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Abstract
Clinical trials are used as medical evidence for clinicians or medical decision makers to support
the treatment decisions and improve patient care. To have reliable evidence to inform their
decisions, they should perform a systematic review of the medical literature in order to
summarize and analyze the available clinical trials in a systematic way.
However, the clinical trials are scattered to different information systems such as abstract
databases and clinical trials registries which are not interoperated to each other. Due to poor data
structure in those systems, the clinical trials are not accessible or re-usable in an automatic way.
As a result, the process for systematic review is time consuming and error prone due to much
manual work in literature searches and screening activities.
To solve these problems, we propose the design of a new system by using the pattern-based
software architecture approach in order to support the process of systematic review in an
efficient way. As a result, the new system enables the accessibility and re-usability of clinical
trials from different sources in a single point of view. Therefore, the pattern-based design
increases the efficiency of systematic review by removing manual work in literature searching
and screening activities.
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1 Introduction
The medical literature is rapidly growing which increases the need for electronic databases that
enable clinicians or medical decision makers to support their medical decisions (17).Clinicians or
decision makers use the clinical information stored in the electronic databases to perform a
systematic review of clinical trials. The systematic review is used as source of evidence for
medical decision making by summarizing the available clinical information from different
databases in systematic way. There are various challenges for clinicians and medical decision
makers to perform the systematic review due to the lack of information system which perform
the systematic review in a single point of view. This is because, the clinical information are
stored in different information systems which are not interoperated to each other. Moreover, the
clinical information is not accessible and re-usable to reviewers because of poor data structure in
those systems (11).
In order to solve the existing problems in systematic review we propose the design of a new
system that enables the reviewers to perform the systematic review from a single point of view.
To design the architecture of this system we will use software patterns designs. Software patterns
provide generic solutions to domain problem by enabling the re-use of existing system designs
(4).
In this document we will investigate how software patterns can improve the quality of software
architecture for a system for systematic review. First, we focus on describing the current status of
systematic review of clinical trials and show how the software architecture of existing systems
affects the efficiency of systematic review. Thereafter, we will discuss the requirements of the
new system and then describe different patterns that can be used to design that system. Then, we
will design the architecture of the new system and show how the proposed architecture fulfills
the identified requirements. Finally, we will conclude by describing the results of using software
patterns in designing the system.

1.1 Organization of the thesis
This thesis is divided into 7 chapters; the first chapter shows the introduction of the research,
problem definition and the research questions we are going to answer. The second chapter
describes the general understanding of systematic review and it shows the current status for
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systematic review of clinical trials. In this chapter, we show how the existing software supports
the systematic review and explain how the reviews are published. Also, we discuss how the
software architecture of the existing system affects the efficiency of systematic review. Then, we
provide the summary of this chapter. The third chapter describes the vision of the new system, its
context, stakeholders, use cases, functional requirements and non-functional requirements. In the
fourth chapter we analyze different patterns that can be used in our system design. The fifth
chapter shows the initial model of the software architecture of the new system designed,
elaborated models of complete architecture with the patterns that used to design such a system
and sequence diagrams. In the sixth chapter we evaluate the designed architecture and show how
it meets the system requirements. Finally, we conclude our research by discussing the results of
using software patterns to design a system that can improves the efficiency of systematic review
and shows the gaps need to be covered in the future research.

1.2 Problem Definition
Clinical trials provide authoritative medical evidence for informing treatment decisions and
improving patient care. Due to that, researchers and medical decision makers are using clinical
trials as evidence to support their medical decisions. In the evidence-based medicine approach,
the researchers should find the research studies from different literature searches and extract the
clinical evidence relevant to the patient‟s problem or the research question (5).
However, there are various information systems that provide the clinical trials information such
as clinical registries and medical literature databases. The medical decision makers should
conduct an efficient search of medical literature from those sources in order to find the relevant
evidence for their research. Due to that, they have to perform the manual work of combining the
search results from different sources to enable the availability of unbiased evidence, because
those sources are not interoperating with each other. Thus, it is difficult for them to access the
clinical trials information from those sources automatically. As a result, collecting, assessing and
analyzing the clinical trials information from those sources is extremely time consuming and
difficult (11).
To summarize the available trials, the researchers and medical decision makers perform the
systematic review that attempt to identify and synthesize all the available clinical trials from
different sources in a systematic way. As a result, the systematic review can be used as a source
of information in evidence based medicine that contains information from the clinical trials. The
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systematic review involves different steps such as literature searches, screening activities, data
extraction and analysis(5). There are various information systems to support systematic
reviewing but every step of systematic review uses different information systems. Thus, there is
lack of an information system that can perform all steps of systematic review from a single point
of view.
In order to understand the steps of systematic review we describe an example of a review
performed by a group of researchers to assess the effectiveness of psychological interventions
delivered by psychological specialists and generalist clinicians. The objective of this research is
to compare the effect of interventions (for diabetes) delivered by generalists‟ clinicians and
psychological specialists (2).
First, the reviewers perform the literature search at Cochrane Library (a database for systematic
reviews) and 5645 search results were found. Then, the two reviewers independently perform the
first screening of abstracts and titles from the search results and they found 141 articles to be
included in their research based on their selection criteria. So the reviewers perform the second
screening by reading the full-text of those 141 articles in order to identify the clinical trials which
are relevant to their research question. Finally after reading those articles they identify 41 articles
which are relevant to their research and they found 35 unique clinical trials from those articles.
So the reviewer extract clinical data and perform the analysis, in which the findings show that
psychological and general clinicians are similarly effective in delivering psychological
interventions (2).
However, there are challenges in performing literature searching and screening activities in an
efficient way. Those challenges still exist because there is lack of information systems which can
perform the literature search automatically from different sources. As result, the reviewers have
to search the literatures from various databases and perform the screening activities manually.
Moreover, it is difficult to identify clinical trials because they are published in article format and
not in a semantically structured way. As a result, it takes time for reviewers to read those articles
and extract clinical data in a trial oriented format ready for the analysis. Thus, the process for
systematic review is time consuming and error prone because of manual work of literature
searching and screening activities.
The efficiency of systematic review can be improved by designing a system that will provide all
sources of clinical trials from a single point of view in an accessible way. This design will
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produce quality software architecture that can solve the existing problems of systematic
reviewing. The designed architecture will provide the good design practices to support the
process for systematic review in an efficient way.

1.3 Research Questions
To reach our goal of improving the efficiency of systematic review the following research
questions must be answered.
How can software patterns improve the quality of software architecture of a system for
systematic review of clinical trials?
In order to answer this question the following sub-questions have to be answered


What is the current status for systematic review of clinical trials?



How does the software architecture of existing systems affect the efficiency of
systematic reviews?



What are the requirements for the new system?



How can software patterns support the design of the new system based on the
identified requirements?



What are the architectural designs of the new system based on the selected
patterns?



Does the designed architecture meets the identified requirements?
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2 Background
In this section we present an overview of the background of our problem statement, in which we
discuss the meaning of systematic review and describe the steps for performing the systematic
review. Then we discuss the current status in abstract databases and clinical registries. Thereafter,
we explain the existing software for systematic review and then describe how these systematic
reviews are published. Finally, we explain how the architecture of the existing systems for
systematic review affects the efficiency of systematic reviewing.

2.1 What is systematic review?
Evidence-based medicine is the process of systematically finding, appraising, and using research
findings as the basis for medical decisions. Evidence based-medicine can be practiced in any
situation where there is doubt about a specific clinical diagnosis or comparison of treatments on
a certain diseases (5).
One of the most important sources for evidence based medicine is clinical trials. Clinical trials
are randomized studies which answer specific research questions, for example to find the best
ways to treat a certain disease. So, the clinicians need to assess the available clinical trials from
different sources in order to find reliable evidence to inform their decisions (21).
To enable this, a review has to be conducted to find high-quality clinical trials, but the traditional
narrative literature reviews did not describe how the research studies were searched selected and
appraised. As a result, there were biases and random errors in documenting the clinical trials
information. To solve this problem, the systematic reviews were established in the 1990‟s as the
method to assess the available evidence from the medical literature in a systematic way (5).
Systematic review is defined as a review which includes a comprehensive, exhaustive search for
primary studies, selection of studies based on the eligibility criteria and critical assessment of the
included studies (21). In addition, systematic review may include synthesis of the results by
meta-analysis, a statistical method to summarize the result of several clinical trials. Thus the
systematic review is used to summarize the available evidence before the medical decision
makers apply it.
In order to perform a systematic review, the following steps have to be followed:
1) Formulation of a focused review question
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2) A comprehensive, exhaustive search and inclusion of primary studies
3) Quality assessment of included studies and data extraction
4) Synthesis of study results: Meta-Analysis (optional)
5) Interpretation of the results and report writing.
These steps are also shown in the Figure 1 below.

Full-text articles screening

Figure1: Architectural of systematic review (21)
As shown in the Figure 1, the first step in systematic review is formulation of the research
question which specifies the patient population or the disease of interests, the intervention and
the outcome measures of the trial. For example consider a review on Chinese herbal medicines
for the treatment of hepatitis B. The focused question will be “are Chinese herbal medicines
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helpful in increasing the response to alpha-interferon (outcome) as compared to interferon
therapy alone? “
The next step is literature searches and inclusion of primary studies, this process involves search
of abstract/titles of the articles from all relevant databases and sources. To perform the
exhaustive search for primary studies, different search filters for specific study are used for
example PubMed
Clinical queries filters are filters used to simplify search task in the abstract database called
PubMed(15). Although these databases are useful in identifying published clinical trials, there
are more other sources like Cochrane Controlled Trials Register (CENTRAL), in which
reviewers can search for abstracts. In addition to abstracts databases, there also clinical registries
which used to register the clinical trials, so the reviewers also has to search for relevant clinical
information in different clinical trial registries. After searching all sources, the reviewer will save
all the citations of search results into citation management software to process search results and
keep track of search strategies used to find the abstracts.
After conducting the search of abstracts/titles, the next step is screening of abstracts in order to
select the abstracts which can be used in the second screening. This process involves two
reviewers, who work independently for screening all titles/abstracts .The abstract screening is
required because irrelevant abstracts cannot be filtered out automatically. This process may take
a long time because the reviewers have to review hundreds or thousands of abstracts in the
search results. Clear inclusion and exclusion criteria must be used in order to select the
appropriate abstracts relative to the research question. For example, inclusion criteria may
depend on how narrow or broad the research question is. If the research question is narrow then
few studies will be relevant but if the research question is broad then a large number of studies
will be included in performing the systematic review. Example of inclusion criteria that may be
used is “studies that include result for patients with type IIIB or IIIC open tibia fractures
resulting from acute trauma” (5). After each reviewer has selected the included and excluded
abstracts, the two reviewers meet and resolve disagreements of the selected abstracts. The
selected abstracts are then ready for the second screening of full-text articles.
In the second screening, the reviewers read full-text articles of selected abstracts and make the
final decision about their relevance based on the inclusion and exclusion criteria. They also have
to find out whether there are overlapping articles from different sources.

Page
12

RUG

As shown in the Figure 1, the next step of systematic review, both reviewers work again
independently to perform the quality assessment of included studies and data extraction from the
final selected articles by using paper data extraction forms. Normally, they extract information
on study characteristics, methodology, population, interventions and outcomes. After this step,
the reviewers meet and resolve disagreements or agree together on the extracted data and
primary clinical trials they include in their analysis (5).
The final data after this process is ready for data entry in the statistical software (SAS and Stata)
or systematic review software for meta-analysis, in order to synthesize and summarize the results
from different studies.
In the final step, systematic reviewers should interpret results and write the report based on the
available evidence. The report should include a discussion of the limitations of the primary
studies, potential biases in the original articles, strength of the evidence and directions for future
research (21).

2.2 What is the Current status for systematic review of clinical trials?
In this section we present the overview of current status of systematic review in abstract
databases and clinical registries.

