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ABSTRACT

As Information Communication Technologies
(ICTs) are growing, there have been ceaseless efforts to
develop a National Health Information Infrastructure
(NHII). One of the challenges in constructing a NHIl is
concerned with the management of Electronic Health
Records (EHRS). In particular, exchanging B&His an
important factor in establishing interoperability within a
NHII, and the reusability of the functionality for
exchanging EHRs is one of major solutions to construct
an NHII. In this study, we obtain several component
models, and conduct empiricatudies to validate the
component models in terms of component reusability.

Using HL7 CDA (Health Level 7 Clinical
Document Architecture)as an EHR standard, we
implemented three prototypes of the EHR Exchanger
based on JavaBeans, the exogenous connemtdrghe
mediator connector respectively. As shown in the
experiment results, the reuse approach using a mediator
connector leads to better component reusability in terms
of external dependency, total coupling between objects
(CBO), addiobnal lines of code (LOC), and
performance. Thus, we believe that the reuse approach
using a mediator connector yields many benefits in
termsof componenteusability for the EHR Exchanger
implementation.

Keywords: Electronic Health Records (EHRS),
component reuse approadoftware component model,
mediator connector
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INTRODUCTION

After the invention of the Internet in the tl2&1entury, Information Communication
Technologies (ICTs) have been applied to all areas from market to government. One of these
areas taking advantages from ICTs is health, and health informatics has begun to be on the
rise.

In the field of health informatics, the following topics are mainly included: health
information system, decision support systems in healthcare, electronic health reeords, u
health, and international standards for health informatics. Many developed esuatei
trying to build their National Health Information Infrastructures (NHII) based on these topics
[1-3]. NHII is regarded as one solution to imprdwealth care quality, efficiency, and cost
issued1, 3].

In this context, there have been ceaseless efforts to developTiidimanagement of
Electronic Health Records (EHRs), which ame of thecore components NHII, is the
most important subjectn fact, most researcftudiesregarding NHII mention EHRs as an
indispensable component of NHIIl. EHRs include retrospectimecuarent, and prospective
i nformati on it o efficlem podr gualityc iotegtaiedhealth rcaye[4], O
classified, according to thiaternational Organization for Standardizatidg8O) definition,
in several types such as Electronic medical recordRERNd Personal health recdd.
EHR-related research areas cover standards, the implementation of EHR systems, and
interoperability between all healthcanedated systems. Recent research trends in EHRs has
been focused on studies of nursing documentation patient seHdocumentation,
comparison between different information from EHRs for national health record projects
around the world and the use of international terminologies for semantic interopefépility

Componenbased development (CBD) is a leading way to build software systems in
software industry and has changed the paradig
software to compositing software systefBg. 6 The potenti al merits of
development time, increased reliability of systems, and increased flexii)ityin this
regard, CBD is applied to the implementation of various healtited softwaresystems as
well.

However, the advantages of using CBD with the current component models used for
software system building are not achieved because of the lack of reusability and poor
composition mechanismgg]. To fulfill the ideals of CBD, current research in CBD is
focused on new component models and their validation.

Based on the importance of EHRs in NHII and limitations ofrent software
component models, our study will analyze recent problems of implementation for
exchanging EHRs with their limitations and give a promising solution for the problems
throughrecentlyproposed component technologies.



CHAPTER 1: BACKGROUND

This chapter gives a general overview of the main themes in this study: Compasedt
software development, National health information infrastructure (NHII) and Electronic
health records (EHRS). As a research discipline, compdramstd software engingag is a
starting point to understanding this study, thus we consider comploased development in

this chapter. NHII and EHRs in NHIl are the application areas to apply the software
componenbased approach. Relevance between the research discipdirteeaapplication

and motivation of this thesis will be presented as well.

1.1 Componentbaseddevelopment

According toHeineman and Coundils d e fi5], niat isoonf t wa r @ softwanmap on e nt
element that conforms to a component model and can be independently deployed and
composed without modification according to a compositiondstah 6 C o mpased e n t
development (CBD) is the process of building software systems using those components.

The elementsof construction are summarized as componentization, consume, supply, and
manage shown in Figurel[d]. To build a large system, the system is divided into pieces or
subsystems which are implemented as software compor{€omponent Development:
componentization), and the components are stored in a component repository. From this
repository, the components are supplied, consumed and managed (Component Management).
The systems are constructed based on this basis (Solgieelopment). This development
methodology gives advantage of software reuse and reduced time to nvackeased

reliability of systems, and increased flexibilitys]. To menti on todayods
technologies, we should think of component models which define the semantics of
components, the syntax of components, and the composit@mmponents. There are many
component models: JavaBeans, EJB, CCM, Web services, Koala, KobrA, SOFA]Jikeme

ADLs, UML2.0, PECOS, Fractal and dig]. These component models are used in current
software industry and research.

Component Solution
Development Development
Repository
Component
Management

Figure 1.1: Consume, supply, and mangge

For a long time, the concept of subroutines was broadly used in programming because
using subroutines is good to conserve memory. From this concept, programmers reused the
previous subroutines, and useful subroutines are collected in a form of lilmaribat a
programmer could rase them easily. This phenomenon caused a paradigm shift in software
developmentand the result of this phenomenon has directly boosted the software
engineering discipling[7]. Along the history of programming, researchers introduced
programming concepts, methodologies and paradigms based on this phenomenon: pieces of



programs, information hiding, interfaces, and etc. Objeieinted development was

developed from this historical background. Software engineering has accelerated research
regarding this paradigm and as a result, important concepts useful in developing software

systems such as software architecture and design patterns have been identified and have
evolved this paradignb]. Finally, CBD has changed the way large software systems are

built and realized nBuToday, he usé df commeircialdilee phi | os oy
shelf (COTS) components has been achieved to build software.

Current research in this discipline is focused on new component models and
evaluation of software components. Lau and Wang surveyed and analyzed current
component models, and found that the ideal component models do not still exist according to
their taxonomy[6]. It means current software component models should be improved.
Several important issues are also mentioned by Lau and Wangomponent design for
easy reuse, the design of composition mechanism or theory to enable systematic composition
[6]. The isses of component evaluation have come from how appropriate components can
be selected8]. As the software componemtarket grows, the need to evaluate components
will also be increased because the overall quality of software systems implemented through
CBD is directly impacted by the quality of each software component.

1.2 Electronic healthcare

Information communicatiotechnologies (ICTs) are growing, and these technologies have
changed health care environments. The outcome of this change is referred as electronic
healthcare. Without a National health information infrastructure and its elements, the future
of electronichealthcare cannot be certain.

1.2.1 National healthcare infrastructure

The National Health Information StructufHII) provides easy access to healthcare data,
personal health histories and other clinical information. NHIl has made a revolutionary
change in Eealth services by providing time saving information to healthcare staff.

The NHII has now grown roots in several EU countries, United States, Canada and
Australia. Science researchers are making efforts to improve the efficiency and quality of
healthcare services and accelerating healthl at ed r e s e acongptehensiweH | | i s
knowlalge based network of interoperable syseemswhi ch acts | i ke a bridg
health and medicalcafe]. The most i mportant role of NHII i s
medical record of a patient is available anytime that helps healthdariglirals to make fast
decisions even at remote locatioRstients can also access their medical information.

Information technology is developing rapidly in health care nowadays. Efforts are
being made to facilitate people with their medical information and treatment, but at the same
time it brings some challenges that need to be resolved in order to maintgunatite of
NHII. One of challenges to construct NHII is Electronic Health Record (EHR® main
challenge is the lack of standards and a decentralized system that affects the efficiency and
output during interoperability. An improvement in coordinatismaquired between regional
and national eHealth networks to maintain the quality of eHealth sefgicesccording to
Tsiknakis et al, in health information infrastructure, research for software component
availability is required for new software development and the integration of existing
components to perform new taql0]. NHII faces inconsistentuglity and security issues.

The system needs further development to avoid errors. As the new technologies are
expensive nowadays, the cost factor is also a challenge for NHII. It requires more funding in
order to meet the stringent standards.



1.2.2 Electronic halth records

Electronic health record (EHR) standsfbra r eposi t ory of patient dat e
and exchanged securely, and accessible by mul
definition by the International Organization for Standaatan (ISO) [4]. EHR has

improved the patient safety issues to a great extent. Its implementation has shortened the

distance between healthcare professionals. EHR provides accessible and relevant
information to the physicians, specialists and also to pati&iis. information includes

patient 6s per sonal i nformati on, previous me d |
treatment and discharge. EHR also provides long term storage capability and can be accessed

by large group of people on remote locations atsame time. Healthcare staff can easily

update information in a patientods record that
decisions.

