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Abstract. The WS-BPEL provides a standard for business processes
abstraction and execution, in which, the business processes abstraction
is the key step for the completeness and success of business processes.
The business processes abstraction includes the behavior and interactions
between services which are sketched out by business processes designers.
The current business process design is labor-intensive and time consum-
ing, especially when it is required to be detailed to ensure the success
of the business execution. In this paper, we propose an approach that
helps the business process designers facilitate the design step by provid-
ing them a list of related services to the current designed model. We
propose to capture the requested service’s composition context specified
through the process fragment surrounding it and recommend the services
whose composition context in existing designed service compositions best
match the given fragment context. Provided experimental evaluations in
this paper show that our approach is efficient in realistic situations.

Keywords: business process modeling; web service composition; work-
flow pattern; context matching; recommender system.

1 Introduction

The current design of business process models is labor-intensive, especially when
such models are required to be detailed to support the development of software
systems [20]. It would be inefficient if every time a company engages in model-
ing and re-designing its process, it did so “from scratch” without consideration
of how other companies perform similar processes. Indeed, to avoid the effort of
creating process models from scratch, several consortia and vendors have defined
so-called reference process models, for example SCOR [18] or SAP [7] models.
These models capture proven practices and recurrent business operations in a
given domain. They are designed in a generic manner and are intended to be
individualized to fit the requirements of specific organizations or IT projects in
order to enable systematic reuse of proven practices across process (re-)design
projects. However, analysts take the reference models merely as a source of inspi-
ration, but ultimately, they design their own model on the basis of the reference
model, with little guidance as to which model elements need to be removed,
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added or modified to address a given requirement. Briefly, the current business
process design still has shortcomings: (1) the reference models are human based
and provided manually (this work is absolutely error-prone and time-consuming)
and (2) they are always studied as a whole while sometimes only some parts of
the model need to be considered.

In this paper, we present an original recommendation approach to help the
business processes designers facilitate the design step of the business process
abstraction. We propose to take into account the composition context specified
through the business process fragment surrounding the requested service, and
benefit from the modeling and usage of previous service compositions to build
our recommendations. Concretely, we propose a process fragment model that
computes similarities between services using the relations with their neighbors.
The process fragment represents the composition context for a service described
in terms of its relations with its neighbors. These relations are described through
the control flow patterns. Then, we compute the similarity degrees between ser-
vices by matching the respective process fragments. Indeed, the composition
context informs us about the service behavior and thereafter can unveil its func-
tionality. Therefore, our objective is two-fold: (1) takes into account the com-
position context, specified through the business process fragment surrounding
the composed service, as an input in service discovery, and (2) benefits from
the modeling and usage of existing composite services by extracting this implicit
knowledge as process fragments to match with the composition context of the re-
quested service. Furthermore, our approach can associate with the functionality-
based service recommendation techniques to more precisely retrieve the expected
services.

The paper is organized as follows: In section 2 we specify a graph based model
to describe a service composition context. Section 3 elaborates the proposed
matching algorithm. Section 4 illustrates our implementation and experimental
results. Related work is presented in section 5 and we conclude our work in
section 6.

2 Graph-Based Modeling of Service Composition
Context

In this section, we present a graph-based service composition model whose con-
trol flow is modeled using workflow patterns. Firstly, we depict how we use
workflow patterns to describe service interactions (see section 2.1). Secondly, we
define the relations of each service with its neighbors using new defined layer
and zone concepts (see section 2.2). Finally, we specify the composition context
graph of each service (see section 2.3).

2.1 Graph-Based Service Composition Model

It is worthwhile to notice that the term composite service is usually used to
denote composition of operations offered by different services [2]. Indeed, a com-
posite service, defined using WS-BPEL for instance, is in fact a flow of services’



Context-Based Service Recommendation 41

operations and not a flow of services. Thus, in our approach and in order to
avoid such confusion, we supposed for simplicity purpose that a service has one
operation so that its consumption coincides with its operation invocation.

A composite service implies several services and describes the order of their
invocation, and the conditions under which these services are invoked. The con-
trol flow (or skeleton in the following) of a composite service specifies the partial
ordering of component services (e.g., a service B is executed after the completion
of a service A). We use (workflow-like) patterns to define a composite service
skeleton. A workflow pattern [21] can be seen as an abstract description of a re-
current class of interactions. Applied to Web services, a pattern defines default
dependencies (i.e. interactions) between services. For example, the Synchronize
pattern [21] describes an abstract choreography by specifying services depen-
dencies as following: a service is activated after the completion of several other
services. We call atomic pattern a primitive control flow pattern that can be
used in WS-BPEL such as : sequence, parallel split (AND-fork), synchroniza-
tion (AND-join), multiple choice (OR-fork), an exclusive choice (XOR-fork), or
a simple merge (OR-join). In the following we propose a graph-based model of
service composition and we use Fig. 1 for all examples in our definitions.

