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Service clustering by graph embedding of heterogeneous
networks
Narifumi Oi
Abstract

A service created by combining multiple Web services is called a composite
service, which can provide extended functions beyond the atomic services
provided individually. At present, a wide variety of Web services are increasing,
and new composite services are being constructed by combining them. From
many services, Web services need to be clustered according to function so that
users can discover the appropriate service as needed. In response to this problem,
there have been studies in which Web service description files (Hereafter referred
to as a WSDL document) and service descriptions are text-mined and clustered
for each service function, but since these methods rely heavily on text descriptions,
they are susceptible to the naming rules of service providers.

Therefore, in this study, clustering is performed for each service function by
using user and service usage relationships in addition to service linkage
relationships. By using the relationship between users and services, it is possible
to embed the feature that services used by similar users are the same kind of
services. Concretely, the linkage relationship of atomic services that have been
combined into the same composite service, the usage relationship between the
provider providing the service and the user using the service are represented by
graphs, the feature vectors of nodes are generated using graph embedding, and
the degree of similarity between each vector is calculated to perform clustering
for each service function. In the implementation of this method, the following two
issues need to be addressed.

Network construction and sampling using provider, user information

In this study, it is necessary to represent a graph using user and service usage
relationships in addition to service linkage relationships. It is also necessary to
devise a sampling method for the newly constructed network.

How to integrate embedding of heterogeneous graphs
It is necessary to devise a method for integrating the characteristics of the

sampled user and service usage relationship with the sampling results of the



service linkage relationship.

For the first problem, we construct a provider co-use network and a service
provider user network from the service provider user use relationship, and
conduct sampling. Concretely, the provider co-use network constructs the
network with the provider as the node and the edge as the user of the service. The
service provider user network consists of provider/user as node and edge as
service use. After constructing these networks, search is carried out and sampling
is performed. In the conventional method, the service linkage network
preferentially searches and samples in the same composite service, but the newly
constructed network performs network search and samples in a search method
similar to the broad-priority search installed in node2vec. The provider is also
used when constructing a graph showing the relationship between users and
service usage. Among these providers is an Anonymous provider that provides
only one service, and we investigate the impact in the network.

For the second task, we concat vectors created from the service linkage
relationship network and those created from the newly constructed network
based on the service provision/use relationship, and use these vectors to cluster
services.

By comparing a cluster of service vectors generated by the proposed method using
graph embedding with a correct cluster based on manually assigned categories,
we evaluated whether the generated clusters were clustered for each category of
service.

Network construction and sampling using provider, user information

The network was constructed and sampled from the usage relationship between
service providers and users. Using this result, the clustering accuracy for each
category of service was improved by the integration method of embedding
heterogeneous graphs described later.

How to integrate embedding of heterogeneous graphs

By concatting the vectors obtained from the sampling results of service usage
relationships with the vectors obtained from the sampling results of provider user
usage relationships, the accuracy of clustering for each category of service was

improved by 6.6% compared with the conventional method.
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-+ = LE

TR MR MLV ERLEDEDZ & T, LERT FUZHENRY
MNVESED Z ENTE 5. F1z, skip-gram model & 2172 F15 & L T cbow model
DFIET 5. skip- gram model 73 HLFED D JED HEE 2 THIT 5 D%t L, cbow
model (3D HFE O FULHEEEZ TT 5. £z, —KAYIZIE cbowmodel XV
% skip-gram model ® 7 3 T HIFEE L& V. skip-gram model 2R v U — 7t
EICIESED &, AT —2I13& /) — K, BT —213%//— Ko7 >
T TCRTZENTE S,
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4.2 Node2vec
skip-gram model %\ 7= 7 Z 78 IAZF AT & LT nodezavec NFIET 5.
Nodeavec D7 /)T X LZLLTDK 10 12 LT,