2.2.1 Database of Abstracts
The databases of abstracts were established to support literature searching and the retrieval of
articles. These databases use different search strategies such as clinical trial categories, in order
to enable easy retrieve of articles which are relevant to research question (15).
The U.S National Library of Medicine (NLM) established the abstracts database called Medline,
which contains journals citations and abstracts for the biomedical literature. These abstracts are
accessible online through the PubMed search engine. PubMed is free resource developed and
maintained by the National Center of Biotechnology Information (NCBI) at the NLM
(7).Currently, PubMed comprises over 20 million citations for biomedical literatures from
Medline, life science journals, and online books. Thus, it is used by most reviewers in the first
step of systematic review by searching for abstracts which are relevant to their research question
(7).
In order to enable the search capabilities, PubMed use a number of tools to assist in building
search queries, such as MeSH terms and specialized search strategies that reduce the searching
task for the reviewer when performing a systematic review, but this may cause inaccurate results
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and loss of information. This is because some of the relevant studies will not be included in the
search results, even though they are good evidence. So clinical queries filters make the easiest
way for researcher to find the information in the PubMed but on the other hand they produce
biased results with loss of relevant clinical trials (15).
Also, there are other abstract databases used in literature searches of clinical trials; such as
EMBASE and Cochrane CENTRAL. The EMBASE database, published by Elsevier Science has
more than 4,000 journals published in 70 countries. EMBASE is more comprehensive than
MEDLINE in its coverage of European and pharmaceutical journals. There is an overlap of
approximately 34% in coverage between the two databases (7). The CENTRAL register of
clinical trials was established by the Cochrane Collaboration in order to serve as a repository for
trial reports identified by members of the Cochrane collaboration. Trial reports for CENTRAL
are identified by using electronic searches of databases such as PubMed and page-by-page hand
searches of journals and conference abstracts. It shows that, it is difficult to collect the trial
reports from different sources because there is no single database or combination of databases
that includes all trial reports (7).
Therefore, the process for systematic review is time consuming due to screening activities and
manual data extraction from articles because the search results are presented in publication
format and not study oriented. In other word, the search results are an unstructured data set,
which causes difficulties for reviewers to find and use clinical trials in their research. Moreover,
theses databases support only literature searches but do not support other steps like data
extraction and meta-analysis, so they don‟t fulfill all the requirements of systematic review.

2.2.2 Clinical registries.
Apart from the problems found in the previous section, there is publication bias in the journals
and databases of abstracts due to selection in publishing the trial results. For instance, studies
with positive results are three to eight times more likely to be published in journals with higher
citation indexes than studies with negatives results. Also well-designed studies that do not have
statically significant results may not be published in journals (5).To solve these problems, many
medical journals now require the clinical trials to be registered before starting collecting data for
research in order to eliminate publication bias by capturing all trials.
The registration of clinical trials was already proposed in 1986, and in the US, the legislation for
it was made by FDA modernization Act of 1997 which makes clinical trial registration a legal

Page
14

RUG

requirement. Due to that, in 1998‟s, the National Library of Medicine initiated the development
of clinicalTrials.gov, which was available in 2000 as a web-based system for trials registration
(11). This registration of clinical trials helps to remove publication bias because the clinical trials
are registered without considering if the results are positive or not.
The clinical trial can be registered in ClinicalTrials.gov through the web based system called
Protocol Registration System (PRS) (12). The researcher has to create the study protocol in the
PRS and once they finish data collection they can submit their results in the system. The
clinicalTrial.gov staff reviews the results before publishing them. The results are submitted in a
tabular and text format which results in difficulties in accessing them in an automated way.
Not only Clinicaltrials.gov enables trials registration, also other countries set up their own
registries, but all these registries are less sophisticated than ClinicalTrials.gov. Table 1, shows
different registries and number of registered trials in those registries (Registry studies column).
The „results‟ column show whether the results are registered. It shows that, the clinicalTrial.gov
is the largest registry with a larger number of studies than other registries (11).Moreover,
ClinicalTrials.gov has already made the results of some trials accessible but other registries do
not even register the results.
Register

Registry

Results

Studies

ClinicalTrials.gov

86,613

yes (1,156)

ISRCTN register

8,206

no

Australian New Zealand 3,681

no

Clinical Trials Registry
Japan

Primary 3,500

no

Registries Network
The

Netherlands 2,027

no

National Trial Register
Chinese Clinical Trial 727

no

Register
Clinical Trials Registry - 703

no

India
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Iranian

Registry

of 210

no

German Clinical Trials 157

no

Clinical Trials

Register
Sri Lanka Clinical Trials 43

no

Registry
Pan

African

Clinical 14

no

Trial
Table1, Trial registration in different Clinical registries. Source from (11)
The International Ministerial Summit on Health research in 2004 established the WHO
International Clinical Trials Registry Platform (ICTRP) in order to unify trial registration worldwide. The ICTRP is used to create the network of international clinical trial registries in order to
provide a single access point for clinical trials. The ICTRP provides a search portal that collects
the results from primary registries and groups together the trials that are registered in more than
one registry. However, the search portal provides its results in textual format (11).
In addition to trial registries, the Pharmaceutical Research and Manufacturers of America
(PhRMA) established a repository for clinical trials as another source of evidence. The clinical
repository is accessible by different pharmaceutical companies to upload their clinical trials
results. But all included reports in the database are text based, due to that, it is impossible to
automate processing of the trials (11).
Therefore, despite of existence of various registries and results databases there is no single
source that is complete because many registries are used to register the clinical trials but they are
not accessible due to an unstructured data format (11).

2.3 What are the existing software for supporting systematic review?
Most of the software for systematic review is used in the last step of systematic reviews in order
to summarize and perform meta-analysis of the clinical trials. This software used to process and
store the body of evidence based on the research questions.
The Cochrane collaboration was established in 1993 as an international network of people to
help healthcare providers, policy makers and patients to make a well informed decisions based
on the available evidence. Though there are various statistical programs to support Meta -
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analysis, Cochrane Collaboration established Review Manager (RevMan) as the official software
to prepare and maintain systematic reviews (20).
The main functional requirement for this system is to perform the meta-analysis of clinical trials.
The stakeholders of this software are:

reviewers who prepare the systematic reviews and

Cochrane Collaboration staff that approve the reviews submitted by reviewers (20). RevMan
provides the interface to allow storing and sharing of systematic reviews, and submitting reviews
to the Cochrane collaboration .Then after the approval of their reviews by Cochrane staff the
systematic reviews are published to the Cochrane library of systematic reviews. The Cochrane
Library is a database which contains summaries of systematic reviews and results of metaanalysis (24).
In order to prepare the systematic review in RevMan, the reviewer has to create a protocol.
However, RevMan does not support other steps for systematic reviews like literature searches
and data extractions. So, the reviewer has to find literature from other information systems after
creating the protocol in RevMan, because RevMan is not interoperated with other sources of
evidence.
As shown in the Figure 2, the reviewer creates a protocol called “Topical Capsaicin for chronic
pain in adults” which means, the review will identify the available clinical trials of the
treatments for chronic neuropathic pain in adults(6) . After creating this protocol, the reviewer
has to manually perform the literature searching and screening activities. Then the information
from the search results, such as publication information of the selected studies has to be
manually entered into RevMan.
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Figure 2: Screen shot for Review Protocol in RevMan (6)
After that, the reviewer has to enter the characteristics of included studies in a table format which
show, method of the study, participants‟ information, interventions and outcomes measures used
in the study as shown in the screen shot in Figure 3.

Figure 3: Screen shot for study characteristics in RevMan (6)
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Thereafter, the reviewer has to perform data analysis by selecting the appropriate studies for
analysis, comparing studies and choosing the outcome measures of every study. Then, the
reviewer enter manually the data for every study in the analysis table as shown in the Figure 4,
because RevMan cannot extract data automatically from existing study tables. In the example
shown in the Figure 4, the reviewer selected two studies Backonja 2008 and Bernstein 1989 that
provide the results of using Capsaicin versus placebo as the treatments for the chronic
neuropathic pain in adults (6). In this case, every study provides its results in mean, standard
deviation and the total number of patients for the given treatments. To enable data analysis,
RevMan analyzes all the results of different studies by using built in statistical packages, which
are used to generate the analysis report by combining the results of these two studies.

Figure 4: RevMan Screen shot for Data analysis table (6)
Finally, after analysis the RevMan will provide the results in a graph format called Forest Plot as
shown in the Figure 4. Then the report for systematic review can be created as full article, which
can be used as evidence to support the medical decisions (10). This report can be stored in the
Systematic Review database, and after its approval it can be published to Cochrane library.
There are other statistical software like Stata and SAS which can perform meta- analysis, but
they cannot create the full article of systematic review, they provide only the statistical functions
for Meta -analysis. Due to that, if reviewer needs to use that statistical software, they should first
enter their data in software like excel for data management and import data to the statistical
software for data analysis. Thus, the RevMan provides more complete support for systematic
review.
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However, the process for performing systematic review through RevMan is time consuming due
to manual work because the reviewer has to enter data manually when creating full article of
systematic review. This is because RevMan cannot process and store all the activities of
searching and screening the search results. So, it takes a long time for reviewer to collect enough
and accurate data for creating the full article of their systematic review. Apart from that, the
study results in RevMan are presented in tabular formats specialized for the analysis. Due to this,
other reviewers

cannot automatically retrieve data from those tables because they are stored

with insufficient meta-data. As a result, duplication of effort for reviewers is unavoidable,
because the information generated in screening, quality appraisal and data extraction are not
stored in a way that can be used by other researchers.
Moreover, there is other system to perform the systematic review such as Aggregate Data Drug
Information System (ADDIS) which used to support automated meta-analysis of clinical trials as
well as evidence-based decision support (10). However, the ADDIS is used to automate more the
last step of systematic review but it does not perform other step of systematic review such as
searching and screening activities.

2.4 Publication of reviews
The report of a systematic review can be published into different sources such as medical
journals or review databases in order to be re-used by clinicians or decision makers as a source
of clinical evidence(11). The reviews stored in those sources are used to inform the treatment
decisions or assess the benefits and risks of using alternative drugs in a certain diseases.
However, the reviews published in medical journals are in article format. As a result, it takes
time for reviewers to extract data from those journals since the data are stored in text format and
not machine readable format (11).
The Cochrane Collaboration (11) uses the Cochrane library to publish the reviews in order to
increase the accessibility of clinical data through the internet. But, the reviews published in
Cochrane Library are in review format not trial oriented format. So, it takes time for reviewers to
find relevant information from that database (24).

2.5 How can software architecture of existing systems affect the efficiency of
systematic review?
The process for systematic reviews involves different steps and every step has its own
information system to meet the requirement for systematic review. Due to that, the architectural
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designs of these systems may affect efficiency of systematic review because every system has its
own architecture with different requirements and stakeholders.
The software architecture of RevMan is designed to process only the results of primary studies
included in the review. This software does not support other steps for systematic review like
literature searches and data extractions. So the reviewer has to find literature searches and extract
data manually from different sources of evidence before using RevMan for performing the
systematic review. Due to that, it may affect the efficiency of systematic review because it will
take time for reviewers to collect enough data from different sources.
The problem is not only in RevMan, but also there is lack of application interface which provide
all clinical results from different sources of evidence in a single access point. Due to that, there is
lack of a structured database which contains the results of clinical trials in a study oriented
format.
Another problem is lack of study identification because every nation has its own study
identification. Also some of the study in the clinical registries does not have link with the
abstract of the study from the databases of abstracts, so researchers have to search manual the
clinical abstracts which are relevant to their studies. Due to that, it is difficult to trace the
available studies from different sources of evidence (3), (8).
Also there is lack of interoperability between databases of abstracts, clinical registries and
statistical software. This is because every source of evidence has different formats for presenting
their results. So the reviewer has to perform hand- searching to combine the results from
different sources which may result in accuracy errors or results bias and duplication of effort for
reviewer in performing literature searches and data extraction (21).
Moreover, there is lack of re-usability of evidence, because study results stored in statistical
software or RevMan are in a tabular format without any meta-data to indicate their meaning, so
they cannot be re-used by other researchers for re-analysis. Due to that, other researchers cannot
expand or extend the available evidence because the results of studies are not accessible in a
machine-readable format. Therefore, the available evidence from abstract databases, clinical
registries and other sources of evidence are not transparent, accessible and re-usable, because the
architecture of their systems does not support those functionalities. As a result, there is
inefficiency processes in performing systematic review.
2.6 Summary of Background
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The process for systematic reviews involves various steps and some steps are already automated
in information systems but other steps are still performed manually, such as literature searches
and screening of search results. Other steps like analysis and report writing are not the problems
in our case, because so far there is Review Manager or statistical software which can perform
those activities.

