
Abstract
Objectives: To improve the quality attributes of software architecture using new patterns. Methods/Statistical Analysis: 
Software architecture analysis methods are developed to reduce risk and to improve software quality. Patterns which 
have impact on the quality of software systems are used for the development of software. In this paper, novel Creative 
Innovative patterns are used. Findings: When Creative Innovative patterns are applied in the case study of hospital man-
agement system, the quality attributes like bug fixing cost, scalability, availability, maintainability, usability and reliability 
are improved. Application/Improvement: This paper uses Hospital management system which is enriched by Creative 
Innovative patterns and explains how these patterns help to improve the quality attributes of the architecture of a Hospital 
management system.
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I.  Introduction
Perhaps the most complex activity during application 
development is the transformation of a requirement 
specification into application architecture. Architectural 
design is a typical multiple objective design activity 
where the software engineer has to balance the various 
requirements during architectural design. Although there 
are methods for analyzing specific quality attributes, 
these analyses have typically been done in isolation1-3. A 
Software Architecture system is a composition of com-
ponents such as Global control structure of the system, 
Synchronization and data access, Assignment of function-
ality to design elements, Composition of design elements, 
physical distribution, scaling and performance, dimen-
sions of evolution, and selection of design alternatives.

The scientific and industrial communities have 
recognized that Software Architecture (SA)4,5 sets the 
boundaries for the software qualities and it is not possible 
to measure the quality attributes of the final system based 
on the SA design6-8. This would imply that the detailed 

design and implementation, represents a strict projection 
of the architecture. Future work is needed to develop 
systematic ways of bridging the quality requirements of 
software systems with their architecture9,10.

Software quality is the degree to which software 
possesses a desired combination of attributes (e.g., reli-
ability, interoperability)11,12. Quality of architecture can be 
improved by using appropriate patterns. Patterns are the 
solutions for a recurring problem13-15. Patterns are applied 
to increase software quality by improving its quality 
attributes16,17.

Hospital management system is taken as a case study 
for analyzing the quality attribute using patterns. Hospital 
management system (HMS) converts hospital activates 
into automated ones by making entries and providing 
reports as output. This HMS has to undergo improve-
ment in its quality attributes. If patterns are tailored 
with the HMS, then the quality attributes of the HMS 
tremendously improves18,19.

Section 2 shows the various methods of architecture 
analysis available. Section 3 explains in detail the ATAM 
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method. Section 4 explains about the proposed patterns 
and its usage in hospital management system. Section 
5 explains the procedure for applying the Creative 
Innovative patterns. Section 6 provides the analysis and 
discussion. Section 7 concluded the paper.

2. � Methods Available to Analyze 
Software Architecture

The purpose of the software architecture evaluation 
method is to analyze the SA to identify potential risks and 
verify that the quality requirements have been addressed 
in the design3. In addition, it helps to know the important 
properties of software, even before it is developed and to 
predict the downstream effects of the software20. Therefore, 
it has been decided to study such methods in order to cover 
as many particular points of view of objective reflections as 
possible, to be derived from the general goal. SA is consid-
ered the first product in an architecture based development 
process21. There are eight methods available to analyze soft-
ware architecture such as SAAM (Software Architecture 
Analysis Method), SAAMCS (Software Architecture 
Analysis Method Founded on complex Scenario), ESAAMI 
(Extending SAAM by Integration in the Domain), 
SAAMER (Software Architecture Analysis Method for 
Evolution and Reusability), ATAM (Architecture Trade-
Off Analysis Method), SBAR (Scenario-Based Architecture 
Reengineering), ALPSM (Architecture Level Prediction of 
Software Maintenance), and SAEM (Software Architecture 
Evaluation Model). All the above methods are used to eval-
uate a software architecture for its functional requirements. 
These techniques required give very low consideration 
for non functional requirements like availability, scal-
ability, maintainability etc. In this research set of patterns 
called Creative Innovative patterns are used for architec-
tural analysis. These patterns focus on improving quality 
attributes of the architecture.

3. ATAM
From literature survey it is found that most widely 
accepted industrial and researched architectural Analysis 
Method is ATAM22. Following paragraph explains ATAM 
process and its lacunae.

The Architectural Trade-off Analysis Method (ATAM) 
was initially developed as a software architecture design 
method to support design trade-offs4,5. After some years 

it was progressed as a model for software architecture 
analysis. The targeted goal of ATAM is to give a disci-
plined reasoning while analyzing the capacity of software 
architecture. It also maintains trade-offs between com-
peting attributes. The major inputs of ATAM are business 
goals, software specification and software description. The 
outputs of ATAM are list of scenarios, sensitivity points, 
trade-off points, risks, software architecture approaches 
and so on. ATAM is the best software architecture analy-
sis technique ever used. ATAM is easy to implement but 
in complex. Even though ATAM is a best method it is also 
having the drawbacks.