EHRs play an essential role in clinical research, health services planning and
management. Early research fligitized health services planning were focused on patient
summary and structured data but nowadeytcal researchs focused on areasuch as
standardization, integrated EHRs, architecture of health information systems or networks,
and interoperabilitypetween existing heterogeneous health information systems have been
evolved in the aspects of EHIR% 11] Particularly, exchanging EHRs ismaajor issue to
establish interoperability within NHII analot of research &salreadybeenconducted and
the researctstudiesmentioned about components, their ghibty and issues regaing
components as future works0].

During the exchange of electronic health records, there are issues which are a
challenge to improve. Physicians are however becoming dependent on such computer
systems and this is why more standardizethods are required for the assessment of data
guality, time and cost issues. Ddtac o mp | et e n e s sis aanitital challengerima c y 0
exchanging EHR. According to Mullest al an easy adaptation to new settings that are
directly linked by component reability were mentioned as future wgik?]. Based on these
scientific evidences, the functional reusability of exchanging EHRSs is required to implement
NHII due to common industry issues such as development time an@Jcdstother words,
the application area of this study is retissed component development to achieve effective
and interoperablariplementation of exchanging EHRs within NHII.

1.3 Motivation

Most recently developed software systems are constructed by using the conrizseeht
approach. This means heaittlated software systems have also been built through current
component models. Hawer, current component models should be improved, and building
new component models is a challenging issue as we already discussed in the previous
sections. From this fact, although much research about exchanging EHRs have been
conducted, we can easily s#rve that currently proposed outcomes for exchanging EHRs
cannot be beyond the limitations such as component reusability of the current component
models. In this regard, we can think that compothased development has great relevance

to the implementatin of exchanging EHRs in NHII because NHII requires the reuse of the
function of exchanging EHRs which can solve the recurring problems to exchange EHRs.

Most of the EHR related software and Health Information Systme implemented
by current softwareomponent modelwith lack of reusabilityMoreover, currentesearch
focudng on practical developmetd limited to proposing architectures of whole systems or
frameworks in a broad viejt0, 11, 13, 14]Consideing these factsye are motivated much
to close this gap.
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CHAPTER 2: PROBLEM DEFINITION AND GOALS

2.1 Problem Definition

The problem we define in this research is the lack of component reusability in current
component models and its blind application tolenging EHRs. In other words, software
components relating with exchanging EHRs or EHR systems in the current restedieb

are implemented by current component models with the limitation of their reusability.
However, the current research applyingsthenodels to health informatics area acsém
component reusability without doulpt 0, 13]

Electronic Health Records aeechallengingareain health informaticsand current
researchstudiesrelated with EHRs show prominent results regarding overall architecture of
implemented health information systems or networks, and international standards for EHRs
because EHRs a major part of NHIl. When NHII based on the robust EHR systems is
construced, it shall impact on improving quality of healthcare services and assisting-health
related researcistudies In particular, NHII ties to join all health information systems
together and requires reuse of the repeating functionality such as exchanieglilthis
sense, reusability of software in NHII is very important issue to be resolved.

Researchfocused on practical development using the specific technologies such as
Componenbased Development (CBD) are quite few or limitedrappsing architectes of
whole systems or frameworks in a broad vi§i®-12]. Component reusability is not
adequately achieved in current component models and mostlyré&eified softwee and
Health Infaoamation Systems are implemented by these models with lack of reusaislity.
Componenbased Development (CBD) provides increased rdase production cost and
shortens the time to the market, it is necessary to have components thatezeily reused
with "composition mechanisms that can be applied systemat[éllyHowever, he ideas
of software reuse wibut source code change in current CBD has not been achieved much
due to its constraints such as dependency between compd@eritS]. Moreover, he
deployment of new clinical information systems anbealth services become easier and
faster due to reisable components, but it still requires more focus on how and when to
upgrade the platform itself (considering the cost fadtd).

In summary, we investigate and validate theentlyproposed component models to
enhance component reusability and apply the validated component model to exchanging
EHRs in order to resolve the issues regarding the component reusability of current
componat models and its incomplete application.

2.2 Goal and Objectives

The goal of this study is to analyze component reusabilirg@@ntlyproposed component
models by applying these models to exchanging EHRs which require component reusability
in NHII.

Component reusability is one of the most important benefits of CBD. However,
current software component models have not achieved component reusabilityj@huch
From this fact, we assure that if component reusabilityecently proposed component
models can be validated by this study, the known benefits of CBD such as reduced time to

11



market and cost can be readily achieved. Anatyziomponent reusability will be a basis to
select proper software component models to develop various software systems which require
software reuse acutely. Particularly, exchanging EHRs is the most important function to
construct NHII[2]. When this goal is achieved properly in this study, it adteleratehe
challengesn the national sque software development such as NHiII.

To fulfill this goal, we define several objectives

- ldentify recently proposed software component models excellent to component
reusability.

- Investigate a proper component evaluation method to validate compensability.

- Evaluaterecently proposed software component models by the proper component
evaluation method.

- Clarify a performance impaethen applying these component models to component
development.

When these suboals are reached, the goal of thiggtwill be achieved.

2.3 Research Questions

To resolve the problem explained in the previous section, we define the following research
guestions based on the research goal and objectuas.research focuses on recently
proposed component models using exmges and mediator connectors. Letual proposed
exogenous connectowhich control all operational calls between compon€iss, 17] The
mediator connector proposed by Sanathaghaal controls all operation calls as a
compositional operatoas well [18]. Using the JavaBeans component modslone of
currentcomponent models, watudy exogenous and mediator connectors in det&hapter

4.

1) What is the better component model to guarantee component reusability for
exchanging electronic Health Recordbetween JavaBeans and component models using
exogenousonnectors or mediator connector?

The first step to the research problem of this study is to identifyapeopriate
component model or method to enhance component reusability. Because the most common
component models still have limitations in realizing component reusability, identifying
appropriate software component model among recently proposed component models is the
most important starting point. Sap ithis part of our research, we shall stugygently
proposed component modelsing exogenous and mediator connectoas will be used to
analyze which model guarantees component reusabidiiywithout code change.

To answer this question, we focusmototypingbased on selected component models
among recently proposed component modaisl its experimental validation by using
component evaluation model¥he selected component models are the component model
using exogenous and mediator connectors respectively. JavaBeapsnent model which
is one of the most common component models, and the prototypes implemented by the
selectd component models will be compared with the prototype using JavaBeans
component model.The result of this experiment will provide the better component model
guaranédng the component reusability.

2) How can component reusabilitybe evaluatedfor systens implemented by using
JavaBeansgxogenousonnectors, and mediator connectord

The importance of this question tisus; through @roper component evaluation we
can evaluate and validate the software component modéésms of reusabilityWithout
answering this question, it is not possibledentify a proper software component model for

12



exchanging EHRwhich requires component reudédiere are several evaluation methods for
component reusability and we needdentify the appropriatesvaluation methoédmongthe
recently proposed component evaluation methods. Each method has its own evaluation
process. Through literature reviews, we investigate software component evaluation methods
and analyze their pros and cons. After that, we idantify the appropriateevaluation
method for our study.

The results of component reusability evaluation based on the survey regarding
component evaluation methodagll be on both theoretical and practical basis to verify
component reusability.

3) How big is aperformance impact when each component models such agvaBeans,
exogenousconnectors, and mediator connectorsire adopted for constructing software
system®

During our tests$o identify the appropriate component model, there is a possibility for
a peformance problem to be created even though component reusability is fulfilled.
Analyzing ths problem is important because component reusability is not the only concern
while implementing the function of exchanging EHRs. Other software properties such as
performance should be considered as well during the construction of NHII. eSayilw
observea performancampact while using these reusable componentis part will be
discussed in detail based on the result of analysis for research question 1, 2.

2.4 Expected Outcomes

Meaningful research contributes to knowledge theoretically and practicallykhewledge
should change the world and make people happier. How can we contribute to knowledge
through this study?

The expected outcomes of this study are as follows:

1) We can confirm which software component model can support component
reusability verywell.

This expected outcome can make software architects decide which software
component model should be used to guarantee component reusability. Dejpending
thetype of development projects, component reusabilitybessf very high priority.

The analys of recentlyproposed component models will be useful knowledge to
decide the software component model to be used in a project.

2) The result of prototyping for exchanging EHRs will be a critical part of the
blueprint to construct NHII and can be used pcatly in NHII.

