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Abstract

This paper presents generic domain models to uirddre development of Electronic Public Services
(EPS) — from conceptual models, through requiremand architecture, to implementation models.
The conceptual model follows the analysis of 25cecete business licensing and 6 social welfare
services delivered by governments to businessegiindns respectively. Based on this model, we
characterize generic business licensing and secifbhre services and, following the Governance
Enterprise Architecture, synthesize a generic m®oder delivering Authorization and Certification
classes of public services. From the generic psjgeguirements are obtained and the architecure i
defined to support these requirements. The ar¢hitecomprises three categories of components —
Front-Office, Mid-Office and Back-Office. We pregethe static and behavioral view of this
architecture and show how it supports the varighiti the development of concrete e-Licensing or e-
Welfare EPS through: concrete process specificaidghe Mid-Office, binding of specialized tasks to
automation support at the Back-Office, and use aiffiguration files. Finally, we discuss an
Enterprise Application Framework as an implemeatabf the architecture based on open standards,
and describe the use of the framework for rapidettgment of EPS based on concrete project
experience. This work was carried out in the cantéxthe e-Macao Project.
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Introduction 1

1 Introduction

The provision of Electronic Public Services (EPS)central to measuring e-government efforts in
terms of number, maturity and availability of theservices to all key stakeholders — citizens,
businesses and government itself. According toldke measurement of online maturity of twenty
basic public services carried out within the Euap&€ommission’s survey framewdi, about 50%

of these services are now fully available onlimeached the highest level of maturity — acros<ite
Member States. However, online delivery of EPSti# posing significant challenges in other
developing regions of the world for various reasdn@m organizational preparedness, to cost of
development and sustainability.

Large-scale development and deployment of EPS megjusignificant investment in software
infrastructure. Such infrastructure must suppaoetrdpid development and deployment of EPS. Most
software infrastructures in use provide deployedSBfith basic features and reusable business
patterns to address the issues of: security arfteatitation, user profiling, e-payment, auditingl an
notification, address verification, acknowledgemertc. For instance, the Public Service
Infrastructure Initiative (PSi) of the GovernmenmtSngapord9][10] is unique among similar efforts

in supporting the development, testing and deploynmed EPS, in addition to providing basic
application services. However, domain models unidampg the development of the PSi infrastructure
as well as development of infrastructure-suppoE&S$ are not available in the public domain for
reuse.

The availability of domain models for EPS developimand their implementation as reusable, open-
standards-compliant components within an EPS lufreiire are critical to large-scale development
and deployment of EPS by governments. Our observatp far shows limited results in this
direction. For instance, no open source implemamtabf a single EPS has been posted on the
IDABC (Interoperable Delivery of e-Government Sees to Administration, Business and Citizens)
Open Source Software Repository pabgp(//ec.europa.eu/idabc/en/chapter/56#8 the past two
years despite the number and sophistication ofrelgic services across Europe.

This observation has partly motivated the work reggbin this paper. Another motivation comes from
the authors’ concrete experience in developing ee@onent services and infrastructure as part of the
e-Macao Project. The experience highlights a abegd to base EPS and infrastructure development
on generic domain models as part of a clearly-eéefiEnterprise Application Framework.

The paper presents our approach to the developofiem Enterprise Application Framework for the
development of EPS. Our methodology follows theidbaseps of a typical domain engineering
process, from domain analysis, through domain remqmeénts, to domain design and implementation
[11]:

1) Domain Analysis — This is carried out through tinalgsis of 25 business licensing services
and 6 social welfare services offered by Governnebusinesses and citizens in Mafh?)
and a study of the Governance Enterprise Architedf@GEA) Object Mode]14].

2) Domain Requirements - A generic set of requireméants typical Electronic Public Service
are obtained from feature analysis of concreteirements posed by Social Welfare Benefits
and Business License Issue services against E$Prsing them, and validated based on the
GEA Model.
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Conceptual Framework and Domain Analysis 2

3) Domain Design - This consists of a generic architecfor a typical Electronic Public
Service and the specifications of behavioral aspeétthis architecture. The architecture
consists of Front-Office (FO), Back-Office (BO) alid-Office (MO) subsystems. The FO
subsystem supports the specification and submisgicequests by users. The MO subsystem
allows for the mapping of user requests to concleieiness processes through service
composition and orchestration or through the enantnof workflows. The BO subsystem
consists of a task manager and bindings to a siditapplications for implementing the
various steps of the business processes enadteg lslO.

