usr, req, ts), HH usr RxH
F', req RN 753K req = (In, Out, Desc), In = {iny, iny, ...}, Out = {out;, outs, ...}, Desc = {kwy,
kwa, ...} A AERIN S R FIRR OB TR S ts RRIEF T ts = (ta, to, ..., tn), FeHEFMES
ti (1 <i<n) AIRRA—NIEH ti=(me;, ctx;), ctx;, me; 7 AFRRNES FTfE BT XSGR E i Mashup
HAF. RS T A, HAE me; FIRMIASECKEE me;_1, me;_o, ..., mep W 1 ADEE A4 H
(1<ign).

X AT R Mashup SEB mi, 40555 2

jmi.ts|

U mi.ts[j].mc;.Out O mi.req.Out, (1)
j=1

JFK Mashup A& R ATHY, X — LKA R TG R XA GRS, F7 & KA B4 R Mashup )2 D4
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JHP N5 TR 8 20 B4 7 SRR EORT 7T SO, 75 SRARBUB B fe VR T DA B 2R 5 s id 755K,
SRJE RS T RIVEAL Y mireq I BRSO STICER AT 7 4E Mashup F3& AT IS RE 1)
ETF

Mashup & 51217 & RANIZ LS, 48 Mashup MG 515 PAT 51 MGG HEFF 51 %, 5T
I REoR S T SCAER 7 AT UL, 3 S 51 AR P AT R R BLBERELR:, 5524 i
XSRS AR GFAE, AT SO R T — 2B igsh (A7 . 6T, il 51 Bl & I B e 7 1 i
HEAEBIXT Z BT Mashup (IR —D 583, FP 80 G 3T 51 889008 SERRALPF IR T, AT 45 R1E
BRI PAT I S e i SRR E 51 B, AN HERE T — B Im s Ak b2 —.

BERI A — F P @ 5K, AEAEFAE LA Mashup SEUT S, 10 H TP Tk AR W 3RAGE B AERR ),
DU — il A (0 BRAR TS 5, B IRHE SR T 7 e e 7 SR B2, a5 B A aE I HE
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T RIE SN FE T ik, ARG T — AN R Mashup B ERMIER@E. TR, iTi81%
ARG R A TR )L

4 EFHEM Mashup =R IZHE

FEE X 3 1, Mashup SEAIZRIR — UCMSL I B SE AT B, BRI R 3 280 AT 91 s AT i
) B MK P E B, AT MK E AL Mashup S 4240 H o ARs € (10 H 47
R, AE X AR K Mashup FEE TSR

FE X4 (Mashup ¥E3)) AR € Dy RERIALAF I RS, 20T Web-APT IR SRR,
FoRNILd: ma = (Op, In, Out, Desc), e Op RIREMEXFR, In = {iny, iny, ...} Fl Out = {out,
outg, ...} RN SEEES, NS HERN A p = (name, Desc), p € InUOut.
Desc £/ UATZEL / HAFRE R T4 & Desc={anno;, annoy, ...}.

EX5 (Mashup #5) fBE A /& Mashup {GE34EA, C 2 LN XES, B2 AM O EERIL
Bl: B=AxC. B* ¥ B ERARKERFS]. —A Mashup #3( 0 2 B* LHIESIFS, 0B, &
NN o= (a1, c1), (az,¢c2), - .., (an,cn)), alil= (ai, i), |o| = n RIESNTHIRKE, 1 <i < n.

FECABSE S, BN W53l X R 2 ANl 2 D RE RS 1) Web-APT k9% S0k, T2, —> Mashup
PEAA SR e 2 A B ML T SCRAT AL Mashup SEB 3 5. 56 F1% 20 5 71515 K B s il
Mashup SEB1) H EFATBAEE, B — PR . ERIRE, FONER —ANHA 5 4028 58 25 135 3))
PATREIY SR AT B 2 NS 8 AR 3.

4.1 ETHMARAMERNRE

YE KB Mashup B FEARZL R WG SNIRDUR A2 IR ATHE, H Al 1 1 IRk 5% St 73 R BR
RKITBCHBZWIT, ASCKH— I T DR AR AR & W01E SURETTVE. BT Mashup 448 % /2
HETHEHN Restful PRSI, TIA T BEAZ LS Web Service s B a4 WSDL H#iid S0, AR
& CLFEMH) Web 2448 3T Heml, Rdfa FRICHE 5 I SA-Rest brvE 16 #HATHE. X FAEREPAR
% A, B, HiAriE A.Desc, B.Desc 53 HK RN AS={a11, aia, ..., aim}, BS={a21, asa, ..., a2}, HIE
SCEATF Tl e AR ACA R B ek A

Sim(A, B) = <|AS NBS[x2+ > >oa- dist(i,j))) /(m +n), (2)

i€AS—BS jeBS—AS
Horp, dist(i, §) RoaRARE 0,5 W5 .

B DhRe s SCALE 2 A1, [RIBS 25 RS 7 e e 5 1k, BP[R)— SRS i 24 B2 vl B 4 11, RO 12
A, & CompWith (A,B) Xandff A #0015 B A1, CompWith(A,B) =1 RRAMF A 1)
05 B, RAM B ok A &k
1, Om.Req="REQUIRED' (A) C 0n.Req='REQUIRED’ (B) A (A.Out N B.Out # ¢),

CompWith(A, B) = { (3)

0, else.

