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Software architects cannot avoid the consideration of quality attributes when designing soft-

ware architecture. Architectural styles such as Layers and Client-Server are often used by

architects to describe the overall structure and behavior of software. Although an architectural
style a®ects the achievement of quality attributes, these quality attributes are directly per-

formed by design decisions called architectural tactics. While the implementation of an archi-

tectural tactic supports a speci¯c quality attribute, it often enhances or hurts other quality

attributes in the software. In this paper, a framework for selecting the most appropriate ar-
chitectural tactics according to their best achievement of the required levels of quality attributes

when developing transaction processing systems is proposed. The proposed framework is based

on fuzzy measures using Choquet Integral approach and takes into account the impact of
architectural tactics on quality attributes, the preferences of quality attributes and the inter-

actions between them. It can also be used to compare di®erent potential architectures in terms

of their supporting of quality attributes. The abilities and the advantages of the proposed

framework are clari¯ed via practical experiments using a case study.

Keywords: Quality attributes; software architecture; architectural tactics; fuzzy measures;

Choquet Integral; Shiny by RStudio.

1. Introduction

Considering quality attributes such as reliability and e±ciency is an inevitable

issue when developing software products that support business transactions.

Achieving quality attributes must be considered throughout design, implementation,

and deployment [1]. Quality attributes are also known as non-functional require-

ments (NFRs), and sometimes they are more critical than functional require-

ments [2]. It is important to develop software in conformance with the characteristics
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of international quality models such as ISO9126 [3]. The de¯ned characteristics of the

ISO9126 quality model is appropriate for each type of software [3], and it is con-

sidered as the base of most of the current proposed software quality models [4].

Practically, there is a strong relationship between software architecture and

quality attributes, because the achievement of quality attributes in software is

closely connected with the architecture for that software [5]. Software architect often

adopts an architectural style (pattern) such as Layers and Client-Server when de-

signing software architecture. An architectural style is a general determination of a

particular high-level modular decomposition of software [6]. Architectural styles

support the systematic development of high-quality software with de¯ned functional

and NFRs [7]. However, an architectural style can a®ect a quality attribute posi-

tively or negatively [6]. Although there is a general impact of an architectural style

on quality attributes, these quality attributes can be directly achieved by imple-

menting architectural design decisions called architectural tactics or strategies (we

will call them simply as \tactics" in the rest of this paper). This means that there is a

direct relationship between quality attributes and tactics. Moreover, while an im-

plementation of a tactic improves a particular quality attribute it often enhances or

hinders other quality attributes within the software architecture. Consequently, the

impact of tactics on quality attributes must be evaluated.

Although tactics have been introduced and examined in the literature in abstract

fashion without connecting them to speci¯c domain, the concrete implementation of

these tactics is often a®ected by the type of software being developed. Hence, we will

focus in this paper on the implementation of tactics on speci¯c type of software which

is Transaction Process System (TPS). A TPS is a computerized software that

achieves and saves the daily routine transactions essential to support business such

as sales order entry and patient record keeping. It also produces information for other

types of systems such as Management Information Systems (MIS) [8]. TPS are

always user interactive systems in which users perform asynchronous requests for

service that retrieves information from database or updates the database informa-

tion. The database transaction is typically a sequence of operations that is treated as

atomic unit which means that all operations of this transaction need to be completed

before permanently changing the database content. TPS examples includes inter-

active banking systems, booking systems, information systems and web applications

such as e-commerce systems [2].

Selecting the most appropriate set of tactics is a challenging process since it needs

an evaluation method that considers some important input parameters related to

software being developed such as the impact of implementing tactics on quality

attributes as stated previously, the preferences of quality attributes as determined by

requirements engineers, in addition to the interactions (relationships) between these

quality attributes. The selection process of a tactic among several tactics based on

some quality attributes acts as a Multi-Criteria Decision-Making (MCDM) process.

Based on the notion of MCDM as presented in [9], we can say that tactics act as a set

of alternatives and quality attributes act as a set of criteria. The aggregation
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functions such as Arithmetic Mean (AM) and Weighted Arithmetic Mean (WAM)

that combines several inputs to produce single output can be used in the MCDM

process [10]. However, the consideration of preferences (priorities) between quality

attributes cannot be performed by simple aggregation functions such as AM. Ad-

ditionally, while WAM and the Analytical Hierarchical Process (AHP) [11] have the

ability of considering the priorities of criteria in the MCDM process, they do not

consider the interactions between these criteria. Such interactions can be performed

by fuzzy measures using Choquet Integral which is a type of MCDM aggregation

methods [9] that recently used in the ¯eld of evaluating software quality.