4) Domain Implementation - An Enterprise Applicatiommework based on open standards and
open-source software such as J2EE, XML and Web i&arvprovides a prototype
implementation of the design. Based on this EniseprApplication Framework, a
development process is described to carry out ebemcEPS development through
specialization and extension.

The rest of the paper is organized as follows. i8&e@ describes the various types of government
services with emphasis on business licensing (edsimg) and social welfare (e-Welfare) services,
and provides a conceptual model for the domain BE.ESection 3 shows how generic domain
requirements for any Electronic Public Service al#ained from concrete requirements for e-
Licensing and e-Welfare systems. A generic compbdesign for an EPS is presented in Section 4,
while Section 5 discusses how this design can Ipdeimented. Finally, some conclusions are outlined
in Section 6. Conceptual Framework and Domain Asialy

2  Conceptual Framework and Domain Analysis

We describe in this section the theoretical frammwanderpinning our work and also provide a
conceptual model resulting from the domain analgdipublic service delivery. Our approach to
domain analysis is three-fold: (i) theoretical nceptual characterization of public services based
the Governance Enterprise Architecture (GEA), émpirical - analysis of 25 business licensing
services and 6 social welfare services and (iijedi- relating both approaches. As discussed later,
this approach yields a cross-validation of the G&@del and our findings.

2.1 Typologies of Public Services

Governments are offering many services to theitarners and stakeholders. A common way of
characterizing these services is based on thdpieets - citizens, businesses, government, visjtor
etc. For instance, the 20 basic public servicesptadb for electronic delivery by the EU are
categorized into two basic classes: services faecis and services for businesfgls These twenty
services are also classified for analytical purposgo four service clusters: Income Generating
Services, Return Services, Registration Serviaes,Permits and License Services. In this clustering
services related to income tax, value added taxpotate tax, customs declaration and social
contributions are under Income Generating Servidesector-oriented classification is provided by
the Business Reference Model of the Federal Enserpgrchitecture (BRM-FEAJ6]. This model
classifies citizen services into 19 classes indgdiCommunity and Social Services, Defense and
National Security Services, Disaster Managementvi&s, Economic Development Services,
Education Services, Energy Services, etc. Yet amattassification is offered ifL4][15] as part of
the Governance Enterprise Architecture (GEA), inahtfour types of public services are identified:
Certification, Authorization, Control and Productio
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Conceptual Framework and Domain Analysis 3

Both BRM-FEA and GEA provide information on the neodf delivery of these services or more
accurately, the nature of the Public Administrati@®A) function that is associated with these
services. For instance, BRM-FEA defines some bssirseas including - knowledge creation and
management, public good creation and managemedtregulatory compliances and enforcement
[6], while GEA [14] defines three abstract types of administrafiuections - declarative, direction
and interrogative, by modeling the interaction kegw administration and citizens based on linguistic
theory.

The GEA typology appeals to us for a number of oras First, it provides clear operational
definitions of administrative functions and pulsiervice types (see

Table 1 and

Table 2, following[14]), as against simple enumeration in other sa@ser®econd, typical steps of
three of the four types of public services are 8@k For instance, both licensing and social aesf
services may be viewed as Authorization servicéwated administratively in the permissive and
supportive modes respectively. This logically irplsome degree of commonality between these two
categories of services. The commonalities and rdiffees in a system to deliver these two kinds of
services are explored next.

Function Description Pattern
declarative | PA declares and certifies the existearm truth of| certifying “X” for
certain world states. entity “Y”

imperative- | PA directs the society to a given state througlo “X” (imperative)
permissive | commands. In the imperative mode, PA mandates

some societal behavior. In the permissive mode,| P& is  prohibited
recognizes some special rights and allows behaviordess “yr
otherwise prohibited. (permissive)
supportive | PA directs the society to a given state througinant “X” to entity “Y”
supportive actions.

interrogative| PA interrogates to collect societal needs asask “X” about “Y”
feedback mechanism for declarative and directive
actions.

