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!(College of Information Science and Technology, Qingdao University of Science and Technology, Qingdao 266061, China)
*(Yunnan Key Laboratory of Service Computing, Kunming 650221, China)

Abstract: The service descriptions provide limited information about application scenarios, creating a gap between Mashup service
component Web API recommendations based on functional similarity calculation and desired expectations. Consequently, there is a need to
enhance the accuracy of function matching. While some researchers utilize collaborative associations among Web APIs to enhance
recommendation compatibility, they overlook the adverse effects of functional associations on Mashup service creation, thereby limiting the
enhancement of recommendation diversity. To address this issue, this study proposes a Web API recommendation method for Mashup
service components that integrates latent related words and heterogeneous association compatibility. The study extracts latent related words

associated with application scenarios for both Mashup requirements and Web APIs, integrating them into the generation of function
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vectors. By enhancing the accuracy of functional similarity matching, it obtains a high-quality candidate set of Web API components.
Function association and collaboration association are modeled as heterogeneous service association. The study utilizes heterogeneous
association compatibility to replace collaboration compatibility in traditional methods, thus enhancing the recommendation diversity of Web
APIs. In comparison, the proposed approach demonstrates improvements in evaluation indicators, with Recall, Precision, and NDCG
enhanced by 4.17% to 16.05%, 4.46% to 16.62%, and 5.57% to 17.26%, respectively. Additionally, the diversity index /LS is reduced by
8.22% to 15.23%. The Recall and Precision values for cold-start Web API recommendation are 47.71% and 46.58% of those for non-cold-
start Web API recommendation, respectively. Experimental results demonstrate that the proposed method not only enhances the quality of
Web API recommendation but also yields favorable results for cold-start Web API recommendations.

Key words: Mashup service; heterogeneous association; Web API recommendation; diversity
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Echobox API

Social Machine Learning Tools

Echobox offers machine learning driven publishing tools including social media
automation and email newsletter automation. The Echobox Social API offers
programmatic access to a posting and analysis tool for social media outlets including
Facebook, Twitter, Instagram and LinkedIn. The API enables developers to integrate
the service into applications and manage permissions, properties, shared media,
individual media data and more.

K2 Web API /=4

Fabric Twitter Kit for iOS

Tweets Activity Streams ~ Authentication
Social Text Edring

The Twitter Kit for iOS, supported by Twitter as part of the Fabric developer suite,
helps developers create iOS applications that integrate various Twitter functionalities.
The SDK can be used to implement easy Twitter login, compose tweets, display
tweets, and authenticate all from a third-party application. The iOS Twitter Kit
includes “Login” for standard login, “Twitter API” for iOS-driven API requests,
“Tweet Views” for displaying a user’s Twitter stream, “Tweet Compose” for
composing and posting new tweets, and “Digits,” a new way for users to verify with
Twitter via their mobile phone number using SMS-based authentication.

Related APIs : Twitter REST API, Twitter FEED API
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T RS E ) Coo- ()
BEALIFAE TR T
m}"E/‘JﬁngH%élﬁj :Bﬁﬂ%iﬁéﬂ’ﬁ'%% W?ZA?IE@/’%E
N e Law(mr) Cw-2(mr) I Er 1] Law(s)
| | M GATNE R | | w-2(m
|
| Web APLS I I i vecs) fili £ 1Bt 45 171 ff Mashup AT I Web
R 55 5 3K 1) v fimr) APLIIfE L vAs)
R L
) §
Mashup /i %5 % K Th g - ]
Web APUHER [ Bive(s)a a&é}p ﬁ’i;‘(ﬁmr)m N LRI

- # Top-K Web APIs

K5 WrHESe
3 MRAE

AT MR S5 DI RE AR A AR AR 5 ORI A RN R DA S 41 Web APT IUHERZIX 3 NMRIK, STt &
BRI G i) 5 57 T ORI A 1) Mashup IR %5 2044F Web APT 4777712,
3.1 REBERSIANRSIEREE K

e o 1A AR 55 Zh BE A1 S BE 5 2 T Web API 55 Mashup JIR 35 75 5K 2 8] (K D BEVL FCAS 7 52, AT #8411
Web API £E5 FISR AT, AR — RN 37 53¢ 32 6 FE IR 55 SR AL ] SR U SYAKE, I TS HUIR 55 ik
TR BR], JF45 B bR2EIERCEE, 9 Mashup IR 55 5 SR A% 1 Web AP A B fE K A 1. 2 57 i & T A2 15645 1] 19
Mashup A 55 75 K A5 AT Web API ZhgE[A &, LAIRTF D REDLRL 1 & B, BAARGRAE LA 6.
3.1 RGP AR 55 A R AR 1A SR U SY AKE

YAKE & — 76 i B % B ] il USRS, AU T SN I Za ), AEAN IR B2 SO A ) e g B b 25 B 1
PR BT S e R R (TS TE A 1, T N RS AR IR I8 I 3 S KRR 1A 8 Sl SR I H k. SR, Y AKE BEAL
SCARGEE I A FESR IR AE R, Xk LLOR B SR B AR RAAE 18] 45 IR 35 I 370 53 B B RO SORIREE. DA, A ST 7 —
Tl N 37 53¢ B2 5 P (0 55 41 AL ] BB SY AKEE.

SYAKE {4 Jilfi YAKE #E8 ( PUR AR S bR il ERUE Wpg (B 7 BE RS 1 0] B 2B i /N5 ) )
Br B W0, (1 BLBEE A A1 B D8R RNV IEBURCE W, (ISR A ) Bl 22, # i) o 22 FERRAIR) A6
BIUBLE W gip (L BUAE 5 BB R 22 1) B 90] 3 P80y ). R R IEA b, SO T ISR E A SUE RCRUE (AR v 5
WG L), i G R ] 5 SO TR S M 37 5 (1 R4 .
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Mashup 75 >R 7] &

-
il £ TS 7R BB A T

Mashup i 3K [
TEAETK A ]
X

Mashup iz 55 i
m

T SYAKEE ) 555
T FC 3 (R 1B A T B H T v

Web API
RN iR

Cw(mr)

il T PRI A iR 1Y
Web APIZRE 1] &

Web APIF

|
|
|
|
|
|
|
|
Fm————— - _
|
|
|
|
1
1
1
1
1

Cw-2(mr)
Bl 6 RlEVE RIS 1 1 IR 25 T fg v & AR A
EX 7 BEMNE. D N —HRSHRES, w NIRSHE d a8 11—, MeanSemSim(w, d) 7& w 5 d W
715 BE SURIALLE 318, TF-IDF(w, d, D) #&17 w B TF-IDF 835, 17 w BIEERE & X AR (1), BN ER
N T ENELE MRS FlA rh (i B, B RROR, R1E 1 S
Weon = MeanSemSim(w,d) - (TF-IDF (w,d, D)) 1)
EX 8. P FIERCAE. Ld ARG RIRES D IR oo BiARZE &S, X T d € D FRYiEE w, Hiz 508

B E A (2) P
> sim(hy.h) 51 g Sim )
led.L . —IOg €(Ld—d.L)

2
|Ld| |Ld—d.L| @

Wscen =

FEARTSCHR, sim(hy, hy) = hi|h| - (B IR SZAVBUEE BB d L IR IR d AR SE8EE, by, 5 by S35 w 5 1T
X ] [, B Word2Vee YIZRASE). FR2EFRR T RS IS 5%, WSR3 w &5 HTLE R85 Hid of 187 bR 46 ¥ AR AL
Ji fer, A5 AR S5 AR SR AUREAIS, T 3% SOE RO R mr, 150 B % 1m] 5 AR 45 1) I P 47 35 2 45 v F,

% Campos % N\ £ YAKE Htf % T i AL f 414 5 I JH K, 1 SYAKE 1, 3F- LA I 6 FlRFEAL #3543

W w EEREGHR d FRIZAEREM AR (3) s, BCEEBAL, FRir w RS fid d B,
Wpos ‘ Wre]
Weon @

Wcase + 0+
Wrel Wrel

SYAKE (w) = 3)

+ Wscen

3.1.2  WIEBCAIA N HESRE

4 Mashup JIj %5 % R MBI A: Web API #-HGEE A1, 7] LLER 78 Mashup IR 5% 55 K48 Fl Web API Th A
R R B AE, E B o VSRR TR I Th BEIE S, $E VLB RS S