The main contribution of this paper is to propose a framework for selecting the

most appropriate architectural tactics when developing TPS. Our proposed frame-

work provides software architects and developers of TPS with the ability of de¯ning

the required quality attributes and other parameters such as their preferences as

de¯ned by software users. Based on this, the framework will help in selecting the best

candidate tactics that will achieve software users' quality expectations. Furthermore,

it can also be used in evaluating architectural design alternatives in terms of their

supporting the best tactics before realizing them. This earlier architectural evalua-

tion of software will reduce the development cost overheads caused by unwilling

rework. The bene¯ts and abilities of our proposed framework will be clari¯ed using

experimental results of a case study.

The rest of this paper is organized as follows: Section 2 introduces related work.

Section 3 describes our proposed research methodology by designing a framework for

selecting the most appropriate tactics when developing TPS. It also explains the

bene¯ts of applying Choquet Integral approach in the selection process. The quan-

titative evaluation of the impact of tactics on quality attributes for TPS is provided

in Sec. 4. A mapping of the relationships of quality attributes between some di®erent

sources is examined in Sec. 5, where most of the results are drawn based on current

literature. Experiments and results that show the bene¯ts of our framework are

drawn in Sec. 6. Section 7 ¯nishes the paper with the conclusion and future work.

2. Related Work

In this section, we provide a discussion of tactics in addition to the current techniques

used in the selection process of appropriate tactics when designing software

architecture.

A re¯ned list of tactics, their classi¯cations and their role on the achievement of

quality attributes are found in [1]. In this source, the authors have de¯ned seven

categories of tactics which are availability, modi¯ability, performance, usability,

testability, interoperability and security. However, other types of tactics are also

found in literature. For instance, the authors in [12] have de¯ned a list of statics

pertinent to safety, and the authors in [13] have de¯ned tactics relevant to reliability.

Generally, each category of tactics devoted to a particular quality attribute is often

represented as a hierarchy of tactics such as the availability tactics that depicted
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in Fig. 1. Although, tactics have been often introduced abstractly in the literature

without linking them to speci¯c type of software, we will examine tactics in our

proposed selection process when developing TPS that support business operations.

To our knowledge, there is no signi¯cantly comprehensive framework for selecting

tactics found in the literature. Architects often depend on their understanding of how

the current architecture will meet the required quality requirements when selecting

the best tactics. The authors in [1] introduced two main approaches for selecting

tactics which are model-based and expert-based. In model-based approach, the

architect ¯rst enumerates quality parameters of the model, then for each parameter a

list of tactics is enumerated. However, an apparent shortcoming related to this ap-

proach is that some quality attributes such as usability cannot be architecturally

modeled. In expert-based approach, the architect reviews the current architecture or

asks some experts to de¯ne a list of tactics that will meet the required quality

attributes. However, the selection list of tactics in this approach depends on spe-

cialists' experiences and it is qualitative in nature.

While the impact of tactics in the process of architectural design is considered an

important step in the selection process, most of the previous work focused on the

impact of tactics on architectural styles. However, limited works have examined the

impact of tactics on quality attributes. With regard to architectural styles and
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tactics, the authors in [6] developed a model for the interaction of styles and tactics to

help software architects to understand the impact of these tactics on the overall

system structure. They followed the in-depth analysis approach to study the rela-

tionships between tactics and architectural styles. Extensions to this work [14, 15]

have been performed by some researchers who provide quantitative evaluation of the

impact of architectural styles on quality attributes by studying the relationships

between architectural styles, tactics and quality attributes.

The impact of tactics on quality attributes was studied by [16] where the authors

have provided evaluation of the impact of some tactics on some quality attributes of

embedded systems using nine-point scale approach. Narrower results were intro-

duced in [14] where the authors have showed that some security tactics have negative

impact on some performance tactics and vice versa.

For more accurate and convenient results of the selection process of tactics, the

interactions among quality attributes should be considered. Nonetheless, the inter-

actions between quality attributes have often been examined separately in some

research studies such as [17, 18]. The interactions among quality attributes can

always be considered using fuzzy measures. Some existing research work such

as [19, 20] have applied fuzzy measures using Choquet Integral approach as an

MCDM aggregation method for evaluating quality attributes without considering

neither architectural styles nor tactics.

