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A B S T R A C T 

Quality is an important paradigm while delivering software. Past traditional models have many 

problems. Agile process models overcome these problems, but these models are facing many 

challenges. The main challenge is the absence of proper Software Architecture Evaluation 

Method (SAEM) for agile models. It is essential to improve quality of agile models because these 
methods are lacking quality requirement, well defined software architecture and verified design. 

Without proper evaluation, these models suffer from severe quality and maintenance issues. 
Architecture evaluation is known as a standard to evaluate the quality of product. This study 

focuses on the development of a hybrid SAEM for agile process model. Dynamic System 

Development Method (DSDM) is a framework of agile methodology. This framework delivers a 
quality product in a short time. It is very important to improve quality of DSDM phases. Pre-

project, project life-cycle and post-project are the phases of DSDM. It is required to apply a 

hybrid SAEM in phases of DSDM. By applying a hybrid SAEM on DSDM, the quality of DSDM 
phases may be improved. This improvement may be in term of quality attributes which are well 

defined in early life cycle. Furthermore, the quality attribute requirements are best satisfied due 

to well-formed software architecture design.  A survey has been conducted in the software 
industry to validate this model. 

 

1.  Introduction 

Agile methods are a group of software development 

methods that deliver working software in minimum time 

span. According to [1-2] agile methods have number of 

benefits as they support iteration and constant interaction 

between developer and customer. Due to minimum 

documentation these are lightweight. Usability is one of 

quality factors that may be addressed in agile methods.  

One problem with agile methods is that explicit 

qualitative and quantitative measurements and metrics are 

avoided. Sometimes agile methods cannot cope with 

insufficiency in the product [3]. DSDM works in an 

iterative and incremental manner with constant user 

involvement. At the start of project, DSDM tasks are 

arranged according to their importance. DSDM have 

benefit of ease in adopting, constant user support and 

development tool support. Pre-project stage deals with the 

identification of suitable projects and budgeting. Business 

study is concerned with the business area definition, 

project scope, high level functional and non-functional 

requirements, system functionality, architecture, and 

maintainability objectives. Functional model iteration 

deals with requirement refinement and prioritization, 

identification of non-functional requirements and 

planning for implementation. Design and development 

iteration deals with implementation of identified 

requirements, creation of identified prototype and review 

of the prototype. Implementation deals with product 

delivery. Performance of implemented system is dealt in 

post project activities. 

Software architecture evaluation is a vital approach to 

develop better quality product in the software engineering 

area. Without appropriate evaluation, software artifact 

suffers from severe quality drawbacks. If a hybrid SAEM 

will be applied on DSDM, the quality will improve in 

terms of attribute requirements, design constraints, 

functional requirements and suitable design. 

Following are objectives which are addressed in this 

study: 

 To identify problems in traditional software 

development models? 

 What are reasons to accept or reject agile methods? 

 Problems faced by software industry while working 

with DSDM. 

 Do the organizations use software architecture 

evaluation methods? 

 Effectiveness of a hybrid SAEM in solving the 

problems in DSDM.  

  Corresponding author 
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SAEM assists developers in software architecture 

creation that can accomplish the required goals of the 

system [4]. The aim of this study is to introduce a hybrid 

SAEM for DSDM phases. The proposed model composes 

of Quality Attribute Workshop (QAW), Attribute Driven 

Design (ADD) and Active Review for Intermediate 

Design (ARID). 

The objective of study is to improve DSDM phases 

and apply SAEM on it. The aim is to get a better 

understanding of SAEM, design a different SAEM and 

find compatibility between QAW, ARID, ADD and 

DSDM phases. In the past, there is work on DSDM and 

SAEM but SAEM is not applied on DSDM.  

The rest of the structure of this paper is as follows; 

Section 2 presents the related work, section 3 elaborates 

the proposed work, section 4 describes the results and 

discussion. Finally, section 5 concludes the paper and 

section 6 provides future direction. 

2. Related Works 

Rao et al. elaborated that software development is a 

wide field that delivers the product in a quicker and 

cheaper way [5]. The most common methods discussed in 

this paper are extreme programming, DSDM, SCRUM 

and Crystal [6]. The aim of these methods is quick 

delivery of software with customer satisfaction and 

minimum number of iterations. The authors discussed 

principle and reason for using agile methods. Pros and 

cons of above mentioned agile methods were discussed. 

One of the main reasons for using DSDM is that it is 

technique-independent process and flexible because of 

requirement growth. One problem is continuous user 

involvement which may not be possible at every time in 

the project. The authors did not provide solution to this 

problem. 