TEREA TG Al SR, 75 224 Mashup FRSS 73R mr B2 IR 411 Web APT 54 1 5E, 3RS Mashup %
FRABL Mashup IRGEES Nm(mr). SR)G, 53 BIRAS Nm(mr) BI—FI =404 Web API4E4& Cw-1(mr) F1 Cw-2(mr).
¥ Cw-1(mr) F1 Cw-2(mr) &I Cw(mr), B mr BHEIELALE Web API 224 9 Mashup IjR%5 F 3K mr HEF TR
BXE AR Cw(mr) AT Web APL FJIRSS R FHRIL. Cw(mr) H1H) Web AP Frat S 19 2 BE & ] U R I

© PEBEERKCEIFR  htps/www. jos. org. cn



iR 5 RO RIS 5 FR ARG A H) Web APT 45 1957

Nm(mr) 1] Mashup AR 45 AR S TEIR. [RIIL, HEFAVBAE AR 1 1 BTS2 Nm(mr) T Cw(mr) B4

T3 Nm(mr) 1 Cw(mr) -G, FFZEAT AL IR 5E . IR S5 HHALLEE (14 ) 5 3 5 75 A Bl 3 U R B 22 %
ZERIRLIG IR 55 Th Rt ik e Ak 9 IR 25 Tk 1) &, S8 5 ) FH IR 2% Tl g 1) & PR AR ALLRE o B8 IR 5% <2 Tl ARV B . IR 45 T e
R SCA F SR TE S BT H6R . M EL £ RS, DL BERT AR 0TI S A £ R3] 48 A5 700 B 336 2 IR 55 T RE ik 0 4
FEHRERL. SR, BERT JirAC s Ia] 5 2% 1) 1) 4% W) S PR 52 00 17 AR 5% B e 1) 2 9 REABLBE T SRS BE . Gao S8 N3R HH Y
SimCSE W LA 2022 i BERT Az pl i 15t 253 18] () % o 57 1, 427+ MR 45 Tt 10 ki1 26 i i 7). 7 SimCSE o, SR
BERT 7Y Jy IR 45 Rk SOARAE DR 1) . W d 9 — BRIRSSRER UK, & h =/, (d), fy NIRZ 1) BERT #%, h y d
Xof J82 PR S A [

TEA mr ¢ Cw(mr) ARSI LB G RIS, F5 3 5E Nm(mr) F1 Cw(mr) F B4R IR SS. 7L, A SimCSE
HEZE 43514 Mashup #4575 3R mr. ©F Mashup 55 F1 Web API 435 4 i Sh BE ) &=, S8 5 mr 5 26 Mashup
%% 2 B I ThREARALLRE, A mr T 3RARLLE B¢ =1 ) Top-X ™ Mashup k%%, AN (4) FisES Nm(mr), H
MR MS NEA Mashup IRGSHES.

Nm (mr) = {m|Top-X(sim(hy,, hy)) Am € MS} @)
REX Nm(mr) F14—A> Mashup R 25 I2H4E Web APL #IEUIA TR (5) i mr I— ik ARG BB Cw-1(mr):
Cw-1(mr) = U m.S ®)

meNm(mr)
NFEE LA Web AP HEZERI G EEME:, 78— MR B S Cw-10mr) WIZER A EE — B i 2144 ik 45 46
& Cw-2(mr), WAk (6):
Cw20nr)= | | {Top-Y(sim(h,h)ns € WS} (6)

seCw-1(mr)
£ Web APL 524 WS 1, 1885 Cw-1(mr) HE—AN44F Web API ThREFHLLE S =i Top-Y A~4BJE Web API
IO Z B HAE iR S5 A Cw-2(mr). BJ7, B Cw-1(mr) 5 Cw-2(mr) F11] Web API &3, F 1k Mashup A} 5575
3K mr FMGEIEHAES Cwimr).
R K, H SYAKE $25 Nm(mr) 5 Cw(mr) H RS #3E 11 Th RERFAE 7], 518 1 R 20 1& BE N mr RO 820
PERRSSE R R BR A, A (D)-A 9):

> sim(hh)
F(w,l) = sim(h,,h)-|-log| &Ll 0
|s.L—1|
Law(mr) = U {Top-n(F(l,w))/\we U SYAKE(s.d)} ®)
lemr.L seCw(mr)
Law(s) = U{Top—n(F(l,w))/\we U SYAKE(m.d)} ©)
les.L meNm(mr)

MR s MThfeiiik d HiaiE w 5 HARE TSR E Fov, ) ZRAR (7). WS BP0 4L 718 w
SR T, LI w S54R854 B 1 AMARAS AR ALRE I B F(w, D) EBRK, U0 BRIE w S5AR%E 1 TR
TR 55 (I B3 R .

KHARA (8) N mr & BRI A1, B 56N Cw(mr) 4~ Web API K SYAKE BLAU SR BURFAE i, Tl —
MBI SE S, EIZFERES T, FIAARZEELE, N mr (R RZETRE Top-n 3& Bl B i i IAE, FIRR mr 1)
TETEECERHE L Law(mr). 230, SRHA S (9) 9 Cwimr) FIIEDNIRS s HEFAETERC S 1A Law(s).

3.1.3  ERATEEAIA MRS T RE I &

Mashup fI% 45 75 5K (78 722 156 & 17 SR B A A Th BE Mashup JIR 25 HO 44 IR 453tk o, TR LE 2044 Web API 3%
TR A iR BN 2 I 0T 662 5 1) Mashup IR %5, Ht, W8 7RIS ) A T5 SR - 45 FLHe 0 £ 7528 Mashup IR 25 75 SRR (%
A Web APT 437038 0 Th 5 37 5 R i 48 38 1) . %% 98 72 165 1] i) B i\ 1) Mashup IR %5 75 SR 5 1% 4H 14 Web
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APL, A LA3R 5 3 I UL TC & B4 5 HEAf L.

By R SIMCSE N5 3K mr AE A ZHEE R =, SR Word2Vec A mr BITETEIRE S/ Law(mr) A2 A 19 & X
o] [ B K EAE A mr BRGS0 & S b, PHEZ, TR R BN mr 7R I18 &, 124E vfimr), Z A5 (10),
Ho, 755 (| 3R [ = PHE.

Zweuww) Word2Vec(w)
vf(mr) = |Law(mr)|

[FIRE, X5 T Cw(mr) HIIIRSS s, {8 H SimCSE N HAE RN RE ) & A, H4 FC 5V AR IG5 1] [] S 3 (E PF 4, TE A
VRN s BIIRSS ThRE &, id4E vis), Z A (11):

ZWE[M“) Word2Vec(w)
MO = T o

B E TR A T I IR 25 ThRE M FE Ay 4 09 SY-SimCSE. SR SY-SimCSE >4 Mashup it 25 75 3R A4E 5075 =R 1m) &

vfimr) FHiE Web AP A= R 55 DhBE I vAs) K755 WAL 1.

Bk 1. B A RS 1 Mashup R S5 75 5K [ &2 5 %1% Web API Thig R 2 4E k.

%1 \: Mashup k%5 753K mr, Mashup IR 554E4 MS, Web AP1 524 WS;
B BB RS 1A 7 SR W vfimr), (L H ARSI DiRE R S (UAs)}.

1. h,,. = SimCSE(mr)

2. h,,= SimCSE(m) for each m € MS

3. hy=SimCSE(s) for each s € WS

4. Nm(mr) = {m|Top-X(sim(h,,,, h,,) /\m € MS)
5. for V'm € Nm(mr)

Cw-1(mr) = Cw-1(mr)Um.S

. endfor

.for Vs € Cw-1(mr)

Ns(s) = {s|Top-Y(sim(hy, hy)/\s' € WS)
10.  Cw-2(mr) = Cw-2(mr) U Ns(s)

11. endfor

12. Cw(mr) = Cw-1(mr)U Cw-2(mr)

13. for Vs € Cw(mr) or V' m € Nm(mr)

14. Lmr = Lmr U SYAKE(s.d)

15.  Ls=LsUSYAKE(m.d)

16. endfor

17.for Vie mr.L

18. Law(mr) = Top-n(F(w, [)) A\w € Lmr
19. endfor

20. generate vf{mr) by Formula (10)

21.for Vs e Cw(mr)and [ € s.L

22. Law(s) = Top-n(F(w, [)) A\w € Ls

23. endfor

24. generate vf(s) by Formula (11) for each s € Cw(mr)

25. return (vf(mr), {vf(s)})

| (10)

[l (11)

© © N o
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9% 5 GO IS 5 B R LB R0 Web APL 35 1959

HiE 155 1-3 47 SimCSE ¥ Mashup k%5 %>R mr. Mashup 455 Web API AE R IhAE A, 45 47 1T M
£ Mashup %% F N TR mr B X N Mashup BRE55EE Nm(mr), FEK ST FI4L4E Web APLAE N mr
fI—E %% Web APL4£4 Cw-1(mr). 55 8-12 4738 N Cw-10mr) FEE— ARG EIR ¥ ML Web APL 1EA mr
) M ik 4 Web APL4ES, 35 Cw-1(mr) 5§ Cw-2(mr) & HTER mr BEIRAEES Cwimr). 55 13-16 1718
F SYAKE # R4 53 N Cw(mr) ) Web API 5 Nm(mr) FH Mashup IR 55 /) Dh e i /R 4 ) $EHURF R 17 45 &
Lmr 5 Ls.