Our work di®ers from previous work in that it proposes a new framework for

selecting the best tactics when developing TPS, since according to our knowledge, no

such framework exists. Furthermore, the proposed framework adopts fuzzy measures

techniques using Choquet Integral method. Choquet Integral is considered an

e®ective quantitative MCDM approach because it considers the priorities of criteria

as well as the interaction between them.

3. Research Methodology

The main goal of this paper is to introduce a framework for selecting the best

architectural tactics in order to implement them in the potential software architec-

ture of TPS. To provide more accurate and more convenient results, we believe that

the selection process will depend on the following important types of data:

(1) quality attributes and their preferences as determined by software users.

(2) the interactions between quality attributes.

(3) the impact of tactics on quality attributes.

(4) supplementary information (e.g. rank of tactics) as de¯ned by decision maker.

These four types of data must be provided as quantitative data inputs to the

selection process of our proposed framework. The ¯rst type of data concerns the

required quality attributes and their preferences as de¯ned by software users. Prac-

tically, requirements engineers and software architects work with users to perform this.
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The second type of data concerns the interactions between quality attributes.

Ideally, it is not convenient to achieve a quality attribute without considering its

e®ect on other set of quality attributes that will be totally achieved in the software

being developed. This is because of the existence of interactions between these

quality attributes, and hence these interactions must be de¯ned. Regarding the

relationships between quality attributes, most of research work have stated that an

achievement of one quality attribute may improve or hinder other quality attributes

in the software. The interactions among quality attributes will be studied in more

details in Sec. 5 of this paper.

The third type of data is related to the potential tactics that will be adopted in

software architecture to achieve the required quality attributes, in addition to tac-

tics' impacts on these quality attributes. These impacts must be quantitatively

evaluated and we will perform this in the next section of this paper.

The fourth type of the above data is about the additional information that may be

provided by the decision maker in order to add more °exibility when selecting an

appropriate method among the variety of Choquet Integral methods. We will discuss

these methods in the following section of the paper.

3.1. Fuzzy measures using Choquet Integral approach

Based on the abovementioned four types of data that will be considered as main

input parameters supplied to our proposed framework for selecting the best tactics,

the simple AM aggregation function cannot be used because it does not take into

account the preferences or the interactions between quality attributes. Moreover,

while WAM and AHP consider the preferences of quality attributes, they do not

consider the interactions between these quality attributes. So the powerful method

that overcomes these shortcomings is Choquet Integral method which is a type of

fuzzy measures technique. Choquet Integral method has been described by some

researchers. To illustrate its work, if we have a set of criteria X ¼ fx1;x2;x3g, then
the fuzzy measures (also called capacity) for X is represented as follows [9, 21]:

�ðf�gÞ; �ðf1gÞ; �ðf2gÞ; �ðf3gÞ; �ðf1; 2gÞ; �ðf1; 3gÞ; �ðf2; 3gÞ and �ðf1; 2; 3gÞ:
As seen, fuzzy measures di®ers from other traditional aggregation functions in that it

permits for assigning weights for the subsets of criteria. For example, if we have

A � X, then the number �ðAÞ is considered the weight or the importance of A. The

Choquet Integral with respect to a fuzzy measure � is calculated as follows [9, 21]:

C�ðxÞ ¼
Xn

i¼1

xðiÞ �ðfj xj

�� � xðiÞgÞ � �ðfj xj

�� � xðiþ1ÞgÞ
� �

: ð1Þ

Choquet Integral approach can also be used to calculate the Shapley value which

represents the speci¯c contribution score of each criterion within a set of criteria in

the MCDM process. It is important to denote that, the sum of Shapley values of

criteria must be equal to 1. Shapley values help the decision maker to get insight into
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the importance of each quality attribute in the software being developed. Moreover,

Choquet Integral method has the ability of computing the interactions behavior

(interaction index) of groups of criteria within a set of criteria. A k-additive notion is

often linked with interaction index where k ranges from 1 to the total number of

criteria. When k equals 2, the interactions are limited to each pair of criteria, whereas

the interactions between all of subsets of criteria can be considered when k value is

maximized to the total number of criteria [22].

A more important issue regarding our work is the existence of variety of Choquet

Integral methods. The authors in [21] have discussed some of these methods. They

argued that most of Choquet Integral methods for capacity identi¯cation proposed in

the literature can be stated as optimization problems. They di®er according to their

objective function and the preferential information they require as inputs. A dis-

cussion for some of these methods is provided next [21].