Table 1: GEA Administrative Functions

Service Description
Type

certification | PA declares and certifies differetdtss of the world through the declarative
function, e.g. issuance of personal documents.

control PA fulfils the imperative function by ens;wg compliance, e.g. inspection
services.

authorization PA together realizes permissive and supportive tions through this
category, e.g. licensing services.

production PA organizes production mechanism,dility services.

Table 2: GEA Public Service Types

For instance, followind14], generic process descriptions to deliver Gediion and authorization
services are depicted in Table 3 and

Table 4 below. Based on the GEA characterizatioses¥ices and descriptions of different process
steps, we make a number of observations expressgwpositions below:
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Conceptual Framework and Domain Analysis 4

1) Certification—Authority Similarity - The processessociated with the Certification and
Authorization services are very similar and coutddasily streamlined into a single process.

2) Authorization-Certification Concomitance - Certdton services are inherently part of an
Authorization services, since evidences providedldibave to be verified.

3) Control as Authorization Support - Control servicpsovide a basic mechanism for
monitoring adherence to the rules governing a gdhauthorization.

An entity applies for a certification.

PA asks for evidences needed for certification.

An entity submits necessary evidences to PA.

PA checks completeness and correctness of all ecesde

PA processes all inputs based on established aliesking if all prerequisites are satisfied.
PA asks for additional evidence and clarificatidirequired.

PA certifies or justifies the refusal.

Table 3: Certification Process

An entity asks for authorization - permission opsort.

PA asks for specific evidences to be provided.

An entity submits necessary evidences to PA.

PA checks completeness and correctness of all ecesde

PA processes all inputs received, checking if adtgquisites for authorization are satisfied.
PA requests additional evidences/clarificatiormrgdfuired.

PA certifies or justifies the refusal.

Table 4: Authorization Process

Possible classification of Business Licensing andi& Welfare as Authorization services provides
some grounds for abstraction of these servicesan@ In addition, the possibility of streamlining
process steps for Authorization and Certificatintoia single process shows that these two types of
services could be treated as a single categorycandequently provided the same support. It is
therefore plausible to claim that our choice of iBass Licensing and Social Welfare services is
representative of Authorization and Certificatioarnvices and provides a starting point in the
development of a domain model for EPS.

2.2 Business Licensing Services

Licensing services entail granting various kindsgoffernment permissions to citizens, businesses,
visitors, associations, etc. There are at leastethypes of permissions: (i) Licensure — right to
practice, (ii) Certification — right to title, ar(di) Permit - right to perform some regulated taskrom

a survey of government agencies conducted by thleoewi in 2004, licensing services feature
prominently among the several services providedgttyernment, especially to busines§gg]. A
representative list is depicted in

Table 5. License-related services include: appbodair a new license, renewal of an expired liegns
re-instating a revoked license, tracking the pregref a license application, and booking an
appointment with a licensing agency for informat@nhow to submit an application.
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Conceptual Framework and Domain Analysis 5

No | Licensing Service No | Licensing Service
1 | temporary/permanent electricity 14 | radio network license
license
2 | construction and utilization license 15 radatisn license
3 | aviation industry license 16 nursing home eihhient license
4 | certificates of origin license 1Y pharmacy lieen
5 | import and export license 18 private educatiégmstitution license
6 | trademark registration 19 adult education atatial centre license
7 | temporary and permanent factory 20 | tourist guide
license
8 | auditing firm license 21 travel agency license
9 | media house registration 42 bank license
10 | marine operations and works license 23 monelgamge agent license
11 | marine taxi license 24 remittance company Been
12 | food and animal origin license 25 financiabmbediaries license

13 | food and beverage license

Table 5 : Business Licensing Services

The process depicted in Figure 1 is a simplifiedkfiow for the 25 licensing services in
Table 5. A detailed description of different progsteps is provided in [1].
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Conceptual Framework and Domain Analysis 6

Entity Administration
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Figure 1: Workflow for Licensing Services

2.3 Social Welfare Services

Through these services, governments assist ditfeaagories of citizens, such as: provide findncia
assistance to families and individuals with lowdmes; provide allowances on occasions of marriage
or child birth; grant post-graduate scholarshipsttments, etc. To receive these benefits, citizeas
required to meet some requirements related to:rmini age, residency, civil status and others. From
the survey of government agencies carried out eatithors in 2004, a set of Social Welfare services
were identified12][8]. Six of them were selected for the purposearfying out domain analysis in
this paper.

