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ABSTRACT

Service-Oriented Architecture (SOA) design patterns
are known solutions to common issues that arise in the
implementation of architectures that seek to comply
with service-oriented design principles and effectively
accomplish its goals and benefits. The implementation
of SOA has enabled organizations to move from an
application centered development to a process centered
development, commonly understood as services. The
benefits and strategic goals derived from this paradigm,
sometimes used indiscriminately in technological
products and services, are well known in the industry.
This article presents an analysis of the current relations
among patterns (87), principles (8) and goals-benefits
(7) of service oriented computing, although widely
used patterns which do not correspond to recognized
principles were also found.
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RESUMEN

Los patrones de disefio de la arquitectura orientada a
servicios (SOA) son soluciones aplicadas a los problemas
comunes que se presentan en la implementacion de
arquitecturas que buscan cumplir con los principios
de disefio orientados a servicios y alcanzar de manera
efectiva sus objetivos y beneficios. La implementacion
de SOA ha permitido que las organizaciones pasen del
desarrollo centrado en las aplicaciones al desarrollo
centrado en procesos vistos como servicios. Son
reconocidos en la industria los beneficios y metas
estratégicas obtenidos de este paradigma que a veces
es usado indiscriminadamente en productos y servicios
tecnoldgicos. El articulo presenta un andlisis de las
relaciones existentes segiin la literatura entre patrones
(87), principios (8) y objetivos-beneficios (7) de la
computaciéon orientada a servicios, encontrandose
patrones ampliamente utilizados y que no responden a
principios reconocidos.
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REsuMoO

Os padrées de design da arquitetura orientada a servigos
(SOA) sao solucées aplicadas aos problemas comuns que se
apresentam na implementacao de arquiteturas que procuram
respeitar os principios do design orientado a servicos e atingir de
maneira eficaz seus objetivos e beneficios. A implementacdo de
SOA permitiu que as organizacées passem do desenvolvimento
centrado nos aplicativos para o desenvolvimento centrado
em processos vistos como servicos. Sdo reconhecidos na
inddstria os beneficios e metas estratégicas obtidos a partir

Introduction

The service oriented architecture (SOA) represents
a very attractive mechanism for the development of
software distributed to enterprise-wide software based
on the principle of viewing the “software as a service”
for data exchange between applications (Mugsith, 2010;
Ghalsasi, 2009; Torry Harris Business Solutions [THBS],
2007).

The most used definition for a pattern is the mechanism
that provides a tested solution to a known problem
(Verginadis, Papageorgiou, Apostolou and Mentzas,
2010). In information technologies the term design
patterns is used to frame a tested solution to a known
recurrent problem to obtain benefits in reuse, quality,
maintainability and resistance in application design
(Aversano, Canfora, Cerulo, Del Grosso and Di Penta,
2007; Mani, Petriu and Woodside, 2011) with the
promise of efficiency, agility, adaptability and integration
with legacy systems. Specifically, seeking systems that
are independent of hardware and software platforms
(Aversano et al., 2007; Papazoglou and Heuvel, 2007).

However, the use of a design pattern does not guarantee
the solution of the associated problem as there are
other factors that influence the solution of the problem
among which one can mention: the characteristics of
the environment, the skills of the professionals involved,
the characteristics of the organization’s requirements,
non-functional properties and normal and constant
evolution of software (Stépan, 2011). Design patterns
serve as a general guide from which ideas can be
extracted to develop unique techniques, which can then
be applied in a particular context (Erl, 2008).
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desse paradigma que por vezes é usado indiscriminadamente
em produtos e servigos tecnoldgicos. O artigo apresenta uma
andlise das relagoes existentes de acordo com a literatura
entre os padrées (87), principios (8) e objetivos-beneficios
(7) da computacao orientada a servicos, encontrando-se
padrées amplamente usados e que nao respondem a principios
reconhecidos.

PALAVRAS-CHAVE

SOA, principios do design, padrées de design.

