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Abstract. Given the huge number of available Web APIs, a web de-
signer might take advantage of the "wisdom” or collective knowledge of
the other developers who used the Web APIs for their own mashups.
This knowledge may implicitly derive from the use of the Web APIs in
similar mashups, or may be obtained through explicit social tagging and
rating of Web APIs. In this paper, we propose to exploit this knowledge
to implement advanced Web API search patterns, depending on the de-
velopment scenario the web designer is acting in, namely the creation of
a new mashup, the completion of an existing one or the substitution of
one or more Web APIs within it.

1 Introduction

The exploitation of the ”wisdom” or collective knowledge of the other developers
to select the best Web APIs for developing a mashup is getting more and more
relevant in the Web 2.0 [1l2]. Besides advanced Web API characterizations per-
formed by combining categories and semantic tags [3] or technical features (e.g.,
protocols, data formats) [4], some researchers proposed to use the information
about past mashups to let the designer of a new mashup ”learn by examples” [2].
These approaches have the advantage of leveraging information from the Web
API repositories. Nevertheless, the additional information brought by the so-
called social tagging is something more: there is an implicit collective knowledge
deriving from the co-occurrence of Web APIs in the same or similar mashups
and an explicit social tagging and rating of Web APIs by developers who used
them in the past.

In this paper, we exploit a new model for Web API search and ranking. The
model includes a Web API characterization at different levels of complexity,
namely (i) the Web API description in terms of categories and technical fea-
tures, as extracted from public repositories, (ii) the aggregation of Web APIs
into mashups performed by other developers (implicit collective knowledge), (iii)
the semantic tagging and rating of Web APIs by developers who used them in
their own mashups (explicit collective knowledge). In this paper, we are compliant
with the ProgrammableWeb repository (http://www.programmableweb.com/),
which offers a large, updated and highly populated catalogue of Web APIs to
be selected and aggregated into mashups. Nevertheless, as we have underlined
in [5], the search facilities of this repository reflect the ones of the (few) other
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available public registries. Semantic tagging is performed by relying on the sys-
tem proposed in [3]. Specific similarity and ranking measures based on the model
are described. Such metrics implement different Web API aggregation scenar-
ios, namely the development of a new mashup, the completion of an existing
mashup or the substitution of a Web API in a given mashup. With respect to
the multi-perspective Web API model we proposed in [6], we stress here the dis-
tinction between the implicit and the explicit collective knowledge and we refine
the measures for Web API search and ranking according to this distinction.

The strong point of our approach relies on the tuning of Web API matching
and ranking according to different Web API features. In this sense, our approach
is the first one that, taking into account so many aspects in Web API descrip-
tions, combines them in a systematic way. Other approaches focus on a subset of
such aspects, namely technical features [4] or collective knowledge coming from
Web API use in existing web mashups [7], but they do not rely on other as-
pects such as ratings and designers’ expertise. Exploitation of designers’ ratings
avoids Web API recommendation based only on the number of past mashups
where it has been used, despite the inner quality of the Web API [2]. Moreover,
our approach distinguishes among different Web API search targets (namely the
creation of a new mashup, the completion of an existing one or the substitution
of one or more Web APIs within it), performing a step forward with respect
to approaches such as [§], which starts from a Web API model that is close to
ours, but it is not designed to be differently tuned according to changing search
targets.

The paper is organized as follows. Section 2] contains the definition of the Web
APT model we rely on. Metrics for Web API search and ranking are described
in Section Bl Finally, Section [ closes the paper.

2 Web API Model

The model we assume in this paper for Web API characterization is based on
a representation that is commonly used for folksonomies [9], where user-based
assignments of tags to resources are described. In this paper, users are Web
designers, who assign both semantic tags and ratings to Web APIs as used in a
given mashup. We formally define a Web API repository as follows.

