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Abstract: Application service platforms, also called application Platform-as a Service (aPaaS), comprise a set
of software and hardware components (databases, servers, network resources, integrated development

environment) that provide mechamsms for the development, deployment and management of end-user

application services in multiple business domains. The aim of this study is to propose a design of a

configurable aPaaS in a manner that 15 interactive and cost-effective, while optimal configurations can be
obtained from the aPaaS based on the complex multi-dimensional variability techniques used in software
product-line engineering. Our proposed approach integrates interactive preference articulation method for multi

objective optimization during platform configuration of a product-line-as-a-service platform. The proposed
PLaaSP 1s a viable framework that enables software product-line engineering techmque to be consumed on-
demand while providing micro e-services providers to adopt software product-line competencies, thereby
reducing the cost and steep learning curve of adopting software product-line practice.

Key words: PaaS, application platform as a service, software product line, cloud computing, adopt software,

frame work and technique

INTRODUCTION

Application service platforms, also called application
Platform-as-a-Service (aPaaS) is a Platform as a service
offering, comprise a set of software and hardware
components (databases, servers, network resources,
integrated development environment) that provide
mechanisms for the development, deployment and
management of end-user application services in multiple
business domains (e.g., business, health, education)
(Anonymous, 2017). The aPaaS serves multiple users with
different functional and non-functional requirements via.
a multi-tenancy arrangement. Tt can also, integrate many
services from diverse third party and external collaborators
to actualize the platform’s business objective. Some

advantages of adopting aPaaS offerings over the
traditional — approach of the application service
development include rapid speed in  application

development and deployment by overcoming the time
delay in coding applications. Examples of existing aPaaS
include mendix.com, salesforce.com and xait.com.

The users of the aPaaS, for example, e-Services
providers have different views of the platform based on
each their requirements and business objectives while the
functionalities of the platform, like database, storages, etc.
can be described as a product-line of enabling services.
Therefore, the aPaaS could be described m terms of

features, expressed using feature models. Feature models
(Kang, 1990) are the most widely used representations for
variabilities and commonalities in Software Product-Lines
(SPL) (Benavides et al., 2010). The products of a product-
line vary in terms of features, therefore an important
characteristic of SPL is its support for variability
(Filho et al., 2012; Svahnberg et al., 2005). Variability
refers to the ability of an artefact to be configured,
customized, extended or changed for use m a specific
context. In the aPaaS, users configure the features of the
platform, to derive an instance to perform user-specific
usiness tasks. Furthermore, these features (and their
attributes) of the aPaaS could be very large and an
attempt to manually derive meaningful compositions from
these models is time-consuming and error-prone (Deelstra
et al., 2005; Rabiser et al., 2009, White et al., 2008).
This challenge can be overcome by employing the
automated approaches to extract useful information from
feature models, dwing product configuration
(Benavides et al., 2010, Elfaki et al., 2012; Karatas et o,
2013). Several studies on automated analysis on feature
models have been conducted and reported in the literature
(Benavides et al, 2010). The search for walid
configurations from the feature models ranges from just
any configuration with no particular preference to one or
more optimal configurations that satisfy specific objective
functions based on specific criteria (Trinidad et al.,
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2008). Searching for an optimal feature set involves
the use of some preference constramts to optimize
search results. The main problem addressed m this
study optinize the m the
configuration of the aPaaS in the face of multiple
constraints.

Existing optimal configuration selutions i the
literature have used either a priori or a posteriori
approaches which do not allow iterative refinement of
users preferences in a flexible way that engenders the
generation of optimal configurations. Hence, an efficient
approach that will facilitate engender the derivation of the
optimal feature set that accurately approximates each users

meclusion of features

requirements and preferences at minimal operational cost
and in a flexible way 1s required. The aim of this study is to
propose a design of a configurable aPaaS m a manner that
while optimal
configurations can be obtained from the aPaaS based on
the complex multi-dimensional varability techmques used
in software product-line engineering. Our proposed
approach integrates interactive preference articulation
method for multi-objective optimization during platform
configuration.

