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Abstract 
 

Currently, computers experience an increase of capabilities, in spite of becoming 

even smaller and more mobile. In parallel, connections speed and reliability evolve at a 

great pace. To explore this novel relation between networking and processing, it was 

developed the concept of cloud computing, in which services are offered through a 

fuzzy network and service consumers are not aware of how providers perform inside the 

cloud. 

Due to the heterogeneous nature of this provision and consuming paradigm, 

description and creation of services from this category is a cumbersome activity, once 

the products of many domains should work over non-standardised platforms and be 

made available to several different consumers in a seamless manner, though, keeping 

their functionality. 

The use of patterns is a very spread solution among the most diverse areas of 

process creation, for it preaches the reuse of development work, always providing 

history support to every new process created in compliance to a pattern. This thesis 

proposes a way to accelerate development and deployment of services for cloud 

computing through the division of creation in three steps. The steps related to creation 

are semi-automated by the use of design and implementation patterns, while the 

deployment phase is fully automated by the use of compiling templates. 

 

Keywords: creation, service, cloud computing, patterns, templates 
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Resumo 
 

Atualmente, os computadores vêm experimentando um aumento de capacidades, 

apesar de passarem por constante miniaturização e ganho de mobilidade. Em paralelo, a 

velocidade e a confiabilidade das conexões evoluem a passos largos. Para explorar esta 

nova relação entre comunicação em rede e processamento foi desenvolvido o conceito 

de computação em nuvem, na qual os serviços são oferecidos através de uma rede 

difusa e os consumidores destes não têm ciência de como os provedores realizam suas 

atividades. 

Devido à natureza heterogênea deste paradigma de provisão e consumo, a 

descrição e criação desta categoria de serviços têm sua dificuldade aumentada, visto que 

os produtos de diversos domínios devem funcionar sobre plataformas não padronizadas 

e ser oferecidos a consumidores diversos de forma direta, contudo mantendo sua 

funcionalidade. 

O uso de padrões é uma solução bastante difundida nos mais diversos ramos de 

criação de processos, pois prega o reuso de trabalho de desenvolvimento, dando um 

suporte histórico a cada novo processo criado a partir de um padrão. Este trabalho 

propõe uma forma de acelerar o desenvolvimento e a implantação de serviços para 

computação em nuvem através da divisão da criação em três etapas. As etapas 

relacionadas à criação são semiautomatizadas pelo uso de padrões de projeto e de 

desenvolvimento, enquanto a etapa de implantação é totalmente automatizada pelo uso 

de moldes de compilação. 

 

Palavras Chave: criação, serviço, computação em nuvem, padrões, moldes 
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Chapter 1  

 

Introduction 

 
 

This chapter shows a brief introduction to the challenges faced by this proposal, 

and addresses the importance of solving a usual problem using a recurrent solution. It 

details the main goals to be attended and the organisation of the dissertation. 

1.1. Motivation and Contextualisation 

Business, as it is understood, consists in providing goods and services involving 

financial, commercial and industrial aspects. It is basically the interactions of a group of 

people able to provide a service with another group willing to consume it. Whereas this 

provider-consumer relationship has evolved in the recent years, business has gained a 

new involved part which became widely used: computers. Their arisen problems 

demand novel solutions and interactions between the actors of the service usage 

scenario. 

Computers enabled great gain of capabilities in service provision and 

consuming, speeding up the communications and making interactions more flexible and 

reliable. From the service usage point of view resources are being reasonably well used, 

while in its creation the power of computers is not yet properly addressed, that is, most 

of development work is still manufactured.  

Networking potential has also experienced a tremendous growth lately, which 

fosters the usage of networks for bigger purposes like using Internet Protocol to 

transport all sorts of data, concept that was named all-IP. The possibility to transport 
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complex information over the Internet peers increasing bandwidths gave birth to the 

idea of Next Generation Networks, which preaches a series of changes in 

telecommunications core and access networks that should fulfil the needs of all-IP 

paradigm [9].  

As the competition increases, it will be essential for companies to position 

themselves appropriately to take advantage on their core competencies and to prepare 

for the emerging service consuming scenarios. Then, following the improvements in 

networking, companies also triggered the development of Software as a Service (SaaS), 

where services representing programs that users need to access are not located in 

desktop PC or corporate servers, but in a data centre spread over the Internet [19]. As a 

matter of fact, extending this idea of unknown location of execution engines, we have 

the concept of Everything as a Service (EaaS), which preaches the ability to coordinate 

reusable and fine-grained software components across a network.  

With software being provided as a network service, enterprises began to 

visualise a way to share resources to lower maintenance costs and offer their products 

over the Internet, starting the cloud computing paradigm. In concept, it is a paradigm 

shift whereby details are abstracted from the users who no longer have need of, 

expertise in, or control over the technology infrastructure "in the cloud" that supports 

them [10]. Cloud computing happens to be such a promising trend that even hardware 

companies are focusing on it, with the hype of netbooks and other resource limited 

gadgets whose core function is to access capabilities through the Internet. 

In the mentioned scenarios of network usage, it is easy to notice the migration of 

service provisioning companies to Internet and telecommunication technologies, and 

embedded in such a competitive environment, one can perceive that enterprises which 

demonstrate more agility in deploying services will be placed forward in the 

competition. Because of this application to real world context, aiming the problem of 

cloud computing services‟ creation and deployment is a challenging study area that pans 

from business to technology levels. 

Because the offer of new services in the aforementioned scenarios is barely 

addressed as a creation problem, the motivation for this work is to propose a new yet 

feasible approach to accelerate the creation of services for this provisioning context, in 
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addition to suggest a different attempt of creation that may be evolved to a more 

automated model. The need to put some effort in development of rapid, flexible and 

reusable solutions for such competitive and heterogeneous environments was faced as a 

demand of the industry. The concepts comprised by cloud computing were used in this 

work as an illustration of a novel service provision and consuming paradigm that is 

likely to be satisfied by the proposal of service creation we suggest. 

1.2. Scenario illustration 

To illustrate the necessity of the proposed creation approaches and point out 

nowadays weaknesses in offering a new service is: suppose an entrepreneur detects the 

lack of a DVD rental store home delivery service, though there are available online 

DVD reservation and delivery services whose owner companies provide accessible 

interfacing for their services. In order to increase profiting and reduce time to market, 

the entrepreneur should be able to create and deploy the idea with least necessary 

interaction to other people.  

A company that follows one of the approaches presented in this work may then 

offer service creation and hosting facility for this environment, which in its turn pans by 

a minimal set of creation involved people. Possible embodiments of this scenario are 

presented below to illustrate the use of the proposed creation approaches. 

1.3. Objectives 

Direct goals of this work can be pointed as: 

 Present a new semi-automated approach to specify services whose proposal 

can be fully accomplished, instead of referring to non-practical software 

modules as it is commonly found in literature; 

 Propose a way to share knowledge in service creation, encouraging the reuse 

of solutions, once this is the focus of using mentioned patterns and 

templates; 

 Focus on design and creation of services, once these issues are usually less 

referred rather than usage of services. 
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1.4. Organisation of the Thesis 

In addition to this introduction, the remainder of this document is organised as 

follows: 

Chapter 2 introduces related concepts, shows a brief history of service creation 

and provisioning and presents related work about service creation and provisioning, as 

well as poses some explanations about patterns, templates, their use in process creation 

and the way they are availed in this work. 

Chapter 3 presents the basis for this work, the service refinement cycle, which 

will be the approach used as supporting environment for service provisioning. 

Chapter 4 approaches the first semi-automated proposal using the service 

creation framework and Chapter 5 describes its evolution as the proposed framework to 

handle service realisation from its conception to its execution in a more automated way. 

Chapter 6 draws a conclusion for this thesis and shows interesting considerations 

of future works about the subject. 

Finally, there are presented the References used to develop this work. 
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Chapter 2  

 

Background 
 

 

This chapter lists some concepts which are useful for further understanding of 

explored topics. It also refers to researched matters that were of great use to develop a 

proposal aimed at semi-automating a simple, yet important part of service creation.  

2.1. Technical background 

Service Oriented Computing is a paradigm that employs “services” as the basic 

unit for the separation of concerns in the development of computing systems [13]. As 

service, we adopt the definition in [23] that is “a mechanism to enable access to one or 

more capabilities, using a prescribed interface and is exercised consistent with 

constraints and policies as specified by the service description”. 

Service Oriented Architectures (SOA) is a proposal which advocates the 

provisioning of functionalities in the form of services. SOA is believed to facilitate the 

growth of large-scale enterprise systems, allow Internet-scale provisioning and service 

usage and reduce costs in the cooperation between organisations [13], once it provides a 

simple scalable and interoperable paradigm for organising large networks. SOA claims 

that services should have well defined interfaces and relies on the fact that a function to 

be offered should work independently of the state of other services, except in the case of 

composite services. 
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A service composition is a coordinated aggregation of services that have been 

assembled to provide the functionality required to automate a specific business task or 

process [13], and a representation of a composition is shown in Figure 2-1, where the 

circles at the top of the figure represent available atomic services and the polygons at 

the bottom comprise a set of simple services which together fulfil a bigger necessity. 