SOA design patterns are design techniques to help
overcome common obstacles that arise in the
achievement of a quality Service-Oriented Architecture
and are represented by three (3) components (Stépan,
2011): A problem that determines the environment
of pattern, a solution to the problem response and
instructions that guide their application. Thus each
SOA design pattern provides a solution that supports
the compliance of SOA design principles (Erl, 2008a)
and at the same time each design principle supports
the achievement of strategic objectives and benefits
associated with SOA and oriented computing services
(SOA principles, 2011) is define a hierarchy such as
shown in Figure 1.

There is a clear relationship between the application of
SOA design principles and the achievement of the goals
and benefits of the paradigm service orientation (Erl,
2008a). Thus, the present research seeks to validate the
completeness of these relations.

GOAL/PROFIT
2 =
DESIGN PRINCIPLES

: 5
PATTERN DESIGN

Figure 1. Hierarchical relation

Analysis of the associations between design patterns, design principles and objective-benefits of service-oriented computing
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The article begins with an analysis of the quantitative
relationship between the elements: SOA design pattern
vs. SOA design principles and SOA design principles vs.
the goals and benefits of the service-oriented computing.
The article continues with a qualitative analysis of the
relationship and ends with the analysis of ten (10) design
patterns, among which are some widely known and
implemented, for which an association between the SOA
design patterns relationship vs. SOA design principles was
not identified and are mainly categorized as compounds
design patterns.

1. Factors of hierarchy elements

Starting from the hierarchical relationship shown in
Figure 1, an analysis was performed of the different
factors that make up each of the three (3) elements of
the hierarchy.

To analyze the relationship between goals /benefits and
principles the following seven (7) factors (THBS, 2007;
SOA principles, 2011) were considered:

¢ The following four (4) (strategic) goals:

¢ Increased intrinsic interoperability

¢ Increased federation

* Increased vendor diversification options

¢ Increased business and technology alignment

¢ Achieving these goals we can obtain the following
three (3) (strategic) benefits:

¢ Increased ROI
¢ Increased organizational agility
¢ Reduced IT Burden

As to the second element of the hierarchy (principles)
eight (8) principles governing the design of service-
oriented architectures (THBS, 2007; SOA principles,
2011) were found:

¢ Standardized service contracts
e Service loose coupling

e Service abstraction

e Service reusability

* Service autonomy

¢ Service statelessness

e Service discoverability

¢ Service composability
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Figure 2 show the results of the association between
the principles and each of the strategic goals of service-
oriented computing.

1

Figure 2. Number of principles associated with each goal

m Increased Intrinsic
Interoperability

m Increased Federation

W Increased Vendor
Diversification Options

® Increased Business and
Technology Alignment

® Increased ROI

® Increased Organizational
Agility

Figure 2. Number of principles associated with each goal

Similarly, Figure 3 show the results of the number of
goals associated with each principles.

1

Figure 3. Number of goals associated with each principle

m Standardized Service
Contracts
B Service Loose Coupling

® Service Abstraction

B Service Reusability

® Service Autonomy

® Service Statelessness

Figure 3. Number of goals associated with each principle

As for design patterns (third element of the hierarchy),
there were over 86 design patterns SOA recognized (Erl,
2008; SOA principles, 2011; Hohpe and Woolf, 2004).

For the analysis of the relationship between principles
and design patterns, the number of patterns associated
with each design principle was obtained as shown in
Figure 4 as well as the number of principles associated
with each pattern as shown in Figure 5.
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Figure 4. Number of patterns associated with each principle

Figure 4. Number of patterns associated with each principle

Figure 5. Number (minimum and maximum) of principles
associated with each pattern

Figure 5. Number (minimum and maximum) of principles associated with
each pattern

2. Relationship analysis

The hierarchy represented in Figure 1 and the
relationship shown in Figures 2, 3, 4 and 5 allows a
general review the elements involved in each level and
the number of these elements associated with the level
of the immediately higher hierarchy and makes evident
the following aspects:

2.1. BENEFITS/(GOALS VS. DESIGN
PRINCIPLES

e Each of the goals/strategic benefits of service-
oriented computing is associated with all
SOA design principles. As a result, meeting or
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achieving goal/strategic benefits of service-
oriented computing requires strict compliance
to the principles of SOA design.
e The standardized service contracts principle is
related to all goals/benefits of service-oriented
computing. Thus compliance is necessary, it is
not enough to meet / achieve the goals / benefits
of service-oriented computing.
Unlike the other goals/technological benefits,
increased intrinsic interoperability requires
strict compliance of SOA design principles.