1s interactive and cost-effective

Background

Variability management techniques: As with aPaaS,
software product-line engineering practice leads to
significant reduction in development efforts, costs and
time-to-market compared to single developed systems.
Modeling variability 1s an important aspect of a software
product-line engineering endeavor because it 1s used to
understand, define and manage the commonalities and the
variabilities (Czamecki et al,, 2012). Variability modelling
research has received a lot of attention in the research
community as there are several approaches for modelling
and managing variability reported in the literature
(Czarnecki et al, 2012). These approaches can be
categorized mto Feature-based and Decision-based
Modeling, (Czarneck:i et al, 2012). A thud category
consists of other approaches that handle more complex
variability (2011)
mtroduced a multi-dimensional modelling approach to
represent with separate variability models the different
variability dimensions of the product line. Hartmann and
Trew (2008) proposed the concept of context variability
model as a key determinant for variation. The context
variability model, together with feature model enables
multiple product-lines modelling that supports multiple
dimensions in the design space. Extending this concept by

information. Rosenmuller et al

adding a branch that captures hardware requirements
makes 1t suitable m for this study. However, a feature-

based modelling approach was adopted in this study
because of the capability to perform automated
reasoning.

Variability modeling languages: Variability Modelling
Languages (VML) are either graphical or textual. Textual
VMLs are preferred in modelling realistic product families,
to graphical notations due to lack of concision,
naturalness and expressiveness (Classen et al., 2011).
Classen et al. 1dentified popular examples of graphical
variability notations FODA  (Kang, 1990), FeatuRSEB
(Griss et al., 1998) from (Kang ef al., 1998) and Generative
Programming (Czarnecki et al., 2000). Textual variability
modelling languages include Velvet (Rosenmuller ef af.,
2011; Clafer Bak et al., 2010 and its extension,
ClaferMoo Olaechea ef al., 2012. Velvet 1s a language for
multi-dimensional variability that could be used for both
feature modellmg and configuration, allowing
stakeholders to model different dimensions of the
product-line separately and later combined when required.
Velvet uses part of the syntax from TVL’s and C#. Clafer
(CLass, FEature, Reference) 1s mimimalistic modelling
language that provides a concise notation for feature
models and Meta-Model with formal semantics to specify
constraints. Clafer with Alloy, supports automated
reasoning. CafeMom extends Clafer with facilities to
express multiple optimization objectives.

However, mn the aPaaS contex, it 1s a non-trivial task
to define complex dependencies on all the layers of the
platform, 1e., the tenant-specific mstantiations and
underlying provisioning platform. Motivated by the
concept proposed by Rosemmuller et al. (2011) our
approach will provide an explicit means (language) to
express such complex variability dependencies. The
proposed language would satisfy the criteria defined by
Classen, Boucher and Heymans (Classen et af., 2011) and
at the same time support multiple optimization goals
during configuration.

Automated analysis of feature model: Automated analysis
of feature models uses computer-aided mechanisms to
extract 1mportant nformation from feature models
(Benavides et al., 2010). The automated approach entails
mapping the feature models mto a specific formal
representation as inputs and solvers are used to perform
analysis  operations to obtain results. Formal
configuration techniques used to provide automated
support for analysis operations have been classified into
four categories: Propositional Logic (PL), Description
Logic (DL), Constraint Programming (CP) and Ad-hoc
algorithms (Benavides et al., 2007). The PL approaches
translate feature models mto a propositional formula and
satisfiability solvers are used analyze the formula. ITn DL
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approaches, feature models are mapped into description
logic and logic-based reasoners are used for the
analysis. The CP approach represents feature models
as a Constraint Satisfaction Problem (CSP) and CSP
solvers use constraint programming to find the
solution to the problem.

Multi-objective optimization: Extended feature models are
desirable variability representations of aPaaS features
because it captures features their attributes and nter-
feature cross-tree relationships and the effect of these on
product configuration. Even though automated analysis
on of basic and cardinality-based feature models have
been thoroughly researched and reported, extended
have not been widely
(Benavides et al., 2010). Consequently, existing languages
and tool support for modelling extended feature models are
limited (Classen et al., 2011; Olaechea et al., 2012). A
suitable variability modelling language that can capture the
variability complexity automated  optimal
configuration of products to achieve the architectural
vision of the aPaaS must be integrated into the platform
design from the begmmning. The formal semantics of such
language must be expressive enough to capture the
mteractions among the various models and support
automated optimized configuration of products.
However, many existing languages and tools do not totally
support multi-objective optimization (Olaechea et al.,
2012). Some works attempted to optimize multiple non-
functional or quality attributes in deriving best solutions,
(Olaechea et al., 2012; Siegmund et al, 2012;
Soltani et al., 2012).

