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Service Software Clustering
with Incomplete Service Networks
Kenji Matsumoto
Abstract
Composite services, which are created by linking multiple web services,
provide richer functionality than individual services. New composite services are
being formed because of the spread of diverse web services. However, statistics
show that up to 85.6% of web services are left unused in composite services.
Effective clustering of web services by function is essential for user discovery.
Current research involves text mining of WSDL documents and service
descriptions for feature clustering. However, these methods, which rely on textual
descriptions, are limited by the naming conventions of service providers, and fail
to capture the diversity of multi-functional web services, which are often grouped
under a single feature.
Therefore, in this study, soft clustering was performed for each function using
a network that represents the relationship among Web services, providers, and
users. Specifically, we represented the service coordination relationship that has
been combined with the same composite service and the service provider/user
relationship between service providers and users who use the service in graphs,
respectively, and generated feature vectors of the nodes using graph embedding
to perform soft clustering. Soft clustering was performed to enable the clustering
of services into multiple functions. In the implementation of this method, the
following two issues needed to be addressed.
Completion of incomplete data
To properly represent the connections between services, it is necessary to
construct a network that also considers services with incomplete data and to
properly evaluate the overall network.
How to apply soft clustering
Soft clustered services belong to all clusters and need to be categorized into.
appropriate functions by defining appropriate thresholds.
For the first task, the network was constructed and sampled, including web

services with incomplete data in the web service provision-user relationship. In
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the provider-user relationship, the providers and users were regarded as nodes
and the service usage as edges, and IDs were assigned to the providers with
missing data. After network construction, retrieval, and sampling are performed.
As a result, the vectors were linked for web services with no missing functional
data, and similarly for cases with missing provider data but complete functional
data.

For the second task, Fuzzy C-means, where affiliation was calculated based on
the distance to the cluster center as soft clustering, and the Gaussian Mixture
Model, where the data was a combination of several Gaussian distributions, and
each web service is calculated as a distribution affiliation. The data was then run
as a cluster of web services. A threshold was set so that the number of cluster
affiliations for each web service after the run was the same as the number of
functions manually assigned to that web service.

The effectiveness of the proposed method was tested by comparing the
generated web service clusters with the correct clusters where services were
manually classified by function. The evaluation was carried out using purity and
F-values. The contributions of this study are as follows.

Completion of incomplete data

A web service provision and use relationship and a web service linkage

relationship network with incomplete data were constructed and sampled. By

linking the vectors obtained from each sampling to services with complete
functional data and services with missing provider data but complete
functional data, the accuracy of hard clustering by service function was
improved by approximately 10% in F value compared to the text embedding
method.

How to apply soft clustering

After clustering the network sampling results, we were able to accurately

classify approximately 32% of the Web services with multiple functions in at

least two functions by setting a threshold based on the number of Web service

functions manually assigned.
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6.2 \—FISRBYVTDER

6.1 T L7-RHEFEED 5 6, A A VHERECIEME 7 7 A X 2B L T\ 5
patterni, patterng Talii L 7. &FiELZ AT Web — B X 2 8LEEREIC 7
FAZY T LR ETNENE 4, K 5 (ITRT. KON TWLEZOR Y
NU—271X 615 DE 3 EFRLUTHD. £ 4~5 LV, fixd Purity AR E < 7o
7= DIIED 0.6325 @ patterng D@ TH 5. Wik D F ENE L 2o =D HE
2% 0.2513 @ pattern3 DO THDH. ZDZ L, N—KI T AZ Y 7Tl
77 TMDIABDITTINT XA NDIAZLLY 7 T A Y U TIEENRENT LD
i OYIRVR

7 4 : pattern1 IZBIF DK Ry NT—T D7 T AR TIEE

Purity & F & Recall Precision
@ 0.2483 0.2029 0.2220 0.2523
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# 5 pattern3 (ZB T DK Ry NT—T7 DI T AZ Y U TREE

Purity fH F (& Recall Precision
@) 0.3448 0.2513 0.2261 0.5345
@ 0.3681 0.2393 0.2046 0.5270
©) 0.3647 0.2159 0.1750 0.4448

6.3V ISREYVITDER

6.1 Tl L7cEHfEIED 9 6, SEOERECIEM Y 7 2 Z ZERk L T\ %
pattern2, patternqg TFHliL7=. EDEE, FCM (E 52 THH L7 L9 IZ m DX
TA—=ZIZ LT T ARG RBRIC 2 D720, NTA—=F m 22{b3H
TR AZX 13 1R T. K13 OFERENS, &5 50 patten (28T H m= 1.05
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BT, By =2 ZMWGED 7 F A% ) o TKEE%Z, FCM %6 ]
L7eSGma e, GMM 2 L7eGE, N— N7 T AZ ) T OGEEER 6~111C
AT RONTWAEFIT 615 DK 4 LRI THD. £lo, £ Web h—EX
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pattern2, O ThH. 7z, &b purity 2 E < 72> 7 FCM O pattaerng, ©
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203 2 0.06 \ M