T, FET IR ANEE D S v B R 8, S ) Web HAFHEAT BB AEHE, B2
X F—A~ Mashup 3630, i Clu(A) KA A TS 7528

Clu(A) = Clu(B) < Sim(A,B) >=n and (CompWith(A,B) =1 or CompWith(B, A) =1), (4)
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* 1 RPEDHT R

Table 1 Matrix for user preference of activity trace

User/P Py P P,
Uy Py Py P
Ua Py P o P
Um Pm,l Pm,2 P'm,n

Hrr, 0 < <1 BN -, FH AR B 20 A AH AU B (A SR S AR
4.2 Mashup SR AR E

% o R IR HERE—A Mashup 201, 0y FoR o BNEEITFH: ov=(t1, ta, ..., tn), BT
or THTERARESD (6, tiv1) 1 <i<n—1) WEBIIERETN o FITESIER R, RN ANR(0y) =
{(ti,tiv1)}, 1 < i <n—1. [, ] ADR(0,) RIR o KGRI R: ADR(0y) = {(t:,t;)}, i < j,
1<i<n—1,2<i<n AW, iHEBIRIHESE R ANE S AMSE 58 2 X 15 3h 7 91 k1A A 7™ R A 1R 20,
FT I, € SO S ABAEZ AT

EX6 (HBNHUBARBLEE) 4 o1, o0 BAFREBHANEINTI: o1=(t1, ta, ..., tn), o2=(t], 13,
o b )y o1, 0o HOTE BB RIBLEE 1 SCH
_ [ANR(01) N ANR(05)| <t |ADR(c1) N ADR(02)]

|[ANR(c1) U ANR(02)| |ADR(0o1) U ADR(09)|

Horh, 0 < w < 1, AIRIA RIS B A H S M BLEE R B MR 5% FAHALLEE AL
4.3 RPITABRNBNEERR

LA A RS A B AT S 1 PR P R RO P SRR P B R i e 2 7 1 E e
ANATUSRIE B G B A 1978 2 171, A ST A /N B4R 0 — AT IR P BB AP P AR O LAY 191, B 7
TR 2, 76T A0 L RS Mashup H36 031 (5 IR 22 ROREM, ToBE 2127
Mashup SEEVHER IR Fh TP 266 10 5 S0 S B e TV ™ (0 S AT R, e
FRBUZESAT DB 490 126 B 3 4 .

BT (R ESBs ) % U Fon A, SUESBUE LA A el BP=(P,6), }
i, PRI U BTSSRI RS, P = (P, ..., P}, 6(P,) Falf U b sheus P
Fo el (8, A A s o b T P T B P, OB

% 1 AIETHE Mashup Tk R S SR SSUB ISR UPR), 36 P, P, ..., Py F0RTE
DPOBORFERE, Uy, Us, ..., Uy, FRARRAS, Py AT HEGR S U, WUl it i
5(P;).

SEF P B (RIS, T AT A P 2 AT AL . 76 R AR U T, Pean-
son A RAL 11 A IRBAL I, ROCHIE T A P BT S 0RATE, B REA BOR A P 4 £ flite F i
A 19— ek, ASORU Pearson AT E 25082 FH P (i K6 A5 RO MR AL E

e SR Tox (P T
\/Zi € Iuv(Pu,i - E)Q\/Zl c Iuv(Pv,i . E)Q

Simy (o1, 09) x (1 —w), (5)

)
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Ho, vy FRAAERN o Mo BIIREFARUE; T FoR u Ao SEFEBTESNLIEE; Py 5 P
NP, v RHEENZLE P BIWEFAE, Pui A1 Py 82K u, v 45 Py ERPPEIREAE, P, M P, IR u, v
£ L, ERPPERLTE.

EX8 (T AR UmEE) WM U 5 Uy KESEREF 232 EPi=(P,,6;) M EP;=
(Py, 6;), HAT AR E N

Tijs  Tij>0,
Aui(:)uj = (6)
0, else,

Horb, vy AW P AELRIE SIS S PiNP; ifE 1) Pearson AHJE R EL.
FeF F I s I e G AR RE AN T AR AR LS BE R (6), XTRTA FH 7 AT SRR AR A=A 1143
KA N CU={roy, 102, ..., to5, }, fH1F ro; (1 <i <m) PHUEEP D up, uy, 2

Ay su; = M, Vuy € ro, uj € 104,

HIEEAN R B Rl 73 9 BAT AR AT B L, M ORI, RT RSROR 547 B AU
REMHE. HARNIUR ro;, B2 NMAE.

F P RS RE AL B LR S8 B, IR IZAE BEdEAT PR VL S0, IR Ay O (R DB U5 %, 7 Btk <%
JAB L AR SR A2 B 2 AR IS s e (BRI ME, BARETARB B AR 1A 1EAE
AR TR, (HR 07 8 ARk BEE R i 5 S RGN, Prakss iOHER: BTk 1B B .

4.4 ETFHER Mashup BERIZHE

i€ Web HMH-ARBMBEH n N3, I H n > Mashup W3R8 asy, aso, ..., as,. &1 H
EP AL Mashup S, MG 3T BN SCHITE SR, FI CABRSE 7 72 17 S AT Hh B9 AT DA
# 2 FOR TR HEAREE Mashup F KA CHIFEFE M (Re, Ro).

