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Abstract 

In this modern world, healthcare has becoming a popular word in human life. People 
pay their attention on their health protection and treatment, but at the same time, they 
need to bear the high expenditure for their healthcare processing.  
 
It is a serious problem that the government income can not afford the large expense in 
healthcare industry. Especially in some developing countries, healthcare problem has 
become the problem for the nation development.  
 
We would like to choose this basic way to solve this problem directly, to provide the 
channel to improve the efficiency of healthcare system, Cambio COSMIC. 
 
The aim to analysis COSMIC for my case study is to find out the conclusion that how 
does the architect design the system from the stakeholders requirement to achieve the 
success of improving the efficiency of healthcare system. And how to measure the 
success for the system achieving to improve the efficiency of healthcare system is still 
required to indicate.  
 
Keywords: healthcare system, hospital, efficiency, software architecture, quality 
attribute, information system architecture, customer satisfaction 
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Chapter 1 Introduction 

In this chapter, we will discuss the relationship between the work I focus and the area 
of the health care. I will use some conceptual definitions to give the description of 
health care and exactly present the benefit to improve the efficiency of the hospital to 
explain the interesting of my project. I will also quote some questions that aimed to be 
answered in the following chapters and analysis the importance that these questions 
should be solved for improving the efficiency of the hospital.  
 
In the research processing, the step from the broad area to the narrow area is the 
interested part we focus on and I will fully present the broad area and then narrow 
down it to the specific interest of my research.  
 

1.1. Research objectives and research questions 

I use one section to present my research objectives and research questions in order to 
have a specific goal in the farther work. 
 
Research objectives 
I choose Cambio COSMIC as my research object as it is a wild used system in 
healthcare industry, and have been proved achieving the success in improving the 
efficiency of healthcare system. I would use one chapter to present the success of the 
COSMIC achievement and present the detail for this system introduction. I will do the 
interview for the particular data gathering which would not be assemble from the 
materials or the Internet. The location of the hospital I will do the interview, is at 
Östergötlands County concil in the city Linköping as my supervisor recommended.  
 
Research questions 
I would like to list the research questions that should be answered in the future work 
as the below shows: 
 
1. What kinds of factors affect the system efficiency healthcare system? (internal 

factors) 
2. Describing these factors supported to improve the efficiency healthcare system 

relative with COSMIC in details. 
3. How to measure the system has achieved the success of efficiency healthcare 

system?(standards or something else) 
 
These questions aim to be answered in other chapter that I would indicate. At the 
finally conclusion part, I will concentrate the answers to the questions and relative to 
the case to identify the success for improving the efficiency that COSMIC have 
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achieved.  
 

1.2. Background  

 
I do search in the web page and find some description conceptions for the healthcare.  
 
Health care or healthcare is the prevention, treatment, and management of illness and 
the preservation of mental and physical well-being through the services offered by the 
medical, nursing, and allied health professions. [Health care, 2007] 
 
In general, the area of healthcare is aimed to protect the health of human being and do 
the treatment and the management for the health problem. In this modern time, almost 
the developed and the developing countries have already solved the problem to get the 
basic standard of living. More and more people are focus on the improving the quality 
of their lives. Therefore, the quality of the health is becoming the most important 
topic in human life. But we can not simple look the healthcare as the steps of illness 
and treatment. It is a big and complex system to do the job for human health care. 
According to the World Health Organization, health care embraces all the goods and 
services designed to promote health, including “preventive, curative and palliative 
interventions, whether directed to individuals or to populations”.[

]
World Heath 

Organization Report, 2000   
 

1.3. The importance of healthcare 

 
First, we need to find out the reason why healthcare is so important for this society. I 
have searched some collected data to depict this situation in the following.  
 
Healthcare is becoming an enormous part of a country's economic in most of the 
developed countries. Nowadays, people likely put money in protecting their health in 
every parts of the healthcare system. There are including many departments in the 
healthcare system: hospitals, physicians, nursing homes, diagnostic laboratories, 
pharmacies, medical device manufacturers and other components of the health care 
system.[ Health care, 2007] People invest a lot of money to protect their health and 
the these service system return them the health protection, treatment and the 
management as the outcome. In order to provide the highly health quality for people, 
the healthcare system should be improve better. 
 
1. The government delivers more and more health care expenditures for the 

healthcare system every year. In order to improve the healthcare system quickly, 
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the government increase the expenditure for development and maintaining the 
system and the relevant departments of the system. As the following figure shows, 
we can easily see that the fiscal cost have increased obviously from 2000 to 2001 
for the United States (from 0.8% to 1.2%). Because the different environment of 
the countries, each part of the expenditure is quite different. And the government 
also implements some benefit policies to make the healthcare system running in a 
better ongoing process. 

                             

[States report, 2000] 
                                 Figure 1 
 
2. An integrated and scientific system. From the categories of the health care 

expenditures, we can find out the result that the healthcare system is protecting 
your health from your born until you are old. The system provides the service for 
all age’s patients and management their electronic record all the time. When you 
get sick, the system would integrate with all the departments to provide the most 
efficiency service in the shortest time. For a simple example, when you get sick, 
you can book appointment with the doctor (telephone or the web) and get the time 
to do the treatment. And if it is some emergency problem, you can also search for 
some other department (such as the emergency centre). Before you do the 
treatment, the system would check for your electronic healthcare record and 
analysis some suggestions for this treatment and it would also do the tracking after 
you finish this treatment. For this integrated and scientific system, we can enjoy a 
safely health protection in our daily life.  

 

1.4. The challenges the healthcare system faced to 

 
We have briefly depicted the importance of the healthcare in human lives. And then, 
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we will mainly present the challenges that the healthcare system faced to and some 
questions which would be answered in the other chapters.  
 
1. The growth speed of the GDP can hardly following the cost of the healthcare. 

Nowadays, as the increasing depth of the healthcare problem people focus on, 
people cost more and more money in healthcare. Although it is a good situation 
that people paid more attention for their healthcare problem, the big cost in this 
part is absolutely a serious challenge that we need to focus on. In recent decades, 
the growth rates for health spending and GDP have slowed, but health spending 
growth remains consistently above GDP growth (Figure 2). As a share of the 
economy, health care has risen from 7.2% of GDP in 1965 to over 16% of GDP 
today, and it is projected to be 20% of GDP just 10 years from 
now.[ Kaisernetwork, 2006] From the diagram, we can easily find that the cost for 
the healthcare is increasing obviously in every year. And the increasing rate is 
seems a quite large. Although for the different states, it would be more or less 
different for these different situation, it still show us the truth that many developed 
nations can not afford the big cost in the part of healthcare service. 

                              

        [ Kff, 2004] 
                              Figure 2 
 
2. The existing big burthen for government fiscal. I have found some report content 

about the United States for the government fiscal outlook.  
 
   During the period covered by this report—fiscal years 2000 and 2001—state fiscal 

conditions started to deteriorate. By fiscal 2002, state budgets were in a weakened 
condition, with states forced to reduce budgets enacted in fiscal 2002 by a variety 
of measures. Revenue growth continues to be anemic, spending pressures continue 
to rise, and states face massive budget shortfalls. During fiscal 2002, 37 states 
were forced to cut their enacted budgets by approximately $13 billion. In this 
fiscal climate, states enacted a 1.3 percent general-fund increase for fiscal 2003, 
after expanding by only 1.3 percent in fiscal 2002—the lowest levels since 1983, 
according to NASBO's The Fiscal Survey of States (November 2002).  
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Weak revenue collections continued to plague state budgets throughout fiscal 
2002, making budget deliberations for fiscal 2003 a difficult task. In addition to 
weak revenues, states also have faced rising costs for health care, most notably in 
Medicaid. [2000-2001 State Health Care Expenditure Report, 2003] 
 
The figure 1 is also the relevant data that this report presented. Although, the 
government faced many fiscal pressings problems, it also raised the budget for the 
healthcare. Because the development of the healthcare means the quality of the 
human life improved.  

 

1.5. Efficiency of the system 

 
In this section, for these two challenges that the healthcare system faced to, we have 
the question how to solve this problem in the basic level. It is now to present the point 
for the project research: efficiency of the system.  
 
First, we should find out why we need to efficient the system? Why this method is the 
basic way to solve the challenges that the healthcare system faced to?  
 

1.5.1. Why we need efficiency the system? 

 
As the period growing, the spending of the healthcare continues increasing every year. 
People have to bear the high cost for the healthcare treatment, protection and relevant 
service. Therefore, more and more people (including their family) can not afford for 
this high cost service for their daily life. It seems becoming to another situation that 
people not expected to see: the healthcare service is not a way to make people 
improve their life but the debt for them to pay for. And it also let the government to 
spend a large mount of expenditures in this part to release some of oppression for 
their citizens (especially in the developed countries).  
 
We can see some research reports from the United States government: 
 
– In 2002, U.S. health expenditures totaled 14.6 percent of gross domestic product, 
substantially higher than other developed nations. This percentage is projected to rise 
in the next decade. 
– Ten percent of patients account for 69 percent of health expenditures. 
– Closer examination of the continued acceleration of health care spending indicates 

that private insurance premiums have historically outpaced Medicare spending per 
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beneficiary.[ A Need to Transform the U.S. Health Care System: Improving 
Access, Quality, and Efficiency, 2005] 

 
As these resources presenting, the high expense for healthcare is becoming more and 
more serious problem that we need to solve. And searching for the reason to create 
this high expense, there are mainly two areas to explain this situation. Health care 
coordination and administration are two areas that may greatly benefit from initiatives 
to raise efficiency. [A Need to Transform the U.S. Health Care System: Improving 
Access, Quality, and Efficiency, 2005]  
 
And why we need to choose the efficiency way to solve the problem in these two 
areas? As the reporter presented, efficient these two areas are the most basic and 
efficiency way to get the benefit. First, we see a diagram for the administration cost, 
the figure 3 show us the details. This figure shows us that the cost spending in 
administrative in 2003 nearly the double cost for the cost in 1997. It is a surprise 
growth speed for the healthcare cost and the cost in this area should be treated as the 
most important for analysis process. Administration is a big area for the business 
operation and is also a very important part for the enterprise business. A good 
management of the work process, communication and the integration for each 
department can let the system running in a better environment. And what we need to 
reach the aim is to find out the method to achieve the efficiency. Administrate the 
system in an efficiency way can release the extra resource to get the highest effective. 
It needs the system administrates running not only in the technical but also in the 
human resource using in an efficiency way. In my project, I will mainly discuss how 
the system solves the problem in the technical way to analysis the motivation and 
usability for the technical solution for IT support. 