During this study, we make several prototypes to whidentlyproposed software
component modelare applied. After validatintheir componenteusability, we can
clarify which software component model is good for realizing componasabdity,

and this result will be a robust approach to construct NHII.

3) Scientific validation and analysis results of component models will be an objective,
academic basis for software component models in terms of component reusability.

The most importanquestion of this study is how we can scientifically prove if a
certain software component model is proper to assure component reusability. For
the scientific validation, we use an empirical study and analyze its result. These
efforts will establish scidiiic objectivity of this research.

13



We demonstrate that these expected outcomes will be enough to contribute to
knowledge in software engineering and health informatics area and make this study
meaningful one.

14



CHAPTER 3: METHOD

3.1 Overview

In this chapter, we present how to achieve the goaluostudy described in the previous
chapter. Both qualitative and quantitative methods are used via following ways: literature
reviews, prototyping, and an experiment.

First, we examine current researstudiescarefully regarding standards for EHRS,
software component models, and component evaluation methods through literature reviews.
Several standards for EHRs such as HL7 CDA, CEN ENV 13606, openEHR, and DICOM
areinvestigated in this chapter and ithienplementation technologies are introduced as well.

To look at overview of software component models, taxonomy for software component
models is discussed before digging deep software component models in detail. Current
component modelare studieddriefly and the comparison @l these models is a basis to
select several models to be used in prototyping. Component evaluation methods are very
important pad to scientifically validate if the component models to be selected are valuable
for implementing ighly reusable software components. Secondly, based on the literature
reviews, we choose one of standards for EHRs and select several candidate component
models for prototyping. Namely, the software component implementation for exchanging
EHRs will be progessed. Lastly, the experiment with the results of prototyping will be
designed to answewr research questions. For the experiment, we also use tmeprbper
component evaluation methods and analyze the experiment result through it.

i Toanswerresearch questions: |
{ available component models and | N

i v - t s e e "\ . .
component evaluation methods \[ Literature Reviews ]

in terms of component ey

reusability and exchangin . . .
- Sing | - Standards for EHRs and their technologies
SRR =) » | - TSN - Software Component Models
- Component Evaluation Methods

i Toestablishthe experimental |

| settingsthatareusedtoanalyze (I .

i component reusability by h Prototyping

{ components’developmentusing [T

i available component models. |

- Choosing a standard for EHRs
and candidate component models
- Prototyping based on the selected standard and models

To validate whether the newly

proposed component models are ™,
better than the furrem S Experiment
componentmodelsin termsof .
component reusability and v - Experiment with the result of prototyping
________ exchar}ging EHRs. - Analysis for the experiment result

using a proper component evaluation method

Figure 3.1: Overview of research methods
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3.2 Literature review

3.2.1 Standards for EHRs and implementation technologies

Health services hawxtensiveopportunitiedor improvement through the uselaformation
Technologyapplicationsin different areas, for exapl e i n | aboratori es, p
records and other clinical documentation. In earlier days when Information Technology was

growing roots in clinics and laboratorieg, pat i ent 6 s record and t he
information was kept within the organizati. There was no access to the data from outside.

International standards for EHRs such as HL7 Clinical Document Architecture (CDA),
International Organization for Standardization Technical Committee 215 (ISO/TC215), and
European Committee fdstandardization Technical Committee 251 (CEN/TC 251) have a
large scope and the current research based on these technolsgeesuigat helpful and
positive results regarding overall architecture of implemented health information systems or
networks[10].

Some of he common EHR standards and their implementation technologies are
shortly discussed in this chapter.

HL7 Clinical Document Architecture (CDA)

HL7 CDA is a commonXML document markup standangsed between independent
healthcareoriented computer systems to exchangeypksof clinical information. Based on

XML -encoded documents, it is easy to construct formats of standard information and can
interchange format and data over the internet. @@guments are easy to create and reused.

It includes almost all sort of multimedia information e.g. sound, text and images.

TheHL7 standard was introduced the start with th@.x series version. HL7 version
3 is entirely different and is not compagbWwith version 2. It ichallenging toadoptby
organizations which are using version 2 because of its complexity. The reason is that the true
concepts are limited to only few grougd®].

One of the main purposes of this standard is to enable interoperability between all
platforms. It is easily readable at all platforms or devices. The implementation of this
technology has reduced the cost factor amd hlso shortened the distance between
healthcare information systerf#0].

Some initiatives have taken on the implementation of open source HL7 version 3 to
make it more cost effective and easy to appiwo well known technologies which have
been used aréiL7 Java SIG API, developed by a group of Sun Microsystem, Oracle, Kaiser
and UNLV, and NCI caAdapter tool, developed by National Cancer Institute [RISA

Two basic functionalities of HL7 messaging and parsirgprovided bythe Java SIG
API. A foundation forthefuture is provided to HL7 version 3 implementations because of its
fl exi bil icaAdapteMéaneopea sodre tgolo Data mapping and transformation is
supported by caAdapter from various data sources. ltsitectiire is based on two
components tfie Core Engine and whee thM&pepkngimeg Compon
generates and parses messages utilizing HL7 Java SIG@ AéNMapping Component gives
the mapping capability to HL7 version 2 to HL7 version 3 forrfiits

The standard used fdransmitting HL7 messages via TCP/IP is the Lower Layer
Protocol (LLP), or known as Minimal Lower Layer Protocol (MLLR2R]. Based on an
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object oriented methodology, HL7 version 3 utte=Reference Information btel(RIM) to
create messageand CDA obtains its contents from this shared RIM and implements in
XML. It is a main principle whilereating clinical documentbat it is compatible with HL7

RIM and XML. Its document specification is transport independent. CDA also includes
different sors of administrative and financial information but its major goal is to give
preference to the clinical documents carrying paiane informatiorj20].

OpenEHR

OpenEHR provides an open and interoperable platform to health systems for the exchange of

EHRs. It is an open standard specification. OpenEHR explains the retrievagement,
storage and the exchange of patientodés health
readable to the computers and these health systems can further process this health
information automatically, kK n otevmcanarecordiagde ma nt i c
maintain all clinical information including patient history, treatments, test results, imaging

and evaluationf23].

The openEHR templates are usedNational Health ServiceNHS) in the UK as it
provides important implementation experienaad it will be used to develop schemas for
templates and specifications, also includes additionfité D L | anguage suppor
specialization and templating; Template Definition Model Schema (.xsd of the TDM) and the
Template Definition Model (TDM an object mdel of template definitions.[24]. The
assessment of Template Definition generates an Operational Template in openEHR to
pr odusingleresul i ng T ahatpslcarespainding to a single large archetydso
it is directly used in openEHR systems onruntimdb ei ng t he precursor for
forms (including using various XML formalisms such as XAML, XForms), and as the input of
Template Data SchentasThis fact facilitatesusing TCP/IP asicommunicatiorprotocolo
Template Data Schema (TDS) gives an enhanced capability for integration in openEHR. A
TDS is generated for every templ atdsawi th a si
linked as a message to the r esammtnicatiqhasic hema ar
XML dat a t r aThedata souieetgenerates its contents according to the schemas
explaining the result types. The most important fact of TDS appr@athat it provides
i ntegration and guar acorfoenes TDSoxsdimthie staridarddXMb f dat a
approacd i s converted to[2elpenEHR content for mat

CEN ENV 13606

CEN ENV 13606 c asubshtefthd dubperBHR dpedfisaton 6 |t enabl es
the exchange of records between different health syd@&shsin the beginning there were

many challenges in implementation of the first version of 13606 because eof th
interoperability and compatibility issues between different health systems. In 2002 -the pre
standard of 1 3 6 dull moestiveeBuropeancSamntlard o Thi s r esear ¢
was based on the concept of i A rlevdt mddefinge Met hod
approacho. In an EHR system, C Efinthet rdseedich e x c han
is being carried outo make these extracts useful for exchanging information between

openEHR systems.

ENV 13606 has three types of messdg@&s:
request EHCR messageis sent to reteveinformation from receiver.
provide EHCR messagehen the sender want to deliver health informatethe
receiver.
EHCR notification messagé#:is used to notify about the acceptance or refusal of a
request to receiver.
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Digital Imaging and Communication in Medicine (DICOM)

DICOM standard was created by the National Electrical Manufacturers Association (NEMA)
in 1985 to assist the distribution and viewing of medical images like MRIs, CT scans and
ultrasound. This standard is used by hospitals, clinmaging centers and specialists. It
allows to take faster diagnosis from anywhere in the world. DICOM is common standard for
receiving scans from the hospitals. The use of DICOM standard provides a faster and more
effective care to the patients. It isedlsto send their information through the healthcare
enterprise. It also covers most image formats for all the medicine.