51720 T8 I bR ZEE B BE A F R mr I Ly HULE B SR EE n 5 IRE T, (E BB G S
Law(mr), 38 J5FIFH A3 (10) 48 mr 35 R flE BB 00 77 SRR IA M &L R 3 7 20, JIEMEE 21-24 17
N Cw(mr) FIEE— ARG s I FRZEERLE M Ls HULEL 5 S ARZSE0E n A IR, (BRI R R A R4
& Law(s). FIFAI (11) 24 Cw(mr) 1] Web APT A BRINRE I RAE S (vfls)}. FIEEE 25 1TIR [B] vfimr) Fl{vf(s)}.

3.2 FESFBRXELH) Web API XEXEIE5 AL

SRIUEIE AL Web APT &4 5, 2 505 10 v 500 35 28 11 AR 45 22 10 (KT DB 3 28 B SR Ui 22 I HERE AR 55,
T A & Web APT 2 (A ) Th A6 3 A il . A< SCHE H —Fh il & DO e SRR BME SC IR ) Web APT SCIEAHE 25 BE
TR, CME g O 7R TE R 2 A T AR E AR 2.

32.1 ET i GATNE [ s SR E VI EA 1L

N RBEMA B, Tk L5 Web APT 55 SCIC B 71 i 1) Ak, GATNE J& 24 5 AT 1) 5 o 11 A

RN, 36 & Ab T B KR S 0 57 5 B PO B 7 A Web APT SB[ A et 72

Mashup Hli45

Fabric Twiter Kit for

FJ@&» M ik
WERATE HAG

-

= Web API I Bk
JTEHL }
K7 Web APT I & g

7E GATNE MU e, 5 20 v, 25 r 00 F AR FEAE 549745 SB35 0 A 5 & 22 v, 15 20000 7 2
RO HENFAE ul® :

uf‘r) = aggregator({uf;”, Yy, € N,-,,}) (12)
o, Ny, S L v, A S, u® BRI LI R RIS (13) 5 u) STk 3R £
&, ¢(x) N ReLU i B %k
= max ([ip(O%,ul +5%.) v, € N, }) (13)
B v A IR N RAEAT L. 0% v, SRR » BB m &, TR NYEFE N d, WIHHE R iR A
RN U, = (W1, Uiny oo s Uygy),s HWEMAX (14) FEFEE NG RS g, e R", K w, € R“ W e R T )|
GMSH, T R BB H R E.
ai, = Softmax(wf tanh(W,U,~))T 14
SR, GATNE B A5 18 57 5 B 1308 7€ HAG HlAUR B T Web API M DGR % B, ZALIA RS U A
M DA 43715 p AE A [R] S EeHR ) B5 B2 3R 527 Web AP SCHAZRAIE (125 i .
N, AR AR N 2] GATNE [FRHIER G IR, X T w,, i s (15) Fros f & m &, B2 A
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A R RS T 5.
bt = o (Wout)) s
bt oy Sigmoid W B, w9 v, SARIESS £ v, 21 r KA k BARNRIAE, DHNLEIEN d, wh, € R
TN GACEAERE, bt € R", m g r KA ¥k
YR, MR Web APLXCIRBUTE w15 0 L1 RE b, 4547 2458 (14) R I GATNE ¥ 880 R MKy 4
& (16):

T

a, = Softmax{ w! tanh (W,U))+ »" w, b, (16)

1A v T RBLA I SRR T
Vi, =bi+ a,M,TU,a,‘,, (17
Fordr, b; N Ry IS RUBEERIERAE, o, 2 SEL, N FRIZERA 5 B ) R 5 M, T I SRBCE R, Bt S
") GATNE BEME TERFE 58 G A2 P 28 58 B SC eI (1 AN S I6 ) 226 A 52, K E AR AL iy 24 9 WGATNE.
3.2.2 KERAE R AR
Metapath2vec++if Hl T GATNE F5 s AR AE B0, 78 A I 2535 BHEE, Metapath2vec++i HE 5 5321 25
T, SN2 B B ML RAE SCIE YT AL (R, 7EARFE Web API 5 S BA R BRI, Toy2ats QR VE B o 1) 15 s L e N\ %
P A1), R R SC RS A RO RE . e, A STl I 1] SRR P A BEAIL I E SRR, 5, 5 s, Z T SRR FE
Z WA (18):
(Ne(si)+Nc(s;)) - Ne(sis;) Zley,.Lm/.L NS ()- NiGsi, s))
Discmspsompsy VO Do NSO+, NS
A (18) 5 A MER 1 WU PME S A4 [ R HRIE . Ne(s) L& Web APL s [ Mashup [R5 85, 43 T
N Web APLs; 5 s; FiTsf g f) Mashup IR%5 S0, Im(s;) 55 Im(s)) 7 B~ Web APLs; 55 s; 9 Mashup [t %5. 4
s NPTH B s; 5 s; 10 Mashup 55 AL R 552 & T K Web APL #5805 s (K] Mashup i 55 Ko A 90 B, 701
5553 B LA bR DI 1) 3 . W DRI 1) o T R 5 B e AR B A WA D ISR
A (18) F5HME 2 BUATIRE R B A (1 R BER T Zlme’LNS (D N s; 5 s; FEAAREESE T HIPR 54
%ﬁwwAH%%%WEE;ZmﬁmmﬁZ;gwwﬁ%ﬁa%g%ﬁﬁ%ﬁ*%ﬁ%ﬁ%ﬁW%Am%
TSR, ZH WA s 5 s KR RIRE L. Ni(s;, s) 2 ILHIFREHR, thE s 5, LR 50E N )
e SR R . Ty RE SCIDEIA 1 B 15 5 1L e AR BV 4 T B G TR
P P E SR8 FE 5 Dh e S BE o FE 1 25 {8 2 LN Web API SCBRGRFE, i Softmax BRI Web AP JHk58
PE AT IH— A

Cor_d(s;,s;) =

(18)

eCuVJl(s,,s‘,)

Z ( ) eCurﬁd(x,.x_,)
BB TR AR T = vi—vy—> ... —svov—wy h, BEPIEERIA RIS S b D ih KRR, 55— 18
WALy r, WIS ¢ 50 v, B v, IR RN

NCor_d(si,s;) =

(19)

NCor_d(s;,s;)
——, (,V))€E, v;EN,(,)
L IN1 (vi)l
p(vwT)=1 o, i) € B, v & Ny (v) 20)
0, iv) ¢ E

H, Ny (vy,) B v AR TR r SRR RIE. 35 v, 9 08 b — BN R ORERI SRR N r, AELEHE T — BT A1
v; I, 5 B R v, SRR T AR T IR r BRI R, SRJE MR B U7 1) 3 )55 i T FER p(v; | v 1) SR
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T vy AT AE.

AR BERE AL B A, B vy T 5 vy B B — BT L, v IR — BT R v = (v, v Vi) FEEERCTR —
BT R B SRR T R,

1) viove vy, S vy HV v e v, il 2 vy, Wy, BB 5 vy = {v | v e vy A max(p(v | v, T)).

2) # Vv 3vye © vy Vv e v il vov, Wy, BB 5 vy = {v|v e vy A max(p(v | v;, T)).

U TE SRS LA UM RIS ThEE SR S OG5, ANH BB =1 A 3K Web AP 7 s 7E A R SRR 2 o
FEAR R SCORTDEAR B, 1 FL AT DA KA1 05 7 51 Web AP S804, 327 7 IIZRIERERFE 2, 7T LA B0 o0
I [ 52 R A BT 2.