Definition 1. A Web API repository is a tuple R := (2, M,D,S, [, A, T, ),
where:

— 2, M, D, S are finite sets, whose elements are the Web APIs, the mashups,
the web designers and the semantic tags, respectively;

— I'CM XD represents the set of ownerships of mashups by designers; specifi-
cally, if (m,d)eT’, then the mashup meM is owned by the designer d€D;

— AC02XM is the set of pairs modeling the composedQf relationship between
mashups and Web APIs; specifically, if (W, m)EA, then the Web APIWeS?
is included in the mashup meM;
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— T is a quaternary relation between the finite sets, that is, T C 2XMXxDXxS,
representing the assignment by designers of semantic tags to Web APIs with
respect to a given mashup;

— W s a function which represents a quantitative rating assigned by a designer
deD to quantify how much the use of a Web API in (2 is suitable with
respect to a given mashup meM which includes the Web API; the function
is defined as p : X MxD — [0,1].

The model enables a designer to assign semantic tags and ratings also with
respect to mashups owned by other designers; however, ownership of mashups by
designers might be relevant. For instance, ratings assigned by the mashup owner
should be considered as more reliable. Ownership of mashups is not currently
exploited in our Web API search and rating metrics and will be investigated as
future work.

In our model, a Web API We? is described by: (i) a name nyy; (i) a unique
URIy; (ili) a set of categories Cyy; (iv) a set {tyy} of semantic tags; (v) a
set Fyy of technical features, where a feature is a pair (type,{values}) (e.g.,
(protocol,{SOAP,REST})).

Each mashup meM is modeled through a name n,, and a Uniform Resource
Identifier U RI,,. No technical features are provided for mashups, since in public
repositories these features are directly related to the component Web APIs.

Each designer d;€D is modeled through the skill 0;€[0, 1] for developing web
applications. The skill is automatically assigned based on the number of mashups
a designer owns (relation I"), according to a threshold-based scale: 1.0 for expert,
0.8 for high confidence, 0.5 for medium confidence, 0.3 for low confidence
and 0.0 for unexperienced. More sophisticated skill update functions will be
investigated as future work.

A designer may assign two kinds of information about a Web API in the
context of a mashup where it has been used: semantics tags and a rating score.
Semantic tags are assigned with the support of the WordNet lexical system. A
semantic tag in S is a triplet ¢ := (nq, syn, d;), where: (i) n; is the name of the
tag itself; (ii) syn is the set of all the synonyms of ¢, extracted from WordNet;
(iii) d; is the human readable definition associated with the synset. The rat-
ing score y is assigned by the designer according to the NHLBI 9-point Scoring
System. See [3] for more details about semantic tags and rating score assignment.

Example. Let consider the mashup Imaginalaxy, tagged by an expert designer
d1€D and composed of the Amazon S3, MySpace and Flickr APIs. Now con-
sider a fictious mashup MyNewMashup, developed and tagged by a medium-skilled
designer do€D, who used the Amazon S3, MySpace and Facebook APIs. The two
mashups share the Amazon 83 and MySpace APIs, while differ in the choice of
the third APTY. In Figure[I(a) we reported the semantic tags of the Flickr and

! In this paper, we adopt a toy example. In a real case scenario, all the mashups in
the repository which are composed of, among the others, the Flickr and Facebook
APIs should be considered for Web API search and ranking.
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Tag name Synonyms Definition

sharing {} using or enjoying something with others

picture {photograph,exposure,photo,pic} a representation of a person or scene in the form of a print or transparent slide or in digital format
snapshot {snap,shot} an informal photograph; usually made with a small hand-held camera

©

Fig. 1. A graphical representation of the semantic tag assignment (a) and rating of
Web APIs within mashups (b) for the running example; (¢) WordNet-based semantic
tags definition

Facebook APIs assigned by d; and ds, respectively. The expert designer tagged
the Flickr API with sharing and picture, while dy tagged the Facebook
API with sharing and snapshot. The definition of the semantic tags based on
WordNet is given in Figure[l(c). Moreover, the expert designer assigned a rating
score equal to 0.7 to the Flickr API used in the Imaginalaxy mashup, while d
assigned a higher score (0.9) to Facebook API used in MyNewMashup, as shown
in Figure [Ii(b).