3.1.1. Least-Squares based approaches

Least-Squares (LS) approaches are one of the ¯rst proposed approaches which are

classi¯ed as a generalization of linear regression. LS approaches often require addi-

tional knowledge about the desired overall evaluations of the available alternatives

provided by decision maker. The aim of these methods is to minimize the average

quadratic distance between the overall utilities computed by means of the Choquet

Integral and the desired overall scores provided by the decision maker. Heuristic Least

Mean Squares (HLMS) is a variant of LS approach used to avoid the use of quadratic

solvers. HLMS is based on a gradient approach starting from a decision maker de¯ned

capacity � which is called the initial capacity representing the DM's prior idea.

3.1.2. Maximum split approach

This approach is based on Linear Programming (LP). The main idea of this approach

is to maximize the minimal di®erence between the overall utilities of alternatives that

have been ranked by the decision maker. This ranking of the alternatives is called

partial weak order.

3.1.3. Minimum variance and minimum distance approaches

The main idea of the Minimum Variance (MV) method is to support the least speci¯c

capacity (if it is found) compatible with the initial preferences of the decision maker.

This method is considered an equivalent to maximum entropy approach. The Min-

imum Distance (MD) approach is used in the absence of clear requirements and

practically implemented using the principle of MD, where three quadratic distances

should be studied.

The aforementioned Choquet Integral methods add more importance to our

proposed selection process of tactics especially when there is more supplementary

information need to be provided by a decision maker such as the overall rank and the
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overall utilities of tactics. For instance, if two tactics T1 and T2 that are evaluated

based on six quality attributes have the same mean value, the decision maker can

rank these tactics as T1 > T2 which means that T1 is more favored to the decision

maker than T2. Or the decision maker prefers one tactic over the other by assigning a

value, called overall utility, which is greater or lower than the mean value within

speci¯c threshold.

Additionally, the existence of various Choquet Integral methods permits for more

°exibility in selecting an appropriate one of them in the MCDM process based on the

available data. For example, least squares approaches such as LS and HLSC are used

only when overall utilities are provided by the decision maker. In contrast, other

approaches such as LP, MV and MD are used in the absence of the overall utilities of

the alternatives. Instead, such methods need ranking of available alternatives which

is called partial weak order over these alternatives.

Moreover, when software users cannot provide with speci¯c preferences of quality

attributes, Choquet Integral methods such as LP, MV and MD help them in pro-

viding information related to the preorder of these quality attributes (Shapely

Preorder). They can de¯ne whether two or more quality attributes have the same

importance and whether a quality attribute is more important or less important than

another.

3.2. A framework for selecting the most appropriate tactics

Based on the data needed for the selection process of tactics in addition to the ability

of Choquet Integral method, we will introduce the steps of our proposed framework

for selecting the most appropriate tactics as depicted in Fig. 2. As seen from this

¯gure, the framework encompasses the following three main steps (see Fig. 2).

3.2.1. Quality attributes parameters

The objective of this step is to prepare quality attributes parameters. Two main

outcomes are produced; the ¯rst is the quality attributes and their parameters as

de¯ned by requirements engineers. These data are used as main parameter for

the next step of deriving the potential tactics. The second output is the types of

the interactions between quality attributes which will be used as main parameter

of the computation process of the ¯nal step of our proposed framework. The inter-

actions between quality attributes will be de¯ned in Sec. 5 of this paper.

3.2.2. Tactics and their impacts on quality attributes

This step aims to prepare all parameters that concerns tactics. Firstly, a compre-

hensive checklist of tactics are derived based on the de¯ned quality attributes pre-

pared in step one. The content of this checklist is determined based on the architect's

understanding and intuition of how the required quality attributes will be met in the

potential software architecture. Because of the close relationship between tactics and
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quality attributes, the impact of tactics on quality attributes will be adequately

evaluated. These impact data are considered as main parameter of the overall se-

lection process. Additionally, it will guide the architect (or a decision maker) to

provide supplementary data such as the overall rank of tactics, in order to be used in

the Choquet Integral computation process in the next step of the proposed frame-

work. This will produce more comprehensive data which is considered as main pa-

rameter to the next step. We will provide evaluation of the impact of tactics on

quality parameters with relevant to TPS in the next section of this paper.

Computation process

List of best tactics 

Select appropriate 
computation method 

Compute for best tactics 

     Tactics and their impacts on quality attributes

Derive potential tactics 

Search for supplementary 
data (e.g. rank of tactics) 

Quality attributes parameters

Interactions between 
quality attributes Determine quality 

attributes parameters 

Quality attributes 
and their preferences

Impact of tactics on 
quality attributes 

with supplementary 
data.

