
Chapter 19
Analysis of Web Service Retrieval Methods

Adam Czyszczoń and Aleksander Zgrzywa

Abstract. The purpose of this chapter is to investigate different Vector Space Model
approaches for Web Service Retrieval in a manner that allows the retrieval of both
SOAP and RESTful Web Services. The research also includes Latent Semantic In-
dexing and modified term-document matrix that allows to store scores for different
service components separately. All indexing models are also investigated against
different weighting schemes. Additionally, this chapter introduces three test col-
lections that were used to test all approaches in terms of effectiveness and perfor-
mance. The collections can also be used for many other benchmarks on Web Service
Retrieval.

19.1 Introduction

Web services are application components that are interoperable and platform inde-
pendent. There exist two classes of Web Services – commonly referred to in the
literature as SOAP Web Services and RESTful Web Services [1, 3, 8, 11]. Services
of the first class are used mainly in the industry and lightweight RESTful Web Ser-
vices are used mainly in Web applications. Developers have access to a variety of
services that are published on the Internet. However, finding most suitable services
from the huge collection available on the Web is still the key problem. To solve it,
Web Service Retrieval techniques are used that are based on Information Retrieval
models and use web crawlers to collect services that are publicly accessible on the
Internet. In contrast to ineffective keyword-based service discovery methods, ser-
vice retrieval can be applied to both SOAP and RESTful Web Services. The most
effective and commonly used model is the Vector Space Model (VSM) that allows
to model services as vectors and compare their relevancy. Another common model
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is the Latent Semantic Indexing (LSI) that is based on VSM but allows to capture
the higher-order association between services.

In this chapter we investigate current approaches to Web Service Retrieval in a
model that allows the retrieval of both SOAP and RESTful Web Services. We evalu-
ate the VSM and LSI indexing methods against different variants of TF-IDF (Term
Frequency – Inverted Document Frequency) weighting schemes. Additionally, we
present modified term-document matrix that allows to store scores for different ser-
vice components separately. Such a “extended” indexing method is applied for both
VSM and LSI, that gives in total four different index structures to be tested. Pre-
sented evaluation results concern effectiveness and performance. Additionally, we
introduce our Web Service test collections used in evaluation and that can also be
used for many other Web Service Retrieval benchmarks.

19.2 Related Work

One of the earliest research on Web Service Retrieval that used Information Re-
trieval methodology and utilized the VSM was presented in [10]. Authors used
standard TF-IDF weighting scheme, inverted index file (term-document matrix) and
cosine coefficient to calculate the relevance. However, authors indexed only service
descriptions and depended on service repositories. The same model was followed
by many other authors but they extended it with indexing more than just descrip-
tions [12, 4], introduced grouping services into concepts [9] or proposed different
indexing and ranking methods [5].

In contrast to VSM, the LSI approach allows to find hidden semantic association
between terms even though they do not appear in any service. One of the earliest
papers on LSI for Web Services was proposed in [7]. Introduced method used stan-
dard VSM model with TF-IDF inverted index file. The method, however, relied on
public service repositories and concerned service descriptions only. In [13] authors
presented LSI approach that also utilized standard VSM model but indexed more
information than just descriptions. In further research [14] authors presented effec-
tiveness evaluation but only for single term queries.

To sum up, any of the above research tested different weighting schemes and
all of the mentioned studies were applied for SOAP Web Services only. Addition-
ally, all the research also lacked common evaluation test collection. In many cases
authors gave only the information about destination URLs of public Web Service
directories but such a information quickly becomes outdated and thus not usable.

19.3 Standard Web Service Retrieval

In Vector Space Model services are represented as vectors. Every element in the doc-
ument vector is calculated as weight that reflects the importance of a particular term
that occurs in a particular service. The weights are computed using TF-IDF scheme.
Weights are stored in data structure called inverted index – a term-document matrix
where document vectors represent the columns and term vectors represent rows.
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User query is also converted to vectors in the same manner as services. To cal-
culate the similarity between a query and document the cosine value between this
two vectors is calculated. Because vectors have different lengths they have to be
normalized to the unit equal to one. Additionally, there are many different TF-IDF
weighting variants. According to the SMART notation [6], the weighting options
are denoted in a form of ddd.qqq syntax where first three letters represent docu-
ment vector weighting and second three query vector weighting. The first letter in
each triplet specifies the term frequency component of the weighting, the second the
document frequency component, and the third the form of normalization used [6].