XTI L RIBENLIEERRAE P = (Vp1,..os Vi) v IR SON C= {vy | vy € P, k=t Sc, t £ k), Feh e NE AR
NIRRT SR F RIS SRS 45 B 1 Al v, S HEEAR T ST C, /MBI B U U BIA:

—log Py ({vj Vv, € C}‘v,-) = Z—long (v‘,-|v,») (21)
vieC

PR, (I Softmax B&EL, X7 R vy B LN ST UL BEAT A — Ak, BDZR 5255 iy, 2610, v, BB
exp(C"-v;,)

Dy, 0l vir)
Horb, vV, ¢ N v BETRSTHRON, vy, 70 05 vy XS r B BEARIRON . e, 38 I BRAY: R HOR B — X719 1
s H AR R 2

Py (Vj|Vi) = (22)

L
E=—logo(c]-vi,)= > Eyopw|logo(=cf -v,,)] (23)

=1

Horh, o (x) 2 Sigmoid Wik R EL, L RN IEREARBEAT FORREAT B SRR AEL, vy T v, SRS R8E 7, |
FRINE 7 23T Pe(v) T BENLIMEL. 24 H A3 R 2B, 9 Web APL 575 STk B v A5 A )l 48 DG BBR T &, 5 v T
XL IRSS s I ORI ) B0 AE ve(s).

TE IR I 1) 8 AR B AR A, B R SC AT D BB ORI 73 TIAE D Web APL 445 325 M 4 s i 2 v 1) 1 ) 6] 3 A7 £
17 K] 2% RN 1 R 5 BB ) . DR, A BE B — 3@ 3 DM SRR A B Web APT IHERE, SR Web APL SCHK [A] & EAT
M E NG e — PP R AL F Web APT #EF2 1 2 A8 M. A SOKAE F 5 S A R ] WGATNE #5284 A e ik (1
Metapath2vec++HE B4 42 it Web AP JCEX A1 & ¥ /5% dr 44 9 WGAT-HAG. 5H3% 2 5 Web APT JCBX A & ) A2 V.

Bk 2 @A R ORI Web APL Bk A & 4R Bk

Hi\: Mashup R4S 65 MS, Web AP 4245 S;
K : Web API [JSREE I EAES {ve(s)}.

1. HAG «vis € §

2. for each s, s; € S

3. if 5;~s; then

4. HAG.Ef=HAG.EfU (v; v)
5. wy=w;+ 1

6. endif

7. endfor

8. for Vm e MS

9. if 5;¢>5; € m.S then

10. HAG.Ec =HAG.EcU (v;, v))
11. wy=wy+ 1
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12. endif

13. endfor

14. {ve(s)} = WGAT-HAG(S, HAG)
15. return {vc(s)}

Bk 2 8 1-13 AT HI TR Web API B <B4 HAG. 55 1 1T B SE014A L1 HAG, ¥ Web API 4 S TR
% s WG A HAG HIRT s v, 38 3-7 AT SEBL DD RE R IBIL I or. RS S I ARG 5, 55 5, AFTE DD RE KK,
TUAERS LT A v, 5 vy Z T30 — 232, SO0 1. 55 8-13 47 SEILME G IA i i 57 @I 3@ i 4 4 MS Thif)
Mashup 55, SHAFAEPMERIRKINSS 5; 5 s, FEXF R A v, vy Z G0 — 2%, B0 n 1.

TER Y Web API 55t R BEE] HAG RIEA L, L2814 17T R A WGAT-HAG NEE S H RS AL iR Bk
MBS {ve(s)), HIEH 15 TR FIRBE MBS {ve(s)).
33 RATIEELELE SXBFRAE AN Web AP HE

Y1 F Web API XF Mashup AR 55 75 SR (¥ D0 8 5Tk B2 AR L 1 2 5 BEFF & JF R 8 % T Th A8 75 =R A VT B T4, 1
Web API 7E{R L&A N IFRARE KRBT 5 HAth Web API (920 & i1, LR HEZE R & (& B, — & B— R,
LR E 2 1F Web API #EFREE S R B & K TR,

% Mashup AR 55 7 3K mr ThEETTHREZ H A0 Web API 2 53 mr FIMER K. A T iH 5L I%1% Web API 7
Mashup I8 %% 75 3K FF I ThEE DTk, 51 N VE R AL, tH5 51 Web API X T Mashup IR 45 75 3K mr B 5T8RIE R 71

xs; = Sigmoid (W [vf(mn)llvf(s)] +by) (24)
afs; = __explxs) (25)
Z exp(xs;)
s;€Cw(mr)

e, S| R, vis) FIESS s, IIRERIER, vfimr) F9FR mr (SN REFIEL, W, TSGR ISERE, b, S35
SHL, AL T LLIZ ) mr SHREVCRE
Vi)=Y afsivf(s) (26)

sieCw(mr)
N T IRHLs; 51k Web APT & Fp A FIIR ST (RGARE, 51 NERIHUS, THEE0%IE Web APL 24 IR 55 2 [H]
e P R BB % s, WSS s, (VERE ) REON:

exp(ve(s)" - ve(s)))

acs; = @7)
D explve(s)” - ve(s)
skeCw(mr)
s oAb B 40 S5 R DR B I 220
Ve($;)an = Z acs;,-ve(s;) (28)
s;€Cw(mr)

HRAE L Web APL SRR s; OCIEH &, 7T LARRKIhRE 2 1Y Web APT A& W AT e, ST A3
. B Ja, B EAN mr DhBE A Web API (9 CEC A& UL ThER I BN &8 =, M s, 5T mr IR R
VLEE RIS 520 & 1 Web API I EN A ES R s, 5T mr FIHETEREZR p(s;, mr), 287 S5 B Top-K 15 N HE
AR, WA (29):

p(simr) = (W, [vf(mr)alvf(s)]+ W,ve(s:)u + b,) (29)

Hrdr, o N Sigmoid BIE R, W, g W, AT I GRA R, b, A BT

18 F 22 I35 2% #R B (cross-entropy) FE AR, DL /MUY TR 45 A B sk 45 2 MM 2 7, A (30)
Fiw:
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1 N |m;.S|

L=—v D2 vy mlog (p(s;m) 0

Forb, N AN ZR4EH Mashup IS5 FEARKIECR, |m, S8 Mashup [It55 m; [f] Web APL & y,, . KRR s; HBLAE
m; ] Web APT 55 ML CEAFAENI 1, T4 0), p(s;, m;) FasAEE R SN LR . 124570 Fo 00 F) A0 23 AN L S
FREZIT BT, 22 SO0 R B R (B /)N K BT (A THT 1) Mashup IR 55 (120 £F Web API #E3% /5 1% 44 5 R-CWSE, B
ARSI A 3R L AR 3.

B3% 3. Mashup IR 55 T R I41L1E Web APT #4777,

Hi\: Mashup AR%5 75K mr, Web API ££4 WS,
i mr 1 Top-K HE Web APLEES RWA(mr).

1. get vfimr) and {vf(s)} by Algorithm 1

2. get {vc(s)} by Algorithm 2

3. generate vf{imr),, and {vc(s),.}

4. for each s € Cw(mr)

5. compute p(s, mr) by Formula (29)

6. endfor

7. RWA(mr) = {s|Top-K(p(s, mr)) /\s € Cw(mr)}
8. return RWA(mr)

S35 AT SEEE 1 3R mr SR 75 3K A8 vAimr) BL B2 Cw(mr) 1] Web AP BiRE R BES (As)). 5
2 AT B 2 SR Cw(mr) H Web API [FJRER M &5 G (ve(s)}. 28 3 AT I8 B UHLH LA AL 75 K [ & 1%
R, 2 13 B vimr)y 5 (ve(s)ay) - 265 4-6 1T AR, NEA s, N T mr THREFR RILE A S 54 &
Web API FIRERAEZE FE P M AR B s 3T mr BIHEIEREZR p(s, mr). 55 7 1745 Top-K 5t = IR 1) I 254 Dl e 4
HEFE ] Web API 558 RWA(mr). B 8 4TiR BI4EE RWA(mr).

SLFAT U GRB B, B IR 25 BRE B A0 SR BRI B2 Ay T A UG 2 ) e A B A e I R O A R B AR B I 450 3
B4y, KRAE SCHR [30], WGATNE WAL YIZRIE 44 9 OQIWS|xIxdgar). Forfr, 2 & HAG Tl RIME, [ eI
SRR OFEARL, H 121, dgar /& GATNE BHR ve(s) (4L, DIREVTHC ) AU FE I ZRA0 = AN O((2d,)%|
Cw(mnr))), HEFREZ AL I FEIZR I A O((2d, rdgar)¥| Cw(mr))), Foh, d, IRk 55 DhBE 1) B (1 4E L. (Kt )
SRl B R S B2 OQ|WS|xIxd g ar+(2d )X | Cw(mr)| +(2d, f-d o)X | Cw(mr))).