1E LRIEEER, as; (1<i<n),cty (1<) <m) FMFRIEN LT, Ty FRTEL T ety
35BN as; SERUE, P IEERE S as; FIREL. 7353 (null activity) 378 Mashup PJFFURELZE . IF
B R RIS B B, S5 1 T ZHE 7RG T2

BE1ETLETYW Mashup SRl e A

Require: mashup SEIEES i, Mashup 753K Re, 92X Ro;
Ensure: {E3)KHRSEFF T; Initialize matrix T with 0 value for all the elements;

For each mashup instance 1 in Si with requirement Re and user cluster Ro

Let o denote the execution trace of log 1, c=({s1, c1), (s2, c2), (s3, ¢3), ..., (Sn, cn));
To,k,q = To,k,q + 1, with asy=Clu(s1) and ctq=ci;
For i from 1 ton —1
T k,q = Tjk,q + 1, with as; = Clu(s;), asy; = Clu(s;y1) and ctq = c4;
End for
Tj.0,q = Tjo0,q + 1, with as; = Clu(s,) and ctq = cp;
End for
Return T

BTN, X FAREE R oty FIFEANESD asy, I IESEIGE) as; 1B T — MESI0HEEN
P(asj|asi,ctk) = Tij,k/ZTi7t7k7 (7)
t=1
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% 2 ET LT XHESMKREER
Table 2 The context-based matrix for activity dependencies
null asy as2 asn,
null cty 0 To,1,1 To,2,1 To,n,1
null cto 0 To,1,2 To,2,2 To,n,2
null Ctin 0 To,1,m To,2,m To,n,m
asy cty T1,01 0 Ti21 T1n1
asy cto T1,0,1 0 T1,2,2 Tin,2
asy Ctin T1,0,1 0 T12,m T1,n,m
asn cty Th,0,1 Thia Th21 0
asn cto Th,0,2 Tn1,2 Th2,2 0
asn ctm Tn,O,m Tn,l,nL Tn,2,7n 0

H L, #E mashup {HEEIPATIERE N, 1E3h as; AR T HATHES) as; 1, M5 AT 258K
()5 — 1 NMEBIAR. T2, R SGEFESN as; BIZRIHBER DA

P(asjlasi, ass, ..., as;, cty) = {

Tijpe/ 2oi=1 Titrs a8 & {asy,asa, ..

0,

as; € {asy,asq, ..

.,88; }, ®)

.,as;}.

LT SO SO, 0T LG T AT L S GE 3 BT 1 51

P(as;las1, aso, ..

5 FMERLHE

= fobe S,

FEE

(Z?:l Ti,j,k)/(ZZ; E?:l Ti7t7k)’ as; ¢ {aslv asz, ..., asi}’

.,a8;) =
0,

9)

as; € {as1,as2,...,as;}.

A8 Mashup H F M 772, Mashup FIRE 2 — A BAmiE i pakE g R, B 0s R & m
MBYBE: Mashup BEAI A Mashup SEFIHAT. £ 2 F5 sk P RRAEAT S 07 1R, T igshis
P MR, ST R IR P N R BE RS M Mashup B0 By 85, H 4HTTE B0
JESEBR Web AFIE#AT. R UL B, BRI FRFEH L. DL e — iz 085, B
Mashup B IE T, MIASECVH P TR BSOS 5E8E 874 (Mashup J ), BETHE

HHEEE N — NP, oA — AR S B 8.
5.1 SEENFITESIFE

% o XIn—A Mashup LB HIEBIFH, 0, R o RTETH, p 72— MESIFH] (B Mashup
FE&), Re(o) Hl Re(p) 73 KR o 1 p BIFE K, & X Mashup 52451 o XEBIHIE p BISCHFREL, BI
TN p 1A N Mashup S261] o FOMESR:

S(p, o) = Simy(p,0) x w + Sg(p, o) x (1 = w),

(10)
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Horpr, Simy (p, o) 7230 (5) & XHIEBIHARLLE, T S,(p, 0) &7~ Mashup 7 K EIHHLLEE :
lg(c).0Out N g(p).Out|
lg(c).Out U g(p).Out|

FERED G B U R R vy, s BB SRR R ek SO SR S H &G R 5 24 BT IE 9 Mashup
S TE R HI AT I S HE B 3.

Sg(p,0) = (11)

5.2 Mashup WEEE

PAUN SE4A T Mashup S AU & AR AR A IE I B, BRI B3R

BLi% 2 /& Mashup F& SRR P UGE AR AR IE R B, I THE IR AT Mashup BT
— NGB, BPHE5E Mashup FrBE BRI AR &R, IR RE IS S UE B 1R 2 — BT
HIAESS, HE RN O(n x m?), n ¥ Mashup H &GP SEGIEE, m FEEAS Mashup SEBI &1 2476 3)
B, Jihh, WA T Mashup 38 % SCRF RIS L, B ga P RAF ISR, FERXAIBOLT,
Bk RAMA MEHONIR A 22 A% 30 9 th P IR

HiE 2 BT Mashup PATHULRNEDIHER (RAMA)
Require: CL5ERIEBIHPIL £, mashup 753K r, MATH P w, SUESCREE AT A,
Ensure: ] mashup H B J?
2 f= ((s1, 1), (s2, ca), (s3, €3), -, (Sks Ck));
YIEEA Mashup SEBIEE S ss;= {}
For (HEHBIBEA Mashup 245 m;)
FH (10) THEPIESTREEE S(f, mi);
I (S(f, mi) = h)
ss; = ssiU{m;};
End if
End for
T Mashup SIS ss;, FIAFIE 1 WIETESIKEBHEE T(r, 0); //uco and 0cCU
na = null; p(na)=0; // ¥ BEHEF B L HIE HENE 2
For (T(r, o) FIIEANES) a)
If (cg is not null)
p(a) = P(asjlasi, asa, ..., asg,cx); // 2T 3 (8);
Else
p(a) = P(asjlasi,as2, ..., asg); // FT3 (9);
End if
It (p(na)<p(a))
na = a; p(na) = p(a);
End if
End for
]?: f U/(\na, null);
Return f.