SOA advocates that any service is expected to be capable of participating as effective 

composition member. Service Composition can be classified in Orchestration and 

Choreography. The first refers to the coordination of services from the point of one 

regent participant, able to control the flow needed for the process to be executed 

correctly. The last demands a protocol to ensure harmony and interoperability among 

the interacting participants, in order for the processes to work with no dependency on a 

centralised controller. Both approaches may occur either online (during execution) or 

offline (during creation), and studies on the best usage for each is a constantly evolving 

work. 

 

Figure 2-1: Simple services in contrast with composite services. 

 

Web services
1
 are the most acknowledged way to provide services over the 

Internet. They recommend the use of HTTP based solutions to provide communication 

among the service execution engines and their consequent business level interaction. 

The advantage in using web services is to rely on already existent solutions, then, no 

modifications on current existing architectures and standards are necessary. Additional 

specifications of web services also refer capital matters as reliability and security. 

Embedded in the concept of web services, the problem of Web Service Creation and 

Execution (WSCE) is found, and refers to the process of creation of workflows that 

realises the functionality of a new service and the subsequent deployment and execution 

on a runtime environment. 
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A terminology which has gained attention due to the need to close the gap 

between business and IT services (especially in SaaS paradigm) is services computing 

[22]  It is a cross discipline that covers the concepts and technologies of leveraging 

computing and informatics to model, create, operate, and manage business services. Its 

scope covers the whole lifecycle of services and the emerging business concepts as 

componentisation, modelling and realisation. The goal of Services Computing is to 

enable IT services and computing technology to perform business services more 

efficiently and effectively [22]. 

2.2. Patterns and Templates 

In its traditional meaning, patterns are themes of recurring events or objects that 

repeat in a predictable manner. In creation routines, patterns became a way to take 

advantage of trusted past solutions in order to obtain new ones in a faster way, yet, as 

reliable as the former.  

In computing, patterns are usually preceded by the words design or architectural 

to gain a specified determination of a generic reusable solution for recurrent problems in 

software and system design. That way, design patterns are defined as objects that repeat 

in a predictable manner, once they are supposed to be used in similar problems, yet in 

several different situations. 

Design patterns are commonly referred in literature as a means to accelerate a 

creation process, once they put steps that guide the development, and mitigate the risks 

of debugging and maintenance phase, because they refer to approved solutions. That is 

because solutions experience a long path before becoming design patterns. In this work, 

design patterns concept is explored as its original usage and is extended to fulfil a larger 

purpose that will be further explained in Chapter 5. 

Templates, applied in creation processes, are defined as predefined sets of 

models that establish the structure, formation and configurations for a determined 

instanced standard. Their wide application pans from web pages layout definition, to 

text documents manufacturing, and for that reason, templates are largely adopted as 

means to speed the deployment of solutions. 

                                                                                                                                                                          
1
 Web Service Activity Homepage at W3C: http://www.w3.org/2002/ws 
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The main advantage in the use of templates is flexibility. A template can be seen 

as an OO class that can be instantiated multiple times in many different situations. With 

this comparison is easy to notice that templates are largely use to foster reuse and agile 

deployment. 

2.3. Literature research 

As start point of this work, some research on service creation – more 

specifically, service composition – was performed in order to gather the state of the art 

and compare similar approaches. Amidst the findings, some are worth to report, once 

they pointed ways to categorise future results and overviewed approaches that advocate 

a bigger level of automation than the proposed in this work, what can give room for 

improvements on our semi-automated solution. 

Since the thesis is focused on service creation, the state of the art reference for 

composition and other service issues had to be overviewed. Service Oriented 

Architecture is deeply addressed in [14], as well as community approved examples of 

service design are detailed, what enabled a better visualisation of service creation 

problem, from a business-to-technology point of view. 

Most research on composition relies on web services as foundation technology 

for SaaS provisioning, because of their large usage in industry and their broad adoption 

by organisations. Agarwal, Chafle, Mittal, and Srivastava in [2] brought an important 

contribution to evaluate the most appropriate approaches for web service composition 

and execution (WSCE). Since a significant number of solutions have been proposed to 

tackle WSCE, a systematic analysis of the strengths and weaknesses of each solution for 

application scenarios is proposed, by the formalisation of WSCE process, a 

classification of the solutions in groups and the deep evaluation of these approaches. 

Their survey also presents formulas to qualitatively assess the solutions. Another work 

that categorises WSCE methods is in [6]. In that, authors figured a number of classes for 

composition and execution methods and suggested a formal methodology to justify the 

choice of a single solution for a specific scenario. They developed an advisory tool that 

assesses the best category of WSCE solution to be used for the input scenario, so IT 

architects are supposed to take lasting impact decisions. 
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Still using web services as base, [30] in addition to performing a survey on the 

most referred and acknowledged methods of automated service composition, the authors 

propose their own methodology for automatic web service composition framework, 

composed only of architectural components, that is, technology and standard free. 

Hence, though they point out the framework modules and their functions, the most 

relevant points of automation – reasoning and semantics – are barely mentioned, and are 

tagged as solution specific issues to be solved. The surveyed methods are split in 

categories of automatic web composition, and refer to many concrete and prototyped 

solutions, including the use of technologies that will be addressed later on this section. 

The quoted classes of solutions are the use of workflow techniques and artificial 

intelligence planning.  

In service representation area, [25] proposes the representation of services in a 

level higher than the usual functional description. The patterns, as they name it, are 

programs that embed calls to functionalities, and have no other distinctive characteristic. 

Since functionalities can be of different levels of abstraction, the pattern writer must 

decide on which level to use. The intention of using such representation where every 

pattern can be instantiated as many specialisations is to foster reuse of solutions, and a 

formalism to assist this specialisation proposed for that sake. In addition, the authors 

make a study that is of great use for the scenario representation problem, discussing the 

importance to balance the tradeoffs between bigger expressiveness in representation or 

greater abstraction of the problem. Their proposal is similar to the use of service 

creation design patterns, as they are proposed in this thesis. 

The work in [31] lists uses for templates and studies how semantic descriptors 

can be gathered to templates in order to describe these models in a way they can make 

web service orchestration flexible. To enable functional and non-functional criteria 

observation for composition, the authors extend OWL-S [36] language, initially fit only 

for functional behaviour specification. The core of their work is to use abstract level 

templates to be refined to concrete ones. That is, from abstract workflows designed 

from a template, their engine can reason and match concrete services able to accomplish 

the execution of the flow at run time. The framework also observes priorities, 

substitutions and restrictions for such abstract-to-concrete embodiment. The approach 

they present somehow resembles to the service creation implementation patterns, further 
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presented ahead this thesis, once both proposals advocate the use of pre-built solutions 

to accelerate the development process of a workflow. 

The authors of [18] claim that current workflow definition languages lack 

modularity, flexibility and reusability. They propose, then, a method to design WS-

BPEL [4] scripts from templates. The approach – which takes inspiration in dynamic 

web page paradigm – is easy to use for the designer and tackles the language 

shortcomings mentioned above without reducing performance at runtime. The idea is to 

start from a generic master process in which designers can model functionality 

independent of concrete implementations. A template library is provided, and contains 

combinations of WS-BPEL activities that fulfil common functionalities. The idea to use 

a unified description technology to be converted into a concrete standard is also used by 

the methodology proposed in this thesis, as the service compiling templates. 

Though the findings refer to the use of templates to (semi-)automate a creation 

process, they are always focused in the composition problem, especially in web service 

composition. The papers aim to tackle one piece of service creation and execution 

problem by going deep specifically to it, but they hop the necessity to have a whole 

service description which is flexible, modularised and generic enough to embrace the 

peculiarities of such a heterogeneous environment as the Internet. 

Authors of [5] claim that model driven development is an emerging paradigm, 

and model driven architectures should gain more attention from the community. In their 

work, a wide technology overview about service description standards is presented to 

shape the context for the use of model translations to solve creation problems. Using 

Simple Translator (SiTra) [33] framework, the authors instantiate a model to transform 

an OWL-S described workflow into an executable WS-BPEL script.  

In a digest of the findings which relates to the use of standards and language 

technologies, we could find in common many references to the most acknowledged 

standards for service creation and execution. Ontology languages, such as OWL [11] 

and OWL-S (previously known as DAML-S), are used in all references for description 

due to the propaganda of semantic ability that is inherent to this sort of language and 

because they are continuously gaining attention from the community and is probably the 

most mature and widely deployed solution related to semantics. For workflow 
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execution, given the intention to have composed services, the reference for 

orchestration, WS-BPEL is always selected. Choreography, in spite of being a kind of 

composition, is declaredly omitted in some of the works as [6] and [31] because there is 

no sufficient evidence of its large-scale adoption in the industry, once they advocate less 

centralisation, and it was given little attention in this work as well. 
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Chapter 3  

 

Service Refinement Cycle 
 

 

There are many ways to provide and manage services over a cloud. Commonly, 

Service Oriented Architectures [23][15][14] are referred to as reliable guidance for that 

purpose, once its concepts are very spread in the literature. Though, in an attempt to 

approach a new solution for service provisioning and test a development strategy that 

preaches more flexibility in execution phase, Service Refinement Cycle was created. 