DICOM is the specification for messaging and communication between imaging
machines. It enables users to retrieve images and reldeethation from digital imaging
equipment in a standard format using péoipoint connection.

TCP/ I P i sommuieaton pratocdi t o communi cate bet ween
t hat support D IDECOMI formabl ea Ifsoor marntsuriies t he i mage
transmission of files as doctors have to make faster and crucial decisions based on these
reports. Patients also get better assistance and care from health systems usindZHCOM

Composite objectqOIld objects inherited from NEMA)
It containsVerification, Storage Query/Retrieve Study Content Notification

Normalized objects(New objects defined in DICOM)
It includes Patient Management, Study Management, and Results Management.

DICOM standard is used on large scale in following medicaliaiies:

Radiology
Breast imaging
Cardiology
Radiotherapy
Oncology
Ophthalmology
Dentistry
Pathology
Surgery
Veterinary
Neurology
Pneumology

A single DICOM file containsheader and image data. Header stores information about the
patientds name, t he twhereasimdge data eontains informai@n di me n s
in three dimensions. These files can be compressed in different formats e.g. JPEG.

DICOM Service Elemers:

Using service elements, complex services are built which aredcBIEOM Message

ServiceEl ement s or DI MSEs. It can be categorized
Noti fications (such as fAevent reporto).

Advantages:
DICOM provides standard critera@ displaying images, trafes and storage of information.

It has improved the costffectiveness in health care during interconnectivity between
diverse medical systems.
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DICOM Standard is used on the following imaging modalitesmputed Radiography
Computed Tomography Magnetic ResonanceNuclear Medicing Ultrasound and
Secondary Capturdt also develops a common framework for all the specific information
into a confirmed structure of storing d§28].

3.2.2 Overview of software componentodels

According to theHeineman and Coundils def i ni ti on, a component m
defining Aspeci fic i nt er[f.cd i bnt earnadc td @wmp oveii tt !
software components is basically accomplishedhayprovided and required interfaces of

components. These interfaces make dependencies between compareethe, type of the
dependencies is speci f[bled Ogtiongstandards provieleaact i on
composition rules which are required when software is constructed by composing
components, so the rules decide how components can be assembled. This definition includes
interfaces, naming, Meta data, interoperability, customimatomposition evolution support,

and deployment as important elements of a component rfigjd&amely, a set of standard

of these elements constitute a component model.

Lau and Wang extendedetboncept ofa component modedefined byHeineman and
Councill[5] to the definition of the semantics / syntax / composition of compofgntShe
semantics and composition of components are directly related with interaction and
composition standards respectively. The syntax of components is represented by component
definition language (CDL) whitis different from the implementation language or same as it
according to each component modg]. It is a goodtry for Lau andWangaddng 6 t h e
syntax of componentsd as the el ement of sof tw
syntax of components can impact on not only interoperability between components based on
different implementation languages but also component impleti@mtprocesses. Lau and
Wangos definition g i iv anslerstanshg theheristing softvpaee r basi s
component models in terms of component design, its practical implementation and use. In
this section, we look into the taxonomy proposed by Laudadg[6], and then investigate
major component models which are currently used much through the taxonomy.

Taxonomy

Lau and Wang propose taxonomy based on component composition in theifghapéis
taxonomy categorizes software component @edccording to composition format in stages
of a component life cycle.

Design Deployment  Run-time

Builder Repository = Assembler RTE

— ™ A [ 7 InsA
| — M |
B -+ InsB
| |
D = InsD
[ |
BC InsBC
component ] component (binary) ] component
@ design phase B deployment phase instance

composition operator composition operator

Figure 3.2: An idealized component life cyfi
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From the fact that system integration in ZBakes placdy component composition
in dsever al phalsaese b fs yt hte@th lodmgnid @aaag ydentifeed
an idealized component life cycle and its 3 phases, the design phase, the deployment phase,
and the rurtime phase, shown as Figure 362 28]. According to this idealized life cycle
components have the following characteristics for each gbase
- In the design phase, components are produced by builder dadlsstored in
repository.
- In the design phase, composite components can be formed as subsystems and
managed in repository.
- In the deployment phase, components should be used by assembler tools interacting
with a repository and make a whole system asra fufrbinary.
- In the runtime phase, components should be copied and instantiated -¢imeun
environment.
As shown in Figure 3.2, in the design the builder tool generates a composite component
through the composition of B and C, and then the composite camg n t 6BC6 is stor
repository. In the development phase, the composition of A, B, D, and BC for a whole
system is conducted by the assembler tool. Finally, the binary components in the deployment
phase instantiates as rtime instances. Most of cumke component models can be
categorized by these composition formats in design and deployment phases of the idealized
component life cycle.

Lau and Wang categorize 13 major existing component mddaisaBeans, EJB,
COM, .NET, CCM, Web Services, Koala, Bi#&\, SOFA, Acmelike ADLs, UML 2.0,
PECOS, and Fractal) based on these composition styles on each phase and define 4
categories for the 13 modd8y:

- Category 1: Design without Repository

- Category 2: Design with Deposinly Repository

- Category 3: Deployment with Repository

- Category 4: Design with Repository
Based on these categories, we will briefly study these component mwithisthe
explanation of each category in the next section.

Software component model$6]

Category 1 (Design without Repositof] is that components are designed by their scratch

and then the composition of component instances is occurred in thiemayphase. There is

no flexibility in terms of composition because there is no repository so that the composition
of components depends on the design scratches. Actually, services and dependencies of
components in this category are represented in the desage pand they are instantiated in

the runtime phase. Acméke ADL based models such as UML 2.0, PECOS, and Fractal are
included in this category.

Category 2 (Design with Deposinly Repository)[6] is that the components the design
phase are deposited in a repository and then instantiated in the runtime. But those
components in the repository cannot be retrievad as a resuithe composition is occurred

in the runtime phase and same as the composition in the design phase. The difference with
Category 1 is whether the repository exists or not. The component models used in COM,
EJB, .NET, CCM, Web Services belong to this catgg

Category 3 (Deployment with Repositonfg] is that the components in the design phased

are storedri a repository but the retrieval of components in the repository is occurred in the
deployment phase. It means there is no composition in the design phase but in the
deployment phase. After composition in the deployment phase, the component instances are
executed in the rutime phase. JavaBeans is the only component model between 13
component models. In Java, components stands for beans, which are deposited in the

2C



ToolBox (a repository) of BDK, deployed to BeanBox (an assembler) by dragging Beans
from theToolBox, and executed in the rime environment.

Category 4 (Design with Repositori] has a distinctive property comparingth Category

2. That is the components can be retrieved in the repository. For example, in Koala, three
typesof connectors for components (that is binding, glue code, and switch) are defined as
well as components and composite with the components fremeghository in the design

phase. Namely, by using these connectors, composite components can be generated in the
design phase and deposited in the repository. There is no composition in the deployment
phase and component compositions are same as the sibonmin the design phase. This
category includes Koala, SOFA, and KobrA.

From this taxonomy, Lau and Wang summarize 13 component models shown as Table 3.1

based on the idealized component life cycle. We can notify Category 4 mostly fulfills the

idealizd component life cycle and any categaxcept for Category o es n ot ful fil
composition in the deployment phase. So, Lau and Wang insist the current component

models should be improved for achieve the idealized component life aydlenentioned

the idea | category O6Desi gn andintbenicoapteneawill wi t h Re
investigate this gab vieecentlyproposed component models.

Table 3.1: A taxonomy based on composif{ieh

Design Deploy

Category Models DeRIosm Retrieve| Compose Dep():osﬁ Compose
: . Acme-like
ggsfsnitg’r'tm“t ADLs, UML 2.0,| i |' P |' |’
pository | pecos, Fractal

. .. | EJB
Design  with '

: COMm, .NET,
peostonyJeaw wes | T P T
b y Services
Deployment
with JavaBeans P i i i P
Repository
Design with| Koala, @ SOFA, = p = p
Repository Kobra

* DepositN: new components can be deposited in a repository.

* Retrieve: components can be retrieved fromrépository.

* Compose: composition is possible.

* DepositC: composite components can be deposited in the repository.

3.2.3 Overview of software component evaluation methods

Componenbased development (CBD) and Commerciattbéshelf (COTS) components

are general in current software system industries due to their benefits such as component
reuse. However, one of the challenging issuesbleen how to evaluate and select robust
components for their reuse and many resestatiiesregarding component evaluati have
conducted8, 29-32].

