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Abstract

Despite the increasingterest of the software engineering research community in
assessing and improving quality at the early phases of the software development lifecycle such as
the design phase, less attention is devoted to adapting software quality to changing environment
conditions especially at the design stage. Design quality can be significantly impacted when
design decisions are modified due to changes in requirements or design strategies. This research
sheds light on possible adaptation mechanisms that can effechitggite any decrease in
objectoriented design quality due to a particular design change. To forecast the impact of design
changes and possible adaptations on design quality, a system dynamics simulation is developed
in Powersin. The simulation variablesre grouped into suimodels and represented by the
quality factors of the Quality Model for Object Oriented Design (QMOOD) developed by
Bansiya and Davis. Each suofiodel simulates the interactions between a specific QMOOD
quality attribute and its correspding design properties as well as design metrics. The
simulation is developed by following Pfahl an
design change, the simulated design quality decreases below a defined reference value, designers
can apply onefahe suggested adaptation equations that are extracted from the QMOOD quality
attributes equations.

The simulation is validated by applying design changes and their adaptations on real
academic designs and computing correlations between the simuldtdtearal values of each

QMOOD quality attribute after adaptation. High correlations are obtained for all the quality



attributes, which shows the effectiveness of the adaptation mechanisms in adjusting design

quality.
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Chapter 1: Introduction

Defining practices that produce high quality software has been the focus of software
engineering research for many years. Researchers and practitioners have become conscious of
the importance of following a proven process and how it greatly affects product gBesiges,

a myriad of studies (e.g. [Abreu et.al 1996], [Briand et.al 2000], and [Bansiya and Davis 2002])
show that quality improvement in the early phases of the development cycle, such as design, can
greatly boost the end product quality. Enhancing aegiglity by choosing the design
alternatives that minimize costs can also be a rewarding investment activity for software
organizations [Lazic et.al 2009]. Through design quality evaluation, designers can determine the
most profitable design decisionsduee costs of maintenance, and minimize possible risks of
rework. Experience and economical investigations depict numerous benefits of investing on
design quality [Sullivan et. al 1998]:

1) Increase the flexibility of the whole development process throughllestructured

design.

2) Cancel unprofitable projects early in their lifecycles.

3) Increase the adaptability of design to changing market conditions.

4) Prevent possible uncertainties such as failures.

From the literature, we can categorize design qualtgstment approaches into three
groups: analytical/static design quality evaluation, simulabased design quality evaluation,

and design quality adaptation. Extensive design quality research was devoted to the first group



through the definition of cality metrics, quality attributes, and combining them in quality

models. Other quality tools depicted the required design activities that determine a specific
maturity level of a process such as in CMMI [CMMI 2011]. Further, some standards such as the
IEEE standard for developing software life cycle processes suggested a set of desired design
activities [IEEE Std 1072006]. As a part of software quality assurance activities, technical
reviews are also applied in assessing design quality. In the secupdafrdesign quality

investment options, some studies (see [Xu et.al 2006], [Bogado et. al 2010], [Chiang et.al 2002])
use simulations as a decision support tool that assists designers in evaluating and choosing
optimum design strategies. Finally, the lipyaof design is not only determined from its

assessment but also from its ability to adapt to changing environment conditions. This area of
research, which represents the third group of quality investment, is still immature despite the

vital role of adagation in stabilizing high quality design.

1.1  Statement of theproblem and anticipated benefits

Since design is the blueprint of software, a high quality design is likely to produce a high
guality software product. On the one side, solving dgsighlems early in the lifecycle and
sustaining high quality values in design attributes is a key success factor in improving not only
design quality but also the remaining process phases. Furthermore, it allows software engineers
to reduce defect amplifitian and the number of latent bugs. On the other side, various factors
may destabilize design quality. Changing design decisions because of continuous requirements
or design strategies alterations may lead to a possible decline in design quality. Gtildde pos
reasons of quality change include quality reviews and design flaws. Under such conditions
design quality can be restored to its predetermined level at strategic points in the design phase by

identifying which design characteristics can be changedoaslity adaptation mechanism.



Although runtime adaptation deals with applying specific quality attribute tcdtkeat

the implementation phase to regulate a software product quality, it does not take into
consideration quality adaptation at desidpage. In addition, adaptation strategies are applied at
run-time with no beforehand knowledge of their effectiveness or risks. Thus, choosing wrong
adaptation strategies or running several adaptations simultaneously can have a conflicting impact
andaffece systemO6s performance [ Yang et . al 20009]
shed light on OO design quality adaptation through-efisttive and safer techniques such as
System Dynamics (SD) simulations. Through design quality adaptation sonuiieirious
stakeholders such as software engineers, software architects, and software quality assurance
agents will also be able to benefit from the following additional research goals:

1) Extend the use of software process simulation to process lifecyeleghs 6 qual i ty

adaptation.

2) Save cost: experiment design quality adaptation through simulation instead of costly real

time adaptation.

3) Save time: a simulation allows us to visualize the impact of changes quicker than in the

case of real experimentations.

4) Understand the interactions between OO design quality characteristics.

5) Depict and test feedback mechanisms for changes in design decisions.

6) Perform fAwhat ifo analysis of design deci s

compensations for qualitytabutes disequilibrium.

7) Reduce the cost of new adaptation experimental scenarios through simulation.

8) Maximize OO design quality.



1.2 Research approach

1.2.1 Simulation-based Virtual Software Engineering Laboratories (VSEL)

A simulation models a simplification of a complex system that is hardly understood via
analytical methodologies [Muller and Pfahl 2008]. Simulations have been widely employed in a
plethora of disciplines such as business-cagdies, sociology, physics, biology, and
enginering. The application of computer simulations in software process was first initiated by
[Abdel-Hamid and Madnick 1991]. Software process simulations can be applied to a specific life
cycle phase such as requirements or code testing. It can also maoslebtbelevelopment
project as well as multiple simultaneous projects. According to Kellner et.al, those simulations
can be used to explore six software process topics namely training and learning, strategic
management, process improvement and technolagptiath, planning, control and operational
management, and understanding [Kellner et. al
simulation categories by adding the new trends of process simulation goals such as software
acquisition management and COTSkmmanagement, and proddictes [Muller and Pfahl
2008]. My research is part of software quality adaptation which is a new software process
simulation goal that extends Muller and Pfahl
concept of VSEL intrduced by [Minch et.al 2005]. VSEL uses simulations to experiment with
software process policies or decisions, detect their possible problems, and test their corrective
procedures before they are applied in real projects. VSEL can help project manageiagn f
tradeoffs between project duration, needed effort, and product quéditmy research, SD
simulation is used to explore both the impact of changing design decisions on design quality and

the adaptation strategies that compensate for those qrladitges.



1.2.2 Simulation development process
Figure 1 illustrates one of the oldest Simulation Model Processes (SMPs) defined by

Sargent in order to link between simulation model development and validation [Sargent 1981,
2004] . S ar g eosed of thresSnmd elénsentsc aopnoblem entity, a conceptual
model, and a computerized model. First, the problem entity or simulated system is identified.
Then, it is analyzed and represented through a mathematical or verbal conceptual model. Finally,
the onceptual model is transformed into a computerized program to experiment with the desired
scenarios of the given problem entity. To produce valid simulations, Sargent is integrating

verification and validation procedures in each of his three simulati@egsa@omponents.
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-

- S
x X *
Operational (.u\uln?fr]u:ll
Validation Jaee
. Validation
! ‘.‘
! . . alysi
' Experimentation Amalysis \
| am \
i Ihh Modeling 1
| Validity I
)
1l |
Computerized Computer Programming Conceprmal
Model and Implementation Madel
¥ >
e . Computerized _- <
T+ Model -
Verification
Figure 1. Sargent 6s Simul ation Modeling Proc



Rus et. al defined an SMP for discreteent simulations based on the generic model of
Sargent [Rus et. al 2003]. Their process is not oatgposed of traditional engineering activities

such as model design and implementation but also from managerial activities (see table 1).

Engineering activities Managerial activities

Requirements identification and specificatio| Model development planning.
for the model to be built

Analysis and specification of the modeled | Model development tracking.

process.

Design of the model. Measurement of the simulation model.

Implementation of the model. Measurement of the model development
process.

Verification and validation throughout Risk management of risk factors such as

development. changes in customer {

description of the modeled process.

Tablel: Discrete-event simulation process activities

To achiee my research goals, | will apply SD simulation process such as in [Pfahl and
Ruhe 2002]. I n Pfahl and Ruhebs SMP, System
the help of four models: phase, role, product, and process.

The phase model defines fauain stages in the development of an SD modeisfudy,
initial model development, model enhancement, and model application. In tbtigyestage,
the simulation modeler identifies the model goals and users. During the initial model
development,thelbeavi or of a subset of the systembs pa
reference model to get an idea about the dynamics of the studied software process issues. Then,
the reference model is extended to include all system parameters and made readyefor probl
analysis in the model enhancement stage. Improvement and maintenance of the produced SDM
are part of the last stage.

The role model (table 2) identifies the set of stakeholders involved in the development of

SDM. According to Pfahl and Ruhe, six actonpact the production process of SDM: Customer
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(C), User (U), Developer (D), Facilitator (F), Moderator (M), and SE subject matter Expert (E)

[Pfahl and Ruhe 2002].

Actor C U D F M E
Role Sponsor | Future Responsiblg Plan and | Guide Provide
of the user of of arrange | workshops| managerial
project. | SDM. prodwcing | project and and

the SDM. | meetings.| meetings | technical
of D with | consultancy
E. for SDM

production.

Table 2: SDM role model
The product model matches SDM process artifcteeir corresponding phases in the
phase model (e.g., technical briefing materials and minutes are delivered in the initial model
development phase of the phase model). Finally, the process model combines between all of the

previous models in a contrfibw-oriented scheme (figure 2).



Phase 0: Pre-study

Activity 1d Activity name Roles involved

01 First contact C.D

02 Characterisation C.D.F

03 Management bnefing C.D.F. potential U
04 Identification of SDM users C. potential U

05 Problem definition C.D.U

0.6 Technical feasibility check C.D.EFU

0.7 Planning and contract C.D

v

Phase 1: Initial Model Development

Activity 1d Activity name Foles involved

1.1 Technical briefing C.DEEFU

1.2 Definition of dynamic DEFMU
hypotheses

1.3 Definition of the causal D
diagram

14 Review of the causal DEF MU
diagram (verification 1)

1.5 Implementation of the mitial | D.E F. U
SDM

1.6 Review of the imitial SDIM D
(verification 2)

1.7 Test of the mnitial SDM D.EFMU
(validation 1)

Phase 2: Model Enhancement

Activity 1d Activity name

Roles involved

21 Enhancement of the initial D EFU
SDM
22 Test of the enhanced SDM DEFMTU

{validation 2)

Phase 3: Model Application

Activity 1d Activity name

Roles involved

31 Application and
maintenance of the SDM

D.EU

Figure 2: SDM process model [Pfahl and Ruhe 2002]




Chapter 2: Literature Survey

Software processes can be modeled by applying several techniques (e.g. the discrete
event (DE) and Sparadigms) to shed light on various process issues such as planning,
understanding, and improvement. This led to the emergence of a new field in simulation
modeling knows as software process simulation modeling (SPSM) devoted to track process

issues (tald 3).

2.1 Simulation techniques and tools
2.1.1 Simulation techniques for software process
Simulations are either modeled using deterministic or stochastic paradigms. In the case of
deterministic modeling, the simulation runs always lead tihreegasults for given input
parameters [Muller and Pfahl 2008]. Stochastic modeling relies on random input parameters,
which vary the resulting output from one simulation run to another. Stochastic simulations are
also described as static simulations sindeey t r a c k emat d gécisicipoint @ time.a b |
On the other hand, deterministic simulations can be modeled statically such as stochastic
simulations or dynamically by tracing a model
There are two tygs of dynamic simulations: continuous and exditen. Both groups
can be decomposed into quantitative and qual.
updated at a fixed time step interval in continuous simulations and modified ir Eweer
(ED) simulations when new events occur [Miller and Pfahl 2008]. Quantitative simulation

techniqgues are useful i n depicting the compl e



hi storical data or expertsod gues avescbnedheladko r un
of historical data and simulate the general s
continuous simulations apply System Dynamics (SD) technique, created by Jay Forrester in 1961

to model a system [Forrester 1961]. SD &y differential equations to describe the

causeeffect relationships in the feedback loops of a system [Martin and Raffo 2000] [De

Oliveira et.al 2011]. QUalitative Analysis of causal Feedback (QUAF) and Qualitative

SIMulation (QSIM) represent the qualiive continuous simulation paradigm [Miller and Pfahl
2008] . I nstead of initializing the parameters
model with the parametersodé relative values an
(positive or negtive) to specify the increase and decrease of variables.

ED simul ations can be modeled quantitative
are based on nequantitative conditions. The DE technique is one type of ED modeling
paradigmthatrepreset s a systemdés activities as a | inkec
when events are altered [Martin and Raffo 2000]. Other types of ED simulation techniques such
as Petrnet, rulebased, statbased and agettased modeling are employed respetyive
provide us with aescription of distributed systepdefine simulation models as a set of rules,
represent the significant events that drive the software process to progress, and show interactions
and actions between agents [Huang et.al 2010] [Rrapp Ledwig 1998] [Raffo et. al 1999]

[Phillips and Yilmaz 2006].

To benefit from the advantages of more than one simulation technique, hybrid
simulations are created by combining the previously described modeling methods. For example,
a hybrid simuhtion can use both deterministic and stochastic techniques. Or, a hybrid simulation

can combine the benefits of both continuous and edeven paradigms. Over all of the
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described simulation modeling techniques, SD and DE (49% and 31% of the avaifabéreé&o
Process Simulation Modeling (SPSM) research respectively) are the most widely used ones for
process simulation [Zhang et.al 2008]. Table 3 presents representative publications with their

corresponding modeling techniques and software process ceverag

2.1.2 Simulation tools

There exist several commercial tools that support most of the presented simulation
techniques. For example, St&Iihink® specializes in modeling both static and continuous
simulations [Stella/iThink985]. @RISK supportsMonte Carlo stochastic modeling [@RISK
1987]. Extend enables modelers to create both DE and SD simulations through its graphical
modeling language ModL and VENSfbroduces SD simulations [Extend 1988] [VENSIM

1985].

2.2  Software Process Simulatn Modeling (SPSM)

Software processes are complex systems whose description can be effectively simplified
through SPSM. One aspect of software processe
of several interrelated components through caffetrelationships and feedback loops
[ Sterman 1992]. Another characteristic of sof
gualitative variables such as team motivation on determining the quantitative attributes such as
project delivery date and dog o effectively visualize those complex characteristics, SPSM
simulate software processes to understand them at cognitive, and tactical or strategic levels by

using the previously described simulation techniques (figure 3) [Zhang et.al 2008].
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optimizing

Figure 3: SPSM goals

2.2.1 SPSM through SD and continuous simulation techniques

Abdel hamid and Madnickbés software projects
application of SD in software process [Abdelhamid and Madnick 1991]. TBgir&ess model
simulates management policies dealing with scheduling, project control, quality assurance,
productivity and staffing. The model is divided into 4 sections: human resource management,
software production, project planning, and software cbntr
1) The human resource managemduistratesactivities related talevelopers participating on a
software development project. It handles personnel hiring, firing, and transferring to other
projects.
2) The software productiomilocates availableeelopers to several software development

activities such as training, designing, coding, testing, reworking, and quality assurance. It also
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handles team motivation, developero6s exhausti
communication and rework

3) The software controimeasures software production activities. This section controls overtime

work, schedule pressure, and project funding consumption.

4) The software planningrrovides initial values for the software project parameters: project

size, initial underestimated factor, initial team size, expected conclusion date. It also controls

upper management willingness to hire new developers depending on project expected conclusion
date.

Abdel hami dés model var i ahténgews, liteeature redesvt er mi n
and peer /expert reviews. The validity of the model was demonstrated by reviewing its behavior
when subjected to sensitivity analysis and comparing it with the actual characteristics of real
projects. Thenodel can be usedyif example, to estimate the optimal quality assurance effort
that avoids an increase in testing cost due to a low quality assurance level and minimizes any
unnecessary quality expenses.