3.1. Definition 

Existing SOA solutions, in spite of providing a number of advantages for service 

development, lack resources for dynamicity, which is the main skill to automate 

creation. Considering that, PBMAN
2
 team, from Federal University of Pernambuco, 

came up with a service realisation proposal inspired by SOA but focused at flexibility in 

service execution, that is, the ability to enforce the many parts of a service description in 

several possible environments without the necessity to have these structures previously 

defined and not causing damage to the original proposal of the service.  

Service refinement is a methodology based on a sequence of phases that follows 

a spiral paradigm, generating a Service Refinement Cycle [21]. Each level of this spiral 

is comprised of four phases (depicted in Figure 3-1), which provide the building blocks 

                                                           
2
 Policy Based Management of Ambient Networks (PBMAN) Project Homepage: 

https://www.gprt.ufpe.br/2009v1/index.php?id=52&Itemid=61 
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needed to refine a service into a composition of many sub-services. The phases will be 

further detailed below. 

 

Figure 3-1: Phases (boxes) and transitions (arrows) of a Service Refinement Cycle [21]. 

 

Though, is on the transitions between the phases that the claim of flexibility 

relies more visibly. Figure 3-2 illustrates that the four phases are used for refining one 

service into possibly many other services after the Binding phase in the current 

refinement cycle. The highlighted path in the figure below shows how this refinement 

happens in the in iteration, that is, when the cycle is invoking other cycles in order to 

obtain results necessary to fulfil the service behaviour. It is possible to see that a step in 

Process of a request in Policy phases may call either a new service following the cycle 

paradigm or a legacy service, both by Binding phase. In other words, the phases of the 

cycle are not the refinement of one another, but comprise the flow that refines one 

service in many other sub-services. The out iteration of the spiral execution would trail 

the path backwards until the to-most cycle of the spiral has completely fulfilled its 

expected behaviour. The spiral navigation, comprising both in and out iterations, is done 

as many times as necessary to complete the original service refinement. 
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Figure 3-2: Execution of a service refinement entering in a spiral pattern. 

3.2. Phases 

Phases contain the knowledge needed for the service refinement of the 

refinement cycle and they are related to activities that usually happen during service 

creation.  

The main reason for dividing up service refinement into four phases is to 

provide separation of concerns. In other words, it provides independence between 

phases when designing a new service. Service description, process and policies may be 

even created by different people or different intelligent systems, regardless of the actual 

services that implement the external functions that are invocated. By dividing a service 

refinement into pieces it is expected service creation to become easier, either for 

humans or for programs. 

Another objective of the refinement cycle is to become a standard way of 

specifying services as being composed of other services and subject to certain 

constraints. As such, service descriptions may be shared between organisations and also 

easily executed by any generic engine that interprets the adopted specification.  
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3.2.1. Service 

Represents an interface for the service in order to provide it advertisement 

capability, as recommended by SOA paradigm. The description is based on the OASIS 

SOA Reference Model [23] and for this implementation, uses an ontology language, 

such as the Open Group SOA ontology
3
, in order to ease future automated service 

creation. 

3.2.2. Process 

The core of providing a service is to be able to execute coordinated steps which 

will, at the end, accomplish the expected functionality. The process of a service contains 

the algorithm for its execution. Complex services are usually specified as a composition 

of other services, which always follows a process. Therefore, the process phase is used 

for the design the behaviour of a service as a program of a composite service, comprised 

of abstract tasks, which interact with each other in certain ways. In other words, Process 

phase is responsible for the execution of the service workflow, which may define an 

orchestration or a sequence of steps to be taken by an execution environment in order to 

fulfil the service. For an appropriate enforcement of the process, the reference for 

service orchestration, WS-BPEL, should be used to rule the description of processes 

because the standard gathers characteristics that suit to the proposal of Service 

Refinement Cycle, as the ability to define a sequence of well defined actions and 

invocation of external service. Sun BPEL Engine [27], wrapped by Glassfish
4
 server 

was chosen as execution engine for WS-BPEL because of its broad utilisation among 

the community, its deep domain by Refinement Cycle development team and its 

acceptable performance for the expected purposes. 

3.2.3. Policy 

The role of policies in the service refinement is to provide flexibility to the 

composition of services and change configurations according to conditions/events. 

                                                           
3
 Open Group, Service Oriented Architecture Ontology Project Homepage: 

http://www.opengroup.org/projects/soa-ontology 

4
 Sun/Oracle, Glassfish Project Homepage: https://glassfish.dev.java.net 
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Every time an activity of the execution finds a decision point that should be changed 

often, the Policy system consults which policy should be applied and then takes the 

appropriate move. Because of this skill, although all four phases of the service 

specification might in principle be changed by a system administrator in real-time using 

an appropriate tool, the policy phase enables the modification of various aspects of 

service execution while keeping the service online and operable. Because of the need to 

adopt standards for policy definition, XACML [28] was chosen to rule the description 

of Policy phase, and yet the core requirements of a policy language had been 

maintained, it was adapted to suit extra capabilities demanded by PBMAN team, as the 

execution of configuration routines and the indirect invocation of other policies. Sun 

XACML Engine
5
 is the most acknowledged tool for XACML enforcement, and for that 

sake was selected and adapted as well to fit the enhanced XACML mentioned above.  

3.2.4. Binding 

The binding phase provides isolation from internal phases to the outside world 

(other services), i.e., the other phases do not explicitly specify services provided by 

other service entities. This phase is used simply to manage how the execution flow of 

the services navigates in the spiral. Because of this proposed isolation, Binding phase is 

the only way that Process or Policy phases can invoke the execution of a new cycle to 

compose the spiral or the consuming of an external service, necessary to fulfil the 

execution. The easiest way of implementing the binding phase is by means of a table 

that maps internal references to external ones.  

3.3. Phase transitions 

Transitions specify how phases alternate to one another, what is followed by an 

engine in execution time. Internal transitions link phases of the same service entity, 

whereas external transitions link different services. The transitions between internal 

phases are dynamically bound by default, which means that one phase sends a request to 

its next phase not necessarily following the sequence of Figure 3-1. For the sake of 

                                                           
5
 Sun/Oracle, Sun XACML Implementation Project Homepage: 

http://sunxacml.sourceforge.net/guide.html 



Chapter 3 – Service Refinement Cycle                                                                                   17 

clarification about how transitions apply, the default transitions of the service 

refinement cycle are explained below: 

• Binding→Service (external cycle→internal cycle): During execution, a 

service function from the API is selected upon a request from an external service, which 

means that this service is being used in the refinement of another service. If the 

matching succeeds, a request is generated so that the execution flow follows to the next 

phase.  

• Service→Process: Upon receiving a request from the service phase, 

usually, a process is fetched for execution. Supposedly, there must be one process for 

each service API function, but a function is not statically bound to a process. Still, 

simple invocations, as service wrappers, may skip the process phase. Process execution 

is done by Sun BPEL Engine. 

• Process→Policy: As the execution of the process starts, each step call a 

policy for applying rules and constraints as needed. A process step issues a request to 

the policy phase and a policy is dynamically selected to match it and entitle the 

decision. As stated before, policy evaluation happens on Sun XACML Engine. 

• Policy→Binding: After policy enforcement, an external service may be 

invocated as part of the service refinement process. Therefore, the transition to the 

Binding phase is executed by the engine, in order to match an internal service request to 

an external reference. 

• Binding→Service (internal cycle→external cycle): An external function 

is requested as a mapping from an internal request. This transition triggers the first item 

of this list. 

3.4. Service Execution Engine 

To use the technique described above as supporting structure for the 

developments hereinafter, a web service based Service Execution Engine was 

developed. The solution is comprised of four server applications, each one for one phase 

of the refinement cycle, and can be executed independently, as the model proposes. The 

actual processing of the requests and generation of responses happen by the execution 
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of a standardised core function, present in each server. These functions play a simple 

role invoking the execution of the appropriate engines, according to the phase, and the 

communication between the phases occur via Simple Object Access Protocol (SOAP) 

messages. Once the phases are supposed to be invoked in varied orders, for the sake of 

flexibility, direction tables – analogue to routing tables, as they point the next phase to 

be executed – were used for the implementation of every phase.  

A depiction of these relationships is showed in Figure 3-3. In the illustration, the 

four phases of the cycle have a similar structure. Each one has a Phase table, which is 

responsible for the ongoing of the execution, once it holds the state of the current cycle, 

pointing at the next phase to be executed. The core function is what defines the 

peculiarity of each phase and their differences are explained in the picture. Service core 

function is solely an interface to provide access to the service to be executed; Process 

function is responsible to execute the workflow of the service, fulfilling its behaviour; 

Policy phase function entitles the possible policy routines found among the description 

by invoking an enforcement engine and Binding core function is responsible for the 

isolation mentioned above, that is, it simply generates a request to call an external 

service. 