To resolve this issue, Ismadt al. reviewed current component evaluation approaches
and categorized them into 4 groups in terms of software réssduct Line Engineering
Components (PLC)riginality Components (OCQuality Componens (QC), andReusable
Components (RC[R9].OC and QC approaches mainly focus on
than reusability. PLC and RC approaches, however, aim at evaluation of core assets in
software product lines and component itself respectivaiyough to define these groups
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Ismail et al use three criteria (scope, technique, and level of validation) which are partial
members of a evaluation framework proposed by &woaind Abrey29, 33] comparison

result between the 4 groups based on three criteria shows PLC approach fulfills three criteria
as higher weight tha other approachel29], followed by RCapproach Of course, this

review paper mentions all approaches have a room for improvement in terms of
6independently validated6 whi d29]. Howeveathsa ubcat e g:
result of comparison between all approaches shows comparative maturity of component
evaluation appracheg[29]. In particular, for our cldfication regarding implementation of
exchanging EHRs azcore asset in NHII based on the view of software product lines, the
review of Ismailet al [29] is useful to this study in terms of deciding the proper component
evaluation method even though current evaluation approaches are reéqueimproved.
Namely, PLC and RC approaches will be used in this study in terms of reusability of the core
asset and its software components. Detail evaluation framework setting of these approaches
for the experiment will be discussed in the chapter 5.

3.3 Prototyping

To realize high component reusability for exchanging EHRs, we will investigate
certain EHR standards, related implementation technologies, and recently proposed
component models deeply in theoretical work. After this investigation, wéleatify pros
and cons for each investigation result and then decide how to conduct prototyping. Basically,
we implement 3 prototypes for exchanging EHRs. These protoggeethecombinations
between EHR standards, related implementation technologiesthagel candidates of
component models. Namely, prototyping steps are as follows:

- Choose and investigate the appropriate standard for EHRs and related
implementation technologies.

- Choose and inquire into 3 candidate component models in detail.

- Prototyping

ADesign components for exchanging EHRs by using the selected EHR standard
as core asset in NHII

Almplement components by using the selected software component models and
implementation technologies.

As we clarify, the functionality for exchanging EHRs wi# prototyped as core asset
in NHII. Based on software product line, this core asset will be constructed according to core
asset development of software product line activ[Bds$.

3.4 Experiment

Experiment is a core part of this study. That is because the goal of this study,
analyzingcomponent reusability, can be directly achieved by this experiment with the result
of prototyping.

For the experiment, we define the selected 3 components models as independent
variables. Namely, each prototype based on one of the selected componerst imauatel
i ndependent variabl e. According to each protot
functional commonality, nefunctional commonality, variability richness, applicability, and
tailorability will be affected as dependent variables. We v the evaluation framework
and its metrics for reusability of core assets proposed byeHak [32] as PLC approach.
The attributes of this metrics are same as the characteristics used as dependent variables. For
RC approach, the metricsiite for measuring reusability of software components proposed
by Washizalet al.[35] will be applied. After evaluating components by this experiment, we
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analyze the experiment result and can draw the conclusion regarding the highly reusable
component model and its implemented components for exchanging EHRs.

In the next chapter, the thetoal work, we will investigate the EHR standard and

implementation technologies we will use in the experiment. Underlying theoriesaritly
proposed component models chosen for the prototyping will be presented as well.

23



CHAPTER 4. THEORETICAL WORK

This chapter explains underlying theories of recently proposed software component models
as well as the chosen EHR standard and implementation technologies for the experiment in
detail. Through this chapter, we can understand how these concepts cantduk wéla
component reusability for exchanging EHRs. Theoretical bases of them yield robust results
for this study.

4.1 The chosen EHR standard and its implementation
technologies

Among EHR standards introduced in Section 3.2.1, we chose HL7 CDA for the ofade!
research. CDA (Clinical Document Architecture) has been developed by HL7, which is an
international standardization organization approved by American National Standards
Institutes (ANSI), to share and exchange clinical data. CDA not only coveabulacies

and relationships of clinical data comprehensively but also is very flexitkdeldng new
variables. Thus, it is widely accepted that all the contents in any clinical document can be
expressed with CDA36].

In this section, we first explain the general framework of HL7 CDA and describe the
proceduren construcing HL7 CDA documents in detail.

4.1.1 General framework of HL7 CDA

HL7 suggests Reference Information Model (RIM) to define basic classes of medical
data and the hierarchy of them. RIM creates medical documents and messages composing
those classeqd upper level domairf87]. Six main classes in RIM are as follows:
Act class This class defines past, current, dnlire acts that are required or intended
for patients. For example, medical examination, operation, medical treatment, and
patient education are included in this class.
Entity class This class contains information about persons or institutes that ¢conduc
acts
Participation class This class connecentitiesand acts by indicating the role of an
entityin anact.
Role classThis class defines a type of role that is verified and approved fentéty
in anact. For example, the role of an anesthetisbag entities who are participated in
an operation is putting a patient under anesthesia. This information is written in the
Role clasof theentity.
ActRelationship classThis class represents the relationship between two consequent
acts If a patient s an operation for choleecyse ct omy as t he patientds
diagnosed as cholelithiasis, ant6 di agnosi ng the casat as chol
6operating on t kheecpootmiyedntarfeorl icnhkeelde ceyasc h ot F
result with tle ActRelationship class
RoleLink classThis class links two relatesbles If an entity takesolesof 6 hi r i ng
and o6all ocatioegf j@odlslboc anidng hjeobsdé i s onl
the entity takes aoleo f 6 hi r i n g &y betiveen twgoldsarp explainedin
theRoleLink class

0
y
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RIM defines almost 70 basic classes for HL7 messages. Domain Message Information
Model (D-MIM) is a subset of RIM. EMIN consists of classes, attributes and relationships
which express those messagf a specific field. Furthermore, Refined Message Information
Model (RMIM), which is instantiated from EMIN, is used for representing particular
information of a particular message in more confined groups.

CDA R-MIM, as a subset of RIM, is developtat describing clinical informatiof88].
CDA R-MIN inherits all the properties of RIM. In addition, CDAMIN contains the class
cardinality to define necessary classes and the number of appearance of them in a CDA
document.

CDA uses 22 data types with 4 classifications, which Astract type Basic type
Generic collectionsand Timing Specification For Abstract type CDA uses ANY type,
which is the highest level of data types and defines basic attributes that are shared for all the
data types. FoBasic typesBoolean (BL), Encapsulated Data (ED), Character String (ST),
Character String with Code (SC), Postal AddrgsB), Entity Name (EN), Person Name
(PN), Organization Name (ON), Concept Descriptor (CD), Coded with Equivalents (CE),
Coded Simple Value (CS), Instance Identifier (lI), Telecommunication Address (TEL),
Integer Number (INT), Ratio (RTO), Physical QuantfPQ), and Point in Time (TS) are
used. FoiGeneric CollectionsSet (SET), Interval (IVL), and Sequence (LIST) are used. For
Time SpecificationGeneral Timing Specification (GTS) is used. The overall hierarchy of
these data types is depicted in Figure. 8N, BIN, ADXP, ENXP, CV, URL and QTY in
Figure 4.1 are not those data types used in CDA but intermediate concepts in the hierarchy.

ANY

| | | I | [ |
( BTL ) ( c;PD Y(C ) (U§L) (aQry) (SET) (LisT )
ey ) (cE) TEL VL
1 1
@) & |
(ep ) (cs) (vt )(Crro )(CrQ (18 )
( 5 ) (ADl}(P) (ENlXP)
1 T
(ap ) (EN )
——
GO

Figure 4.1 Overview of Data Types in CDJ89]

Medical vocabularies used in CDA include Logical Observation Identifiers Names and
Codes (LOINC) and SNOMED Clinical Terms (SNOMED CT) as well as those are defined
by HL7.

LOINC is the set of vocabularies that cover all sorts of medical examinations,
treatments, experiments and diagnosis conducted in hospitals. Using LOINC, hospitals can
exchange and utilize medical data conveniently. LOINC 2.16 released in December 2005
cortains 42,499 clinical terms. Regenstrief Institute manages thes@40ht&Vvhen a HL7
CDA document is created, an appropriate LOINC code, whidicates the type of the
document, is searched considering seven LOINC fields: Component, Property, System
(Sample) Type, Type of Scale, Type of Method, Class, and Status. First, we search a text
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value of the required document type in the Component flelthe Status field is DEL,

exclude the record from candidates. Then, we check if the System (Sample) Type and Type
of Method are right for the searching document type. The Type of Scale is referred to check
if the document classification is appropriagdter checking the Property and Class fields,

the LOINC code fit for the purpose can be finally confirrfies.