In their Software Engineering Process Simulation Model (SEPS) ndri colleagues
adopt the same simulation model structure applied by Abdelhamid and Madnick [Lin et. al
1997]. SD is employed to study the interactions between SEP@@idls namely production,
staff/effort, scheduling, and budget. In addition, proppahagers can perform whi analysis
of their managerial policies through SEPS to detect {odideof cost, schedule, and
functionality.

One of the drawbacks of Abdel hamid and Mad
the huge number of variabldgat need to be initialized to run the simulation. To overcome this

limitation, Ruiz and his colleagues suggest a simplification of the software project dynamics
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model by eliminating unnecessary feedback loops in the analysis of the needed behavior, which

reduces the number of initialized variables to half the quantity used by Abdelhamid [Ruiz et. al

2001]. Ruizodés model can be used to train proj
reduce a projectos d e v e | verifiech byreviewingime and <cos
equationsd consistency and validated by compa

Software process simulations can also help project managers in achieving higher CMMI
levels [Miller et.al 2002]. To increaske Organizational Process Performance process area of
the 4th CMMI maturity level, simulation is a useful analysis environment in detecting
appropriate performance measures for process cycle time, product quality, and development
time. Similarly, processimulations can improve the Organizational Innovation and Deployment
process area of the 5th CMMI maturity level by allowing the project managers to forecast the
impact of process changes on process performance such as new staffing policies and decision
rules.

Rui z6s simulation model can be used to ana
CMMI level 2 on productivity, product quality and ability to meet deadlines [Araujo et.al 2007].
Productivity is mainly impacted by software quality assurancesgsoareas whereas scheduling
is affected by all the CMMI level 2 process areas. Product quality is also mostly impacted by all
process areas except the software project planning and software project tracking process areas.
Applying CMMI level 2 activitiesmproves product quality by decreasing the number of errors
when compared to CMMI level 1.

To study the impact of human resources allocation on the lead time of the project and
product quality, an SD simulation of the requirements and test phasesogaked [Andersson

et al. 2002]. The simulation runs show that product quality increases when the effort spent in the
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requirements phase is increased. In addition, the lead time is decreased thanks to improved
specification accuracy when devoting more timéhe requirements phase.

SD paradigm is also used by Madachy to track error generation rates, defect amplification
between phases, staffing policies, schedule compression, and personnel experience in software
processes [Madachy 1996]. The simulatiomsrshow that despite the 10% effort addition in the
design and coding phases due to inspections, testing and integration effort is reduced by 50%.

Software evolution process, which is concerned with the adaptation and enhancement of
software systems, cdre explored through SD simulation to balance progressive and anti
regressive evolution policies [Kahen et. al 2001]. Progressive activities deal with system
functionality by adding or modifying code whereas @agressive activities cover dead code
removd, refactoring, systemfre ngi neering, and system restruct
simulates the consequences of-aagressive activities on long term system growth. The
simulation runs show that assigning 30% of resources toegressive activitiegesults in a
significant extension of a systemdés | ife span
regressive activities is the main cause behind software evolution productivity.

System dynamics simulations are useful in evaluating thedassvalue of the applied
product and process strategies and their corresponding return on investment [Madachy et.al
2006]. By simulating software processes, marketing practices and financial measures over time,
both business analysts and software dewpan determine the required process activities to
meet their business goals.

Continuous simulations can be represented qualitatively by using QSIM, QUAF, and
Integrated Measurement, Modeling and Simulation (IMMahlike quantitative modeling that

requires precise data (e.g. SD); qualitative modeling can overcome the lack of accurate variables
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guantities by applying abstract techniques such as model functions polarity [Zhang et.al 2009].

This technique allows simulation modelers to represent theaise@ decrease in variables

through positive or negative polarity instead of specific numibigdoS is another simulation
implementation methodology that can resolve the lack of accurate quantitative modeling data.
IMMOS combines between SD, static miag techniques such as Process Modeling (used to

identify the variables of a simulation model) and measuretvesed Quantitative Modeling
(establishes the functional relationships bet

[Pfahl and LebsanfL999].

2.2.2 SPSM through DE simulation technique

One of the goals of developing software process simulations is to train future project
managers and improve their managerial skills. Drappa and his colleagues suggest a quality
assurance discretvent simulation system that exposes project managers to real situations and
allows them to watch the consequences of their managerial decisions such as changing resource
all ocation, and skipping requiremetytDrapmpeci f i
et. al 1999]. The quality assurance model enables students and novice project managers to test
different managerial scenarios for small to medgire projects. Managers can also plan and
control their simulated projects and assign tasks to vireuial developers. The simulation
system displays the expected results of the software project and suggests improvements to its
management.

To analyze and improve a specific software process phase such as maintenance, Podnar
and his colleagues develed a discretevent simulation based on decision tree representation

where entities are Modification Requests (MR) and their corresponding Technical Actions (TA)
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[Podnar et.al 2001]. The goal of the simulation is to ensure high quality TAs from maimenanc
administrators.

Reliability can be simulated in all process phases by using dissretd or continuous
paradigms [Rus et.al 1999]. Besides tracking defects and failures over the entire project,
reliability simulations can be used to predict acceptdefect levels at delivery. Furthermore,
this type of simulations allows managers to determine the tradeoffs between reliability strategies
such as defect detection and prevention techniques based on their impact on cost, staffing, and

ability to detect &ilures.

2.2.3 SPSM throughhybrid simulation technique

Since the software process can be represented as a set of DE phases implemented in a
continuously changing environment, a hybrid simulation that combines both of those discrete
and dynamic g=ects is a more realistic representation of software process [Donzelizanila
2001b]. Therefore, process activities are modeled by a DE queuing network where activities are
described with their interactions and artifacts. The environment is modstegaither an
analytical function such &0OCOMOor a purely dynamic simulation paradigm such as SD or
both of them to illustrate the resources, time, and effort consumed during process activities. The
hybrid simulation model enables managers to anaha@npact of their various changing
requirements scenarios on effort, delivery time and productivity.

In the Dynamic Capability Model (DCM) introduced by Donzelli and lazeolla, the effect
of process management elements (e.g. reviews) on process (aabig fe.g. effort, delivery
time, and productivity) is analyzed by applying a hybrid modeling approach [Donzelli and

lazeolla 2001a]. Since the waterfall process phases are sequential and their corresponding
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artifacts are simultaneous, the DE paradigenmployed in the first category and analytical
techniques such as COCOMO as well as custom continuous functions are integrated in the
second category. DCM allows managers to test their defect detection policies either in the early
phases of the softwarequess, in the middle or late in the process lifecycle. Simulation results
show that the early detection policy where defects are discovered and corrected in the same
injection phase reduces resources consumption, effort and delivery time.

Hybrid simuldions can be employed to model different kinds of software projects such as
Global Software Development (GSD), geographically distributed developed software. A GSD
simulation model illustrates the different interactions between fundamental factors such as
communication problems, strategic factors such as distribution overhead, and organizational
factors such as team formulation [Setamanit et. al 2006]. Project managers can test the impact of
their managerial decisions on effort, quality, and duration of @®j&cts. Thus, managers can
depict appropriate planning and management tracking policies for offshore sites versus near

shore projects.

Simulation | SD DE Static/ Petrinet | Rule- State Hybrid

echniques Stochastic based |based | (DE and
SD)
Software
Process topic
Planning / [Rus et.al [Bandin [Kellner | [Setaman
Process 1999] elli et.al 1991] -it et. al
engineering | [Pfahl and 1995] 2006]
Lebsanft
1999]
[Powell
et.al 1999]
[Williford
and Chang
1999]
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Process
improvement
& technology
adoption

[Araujo
et.al 2007]
[Abdelha
mid and
Madnick
1991]

[Lin et.al
1997]
[Ruiz et.al
2001]
[Madachy
1994]
[Pfahl and
Lefsanft
1999]
[Powell
et. al
1999]
[Andersso
n et. al
2002]
[Donzelli
& lazeolla
2001a]
[Madachy
1996]
[Madachy
et.al 2006]

[Podnar
&Mikac
2007
[Ferayor
ni et. al
2007]
[Bogado
et.al
2010]

[Chiang
and
Menzies
2002]

[Raffo
1996]
[Raffo
et.al

1999]

[Sataman
-it et.al
2006]
[Donzelli
&
lazeolla
2001b]
[Martin
and
Raffo
2000]

Understanding

[Andersso
n et.al
2002]

[Donzelli
& lazeolla
2001a]

[Madachy
1996]

[Powell
et. al
1999]
[Wernick
and
Lehman
1999]

[Drappa
and
Ludewi
-9

1999]

[Raffo
et.al
1999]
[Kellner
1991]

[Setaman
-it et. al
2006]
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Training & [Drappa [Drappa
learning & et.al
Ludewig 1995]
1999] [Drappa
and
Ludewi
-9
1999]
Project [Araujo [Pfahl
maragement | et.al 2007] and Ruhe
[Abdelha 1999]
mid and
Madnick
1991]
[Lin et.al
1997]
[Ruiz et.al
2001]
[Wiliford
and Chang
1999]
Risk [Rus et. al | [Rus et. | [Briand
management | 1999] al 1999] | and Pfahl
2000]
Quality [Ruiz et. | [Drappa | [Briand [Huang
assurance & |al 2001] |et. al and Pfahl | et. al
managemet | [Miller et. | 1999] 2000] 2010]
al 2002] | [Ferayor
[Araujo ni at. Al
et. al 2007]
2007] [Bogado
[Andersso | et. al
n et. al 2010]
2002]
Software [Kahen
maintenance | et.al 2001]
& evolution

Table 3: Representative publications with their simulation techniques and treated software
process topics
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Besides modeling the impact of managerial decisions on the overall software project
time, effort, quality (errors peentage, errors detection, and rework effort), and size, SPSM
simulates also the characteristics of specific software process phases. For example, SPSM can

help in determining the design phase quality attributes tradeoff§@aigng et.al 2003]

2.3 SPSM of design phase

A software system that satisfies non functional requirements early in the design phase is
likely to minimize the cost of correcting them late in the software lifecycle. Xu and his
colleagues propose a simulation that experiserith design alternatives and how they achieve
the non functional requirements by taking into consideration their conflicting, crosscutting, and
openended nature [Xu et. al 2006]. Non functional requirements can have conflicting goals such
asinthecasef | mpl ementing encryption that reduces
crosscutting since integrating security in the system, for instance, require changes in different
locations including but not limited to the server and client modules. Fortine, implementing
a specific quality attribute can have an oeewled set of possible solutions (e.g. security can be
i mpl emented using authentication only or <comb
software architects can choose their delsdtesign alternatives that are modeled as-stzets.
Then, they can run the simulation and detect design alternatives that satisfy tHeinctammal
requirements.

Resolving the conflicting nature of quality attributes yields fqghlity software
architecture [Xu 2008]. Xu proposes a Multiglbjective Decision Analysis (MODA)
methodology that relies on multiptébjective decision theory [Xu 2008]. Thus, the conjoint

scaling interview scheme from decudgmemdsn t heory
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about the systemdés design alternatives and th
assigned to the design alternative that supports most of the required quality attributes. Moreover,
value gaps are applied to forecast the most releyality attributes for future stages in the
design phase. Through a design simulation, stakeholders identify the value gap between the ideal
level of a specific quality attribute and its current value. Quality attributes that are characterized
by a high alue gap are selected as the most important attributes for future design phases.

Simulations can also assist software project managers in determining quality tradeoffs of
design decisions in the early phases of software development lifecycle. Chiang and h
colleagues present a soft goal simulation that support decision making during design phase
[Chiang et.al 2002]. In the case of projects where quality assurance is mandatory, the simulation
goal is to identify design alternatives that achieve optimurtity@dtributes. A soft goal model
is composed of three types of soft goals: MamctionatRequirement (NFR), operationalizing,
and claimNFR soft goals deal with quality requirements such as time performance.
Operationalizing soft goals represent pbkestesign alternatives that implement the NFR soft
goals (e.g. incorporate java script in an online storefront). Claim soft goals explain the context
for a soft goal (e.g., a claim may argue that cls&de scripting loads faster).

According to Ferayoiirand his colleagues, a design simulation helps architects in
i mproving their archit ectaofiwarédeveppmertefforty and r e
especially if it integrates domain knowledge by including appropriate design patterns [Ferayorni
et.al2007].Discrete Event System Specification (DEVS) supports the modeling of complex
hierarchical interacting componenthe authors extend thisodeling and simulation
framework to support domain knowledge by adding design patterns suitable to a specific

application domain such as Composite, Facade, and Observer pdexs can also be
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employed in simulating software architecture and determining design quality attributes at run
time [Bogado et.al 2010]. It decouples the conceptual model of the archig¢écim the
simulator. DEVS simulation allows designers to evaluate performance quality attribute design
scenarios.

Realt i me embedded mul tiprocessor systemso de
due to the interactions between many hardware aigase elements. That is why Thuente
suggests the combination between rapid simulation and rapid prototyping to depict the optimum
design of embedded systems [Thuente 1991]. Rapid simulation is similar to rapid prototyping
since it relies on delivering Higevel simulations characterized by quick development and rapid
changes. The initial simulations can be extended as far as rapid prototyping produces additional
input for the simulation. Through rapid simulation, the hardware and software components go
through iterative refinements based on their performance.

SPSM is also applied in modeling satlaptive systems and how they adjust to changes
in requirements at rutime (e.g[Yau et.al 2009][Kumar et.al 2009], anfBeckmann et.al
2009). Anintee st i ng extension of SPSM applications w
adaptation at design phase instead of leaving it tginoem such as in [Yang et. al 2009].
Simulating adaptation at design stage is likely to minimize risks and ensure arseasignaent

of adaptation strategies.
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2.4  SPSM of adaptive systems

Selfadaptive systems adjust their behaviors to face any changes in their environment
such as a decrease in response time, system failures, and new requirements [OreizyJet.al 1999
Unlike closed adaptive systems, ogdaptive systems alypadaptations during ruime.
Conditional expressions are an example of opereseélfa pt i ve systems since a
behavior changes based on the result of the evaluated expression.a@deiny colleagues
come up with a design cycle for salfiaptive system©reizy et.al 1999]It is composed of two
inter-connected cycles: adaptation management and evolution management (figure 4). The
evolution management cycle tracks possible chamggsetapplication either in its architecture
or code. Then, those enacted changes are handled by the adaptation management cycle, which

plans their possible solutions before deploying them on the system.
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Figure 4: Design cycle fo self-adaptive systems [Oreizy et.al 1999]

In selfadaptive systems, adaptation can be weak if it deals with minor low cost changes

such as changing parameters (e.g. bandwidth limit) whereas strong adaptation is concerned with

changing, adding/substitag, and removing system artifacts. In addition,-selptiveness has

several facets such as setinfiguring, seHprotecting, and selfiealing adaptiveness [Salehie

and Tahvildari 2009]. To adapt to changes.-selffiguring systems can decompose oraipd

system artifacts. Seffrotecting systems defend the application against security breaches and

self-healing systems repair any dysfunctiéecording to the authors, seflaptiveness facets

25



impact software quality factors. For instance, the saiffiguring facet influences the

maintainability, the functionality, the portability, and the usability quality fact@rganic

computing (OC) systems are seliganized and can seflapt to any changes in their

environment [Schmeck et.al 2010]. Thus, OCeayst can maintain a specific robustness level
despite the variations in the environmentos v
evolutionis a design methodology where a population ofsgificating computer programs

known as digital organisms subject to mutations and natural selection [Beckmann et.al 2009].
Those digital organisms optimize their resources to survive. Beckmann and his colleagues
employ digital evolution in the desigi selfadaptive control software for mobile robotheir
approach is composed @ur phases: cultivation, translation, simulation, and deployment in

order to adapt the system to its environment. Digital Petri dishes where digital organisms
develop new computational behaviors to fit their environment are thecm@iponents of the
cultivation phase. Those evolved programs are translated into the programming language of the
target hardware platforms. The simulation and deployment phases are used to evaluate the
effectiveness of the evolved digital organisms.