Definition 1 (Direct link pattern). A direct link pattern is a sequence of
atomic patterns which connects two adjacent services. The direct link pattern is
directed, and denoted by P . PC(si, sj) = p1p2 . . . pk indicates a direct link pattern
with a sequence of k atomic patterns from si to sj in the composition C.

For example, PC1(s1, s2)=‘Sequence’, PC2(s3, s4)=‘OR-join’‘AND-join’, PC2(s6,
s1) =‘’ (there is no direct link pattern from s6 to s1 in C2).

Definition 2 (Composition graph). A composition graph of a service com-
position C is a labeled directed graph GC = (VC , LC, AC) in which VC �= ∅ is the
set of vertices (services), LC �= ∅ is the set of edge-labels (direct link patterns’
names), and AC ⊆ V × V × L is the set of directed edges (direct link patterns)
in the composition C. An edge a =< sx, sy, PC(sx, sy) >∈ AC is considered to be
directed from sx to sy and labeled by PC(sx, sy). sx is called the tailed service,
sy is called the head service and PC(sx, sy) is the direct link pattern from sx to
sy in C.

For example, the composition C1 can be presented by a graph GC1 = (VC1, LC1,
AC1), in which VC1={s0, s1, s2, s3, s4}, LC={‘AND-split’, ‘Sequence’, ‘AND-
join’}, AC1={< s0, s1, ‘AND-split’>, < s0, s3, ‘AND-split’>, < s1, s2, ‘Sequence’
>, < s2, s4, ‘AND-join’>, < s3, s4, ‘AND-join’>}.

A path in a composition graph is named as a pattern path. A pattern path
from si to sj in a composition C is indirected and denoted by PC(si, sj). For
example, PC1(s1, s4) = P (s1, s2)P (s2, s4)=‘Sequence’‘AND-join’, PC2(s3, s1) =
P (s5, s3)P (s5, s1)=‘AND-split’‘OR-split’‘AND-split’. The pattern path’s length
is denoted by Len(P) and the shortest pattern path is denoted by SPC(si, sj). For
example, SPC1(s0, s2) = P (s0, s1)P (s1, s2)=‘AND-split’‘Sequence’, SPC2(s7, s6)
= P (s7, s4)P (s6, s4)=‘OR-join’‘AND-join’‘AND-join’.
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Fig. 1. Example: service compositions

2.2 Service Neighborhood

In this section, we propose some new definitions that are related to services’
neighborhood and are used to define the composition context.

Definition 3 (kth-layer neighbor). A kth-layer neighbor of a service s is a
service connected to s via a k-length pattern path (k ≥ 0). The set of kth-layer
neighbors of a service s in a composition C is denoted by Nk

C (s). N0
C (s) = {s};

For example, N1
C1(s2) = {s1, s4}, N2

C1(s2) = {s0, s3}.
Definition 4 (kth-area neighbor). A kth-area neighbor of a service s is a
service connected to s via a l-length pattern path, where 0 ≤ l ≤ k. The set of all
kth-area neighbors of s in a composition C creates a process fragment surrounding
s and it is denoted by N

k
C(s). N

k
C(s) = ∪k

i=0N
i
C(s).

For example, N
1
C1(s2) = {s2, s1, s4}; N

2
C1(s2) = {s2, s1, s4, s0, s3}.

Definition 5 (kth-zone pattern). A kth-zone pattern of a service s ∈ C is a
direct link pattern which connects a service in Nk−1

C (s) and a service in Nk
C (s).

