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Abstract  With the rapid growth in the number and type of Mashup service on the Internet, how
to quickly and accurately find Mashup services that meet user needs from these massive services
has become a challenging problem. Service clustering technology can simplify the Web API
recommendation process, and a lot of different approaches have been proposed. Many of them
mainly focus on the semantic similarities research from the Web service document to guide clustering
operations. But it usually uses the K-means or its improved algorithms to cluster the services,
and did not propose an effective solution to the initial clustering centers selection problem for
K-Means. Moreover, most service description documents are short texts, often have a limited
contextual information, and they are sparse, noisy and ambiguous, and hence, automatically
mining the hidden functional information from them remains an important challenge. Traditional
mining algorithms such as LDA are difficult to represent short texts and find satisfactory clustering

effects from them. Aiming at these problems, we investigate services and their compositions in
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ProgrammableWeb which characterize services as APIs and their compositions as Mashups. A
Mashup service clustering method via integrating functional semantic association calculation and
density peak detection is proposed in this paper, which is used to reduce the search space of
services and improve the accuracy and efficiency of service discovery. In the initial stage of the
method, each Mashup service description text is normalized, and the Mashup service tag is
extended from the Mashup and Web APIs. Then, according to the functional semantic association
calculation method (FSAC), the functional noun set of each service description is extracted, and
the functional semantic weights of these functional nouns are calculated. Clustering Mashup
services based on function similarities would greatly boost the ability of services search engines to
retrieve the most relevant Web services. Further, the nouns with higher functional semantic
weights are represented as Mashup semantic feature vectors. Finally, the most suitable K Mashup
semantic feature vectors are detected by the clustering center detection method based on density
information (CCD-DD, which are used as the initial center of the K-means algorithm for clustering.
A series of experiments are carried out with real data from ProgrammableWeb. We first mine the
contents of the Mashup service documents to extract the functional words describing the meaning
of the services. The extracted data is compared with manual to verify the effectiveness of FSAC.
Then we use two criteria to evaluate the performance of our approach, namely Precision and
Recall. Precision can be seen as a measure of exactness or fidelity, whereas Recall is a measure of
completeness. Moreover, we also employ purity and entropy to evaluate the clustering accuracy.
Compared with existing methods, the results show that the proposed clustering method has good
performance in terms of precision, recall, purity, and entropy. In addition, we use t-SNE tools
to visualize the vectors in Mashup based on the TF-IDF, LDA and MFSF methods, respectively.
The vector visualization results demonstrate the interpretability of our method by discovering
related and consistent clusters.

Keywords functional semantics; Mashup service; density peak; clustering; Web API
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Pricemachine is an automated price
comparison tool. Users can automatically
log regularly purchased items from online

or loyalty card purchases. PriceMachine
can then find the cheapest place to buy the
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Information Machine API.
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4. End If
5 For n; in FNS
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/A AT RE 44 1 1 U E R IE 3 CRSim;

8. For j in Set(STag)
9. CRSim; =max(CRSim,; , WordNet(ni,nj)) ;
10. End For
[/ I RE 44 R ns 1 B 41 UALE SW;
11. SimDic[ n; ]=wX FSim; + (1 —w) X CRSim; ;
12, End For
/) RO SCRCE B3 T LenAvg A B A7 T
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14. Return SimDic;
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(1) 52 PR ) RE4E L. {H 2 B ATHE Mashup A 55 fif it 3C
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X4 — & Mashup i 55 . A SCHUH 5 8 SimDic
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N T REME A R R Mashup Ik 55 19 D) BE 4
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RIS .
Hik 2. Mashup k5518 SCRFAE ) 53157
i A : Mashup It % 11 37 [6] 5 5% # WDic [ ], B35 1) TT-
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i e« FEAE ) 4 DVec
. start(DVec) ;

3

1
2. For x in SimDic

3. WvVec,=getDic(WDic,x);

4 SW.=SimDic.fromDic(x) ;

5 TF-IDF,=TDic[x];

6 TW,=TF-IDF,/(1—SW,);

7.  U(getLen(SimDic)>>0 and SW,==0)
8

9

TW,=0;
End If
10. DVec+=WVec, X TW,;
11. End For

12. Return DVec;
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SN o IR S BRI . — 2N o H
10 o fEEAR , 3xX 26 55 2 500 55 a5 6 3R 28 W] Bk 3
THAE — e T o s s s 2r kb 9 A2 B
Tt 5 —K M o HY o HW & X 2K & DPC
SREVE T A L B AR A O A R A R S L iR
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FiI .
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(1) FE A Mashup i CRHE 1] & 0, U309 2
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A RO B 3 45 T T CCD-DI
) Mashup Ik 55 5 K55

2 1B 2021 4F
&£ 3. T CCD-DIf Mashup IR 55 B .

A BRI 4B K Mashup IR 55 #9 55 SCRFE ] 4
B EVArray FE T804 10 32 19 0 J@ YU Array,
Hlo @ EECH Array,
f i : K 4> Mashup Al 55 #%
0= (max(Array,) +min(Array,))/2;
Array,,, =EVArray //¥ EVArray %103 % Array,.,
Sarr, = pickUnder(8,Array;) ;
fn=0;
cnt= (number of unique item in Sarrl) X (number
of item in Sarrl) //cnt Jy % [F 2 K&
For 8, in Sarr,
fnt=getFn(8,);
End For
fn= fn/cnt;
10. r=0, Ir, =0, lr,= fn;
11. Loop If 6>1r,
12.  modifyData (rylr) +lry) ;
13. End Loop
14. EVArray.delete(DVec,r) //¥ % 55 st 5 3% 5
ab )\ EVArray IR
//5i 3k EVArray Wy I 091 & IR SRR -
N A B B ) N m
15. m=caculateVec(EVArray,Array, Array; r);
16. Sarr, =[1;
17. For DVec in EVArray
18.  Sarr,.add(caltSD(DVec,Array,,Array;)) ;
19. End For
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20. Sarr; =normalize(DVec, Array, s Array; ,Sarrs) ;

21. center=sortData(DVec,K ,Sarr,) ;

22. dataRes=KMEANS( (center,Array,., ) ;

23. Return dataRes;
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EVArray iy #5452 0 16 3% 28 center, B
caltSD KRBT 5 center WU ENH SD I FEAT 174,
HE—2 WS SD AN

SD},—\/I > (y.—avg)’ (8)
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ik FSAC J5 ik A &vE A SCR T UL BE 28 Mazch R
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web page, or web application, which uses content from more
than one source to create a single new service displayed in a
single interface. With the rapid growth in the number and

type of Mashup service on the Internet, how to quickly and