 

Figure 3-3: Big picture of Service Execution Engine implementation. 
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Chapter 4  

 

Service creation using quasi-manual framework 
 

 

This chapter will describe our first semi-automated attempt to speed service 

development through the use of a framework. Quasi-manual Service Creation is 

targeted at providing service code in a faster way, ignoring the concern to reuse the 

solutions. It is said to be “quasi”-manual because its assistance to service developer is 

minimal. It provides easier development interface, compared to the ones responsible for 

service code parts construction, and though, it is able to provide the same final 

executable deliverables.  

4.1. Overview 

An initial approach in service creation had to be done in order to validate 

standards to be adopted and have a base to start targeting at more automated solutions, 

which is the desired goal. During the design of this framework, concepts as service 

guideline and service code emerged, leveraging the creation of more advanced 

representation forms, as well as new ways to solve the creation problem. 

Intending to provide flexibility in development, quasi-manual service creation, 

according to this methodology, was divided in two phases. The design phase is 

responsible for gathering the intentions of the service creator and sharing this 

description, whereas building phase assembles the necessary technologies for service 

concretisation and is able to generate the final code to be deployed. The details needed 

for a proper service definition were grouped from OASIS Reference Model for SOA. 
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This framework is the first attempt to propose a largely automated service 

creation system for general purpose execution environments, though this work uses 

cloud computing as target technology. An illustration of the sequence of actions to use 

the framework is in Figure 4-1. The components of the figure and their roles are 

explained in details in the text of this chapter. 

 

Figure 4-1: Activity flow of Quasi-manual creation framework. 

 

4.2. Deliverables 

Deliverables must be understood as the result of one creation phase that is ready 

to be forwarded to a next phase. Surveys on service specification, as [25], [31] and [33], 

suggest the use of ontologies as underlying technology for service description. In 

addition to being conceived for description of interacting entities and becoming a 

recommendation for that, ontologies make reference to the ability to merge knowledge 

automatically via semantic reasoning, which rises enthusiasm about key points like 

automated fetching and composing of services. The deliverables for this approach of 

creation are: 

4.2.1. Service Guideline 

Service Guideline defines the natural language description of the behaviours of a 

service. Its main purpose is to organise the description in well defined modules, so the 

developer is able to implement the solution referring a formatted requirements 

document, less likely of inconsistencies. 

Inspired by the stated recommendations, our service guideline description 

contains a few relevant parts of SOA, showed in Table 4-1, concretised by the Open 

Group SOA Ontology, an OWL DL based ontology. 
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Attribute name Description 

Service ID An identifier for the service being worked on 

Service Description Natural language description to help the actors 

involved in the service development  

Service Owner The domain of the service, to help on legal matters 

Service Version Internal version control 

Service Policies Definition of the constraints that should apply for all 

components the service encapsulates. It is composed 

of a name and a natural language description. 

Function ID The identification of the functional part of a service. 

It is always associated to a Service ID, and a Service 

may contain many Functions, working only as a 

functionality wrapper 

Function Description A natural language description of how the function 

should behave, to help developers in implementation  

Function Version Internal version control of each functional part 

Function Inputs/Outputs As the functional parts are the ones which will be 

executed, boundaries to access the functions are 

necessary, so the need of input and output 

parameters. They are composed of a pair name-type. 

Function Policies The same as Service Policies, but applied for each 

function individually 

Function Process The core of a service is the process flow of the 

functionalities they comprise. This attribute describes 

the steps of a workflow in natural language, so the 

developer can translate to service code more easily 

Table 4-1: Attributes of a service guideline description. 

 

4.2.2. Service Code  

At a given moment, the junction of all standards used to define a service must 

become “understandable” by an execution engine in an efficient manner, so the 

functionalities will be provided. As Service Refinement Cycle claims, services for cloud 

computing and SaaS paradigm in general should be flexible and portable enough in 

order to be enforced even using mixed technologies. In this context, the concept of 
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Service Code was created to name the set of documents defined in computer language 

technologies that together describe a service in a back-end level. 

Due to the Service Refinement Cycle, used as relying structure, the standards 

chosen for this embodiment are the ones summarised in Table 4-2. SOA Ontology, from 

The Open Group, is an implementation of OASIS Reference Models for SOA based 

systems, and as it is specified following ontology paradigms suited adequately for the 

purposes of this implementation. WS-BPEL and XACML are respectively the 

references for process orchestration in web based environments and policy entitling for 

systems, and in addition to that, past experiences in both fields stimulated their selection 

for Service Code definition. Storage over XPeer [20] was adopted because it suits the 

idea of decentralisation which is advocated by the creation approach and also it is 

deeply known by the developer, what collaborated to accelerate prototyping. 

 

Output standard Description 

SOA Ontology Provides meta data to assist the deployment of 

the components in their correct engines 

WS-BPEL Describes the workflow of each function. It is 

executed by Sun BPEL Engine. 

XACML Specification of the policies that will entitle both 

service and integrant functions. It is enforced by 

Sun XACML Engine 

XPeer Peer-to-peer based data storage, used to keep 

persistency of every necessary information of the 

services 

Proprietary table entries Script lines used to alter the tables inside each 

phase of the Service Execution Engine 

Table 4-2: Technology standards used in service code. 

 

4.3. Tools 

The tools received little attention in this stage of the work. Once the focus was 

on the workflow of development rather than specifically on the components of this 

process, tools were created as ways to let the writing of descriptions less cumbersome. 
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The way that tools are used and their relationships with actors and deliverables are 

shown in Figure 4-2. 

 

Figure 4-2: Modules, actors, documents and their relationships. 

 

Aiming to comply with web-as-a-platform paradigm, once browser based 

applications cope with SaaS concept, all the tools were developed using Asynchronous 

Javascript And XML (AJAX) [17] technologies, because it fulfils the agility and 

capability required by the tool and have a wide adoption in the community of web 

development, which provides large support in its concern. Google Web Toolkit (GWT)
6
 

framework, used as a plug-in for Eclipse IDE
7
, assisted the development of AJAX 

applications. In AJAX, client-side modules of the application hold the widgets that will 

be executed on the browser, while server-side is responsible for advanced features of the 

programs.  

Both tools described here have the same architecture, for the sake of simplicity. 

As showed in Figure 4-3, the communication between the halves of the application 

happens through Remote Procedure Call (RPC) module, which holds the essential 

system information, as basic classes and methods, in order to provide the connection. In 

the client side, User Interface contains the dynamic web pages and the widgets to be 

faced by the user and Business Logic cares about the consistency of input data. 

                                                           
6
 Google Web Toolkit Homepage: http://code.google.com/intl/pt-BR/webtoolkit 

7
 Eclipse Foundation Project Homepage: http://www.eclipse.org 
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Repository Structure is an abstraction of data model, so the handling via the remainder 

of the application becomes easier. Code Handler contains methods to generate code 

from the data model, or to parse stored information as the designed structure. Code 

persistence is made by Storage module. 

 

Figure 4-3: Software architecture for Service Designer and Service Builder. 

4.3.1. Service Designer 

The first tool used for service specification is responsible for the generation of 

the service guideline, which is the formatted natural language description of the service 

and its components. It consists of a simple form interface where the entrepreneur can 

input the integrant parts of the guideline. The most advanced graphical interface feature 

of this tool is the capability provided to the user to define the abstract natural language 

workflow of the processes via an intuitive drag-and-drop sequencer. 

The idealiser of the service, here referred to as Entrepreneur, uses Designer to 

write the expected behaviour of the functions, interfaces and restrictions. After the 

description, the service guideline is then ready to be possibly shared and addressed by 

many service builders, which will assist the actual implementation of the service in 

languages that are efficient for execution, therefore, can be deployed to executing 

environments. 
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4.3.2. Service Builder 

The final and most important tool of quasi-manual framework is charged of 

concretisation and generation of service code to be deployed. Service Builder is an 

aggregation of back-end technology editors, giving attention to the fact that technology 

descriptors for the whole service specification, according to [23], must be provided.  

Through Builder, service Developer is able to implement the guidelines 

according to a few pre-determined standards. The proposal of flexibility of the 

framework relies exactly on this point: a guideline specified in natural language can be 

realised by more than one different builder. 

Because little attention was given to tool designing, this instance of builder is 

also a simple way to complete the gaps needed to define a service code package. Due to 

the necessity to comply with Service Code to be generated, the standards chosen for this 

embodiment of builder were WS-BPEL for workflows, XACML [28] for constraint 

verification.  

4.3.3. Usage in proposed scenario 

In order to obtain results about the scenario illustration described in Section 1.2 

using the proposal in this chapter, John, the entrepreneur should describe the business 

idea using web platform of Service Designer in order to obtain a proper service 

guideline.  