F4A

\ 4

2y b7 =7 DEE

YTy
Ftaih = % &R

TVELTH—Y YES

CPFUPY IR AR
J—FEHHM

Y7 v IRR%E
skipgram model(Z
B

\ 4

10 : Node2Vec 7 1m—F ¥ — |

Nodezavec ITHE L7-R >y MU —27 OEERFEREZHNT, / — FOSEER %
RS %, BRI FIEE LTI, MR LTy N =0 b7 7 Dbk
RERD ) —REFEIRL, FV0X L0+ — 207 HEREORIOY 7Y 75T
V). BTCD) =KoY o 7N o TERITRT%, b a4/ — RInZEE TRY)
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%hk?%XF?~§kbfﬁw?%ﬁﬁﬁkbfﬁfﬁé RAr LT BRR A
% skip-gram model |[Zi#i5 L, 4%/ — RO EHZES T 5. node2vec DFF
ELT, FVF L5 =T/ — ROV TV U T EITIE, EELERICL
TR E R SBIER BRI IRB O EE W E A /N—/3TF XA —FZ —TCHilfi§ %
ZLIWTED., FUH LU —ZEFRNTy VORERIESNTKRD ) — F &
TV TTEN, Xy NU—7 OEEBEL, MEBEFIAEZ T A FL TR,
DA TORBER Yy NT— 27 ZERETHZENTE R, SHIT, REL LTS
BENPBES E TP TRV, T2 TRIA—X—Th 5 return
parameter(LL T, p), In-out parameter(LL T, Q)& FHIEL CTH 7V > 7 &2479.
INBEMBHLIZ 2ROF X AT+ —7 % TRUCERT H. £, K 1112k
WT, T P(t)EBr L, WICEEET D/ — Rsi(i=123)282 5. dyld/
— Nt & xBOREREEHECHY, dyld{,2,300nThnThs.

1.

Elfdts:o
Apq(t,s) = 1if dis =1

Elfdts=2

X 11: T H LT 4 —7 O
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INT A—=Z—p [IHBTHD ) — NEFHT DR HIET 5. 20T X —
Z—Z W MEGmax(q)ICRET A2 & T, BRICERE L) — Re o7y v
T HARMEZRSTAH5Z N TES. 2, K ME(<min(q))Iic 52 &
T, YTV T DORRG) — R BEEUCK K T2 R TES., NTA—H
—q (IR SEERR I T PR AR & R SRR I T BRER DR A 95, g>1
DYy, TUoHA LT F—71F ) — FtiZiEW/ — RICRY, TEEIRRICE-
WRAATH Z LN TED, KB, q<1 DEAIT ) — Rt s &6 I2EENnT-
J— R&ifT 2ElmAH Y, RSERBERIUTREZITH LN TES.
Lo L, MREEHRBICPIERAER LTS L0V — FOBERLMMED Z
EMTER. Flo, BSIEEERIPTRERZEHRH LT E2 7Y 7
HHNPKELSIESRDLDT, ZD2ODNRT U ANEELRD,

4.3 FT) Y

node2vec DY 7Y VT FELIFHOT o —F L LT, b—E AEHER >
FNT—=21Z8T 5, A—EaYY—t2BELOY 7Y 7L, —E X IFHx
MU =21 BT D IEFNHE DY T Y o IO T 5.

4.3 1 A—8EE&Y—EXRBEODY VT VG

VTV TOREN T a—F v — N2 TOK 12 1R, Fl—#EET—
EABEOY T T RS- REER Y N — 2L, HET—EX
ICEVAEDLINTEZ OB LR T —EAOEERR TRy hU— 7 24
LLTEBY, ZTNENORF Y —EANREOHEE Y —EATHAGDINZD
MEINTWRY., £, R—E#AEP—EXATHAGDIN TS / — RELIX
XY NI =7 L RDHDT, TNEND ) — RREHEIZR>TLEY,
node2vec THWHILTWD T U H AT 4 — 7 TEZENETND / — KORHH % B
BT 2OITIEFICH L, 22T, 37U U TRERICES Y — R EH A Rk
D70, FA—EHAY—EREELT DTV T FEETD.

P—EREHERY N =T ERE L%, YTV T ERITOMRERD
— RN&E T A LATERTS. GERLE ), —F (FFr—EX) REEh W5 H#E
AV —ERAOFEHE T X LRI, TOEAV—ERTEA SN TV DR
FH—ERZEELTH LTI T 2179, BRLEESGT—ERIZEENT
Wb ) —REHF TV T UKD, 70X NIRGFRO  — RESR L, [F]
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—HEEY—EREBLROY T T ERERSGR Y KT BT T RET
L7eh, o7 U IRERDE ) — REZEA TR 72 3XFFNC L, TF A T
— & L L THRAIF L, wordavec 72 £ @ skip-gram model (Z K> CTH#E L, &/ —

ROGBERBA/DLZENTED.