Design alternatives of design decisions can be analytically adapted and traced through a
design tree where the leaves are the completed designs and nodedramsition designs
[Noppen et.al 2011]. This methodology enables software engineers to evaluage desi
alternatives and choose the ones that best fit the functional ardineiional requirements of
the system. On the other harl, syst embés performance model c
adaptation of software systems mon-time changes in the host andtwerk environments
[Kumar et.al 2009]. An example of a performance model for adaptive sofpr@sesses is the

transactional user workload of request/ response such as HTTP worldakgbtive Service
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Based Software (ASBS) systems identify tradeoffs agramonflicting Quality of Service (QOS)
aspects and adapervice configurations to satisfy multiple QOS requirements simultaneously
through DEVS simulatiofiYau et.al 2009]. Those services deterntime runtime properties of
the service, such as authentica mechanism, priority, and maximum bandwidthang and his
colleagues apply dynamic adaptation to legacy systems by using -espattd paradigm
[Zhang et. al 2007]. This approach ensures that adaptation code is separated from legacy code.
Then, to eableadaptation in legacy programs, the constructors of theadaptive classes are
replaced with those of the adaptive classes.

Yang and his colleagues plan software non functional requirements (e.g. performance and
availability) adaptation strategies design phase and apply the appropriate ones at runtime
[Yang et. al 2009]. Adaptive strategies can have conflicting effects. A security adaptive strategy
that applies encryption may decrease the impact of system responsiveness strategies. Although
plaming adaptive strategies at design phase without experimenting them does not guarantee their
successatruhi me, the authoroés approach is novel in
design phase.

To maximize SPSM simulations reliability, ver#itton and validation procedures

(figures 5 and 6) are a key el ement in reduci
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2.5  The verification and validation of SPSM simulations

The credibility of a software process simulation model isngeffias the level of
confidence in its results and is measured through its verification and validation results [Kleijnen
1995] . For example, the verification and val.i
credibility assessment scale described ilNASA-STD-7009 modeling and simulation standard
[Thomas et.al 2011 Model verification ensures that the simulation program is drearand
works correctly whereas model validation verifies that the implemented model is an accurate
representation of theeal system and achieves the simulation goals [Sargent 1998]. On the one
hand, simulation verification techniques can be grouped into two categories: static testing and
dynamic testing. A simulation program can be verified statically by employingtivadighs,
correctness proofs, and examining the structure properties of the program [Sargent 1998]. Code
tracing and analyzing execution samples are the main dynamic verification techniques. On the
other hand, validation techniques are either subjective gelyion exper t sdé j udgmen
applying statistical techniques. I n the subje
either determined by the development team, the user of the model, or an independent third party.
Besides the objective lidation techniques presented by Kleijmen in [Kleijmen 1995], Sargent
describes a detailed set of validation techniques such as the historical methods and the multistage
validation. There are three types of historical methods: rationalism, empiricisipositide
economics. In the rationalism method, any validity judgments are based on the models accepted
assumptions. Empiricism is based on empirical
Positive economics assesses the ability of the modetdoast the future. All of those historical
approaches are combined in a multistage process that represents the multistage validation

technique.
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Chwif and his colleagues suggest a verification and validation approach for Discrete
event simulation whoseore element is the causal influence matrix [Chwif et.al 2006]. The
influence matrix is composed of correlations between a simulation inputs and outputs described
as positive, negative, or neutral (e.g. airport chadlesk: higher times between custonders
arrivals imply lower waiting times in the queue). Although those relationships are biased by
expertsodéd judgments and difficult to track whe
met hod can overcome the | ack of real par amet e
Heuristic search algorithms increase the effectiveness of verification and validation by
avoiding exhaustive simulation testing and targeting unusual parameters combinations that may
lead to exceptions. Scatter/tabu is a heuristic algorithm where the simuaddeler can input
her business rules and constrajitékeland et.al 2011]. Based on those rules, adequate unusual
parameter values, which can be fed on the simulation, are generated.
A set of simulation verification and validation techniques arensanzed in figures 5
and 6. To verify and validate software process simulations, each of the described techniques can
be used individually or combined with the oth
and validation are important phases in gs@lopment process since they increase the

correctness level of the simulation results.
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Verification Techniques

Tracing:compare manupl
simulation results wit
intermediate outputs
the simulation progra

Statistical testing the
simulation response of tije
simplified model equals
the expected steady staje
mean (known solution offa
test case).

Animation: run dynami¢
displays of the
simulation

Figure 5: Simulation verification techniques

Validation Techniques

Schruben-Turing and

t tests: compare
siumlated results to rdal
data

Spectral analysis:
check the correlation ¢f
simulated and real datg.

Sensitivity analysis
(regression analysis, design
of experiments), risk
analysis, and Monte Carlo|
sampling: generate the
simulation inputs.

Figure 6: Simulation validation techniques
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Chapter 3: Simulation development and verification

Objectoriented design quality can be affected by several factors throughout the software

development lifecycle, which requires the application of appropriate adaptation strategies that

can be tested throug@D simulation. Several design quality attributes such as reusability,

flexibility and effectiveness can be negatively destabilized by the following possible reasons:

1) Changes in system requirements that affect the design structure, such as the addgion or t
omission of components (e. g: classes, methods).

2) Deviating from good design principles such as increasing coupling between classes and
producing less cohesive components.

3) Changes in a systembds i mpl ement attitransfersuch as
that can lead to major redesign actions [Royce 1970].

4) The addition of new functionalities and design modifications in an iterative development
process that can lead to changes in design decisions and quality at each iteration.

5) Modifications indesign decisions issued after design reviews (Preliminary Design Review
(PDR) and Critical Design Review (CDR)/ Final Design Review (FDR)).

Since design quality can change over the software development lifecycle time, SD is the

appropriate modeling tenlgue. Besides simulating the impact of those destabilizing factors on

design quality, the goal of the research is to show how a set of adaptation mechanisms, described

in the following sections, can counterbalance any possible quality decrease. Thamsinoiila
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OO0 design quality can be considered as a decsipport tool where software designers can
assess the impact of design changes and their corresponding adaptation mechanisms on design
quality before applying them on real designs. The simulatiorested by following the phases

0-3 (application without maintenance) of the SDM process model (figure 2) and implemented by
using the academic version of PowerSistudio. PowerSifhis a simulation modeling

environment devoted to SD paradigm [PowerSim5]198

3.1 Phase 0 of the SDM: Prestudy and research hypotheses definition
The main tasks of this phase dealt with identifying the simulation model users and the

modeling goal represented by the research hypotheses (tasks ID 0.4 and 0.5 in figure 2).

3.1.1 Simulation model users
The potential users of the simulation model are the software designers since they are

responsible of producing design and integrating any required changes into it.

3.1.2 Research hypotheses

Besides the research gsalefined in chapter 1, the simulation model is used to evaluate
the following research hypotheses:
Ho: Design quality without adaptation mechanisms is the same as design quality with adaptation
mechanisms.
Hi: Design quality with adaptation mechanismbigher than design quality without adaptation

mechanisms.
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The goal of the research is to reject the null hypothesjsifHavor of the alternative hypothesis

(Ha).

3.2 Phase 1 of the SDM: initial model development
The main product of this phasas a reference simulation model that illustrates the
impact of design changes on quality and the mechanisms of quality adaptation. The reference

model is the nucleus of the final simulation that is developed in phase 2 of the SDM.

3.2.1 Initial model creation

By using the SD modeling paradigm (appendix A), OO design was modeled in terms of
its quality factors that are part of the hierarchical Quality Model for Object Oriented Design
(QMOOD) [Bansiya and Davis 2002]. Unlike McCall et.al, ISO 9126, anddDme y 6 s qual i t
models, QMOOD (figure 7) establishes clear linkages between thddvighquality attributes
(e.g. reusability, flexibility) of a design and its satbributes or design properties (e.g. coupling,
cohesion) [McCall et.al 1977] [ISO 912f)romey 1996] [Bansiya and Davis 2002]. In addition,
QMOOD provides software architects with a set of numerical equations that define the polarity
(positive or negative) and the weights of the design properties that characterize each quality
attribute (figure 9). The design quality attributes defined in the QMOOD are the main sensors of
quality (figure 8). According to Bansiya and Davis, design can be represented by six quality
attributes such as extendibilitevelfigue7)f | exi bi l
(figure 8) [Bansiya and Davis 2002]. Those qu
design properties such as abstraction and polymorphism that are combined in numerical

weighted equations based on an extensive review ofrexigerature and experience (figures 9
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and 10) (second level in figure 7). The values of design properties are extracted from design

components such as classes and objects through a set of design metrics (figures 11 and 12).

First Level Second Level Third Level Fourth Level
L L, L, L
3 L, L
Desien L Object- e Object- > Object-
Sie Oriented Oriented Oriented
Quality : e =
Attributes SeSiEn Peen Liceign
Properties Metrics Components

Figure 7: The hierarchical structure of the QMOOD [Bansiya and Davis 2002]

Quality Attribute Definition
Reusability Reflects the presence of object-oriented design characteristics that
allow a design to be reapplied to a new problem without significant
. ceffort.
Flexibility Characteristics that allow the incorporation of changes in a design.
The ability of a design to be adapted to provide functionally related
capabilities.

Understandability | The properties of the design that enable it to be easily learmed and
comprchended. This directly relates to the complexity of the
design structure,

Functionality The responsibilities assigned to the classes of a design, which are
made available by the classes through their public interfaces.

Extendibility Refers to the presence and usage of properties in an existing design
that allow for the incorporation of new requirements in the design,

Effectivencss This refers to a design’s ability to achieve the desired functionality

and behavior using object-oriented design concepts and techniques,

Figure 8: QMOOD quality attributes [Bansiya and Davis 2002]
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Quality Attribute Index Computation Equation

| Reusability -0.25 * Coupling + 0,25 * Cohesion + 0.5 * Messaging + 0.5 *

| Design Size

| Flexibility 0.25 * Encapsulation - 0.25 * Coupling + 0.5 * Composition + 0.5 *
Polymorphism

| Understandability | -0.33 * Abstraction + (.33 * Encapsulation - 0.33 * Coupling +
0.33 * Cohesion - 0.33 * Polymorphism - 0.33 * Complexity - 0.33

: * Design Size

| Functionality 0.12 * Cohesion + 0.22 * Polymorphism + 0.22 Messaging + 0,22 *
Design Size + (.22 * Hierarchies

| Extendibility 0.5 * Abstraction - 0.5 * Coupling + 0.5 * Inheritance + 0.5 *
Polymorphism

| Effectiveness 0.2 * Abstraction + (.2 * Encapsulation + 0.2 * Composition + 0.2
: * Inheritance + 0.2 * Polymorphism

Figure 9: QMOOD quality attributes equations [Bansiya and Davis 2002]

Design Property Definition
|

Design Size A measure of the number of classes used in a design.

Hierarchies Hierarchies are used to represent different generalization-
specialization concepts in a design. It is a count of the number of
non-inherited classes that have children in a design.

Abstraction A measure of the generalization-specialization aspect of the design.
Classes in a design which have one or more descendants exhibit this
property of abstraction. |
Encapsulation | Defined as the enclosing of data and behavior within a single
construct. [n object-oriented designs the property specifically refers
to designing classes that prevent access to attribute declarations by
defining them to be private, thus protecting the internal representation
of the objects. .
Coupling Defines the interdependency of an object on other objects in a design. |
It is a measure of the number of other objects that would have to be
accessed by an object in order for that object to function correctly.
Cohesion Assesses the relatedness of methods and attributes in a class. Strong
overlap in the method parameters and attribute types is an indication

of strong cohesion. .
Composition Measures the “part-of,” “has,” “consists-of,” or “part-whole™ ‘
relationships, which are aggregation relationships in an object-

oriented design.

Inheritance A measure of the “is-a” relationship between classes. This

relationship is related to the level of nesting of classes in an

inheritance hierarchy,

Polymorphism | The ability to substitute objects whose interfaces match for one

another at run-time. [t is a measure of services that are dynamically
determined at run-time in an object.

Messaging A count of the number of public methods that are available as
services to other classes. This 1s a measure of the services that a class
provides. |
Complexity A measure of the degree of difficulty in understanding and ‘

comprehending the internal and external structure of classes and their
relationships.

Figure 10: Design properties definitions [Bansiya and Davis 2002]
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Design Derived Design Metric

Property

Design Size Design Size in Classes (DSC)
| Hierarchies Number of Hierarchies (NOH)
| Abslraction Average Number of Ancestors (ANA)
- Encapsulation Data Access Metric (DAM)
Coupling Direct Class Coupling (DCC)
' Cohesion Cohesion Among Methods in Class (CAM)
. Composition Measure of Aggregation (MOA)
Inheritance Measure of Functional Abstraction (MFA)
. Polymorphism Number of Polymorphic Methods (NOP)
- Messaging Class Interface Size (CIS)
| Complexity Number of Methods (NOM)

Figure 11: Design metrics and their corresponding design properties
[Bansiya and Davis 2002]

36



METRIC

NAME

DESCRIPTION

DSC Design Size in This metric is a count of the total number of classes in
Classes the design.

NOH Number of This metric is a count of the number of class
Hierarchies hicrarchies in the design.

ANA Average Number This metric value signifies the average number of
of Ancestors classes from which a class inherits information. It is

computed by determining the number of classes along
all paths from the “root™ class(es) to all classes in an
. inheritance structure.

DAM Data Access Metric | This metric is the ratio of the number of private
{protected) attributes to the total number of attributes
declared in the class. A high value for DAM is
desired. (Range 010 1)

DCC Direct Class This metric is a count of the different number of

Coupling classes thata class is directly related to. The metric
includes classes that are directly related by attribute
declarations and message passing (parameters) in
methods.

CAM Cohesion Among This metric computes the relatedness among methods
Methods of Class of a class based upon the parameter list of the methods

[3]. The metric is computed using the summation of
the intersection of parameters of a method with the
maximum independent set of all parameter types in the
class. A metric value close to 1.0 is preferred. (Range
Ot )

MOA Measure of This metric measures the extent of the part-whole
Aggregation relationship, realized by using attributes. The metric is

a count of the number of data declarations whose types
are user defined classes.

MFA Measure of This metric is the ratio of the number of methods
Functional inherited by a class to the total number of methods
Abstraction accessible by member methods of the class. (Range 0

to 1)

NOP Number of This metric is a count of the methods that can exhibit
Polymorphic polymorphic behavior. Such methods in C-++ are
Methods marked as virtual.

IS Class Interface Size | This metric is a count of the number of public methods

in a class

NOM Number of Methods | This metric is a count of all the methods defined in a

class.

Figure 12: Design metrics definitions [Bansiya and Davis 2002]
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The initial model simulates one quality attribute, namely reusability with its

corresponding design properties and metrics (figure 13). The remaining quality attributes are

modeled in Phas2 of the SDM.

Design properties Design metrics

Design size——»DSC

Reusabilit Coupling—DCC

Cohesion—>CAM

Messaging— > CIS

Figure 13: Reusability design properties and metrics

By applying the principles of the SD parad
was developed in PowerSinifigure 14. The model ispplying six types of constants
represented as diamonds. The first type of constants holds the values of design metrics such as
ADCCo, AClI S6, and ACAMO. The second type of ¢
each metric such o0as AMCDGC _  HxecwtteTliime 0, and AC
The third type of constants represents the possible changes in design metrics such as
ACI SChangeld and ADSCChange20 . Designers <can
simulation run. Those changes arecuted at specific points of time in the simulation, which
are also represented as diamonds such as ACI S

ACI STi meChange30. The fifth type of constants
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changes scenario lilye designer from the simulation interface (figure 15). The last type of
constants represents the reference values of quality attributes. The goal of quality adaptation is
to counterbalance any decrease in a quality attribute below its reference walsee optimum
quality values are not defined on literature. In this research, reference values are either the initial
values of quality attributes before applying any changes or the quality attributes values after an
adaptation and before applying a newrcltpe . I n the initial model ,
reference value of reusability.