Though, to make his solution available as a service, he should use a provider 

infrastructure. For that sake, John contacts Paul, a system developer, that is, able to 

develop a fully working implemented version of John‟s idea. Paul will use the specific 

Service Builder which generates Service Code for the provisioning plan chosen by John 

(the customer of service provider).  

A snapshot of this scenario is showed in Figure 4-4, where the chosen 

technologies for service code are WS-BPEL for workflows, XACML for policy 

entitling and SQL for data storage. Optionally, builders that would generate service 

code for different technologies could be used, as Java for workflows, Ponder for policy 

entitling and LDAP for storage. 
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Figure 4-4: Use flow of quasi-manual proposal to develop DVD delivery service.



27 
 

Chapter 5  

 

Semi-automated service creation using patterns 
 

This chapter presents the Service Creation Framework as a strategy to semi-

automate the creation of services and to ease its deployment through the use of 

compiling feature. The proposal is aimed at providing a less manual manner to pass 

from conception to enforcement of services. This chapter also describes the elements 

that compose the framework and the action sequence needed to accomplish it and shows 

topics of its first implementation.  

5.1. Proposal 

Service creation is a sequence of steps that flow from its idealisation to its 

provision. Usually, when a proposal is conceived by its creator, whom will be referred 

hereinafter as entrepreneur, the creation starts as soon as the functionality of the service 

is defined, the required resources are gathered, and the implementation begins, 

according to methodologies established by the organisation. The creation proposal 

described in this chapter approaches an attempt to develop services without the need to 

bind the solution to specific technologies at first. 

In our vision, a service description should contain the main components which 

consistently define its behaviour, constraints and interfaces, and should be independent 

of the system it is going to be executed on. The description in the languages and 

standards that will be actually enforced should occur in the very last moment of 

creation, immediately before the deployment. 
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The proposed creation method consists in describing the service and its 

components in a manner that allows reuse among other relying systems, as well as 

different levels of specialisation. Each level of representation is assisted by a pattern 

that leads the description for every possible representation level, each of which in its 

corresponding development tool. 

For this Service Creation Framework, three levels of representation were 

envisioned as necessary to provide the maximum balance of simplicity and flexibility. 

Service Guidelines stand for the formalised specification of a service and its 

functionalities, that is, guidelines represent a requirement document moulded to fit the 

attributes of a service in a human-machine friendly manner. High Level Service Code is 

the algorithm-like description of the service and its components. Within it, one can find 

a representation of all service definition parts, as found in [23], described in a common 

language. It is a technology-independent description, though it already contains 

everything needed to acquire an actual service. Service Code is the package that 

embraces all concrete description of a service, in other words, it comprises all code for 

the service which will be enforced by execution engines in fact. Section 5.2 will explore 

more these deliverables. 

In order to accelerate the confection of such description files, our proposal raises 

the use of patterns and templates to guide the first steps of development. Design patterns 

guide the creation of a formalised requirements document, which in its turn can be 

specialised into a technology-free consistent description, assisted by implementation 

patterns. Using templates, these descriptions are then “compiled” to be executed on 

existent engines. Each of these creation phases is headed by a tool. Details about the 

specification of patterns and template are explored in section 5.3. 

The Service Creation Framework is supposed to use the set of standards and 

methodologies depicted above in the context of three tools which correspond to each 

phase of service description and, consequently, are supposed to be used in sequence. 

Service Designer uses Design Patterns aligned with the idea to generate a guideline. 

Service Builder has Implementation Patterns used to mould the guidelines into actual 

descriptions, not yet efficiently executable, though. Service Compiler generates Service 

Code from the description output from Builder. It uses Templates to translate the 

generic description into concrete formats, ready to be deployed. The actors responsible 
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for design, building and compiling phase are respectively the Entrepreneur, which is the 

service idealiser; the Developer, a technical user able to implement the solutions, and 

the Administrator of the service provider, allowed to deploy the solution in an execution 

environment. An illustration of how the components of creation and the actors interact 

can be seen at Figure 5-1. 

 

Figure 5-1: Big picture of Pattern-based Service Creation Framework. 

 

This way, we expect to provide flexibility features to the descriptions, because in 

addition to being specified in a self-contained fashion, the outputs shall be used among 

different organisations. Below, further details of patterns, templates and participant tools 

are presented. 

An illustration of a full service creation process is illustrated in Figure 5-2, and 

is further explained in the text of the following section. 
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Figure 5-2: Usage flow of service creation using the proposal in this chapter. 

5.2. Deliverables 

As mentioned, the service description envisioned for our model of creation is 

divided in three phases, each one refining the precedent in more details. Hence, there are 

three possible outputs during the creation of a service.  

5.2.1. Service guidelines 

Service Guidelines represent the big picture of a service definition. It is an upper 

level language description of what the entrepreneur expects for the service, including 

the constraints to be applied and the functionalities that are supposed to be made 

available.  If the creation of a service is seen as a project, the guidelines would be the 

requirements document for that project, though, written under restricted formatting 

instead of in free natural language. 

Through a guideline, services can be spread to many organisations that could 

implement that service in different ways. For instance, a delivery service may be 

implemented using basic steps only or using an available operation of another service, 

as a service composition. Though, the assignment of the guideline is just to provide a 

consistent and organised manner to publish the service intentions. Figure 5-3 shows the 

structure of a possible service guideline. Among its content one can see policy 

verification (described as items indexed as P1 and P2), workflow description (the 

numbered list) and other components which comprise a proper service description (see 

table in Section 4.2.1). 
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Figure 5-3: Visualisation of how a service guideline should look like. In the picture, a 

service with a single function. 

 

In a scenario where the description of the world is done in a sufficiently 

complete way, service guidelines can be made semantically able to match. In this case, a 

semantic language should be used in order to work along with information describing 

features. The advantages of making specifications of business level semantic pan from 

service creation suggestions to automated service building, hopping another still mostly 

manual work. 

Service Guidelines are the output of Service Designer and the input for Service 

Builder, once they have described the explicit steps to build a service. 

5.2.2. High level service code 

A business level description of a service is useful to make its proposal consistent 

among entrepreneurs, but is of no use for actual implementation, since services should 

be considered as programs. A machine level specification is also important as a first 

refinement for service description and because it addresses all the needs for descriptions 

in a software point of view. 

High level service code (HLSC) is the bundle of descriptions that correspond to 

machine-like specification for the service components. It is “high level” because its 

content is not tied to any technology, and yet, “service code” because it is representative 
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and generic enough to be translated to any computer language
8
. The foundations of high 

level service code are based on building blocks that can represent every part of a service 

description in a syntax that is supposed to be translated to programming language 

grammar with ease. This skill is useful for compiling phase of creation. A possible 

instantiation of a high level described function is depicted in Figure 5-4. In this figure is 

possible to observe that the components of implementation described in service 

guidelines are now in a computer interpretable manner, that is, processing can be done 

over the information in order to obtain greater results in description. The language in the 

figure does not correspond to any existent technology; however, we suggest the use of 

ontologies to describe High Level Service Code to take advantage on its semantic 

capability. Still in the figure, policies (P1 and P2) are now represented as condition-

action pairs, and a snippet of programming code can be seen for workflow description. 

 

Figure 5-4: Depiction of how a HLSC should look like. It is possible to notice the building 

blocks for the workflow process. 

 

High level service code is the perfect balance between design, implementation 

and execution. It describes the intentions of design and the commandments of 

implementation also taking in consideration the singularities of enforcement. Because 

HLSC is the most tactile code representation of the framework so far, once it describes 

the service and its functions in a manner that resembles to source code, it is natural to 

add autonomous behaviour to the parts of framework that deal with it. HLSC should be 

implemented with semantic features, because it should work along with service 

guidelines, if their specification is also done envisioning semantic co-working. In 

                                                           
8
 By computer language on must understand a language that can be interpreted by 

machines and on which execution engines can operate 



Chapter 5 – Semi-automated service creation using patterns                                             33 

addition, this capability may enable more automaticity to the system, once a proper 

engine can solve building time issues, like the lack of appropriate components, or the 

suggestion of more useful ones. 

High level service code is the output of Service Builder, built based on Service 

Guideline. It is also the input for Service Compiler tool. 

5.2.3. Service code 

A service creation framework must be prepared to generate executable code, that 

is, files whose structure can be interpreted and enforced by some execution engine. 

Service Guidelines are descriptions for business people, High level service code is a 

format targeted at representing the service implementation in a computer-like language, 

but is yet a specification language instead. The final output of the framework must be 

able to be deployed in an execution environment, as the stated Service Refinement 

Cycle engine. 

Service code is the package of files that is output from Service Compiler, and is 

allowed to be deployed and executed in actual systems. It must contain enforcement and 

configuration data which are specific for the underlying execution engine. These data 

are taken as the information necessary to concretely describe a service according to the 

needed parts of it, as found in related literature. For instance, it could be Business 

Process Execution Language [3] for process execution, SQLLite for referring data 

storage, eXtensible Access Control Mark-up Language (XACML) [28] for constraint 

entitling and batch scripting (BAT files) to define configuration rules. 