SNOMED CT is a standard medical terminology structure developed by College of
American Pathologists and National Health Service of UK in 1999. This is known as a
comprehensive set of clinical reference terminologies. SMOMED CT released in January
2006 covers 366,170 concepts, 993,420 descriptions and 1,460,000 relationships. A special
feature of SNOMED CT is that it allows users postrdination, by which users can
construct various new concepts by composing more than two existing concepts. As
illustrated in Figure 4.2, the relationship type links domain and value and the combination of
them makes a new SNOMED CT code. However, the-gpastdination has drawbacks that
the same concept may be expressed differently by users using different compasitiohs
may confuse other usepkl].

-Body structure ~—
-Clinical finding
= Y

-Context dependent
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-Digeage

-Pharmaceutical /
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>) -After
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> -Hag does form —_|

biologicproduct

-Procecure
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7 Left (qualifier value)

e -Right (qualifier value)

-Body structure (body
structure)

y -Clinical finding (finding)
\-* -Procedure (procedure)
> -Typeof drugpreparation

s =Surgical access values

(qualifier value)

Figure 4.2 The concept of postoordination in SNOMED CT schenfiz9]

Clinical documents written with LOINC and SNOMED CT help doctansl other

clinicians in shaing clinical information andn accesig to clinical knowledge database

easily.

4.1.2 Creation of a HL7 CDA document

CDA consists of two parts: header and H88y. CDA header contains critical

i nfor mat. i

on

t hat

enabl es

shar.i

ng

and

managi ng

among hospitals and doctors. Contents in CDA header include the clinical document class,
the participants class group, and teralationship class group. The clinical document class
describes the information about this clinical document. Mandatory attributes of this class are
a unigue document identifier (id), type of the document (code), creation time of the
document (effectivBime), and confidentiality (confidentialityCode). The participants class
group contains information about patients (service targets) and medical personnel (service
actors). This class group includes the author class, legal authenticator class, authenticato

26



class, custodian class, and record target class. Thelatibnship class group includes the
parent document class, which indicates the previous documents, the related document class,
which shows relationships among documents, the service eventvelasis,describes acts
recorded in the document, the documentation of class, which links the service event classes,
the order class, which contains orders, and the in fulfilment of class, which connects the
order classes.

CDA body is composed of either thent XML body class or the structured body class.
The nonXML body class is used for referring to outside data encoded with other data format
than XML. The structured body class is used for a XML format document. This class
includes several section class@ssection class contains a unique identifier of this section
(id), type of the section (code), title, text, confidentiality, and language code. Texts of the
structured body class require the entry structure, which enables computers to interpret the
text. Contents of the text are written in codes of a standard terminology such as SNOMED
CT in the entry part. The entry structure is based on HL7 Clinical Statement model.

Kim [39] explains the detailed proceduweeatinga HL7 CDA documenby using a
sample clinical document, which is a discharge summary note. Records of a discharge
summary note include the patht 6 s registration number, name
hospitalization date, discharge date, discharge disposition location, diagnosed disease,
general history and plan of treatment.

At the first step, those recorded elements are classified into header and body. The
patientdés registration number, name, age, s ex
disposition location and department are categorized into header, whilagneskd disease,
general history and plan of treatment belong to body. Besides these elements, the
confidentiality, author, and administrative institute of this document are necessary in a CDA
document. Sample mapping results of the header part of disckargmary note on the
CDA structure are displayed in Table 4.1.

Table 4.1 Sample CDA header for discharge summary note elerf&3ijts

CDA Element Name Discharge summary note
ClinicalDocument
code Discharge summarizatio
title note
effectiveTime Discharge date
recordTarget
patientRole
id Registration number
Patient
name Name
administrativeGenderCode Sex
birthTime Age
encompassingEncounter
effectiveTime Hospitalization date
dischargeDispositionCode Discharge dispositior

location

Location
healthCareFacility
code Department

Second, appropriate LOINC codes for eatbment are matched. Sample LOINC
codes for discharge summary note elements are listed in Table 4.2.
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Table 4.2 Sample LOINC codes for discharge summary note elen@dits

LOINC_NUM Component

341057 Discharge summarization note
115352 Hospital discharge DX
113290 History general

187765 Plan of treatment

423459 Discharge functional status

Third, the elements of discharge summary note are converted to a CDA document with
the XML file format. Figure 4.3 shows the body of the completed HL7 CDA document for
the sample discharge summary note. As this CDA document is written in XML language, the
body part shows the structured form. The structured body is composed of two levels. The
first level, which is enclosed with <text> and </text>, is for human to read and understand
the contents. The next level, which is placed between <entry> and </dmtexgaressed as
SNOMED CT codes that machines interpret to take an appropriate action.

=component typeCode="COMP"” contextConductionlnd="TRUE" =
=5StructuredBody classCode="DOCBODY"” modeCode="EMNV" =
.

<component typeCode="COMP" contextConductionlnd="TRUE" =
<section classCode="DOCSECT” modeCode="ENV" =
=code code="11535-2" codeSysterm="2.16.840.1.113883.6.1" codeSystemMame="LOINC"
codeSystemVersion="2.16" displayMName="HOSPITAL DISCHAR GE DX" />
= title > Diagnosed disease =< /title =
= text=distal common bile duct cancer=/text>
=entry =
=observation classCode="COND"” modeCode="ENV" =
<code code="255086002" codeSystem="2.16.840.1.113883.6.96" codeSystemMName="SNOMED
€T displayMame="carcinema commeon bile duct” =
= qualifier >
=name code="272737002" codeSystem="2.16.840.1.113883.6.96" codeSystem="SNOMED
CT” displayMName="site of" /=
=name code="46053002" codeSystem="2.16.840.1.113882.6.96" codeSystem="SNOMED
€T displayMName=“distal” />
=/qualifier =
</code=
=statusCode code="completed” />
= effectiveTime value=""20050111"/>
=/observation >
=fentry =
=/section=
=/eompeonent>

Figure 4.3 Sample CDA body for discharge summary riG&@

4.2 Underlying theories of recently proposed component
models

As Lau and Wang drew in their study, current software component models have a room for
improvement in terms of composition in both design and deployment phase, and have critical
issues as well: how to design readily reusable components and how to desgpnent
mechanism for systematic compositioi]. Without proper composition between
components, their reusability can not beieebd so that it is required these issues should be
definitely resolved. Most of current component models use indirect or direct message
passing for composition mechanism which make it difficult to reuse components because of
tight coupling between compom&s and composite components, and do not have
composition theory[6]. Although some models such as ACMNIEe ADLs which have
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architectural units as components have a simple composition theory using ports in software
architectures for composition, they still have problems for systematic composition because

this simple theory just defines the level of ports but not the level of acwnpitself6]. In

the past before Lau and Wang clarify these problems, studies such as component adaptation

and dependencyjnect i on had conducted for components?®d
terms of feasibility and reusability and it was focused on other factors rather than component
reusability[15].

In this section, we investigate three component models recently proposed by Lau and
Wang [42], Sanatnamat al. [18], and Limet al [15]. Particularly, we explain the core
concepts of their models wHhH426h éMaddafor O6E&RDE
[18]6, and O&6Act i ve[lohi mrdeismpge cttecvhen oyl.o gy

4.2.1 Exogenous connectors

As composition operators, exogenous connectors in component model proposed by Lau and
Wang[42] are a kind of coordinators to control interactions betweenpooents. In this

model, components do not call methods of other components but the methods are only
invocated by responsible exogenous connectors.

Actually, the concept of connectors is used in traditional ADLS to represent interaction
among componentsand a component passes their controls to other components via
connectors. This case where connectors play the role of just a path for interacting between
components make components be tightly coupled while compositinly as a result,
components can not e depending on other componentSn the contrary to the
connectors in traditional ADLs, exogenous connectors play the role aantroller to
activelymanagehe interaction between components rather than jusiteraction path.