5.3 ET ETCHEEBENEEMK

TESCIRRE 5 h, i TR B IR R R i e« v P B S 80T L R SCa sk b
T BB RN i, (5 R R MR E R SCRRBETE X MO Eh AT R AP P M A
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R 55 i R SCOABEAN SR O HERF HER L, A SCHR H — Rk T F P 6 sl e 21 10 R SCHER T ik, R 5

2 RAMA BEATIRAL.
FARRYL, MRS O 5E Bis s i 5N _E R SCHISCH Fd s s F R 0 A, FIH Bayes A3,
TR HE B UK 55 AT I F 7 BN SCROER A, B, X FiE30 oty AL BN 3ON as; B
P(ct;las;) = P(as;|ct;) * P(ct;)/P(as;). (12)

T2, WE3h as; FTACHI 48T BN SC ety ATHERDR B R 1) RS ety FEH. oty MIZRAFENER
2 maxi<j<m Pcty|as;), B

ct; =ct;, with P(ct;las;) = maxi<j<mP(ctjlas;). (13)

TESLE RAMA 1, 24 Mashup H &R IEANE B HT R L F TR, RIATRA] B3R JE T Bayes
BRI HERE B, BIESETE A (13) B (11), ANIMAS BRI 50E, AR AE I “RAMA
with Context Inference”.

HAh, FEE: RAMA H, WS HOBUE R A 18 2 — N FEIR AR S5, LR REN O(n x m?), n
Mashup H &P #E, m JyEEA Mashup SEBI T &3 sh 8, o7 DO BE#E— Ak, RIVE )
MR R R AE Mashup SR I8 TR IS TR — I, 0S5 B OGS AT SR 1 B I AN B S i s A
IE, MR AL G I FIEFR N “Performance Improved RAMA”. 1EHr E@ﬁ/iqj, IRV B SRR B AN 75
FFBEVE S HETE AR AL R S BT, X AR 1 BE A A S, (LR AT b KT S A R

Mashup BEAMIERT BGERUE, T — B Bod NER TS 31982 BARE) Web 434047, H AT,
A RETFF LA Mashup RS HER INERT LS BT fEAR SO AT, BT 2R Web 4 1F
CLE Tl SO APT $ FURAEIR SR, FATRAIZE T QoS MI77 3% b — B Boidk # 5 sh 9 52 H
& Web 1.

6 FRIUSCIY

BEXE Mashup H FAIETERITEREANA R, ASCHIERHEREAT 10 Bk, AT 2204
SKIAHIL.

6.1 KRS SRS

A=A A P BB MHEAR OGRS (1 Mashup HAE R HE SR 5 (W 4 FR). £1X
— MR, FP R EAR AT RER O MCHETALE AR 10 2 B2 NIRRT, IHE T
RI Bt R, P el RELe I 2 AR 1R SO, JITa] 0 K BT Web 40045 LBS &
MR%5 MRS . SRS . RAIRSS  BUEMRS . RS SATIRSS « PPN RS 55, FEEE THRE )
S HIESE Mashup BUIR S & 7%, FERIAG I Bl 2R 7 B R h ) &% A& 30, JFilid Mashup
i TR e B S5 IR LB AT, Fsk b, iR X R T ik B R SRS B
PERIAN R FURITE, AT A2 06 1015 S SR A P 1 s SO — & B 81, BRI s SO — ML & R
%, HACRR L BAR. FEASC i sy s, DARHIRD S ol B0 9 1 SR PRI A TR AN
[ ) B SO, 8 SN S S TR AL, DA BT SCOR SR RE I TR sl O BE AL e, DURRT e Sk
RGBSR AR, BAUBE Mashup M55 B 52t B ARt fEmd, FP Brdb it 7R 3¢
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Time line Context Mashup schemas Potential activities Candidate concrete services

T I, o | e T Yahoo Geogle
: ¢ Context,=<Morning, " Activity,=? A { E)l(l;l:ltiré%l 3 — 2 N
Home, Pad> R SN LSO - serivice
i nd iCloud map
' - Destination™,_ _ _ APL -~
...... LT — T = = — |\ navigating ¢ -~
. P {Activity,=2) ~ - TETE X
~ Context,=<Moon, Mo \ ------------------------------ H Google
r, B | Office, Desktop> | | 'A et D) o7 Weather ™, 4 J atoo weathe%API
oG EZ=E . forecasting_.# | ¥ weather
e > e i service .~ ...
----- : / " Booking "™
H e ... table \ N
t; ;" Context;=<Afternoon, O Activity,=? N | T <2 ¢(Expedia API(_PizzaHut API
i Outside, Cell phone> e e .
: " Ordering ™ __ o4
_____ dish . ’
------ ;
- N . VT t
.. ~ 4 77 Making . payment paymen
r, / Contf:xl4:<Afternoon, { Activitys=? >~ — { — er%t A Ry x service
; i Outside, Cell phone> Ry e [PEYITEITL g T~ -1 Banking
H : service
/% e
> P _ — —Binding —>
. = . - Context H { Activity )} Service cluster
Time point S - Flow —>