Other variable types are applied in the initial simulation model to represent the reusability
quality attribute, its design properties, the design changes equataieir corresponding
adaptations. Since design changes and adaptations are applied at specific points of time in the
simulation run, PowerSifidt s t i me step functions (appendi x B
auxiliaryclockl i ke vari abl eesd sDuCcChdo aasn dit GioOwopmuptut ed CIl S0
design change is applied to design properties through their design metrics. Therefore, a design
change is computed within the clettke variable by either increasing or decreasing a specific
metric value at a sp#ic point of time (change time) in the simulation (appendix B). To
overcome the decrease in reusability after ap
properties (apart from the changed design property) is increasingly accumulated by afgplying
corresponding adaptation equation (table 4) through several simulation runs until the reference
value is reached. After applying a set of mat
reusability equation, we came up with its corresponding adaptatioticatpuéiable 4). For each
design property change, reusability can reach its reference value when the best fit adaptation
equation is applied. If the design property of the best fit equation is already at its optimum level

in the studied design, an altermadaptation equation can be applied (table 5). In this case,
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reusability is slightly increased above its reference value. This classification of the adaptation
equations is obtained empirically from variou
enables designers to experiment specific combinations of changes and adaptations per simulation
run as it is described in the verification of the model.

In the initial model, the reusability quality attribute is represented as an auxiliary variable
(circle) and fed with its corresponding quality equation from figure 9 whereas the design
properties are illustrated as levels (rectangles). The accumulation degree of levels (i.e. increase
or decrease) is controlled byngate3hévabhtves)d
the difference between the design property before and after changing it through a differential
equation (appendix B) such as in the equation
Messaging = (Computed GI8essaging)/CIS Excut eTi med. Any sensed <ch
the rate to the design property through a quality flow represented by a-tioellarrow. Then,
the new design property value is sent to the quality attribute variable to update its equation. If the
newlycompued reusabilityds equation is | ower than
eqguations in the cloelke variables are executed. The communication between the other model
variables is established through sintjieed information arrows (figure 14). A varighat is

enclosed within brackets is a shortcut to an already existing variable in the diagram to avoid long

awkward | inks from the source variable (e. g.
in figure 14). The # Sé(orple comphies betovaemtheavaluwe ofl i ar y
reusability after applying an adaptation equa

The simulation stops when those variables are equal.
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Desgn property for Adaptation equation
adaptation
Designsize 2 * reusability + 0.5 *coupling0.5 *cohesiori messaging.
Messaging 2* reusability + 0.5 * coupling0.5 * cohesioni design size.
Cohesion 4* reusability + coupling2 *messaging2* design size.
Coupling - 4* reusability + cohesion + 2* meggag + 2* design size.

Table 4: Reusability adaptation equations

Design change/ Change in
design property

Best fit adaptation equation
from table 4

Alternate adaptation
equation from table 4

Decrease in messaging.

Cohesion equ#n.

Design size equation.

Decrease in design size.

Cohesion equation.

Messaging equation.

Decrease in cohesion.

No best fit.

Coupling, messaging, and
design size equations.

Increase in coupling.

Cohesion equation.

Messaging and design size
eguations.

Change more than one desig

property.

Cohesion equation.

Any design pr
except the changed one (s).

Table 5:

Classification
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Figure 14: Reusability reference simulation model
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3.2.2 Initial model verification

The goal of model verification is to show that the initial simulation model is working
correctly and that the adaptation equations bring back the value of reusability to its reference
valuewhen design changes are applied. The initial model was expanded in Phase 2 of the SDM
and its validation is part of the final simulation model validation described in chapter 4.

After inputting fictitious design metrics values, design changes and tinchsiages in
the simulation interface (figure 15), the following simulation scenarios were executed:
1) Simulate the initial reusability quality attribute before changing any design properties
(figure 14), which represents the reference value of reityabil
2) Decrease messaging at a specific time in the software development lifecycle and apply the
adaptation equation of cohesion (figures 17 and 18).
3) Decrease design size and cohesion at a specific time in the software development lifecycle
and apjy the adaptation equation of messaging (figures 19 and 20).

Unlike the first simulation scenario that illustrates the initial design quality without any

changes, the remaining scenarios enable designers to experiment more than one design change at
different points of time in the software development lifecycle. In each scenario, the simulation
stops when reusability is completely adapted and at least equals the reference value
(InitialReusability). In PowerSiffy each variable value is characterized byex#jz metric. In
figure 15, the metric of the quality attribut

metric for the simulation steps is fAdao as an
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Design Changes

# Decrease Messaging only

[ Decrease Design Size and Cohesion

~

" Imtial Design Quality

(" Decrease Messaging without adaptation
[ Decrease Design Size & Cohesion without adaptation

£
a
.

Reusability value
"
1

Reusability Adaptation to Changes in Quality Sub-Attributes

Cohesion
— Massageng

— Coupling

ist gt

Reusability adaptation time

2nc gt

3rd gt

— Reusabdity

— Design Size

Quality Metrics . w.. ... =
cs 30.00 gqual
CiSChangel 15.00 qual
CiSChange2 20.00 qual
CISChange3 25.00 qual
i CiSTimeChangel 30.00 da
{ CiSTimeChange2 60.00 da
CiSTimeChange3 90.00 da

Quality Metrics parameters

CAM 0.90 qual
DSC 30.00 qual
DSCChangel 15.00 qual
DSCChange2 25.00 qual
DSCTimeChangel 40.00 da

Figure 15: A snapshot of the simudtion interface

The results show the effectiveness of the feedback equations in adjusting the reusability

quality level. In the second simulation scenario, if the messaging changes are injected without

applying the cohesion adaptation equation, theatglity quality attribute keeps decreasing and

never

reaches its

reference

v al

ue

(the

refere

Figure 18 shows that adaptation through cohesion in the three changes of messaging value was

sufficient and dective in adjusting reusability to at least its reference value. According to this

si mul

at

on

scenar

o,

cohesi

on

shoul

d

be

i ncr e

decrease in messaging in order for reusability to reach its reference valgsanigmebservations

are depicted in the third simulation scenario (figures 19 and 20). In this particular example,
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messaging

should be increased by a factor

and cohesion in order for reusability to re@slreference value. Since the chann cohesion

does notave a beslit equation (table 5), adaptation through messaging increases the value of

reusability above its reference value.

Reusability and design properties levels

qual
50

Reusability Adaptation to Changes in Design Quality properties

40

20

204

104

— Cohesion
Coupling
— Design Size
— Meassaging
— Reusability

ReusabilityReference

1st gt

2nd gt 2rd gt 4th qt

Reusability adaptation time

Figure 16: The reusability quality attribute and the design properties values before

applying changes

45

of



qual
S0

Reusability Adaptation to Changes in Design Quality properties

40

/ . . .

ist gt Znd gt 2rd gt 4th gt

Reusability adaptation time

Figure 18: Scenario 2 results with adaptation
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Figure 19: Scenaio 3 results without adaptation
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3.3 Phase 2 of the SDM: Model enhancement

The goal of model enhancement is to improve the initial simulation model and
incorporate the remaing QMOOD quality components. The application and validation of the
complete simulation model is described in chapter 4.

In thePowerSint workspace (figure 21), OO design quality was modeled as a set of
QMOOD quality attributes sumodels. In each sumodel, design quality is described in terms
of its quality components and quality flow. In addition, the qualitymsldels, as well as their
input panel and simulation results can be accessed through a simulation interface that was also
produced in th@oweSim® workspace (figures 32, 33, and 34).

A set of changes were applied to the initial model and adopted in the remaining quality
submodels including the reusability sumodel. All of the variable types, definitions of
reference values, and the cléissition as well as the identification procedure of the adaptation
equations of phase 1 were adopted in phase 2 of the SDM except the following changes and
features:
1) Del et e the fADesignScenarioso varialol e. Since
illustrate the research idea, a limited set of design changes and adaptations were adopted and
stored as design scenarios. In the updated version of the reusabditypdaband the other
quality submodels, designers can experiment different comiginatof design changes and
adaptations per simulation run. The maximum number of design properties that can be changed
in each quality attribute per simulation run equals the total number of design properties of that
attribute minus 1.
2)Omit thedi $ti @om©@o vari abl e. I n phase 1, once t

reference value after applying all of the design changes, the simulation stops. To prove the
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correctness of the simulation results, the enhanced model keeps running eveadfieg tee

reference values. Once the reference value is reached, it never decreases again throughout the
simulation run as long as no more design changes are applied.

3) Add new variables linked to each design propertyinthensobd e |l s su<ch as ADCC
First ChangeéFiamgdt GilCdrsgeo (figure 22). The funct.i
track of each design propertyédés |l ast value wh
after an adaptation, or after all adaptations. This procedureesrtbiat each design change is

applied on the correct value of its corresponding design property.

4) Add new variables linked to each design metric and property in thmedbls such as
ADSClInitial o and ACI SIniti al gefrgnfonegsimulaiéh2un. Des
to another. To ensure the correctness of the simulation results, those variables keep track of the
input metrics in each run.

5) Apply PowerSintés sliced variables technique. A sliced variable is characterized by distinct

aspets in its definition so that each aspect is defined in a specifimsalel. Apart from the

complexity design property, each QMOOD design property is shared by more than one quality
attributeds equation. To cor r eopertythatcormegpdndsme n t
to each quality attribute, PowerSilms sl i ced variables technique |
distinguishes itself from an ordinary variable in a-sutdel by a slice indicatof) in the

upper left corner of the variable.
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Figure 21: PowerSim® workspace

3.3.1 Reusability sub-model
3.3.1.1 Reusability quality components

The reusability enhanced sutodel adopts the QMOOD design properties and metrics

(@)}

described in figure 13. Italsosimul&# s t he out put of reusability
classifications (tables 4 and 5).
3.3.1.2 Reusability quality flow

After entering the metrics, the combination of changes and the adaptation options of
reusability (figure 33), the sulmodel assigns those values to their corresponding variables and
i mpl ements the reusabilitybés appropriate adap
QMOOD, each design metric corresponds to a specific design property and the simulation

enables desiters to change up to eleven design properties. However, the design properties that
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impact a specific quality attribute cannot all be changed at once since one of them, at least,
should be applied as an adaptation option. In the case of reusability Xineumanumber of
design properties that can be changed in one simulation run equals 3. Before running the
simulation, the designer enters the values of
and ACAMO. He al so entecb méeramosuntbk a$§ ©DE&EG
ACAM_Change20 (figures 22 and 33). Designer s
one simulation run. Then, the time of each change is entered and assigned to its corresponding
variabl e such asloADGCCITSIi_nid GteaCrhgange20, and ACA
the simulation runs, the initial quality value of reusability is computed and stored in the
AReusabilityo auxiliary variable (figure 22 a
alsostoredim he AReusabilityReferenceo variable (fig
its corresponding adaptation, the updated values of design properties will be entered by the user
in the subsequent simulati on r unnc etoo vcaolnupeu.t e t
After computing the initial and -ikhe refere
auxiliaryvariah es such as f Co wgnsetany dhangedrmite value of the design
properties. When a given time step of the simulation equal®bitihe entered change times, the
corresponding change amount of a specific metric is applied and stored in its corresponding
clock-like variable (e.g. at day 30 of the simulation, the value of CAM is decreased by 10 and
stored i n the r)arhachdhgdeithenan irctbas€ @ Maecrease) is sent to its
corresponding rate such as fiChange in cohesio
difference between the value of the design property (e.g. Cohesion) before and after any change.
The rde is like a valve that increases or decreases the level value of the design property (e.qg.

ACohesionod). The same qu al-ratewariabléesmihe sulmaded appl i
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at each time step of the simulation (appendix B). When the desigerfies of reusability are
updated, their values ar e -commputeitsgualityteduationilReus ab
the new AReusabilityo value is | ower than the
adaptation equations of the cked design properties in the interface are computed in the-clock

like variables (appendix B). Adaptation through design properties is implemented in a set of

slices that differs from one quality attribute to another. In the case of the reusabtipdel

the adaptation slices are represented by the adaptation equations of coupling, cohesion,

messaging, and design size properties that are devoted to the reusability quality attribute (tables 4
and 5). Once the adaptation equations are computed, theiffenence in the design properties
values is sensed by the rates (AChange in cou
messagingo, and fAiChange in Design Sizeo) and
(ACouplingdo, NACohesi gmo,SikMegsagiTrhen, arme ubhd
design properties are sent to the AReusabilit
The simulation keeps running and adapting any decrease in the reusability quality attribute until

the end of theimulation time. The detailed implementation of the reusabilityrsabel is

described in appendix B.
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Figure 22

. Reusability sub-model
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3.3.2 Flexibility sub-model

3.3.2.1 Flexibility quality components

In figure 24, flexibility is simulated with its corresponding design properties and metrics

(figure 23). After evalwuating the values of t
computed and stored in its variable (figures@ d 2 4 ) . I n addition, desig
i mpl ement flexibilityds adaptation equations

Design properties Design metrics

Encapsulation— DAM

Flexibility Coupling —— DCC
Composition—™ > MOA
Polymorphism— NOP

Figure 23: Flexibility design properties and metrics

Design property for Adaptation equation
adaptation
Encapsulation 4 * flexibility + coupling - 2*composition- 2* polymorphism.
Coupling - 4* flexibility + encapsulation + 2* composition + 2* polymorphism.
Composition 2* flexibility - 0.5* encapsulation + 0.5*couplingoolymorphism.
Polymorphism 2*flexibility 7 0.5*encapsulation + 0.5* couplirigcomposition.

Table 6: Flexibility adaptation equations
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Design change/ Change in | Best fit adaptation equation Alternate adaptation
design property from table 6 equation from table 6
Increase in coupling. Encapsulation equation. Composition & polymorphism
eguations.
Decrease in composition. Encapsulation equation. Abstraction & polymorphism
eguations.
Decrease in polymorphism. | Encapsulation equation. Composiion equation.
Change more than one desig Encapsulation equation. Any design pr
property. except the changed one (s).
Table7: Cl assi fication of flexibilityds a

3.3.2.2 Flexibility quality flow

In the implementation of the flexibility seimodel (appendix B), the input metrics, the
design changes, and the adaptation options are assigned to their corresponding variables (figure
24). In the case of flexibility, the maximum number of degigperties that can be changed in
one simulation run equals 3. After entering the simulation variables, the initial quality value of
flexibility is computed and stored in the AFI
B). The initial valueof | exi bi l ity is also stored in the fAF
If a design change is applied with its corresponding adaptation, the updated values of design
properties will be entered by the user in the subsequent simulation run to ctmepupeated
AFl exi bilityReferenceodo value.

Before running the simulation, the designer enters the values of the metrics in the
interface such as ADAMo, ADCCo, and AMOAO. He
metric such as ADAMh@mgegel¢fagdr @8MOR4C& 33) .
each change is entered and assigned to its corresponding variable such as
ADAM_Ti meChangelo, AMOA_Ti meChange206, and ADC
simulation runs, the initial quality value of flexibilityiscompud and st ored in the

auxiliary variable (figure 24 and appendix B). The initial value of flexibility is also stored in the
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AFl exi bilityReferenceo variable (figure 24).
adaptation, the updad values of design properties will be entered by the user in the subsequent
Ssimulation run to compute the updated AFl exib
was implemented in the reusability smiwdel was adopted in the flexibility subodd and the

remaining submodels of the simulation. In the case of the flexibility-sutdel, the adaptation

slices are represented by the adaptation equations of coupling, encapsulation, composition, and
polymorphism properties that are devoted to the Il quality attribute (tables 6 and 7). The

detailed implementation of the flexibility subodel is available in appendix B.
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Figure 24: Flexibility sub-model
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3.3.3 Understandability sub-model
3.3.3.1 Understandability quality components

In figure 26, understandability is simulated with its corresponding design properties and
metrics (figure 25). After evalwuating the val

quality equation is computed and storedtsrvariable (figures 9 and 26). In addition, design

propertiesd slices Iimplement understandabil it
Design properties Design metrics

Abstraction ANA

Encapsulation DAM

Coupling DCC

Understandability —» Cohesion CAM
Polymorphism NOP

Complexity NOM

Design size DSC

Figure 25: Understandability design properties and metrics
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Design property for Adaptation equation
adaptation

Abstraction -3.03 * understandability + encapsulatiocoupling + cohesioin
polymorphismi complexityi design size.

Encapsulation 3.03* understandability + abstraction + couplingohesion +
polymorphism + complexity + design size.

Coupling -3.03 * understandability abstraction + encapsulation + cohesion
polymorphismi complexityi design size.
Cohesion 3.03 * understandability + abstractiorencapsulation + coupling +
polymorphism + comiexity + design size.
Polymorphism -3.03 * understandability + abstraction + encapsulatioaupling +
cohesiori complexityi design size.
Complexity -3.03 * understandability abstraction + encapsulatidrcoupling +
cohesiori polymorphismi designsize.
Design size -3.03 * understandability abstraction + encapsulatidrcoupling +

cohesion polymorphismii complexity.

