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Abstract. Typical SOA-based solution design involves development of
multiple inter-connected models using model-driven development (MDD)
techniques. Hence these models are first created in platform neutral form
and subsequently transformed through decreasing levels of abstraction
before getting into executable form. Therefore creating and reusing vari-
ations of these models, for the purpose of enhancing reuse is a difficult
challenge. In our earlier work, we had proposed techniques for developing
variability models and deriving valid variants of services in a SOA-based
solution. But our earlier work lacked a formal semantics for modeling
and generalizing variations at different levels of abstraction. In this pa-
per, we present the formal semantics via our Variability Algebra. Via
this algebra, we show how variation oriented design of SOA-based solu-
tions can be made a formalized, repeatable and verifiable exercise that
helps maximize reuse. We also demonstrate theoretical results that can
help optimize the generation and integration of service variants into an
SOA-based solution. Throughout this paper, we illustrate our ideas on a
running example.
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1 Introduction

Service Oriented Architecture (SOA)-based solution development [14] involves
design and development of business architecture models (such as process models
or business component models), solution architecture models (such as service
models or data models) and implementation specification models (such as ser-
vice component architecture (SCA)1 specification models). Model Driven De-
velopment (MDD) techniques, primarily considered for developing SOA-based
solutions, enable business analysts and solution architects to better integrate
these independently developed models [15]. One of the main objectives of devel-
oping SOA-based solutions is to maximize reuse of existing services [4]. It is well

1 http://www.ibm.com/developerworks/library/specification/ws-sca/
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known that re-usability of any element such as a service or a business process
is directly dependent on the extent of its variability, i.e., the extent to which it
can be modified. This greatly influences in considering or rejecting an asset such
as a SOA-based application in terms of its reduced customization cost against
its initial acquisition cost [25]. There has been extensive work on variability
management (e.g., [13,6]), where the overall reuse context is typically focused
from the initial development perspective. In our earlier work [20] we proposed
a methodology called ”variation oriented engineering” for generating controlled
variations of individual services and business processes from consumption per-
spectives. In [21] we addressed the derivation and selection of service variants to
support the required changes in a business process specification model. In [19]
we formalized the notion of variability model in a SOA-based solution. But this
paper is motivated by several challenges that still exist in reusing SOA-based
applications. First, the overall reuse context is currently dominated from the ini-
tial development perspective. This upfront and one time variability management
may be acceptable in product line architectures, but not for SOA-based solu-
tions, where subsequent reuse considerations could widely differ with changing
business dimensions. In other words, mechanisms for formally determining all
possible variations in a SOA-based solution, are lacking. Second, there is a lack
of formal mechanisms to represent and help differentiate variants derived out
of different reuse contexts from a SOA-based application over a period of time.
This leads to development of redundant variations, that are already available
from earlier reuse considerations on the application. Third, models belonging to
different layers of the SOA stack (such as process and service models), are only
interlinked with dependency relationships, but not formally integrated due to
the limitations of current SOA modeling tools. This causes independently gener-
ated variations of these models to be inconsistent with each other and unusable
together, thereby hindering effective reuse.

1.1 Key Contributions

To address the aforementioned challenges, in this paper we propose the Vari-
ability Algebra for SOA-based solutions. The variability algebra provides a for-
mal framework that construct and leverage the lattice structures [9] for service
variability modeling. The operators defined as part of the variability algebra,
enable integrated variability modeling for services and processes in a SOA-based
application. They also help generate complete solution variants based on consis-
tent variation mechanisms. This extends the proposed techniques in [20], where
we focused primarily on independent service and process variations. With the
variability algebra, for each service or a process in a SOA service model, a lat-
tice comprising a set of all its variants is constructed. Then for each service
taking part in a process design, a notion of minimal dependency relation is
evaluated. This leads to the mapping of the variants in the service lattice to
the corresponding variants in the process lattice. Thus the operators enable a
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comparative validation of variants of different services taking part in a solution
context for identifying any potential re-usability conflicts. Now, such an analy-
sis for example, could ensure that all considered services contain non-conflicting
variations, before engineering them into the derivation of respective process vari-
ants. In [21], we presented an algorithm to generate service variants from busi-
ness process specifications without such a formal verification. The operators also
enable analysis of existing variants, as well as modification thereof in response
to changing requirements. This enables continuous validation of variation mod-
els [19] (in terms of applicable variation points, variations and allowed variants)
as their associated constructs such as services or business processes evolve. Hence
our proposed variability algebra intends to make variation-oriented design a for-
malized, repeatable and verifiable exercise that helps maximize reuse. From an
ease of use and implementation perspective, the variability operators can be
implemented and seamlessly integrated as plugins into MDD tools.