4 —MNHEEIMHE Mashup BREIFHR

Figure 4 A scenario of mashup service for dining out

WEIGE2) 4 IREEH, Bl (t1, Context;) — (to, Contexty)— (t3, Contexts)— (t4, Contexty). HH, t;
F Context; (1 < < 4) 73 HFRRET 8] SAREE LR 3 FFH, 78 t; B %I, Context; #& R 3REXU, T ¢4,
N Z G ZIH Context JCVEHfE.

1. BN CAEIE

ASCUARTE] 3 e o BB @ A it F PG sl A AL i bR SO, 3 LA R SR PRI S
R I e R AT RGN & BN OB MEBUE YO AR P

B (8] J& M: Time = Morning, Afternoon, Evening.

M5 JE M Location = Indoor, Driving, Outside.

B4 JE M Device = Desktop, MobileDevices.

R EIR 3 B PR IUE AT 718 LA &, TR Tl 1R SO, HERR M@ VEE 2 T8
M E J% 9% %, U1 Location.Driving 5 Device.Desktop, Location.Outside 5 Device.Desktop &5, Fr=4: Y
BRSO R R R R WK 3 .

2. Web H4F14i&

Web HAF R AL Mashup FIEEARH TG, HAET Internet A K& HIORS &R, FERIS: T
SOAP /Rest P HT Web 55 FHHI 7130 %0 25 1) Hetp PR Web Widget 414, FEA L SEIG SRR Web
A, T AR Mashup #8572 15 CEFRVEFICH) Web ZLAFH s, 32 EE 00 7] b Ik 5258 17 5% 1 v FH 40
Wik iE Web AT, [RIN g 30 kA S5 9 SRR It BRE AN SE A BT i RCR, agin 17 54
SRR B HEER R, B 5 M BB R B TR SOOGIRN FEL T 7 45 AU ) Web 444, i i1 20
PR EE, DA SR M PEAR LR B ol , BRMGE AR 7 A AN Be: 1 %, o BRI _E S
SRS R SR, T B R R AR IR S5, RS R IRELAEIE ] Web RSG5 HRHERT (G Py B2 ]
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* 3 LETOMRERIRAX ARG

Table 3 The contexts and their transitions

Contexts Attribute values Transferable contexts

Ctx1 <Morning, Indoor, Desktop> Ctx3,Ctx2,Ctxq,Ctxs,Ctxg,Ctx7,CtxgS
Ctxo <Morning, Indoor, MobileDevices> Ctxa,Ctx3,Ctx4,Ctx5,Ctxe,Ctx7,Ctxsg
Ctxs <Morning, Driving, MobileDevices> Ctx1, Ctxg,Ctx4,Ctxs,Ctxg,Ctxy,Ctxg
Ctxy <Morning, Outside, MobileDevices> Ctx1, Ctxa,Ctxs,Ctxs,Ctxg,Ctx7,Ctxg
Ctxs <Afternoon, Indoor, Desktop> Ctxg, Ctx7,Ctxg,Ctxg,Ctx10,Ctx11,Ctx12
Ctxg <Afternoon, Indoor, MobileDevices> Ctxs, Ctx7,Ctxg,Ctxg,Ctx10,Ctx11,Ctx12
Ctxry <Afternoon, Driving, MobileDevices> Ctxs, Ctxg,Ctxg,Ctxg,Ctx10,Ctx11,Ctx12
Ctxg <Afternoon, Outside, MobileDevices> Ctxs, Ctxg,Ctx7,Ctxg,Ctx10,Ctx11,Ctx12
Ctxg <Evening, Indoor, Desktop> Ctx10, Ctx11,Ctx12

Ctx10 <Evening, Indoor, MobileDevices> Ctxg, Ctx11,Ctx12

Ctx11 <Evening, Driving, MobileDevices> Ctxg, Ctx10,Ctx12

Ctx12 <Evening, Outside, MobileDevices> Ctxg, Ctx10,Ctx11

API, Mapquest Service, Google Place API, TeleNav GPS APT %%), 42~V & 8l KLk S (an
Dianping.com APIs, Yelp APIs, Ordr.in APIs, Amazon AWS %), & EHHHUXLLTF I Web-API 421
TR AR S5 FER TE B Web ZHAF ol , SR S5 MR LR IR 7= A 1 SUPRVE, JFRENL™ A vERe . AT3ETE. &
MIESE QoS 15 B 7258 2 BrBL, a4 s AR ik 55 o it 25— & Ve il N BE AL AR A9 KA Web 2H
i, AR BT AEAE LA B b, (A5 VR B v ) LR B — s B . 3R 4 ik 7 I
Web AR IG5, For, Web 244850 501, BT DI ReAHMLBE TR SR 28 8k 23, A
Web A3 AIARIE 1, 3, 5 S