The LSI is a variant of the VSM in which the original VSM matrix is replaced by
a low-rank approximation matrix using the Singular Value Decomposition. Assum-
ing that A is a m×n matrix where ai j ∈ A represents TF-IDF weight of i− th term in
j− th service, the result of the decomposition is following: A =UΣV T , where A is
the initial VSM term-service matrix, U is the matrix which columns represent term
vectors, Σ is a diagonal matrix of size Rterms×services containing singular values, and
V is the matrix which columns represent the service vectors. By reducing matrix Σ
into ΣK as K ×K matrix and projecting it on term matrix U and service matrix V T

we obtain the reduced matrix AK =UKΣKV T
K . After reduction, the terms are repre-

sented by the row vectors of the m×K matrix UKΣK , and services are represented
by the column vectors the of the K × n matrix ΣKV T

K .
In LSI the query vectors are extracted from term matrix based on query terms.

The term matrix is created during the indexing process, and thus the SMART nota-
tion ddd.qqq for LSI is equal to ddd.ddd.

19.4 Extended Web Service Retrieval

The definition of Web Service structure was elaborated in our previous study [2].
We consider Web Service to be composed of quadruple of elements α where the
first three represent service parameters which correspond to service name, descrip-
tion and version, and the fourth element represents service components which are
composed of six-tuple of following elements: name, input value, output value, de-
scription. To simplify we join all components as one bag-of-words. The biggest
advantage of presented structure is that it conforms to both SOAP and RESTful
Web Services.

All current retrieval approaches treat all service elements as single bag-of-words.
The extended retrieval approach means indexing each service element α separately.
Based on our research carried out in [2] Web Services are indexed in the following
manner: the extended index A is a m×n matrix where ai j ∈ A is a four-tuple < αi j1,
αi j2, αi j3,αi j4 > where αi jx represents weights of i− th term for j − th service’s
x− th element. Weights are calculated using the modified TF-IDF scheme presented
in Equation 19.1.

T FIDFextended = (1+ log(tf(t,α))) · log
Nα

|{α ∈WS : t ∈ α}| (19.1)
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where tf(t,α) is term frequency of term t in element α , Nα is the total number
of α elements, and |{α ∈ WS : t ∈ α}| is the number of service elements where
the term t appears. Because service element counters are stored separately, there
is substantial difference if weights between standard VSM indexing model and the
extended one. Afterwards the extended index is reduced to the size of the basic VSM
index structure. This is achieved using the Mean Weight Vector (MWV) method
presented in [2] that is computed as average weight of all service elements. The
final index structure is following: A′ is a m× n matrix where ai j ∈ A′ represent the
MWV weight σi j =

1
4 ∑4

x=1 αi jx.

19.5 Test Collections

In this section we present test collections that will be used in our
evaluation1: SOAP WS 12, SOAP WS 14, SOAP WS 12-14. Collections are pre-
pared using web crawlers. First collection contains 267 Web Services col-
lected from xmethods.net – a directory of publicly available Web Services,
used by many researchers in various benchmarks. Second collection contains
662 services collected from: xmethods.net, service-repository.com,
webservicex.net, venus.eas.asu.edu, visualwebservice.com
and programmableweb.com – popular repository of public Web Services. Third
collection represents merged collections one and two, including elimination of du-
plicate services. In Table 19.1 we present summary data of the above collections.

Table 19.1 Test collections summary

SOAP WS 12 SOAP WS 14 SOAP WS 12-14

Services 267 662 889
Parameters 432 886 1254
Components 5140 18353 22660
Total elements 5572 19239 23914

At present, introduced in this chapter test collections do not include any RESTful
Web Services because our methods of their identification on the Web are still being
improved and currently developed collection is too small. This, however, does not
influence experimental results presented in this chapter.