Tactics checklist

Impact of tactics on 
quality attributes

Fig. 2. The main components of the framework for selecting the most appropriate tactics.
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3.2.3. Computation process

This step aimed at selecting the best tactics that will be implemented in the potential

software architecture while developing TPS. The main input parameters of this step

are quality attributes and their interactions, the tactics checklist in addition to the

comprehensive data of the impact of tactics on quality attributes. These input

parameters have been produced in the previous two steps.

4. Impact of Tactics on Quality Attributes

For the main purpose of our proposed framework for selecting the most appropriate

tactics, we provide in this section the evaluation of the impact of several tactics on

some quality attributes when developing TPS. To perform this, each tactic must be

analyzed against each quality attribute. The a®ected quality attributes is limited to

those proposed by the ISO9126 quality model, which are functionality, reliability,

usability, e±ciency, maintainability and portability. Most of previous work regard-

ing the e®ect of tactics in software architecture have been drawn based on

researchers' own understanding of these tactics such as [6, 14, 15, 23]. However, the

authors in [16] have carried out the impact results based on experts and their own

evaluation in the domain of embedded systems.

Since the evaluation of the impact of tactics on quality attributes depends on

experience and objective analysis, we have developed a research survey and sent it to

three experts who are working in academia and have considerable industrial expe-

rience in the ¯eld of developing TPS. Each participant has been asked to evaluate the

impact of each tactic related to availability, performance and modi¯ability on the six

quality attributes of the ISO9126 quality model when developing TPS. In addition,

the participants have been asked to provide justi¯cation for their evaluations. The

evaluation method was explained carefully to each participant. Moreover, supple-

mentary data including descriptions of the ISO9126 quality attributes and descrip-

tions of the examined tactics were provided to the participants. We have requested

that the participants will use a ¯ve-point scale for the impact evaluation, where \þ2"

means a tactic strongly improves a quality attribute, \þ1" means some improve-

ment, \�2" means a tactic strongly hurts a quality attribute, \�1" means some hurt,

and \0" means a tactic neither improve nor hurts a quality attribute. Since the

survey is time consuming because of the large number of evaluation judgments, each

participant has been taken 10 days in order to have su±cient time at home to judge

for the evaluations.

Tables 1–3 show the impact of 48 tactics relevant to performance, availability and

modi¯ability respectively on the six quality attributes of the ISO9126 model in

addition to the inter-rater reliability (level of agreement) between the participants'

judgments as shown in the rightmost column of each one of these tables.

We have used the Kendall's Coe±cient of Concordance (KCC) provided by irr

package [25] to compute the inter-rater reliability (level of agreement) between raters
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(survey participants). KCC is considered an appropriate method of inter-rater reli-

ability for our evaluations because it can be used to quantify the extent of agreement

among three raters or more with respect to their ordinal ranking of the same group of

subjects (tactics) [24, 25]. KCC produces an agreement value called w which ranges

from 0 (no agreement) to 1 (complete agreement). The level of agreement value

between 0.40 and 0.75 may represent fair to good agreement beyond chance, and it

may represent an excellent agreement if it is greater than 0.75 [26]. Rater inter-

changeability can be guaranteed if inter-rater reliability is high. In this case, the

raters can be used interchangeably without the researcher worries about the evalu-

ation being a®ected by a rater factor. Moreover, the evaluated subjects can be used

with con¯dence without asking what rater produced them [24]. The inter-rater

reliability between our survey's participants (evaluators) is considerably high for

most of the examined tactics as shown in Tables 1–3.

5. Interactions Between Quality Attributes

The interactions between quality attributes have been studied by di®erent

researchers from di®erent views such as literature, academic and industry [27]. Most

of previous works regarding the relationships between quality attributes have de¯ned

that the type of a relationship between two quality attributes can be positive \þ",

negative \�" or neutral \0". The positive relationship means that an improvement of

one quality attribute will also improve the other. The negative relationship means

that an enhancement of one quality attribute will hurt the other. Whereas the

neutral relationship means that there is no relationship between the two quality

attributes. In the case of negative relationship, a con°ict happens between two

attributes because it is very hard to achieve both of them simultaneously. Hence, it is

necessary to make a trade-o® in order to ¯nd a suitable balance between the two

attributes. Whereas the positive relationships indicate that the two attribute are

synergetic because they have much in common and are achieved in similar ways [28].