3. P AT B e i

IRIEFIIET Web L ARR SR . LLEBEE M) Mashup 75 3R AL OB R R, /iERT
) P 2 AT, TRRI Mashup SEGIEHESE, VE A SCITVETZHE Mashup BEIFHHER ST RO AL
Mashup k55 FIFEAS. B 56 R BEAL B 1077 X, AP 5100 2 5 DR B TEZR; R 5, INPIANTT
T Mashup SIS HEAT 5 —J7 THOZSE AR AL - AT FZE i R AR, 53— D7 T2 X 1> Web
LA B IRAT BEAN AT SEPE A JE 1, FFAEAT FE I8 X LA IAE Mashup S B IR ECH BT s,
MR I H B AR S IS B L. 3 5 & Mashup J7 2 PAT B AR MG L ge it

6.2 SLIREER

T SR IAE A ST iR AT T REAHAUBE A% AR AR Web ZHAR SRS, B4 S0 My i i L8 e
3 ML PIFRFE TR, 3 HFRFEDMES 1, 2, 3 MHBRRE, HARRPISORERF CREL
[ P8 SR 2520 B AR B Wordnet 2 [F] SCHE[EARS) THE. B 5(a) Ron TIEAF KA T IRALERS, 45
REPIURM 1 AR ARTER RIRICR B Z. 5150, WA R R 7w g8l s, d T A AR,
A TR AR AT SRR B AR,

[FJISF, AR SCHE T T e AR AR RE AN 1 e L I IR 55 28 28077 (F% FSandIC-based clustering) 5

2) http://wordnet.princeton.edu/.
3) http://ir.hit.edu.cn/demo/ltp/Sharing_Plan.htm.
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® 4 M BIEREE G

Table 4 The statistics of testing data

Classifications of Web components ‘Web components Actual services Virtual services
Total 501 83 424
LBS-based services 25 4 21
Mapping services 36 6 30
Navigation services 18 3 15
Services for finding restaurants 59 9 50
Promotion services 36 6 30
Reservation services 32 5 27
Services for ordering meals 10 1 9
Payment services 24 4 20
Services for rating restaurants 42 7 35
Weather services 36 6 30
Trading services 18 3 15
Services for shopping guide 25 4 21
Logistics services 19 3 16
Ticketing services 30 5 25

#& 5 Mashup LHIHERMEFREIT

Table 5 The statistics of testing data for mashup instances

The data set for mashup instances

Number of mashup instances 5000
Number of involved users 70
Number of involved components 473
Estimated number of involved activities 31
Number of mashup requirements 12
Number of contexts 6

o TR EAT TR, 23R [19) W, AR e alith 7 AT 2 4@t m 22 A B R CEE B (16
X ED-based clustering) FI45%EHES (fAj#X CD-based clustering) HIRRSS AU THE 7%, HT2R4H
(1), SCHR [20] 42 7 2T Dy Re AR AR I AR AR LB PR Rk IR 45 B 2K T, BT o0k T R AR L) B
FRITIEINR) 2 A 55 IF HfR 258 4 I R, S AN e 3% 5 AR ST RT EU 1 1) 6 1 D e AL 7 92
(T#K FS-based clustering) #EAT LLEL. 7E 4 FPOTVAMI LR, KA T AR E SCR B DO RARE 2
B PR SCRE RS, RN B &t B BT IR S5 2 18] AR ABL B IH — Ak AL 38 [0, 1) X TRII{E, R 5% FS-
based clustering IS AR R N H SEIE R E N (w1=0.4, we=0.3, w3=0.3). & 5(b) T/~
T 4 FhOTEAEAS A AL FE P BE 5T 7 A I SRR AR, B SEER &S AT WL, A SR FSandIC-based
clustering J7V5 AR R K I %, XL R 38T Al 55V M A2 1R 25 1 1) SR SRR DU AH B FoAth D7V B8 Dy

TER =G, BT 4 BRSSP AL IR S AR AL S A6 ) AR ST 5 o 3 Mg ik
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[TTT1 FSandIC-based clustering

(a) 129 i (b) 44 [=—JED-based clustering
Annotation number 1 1 41 41 CD-based clustering
120 [TI11] Annotation number 3 404 — FS-based clustering
» 103 =] Annotation number 5 3 N 36
9] 4] 5
g 100 7 2 32 7 N
2 83 3 304 ||| 29
= | 99 79 o 30 — 27 49 28
o 804 € — <
5 67 7 g = 24 N
=3 =3 — — 21
E 60 E — = —
8 51 8 204 — — 17
s} 41 o — — —
5 40 ] — — :7
Qo 29 -E — — —
§ 5 104 — — —
Z 20+ z — — —
0 ! ! 0 — —  E—
n=1 n=0.9 1n=0.8 n=1 17=0.9 1n=0.8
Threshhold of component similarity Threshhold of component clustering

Bl 5 ARIFZMM7ENEHRELERLE

Figure 5 Component clustering with different conditions and approaches. (a) Clustering with different annotations;
(b) Clustering with different approaches

14 4 B FC-based clustering
[m} .

J [m} 0O ED-based clustering
O .