72, UToK 13, M 14 HOTH—EE— 2Bk 7Y 72 B
RHNCEAT 5. Wb —E 2 A D/ —F Kb 450D ) — RETHER%
19835, M 13137 v F LT 4 —7 BATo 2B ORBEERGIT, HRER
ILLTFDO X 91272 5.

P—E R AP —ERX B> —ERXE->—EXG
TUL DT F =T AT A, MRIT ERO XD IZRDGERH Y, RED
Fl—E@E -2 TLE S 2 &30 5. £, K 14 TRA—-HEE—E A
EIRDIRREAT S T E OREFRERBIT, FRITLTOLSIZ725.
P—ERA>Y—ERA B>V —EAD>Y—EAC
TUH LY AT AT, R B AT EAND ) — REETHRR LK

ZBHNT, MOREAF—ERCEENTNDS /) — FEERTHZERH 5.
Al —EEF—EAELEOY T ) Iy, RREBMBLEFE ES T
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SEYSIEe
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FA—®&Y—EX FE—EE&Y—EX

-

14 1 A HEY— E ABEORRE T > BB ORH

A (—EAAYV—ER BV —ERCH—ERD) &ERLLTERETIZD,
[Fl— @A —EANZRER LK HANMOFR —EE —EANICEE ST
WH—ER (/) —R) BHFETDHZ L3, KoT, BERERER, Hiv—
EARFE-EHAET—ERACEEN TV E NI FFEAE LS E T2 N T
5. Fio, A—EEY—ERA2ELET VTV T RFECBNT, Bid/—F
FR—EAEV—EATHAAD SN ) — REEC R DT, Pl Hikae o8
B —vRHAEDLEINTZ ) — RRETZOXT MWL 725 Z R CE
2.

4.4 BT 5 7086E

AW TIE—E REERy N —7 LY — XMy N —27 O FE
HOFXy NU—2 %EKL, FIAL TS, —2OFxy NU—2 DV TV 7
BTV, 77 7HDIAREITD 2L THERISNDI DBEREHRET HDLEND
%. AWF7E Tl Concat & Add2, Mul2 O =->DFiEE W, FHFIEICHONT
AT 5.

4.4.1 Concat

P—EREHEERY N =007 T THMDIABIZ L > THEZRF—ERD
N7 hvk, = 2Ry N =205 7T THBDIARIZ Lo TR
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HEORY ML EFEET 5. BAERICIL, FAY—EADORT L —r 2k
FAX Y NU—=I NG REF—E 2ADREEDOT SV EHiEAET 5. LT
AN

& 3: —ERDH

BT SV avi%
JFFH—E R Google maps [1,2,3]
JE - — B A DOFR{ILE Google [2,3,4]

EROFE 3 OHIOLE, K1Y — 1 2 TH 5 Google maps” DX~ kL
&, ”Google maps” DHEHEE TH % Google” DX~ /L% Concat (2L - THE
9 5. "Google maps”®-X7 /1i¥[1,2,3], "Google” D7 k/iE[2,3,4]72D T,
Concat (IZE VAT HE, FERIILLTOLIIZ7 5.

[1,2,3] + [2,3,4] = [1,2,3,2,3,4]

4.4.2 Add2

P—ERHEER Y NT—T 05T T THDIARIZ L > TEHER Y —E XD
X7 hveé, Y—EXHFIHR Y N =T 05 7T THDIAIIZ L - THTHE
HEDORT FLva Add2 &) FHETHRET 5. BRI, JFF¥—e20o~
7 b —E2HFHR Y U= D EETERET - ERORMIEFEORT
NERET D, 4.41 THWEITHBIT %. “Google maps” & "Google” D~~~ |
NEHRETDHELED, 2007 MLVAEZ T LITNET S, #EERIIUTO X
N2 %.