With the context of ISO9126 quality attributes, we have surveyed the literature

and found relationships from six sources as shown in Table 4. Where \P" indicates a

positive value, \N" indicates a negative value, and \0" indicates a neutral value. The

empty cells of the table indicate that there is no assigned value found in the surveyed

sources. Note that the number of relationships for each pair of the six quality

attributes of ISO9126 model is calculated as N � ðN � 1Þ=2 which equals to 15.

We have discovered that not all of the surveyed quality attributes examined in the

sources that listed in Table 4 have identical classi¯cations (names) to those proposed

by the ISO9126 model. So, we have adopted a policy for deciding if there is equiv-

alence between two quality attributes that have di®erent classi¯cations. Let x be a

quality attribute introduced in IOS9126 quality model, and y be a quality attribute

listed in the surveyed sources that has di®erent classi¯cation to x, if y has similar

meaning to x or its sub-characteristics, then we decided that y is equivalent to x.

However, this equivalence policy might be inaccurate because some of the surveyed
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sources do not provide de¯nitions for the examined attributes. Based on our policy of

equivalence, we have considered the following:

. Each of \correctness" examined in [17, 30, 31], and \interoperability" examined

in [18] are equivalent to functionality.

. The \performance" examined in [18] is equivalent to e±ciency.

. The \°exibility" examined in [17, 31] is equivalent to maintainability.

However, most of the surveyed sources have examined only some of the 15 rela-

tionships. We have noticed that only one pair relationship, freliability, e±ciencyg,
has been determined by only one investigated source. Additionally, we have noticed

that the other 14 surveyed sources have agreed completely on only eight pairs'

relationships (highlighted by bold text in Table 4). For three of the remaining six

pairs, we have judged on their relationships considering the majority as follows:

. A positive \P" value is assigned to the pairs ffunctionality, portabilityg and

fmaintainability, portabilityg.
. A negative \N" value is assigned to the pairs freliability, maintainabilityg.
Still the majority cannot be applied to three remaining cases (highlighted in italic

text in Table 4), because each of them has only two di®erent values. Since each one of

them has a neutral \0" relationship in addition of considering that a relationship

must exist, we have judged on their relationships as follows:

. A positive \P" value is assigned to the pairs freliability, portabilityg and

fusability, maintainabilityg.
. A negative \N" value is assigned to the pair fusability, portabilityg.

Table 4. Mapping table to de¯ne ISO9126-based quality attributes relationships based on six di®erent

sources.

Interaction types as de¯ned in literature
Final

ID Quality attribute Versus Quality attribute [17] [18] [27] [29] [30] [31] value

1 Functionality Reliability P P P

2 Functionality Usability P P P
3 Functionality E±ciency N N N N N

4 Functionality Maintainability P P P P

5 Functionality Portability P P N 0 P
6 Reliability Usability P P P P

7 Reliability E±ciency 0 0

8 Reliability Maintainability N P N N N

9 Reliability Portability P 0 P
10 Usability E±ciency N N N N N

11 Usability Maintainability P 0 P

12 Usability Portability N 0 N

13 E±ciency Maintainability N N N
14 E±ciency Portability N N N N

15 Maintainability Portability P P N P
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The rightmost column of Table 4 shows the ¯nal assigned value for each pair

relationship of the 15 relationships regarding the ISO9126-based quality attributes.

With respect to the interaction index concept of Choquet Integral method, if two

quality attributes have a positive relationship (synergic) then it is said that they act

in complementary way, whereas if they have a negative relationship (con°icting)

then it is said that they act in substitutive way. The rational of this is that the

software architect's preferences will increase if both of synergic quality attributes are

achieved while these preferences will not increase even if both of the con°icting

quality attributes are satis¯ed.

6. Experiments and Results

This section provides an experimentation of the advantages and the abilities of our

proposed framework for selecting the most appropriate tactics when developing TPS

using the following case study:

A medical information system [2] maintains information about patients su®ering

from mental health problems and the treatments they have received. Majority of

patients do not require devoted hospital treatment but need to attend specialist clinics

frequently where they can meet a doctor who has detailed knowledge of their problems.

The clinics may be held in local medical practices or community centers as well as in

hospital, so the system should facilitate the patient attendance in any place. Although

the system has been designed with a centralized database of patient information in

hospital it also has been designed to run on clinics. For such design, users can connect

with centralized database using secure network or can access a copy on their local

database. A clinic also can exchange data with other clinical information system.