No | Welfare Service No | Welfare Service
1 social houses 4 | financial assistance to individuals and families
2 financial aids to |5 | post-graduate scholarships
students
3 retirement pensions 6 | survivor pensions

Table 6: Social Welfare Services

The nine step process described in
Table 7 below is required for delivering a typiGucial Welfare service. Details of this process are
fully documented if8].
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Conceptual Framework and Domain Analysis 7

A citizen submits an application for a benefit.

PA optionally requests supporting documents orewies.

The citizen submits the requested supporting doaisne

PA verifies the submitted application and suppgrtiocuments.
PA decides on the applicable benefit.

PA optionally requests additional information cardications.
PA approves or declines the application.

PA notifies the citizen.

The citizen receives the benefit, if apprd.

Table 7: Social Welfare Process

2.4 Public Service Delivery - Conceptual Model

We present a conceptual model for the domain ofipskrvices. The model identifies and relates a
set of general concepts that define this domaineBguring that the key aspects of public service
delivery are captured, the model provides the sémbasis for formulating the domain requirements
discussed in subsequent sections. The model igdbasehe Government Common Information

Model [4].

Citizen Business | |Visitor Public
Agency
Business ‘ ‘ |

Process

iclentifies
\is implermented by Subject |—

Public Location
Service _ has takes placein _—
—Involves participant B
\ .-H’-r_-
Public Service o ;
Interaction | Supporting infamation
’_’(./" , k-.-\-“"\-\. q___h_—_h‘__‘--—____\ =
s Evidence
governed by \\ ~triggers
L \o e
Rule has output R
Service T
~_ St Application
defines Elibibility 7
7 4 -
Criteria ~~generated far
Application
Receipt

Figure 2: Public Service Delivery - Conceptual Miode

Report No.369, April 2007. UNU-IIST, P. O. Box 3058, Macau.



Conceptual Framework and Domain Analysis 8

The Public Service Interaction concept is centmdhe model, typically describing some exchange of
information among defined participants (Subjectsghable the delivery of a Public Service. These
participants typically include a Public Agency tlpmovides the service and an entity requesting the
service, such as a Citizen, a Business, a Visétr, The participants may also include third-party
government agencies as is the case of licensingcesrwhere opinions on applications may be
sought externally. Each participant in the intdoactcan be unambiguously identified through an
Identifier. For instance, a Citizen will have aemdty card number and a Visitor will have a passpo
number. Service Interaction occurs at some Locaiidrether online or physically in a government
office. Evidences or supporting documents are focgssing Applications. The Eligibility Criteria
are determined for an applicant by the Rules gomgrithe service interaction. Each submitted
application is provided an Application Receipt bg tPA. Public Services are implemented at the PA
by well defined Business Processes. A Public Serilriteraction may generate or involve several
service interactions. For instance, while checKimgthe validity of evidence, certification service
may be triggered either within the same public ager in a third-part agency. A Public Service may
also be a composite of various services. Finallyservice interactions must result in an outcome
which is called Service Outcome.

2.5 Common Features in Public Service Delivery

From the conceptual model depicted in

Figure 2 and the sequence of activities given gufé 1 and

Table 7, the basic steps in delivering public ssvican be described as follows: (i) submission of
application by an applicant, (ii) submission of gaging documents by an applicant, (iii) verificati

of the application and supporting documents foremness and completeness, (iv) notification of the
applicant either to provide more information ointform about the outcome, (v) making a decision on
the application, and (vi) issuing or granting tequested support (benefit) or authorization (lie¢ns

These steps are clearly similar to the steps o€Ctrtification (Table 3) and Authorization Procesée
Table 4) of the GEA model respectively. This simiflaallows us to: (i) validate the outputs of our
domain analysis based on the studies of concrdiéicpservices, (ii) validate some aspects of the
GEA model and (iii) define a minimum generic prace$ a typical certification or authorization type
public service. This process provides the basisdpturing domain requirements in the next section.