19.6 Evaluation

Based on the approach presented in this chapter we implemented indexing system
that allowed us to conduct evaluation experiments. The evaluation concerns per-
formance and effectiveness analysis of basic and extended LSI and VSM indexes
for ltc.ltc, ltc.lnc, lnc.lnc, lnc.ltc, mtc.ltc, and mtc.lnc TF-IDF schemes, according

1 All test collections are available to download at:
http://www.ii.pwr.edu.pl/˜czyszczon/WebServiceRetrieval

xmethods.net
xmethods.net
service-repository.com
webservicex.net
venus.eas.asu.edu
visualwebservice.com
programmableweb.com
http://www.ii.pwr.edu.pl/~czyszczon/WebServiceRetrieval
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to the SMART notation. The lnc variant for term weighting is a desired one, since
it allows to skip some computation during the indexing process and reduce index-
ing time. In order to evaluate the effectiveness, we used the WS SOAP 12 test col-
lection and the following classical information retrieval metrics: Precision, Recall,
F-measure (β = 1) and Mean Average Precision (MAP). In order to evaluate perfor-
mance we checked the retrieval time, indexing time and index size for WS SOAP 12,
WS SOAP 14, WS SOAP 12-14 test collections of every index structure. The exper-
iment was carried out for following queries: “temperature conversion”, “email val-
idation”, “weather forecast”, “weather forecast service”, “currency exchange”,
“demographics”, “new york” and “send sms”. The MAP is computed as the av-
erage precision for all mentioned queries, whereas the average precision value is
calculated for each of the k top relevant services in search results list.

19.6.1 Effectiveness Analysis

Based on our preliminary studies on LSI for Web Service Retrieval, we established
that dimension reduction K = 41 gives the best effectiveness at possibly low index-
ing time and index size. Therefore, evaluated in this chapter LSI index is reduced
to 41 dimensions. Selecting the best indexing model is evaluated using MAP at top
100 positions.

In Figure 19.1 we present the evaluation of potentially most effective ltc.ltc
scheme against the ltc.lnc. Since for LSI the SMART natation is ddd.ddd, presented
figure does not contain the LSI index for ltc.lnc (the LSI of ltc.ltc is the same as
LSI of ltc.lnc). Both basic and extended LSI indexes were much less effective than
the VSM, where for the VSM variants the worst one was the VSM Extended ltc.lnc.
The basic version of VSM ltc.lnc returned less relevant services than ltc.ltc variants
within the top 2 results, however, later it returned slightly more relevant results.
Both VSM ltc.ltc variants performed very close to each other, with tiny difference at
19-th position on the favor of the basic structure. In general, the extended LSI was
much more effective than the basic version, and the VSM Extended ltc.lnc was the
worst method among the VSM.

In Figure 19.2 we present evaluation of lnc.lnc and lns.ltc schemes. Again LSI
methods have much lower precision than VSM methods. All LSI methods per-
formed almost at the same level. Both VSM lnc.ltc had the same results and had
higher effectiveness than VSM lnc.lnc. In the case of VSM lnc.ltc indexes, the ex-
tended version was slightly more effective. The worst methods among the VSM
were the VSM Basic lnc.lnc and VSM Extended lnc.lnc.

In Figure 19.2 we present evaluation of mtc.ltc and mtc.lnc schemes. One more
time LSI methods have much lower precision than VSM methods. All VSM indexes
performed very close to each other, with small advantage of the extended indexes.
However, mtc.lnc approaches had higher overall MAP, in the beginning at top 2
positions, they resulted in lower recall. The worst method among VSM was VSM
Basic mtc.ltc, then VSM Extended mtc.ltc.
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Fig. 19.1 MAP at top 100 positions for ltc.ltc and ltc.lnc schemes

Fig. 19.2 MAP at top 100 positions for lnc.lnc and lnc.ltc schemes

Fig. 19.3 MAP at top 100 positions for mtc.ltc and mtc.lnc schemes
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To sum up, the best results for LSI index were obtained for ltc.ltc scheme where
the extended index achieved much higher effectiveness than the basic one. In the
case of VSM index, the best results were obtained by VSM Basic lnc.ltc and VSM
Extended lnc.ltc equally, and VSM Extended mtc.lnc. In Figure 19.4 we illustrate 7
methods that obtained best results in terms of MAP. Those methods, together with
both LSI ltc.ltc will be considered in further analysis.