Figure 5: Searching and Screening activities.
The figure 5 shows that, there are various gaps in processing the systematic reviews especially in
the literature searching and screening activities. It shows that, after formulating the research
question, the literature can be searched in different electronic databases, such as MEDLINE or
EMBASE. Not only that, but also the search activities can be performed in clinical registries and
different search strategies can be used to obtain the search results from those sources. The
problems in performing searching and screening activities are due to the lack of an information
system which perform automatically search and process the search results from different sources
of clinical trials in a single system. Due to that, it‟s a challenge for reviewers to perform the
literature searches, because the search results from databases and registries are not interlinked to
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each other. As a result, the reviewer has to perform search activities manually from those
sources.
As shown in Figure 5, the reviewer performs the abstracts screening for every search result from
those sources. And according to their selection criteria, they come out with included abstracts
and excluded abstracts. Then, the reviewer combines manually the included abstracts from those
sources. As a result, there is duplication of abstracts, which causes difficulties for the reviewer to
identify those duplicates and eliminate them. Due to that, the reviewers perform manually the deduplication activities, in order to obtain the included abstracts ready for full-text screening.
Also it is difficult for reviewers to perform the full-text screening because the included abstracts
are not always interlinked with their articles. In this process, the reviewers need to read manually
the articles but it is difficult for them to select the clinical trials from those articles because
those articles are not published in study oriented format and the published clinical trials from
clinical registries are not interlinked with their articles. According to their selection criteria the
reviewers select the included clinical trials and excluded clinical trials from full-text screening
and clinical registries protocols. As result there is much manual work of combining the included
clinical trials from databases and clinical registries because these information systems are not
interoperated to each other.
Due to that, the reviewers need to perform manually the de-duplication process in order to
remove all the duplicated clinical trials and any overlapping information from databases and
clinical registries. So, it takes time for reviewers to produce de-duplicated clinical trials which
can be used as evidence in the analysis.
Moreover, there is loss of useful information such as excluded abstracts, clinical trials and
excluded protocols from clinical registries, because there is lack of information system which
can store those information in an re-usable format. As a result, duplication of efforts for
reviewers is unavoidable because the reviewers have to repeat the same procedure for searching
and screening activities which results repetition of tasks in performing systematic review.
Therefore, the process of systematic review is performed in an inefficient way due to manual
work of searching and screening activities, because there is lack of information system which
can provide all the literature searches from different sources in single point of view. So the new
system for systematic review has to be designed to solve those problems in which all the steps
for systematic review can be processed in one system. Due to that, the new system needs to
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produce a structured data set which will be accessible by reviewers in order to perform the
efficiency systematic review. In this document we will focus on the design of a software
architecture which can automate the processes of searching and screening search results in order
to improve the efficiency of systematic review.
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3 Requirements
Vision
We need to develop an information system that performs all the steps of systematic review in a
single point of view. To reach this goal, we develop the software architecture of the system called
“Clinical Review System (CRS)” that can solve the existing problems of literature searches and
screening activities. To design such architecture, the CRS should provide transparency in
accessing the clinical trials information from difference sources of evidence. Also it should allow
interoperability with other heterogeneous systems such as databases of abstracts or clinical trial
registries and enable the re-usability of data stored in the system as source of evidence.

System Context
The CRS is designed to provide the clinical trials information from different sources of evidence
in a single point of view. The design of this system reduces the manual work of performing the
systematic review by enabling more automated literature searching and screening activities.
As shown in the Figure 5, the CRS (central rectangle) can interact with two type of users;
systematic reviewers and computer scientists. The systematic reviewer can interact with the
system through its GUI to perform literature searching and screening activities. Also the system
provide API for computer scientists to create algorithms for supporting the automatic processes
such as processing abstracts, de-duplication of abstracts and processing the clinical trials.
We need the project manager to coordinate the users of the system and other administration
issues. The project managers can interact with the CRS to manage the user‟s information or
reviews stored in the system. Also, the system should enable the developers to extend the
existing functions with new features.
Initially, the CRS is designed to perform only searching and screening activities because it can
interact with other external system such as ADDIS and RevMan to perform the other steps of
systematic review such as data extraction, analysis and report writing.
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Figure 5: System context of CRS.
3.1 Stakeholders
From the system context we derive the most prominent stakeholders of the system. In the Table 2
we list these stakeholders with their most significant concerns and priorities. For the definition of
quality attributes we refer to ISO/IEC FDIS 9126-1, an ISO standard on software quality(16).
Stakeholder
(Priority)

Stakeholder’s
Motivation

Project
Manager
(Medium)

Project manager is
concerned for the
long-term success of
the
project
and
increasing
the
market share.

Systematic
Reviewer(High
)

Systematic
reviewers have high
priory because they
are the main users of
the CRS.

Concern’
s
Priority
Scalability: The system should be able to start High
from few users but able to scale with many to
users including automated ones and the system
should be able to manage large databases of
trials and abstracts.
Interoperability: The system should be able to High
interface with existing legacy system and other
external systems.

Concern

Usability: The system should be easy to use by High
providing GUI to enable literature searching,
and screening activities.
Security:
The system should be secured. Low
Sensitive data(email and other private
information) should be protected and encrypted
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Performance: The system should provide quick Medium
response from every user request, it does not
matter how is it performed but it should provide
quick feedback to users, such as error message
or produce interactive functionality to users.
Computer
Scientist(High)

3rdParty
systems (High)

Developers
(Medium)

Computer scientists
have high priority
because
they
facilitate
the
usability of the
system
in
an
automatic
way
which will reduce
manual work in
performing
the
systematic review.
Have high priority
because the 3rd party
systems used to
enable the access of
literature searches
from
different
sources in a single
point of view. As a
result, it will
facilitate
the
automatic
process
for
literature
searches
Are medium because
no
need
for
developers
to
develop new system
when
system
requirement
changes.

Re-usability: The system should allow reuse of High
the system‟s components through its API to
enable automatic literature searches, processing
of abstracts and automatic de-duplication of
abstracts and studies.
Integribility: The system‟s component should High
be more independent and loosely coupled to
each other.

Interoperability:
High
Integrated databases should be able to
interoperate with the main system to enable
literature searches
Modifiability: The system should be able to Medium
adapt new features of integrated databases.
Re-usability: Other existing system such as High
RevMan/ADDIS should be able to re-use data
stored in the system

Extensibility: The system should be able to Medium
adapt new features based on the needs of the
stakeholders.
Scalability: The system should be able to grow Medium
with increasing need of users and developers
while ensuring functionality of old features and
new features

Table 2: Stakeholders and their concerns
3.1.1 Key drivers
Key drivers are the most important quality attributes which the architectural design software has
to fulfill. We identify our key drivers by listing the required quality attributes with the highest
priority based on the stakeholders concerns. As shown from table above systematic reviewers,
computer scientists and integrated databases are the stakeholders with high priority, so we select
our key drivers based on the priority of their concerning as shown above.
1. Usability: The system should be easy to use by providing a GUI to enable the literature
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searching and screening activities.
2. Interoperability: The system should be able to interface with existing legacy system and
other external systems such as abstracts databases, clinical trials registries or review
databases.
3. Re-usability: The system should allow reuse of system‟s components within the system,
with other existing system for systematic review such RevMan/ADDIS, or by computer
scientists through an API.
4. Integratability: The system‟s components should be independent and loosely coupled to
each other.
5. Scalability: The system should be able to support large databases for abstracts or trials
and it should grow from small number of users initially to a larger number of users later
on.

3.2 Use cases
In this section we describe how the reviewers and computer scientists can interact with the
System. We present the use case of the whole system, and show the use case which is not solved
in the existing system of systematic review. As shown in Figure 6, the use case which is not
solved is study identification, but other use cases are not the problem anymore in performing the
systematic review because they can be solved by Review Manager or statistical software.
In figure 7, we show more in detail how the reviewer can perform the study identification in the
CRS in order to provide the solution to the existing problems.
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Figure 6: General use cases
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Figure 7: The extended use case of “study identification”.
3.2.1 UC_1 Search for Literature
Actor
Reviewer
Triggers
Pre-conditions
Reviewer has already formulated the research question and created the
review protocol.
Post-conditions
The lists of abstracts will be displayed ready for screening activities
Success scenario
1. The reviewer enters the search key words through the GUI to search
in
different databases and clinical registries.
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2. The system automatically performs the search query in its own
database and external sources.
3. The system automatically processes the search results from those
database and clinical trials registries
4. The system automatically groups the search results by enabling the
automatic de-duplication of entries of the same abstracts from different
databases based on their meta-data.
5. The system automatically saves them as frozen data and assigns
them a unique ID number, in which they are displayed to Reviewer
as search results ready for screening activities.
Alternative Flows

1. Reviewer selects a specific database to perform a special query
2. Reviewer types the special query for the selected databases. E.g.
may use filters for specific query such as PubMed clinical
query filters or Cochrane filters for RCTs
3. A list of query results is shown with their search strategies or filters.

3.2.1 UC_2a Initiate Abstracts Screening
Actor
Principal reviewer
Triggers
Pre-conditions
The search results are saved in the system as frozen data and displayed to
the reviewers.
Post-conditions
Two reviewers have been assigned to perform abstract screening.
Success scenario
1. The Principal reviewer approves the abstracts lists.
2. Principal reviewer assigns two reviewers to perform abstract
screening independently.
Alternative Flows
3.2.1 UC_2b Abstracts Screening
Actor
Reviewer
Triggers
Pre-conditions
Two reviewers have been assigned to perform abstract screening
independently.
Post-conditions
The two reviewers select included abstracts and excluded abstracts based
on their inclusion and exclusion criteria defined in the review protocol.
Success scenario
1. Reviewer clicks the button for abstracts screening through the GUI
provided by the system.
2. A list of abstracts is shown and reviewer select the included
Abstracts base on their inclusion and exclusion criteria.
3. The system save them as included abstracts and keep a log of
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excluded abstracts with reasons for their Exclusions.
Alternative Flows

3.2.1 UC_2c Resolve differences (abstracts)
Actor
Reviewer
Triggers
Pre-conditions
The two reviewer have already selected the included and
excluded abstracts in the abstract screening.
Post-conditions
The two reviewers agree on the selected abstracts.
Success scenario

Alternative Flows
Alternative 2

1. The system automatically combines the included abstracts and
excluded abstracts from two reviewers.
2. The system identifies differences and resolve them
3. A list of included agreed on by the reviewers is ready for the fulltext screening.
The two reviewers dis-agree on the selected abstracts then the third
reviewer will resolve their disagreement.
They can resolve their differences without 3rd reviewer, where they meet
together and resolve their differences.

3.2.1 UC_3a Initiate Full-text Screening
Actor
Principal reviewer
Triggers
Pre-conditions
Two reviewers agree on the included abstracts ready for second screening.
Post-conditions
Two reviewers are assigned to perform full-text screening independently.
Success scenario
1. The Principal reviewer approves the included abstracts
2. Two reviewers perform full-text screening independently.
Alternative Flows

3.2.1 UC_3b Full-text screening
Actor
Reviewer
Triggers
Pre-conditions
Two reviewers are assigned to perform the second screening
( Review of full-text articles)
Post-conditions
A list of clinical trials are shown.
Success scenario

1. Reviewer clicks the button of Full-text screening.
2. A list of included abstracts with their DOI or URL of articles
will be shown and reviewer click the link of every articles
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identified.
3. The reviewers read all articles identified in the included abstracts.
4. Reviewer select the included trials based on their inclusion and
exclusion criteria, and keep log of excluded clinical trials with the
reasons of exclusions
Alternative Flows

3.2.1 UC_4 Resolve differences (identified clinical trials)
Actor
Reviewers
Triggers
Pre-conditions
The included and excluded clinical trials already identified by two reviewers.
Post-conditions A final list of clinical trials is created with necessary meta-data.
Success scenario
1. Two reviewers create lists of included and excluded clinical trials.
2. The system identifies and resolves differences of the lists created by
two reviewers.
3. A list of included clinical trials from two reviewers will be saved in
the system and the system will assign them a unique ID (e.g. Review
study ID). The system automatically group together every review ID
of clinical trials with their registries ID, DOI or URL of articles,
abstracts ID and databases ID.
Alternative Flows

3.2.1 UC_5 Process Clinical Trials
Actor
computer scientists
Triggers
Pre-conditions
The two reviewers already agree on the included clinical trials.
Post-conditions
Clinical trials processed according to the demand of the reviewers.
Success scenario
1. The Computer scientist creates a Study Processing Program to
enable automatic processes of clinical trials through the CRS‟s
API.
2. The Study Processing Program sends the request to CRS the API.
Alternative Flows

3.2.1 UC_6 Export clinical trials
Actor
CRS
Triggers
Pre-conditions
The reviewers create the review protocol in the RevMan/ADDIS and they
need to import the clinical trials from CRS.
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Post-conditions

The clinical trials exported to Review Manager or ADDIS to perform other
Steps of systematic reviews, such as meta-analysis or report writing.