3 02 g oo A

0.1 0.02
0 0

1.05 1.1 1.15 1.2 1.25 13 1.05 1.1 1.15 1.2 1.25 1.3
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Purity fi F & Recall Precision
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24




EEEE

AETIL, 6.2, 6.3 TR LEEREZ T CHERY NT—2 D7 525 ) o 7k
BIZDWTERDY 7 b en— FORRPLERT D, §iz, /T TN—ALT
FARNR—ZAOFEDOT T AKX V THEEIZOWTEREZIT).

7TAN—FEVIMNISRB D THBRDELER

WERTFIETHDNN—RI TR T ERTIETHD Y T NI TRAEZY T
ERRLIEGED 7 A2 ) U IfERERIG L, BT H. K12 T, »~— R
JIGAEZY T ERWESRGE, YT NIRRT EAWESAEDERY
T AZNZEID YT HITHEREO S L IE L < BERERINIC 0 FE S 72 Web h—E 2D
At LTS . Web Hh— B2 D%, 45 Web — B2 3K ORERED I,
—OTHELIHEREICOEINZ Web —E 2D L LTS, v~ v F L7
BEOHIIN—F7 7 2Z ) ROk L, ELSSEENEEILY 7 b
T ITABY T DHNENZ ERbND. ZOZ b, "—RIFTAXY T
LT — 4% OWEIANEFEZ I Z 2D L TWADRREERH DN, Y7 v TR
LN T DI INEEEDT —H WA b ORIDDEFCCBMRNE 2 L 0 IEREIC R
TX5EE2%.

F12 v v F LICHEBEDO K & #ERERI 77 Web $— B2 D%

~ v F LIHREDH | 1E L <HERERIIC S -
Web H— b2 Ok
IN=RTFGREY T 75 597

VT NITFTAEY T 67 833

7.2 BERT L ERERY PO —VEROHLE

AR THER LT T 7HDIABRERANWZ7 FAX2 ) o TRiEE, TFA b
WMDIAB TN TR ) T REOY Z ALY 7 EET 5. BARRIC
1%, 6.2 @ pattern3 OFHMIZINT, 7 F A MNLDIALTY 7 A X TX 72\ Web
P—ERAON, ETIETIELL Y TAX Y 7 TE]- Web h—EADR UK
14 1277, K14 LV, AFETELSDHETEZ Web H—E XD, K
45% 737 X* A MLOIABLFIETHITE RNV Web —E R L0 Z Lo
7o, WIZ, THFR A MEDALFIED S FAL Y » TRERO—Fl %K 13 1T T.

25



F13 kv, 20U T AZTlE Web ¥—E 242 Google 23 < & DA% < AT
LCWBZ EnDND. LHL, Web —E X DFEFOREREIZBIE M 72N 2D,

T —E XN D Google X —TV— K& LT, RILYZ 7AZICHIEINTA
REMEREWEEZBND. 72, 4 Web —E & 902 HDOH, 776 7> Web
—ERIZIE, AP E W) CER Y — BRI SRS ST\, 2oz L
5, P—ERAFHASIZ”APT” EFEHE STV D Web h— B AR 3R L 7=~
7 MVEAERL, BICFREDEA LGS — AP E < il s T g
ZETRI—=Z AN ENT-DEEEZ LN, 77 7HOIARLTIIZO
FORY—bERZELLDETEL L) ITRoTOTIE RV nEEXx bRD.

Web#—£z 902

T % X MESHIAK
TR THEL:
Web¥—E X
573

EFE
TIELLAELE
WebH¥—E R

332

14 : HERER O K

#£13: THXF A NDIAALFIED Y T A5 D—1

Web #—E 24 A A KHE

Google plus social
Google waze travel

Google openid security
Google cloud print office
Googlg apps email email

migration
Google web .

authentication security
Google mirror cloud

cronofy calenders

bart transportation

26



E8E HHYIC

AFZETIE, HEkD WSDL R0t — B A ASCIC IS T F A b_X—2 Db
DIZIRE 72 Web B — B 2 {KFRAR - IRALFIHBIRIZESNWT, RERT —
BEMFTET DI TAZV T FEEZREL. E L, VI NI TREZY U Tk
FAWETFETIE, WERON—RI TRAX Y T EITOFEIVVESTHD Z
xRz

AWFEOEEIILL T O®EY TH 5.