Table 8: Understandability adaptation equations

Design change/ Change in| Best fit adaptation equation Alternate adaptation
design property from table 8 equation from table 8
Increase in coupling. Encapsulation equation. No alternate.
Increase in complexity. Encapsulation equation. No alternate.
Increase in design size. Encapsulation equation. No alterrate.
Change more than one desig Encapsulation equation. Any design pr
property. except the changed one (s).
Table9: Cl assi fication of understandabil it

3.3.3.2 Understandability quality flow

On the one hand, the understandability-suidel implements the same quality flows
described in the previous suafiodels (figure 26). On the other hand, the maximum number of
design properties that can be changed in one simulation run equadsifition, the adaptation
slices are represented by the adaptation equations of abstraction, cohesion, coupling,
encapsulation, complexity, design size, and polymorphism properties that are devoted to the
understandability quality attribute (tables 8 andAppendix B describes the detailed

implementation of the understandability smiodel.

59



Figure 26: Understandability sub-model
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3.3.4. Functionality submodel
3.3.4.1. Functionality quality components

In figure 28, functionalitys simulated with its corresponding design properties and

metrics (figure 25). After evalwuating the val
equation is computed and stored in its wvariab
slices i mplement functionalityd6s adaptation e
Design properties Design metrics

Cohesion CAM

Polymorphism NOP

Functionalit » Messaging CIS

Design size DSC

Hierarchies NOH

Figure 27: Functionality design properties and metrics

Design property for Adaptation equation
adaptation
Cohesion 8.33 * functionality-1.83 * polymorphisni 1.83 * messaging 1.83 *

design sizé 1.83 * hierarchies.

Polymorphism 4.54* functionalityi 0.54 * cohesion messaging design size
hierarchies.

Messaging 4.54 * functionalityi 0.54 * cohesion polymorphismi design sizé
hierarchies.

Design size 4.54 * functionalityi 0.54 * cotesioni polymorphismi messaging
hierarchies.

Hierarchies 4.54 * functionalityi 0.54 * cohesiofi polymorphismi messaging
design size.

Table 10: Functionality adaptation equations
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Design change/ Change in | Best fit adaptation equation Alternate adaptation
design property from table 10 equation from table 10
Decrease in polymorphism. | Cohesion equation. Messaging, design size, and
hierarchies equations.
Decrease in messaging. Cohesion equation. Polymorphism, design size,
and hierarchies equations.
Decrease in design size. Cohesion equation. Polymorphism, messaging, ar
hierarchies equations.
Change more than one desig Cohesion equation. Any design pr
property. except the changed one (s).
Tablell: Cl assi fication of functionalityos

3.3.4.2 Functionality quality flow

Like the previous sumodels, functionality implements the same quality characteristics
(figure 28). However, the maximum number of degigoperties that can be changed in one
simulation run equals 4. Moreover, the adaptation slices are represented by the adaptation
eqguations of messaging, cohesion, design size, hierarchies, and polymorphism properties that are
devoted to the functionalityuality attribute (tables 10 and 11). The detailed implementation of

the functionality submodel is available in appendix B.
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Figure 28: Functionality sub-model
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3.3.5 Extendibility sub-model
3.35.1 Extendibility quality c omponents

In figure 29, extendibility is simulated with its corresponding design properties and

metrics (figure 29). After evalwuating the val
equation is computed and stored in its variable (figures@a 2 9 ) . I n addition, d
slices i mplement extendibilityds adaptation e

in figure 13, all of the possible adaptation equations of extendibility were experimented.

However, no adaptation eqiat made extendibility equal to its reference value (i.e. no best fit).

Design properties Design metrics
Abstraction ANA
Coupling DCC
Extendibility » Inheritance MFA
Polymorphism NOP

Figure 29: Extendibility design properties and metrics

Design property for Adaptation equation
adaptation
Abstraction 2 * extendibility + coupling inheritanca polymorphism.
Coupling -2 * extendibilityi abstractioninheritancei polymorphism.
Inheritance 2* extendibilityi abstraction + coupling polymorphism.
Polymorphism 2* extendibilityi abstraction + coupling inheritance.

Table 12: Extendibility adaptation equations
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Design change/ Chnge in
design property

Best fit adaptation equation
from table 12

Alternate adaptation
equation from table 12

Decrease in abstraction. No best fit. Coupling and polymorphism
eguations.

Increase in coupling. No best fit. Abstraction and polymorphisn
equdions.

Decrease in inheritance. No best fit. Polymorphism and abstractior
eqguations.

Decrease in polymorphism. | No best fit. Abstraction and coupling
eqguations.

Change more than one desig No best fit. Any design pr

property.

except theehanged one (S).

Table 13:

Cl assi fi

3.3.5.2 Extendibility quality flow

cati on

of extendi bil

The quality flow in the extendibility suimodel is similar to the previous safiodels

(figure 30). Furthemore, the maximum number of design properties that can be changed in one

simulation run equals 3. In the case of the extendibilityreodel, the adaptation slices are

represented by the adaptation equations of abstraction, coupling, inheritance, aragagm

properties that are devoted to the extendibility quality attribute (tables 12 and 13). The complete

implementation of the extendibility subodel is described in appendix B.
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Figure 30: Extendibility sub



3.3.6 Effectiveness submodel
3.3.6.1Effectiveness quality components

In figure 32, effectiveness is simulated with its corresponding design properties and

metrics (figure 31). After evalwuating the val
equti on i s computed and stored in its variable
slices i mplement effectivenessoO6s adaptation e
Design properties Design metrics

Abstraction ANA

Encapsulation DAM

Effectivene » Composition MOA

Inheritance MFA

Polymorphism NOP

Figure 31: Effectiveness design properties and metrics
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Design property for

adaptation Adaptation equation

Abstraction 5 * effectivenes$ encapsulatioii compositioni inheritance
polymorphism.

Encapsulation 5 * effectivenes$ abstraction compositioni inheritance
polymorphism.

Composition 5 * effectivenes$ abstractiori encapulationi inheritance
polymorphism.
Inheritance 5 * effectivenes$ abstractiori encapsulatiofi compositioni

polymorphism.

Polymorphism 5 * effectivenes$ abstractiori encapsulatiofi compositioni
inheritance.

Table 14: Effectiveness adaptation equations

Design change/ Change in | Best fit adaptation equation Alternate adaptation
design property from table 14 equation from table 14

Decrease in abstraction. Encapsulation equation. Composition and
polymorphism equations.

Decrease in composition. Encapsulation equation. Abstraction and polymorphisn
eguations.

Decrease in inheritance. Encapsulation equation. Polymorphism, abstraction, ar
composition equations.

Decrease in polymorphism. | Encapsulation equation. Abstraction and composition
eguations.

Change more than one desig Encapsulation equation. Any design pr

property. except the changed one (s).

Table 15: Classification of effectivenessos

3.3.6.2 Effectiveness quality flow

The effectiveness suimodel is applying the same quality characteristics of the previous
submodels. In this case, the maximum number of design properties that can be changed in one
simulation run equals 4. In addition, the adtptaslices are represented by the adaptation
equations of abstraction, encapsulation, composition, inheritance, and polymorphism properties
that are devoted to the effectiveness quality attribute (tables 14 and 15). The detailed

implementation of the eftdéiveness suimodel is available in appendix B.
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Figure 32: Effectiveness submodel
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Figure 33: The welcome page of the simulation
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Figure 34: The input menu of the simulation
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Design Quality Results
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Figure 35: The simulation results page
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Chapter 3 was devoted to the creation of
simulation by following phases® of the SDM. In PowerSifh each QMOOD quality attribute
was devebped in a separate satodel that showed how its quality components interact with
each other to face any decrease in design quality. Instead of testing a limited set of scenarios, the
enhancement of the initial simulation model enables designers to egperinth all possible
combinations of design changes and adaptations. Therefore, the resulting simulation from Phase
2 of the SDM is ready to be applied and validated in a set of real OO designs as illustrated in

chapter 4.
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Chapter 4. Simulation validation

To validate the simulation subodels and apply the suggested adaptations, ten academic
design class diagrams were studied (phases 2.2 and 3 of the SDM process in figure 2). To
illustrate the validation process and the applicaof the adaptation mechanisms, one design is
described thoroughly in this chapter and the remaining designs are discussed in appendix C. The
design documents were produced by students from two different cléfesed by the Computer
Science an&oftwae Engineering department at Auburn University: Software Modelimtg
Design (COMP 3700) and the Senior Design Project (COMP 4710). The designs illustrate the
components of small to mediusized systems in different application areas such as healthcare
andeducation. The design changes and their adaptations were validated by applying the
following steps in the designs:

1) Initial design quality measured: The QMOOD metrics, design properties and quality
equations were extractesanuallyand computed for each slgn class diagram before
applying any design changes. The initial values of the quality attributes in each design are
considered as the reference quality values for that particular dedigth the simulation and
the real results

2) Design changes andauatations simulated: A set of design changeas experimentally
applied toeach design through the simulatidinis assumed thathanges on the

requirements from the client side trigger the design chanfes obtained results depicted
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3)

4)

the affected QMOOM@uality attributes by those changes. If the quality values were lower

than their initial values (i.e. the reference values of the quality attributes) the impact of the
selected design propertiesd adaptattheon equat
simulation is the adaptation amount of the selected design property (i.e. how much the

adaptation design property should be increased/ decreased to reach the reference value of the
affected quality attribute).

Design changes and adaptations appliedéne desi gns 6 <c¢l ass diagram
changes were applied on the real designs as well as their corresponding simulated adaptation
amounts. The QMOOD quality attributes were also computed for the adapted class

diagrams.

Correlations betweentl®®i mul at ed and the real quality at
simulation and the class diagrams were computed: The correlations were calculated by

applying the Pearson produtioment coefficient or Pearson's r. Pearson's r determines the

linear relationship étween two sets of values (e.g. set X and set Y) and can rangelftom

1 [Jackson 2011]. In this research, X represents the set of all the adapted simulated values of

a specific quality attribute and Y represents the set of all the adapted valuesarhthe

quality attribute that are computed from the class diagrams.

4.1 Design 1 (D1): Library Information System (LIS)

4.1.1System description and reference quality values

The class diagram in figure$ &nd 3#epresents the design components oty

information system (LIS). The main goal of the LIS is to automate the operations of library

management such as checking books in and out; adding books to the library; and handling
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outstanding fees. The initial values of the QMOOD metrics of this dagram and the

remaining designs were extracteddpplying the formula in table 18oth values of the metrics

and t hei

Erowser

r

correspondi watpesqre eetoidedyn tahleéstlt andbl8t e s O
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<

logOut()

1.7

Pageltem

Button

1

title 'k*

LoginPage

title

I

LoginBuiton LogoutButton

logininame, password)

Figure 36: The library server classes of LIS
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Figure 37: The database server classes of LIS
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Design metric Formula

Design Size in Classes (DSC) F of classes in the ¢c
Number Of Hierarchies (NOH) E of <class hierarchie
i= number of leaf classes
72 of ancestors
Average Number of Ancestors (ANA) i=1

sum of leaf classas the design

Total number of private
Average Data Access Metric (DAM) (protected) attributes

in a class
Total number of attributes

Total numbe of classes in the design

00 DAM O1 in each <cl a

Average Direct Class Coupling(DCCGE of <c¢cl asses a cl ass

i= number of parameters of
all methods in a class.
72 n u mhbhde that shdreime t h
Average Cohesion Among Methods I=1
classes (CAM)

total number of parameters in a class

Total number of classes in the design

00 CAM O1 in each ¢l g

The number of panivhole relationships in the

Measure Of Aggregation (MOA) class diagram

The number of methods
inherited

by a class
Total number of methods
Average Masure of Functional accessible

Abstraction (MFA)

Total number of classes in thegign

00 MFA O1 in each cl a

Number Of Polymorphic methods E of polymorphic meth
(NOP)

Sum of Classes Interfaces Size (CIS))E of publ i c met hods i
Number Of Methods (NOM) E of all met hods i n t

Table 16: QMOOD design metrics formula
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4.1.2 Design changes

After extracting the design metrics values from the class diagram in figbiieasd337 a
set of design changes was applied to validate the results of the simulatbrddsign change
affected at least one quality attribute and enabled us to validate its corresponding simulation sub
model.
4.1.2.1 Design changes affecting the understandability quality attribute

After entering D106s de@6intgesimuaiaidnintertase,theal ue s
initial understandability value (i.e. the targeted reference value) was evaluated (Tableel@).
the new requirements received from the system
with books managementphary events organization, amenities reservation, and complaints
management. Therefoity e new cl asses cwases adaéagd atmo DLTds e
ABooks suggest i omloi, bridr yb,asd & b i€ty e e gthatdeat wit 0
new operations such as allowing users to suggest books and post complaints about any library
service. The impact of this design change on understandability and the adopted equation of
encapsulation were first experimentally simulated in Powérsaforeappt i ng t hem on D1
class diagram.
1) Simulated results

Increasing the DSC metric of D1 (table 1)increasing the number of classed to a
decrease in understandability below its reference value (table 17). To counterbalance the impact
of tha designchange, the adaptati@guation of encapsulation from table 8 was applied as

illustrated in figure 38.
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The increase in design sizea(l pink) led to a decrease in understandability (greel
below its reference value (blue). Understandability started to increase and reach
reference value when the adaptation equation of encapsulation (brown) was apq

Understandability Adaptation to Changes in Design Quality properties
qual . . .
+—— Design siz€design
@ 30"4[ change)
£
7]
o
0 204+
o
c
o — Polymorphism
ﬁ 10—+ — Encapsulation
: — Coupling
5 I \ — Abstraction
I Cohesion
E ° Complexity
._E — Diesign Size
% — Understandability
c -0 . — UnderstandReference
2 Understandability
. - .
g2 (quality attribute) )
53 7 Encapsulation
A ; ; , .| (adaptation)
ist gt 2nd gt 3rd gt 4th gt
Understandability adaptation time

Figure 38: Understandability adaptation results of D1

From figure 38, the decrease in understandabilitpisiterbalanced when encapsulation
increases from its original value of 1 to 5, or a factor of five. The encapsulation of D1 can be
i mproved by increasing the DAM values to 1 in
suggestiono, AfPLoisbtr acroympe vae mttssco,, and ALiI brary a
2) Real results

After experimenting the impact of the design change on understandability and the
effectiveness of the encapsulation adaptation equation through Pofiehersame changes and
the obtained adaptt i on from the simulation were applied
encapsul ation adaptation, which is based on I

through the UML minus sy mb oBefore applying themstulatonf t h e
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results on the real design, the attributes of the classes in figure 39 were all public. The increase in
encapsulation as an adaptation mechanism is based on making those attributes private by adding

the minus sign in front of them.

The minus symbol indicates that
the attributes of the class are mad
private which increases DAM to 1

Client service

- service id : int

+ getService (serviceid: int|

Library amenities

-reservationType: 8nhg
-date: String

+
postTalkRoomReservatio
(date: String,
reservationType: String)
+ updateReservation (dat
String, reservationType:
String)

+ cancelReservation (datt
String, reservationType:

String)

Library events
- event Topic: String
| - event date: String
- newArrival: String
- specialEdition: String
+ exhibitBooks (newArrival: String,
specialEdition: String)
+ announceTalk (event date: String, even
Topic: String)

Complaints
- type: String
-date: String
- content: String
- title: String
-id: int

+ postComplaint (id: int, type: String, date
String, title: String, content: String)

+ updateComplaint (id: int, date: String,
title: String)

+ cancelComplaint (id: int)

Books suggestion

-title: String
-autha: String
-bookid: int

- type: String
-availability: bool

+ addSuggestion (bookid: int, author: String, type: String, title: Stri
+ updateSuggestion (bookid: int, availability: bool)
+ cancelSuggestion (bookid: int, title: String, author: String)

Figure39: The

cl asses used in
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After applying the encapsul ation adaptatio
understandabtly value was computed. Table B&suts show that the simulated value of

understandability after adaptation matches its real value.