[1,2,3] + [2,3,4] = [3,5,7]

4.4.3 Mul2

P —CREHERY NT =I5 7T THDIARIZ L > TEERF—EAD
Ry b, = 2HRHRX Yy N =T 67T THDIARIT L > THT-12
FEDONT FLE Mul2 &) FETHRAET 5. BRI, B —eAx0~x
7 e —EXHFIHR Y MU= 0BT — EAORMEE O |
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NERET D, 4.41 THWEITHBIT %. “Google maps” & "Google” D~~~ |
NEHRETDHELED, 2007 MUVABEBZ T LICRET S, #EERIIUTO X
N2 %.

[1,2,3] + [2,3,4] = [2,6,12]
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%3 ECHA LY —eRdfER Yy N U—7 LRI R Y hU—7 D
TOORMERYy N EHEL, FAECTHHA LIS 7 7HOIALDO L%
HWTHEE T —ERTEAGDEND R —E 2%, HELF o —b
ATN—=TZT TAZY 7T 5. KETIE, I ZLOICERT -2 %2illT 5.
ZLC, B HFHA R v hU— 21V 55 Anonymous FEAEE IOV TR
5. WIC, AR s 7 A% LEEfRT T A X ORGST O/R2— 2D TR
T4, BT, BExRFIERED I FAZ Y U IREEICOWTHA L%, £h
FNOFERIZHONWTEZET 5.

5.1 sl &
5.1.1 RERT—4%

AHFZETIL, programmableweb ([ZHEHF SN TWDHEAE T —E X T —4F 6467
#:, 4 api DT —# 22469 E WD, BUSG LI-HET—EADT —X |23,
BAY—E 24, BAEP—E2ADT ¥ L, EEY—E 20, HE—E
AN E SN TV AR —E ADFRD json B TR STV A (X 15).
ZOT7x—~<vy bOEFZK 16 (TR, Fio, BAFLCA api OF7—XITI3,

"vacationic": [
[
"travel",
"mapping" ,
"photos",
"video"

1,

[
" Provides an overview of travel highlights..
1,

[
"flickr",
""google-adsense",
""google-ad-manager",
"youtube"

1,

1

B 15 : UEE L 12E AT — 2D
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api 4, ¥x b, api BB, U, FIHFOWH json Bk Tilik &
ATWS. (B 17). 07—y FOERER 1815 T. B LT —5 0
B —E R Y kU=, PR BFIH Ry b — 7 T 5.

BEY—EXx4: |

[
BEEY—ERDY v L
1,

[
BAEY—EXDEX
1,

[
BEINTWERFY—EX
1,

]

X 16 : HEV—E2DT— 2K

"budbee": [
[
"shipping",
"nordic",
"postal",
"products"
1,
"The Budbee API returns home product delivery..
[

"budbee-ab"

1,

[
"user_1",
"user_2",
"user_3"

1,

X 17 : R L2 R+ — B2 DOf
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FRFY—EXZ: |
%%#—BZ@V«V»
E%#—Ezwﬁ%t
%?ﬂ—@zw%&%&
1,
%?#—Bzwﬂ%%&

X 18 : P —ERADOT —H R

5.1.2 AT S/ A4

AKTF1E Tl nodezavee 72 E A HWT Y 7 7HOIABRZIT OB, S FEXF/pRT
A—BERNVDOVLERDD. TNHDONTA—2D—ELZOMBAZLLTORE
4 VR T. PERTIEIZRBNT, £37 A—Z Ot eEngx an i,
Z DB EARTRICBNTHHWS. TR 6 OEE LI TDFR 5I1R87.

K 4 77 THDIABIIHNDRNT A =X

RouEL T 57 VORI
Walk_length Fv NU—I7RFOES
Num_ walk 120 ) — RKinbH 7Y v 74 5%
INTA—HD Fy MU — I ZRETLHEE, 1 ORIOF5M  — RIZR S

fife =g
RTA—H q Q<1 CIESIEERRICPTHE %2, q>1 CTREERIC
T PRR 24T O R
F 5 EEICHWSD/RT A —X

Kotk 128
Walk_length 30
Num_ walk 50
INT A —H p 0.1
INTA—H g<i
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Anonymous #2HEE & 13X, A OB @D > TORWEFH— B X DL