This paper is organized as follows. Section 2 introduces our running example,
which we will be using throughout the rest of our paper for illustration. The
basic notations and definitions of the constructs of our variability algebra are
explained in Section 3. Related work is discussed in Section 4. Finally, the paper
ends in Section 5 with suggestions for future work.

2 Running Example

Our running example comprises an insurance claims business process Pr1 as il-
lustrated in Fig. 1. The inputs to this process are the details of the customer
requesting the claim, and the details of the claim. The outputs of this process are
the acceptance/rejection of the claim, along with the claim amount to be paid to
the customer (which will be zero in case of rejection). Pr1 consists of four major
sub-processes - (i) Record Claim (also referred to interchangeably henceforth
as RC ), (ii) Verify Claim (also referred to interchangeably henceforth as VC ),
(iii) Analyze Claim (also referred to interchangeably henceforth as AC ) and (iv)
Report (also referred to interchangeably henceforth as RP). In Verify Claim

sub-process, the DetermineLiability (also referred to interchangeably henceforth
as DL) and PotentialFraudCheck (also referred to interchangeably henceforth as
PF ) services are first executed in parallel, and then their results are combined
and sent to ClaimInvestigation (CI) service. A final review of the verified claim
is then implemented by FinalReview (FR) service. Now, let us assume another
process Pr2, with the following differences from Pr1: DetermineLiability and
PotentialFraudCheck services are executed in serial order; and PotentialFraud-
Check service is modified to consider the output of DetermineLiability (i.e., the
extent of liability now becomes a factor in checking for fraud). In the subsequent
sections, we discuss how we can formalize and validate the derivation of Pr2

in Fig. 2 from Pr1, based on the available and non-conflicting variations of the
services PF, DL and the process Pr1.
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Fig. 1. Insurance Claims Process

3 Our Variability Algebra

We first define our domain of discourse, viz., our SOA-based solution model,
as a set E. This set contains elements such as process model, service model,
data model, etc., along with each of their variants. We represent these elements
as a partial order with the binary inclusion relation ≤, as follows: for any two
elements x and y, x ∈ E and y ∈ E, x ≤ y if x is needed in order to develop
y. For example, x and y would share the inclusion relationship so described if y
was a variant of x, since x is needed in order to construct y. Another example
would be if y were a process model and x a service model needed for building y.
The primary use of this partial order is to integrate the independently developed
variations of each element in an SOA-based model. For ease of exposition, this
can be pictorially illustrated via a Hasse diagram [5] as in Fig. 3 for various
variants of the VC sub-process. (Later in this paper, we show how it can be
formally represented as a lattice [9], which helps optimize variant selection.)

For this paper, however, the scope of our variability algebra is limited to two
primary elements of an SOA-based solution, viz., service and process models. In-
corporating other elements (e.g., data models, component models) will be taken
up in future work.

3.1 Definitions

In this section, we provide the formal semantic definitions for the basic SOA
constructs and for the proposed variation constructs.

Definition 1 A service operation Op = (in, out, b) is defined as a triple consist-
ing of input data (in), output data (out) and implementation (b).
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Fig. 2. Sub-process Verify Claim in Pr2 from the running example

Fig. 3. Hasse Diagram of Verify Claim Sub-Process

Definition 2 A service S = {opi | i = 1, 2...N} is defined as a set of service
operations; U is defined as the universe of all such services.

Definition 3 A variation point V PS of the service S is an item belonging to
a triple Op of the service S belonging to U , the universe of all services. If the
variation point is an implementation body (b) of Op, then it is an implementation
variation point ; otherwise, it is a specification variation point. SV P is the set of
all variation points associated with S.