4.1.2.2 Design changes affecting the extendibility and the flexibility quality attributes

Additional design changes were simulated and then applied onapteddsersion of D1
after the first design change. To illustrate the effect of design changes on extendibility and
flexibility, the ACIient serviceo class from
APageltemo. Il n addi t i dassesirefigucel89 vea$ moditie@be n e mai ni n
specific client serviceThe impact of those design changes on extendibility and flexibility as well
as the adopted polymorphism adaptation mechanisms was first simulated in P&\aedsitmen
applied on the real as diagram of D1.
1) Simulated results

The described design changes led to an increase in the number of hierarchies, inheritance,
complexity, abstraction, messaging, complexity, and coupling design properties. Figures 40 and
41 show that both qualigttributes decreased below their reference values before applying the
polymorphism adaptation equation (the blue and green lines represent the reference values of
extendibility and flexibility respectively. The reference values are also recorded iniTable
From table 7, the best fit adaptation equation for flexibility is the equation of encapsulation.
However, encapsul ation was already at its opt
need an additional increasing. In this case, the alterngt¢atida equation of polymorphism
described in tables 6 and 7 was simulated. In the case of extendibility, table 13 shows that this

quality attribute has no best fit adaptation but can be adapted by applying the alternate equation
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of polymorphism. From figtes 40 and 41, the decrease in flexibility and extendibility was

counterbalanced when polymorphism was increased by a factor of ten.

Extendibility Adaptation to Changes in Design Quality properties

gqual

a0t \ Coupling (design change)

204

— Abstraction

104
Coupling
— Inheritance
— Extendibility

ExtendibilityReference

/ Polymorphism (adaptation) S —

Extendibility (quality

1 / attribute)

ist gt 2nd gt 3rd gt 4th gt
Extendibility adaptation time

Extendibility and design properties levels

Figure 40: Extendibility adaptation results of D1

Flexibility Adaptation to Changes in Design Quality properties

gqual
3 a0} \ Coupling (design
o change)
9
£
L]
=8
[=] 204
E. - — Flexibility
EI P0|ym0rph|sm - ;:::i::::;:ren:e
E (adaptatlon) — Encapsulation
1 — Coupling
-rgu e f Composition
oy
=
P
T 7 *
f \
\f } } f T
1st gt 2nd gt 2rd gt ath gt Flexibility
Flexibility adaptation time (quality attribute)

Figure 41. Flexibility adaptation results of D1
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2) Real results

The simulated changes and their corresponding adaptations for extendibility and
flexibility were applied on D1 as shown in figure 42. The simulated adaptation was applied in
t he A Bo ok sclasswhegeehe polyraonpbic forms of its methods are increased to nine.
Then, the computed values of extendibility and flexibility from D1 after adaptation were
compared to their simulated values. The results show a strong connection between the real and

the simulated values of hoquality attributes (tables 22 and iB3ppendix §.
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Library events

- event topic: String
- event date: String
- newArrival: String
- specialEdition: String

+ exhibitBooks
(newArrival: String,

specialEdition: String) i‘
+ announceT#l ( event

date: String, event
topic: String)

Pageltem

- title

Books suggestion

Client service

- service id : int

+ getService (serviceid:

int)
/\

-title: String
-author: String
-bookid: int

-type: String
-availability: String

Library amenities

Complaints
- type: String .
-date: String -re_servatlonType:
- content: String String .
- title: String -date: String
-id: int *

+ postComplaint (id: int,
type: String, date: String
title: String, content:
String)

+ updateComplaint (id:
int, date: String, title:
String)

+ cancelComplaint (id:
int)

postTalkRoomReserv
ation (date: String,
reservationType:
String)

+ updateReggation
(date: String,
reservationType:
String)

+ cancelReservation
(date: String,
reservationType:

String)

+ addSuggestion
(bookid: int, author:
String, type: String,
title: String)

+ addSuggestion
(bookid: int)

+ addSuggestion
(bookid: int, author:
String)
+addSuggestion
(author: String)

+ updateSuggestion
(bookid:int,
availability: bool)

+ updateSuggestion
(bookid: int)

+ updateSuggestion
(availability: bool)

+ cancelSuggestion (id
int)

+ cancelSuggestion
(bookid: int, title:
String)

+ cancelSuggestion
(bookid: int, title:
String, author: String)
+ cancelSuggesin
(author: String)

Figure 42: The changed parts of D1 for flexibility and extendibility adaptations
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4.1.2.3 Design changes affecting the reusability and the functionality quality attributes

After adapting the values of the extendibility and the flexibility quality attributes,
additional design changes were experimented in the simulationthea dpplion D106s <cl| ass
di agr am. The classes ACheckl!l niRfggeddweren Chec k Ou
deleted fom D1
1) Simulated results

The new design changes led to a decrease in the design size of D1 and two QMOOD
guality-attributes below their ference values: reusability and functionality (table 17, figures 43
and 44). The bedit adaptation equation for reusability and functionality is the equation of
cohesion as it is described in tables 5 and 11. When the value of cohesion was incezased aft
applying its adaptation equation, the reusability and the functionality values increased and
reached their reference values as illustrated in figures 43 and 44. Furthermore, cohesion is
measured through the CAM metric, which represents the degreatedrss among the
met hods of a designds classes. The simulation
cohesion/ CAM should equal 1 in six classes of D1. The application of those simulated

suggestions in the real design was described in figure 46.
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Reusability Adaptation to Changes in Design Quality properties

AN

qual
. .
@ | Design size
e e design
3 \ (desig
a change)
5 L/
=8
2 . .
& zop Reusability (quality — Cohesion
. Coupling
g attrIbUte) — Diesign Size
- — Messaging
'E — R.eusability
m ReusabilityReference
-
E 10+
=
m
1]
a \
e Cohesion (adaptation
ist gt I 2nd gt I 3rd gt I 4th gt I
Reusability adaptation time
Figure 43: Reusability adaptation results of D1
Functionality Adaptation to Changes in Design Quality properties
uzl
; 1
5 1
g 30+
o
s \ Design size (design
t change)
o
2
o gl — Polymorphism
E‘ Cohesion
n — Design Size
g \ - ) — Hierarchies
T Functionality — Messaging
m - — Functionality
3‘ 104 (qualltv attrbUte) FunctionalityReference
"
=
2
L]
=
=5
L

Cohesion

ist gt 2nd gt 3rd gt 4th gt

(adaptation)

Functionality adaptation time

Figure 44: Functionality adaptation results of D1
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2) Real results

The changes that affect reusability and functionality asasethe suggested adaptation
from the simulation were applied on D1. After applying the changes, the parameters in the
classes fALibrary eventso, AComplaintso, and i
methods, increasing the value of CAM fror8 @ 1. This adaptation mechanism

counterbalances the decrease in both quality attributes and makes the real values nearly equal

their smulated counterparts (tables 24 and 25 in appengix C

4.1.2.4 Design changes affecting the effectiveness qualaytribute

In the | ast design change to D1, the ACI i e
remaining classes to inherit characteristics
impact of this design change on effectiveness and the adaj@pthion equation was first
simulated in Powersifhand then applied on the real class diagram of D1.
1) Simulated results

This design change led to a decrease in the abstraction design property and the
effectiveness quality attribute. From table 15,aljaation of encapsulation is the best fit
adaptation of effectiveness. However, encapsulation was already at its optimum level (i.e. DAM
= 1 in D16s classes) and did not need to be i
equation of polymorphisrdescribed in tables 14 and 15 was simulated. Figure 45 illustrates that
polymorphism must increase from 9 to 18 to accommodate the design change. Thus, the
adaptation through NOP, the QMOOD measure of polymorphism, should besedtit®anine

polymorphic nethods n t he D16s c¢cl ass diagr am.
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Abstraction

(design change) Polymorphism

(adaptation)

ffectiveness Adaptation to Changes in Design Quality properties
qual v

15+

— Polymaorphism
10—+ — Abstraction
Composition

— Encapsulation

— Inheritance
Effectiveness

— EffectivenessReferance

Effectiveness
(quality attribute)

Effectiveness and design properties levels

u] t } } {
ist gt 2nd gt 3rd gt 4th gt

Effectiveness adaptation time

Figure 45: Effectiveness adaptation results of D1

2) Real results

The simulated changes and adaptations that
class diagram. Thepolmor phi ¢ adaptation from the simul at
amenitieso and ACompl aint so cdmnehcdevveremtreasee t he
toeightee f i gure 46). The computed value of effect

adagtation nearly egqusa its simulated value (table 26 in appendjx C

89



The intersection between the parameters of the methods and the overall class at
is high so that CAM =1. Allof theclasst t r i but es ar e al mos
parameters. Thus, the cohesion of the class that corrsponds to CAM is increased
adapts the values of reusability and functionality. Adding polymorphic metbocls
asfiupdateSuggestion (availability: bdol i n 0 Bo o ks <dagtedehs t i
value of effectiveness.

Pageltem
f - title R
Library events

- eventTopic: String ﬁ Books suggestion
- ﬁ\e/:svrjbt\r?i?/zi gg:gg Library amenities -title: String
- specialEdition: String -reservationType: String :6:;,u()tg(|zirci-si:1rtlng
+ exhibitBooks -date: String - type: String
(newArrival: String, + - availability: bool
specialEdition: String, postTalkRoomReservatio| [ addSuggestion
event date: String, eve (date: String, event: (bookid: int, author:
Topic: String) String, lecturer: String) String, type: String,
+ announceTalk ( even + title: String)
date: String, event postTalkRoomReservatio| | addSuggestion
Topic: String) (date: String) (bookid: int)

+

| | + addSuggestion
postTalkRoomReservatio (bookid: int, author:

oe: Sg[lr(_)nmplaints (date: String, event: String)
:dgﬁ)ei. Strilng? String) +addSuggestion
-id: int * | | (author: String)
. postTalkRoomReservatio| | updateSuggestion
- title: String . (date: Fring, lecturer: (bookid: int
- content: String String) e

, availability: bool)
+ updateReservation (dat | updateSuggestion
String, event: String, (bookid: int)

lecturer: String) + updateSuggestion
+ updateReservation (dat (availability: bool)

String, event: String) + carcelSuggestion
R L + updateReservation (dat (bookid: int)

date: String, title: String, String, lecturer: String) + cancelSuggestion
type: String, content: Strig |, pdateReservation (dat (bookid: int, title:

+ cancelComplaint (id: int, String) Stine) ;int, :

date: Str_ing, title: String,_ + cancelReservation (dat
type: String, con_tent_: S'Frlng String, event: String,
+ cancelComplaint (id: int) | | |ecturer: String)

+ postComplaint (id: int,
type: String, date: String,
title: String, content: String)
+ postComplaint (id: int)

+ update@mplaint (id: int)
+ updateComplaint (id: int,

Figure 46: The changed parts of D1 for reusability, functionality, and effectiveness
adaptation
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The same validation process was applied ir(1D designs where the data in tablés 1
and B were used in running the simulation and checking that the obtained quality attributes
reached their reference values after adaptation. The detailed descriptesmgof changes and

adaptations of DPD10 is described in appendix C.

Designs
QMOOD D1 | D2 | D3 D4 D5 D6 D7 D8 D9 | D10
Metrics
DSC 28 |13 |47 |38 |40 21 10 (41 |7 12
NOH 5 |1 |3 5 5 1 3 4 0 0
ANA 1 1 1 145 |1 1 1.75 [ 1.06 | O 0
DAM 1 ]07]025]1 1 1 1 1 1 1
DCC 27 |11 |9 19 21 10 14 |25 16 6
CAM 081 0.19 |1 02 |1 1 1 1 1
MOA 6 |7 |0 3 2 2 1 8 16 6
MFA 05/08 |0 0 0.98 |0.2 |0.27 |0.66 | O 0
NOP 1 1 1 1 1 1 1 1 1 3
CIS 19 |33 |58 18 |40 101 | 22 65 |31 98
NOM 19 |33 |58 18 |40 101 | 22 65 |31 98

Table 17: The initial QMOOD design metrics values for the ten designs
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Designs

D1 | D2 D3 D4 D5 D6 D7 D8 D9 D10
Reference

guality values
Reusability |23.2|31.75[51.8 |33 38.05 | 47.75 |61.75]| 20 21.25 | 57.5

Flexibility 3 15 |15 |25 |35 |15 0.25|2.25 | 4.75 | 3.25

Understandabi | 54 4| 189 |38.13 | 24.90 | 33.59 | 43.25 | 43.56 | 15.43 | 17.49 | 38.61

lity 9
Functionality | 17.4| 18.38 | 26.64 | 20.8 | 22.02 | 25.86 | 30.26 | 12.44 | 13.98 | 27.84
8

Extendibility 122|410 | 350 |813 |9.06 |11.14 |3.88 |545 |6.75 |0.7

Effectiveness | 3.6 | 4.12 | 0 0 2.18 1334 (245|182 (6.5 |292
8
Table 18: The reference values of the quality attributes foboth the simulated and the real
results in the ten designs

4.2  Quality attributes correlation results

After experimenting and applying a set of design changes and their adaptations on the
simulation and the real designs, the resulting simulated and real quality attributes were generated
and computed. Thethe Pearson produatoment correlation coefficient (Pearson's r) was
computed for each design quality attribute between its simulated and its real values. Pearson's r
coefficient determines the association level of two sets of variables X and Y [Jack4¢ni20
can be computed by applying the foll owing for

(e.q. size of X):

.- NEXY - (EXNEY)
7N INEX - &XVINZY - aY

Figure47. Pearsondér formula [Jackson 20
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Pear sono6r v a-lto ®:with specifcecarreldtiosivenyth (tabled). The sets
X and Y can be perfectly correlated when r-1Moreover, X and Y are considered not linearly
related or correlated whe =0. In the validation of thiesearch, X represents the simulated
values of the quality attribudeafter adaptation while Y is the set of their corresponding real
values. A high or very high correlation between X and Y shows the effectiveness of the
adaptation equations in adjusting design quality (tagje.1 The detailed appl i
r in each design quality attribute is illustrated in table@ ®. Pear sonds r comput
correlation between two sets of variables. Th
quality attribute between the set X of all its simulated values andttifedcgall its real values in
all the designs. Tab20i | | ustrates the computation of Pear
the set X of its simulated values and the set Y of its real values over all designs. The correlations

of the remaining qualitgttributes are presented in appendix C.

Correlation Negative correlation Positive correlation
strength value value
Very low -0.3<r<0 0 <r< 03
Low -0.5<r<-0.3 0.3<r< 0.5
Moderate -0.7<r<-05 05<r< 0.7
High -09<r<-0.7 0.7<r< 0.9
Very high -1 <r<-0.9 09<r< 1

Tablel Pearsondér correlation degrees [ J
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X: Simulated Y: Real
understandability | understandability XY X2 Y2
in D1-D10 in D1-D10

-24.49 -24.47 599.27 599.76 598.78
-18.90 -18.89 357.19 357.55 356.83
-38.13 -38.13 1453.89 1453.89 1453.89
-24.90 -24.88 619.51 620.01 619.01
-33.59 -33.58 1127.95 1128.28 1127.61
-43.25 -43.24 1870.13 1870.56 1869.69
-43.56 -4353 1896.16 1897.47 189486
-15.43 -1542 237.93 238.08 237.77
-17.49 -17.49 305.90 305.90 305.90
-38.61 -38.60 1490.34 1490.73 1489.96

F  X%298.35 F  Y-208.23 E XY= |E X] = E Y] = 9

9958.27 9962.23
n =10
Table 20: Correlation computations of understandability
10 (9958.27) (-298.35) (298.23)
My =

’ al 10 ( 96 ®235232*)10 (9954.30)(-298.23)?|

=1 very high correlation

Quality attribute Correlation value | Correlation
degree
Understandability 1 Very high
Extendibility 0.99 Very high
Flexibility 0.90 Very high
Functionality 0.99 Very high
Reusability 0.99 Very high
Effectiveness 0.97 Very high

Table 21: Correlation degrees of the QMOOD quality atributes
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From the obtained Pear sthedsimulaten eafuésiofchesxt v a
quality attributes after adaptation highly correlate with their real values. Therefore, the
simulation results are valid and the suggestegtatian equations are effective. In addition, the
obtained results concretely reject the null hypothesis of this research in favor of the alternative

hypothesis.
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Chapter 5: Conclusions and future research work

5.1 Conclusions

The presented research extracted a set of adaptation equations from the QMOOD to face
any possible decrease in design quality due to changes in design decisions. Those adaptation
equations as well as the different components of the QM @ere modeled as a system
dynamics simulation implemented in PowerSinihe simulation was an experimental
environment where designers can test the impact of changes before applying them on real
designs. The simulation was also useful in defining theogpiate adaptation equation for each
design change that decreased the value of a specific QMOQOD quality attribute.