ThdH.DFY, ~FED api D2 —F— I LIFIH SN T RWREEE TH 5.
LIFDM 19, 20 |2 —ERIEFRIHR v FU—271281F 5 Anonymous Ffit
# & Anonymous F{IEE CTld e W REEE O 2R 19 | LW — B2 R H X
v N =218 5EEORMEEOHTH L. ZoRMEITEROR I —E
AV V=ALTWDHT7, BEOFEFY—EZAORMEICL D= v D3N
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WRW2D, —ODFH—ERADOHMEIZL D=y ¥V LD TNRV.
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R=HtE

Api_bDF|RE
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5.1.4 {R#tEF D Anonymous {t

fefili3 @ Anonymous {1k & 1%, 5.1.2 Tt L7z@% O#AE % Anonymous
BRI AT 5L W) 2L ThD. 512 DX 19 LLLTDOK 21 2 VT
T5. 19 TIIFIR S - #23# 1% api_b, api_c, api_d OFHFE I L - Tl
DIRE~DOT » URF I TS, O 7 — K% api_b OFf#E D=
v VIZOHERNDERMEE 7 — R, api_c OFIFE O v IZOHERN D it
F— N, api_d OFHE DT v DICORENNHIEME ) — RicEh TNt
HZEIZEST, LFOK 21 ®L 927 5. Anonymous 1KIZE Y, ZEDJR
FH—e 2% Y U —XLTWAH"Google” 7 EOE KA /) — REH LT Z ENT
x5.
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21 : #2£f£3 ™ Anonymous 1t D

5.1.5 F—EXEERY FT—5
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5.1.7 Y—ERRHFARY kDO —2

4.31 CHBI L7z, r—vR##ER >~ U —7 % programmableweb 7> 5 4
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1% 195112 ff, Anonymous {b#1% 16123 TH 5. Anonymous 1L L » CTHALE
D/ — RENREEMLTWD Z L%, £72, Anonymous b2 L - TEED
Ty UNERISNTWAERA ) — RSN & D, REWKRED
— R L, /NESWIRED ) — RS L7Z

5.1.8 FE{MifE4E
BFECEIVERIND I TAZ )V ITREROFIMEERRIREIEL LT, U
T O Purity fEZ KD 7.

Purity = %Zi m}ax |sc; N ¢l (1)

¥ TIL, HEFRECBWTAER LY A X s¢c LIEfR7 T AKX ¢c DEFE 4
g U, i b HBEHOZWHAEDOEZED , BEOMRINZ — B 2N T
FoTWND, ZHTED, dG L2 —EADMEINELWY 7 2 ZICHTR
LT NEEMICHE TN TEH.22CTO, Eff7 7 AXI%
Programmableweb [Z## S5 N F TG SN — 2007 TV %
FIZERL LT D
5.1.9 £EFKY S X% tIEﬁ@7 515’ DX+

5.1.6 (28T 5 purity i &2 5+ R T HBEDER Y T A X L IEfRT T A X O%bitft
Hh%mf,uT®4o@A& VINMBESND.

- pattern1: [Efi# 7 7 A X % Primary 7 2 U O CTYERL L, 1IEfif7 7 A X0
HE L RO T 21T 9

-pattern2: 1Efif 7 7 A % % Primary %77 = U & Secondary %77 = U TERK L,
EfR 7 T A2 PNEE LR WK T %17 9

- pattern3: [Ef# 2 7 A & % Primary 77 3 U OHRTIERR L, 1EfiF7 7 A X0
FHET DRIT AT

-patterng: iIEfif 7 7 A & % Primary %77 =2 U & Secondary 77 = U TERK L,
1Eff 7 T A2 SEEST DRI T &7 9

IND 4 ODONRE =N HEISNHEHITUTO®EY) ThH 5.

B —ERDONT AV IERPEEN G ENTWLEERHHT20
BB DER Y T ASPISBDIERR 7 T 2 Z LT END5E5013H 5
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FPUE, FP—EROEY - 2OH T I VIFRBIELMN G STV D56
WD Z EIZHOWTHHT 5. 5.1.1 TS L7z, programmableweb 7> 5 Eif5 L
7o api DIFEHRO L S 12, BEDOHT IV HRfFE S TW5D. Programmableweb
\ZHh T TVEFEREBET DB, £ AT 3V £ T Primary 77 3V LI
BEsND BT T %#FKT Secondary W7 IV 5T 5 ENTEH7DT
H5. 511 DK 17 OFIZ L, - —E A TdH 5 budbee”|d Primary 77 =V
T®7%,” shipping”, Secondary 7 =V |Z”nordic”, “postal”, “products”7
HEXnTwWab. LLEOBHRIZEY, Primary 77 2V OHRTIEfREY T A X VB
J 54—k, Primary 7 =V & Secondary 7 IV CTIEfEY T AKX &4k
BT D /RE = U BEET D Z L DDN5.