The declaration of the variation points need to be typically carried out by the
service designers that designed the service. For instance, a non-declaration of
the operation fraudCheckAlgorithm() in the service PotentialFraudCheck as a
variation point, would invalidate the proposed derivation of the process Pr2.
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Definition 4 A variation V F is defined as a function, which takes a service S
and a variation point as input, and generates another service S′ as output. It
is formally expressed as V F : U × UV P −→ U . SV F is the set of all variations
associated with S. We also define this function so that the following properties
hold:

– If the set of service operations of S and S′ are OPS and OPS′ , then OPS′ ⊇
OPS

– For any service operationOp that belongs to both S and S′, let the input and
output sets be in0, in1, and out0 and out1, respectively. Then in1 ⊇ in0 and
out1 ⊇ out0. If only the types of the input (resp. output) data are modified,
then in1 = in0 (resp. out1 = out0).

A variation for a service can be defined on a variation point either by the original
designer of the service or subsequently by another designer that reuses the service
with some controlled variations for a different application context.

Definition 5 A variant of a service S is defined as a service created by a com-
position of set of variations on S. A variant S′ created with composition of n
variations can be expressed as S′ = V Fn(. . . V F 2(V F 1(S, V P 1

S), V P 2
S) . . . V Pn

S )
with the variation sequence : V F 1, V F 2, . . . V Fn . U ′ is the set of all variants
associated with S.

Definitions 4 and 5 impose an inclusion relationship between a service and its
variant, in that the variant is always constrained to “include” the base service.
Please note, however, that this is not the same as the inheritance relationship
[17] prevalent in object-oriented design; a variant of a service may not be able to
“substitute” for its base service, since it may require more inputs than the base
service. Conversely, the base service may also not “substitute” for its variant,
since it may provide less outputs than its variant. A variant is thus basically
created from the base service through a controlled set of variations validated by
the declaration of variation points on the service. For example, let a variant S1

be generated from S0 by the addition of two input data d1 and d2, and let an
additional variant S2 be desired with only d1 as the desired extra input. Then S2

can only be generated directly from S0 by adding the desired input d1; S2 cannot
be generated from S1 by removing d2, since that would violate Definition 4.

The sequential composition approach helps in prioritizing the variations and
also to resolve conflicts arising out of applying variations that can be mutually
exclusive in nature. Also each variation function would only generate a modified
service, if the specified variation point is still applicable on the service specified
as input. As illustrated in Fig. 2, the derivation of variants achieved via allowed
composition of variations can be mandated. In the running example, we observe
the derivation of a variant for the sub process Verify Claim is allowed only
from both the variations of the services DetermineLiability and FraudCheck

respectively and not otherwise. Such a constraint can be relaxed in the future,
when new variations are allowed for these services based on how they extend the
respective base services.
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Definition 6 A Variation Model VMS = (SV P , SV F , U
′) of a service S is a

triple consisting of the following elements:

– The set of all variation points
– The set of all variations
– The set of all variants

The variation model of a service is explicitly defined and non-intrusively associ-
ated with the corresponding service as a separate element. Thus it does not affect
the core design constructs of the service that form part of a larger SOA-based
solution. In our running example, the service DetermineLiability contains the
service operation liabilityCheckInfo(), which is required for realizing the service
DetermineLiability in Pr1. Since Pr2 requires a fundamental change to Deter-
mineLiability, this mandates that DetermineLiability needs to be first declared
to support variation. Subsequently, the actual derivation of Pr2 from Pr1, would
only be possible, if the required variation is defined in the variation model for
DetermineLiability. Also, the process Pr1 itself needs to be declared as a varia-
tion point - this is possible by defining Pr1 itself as a (composite) service. Such a
declaration is mandatory for enabling the variant derivation of Pr2 by changing
the process flow.