An entity submits an application for a service.

PA optionally requests supporting documents orevies.

The entity submits the necessary supporting doctsnen

PA verifies the submitted application and suppgrtiocuments.
PA optionally requests additional information cearifications.
PA decides on the request.

PA approves or declines the request.

PA notifies the entity about its decision.

The entity is granted the request, if approved.

Table 8: Generic Process for Public Service Dejiver

3 EPS Domain Requirements

Public services can be delivered at different leval maturity: from information on the procedure
how to apply for a service, through online supgortiownloading and uploading application forms
and supporting documents, to fully transactionabises. The EPS Application Framework supports
fully transactional services. We only discuss cobresiness requirements. Information on basic
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EPS Domain Requirements 9

technical requirements such as user managemergintpgf transactions, and authentication and
security are documented [iB][7].

Table 9 presents high-level use cases for the Ef8ication Framework. Refinement of these use
cases and detailed specification of the associafednal requirements can be found[8}[7]. These
use cases can be easily mapped to the genericsprdisplayed in

Table 8. The interaction between the Entity andRublic Agency in obtaining a public service is
initiated by the Entity through the Submit Applicat use case. Next, the Entity uploads specified
supporting documents through the Upload Suppoifioguments use case. Once the application is
submitted and the application receipt obtained Bhtty may use the receipt to determine the status
of the application using the Track Application esse. Upon receiving the submitted application and
supporting documents, the Public Agency first vesiftompleteness through the Check Validity and
Completeness of Application Documents use caseperckeds to use the Verify Evidences use case
to verify supporting documents. The eligibility tfe Entity to receive requested service can be
automatically evaluated through the Assess Eligybiise case. Decision making by the Public
Agency on any application is carried out using@eeide on Application use case. All forms of entity
notification, irrespective of the channel, are dtmeugh Notify Entity.

No | Use Case Actor

Ul | Submit Application Entity

U2 | Upload Supporting Documents Entity

U3 | Check Validity and Completeness Of ApplicatioocDments Public Agency
U4 | Verify Evidences Public Agency
U5 | Assess Eligibility Public Agency
U6 | Notify Entity Public Agency
U7 | Track Application Entity

U8 | Decide On Application Public Agency

Table 9: Domain Use Cases

To realize these basic functionalities as reusdbieain assets, various components are designed and
organized into subsystems, guided by best practine€nterprise Architecture research and
development. This architecture is elaborated irfahewing section.

4 Generic EPS Architecture

This section presents a generic architecture fdelantronic Public Service. This architecture serve
two basic purposes: (i) a reference architectugutde the development of specific EPS architesture
later during the application engineering phase éida basis for implementing core domain
components within the context of an Enterprise Aggpilon Framework. We defer discussion of the
domain architecture as a reference model to Sebtiand elaborate on its components, configuration
and behavior here.

4.1 Architectural Elements

The various components implementing the requiresitdntified in Section 3 are distributed over
three major subsystems: Front-Office, Mid-OfficedaBack-Office. These subsystems interact
asynchronously through connector components. Thegier elements and connectors are briefly
discussed below:
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Generic EPS Architecture 10

1)

2)

3)

4)

Front-Office (FO): The components of the FO dingctupport the interaction between the
applicant and the system while executing the ussescaSubmit Application, Upload
Supporting Documents and Track Application. The ponents: (i) receive requests from the
client tier, (i) validate requests, (iii) generapplication receipts, (iv) generate exceptions
and (v) store these requests in a database fdrefugrocessing. The FO exposes a web
service interface to the client tier thereby sufipgras many client protocols as possible -
HTML, XHTML, WAP, etc. The FO subsystem also sugpoguery-related requests, by
looking up appropriate databases and transfersglis to the client tier. In addition, this
subsystem provides an interface for implementing #hgibility evaluation component.
Common functionalities, such as transaction logginger profile management and
authentication are also supported by this subsysiéim FO comprises the Service, Business
Components and Data Access layers. Detailed spatifin of the components in the FO
subsystem is provided [8].