[A Need to 

Transform the U.S. Health Care System: Improving Access, Quality, and Efficiency, 
2005] 

Figure 3 
 

And the other area for the cost of the healthcare is the cost for the coordination. We 

 12



need to enhance the coordinate in the healthcare system. In actually, the cost for the 
area of coordination is the large expense for the system lack of coordination. 
Coordination is the act of managing interdependencies between activities. 
[Coordination, 2007] Coordination is exactly an important problem that is easy to be 
ignored in healthcare system. To solve varies of the patients need to different doctor 
and nurse for the treatment and the management. Thus, the coordinating in the 
healthcare system daily working is obviously more and more important. In a good 
coordinate for the system working can let the system running in a better environment 
and the relevant cost would reduce a lot. Efficiency this area is the finally aim we 
need to achievement. How to coordinate each department and the staff in the 
organization in the efficiency way is the most important step for enhance the 
coordination in the healthcare system improving.  
 

1.5.2. Why the efficiency is the basic way to solve the 

challenges that the healthcare system faced to? 

 
First, we need to know the definition for the efficiency in healthcare system. It 
included these types of efficiency: Technical efficiency, Productive efficiency and 
Allocate efficiency. 
 
Technical efficiency exists when production occurs on the technical 
frontier—operationally, when no greater output at a given level of quality can be 
achieved with a given set of resource inputs.  
 
Productive efficiency exists when the various factors of production are used in 
optimal combination—operationally, when no greater output of specified quality can 
be achieved at a given resource cost.  
 
Allocate efficiency exists when resources are allocated so as to maximize the benefit 
to a population—operationally, when no alternative allocation of resources can make 
someone better off, without at least one person being worse off.[ Coordination, 2007] 
 
But for the healthcare system, these efficiency factors that mentioned are rarely to 
define in the current situation. The cost of the input and the revenue of the outcome 
are not easy to evaluate in the healthcare system, not just like the normal productions. 
The system is not only providing the artifact, but also supplying service for their 
customer. And the system also concerns the healthcare treatment, management and 
protection (also relevant service, such as the tracking service for the patient). So that 
some cost for the service and management are too complicated to accumulate and 
evaluate. For these reasons that mentioned, the hard work for the system cost analysis 
makes the computation not easy to follow. Consequently, the complicated analysis for 

 13



the healthcare system makes the improving for the system hard to gain access. For 
this important reason, the healthcare system would have trouble to associate in many 
operations processing and the relevant work flow would have got inefficiency affect. 
That is why we need to treat the inefficiency factor as the most important step to solve 
the problem that the healthcare system faced to in the current environment.  
 
We choose the efficiency way to improve the healthcare system as the best way for 
the tactic solution. So what should I do in the future is try to present several 
methodologies to find out the way to improve the efficiency for the healthcare system. 
I will mainly focus on one system to present its benefit to improve the efficiency of 
the hospital and give some suggestions with my personal analysis for the system 
improving planning.  
 

1.6. Why I choose the hospital as my case study 

location?  

 
For my personal research, the overall of the healthcare system is really a big scope for 
me to do the analysis. So that I need to narrow down my area to some specific 
question for my project and it will make my work easy to continue and follow. And 
my goal of the project is also to find out the efficiency factor for the healthcare system 
improving. I choose hospital as my research case for the detail reason explanation as 
the below description. 

 
Firstly, the hospital is one of the most important departments for the healthcare 
industry. The mainly work for the healthcare system is to treat for the patients and the 
hospital is the department to provide this kind of service. Not only provide the 
treatment for the patients, but the hospital also supplies some relevant service for their 
patients, such as the electronic healthcare record management and patient tracking 
service.  
 
Secondly, it is much easy to get access to hospital than many other institutes of the 
healthcare system. Most of the hospitals supply a lot of different kinds of approaches 
to get the accessibility, although some of hospital is hard to access. Some of the 
hospital actually publishes their privacy information for the patients. So that, in my 
point of view, the hospital is an openness department in the healthcare industry.  
 
Thirdly, the hospital is much easy to evaluate and analysis for its current system. I 
will do my research focus on the system that the hospital used currently. Because of 
the system is a widely used system, so that the efficiency of the effect is improving 
obviously. For the system that used currently in the hospital, the system would be 
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easy to evaluate for it directly affect the efficiency for the hospital. Comparing with 
the other institute of the healthcare industry, the system that the hospital used is quit 
easy to access. Because many of the systems that other healthcare industry department 
used are privacy for their security.  
 

1.7. About the further work 

 
In the further work, I will quote some questions that I need to answer in the other 
chapters and find out how the system provides the efficiency for the hospital. And the 
platform I would do the research named COSMIC.  
 
In general, in my case study, I need to find out that how does the architect design this 
platform to make the hospital efficiency.   
 
For the platform itself, in what way it makes the hospital efficiency and how about its 
architecture and components works and interacted affected?  
 
For the hospital used this platform, what is the system the hospital current used and 
the problems the hospital faced to? Why is this platform satisfied to the existing 
system and how does it success to do the innovation?  
 
For the users, such as the doctor, nurse and the patient, why they friendly to use this 
platform? What is the benefit of this platform (opinions from the users)? 
 

1.7.1. My opinion for the briefly description for the three 

level of researching. 

 
In the platform itself level, I will mainly depict the framework of the platform. In an 
architect point of view to analysis how does the architect makes the platform work in 
an efficiency way. I will depict all the components of the architecture, specifically 
talk about the functionality of each component and how does their work. How does 
each component integrate in this architecture successfully? The process integration, 
the application integration, and the service integration, etc, consider the factors like 
these. And why does these success integration make the architecture work in an 
efficiency way.  
 
In the case study level, I need to present the problem that the hospital faced to in the 
current situation. And how dose the innovation provides the efficiency for the hospital 
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that I would do the research. Combining with the case would make the research much 
easier to access and the evidence is becoming stable enough. What I need to do in this 
step is to find out the benefit after the hospital used this platform in their daily work.  
 
In the users design level, the architect needs to find out how to satisfy the users. I will 
give a specific description in the next part for this level analysis.  
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Chapter 2 Methodology  

In this chapter, I will specific present the methodology to write each part of the 
project. From different level of the researching, the project should be defined as the 
meta-domain researching. I will start my sequence of work from the introduction part, 
and then using different searching methodology to give an overall description for the 
methodologies that would be used in the following work. I have also provided other 
proposed methodologies for the research work in order to compare with the method I 
chose in my reality situation. 
 

2.1. Built the thesis 

It would be better to give the reader a clear overview for how I built my thesis in the 
beginning of my project.  
 
In my project, I want to introduce an approach to design the system in its lifecycle. 
Through the case for my study, I will follow the steps as the methodology 
recommended to give the reader a clear flowchart in an architect’s perspective.  
 
The aim to analysis COSMIC for my case study is to find out the conclusion that how 
does the architect design the system from the stakeholders requirement to achieve the 
success of improving the efficiency of healthcare system.   

2.2. Method to organize the introduction part 

After I decided to write the area of the healthcare, I want to do the research for some 
interested motivations. Healthcare is becoming a popular word in this world, 
especially in the developed countries. It is a complex and complicated organization 
that provides service for human health problem for their daily life. It is a living thing 
that you would like to touch. Do not just look the healthcare as a treatment for the 
patient, it is also focus and protection your health all the time.  
 
When I read some materials for the introduction of the healthcare, I am more and 
more interested in this area, because it provides quite much in human life. For this big 
and complex industry, it not only important for human being, but also faced a lot of 
challenges in the ongoing running. How to point out the importance of the healthcare 
and release the challenges that the healthcare faced to would be the most interested 
topic when we do the researching in this area. 
 
But for my personal ability, the work to identity the overall of the healthcare system 

 17



would be much more difficult for me. And what should I do is to narrow down my 
scope to the specific questions and the location to do the research. Thus, in this level 
for the point of view, the point is focusing on how to narrow down the scope for the 
big area and choose the institute for the research studying.  
 
Firstly, we need to define the relationship between the work I would study and the 
wide field for the healthcare. We need to choose an outstanding institute and some 
distinguished suggestions to improve for the healthcare system. I have present the 
reason and depicted the details to choose the hospital institute as the case for the 
studying as this step. And present some questions that I aimed to answer specifically 
in the following chapters. 
 
At the second step, the key point is to combine the challenges that the healthcare 
system faced to with the hospital institute that I would do my research as the location. 
Finding out the way to improve the hospital is the solution to get easily access for the 
healthcare system.  
 
At last, I have presented the further work I need to follow in the other chapters and 
give some briefly suggestions for my project. [E.Fisher D.Holtom, Elizabeth Fisher, 
1999] 
 

2.3. Hermeneutic method and Positivistic method 

In science theory, there are two different directions to do the research for the studying: 
hermeneutic and positivistic. Positivistic approach explains what is happening in a 
special situation and hermeneutic approach explains what this means to the people 
that acts in this situation. [Knut, Halvorsen, 1989] 
 
I choose the Positivistic way to do my research in the project. In actually, the approach 
for the positivistic direction is much better than the way of hermeneutic for the reason 
of the fully evidence for the provability. But I am not very professional for the area of 
the healthcare, choosing the hermeneutic way would be better for me to do the 
research in the further work. It would be better for me to do the project for using some 
strict scientific methods by the Positivistic approach..  
 
I have read a lot of materials for the preparing of doing research for my project. In the 
case study presenting, I will use the understanding of people point of view which 
cultivating the ability from the materials that I collected, to achieve my research for 
evaluating the system. I will use this kind of method to present my understanding to 
do the research in the three different levels of evaluation, software architecture 
evaluation, information system architecture evaluation and enterprise architecture 
evaluation. 
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2.4. Deduction method and Induction method 

There are three channels to grasp the output results and the final conclusions for the 
project, deduction, induction and a mixture of these two called hypothetic-deduction. 
Induction is based on empirical data. Deduction is the logical way. The third way of 
getting final conclusion is based on the asked questions and makes statement that 
possible to investigate and in the way you use both the empirical and the logic point 
of attack. [Thuren torsten, 1996] 
 
For writing the part of the conclusion, the deduction way would be easy for me to 
collect the result, since it is an approach from theory to empirical. Using my 
experience to do the collection to accumulate the researching and analysis results 
would be the empirical fact I want to follow. And for my lack of experience in this 
area, it would be better for me to do the deduction step by step in a logic and strict 
way. So I choose the way of deduction, and this collection method would also been 
used in the analysis process. It would be better to follow my work from the theory 
level to the empirical level. Since some of information for analysis the system can 
only defined by empirical and the comprehensive the information is also hard to 
access, I would also use some empirical source through the induction channel. 
 
I will do my analysis process to list the architecture approaches that system used and 
the functionality display through the empirical data that I have collected from the 
knowledge I understand. 

2.5. Qualitative method and Quantity method 

The qualitative method and the quantity method is the most basic methodology been 
used for the science research. Quantitative examines the numerical relation between 
two or more measurable properties. And qualitative on the other hand examines the 
understanding of a person or group of people’s knowledge. [Hartman Jan, 1998] 
 
It is not easy to access for some privacy information that could be used for the 
compute the relevant data and measurement in the quantity way. Although I want to 
do a deeper measurement for the project, some important information for the 
measurement is still hard to collect. For the qualitative method is also a good way to 
do the science research. I will use this methodology specifically in the process of 
evaluate the healthcare system and the relevant measurement.  
 