Patient information con¯dentiality is an issue in the system.

6.1. Supporting tool

We developed a user interactive tool using RStudio Shiny Web Application

Framework for R [32]. This tool utilizes the Choquet Integral approaches discussed in

Sec. 3 of this paper, in order to be used in our selection process of tactics depending

on given parameters. It is mentioned here that these approaches are essentially

provided as functions by the Kappalab package [33] where each function takes

predetermined input parameters (arguments) in order to create a type of Mobius

capacity (fuzzy measure). Using this tool, the data related to tactics such as their

impact on quality attributes can be read from stored ¯les of type Comma Separated

Values (CSV). Where the rows of the CSV ¯le represent the tactics and columns

represent the quality attributes. The decision maker can use our developed tool easily

for selecting the suitable Choquet Integral method, uploading data related to quality

attributes and tactics, and entering any supplementary data as shown in Fig. 3.

As seen from the ¯gure, the main screen of the tool includes two tabbed sub-windows,

the ¯rst is named \Input Parameters" to permit for entering input parameters such
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as the preferences of quality attributes, and the second is named \Calculation

Results" for presenting the computation results. The tool also has an ability of

storing the experimental results into a ¯le of type CSV.

6.2. Quality attributes and their preferences for the case study

On the assumption that the requirements engineer and the software architect who

work with software users, determined that the required software quality attributes

are functionality, reliability, usability, e±ciency, maintainability and portability,

and the assigned Shapley values (preferences) for these quality attributes are 0.26,

0.23, 0.19, 0.21, 0.07 and 0.04, respectively. Additionally, the determined types of

interactions between these quality attributes are identical to those stated in Table 4.

Figure 4 shows the entry window of the Shapley values and the interactions between

quality attributes as well. Note that each quality attribute is presented by our tool as

shown in Fig. 4 using its ¯rst two characters because of space limitation of the user

interface screen.

6.3. Determine candidate tactics

Based on the given information provided in the above step in addition to the domain

understanding of the proposed software, we have selected availability, performance

and modi¯ability tactics as candidate tactics so that they will be ranked with the

Fig. 3. Main screenshot of the Choquet Integral tool for selecting tactics.
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assistance of our developed tool. This rank gives the architect an insight into the

most appropriate tactics that will be implemented in the potential software for the

case study. The selected categories of tactics using our developed tool are shown in

Fig. 4.

6.4. Select Choquet Integral method and determine any additional

parameters

Based on the information provided in the two previous steps, one method from LP,

MV or MD can be selected. Note that, as mentioned before, these methods are

suitable when there are no overall utilities provided for the experimented alternatives

(tactics). However, providing overall utility for each tactic when there is large number

of tactics, such as in this case is considered a tedious work. Hence, the MV method

was selected for our experiments where the k-additive value was set to 6 in order to

get the best performance. Furthermore, a value of 0.05 was assigned to the interaction

threshold indi®erence as shown in Fig. 4. This threshold indicates the absolute value

of the interaction index that will be considered with signi¯cance from zero [33].

6.5. Compute for the best tactics

The computation results can be performed by pressing the \Calculate" button from

the application tool window. As shown in Fig. 5, the tactics are presented in

Fig. 4. The selected Choquet Integral method and the input parameters used for the case study.
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descending order based on their MV values, i.e. the tactics that got the highest scores

come ¯rst. In other words, these tactics are considered the best candidate tactics for

the proposed software architecture. For example, \Increase Resource E±ciency",

\Reduce Overhead" and \Manage Sampling Rate" performance tactics are the best

three candidate tactics, while \Selftest" availability tactic comes in the eighth and

\Restrict Dependencies" modi¯ability tactic comes in the thirteenth. It is also noted

that all of these tactics positively support the potential software architecture.

In contrast, \Shadow", \Rollback" and \Recon¯guration" availability tactics got the

worst rank and they negatively support the potential architecture as shown in Fig. 6.

The results also provide us with insight in how Choquet Integral results di®er

from AM and WAM as shown in Fig. 7 which visually shows this di®erence for the

top 20 ranked tactics with respect to MV computation. It is clear that there is a

signi¯cant di®erence between WAM results and MV results although the two

methods were tested against the same candidate tactics, same quality attributes and

their preferences. This emphasizes the role of the interactions among quality attri-

butes in the computation process. Figure 7 also shows that there is a big di®erence

between the results of WAM and MV on the one hand and the results of AM on the

other hand because the latter does not consider the preferences among quality

attributes and the interactions between them as well.