2.2. DESIGN PRINCIPLES VS. DESIGN
PATTERNS

e Over 40% of the design patterns are associated
with standardized design principles service
contractsand service loose coupling It establishes
that these two principles and particularly the
first, have worked over the implementation of
service-oriented architectures, as they are the
most tested solutions to common issues that are
shown in this implementation.

e Design patterns capability composition and
capability re-composition are associated with
all design principles, therefore defined by these
tested solutions leveraging directly the strict
compliance to the principles of SOA.

*  More than 11% of the design patterns are not
associated directly with any design principle.
Findings in this group include design patterns
widely recognized and implemented in trade
level and enterprise service bus, service broker
and orchestration. Thus the remainder of this
article will focus on the analysis of this group
composed by ten (10) patterns.

3. Design patterns not associated
to design principles

As result of analysis of associations between SOA design
patterns and SOA design principles, a group composed
by ten (10) design patterns for which the number of
elements in this partnership was zero (see Figure 5)
were identified. When performing the analysis of the
ten (10) patterns, the following classification could be
established:

Analysis of the associations between design patterns, design principles and objective-benefits of service-oriented computing
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3.1. DESIGN PATTERNS VS. GOALS
/ BENEFITS OF SERVICE-ORIENTED
COMPUTING

In this group there are Functional Decomposition
design patterns and Service Encapsulation which in
(SOA principles, 2011) are directly associated with the
goals/benefits of service-oriented computing Increased
Business and Technology Alignment and Reduced IT
Burden without connection to any of the SOA design
principles.

¢ Functional Decomposition. Which is summarized
in the famous “Divide and Conquer”

* Issue: How to avoid building a huge traditional
application to solve a business issue of major
proportions and complexity?

e Solution: Divide the problem into a set of
issues related smaller to build a small set of
related logical drives that solves small issues.

e Service Encapsulation: It is summarized in the
transformation of a logical drive to business
resource Service.

e Issue: How to free a logical solution that
was built for a specific application of the
constraints of interoperability and deployment
with other parts of the company?

e Solution: Encapsulate the logical solution as
a service and position it as an organizational
resource capable of operating beyond the
boundaries of the application for which it was
originally built.

3.2. DESIGN PATTERNS NOT ASSOCIATED
IN THE ANALYSIS ACCOMPLISHED FROM
DESIGN PRINCIPLES

In this category is the reusable design pattern contract
which (SOA principles, 2011) is associated with the design
principles standardized service contract, service loose
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coupling, service abstraction, service reusability, service
discoverability and service composability. Although in a
one to one review of the SOA design principles described
in (Erl, 2008) no relationship was found with this pattern.

¢ Reusable Contract. It is summarized in the
property of reusability in the iterative process of
software development.

e Issue: How to make a multipurpose service
easy to consume and easy to compose
without generating coupling between this
and its contract and at the same time with the
contracts of other services that include?

e Solution: Define a service contract that defines
high level data exchange requirements, so
that the specific requirements are found only
in execution times.

3.3. DESIGN PATTERNS NOT ASSOCIATED
IN THE ANALYSIS FROM DESIGN PRINCIPLES

In this group are the design patterns, which consist of the
implementation of other patterns to solve a known issue.
This group is known as compounds design patterns and is
subdivided, according to how they can be applied, joint
application and coexistence application (Erl, 2008):

e Compounds Design Patterns are applied jointly.
Applies to the design patterns that are applied
together in order to establish a set of specific
design features (Erl, 2008b). This type of
composition is represented as shown in Figure 6.

PATTERN + PATTERN + PATTERN _ MPOUN
1 2 N - PATTERN

Figure 6. Joint application

Patterns compounds belonging to this subgroup are:

e Federated Endpoint Layer (Figure7).
e Three-Layer Inventory (Figure 8).
e Official Endpoint (Figure 9).