FELT—5 D5

Web #—E A DFEODE & b HFEEEMEFFT 2729012, Web ¥— b X @H#ER]

Ry NU—27 TIIHERBEROBENR Yy NU—7 B3O THEE L. $£7z,

Web — vt ABMEFIHBERR v b T —27 T, BEEHFHRAKBE LTV

Web Y—ERITIXEHNC ID o> TRy U —7 ZHEE L7-. #iE T —

HINRIT TN D DHERET — Z 352272 Web Y — B R LA AIREIC 2 o 7

ZET, Web b= RADREZ L D AN—F T T AKX Y 7 OREEN A LT,
VI MISREY VT DERAE
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P— B X OERBEICE DWW TBEZRIET 5 2 & T, BEFFIE L R L, Web

P—ERADEHENEEEB LT T AX ) v IEREE L.

Stk FEMFUZBWTEHAET —E A ZHET DB, LERHEREZ £ Web
= REZ2—PRRET 5O TIERL, AT ANHENT Web H—EZDKE
MEFTDZENLEE LNEEBZOND. ZhEFEHRT LD, K7 T A
WIELMRE7 2 7 T A X THDH T TR, 7 F7AZAD Web h—ERATa—H
DRI Fi#i 72 Web Y — B A ZEMIC BIT 50D H 5.

AHFIETIT Web ¥— B R OEHERIR - $2EFIHBIMRICER L7z 924 U
YT RETH L, BE— X OE R - SRR R E A2 B E LT x
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BATECHHA LI 7 7HOIARITI T 773y NU—ZIZH#HT 2 DIZX L,
TXA MDA, BASEOT XA &Y MUVEMTEREAT S TFEOZ
ETHD. KETIE, 7F A MIWDIALFIEDO—DTH S BERT ZaiH] L7-1%,
BERT ® Web ¥— B ZDFASCA~DwEHIZ OV TR 5.

A.1 BERT

BERT & 1%, 2018 4F 10 A2 Google @ Jacob Devlin 512 & » CTHFINT-H
REFEWHET VL TH H[5]. BERT IIXEEKEEZEL, FHIEN RN TED
F BB LRI LTV D02 T& 5. 21X, "Japantravelerto USA” &
WD SCEDN D o T F, HERD BIRS FELHL Tl 0”3 SLEH D E O HFEIZH DD
DHEfETES, "HRSNOT A Y BIRITE” Libko THIRSNW D Z L H D, L
L, BERT TITZ"to”WN"USA”IZ D Z ENBETE 5. ZHITLY, LEDX
Rz ZE LI BRI ERTED LIk D.

A.2 H—E XA~ DE A

AWF5ETliE, BERT OFFiF=EET VA2 AT, & Web h—E XD LD
IYERFRI LS U=, FHRTFSE 5 01, bert-base-uncased! & 5. ZDE
TV 110 TOHGEN DR STz, EIC Wikipedia OHGERROT A N &7
—Hty hELTHEEESN TV, EREOFERIFEET VAEM D Z LT, % Web
P—EZOMPALE AT L L, 768 RO BRI LENRTH LN TES.

thttps://huggingface.co/bert-base-uncased

A-31


https://huggingface.co/bert-base-uncased

	第1章 はじめに
	第2章 サービスクラスタリング
	2.1 インターフェースに基づくクラスタリング
	2.2 サービス説明文に基づくクラスタリング

	第3章 ネットワークモデルの実装
	3.1 全体のネットワークモデル
	3.1.1 複合サービスのモデル
	3.1.2 提供者・利用者のモデル

	3.2 Webサービス連携関係ネットワーク
	3.3 Webサービス提供利用関係ネットワーク
	3.4 不完全データを用いたネットワーク構築
	3.4.1 連携関係ネットワークでの不完全データの取り扱い
	3.4.2 提供利用関係ネットワークでの不完全データの取り扱い


	第4章 グラフ埋め込み
	4.1 同一複合サービス優先のサンプリング
	4.2 異種グラフの結合

	第5章 クラスタリング
	5.1 k-means
	5.2 Fuzzy-c-means
	5.3 Gaussian Mixture model

	第6章 評価
	6.1 評価手法
	6.1.1 実験データ
	6.1.2 評価指標
	6.1.3 生成クラスタと正解クラスタの対応付けのパターン
	6.1.4 ソフトクラスタリング時の閾値の設定
	6.1.5 評価するネットワーク

	6.2 ハードクラスタリングの結果
	6.3 ソフトクラスタリングの結果

	第7章 考察
	7.1 ハードとソフトクラスタリング結果の比較
	7.2 BERTと異種ネットワーク結果の比較

	第8章 おわりに
	謝辞
	参考文献
	付録：テキスト埋め込み
	A.1 BERT
	A.2 サービス説明文への適用