Success scenario
1. The CRS receive the request from the RevMan/ADDIS.
2. The CRS process the request and export the clinical trials to
RevMan/ADDIS through its GUI.
3. RevMan/ADDIS receives the file of exported trials.
Alternative Flows

3.3 Functional Requirements
Functional requirements derived from the description of the system context, use cases and
deficiencies from the existing systems for systematic review.
We provide our priorities according to the existing problems or challenges in performing
systematic review. Due to that, we give high priority to the requirements of searching and
screening activities. Other requirements are given medium or low priority because there are
already solved in existing systems.
3.3.1 User Account
ID
Requirement
FR1
Users should be able to create a personal account on the system
FR2
Users should be able to update or modify the data in their
personal account
FR3
Users should be able to remove their account

Priority
High
High
Medium

3.3.2 Formulation of research question
ID
Requirement
Priority
FR4
Users should be able to formulate the research questions based Medium
on patient, intervention, comparison between treatments and
outcome measures
FR5
Users should be able to create a protocol for their research Low
questions.
3.3.3 Searching
ID
Requirement
FR6
The reviewer should be able to search for abstracts /titles of their
trials automatically from abstracts databases, Cochrane library
and Clinical registries.
FR7
The system should be able to provide search results from
different sources and send it to the special program for
processing search results.
FR8
The system should allow the reviewers to reuse the excluded
abstracts to prevent duplication of effort, by providing search
results with the status of their abstracts.
FR9
The system should be able to keep log of different search
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FR10
FR11
FR12

strategies used to obtain the search results and the actual results.
The system should use filters for specific study designs(e.g. Medium
PubMed Clinical Queries filters , and Cochrane filter for RCTs)
System should be able to perform automatic de-duplication and High
classify abstracts by disease area.
The system should provide API for computer scientists to add or High
update the program for automating abstracts processes.

3.3.4 Abstracts Screening
ID
Requirement
FR13
Reviewer should be able to screen titles/abstracts and makes
abstracts selections for the second screen.
FR14
The system should be able to keep log of selected abstracts and
criteria used in the abstract screening.
FR15
The system should be able to provide GUI for multiple
reviewers to work on the same abstracts.
FR16
The system should be able to group the abstracts screened by
multiple reviewers and enable them to resolve their differences.
FR17
The system should be able to assign a unique number for the
selected abstracts and group them with their database ID.

3.3.5 Full-text screening
ID
Requirement
FR18
The system should be able to initiate the process by providing
lists of abstracts with their articles identified, which contain DOI
or URL to access them.
FR19
The system should provide API for computer scientists to create
algorithms for automating the processes of full-text screening.
FR20
Reviewer should be able to get full text of all articles identified
and read them.
FR21
The system should provide GUI for multiple reviewers to work
on the same articles to perform full text-screening.
FR22
Reviewer should be able to select included studies from the
reviewed articles by using exclusion and inclusion criteria‟s
FR23
System should keep log of excluded studies with reasons for
exclusions
FR24
The system automatically should combine the clinical trials
selected from multiple reviewers by enabling them to resolves
their differences.
FR25
The system should be able to assign a unique ID number of each
clinical trials selected and group them with their registry
ID ,DOI or URL of referred articles , abstracts ID „s and
databases ID‟s.
3.3.6 Process of Included Clinical Trials.
ID
Requirement
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High
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High
High
High
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FR26

FR27
FR28

FR29
FR30

FR31
FR32
FR33

Reviewer or computer scientists should be able to view the
clinical trials with their relevant articles, papers or abstracts
references.
The system should provide API for computer scientists to add
algorithms which enable automatic processes for clinical trials.
Reviewer should be able to create the clinical trials manually by
entering trials information identified in other ways (e.g. from
Pharmaceutical companies).
Reviewer should be able to update the information on the
selected clinical trials.
The system should be able to store all the clinical trials created
or imported from different sources in a well-structured data
format
The system should provide GUI for reviewer to export clinical
trials to other external systems (Review Manager or ADDIS).
The system should create bibliography of the clinical trials and
make it public and accessible to other reviewers.
System should be able to extract data automatically from the
imported clinical trials or existing clinical trials.

High

High
High

High
High

High
High
low

3.4 Non-Functional Requirements (technical NFR)
We list the required non-functional requirements of the system with their priorities based on the
stakeholder‟s concerns so we can know the behavior of the system we are going to design.
3.4.1 Interoperability
The system should be able to interface with legacy systems, other existing applications and
external information system.
ID
Requirement
Priority
NFR1
The system should interact with literature databases, clinical High
registries or other sources to enable automatic literature
searches.
3.4.2 Usability
The system should be easy to use for literature searches, screening
extraction and data analysis.
ID
NFR2

search results, data

Requirement
Priority
The system should provide the user interface which enable easy High
access of literature searches or clinical trials from different
sources of evidence.

3.4.3 Scalability
The system should be able to support large databases of abstracts or clinical trials. Also it should
be scalable as the number of users increases.
ID

Requirement

Priority
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NFR3
NFR4
NFR5

~10- 100 million abstracts can be concurrently stored or High
accessed.
~1- 10 million trials should be concurrently stored or accessed.
High
The system should be scalable as the number of users increasing. High

3.4.4 Re-usability
The CRS should enable the reuse of its software components within the system or with other
external systems.
ID
Requirement
Priority
NFR6

Users or other external system should reuse the information High
stored in the database as independent component to support
searching, screening activities and data analysis.

NFR7

The system should provide API for computer scientists to High
develop algorithms for automatic process of search results from
different sources of evidence.

3.4.5 Integratability
The system components should be able to integrate with each other within the system or with
other external systems.
ID
NFR8
NFR9
NFR10
NFR11
NFR 12

Requirement
The CRS should be able to integrate with the abstracts databases
or review databases for automatic search.
The CRS should be able to import trials from clinicalTrial.com
for data extractions.
The CRS should be able to export trials to Review Manager or
ADDIS for data analysis
The software components should integrate with other
applications or programs to support automatic processes.
The system should be compatible with the existing programs or
packages which support automatic processes of abstracts and
screening activities.

Priority
High
Medium
High
High
High

3.4.6 Availability
The system should be available at anytime, anywhere through the internet.
ID
NFR13

Requirement
Priority
Partial hardware or software should not result the failure of the Medium
system. To solve this problem fault tolerance mechanism should
be applied, such as Ping/echo, heart beat and caching the
exceptions

3.4.7 Security
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The user information and data transaction within the system or with other external system should
be secured.
ID
NFR14

NFR15

Requirement
Priority
Secure login:
High
Login credentials should always be transferred over an
encrypted link.
Single point of access:
High
Internal system should be isolated from private network and only
be accessible by user through CRS.

3.4.7 Performance.
The system should well response to meet user expectations and tolerance.
ID
NFR16

NFR17

Requirement
Priority
Response times:
Medium
The system should respond to any user action within 2 seconds.
And this response should not be a transaction results but can be a
response message like time out or error message.
Data transaction performance:
Medium
The system should perform transaction within 20 seconds and
these transactions should be between two systems or client and
the system.
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4 Analysis
In this chapter we analyze different patterns that can be used in our system design based on the
Pattern-Driven Architectural Partioning approach.

4.1 Pattern-Driven Architectural Partioning (PDAP) approach
The process for designing the software architecture is not a simple work, but it is a time
consuming work and expensive(4). But the only way to simplify the act of design is reusing the
existing system designs which are documented as software patterns. Software Patterns are
architectural documents that express the relation between a certain contexts (preconditions for
the use of the pattern), problem (consideration that may make the system difficulty to design)
and solution to support the software engineering and best practices (4). Patterns are used to
provide designs solutions to different design problems but those solutions are not always
implemented in the same way. This is because, the provided solutions are generic and they are
customized to the situation in which they are used (9).
The relation between the documented context, problem and solution statements of a certain
patterns helps architects to understand the impacts of applying the solution in his/her system
design (13). The applied solution from the patterns may have positive or negative impacts on
quality attributes of the system. The quality attributes are used to show the behavior of the
system and address the concerns of its stakeholders (4).
The main goal of software architecture is to design the system that meets the requirements of its
stakeholders. In order to design such architecture, the architect should answer the following
question in early phase of the architecture process (14).
1. How to partitions the system into modules that can be implemented
2. How to satisfy the functional requirements during this partioning
3. The influence of partitioning on the system‟s quality attributes
Using architectural patterns helps to answers those questions because the architectural patterns
have visible partioning that address functional requirements and they describe the impacts of the
partition on quality attributes of the system. Also, one architectural pattern can be the initial stage
of decomposing the system into architectural elements that can be easily decomposed,
implemented and allows changes during the architecting process.
In order to apply the solutions from different patterns in decomposing the system, then the
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decomposition should balance both functional requirements and quality attribute of the system.
To enable this, Pattern-Driven Architectural Partioning approach helps architects to partition
the system and come out with the complete architecture that meets its requirements(14). We use
this method to design the architecture of CRS in order to design the system that meets its
requirements and quality attributes.

Figure 8: PDAP(18)
The figure 8 shows that Pattern-Driven Architectural Partioning has several steps. The first step
is to identify the most prominent architectural drivers. To perform that step, consider both
functional requirements and key drivers based on the stakeholder‟s concerns.
The second step is to select the candidate patterns per driver. In this step the architects should
identify the architectural patterns relative to design problems. For every identified pattern,
examine the context, problem and solution statements and map them with the existing problem
designs. Then find out how that pattern matches with their key drivers.
The next step, as shown above is to apply the solution from the candidate‟s patterns or
combination of candidate pattern and decompose/partition the system based on the available
solutions.
After partioning the system, then the next step is to evaluate the impacts of the solution on the
key drivers. If the solution has a negative impact on the system design then repeat step 2 above.
This process can be repeated if another architectural driver needs to be considered or if another
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patterns need to be added to solve the design problems or trade-off issues. If the solutions have
positive impact on system design, then decomposition should satisfy both functional
requirements and key drivers.
Then, the last step is to verify the entire architecture and find out how every patterns addresses
the quality attributes (key drivers).If more patterns are needed in our architecture then repeat
step 2 above and If there is no any changes on the designed architecture then the architect end
the process.