TEFUSEHERERN B, A5 MR AN 2%, B9k = BRI LR Nm(mr)s SKIE Cw(mr)« N mr Tl Nm(mr) 1 H] Web
AP VPR E BRI ARV . Forp, BRI VR 018 Bk B 05, HoAth LIS B 24 E 38 M Tt B & L B 3
EHVREAS, HEEEVED I AN O(Cw(mr)). Cw(mr) 3R Web APT FIRUEASEEEE 100, BT LB SSHEFE A R &
FFENEREDL O), ERIE BIREEY AT DL B i i v 22,

4 SIEIFES

AR ATH R SEG U6 AIE Mashup 725510 Web AP #2230 2 A0 T I 4 LA R 1) 73
(1) SY-SimCSE “E m [ I 55y B 1) 5 PR o 22 2 15 0 T LA AR 2 2

(2) FFREKFRA D TINRER T Web APT IR E?

(3) R-CWSE /&2 T 5ol Web API #E47 /7152

(4) R-CWSE 7% T4 J3 8l Web API FHHEFEPE B8 Q]2

(5) KBS BHNE.
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1) Mashup I 4% 75 3K A UIR 45 5 — B 404 Web AP %R ¥ B 2 /0 I HEFE R B e

2) HANFRZENT R RIS TR BN B8 N 2 D I HEFE R B B A2
4.1 BBESTWINE

SEg FR 4 /) Mashup Ik 45 5 Web API JEHX H ProgrammableWeb 43, g ffiid it 45 . & 151 Mashup
5555, $dE4EH S 5305 4> Mashup JI55, 19240 4 Web APL i, 4~ Mashup % 55 I 411F Web API [I°F
WEEN 2.8 4, BAAIRS FR A ISR IE R 27. X FTA RIIR SR SOAR Y RN A . 05 . 7 T8 5
SEAR PSS R T HERE S, SR 3T A SCARAIEYZ, B A 0 S0 R P E A R B R S 45

SZESIABIH N : CPU iy RYZEN9-5900HS, W7 40 GB, GPU y RTX3060 (—3K), %1% 6 GB. #1ER 4N
Windows 11, ZmF2iE 5 A Python 3.8. AT KBRS vk S 50 B Nk 1 fiows.

®1 KWBH

SRR ZHUH
AL FR RN 32
Pl el 100
W-GATNE#4E i 384x2
W-GATNE# [ A7) 5
W-GATNEZ & FFEA 4 30
SimCSE4 768
Word2Veck & 384
BUBR A NF I AE T A1 RN AN B 6

4.2 FNIEFR

K FAHELERE FEVEAR $6 b5 Recall R Precision™ . HEFFVEA $EbR NDCG™ ZREMEVEAN P8 FR ILSPOV Al Web
API (MR &. TP FP F FN 43 IZR= TN IE SR 0 TEREAS . F0I A 1E S 1) GRe AR T > # 2R f TE A A

(1) B 1A% (Recall): #7557 IEHI) Web API 55 Mashup IR 5% 75 K 6f B2 ) BL52 Web API $0E (0 HLAE . HH
K, TR Web APT H 48 TUII 1E B 1) LU AZ R K, 35 0 Bk o

TP
TP+FN
(2) ¥5HA2R (Precision): HEFHIFR 1 IEHI Web APL 5447 Web API $ii (1) bAE. FLAEBRK, 3R7R T 1E A 1)

Web AP £, HERE 5 S .

Recall =

(3D

. TP
Precision = ———— (32)
TP+FP
(3) H— AL R A 75 (normalized discounted cumulative gain, NDCG): NDCG i T & HE 37 1) 2 11 4K Jii

. HEFE IEAAI ) Web APL it 2, 7EHERE FI R B IR EE AT, NDCG BIMERCK, WA= (33)-A K (35) Fik:

k
rel;

DCG = _ 33
; log,(i+1) (33)
ez rel,

IDCG= Y —— 4

&G ; log,(i+1) (34)
DCG
NDCG = 1DCG (35)

Hrh, DCG JAEA—b 2 Bt 1825, #54 i METF Web API 2y H A% Mashup 755k BB 21 RS, rel, A 1, T
J90. A3 (33) ARAERANHERE Web API FIA B AT INEL, HEZFEEERTI Web APL {7 B AL ER K, X #4251 38 1) 4
R AP B RIITTER. IDCG N E ST Ril48235, & DCG MERARS UL, F X DCG #H47VH—4k, 1HH NDCG.
o, REL ARSI T (4 51 3.
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(4) ZFE1E (indra-list similarity, ILS): ILS 1 T 1A Web API #E#EFIR 1 2 B8, A= (36) Fios:
2 .
ILS (R) = m Z Z Slm(S[, Sj) (36)

o, R o1 Web APLHEREBIR, N A R RS KR, sim(s, s;) APE R s, 5 s ML (A 5% AR A o 2. IS 1
/N, R B3R 1 2 R MR
43 LER5HHH

HAEEE T Mashup f4> Web API T2 %2R 2.8, RILIEEL Top-3+ Top-5 Al Top-7 X 3 MK HIHEE S
RHATIRE. FE45 R b, M I Dk 5 o Xt B FR v iy st 1.

43.1 SY-SimCSE ¥l 45 Thfk Il & A2 s &A%

#%HL LDAPY, RoBERTa"™!, GSDMMP A SimCSEPME Nyt tudi A, Hrh LDA 5 GSDMM iy 3 i A
RoBERTa il SimCSE & LA BERT JyEEAli uish (1) 4P 42 (W £5 7 £E Y-SimCSE J5: b, SR JE4h YAKE A2 Y
T RERFAF ] 3T [R5 %Y 9 Mashup IR 4% 75 KA1 Web APT (1R 25 Hiiidk 4= i Ty B 1) &, 3647 FH (b2 UL A0 S 3R Web
AP, HVFN TRIRS IR 2.

R2 MRS IIRERAL A B A B VPG

Top-K L LDA  GSDMM RoBERTa SimCSE  Y-SimCSE SY-SimCSE

Recall 0.192 0.212 0.347 0.378 0.405 0.419

K Precision  0.168 0.195 0.313 0.349 0.366 0.381
NDCG 0.198 0.223 0.344 0.384 0.409 0.420

ILS 0.821 0.779 0.634 0.622 0.601 0.589

Recall 0.218 0.321 0.469 0.478 0.502 0.517

ks Precision  0.115 0.161 0.241 0.249 0.268 0.286
NDCG 0.224 0.245 0.382 0.404 0.433 0.461

ILS 0.792 0.798 0.661 0.626 0.599 0.562

Recall 0.328 0.399 0.561 0.579 0.603 0.633

= Precision  0.112 0.131 0.237 0.242 0.262 0.271
NDCG 0.256 0.287 0.425 0.443 0.467 0.499

ILS 0.731 0.759 0.602 0.589 0.557 0.518

LDA 4 BRI IR S5 ThBE i) B A5 I 72 R B i 2% . GSDMM A BRI ThRE ] &2 () Web API i R B B E T
LDA. Lt LDA, GSDMM A5 B [ 4 S AR 35 RS AE B2 WUk S 58 2, 3 FH T B 1) 25 i A A0 R R 45 0 SCAR 1) Ty e
FEHREL ) RoBER Ta 45784 i KA SCA S AT TR S5, 1 b 28 X 8 B8, 3R SCAS b SCiE SCRFE I RE ) 5B
FART TR REAE TR v Hh 3R AT IR 45 4 R 1 T RS AE SURRAE, HAURE T LDA 1 GSDMM. & JhFEfl .
SimCSE Z&fi# 7 RoBERTa [ # 25 [B] [ 45 [7) 53 14, 76 T BE DT L3R5 (K4 35 B3 s 19 LAtk — B4R 71, BRI, S H8ha19 2
PIEF A 3 AIAL.

