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Abstract - Software Process Analysis Method (SAM) is a 

practical tool for assisting developers to analyze and choose 

the most appropriate software process for their development.  A 

variety of common software processes are analyzed using SAM 

in this paper.  The results of the analysis demonstrate the use of 

the tool as well as several interesting relationships between the 

selected software processes. 
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1. Introduction 
A software process model provides a crucial framework 

for a software development project.  The appropriateness of 

the selected software process could ultimately determine the 

success of the project.  There are a great variety of software 

process models available for practitioners.  However, this high 

variety can be a double-edged sword.  Although it offers an 

unlimited number of approaches to tackle the development 

objectives, it could cause significant confusion for the 

practitioners.    

It is not difficult to choose a working software process.  

However, choosing the most appropriate process can be 

exceptionally challenging.  In order to choose the most 

appropriate development model, the practitioners need to 

possess a considerable degree of knowledge and experience.  

In fact, they not only need to know about the variety of the 

models and the variations within the same model, but also 

their similarity, difference and connection among them in 

order to match those to a particular project.  The Waterfall 

model, the best-known software development process, for 

example, has been continuously developed for more than 40 

years [1].  Uncountable adjustments and variations are 

attempted in order to improve the applicability and 

adaptability of this classic model.   

Arguably, the most challenging issue in comparing and 

selecting the most appropriate software process model is the 

inconsistency of various software processes themselves. 

Though their main objectives revolve around development 

speed and satisfaction of the end products, differences in 

implementation methods frequently cause confusion to 

prospective process users.  Confusing process terminologies 

and its components also add-up the problem.  Certain terms 

which are used in one software process might refer to another 

completely different element in another software process.  In 

contrast, an identical module might be addressed by two 

completely different terms in two different software 

processes. For instance, Extreme Programming defines a user 

requirement as a “Story” while Feature Driven Development 

refers this element as a “Feature” [2] [3].    These great 

varieties of terminology could result in even more confusion 

for practitioners. 

Another critical challenge in software process 

comparison and selection is that software process models are 

not always defined in the same level of details.  It is not 

surprising to see that a twelve-step process model is much 

less complicated than a three-step model.  This is the result of 

differences in process details.  The twelve-step model might 

be defined at an extremely detailed level while the three-step 

model might involve dozens of sub-steps.   

These two major challenges inhibit practitioners from 

efficiently comparing and analyzing software processes.  A 

tool which could help ease these problems could be very 

beneficial to the software community. 

In a previous paper, we introduced a software process 

analysis tool called Software process analysis method (SAM) 

[4].  This paper further demonstrates the usability and 

applicability of this tool by employing it to several best-

known software process models. 

2. Software Process Analysis Method 

(SAM) 
Software process analysis method (SAM) is designed for 

assisting practitioners in analyzing and comparing two or 

more software processes.  It not only involves terminology 

but also similarities, differences and relationships.  The core 

element of SAM is a process dictionary.  This process 

dictionary is used for standardizing the differing 

terminologies used in process definitions.  It maps these 

terms into those which are officially defined in IEEE 

Glossary of Software Engineering Terminology and 

IEEE/EIA 12207.0-1996 (Standard for Information 

Technology-Software life cycle processes) [5].  SAM 

classifies all software processes into six phases, i.e. Planning, 

Specifying, Designing, Coding and Testing, Delivering, and 

Supporting.  

 

 



 

Fig. 1. An elaboration of a software process 

SAM consists of three main stages.  Firstly, in an 

Elaboration stage, SAM attempts to map all details specified 

in the original reference of the software process.  However, if 

the original reference is unavailable, the most available 

authoritative reference(s) is chosen.  SAM employs a step-

wise software process decomposition tool, Order [6], to 

decompose the process .  The software process is repeatedly 

elaborated until no further decomposition is possible, or in 

other words, until all activities reach their atomic states.  An 

example elaboration of the Waterfall model is illustrated in Fig. 

1. 

Normalization is the second stage of SAM.  In this stage, 

the decomposed activities are systematically compared and 

normalized into standard terms from the process dictionary.  

Reqsimile, a powerful java tool for quantifying similarity, 

developed by Johan Natt och Dag, is utilized in this stage [7].  

The normalization is complete when all elaborated elements 

are all replaced with standard terms.  Human judgment might 

be needed at this stage in order to maximize the accuracy of 

the process.  Table 1 displays an example normalization of 

some terms from the Waterfall process model. 