Mid-Office (MO): Requests received by the FO arewfarded through a connector
component to the MO subsystem. The MO is a work#mgine, or more generally a business
process management system, which associates récebdgeiests with concrete business
processes. The processes are defined and loadethetworkflow a-priori. Each received
request is expected to trigger an instance ofeat lene known business process, for instance
“Apply for New License Service”. The business pigeonsists of a fixed number of steps.
The workflow engine generates a task for each gsstep and assigns a role to handle the
task at the BO. The generated task is transfemedigh some connector components to the
BO from where BO roles can access the tasks thramghpplication or service. The MO
subsystem also receives signals notifying the cetigul of tasks from the BO subsystem and
generally provides state management informationsan requests to support request tracking.
Detailed information on the MO subsystem is progide[1].

Back Office (BO): The BO subsystem is composed of a Task In-Tray oopt and a
collection of components and services requiredctrying out processing tasks received
from the MO subsystem. Specifically, the BO compusesupport the execution of the
following use cases: (i) verification of evidenc@s, evaluation and decision, (iii) tracking of
applications and (v) notification of applicants. heT components also provide auxiliary
support for: viewing applications, viewing suppogidocuments, receiving tasks from the
MO, and forwarding end of task signals to the M@system. Detailed information about the
BO sub-system is provided j].

Connector Components: Four message queues (messaged middleware components)
are used to connect the FO, MO and BO subsystertiseiarchitecture. These queues are:
IncomingRequest Queue - forwarding requests fromt&MO, (i) TasksToBackOffice
Queue - forwarding tasks from MO to BO, (iii) End@gkSignal Queue - forwarding end-of-
task signals from BO to MO, and (iv) ReplyFromBaéfic@ Queue - forwarding
synchronous requests from BO to FO.

Figure 3 presents the static view of the Generi§ BPchitecture, including the FO, MO and BO
subsystems and the four message queues to cormautt tbgether: IncomingRequest Queue,
TasksToBackOffice Queue, EndOfTaskSignal QueueRapdyFromBackOffice Queue.
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Figure 3: Generic EPS Architecture - Static View

A point to note in the presented architecture &t thhe major subsystems are independent of one
another and only rely on these connectors for comication. In addition, despite the use of message
gueues to carry out asynchronous communication,atbbitecture also permits and supports the
execution of synchronous communication requiredelgyiests such as application tracking.

4.2 Behavioral Model

The interactions between three major subsystentsecfirchitecture are shown in the communication
diagram of Figure 4. Here are two scenarios fonelssonous and synchronous requests:

. For asynchronous requests, the interaction is drig) by a request submitted by a client
through the FO subsystem (1:submitRequest). ThegE@erates an application receipt
(2:generateReceipt) once a request is submitteel sibmitted request is stored in a database
(3:storeRequestinDatabase) before it is dispatchedthe IncomingRequest Queue
(4:publishRequest). The MO retrieves the requestmfr incomingRequest Queue
(5:getRequestFromQueue) and creates a processdastasociated with the obtained request
(6:createProcessinstance). Once the execution o {brocess instance starts
(7:startProcessinstance), the current process tagk assigned a role
(8:assignResourceToCurrentTask) and the MO ingeidstask into the TasksToBackOffice
Queue (9:publishTask). The BO subsystem retrieasisstfrom the task queue (10:getTask)
and executes the task (11:executeTask). On complefithe task, the BO publishes the end-
of-task signal in the EOTSignal Queue (12:publisiB@nal). The MO retrieves the EOT
signal from the queue (13:getEOTSignal) and transithe next task of the executing process
(14:nextTask) if there are more tasks in the protegxecute.

. For synchronous requests, such as tracking requlestBO subsystem publishes the response
in the ReplyFromBackOffice Queue (15:publishResalter publishing the EOT signal. The
FO obtains the required response by retrievingiteesages from the ReplyFromBackOffice
Queue (16:getResult).
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Figure 4: Generic EPS Architecture - Behavioralwie

4.3 Variability Support in EPS Architecture

In this section, we describe aspects of the ardtbite which support variations between concrete
instances of EPS. The architecture employs twdeelatrategies to accommodate such variations:
specializations and extensions. The two strateggiesiescribed as follows:

Specializations: Framework Hotspots are the pointghe architecture where specialization is
required and adaptation occurs. The MO subsystewides a hotspot for defining a business process
without any restriction whatsoever. Requests resmkibty MO are mapped to unique registered
business processes through the use of configurdiliem Another MO hotspot allows role and
resource allocation to be specified as requiredyémerated tasks.