Jyothi and Rao examined that DSDM is a method 

developed by a dedicated consortium in the UK released 

in 1994 [7]. The DSDM is based upon rapid application 

development (RAD) in which software development puts 

less emphasis on planning and more emphasis on 

development. The basic idea of this method is to adjust 

functionality within limited time and resources. 

Architecture transformation and other architecture 

evaluation techniques are defined to overcome the 

problems concerned with non-functional requirements [8]. 

Buchgeher and Weinreich explained that software 

architecture evaluation plays an important role in software 

development [9]. It is constructive and supportive process 

for design and implementation. Best time to evaluate 

architecture is before its implementation. The late 

evaluation can be applied when development team starts 

making decisions. The architecture evaluation makes it 

sure that the system will meet its quality goals [10]. 

SAEM when applied in DSDM phases, resolves 

conflicting requirements, architecture design decisions, 

consistency checking, early problem detection and cost 

issues. The cost and benefits are two motivations 

achieved by Software Architecture Evaluation [11]. 

SAEM’s have standard steps for any development 

paradigm. 

Sohaib and Khan explained that software plays a 

major role in the industry; therefore new methodologies 

are introduced by the software engineering community 

[12]. After iteration, team discusses problems and 

proposes their solutions. The term agility concentrates on 

software quality. In traditional development methods, 

projects fail due to huge time period. Agile methods 

overcome these issues via quick development. Different 

software quality factors were explored in DSDM like 

efficiency, integrity, ease of use, maintainability, 

testability and flexibility. Integrity is architecture driven; 

and re-usability is achieved by Object Oriented Unified 

Modelling Language (OOUML) patterns [13]. Agile 

methods put more pressure on developers to write code 

that can easily be understood by other members in the 

team. Also, there are other quality factors like quality 

attribute requirements, verified design and usability that 

need to be addressed by agile. 

Kanwal et al. examined Feature Driven Development, 

(FDD) phases and introduced a hybrid SAEM. This 

hybrid model composes of QAW, ARID and Architecture 

Tradeoff Analysis Method (ATAM). For phase 1 of the 

FDD, both functional and non-functional requirements 

gathering is executed in parallel so QAW is better 

because it produce, prioritize and purify the quality 

attribute before architecture is finalized. For phase 2, both 

ARID and ATAM are applied [14]. Kazman et al. 

discussed the features of ATAM which are utility trees, 

sensitivity points and trade-offs are helpful in designing a 

proper architecture [15]. 

Aydin et al. explained that purpose of using DSDM is 

to make sure that the project should be developed in a 

short time span to attain product and process 

improvement [16]. In the UK and in Benelux countries, 

DSDM is supported by a consortium of 600 

organizations. The DSDM method stressed upon the 

concept of suitability and adaptability. Software 

architecture evaluation makes sure that the selected 

software architecture will meet both functional and non-

functional quality requirements. Software architecture 

evaluation increase understanding and system 

documentation, problem detection and improve 

organization learning.  

Abrahamsson et al. promoted the idea to fix time and 

resources and amended functionality. This work gave 

more importance to process quality than quantity [17]. 

Coyle and Conboy [18] stated that there is always risk 

involved either the change is for business development or 
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operational. However, this paper focused on risk 

management only in DSDM. The team focuses more on 

risk management in DSDM than other agile methods. 

Lassing et al. elaborated the significance of software 

architecture. The quality of the system can be better 

predicted by analysis of software architecture. The aim of 

software architecture evaluation is to maintain cost, risks. 

Flexibility is attribute which can be achieved by software 

architecture analysis. It helps system to adopt changes 

[19]. Shaw stated that conflicting requirements can be 

settled down in better manner by taking design decisions. 

Early design decision helps in problem solving and 

express design in better manner [20]. 

Nerur et al. elaborated that software methodologies 

are changing due to changing technology and varying user 

demand. The traditional development methodologies 

cannot adjust dynamic changing business environment. 

Agile development methodologies evolve to overcome 

problems in traditional approaches [21]. 

3. Proposed Model 

The flow of project starts from the pre-project stage. 

The feasibility study deals with assessment of feasibility 

of application. The next stage is business study where 

project activities, functional, non-functional requirements, 

system architecture and maintenance objectives are 

outlined. Quality attributes workshop is best suitable 

SAEM as it deals with analysis and refinement of 

requirement from quality point of view. 