I, BEDER Y 7 A BWIBDIEfR Y 7 A% LxhcfHT SN dHE18 S
52 EIZHOWTHIT 5. purity [EOFRE AT H TRET, &kbibBET 2EENL
WAERR Y T AZ LB T AZDMBEDEZRST L TEND L. ElSHh
LT T AZPEUEY —E AT Z AN TWBIERE, IEfE7 7 A XX
Mg—IZRET S, LovL, HEEBEEY —EAD 7 7 22 BNEEAER SNI-5A,
MO IEME 7 7 A7 LT SN 05608 E 5. HUEY—Ee 27 TR
SRR S I, UGS SO EM 7 T AL PNEE LR &5 1T T
AT 1256, 2 DR UBEOBHLEREY — X 7 7 A X FEFEHDPRIZZ N T
TY THISMHTESNAEZENEZOND. LEOBRIZKY, Effr 7 XA X3 HE
B 2RI T DN Z =, BT T A2 PEBE LIRSS o Z—2 o
2B —UPFET D2 ERDND.

AAFFEClL patterng (T > T T AX U o FHREE & FHAI L 7=,

5.1.10 U—ERBERY FID—O ZFAWN=I SRRV TEE

TERFIETHLY—EREBER Y NV =T DR EZ NI —ERA 7 T A2
VT OREE RN T D, Purity A& 7 T AKX U U TREE O A F A F TR
L.

5.1.11 IREERS MLDYSR4E ) D TRE

P—ERRMFIH R v N U — 7 TIERK L7225 <7 MR ET-—E R
EDOLI B EZ TWDLORET S0, #IFT ML a{E i
L TWARTY—EROL T TLIiZ, 7 T7RAZY T EToTZ.
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5112 RERY FI—OFAWN=IOSRA )V TEE

P—EREHER Y NT— 7 THEK LI —E AT hL b — B R HF R
v hT—7 « = 2B H R v b U —7 TER LIRS X7 ML EHE
L, W—ERAOEZ LI TRAEZ Y T HIToT=. £, FHDIAHLDIEF
BT OREE AR ST,

5.2 58

5.1 Tt L723HFEIE 2 VY, 7T 7HDIARIZ L W HA Y — B RIS
bENDREF I —ERAZHUBRES — AT N—TIC T TAZ Y 7 LR
ZLUUTIORT. £z, B~ M2 REERREE L TR — 2D
TIAYTEIL, TR T EIToMR LT

LYV —EREEER Y NT—T W=y T AZ Y o TEE

TERFETHLI—EREER Y NV =T OHZEH W —E X7 T 241
YT OREEENE L. ERELLTOR 6 17

£ 6 - RMHER Y NT = BFNZY T ALY TR

2%y hU—7 Purity fi o
- REEER Yy NU—7 0.48412 0.51676

2 FRMEFHE T MDY T AK Y T REE

5.1 Tl L7=fHilfeisE 2 vy, —ERBHRIA R v F T — 212 Ko TARK
SNTHRIEE T bAD T FZAZ Y o IREEEZRE LT, fEREZLUTOR 712
RT. BEEEN 0.67 EV—EADITAX Y U UFEE LKL, SUVMEIZR S
7z.

x 7 = ARYEFHR Y FU =718 5

RftHm T CAD T T A TR

Purity i s
-2 E R ARy FU—7 0.25233 0.67478
-2 HFI Ry NU—7 0.19252 0.62485
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3EFER Y NT— I BN Y T AR Y L R

BHERY NI =T WA D 7 A2 ) U IRELZ TiD#E 8,
#£ 9, # 10, F 11T, £, FHDIALORHE TE, #EEFEZHW -2 >
N7 —27 ® Anonymous (L DFETDH 7 T ALK o TREEZ LT ORIZRT.

# 8: F—ERIFIMR Y =2 EHWERAD S T AR Y R

HDIAL DR G TTE
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