In general, it would be better both to use qualitative method and quantity method in 
my research work. But for the limited time and information, it would be hard to gather 
an entire data for the analysis process with quantity approach. I will give the quantity 
approach analysis for each three evaluation approach in the induction part to present 
what the system have achieve and what they have not. And in the information system 
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architecture approach analysis, I will also show some indicators to get the quantity 
result for the evaluation of the effective of the system in some parts of business 
process.  
 

2.6. Questionnaire method and Interview method 

In the second part and the third part for my case study research, I would do the 
research for gathering the data. There are two different directions to choose for the 
data acquisition, questionnaire way and interview way. And there are two different 
data format for the data collection, the primary data and the secondary data. The 
primary data is collected and analyzed during the experiment and the secondary data 
is collected and presented by another author, like journal, books and material from the 
Internet. [Eriksson Lars Torsten and Wiedersheim-Paul Finn, 2001] 
 
I would choose the interview channel to do my research. I prefer to choose the 
interview way to get more specific information that I want to search. But for the 
questionnaire way, it is hard to get more details for some specific questions. I do not 
have much knowledge for this area, so I want to get more understanding from some 
experts. It is also better for me to absorb more knowledge for this area from the 
interview channel. 
 
I will use this kind of approach in the evaluation in analysis the customer satisfaction. 
I would interview for COSMIC for customer satisfaction at Östergötlands 
County concil in the city Linköping. 

2.7. Evaluation methods for healthcare information 

system 

As I mentioned before, I will do my research for evaluate the healthcare information 
system in different level for my perspective. Because the limited time for a deeper 
researching for Cambio COSMIC system (and also for the limited materials for the 
system description), I would choose another way for the system evaluation. 

 
The system provides the convenience to affect the efficiency of healthcare system in 
various layers. And what I want to evaluate the system in another perspective is to 
find out the element which affects the efficiency of the system in different layers. I 
will do the research through the induction approach to assemble the efficiency factors 
to improve the system in three different levels.  
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2.7.1. Software architecture evaluation 

Software architecture is aim to study the program or application components be used 
in the internal of the system, how does these component built the system and how 
does software implementation for the system running.  
 
In this level of perspective, the mainly work is to identify the details of the framework 
of the software to evaluate the effect factors for the quality attributes. Bass_(1998) 
and Clements_(2002) propose the following Usability, Performance, Reliability, 
Availability, Security, Functionality, Modifiability, Portability, Variability, Subset 
ability, Testability, Conceptual Integrity, Building simplicity, Cost and Time to 
market.[ André Vasconcelos, Pedro Sousa, José Tribolet, 2004] These quality 
attributes are not independence, each of them are interrelated. It means when any of 
the factor changes, it will impact the software performance. We need to follow the 
steps as the evaluation these attributes one by one to find out the key quality 
requirements for the software architecture and the success performance factors by the 
software architecture. 
 
Software evaluation approaches 
 
For a software evaluation approach we need, it need available for a comprehensive 
evaluate for every stage of the software performance in details. As the 
recommendation, we have several excellent choices for the evaluation approaches in 
the below table. 
 

 
Table of software evaluation approaches  

[André Vasconcelos, Pedro Sousa, José Tribolet, 2004] 
Comparing with the other evaluation approaches as the table shows, ATAM provide 9 
activities for system analysis in 4 phases. I choose the ATAM (Architecture Trade-Off 
Analysis Method) as the evaluation approach for its comprehensive steps for the 
software architecture evaluation in performance. The major steps of ATAM are 
distributed in these four stages: Presentation (present ATAM, business drivers, and 
architecture), Investigation and Analysis (identify architectural approaches, generate 
quality attribute utility tree, and analyze architectural approaches), Testing 
(brainstorm and prioritize scenarios, and analyze architectural approaches) and 
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Reporting. [André Vasconcelos, Pedro Sousa, José Tribolet, 2004] 
 

2.7.2. Information system architecture evaluation  

For this level evaluation, we need to define the information system architecture and 
find out the difference with the software architecture. ISA addresses the representation 
of the IS components structure, its relationships, principles and directives 
(Garlan_et_al._1995), with the main propose of supporting business 
(Maes_et_al._2000). ISA is distinguished from software representation and analysis 
methods (as E-R diagrams, DFD), presenting an abstraction of internal system details 
and supporting organization business processes (Zijden_et_al._2000). [André 
Vasconcelos, Pedro Sousa, José Tribolet, 2004] 
 
Information system architecture presents the details internal the system for 
organization the business process. There are three sub architecture for the information 
system architecture, information architecture, application architecture and 
technological architecture. They all define the important factor to support the business 
process in the performance.  
 
For my point of view, identify the application architecture and technological 
architecture be used in the business process and test the quality and the efficiency 
relative to the business process would be the approach to access for the evaluation. I 
will analysis the application for management the data source and the technologies to 
support the business deployment with the stages follow the business process step by 
step. But for the information architecture, it is actually a complicated domain and hard 
to identify the information flow in the existing system for my limited time. And some 
of the information sources are also hard to access. Consequently, choosing the 
approach with the application and technological channel for the business process in 
performance to evaluate the system in information system architecture level would be 
a better choice to ensure the research in practice.  
 
Information System Architecture Evaluation approach 
 
In this level of evaluation, I choose CEO modeling framework as my preference. The 
CEO Framework aims at providing a formal way of describing business goals, 
processes, resources and information systems and the dependencies between them. It 
is comprised of three separate levels, each of which provides adequate forms of 
representing the notions about the layer being described (Vasconcelos_et_al._2001). 
[André Vasconcelos, Pedro Sousa, José Tribolet, 2004] 
 
I will follow the business process in different phase for the patient treatment in details, 
and scale some attributes of the system implementation in business process, such as 
the complexity, usability for some sub systems or technologies.  
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2.7.3. Enterprise architecture evaluation 

Enterprise architecture is exactly a complex area for the enterprise business. It is not 
only concern the activity for the system in performance, but also company with other 
activities with the business strategies. Enterprise architecture is concern the higher 
level than the software architecture and information system architecture for its 
enterprise in business strategy. Thus, I would rather like to choose one attribute to 
evaluate the system in enterprise architecture level as the shortcut.  
 
Enterprise architecture evaluation approach 
 
I would like to choose the customer satisfaction for the evaluation in performance. For 
these two reasons, firstly, the perspective of the customer for the system leads the 
direction way of the business strategy in enterprise level. The enterprise need to 
achieve the requirement with the design to follow the customer preference. And the 
way of scale the success is to identify the customer satisfaction. Secondly, test the 
customer satisfaction would be easier to access than the way of analysis market, 
assessment of ROI, etc in the interview approach and this information also available 
for achievement with my individual work. 
 

2.8. Conclusion for the internal factors supported for 

efficiency healthcare system 

The effect internal factor that improves the efficiency healthcare system would be 
indicated in the chapter 3 in details. In this conclusion part, I will present how these 
internal factors enforce the system achieve to efficiency healthcare system by upon 
methodologies in different evaluation level.  
 
In software level, the method follow with the enhancement the architecture 
approaches for design the architecture system. The attribute decisions should basic on 
the stakeholder requirements. The stakeholders would choose the architecture 
approaches with their preference through the voting approach. In the process of 
design the system architecture, we would see various attribute approaches (include 
technologies and architecture styles) that would be presented in chapter 4. In the 
voting process, the stakeholders would choose the modern used approaches for the 
system architecture designing. 
 
In information system level, the work would continue with the business process to 
refine the healthcare requirements step by step. We would ensure a comprehensive IT 
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support for healthcare system with relative to the business process. 
 
In enterprise strategy level, I prefer to simplify the process to test the satisfaction of 
the customer. In diverse of perspective for testing satisfaction, I would do the research 
in Flexibility, development potential and integration capability as the internal factor 
indicated.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 24



Chapter 3 Case presentation 

In this chapter, I will briefly introduce the information about the Cambio company 
and point at the part of the description of the COSMIC which is a healthcare system 
developed by Cambio company. I will specifically talk about the frame and each 
components of the COSMIC system. Analysis and find out the functions of each sub 
system and the relations among them. How does each of them cooperation and 
coordination? For this reason, I will select the core engine of the system- Cambio 
Spider to present clearly of its element and relevant IT support. And I will also 
analysis this core engine from its flowchart to find the details of the tactic support for 
the sum-systems in the business process. 
 

3.1. Cambio Company Introduction 

Cambio Company is mainly developing the healthcare system to all stages of people 
who use the healthcare system. Cambio Healthcare Systems offer a comprehensive 
administration system developed from the needs and wishes of people working in the 
health sector. [Cambio Healthcare Systems ，2006] For its basic goal, the Cambio 
Company wants to provide the highest quality for their customers.  
 
Cambio develop their healthcare system from these two aspects, the initial project 
must basic on the existing healthcare requirements and satisfied with the customer 
needs. For the first aspect, the design team of the system development needs to know 
exactly of the healthcare requirement currently and find out the improvement 
channels for the healthcare process. This way of technical development for the 
healthcare requirements is basic on the modern tools in order to integrate with the 
existing healthcare IT environment earlier. What need the architect to do is the find 
the best IT support for the healthcare system to achieve it in the high efficiency and 
quality. At the other hand for the customer satisfaction, the architect wants to improve 
the system for a high quality and efficiency of the provision for the customer and 
solve the problem that the patient currently faced to, such as reducing the patient 
waiting time. And trying to reduce the cost for the system running and maintain, it is 
also a good channel to reduce the expenditure for the customer in the healthcare.   
 
Cambio Company is famous for its unique applies the application for healthcare. And 
it also well known for his Cambio COSMIC healthcare system which is widely used 
in many of the institute of the healthcare system, mainly in general and university 
hospitals, primary care clinics and specialist units in Sweden, Denmark, Faroe Islands 
and the United Kingdom. [Cambio Healthcare Systems：A Brief Introduction，2007] 
Consequently, I choose this system for the case study that I need to analysis and 
evaluate in the further work. I will present the details of the COMSIC system in the 
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following sectors and give the specific description for the core component of the 
COMSIC system. I will also give a brief evaluation in the overall perspective for the 
system in the initiation before the evaluate process with my own opinion. 
 

3.2. COSMIC system presentation 

Healthcare is becoming a very popular industry as the time development. People pay 
their attention on this area much more than before and it also gives a huge pressure for 
healthcare system. As this reason, the healthcare system has to fight against with the 
continually changing conditions and solve the problem from variety different aspects.  
 
The customer always complains that the cost for the healthcare is too expensive and 
they want to get highly quality service for this high expenditure. The staff is 
continuing struggle with the system which is lack of flexibility, low of efficiency. All 
the things they needed are the openness and flexibility system to fit for their 
requirements. And now, what I will present for you is the system success in this 
domain, Cambio COSMIC. 
 