2.1 Web API Request and Search Targets

A Web API request is formulated depending on the search target the web de-
signer is pursuing. A general definition of Web API request is the following;:

R = <CRa{tR}v{WR}v-FR> (1)

where: (i) Cg is the set of required Web APT categories, to be matched against
the categories Cyy of each available Web API We(? in the repository ; (ii)
{tr} is a set of semantic tags specified for the Web API to search for (for
each Web API Wef2, {tr} is matched against the semantic tags assigned by
the designers to W for each mashup where the Web API has been used); (iii)
{Wr} is an optional set of Web APIs already included in a mashup that the
designer aims at completing (if any) (for each Web API We 2, {Wg} is matched
against the Web APIs which compose the mashups where both {Wg} and W
have been included); (iv) Fr is an optional set of required technical features,
among protocols, data formats and security features.
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Not all the elements listed in Equation () are mandatory. Their specification
and use within R depend on the search target pursued by the designer. We
identified the following kinds of search targets:

— single Web API selection, when the designer is developing a new mashup
and aims at finding a Web API by specifying desired Web API categories
Cr and semantic tags {tz}; optionally, the designer may also specify the
desired technical features Fr for the Web API to search for;

— mashup completion, when a mashup is already available and the designer
desires to add a new Web API; in this case, {Wr} is the set of Web APIs
already included in the mashup under construction and the goal is to receive
suggestions about other Web APIs We{2 which have been used with {Wg}
in the same mashups; moreover, if the designer does not explicitly specify Fg,
it is automatically composed of the intersections of protocols, data formats
and security features of the Web APIs in {Wg}, respectively; in fact, in this
specific case, the best solution is that all the Web APIs within the mashup
share the same protocol, data format and security features;

— proactive mashup completion, it is a variant of the previous search target; in
this case, the designer does not specify the categories C'r and the semantic
tags {tr} of the Web API to search for, but relies on suggestions of the
system, which proposes candidate Web APIs based on collective knowledge
coming from other existing mashups, which contain Web APIs close to {Wg }
and presenting technical features similar to Fg;

— Web API substitution, when the designer desires to substitute a Web API
in an existing mashup; in this case, Cr and {tr} are specified for the Web
API to substitute; the construction of Fr follows the same procedure of the
(proactive) mashup completion.

3 Web API Search and Ranking Metrics

Web API search is performed through computation of similarity metrics. Simi-
larity metrics are applied by combining the information available for Web APIs,
namely their categories, technical features, semantic tags and mashups where
the Web APIs have been included, considering the particular folksonomy-style
model described in the previous section. The overall similarity measure between
the request R and each APT WeS? in the repository R, denoted with Sim(R, W),
is computed as the following linear combination:

Sim(R, W) = w1 - Sime(R, W) + w2 - Simi(R,W) + @)
w3 - SiMeomp(R, W) + SN, wi - Simi(R,W) € [0,1]

where 0<w;<1 and Zfil w; = 1 are weights to be set according to the search
target, as summarized in Table [Tl where the category similarity is weighted less
than the other factors, since the category is only a coarse-grained entry point to
look for Web APIs in the ProgrammableWeb repository. Specifically:

— Sim.(R,W)€]0,1] is the similarity between the requested category and the
category of W;
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Table 1. The setup of Web API similarity weights depending on the search target

Search target Request formulation

Single Web API selection w1, w2, w; (i = 4..N) equally weighted
or w; = 0.2 and wy = 0.8 if Fr =0
Mashup completion w1 =0.1,wy = wg = w; (1 =4..N)
Proactive mashup completion ws = w; (i = 4..N)
or ws =1.0 if]:R :@
Web API substitution w1 =0.1,ws = w3 = w;(i =1..N)

— Sim(R,W)€[0, 1] is the similarity according to semantic tags;

— SiMmeomp(R, W)€[0, 1] is the combination of composition similarities between
the mashup which contains the set of Web APIs {Wg}, where the required
one will be included, and each mashup which contains W;

— Sim;(R,W)€[0,1] is the similarity between R and W based on the i-th
technical feature, such as protocols or data formats.

For what concerns Sim.(-) and Sim(-) computation, we refer to the details
provided in [3]. Here we will focus on the contributions of this paper on mashup
composition similarity and Web API similarity based on technical features.