The next stage is functional model iteration as this 

phase deals with identification, creation and review of 

functional prototype so no SAEM suits there. The next 

phase is design and builds iteration. In design and build 

iteration the first module is identification of design 

prototype, here ADD is a suitable activity as in the 

identification of the design prototype module are chosen 

for decomposition, architectural drivers are selected, 

architectural plan is chosen, the module is instantiated and 

functionality is allocated via use cases, interface for child 

module are defined, use case is verified and considered as 

a constraint for child models. By creating designs 

prototype phase, software architecture design is created. 

Lastly design prototype is reviewed .ARID deals with 

design process review and explores the design in more 

detail. Design presentation prepared and all possible 

scenario are identified that design cover. In this approach 

design is evaluated from different perspectives. 

The last stage is implementation where user approval, 

user training, implementation and business review 

performed. As no SAEM suit there so it left as it is. 

Table 3 shows the detailed view of the proposed model. 

The pictorial representation of proposed work is shown 

in Fig. 5. 

4. Results and Discussion 

This section presents results from survey data 

analysis. The results are summarized in tables and 

presented in the form of different graphical figures. The 

proposed model is tested against survey results. Industry 

personnel describe their problems faced while using 

traditional models. They explained reasons for rejecting 

agile methods and problems while working with DSDM. 

Positive outcomes were found in survey as industry 

personnel showed their willingness to use proposed 

model. They found it effective in perception of quality 

requirement, better and approved design.   

4.1 Reason for Tried and Rejected Agile Method 

It is observed that many software organizations used 

agile methods, but eventually rejected them. When 

reasons for rejection were asked, the results are shown 

below in Table 1. 

Table 1:    Reason for tried and rejected agile method 

Problem 
No of  

reason 

There is a lack of emphasis on necessary designing 

and documentation. 

15 

In case of some software deliverables, especially 

the large ones, it is difficult to assess the effort 

required at the beginning of the software 
development life cycle. 

20 

The project can easily get taken off track if the 

customer representative is not clear what the final 

outcome that they want. 

28 

None 37 

 

4.2 Problems Faced While Adopting DSDM 

Questions were asked regarding to problems while 

adopting DSDM. Mostly software analysts and 

developers agreed with the issue that it is not suitable for 

large projects because of short timeline. The membership 

constraint is another problem. Software requirements 

must be fully known before applying DSDM in majority 

of complex systems. It is very tricky to know all 

requirements in advance. The module cannot be delayed. 

Table 2 show details of problems occurred in DSDM. 4.3 

Proposed Model Overcomes Problems in DSDM 

4.3 Proposed Model Overcomes Problems in DSDM 

Software development team consisting of analysts and 

project manager gave feedback about proposed model. 

The figure 1 shows the details. Most of people agreed that 

proposed model overcome problems incorporated in 

DSDM. 
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Table 2:    Problems faced while adopting DSDM 

Issues Percentage  

Not suitable for large project 12 

Membership Constraint 8 

Requirements Must Be Fully Specified 10 

Computationally Complex Systems 5 

All Requirements Must Be Known Before System 

Build 
9 

All Features Must Be Implemented And Delivered 

For Smooth Working Of System 
11 

All Above 45 
 

 

Fig. 1:    Proposed model overcome problems in DSDM 

 

4.4 Percentage of Requirement Problems Overcome 

While Using Proposed Model 

What percentage the requirement problems can be 

overcome by the proposed model. The results are shown 

in Fig. 2. 

 

Fig. 2: Percent of requirement problems overcome while using 

proposed model 

4.5 Output of Proposed DSDM in Tightly Scheduled 

Projects 

Fig. 4 shows the behavior of proposed DSDM in 

projects where time line is strict. The majority of 

responses are between range of high and medium. 

 

 
Fig. 3:  Improvements in software quality by using prop1osed model 

 
Fig. 4:    Output of DSDM in tightly scheduled projects 

4.6 Finalization of Quality Attribute Requirements by 

Applying Quality Attribute Workshop  

How much quality attribute requirements are finalized 

by applying quality attribute workshop on DSDM phases? 

Large number of people agrees that 40-60% requirements 

are finalized by applying quality attribute work shop. A 

simple column chart is presented in Fig. 6. 

4.7 Organizations Trend to Use the Proposed 

Development Model In Future 

Most of software organizations are willing to use the 

proposed model in their future project as shown in Fig. 7. 

4.8 Effect of Proposed Model for DSDM Speed 

The effect of the proposed model on DSDM speed 

was observed. Graphical representation is shown in 

Fig. 8. 