3.2.1. What is Cambio COSMIC 

In general, the Cambio COSMIC is a platform to integrate all the different diverse 
requirements of the healthcare system and apply the most friendly and openness IT 
solution for the healthcare problems.  
 
The original definition for the Cambio COSMIC that I quote from the web is: Cambio 
COSMIC – Compliant Open Solutions for Modern Integrated Care – is a complete 
system concept. It comprises Clinical Care Support as well as Patient Administration 
System (PAS) services. Together with COSMIC Intelligence, our comprehensive 
statistical tool, and an Incident Management function, Cambio COSMIC covers all 
the needs of healthcare organizations of all sizes. As a user, you will get all the 
information you need, exactly when you need it. [A Cambio COSMIC：Experience in 
the UK，2006] This definition has briefly descripted the components of the system and 
gives a comprehensive and high quality evaluate for the system in business process. 
This system composes with many subsystems which deal with the variety different 
scenarios in the normal business process in the healthcare system. And the platform 
has get success to integrate these subsystems in a high quality way to make the 
business process running a better condition. 
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3.2.2. Success of Cambio COSMIC 

For the success of Cambio COSMIC, I believe that using evidence to prove the 
success would be much better than I talk with nothing.  
 
“Our international expansion began some years ago with Denmark and now Cambio 
has established its first UK office in Hammersmith, London. Cambio has a close 
association with healthcare supplier Capio AB. Cambio COSMIC is up and running in 
over 20 hospitals and health centers all over the UK. The other countries that have 
been, or are soon to be, introduced to Cambio COSMIC include France (where we 
just opened an office), Ireland and Germany.”[Cambio Healthcare Systems：A Brief 
Introduction，2007] 
 
It is obviously to see the Cambio COSMIC has bee widely used in the different 
categories hospital in the Europe and it also spread quickly for the international 
expansion.  
 

3.3. Components of Cambio COSMIC system 

In this sector, I will descript all the components of the COSMIC for specifically. What 
the IT support for each components and what the IT solution that each component 
provided are the mainly details which I will do the research in this part.  
 
The system provides a platform to give the customer who participates in the 
healthcare system the provision in openness and high quality performance. It 
combines the business process in the efficiency and flexible functionality with its 
excellent IT solutions (such as some technology tools). We will dig up these elements 
which release the high performance for the healthcare system from its architecture 
framework. This is what I want to get the deeper analysis in this section.  
 
For these IT supports, they have obviously affected the business process. How does it 
combine and integrate the diverse steps of the business process is another importance 
point that we need treat as the emphasis. I will give a fully description this process in 
the chapter for the present of the variety evaluate system methodologies with different 
level. And I need to find out the convenience that this platform provides for the 
customer who uses this system.    
 
First, we can have an overview impression of the COSMIC. The following figure 
shows us the architecture framework for the COSMIC. In the centre of the 
architecture framework is the core engine of the platform, Cambio Spider. It provide 
the basic technology for the service for the healthcare system, such as the Clinical 
Information, Treatments & Products, Client Management, Terms & Concepts, 

 27



Resources, Access Rights, Configuration, Dynamic Services, Technical Data & 
Support Services and Storage. [A Cambio COSMIC：Experience in the UK，2006] 
And also define the modern standards and software technology for the platform in 
order to have better combine with the industry. The other components have the 
different functionality provided for the system with their diverse sub-technology tools. 
And all the IT solutions of these components are basic on the core engine of the 
platform, Cambio Spider.   
 

 
 [A Cambio COSMIC：Experience in the UK，2006] 

Architecture of COSMIC 
 

3.3.1. Clinical care support 

This component is mainly provides the IT tools for the process of the clinical care of 
the healthcare system. It supports the comprehensive functionality for the routine 
working for the healthcare business process. And these tools make the system run in 
an efficiency environment and force the relevant details easy to management.  
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Care documentation: this is a solution to manage the electronic patient record easier. 
The use can manage and scan the patient record in an automatic way rather than the 
hard paper work before used this platform.  
 
It provides a background tool which used the key word to search the patient record 
more efficiency. The database which stores the electronic record of the patient will 
also mark the key word for the patient record in order to make the system find the 
information quicker.  
 
Assessment and diagnostic tool provide the easily approaches to add the record to the 
other relevant aspects record, such as the nursing, physiotherapy and surgical record. 
A usually solution it provided is the dictations system that record the information note 
through the dictation to store to the database.  
 
Order management: it helps the system to manage the referrals, ordering test and 
receiving result. In general, it deals with the management of the routine order 
requirement for the patient (in hospital) and gives the proper outcome for the patient. 
The order management system create a referral order as the sample sending to any 
pathology lab as they needed. And then get the feedback from the ordering test 
outcome to revise the new order referral for the order management.  
 
The order status view is following with the process of the test and the referrals and it 
also show the patient response as the advice for the referrals monitor process. The 
system will also transfer the information of the referrals to the waiting list and remind 
the appointment request for the PAS (patient administration system). 
 
E-prescribing: this is an advising system to judge the prescription is available or not. 
Some patients have the record for the allergies or drug reaction for the history record. 
And the system could check the information to give the best choice for the doctor to 
prescribe with this approach. When the doctor is prescribing, the system would also 
display the information of the prescription templates, data concerning availability and 
the stock state (information from drug database).  
 
And the clinical care support also provides some particularly services for the special 
department.  
 
Cosmic birth: it covers all the activities within maternity care and obstetrics.  
 
Cosmic craft: it supports the operation theatre suit and all surgical process. [A Cambio 
COSMIC：Experience in the UK，2006] 
 
Cosmic emergency: it provides a special system to deal with the emergency case in 
the routine work. The system could have the flexible capability to follow the 
emergency process. 
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Cosmic link: the system provides the approaches to interact between institutional care 
and community service. For e.g. the hospital share the information about the 
electronic patient record and process of cases about the hospital in its main pages.  
 

3.3.2. PAS- patient administration system 

The patient administration system is following the healthcare process from the patient 
contact to the result of the treatment. And creating the relative new record adds into 
the patient database. The administration concerns the process of the cash desk for 
costing and invoicing to access and discharge for the drugs. The system track the 
business process of the healthcare as the patient movement to make sure that every 
process of the healthcare service is under control. Following these processes 
administration, the patient can get the easier accessibility for their treatment and the 
treatment time is also reduced obviously. This interaction also gets the benefit when 
the system deals with some emergency cases with the quick response to efficient the 
aid of diagnoses and relevant operations. 
 
The system has a comprehensive IT solution for the routine schedule management. It 
tracks with the patient treatment process and provide the function enable to 
arrangement for the staff schedule activities. The monitor function has the outstanding 
adapted capability for the new environment for the healthcare management. When the 
patient receives the treatment service, the system provides relevant particular 
provision and the equipment for the treatment to the right place that the patient needed 
in efficiency as the treatment process continuing. [A Cambio COSMIC：Experience in 
the UK，2006] 
 

3.3.3. Cosmic intelligence 

The smart statistic IT tool provides the system with a comprehensive functionality of 
dealing with the variety information in the devise departments of the system. The tool 
has the ability to present the KPI reports and relevant important information for your 
business requirement. In shortly definition of KPI (key performance indicators), it is a 
financial and non-financial metrics used to quantify objectives to reflect strategic 
performance of an organization. [Wikipedia，2007] KPI is usually used to present the 
statue of the business process and evaluate the reflection of some focused activities, 
such as the benefits of leadership development, engagement, service, and satisfaction 
[Wikipedia，2007] for the business strategy decisions. It gives the system with the 
capability for the intelligence management of the information. Through the reflection 
statue from the KPL reporters, the system could define the information from various 
department of the system and distinguish the useful information and unnecessary 
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information. With this approach, the system would easily manage of the information 
flow in a high quality and efficiency level. The intelligence Cosmic provides us the 
quick response time and more efficiency approach to manage the information in an 
automatic and intelligence way.  

3.3.4. Cosmic incident management 

This is a particular component for all the incidents activities which would be occurred 
in healthcare routine working. For this case, I need to indicate that the component 
record all the information of the incidents, which include complaints from the 
customers and the suggestion for the system improvement. Either the important 
information or the inessential information, the system record all the information for 
the customer requirement to improve the service. The system would treat each unit for 
the incident as well as the healthcare routine process, no matter how small of the units. 
In this way of incident management, the system would easy to get the access for the 
improvement and deal with the customer requirement even better. 
 

3.3.5. Cosmic plus 

 
In this COSMIC component, it provides some additional services to the extra 
functionalities. Maybe you will find there are just some normal technologies in the 
modern business, but there are actually conveniences for you to do the healthcare 
working.  
 
Cosmic laser label: it provides the approved to directly transfer the details of the 
patient information from the system record database to the printer.  
 
Cosmic bedside: there is the simple use interface for the user to operate the system 
easier. The system provides the special interface to direct the use access to the clinical 
database to operate and manage the information they needed.  
 
Cosmic messenger: the system also provides the internal e-mail communication tool 
to give much more convenience for the routine work interaction.  
 
Cosmic viewer: it provides a displayed viewer for the operator to manage and monitor 
the business process for the medicine working. Because of the obviously images, the 
process would be easy accessed and tracked by the operator and the communication 
of the process continuing would also easy to follow. (DICOM images)[ Wikipedia，
2007] 
 
Digital dictation: it provides the tool to record the information by dictation. It is a 
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magic helps to instead of the hand writing for records.  
 

3.3.6. Cambio spider 

In general, Cambio spider is an operation system for the healthcare administration. It 
contains the technologies as the interface to tie the other components of the 
architecture. The Cambio spider design its infrastructure based on the modern 
software technology, such as J2EE, CORBA, RMI, Web Services and relation 
databases.[ Cambio COSMIC Today, tomorrow, everywhere! ，2006] And the basic 
service it provided for the healthcare management included :Clinical Information, 
Treatments & Products, Client Management, Terms & 
Concepts, Resources, Access Rights, Configuration, Dynamic Services, Technical 
Data & Support Services and Storage. [Cambio COSMIC Today, tomorrow, 
everywhere! ，2006] In order to capture the compatible and the accessibility, the 
system also design its industry standards follow the EU and HISA 
(Healthcare Information System Architecture), which provide the advanced healthcare 
model and standards for the architect to design the software to have compatible for the 
business industry. [Cambio Healthcare Systems-A Brief Introduction, 2007] 
 
In the following sector, I will give a comprehensive presentation of the framework of 
Cambio spider in the technical way. How this engine works with the other 
components? And what various kinds of technologies the Cambio spider provided to 
improve the architecture quality and efficiency the system?  
 