Set of all kth-zone patterns of a service s ∈ C is denoted by Zk
C (s). Z0

C(s) = ∅.
For example, Z1

C1(s1) = {< s0, s1, ‘AND-split’>, < s1, s2, ‘Sequence’>}, Z2
C2(s4)

= {< s1, s6, ‘Sequence’>, < s5, s3, ‘AND-split’‘OR-split’>, < s5, s7, ‘AND-split’
‘OR-split’>}

2.3 Service Composition Context Graph

We realize that the pattern paths between two services present their relation
(closeness). The longer the pattern path is, the weaker their relation is. And if
we capture the shortest pattern paths from a service to other, we can measure
the best relation between them. On another hand, one edge in the composition
graph can belong to more than one zone around a service, depending on the
selected pattern paths to the that service. Therefore, we propose to build for
each service a specific graph in which each edge belongs to its smallest zone. In
other words, we propose to assign the smallest zone number for each direct link
patterns computed by the shortest path’s length to the associated service and
represent the composition graph in another graph, so-call composition context
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graph (definition 6). Concretely, the minimum zone value that is assigned to
the pattern connecting si and sj in the composition context graph of s will be
Min(Len(SPC(si, s)), Len(SPC(sj , s)))+1 and the maximum zone value used to
assign to all direct link patterns will be n = Max(Len(SPC(sx, s)))+1 ∀sx ∈ C.

Definition 6 (Composition context graph). A composition context graph of
a service s ∈ C is a labeled directed graph GC(s) = (VC(s), ZC(s), LC(s), AC(s))
that represents the composition graph GC = (VC , LC , AC) with the minimum kth-
zone patterns of s. VC is the set of vertices (services), ZC(s) is the minimum set
of zones needed to represent the composition graph, LC is the set of direct link
patterns’ names and AC(s)) is the set of direct link patterns labeled with their
zone numbers. A composition context graph GC(s) satisfies the followings:

1. VC(s) = VC
2. LC(s) = LC
3. ZC(s) = {1, 2, . . . , n}, where:

n = Max(Len(SPC(sx, s))) + 1 ∀sx ∈ C
4. AC(s) = AC × ZC(s), where:

as =< ac, zc(s) >=<< si, sj , P (si, sj) >, Min(Len(SPC(si, s)), Len(SPC(sj ,
s))) + 1 >, ∀ac =< si, sj , P (si, sj) >∈ AC

For example, a composition context graph GC1(s2) = (VC1(s2), ZC1(s2), LC1(s2),
AC1(s2)) of the service s2 can be inferred from the composition graph GC1 (in
Fig. 1), in which: VC1(s2) = {s0, s1, s2, s3, s4}, LC = {‘AND-split’, ‘Sequence’,
‘AND-join’}, ZC1(s2) = {1,2,3}, AC(s) = {<< s0, s1, ‘AND-split’>, 2 >, << s0,
s3, ‘AND-split’>, 3 >, << s1, s2, ‘Sequence’>, 1 >, << s2, s4, ‘AND-join’>, 1
>, << s3, s4, ‘AND-join’>, 2 >}.

In graphical view, the composition context graphs GC1(s2) and GC2(s6) of the
service s2 and s6 can be shown as in Fig. 2. We note that a composition context
graph of a service is related to the composition where this service is used, so
this composition context graph can differ from one composition to another. For
example, the composition context graph of s3 in C1 is different to the composition
context graph of s3 in C2, ie. GC1(s3) �= GC2(s3).

3 Service Recommendation Based on Composition
Context Matching

To illustrate each step in the computation, we use an example to compute the
pattern matching of two services s2 and s6 which respectively belong to the com-
position C1 and C2 (Fig. 1). The services s1, s3, s4 exist in both compositions.
The direct link patterns are: P1 = P2 = ‘AND-fork’, P3 = ‘Sequence’, P4 =
P5 = ‘AND-join’, P6 = ‘AND-fork’, P7 = P8 = ‘AND-fork’‘OR-fork’, P9 = ‘Se-
quence’, P10 = ‘AND-join’, P11 = P12 = ‘OR-join’‘AND-join’. The distributions
of neighbors of s2 and s6 in layers are easily inferred from the compositions and
redrawn in Fig. 2. We elaborate step by step how we compute the similarity in
the following.
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Fig. 2. Composition context graphs inferred from the compositions graph

3.1 Direct Link Pattern Matching

In our approach, the direct link pattern matching is considered as the funda-
mental weight of the composition context matching. Since each direct link pat-
tern between two adjacent services is a sequence of atomic patterns which can
easily mapped to a sequence of characters, we propose to use the Levenshtein
distance [13] to compute the matching between two direct link patterns. We con-
sider each atomic pattern as a character, then a direct link pattern is presented
by a sequence of characters (or string) and the similarity between two direct link
patterns can be easily computed.

Concretely, given two direct link patterns P (si, sj) = p1p2 . . . pn and P ′(si′ ,
sj′) = p′1p

′
2 . . . p′m, the pattern matching between them is computed by the equa-

tion (1).