3.1  Drawbacks of ATAM
ATAM did not consider business view in its analysis. •	
The quality attributes such as extensibility, •	
maintainability, scalability, and reusability are not 
fulfilled in large systems.
ATAM did not fulfill stakeholder participation.•	

The drawbacks identified in the ATAM method like 
maintainability, extensibility, scalability and reusability 
are not fulfilled to the entire satisfaction of stakeholders’. 
Proposed frameworks using CIPA introduced in the fol-
lowing section bridges the above drawbacks.

4.  Proposed System
To overcome the disadvantages of ATAM, new patterns 
are introduced here. In this research eight patterns called 
Creative Innovative Patterns for Architecture Analysis 
(CIPA) are used for Architectural analysis purpose. 
These patterns have emerged from our historical analy-
sis of product development and research trends. Research 
indicates that the more successful product or research 
innovation fits into at least one of these patterns23. Indeed, 
it is found that the patterns can help predict the emer-
gence of new products before the appearance of signals 
indicating the market demand. In this research complete 
Hospital Management System product has been used to 
evaluate the proposed method. Following sections depict 
CIPA. The diagrammatic view of Creative Innovative 
Pattern for Architecture Analysis is shown Figure 1. 

4.1  Characteristic Dependent Pattern
This pattern produces its results based on the characteristics 
of its environment24. 
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In a hospital management system, normally the 
reception desk contributes in patient registration only. 
In accordance with the task association pattern, if the 
reception desk has the provision of giving medicines for 
contagious diseases, (with the assistance of nurses) then 
the reception desk performs dual activity by providing 
the best support to patients.

This pattern can be explained by some other examples 
as follows:

Normally the split AC is used for air condition purpose •	
only. But now Samsung company has introduced a 
mosquito repellent unit which is attached to the AC 
as a requirement of the bedroom. Thus it performs 
double duty.
Earlier, Windows OS was not able to compress data •	
by itself. So software like WinZip or WinRar was 
downloaded to compress data. But now Windows XP 
software has inbuilt compression facility.

4.3  Split up Pattern	
A complex product is decomposed into small subsystems 
so that all the small subsystems can produce better result 
than the parent system.

Normally alert handling does not have the provision 
of priority in the hospital management system. Patient 
alert is not an emergency alert but theater alert is an emer-
gency one. If the alerts are divided using split up pattern as 
Normal alert and Emergency alert, then the performance 
of alert handling becomes better. The Normal alerts are 
produced to remind patients whereas the Emergency alerts 
are produced for the theater, the doctors and anesthetics.

This pattern can be explained by some examples as 
follows:

In early days the most commonly used air conditioner •	
was Window-AC. But now split AC is being used. The 
usage of split AC has resulted in the reduction of sound, 
the size of the hole on the wall and building damage.
Microsoft Visual studio version 6.0 package seems •	
like a single unit at the time of installation. But after 
installation it gets split into Microsoft Visual Basic 6.0, 
Microsoft Visual C++ 6.0, Microsoft Visual InterDev 
6.0 and Microsoft Visual Studio 6.0 tools.

4.4  Add-on Pattern
To an existing product, one or more components are 
added with slight modification to ensure better results.

A hospital management system should support the 
characteristic dependent pattern based billing system so 
that the billing section maintains different billing meth-
ods which are adaptable to the different types of insurance 
of patients and hospitals have.

This pattern can be explained by some examples:

Mobile companies first introduced mobiles in com-•	
mon colors for all people. But later Samsung company 
introduced panels in different colors focusing on the 
tastes of the young generation. Now Apple has intro-
duced different colored mobiles.
In DOS OS, the calculator application has the behavior •	
of placing major mathematical calculations in a single 
window. But in Windows 7 OS the built in calculator 
is designed to satisfy the four types of users such as, 
Standard, Scientific, Programmer and Statistics. For 
these four types of users, the Microsoft organization 
has designed four different types of calculators to sat-
isfy them perfectly.

4.2  Task Association Pattern
Here an existing product is modified by attaching another 
task oriented component but the existing component 
and the new component share the same body. So a single 
product embedded by double task components performs 
double duty.

Figure 1.  Diagrammatic view of Creative Innovative 
Patterns for Architectural Analysis.
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system is not compelled to develop or produce all its com-
ponents by itself.

In hospitals, if a patient comes with a strange disease 
which is difficult for the doctor to come to conclusion the 
auto diagnosis software gives a solution to him. But owning 
this software is expensive. Using agent pattern, instead of 
buying a software doctor can use the software when needed 
by paying for that time of usage only. The architecture should 
be designed in such a way that the agent softwares should 
be able to adapt in that system. Thus the agent softwares can 
give a solution for the problem and removed after use.

4.8  Progressive Pattern
Doing a step by step work is normally called as progres-
sive. In hospitals, the patient data can be searched using 
advanced search process by giving step by step inputs. 
Another example is in emergency case admission only the 
name filed is made mandatory in order to create unique 
ID. So the rest of the details can be done in a later date.