4.2 How to apply this method in our system design?
We use this method by applying all the steps mentioned above to design our software
architecture. First, we identify the Usability, Interoperability, Re-usability, Integribility and
scalability. And we consider these drivers as the most prominent drivers in designing our system
based on the stakeholder‟s concerns (refer section 3.1). In the second step, we identify patterns
and find out how that patterns match with our key drivers.
Then, we apply the solution from identified patterns and decompose our system based on the
proposed solution. Thereafter, we assess every solution and find out how those solutions have
impact to our key drivers. So we decompose our system by adding more patterns to solve the
existing design problems.
Refer to chapter 3 and our architectural vision that we need to develop the Clinical Review
System that can support all the steps of systematic review in a single point of view. In order to
meet that vision, the designed architecture of CRS should have front-end server which is a webbased system that provides a unified interface to interact with multiple users and other external
systems. The front-end server of CRS should be able to handle multiple requests from multiple
users and enables data accessibility within the system or with other external data sources.
To design such architecture, we identify several patterns from architectural books or articles
(4),(9),(23) that can solves our design problems. We apply the solutions from those patterns to
decompose our system based on PDAP and capture all the architectural decision we made in
designing our architecture. Architectural decisions are the series of decisions performed during
the process of architectural design and shows how those decisions have impacts on system
design positively or negatively (13). In the next sub-section we present all the decisions we
made from identified patterns in a tabular format based on the architectural decision
documentation (13).
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4.2.1 AD_1 Model-View-Controller Pattern(MVC)
Refer to PDAP, we consider usability as highest priority key driver in designing our system and
we select Model-View Controller pattern as the solution that can address that driver. After
examine the solution from this pattern, we apply it to decompose the front-end server of CRS.
The front-end server decomposed into three components: Model, View and Controller. View and
controller are responsible to handle the user interface of the system and the Model is responsible
to handle the core functionalities of the system. View can initiate the event to the controller and
the controller receives the request and changes it to user action that is understandable by the
model. The Controller used to affect changes in the Model and model processes the query and
returns the result back to the controller that can be displayed in the view component (4). Finally,
we assess this solution and documents the consequences of applying this solution in
decomposing our system (see table 3 below).
Table 3: Architecture decision for decomposing the entire system
Issue
We need the interactive system to enable flexible user interfaces.
Decision
We decide to MVC because it separates the core functionalities of the
system with the user interfaces. MVC divides an interactive application
into three areas, Model responsible for encapsulates core data and
functionality, view responsible for display information to the user and
Controller responsible for receiving input from the user.
Status
Decided
Group
Interactive application
Assumptions
It is assumed that the CRS use change propagation mechanisms to
supports loosely coupling and reduces dependencies between model,
view and controller.
Constraints
The MVC should :
 Provide easy change of user interface even possible at run time.
 Support different “look” and “feel” standards or porting the user
interface without affecting the code in the core of the
application.
 Presenting the same information in different ways.
Position
1.Model- View –Controller
2. Presentation- Abstraction- Control(PAC)
Argument

(1) MVC ensure the usability of the system because it provides
clear separation of core functionality and its user interface.
Controller and View components are responsible for the user
interface and Model component is responsible for the core
functionalities of the applications (4).
Also MVC enable the reusability of the system because multiple
Views can share the same data or functionalities from the model.
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And when data model changes no need to change all their views
but change propagation mechanism can be used to notify all
Views about the changes.
(2) PAC support mult-tasking by providing the separation of
concerns in the system but it increases the system complexity
due to inter-communication between components(4)
Implications





Related decisions
Related Requirements
Notes

Using view and controller increase the complexity of the system
because it is difficult to separate the concerns between
Controller and view since they have one to one strong
relationship which may hinders the re-usability of the view and
controller components (14).
There is Inefficiency of data access in view because multiple
views can access the model at the same time (4).

AD_2,AD_3
FR17, FR23,FR NFR 4, NFR 5

4.2.2 AD_2 Layers (Relaxed layer pattern)
As shown in the figure 9, the entire system decomposed into three parts, but after assessing this
decomposition (refer PDAP approach) we found that we still need to add more patterns in our
system designs.
We need decompose our front-end server with flexible user interfaces because the Model-View
Controller does not address well the re-usability of view and controller as independent
components (4). Due to that, we add layers pattern in our system design to solve the design
problems of the Model-View Controller.
This pattern helps to structure application into group of subtasks in which each group is a set at
particular level of abstraction. We decompose our system into different layers which can be used
by different users as independent layers. Where, each layer should assign its task and specify the
services they are going to provide. Also each layer should specify an interface to interact with
other layers. And these layers should be loosely coupled to each other to ensure re-usability and
integratability between layers (4).
The figure 9 shows that, we decompose our system into 4 layers such as view layer, controller
layer, integration layer and Data access layer. And these layers should provide an interface to
interact with other sub-system in order to fulfill the system requirements. Also this figure shows
that, the multiple front-end servers can access the data from the back-end servers and external
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data sources through the Data access layer.

Figure 9: layers pattern
Table 4: Architectural decision for decomposition of front-end servers
Issue
We need to decompose the front –end server of CRS into independent
layers in order to solves the design problem of Model-View Controller
pattern
Decision
We decide to use Relaxed layer pattern to perform the high level
decomposition of the system which enable the system to decouple its
functionality into independent components.
Status
Decided
Group
Request control
Assumptions
The system has complex components needs to be decomposed consider
view and controller components
Constraints
The Relaxed layer we use provide:
 View layer: used to handle multiple requests from clients or
subsystems.
 Control layer: is concerned with the business process for
screening the search results and perform the automatic
processes.
 Integration layer: provides the environment for system to enable
processes integration or data integration
 Data Access layer: provides the data access to the users and
automatic clients from the system or from other external data
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sources.
Position
Argument

Implications

Related decisions
Related Requirements
Notes

Similar to the layers pattern
We use relaxed layer pattern because it allow the reuse of the individual
layers in different context which enable the reusability of system
components within the system or with other external system such as
RevMan/ADDIS, Abstracts databases and others.
As a result it provides clear separation of concerns (4).
Also it ensures integratability of the system which allows different
users to use products from different vendors in different layers (4).
The consequence of using layers pattern is that it is not good for high
performance because the relevant data must be transferred through a
number of intermediate layers (4).
AD_1, AD_3,AD_4
FR6,FR7, FR12, FR13, FR17,FR21,FR23,NFR 10,NFR 11

4.2.3 AD_3 Dispatch View Pattern
We need to decompose the view layer of front-end server in order to ensure more the usability of
the system. This is because, the system should be able control the accessibility of multiples
views to the core functionalities of the system. Also, we need to ensure the clear separation
between the views and controllers concerns. So we select the dispatch view pattern to solve the
design problems in the view layer.
This pattern is responsible for view management, navigation, also it generate a view based on the
template and dynamic model. This pattern used to handle multiple views of the system and
control the requests from the clients to the appropriate views (19).
The figure 10 shows how the solution from this pattern can be applied in decomposing the view
layer. The given solution decomposes the view layer into two components dispatch view
component and view component. Dispatch view component used to receive the requests from the
different subsystem and find the appropriate view of the requests. This component used to
provides all views of the system in a single point of access in the view component. The View
component is responsible to find the appropriate controller for every request from different subsystem such as GUI client (19).
The table 5 shows the architectural decision in decomposing the view layer and show how that
decomposition impacts the key drivers of our system.
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Figure 10: Dispatch view Pattern
Table 5: Architectural decision for decomposition of view layer
Issue
CRS support multiple views for users to access specific data in the
model.
Decision
We decide to use dispatch view pattern in order to coordinate the
accessibility of multiple views to the model because there is no
centralized component for managing access control, content retrieval or
view management. And there is duplicate control code scattered
through the various views.
Status
Decided
Group
View Management
Assumptions
The CRS use an efficient update mechanism for propagating changes
between views. The CRS is replicated to various regions to enable easy
accessibility of the system.
Constraints
This pattern has to be used in the front-end servers to control multiple
views from the clients.
Position
1.Dispatch View Pattern
2.Service To worker Pattern
Argument

Dispatch view pattern and Service To worker pattern are identical with
respect to their components but they differ in division of labor among
their components.
(1) The dispatch view pattern provides the limited role of view
management and it applies when no outside resources is utilized
to choose the view. It is relevant to our problem domain because
the clients can submit the request directly to a controller with a
query that describes an action to be completed (19) .
(2) Service To Worker pattern is more sophisticated than dispatch
view pattern because it can invoke business services to
determine the appropriate view to display. We did not use this
pattern because it is not relevant to our domain problem since
this pattern is design more in the service oriented domain(1)

Implications

The requests are handled in a central place to control the multiple views
to the clients. As a result, it ensures usability because it is easier for the
system to manage multiple views of response of different requests form
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Related decisions
Related requirements

the clients.
Also the dispatch view Pattern improves separation of concerns
because it reduces dependences that may occur between views and the
controllers. As a result, it ensures re-usability of the view and controller
because the control code for every view of our system can be accessed
from single point of access.
AD_1, AD_2
FR17, FR23,FR NFR 4, NFR 5

4.2.4 AD_4 Broker (Trader System) Pattern
We need to add more patterns in our system design (refer PDAP approach) in order to handle
accessibility of data from multiple front-end servers to the back-end data servers or external data
sources. Also we consider the interoperability as the second priority in designing our software
architecture. So, we assume that our front-end servers are replicated to various regions and we
need to find out how multiple front-end servers can access the data in the system and from
external data sources in a single point of view. In this case we need to decompose our data access
layer by adding more patterns which can solve the designs problems on data access.
We decide to use Broker (Trader system) in the data access layer (refer AD_2) in order to
provide an environment for multiple front-end servers to access the data in the back-end servers
and external data sources (4).This variant used to provide the location of every data servers to
the front -end server. In which the front end servers access the data in the back end servers
through the services registered on the broker (trader). This pattern has a control mechanism to
handle multiple requests from front- end server to the available data –server.
This broker pattern registers the data servers or external data sources as a service by using
dynamic registration mechanism. So, it

provides an API for the data servers and other

heterogeneous systems to interact with the existing system. This is because, they register the data
servers and external data sources (heterogeneous systems) as the service that can be accessible
by multiple front-end servers remotely (4).
Figure 11 shows that, broker (trader) pattern provides an API for multiple front-end servers (the
blue box) to interact with back-end data servers and external data sources which are not yet
decomposed.
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Figure 11: Broker (Trader system) Pattern
Table 6: Architectural decision for decomposition of data access layer
Issue
Decision
Status
Group
Assumptions

Constraints

Position

Argument

The CRS needs to interact with different heterogeneous systems and
multiple data servers containing abstracts and clinical trials data.
Broker provides all services from different sources in a single point of
view.
Decided
Server communications
CRS have more than one broker in case one broker fail the requested is
forwarded to the next broker. Also it is assumed that the CRS has
replicated into various regions.
 This variant connect front-end servers with back-end servers of
CRS, since back-end servers are replicated but also this variant
provide the location of those servers in a transparent way. Also
this variant can register service from other external systems.
 The front-end servers control the request from the client.
 The back-end servers control the data servers
 This variant provides the control of the inter-communication
between these servers.
1.Trader system
2. Re-use of look-up broker (refer AD_7)

(1) Enable interoperability between CRS and heterogeneous
systems .Also it allows scalability of the CRS because if the
CRS need to add another server then server registers itself to the
Broker.
Also it provides the control layer services between servers, in
which it protects the system from fake servers because all
servers are authenticated here. It provides the data access from
data servers any time or anywhere.
Also it facilitates the reusability because the system can use the
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service from other external system to fulfill its requirement,
such as searching literature in abstracts databases, clinical trial
registries and other databases.
(2) We did not re-use lookup broker (Refer AD_7) because it not
secure because client will be in same level with server.
Implications

Related decisions
Related Requirements
Notes

Since broker used as single point of data access and then if it is hacked
the system will fail, thus the brokers need to be duplicated in order to
ensure the availability of the data in the system.
AD_2,AD_5,6
FR7,FR8,NFR1-3

4.2.5 AD_5 Information Aggregation Pattern, Search adapter variation
We decide to add Information Aggregation Pattern (search adapter) pattern in our system design
(25) in order to decompose the external data sources and ensure accessibility of data from
multiple sources in a single point of view.
This pattern is the variant of runtime pattern which used to provide accessibility of unstructured
data. This ability to access unstructured data provide the search results with a reasonable
response time because the search solution is implemented via search adapter node (25).
The search adapter node can interact with external data sources though the logic interface or via
product API. As shown in the Figure 12, the search adapter node receive the requests, formulate
the query or analyze the request and sends it to the external data sources by using brokering
capabilities. Then the search adapter return the results from external data sources, aggregate and
normalize the search results and send it back to the clients. However, the search results are
formatted before sending it back to the clients that request the original search (25).
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Figure 12: source from http://www.ibm.com/developerworks/patterns/bi/at7-runtime.html

So, we apply the solution from this pattern in our system design. The solution from this pattern
provides the accessibility of data from external data sources such as databases of abstracts or
Clinical Trial registries through the search adapter.

