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Abstract—Development process divided into two categories: 
Traditional models and agile models. traditional models have 
heavy documentation and delay in time project but agile 
models being lightweight processes because have light weight 
documentation and heavy intercommunications therefore 
reduce the delays of the traditional models. They emphasize 
customer satisfaction, fast response to changes, and release in 
less time. In the last decades, to achieve high quality of system, 
use the architecture as an important matter in the development 
process. Therefore using software architecture skills in agile 
methods could improve them toward producing a software 
system that has an appropriate structure because focuses on 
achieving quality attributes for a software system. This paper 
is a review on accomplished proceedings  that combine  
software architecture and agile methods to improve Software 
developments. 

Keywords-Agile method; FDD; XP; Crystal; Software 
Architecture; QAW; ADD; ATAM; ARID; Quality attributes  

I. INTRODUCTION  
The software development process can be divided into 

two categories: Traditional models and agile models. 
Traditional models are waterfall and its extensions, 
prototyping, rapid application development (RAD), spiral, 
unified process (UP) and incremental. While, agile models 
are extreme programming (XP), scrum, dynamic systems 
development methods (DSDM), feature driven development 
(FDD), adaptive software development (ASD) and crystal. 

Traditional models suffers from the delay in project 
completion time due to heavy documentation requirements. 
To overcome these delays, agile process models are getting a 
wide acceptance and popularity in the industry. Agile models 
being lightweight processes focus on less documentation to 
reduce the delays of the traditional models .Agile models 
work iteratively and can accommodate the changing 
requirements at a very fast pace. Another feature distinct to 
agile models is strong and frequent communication between 
stakeholders and software developers throughout the 
software developing process. Today, software architecture 
focuses on achieving quality attributes for a software system. 
Therefore using software architecture skills in agile methods 
could improve them toward producing a software system that 
has an appropriate structure beside an acceptable quality 
level. 

The software architecture community (SEI) has 
introduced various methods and techniques of software 
architecture design to use when there is a need to develop a 
system with an acceptable architecture. These techniques are 
QAW1, ADD2 and ATAM/CBAM3. QAW is an architectural 
workshop that is held to reach better elicitation of system’s 
quality attributes [1]. ADD is always used for the design of 
system architecture [2]. ATAM 4  is a scenario based 
evaluation of an architecture based on architectural derivers 
and CBAM5 as an evaluation method, is applied to choose 
the best architectural tactics toward improving the 
architecture considering cost parameter [3]. There are many 
studies to combine the architecture-centric concept and the 
agile concept. 

The rest of this paper is organized as follows: Section 2 
presents accomplished proceedings. In section 3, evaluate 
approaches that proposed in section 2 and  section 4 is the 
conclusion. 

II. RELATED WORK 
This section divided into two part A and B that part A consist 
of subjects that discuss about software architecture and agile 
development, then part B consist of approaches and 
guideline that proposed for combine software architecture 
and agile development. 

A. software architecture and agile development 
   In  last decade, there’s an increasing perplexity about 
software architecture’s role and the importance of it in agile 
approaches. In[15], author proposed that “every software 
intensive system has an architecture at its soul, regardless of 
the process used to develop the system.” In [11], the author 
define how much architecture is needed for a given project, 
using eight dimensions (Semantics, Scope, Life cycle, Role, 
Documentation, Method, Value, and Cost). This is done in a 
workshop mode, where in the various opposing factions have 
to draw a common map of the territory. These dimensions 
will help define a common language and a common mental 
model of where the various practices fit and contribute to the 
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projects success. Sanjiv Augustine notes that agile 
development methods such as XP, scrum, FDD, lean, Crystal, 
and so on have common characteristics, such as: 

• Iterative and incremental life cycles,  
• Focus on small releases  
• Collocated teams 
• A planning strategy based on a release plan driven 

by a feature or product backlog and an iteration 
plan handling a task backlog   

  In [12], [13], the authors emphasize on the importance 
of balancing architecture and agility, because a well-defined 
and understandable architecture is needed to prevent a 
project from being chaotic. Despite the advantages of 
embedding approach, these studies focus on software 
architecture design activities in the agile method without 
investigating how to analyze quality attributes of the 
software system.  