The service operation fraudCheckAlgorithm() of the service PotentialFraud-
Check, defines both specification and implementation variation types. The ser-
vice DetermineLiability contains the operation liabilityCheckInfo(), which de-
fines only a specification variation. For deriving the process Pr2 from Pr1, the
operation fraudCheckAlgorithm() in the service PotentialFraudCheck needs to
contain just an implementation variation, since Pr2 does not mandate any inter-
face level changes in fraudCheckAlgorithm(). But in the case of DetermineLiabil-
ity containing the operation liabilityCheckInfo(), we need to define a specification
variation, since both the interface specification and corresponding implementa-
tion need to be modified for providing the required output for the service Final-
Review. Thus subsequent to the definition of variation points across the different
constructs of Pr1, the variation points need to be associated with corresponding
types of compatible variation specifications for deriving not just Pr2 as in the
case of our running example, but also for other process or service variants in the
future.

3.2 Properties of Our Variability Algebra

Our variability algebra is a category [28], as per the following theorem.

Theorem 1. For a defined Variability Model, the services and their variants
that comprise our Variability Algebra form a category.

Proof: A category is a set of objects with morphisms (mappings) between them.
In our case, the services and their variants are the objects and the variation
functions are the morphisms. It obeys the following properties:
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– Property C0: The set of services and their variants forms the objects of
the algebra, and the variation functions linking services and their variants
form the morphisms among the objects. Among two services that are not
variants of each other, due to the absence of a variation function, a default
null morphism can be defined.

– Property C1 - Identity Element : The trivial identity isomorphism, which
maps a service onto itself, can be defined.

– Property C2 - Associativity : Morphisms are associative, i.e., if there exist

variation functions S0
Fa→ S1, S1

Fb→ S2, and S2
Fc→ S3, then (Fa ◦ Fb) ◦ Fc =

Fa ◦ (Fb ◦Fc). That is, Fa ◦Fb represents the (eventual) derivation of S2 from
S0, while Fb ◦ Fc represents the (eventual) derivation of S3 from S1. Hence
both (Fa ◦ Fb) ◦ Fc and Fa ◦ (Fb ◦ Fc) represent the (eventual) derivation of
S3 from S0.

– Property C3 - Pairwise Disjoint : The morphisms are pairwise disjoint. That

is, if there are two variation functions S0
Fa→ S1 and S0

Fb→ S1, with the same
domain and range, then they are identical, since they produce the identical
variant on the same base service.

In addition to the properties proved in Theorem 1, the following property can
also be defined.

Property C4 : The variation function from Definition 4 that produces a variant
S′ from S is an isomorphism, since it is reversible, i.e. the reverse variation
function that brings back S from S′ is also possible. This is crucial for reversing
any variation decisions during solution development. It is also easy to show that
any composition of two such isomorphisms is also an isomorphism, thus ensuring
that any sequence of variation functions can also be reversed.

Of course, Property C4 holds under the assumption that the variation model
of the service remains unchanged during variant generation. For example, if the
generation of S′ from S were to involve the deletion of an internal operation
in S, the reverse variant generation from S′ to S would be to bring back the
operation. In the meantime, if the operation in question itself would be removed
from the variation model (i.e., no longer regarded as a variation point), then the
reverse variant generation from S′ to S would not be possible.

However, despite Property C3, it is to be noted that variation functions need
not commute. Indeed, Fa ◦ Fb would require S0 as its domain and S2 would be
its range. Whereas, Fb would require S1 as its domain and S2 as its range, and
Fa would require S0 as its domain and S2 as its range. Therefore, Fb ◦Fa would
not be possible, since variant derivation implicitly implies a direction, from a
base service to its variant.

Theorem 1 also raises the question of how to determine the correct variation
function in order to derive a required variant S′ from its base service S. Alter-
nately, given a variation function represented as a set of variation actions on S,
we need to formally verify whether it produces the variant S′ that we need.
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We now extend the above category-theoretic ideas to consider the composition
of services in a business process as part of an SOA-based solution. But first we
note that, since, as per Definition 4, a base service is always included in its
variant, this inclusion relationship can be used to prove the following result.