Figure 13: decomposition of external data sources
The figure 13 shows that, the decomposed system such as front-end servers can send the requests
to the external data sources through the broker (trader). The broker provides the accessibility of
data from different external data sources in a single point of view (search adapter component).
The search adapter component used to search, aggregate the search results from different sources
and makes it available to decomposed system as they come from single virtual data source. This
decomposition shows that, the search adapter can integrate with external data sources by rewriting the requests before sending them to external data sources and also this adapter re-write
the search results from external data sources before sending the results to the decomposed

Page
50

RUG

system. The table 7 shows all the designs decisions used to decompose the external databases
and how this solution has impacts to our key drivers.
Table 7: Architectural decision for decomposition of external data sources (integrated databases)
Issue

Decision
Status
Group
Assumptions

Constraints
Position
Argument

Implications

Related decisions
Related Requirements
Notes

CRS need to perform automatic searches from multiple sources by
using brokering capabilities. CRS should be able to combine the search
results from multiple sources in a reasonable response time.
We decide to use this variation because it enables mult-source
brokering capabilities via the inclusions of “search adapters” nodes.
Decided
External sources control
The CRS perform the searching activities by brokering those queries
and send them to the multiple data sources through the integration
layer.
Every multiple data sources have search adapters which contain the
logic to interface with external data sources.
The search adapters then return search result from each individual data
index in which the search brokering node aggregate and normalize the
search results so that they appear to be from one “virtual source”. Then
the aggregated results are sent back to the presentation node/web
application server node in which results are formatted and send back to
the client who send the original search.
This pattern act as a broker by sending the search queries to the
multiple data sources.
Data integration
This pattern enables CRS to perform an automatic search by providing
search results in a single point of view.
Also, this pattern enable user to access multiple data sources within a
short response time.
This pattern provide the search results in a read-only format however it
is possible to perform the write access in the temporary storage.
As a result, this pattern addresses usability because it provides
accessibility of data from different sources in a single point of view.
Also it ensures well the interoperability because it uses Broker pattern
to register all data sources as services and control them. This
decomposition also addresses well the integratability because it allow
data transformation before sending or receiving data from those
sources.
AD_4
FR 6-8, FR36-39, NFR 1-3,NFR 10-11

4.2.6 AD_6 Shared Repository
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We need to decompose the back-end data servers in order to ensure the accessibility of data in a
single point of view. We assume that, data are stored in shared memory which can be accessed
with multiple users. So, we select Shared repository pattern to decompose the data servers by
examining the its problem and solution statements and find out if this pattern address our key
drivers. This pattern is used when the software made several software components which need to
communicate and exchange data in a single point of access(22).
The figure 14 show the solution provided by this pattern by using the data repository for
communication. The repository are known and used by all software components in the system
but those components they don‟t know each other. Component-I produce product V in the
repository but component -2 and component -3 use it without knowing who deliver that product.
And component-1 delivers its product without knowing the users of that product. So this pattern
provides an environment for different software components to share the data in the repository
(22).

Figure 14: Shared repository pattern
So, we apply the solution from this pattern by providing the data from the shared memory in the
central repository as an independent component which can be easily reused or integrated to each
other (22). Figure 15 shows that our data repository divided into three repositories, user
repository responsible for handling user information, Abstracts repository responsible to handle
the selected abstracts and clinical trials are used to handle the clinical trials after full-text
screening. Then, the front-end servers can access the data in those repositories through the broker
(trader). The broker (trader) registers all repositories and provides their locations to the front-end
servers. The front-end servers access the data from different repository in our system through the
single point of access of Broker (trader). So, we document the architectural decisions used in
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decomposing the back-end data servers of our system as shown from table 8. Also this table
shows the impacts of applying this decision in our design compared to different alternatives
solutions.

Figure 15: Decomposition of back-end data servers
Table 8: Architectural decision for decomposition of back-end data servers
Issue

Decision
Status
Group
Assumptions

Constraints

Position

The system needs to provide access of data in a single point of view.
This means, the system needs to provide the clinical trials information
in a structured database in which different users or other systems can
access the same data.
We decide to use shared repository pattern to enable communication of
software components based on the shared repository.
Decided
Data sharing
 Repositories implement the fault tolerance mechanism to
increase the availability of the data.
 We assume that in every local repository data is transferred in a
reliable way, fault tolerance and load balancing.
 The CRS have front-end servers for handling client request and
back-end servers for processing the request and storing the data.
So CRS provide interface for front-end servers and back-end
servers to enable data sharing between clients and CRS.
The shared repository can be used:
 When user or subsystems needs to access the information in the
user information database.
 When reviewer, subsystems or computer scientists need to
access the abstracts or trials information for literature searching
or screening activities.
1.Shared Repository
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Argument

Implications

Related decisions
Related Requirements
Notes

2.Active Repository
3.Blackboard Repository
(1) It allows the reviewers to access the clinical information from
single point of view which increases efficiency in performing
the systematic review. This pattern enables many users or other
subsystem to share the same data in the databases, as a results it
ensures scalability and reusability of clinical data components
in the repository.
(2) We did not choose Active repository because it does not deliver
timely information when user perform query in their
repositories (4).
(3) Blackboard use control component to control the repository but
this is not applied in our system since the actions are user –
driven (4).
Since Broker (trader system) knows all location of servers then clients
do not need to know where the servers are located but broker can
initiate the global search in their repositories. If the CRS grows and
need to add more servers then they have to be registered to broker as
well.
As results with the help of Trader broker, it supports scalability by
allowing many application servers to have access with the same data.
AD_4
FR2,FR8,FR19,FR32,NFR7,NFR8,NFR9

4.2.7 AD_7 Look-up Broker
We decide to add another pattern in our front-end servers in order to handle the multiple requests
from the views because the system can be overloaded if the number of users increases. So, we
select the Look-up broker to handle multiple requests from different users of the system and
provide the accessibility of controllers in a single point of view.
Look-up broker is a variant of the Broker pattern that uses a look-up object to access the remote
objects in a distributed environment .The look –up broker is responsible for receiving the
requests from multiple clients for registering remote objects and control the communication
between clients and remote objects (4). The table 9 below shows the architectural decision for
this pattern and how that decision has impact on our system design.
Table 9: Architectural decision for handling multiple requests from users of the system
Issue
Decision

CRS needs to be accessed by multiple users over the network.
We use Look-up Broker in order to handle multiple client requests.
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Status
Group
Assumptions

Constraints

Position
Argument

Implications
Related decisions
Related Requirements
Notes

decided
Client communication
CRS is provided through the internet and user or subsystem can use the
system as distributed system. CRS have many replicated servers to
handle client requests.
Look-up broker decompose the system as the thin browser client to
handle multiple request from the clients and also it used as load
balancer which provide accessibility of core functionalities of the CRS
through the single point of view.
1.Lookup broker
2. Client-server
(1) We decide to use Lookup broker because it support large
number of users to access the CRS at the same time. This means
it allows many users with many request to access the CRS.
Though it has great performance bottleneck but it ensures good
scalability.
(2) We did not choose client- server pattern because it does not
support scalability since the system will be overloaded when
multiple users sends their requests to the server.
Look-up broker has impact the performance of the system, because the
client does not have access with the server directly.
AD_1, AD_2
FR6, FR7, FR22, FR24, FR28, FR30, FR 31, NFR8.

4.2.8 AD_8 Façade Pattern
We decide to add another pattern on the decomposition of our back-end data servers in order to
hide the complexities of data structure in repositories. So, we select Façade pattern and apply the
solution from this pattern to decompose more our repositories (9).
The façade pattern is used to provide a unified interface to a set of interfaces in a sub-system. It
defines a higher-level interface that makes the subsystem easier to use (9). As shown in table 10,
we document the architectural decision of applying this pattern and shows how this decision
have impacts to our system designs.
Table 10: Architectural decision for decomposing more the back-end data servers
Issue
We need to design the interactive system with high-level interface that
makes the subsystem easy to use.
Decision
We decide to use the Façade pattern in order to hide the complexity of
the system.
Status
Decided
Group
Interactive application
Assumptions
we need this pattern to hide the complexities of data structure in the
shared repositories
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Constraints

Façade pattern used when:
User need simple user interface to access the data from the complex
system (9).

Position
Argument

Similar to Mediator pattern.
We use Façade to presents a specialized interface to the client that
makes it easier to use, as a result it increase the usability of the system.
Façade used to hide the complexities of data repositories, due to that, it
ensure the usability of our system
AD_8
FR17, FR23,FR NFR 4, NFR 5

Implications
Related decisions
Related Requirements
Notes

4.2.9 AD_9 Wrapper Pattern
We need to add an interface in view layer to handle all the requests from external systems. So,
we select Wrapper pattern to decompose such interface. This pattern converts the interface of a
class into another interface that client expect. This pattern helps multiple classes to work together
despite of their incompatible interfaces (9).The table 12 below shows the architectural decision
used in applying this pattern in designing such interface.
Table 12:Architectural decision for decomposition of system‟s interface for other external
system to export the data from existing system.
Issue

Decision

Status
Group
Assumptions

CRS has to interact with other external systems or heterogeneous
components in order to export clinical trials for data extraction and
analysis.
We decide to use Wrapper pattern because we want to create a reusable
class that cooperate with the classes which don‟t have related or
compatible interfaces.
decided
Communication
 It is assumed that our system can interact with other existing
system for systematic review such as RevMan/ADDIS

Constraints

The wrapper pattern provides:
 Communication with other existing system such as Review
Manager or ADDIS

Position
Argument

Similar to adapter pattern and Bridge pattern(9)
This pattern enables the reuse of system components within CRS and
with other external system because it converts the components with
incompatible interface into the interface the client object expect.
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Implications

Related decisions
Related Requirements
Notes

As a result CRS will increase its re-usability and integribility because
the CRS can export data to other external systems without changing
their core functionalities.
AD_2,AD_1
FR 6-8, FR13, FR36-39, NFR 1-3,NFR 10-11

Therefore, after identifying the relevant patterns in our design, we create the complete initial
model of our architecture as shown in the next chapter. In that chapter we combine all the
identified patterns and come out with the complete software architecture that addresses all the
system requirements. According to that, we decide to continue with the last step of our
architecting process. To perform the last step of the mentioned method above (refer PDAP), we
verify the complete architecture by assessing every pattern used in our design and find out how
every pattern addresses our key drivers. Due to that, we use chapter 6 to show this step and
finally we end our architecture process.
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5 Software Architecture
The design of software architecture is the third stage in the software development life cycle. And
the key activity of software architecture is the decomposition of the system into architectural
elements that fulfill the system requirements and the stakeholder concerns (4).
However, there various design methods for software architecture such as object-oriented
Framework, which design the software architecture by combining collections of classes and
objects used to create the functionalities of the system. But this method does not always deliver
the quality software architecture because their designs solutions do not balance the functional
requirements and quality attributes of the system. Other methods are ADD (Attribute-Driven
Design) but this method designs the software architecture by decomposing the system based on
quality attributes. But this method does not address the impact of patterns with respect to
functional requirements and quality attribute of the system (14).
One of the proposed approach for architecting a software system while emphasizing both
functional requirements

and quality attribute

is Pattern-Driven Architectural Partitioning

(PDAP)- (refer chapter 4). We decompose our system designs based on the patterns, but the
patterns are not isolated solutions; they should integrate with other patterns and the domain
environment to design the complete software architecture.
In this section we describe how these patterns integrated to each other in designing the quality
architecture that balances both functional requirements and quality attributes. We also elaborate
the patterns used to design the complete architecture and show how that architecture integrated
with our domain environment. Thereafter, we present the sequence diagrams to show how the
objects can interact in the system to meet the system requirements.
5.1 Initial Model
We decompose our system based on the Pattern-Driven Architectural partitioning method by
combining all the patterns according to the priorities of our key drivers(refer chapter 4). First we
decompose our system based on the Model-View Controller pattern, (refer AD_1). Then, we use
Layers pattern to decompose the front-end server of CRS (refer AD_2).We use look-up broker to
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handle the multiple requests from different users in accessing the core functionalities of the
system in the control layer as shown in figure 16 (refer AD_7).
In the data access layer, we use shared repository pattern to store data in the CRS and Broker
(trader) to control the accessibility of data in those repositories and other external data sources
through the search adapter components(refer AD_4,5,6).