Translation using compiling templates is permitted because HLSC syntax is 

fragmented, so the attributes and their values found in each part of the fragments can be 

read by service compiler and relocated in a computer language. The specific computer 

idiom chose as standard for template translation may have implementation issues, as 

scope declarations and support files, which are not easily resolved by a simple 

translator. The principle of a translation is to represent the same information using 

different language.  
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5.3. Patterns and templates 

As explored in Chapter 3, patterns and templates are of great use in creation 

processes. Their main contribution to the proposed Service Creation Framework is to 

move the creation to a more automated status, once they resume the manual work either 

by assisting its definition or being part of the definition itself, letting less manual 

development to be done.  

5.3.1. Design Patterns 

Design Patterns are said to be a general reusable solution to a commonly 

occurring problem in design [24]. Though, it is not a finished design that can be 

transformed directly into useful artefacts. It is an abstract description pointing out how 

to solve a problem even in different domains. 

Inspired by this view, Design Patterns for this Service Creation Framework 

remain with the same use. They will be applied to support the definition of services in 

the top-most business level, that is, they will act as a reference for the definition of 

service guidelines. In other words, design patterns for service design specification assist 

entrepreneurs advising on how they should solve a problem by referring to proofed 

working solutions. 

Design patterns in our proposal come as a natural language description of the 

needs for service guidelines. It will assist the business-level part of service creation, 

taking advantage on the layered framework nature, that is, design patterns may be also 

specialised to compose differently refined functions, yet similar in behaviour. An 

illustration of how design patterns should look like is shown in Figure 2-1. Similarly to 

service guideline description, in this figure one can notice tips of policies to be defined 

(P1 and P2) as well as a high level (natural language) description of how the workflow 

should behave. 
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Figure 5-5: Approach for a design pattern, as described d in this proposal. 

 

These patterns are supposed to be provided by pattern creation (e.g. ISO, 

OASIS, [16]) organisations, or companies whose concerning involves the use of 

standards in processes.  

5.3.2. Implementation Patterns 

Design patterns represent a useful guide for service creation. Nevertheless, it 

leaves the actual “coding” of the service still unassisted. To automate and accelerate a 

part of the manual work during development, one can make use of Implementation 

Patterns. These are specialisations of the first, which means that each Implementation 

Pattern must cope with a Design Pattern, observing that the former are closer to source 

code syntax and must be addressed by system developers while the latter are only 

business level specifications and shall be related with business personnel. The 

responsible for the creation of Implementation Patterns are experienced developers 

which intend to collaborate with the community by providing a specialisation of an 

available design pattern. 

Implementation Patterns are supposed to define the skeleton for all further 

development, what includes the constraints, the interfacing and even the operations 

execution flow. Once Design Patterns are formalised specifications of a requirements 

document and Implementation Patterns are their specialisations, it is expected that 

Implementation Patterns are High Level Service Code themselves with blanks that must 

be filled according to each organisation: e.g. if the process of an operation points that in 

a certain step a policy verification engine should be invoked, the blank for policy 
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enforcement in that instance of Implementation Pattern should be developed by each 

organisation. An approach for this accomplishment, which follows the model described 

for the High Level Service Code with “empty blanks”, is shown in Figure 5-6 below. 

 

Figure 5-6: Idealisation of implementation pattern: a mix of computer language and 

natural description. 

 

For comparison effects, Implementation Patterns can be seen as application 

programming interfaces (APIs), once they are implemented according to some possibly 

documented demand and the patterns themselves do not add value to the system, only 

after their instantiation. Using the same analogy, Implementation Patterns are likely to 

be provided by developers which intend to collaborate with service creation society by 

making their solutions available. 

5.3.3. Templates 

As mentioned, in the last stage of service creation, it is mandatory to translate all 

service description data to a standard allowed to run on execution engines. In most 

deployments, the specification of the service is manually implemented before becoming 

part of an execution environment. Our aim is to hop the manual coding in programming 

language level by providing compiling templates to service developers. 

Compiling templates take advantage on the building blocks of high level service 

code to perform mappings from their abstract representation to their respective snippets 

in computer language. It is expected that every structure contained on HLSC is able to 
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be converted to one or more computer language structures that can consistently fit to 

each other and perform the designed behaviour, as a whole. 

Templates represent the most visible automation in service creation framework, 

once they completely eliminate computer language writing by hand. Service Compiler 

tool will address templates in order to translate correctly its input into template specified 

computer language. 

In a comparison to a more known technology, templates act as the syntactic 

grammar of compilers. Once the output of service compiler (assisted by the templates) 

is computer language code that will run on a service execution engine, the service 

provider must take responsibility for the creation of templates. 

5.4. Tools 

In development, a framework can be understood as an abstraction that unites a 

few software projects targeting to provide a generic functionality. Unlike the use of 

libraries, the use of frameworks implies that they rule the flow of usage. For that reason, 

the tools and their predicted sequence of use are the main part of Service Creation 

Framework.  

All the tools play a similar role inside the framework, once through them is 

possible to use an assistance document (patterns or template), refine a service 

description through the use of the deliverables, as input or output, and produce new 

assistance documents as well. Each tool and their respective roles in creation are 

explored below. 

Because service creation, as we propose, should be seen as a service to be 

provided, and should have underlying systems, interfacing with external means and 

usage restrictions as well, it is a promising practice to have web based tools, due to 

“web as a platform” paradigm. The usability issues of web based applications have been 

overcame by current state-of-the-art technology, placing no losses in comparison to 

stand-alone tools.  
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5.4.1. Service Designer 

Service Designer is the first tool of service creation process that comprises the 

framework. It allows entrepreneurs to define the general guidelines of a service 

functioning, addressing a design pattern or not. In addition, it permits the creation of 

new design patterns that shall be used as base for future similar solutions. 

The construction of a service guideline corresponds to the definition of service 

requirements in a formatted manner which makes the description complete and 

consistent for implementation purposes. Service Designer is meant to ease the writing of 

guidelines because its fields to be completed are biased by the design patterns.  

The tool should be provided with simple editing features that permit the shaping 

of a requirements document in conformance to service guideline specification, 

complying to design patterns or not.  Designer is supposed to be a tool of simple use, 

form based or graphically enhanced, so non-technical users, as entrepreneurs and 

business persons in general, will be able to use, even unaware that they are designing a 

standardised requirements document. 

Design patterns, as used in this work, are support documentations used to assist 

guideline creation. As service guidelines and design patterns refer to each other and are 

similar in structure, it is interesting to consider unifying their creation by using the same 

tool for both. Once patterns are built following the same rules used for guidelines, the 

entrepreneur can expect full conformance of both documents to Service Designer. The 

logical and actual inputs for such a tool are showed in Figure 5-7. In the figure, to 

develop a Service Guideline, which is the expected deliverable for this phase, an 

Entrepreneur, armed with a business idea, must describe the guideline. Optionally, a 

Design Pattern can assist this description. The figure also shows that the tool may be 

also used to develop a new Design Pattern. 

 

 

Figure 5-7: Service 

Designer inputs and 

outputs. 
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Many types of service designers may be approached. The ability to generate a 

consistent and complete description, according to pre defined standards should be 

common among all designer tools. 

5.4.2. Service Builder 

In some point of creation the actual actions of the service must be defined. It is 

Builder assignment to consistently implement the real world functionalities described by 

service guidelines. As consistent, in this context, one shall understand as defining all 

requirements of business personnel according to their intentions, and do that using 

means that are admittedly feasible to be computer understandable. 

Service Builder is the tool used to construct a generic description which will 

cope with design phase specifications, input as service guidelines. It is the second tool 

to be used for service creation, as preached by the framework. Through it, service 

developer will define the actual service functionality and its operations, that is, extend a 

generic description whose content specifies the service in a more concrete manner.  

In addition, implementation patterns, whose language is similar to HLSC, should 

also be defined through this tool, so advanced users may embody design patterns and 

publish them as new implementation patterns that comply with a given design pattern. 

The creation of patterns in the same tool they are supposed to be used in is aimed at 

providing easier conformance between high level service code description and the 

possible implementation pattern over which those are built. A view of a service builder 

and its related files is presented in Figure 5-8. 

 

Figure 5-8: Service Builder inputs and outputs. 



Chapter 5 – Semi-automated service creation using patterns                                             40 

 

Service Builder is a definition tool whose output is a generic description in 

computer language. Then, the operations of a service and their components – especially 

process flow and policy description – must have a specification syntax whose dictionary 

embraces all possible structures that may be contained in these components. For a 

process definition, flow control entities must be contained in syntax, as conditional 

deviations, loop occurrences and external invocation, in such manner that the developer 

is enabled to define every possible execution flow. Advanced Builders should have 

many of these entities as well as ease their use while simpler Service Builders must 

contain the more basic structures, which will demand more from the system developer, 

yet allowing the definition of any flow. The same concept is extended for the policies. A 

policy, as defined in literature, also has mandatory parts that demand a language with 

specific syntax and semantics. The importance of having a generic language for all parts 

of service description is addressed in the sections about the third phase of development 

through this framework, the service compiling. 