To ensure these bene¯cial insights, we have repeated the previous computations

using the same input parameters but using di®erent preferences between quality

Fig. 5. Best ranked tactics according to their MV values.
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attributes. The new results are shown in Fig. 8 where the preferences of the

same quality attributes have been changed to 0.19, 0.25, 0.18, 0.14, 0.13 and 0.11,

respectively.

It is important to denote that these results of best tactics will change based on the

given data of input parameters such as the candidate tactics, quality attributes

Fig. 6. Worst ranked tactics according to MV values.

Fig. 7. Di®erence between Mean, WAM and MV values for 20 tactics based on speci¯c inputs.
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under focus in addition to their constraints such as the their preferences and inter-

actions, in addition to the selected Choquet Integral method.

Additionally, some tactics that have low level of agreement between experts with

respect to the impact of tactics on quality attributes (as de¯ned in Sec. 4 of this

paper) may a®ect the accuracy of the experimental results.

6.6. How our proposed framework can be used in comparing di®erent

potential software architectures

Our proposed framework has also the ability of comparing some di®erent potential

architectures dedicated for the software being developed. To explain this, suppose

that software users of the aforementioned case study want to achieve functionality,

reliability, usability and e±ciency quality attributes. And also suppose that users in

this situation cannot provide speci¯c values for the preferences of these quality

attributes but they need that functionality and usability have the same importance,

and reliability and e±ciency have the same importance as well. However, they need

that reliability is more important than usability. Based on these users' quality

expectations, the LP method can be selected to compute the Choquet Integral values

for the dedicated tactics. Table 5 shows the LP values for some selected tactics

related to the following subcategories: \Detect Faults" that is pertinent to avail-

ability, \Control Resource Demand" that is pertinent to performance, and \Increase

Cohesion" and \Reduce Coupling" that are relevant to modi¯ability. Table 5 also

shows three alternatives of architectures which are Architecture 1, Architecture 2

and Architecture 3 in addition to the tactics that actually realized in each one of

them. By comparing the sum of LP values for each alternative, we can conclude that

Fig. 8. Di®erence between Mean, WAM and MV values for 20 tactics based on speci¯c inputs.
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Architecture 2 is the best one for the proposed software because it has got the largest

sum of LP values as shown in Table 5.

7. Conclusion and Future Work

In this paper, a framework for selecting the most appropriate tactics when developing

transaction processing systems has been introduced. Such framework helps

requirements engineers, software architects and software developers in selecting the

best tactics based on some input parameters. These parameters include the impact of

tactics on quality attributes, the required levels and priorities of quality attributes as

determined by users and the interactions among these quality attributes. Three

experts have been selected to judge the impact of tactics related to performance,

availability and modi¯ability on the ISO 9126-based quality attributes. The level of

agreement between experts has been statistically tested where the results show that

most of tactics have high level of agreement. Furthermore, the proposed framework

adopts fuzzy measures using Choquet Integral as a powerful MCDM quantitative

evaluation method. An interactive software tool has been developed in order to

clarify the capabilities and bene¯ts of the proposed framework using a case study. An

extension to this work can be achieved to approve the Choquet Integral results by

Table 5. Comparison of three potential architectures based on their achievement of tactics.

Tactic LP Architecture 1 Architecture 2 Architecture 3

Detect Faults

Ping/Echo 0
p

Monitor �1
p

Heartbeat �0.17

Time stamp �0.17
p

Sanity checking 0.67
p p

Condition monitoring 0.67
Voting �0.17

p
Exceptions detection 0.67

p
Selftest 0.67

p
Control Resource Demand

Manage sampling rate 0.64
p

Limit event response �0.09
p

Prioritize events �0.09
p p

Reduce overhead 0.64
Bound execution times �0.81

p
Increase resource e±ciency 1.28

p p
Increase Cohesion

Increase semantic coherence �0.17
p

Reduce Coupling

Encapsulate 0

Use an intermediary 0
Restrict dependencies 0.28

p p
Refactor 0

Abstract common services 0

Sum of LP values 0.36 1.94 1.55
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domain experts. A broad work is needed for extending the impact results of tactics on

quality attributes so that they can be used as important historical data in the

evaluation process of software architecture such as the one adopted by the proposed

framework of this paper. The impact of tactics on quality attributes in other ap-

plication domains such as real-time systems can be also investigated in future work.
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