£ Y-SimCSE I SY-SimCSE ", i#iid iy Mashup k4% 75 SR FIRE 2 4+ Web APT VCECIEFEECA 1A, ¥R HI 3
FHFAE. M%) SimCSE, TE Recall+ Precision Fl NDCG a5 53 HISFIIH T 5.23% 6.67% Fl 6.26%, IIE T %
FORFIE BRI BEAG A00E mr D REVC ECARS B2 . B3 SRR AE I RONSR AR T B AT A 57 AR 25 F0A SCARHEAT ThRERRAE SR
A AE I D REVE SCTE 8 1 A SAFAE X 70 FE R AN 2. AEPT A B, SY-SimCSE 1 Recall Precision M1 NDCG 137}
e, PEREL T HARAE AL, AHXT T Y-SimCSE 23 7 P33 2 3.91%. 4.69% 1 5.47%, BA T i I HERE BT i, B0
AICRT Y AKE A58 I S0 R0 B .

AN KA R, SY-SimCSE ¥ ILS FEFME LTI AR, ¥l SY-SimCSE #E#E Web API 2 [8] (1) AH L& BE ALK,
e 4t B L REME T A EL SimCSE, #EFE LS 1 SY-SimCSE ] ILS ~F-HIBEAK 9.36%, i J5 B RS 17 1 n 1
IR 2% 1) 7 FH 32 SHASFAE, {8145 Th BE DL IC B 1R 550 3 3 324 Mashup RS M B S28 5. 45 EPTiR, SY-SimCSE 44
F 8T THEE AR 5%, T LLHESE & 5% & () Web AP I T #% Mashup RS, HE# BURE T &SR ELARRY,
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432  FFOCEIRA R HEIE B R 2R Pl

T BAE R ORBE AR A X Web API HEFE (WR20H, AT IIEOCR RS Thag i &= 51 AUMEH AR 5 ik
AKX 3 FHE iR E, FEAE R E

(1) SY-SimCSE: K SY-SimCSE A= i IR 45 h At ) f 32847 Web AP #E7%.

(2) SY-SimCSE-GAT-C: ¥H SY-SimCSE 4 /iR 55 T g [l &, {f & L GATNE 7£ Web API [ HpE I ]
PRI SRR ) R AT HEFE.

(3) SY-SimCSE-GAT-HAG: 3K SY-SimCSE 4 il %5 Dyge Il &, fil& LA GATNE 7t Web API )57 5 < BX A
(PMEFIT)RE ORI I DRI ) S AT HERE.

(4) SY-SimCSE-WGAT-C: X SY-SimCSE 4 Ik 25 Dige &, {fl& 2L WGATNE & Web API [ HME Bk
P R B ) IR ) B AT HE A

(5) R-CWSE (SY-SimCSE-WGAT-HAG): A 3CHE H AR 432 7772:, BIRFH SY-SimCSE A= AR 45 Thise il =,
fillA L WGATNE £ Web API B 575 S BRI (MMERNThRESCHR) Hh SR B DI (Ml & E AT HERE.

WRIEE 3 RN K AESEEE P BIRT 3 4T EdE e N, 51N MESRER S, A SY-SimCSE, SY-SimCSE-GAT-C
SY-SimCSE-WGAT-C 7E Recall. Precision. NDCG Fl ILS F¥14 ficsst. Hrh, SY-SimCSE-GAT-C 7E Recall.
Precision fl NDCG FEHHRTFT 2.91%. 2.38% A 4.46%, 7E ILS I 5.11%; SY-SimCSE-WGAT-C & Recall.
Precision F1 NDCG 3T T 8.73%- 7.25% M1 10.07%, £ ILS “FIIHAE 17.44%. iR EIEF A, 425 N VMEH
K, R RS RIET. [, SRF WGATNE LA A\ P E 32845 2 45 i 2= 20 T GATNE #5244, 1 i
AN GATNE F Bk &4 24 .

B3 RIS T AR TR A

Top-K LY Recall Precision NDCG ILS
SY-SimCSE 0.419 0.381 0.420 0.595
SY-SimCSE-GAT-C 0.431 0.388 0.434 0.557
K=3 SY-SimCSE-WGAT-C 0.459 0.402 0.451 0.502
SY-SimCSE-WGAT-HAG 0.445 0.395 0.442 0.511
R-CWSE (SY-SimCSE-WGAT-HAG) 0.478 0.428 0.470 0.462
SY-SimCSE 0.517 0.286 0.461 0.562
SY-SimCSE-GAT-C 0.535 0.298 0.495 0.533
K=5 SY-SimCSE-WGAT-C 0.571 0.319 0.515 0.461
SY-SimCSE-WGAT-HAG 0.559 0.311 0.51 0.494
R-CWSE (SY-SimCSE-WGAT-HAG) 0.598 0.338 0.529 0.422
SY-SimCSE 0.633 0.271 0.499 0.518
SY-SimCSE-GAT-C 0.649 0.274 0.513 0.499
K=7 SY-SimCSE-WGAT-C 0.676 0.285 0.553 0.420
SY-SimCSE-WGAT-HAG 0.665 0.281 0.534 0.448
R-CWSE (SY-SimCSE-WGAT-HAG) 0.685 0.292 0.577 0.398

3 FRIE] K AE SIS S AT 2SI F R ORBA A G HERE 45 SR, ALK SY-SimCSE, SY-SimCSE-GAT-HAG
fE Recall. Precision 5 NDCG “F-YJIRT; 6.36%. 5.28% F1 7.65%, 1E ILS “F- ¥ F4AK 13.29%; R-CWSE 7E Recall.
Precision 5 NDCG “FH#Tt 12.24%. 12.79% A1 14.17%, 7E ILS YK 23.46%. iR BRI, 51 N7 <8k
J&, Web APT WJHER BT 2= /3 B B F 12 7F, I B4 TH08 52 8 & & TALSI N PME CBGHR 25. [RInT, odls R4, R
WGATNE HER i\ 57 5 G I e 2515 B 032 0 B L T GATNE A28, #3530 IE T AR ST GATNE 1) it 2
R
4.3.3 R-CWSE Jik5HAth Web API #3277 v& HI5T L

MR 3 AEAE E A EE T KR B Mashup IR55 (ZE1F Web AP 4127 75 V53047 %55 EL, B E B4 H 07 V2 1) e gk
P R AR MR 4, ZEAS LR k.
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(1) R-NGCF"7: %37 Mashup %555 Web APT 2 [H] ()i I Bt B T —Fl -1 2 B B [F1 L 96 1K) Web APT
HEFE 798, %7 1R AR R IR AL HE, i id 4248 Mashup IR25 A Web API 2 [A] i &1 32 HAZ B, ¥ Mashup
AR5 HEFE AT Web APL

(2) SRMG®: FlIFl BERT ¥ 55 5K 55 7 52 Mashup IR 55 42 B3tk 180 &, 38 1 A ABL R i 32 35045 75 SR 1 4T
Mashup %5, #37 Mashup Ik %55 Web APIL B J; S2 1 A &, {#H GraphGAN “E /% Mashup Ik %55 Web AP IR A
FoR, FFIRIL Mashup JIR 55 1 m 4. 38 5 SR I8 AR ABLA1 1 FH A 4 17 24 Web APT 475,

(3) MISRPY: 47 7 — A4 3 Web API Rl Mashup [ 25 2 1] 3 Fh 24 (1) 58 T A7 2. (008 T o 46 I 4% . 3 3ot 2 >
PEEL T K 540 F Mashup IR%. TR 5 {#%E Web APL. f#i% Web API 1 F2JE Y 45 # FIKFIE, 4/M%iE Web API
X} Mashup IR%5 7 K BIPF4r, SEHL Web API [3ER.

(4) DySRP™: ¥ Mashup 61 ] B B — > Web API S HEFAT S, DMRIEEiL Web API 2 [ 2 BEPE. 47
H T — AN TS B W4 AL MRS 2 R R, DA SR 5 1%i% Web API (19D AE DT .

(5) LightGCL™: R4 Mashup i} 25 F14H114F Web APT 22 18] 18 FH 56 28 ¥4 7 572 P, 3 3t A0 AL 7 S5 29 g R o
SR, 43 A GON 2% 3 R4S T 5 ROFE R, A 0T b5 25 BR B AT 9 AR E AL Ak, MR AR B R0 et 45 2%
BRI AT HER R R

(6) DLOAR™": 4 £ 45 Mashup At 45 %25, 145 Mashup Ak 4% 75 5K <4 i) 5 58 2 3 SR (R ARBUEE, 3R B AR B
(IR 55 8 28 A AR AR 55416 R AT AEABLE T 5, ISR IS PR R LIS A 8L Mashup %%, 35 1T SR e AT i 1 F 44 i
25 B ARBLY Web API 58 R HER.