Because of such importance to the framework functioning, Builder is considered 

the dominant tool, and the one which must receive the bigger attention. Once service 

has its skeleton defined as a service guideline and is shaped as high level service code, 

via Service Builder, the output is able to pass through the last stage of development, the 

compiling. 

5.4.3. Service Compiler 

The creation of a service would be incomplete if it was not able to be used. 

Compiling is done after full specification of the service and its components, and stands 

for the last phase of creation, as dictated by Service Creation Framework. After service 

compiling, an executable package of code is generated, and then enabled to be installed 

and executed in an engine. 

Unlike the previously described tools, Service Compiler is the only in which an 

assistance document is mandatory. That is because compiling is the fully automated part 

of creation using this framework, so, the templates must be previously defined and used, 

so the tool will solely trigger the translation based on the input high level service code. 

Service Compiler is the part of the framework under responsibility of service providing 
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company administrator, which is charged to get the service code for that description and 

deploy it.  

The templates, in their turn, are dictionaries that keep record of how each part of 

HLSC syntax should be addressed by the compiler in the corresponding executable 

language. Templates follow a limited, yet complete syntax that refers every possible 

part of policies, assignments and processes. In other words, conditionals, loops, 

operators, literals, etc in HLSC syntax must have an equivalent in the technology 

specific chosen language, so the compiling can succeed. 

Since Service Compiler has templates in its usage, it is consistent to consider it 

as a template designing tool as well. Template creation relies on the specification of 

translation patterns for all existent token in high level service code. The translation 

engine in compiler will parse the syntax of HLSC to the chosen language using the 

dictionary contained in the template, which in its turn, is described via this tool. The 

translation happens according to the model used by Simple Transformer project [33]. 

Service Compiler, isolated from all other tools and unrelated documents, is depicted in 

Figure 5-9. 

 

Figure 5-9: Service Compiler inputs and outputs. 

 

5.5. Service creation activity flow 

The creation of a service can be abbreviated to three basic steps, which have 

from manual to completely automated tasks. Designing is the first phase of creation, and 

consists in the use of Service Designer tool to generate a Service Guideline. For that, the 

entrepreneur is allowed to use a Design Pattern to manually describe its project. The 
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building is the core phase of the whole process, once in this phase Service Builder will 

output the High Level Service Code, the complete yet generic functionalities 

description. The developer can optionally use Implementation Patterns to assist the 

service concretisation. Implementation Patterns are supposed to have pre-built snippets 

of code for many parts of a service description, what semi-automates the duty of the 

developer. Compiling is the last activity of creation, and is directly connected to 

deployment. Through it, system administrator is able to transform the abstract 

description of HLSC into executable Service Code. For that sake, the Service Compiler 

tool mandatorily requests a template which will make the link between the developer‟s 

intention and enforcement in service providers.  

5.6. Implementation 

A service description, as we envision, comprise a set of functions with certain 

independence related to the service and to each other. This resemblance to Object-

Orientation is intentional and aims to take advantage on known characteristics of OO, 

such as modularity and aggregation based on roles. 

In order to prove the feasibility of pattern based creation of services according to 

the aforementioned proposal, a proof of concept prototype was designed. This section 

portrays implementations key aspects, which aims to show one successful instantiation 

of the proposal. It is worth to highlight that this implementation is an evolution of the 

work developed for quasi-manual method, so, it is far simpler than a commercial 

specification should be.  

5.6.1. Structure of deliverables 

The deliverables are the possible outputs of the phases in the framework, 

considering a service creation process. They vary from high level descriptions to 

machine level executable codes. This section details one possible deliverables 

specification, complying with the proposal. 

Service guidelines follow the same proposal used for quasi-manual creation 

framework. Because they are simple natural language description of how the services 

should behave, the presented approach in section 4.2.1 fulfils the needs. 
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Unlike the previous builder, where the policy definition and the process 

construction widgets were aimed at a XACML and WS-BPEL respectively, high level 

service code must comply with generic description languages, not final executable 

technologies. To come up with an intermediary-level description language for services 

the main concerns of this proposal were focused at the workflow and the specification 

languages.  

In order to have an appropriate service description without concerning about 

execution, in addition to the use of the aforementioned Open Group SOA Ontology used 

in previous descriptions, superficial studies pointed that OWL-S  has the means to 

describe services complying with its previously mentioned needs, and although it has 

advanced features that address problems as discovery and automatic service 

composition and interoperation, in this phase of development, its use was restricted to 

simple description. 

Specify policies in a generic description language is a difficult regard because 

policies are usually very bonded to the domain they are supposed to entitle. For this 

same reason, translation of policies through templates becomes a challenging task and 

adds a great level of difficulty to the specification. Considering these facts, a survey on 

the most referred policy concerns was done to gather well-fit requirements in 

specification. Inspired in [32], a precursor of policy based management and one of the 

most cited works on this subject, the attributes showed in Table 5-1 were considered 

sufficient for the purposes of this implementation. A policy language based on OWL 

and SWRL [34] was designed in order to have a generic description which complied 

with the mentions in the table below. SWRL was chosen because it includes a high-

level abstract syntax for rule definition in OWL, which gives more description power to 

the language. 
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Attribute Description 

Policy Encapsulates all necessary data for the 

entitlement of rules 

Target Responsible for the matching during policy 

evaluation. Each Policy has one Target and each 

Target may contain many name-value attributes 

Constraint After the policy matching, more specialised rule 

verification must be done. A Constraint may 

trigger many Actions, and due to its conditional 

nature, SWRL is used to specify Constraints 

Action A description of an action to be taken 

Attribute A name-value entity, responsible principally for 

the matching of policies 

Table 5-1: Attributes that describe a generic policy sufficiently for this prototype. 

 

It is worth to highlight that the specified language for policy description does not 

regard about semantics and standardised recommendations of ontology creation. 

Although our efforts, policies defined in high level service code must follow a unified 

semantic among each other, so the templates can be designed accordingly. More flexible 

and independent policy specification is left for future developments. 

5.6.2. Specification of patterns  

In our simple vision so far, patterns may have the same structure as the 

deliverables whose creation they are supposed to assist. Once patterns are “incomplete” 

deliverables, the difference between them is that patterns have special tags in the syntax 

that must be properly replaced during creation. 

Considering that, design patterns and implementation patterns were designed the 

same way as service guidelines and high level service codes, respectively. The points 

where patterns must lack attribute values are marked with reserved words whose 

interpretation and contextualisation is matter for Service Builder. 
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5.6.3. Specification of template 

To code generation take place, the parsing for each particular executable code 

consists basically in two template-defined entities: the boundaries and the body. The 

boundaries are snippets that must be present at the beginning and the end of the codes, 

according to language specificities. They are mandatory parts of the used technology 

that are not necessarily defined via Service Builder, by service developer. The body 

contents, in the other hand, stand for the actual functionality prescribed by the 

entrepreneur and implemented by the developer. Each HLSC snippet is translated to up 

to three executable code snippets, whose types are: before location, in location and after 

location. Before location code is necessary for initialisations, and this type of generated 

code appears immediately after the boundary declaration. In location code, as the name 

suggests, are blocks placed exactly where they appear in relation to the other blocks, 

complying with the definitions from past phases of service creation. After location 

codes are those needed only if the used technology demands terminations of some after 

work. Then, one can suppose that every element of data to be translated will be in a 

similar position related to the others in the translated information. Templates have the 

pointers to assist the positioning of these data. Despite this approach seems 

unsophisticated for more advanced scenarios it fit well for the intentions of this stage of 

development. An overview of a template role in translation is depicted in Figure 5-10. 

 

Figure 5-10: Illustration of template functioning as a map. 
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5.6.4. Tools 

The prototyping of the tool, like the implementation of quasi-manual framework 

described above, was developed in a web technology (such as AJAX), complying with 

both cloud computing and web-as-a-platform paradigms. A brief description of the 

implemented tools and a highlight to their main skills are presented below. 

Service Designer must have means to permit the description of service 

guidelines both using design patterns or not. Once the guideline had no changes for this 

second prototype, the interfacing of the tool remained similar to the specified in section 

4.3.1, plus a few additions to support the proposal of a Service Designer for pattern-

based creation framework. The user of this tool will be directed to complete the gaps 

left by the pattern, in order to have a proper first description of the desired solution. The 

prototype architecture, as shown in Figure 5-11, resembles to the first mentioned 

designer: in the client side, User Interface contains the components that will assist the 

used in the description either pattern assisted or not, Business Logic regards the 

consistency of the data; whereas the server side remains with the Repository Structure, 

which now also deals with patterns besides the deliverables structure, Code Handler and 

Pattern Handler have the same functions but for different targets (deliverables and 

patterns, respectively) and the Storage keeps the persistency. RPC module comprises 

the means to communicate client and server besides gathering all necessary basic 

classes for deliverables and patterns. 