feature models covered

towards

Literature review: In extended feature models, variability
models are annotated with quality information (non-
functional requirements, e.g., memory consumption, cost
etc.), the amalysis could use qualiies as a basis in
specifying preferred configuration requirements. Roos-
Frantz et al. (2012) developed an approach for quality-
aware analysis in software product-lines based on the
Orthogonal Variability Model (OVM). Quality-centric
variability information was translated into a CSP and a
prototype tool (FaMa-OVM) was used to perform
verification task that meets certamn quality conditions.
Karatas et al. (2013) mtroduced a way to map extended
feature models to constraint logic programming over finite
domains. This approach enabled the use of CLP (FD)
solvers (a class of CSP solvers) to analysis the models
with complex cross-tree inter-attribute relationships. By
Soltani et al. (2012) used Hierarchical Task Network (HTN),
a preference-based artificial intelligence planning
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technique called to represent feature model’s functional
and non-functional requirements. In the approach, feature
models and stakeholder’s preferences (based on non-
functional qualities) are mapped mto HTN plaming
problem and SHOP2 i1s used to derive an optimal
plan.

Stakeholders mput are vital during the configuration
process not just before the configuration process, in order
to obtain the most optimal result that satisfies the
stakeholder’s  requirements. and batch
configuration was mentioned by Mendonca et af. (2009).
However, none of these approaches considers iterative
nputs during configuration m order to generate the
most optimal results. By Olaechea et al. (2012) Siegmund
et al. (2012) and Soltam ef al. (2012) attempts to optimize
multiple non-functional or quality attributes in deriving
optimal solutions were presented, however, none of these
proposals, except Soltani et al. (2012) considered
integrating  users preference information in the
configuration process. Yet, the research presented in
captured user’s preference a prior, i.e., before the search
for optimal configuration.

The approach presented m tlus study proposes a
preference-based multi-objective optimization algorithm
that allows for several intermediate inputs by the user,
during the runs of the algorithm, to obtain the most
preferred optimal configuration i a computationally
efficient mamner. The three ways to specify preference
information in interactive methods are trade-off
information, reference points and classification of
objective functions (Miettinen, 2008). We hypothesize
that an interactive approach 1s most suitable for achieving
the goals of multi-objective optimization configuration of
the aPaasS.

Interactive

MATERIALS AND METHODS

Configurable product-line as a service platform: In this
study the envisioned multi-dimension application service
platform 15 a Product-line as a Service Platform (PLaaSP)
(Fig. 1). Based on the underlying principles of PaaS and
aPaaS, PLaaSP is conceptualized as a web-based on-
demand mtegrated development environment for the
design, development, deployment and management of a
product-line of service-based applications. A PLaaSP
offering would comprise of databases, middleware,
product-line development tools, run-time and execution
environments and would host and serve multiple tenants
per time with each tenant having a private view of the
platform.

The motivation for the pursuit of a PLaaSP imtiative
1s to create a viable platform for micro e-Services firms,
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Fig. 1: A view of PLaaSP platform and stakeholders

with fewer than 10 1T employees to readily access on-
demand core software product-lme services such as
variability modelling and custom web application
configuration  without incurring the huge cost
assoclated with adopting an independent SPL initiative.
The use of an interactive preference-based optimization
approach for configuration of the PLaaSP will facilitate the
generation high-quality PLaaSP configurations that best
meet each firm’s requirements and preferences m an

effective manner.

Plaasp design considerations

Multi-dimensional variability of PLaaSP environment:
PLaaSP 1s conceived as a multi-tenancy arrangement
(Krebs et al, 2012) that enables the provision of
dynamically customizable development environments to
satisfy multiple and diverse tenant’s requirements in a
cost-effective manner. In the literature, the use of
variability management techmques from the software
product-line domain has been proposed for the realization
of multi-tenancy (Mietzner et al, 2009; Ruehl and
Andelfinger 2011) and hence, software product-line
engineering as an engineering approach is suitable to
engineer a multi-tenant PLaaSP platform. In a PLaaSP
platform, variability could be expressed in various
dimensions (Rosenmuller ef al., 2011, Schroeter ef al.,
2012) by separating the feature set such as the hardware
features, external software features, mternal (Rosermmuller
et al, 2011) and software context (Hartmann and Trew,
2008).