Table 1. A Normalization of A Software Process 

Process terms Normalized terms 

System requirements 
specification 

Requirements specification 

Software requirements 

specification 

Software requirements specification 

Document system overview Document 

Test planning Develop plan 

 

The final stage of SAM is called Abstraction.  Based on 

the six defined phases, all normalized terms are combined to 

provide an abstract perception of the overall process model.  

The abstracted model is similar to a flow-chart diagram 

consisting of six nodes which representing the six phases 

mentioned above (see Fig. 2).  Arrows between the nodes 

signify switches between those phases.  The thickness of the 

nodes and arrows indicate the frequency of occurrence of the 

activities.  Filled circles illustrate the beginning and ending 

points of the process. 

 

The comparison and analysis of different processes can 

be conducted based on their abstracted models.  The abstract 

diagrams clearly illustrate the emphasis and connections of 

each model. 

 

 

Fig. 2. An abstraction of a software process 

A detailed example of using SAM to the Waterfall model 

(WTF) is published in [4].  Five other well-known software 

process models, i.e. Spiral model, Extreme Programming 

(XP), Scrum, Crystal Clear (CC) and Feature-Driven 

Development (FDD), are further analyzed in this paper [1] [2] 

[3] [8] [9].  Waterfall and Spiral models are considered as 

traditional software development processes while other 

process models belong to the emerging trend of agile 

software development.  The comparison results of these 

models are discussed in the subsequent sections. 
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3. Analysis Metrics 

Three metrics are used for comparing the abstracted 

software processes.  These three metrics signify related but 

different information.  They are defined as follows: 

 Detailed Index (DI) is the frequency of occurrence of 

a phase of activity. 

 Weighted Interaction Index (WII) is the total 

frequency of incoming and outgoing connections 

between phases to indicate the intensiveness of 

interactions between one phase to other phases. 

 Interaction Index (II) is the sum of total connections 

between phases without considering the frequency to 

show the overall relationships between phases. 

4. Abstract Models of Selected Software 

Processes 

All six selected software process model are analyzed by 

SAM.  After the elaboration, normalization, and abstraction, 

the final abstract models are illustrated in Fig. 3. 

 

 
Fig. 3. Abstract models of selected software processes 
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5. Analysis of Software Processes 

The value of each metric is extracted from the abstract 

model.  Then, they are calculated into percentiles and 

subsequently ranked.  The ranking is labelled as in Table 2. 

Table 2. Ranking based on calculated percentage of activities 

Percentile Ranking 

0.81-1.00 Very High 
0.61-0.80 High 

0.41-0.60 Medium 

0.21-0.40 Low 
0.00-0.20 Very Low 

 

Table 3 demonstrates the ranking of DI amongst the 

selected software processes.  It can be clearly seen that 

different models focus on different phase of activities.  

While Waterfall, Spiral and Feature-Driven Development 

significantly emphasize the designing phase, Extreme 

Programming, Scrum and Crystal Clear extensively focus on 

planning. 

Table 3. Detailed Index (DI) of Selected Software Processes 

DI WTF Spiral XP Scrum CC FDD 

VH DS DS PL PL PL DS, PL 

H  SP, CD  SP, CD CD SU 

 

CD  

M  DL, PL   CD, SP 

 

SU 

 

CD  

L   PL, SU, 
DL 

DL, DS DS  SP 

VL  SU  SP, SU DL SP, DS,  

DL 

DL, SU 

DI=Detailed index; WTF=Waterfall; XP=Extreme programming; CC=Crystal clear; FDD=Feature-

driven development; VH=Very high; H=High; M=Medium; L=Low; VL=Very Low; SP=Specifying; 

PL=Planning; DS=Designing; CD=Coding and testing; DL=Delivering; SU=Supporting 

The summary of WII metric is displayed in Table 4.  

Similarly, Waterfall and Spiral highly focus on the 

designing phase whereas.  XP, Scrum and CC are found to 

emphasize the planning phase.  On the other hand, FDD 

focuses on two major phases; designing and planning. 

Table 4. Weighted Interaction Index (WII) of Selected Software 

Processes 

WII WTF Spiral XP Scrum CC FDD 

VH DS DS PL SU PL DS, PL 

H  CD, SP 

 

 CD PL, CD CD CD 

M  DL 

 

CD, SP,  

SU 

 

  SU, DL 

 

 

L  PL PL DL SP, DS SP, DS SP 

VL  SU DL DS, SP, 

SU 

DL  DL, SU 

WII=Weighted interaction index; WTF=Waterfall; XP=Extreme programming; CC=Crystal clear; 

FDD=Feature-driven development; VH=Very high; H=High; M=Medium; L=Low; VL=Very Low; 

SP=Specifying; PL=Planning; DS=Designing; CD=Coding and testing; DL=Delivering; 

SU=Supporting 

The interactions with respect to the designing phase are 

very high in the Waterfall, Spiral and FDD models (Table 5).  