# 4 R-CWSE #E3E 77 EM AT AL
Top-K etz LightGCL R-NGCF DySR  MISR SRMG DLOAR R-CWSE

Recall 0.411 0.421 0.453 0.440 0.431 0.436 0.478

K=3 Precision 0.361 0.372 0.405 0.391 0.384 0.386 0.428
NDCG 0.415 0.428 0.465 0.459 0.441 0.446 0.470

ILS 0.574 0.571 0.523 0.547 0.568 0.541 0.462

Recall 0.512 0.538 0.579 0.558 0.547 0.552 0.598

K=5 Precision 0.295 0.301 0.329 0.319 0.307 0.313 0.338
NDCG 0.443 0.452 0.496 0.484 0.472 0.483 0.529

ILS 0.478 0.469 0.448 0.460 0.462 0.456 0.422

Recall 0.594 0.603 0.659 0.634 0.618 0.625 0.685

k=7 Precision 0.251 0.253 0.278 0.267 0.260 0.261 0.292
NDCG 0.486 0.488 0.532 0.508 0.490 0.499 0.577

ILS 0.460 0.456 0.426 0.442 0.452 0.437 0.398

AL LightGCL. R-NGCF. DySR. MISR. SRMC Hil DLOAR, R-CWSE [ Recall 1E4573 MH2TF 16.05%.
12.76%- 4.17%. 7.95%. 10.29% 5 9.24%, Ut B A I iEHER FI4L4F Web AP H1 2451 35 55 £ 1) Mashup IR %%
IEEFT 75 IR E 52 Web APL A ECHA 4 Fh 535k, 18 Precision 6451, R-CWSE 43 J,F 3R TF 16.62%. 14.17%.
4.46%. 8.26%. 11.31% 5 10.09%, FILLEAR S T7 i HEFE B 414 Web AP H, Mashup A 5514 8 i 75 (1 FL 52 Web
API LU F HAbJ5 5. £ NDCG 43 3PP 3R TH 29 17.26% 15.2%- 5.57%- 8.61%. 12.33% F1 10.36%, ¥t A
CHTHER I IEH Web APL fEHEZEFI R b 7 B S SE R, B4k, 7€ 2 M 51, R-CWSE B ILS 5 b5 9 5 °F H B A%
15.23%. 14.28%- 8.22%- 11.55%- 13.47% F1 10.6%, Kk T A SCHIEHERE I AL1E Web API 2 BEME B .

FERIRTE Top-3 MHERE Y, M HAMhT7VETE Recall FEAREET 16.29% 13.6%. 5.48%- 8.65%- 10.78% #il
9.71%, Precision TaFrIRTF 18.43%- 15.03%. 5.63%- 9.38%. 11.59% 5 10.75%, & T /RF K {8 N X & HR 7
FETF LA, SR AL VETE Top-3 HEFEh MRS T4, RITEHERE 3 L1 Web APL RUTEHLUT, HAEHER A IE
Tt Web APT (%0 Bt iy T H AR 7 325, HRHE 4090 48 1) Ge v 45035 7T 1, Mashup IR 55 B39 204F Web API ANCH
2.8, PRl AR SCTTVELE Top-3 HEFE AR S P R A8 HL B B 1R SE B B A A B
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1E LR %9, LightGCL 5 R-NGCF fHER i B 5K, ‘BT Mashup 555 Web API FIH & RH G R
SL5 5 AR Y S AR B, Mashup IR 2532547 Web AP HERZ, 7E58 320 44F Web API T AN IR L T BA BT HIHERE AL
B 7E TR A A Web API I, HEFE 5T B4 2. SRMG 1 F] BERT B 4= 1 IR 2% T % 1) BodE AT D RE VL IE, 38
It Mashup A%--Web APT A4 B3RS HAG B, (EHEFE VRS I AT ARHE 1% 1E Web API St F RV ETIBES 5%
YBCTE R IR, 75 SR T REUT L B R Web APL

DLOAR 2 T =AU E ITEALH, S48 3B S Mashup IR 5% 75 SKAHLLE & 414 Web APL 2RT, FAL %
FEThRE T R IGUCHL, ZAL T 2014 Web API (Al I ThRE B AL, B Z 0 HEFE S| R IB N L T, RO MERKED 6
ALY Web APL MISR 18] CNN $2EUIR 55 D) BERFAE, 383 ARMLLRE A Mashup AR 55 7 R 2 4% 4% /& Mashup A%, 32
T4 T W R R 8OR, 1207 R 3 AR R A8 BAR B RS T R A, e T RIE 4 3 T Mashup R4
RIOVP oG B, — e R BT THER &,

DySR BH#$2 H 4114 Web APT 2 FEMEMES:, MRS DhBEIE SCUCHEL S Web APT Vi 5 THI 3R AT HEZE, 8 V0 Fir %ot
bl 752 FR A T B v A AR SO VE, 7 VR R B IR 458 7E I 3% 55 1] (19 2% 8, JE VR AR SRR EEE = & IR ARFAE
RFTHREULEC A FLME, B2 Web APL AR AT AR ThRECIE S &, Bluth, HAHER R EAK T A SO,

434 ¥IEE) Web AP HEFTERE VAL

A A SR HERE R ST TH IR i — AN S 2 8L 78 9 Mashup IR 45 75 5K HE#E Web API i, ¥4 /55l Web API 24537
RATHR S 51t B S Mashup 7452 10 IR 45

FEFRA b, A SO R IR A Web APL 224 Cw-2(mr) T 0] LA 250K 5 Mashup 85575 3K mr AHIEHY
a3 Web AP I N BRE L AF Web APL &A1, T 9% JE 3 Web AP RS 5HEREMINL 2. Cw-1(mr) 22—
g i 20 11 Web APT 424, 248 & K U IRl 8 AR 22, 155 75 3K mo AHALLIY Mashup RS H B SR Web
APl BTELL S Cw-1(mr) T, T Cw-2(mr) TERIEERT, 2455 Cw-1(mr) H11 Web API HALE E RS N B1Z4E
Af, R, AR 3 Web APL A Cw-1(mr) FIIFEAD Web APT AL R, i% Web API A LLEAN Cw-2(mr) 4, M
TS 554K Web APT H#E4.

H-T Web API 7E K fi J5, 18 75 B4 5 — BB R 8 A4 T i i - 2 5 Mashup RS I EE. 41, FR4E
FAA# KA1 Web API #84x 2 5 Mashup RS A EE. N T BAiE AR ST X574 A 3l Web APL [(HEIERE ), M R &
Jinid — ik Mashup R %5 G 1K) Web API 1E 974 f8 S0HEE X G, 44 FLFTAE 1K) Mashup R 2% Dh e Hiiid 1 4 Mashup Ik

3 gk, it 392 M RSB 55—k Web API B Mashup AR 5%, K & AT R 553855815 9 Mashup R 45 35 5K,
FIFH A ST 34T Web AP HERE, R34 4 AN AR, AR 5. #ds Sk U UK 53, DS2 I 2R Mashup
k45812 DS1 HIl ZREE AN EE Mashup JIR45 &A1, DS3 55 DS2. DS4 5 DS3 (K RE .

%5 JEE) Web API i 4L
Bl PIZEMashup/RS A% WHREMashup/RSAEL MR 1A B 2 Web APIANL

DSI1 4913 100 100
DS2 5013 100 100
DS3 5113 100 100
DS4 5213 92 92

FE4EH% Recall. Precision. NDCG I ILS JEfifi b, 3891 o 2 (hits ratio, HR)™ A %A F15) Web API
PIFEFE RO, WA 37):
1 N
HR =+ ZH hit(i) (37)
b N o2 5IRR K Mashup IR 55550 254 B 51 Web API /RN IE G H BUAEHER SR, hit() 188 1, TNA 0.
KA TTV2AE DS1-DS4 Fdfi SE AT 6] L, HEFE TR HR W15 6 Fin. R EHE ST T A, 78 Top-3 H#EHE
I, ¥ 535 Web API #EFEXT Ri[Y) Recall 5 Precision 115 4E¥ J& 3)) Web AP1 X8 Recall 55 Precision 1] 49.2% 55
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50.42%. ¥4 A3 Web APL R BHE SR HAE T I 15 3 Web API f5—2F. [AIKE, 7€ Top-5 A1l Top-7 L 72

W, A JE B Web API HEFE(K) Recall 53 5 N AEA JE 5 Web API [ 47.39% 55 46.53%, Precision 43 W NAEA JA 5h

Web API ] 46.7% 55 42.62%, 5 Top-3 ZEARLRFF—F Rk, A7V IF AR Y T ¥4 J5 51 Web APT [ 7] .
#* 6 DS1-DS4 #HEF R B hx

€7 Top-K Recall Precision NDCG ILS HR
K=3 0.481 0.426 0.467 0.465 0.151
DSI K=5 0.597 0.337 0.524 0.427 0.192
K=1 0.692 0.295 0.580 0.404 0.218
K=3 0.468 0.431 0.462 0.453 0.154
DS2 K=5 0.602 0.341 0.537 0.412 0.191
K=7 0.689 0.294 0.582 0.388 0.219
K=3 0.449 0.428 0.432 0.464 0.153
DS3 K=5 0.596 0.335 0.524 0.431 0.191
K=7 0.696 0.288 0.583 0.410 0.218
K=3 0.473 0.433 0.472 0.454 0.159
DS4 K=5 0.606 0.345 0.527 0.438 0.198
K=7 0.694 0.301 0.580 0.384 0.225

435 REESLRSHEE

AATH Web API HERHT AR F MG SHOH T IR E.