4.9 The Proposed DSDM Satisfies Which Factor Most 

Efficiently 

Different factors like management expectation, 

customer satisfaction, time and cost improvement, better 

business solution were evaluated. Customer satisfaction is 

factor which is satisfied mostly by applying proposed 

model. Results are summarized in Fig. 9. 
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Fig. 5:    Mapping of architecture evaluation activities on DSDM life cycle phases 
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Table 3:    DSDM and architecture evaluation activities 

Phases of DSDM 
  Architecture Evaluation Activity  Model   

 Phase  Activity   Sub Activity   

Study  

Feasibility Study 

Feasibility Prototype 

N/A  None 

Feasibility Report 

Global Outline Plan 

Development Plan 

Risk Log 

Business Study 

Business area definition   Business presentation 

QAW 

System architecture definition 
  Architectural plan presentation  

  Identification of architectural drivers 

Prioritize requirement list  

  Scenario brainstorming  
  Scenario consolidation  

  Scenario prioritization 

Outline prototyping plan   Scenario refinement 

Functional model 

iteration 

Identify Functional 
Prototype 

Functional model 

  N/A None 

Agree a schedule 

Functional prototype Create functional 

prototype 

Review functional 
prototype 

Functional prototype review 
document 

Design and build 
iteration 

Identify design 
prototype 

Implementation strategy 

  Choose the module to decompose 

ADD 

  Choose architectural drivers 

  Choose the architectural pattern that 
  satisfies architectural drivers 

  Instantiate the module and allocate 

  functionality from use cases using 
  multiple views 

  Define interface of the child modules 

  Verify and refine the use cases and 

  quality scenarios and make them 
  constraint for child modules  

Agree a schedule    N/A None  

Create a design 

prototype 
Design prototype   Software architecture design  

Review design 
prototype 

User documentation or test 
record development 

  Identify reviewers 

ARID 

  Prepare design presentation 

  Prepare seed scenarios 

  Prepare for review meeting 

  Present ARID method 

  Present design 

  Brainstorming and   
  Prioritize scenarios 

  Perform review 

  Present conclusion 

Implementation  

User approval and 
guidelines 

User approval 

  N/A None  Train user Train user population 

Implement Delivered system 

Review business Project review document  
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Fig. 6: Finalization of quality attribute requirements by applying 

quality attribute workshop 

 

Fig. 7:    Use of proposed model in future 

 

 

Fig. 8:    Effect of proposed model for DSDM speed 

The proposed work is different from previous work in 

the sense that it applies software architecture evaluation 

activities on DSDM - an agile process model. The life 

cycle phases of DSDM which are related to requirement 

analysis, early confirmation of the functional and non-

functional requirements, software design and 

implementation phases are improved in term of quality 

and a mature system design comes to the surface. Well-

formed software architecture is established. A critical 

review of all these activities eliminates the need of further 

bugs. The hybrid SAEM minimize the need of testing as 

maximum chances of errors are eliminated during early 

life cycle phases. The time and resources are saved. 

 

Fig. 9:     DSDM satisfied which factor efficiently 

5. Conclusion 

Agile methods mitigate issues in traditional process 

models, but these methods suffer from severe quality and 

maintenance drawbacks. Software architecture evaluation 

is a vital approach to develop a better quality product. A 

hybrid SAEM is applied on DSDM-an agile process 

model to improve its quality. The life cycle phases of 

DSDM need much improvement in terms of functional, 

non-functional requirements, quality attributes and 

suitable design. Software architecture evaluation is a 

standard which proved to be helpful to achieve these 

quality requirements. To achieve this hybrid SAEM is 

proposed which is composed of QAW, ADD and ARID. 

The survey, conducted from market shows the results 

about traditional models and their problems, problems 

related to agile methods, problems concerned with 

DSDM, software architecture evaluation methods used by 

the software industry, problems sort out and solved by the 

proposed model. All these questions are answered by 

software development professionals. The results of all 

above questions are summarized in result and discussion 

section. The results show that software industry like the 

proposed model. By the application of our model 

requirements are more refined and software is developed 

with all quality attributes with minimum cost. This is a 

major distinction of this study as in past organizations are 

only using DSDM where systems are not up to the mark 

with many loophole in requirement and design. 

6. Future Work 

There is need of further exploration of other software 

architecture evaluation methods to make them suitable for 

any other flavor of agile process models. 

When it was asked about un-addressed problems 23% 

people answered that it could not solve problem of large 

scale integration. The graph in figure 3 summarizes the 

results. 
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 The quality and long term working of software 

heavily depends upon its architecture. The emphasis of 

such evaluation is to improve quality of software in cost 

and schedule perspective.  
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