The validation of the simulation showed that the suggested adaptations can be applied
effectively and smoothly in the real designs. Aaipplying a set of design changes on the real
designs, design quality dropped below its defined reference values. Then, the obtained increase
in the adaptation design properties from the simulation was applied on the real designs. The
validation of the @search showed that the simulated results highly correlated with the real
adaptations. Therefore, the suggested adaptations can effectively adjust design quality.
Moreover, the application of any of the adaptation equations for a specific quality atiadute
no side effect on the other quality attributes since they kept their high level and did not drop

below their reference values.
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5.2  Future research work

The simulation produced in this research can be extended to study more design quality
variades and adapt other phases of the software process. The current simulation uses only the
quality attributes defined in the QMOOD. However, software design can also be characterized
by other quality attributes such as reliability whose assessment andtiatgiagdaa improve
design quality. Moreover, design quality can also be impacted by other exogenous soft factors
such as the motivation of designers, their commitment and their organizational culture. The
simulation can help in defining the impact of thos# factors on QMOOD quality attributes
and depict the required adaptations in this case. In addition, a mapping catalog between each
quality attribute and its set of impacting soft factors can be defined. For example, the simulation
can define the orgarational, the economic and the psychological factors impacting the
reusability quality attribute such as the required effort, the existing incentives and the job
security threats respectively. The simulation can also be extended to assess and adapt other
software process phases such as the requirements phase. Through the simulation of the complete
software process, software engineers will be able to determine the impact of a specific process
phase on the quality of other phases. Furthermore, softwareeerginill also be able to
evaluate the impact of skipping a process phase on the quality of the other phases and the
produced software.

The current research defines local reference values for each particular design. The
reference values are defined as thitial values of the quality attributes before any design
change. As an improvement, those reference values can be determined statistically along many
sets of projects or from the history of projects in a company. The reference values can also be

updatel from one simulation run to another or fixed from the first run. Similarly, the same
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methodologies can determine the required initial values of the design properties to run the
simulation for any project type. Therefore, designers will be able to degeeminiform
proportion for each design property that can
statistical studies over a large set of designs may suggest that the third of any design should be
composed of hierarchies and then assign the valieethi@ hierarchies design property and its
corresponding metric in the simulation.

Besides design quality evaluation and adaptation, the simulation can be extended to
include other options that wil |l haadeptimategsi gner
the costs of adaptations. To find realistic traffs between design decisions and the intended
quality attributes values, a quality optimization mechanism can effectively guide designers in
forecasting those traeeffs. Therefore, the sinkation can be extended to provide designers with
the needed values of design properties to reach any targeted quality attributes levels. Another
interesting extension to the simulation is to run a-besiefit analysis of the simulated design
changes andheir corresponding adaptations. Hence, designers will be able to forecast the costs
of their design changes and adaptations before applying them in the real designs.

To consolidate the obtained results from this research, more validations aredéquir
including other types of design deliverables and simulating indbssgd software designs.

Besides the UML class diagrams that were studied in this research, the simulation will be
extended to evaluate and adapt other design data obtained frartyp#seof design deliverables
such as the entitselationship and the data flow diagrams. As an industrial validation to this
research, the simulation results will be applied in eg@urce software. This type of validation is
based on a long time consung process and constitute by itself a research project. This type of

validation may specialize on one type of open source software such as android applications or
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consider different types of software at the same time. Then, those applications shouduld®e re
engineered to transform code to UML class diagrams. Design quality should be assessed from
one reverse&ngineered release to another by applying QMOOD. The regagseeered

designs should also be thoroughly analyzed to detect any design changesérrelease to

another. A decrease in design quality indicates that changes need to be counterbalanced by
applying one of the presented adaptation mechanisms in this research. All of this data should be
experimented in the simulation before applyingdb&ined adaptations on the real reversed
design. Then, a second QMOOD quality evaluation should be performed on the real adapted
design to check the effectiveness of adaptations. The same methodology is applied on the
different releases of an opsourceproject as well as in the remaining projects. By the end,

Pearson's r correlation factors are computed between the simulated and the real results.
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Appendix A: System dynamics concepts

System Dynamics (SD) is a compubased simulation modeling methodology
developed at the Massachusetts Institute of Technology (MIT) in the 1950s as a tool for
managers to analyze complex probl ems. It is
time.

System dynamics simulations are based on the principle of cause and effect relationships
between outputs that both respond and influence inputs ineddiesdback loop. There are two
types of feedback loops: positive and negative. Positive loops represarirdelfcing systems
that are either growing or declining. Negative loops representsgeiing systems that keep
improving or get stabilized ovéime. The direction of causality between the variables in a
feedback loop is represented by a minus or a positive sign at the head of each arrow. The positive
sign indicates that the variable at the tail of each arrow causes a change in the variable at th
head of each arrow in the same direction and vice versa. The positive sign is also represented by
S (same direction) and the negative sign is represented by O (opposite direction).4&igure

shows an example of a feedback loop where an increase énguits to a decrease in sales.
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el

Price Sales

_ o
. NIt
Costs
Figure 48: A feedback loop that shows the relationships

between price, sales, and unit costs
The overall polarity (positive or negative) of the feedback loop is determined by
multiplyingalld 1 ts arrows6é signs. I f the resulting
balancing (B) or a counteracting (C) behavior to adjust and stabilize the status of a system. When
the resulting sign is positive, the feedback loop represents a rangfdR) behavior towards the
growth or the decline of a given system. Figd@dllustrates a reinforcing feedback loop that
describes the growth of the national debt due to the compounding of interest payment&0-igure

presents a balancing loop thadlstizes the rate of itching by applying regular scratching.

National Debt ltchi
: . ching
(R)
(B)
Interest S g
Payments On :
Debt Scratching
Figure 49: Reinforcing feedback loop Figure 50: Balancing feedback loop
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Besides the cause and effect relationships, dynamic systemsar i abl es accumi
time due to continuous flows of policies. Those accumulations are represented as levels such as
an inventory level that increases due to increasing production flows. To control the production, a
specific production rate is apptl. Levels (rectangle symbol), flows (double arrows), and rates
(valve symbol) are the main representations of variables in SD. In addition, rates and levels can
be influenced by other external variables that are modeled as constants (diamond) oeauxilia
(circle) linked by information links (single arrows). Fig&krepresents a simple simulation
model that helps us understand the interactions between the ordered merchandise from clients
(order rate), the available goods (inventory), and producatan(production). Those
interactions are computed numerically through a set of differential equation®(edugrtion=
(Desired Inventory Inventory)/Inventory Adjustment TimeJhe simulation can help business

managers in estimating the optimum leokinventory to cover their future market demands.

1

Tirne to Carrect
Inventaory

& Eé@

Inwentory

Production Shipments

S

Desired Inventory Order Rate

Figure 51: level-rate diagram example
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Appendix B: Simulation source code

The following appendix illustrates the implementation code of the simulation in the

Powersin? environemt that usesGlike syntax.
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mainmodel Composant 1 {
const AbstractAdaptationEffect {
autotype Real
init 0

}

const AbstractAdaptationU {
autotype Real
init0

}

const AbstractAdaptEx {
autotype Real
inito

}
level Abstraction {
autotype Real
autounit qual
init ANAInitial
inflow { autodef ‘Change in abstraction' }

}

const ANA {
autotype Real
autounit qual
init 20<<qual>>

}

const ANA_Change1 {
autotype Real
autounit qual
init -5<<qual>>

}

const ANA_Change2 {
autotype Real
autounit qual
init -10<<qual>>

}

const ANA_Change3 {
autotype Real
autounit qual
init -15<<qual>>

)

const ANA_ExecuteTime {
autotype Real
autounit da
init 1<<da>>

}
const ANAFirstEffect {
autotype Real
autounit qual
init INITIF((((TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <<da>>)) OR ((TIME >=(STARTTIME +
(MFATImeChange1)+ 5 <<da>>))) OR ((TIME >=(STARTTIME + (MOA_TimeChange1)+ 5 <<da>>)))
OR ((TIME >=(STARTTIME + (NOPTimeChange1)+ 5§ <<da>>)))) AND (Effectiveness >=
EffectivenessReference)), Abstraction)

}
const ANAFirstExt {
autotype Real
autounit qual
init INITIE((((TIME >=(STARTTIME + (DCC_TimeChange1) + § <<da>>)) OR ((TIME >=(STARTTIME +
(MFATIimeChange1)+ § <<da>>))) OR ((TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>))))
AND (Extendibility >= ExtendibilityReference)), Abstraction)

}
const ANAFirstUnderst {
autotype Real
autounit qual
init INITIF(((TIME >=(STARTTIME + (DCC_TimeChange1) + 5 <<da>>)) OR ((TIME >=(STARTTIME +
(DAM_TimeChange1)+ 5§ <<da>>))) OR ((TIME >=(STARTTIME + (CAMTimeChange1)+ 5 <<da>>)))
OR ((TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>))) OR ((TIME >=(STARTTIME +
(NOMTimeChange1)+ 5 <<da>>)))OR ((TIME >=(STARTTIME + (NOPTimeChange1)+ § <<da>>))))
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AND (Understandability >= UnderstandReference)), Abstraction)

}
const ANAInitial {
autotype Real
autounit qual
init INITIF(TIME = STARTTIME, ANA)

}

const ANATimeChange1 {
autotype Real
autounit da
init 30<<da>>

}

const ANATimeChange2 {
autotype Real
autounit da
init 80<<da>>

}

const ANATimeChange3 {
autotype Real
autounit da
init 90<<da>>

}

const CAM {
autotype Real
autounit qual
init 0.9<<qual>>

}
const CAM-FirstChange {
autotype Real
autounit qual
init INITIF((((TIME >=(STARTTIME + (CISTimeChange1)+ 5 <<da>>)) OR ((TIME >=(STARTTIME +
(DCC_TimeChange1)+ 5§ <<da>>))) OR ((TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>))))
AND (Reusability >= ReusabilityReference)), Cohesion)

}

const CAM_ExecuteTime {
autotype Real
autounit da
init 1<<da>>

}

const CAMChange1 {
autotype Real
autounit qual
init (-0.30)<=qual>>

}
const CAMChange2 {
Real

autounit qual
init (-0.5)<<qual>>

}
const CAMChange3 {
Real
autounit qual
init (-0.7)<<qual>>

}
const CAMFirstFunct {
autotype Real
autounit qual
init INITIF((((TIME >=(STARTTIME + (CiSTimeChange1)+ 5 <<da>>)) OR ((TIME >=(STARTTIME +
(NOPTimeChange1)+ 5 <<da>>))) OR ((TIME >=(STARTTIME + (DSCTimeChange1)+ 5§ <<da>>)))
OR ((TIME >=(STARTTIME + (NOHTimeChange1)+ 5 <<da>>)))) AND (Functionality >=
FunctionalityReference)), Cohesion)

H
const CAMFirstUnderst {
autotype Real
autounit qual
init INITIF((((TIME >=(STARTTIME + (DCC_TimeChange1) + § <<da>>)) OR ((TIME >=(STARTTIME +
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(DAM_TimeChange1)+ 5 <<da>>}))) OR ((TIME >=(STARTTIME + (ANATimeChange1)+ 5 <<da>>)))
OR ((TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>))) OR ((TIME >=(STARTTIME +
(NOMTimeChange 1)+ 5 <<da>>)))OR ((TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>))))
AND (Understandability >= UnderstandReference)), Cohesion)

autotype Real

autounit qual

Init INITIF(TIME = STARTTIME, CAM)

autounit qual/da
) def (‘Computed MOA-Composition)MOA_ExecuteTime

aux Change in coupling (
autotype Real
autounit

qualida
) def (‘Computed DCC-Coupling)/DCC_ ExocuteTime
aux Change in Design Swe
autotype Real

autounit qualda
def (‘Computed DSC-'Design Size'YOSC_ExecuteTime

}
aux Change In Encapsulation {
autotype Real
autounit qualida
def (‘Computed DAM-Encapsulation)/DAM_ExecuteTime
}
aux Change in Hierarchies {
autotype Real
autounit qualida
def (Computed NOH-Hierarchies)NOH_ExecuteTime

)amcwnlmm(
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autotype Real
autounit qual/da
def ('Computed MFA'-Inheritance)/MFA_ExecuteTime

aux Change in Messaging {
autotype Real
autounit qual/da
def ((Computed CIS'-Messaging)/CIS_ExecuteTime

aux Change in polymorphism {
autotype Real
autounit qual/da
def ((Computed NOP'-Polymorphism)/NOP__ ExecuteTime

const CheckedAbstraction {
autotype Real
init O

const CheckedCohesion {
autotype Real
init O

3

const CheckedComplexity {
autotype Real
init O

const CheckedComposition {
autotype Real
init O

}

const CheckedCoupling {
autotype Real
init O

const CheckedDesignSize {
autotype Real
init O

const CheckedEncapsulation {
autotype Real
init O

const CheckedHierarchies {
autotype Real
init O

const Checkedlnheritance {
autotype Real
init 0

b

const CheckedMessaging {
autotype Real
init O

const CheckedPolymo {
autotype Real
init O

b

const CIS {
autotype Real
autounit qual
init 30=<=qual==

¥
const CIS-FirstChange {

autotype Real
autounit qual
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Init INITIF({((T'WME >=(STARTTIME + (CAMTimeChange 1)+ 5 <<da>>)) OR ((TIME >»=(STARTTIME +
(DCC_TimeChange1)+ 5 <<da>>))) OR ((TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>))))
AND (Reusability >= ReusabiityReference)) Messaging)

Init 1<<da>>

)

const CISChange! (
autotype Real
autounit qual
init -15<<quai>>

qual
init INITIF(({(TIME >=(STARTTIME + (CAMTimeChange1)+ 5§ <<da>>)) OR ((TIME >=(STARTTIME +
(NOPTIimeChange1)+ § <<da>>))) OR ((TIME >=({STARTTIME + (DSCTimeChanget)+ 5 <<da>>)))
OR ((TIME >=(STARTTIME + (NOHTimeChange1)+ § <<da>>)))) AND (Functionality >=
FunctionaltyReference)), Messaging)

)
const CiSinitial {
autotype Real
autounit qual
init INITIF(TIME = STARTTIME, CIS)
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const CohesionAdaptationU {

autotype Real
init0

}

const ComplexAdaptation {
autotype Real
init0

}
level Complexity {
autotype Real
autounit qual
init NOMInitial
inflow { autodef 'Change in Complexity’ }

}

const ComposAdaptationEffect {
autotype Real
init0

}

const ComposAdaptationF {
e e
nit

}
level Composition {
autotype Real
autounit qual
init MOA Initial
inflow { autodef '‘Change in composition' }

}
aux Computed ANA {
autotype Real
autounit qual
def ANA +
IF{CheckedAbstraction =1, IF( (TIME >=(STARTTIME + ANATimeChange1)) AND (TIME <

(STARTTIME + ANATimeChange2)) ANA_Change1, IF( (TIME >=(STARTTIME + ANATimeChange1)

) AND (ANA_Change2 = 0 <<qual>>) AND (ANA_Change3 = 0 <<qual>>) ANA_Change1,
IF((TIME >=(STARTTIME + ANATimeChange2)) AND (TIME <(STARTTIME +
ANATImeChange3)), ANA_Change2. IF((TIME >=(STARTTIME + ANATimeChange2)) AND
(ANA_Change1 = 0 <<qual>>) AND (ANA_Change3 = 0 <<qual>>),ANA_ChangeZ2 IF( (TIME >=
(STARTTIME + ANATIimeChange1)) AND (TIME <(STARTTIME + ANATimeChange3)) AND

(ANA_Change2 = 0 <<qual>>),ANA_Change1, IF((TIME >=(STARTTIME +ANATImeChange2)) AND

(ANA_Change3 = 0 <<qual>>), ANA_Change2,
IF( (TIME >=(STARTTIME + ANATimeChange3)).ANA_Change3)))))).