B. combine software architecture and agile development 

  In[4], the authors proposed lightweight quality 
evaluation method for an agile approach that using categories 
of quality attributes(QAs) to helps participants identify 
quality issues in the early phase of a project and obtain 
feedbacks for quality improvement. This approach consist of 
5 phases: 

• S1:define the critical QAs of a system 
• S2: prioritize the QAs 
• S3:S1 and S2 are executed in the early phase of a 

process. As the development cycle gets started, 
quality requirements are elicited from related 
functional requirements 

• S4:Evaluate the  QAs by quality requirements 
• S5: feedbacks are obtained from evaluation results 

and reflected in the next release 
 

S3, S4 and S5 are repeatedly executed until a final product is 
released(see Fig 1). 

 
Fig.1  Iterative Quality Evaluation in an Agile Process 

This approach helps participants focus on quality 
attributes and evaluate results of indicating unsatisfied 
quality attributes in each release and able to make plans on 
quality improvement. For creating a quantitative evaluation 

model and helping the participants to have more trust in the 
results, needed to use measurement metrics. 

In[5], the author have proposed a hybrid SAEM6  for 
feature driven development (FDD) agile process model. 
FDD is one of a number of Agile methods for developing 
software and forms part of the Agile Alliance. It is a client-
centric, architecture-centric, and pragmatic software process. 
FDD is an iterative and incremental software development 
process and consists of five major phases: 

1. Develop an Overall Model 
2. Build a Feature List 
3. Plan by Feature 
4. Design by Feature 
5. Build by Feature 

  Feature driven development Agile methods are 
characterized by customer satisfaction,  fast response to 
changes, and release in less time. This approach is hybrid of 
QAW, ATAM and ARID7 (see Fig 2). 

  In FDD, architecture is developed in phases 1 and 2. For 
phase 1 of  FDD, used QAW to determine the quality 
attributes which establish the non-functional requirements of 
the project. For phase 2 of FDD, used ATAM and ARID. 
ATAM is needed for building the features list, utility trees, 
sensitivity points and tradeoffs. ARID is needed for 
assessments and review activities. 

In[8], the author, eliminated some phases in ATAM to 
make it suitable and map it for Crystal. Crystal is one of the 
agile methods and crystal family consists of crystal clear, 
crystal orange, crystal orange web and crystal red while 
crystal blue, crystal maroon and crystal violet are still under 
evolution. The goal of using the ATAM is to understand the  

 
Fig. 2  Mapping of QAW, ATAM and ARID on FDD 

quality attribute requirements of the system. The author to 
assure the quality of the product, analyzed crystal and 
ATAM and established some theoretical guidelines and 
eliminated Phases 0 and 3 and Steps 1, 2, and 9 from ATAM 
to make it suitable for crystal (see Fig 3) and make the 
ATAM, light weight technique. In [9], author introduces the 
ACRUM 8  that is a quality attribute driven agile 
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development method and derived from values and practices 
of SCRUM. Scrum is an excellent agile methodology to 
release the software product rapidly and correctly. ACRUM 
consist of three practices: AQUA9, RAM10, and VAQ11  that 
embedded into SCRUM to achieve quality attributes in a 
system and keeping agility (see Fig 4). AQUA practice, 
happen in the first stage of the SCRUM development 
process and use QAW technique to analyzing quality 
attributes. RAM practice followed, after production the 
quality attributes through AQUA practice and create 
functional backlogs. VAQ practice, check out the 
achievement of the quality attribute in the sprint and 
prevents the problem of the projects failure due to an 
uncompleted quality attribute at the end of the project, by 
checking out the success or failure of the quality attribute in 
advance. 

 
Fig. 3  Modified ATAM for Crystal Agile Model 
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Fig. 4  ACRUM development process 

In [10], the authors introduces new practices (CAR12, 
RAQ 13 ) and  embedded into the XP and satisfy quality 
attributes when developing a system using XP method. XP 
practices are based on four values: (1) communication, (2) 
simplicity, (3) feedback, and (4) courage. Embedding 
software architectural practices into XP could improve it 
toward producing a software system that has an appropriate 
structure beside an acceptable quality level. 