 

Figure 5-11: Architecture overview for Service Designer and Service Builder. 
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Service Builder has passed through bigger modifications in comparison to its 

first version, in quasi-manual framework. Instead of being the last tool of creation, 

which generates the final executable code, Builder will act as an intermediary tool, yet, 

able to concretise the specifications from the guideline. The implemented tool permits 

edition based on split view, so developer is able to describe a service using 

implementation patterns or not. The splitting of views is a common practice in multiple 

format design, as graphical interface development environment, and seems to fulfil 

usability needs with great efficacy for this framework. As the graphical user interface 

widgets necessary to describe an abstract HLSC differ from the first version of the 

builder, slight changes had to be done, yet the building flow remain practically 

unaltered, that is, policy and process definition methods remain alike quasi-manual 

builder. The architecture for this tool is deliberately similar to aforementioned Service 

Designer (Figure 5-11) differing on User Interface, Repository Structure and Pattern 

Handler modules are far more complex, due to the need to deal with a bigger number of 

basic structures. 

Service Compiler is the fully automated tool. It loads a HLSC and according to 

the definitions of the chosen template, generates a new deliverable, which is simply a 

translation of the HLSC. Templates are specified as syntactic pointers, and should be 

defined using the same tool. However, a complete template is such a cumbersome task 

to be performed by a supposedly simple tool that the creation of templates was left off 

compiler. Studies about better template languages and development means will be done. 

The architecture of compiler (Figure 5-12), in addition to RPC communication module, 

has a simple User Interface module, to gather input data. The server side has the Storage 

module, to hold templates and service codes, Template Handler, which will interact with 

Compiler module to perform the translation, and this last one, which is the translation 

engine. 
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Figure 5-12: Service Compiler architecture. 

5.6.5. Usage in proposed scenario 

Like the example in Section 4.3.3, John is the business man which intends to 

offer a novel service. John should use Service Designer in order to obtain a formalised 

description to be developed as the solution, nevertheless, differently from quasi-manual 

approach, he is allowed to refer to Design Patterns, that is, he may follow an accepted 

model which is likely to assist at least a big part of his intentions, int the mentioned 

example, John should use a „delivery over the web‟ pattern.  

Afterwards, John should address an experienced developer who is able to 

implement the solution in a complete, yet generic manner, the High Level Service Code, 

so the solution is one step away from deployment. Aware that John used the mentioned 

pattern, Paul, the developer, may look for an Implementation Pattern which complies 

with John‟s choice and assists the implementation of the service components, through 

the Service Builder. 

 Hereinafter, the entrepreneur must take actions in order to make the HLSC 

description execuable and available. For that purpose, he must join a service provider 

company, that offers possibly many different provisioning plans. These plans are 

similiar to the ones mentioned in the illustration Section of the previous Chapter, e.g. 

WS-BPEL, Java, C or others for workflow, XACML, Ponder, Rei or others for policy 

entitling and LDAP, SQL, XPeer, etc for storage. 
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The advantage over quasi-manual creation approach is, additionally to the 

possible assistance by patterns, the division of deliverables in another format, the 

HLSC, permits a bigger flexibility in deployment. Once the HLSC is available, the 

entrepreneur may choose one among the many compiling Templates offered by the 

service provisioning company to get a customised Service Code. Service Compiler is 

the tool for this function, and the Administrator from provisioning company is the 

responsible for this phase. The whole processe mentioned here can be found illustrated 

in Figure 5-13. 

 

Figure 5-13: Use flow of pattern based proposal to develop DVD delivery service. 
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Chapter 6  
 

 

Conclusion 
 

 

This chapter presents the final considerations about this work. For this purpose, 

there are considered the findings of the bibliographic research, the described proposal in 

the context of its evolution and the results obtained though prototyping. We also present 

future work for the evolvement and improvement of this thesis, as well as point out 

some contributions. 

6.1. Final Considerations 

Observing the large number of related work in service creation automation we 

can conclude that several approaches have been proposed, and many other are attempts 

are rising. Nevertheless, the focus is always on the composition of services, which is 

only a part, yet the most important, of the whole service creation and execution in cloud 

computing problem. 

A considerable number of authors that refer to (semi-)automated composition 

seem to divert the core functionality to supposedly well-performing semantic reasoners, 

a technology which is never clearly explored in the works that propose automation. 

Though, such engines are still limited to the use of one single definition standard, 

among the many existent, and depend dangerously on a sufficiently complete 

description of the involved entities. It is easy to notice that, for current business 

environment, the mentioned issues make a commercial use of such proposals in cloud 

computing not practical, given the need to handle the large heterogeneity of it. 
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Service creation through patterns is an extension of software architecture 

development, applied to SaaS paradigm. The solution aims to propose an agile and 

flexible software creation methodology for cloud computing, and does not concentrate 

in the specific parts that involve it, such as constraint validation, service discovery and 

the aforementioned service composition. While most of the findings use ontology 

descriptions as part of the creation process, due to semantic reasoning, our work refers 

to it only as description meta-language to be evolved, and the technology standards that 

will really actuate in execution are defined at the end of creation. The idea to use 

ontologies for description aims at making a possible evolution to the model less 

cumbersome. A subjective positioning of the proposals described in this thesis in a 

manual-automated grade is shown in Figure 6-1. 

 

Figure 6-1: Manual-automated slider with representation of mentioned approaches. 

 

As stated before, the prototype developed for this work is one possible simple 

instantiation of the actual proposal, and other ones will be developed as soon new 

demands arise. The semi-automated service creation reported in this thesis is still a 

partial solution. Our goal is to take the automation level forward and the points 

envisioned in the related work of bibliographic research will, for sure, be of great use. 

At the end, we believe that this work caught the attention for a problem which is more 

general than the ones commonly approached, and brought up a different way to address 

service creation. 

6.2. Contributions 

This work collaborates directly and indirectly with ongoing research projects. 

Papers on the execution environment over which the implementation was made are 

envisioned for a near future. Furthermore, articles are being written to address specific 

points of this work. 

Individual contributions of the work are manifold: 
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 Proposal of a Service Creation Methodology based on a quasi-manual 

approach, consisting of Service Designer and a Service Builder. The 

method proposes a mild flexibility to definition of services and poses the 

acquirement of executable service code by the sequential use of 

aforementioned tools; 

 Implementation of the quasi-manual approach, which originated a proof-

of-concept prototype, that have been tested preliminarily and presented 

in a workshop to a team of service creation interested parties. This 

approach is considered to be a first step in building a tool for helping the 

service creation phase of the service lifecycle, using the Service 

Refinement Cycle; 

 Proposal of a template-based semi-automated Service Creation 

Methodology, consisting on the ordered use of Service Designer, Service 

Builder and Service Compiler. The sequenced use of these tools, assisted 

by the appropriate guidance documents, intends to provide even more 

flexibility in service creation, compared to quasi-manual methodology. 

Furthermore, it claims to accelerate the development by providing 

descriptions defined beforehand and proposes a fully automated 

obtaining of executable code for deployment; 

 Implementation of the template-based approach, which produced a proof-

of-concept prototype in ongoing evolution. It is the first service creation 

framework for the mentioned refinement cycle which contains a fully 

automated phase and made to foster more automatic capabilities 

hereinafter; 

 Development of a platform which allows the implementation and 

comparison of different service composition approaches, varying from 

manual to automated composition. This platform follows the service 

refinement cycle and generates at the end the Service Code. Afterwards 

the different versions of the service code may be compared manually (by 

observing its content) or automatically, by executing them in a Service 

Execution Environment. 
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6.3. Future Work 

There is room for some evolutions in our way to semi-automate service creation 

through patterns. Our intention is to advance on automation, by incrementally 

improving parts of creation. A bigger degree of automation was deliberately put aside in 

this work once the focus was to address flexibility and place initial steps for automation. 

In the matter of automation, it is mandatory to study improvements for the 

service specification language, once the description is the interface that enables entities 

interactions which foster automatic decision taking. One possible advance in service 

describing is the intelligent fetching of design and implementation patterns, that is, from 

a service idea the entrepreneur or developer could find patterns that fit to its purposes. 

Of course, that would demand broad studies on semantics and reasoning, not to mention 

a deep research about ontology and world representation. Another improvement yet in 

the field of semantics and specification is the ability to make implementation patterns 

able to compose, enabling them to merge into a new and possibly useful implementation 

pattern. 

The design and implementation of the proposal was a simplified prototype. 

Advances can be done in order to develop a better solution for the creation framework. 

Service Designer can be more user-friendly, once it is supposed to be used by business 

personnel. Model-based programming or icon-based programming are key solutions for 

this issue. For the program used by software architects, the Service Builder, the need to 

hand-type most of the description can be overcame by drag-and-drop interfaces and the 

use of a greater intelligence in tool assistance. Service Compiler may be enhanced to 

optimise the input templates, so that, faster and smarter code will be generated.  
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