Theorem 2. The base service and its variants form a poset [9].
Proof : Let the base service and its variants form a set P under the variant
relationship as defined in Definition 4, and which we denote by �. That is, S0�S1

if S1 is a variant of S0. Then the following properties of a poset can be proved
directly from Definition 4:
Reflexivity: S0 � S0

Antisymmetry: If S0 � S1 and S1 � S0, then S0 = S1

Transitivity: If S0 � S1 and S1 � S2, then S0 � S2

From Theorem 2 the following theorem can be derived.

Theorem 3. The set P of base service and its variants form a lattice [9].
Proof: A lattice is a poset with the following additional properties:

– For any two elements Si and Sj in the poset, we can always establish that
there exists a join (least upper bound). If Sj is a variant of Si, then the join
is the variant itself. If Si and Sj are variants of other base services, then the
join is either a variant derived from Si or Sj or the universal set containing
all the services in P .

– For Si and Sj , we can always establish that there exists a meet (greatest
lower bound). If Sj is a variant of Si, then the meet is Si itself. If Si and
Sj are variants of other base services, then the meet is either a service from
which Si and Sj are derived, or the base service of P itself.

From Theorem 3, we are able to develop useful results regarding the mappings
between service variant lattices. But first we provide some definitions.

Definition 7 Sj has a dataflow dependency on Si if OSi ∩ ISj is non-empty.
That is, some outputs from Si would be needed in order for Si to execute. We

formally represent this as Si
d→ Sj .

Definition 8 We define service lattices L and K as composable if the following

holds for the base services A0 and B0 of L and K, respectively: A0
d→ B0.

Definition 9 Given two composable service lattices L and K, let us assume
the existence of the following dataflow dependency between any two variants Ai

and Bj of L and K, respectively: Ai
d→ Bj . Then this dependency is a maximal

dependency if for any variant Ap of Ai, the following dependency does not hold:

Ap
d→ Bj .

Hence Definition 9 provides a means to select the so-called “best fit” variant Ai

needed to compose with Bj in the solution. This leads us to the following result.
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Theorem 4. Let a maximal dependency relation Ai
d→ Bj exist between vari-

ants Ai and Bj in lattices L and K. Let Bm be a variant of Bj . If a maximal

dependency relation Aj
d→ Bm exists between Bm and a service Aj belonging to

lattice L, then Aj is either Ai itself, or a variant of Ai.

Proof: There are three sub-cases:

– Bm does not contain any extra input data. Then the maximal dependency

relation Ai
d→ Bm holds.

– Bm contains extra input data, but which cannot be provided by any service

in the lattice L. Here also, the maximal dependency relation Ai
d→ Bm holds.

– Bm contains extra input data, which can be provided by one or more services
in the lattice L. Then from Definitions 4 and 9, it follows that the only service

Aj for which Aj
d→ Bm holds, is a variant of Ai.

A brief illustration of Theorem 4 is depicted in Fig. 4, which shows two service
variant lattices of the services DetermineLiability and PotentialFraudCheck

from our running example. For the original process Pr1, we know that DL0
is composable with PF0. For the variant process Pr2, we replace DL0 with
its variant DL′1 to support sequential composition. As per Theorem 4 the
only possible variants of PotentialFraudCheck lattice that are candidates for
composition with DL′1 are PF ′1 and PF ′5. Furthermore, for Pr2, since we
also require the extent of liability to determine fraud, the selected variant of
PotentialFraudCheck is PF ′5. In other words, Theorem 4 shows that the
maximal dependency relation is an order-preserving morphism between the two

Fig. 4. Illustration of Theorem 4
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service lattices. That is, assuming a maximal dataflow dependency among the
services in an SOA-based solution, let us assume that an existing service Sj is
replaced by its variant. Then for another service Si on which Sj is dependent, we
need only search among the variants of Si to determine the appropriate variant
of Si to compose with that of Sj . This greatly eases the task of selecting the
appropriate service variants to generate a required variant for an SOA-based
solution.

From an evaluation perspective, we can use category-theoretic ideas (Theo-
rem 1) to help us define and generate variants and maintain the variation model
of a service. Once this is done, we can use lattice-theoretic ideas (Theorems 2, 3
and 4) to optimize the integration of generated variants into a business process
as part of an SOA-based solution. This is achieved with establishing the minimal
dependency relations between the variants of a service lattice with the variants
of the other service lattices required in the business process. This would therefore
help automate variation-oriented design to a large extent, thereby rendering it
potentially scalable on large real-life systems.