Mp(P, P ′) = 1 − LevenshteinDistance(P, P ′)
Max(n, m)

(1)

The equation (1) also covers two special cases:

① If P (si, sj) = P (si′ , sj′),ie.(m = n)∧(pt = p′t, ∀t ∈ [1, n]),then Mp(P, P ′) = 1
② If P (si, sj) ⊂ P (si′ , sj′ ), ie. ∃k < (m − n) : pt = p′(k+t), t = 1..n, then

Mp(P, P ′) =
n

m

Since a service in a composition has either the incoming direct link patterns
from its precedent services or the outgoing direct link patterns to its following
services, we take into account the direct link pattern’s directions in our computa-
tion. Concretely, to compute the direct link pattern matching between si and sj ,
we match incoming direct link patterns of si to incoming direct link patterns of
sj and outgoing patterns of si to outgoing direct link patterns of sj then we sum
these matching results to get the final matching value. The matching between
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two direct link patterns that have inverse directions is equal to 0, which means if
P (si, sj) and P (si′ , sj′) are two direct link patterns from si to sj and si′ to sj′

respectively, then Mp(P (si, sj), P (sj′ , si′)) = Mp(P (sj , si), P (si′ , sj′)) = 0.
In our example, when the direct link patterns are mapped to sequences of

characters, we have Mp(P3, P9) = Mp(‘Sequence’,‘Sequence’)=1; Mp(P4, P10) =
Mp(‘AND-join’,‘AND-join’)=1; Mp(P5, P11) = Mp(‘AND-join’,‘OR-join’‘AND-
join’)=0.5, and so on.

3.2 Composition Context Matching

The kth-zone neighbors of a service create a fragment composition around it.
This fragment contains the composition context of the associated service within
k layers. In our approach, we propose to compute the similarity between two ser-
vices based on the matching of their composition context. Concretely, to compute
the similarity between two services si and sj , we match all direct link patterns
that belong to the same zone and are ended by either si or sj or the same ser-
vices. By this way, our approach captures latently the service matching of two
compositions, focuses only on the related services and avoids the time-consuming
problem of redundant matching computations. In our illustrated example, we will
match (P3 and P9), (P4 and P10), (P5 and P11) as they have the same ending
services, not (P1 and P6) or other pairs.

In formula, suppose that a =<< sx, sy, PCm(sx, sy) >, z > is the edge con-
necting sx and sy by the direct link pattern PCm(sx, sy) belongs to zone z
in the composition context graph GCm(si), a ∈ VCm(si). Similarly, a′ =<<
sx′ , sy′ , PCn(sx′ , sy′) >, z′ >∈ VCn(sj). The composition context matching of si

and sj within kth-area with the direction consideration is given by Equation (2).

M
k
Ca,Cb(si, sj) =

∑

a∈VCm(si)

∑

a′∈VCn(sj)

M∗(a, a′)

|Zk
Cm(si)| (2)

in which, M∗(a, a′) = Mp(PCm(sx, sy), PCn(sx′ , sy′)) in cases:

① (z = z′ = 1)∧((sx = si∧sx′ = sj ∧sy = sy′)∨(sx = sx′ ∧sy = si∧sy′ = sj))
② (1 < z = z′ ≤ k) ∧ (sx = sx′) ∧ (sy = sy′))

and M∗(a, a′) = 0 in other cases.
We can easily check that, M

k
Ca,Cb(si, sj) is different from M

k
Cb,Ca(sj , si), and if

Zk
Cm(si) ⊆ Zk

Cm(sj), M
k
Ca,Cb(si, sj) will be equal to 1, which means if all patterns

from si to its kth-layer neighbors are patterns from sj to its kth-layer neighbors,
sj will be absolutely able to replace si.

The kth-area neighbors of a service s create a process fragment surrounding s,
which is presented by a sub composition graph. Therefore, the matching problem
becomes the graph matching problem which was proved to be a NP-complexity
problem [1]. However, in our case, we know the root points of the graph compar-
ison, which are si and sj , and we match only the same pairs of services in both
composition graphs, thus we avoid the NP-complexity problem of the original
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graph matching. In another hand, with the composition context graph definition
and the direct link patterns presentation in zones, we can compute the compo-
sition context matching of any pair of services in compositions. Moreover, direct
link patterns locates in the closest zones to the associated service. Therefore,
our algorithm run smoothly and returns very high quality results.