5. � Procedure for Applying 
Creative Innovative Patterns

Input: The software architecture which is to be refined.
A set of new patterns a = {Active pattern, progressive, 

Limited Lifetime, Characteristic Dependent, Task asso-
ciation, Split up, Add-on, Reduction}.
Output: Improves the quality attributes and thereby the 
overall performance and efficiency of the specific archi-
tecture under consideration.
Step 1: �Find the business goal, stakeholder’s requirements, 

technical and managerial constraints.
Step 2:�Collect and prioritize the requirements and ana-

lyze the architectural approach.
Step 3:�Categorize the quality attributes appropriate to the 

architecture.
Step 4: Apply CIPA patterns.
Step 5: Create architecture based on CIPA patterns.
Step 6:�Compute the final result and get feedback from the 

customer.
Step 7: Repeat the steps 2 to 5 if needed.

When CIPA is applied, the typical issues that are under 
examination are,

Whether all the stakeholders considered?•	
Check whether all the requirements are identified?•	
Find whether the architectural solution being pro-•	
vided, appear rational?

In the hospital management system, using the add-on 
pattern, heavily crowded hospitals such as Apollo and 
KIMS can open multiple reception computer desks to 
efficiently handle the patient crowd. The software develop-
ment for the hospital must be supported for multi system 
data entry. This will reduce the impatience of patients 
during registration.

This pattern can be explained by some examples:

In the Sony double deck audio player, two audio cas-•	
sette player units are kept in a single audio set. One is 
to play and the other is to record the audio.
Normally Windows supports a single desktop only but •	
now it can support multi desktops and so photo edi-
tors’ are benefitted much.

4.5  Reduction Pattern
Here the non desirable components are removed from the 
whole system to gain some quality attributes.

In the hospital management system, instead of paying 
bills at different counters inpatients, through the reduc-
tion pattern can pay all the bills together at one counter. 
This behavior type of reduction pattern is not applicable 
for outpatients.

This pattern can be explained by examples like:

The Sony Xperia Mini pro model has done away with •	
the keyboard feature and now looks more stylish and 
compact.
In the earlier version of Windows media player, the •	
equalizer component is      displayed but is not used 
much. In the recent versions, there is a button with 
options to use the equalizer component.

4.6  Limited Lifetime Pattern (LLP)
With the passage of time, softwares get updated and 
even undergo change. So the use of LLP is beneficial as it 
reduces cost expenses and opens space for change23. This 
pattern can be explained by the following example:

The three year old data of the patients are shifted peri-
odically to another database in order to make the current 
retrieval process easy and quick. This process of archival 
increases the availability of the system and quick search 
response.

4.7  Agent Pattern
A complex system fulfills its sub component works with 
the help of inbuilt actives or mobile actives. Thus the main 
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Cost
The development cost also reduced significantly by the 

implementation of the reduction pattern. Figure 4 shows 
the analysis of development cost.

Cost of the product = Human resource required for the 
product × Time required for analysis × The cost per unit 
time.

Maintainability
Maintainability is defined as the percentage of total 

cost that is required to maintain the product. The main-
tainability is measured as, 

Maintainability
Number of application scenarios to which t

=
hhesystem correctly adapted������

Total number of applicatioon that contains either false or require modifications
100´

Figure 5 shows the analysis of maintainability.
Analysis Level Bugs

	 The result shows that there was a reduced number 
of bugs in patterns than in ATAM due to the refinement 
done by the application of the reduction pattern and task 
association pattern. Figure 6 shows the bug fixing cost in $.

Check whether the documents are well managed?•	

The issues asked here can be examined by using the 
above steps and the results are discussed below.

6. Analysis and Discussion

6.1  Case Study
In order to evaluate the merits and demerits of the pro-
posed approach (use of CIPA for software architecture) 
hospital management system, a large scale software proj-
ect is considered and detailed analysis is carried out. A 
host of relevant parameters (analysis time, reliability, bug 
fixing cost, cost, and maintainability) and their variations 
were compared using both ATAM approach and CIPA. 
The result of the study is presented below.
Analysis Time

The analysis time is reduced for the development of 
the product. There are a reduced number of components 
by the application of the reduction pattern and the task 
association pattern. The cost of the product can be calcu-
lated with the formula, 

Cost of the product = Human resource required for the 
product × Time required for analysis × The cost per unit 
time.

Figure 2 shows the analysis in time.
Reliability

Reliability of a system is defined as the mean time 
to failure. Reliability of the system was higher in this 
pattern than in ATAM. This is measured using the 
formula,

Reliability
Duration for which the software worked without failur

=
ee

Total duration
´100

Figure 3 shows analysis of reliability.

Figure 2.  Analysis of Time.

Figure 3.  Analysis of Reliability.

Figure 4.  Analysis of Development Cost.
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7.  Conclusion
The Creative Innovative pattern for architecture analysis 
method improves the quality attributes of the hospital 
management system more than the existing method. To 
improve the quality of the system, eight patterns are used. 
These patterns improve the software quality attributes 
usability, availability, scalability and maintainability. This 
also reduces analysis level bugs, cost and analysis time. 
The CIPA method is best suited for designing large and 
complex systems with improved quality attributes. In 
future, the proposed system can be updated with more 
powerful design patterns which can be used to hike the 
quality attributes.
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