Extensions: Extension features allow the architeceasily add desired additional features. The

service-oriented architecture of the FO allows fieatures to be easily added to the interface expose

to client applications in its Service layer, andotovide the necessary supporting components at the
Business Component layer. In addition, while thedf@rations of most governments are largely the

same, the details of BO processing can vary grebiibyvever, since the MO subsystem allows the

definition of business processes which orchestBie applications, BO extensions can be easily

accommodated by providing more components in addit the already available ones.

5 EPS Application Framework
This section presents the implementation of theegerEPS architecture as an Enterprise Application

Framework to support the development of new EPS3e @uplementation technologies are briefly
discussed and the prescribed application engirgeriocess is explained.
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5.1 Implementation Technologies

The EPS Application Framework consists of two eurise applications frameworks — the Front-
Office Framework and the Back-Office Framework, andvorkflow engine. The two Enterprise
Application Frameworks were developed using Ja&#)2?elated technologies. In particular, the
Spring Application FrameworkL3] was adopted as a solution to implement thelflity support in

the generic architecture. Spring is a J2EE-baspticafion framework for managing the lifecycle of
business components and their dependencies. Bnetork allows for loose coupling of classes and
specification of dependencies between classes XMin language. Web Services technology was
used by the Front-Office Framework in order to rezeequests from a variety of client applications
capable of Web Service invocations. This potentiallows for the development of multi-channel
Front-Office applications based on the frameworke TBoss Java Business Process Management
System (JBPM) was employed by the MO as the workBagine. This engine supports the definition
of business processes in the native Java Processidpenent Language (JPDL) and the de-facto
Business Process Execution Language (BPEL). XML/X8ithema is extensively used within the
framework for the definition of request types aodfiguration documents.

The available reference implementation only congde open standards and open-source
technologies. This decision guarantees the poggilof integrating systems developed on the
framework with existing information systems and deg applications. In addition, since the
framework is open-source, its implementation cobld modified as required or completely
overhauled, if desirable. Finally, the framework t& made available as open source software.

5.2 EPS Framework-Based Application Engineering

The hotspots in the framework are the primary méanspplication engineering in the development
of specific EPS. The implementation of the EPS iggcture based on the Spring framework further
facilitates extension, replacement and custominadioexisting framework components. The process
for developing a specific Electronic Public Servizased on our framework includes the following
steps:

1) capture requirements for a new EPS, aligned withalp requirements;

2) develop an architecture for the new EPS using #heeigc EPS architecture as a reference
model;

3) define an additional request schema or modify astieg one;

4) develop or customize framework components for FQplisption and BP Application

development;
5) define business processes, deploy them in MO fdn esquest type, and bind request types to

them;
6) modify configuration files to setup three messageugs;
7) integrate the FO, MO and BO applications usingniessage queues; and
8) test the new Electronic Public Service over eagest type.

This process was successfully adopted in the dprreat of a prototype e-License application on top
of the EPS framework. Details of the developmentie®are documented [B][7].
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6 Conclusions

This work was motivated by the demand from e-Gowemmt practitioners to carry out large-scale
development of Electronic Public Services and theleulying Software Infrastructure for e-

Government upon rigorously defined domain modets$ @pplication frameworks. We are not aware
of the existence of such models and frameworksefpresentative public services in the open domain.

To develop domain models, a bottom-up domain gyawas adopted based on the e-Macao
development experience [1][8], and validated topadavith the Governance Enterprise Architecture
[14]. Our validation approach had a dual effecih-tbe one hand, we established that our generic
process model was reasonable, on the other - weade an independent validation of the GEA
model. Importantly, we established that the EPS apbnmodel and the resulting application
framework cover the class of public services charaed by the Authorization and Certification
types according to GEA. Our architecture implicidypports variability like any other domain
architecture. The implementation technology adopiad the application framework guarantees
openness both in terms of accessibility and integraA prototype development based on the EPS
Application Framework was successful.

Future work includes the implementation of the ER@&nework into a production-quality system as
part of e-government infrastructyt and its use by agencies in developing their &#S.
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