12 o ° @® CD-based clustering

A %"fﬁ' %"*’%@%’%

ul gEE -I.

b ul
A3 S0
R TN R S et ot

DM, My yased)=7-7

Difference of service similarity, D(s,, s;)

T T T T T T

0 50 100 150 200
Combinations of concrete components

6 AXFFESHMGENREERE

Figure 6 Clustering differences among the approaches

SR R RIS (si,85) BIFHLRE 2 540 D(si,85)=d1(s4,55) — da (si,s5), VLI a2
R,

P = \/Zl 1 2 (i 55) d2(si,3j))27
n(n—1)/2

Horb, di(sq, 55 )€ M, da(sq, 85)€ Mo 730K s1, s2 FEFERE My, My S EIFERIEETHE(E. Bl 6 &
7~ T AR SCR A FSandIC-based clustering /7¥2: 5 HAth 3 Mosvk I REZ 7L, EH T W, A SCH
5 FC-based FEATTVE A 1) 45 F 22 VBN, 3K 2 RO A 7 V8 IR 25 1 1 AR 2% i D e 1t 18 3L
IR R N St 20, 1 5 AR OV E T Shae s X AUAE B LB R QoS &2 4EfE A h], I
ERErst PN e S G UNTE EES i A

Foix, 18I IR U6 E Mashup F3& (A Rk, R SEIG 4 Mashup SEG170 AP, IIZREE
Q%?FD%{EUU PB4, S0 T I 280 Al id Mashup BEATFHER Web 21, SR 54545 R 5 FHEDN
RS AR LR SRATA 7 8 Mashup SEGIREAT BB T & XM T455E Mashup HAx g FIF w,
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—&— Algorithm RAMA
(a) —— Algorithm RAMA with context inference

904  —e— Context-Aware approach (b) o7
—O— Semantic-based approach 1
- —4&— Keyword-based approach
80 YW Pp! 0 30 77 78
70 =
g 62
—_ )
é 60— 4@ 60
) o
b c
© 50 <
g m 08 T 40
5 40441\ /P £
L J\/ [}
© o™ 1 o
= o
30 q>) 2
]
<
201
10 T T T 0
ooooooooooooooooooooo 2 . oy DA
SREGRBRBECEERECREERERE  aneo™ o
Number of Mashup instances pcivity con tione

B 7 Mashup SfIHIELER

Figure 7 Matching rate of mashup constructions. (a) Matching rate of different approaches; (b) average matching rate
of different approaches

A0 T A R S I A 26

Zciec |Sb(g,7”', Ci) N ST(gara cl)|
Yciec |9(g, 7, i) ’

Hr, Si(g,7,¢), Splg,r,c) 73R ARA SR LA & A HENAE R T M vy B R e B
Mashup SEFIFT& Web AR, |Sy (9,7,¢)N S, (g,7,¢;)| T Mashup SEFIEEA T T & 3L A Web
HArgE. 2T UL EVCER € X, E XA R Mashup SEBI#93E ZCE XA S RAMA W& 3 HERF R
AN A TR AT T RRE, FRATHETT T S5 A A A AR 7 i, B B R U I IR S 4 A T
i D0 SEEIREE NI RS A A 12 BRI A A Ty vk 191420220 S RV IR e T vk 1) B FH 3 55
A G A Fr 225, (R Hoh 26 ik 552 48 B 3 A 75 A3 Mashup k%5 B FMi&EJ75H —
S8 ] B, R O X e Ty A TR, ANER IO AZ O AR T DS, 9F 5 AR SO R IR 25 T LA,
Wl 7(a) Fras. B H PLPPAL I Mashup SR & £ & 36K, AR SCT7 77 A0 1 45 2R 5 S vl il i 5 s
R VLA 2 IR WG TRE . 0T A7, b N SOBGN I 7 VAU FL 2 sy T HAh 732, XA T
SR SO ISR B, AR IS A G B RE T B R SR, FH P G A R R RS R, 1R i
ORISR 25 7 VA L T eSS QoS ThAEeULEL S . B 7(b) R 7 — N SLia A [H
JHERULECER. eI as el W, Tz B R SUE BRSO, BT Bayes A H) B R SCHER IV
DAHEN H B MR 2R 1) B SCERE, AT i I 45 447 5 2.

TSI AN P S B A B A AR SR AT SR, B[RS A P i B0 LA B LY
MOOC &R, SRR T F P IS S I B A6 B (W3R 1 Ba) FIR A7 e SIARABLRE , i v 30 7 41 1Y)
PEO3 PN HEAT B0, K FH P 355 B0 B0 i 20 B2 R 2R e B B — A AR BE DN 0~100 2[RI VP47, 2
TR G VP A6 B, (E45 € BTORIE BT A P (AT T, vHEBEARGE SN 7 A MAE, W& 8 A
7N, AR B AT B BIE A HERE 72, Y& BN A B BG5BT SORAI CF 771, X
S PR HARTT R RVE T B — G ) BUIR S5 AR, AR5 R FH P 0 3l e o A e A AR i ek

5, FATR Mashup ¥ FVEM PR REET 7PN, fE5E 2 MR IOEAR, BT E T SCRHEAL
FH P B35 B AR HE R BT B BB A4 a8 — IR, BRI h & 1) TSR R I K. R m e fe, FRATHE BRI

mr(g,u) =
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7 Score of activity traces
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—0— Context-based approach
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—a— Algorithm RAMA
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E 8 RPITAFYITN S E 9 Mashup RAMIEEEMEEE
Figure 8 Prediction results for activity traces Figure 9 Performance for mashup construction

& Mashup SEGII UK & — GE SIS, T AN R UGS AU AR EEE Y. 18] 9 3RB T 1k Re kit
Je B SERAE VR BE AR 5T & 2 AL 3 o