Three layer of architecture 
 
The Cambio Spider is composing of three layers architecture, the presentation layer, 
domain layer (business logic) and data storage. [Cambio COSMIC：Technical 
Overview，2006] The three layers are separated from each other and they 
communicated over the TCP/IP through different API (application program interface) 
languages and methods. In another word, the system has a comprehensive flexibility 
for the system enhance and function scalability for the system maintainability. 
Because of the individual of each layer, when the new application is added in the 
system, it will only impact the layer where the new application located and do not 
affect the entire system in ongoing process, for this case, the system would not break 
when the new application in performance. For the different lay in the scale, the system 
would easy to be identified the error or weakness in which layer of the system and 
improve it for exact execution. The diagram presents the different layer in the Cambio 
Spider in below.  
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Figure of three layers architecture  

[Cambio COSMIC：Technical Overview，2006] 
                    
Presentation layer 
 
The presentation layer is present the information in different java clients, PDA 
(personal digital assistance), web client and COSMIC client. The client management 
of the customer information in business process and associate with the business logic 
layer to distribute the service request for each service centre. For the current system, 
the management of the customer information is concentrated in the COSMIC client, 
rarely in the web client (basic on web browser). For the reason, the web client has not 
achieved the performance of the COSMIC client. But in obviously, the development 
of the web client will access more convenience for the information management. 
 
The presentation layer communicates with business logic layer in divers of 
approaches, RMI/CORBA/SOAP. These technologies provide the system with 
flexibility and accessibility in information flow transmission for different platform 
and program language.  
 
Business logic layer 
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The business logic layer is contained three central services components for the system 
requirement. The application services mainly the key steps in healthcare business 
process, patient administration system, clinical care support and some external 
modules for the system service supporting. The spider services descript the 
framework of the process of the service providing. It defines the normal process 
model for the service provided for the activities. The J2EE service J2EE-compliant 
application servers: JBoss, Sybase EA server, or Weblogic. [Cambio COSMIC：
Technical Overview，2006] For more details of the illustration of the business logic 
layer in the below. 
 
Data storage layer 
 
The Cambio COSMIC has its particular layer for the data storage. Through the 
presentation layer and the business logic layer, the database stores the information 
transmission in the system and gets the high performance for the data updating. The 
system uses the technologies to support the multiple platform connectivity and 
accessibility, such as JDBC, ODBC, and LDAP. It enhance the system in the 
communication approach with the external system with standardize protocol. The 
system also provides the secondary database for the high availability for the 
emergency. The database management system records the log for the copy of the 
system testing and maintaining.  
 

    
Illustration of business logic layer  

[Cambio COSMIC：Technical Overview，2006] 
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3.4. Conclusion for the internal factors to improve the 

efficiency of hospital  

I would list the internal factors for improving efficiency of hospital with the 
concentration for 3.2 section in the below. 
 
1) Full service IT support for healthcare requires a clear understanding of the process 
of care and sensitivity to the wishes and requirements of healthcare professionals. 
2) Technical development must be based on modern tools. 
3) Flexibility, development potential and integration capability are critical 
pre-requisites in the healthcare IT environment. [Cambio Healthcare Systems：A Brief 
Introduction，2007] 
 

3.5. Next step 

In the following chapter, I will concentrate the evaluate methodologies that have 
mentioned in the methodology chapter and assemble the important business 
requirements as the induction for evaluating the healthcare system.    
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Chapter 4 case study: evaluation method 

and induction 

In this chapter, I propose to concentrate the different level of evaluation methods to 
get the conclusion for the approaches which improve the efficiency of the healthcare 
system in practice.  
 
I will give briefly introductions for the methods to evaluation healthcare system and 
follow the steps to collect the success factors to achieve the success of healthcare 
system with the deduction of these methodologies.  
 
In different level evaluation, it will be the approach to get the access to combine the 
research work with the various depth of evaluation. The methodologies as I 
recommendation would be proved as the sufficient approach to test the healthcare 
system in performance.  
 

4.1. ATAM approach 

For ATAM approach, the research work would be focus on the level of software 
architecture of the Cambio COSMIC. The work for the research is obviously for the 
analysis of the architecture of COSMIC and the relative components in the system 
architecture. The technologies and the modern tools be used in the system should also 
be considered as the important factors which affect the success of the system 
implementation.  
 
I need to point out that the software architecture is the most important process for the 
system achieving the success. It define the framework of the programs and the 
application components, how does each of them built internal of the system. Thus, the 
process of the architect design the prototype of the software architecture is especially 
essential for the system implementing. And fortunately, this domain is mature and 
stable in the process of design, so that the work would be easily to follow as expected.  
 

4.1.1. Introduction 

I quote the abstract part in the book, ATAM: Method for Architecture Evaluation, 
which part is actually a good introduction for present the ATAM approach. 
☆ 

If software architecture is a key business asset for an organization, then 
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architectural analysis must also be a key practice for that organization. Why? 
Because architectures are complex and involve many design tradeoffs. Without 
undertaking a formal analysis process, the organization cannot ensure that the 
architectural decisions made—particularly those which affect the achievement of 
quality attribute such as performance, availability, security, and modifiability— are 
advisable ones that appropriately mitigate risks. In this report, we will discuss 
some of the technical and organizational foundations for performing architectural 
analysis, and will present the Architecture Tradeoff Analysis Method (ATAM)—a 
technique for analyzing software architectures that we have developed and refined 
in practice over the past three years. [Rick Kazman, Mark Klein, and Paul 
Clements，2000] 
 

In general, the purpose of the approach of ATAM for analysis the system architecture 
is to understand the consequence of the design decision which should considered by 
the quality attributes for the system requirement. The method provide the channel to 
analysis the quality attributes of the system requirement and find out which one is the 
primacy and which is the secondary. Why the method respect the quality attribute 
significant intense for its analysis approach? We need to follow the process of the 
design a system in the below diagram in details. 
 

Figure: process of design a system 
 
The process of the architecture design should respect the quality attributes to make the 
decision for the consequence to achieve the business goal. The architecture need 
cover all the available goal of the quality attribute to ensure the comprehensive in the 
software early development lift cycle. For this case, it could avoid some urgency 
before the system in performance with ignoring some underlying quality attributes. 
Thus, the step of the analysis quality attribute is obviously for early architecture 
design.  
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For considering of each quality attribute implicated in the underlying of the system, 
the essential of our work is to optimize the quality attributes of the system. But the 
work is not just simply optimize every quality attribute one by one, the work should 
specific identified the dependency relations of each quality attribute and achieve the 
optimization for the architecture design, because the quality attributes are not isolate 
from others. What we need to do, is the understanding of tradeoff for the architecture. 
Balancing every quality attributes of the system, but not optimizes all of them; cause 
of improving one attribute would replace another one to be accessible with their 
dependency relationship. If we simply do the process of optimize all the attributes, it 
would be the ambiguous work and not realizable.   
 

4.1.2. Steps for ATAM approach 

There are nine main steps in the ATAM approach for the system architecture design. 
The steps follow the sequence as the business requirement meeting the quality 
attributes to identify the architecture approach in the final decision making. The 
illustrating below show the details from the step of presentation stage to the finally 
reports stage and indicate the development life cycle processing for the architecture 
design and enhancement.  
 
The following illustrating descripts the basic steps for the identification of business 
goal which lead to the quality attributes. The approach starts with the assembled the 
business requirement presented by the stakeholders. The project manager presents the 
business drivers for the system motivation, and identifies the primary architecture 
drivers consequently. The architect would present their proposed architecture by 
achieving the success of the business drivers. And this architect of the architect 
proposed would be refined in the following process intensive.  
 
The architect identified their architecture approaches for achieving the business 
drivers for the architecture design. But these architecture approaches are the 
conclusion of the architecture identified, not concern about the business requirement 
and the quality attribute specification. It should be improved and enhance after 
meeting with the quality attributes. The generate quality attribute utility tree elicit the 
quality factors in the system and concrete them specifically in scenarios, prioritized, 
stimulus and response. Following this step, the architecture approaches would be 
combined with the different levels of scenarios, in prioritized, stimulus and response 
factors. The interaction between the architecture approaches and the quality attributes 
define the exact information for the risk, sensitivity points and tradeoff points.  
 
At the next step, the stakeholders brainstorm with various scenarios of the quality 
attributes to identify the prioritize scenarios among the quality factors. The way of the 
selecting is via the voting channel by the stakeholders (some addition scenarios are 
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recommended by the stakeholders, not the architect identified). The step for 
enhancing the analysis architecture approach is through the addition recommendation 
scenarios by the voting process to have more comprehensive analysis approach for the 
system evaluation. 

Figure: illustrating for ATAM steps 
 

4.1.3. Experiment in case study  

The work of my research to evaluate COSMIC platform implementation in healthcare 
system is to identify the success achievement of the architecture approach interact 
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with the quality attributes in this level of evaluation. For the reason, firstly, the 
platform I will analysis has been proved a success case been used in healthcare system. 
The evaluation process should be simplified to analysis the benefit and the weakness 
of the system, and the analysis the sequence from architecture approach to quality 
attribute identification would be the easy approach for accessible. Secondly, the 
system has been implemented in the reality and the reflection also proved the success, 
it is not at the phase of design the system. And assembling the information of the 
stakeholder requirement is also hard to get access. Thus, I do not need to assemble the 
stakeholder requirements as the steps forth. What I need to do, is to test each quality 
attribute which improve the efficiency achievement with the affect of architecture 
decision making.  
 
Architecture approaches 
 
Firstly, we need to know the understanding for the architecture approach. 
Architectural approaches define the important structures of the system and describe 
the ways in which the system can grow, respond to changes, withstand attacks, 
integrate with other systems, and so forth. [Rick Kazman, Mark Klein, and Paul 
Clements，2000] The architect is looking for the architecture approaches and styles for 
the system designing. But not all the architect is familiar with all the set of 
architecture style to design the system structure in practice. Thus, they prefer to 
choose set of the architecture approaches in their making architecture decisions. And 
for this kind channel for the decision making, we call them “approaches”. (I have 
written some introductions about the architecture style in the Appendix part) 
 
In my research work, it is impossible for me to identify all the architecture approaches 
which decided by the architect for my capability. The system is concentrated and 
comprehensive, and the work for design the system is not achieved by one architect. 
Thus, I have not the responsibility to define all the architecture approaches of the 
system and it is also too hard to accessible. In my experiment, I want to choose to 
present some of outstanding architecture approaches which decided to be used in the 
system performance and achieve the success.  
 
In the following stage, I will enumerate some architecture approaches for the 
recommended quality attributes. I elicit set a portion of approaches for the essential 
quality attribute in an architect point of view, but not all the approaches for the system 
design. These approaches are the decision which I (as an architect) though would be 
useful in improving the efficiency of the healthcare system. 
 