Figure 16: Initial Model
5.2 Description of the entire system
We describe the entire system by partioning the initial model into three parts; front end part,
application part and back-end part.
The front –end part of the system is responsible for handling the requests from different users of
the system. As shown in the figure 17, the GUI client, ADDIS/RevMan can access the CRS
through the view layer. Also in this part, we use the look-up broker pattern to handle multiple
requests from the GUI client and other users of the system. The look-up broker provides the API
for other special programs to interact with CRS to perform the automatic processes (refer AD_7).
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Figure 17: Part 1- Front-end part
The Figure 18 shows the application part of our system, which is responsible for processing the
requests from the clients and processing the search results from back-end data servers. In this
part, we use the look-up broker to provide the accessibility of controllers of the system in a
single point of view (refer AD_2). Also the look-up broker provides the API for computer
scientists to automate some of the processes in the control layer.

Figure 18: Application part
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The backend of our system design is responsible for handling data through data access layer as
shown in the figure 19. The data in the CRS are stored in the shared repository as independent
components to enable data sharing with multiple clients. To design this part we use the shared
repository pattern (refer AD_6). Also, the back-end of our system is responsible to perform
automatic literature searches from different sources through the broker (trader). This part,
enables the accessibility of data from shared repositories (refer AD_6) and other external sources
through the search adapter pattern (refer AD_5) in a single point of view.

Figure 19: Back-end part
Importance to achieve our key drivers.
Usability- This partition, ensures the usability of the system because the CRS provides the
interface for GUI clients and other external users to access the core functionalities of the system
through the view layer. Also this decomposition provides the role of separations between user
interfaces of the system in the view layer and core functionalities in other layers (refer AD_1,
AD_2).
Interoperability- The broker (trader) and search adapter ensures the interoperability of the
system because it allows the system to interact with other heterogeneous external data sources
such as databases of abstracts or clinical trial registries.
Re-usability- The layered decomposition of front-end server allow the front-end part to receive
requests from users and send it to the application part. Application part processes the request and
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sends it to the back-end part. Back-end part access the data and send results to the application
part that used to process results and send them to the user through the front-end part. Also, the
layered decomposition allows the system components to be reused within the system by
automated clients such as special programs or with other external system such as
RevMan/ADDIS. The use of shared repository pattern to decompose the back-end data server
ensures the re-usability of system components because this pattern allow the data to be
reused within the system or with other external system (refer AD_2, 6).
Integratability- The layered decomposition allows the different layers in the system to integrate
to each other to meet the system requirements (refer AD_2).
Scalability- The application part ensures the scalability of the system because if the system add
new controller then it has to register itself to the look-up broker. And also the look-up broker can
handle multiple requests from multiple users. Also the back-end part enables good scalability of
the system because it is easier to add new data server in the broker (trader system).

5.3 Elaborated model with patterns
In this section we describe the patterns in detail and we modify our initial model in order to
satisfy our system requirements and key drivers (refer chapter 3).

Page
62

RUG

Figure 20: Elaborated model of software architecture
The designed architecture of CRS allows multiple users to interact with the system through the
view layer. Figure 20 shows that, the GUI Client can interact with the system through the
Dispatch view component (refer AD_3) that used to provide the appropriate view for every
request from the clients. Also this architecture provides an interface for RevMan/ADDIS to
interact with the system through the clinical trial exporter interface in the view layer (refer
AD_9). The view layer and other automated clients can send their requests to the look-up broker
that used to handle multiple requests and provide them the appropriate controllers to every
request.
We decide to divide the core functionalities of CRS into three controllers such as Search
controller, screening controller and clinical trial controller as shown in the control layer. The
search controller component is responsible for processing all the search requests from the users
and other external system (refer section 3.3.3).
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responsible to perform the screening activities such as abstracts screening and full-text screening
(refer section 3.3.4 and 3.3.5). And the clinical trial controller component is responsible for
processing the requests for clinical trials such as exporting clinical trials or any query related to
the clinical trials stored in the system(refer section 3.3.6).
Also, the designed architecture uses the integration layer to integrate all the controllers with the
model component. Model component enables the core functionalities of the system to access the
data in the back-end data servers in a single point of access. Also, this architecture provide
search service component in the integration layer to handle all the search service in our system
and other external data sources such as abstract databases or clinical trial registries.
As shown in the Figure 20 the last layer of our system is data access layer which contains the
broker (trader system) to enable accessibility of data from different data repositories and external
data sources. Also it uses search adapter component to access the data from external data sources
(refer AD_4, 5, 6).
5.3.1 Broker (Trader system) Pattern

Figure 21: Broker (Trader system) Pattern
Broker pattern (Trader system) is designed to provide the communication layer between the
front-end server and the data servers. This pattern can handle multiple requests from front-end
server to different repositories and other external systems (refer AD_4).
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registers its services to the broker (trader system) and these services can be accessed by other
replicated front-end servers. For example the front-end server register its search service in the
broker and this service can be accessed by multiple front-end servers. As shown in the Figure 21,
this pattern use request handler component to handle multiple requests from different front-end
servers, and this component allow accessibility of the data in repositories through their handler
components. Also, the broker (trader) pattern use the search adapter component to perform the
search service from the external data sources such as Abstract databases, clinical trial registries
and Cochrane library.
In order to avoid single point of failure of our system, we will use two brokers (trader system) if
one broker fail the system will re-direct the requests to the back-up broker. Also the new broker
can register to the existing broker, and all the services can be replicated to the new broker.
This pattern ensures interoperability (refer section 3.4.1) because it allows the front-end server to
perform searching activities to different heterogeneous systems. Also the solution from this
pattern increases the scalability (refer 3.4.3) of the system because it is easier for CRS to add
new repository in the broker (trader system). In addition, it can handle multiple requests from
front-end servers to different repositories.
5.3.2 Shared Repository Pattern
The shared repository pattern is designed to handle the data stored in the CRS (refer AD_6).
Data in CRS are stored in different repositories such as user repository which contain data for
user‟s information and their credentials; abstracts repository which contain the abstracts
information from different sources and clinical trials repositories contains the data for clinical
trials.
Shared repository pattern enables the data sharing between multiple front-end servers with
different repositories through the broker (Trader system) pattern (refer AD_4).
Figure 22 shows that, the user repository contains various databases and all these databases can
be accessed through the Façade interface. Façade interface is used to simplify the use of the user
repository (refer AD_8).
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Figure 22: Shared repository
The back-end of our system contains the abstracts repository in which after reviewers perform
the screening activities then selected abstracts are stored in the abstracts repository as shown in
the figure 22.
Also the figure shows that, the system contains clinical trials repository to provide the central
accessibility of clinical trials to different users. This repository provides data sharing by storing
the clinical trials as independent component in a trial oriented format. Also, it allows multiple
users to access the clinical trials through the broker (Trader system) as single point of access.
All repositories in our system are designed with façade pattern in order increase accessibility of
data to the clients (refer AD_8).

5.4 Sequence diagrams
We use sequence diagrams to show how objects can interact in system. The sequence diagram
shows how objects interact with one another. This diagram allows the specification of runtime
scenarios in a graphical manner. In this section we present the sequence diagrams for searching
activities, full-text screening activities and the export clinical trials to other external system (refer
figure 20).
5.4.1 Sequence diagram for searching activities
The reviewer can writes the search key word in the webpage provided by the client. As shown in
the figure 23 the reviewer sends the search request to the GUI client, and the client is responsible
to pack the data and formulate the request message to front-end server of CRS. The front-end
server is responsible to handle the request from GUI client through its view layer (refer AD_2).
The front-end server forwards the search query to the broker (trader) to enable data accessibility
from repositories in a single access. And if the search query need to access data from external
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data sources then broker will forward the query to search adapter. The search adapter node has
brokering capabilities to re-writes the search query and forwards it to all registered external data
sources. After those sources performing the search activities, this search adapter combines the
search results and re-writes the search results before returning them back to the broker (trader
system). Then the broker will forward the search results to the front-end server in order to
process the search results and prepare the result‟s page. We assume that, the front-end servers are
replicated servers and the broker (trader) should know the location of all severs. Then the frontend server will return the webpage containing the search results to the GUI Client. And the GUI
Client is responsible to forward the webpage of search results to reviewers ready for performing
the screening activities.
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Figure 23: Sequence diagram for searching activities.
5.4.2 Sequence diagram for screening activities in the CRS
In this sequence diagram, we show more in detail how CRS can perform the Full-text screening
activities. Figure 24 shows that, the reviewers can initiate the screening activities in the system
by clicking the button called “screen” through the GUI provided by CRS. Then, the GUI Client
sends the request to the Dispatch view component to finds the appropriate view for the given
request. The view sends the request to look-up broker and the look-up broker find the appropriate
controller for the request. The look-up broker returns the appropriate controller to the view
component .The responsible view calls the full-text screening controller method to process the
request.
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Front-end server

Figure 24: sequence diagram for screening activities.
As shown in the Figure 24, the screening controller can accesses the model, and the model will
forwards the data query to the broker (trader). The broker (trader) used to find the abstracts
repository from the pool of repositories and call for the service to access the abstracts repository
for processing the given request.
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After the repository processed the query it returns the results to the broker (trader), which used to
forward them to the model component. The Model will return the results to the responsible
controller. The controller processes the results and forwards them to the appropriate view. The
view will get data and forward the results page to the dispatch view. Finally the dispatch view
will forward the results page to the GUI Client and then the GUI Client displays the results page
containing the list of included abstracts to the reviewer. The reviewer will open the link of
identified article in the given list to start full-text screening activities. We assume that, the
reviewer will ready those articles manually and select the clinical trials which are relevant to
their research question.
5.4.3 Sequence diagram for exporting clinical trials
As shown in the Figure 25, other external systems such as RevMan/ADDIS can interact with the
CRS by exporting the clinical trials stored in the repositories to perform other steps of systematic
review. The RevMan/ ADDIS sends the request to the front-end server of CRS through the
clinical trial exporter (refer figure 20). And that exporter will forward the request to the look-up
broker to find the appropriate controller for exporting the clinical trials. The controller will call
the model to access the data in the back-end servers. The model will forward the request to the
broker (trader), and the broker will find the available clinical trial repository and call the service
for exporting the clinical trials. The responsible clinical trial repository will process the request
and return the data to the broker and the broker will forward the data to the front-end server. The
front-end server wraps and exports the data to RevMan/ADDIS through the clinical trial exporter
interface in the view layer.
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Figure 25: sequence diagram for exporting clinical trials.
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6 System Validation and Verification
In this chapter we evaluate how different patterns used in our system design address the key
drivers and functional requirements of CRS.

6.1 Key driver’s verification
The software patterns form the design solutions which have to be understandable or reusable by
other readers. In order to understand those solutions, we need to discuss the trade-off presented
by the solutions which help the reader to predict the behavior of the system after applying the
patterns (18).
We use Force resolution map (FRM) to evaluate our system design which shows how each
patterns address our key drivers. The FRM is a graphical tool used to provide a clear and precise
description of how the solution resolves all its forces. This tool helps us to decide if the patterns
meet our key drivers and system requirements.
The FRM uses a numerical representation to show how the patterns behave with respect to the
forces used in system design. The range of -2 to +2 shows to what extent the force (quality
attribute) is addressed (18).


” -2” shows that the pattern has a strong negative impact on the force.



“-1” the behavior of the pattern follows the force indication less than other solutions.



“0” the pattern behaves neutrally to this force which means the pattern have no impact
on the given force.



“+1” the pattern has positive impact on the force but there is other solution that address
well the same force.



“+2” shows that the pattern has a strong positive impacts on the force.