Fig. 19.4 Best seven VSM methods at top 20 positions

19.6.2 Performance Analysis

In order to investigate the performance of selected above most effective methods,
we tested them against indexing time, index size, and retrieval time, for three test
collections: WS SOAP 12, WS SOAP 14, WS SOAP 12-14. In Figure 19.5 we illus-
trate the indexing time and index size. Both LSI methods are characterized by the
longest indexing time (except for a WS SOAP 12 dataset) and very small index size.
The indexing time of extended approach was much higher than in basic approach.
However, the index size of extended approach was a little smaller than in the ba-
sic one. In the case of the VSM methods, the indexing time of extended approach
was also much bigger than in the basic one. The index size was almost the same.
The lnc and mtc performed much better than ltc. The shortest indexing time was
obtained by the basic methods, where the VSM BASIC mtc.lnc was the best one
and the VSM Basic lnc.ltc was the second one. Extended versions of these indexes
performed 300%-425% slower, however indexing using VSM Extended lnc.ltc was
around 10%-15% faster than VSM Extended mtc.lnc.

In Figure 19.6 we present the average indexing time. Both LSI methods had the
fastest retrieval time for every test collection, however the extended approach was
around 4%-7% faster than the basic approach. In the case of VSM methods, the
retrieval time for such a small dataset as WS SOAP 12 was almost the same. The
difference can be noticed for bigger datasets. The 3 best results were archieved by
the VSM Extended mtc.lnc, VSM Basic ltc.lnc, VSM Extended ltc.ltc methods. The
worst results were obtained by VSM Basic mtc.lnc and VSM Extended lnc.ltc. On
the other hand, the differences are very small.
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Fig. 19.5 Average indexing time and average index size of nine best indexing methods

Fig. 19.6 Average retrieval time of nine best indexing methods

19.6.3 Effectiveness Comparison of Best Retrieval Methods

Based on the above effectiveness analysis and performance analysis, from selected
best nine methods, we excluded from further research following approaches: VSM
Extended ltc.ltc – it had lowest effectiveness among VSM methods and the longest
indexing time, whereas, its retrieval time was comparable to other approaches; VSM
Basic ltc.ltc – second smallest effectiveness, indexing and retrieval time worse than
in other methods with higher effectiveness; VSM Basic ltc.lnc – effectiveness the
same as in the VSM Basic mtc.lnc but significantly higher indexing time; VSM Ex-
tended lnc.ltc – effectiveness the same as in VSM Basic lnc.ltc but much higher
indexing time. In Figure 19.7 we present five remaining methods plotted on a
precision-recall curve.

In the beginning the VSM Basic lnc.ltc outperforms other indexing methods, but
at some level (after 2nd position – see Figure 19.4) its effectiveness drops down. In
other words, this method returns most relevant results on the very top of the search
results list, but after second position the search results are worse than in other VSM
approaches. Moreover, at some point (after 6th position – see Figure 19.4) the VSM
Extended mtc.lnc outperforms the basic mtc.lnc approach. In the case of LSI, the
extended approach gives more relevant results at each point.
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Fig. 19.7 Precision-recall curve of four best indexing methods

19.7 Conclusions and Future Work

The goal of presented research was to investigate different VSM approaches for Web
Service Retrieval, including alternative approach that used modified index structure.
The modified approach included extended matrix that allowed to count scores for
different service components separately. Moreover, we presented three datasets that
allowed us to test all approaches in terms of effectiveness and performance.

The experimental results indicate that best retrieval results can be achieved by
basic lnc.ltc index or basic and extended mtc.lnc indexes, depending if we want to
focus on returning most relevant results at top two positions or at top six positions. In
terms of indexing time all methods, except the extended one, obtained best results.
On the other hand, the extended approach turned out to be more effective than the
basic one after 6th position, which is a very good result. The best TF-IDF scheme
for the LSI methods was the ltc.ltc. However, the extended index proved to be much
more effective than the basic LSI. Despite the fact that LSI approach return less
relevant results, it captures the latent semantics between services and thus allows to
return results where nothing would be found using VSM method. Therefore, it can
be used as an alternative approach, when there are no results after using VSM index.

In further research we plan to check effectiveness for more queries and on all
three test collections. We also plan to investigate more indexing methods and TF-
IDF variants. For example, some researchers on Web Service Retrieval suggested
that skipping length-normalization for LSI may bring better results. Our goal is to
find or propose indexing method that gives highest effectiveness explicitly and that
has possibly lowest indexing time and index size.
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