Approach for security: 
• Integrated access system, can be integrated with existing solutions 
• User authentication: Out-of-the-box password authentication, Biometric 
authentication available 
• Single sign-on implemented at a number of customer sites [Cambio COSMIC：
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Technical Overview，2006] 
•backup of database 
 
Approach for availability:  
•Backup facility for emergency, when the hardware in failure, the backup facility 
replaces the functionality for the original hardware 
•Monitor for system failure, for some failures out of control 
•Data switch route software for failure: transfer the data flow in another channel to the 
destination  
•Self-repairing operation system, repair the error when the system got failure by itself 
 
Approach for performance: 
•Customer tracking system: track with the information for the patient all the time 
•Latency solution, minimize the customer in latency database who have not get 
response from the system  
•C2 style for information transport: a transport way to efficiency the information flow 
in business process (I will give a briefly description of C2 style in Appendix part) 
•User search engine: more accessible for searching information from database 
•intelligence, provide the technology to solve some processes in automatic.  
 
Quality attributes 
 
As the materials recommended, there are three consequences for the quality attributes 
in healthcare system, security, availability and performance. In fact, there would be 
more quality factors for structure the system architecture in general. But I thought of 
my research as one architect point of view, the narrow scope would be easy to follow 
with the continual work. The utility tree in the below show us one portion of the 
quality attributes in healthcare system. 
 
In preference attributes, I would like to refine the details into patient treatment, patient 
waiting and patient forward, for the reason that PAS would be easy to understand to 
combine with the common hospital business process. And for this kind of refining, the 
factor would be comprehensive and easy to continue for the researching. For 
availability attribute, I divided into hardware and software for the same reason for 
providing an entire refining. In the security attribute, as my preference, the user 
authentication and data security would be the importance factors for the security in 
patient business process.  
 
I present the patient administration as the example for the description for the utility 
tree with quality attributes. These three quality attributes have been decomposed into 
smaller sub factors. The performance characterize the patient healthcare process in 
patient administration system, in details for refining patient treatment stages, patient 
waiting stage and patient forward stage into more specific architecture goals. For 
instance, the patient treatment would be refined into various channel for diagnose and 
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prescription providing (the advise and solution for the doctor prescribing). The patient 
treatment process need also combine with the clinic care support system. 
 
We will use the scale standard to define the accessible for achieving the success of the 
system and the risk or non-risk of the refined scenarios. We use three standards to 
define the success and risk of the system, such as high, medium and low for 
evaluation. For example, the scenario for various channels for diagnoses would be 
high effect factor for the system achieves success and high risk in performance. Since 
the various channels provide comprehensive diagnose for patient and it need quite lot 
new technologies add into the system which might have influence for other processes. 
(Present like this: (high, high) various channels for diagnoses) 
 
(In the utility tree illustrating, * is the value of response time for each scenario that 
would response from the system architecture in testing process) 

 
Utility quality attributes tree for PAS (patient administration system) 
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After identified all the refined scenario of the utility tree, the prioritization of them 
would be easy to define (The work for identify the degree is voting by the stakeholder 
and they could also add new scenario into the utility tree if they consider it is 
necessary). 
 
In the next step, the architect would enforce the priority scenario meeting with the 
architecture approach which identified by the architect team. This phase is aim to find 
out each point value which affect the architecture quality attribute for the architecture 
approach.  
 
Analysis architecture approach 
 
In this phase of analysis, the architecture would be analyzed basic on the priority 
quality attribute in specific scenarios with qualitative approach. I will present the 
interaction of this process as the template model. I will use the patient treatment in 
performance as the example for my template presentation. The details table show in 
the following. 
 

 
Example for analysis process for architecture approach 
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4.1.4. Induction and deduction for evaluation  

In this section, I will assemble of the architecture approach with the quality attribute 
as I mentioned upon the portion. I will present a lot of architecture approaches that be 
identified by the architect (my point of view) with different scenarios in the following 
table. The details I elicited are what the system has achieved for their system 
architecture and what they need to improve by the recommended approaches. (the 
existing architecture approaches that I present are the approach I have presented in 
chapter 3, for the description in COSMIC components introduction) 
 
Scenario  Quality attribute  Achieve success Existing architecture 

approach 
Recommended 
architecture approach

Various channel for 
diagnoses 

Performance    Patient tracking 
system, system 
integration 

Prescription 
providing 

Performance  √ 
Patient information 
management, 
medicine 
management, 
prescription template 

Patient tracking 
system 

Minimize patient 
waiting time 

Performance  √ 
Monitor waiting list  

Transfer patient to 
internally/external 

Performance  √ 
Overview of patient 
list 

 

Detected and recover 
network error 

Availability    Backup facility 

Restart when detected 
serious disk failure 

Availability  √ 
Backup of database Self-repair system 

Patient data failure 
recover 

Availability  √ 
Backup of database  

Transport failure 
recover 

availability   Switch route for 
emergency  

User information 
confidentiality 

Security  √ 
Out of the box 
password 
authentication 

 

Access flexibility Security √ 
Intelligence 
authentication 

 

Data security Security √ 
Backup of database  

Table of evaluate result for COSMIC achieve the success in patient administration 
system 
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For the overview of the table, most of the scenario has already achieved the success in 
their using architecture approach. In general, the COSMIC platform has provided the 
improvement of healthcare efficiency for mostly scenarios with its success 
architecture approaches in patient administration system. But, there are still weakness 
in the portion of system availability, such as solve the problem for error of the 
hardware. 
 
In the next stage, we will analysis and evaluate the system in the information system 
architecture level. And the main approach for the evaluation is through the analysis of 
the business process in hospital routine work. 

4.2. CEO framework approach 

In this level of evaluation, I will recommend the CEO（Center for Organizational 
Engineering）framework approach as my preference. Following with the evaluation in 
software level, the focus of the evaluation would change to the business level. But 
these two levels of evaluation are not independence, the different focus change from 
the single software system to multiple information system. 
 
In my opinion, it is a higher level evaluation for analysis the application, information 
and technology in specialize business process. In the portion of software level 
evaluation, the system we analysis is individual when we evaluation as the ATAM 
steps, but in fact, it would have relation work with other sub system in some specific 
scenarios. In this part, I would concrete some sub systems in a specific business 
process to evaluate the efficiency factors of in information system architecture level.    
 

4.2.1. Introduction  

I would like to use a standard definition to present CEO modeling framework as the 
book description. The CEO Framework aims at providing a formal way of describing 
business goals, processes, resources and information systems and the dependencies 
between them. It is composed of three separate levels, each of which provides 
adequate forms of representing the notions about the layer being described. [André 
Vasconcelos, Pedro Sousa, José Tribolet, 2004] 
 
In order to have a specialize knowledge of ISA, I would present some key concepts 
for ISA in the below.   
 

 Information Entity – person, place, physical thing or concept that is relevant in 
the business context; 

 IS Block – the collection of mechanisms and operations organized in order to 
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manipulate organization data. 
 IT Block – the infrastructure, application platform and technological/software 

component that realizes (or implement) an (or several) IS Block(s). IT Block 
defines three major sub-concepts: 
- IT Infrastructure Block – represents the physical and infra-structural concepts 

existing in an ISA: the computational nodes (as servers, personal computers 
or mobile devices) and the non-computational nodes (as printers, network, 
etc.) that support application platforms. 

- IT Platform Block – stands for the implementation of the services used in the 
IT application deployment. 

- IT Application Block, the technological implementation of an IS Block. 
 Service – is an aggregation of a set of operations provided by an architectural 

block. A generalization of the web service notion. We consider three distinct 
services in an ISA: 
- Business Service, collection of operations provided by IS Blocks that support 

business processes; 
- IS Service, set of operations provided by an IS Block to others IS Blocks; 
- IT Service, technological services provided by application platforms 

(Open_2001). 
 Operation, the abstract description of an action supported by a service (the minor 

level concept in an ISA)[ André Vasconcelos, Pedro Sousa, José Tribolet, 2004] 
 

4.2.2. Steps for CEO framework approach 

Our major goal in this part of evaluation is to measure the effective of the information 
system factor, such as the functional overlapping, technology changes. The steps as 
the following presenting: 
 
• Create a Model, at Business and ISA levels  
• Create a Knowledge Base for existing Information Systems Projects 
• Define the Procedures for evaluating projects basing on the created Model, 
Architecture and Knowledge Base 
• Define the set of information that each project must provide in order to allow proper 
evaluation [André Vasconcelos, Ricardo Mendes, José Tribolet，2004] 
 
Some of the steps are complicated and hard to follow with an individual work. Thus, I 
choose the important key steps as the evaluation process. I would follow the steps to 
create the model in three different levels which should be descript in details in the 
below section, and evaluate the data in business process level. Since I have not 
gathering sufficient information for the quantity analysis, I choose another way for the 
qualitative analysis as a proper choice.      
 
I would like to quote the common business process of the hospital’s routine working 
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for the supporting process. And present some sub system of COSMIC with this 
business process to find out the achievement of success for the system implementation 
in a qualitative level of evaluation. And for some gathering data, we can also do the 
research in the quantity way (I will give a short description in the other sections).   

4.2.3. Create models in ISA level 

 
There are three different level of models will be present in details in this part, 
information entity model, business process model and application and IT model. 
These models are not independence, but interact with each other. In my opinion, these 
different models are described in a hierarchical way, for this case, the model would be 
easy to create and friendly to get access for the interaction with each other. I will 
specific descript and create these model in details (but not all of models of COSMIC, 
that is too much) from information entity model to application and IT model step by 
step. In finally, evaluate the system in information system level (combine with 
business process) to judge the success of COSMIC. 
 
Information entity model 
 
Information entity model present the things, places or concepts relevant in the system 
we analysis in a hierarchical way. I will choose some of key information entities to 
create the model which would be concerned in the next creating models. The tables in 
the below have show the models in details. There are quite a lot information entities 
need to create, I have list the relative useful entities for the case research in the below.  
Entity name  patient Information entity number    1 

Alternate name Healthcare customer 

type person 

description Any citizen having the constitution right to use the public Portuguese healthcare system. 
COSMIC decompose the patient to in-patient and out-patient. 

relations Interact with almost healthcare system in hospital business process 

 
Entity name  Registration 

overview 
Information entity number    11.1 

Alternate name Visit and procedure registration overview 

type Functional  

description Visit and procedure registration is the window within which all out-patient attendances are 
registered. 
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relations Have a overview for out-patient(1) information 

 
Entity name  Contact list Information entity number    11.2 

Alternate name Patient contact list 

type Functional 

description You can see that a patient has arrived, and been administratively processed for registration at 
reception, in the ‘Contact list’ overview. 

relations Doctor(2) prepare the care plan(3) by this contact list 

 
Entity name  Accounts integration Information entity number    11.3 

Alternate name Accounts integration function for patient invoicing 

type Functional 

description you can use the accounts integration function for further processing of patient invoicing in 
the accounts department 

relations Function support in pricing and billing(11.4) 

 
Entity name  Pricing and billing  Information entity number    11.4 

Alternate name Pricing and billing for healthcare process 

type service 

description Pricing & Billing is designed to meet the requirements of complex healthcare pricing and 
costing protocols for both the public and the private healthcare sector. 

relations Process support in patient(1) Pricing & Billing by healthcare unit(4) 

 
Entity name  Admission overview Information entity number    11.5 

Alternate name admitted patients overview 

type Functional 

description It shows all admitted patients currently in the hospital. 