In contrast, yet again, the most frequent interactive activities 

of XP, Scrum and CC are related to the planning phase.  

Interestingly, planning is the development phase which has 

the least interaction to other phase in Waterfall and Spiral 

models.  This shows the insignificance of this phase in both 

traditional software development methods. 

Table 5. Interaction Index (II) of Selected Software Processes 

II WTF Spiral XP Scrum CC FDD 

VH DS, CD DS PL, CD   PL, DS 

H  SP 

 

SP 

 

DS PL, SU,  

CD, DS 

PL 

 

CD 

M   SU 

 

    

L  DL CD DL SP DL,SU, 

DS,CD, 

SP 

SP 

VL  PL, SU PL, DL SU, SP DL  DL, SU 

II=Interaction index; WTF=Waterfall; XP=Extreme programming; CC=Crystal clear; FDD=Feature-

driven development; VH=Very high; H=High; M=Medium; L=Low; VL=Very Low; SP=Specifying; 

PL=Planning; DS=Designing; CD=Coding and testing; DL=Delivering; SU=Supporting 

Based on the three metrics, we attempt to perform a 

hierarchical clustering of these process models.  Five 

different clustering algorithms, single linkage, complete 

linkage, average linkage, average group linkage and Ward’s 

method are applied.  The results of the hierarchical 

clustering are illustrated in Fig. 4, Fig. 5, Fig. 6, Fig. 7 and 

Fig. 8 

 

 
Fig. 4. Software-based hierarchical clustering: Single linkage 

 

 
Fig. 5. Software-based hierarchical clustering: Complete linkage 

 

 
Fig. 6. Software-based hierarchical clustering: Average linkage 
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Fig. 7. Software-based hierarchical clustering: Average Group 

linkage 

 

 
Fig. 8. Software-based hierarchical clustering: Ward’s method 

Interestingly, besides the result from using complete 

linkage algorithm, FDD which is announced as an agile 

software development, appears to have different 

characteristics from other agile models.  If there are only 

two classes of software process model, based on the result 

from SAM, it is inevitable that FDD has to be classified in 

the same group as the two traditional software development 

models, namely, Waterfall and Spiral.  This is arguably the 

result of the extreme focus on designing in FDD, which is 

different from other agile methods. 

On the other hand, SAM finds that Scrum and Crystal 

Clear are exceptionally similar.  Both of them highly 

concentrate on planning, coding and supporting processes.  

This makes Scrum and CC slightly different from XP which 

focus more on the delivering activity than on supporting 

processes. 

Based on the DI metric, SAM reveals that FDD is the 

process model which mostly emphasizes the designing 

activity at a percentage of 45.83%.  This even outweighs 

both traditional models, i.e. Waterfall (31.58%) and Spiral 

(34.48%).  In contrast, half of the CC model (50%) is 

focused on planning.  Other development methods with 

emphasis on the planning activity are XP (49.21%), Scrum 

(36.67%) and FDD (29.17%). 

SAM also concludes that most of the development 

processes share similar attention to coding and testing 

activities.  The median of coding and testing attempts are 

16-18%.  Extreme Programming is the process which 

mostly focuses on coding and testing at 25.40%, followed 

by Waterfall (21.05%). 

6. Conclusion 

SAM is a practical method to analyze and compare software 

processes.  It consists of three steps, i.e. elaboration, 

normalization and abstraction.  After processing through 

these three steps, a software process model is abstracted.  A 

flow-chart like diagram is used to capture the characteristics 

of each models.  Three metrics, Detailed Index (DI), Weight 

Interaction Index (WII) and Interaction Index (II) are used 

to analyze and compare the result of SAM.  These metrics 

give a better measure of the structural relationships between 

the different activities in a process and their 

interconnections.  

Six best-known software process models are analyzed 

using SAM.  Interestingly, the results of the SAM analysis 

show that the characteristics of one of the agile methods, 

Feature-driven development, is largely similar to those of 

the traditional process models.  It also confirms that other 

agile models, i.e. Extreme programming, Scrum and Crystal 

Clear share a great deal of similar traits.  Likewise, the 

traditional development processes, Waterfall and Spiral, also 

have considerable common characteristics. 

The application of SAM can also be used to analyze 

and compare other software processes.  With its simple, 

comprehensive, but flexible approaches, it could be adopted 

and implemented easily.  Additionally, the practitioners 

could use the results from SAM to assist them in their 

selection of an appropriate process model for their project. 
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