The CAR method helps developers reduce architectural 
smells by identifying smells that are discovered and solutions 
to revise them at the end of each task accomplishment 
process. Furthermore, the method not to affect the 
performance of a pure XP and to keep its agility intact. Some 
of quality attributes such as modifiability, extendibility and 
scalability that are important for developers and suitable to 
be analyzed using CAR method. 

The RAQ method is a practice that becomes active at the 
end of all iterations and provides detailed guidance on 
evaluation quality attributes and architectural models. Its 
main goal is to test the working system that outputs iteration 
according to customer requirements. One of the most 
important advantages of the RAQ method is that it uses a 
live working system to evaluate quality attributes and 
architectural models. In [14], the authors integrate software 
architecture techniques QAW , ADD , ATAM /CBAM with 
XP (agile method). QAW in the first iteration of XP by 
adding quality attribute scenarios and consequently, 
improving requirement elicitation and user stories. In this 
integration, the ADD method is used to design an overall 
architecture that is considered a basic system structure. 
ATAM/CBAM is an evaluation method that combines 
ATAM and CBAM and is used in a reported work that 
ATAM analyzes frequent outputs of development teams, and 
CBAM considers next iteration decisions based on their 
costs and benefits. 

James Madison, who advocates the coexistence of agile 
and architecture as complementary approaches and 
principles. Madison’s approach, called agile architecture, 
advocates using agile to get to a good architecture by 
appropriately applying suitable combinations of architectural 
functions (such as communication, quality attributes, and 
design patterns) and architectural skills at four points (up-
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front planning, storyboarding, sprint, and working software) 
in the development life cycle.  

III. EVALUATION 
The comparison between the approaches in related work 

section, showed that they try to improve software quality 
while maintaining a balance between agility and the 
architectural approach. In [11], on the basis of authors 
observations, experiences, ongoing field studies, and the 
articles in this special issue, authors conclude that emphasis 
has increased on software architects’ vital role and 
responsibilities in successfully combining agile and 
architectural methodologies. Software architects are expected 
to facilitate software development projects as well as 
represent the overall system’s quality attributes. Thus, to 
improve agile methods with quality attribute concepts, 
architectural methods must not only be embedded into agile 
method but detailed guidance must also be provided on 
analyzing the quality attributes and enhancing the 
traceability. With these, high-quality software systems can 
be built. In[14], After a change is done, there is no 
immediate architectural analysis to see if the changed section 
needs any modification or to find out how it has affected the 
system architecture, but in[10], CAR will support continuous 
architectural analysis in all iterations and even more. On the 
other hand RAQ ensures to consider stakeholders opinions 
about new changes and try to fix any weaknesses.  

In[14], QAW enriches user stories by adding quality 
attribute scenarios to them, Which will prolong the project. 
ATAM/CBAM, needs some type of documentation as an 
input to start the process of its evaluation. Thus, to enrich an 
agile process with quality attribute concepts, these methods 
must be embedded into it. It means that using architecture-
centric methods in an agile process and conforming to the 
atmosphere of the agile development team and the values of 
the agile process. In[9], Author  have shown that 
development duration decreased by approximately 22%, 
defect density and defect fixing time decreased by 
approximately 64% and 26%, respectively through applying 
ACRUM to the commercial project of Samsung Electronics. 

IV. CONCLUSION 
Agile development methods are being recognized as 

popular and efficient approaches to development of software 
systems that have features such as a short delivery period, 
unclear requirements, and others. They emphasize customer 
satisfaction, fast response to changes, and release in less time. 
Project failure caused by insufficient quality attributes still 
happens, however, the intact agile process emphasizes 
functional requirement centric development. To solve this 
problem, in this paper, discussed about the combine of 
agility and architecture. Many studies have been conducted 
to improve the problems with the agile process and focused 
on the software design approach. The aforementioned 
approaches, displayed that is needed to improve software 
development while maintaining a balance between agility 
and the architectural approach, therefore proposed several 
approaches to integrated and embedded software architecture 
and agile methods. Quality attributes are useful for projects 

of all sizes and Quality improved by all of the approaches 
that mentioned, so new methods are superior to both the 
conventional method and the intact agile method. 
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