relations Functional support with patient administration(11) 
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Entity name  Scheduling and bed 
management 

Information entity number    11.6 

Alternate name Scheduling and bed management system 

type system 

description With the functionality for Scheduling and Bed Management we will have overall control of 
all resources within our healthcare organization. 
 

relations Process with booking(6) and care plan(3) for patient healthcare administration(11) 

 
 
Entity name  Medication list Information entity number    12.1 

Alternate name Medication information list 

type functional 

description In the medication list, the care provider can be granted access rights to all the prescriptions 
and treatments with medication, even those that have been prescribed by external units 
which you wouldn’t normally have access to. 

relations Information list provided from medical information module(7) 

 
Entity name  Warning function Information entity number    12.2 

Alternate name Warning function for prescribing 

type functional 

description The function supports all types of prescribing – pills, injections, inhalations and infusions. 
 

relations Supported from patient information(8) for warning prescribing 

 
Entity name  Pharmacological 

stock list 
Information entity number    12.3 

Alternate name basic pharmacological stock lists 

type functional 

description Information pertaining to the medicine in question, warnings, recommended medication and 
general directives.  

relations Supported from patient information(8) and medical information(7) for medicine advising 
company with warning function(12.2) 
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Entity name  Prescription and 
dosage list 

Information entity number    12.4 

Alternate name The prescription and dosage list in all situation 
 

type functional 

description The prescription and dosage list is linked to drug administration on the ward and provides 
better safety and ease of use. 

relations Information link with drug administration(7.1) on the ward 

 
Entity name  Prescription history Information entity number    12.5 

Alternate name renew prescriptions 

type functional 

description The prescription history provides you with a structured overview of all the existing and 
previous dosages and prescriptions for the patient, and it is easy to renew these if required. 

relations Provide information for prescription(12.4) 

 
Entity name  Order and referral Information entity number    12.6 

Alternate name Order and referral for clinical test 

type process 

description You can create orders to different laboratories with the necessary documentation for taking 
blood samples and so on, radiological orders and referrals for consultation. 

relations Lab test(9) and relevant clinic departments 

 
Entity name  Medical record Information entity number    7.2 

Alternate name Medical registered information 

type Function/tool 

description The medical record can be read in the traditional manner– most recent entries first, or from 
the beginning. To make your work as effective as possible, you can filter out the relevant 
information you want at any particular time. 

relations Information from medical information administration(7), filter(10) for information  

 
Entity name  Care plan Information entity number    3 
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Alternate name Setting plan for healthcare 

type Function/tool 

description A patient specific care plan is a way of creating planned process-oriented care by identifying 
care needs, defining aims, planning and documenting the result of treatments/ activities and 
finally evaluating treatments in relation to aims. 

relations Plan for patient treatment and activities 

 
Entity name  Report sheet Information entity number    12.11 

Alternate name Report list 

type Function/tool 

description A patient specific care plan is a way of creating planned process-oriented care by identifying 
care needs, defining aims, planning and documenting the result of treatments/ activities and 
finally evaluating treatments in relation to aims. 

relations Information list supported by medical record(7) and care plan(3) 

 
Business process model 
 
In this part, the work for analysis the information system architecture is concrete the 
common business process for healthcare system. And why I choose the common 
business process as the model design background? Because COSMIC is a widely used 
platform in healthcare industry, especially in hospital. And it has been proved 
achieving the success in most of institute that using this system. For these reason, 
using a common business process model would be proved the good performance of 
COSMIC in this channel of evaluation. The below flowchart descript a concentrate of 
activities of the common business process of hospital routine for patient.  
 

 
Business process of hospital 

 
I have research in the internet and read some book of healthcare to find this common 
business process for hospital. [André Vasconcelos, Ricardo Mendes, José Tribolet，
2004] There are three mainly steps for patient treatment in hospital for this flowchart, 
receive patient, execute healthcare and forward patient. I will give a hierarchical 
description in details for these three key steps in the following part. And these three 
diagram of each step has been presented in a specific way in the below. 

 51



 Receive patient process decomposition 
 

 
Patient execute healthcare specialization 

 

 
Patient forwarding business process specialization 
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I have specific these three key processes to the decomposition components in these 
three diagrams. In the evaluation phase, I will elicit all the information system service 
of COSMIC provided for the decomposition process in specification. The evaluation 
result would indicate the effective of COSMIC IS service support for each process of 
hospital treatment.  
 
The next model would list some sub systems of COSMIC in IT level to present the 
effective of the IT support in system applications. But for the limited of materials, I 
have not get enough information of the techniques support that be used in each IS 
service. Thus, the work for the evaluation the effective of IT support would be hard to 
get the result. But this stage of evaluation is still an essential process for the 
evaluation of system in information system architecture level.  
 
Application and IT model 
 
In this part, I will mainly create the application and technology model for PAS and 
clinical care support for the specific description of COSMIC sub system in ISA level. 
I have listed the information entities, implemented operations and dependencies for 
the sub system in specifically and the relevant information has also been indicated in 
the section of information entities part. For the technologies support, I have not 
captured enough sources for this part description. Thus, I have to channel the 
evaluation work for this stage. But the step of the IT level evaluation is the same as 
the evaluation for the effective in IS level. We can also follow the steps as the IS 
evaluation when we are gathering the data for the technologies support for COSMIC. 
 
System name PAS System number  11 
Detailed name Patient administration system 
propose Support administration for patient healthcare 
description PAS system is founded upon a comprehensive way of thinking where security, 

efficiency and reliability are fundamental concepts. It can be applied in primary, 
out-patient and hospital care.  

Business process supported Patient healthcare process(20) 
Information entities Patient(1) being treated; registration overview(11.1) for out-patient registered; contact 

list(11.2) for planning healthcare; accounts integration function(11.3) for patient 
invoicing; pricing and billing(11.4) for healthcare process; admission overview(11.5); 
scheduling and bed management(11.6) for patient healthcare process 

Implemented operations Track of out-patient; management of in-patient; pricing and billing; all key data 
available; admissions overview; overview of registration; functionality for scheduling 
and bed management; booking 

dependencies Patient’s medical record(8.1) for patient tracking; registration of products(7) upload into 
COSMIC; flexible interface for business system; scheduling and bed management 
system(11.6)  

Technologic support < ------------------------------------------------ > 
PAS in specialization 
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System name CCS System number  12 
Detailed name Clinical care support 
propose Provide convenience tools for healthcare system 
description Comprehensive functionality support for clinical care process(20.1) 

Business process supported Patient clinical care process(20.1) 
Information entities Medication list(12.1); waiting function(12.2); pharmacological stock list(12.3); 

prescription and dosage list(12.4); prescription history(12.5); order(12.6); referral(12.7); 
medical record(7); care plan(3); report sheet(12.8); digital dictation(12.9); common 
documents(12.10); unsigned and non-certified care data(12.11); group(12.12); 
forms(12.13); report sheets(12.14) 

Implemented operations E-prescribing; order management, care documentation 
dependencies Medical information(7) for prescribing; patient information(8) for warning prescribing, 

link with drug administration(7.1) on the ward 
Technologic support < ------------------------------------------------ > 

Clinical care support in specialization 
 

4.2.4. Induction and deduction for evaluation 

In this part of evaluation phage, I will gather the information of the functional and 
tools which are located in patient administration system and clinic care support 
system. I would evaluate these factors in the level of information system architecture 
combining with business process that have been decomposed in business process 
model. There are quite a lot evaluate indication for the system evaluation for this 
approach, I will list some of indications for the key factors as the briefly view for this 
level of analysis.  
 
In the following table, I have assemble the specifically decomposed process for 
patient healthcare and present the function and tools the PAS and CCS supported for 
each process in order to analysis the effective of each sub system have achieved.(I 
would also present other sub-systems in briefly evaluation) 
 
 Function/system support Support number Effect to achieve 

success  
process 

*/incident management(14) * high 
Registration 
overview(11.2)/PAS(11) 

1 medium 
 
Receive patient in 
urgency  

Care plan(3)/CCS(12) 1 medium 
 
Receive patient in 
medical 

Registration 
overview(11.2)/PAS(11) 
Admissions 

2 high 
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overview(11.5)/PAS(11) appointment 

*/intelligence 
information(15) 

* low 

Receive transferred 
patient 

Registration 
overview(11.2)/PAS(11) 
 

1 high 

Scheduling and bed 
management(11.6)/PAS(11)
Pricing and 

illing(11.4)/PAS(11) b
Admission 
overview(11.5)/PAS(11) 

3 high 

 
 
Receive patient 

 
 
 
Receive interned 
patient 

Pharmacological stock 
list(12.3)/CCS(12) 

1 medium  

     
Care plan(3)/CCS(12) 1 high Execute medical 

appointment 
healthcare 

Contact list(11.2)/PAS(11) 1 medium 

Pricing and 
billing(11.4)/PAS(11) 

1 low 

Prescription and dosage 
list(12.4)/CCS(12) 

 
 
Execute patient 
hospitalization 

Report 
sheet(12.1)/CCS(12) 

2 high 

 
 
Execute 
complementary 
diagnostic exam 

Medication 
list(12.1)/CCS(12) 
Warning 
function(12.2)/CCS(12) 
Prescription 
history(12.5)/CCS(12) 
Pharmacological stock 
list(12.3)/CCS(12) 

4 high 

Execute surgery * * * 

 
 
 
 
 
 
 
 
Execute healthcare

     
Patient relief */incident management(14) * high 
Maintain patient 
condition 

Care plan(3)/CCS(12) 1 high 

Transfer patient 
internally/external  

Scheduling and bed 
management(11.6)/PAS(11)

1 medium 

 
 
Forward patient 

Table of function supported for each stage of patient healthcare process 
 

We can compute the effective of the function supported in different stages of the 
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patient healthcare process by this table. The table show us the information of the 
functions supported for the common patient healthcare process (mainly present PAS 
and CCS sub system of COSMIC). We can easily get the quantity result for PAS and 
CCS in effective perspective for function support with the indicator direction. Some 
of defined indicators have been showed in the below. 
 
Functional Overlapping indicator, defined as: 

, where: 
Fnew – function implemented by the propose project 
Fold – function implemented by the propose project that already exist in other 
systems in the organization 
� Integration indicator defined as: 
Integration Cost / Project Costs 
� Technology change indicator defined as: 

, where: 
New IT – new technology introduced by the project that is not used in other 
existing IS of the organization 
IT – technology proposed by the project [André Vasconcelos, Ricardo Mendes, Jos
é Tribolet，2004] 
 
For the overview, the system has achieved the implementation in function supporting 
effective in mostly stages of patient healthcare process for PAS and CCS sub systems. 
As the evidence shows, the system provides the powerful function for business 
process with limited functional tools. For this approach success, the reusability of 
functionalities is especially important for system achieve the success. The table has 
obviously show us, many functional approach have been reused in a lot of stages in 
the business process and they are also affecting much for the process achieve the 
success in stakeholder point of view ( the degree for the effect to achieve the success 
is standardized by stakeholder as their requirements).  
 