6.3 SKILERITIL

BRI R IS T B R SRS A A E PR G, H AT R s T R R SRR T E
RSP R IO 55 1L R ARG MRS HERE DT T, HOATSR H ) Mashup 55 75 22 R B AT LRI VRS
JR 5 A RURE I BUE AT I AL, T2 32 T K1 ) B B0 R 55 4L 75 5 R AR T2/ 180 PR A A — Tk ik
IR E T S, AT A E A T RS S T A T IR ANIE R, s DUS R RCR. A
SCER Y Mashup IEAEHRIE 7 2R — R R 55 4L 545K, H Mashup M3 51247 B2 H P47
NERE, B AT - WiE RISAERE, (645 N BiEsh kR W SRS 2 10T S S, AR 52
PERIHERERCR. (AT R, BARA ST iRl 47 fe Uy [R) 3k 35 S50 (8 491 127 4 RAE 6 2 F P (B 5
T AE B3R AT RAFHIRCR, EIFARECRIEH 2 R e Uik, BRONETCHOT RERI A & 07 S o R R iR A A
MERLERTRAER S b, IERAADSN I 5P IEATAT. B2, B TERMNES) o FILFERER
Z by, RIS RS 2 M E S, BRI B3, BT v e a8, X+ —
AP VE B TR A HERE 25 ¢ 2, (21X 85 B AE Mashup #I&ERIBIAEIS % o 2 T03R13 1, Bk, T
XIS b SCAAS TN E AR 5, ASSCIEAE AT I T AT i S HE 7 7 TH RE 5 3R 45 LL

7 MEXIE

2 HTE X Mashup $A B FEEE o1 ) Al i P 4R Ak bRagt . EDRLRIIT R 07k M, B
WA EESGHE Mashup IRS5EFE S HERE, BIMWKEIH LM = L0515 A5 B RIE 4L b ovk € i
JUE IR HER BIE ) Mashup RSS2, SR VE G R 3 T D Reth SCRIDLIRC )7 V2R LA & D ek 2
SRIFZEAE 5] FE T A QoS wb i SR 528, F T W Rl JE T VA 1 DABE T4k 22 56 AR i 1] FH 7 )
Web HAFHES (78] 4 X BeIH P HEFF T7E SR T X4 B Mashup URFE 21 PFEAT 364 S 4R, LRl
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RO AT T HE AR Mashup B3, TR 58 Mashup 1% 312 18] (9% 00 I 55 5 1O B2, (R
AR RIER] Mashup B RHEXT A7 A Mashup T HRUEFFEZ — bR

MEAESR, bR SURAHES 715 CONHER RGUBRINIEER BT LA & 2 — 15240 5655 F% 3 BRI
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A new paradigm for personalized mashup recommendation based
on dynamic contexts in mobile computing environments

Wei HEY2*, Lizhen CUI'2, Guozhen REN', Qingzhong LI''? & Ting LI

1 College of Computer Science and Technology, Shandong University, Ji'nan 250101, China;
2 Shandong Key Laboratory of Software Engineering, Shandong University, Ji’nan 250101, China
*E-mail: hewei@sdu.edu.cn

Abstract With the rapid development of mobile Internet and increasing number of intelligent terminals, In-
ternet services are now integrated into people’s daily lives. In mobile computing environments, challenges have
emerged for unprofessional user oriented mashup servers with new features, such as dynamic contexts and user
preference. In this paper, we focus on the entire construction process rather than individual service recommen-
dation for mashups, and propose a context-based and user preference-based autonomous construction approach
for mashups. The main idea is to construct a context- and preference-related conditional probability model for
user behavior patterns based on pattern mining of historical mashup logs, which can provide support for the
generation of optimal personalized mashup solutions and also recommend suitable web components. Analysis and

696



REBY FEERY 46 H 6 W

simulation experiments conducted indicate that the proposed approach can autonomously generate personalized
mashups with quality components without dependence on user professionalism.

Keywords mobile computing, context, mashup, service recommendation, collaborative filtering

‘Wei HE was born in 1972. He received
a Ph.D. degree from the School of Com-
puter Science and Technology, Shan-
dong University, Jinan, in 2009. Cur-
rently, he is an associate professor in the
School of Computer Science and Tech-
nology at Shandong University. His re-
search interests include service comput-
ing, business process management, and
recommendation algorithms.

Guozhen REN was born in 1970. He
received a Ph.D. degree from the School
of Computer Science and Technology,
Shandong University, Jinan, in 2011.
Currently, he is an associate profes-
sor in the School of Computer Science
and Technology at Shandong Univer-
sity. His research interests include net-
work security, mobile computing, and
Internet of things.

Lizhen CUI was born in 1976. He re-
ceived a Ph.D. degree from Shandong
University, Jinan, in 2006. He is cur-
rently a professor in the School of Com-
puter Science and Technology at Shan-
dong University. His research inter-
ests include service computing, work-
flow and distributed data management
for cloud computing, and service com-
puting.

Qingzhong LI was born in 1965. He
received a Ph.D. degree from the In-
stitute of Computing Technology, Chi-
nese Academy of Sciences in 2000. He
is currently a professor and doctoral su-
pervisor at Shandong University. His
research interests are web information
integration, artificial intelligence, and
large-scale network data management.

697