3.3 Operators of our Variability Algebra

One of the primary requirements of any algebra is a set of operators that be
applied on the constructs belonging to the algebra. From the viewpoint of SOA-
based reuse, the operators that we define need to help in automating the key
steps of a variation-oriented design approach, viz., creating variation model,
generating a service variant, and validating the generated variant. To that end,
we now define and discuss a core set of variability operators. The operators can
be implemented independently and integrated in a service Modeling tool such
as [3].As these operators are modular in nature, they can be independently used
during the design of a SOA-based application by the architects and designers.

– CreateVariationModel(S): This operator creates (and updates) the vari-
ation model of the service S. This operator is used when variation points,
variation actions are added or deleted, and when new variants are generated.
In our running example, for the service PF, its variation model would consist
of the following:
• variation points: the service PF itself and its operation fraudCheckAlgo-
rithm();

• variation actions: fraudCheckAlgorithm() modification that considers li-
abilityInfo as additional input and fraudCheckAlgorithm() modification
that enables the operation to be invoked sequentially; and

• variants: PF’1, PF’2, PF’3, PF’4, PF’5.
– CreateVariantLattice(S): This operator creates (and updates) the variant

lattice of the service S as defined by leveraging the inclusion relationships
established between the service and its variants and is illustrated in Fig. 3 for
the VC sub-process. This operator depends on the existence of the variation
model for a given service.
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– GenerateVariant(S, {V F i}): This operator generates a variant S′ of S by
applying the variationsV F i as per Definition 5 andPropertyC0 inTheorem1.
Examples are the generation of the variants ofDetermineLiability and Poten-
tialFraudCheck in our running example. First the service designer selects the
list of available variations from the variationmodel and then invokes this opera-
tor to generate the resulting variants.These are checked for uniqueness against
already generated variants via Propery C3 from Theorem 1.

– ValidateVariant(S, S′): This operator validates the correctness of a variant
S′ of S in terms of the current variation model of the service S. This is needed
for continuous evaluation of an existing variant against changing variation
model of the corresponding base service. A variation model can be subjected
to changes such as removal or addition of variation points or variations due
to domain related constraints. From Definition 5, we can express S′ as
S′ = V Fn(. . . V F 2(V F 1(S, V P 1

S), V P 2
S) . . . V Pn

S ). Hence S
′ is a valid variant

of S, only if the following holds true: {V F 1, V F 2, . . . V Fn} ⊂ SV F . This
subsequently mandates that {V P 1, V P 2, . . . V Pn} ⊂ SV P . This means that
there exists no variation action that has been used in the construction of S′,
but not defined as part of the set of variations defined for the service S. Now,
if we assume V P 1 ⊂ SV P as not true. Then S′ becomes invalid as a variant
of S, as V F 1 can not be a supported variation in SV F . From Theorem 3, we
can now establish that S′ is the join and S is the meet in {S, S′}.

– PlaceVariant(S′
x, E): This operator is useful in placing the service variant

S′
x in the lattice of a service S. This operator can be invoked post validating

the variant using the previously discussed operator. The objective is to ensure
that only unique and valid variants can be accepted into the variation model.
The uniqueness is ensured from Definition 5 and Property C2.

– IntegrateVariant(S′, P ): This operator integrates the selected variant S′

belonging to the variant lattice whose base service is S, into the business pro-
cess P in conformance with Theorem 4. This is illustrated in Fig. 4. This helps
in assessing whether a newly derived variant S′ of S helps in realizing one of
the desired variants of process P listed in its lattice. The operator starts with
the basic comparison of the variations S′

V F used to derive S′ from S, with the
defined variations PV F of the process P . If S′

V F 	⊆ PV F , then the variant S′ is
rejected as there is a re-usability conflict with S′. Otherwise, for each variant
P ′ of the process P , where S′

V F ⊆ P ′
V F is true, S′ is integrated into P ′.