To specifically compare the connection via exogenous connectors with the connection
among components in current component models such as EJB and ADLs, we can think of
direct and indirect message passing. Figure 4.4 clearly shows two types of message passin
in order to invoke methods of components. Most of component models meet one of two
types[43]. Direct message passing shown in Figure 4.4 (a) is that components directly call
methods of other components, and component models such as EJB, COM, CCM, UML2.0
and KobrA follow this mechanisif#3]. Without connectors, these models diredtiteract
with other components. The second type, indirect message passing, uses connectors for
interaction between component s. For exampl e, ¢
calls the method 6éa()d6 of t heectyoJavpBeangand O6BO v
several models using ADLs or ABRlike languages follow this indirect message passing to
invoke other componentsdé met hods. Regardl ess
direct and indirect message passing coordinate the intaramintrols to other components
through a component itsedihd as a resulthe composition between components is adhered
tightly. This tight coupling of components hampers the easy reuse and systematic
composition of components.

[ component
B nomy{) " connector
b( c_ lcb; not|fy() notify():=<—HKa-notity();
"b0:4  [e0: Co(:—fbl—cb0; [0
(a) Direct message passing (b) Indirect message passing

Figure 4.4: Connection by message paspify
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To decrease the degree of coupling when components are composed, Lau and Wang
proposed exogenous connectf#g]. As shown in Figure 4.5 (a), the direction of method
calls isfrom connectors to components the contrary to messaging passing mechanism
shown in Figure 4.4. This mechanism using exogenous connectors makes possible for
components to encapsulate their control flow. Namely, control flows in connectors are hided
shown in Figure 4.5 (b). This means computation logics of components are cleargteskpar
with controls so that components are decoupled with other components.

K
A.a();
2 Bc():-
K2 K3 D
~—Ab(); C D.e():-

C.d0:—Ba0—c.d0:.

(a) Example (b) Control flow

Figure 4.5: Connection by exogenous connedé8k

Additionally, for using exogenous connectors in component models, a type hierarchy
of exogenousconnectors should be considered. In this model, the whole system must be
implemented by connections of exogenous connectors themselves for complete control
structure for the system as well as connections between components and exogenous
connectors[43]. Before explain the type hierarchy, we de® glance definitions of
components in this model.

Components[43]

Lau and Wang listed two definitions of a component based on exogenous cond&gtors
-AiDef i ni software conponeAs a software unit with the following defining
characteristics: (i) encapsulation and (i1i)
-ADef i ni tatormicconZpoond EiR a pair<i,u> whereu is a computation unit,
andi is an invocation connector that invoké&s s me i ploddiesan interface to
the component. 0

PR Composition
- Iﬁ. . ~€—connector

Invocation < S wemp— v —
connector ~Ip- P;—‘ ’715“ ’715-‘
Computation — >»|U] -

unit C1 Cc2 CJ

(a) An atomic component (b) A composite component

Figure 4.6: Atomic and composite compongaty

As we can see Figure 4.6, an atomic component consists of an invocation connector
and a computation unit. The invocation connector plays the role of calling methods in the
computation unit and getting its rdisun particular, a composite component is completed by
several atomic components and its composition connector shown as Figure 4.6 (b).

- - i
Encapsulation

| - -
Compositionality

(a) An atomic component (b) A composite component

Figure 4.7: Encapsulation and compositiongdhty]
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Figure 4.7 clearly shows two charaat i st i cs of 6Definition 16:
compositionality. In Figure 4.7 (a), we can see the invocation connector (IU) can call only
methods in the computation unit (U) because of encapsulation. Likewise, the composite
component shown in Figure 4.7) (s encapsulated with the composition connector (K) and
sever al atomic components (C1, c2, e, CcJ) . Thi
composite component are independent and decoupled so that they can be readily reused and
composed.

Types of exogenous connectof42]

Types of exogaous connectors can be distinguished by their levels where components and
connectors are connected. At the first level, an invocation connector takes a computation unit
shown as Figure 4.6 (a). As a unary operator, the invocation connector invokes neéthods
the computation unit. Figure 4.6 (b) shows the composition connector (K) at the second level
which is a rary connector where n is J, for connecting invocation connectors. Likewise, a
whole system is composed by components and various connectorsesatitiy and Figure

4.8 shows the hierarchy of three levels, and this hierarchy can be extended further.

""" ' l —

1 5] 1 @ [ [ @

Figure 48: Hierarchy of exogenous connect{4g]

Lau et al.defined connectors by this hierarchy in terms of the number of [E\&ls

Basic types Component, Result;

Connectotypes L1 [ | n vlio cCaot mpaynResuit;t
L2 [L1i é i L1A Result;
L3 [Li € i LA Result

Where L is either L1 or L2;
é
According to this definition, we can be notified that from the second level (L2), the
conrectors have variableiies. Moreover, from the third level, connectors are polymorphic
so that connector types can be shown in various foraratbecontraryto that in the first
and second level connectors are connected with components and the connector L1s
respectively. To generalize this definition with an arbitrary numbsrlevels Lauet al also
defined the type hierarch#2]:
L 1 Cobmponensy Result
L27 L1i é i L1A Result
For 2 <i On, Lok L(Q x 8 x L('Q) A Result, for somen
where@nN 1,8,(Q 1) forl Q a,
L1, 1
and L() = é
LE,x €.

4.2.2 Mediator connector

Sanatnamat al proposed a component model using mediator connector as a composition
operator[18]. The idea of the mediator connector is derived from the concept of mediator
pattern for objectsd decoupling whiehl i s one
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[44], and tle mediator connector is used for defining tekation between componerjts].

However, the main difference is that the mediator pattern still causes tight coupling between
objects because the origin

of

an

objectds

[18]. On the contrary to the mediator object, the mediatonnector generates and manages

component s 6 caondras areslikgoseleguplingtcasn &d athieved.

In this model using mediator connectongtrelation between components can be
expressed by interactions. Sanathazhal defines an interaicn as a set of activities in
components suchsaa sequence of method call8]. Figure 4.9 shows an interaction

diagram describing a bank system using the mediator connector. As we can see Figure 4.9,
there is no interaction between components. Instead, components interact with each other
through the mediator connector. Figure 4.10 shows an overall process to build a system
using the mediator connector. The first step in this process is designing an interaction

diagram, and then, based on this diagram, a kind of description document whid® is
called attachment is made and used for descriptively defining component interactions

between moderator connector and components. We can be aware of potential usage scenarios

of the system from the description of interactions in the attachment, Bndetcription
makes possible to probe the logic of an operation, function and method §&8Nefor the

next step, mediator connector interprets the attachment, and the whole or sub system is
constructed by composing all components and connections according to this attachment. In
the runtime phase, the mediator connector initiates method calls and manage their results

from components.

aBank conl

aBankl]

I
I
T ]
I ]
1 "

Figure 4.9: Interaction diagram using mediator conndt&jr

Med&uorsmwwrl | 2aATM | Iankwn).I I 2Bankl |

i = : ! Attachment

Red card No. H 1

Cand e, ! !

GetBanConID : !

i ! i >

Get bank ID) (card No.) |

P H '

Withdray (card No. Amwé:) U

Figure 4.10: The process of building up a system using attachment and mediator connector

[18]
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Implementation of mediator connector

Figure 4.11 shows the mediator connector diagram design&amgtnamaet al [18]. To
implement the mediator connector as a framewSdgathnamat al. dedare typical objects

for interaction descriptions which are interaction, components, messages (method calls), and
parameters (in/ouf)L8]. The mediator connector designQdinatnamat al [18] is based on

these typical objects for interaction descriptions. In the papeBaofatnameet al, the
mediator connector is implementéad Java programming language and components are
semantically defined Java class. As we could see the interaction diagram as shown as Figure
4. 9, components do not invoke other component s
the only mediator connectofFor the multiple objects such as interactions, components,
method calls, and parameters, each object is implemented as a factorgscissvn in

Figure 4.12. For example, if methods calls repeat many times and a related component is
instantiates repeadly as well, the performance of the system using mediator connector will
be decreased. To avoid this probleédanatnamat al used a flyweight component which
shares data with other similar components. If the mediator connector requires to instantiate a
certain component, the mediator connector requests the component to the factory. If the
factory has the flyweight component which fit to the required component, it returns the
reference of the component and the mediator connector can use the requiredectmpo
Moreover, since this model uses Java reflection, the methods of a component can be invoked
dynamically [18]. The main advantage of this model using the mediator connector is an
attachment which is used as the composition operator. This mechanism gives the easy
composition of independemomponents and the flexibility to compose components. This
flexibility positive effects on the component reusability as well.