The system is still weak in the stage for transfer patient and executes surgery with the 
specific function supported as the table shows. We need to enhance the system for this 
functionality in this level of development for my point of view.  
 
In this level of approach, the system could also be decomposed into the IT component 
as well as the decomposed step in functionality level. But for the limited information 
supported, I can hardly continue the work for the research for this level of perspective. 
 

4.3. Interview approach for customer satisfaction 

In the level of enterprise architecture evaluation, this domain is a higher and more 
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complicated level than the other evaluation approaches I have presented. And the 
work would also hard to begin for the strategic level. 
 
For the enterprise level, the system should be established in the business layer. We 
need to concern our project with the marker, customer and other business factors in 
this perspective for the architect. But for this complex area, many theory and 
knowledge are still in the developing level, we have limited resource and not mature 
model to structure our planning for the overall evaluation in this level. And this is also 
quite large for my limited ability.  
 
In order to simplify of my research work in this level, I prefer to give a brief survey 
for the customer satisfaction of COSMIC. The work and the result might be weak as I 
anticipate for this section, but for my personal idea, the research work should show an 
entire process for three different levels of approaches.  
 

4.3.1. Customer satisfaction 

Customer satisfaction, a business term, is a measure of how products and services 
supplied by a company meet or surpass customer expectation. It is seen as a key 
performance indicator within business and is part of the four perspectives of a 
Balanced Scorecard. 
 
In a competitive marketplace where businesses compete for customers, customer 
satisfaction is seen as a key differentiator and increasingly has become a key element 
of business strategy.[ Wikipedia，2007]
 
In my point of view, customer satisfaction is the indication to measure the enterprise 
achieves the success in their business activities. In the architect design perspective, 
the system should be performing to satisfy the business requirement of their 
stakeholders. Thus, they design the system through various decision approaches and 
technologies to provide a comprehensive system for their customer. In the design 
process, the architect though about this factor and implement it in practice. When the 
system is in performance, the work for testing the feedback of customer would be 
obviously important. The system could be development by the feedback of the 
customer satisfaction survey and enterprise could also refine their business strategy by 
this process. 
 
In my work of customer satisfaction survey, I would interview for COSMIC for 
customer satisfaction at Östergötlands County concil in the city Linköping. I would 
acknowledge my supervisor, Linda, to give me the help for this interview. 
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4.3.2. Customer satisfaction interview 

I am glad to have a chance to interview Anna Moberg in my research work and very 
thankful for her help.  
 
In this part, I would ask some questions about the satisfaction of the customer for 
using this system and give a brief view of COSMCI success in customer satisfaction 
and also quote the weakness of the system in my perspective. 
 
The survey would concentrate in the question of friendly about the user interface, the 
convenience the system provide for efficiency the enterprise, and the evolution for 
using this system. 
 
I have asked some questions about the convenience of the interface provide for the 
user to accept the system easier.  
 
1. How about the approach supported when the user want to search information? 
Answer: It is complicated for telling the approach in few sentences, because different 
department has different approach for searching the information. But in general, the 
system provides a road list which give specific branches for the information in 
different categories. When the use want to find some information they required, they 
just need to access the relevant department approach and using the searching engine 
for their requirement. 
 
2. How you feel about the digital work instead of the paper work? 
Answer: in fact, we are still using the paper work in most of department, because the 
system has just been used for a couple of month. But after one or two years later, we 
would use the digital work instead of the paper work. 
 
3. How about the communication convenience that COSMIC provided? 
Answer: the client service have connected the user together to provide a convenience 
approach to them to communication to each other, instead of the paper 
communication. The staff need not go from one department to another department for 
their work process as the former. They just need do the work through click on the 
mouse to achieve the performance. 
 
Since the system has just been used for server month, the effect would be hard to 
define until now. Thus, some of my questions are also hard to answer for the 
interviewer. 
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4.3.3. Induction for evaluation 

In general, the system has achieved the success for the user from paper work to digital 
work. Actually, it is an excellent evolution for the healthcare system, the customer 
would more efficiency when they using the digital approach in their working process.  
 
It might be weaker than the other level evaluations in this part. But in my perspective, I want to 
give the reader a comprehensive knowledge for the system design. When the architect design a 
system, they do not only need to structure the internal components of the system to achieve the 
requirements for the business strategy, but also need to design the system to satisfy their customer 
for their user interface.   

4.4. Guide  

In this section, I will give a briefly overview to the reader for the guide in the evaluation the 
cosmic system in a hospital. It would be a good portion for the reader to have a more clear 
understanding for the author’s perspective.    
 
As I have depicted upon, I divided the evaluation steps as three portions in the different levels 
analysis. For these three levels for the system design, each part has relations with others and they 
are absolutely not independency. We need understand that there are complicated relations with 
these three levels analysis, but when we concern about the details for these relations, we need to 
contact to the realities. It becomes complexity for researching and also out of my scope. In a word, 
the reader needs to understand the relations among these three parts are dependency, which is 
enough.  
 
In the following illustrations, the author has depicted the evaluation process in 
software architecture level and information system architecture level in details for the 
readers as a guide. 
 
For the enterprise architecture level, as I have motioned, it is actually complicated and 
hard to define. For this reason, I have not give a specific guide for this part. 
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Illustration for Software architecture level evaluation  

 

 
Illustration for information system architecture level evaluation 
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Chapter 5 conclusion  

In this chapter, I will give the summary of my research work from the quoting 
questions to answer the question. This part should be the core of the project for 
presenting the final conclusion of my work. 
 
I have list the research question that aim to be answered in the project in the 
introduction chapter (1.1) as the below shows. 
 
1. What kinds of factors affect the system efficiency healthcare system? (internal 

factors) 
2. Describing these factors supported to improve the efficiency healthcare system 

relative with COSMIC in details. 
3. How to measure the system have achieve the success of efficiency healthcare 

system?(standards or something else) 
 
And then find out the internal factor to efficiency healthcare system in the 
methodology (2.7) chapter, three level of evaluation. 
 
In this case presentation (3.4) chapter, I have given the details for the internal factor 
supported for efficiency healthcare system. 
 
Finally, in the case study part (4), I have presented the different level of evaluation 
approach and summary the deduction of each level of evaluation in the deduction part. 
 
For the overview of the evaluation result, COSMIC have already achieve the 
performance in improving the efficiency of healthcare system although have the 
weakness in some parts. The research work would be enhanced and developments 
with more materials in the evaluation part, but the evaluation methods that I 
recommended are actually good enough for the system evaluation. 
 
For my project, I do not only want to give the evaluation analysis for COSMIC to 
achieve the success for improving the efficiency of hospital, but I also want to show 
the reader how does the architect would design and develop their system to achieve 
the business requirement.  
 
 
 
 
 
 
 
 

 61



Appendix  

C2 design style: 
 
1.1 introduction of C2 
C2 is a software architecture style for user interface intensive systems. A methodology 
descript the connection structures among the internal of the system. 
 
1.2 goals 
C2 architecture presents an efficient and flexible system for the users. Because of the 
special structure for the communication and the transmit ways inside the system, the 
applications can provide a high response time and take low system resource in the 
running time. 
 
1.3Software Architecture: 
 Basic Elements: the clock is one of the components of the architecture and bus1 is a 
connector to transform the information for the components. 

 
Collection with the elements: the connector (bus1) is used as the middleware for the 
communication for the components. 
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1.4 C2 architecture constraint: 
Topological Constraints 
All components, connectors have two interfaces, “top” and “bottom” 
Components can be connected to 0-1 connector on each interface 
Connectors can be connected to 0+ components or connectors on each interface 
 
Communication Constraints 
Components & connectors communicate using only independent events or messages 
Requests go up (“requests rise”) 
Notifications go down 
No passing pointers 
Components & connectors communicate asynchronously 
Can send/receive events at any time 
No blocking! 
 
Dependency Constraints 
Components may make assumptions about services provided above them 
But not who is providing them 
Components may NOT make assumptions about services provided below them 
 
Concurrency Constraints 
Each component & connector assumes it’s running in its own thread of control 
 
1.5 Description for the structure  
In C2-style architecture, connectors transmit message between components, while 
components maintain state, perform operations, and exchange messages with other 
components via two interfaces (named “top” and “bottom”). 
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In this kind of style of the architecture, the system transfers the message through a set 
of connectors. And these messages do not communication among the components 
directly. Because this kind of setting, it avoid the complex communication ways 
among the components. The message only can be sent or receive from the connectors, 
and it also reduce the work press by the components.  
 
The mounts of messages are deal by the dependence interfaces and these messages 
can either be the requests message from the component, or the notification which sent 
from the high lever component. 
 
But the message still be constrained when it pass through the connectors. As the 
following mentioned, there are two kinds of messages via the connectors. The request 
message is send from the low lever in the system and it only can be upward to the 
high lever component to deal with these kinds of messages. And for the notification 
message, it only can be order sending from the high component downward. For this 
way of message transformation, the message can be communication in a high speed 
response time, because it take low system resource when they pass through the 
connectors and it also communication with other components in a simplify ways. 
 
In system communications, the interfaces and connectors are especially important. 
They deal with message (both the request and the notification message) in an 
efficiency way. The message would only be sent to the component which need the 
message, but not sent the message to all the components. There are two benefits for 
this communication structure-one is it reducing the data flow inside the system and 
also reducing the press for the process; another is it get the low lever components   
with differing work in the same time.   
 
 
 
Case presentation: 
 
We use a meeting message sending modeling design to describe the C2 architecture 
style be used in business design and it would also analysis the benefit for using the C2 
architecture style design for the architecture quality.  
 
The meeting initiator would send the meeting information for two different kinds of 
attendees: the important attendee and the normal attendee. The meeting initiator sends 
the requests to all the attendee and some privacy message to the important attendee 
and the attendee response the notification to the meeting initiator ASAP.  
 
 
 
Modeling the meeting scheduler with C2 
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First, we need to distinguish the attendee and important attendee, because they have 
different responsibilities. Although both of these two components could sent messages 
to the initiator, but the important attendee can sent add messages to the initiator (the 
preference about the location). The meeting initiator sent the request to the MainConn 
connector dealing with these messages. The MainConn connector sent different 
message to the AttConn connector and Important AttConn connector with different 
messages. With these two connectors, they communicate with their proper component 
to get the response. After these two components deals with these request and then sent 
the notification to their connectors to feedback the MainConn connector.  
 
This structure is simple and direct, but it also efficient and flexible. We need to point 
out these benefits for using the C2 to design this architecture. The message from the 
meeting initiator can only be upward and the message from the attendee and the 
important attendee can only be downward. Because this property of the C2 design 
style, the design architecture present directly in message exchanges. This one way 
communication makes the system more efficient and also reduces a mount of data 
flow among the components.   
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