The computation given by equation (2) can generate recommendations regard-
less the zones that a pattern path belongs to. However, in reality, the behavior
of a service is strongly reflected by the direct link patterns to its closet neighbors
while the interactions among other neighbors in the higher layers do not heavily
affect its behavior. Therefore, the impact of kth zones needs to be examined
and we propose to assign a weight (wk) for each kth-zone, so called zone-weight
and integrate this parameter into our computation. Since the zone-weight has
to have greater values in smaller k zones, we propose to assign the zone-weight
a value computed by a polynomial function which is given by equation (3).

wz =
k + 1 − z

k
(3)

where z is the zone number (1 ≤ z ≤ k), k is the number of considered zones
around the service. All direct link patterns connect either to or from the associ-
ated service has the greatest weight (w1 = 1) and the direct link patterns connect
to/from services in the furthest zone has the smallest weight (wk = 1/k).

With the zone’s weight consideration, the pattern matching computation on
two services si ∈ VCa and sj ∈ VCb is the combination of composition context
matching (the equation(2)) and the zone-weight impact (the equation(3)), which
is given by the equation (4).

M k
Ca,Cb(si, sj) =

2
k + 1

×
k∑

z=1

∑

a.z=a′.z′=z

k + 1 − z

k
× M∗(a, a′)

|Zz
Cm(si)| − |Zz−1

Cm (si)|
(4)

where |Zz
Cm(si)|−|Zz−1

Cm (si)| is the number of direct link patterns in the zone zth

of GCm(si) (see Definition 5). In case |Zz
Cm(si)| − |Zz−1

Cm (si)| = 0, which means
there is no direct link pattern in the zone zth of GCm(si), M∗(a, a′) is also equal

to 0, we consider the fraction
0
0

as 0.
Return to our example with the zone-weight consideration, in case k = 1, t =

0, only the nearest neighbors are taken into account, the zone-weight does not af-
fect the results, therefore, the matching values are the same to the case that we do
not take into account the zone-weight, which means M 1

C1,C2(s2, s6)=M
1
C1,C2(s2, s6)

and M 1
C2,C1(s6, s2)=M

1
C2,C1(s6, s2). In case k = 2, we have: M 2

C1,C2(s2, s6) =
(1/3) × (2 × (Mp(Pi3, Pj3) + Mp(Pi4, Pj4)/2) + (Mp(Pi5, Pj5)/2)) = 0.75 and
M 2

C2,C1(s6, s2) = (1/3)×(2×(Mp(Pj3, Pi3)+Mp(Pj4, Pi4)/2)+(Mp(Pj5, Pi5)/3))
≈ 0.72.

The matching values among services present their similarity and they are
used to make recommendation. For a selected service, we pick up top-n services
which have the highest matching values to recommend it. In our experiments,
we recommend the top-5 services for each one.
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(a) Average matching values (b) Services with matching value=1

Fig. 3. Statistics of matching values with different kth-zone

4 Implementation and Experiments

We tried to get experiments from real business process abstracts or web service
compositions but finding proper datasets for our approach is really a big chal-
lenge. We searched from the Internet in parallel with asking other researchers on
our domain but unfortunately we did not found any good dataset or the datasets
are under non-disclosure agreements. Finally, we decided to collect manually the
scattered business processes and web service compositions (focus on car rental,
car selling and travel booking business context) on previous contributions, re-
engineer them to be used by our application and added some business processed
designed by ourselves. On synthesis of the collected data, we got a database
with 46 web services and 27 compositions. The largest composition consists of
14 services and the smallest composition consists of 4 services (in average, 6.8
services per composition). Our application1 is implemented as a Java applet in
order to allow public users adding web services, creating compositions and get
recommendations based on our proposed model.

We experiment on asserting the impact of kth-zones on the composition context
matching. For each service, we computed its similarity values with others and
selected the most related service which had the highest similarity value. We run
the proposed model with different kth-zones. The results showed that the average
matching values computed by our algorithm are very high and decrease when k
increases (Fig. 3a). When k increases, services and patterns in the further zones
are taken into account and in most cases, the matching among these patterns
in comparison to the number of patterns in the further zones is lower than the
matching in the nearer zones, therefore, it decreases the final matching values.