Mediator connector

1
1.*

Interaction
x| | 1.>
Component Method call
? 1
1x | 1
In parameter Out parameter

Figure 4.11: Mediator connector desig8]
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= InteractionFactory

| Interaction
§ Createinteraction()
1 | interactionFactory
: MediatorConector
2 comWrapperFactory
- MethodCallFacto
- iteractionF actory methodCalF actory o | MethodCall
» methodCallF actory 1 # CreateMethdCal()
— parameterFactory
1 | parameterFactory
i— ParameterFacto
g - Parameter

@ CresteParameter()

1 | comWrapperFactory

! ComWrapperFactory Y ComWrapper
@ CreateComWrapper() (& object

Figure 4.12: Mediator connector class diagfas]
Components Interaction Markup Language for mediator connecto{45]

In the further work of Sanatnaned al, Component Interaction Markup Language (CIML) is

proposed foramt t achment which is the description doc
[45]. CIML make it possible for the formal representation of interaction diagrams to map to

existing programming languagegl5]. In other words, CIML should be language

independent to define component interactipty. As shown in Figure 4.10, an attachment

for describing componentsé interactbldns is wr
specification so that CIML scripts can be available for software tools as well as software
programmef45].

Tabled. 1 shows CIML el ements to define c¢omj
elements, an example CIML instance document is described in Figure 4.13.

Table 4.1: CIML elements (tagg)5]

Element name Description

Ciml Indicates thestart of a CIML document
Contains Declares a list of existing components
Initialize Declares a component

InitCall Declares a list of initiating method calls
Interaction Declares an interaction in the system
OperationCall Declares a method call

Inparameter In-parameters to the method
Outparameter Return value from a method call

As we can see the document for the small bank system in Figure 4.13, CIML
represents component declaration, initialize declaration and interaction declaration. Although
CIML has a room for improvement in order to compose components in the design phase, it
improved an attachment concept propose&agatnamat al [18]. The main improvement
for the attachment is that CIML gives a generic framewd®ining components and their
interactions. This merit allows mediator connectors to be applied in various development
environments as a genericway dafac o mponent s® i nteractions when
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<Ciml xmins="http://www.wischools.com”™ xmins:xsi="http:/www.wlorg/2001/XMLSchema-instance”
xsizschemalocation="http://www.w3schools.com C:\Users\FSKTM\Desktop\CIMLs\CIMIL._Schemal.xsd™>
<Contains >

<Component ldentifier="B 1" ClassName = "BankSysPackage.Bank" />

<Component Identifier="B2" ClassName = "BankSysPackage.Bank" />

<Component Identifier="B3" ClassName = "BankSysPackage.Bank" />

<Component Identifier="B4" ClassName = "BankSysPackage.Bank” />

<Component Identifier="BC 1" ClassName = "BankSysPackage.BankConsortium " />

<Component Identifier="BC2" ClassName = "BankSysPackage.BankConsortium " />

<Component Identifier="atm " ClassName="BankSysPackage ATM" />

</Contains >

<Initialize>

<Initcall Componentld ="B 1" Name = "initialize ">

<Inparameter Identifier="bankname " ClassName=Jjavalang. String " Value="CIMB Bank" />
</Initcall>

<Initcall Componentld ="B2" Name = "initialize >

<Inparameter Identifier= "bankname ” ClassName= Javalang. String " Value="May Bank " />

</Initcall>

<Initcall Componentld ="B3" Name ="initialize ">

<Inparameter Identifier= "bankname " ClassName= Jjavalang. String * Value="HB Bank" />

</Inmitcall>

<Initcall Componentld ="B4 " Name ="initialize ">

<Inparameter Identifier= "bankname ” ClassName= Javalang. String "
</Initcall>

-

‘alue="Islamic Bank" />

</Initialize>

<Interaction Name="CheckPassword">

<Operationcall Componentld="tel” Name = "getCardNumber ">
<Outparameter Identifier="cardNum " ClassName="javalang.String" />

7

é
Figure 4.13: The part of a CIML instance document for a small bank sj&#m

4.2.3 Active Binding Technology

Active Binding Technology (ABT) is a new component model proposed byetiah. [15].

This model tries to solve the component assembly issue, the independent component
assembly from component developmgth]. If the component assembly can be possible
regardless of the component development, easy reuse of binary componentge will
supported by independent component assembly. In this regard, Active Binding Technology
wraps up a component assembly method and a runtime environment as well as a new
component model.

The main motivation of this proposed component model is that tihenticomponent
models we already have gone through in the former chapter do not support the reuse of
binary componentgL5]. I't means changing componentsd code
the main concern of this model is focusing on how to match different interfaces between
existing business components developed by thirdgsdd5]. The following list represents
main characteristics of AB[IL5]:
- Software development process is divided into two phases: componetupeent
and component assembly.
- ABT allows writing independent business components regardless of component
dependency between other components.
- The assembler composes business components by using glue components which
adapt mismatched component interfadgnterface Mediation) Through the
assembl er, component 6s interfaces can be I
mismatched each other. (Active Binding)
- The method and tool of adapting interface mismatches is supported by ABT

Lim et al. also defined thre tenets suppong component reuse summarized as

follows [15]:
- Tenetl: ach software component should be developed as a complete independent
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part which can be reused in the binary form.

- Tenet2: components should include important information such as the definition of
provided and selflefined required interfaces, and their agzta. This information
is a basis for binding each component in the form of black boxes.

- Tenet3: New component models should be supported in the later commercial
component technologies.

Based in these tenets, a new component model, a component assetfiag, m runtime
framework, and an automation tool were proposed as a name of Active Binding Technology.

Active Binding Component Structure and implementation

In the current component technologies based

are implemented with tight coupling. As shown in Figure 4.14, the client component
dependents on the provided interface of server component. In this case, it is not easy to
independently reuse the client component without the server component because of its
dependency on the server component. Moreover, the client component contains the code
invocating the provided interfaces in the server component so that if the client component is
composed with the other server component which has the different name obvidegr
services, the code change could not be avoidable in order to reuse the client component with
the other server component.

Client Component Server Component
Client O <<interface>> % Sarver

: . Bl e Provided :
Qbiget Interface SinjeEt

Figure 4.14: Physical model of component depend§ttly

To overcome this issue, Limt al. proposed the Active Binding component structure
shown as Figure 4.185]. The unique difference comparing with Figure 4.14 is that a
component has required interfaces as well as provided interfaces within the component.
Theseddfsienddd required interfaces within a
the provided interfaces of other components in contrast to passively calling the provided
interfaces of the server component shown as Figure 4.14. This comptmenire makes a
component as [45]with momgpéndenogn ofher com@onentin this regard,
we can say this structure fulfills the tenet 1 mentioned above.

<<interface>> Comnorient <<interface> >
(O— Provided K- OE'ect -->/  Required |+
Interface ] Interface

Figure 4.15: Implementation Structure of Active Binding Compofisit

Figure 4.16 shows a component file structure using ABT in .NET. This structure also
includes a glue component identifier and required interface metadata as extended parts
of .NET component parts. This additional information of ABT is used for generating a glue
component which supports assembling active binding components with no code.cHaa
detail process of active binding component assembly will be described in the next part.
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Assembly Metadata

___________________________________ Manifest
Glue Component Identifier
Component Class/Interface
e e e Type
Metadata

Required Interface Metadata

Executable

MSIL Code Code

Bitmap, String, etc. Resources

S e

l:I.NET Component parts [:I Extended parts by ABT
Figure 4.16: Component File Structure implemented in .NBJ.

Active Binding Component Assembly

The key factor of active binding component assembly is a glmponent which is a
mediator coordinatg interactions between components. As we already shown in Figure
4.16, the glue component is generated by manifest and type metadata of an active binding
component in the component file without any code changeabf eemponenfl5]. Figure

4.17 shows how active binding components amembled by a glue component. If the
required interfaces of an existing client component are not matched with the provided
interfaces of a existing server component, the developer can match the required interfaces to
the corresponding provided interfacestbé server component through adding adjusting
code (glue code) to the glue component. By this way, both syntactic and semantic
discrepancy between components can be overcome. Namely, the glue code resolves not only
the difference between the defined nanfighe required interface of the client component

and the provided interface of the server component but also the parameter of return values of
the components.

Client Component

Client - <<g::;::::>>
Quiac Interface
JAS
Glue <<interface>> Sorver
Object [~ ->(O—+1{ Provided Object
Interface
Glue Component Server Component

Figure 4.17: Active BindingComponent Assembly Mod§l5].

Until now, we investigated the underlyintpeory basis of the recently proposed new
component model: exogenous connectors, mediator connectors, and active binding
technology. The component models proposed by dtaal. [43] and Sanatnamat al [18]

are that the control flow between components is originated from exogenous connectors or
mediator connectors respectivelhis separated control flows of components make possible
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