4 Related Work
Most existing works in the area of software variability management have
concerned themselves with variability management in product line architec-
tures [31,30] and feature engineering [7,13,6,18]. On leveraging feature modeling
for service variability [32,16,2], the underlying basic assumption is that the
software developer is aware of the minimum set of features required in a service
to fulfill a given functionality and that the service variant should possess the
same set of minimum required inputs and outputs as the original service. In
COVAMOF [10], variations are modeled from a product configuration and
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composition perspective. While such a constructive approach is very efficient, it
deals with variations mainly in terms of adding new components or removing
existing components and (re)setting parameters purely from a product line ar-
chitecture perspective. Our work can complement such an approach for better
organization and consistent repeatable derivation of variants of existing com-
ponents. In related work on process flexibility and process variants [26,27], the
authors discuss both process schema related and instance related changes from
a change management perspective for processes at run time.In an earlier pa-
per [23], we also investigated in greater depth the issue of maintaining semantic
consistency among the design artifacts of a constantly evolving SOA-based solu-
tion via impact analysis. Our proposed variability algebra can therefore help in
enforcing change related constraints formally during process design, as we define
a boundary in terms of variation points and corresponding variation actions.

Fiammante et al. [11] discussed the categorization of SOA variability in terms
of information variability, service variability and process variability and also the
mechanisms involved in achieving these independently. Using our proposed vari-
ability algebra, we believe that such independently developed variations belong-
ing to different types such as options, variants and boolean guards (as described
in [31]) can be validated, integrated and represented in a single variation model
to generate solution level variations. In our work, we also treat all variations
as optional that can only be applied on the base elements such as services if
needed. This is consistent with the notion of SOA unlike variability manage-
ment in product line architectures, where unwarranted variations need to be
explicitly declared optional to avoid any conflicts. Thus in contrast to [31], our
work can enable different development teams to develop or reuse the required
variations that are valid in terms of the solution’s integrated variability model.

Puhlmann et al. [29] primarily concentrate on detailing variations expressed via
the object-oriented concept of inheritance (i.e., interfaces are considered to be in-
variant). In contrast, our approach follows an explicit notion of variability mod-
eling for interconnected models. While [6] provides a taxonomy of specific vari-
ability types (workflow, composition, interface and logic), our work considers and
implements the actual semantics of variations. The variation relations between the
generated variants discussed in [10] can easily be represented and cross validated
through the lattice based formalization we defined as part of our variability alge-
bra. As service substitutability in [8], the authors discuss how a service can be re-
placed with another service through domain ontological matching. This basically
assumes the services to have the same functionality, but with different syntactic or
semantic definitions. Our work complements [8] in deriving such functional vari-
ants. Ralyte et al. [24] propose operators on integrating scenarios based on process
or product level contexts.We see our work extending this notion of integration fur-
ther in terms of deriving variants that can actually help realize these scenarios.

5 Conclusions

In this paper, we have addressed the issue of turning variation oriented design of
SOA-based solutions into a formalized, repeatable and verifiable exercise. To that
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end, we identified the key challenges that are still unresolved despite extensive
work so far in variability management, In order to address these challenges, we
presented our variability algebra, which aims to formalize variant generation and
ensure its correctness in order to facilitate automation. We have also illustrated
our algebra on a running example. For future work, we will be investigating
implementation of our algebra via automated business process composition us-
ing lattice homomorphisms between service variant lattices. In particular, our
investigations will focus on automated cross-verification techniques [12] for ver-
ifying the correctness of generated variants that can be selected for integrating
into SOA-based solutions as per Theorem 4. For this, we will be enhancing our
earlier service variant derivation algorithm from [21] using the properties of our
variability algebra. We will also be investigating the approach presented in [1]
for automated variability artifact composition to automatically compose service
variants to develop business process variants. We also plan to leverage [22] for
comparing and drawing conceptual similarity between independently developed
variants. This would help in representing and reusing variations (which may not
be structurally same but semantically equivalent), thereby further enhancing
reuse. We will also be investigating the inclusion of contextual parameters such
as standards compliance during variant derivation and selection for composition.
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