© Unilibre Cali
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LOGIC
CENTRALIZATION
+
CONTRACT — OFFICIAL
CENTRALIZATION - ENDPOINT

Figure 7. Official Endpoint (Erl, 2008b) _

OFFICIAL + SERVICE +
ENDPOINT NORMALIZATION
CANONICAL + CANONICAL +
PROTOCOL SCHEMA
CANONICAL —_— EDERATED
EXPRESSION - POINT LAY

Figure 8. Federated endpoint layer (Erl, 2008b) —

UTILITY + ENTITY +
ABSTRACTION ABSTRACTION

PROCESS —_— HREE-LAYER
ABSTRACTION - NVENTORY

Figure 9. Three-layer inventory (Erl, 2008b) —

Compounds Design Patterns applied to coexist.
Upon application of patterns coexisting
establishes a “environment solution” (Erl,
2008b). This type of composition is represented
in a hierarchical form as shown in Figure 10.

OMPOUN
PATTERN
PATTERN PATTERN PATTERN
1 2 N

Figure 10. Coexistent application

Vol. 9 No. 1, 2013 (Enero - Junio)

Patterns compounds belonging to this subgroup are:

e Service Broker (Figure 11).
®  Orchestration (Figure 12).
e Canonical Schema Bus (Figure 13).
* Enterprise Service Bus (Figure 14).

SERVICE

BROKER
DATA MODEL DATA FORMAT PROTOCOL
TRANSFORMATION TRANSFORMATION BRIDGING

Figure 11. Service broker (Erl, 2008b)

l
{ {

PROCESS PROCESS ATOMIC SERVICE | DATA MODEL

ABSTRACTION CENTRALIZATION TRANSACTION 3 TRANSFORMATION
STATE COMPENSATING RULES

SERVICE

TRANSACTION CENTRALIZATION

REPOSITORY

= Figure 12. Orchestration (Erl, 2008b) -

CANONICAL
CHEMA BU

ENTERPRISE DECOUPLED CONTRACT CANONICAL
SERVICE BUS CONTRACT CENTRALIZATION SCHEMA

Figure 13. Canonical Schema Bus (Erl, 2008b)
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ENTERPRISE
ERVICE BUS
ASYNCHRONOUS INTERMEDIATE POLICY E EVENT-DRIVEN
QUEUING ROUTING CENTRALIZATION | MESSAGING
SERVICE RELIABLE RULES
BROKER MESSAGING CENTRALIZATION
DATA MODEL DATA FORMAT PROTOCOL
TRANSFORMATION | TRANSFORMATION BRIDGING

Figure 14. Enterprise service bus (Erl, 2008b)

Figures 15 and 16 shows the patterns associations vs.
principles patterns result of decomposing Composite Figure 16. Number of principles associates with each compound
patterns. It is important to note that these associations
were not found in the analysis of relationship conducted
(see Figure 5).

p—

Figure 15. Number of composite patterns associated
with each principle

(=T SR TV ST R - ]

Figure 16. Number of principles associates with each compound

O WE Lo 0

As a result of the analysis of these associations it is
understood that:

* Each of the compose design patterns are associated
with at least 50% of the SOA design principles,
an assumption can be made that the SOA design

Figure 15. Number of composite patterns associated with each principle patterns Ieverage strict Compliance of the principles
of SOA.

* SOAdesign principles, service abstraction and service
compensability, are associated with all composite
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design patterns, as established the issues associated
with the compliance of these principles are more
complex to solve as they require implementing
tested solutions.

5. Conclusions

During the implementation of a service-oriented
architecture, all SOA design principles require strict
compliance if the desire is to achieve benefits and
strategic goals of service-oriented computing.

There are SOA design principles associated with a
wide ange of known solutions, which can imply that
this is where most on the work in implementation
of service-oriented architectures has been
concentrated.

There are design patterns not associated with SOA
design principles, but are directly related with the
benefits and strategic goals of the service-oriented
computing.

The association SOA design principles vs. compounds
SOA design patterns can only be made through the
decomposition of the latter. =

NOTES

Exploratory characterization of state of the art in software development.
March 1, 2010 to October 22, 2011. Funded and implemented by the

University of San Buenaventura Cali.
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