Automated analysis of feature models: The multiple
variability dimensions of a PL.aaSP separated into several
feature models, enables on-demand composition and
analysis (Rosenmuller et al., 2011; Schroeter et al., 2012).
The language used to model such multi-dimensions must
have robust formal semantics that facilitates automated
analysis and configuration (Classen ef al., 2011). Several
tools and solvers for automating the analysis of feature
models have bheen proposed in the literature
(Benavides et al., 2010). Some of these tools use specific
solvers based on anyone of CSP-based, propositional
logic-based (BDD and SAT) or ad hoc algorithms-based
logic representations to automated reasoning on feature
models. Benavides et al. (2007) believes that performance
could be enhanced if multiple solvers are used by
integrating them into one tool and hence proposed
FAMA (Feature Model Analyser), a framework that
integrates CSP, BDD and SAT logic representation to
optimize the analysis process. Also Mendonca et al.
(2009) proposed SPLOT (Rabiser et al., 2009) as a web-
based system and configuration system that uses an
HTML.-based template engine to create interactive Ajax-
based reasoning based on BDD and SAT solvers. The
online usage context and support for interactive
configuration of our solution is similar to SPLLOT. Even
though SPLOT is not used within a service delivery
context like the MASP, our approach would be a web-
based tool that can be integrated to the PLaaSP platform
where prospective IT firm could ‘shop’ for preferred
‘slice” of the platform in an interactive manner.

Multi-objective optimization in PLaaSP environment:

Multi-tenant  cloud-based enviromment such as the
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Fig. 2: A view of the database feature from the feature model for an e-Shop product-line (the dotted box denotes the

attribute of each of the sub-features)

PLaaSP, requires computationally efficient product
configurator (in terms of CPU and memory consumption)
for automated configuration of multi-dimensional feature
models. Importantly, the platform should comprise a self-
optimizing maximizing the business value derived from
consuming PLaaSP and the optimal utilization of cloud
mnfrastructure and resources. From the PLaaSP provider’s
viewpoint an efficient way to multiplex tenants activities
and demands to reduce operational cost are desirable
(Schroeter et al., 2012). The process of selecting the most
optimal set of features that satisfy multiple optimization
goals during PLaaSP configuration in order to consume
PLaaSP is an important design consideration.

The PLaaSP user provides preference information to
determine the best available combination of features that
approximate the tenant’s requirements (functional and
non-functional). The PLaaSP platform configurator should
comprise multi-objective optimization mechamsms that
incorporate the user’s preference information in the
decision making process. This would be done m such a
manner that optimizes the utilization of the cloud
infrastructure  and resources in satisfying the user
requirements and preferences. This means that techniques
for configuring the PLaaSP variability should support
preference-based multi-objective optimization and should
derive optimal (valid and satisfactory) configurations in
reasonable time; A valid and satisfactory configuration n
the sense that the configuration is correct complete and
approximates the tenant’s requirements and preferences.

The inputs to such optimization operation are the feature
models and the objective function while the output is a
product configuration that satisfies the criteria defined by
the function (Benavides et al, 2010). The optimization
operation, most suitable on extended feature models is
such that a set of features can be selected by maximizing
or minimizing the wvalues of given feature attributes
(Karatas et al., 2013). For example, consider a database
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feature from the feature model of an eShop product-line
(Fig. 2). The decision to select a database facility could be
evaluated in terms of its cost, performance, security and
memory and the cost is implicitly a function of
performance, security and memory. The cheapest
database facility to manage the data of an e-Shop instance
is shared-tables which costs 20 compared to shared-
database  or isolated database. A Multi-Objective
Optimization Problem (MOP) scenario is described when
a user in selecting a database facility for its e-Shop
services, desires to maximize performance, security and
memory while at the same time minimize cost. Multi-
objective optimization is an optimization that involves two
or more conflicting objective functions that must be
simultanecusly optimized in the face of a given set of
constraints.