The mashup composition similarity between a mashup m; and another mashup
ma, denoted with MashupSim(m4,ms), evaluates the number of common Web
APIs in the two mashups, that is:

MashupSim(my, m2) = Tmijni?gj € [0,1] (3)
where |m1Nmg| denotes the number of common Web APIs in the two mashups,
while |m;| denotes the number of Web APIs in the i-th mashup. To compute
the mashup-based similarity between the request R and each available Web API
WeS? in the repository R, denoted with Simcomp(R, W), it should be considered
that each mashup, where W has been included together with {Wg}, is devel-
oped by a designer d;€D, who is characterized by a skill o; in web application
development. Therefore, similarity with mashups developed by more expert de-
signers should be weighted more than similarity with mashups developed by less
expert designers. Therefore, the mashup-based Web API similarity is computed
as follows:

1 U o MashupSim({Wr},mb)

Simeomp(R, W) =
imeonp( ) [Dw| | M|

€ [0,1] (4)

=1

where: (i) Dy CD is the set of designers who used the Web API W in one of their
mashups and | - | denotes the set cardinality (that is, the number of designers);
(ii) M; is the set of mashups owned by a designer d;€D)y and meMi; (iil) oy
is the skill associated to the designer d;€Dyy.

The similarity between the request R and each Web API We(? in the repos-
itory R, based on the i-th technical feature, denoted here as Sim;(R, W), is
defined as follows:
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Sim;(R, W) for single Web API selection

Simi(R, W) = (5)
Simi*™ (R, W) otherwise

where Sim;(R, W) is computed as the number of common elements for the i-th
feature (for instance, the number of common protocols), denoted with | FkNFjy,|,
with respect to the overall number of allowed values, that is:

2 [FrOFw

Sim;(R, W) = FL |+ 17

€[0,1] (6)

Note that, in this case, common values might mean also compatible values
(such as RSS and Atom formats, which are both based on XML). Nevertheless, in
our framework, the formula shown in Equation (@) is applied only for single Web
API selection. When a (proactive) mashup completion or a Web API substitution
must be performed, we provide an asymmetric variant of this formula, that

assigns more relevance to the values of the i-th feature required in the request
R, that is:

| FrNF W‘
| x|
This variant has been designed to take the viewpoint of the Web API request
in terms of required technical features: if the Web API W has been designed
considering all the required values for a feature, this is considered as the best
situation, no matter W allows additional values for the same feature. This is due
to the specific nature of mashup completion and Web API substitution search
targets. In fact, in these cases the required feature values are the ones of other
Web APIs already included in the mashup under development. Therefore, the
idea is to assign more relevance to those Web APIs that share (compatible)

features with the other Web APIs already in the mashup to be developed.

Simd*Y™ (R, W) = €0,1] (7)

3.1 Ranking Metrics for Web API Search

The Web APIs returned as search results among the ones available in the repos-
itory ® (which we denote with {W'}C{2) are those whose overall similarity is
equal or greater than a threshold y€[0, 1] set by the web designer. Search re-
sults in {W'} are ranked according to the values of Sim(R,W). Nevertheless,
additional ranking criteria can be added based on the ratings assigned by web
designers to Web APIs. Formally, search results in {WW’'} are ranked according
to the following equation:

\DZW/\ \kMi1| i - M(W/,mf,di

)
M| € [0,1] (8)

p(W') = Sim(R, W) ‘DW’ 2
where: (i) Dy is the set of the designers who rated the Web API W' in some
mashups and |Dy| denotes the cardinality of the set (that is, the number of

designers); (ii) for each designer d; €Dy, M; represents the set of mashups where
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d; used (and rated) the Web APT W' and mFeM;; (iii) the ratings assigned by
more expert designers (that is, designers who present higher o;) are considered
as more important.

4 Conclusions

In this paper we proposed a framework which implements a set of techniques
and mechanisms to support Web API search and ranking by exploiting the ” wis-
dom” of the other designers who used the Web APIs for their own mashups.
Designers’ wisdom is properly weighted using their expertise in developing web
mashups and semantic tags and ratings they assigned on Web APIs. As future
extensions of this work, also social relationships between developers could be
used to automatically infer useful information, such as developers’ reliability,
while a complete implementation and in-depth evaluation of the metrics is being
developed.
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