The kth-zone also affects the number of services which are retrieved with
the highest matching values. When k increases, the number of services which
are retrieved with high similarity values decreases and the number of services
which are retrieved with the lower similarity values increases. Fig. 3b show the
distribution of matching values with different kth-zones. With k = 1, 34 services
were recommended with the similarity equal to 1 (Fig. 3b). When k increases, the
unmatched patterns in the further zones around the associated services reduce

1 http://www-inf.int-evry.fr/SIMBAD/tools/CMSR/

http://www-inf.int-evry.fr/SIMBAD/tools/CMSR/
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the similarity values and the number of services which were retrieved by the
highest similarity values also decreased. However, since the nearest neighbors to
a service have the greatest weight, most of the results are stable when k increases
(Fig. 4).

Fig. 4. Statistics of retrieved services

In practice, the behavior of a ser-
vice is reflected by its connections to
the nearest neighbors (1st-zones). The
relations to its higher kth-zone (k > 1)
neighbors have less impact to its be-
havior. In our approach, we target to
recommend services for business pro-
cess design, not for an agnostic use.
Therefore, widening the kth-zones al-
lows reducing the searching space by
taking into account richer composi-
tion contexts and get the closer results to the required services. The more zones
to a services are considered, the better candidates are retrieved.

5 Related Work

In recent years, there are many efforts on helping the business process designers
to faster and more accurately create new business process models using available
reference models. They proposed either to rank the existing business process
models in the repository for searching [8,22], or to measure the similarity between
them [10,19,14] to create new process models. Some of them [8,22] encountered
the NP-complexity graph matching problem and they have to find a compromise
between computation complexity and quality of results. Different from them,
our approach focused partially on the business process, described as a service
composition, to take into account just the composition context to retrieve the
most related services. Therefore, we do not face the NP-complexity problem (as
we explained in section 3.2). In another hand, we focus on matching a partial
context instead of matching the whole business process.

Another contribution that aims at refining business process reference by merg-
ing existing process models was recently presented by M.L. Rosa et. al.[16]. How-
ever, different from our work, they did not do further to help process designers
and users with recommendations. D. Schleicher et. al. [17] also presented an
approach based on so-called compliance templates to develop and manage com-
pliant business processes involving different stakeholders. Their work targeted
at refining the business process in layers using compliance constraints. These
constrains can be composition constraints although the authors did not mention
how they can be inferred. In our paper, we propose to implicitly extract them.

Thomas Gschwind et. al. [11] also applied workflow patterns for business pro-
cess design. They aimed at helping business users understand the context and
apply patterns during the editing process. In our work, we help the business
users better design a business process by automatically providing them the most
related services instead of patterns.
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In the web service discovery domain, many solutions for faster reaching to
the desired services were also proposed. Most of them based on the traditional
service descriptions (WSDL documents) and targeted at finding the similar-
ity between requests from users (query, profile, historic data, etc) and data
stored in service repositories. They generated recommendations based on the
text processing, including query analysis and web service description similarity.
They can be classified in the categories: clustering [9], rating based [15], words
analysis [3] and vector space model [12]. Since these approaches are text-based,
they can encounter the synonym and polysenym problems (one word can have
many meanings and one meaning can be described by different words). In an-
other hand, since they captured only the explicit knowledge described in WSDL
files, they lack the implicit knowledge which can be inferred from past usage
data.

Our previous contributions [5,4,6] on proposing a web service recommender
system based on user’s behavior can overcome the shortcomings of the text-
based analysis systems. We solved the problem from the user’s side and we can
provide good recommendations which are close to user’s behaviors. However, in
our previous work, we did not take into account the relations among web services
in compositions. We fulfilled this shortcoming in this work.

Last but not least, it is worth to notice that our approach can associate with
the functionality-based service recommendation techniques to generate more pre-
cise recommendations since the service connections to its neighbors do not infer
fully its functionality. Our approach can be applied as preprocessing step either
in the design phase to limit the search space or later in the execution phase to
filter the selected recommended services.

6 Conclusion and Future Work

In this paper, we propose an original approach to capture the composition con-
text to generate process design recommendation. Since this composition context
presents the requested service’s behavior and they can implicitly infer the ser-
vice’s functionality, our approach performed well in recommending related ser-
vices. Our approach retrieves not only the services for an incomplete abstract
process but also possibly the replaceable services to a selected one. It can be very
useful in helping the composition designers and managers find suitable services
to replace a vulnerable one to enhance the availability of the service composi-
tions. In our future work, we intend to investigate the co-existence of patterns in
compositions, as well as the number of time that a web service is used in oder to
refine our matching algorithm. We also aim at extending our approach to infer
existing service composition from log execution.
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