(1) 25 Mashup iR %5 75 SR IKEL X A AHAL Mashup IR 55 BA K ¥ A Z BB 7E (%L 41+ Web APL I, X {H5 Y{E
T 2 /D HESE R B i 2

XA Y (g T i AR 4E SR Web API IBIE TR &, X Web AP HEFHRE T LA B . 2% 18 215035
£ Mashup TR%-E.& 1) Web API IEET-¥28 2.8 AN, 55 5 AR U RS LR SCHR BT i E 41 )& Mashup IR %51
B, ¥ X (Nm(mr) PIRS BI0E) BUE R E A [1, 10]. N T IR HEAEAE I B2, IR ZE 1 Web AP 4R & Hh 1) IR 553k
EBAERER K, G Y MEBMETEEB I E N (1, 10]. 78 3 Fh K {6 FIFRBSER. Recall. Precision 5 NDCG §¥5
=4Ethmia s K 8.

TE X EABRIES N, B Y B, si7E YEAZIE T, B X E I, R E 2k BT, B RBRE
B AEARIFN Top-K HEFEM LT, Precision HHESE H R IEMIZHLE Web AP NS K B I LLAER 2, T Recall M2
FHHEFE IEAf 4044 Web APT ANE05 RIS A B0 LU AE B 2, NDCG M B IE R R 1K) Web APT 7EHEFE 5138 )4
F.AER—H (K, X, Y) BUE R, IEFHEE 41 Web APT 25 1, I, Precision. Recall 1 NDCG £ [F]—
A K BUEMHERE Y & T, ZH MEUVEEE (X, Y) BRI, M EER—A (X, ) ALbr s 2A 85 s, £ 4t
K=3. 5. 7, Web API HEFXUR I3 HITE (4, 5)~ (6,3)- (5, 4) RIAFRAE &

M8 A i T AR AR AT LU H, XM AR AL AT T ¥ S AIZE b S SR ORI S8 K, R Nm(mr) T
IR 2% B i 4 R P AR A . LR R Nm(mr) 2 5 Mashup IR %% 75 SKAHIBA Mashup RS 4E 4, X (H
SE T Nm(mr) RS R, TR T Nm(mr) F R4S 5 Mashup AR 55 % SR FOABLRE, AV [RD It I A7 B, 6 S5 36
A2 H AR AR LS R R (0 S B 5, i ARG, DRE X {B 8 A 6] - HE A2 25UR 2 T URK.

AN, X R Y AE R E T B4R AT Web API BB AN . 24 X BB Y (ES (%, M Mashup R4 75 R K948 )5
R %5 Bk 41 Web APT BEH/D, SEUCTRE HALA 1 Web APT IMAREE A, WA T LA W IR L,
T S R o . 2 X {E B Y 3 i, 25485 Mashup 45 75 SR 325 JE K1Y Web APT I\ I iE 4 14+ Web APT
G4, [FIRERE AV LRI A R SR BUR 3 B DGR IR T BT &, AT PR T =

(2) ARSI P BCA B BB N 2 DI HERE R B 2

TEAEREA 1749 Mashup k%51 Web AP (T RE A1 A48 T B3 SARAE. 950 UE RS FE A iR B HERE R &=
SN, B AR N4 ] AR R o BB ONIXIA] [0, 101, 78 3 Rl K {8 TR S2%, Recall. Precision il NDCG K]

BFR TR S WLE 9-F 11, B BALFR A n (1, AR PPN P AR A
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0.685
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0.665
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0.655

0.290
0.288
0.286
0.284
0.282
0.280
0.278
0.276
0.274
0.272

0.575
0.570
0.565
0.560
0.555
0.550
0.545
0.540
0.535
0.530

. ~ v o
1970 B FIR 2025 5 36 A5 S H
0.595
0.475 0.590
0.480 glgg 0.585
0.475 0.470 - 0.580
0.470 0.58 0.575
N 465 N 0.57 -
i 0465  0.56 0.570
0.460 055 0.565
0.560
0.460 0.555
0.550
(b) Recall@5 (c) Recall@7
0.428
0.426 0335
0.430 0.424 0340 0.295
0.330
0.425 0420 0333 0.290
0.330 0.285
N 0.420 0.420 N 0.325 0.325 0'280
0.320 :
0415 0418 s 0320 0275
0.416 0270
0414 0315
0.412
(e) Precision@35 (f) Precision@7
0.460 0.525
0.470 0.455 0520 o o
0.465 0.525 0515 0.570
0.460 0450  0.517 AR ) /
0.455 0.509 P 0510 03 NS
N 0450 G 0445 N R 0505 ™ 0546 N
0.445 S 080! it 0330 QR
Aot risess n .
822‘3‘2 ":"""'."5‘::’73?%“ 04400 0493 7 0500 0538 o,,:o
0.430 R 0.495
0.435 0.490
0.430 0.485
X 9 71 X 9 71
(2) NDCG@3 (h) NDCG@5 (i) NDCG@7
7 A W Bl
K8 SRAEADEH i fe b
0.71 043 R
o6l m 0d0| o
> ..ok, K=3
0.61 - < 037+ —»— K=5
% m g —s— K=7
§ 0.56 | e K=3 3 0.34 - X’M
— ~
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o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10
Kl 9 A[FE KAE T Recall 3L Bl 10 A[E KT Precision %L
oo K=3 —— K=5 —=— K=7
0.59 -
0.56
0.53 -
O
K050t
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IR * LA +* e
Y .
0441
(o
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HE 91 11 7] L, B K=7 B} Recall 5 Precision 73 3I7E 6 A5 4 /Nia] o H IR B0 A1, BETE TERHIE 7 fl
NHEIENN, Recall Precision 5 NDCG 8B < 32T, 7RI H04 6 I BB IEAE. 2kt 6 M, B SUR & I
TR, iR S RS R AR B 5, MBI 137 S A AR I 2 W), SR D REREE IS X ERIABRIE. It
Tk, BB TERRE I IR E R — N 6.

5 #FRiE

AYEFE Mashup 55 IZHAF Web APL HEFZ i &, $& H — P& 78 7R B G 17 5 7 i R BE A 1) Web AP #E7E
Tiid Wt T RN SERA B B IR SS HER R IR SR HUBE A SYAKE, S Mashup A %% 75 3R 1 Web APT $2HUR 7~ B A
YRS, 5 BB E B AR BT T D REUCEC I T RORE BE . 6 ML IER b, A5 Bh PRI € JE A8, S Mashup AR
2 T R M i R IR 2 1 Web APLAEA. WG T —Fh Rl 53 T R 842 T+ Web API #EZE R 21 J51%, MG
MHTRAT B A E 2552 TE Web APT HEFR 107775, 50 R IX A4 RE061T RUPR THIE TR I B A0 2 PR 1. SEI0TEW, A&
X FEEHEERIRE AR . I 2R R 2 BE RS 4R AR L BT X H o vk,

AT TAE L RIZIRTE 2B Web APLOCEK, W1 APL A OCEL . HhIBA B OCHSE, DL — B B8 6
T e 25 o HE 7 5 B AR TH O, 75 B T R A S 4 Web API [R5 B2 3 b, 75 B0 M A [R) SR AL ) S BE ST Web
AP HEFZ VPN 8 AR 1) 22 S A0S, DA R 4R St 22 PR s K ORI N BIHERE 75 P RIS, SRIBC 5 X 4
45 5 R 5 I ) R 5 B DASGTE ANER
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