In this section, we map our key drivers (forces) with the identified patterns and find out how
these patterns satisfy our key drivers. Our key drivers are Usability, Interoperability, Reusability, Integribility and Scalability.
6.1.1 Model- View Controller Pattern
The FRM below shows that, the solution from this pattern have strong positive impact to
usability of the system than other solution because the system provide the accessible and easy
interface to multiple users to access the system from single point of view . Though this pattern
has negative impact with re-usability that may increase the complexity of the system because
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view and controller have strong relationship and they cannot be reused as individual component.
The FRM below shows that, this pattern have neutral behaviors to the Interoperability,
Integratability and scalability.
-2

-1

0

+1

+2

Usability
Interoperability
Re-usability
Integratability
Scalability
6.1.2 Dispatch View Pattern
The FRM below shows that, the dispatch view pattern address well usability because this pattern
is used to manage all the views in our system (refer AD_3).The use of this pattern also increases
the efficiency of the system because it controls the multiple views to access the same model.
Also the FRM shows that this pattern addresses well re-usability because it provides the role of
separation between view and controller (refer AD_3). As a result, it solves the design problem of
using Model-View Controller to enables the reusability of view and controller as independent
components. The FRM shows that, interoperability, integratability and scalability are neutral
forces to this pattern.
-2

-1

0

Usability
Interoperability
Re-usability
Integratability
Scalability
6.1.3 Look-up broker Pattern
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The FRM below shows that, this pattern have strong positive impact to scalability because this
pattern used to make the CRS more transparent to users (refer AD_7). As a result, it can handle
multiple requests from different users of the system and at the same time it provides the all the
controllers of the system in single point of view.(see figure 20).
The trade-off point in using the solution from this pattern is that when the look-up broker fails
then the whole system may fail because it acts as a single point of access to the system. To solve
this problem we decide to use two look-up brokers if one broker fail, then the back-up broker
will be responsible to control the request from the clients(refer AD_7).
Though this pattern can handle multiple requests from the users, it may take some time for users
to access the data in the back-end servers due to indirection layers in the front-end servers.
Because every request has to pass through Look-up broker, as results it can lower the
performance of our system.
-2

-1

0

+1

+2

Usability
Interoperability
Re-usability
Integratability
Scalability
6.1.3 Layers Pattern
As shown in the FRM below, Layers pattern has positive impact on re-usability of the system
because the system decomposed into independent layers which can be reused by other layers
within the system or with other external system (refer AD_2).
Also this pattern has strong positive impact on integratability because the use of layers
decomposition allows the system to decompose into independent component that can be
integrated to each other. For example, model component in the integration layer (refer Figure 20)
used to integrate all the core functionalities of the system with any updates in the data access
layer.
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-2

-1

0

+1

+2

Usability
Interoperability
Re-usability
Integratability
Scalability

6.1.4 Broker ( Trader system) pattern and Search adapter variant
The FRM below shows that, this pattern has strong positive impact to the interoperability of the
system, because it provide an environment for multiple front-end servers to access the data in
the repositories and external data sources through the search adapter(refer AD_4, 5, 6, 7). Also it
shows that, this pattern has strong positive impact on the scalability of the system because it has
registration mechanism to add new repository or external data sources (refer AD_4).
However the broker (trader) acts as a single point of accessing the data in the back-end servers
and external data sources. Thus, if the broker fails then the whole system may fail. To solve this,
we decide to use more than one broker and if one broker fails then the other broker will be
responsible to provide data accessibility.

-2

-1

0

Usability
Interoperability
Re-usability
Integratability
Scalability
6.1.5 Shared repository Pattern
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The FRM below shows that, the shared repository pattern has strong positive impact to reusability force because it store data in the repository as an independent component which can be
easily reused with multiple users at the same time( refer AD_6). For example clinical trials
stored in the clinical trial repository can be re-used by other system such as RevMan/ ADDIS.
The integratability is good because the data in the repository are loosely coupled to each other as
a results they can easily integrated to each other (refer AD_6). For example,the data stored by
one reviewer can be integrated with any updates from the other reviewer. Also the FRM shows
that, scalability of the system is good because through this pattern the system can handle millions
of abstracts or clinical trials with multiple users of the system concurrently (refer section 5.3.2).
However, the solution from this pattern can be used as single point of failure because all the data
are stored in a central repository. But, we assume that our system will implement the fault
tolerant mechanism to replicate the repositories in order to maintain the accessibility of the data
to users.
-2

-1

0

+1

+2

Usability
Interoperability
Re-usability
Integratability
Scalability
6.1.6 The complete architecture
The complete architecture is designed by combining all the patterns we decide to use in our
system design (see figure 20) based on PDAP design approach.
The FRM below shows that, the designed architecture have strong positive impact on the
usability of the system due to the use of Model –View Controller pattern and Dispatch View
Pattern (refer AD_1,AD_3).Also, we use Façade pattern (refer AD_8) to provides easy and
accessible interface for users to access the data repositories.
The designed architecture addresses well the interoperability (as shown from the FRM below),
because the use of solution from Broker(trader) pattern provides an environment for multiple
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front end servers to interact with external data sources for medical literature searches (refer
AD_4).
Also, the FRM below shows that, the layer pattern and shared repository pattern address
strongly the re-usability and integratability of the system (refer AD_2, AD_6). Though, the use
of Model-View Controller hinders the reusability of view and controller as independent
components. But we solve that design problem by using the layers pattern (refer AD_2) and
dispatch View pattern to decompose our front-end servers (refer AD_3).
Also the use of solutions from look-up broker, broker(trader) and shared repository pattern and
address strongly the scalability of the system because the system can be scalable with large
number of users and millions of abstracts or clinical trials (refer AD_4, 5, 6).
Therefore, the designed architecture addresses well the usability, interoperability, re-usability,
Integratability and scalability of the CRS.

-2

-1

0

+1

+2

Usability
Interoperability
Re-usability
Integratability
Scalability

6.2 Requirements Verification
In this section we describe the verification of our system requirements with respects to the
patterns we use in designing our software architecture (refer chapter 3 and 4). The table13 below
shows different patterns and we map them with every requirements of the system in order to
show how these patterns satisfy our system requirements. This table shows the verification of
functional requirements for searching, abstracts screening, full-text articles screening and
processing of clinical trials. We use the “remark column” to describe how the identified patterns
address the given requirements.
No. Pattern Name
1
Look-up Broker
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2
3
4
5
7
8
9
10

Layer Pattern
Broker(Trader system)
Shared repository
Model View Controller
Search Adapter variant
Dispatch View
Wrapper
Façade

6.2.1 Searching: Table 13 Verification of functional requirements
Requirement
Pattern Remarks
ID.
s name
FR1
8,5
The dispatch view provides the GUI for users to create their account in the
system
FR2
4
The user can update their information in the user repository
FR3
4
The user can remove their account in the user repository
FR4
These functionalities have already automated. The user can formulate the
research question and create the protocol on existing system such as
FR5
RevMan/ADDIS
FR6
3, 7
The system should interoperate well with external data sources in order to
perform the search activities from them
FR7
7,3
The search results need to be processed by special program
FR8
2,4
The excluded abstracts or clinical trials are stored as use information in the
shared repository.
FR9
4
The system uses the logging service as the built in functionality of the system.
FR10
4
The system use filters as built in functionality
FR11
2
The search results are processed by other external packages which are integrated
with the main system.
FR12

2,1

The main system integrates with other external packages through the control
layer in order to perform automatic processes.

6.2.2 Abstracts Screening
Requirements
Patterns
Remarks
ID
used
FR13
5,7
The system provides GUI for reviewer to perform screening activities abstract
screening component and model component is used to control the process of
this requests. See figure 20
FR14
4
The special programs are used to keep log of selected abstracts.
FR15
5,8,4
The dispatch view component used to handle multiple views to access the
same data model in the shared repository.
FR16
4
The abstracts screened are stored in the shared memory which can be
synchronized with new updates. The multiple reviewers can share the same
database to store their data.
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FR17

4

6.2.3 Full-text screening
Requirement ID Patterns
FR18
5,8
FR19

2

FR20
FR21

4
5,8,4

FR22

5,8,4

FR23
FR24

4
4,5

FR25

4

All data are stored in the shared repository.

Remarks
The system provides GUI for reviewers to perform full-text screening
activities.
The control layer provides the API for computer scientists to create algorithms
for automating the full-text articles processes.
The reviewers read the identified articles manually.
The system provide the GUI to reviewers to perform full-text screening from
the same data model.
The system can provide multiple views of the same search results to multiple
reviewers
Excluded information can be stored in the shared repositories.
Data in the repository should be synchronized with new updates from different
views.
System consists of different databases containing different clinical trials from
different sources.

6.2.4 Process of Included Clinical Trials.
Requirement ID
Pattern used
Remark
FR26
8,5
System provides multiple views of data from the data model
FR27
2,1
The system consists of special program for processing the clinical trials.
FR28
5
The system should provide GUI for reviewers to create clinical trials
manual
FR29
8,5,4
All views should be synchronized with the updates from the model
FR30
4,10
All data are stored in a shared memory with simple User interface for easy
access
FR31
2,9
Due to heterogeneity the wrapper pattern used to provide the data in a
common user interface between the that systems
FR32
4
The created bibliography can be stored in the shared repository
FR33
Not solved in our system design
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7 Discussion
In this section we conclude our research by discussing the results of using software patterns in
designing the architecture of a system for systematic review in order to improve the efficiency of
systematic review. Thereafter we describe some gaps that need to be covered in the future
research.

7.1 Conclusions
The current status for systematic review of clinical trials is a time consuming process due to
manual work for searching and screening activities. This is because the clinical trials are
scattered to various information systems that are not interoperated to each other. As a result, the
process for systematic review is inefficient and error prone.
We designed the Clinical Review System (CRS) to support the processes for systematic review
of clinical trials in an efficient way. First, we identified the quality attributes such as usability,
interoperability, re-usability, integribility, and scalability as the key drivers to design such a
system. Also we identified functional requirements such as

literature searching, abstract

screening and clinical trials export as the main use cases, based on a system context analysis. In
order to meet those requirements, we used Pattern-Driven Architectural Partitioning (PDAP) to
design the architecture of the CRS. We identified different patterns from architectural documents
such as books or articles and decompose our system based on the solutions from the identified
patterns. After combining the solutions from all identified patterns based on PDAP approach, we
designed the complete software architecture for the CRS.
The designed architecture of CRS reduces the manual work of performing the systematic review.
The CRS enables the reviewers to perform automatic literature searches from different sources of
evidence from a single point of view. In addition, the CRS provides a GUI for reviewers to
perform abstract screening and full-text screening in an efficient way.
Also, the designed architecture of CRS increases the re-usability of abstracts or clinical trials
during the process of systematic review because the data stored in the shared repositories that
can be accessed by multiple users at the same time. Moreover, the CRS provides an API for
reviewers to perform all steps of systematic review in a single point of view. According to that, it
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enables other existing systems to export the clinical trials stored in the repositories in order to
perform other steps of systematic review.
The verification of our system showed that, the designed architecture addresses our system‟s
requirements and key drivers strongly. Although there were some trade-offs, such as the
complexity of the system and failure points, we identified other solutions or modified the
existing solutions in order to balance our forces.
So we conclude that, the use software patterns in designed the architecture of CRS help us to
save time during the architecting processes because we designed this architecture based on the
solutions from existing system design. Though it took some time to identify the patterns that
match with our design problems but also it helped us to design the complete architecture that
satisfies its key drivers and functional requirements.
Therefore, software patterns improve the quality of designed architecture of CRS by enabling the
satisfaction of its quality attribute and functional requirements. Due to that, the designed
architecture of CRS increases efficiency of systematic review of clinical trials by reducing
manual work and supporting literature searching and screening activities from a single point of
view.

7.2 Future work
Although the designed architecture of CRS using software patterns increases the efficiency of
systematic review there are still some gaps that need to be addressed in the future research.
First of all, there are some gaps in the study identification because every nation has its own name
of clinical trials so it is difficult for CRS to trace clinical trials from different sources. Future
research should address how clinical trials can be identified automatically and accurately.
In addition, data extraction is still a manual step, this process can be improved by providing
automatic data extraction from the included clinical trials. Due to its API, the CRS can be used
as a platform to develop automated data extraction algorithms.
Finally, although the reviewers are used to meet in order to agree or disagree on the selected
abstracts or clinical trials, but it would be helpful to automate this process by implementing a
collaboration mechanism in the CRS. This mechanism will enable reviewers to send instant
messages or conduct an e-meeting in order to increase the efficiency of communication between
reviewers.
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