Incorporating user’s preference information: The three
main methods of incorporating preference nformation
for solving multi-objective optimization problem are
a priorl, methods (Miettinen, 2008). In a priori methods,
the multiple objectives are combined inte a single
objective through a process called
scalarization requirements and preference mformation and
the platform’s configurator in a search process, attempts
to find a combination of feature that approximates as
much as possible, the requirements and preference
information. The drawback of tlus approach 1s that the
user may cut off the possibilities of arriving at “better”
feature combinations, due to the constraints imposed by
the user’s preference, defined a priori. Therefore, the
opportunity cost of missing out on a moere approximate

function

feature configuration that satisfies user’s requirements
and preference is very high. In a posteriori methods, a set
of Pareto optimal configurations is first generated and the
user 1s expected to select the most preferred. In spite of
the user being exposed to an overview of available Pareto
optimal feature combinations, the search process of a
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posteriori methods could be increasingly complex and
computationally expensive. Furthermore, if the search
process 1s terminated too early the feature combinations
presented may not be the most optimal.

With interactive methods, the interaction between the
user and the platform’s configurator increases the
possibilities of amriving at more desirable feature
configurations and generates better search results. The
decision-making process of the user, as well as the
optimization activities of the platform’s configurator are
mterlaced together such that the preferences specified by
the user at a given instance are what determines the
optimal configuration generated by the platform. The
partial results of the search are revised again by the users,
and the search process progresses. This process continues
until the final sclution 1s reached. Furthermore, it 1s
possible that the results of a multi-objective optimization
operation may not be desirable at the first iteration. For
example, a user of the database service (Fig. 2) as part
of a larger composite e-Shop service, may desire to
increase his budget by a certain amount in other to get
additional value for database performance and security.

Therefore, the iterative refinement of critenia by re-
specifying preference information should be allowed until
desired feature combinations are obtained. Similarly, a user
may desire to relax or tighten its preferences during the
configuration search process based on current partial
search results. In making such decisions during
configuration, the configurator should automatically
propagate the effect of such decisions to ensure their
comsistency with previously made features selections. So
far, configuration selutions proposed in the hiterature, to
derive optimal configurations, have mainly used either a
priorn or a posteriori methods, which lack the kind of
flexibility afforded by interactive methods. Hence, the
proposed platform supports the derivation of optimal
configurations by allowing iterative refinement of
preference information during the platform configuration
process in a manner that accurately approximate user
satisfaction at mimimal computational cost.

RESULTS AND DISCUSSION

This study 18 carried out i the context of the GUISET
project (Ezenwoke et al., 2013). GUISET is envisioned as
both an enabling infrastructure and a suite of on-demand
service-based application. As a cloud-computing model,
GUISET 1s ammed at offering affordable e-Enabling and
“appliance-like” technology services (e.g., PLaaSP)
through the internet to lower the total cost of ownership.
The GUISET mnfrastructure would provide developers with
the required tools and environments for consuming

PLaaSP on a pay-as-you-go basis. These services are
aimed at e-Enabling the activities of under-resourced IT
firms. The proposed PLaaSP embodies the followmng a
viable framework that enables software product-line
reducing the cost and steep learmung curve of adopting
software product-line practice, reduces the development
efforts and cost of quality software projects and
consequently application services by enabling micro
e-Services firms to concentrate on their core competence
and th engineering technique to be consumed as a service
over the internet on a pay-as-you-go payment basis,
thereby enabling the development of quality software
products, a means to for micro e-Services providers to
adopt software product-line competencies
inexpensive manner, thereby e-Business side of their

n  an
operations.

CONCLUSION

In this study, we provide an architectural vision of a
configurable application platform as a service called the
product-line as a service platform. The goal of the
platform is to e-Enable micro e-Services firms to adopt
software product-line services in a manner that is
inexpensive and ability to configure the platform to suit
their business objectives. We proposed the use of an
automated configuration approach that mcorporates
interactive preference articulation methods for optimizing
multiple and conflicting user’s objectives towards the
derivation of optimal configurations from the PLaaSP. The
derivation of optimal configurations m a time efficient
manner optimizes consumption of computational
resources (and mimmize operational cost) while satisfying
the user’s requirements in an interactive manner. The
providers of the PLaaSP benefits from such technicues to
minimize the operational cost for CPU, Memory and
bandwidth required to attract and retain potential tenants.

SUGGESTIONS

As a future research, full implementation of the
platform would be achieved and experiments would be
performed to ascertain the performance of approach
proposed the in the same environment.
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