IF(AbstractAdaptationU =1,
IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND

(Understandability < UnderstandReference)) , ((-3.03*Understandability) + Encapsulation - Coupling

+ Cohesion - Polymorphism - Complexity - ‘Design Size’),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND

(Understandability < UnderstandReference)) , ((-3.03*Understandability) + Encapsulation - Coupling

+ Cohesion - Polymorphism - Compilexity - "Design Size'),
IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND
(Understandability == UnderstandReference), ((- ANA) + ANAFirstUnderst), IF( ((TIME >=

(STARTTIME + (DCC_TimeChange3 + 5<<da=>>))) AND (Understandability < UnderstandReference))

, ((-3.03"Understandability) + Encapsulation - Coupling + Cohesion - Polymorphism - Complexity -

‘Design Size'),
IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst), IF( ((TIME >=

(STARTTIME + (DCC_TimeChange1 + S<<da>>))) AND (Understandability< UnderstandReference))

[((-3.03"Understandability) + Encapsulation - Coupling + Cohesion - Polymorphism - Complexity -
‘Design Size'),
IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND

(Understandability >= UnderstandReference)) . ((-3.03*Understandability) + Encapsulation - Coupling

+ Cohesion - Polymorphism - Complexity - '‘Design Size’),
IF( (TIME >=(STARTTIME + (CAMTimeChange1)+ 5 <<da>>)) AND
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(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst),

IF( ((TIME >=(STARTTIME + (CAMTimeChange2 + 5<<da>>})) AND
(Understandability >= UnderstandReference)) , ((-3.03*Understandability) + Encapsulation - Coupling
+ Cohesion - Polymorphism - Complexity - 'Design Size'),

IF( (TIME >=(STARTTIME + (CAMTimeChange2+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst), IF( ((TIME >=
(STARTTIME + (CAMTimeChange3+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
((-3.03*Understandability) + Encapsulation - Coupling + Cohesion - Polymorphism - Complexity -
‘Design Size'),

IF( (TIME >=(STARTTIME + {CAMTimeChange3+ 5 <<da>>))) AND
(U >= UnderstandReference), ((- ANA) + ANAFirstUnderst), IF( ((TIME >=
(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference)) ,(
(-3.03*Understandability) + Encapsulation - Coupling + Cohesion - Polymorphism - Complexity -
‘Design Size'),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND
(Understandability >= UnderstandReference)) , {(-3.03*Understandability) + Encapsulation - Coupling
+ Cohesion - Polymorphism - Complexity - 'Design Size'),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND
(Understandability >= UnderstandReference)) , ((-3.03*Understandability) + Encapsulation - Coupling
+ Cohesion - Polymorphism - Complexity - 'Design Size'),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOPTimeChange3+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
((-3.03"Understandability) + Encapsulation - Coupling + Cohesion - Polymorphism - Complexity -
'‘Design Size'),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst). IF( ((TIME >=
(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference)) ,(
(-3.03*Understandability) + Encapsutation - Coupling + Cohesion - Polymorphism - Complexity -
‘Design Size'),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) + Encapsulation - Coupling
+ Cohesion - Polymorphism - Complexity - 'Design Size'),

IF( (TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst),

IF( (TIME >=(STARTTIME + (DAM_TimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) + Encapsulation - Coupling
+ Cohesion - Polymorphism - Complexity - ‘Design Size'),

IF( (TIME >=(STARTTIME + (DAM_TimeChange2)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst), IF( ((TIME >=
(STARTTIME + (DAM_TimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference))

, ((-3.03"Understandability) + Encapsulation - Coupling + Cohesion - Polymorphism - Complexty -
Design Size’),

IF( (TIME >=(STARTTIME + (DAM_TimeChange3)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst), 1F( ((TIME >=
(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference))
.((-3.03*Understandability) + Encapsulation - Coupling + Cohesion - Polymorphism - Complexity -
‘Design Size'),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03"Understandability) + Encapsulation - Coupling
+ Cohesion - Polymorphism - Complexity - ‘Design Size'),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst),

IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) + Encapsulation - Coupling
+ Cohesion - Polymorphism - Complexity - ‘Design Size'),

IF( (TIME >=(STARTTIME + (DSCTimeChange2)+ 5 <<da>>)) AND
| Inderstandahility >= | InderstandRaference) (- ANAY + ANAFirst Indarsty IF{ ((TIMF >=
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(-3.03*Understandability) + Encapsulation - Coupling + Cohesion -~ Polymorphism - Complexity -
‘Design Size"),

IF( ((TIME >=(STARTTIME + (NOMTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03"Understandability) + Encapsulation - Coupling
+ Cohesion - Polymorphism - Complexity - ‘Design Size'),

IF( (TIME >=(STARTTIME + (NOMTimeChange1)+ 5 <<da=>>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst),

IF( ((TIME >=(STARTTIME + (NOMTimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) + Encapsulation - Coupling
+ Cohesion - Polymorphism - Complexity - 'Design Size'),

IF( (TIME >=(STARTTIME + (NOMTimeChange2)+ 5 <<da=>=>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst), IF( ((TIME ==
(STARTTIME + (NOMTimeChange3 + 5<<da>=>))) AND (Understandability < UnderstandReference)) ,
((-3.03*Understandability) + Encapsulation - Coupling + Cohesion - Polymorphism - Complexity -
'‘Design Size"),

IF( (TIME ==(STARTTIME + (NOMTimeChange3)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- ANA) + ANAFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOMTimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference)) .(
(-3.03*Understandability) + Encapsulation - Coupling + Cohesion - Polymorphism - Complexity -
‘Design Size")

DIDIIIMIMINMINIMMIIND.

IF(AbstractAdaptEx =1,

IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND (Extendibility <
ExtendibilityReference)) , ((2*Extendibility) + Coupling -Inheritance- Polymorphism),

IF((TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <=<da=>)) AND (Extendibility==
ExtendibilityReference), ((- ANA) + ANAFirstExt),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND (Extendibility <
ExtendibilityReference)) . ((2*Extendibility) + Coupling -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND (Extendibility >
= ExtendibilityReference), ((- ANA) + ANAFirstExt), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange3 + 5<<da=>>))) AND (Extendibility < ExtendibilityReference)) , ((2*Extendibility) +
Coupling -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND (Extendibility >
= ExtendibilityReference), ((- ANA) + ANAFirstExt), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange1 + 5<<da>>))) AND (Extendibility< ExtendibilityReference)) ,((2*"Extendibility) +
Coupling -Inheritance- Polymorphism),

IF( ((TIME >=(STARTTIME + (MFATimeChange1 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) , ((2*Extendibility) + Coupling -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange1)+ 5 <<da==)) AND (Extendibility >=
ExtendibilityReference), ((- ANA) + ANAFirstExt),

IF( ((TIME >=(STARTTIME + (MFATimeChange2 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) , ((2*Extendibility) + Coupling -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange2+ 5 <=<da>>))) AND (Extendibility >=
ExtendibilityReference), ((- ANA) + ANAFirstExt), IF( ((TIME >=(STARTTIME + (MFATimeChange3+
S5<<da>=>))) AND (Extendibility < ExtendibilityReference)) , ((2*Extendibility) + Coupling -Inheritance-
Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange3+ 5 <<da>>))) AND (Extendibility >=
ExtendibilityReference), ((- ANA) + ANAFirstExt), IF( ((TIME >=(STARTTIME + (MFATimeChange1
+ 5<=<da>>))) AND (Extendibility< ExtendibilityReference)) ,((2*Extendibility) + Coupling -Inheritance-
Polymorphism),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) , ((2*Extendibility) + Coupling -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ § <=da>>)) AND (Extendibility >=
ExtendibilityReference), ((- ANA) + ANAFirstExt),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da=>>))) AND (Extendibility >=
ExtendibilityReference)) , ((2*Extendibility) + Coupling -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Extendibility>=
ExtendibilityReference), ((- ANA) + ANAFirstExt), IF( ((TIME >=(STARTTIME + (NOPTimeChange3+
5=<da=>))) AND (Extendibility < ExtendibilityReference)) , ((2*Extendibility) + Coupling -Inheritance-
Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND (Extendibility >=
ExtendibilityReference), ((- ANA) + ANAFirstExt), IF( ((TIME >=(STARTTIME + (NOPTimeChange1
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+ 5=<da>>))) AND (Extendibility= ExtendibilityReference)) ,((2*Extendibility) + Coupling -Inheritance-
Polymorphism))))))N)MNNNNNNN,
IF(AbstractAdaptationEffect =1,

IF( ((TIME ==(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND (Effectiveness
< EffectivenessReference)) , ((6*Effectiveness) - Encapsulation - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <<da>=>)) AND (Effectiveness
== EffectivenessReference), ((- ANA) + ANAFirstEffect),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange2 + 5<<da==>))) AND (Effectiveness
< EffectivenessReference)) , ((5*Effectiveness) - Encapsulation - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (DAM_TimeChange2)+ 5 <<da>>)) AND (Effectiveness
== EffectivenessReference), ((- ANA) + ANAFirstEffect), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange3 + 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((5*
Effectiveness) - Encapsulation - Composition - Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (DAM_TimeChange3)+ 5 <<da>>)) AND (Effectiveness
>= EffectivenessReference), ((- ANA) + ANAFirstEffect), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange1l + 5<<da>=))) AND (Effectiveness< EffectivenessReference)) ,((5*Effectiveness)
- Encapsulation - Compeosition - Inheritance - Polymorphism),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da=>))) AND (Effectiveness >
= EffectivenessReference)) , ((5*Effectiveness) - Encapsulation - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND (Effectiveness>=
EffectivenessReference), ((- ANA) + ANAFirstEffect),

IF( ((TIME >=(STARTTIME + (NOPTimeChangeZ2 + 5<<da>>))) AND (Effectiveness >
= EffectivenessReference)) , ((5*Effectiveness) - Encapsulation - Composition - Inheritance -
Polymorphism),

IF( (TIME ==(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Effectiveness >
= EffectivenessReference), ((- ANA) + ANAFirstEffect), IF( ((TIME >=(STARTTIME +
(NOPTimeChange3+ 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((56"Effectiveness)
- Encapsulation - Composition - Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND (Effectiveness >
=EffectivenessReference), ((- ANA) + ANAFirstEffect), IF( ((TIME >=(STARTTIME +
(NOPTimeChange1 + 5<<da>>))) AND (Effectiveness< EffectivenessReference)) ,((5*Effectiveness) -
Encapsulation - Composition - Inheritance - Polymorphism),

IF( ((TIME >=(STARTTIME + (MOA_TimeChange1 + 5<<da>>))) AND (Effectiveness
>= EffectivenessReference)) , ((5*Effectiveness) - Encapsulation - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (MOA_TimeChange1)+ 5 <<da>>)) AND (Effectiveness
>= EffectivenessReference), ((- ANA) + ANAFirstEffect),

IF({ ((TIME >=(STARTTIME + (MOA_TimeChange2 + 5<<da=>>))) AND
(Effectiveness=>= EffectivenessReference)) , ((5*Effectiveness) - Encapsulation - Composition -
Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (MOA_TimeChange2+ 5 <<da>>))) AND (Effectiveness
>= EffectivenessReference), ((- ANA) + ANAFirstEffect), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange3+ 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((5*
Effectiveness) - Encapsulation - Composition - Inheritance - Polymorphism),

IF{ (TIME >=(STARTTIME + (MOA_TimeChange3+ 5 <<da>>))) AND (Effectiveness
== EffectivenessReference), ((- ANA) + ANAFirstEffect), IF( ((TIME ==(STARTTIME +
(MOA_TimeChange1 + 5<<da>>))) AND (Effectiveness< EffectivenessReference)) ,({5*
Effectiveness) - Encapsulation - Composition - Inheritance - Polymorphism),

IF( ((TIME >=(STARTTIME + (MFATimeChange1 + 5<<da>>))) AND (Effectiveness <
EffectivenessReference)) , ((5*Effectiveness) - Encapsulation - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange1)+ 5§ <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- ANA) + ANAFirstEffect),

IF{ ((TIME >=(STARTTIME + (MFATimeChange2 + 5<<da>=>))) AND (Effectiveness <
EffectivenessReference)) , ((5*Effectiveness) - Encapsulation - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange2)+ 5 <<da=>>)) AND (Effectiveness >
= EffectivenessReference), ((- ANA) + ANAFirstEffect), IF( (TIME >=(STARTTIME +
(MFATIimeChange3 + 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((5"Effectiveness)
- Encapsulation - Composition - Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange3)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- ANA) + ANAFirstEffect), IF( ((TIME >=(STARTTIME +
(MFATIimeChangel + 5<<da>>))) AND (Effectiveness< EffectivenessReference}) ,((5"Effectiveness) -
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}

Encapsulation - Composition - Inheritance - Polymarphism) ) )MNMMININIIN)

aux Computed CAM {

autotype Real
autounit qual
def CAM +

IF(CheckedCohesion =1, IF( (TIME >=(STARTTIME + CAMTimeChange1)) AND (TIME <
(STARTTIME + CAMTimeChange2)),CAMChange1,IF( (TIME >=(STARTTIME + CAMTimeChange1))
AND (CAMChange2 = 0 <<qual>>) AND (CAMChange3 = 0 <<qual>>), CAMChange1,

IF({TIME >=(STARTTIME + CAMTimeChange2)) AND (TIME <(STARTTIME +
CAMTimeChange3)),CAMChange2, IF((TIME >=(STARTTIME + CAMTimeChange2)) AND
(CAMChange1 = 0 <<qual>>) AND (CAMChange3 = 0 <<qual>>),CAMChange2 IF( (TIME >=
(STARTTIME + CAMTimeChange1)) AND (TIME <(STARTTIME + CAMTimeChange3)) AND
{CAMChange2 = 0 <<qual>>),CAMChange1, IF((TIME >=(STARTTIME + CAMTimeChange2)) AND
(CAMChange3 = 0 <<qual>>), CAMChange2,

IF( (TIME >=(STARTTIME + CAMTimeChange3)),CAMChange3))))))).
IF(CohesionAdaptationR =1, IF( ((TIME >=(STARTTIME + (CISTimeChange1 + 5<<da>>))) AND
{Reusability < ReusabilityReference)) , (4*"Reusability + Coupling + (-2*"Messaging) + (-2"'Design

Size')),

IF( (TIME >=(STARTTIME + (CISTimeChange1)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CAM) + 'CAM-FirstChange’),

IF( ((TIME >=(STARTTIME + (CISTimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , (4*Reusability + Coupling + (-2*Messaging) + (-2"Design Size')),

IF( (TIME >=(STARTTIME + (CISTimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CAM) + 'CAM-FirstChange’), IF( ((TIME >={STARTTIME +
(CISTimeChange3 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , (4*"Reusabliity +
Coupling + (-2*Messaging) + (-2"Design Size")),

IF( (TIME >=(STARTTIME + (CISTimeChange3)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), (- CAM) + 'CAM-FirstChange’), IF( ((TIME >=(STARTTIME +
(CISTimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , (4"Reusabiiity +
Coupling + (-2*Messaging) + (-2“Design Size")),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , (4*Reusability + Coupling + (-2*Messaging) + (-2"'Design Size')),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CAM) + 'CAM-FirstChange'),

IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , (4*Reusability + Coupling + (-2*Messaging) + (-2"Design Size')),

IF( (TIME >=(STARTTIME + (DSCTimeChange2)+ § <<da>>)) AND (Reusability >=
ReusabilityReference), (- CAM) + 'CAM-FirstChange’), IF( ((TIME >=(STARTTIME +
(DSCTimeChange3+ S<<da>>))) AND (Reusability < ReusabilityReference)) , (4*Reusability +
Coupling + (-2"Messaging) + (-2"Design Size")),

IF( (TIME >=(STARTTIME + (DSCTimeChange3)+ & <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CAM) + 'CAM-FirstChange'), IF( ((TIME >=(STARTTIME +
(DSCTimeChange1 + S<<da>>))) AND (Reusability < ReusabilityReference)) , (4*"Reusability +
Coupling + (-2*'Messaging) + (-2*'Design Size’)),

IF( ((TIME >=(STARTTIME + (DCC TImeChangﬂ + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , (4*Reusability + Coupling + (-2*Messaging) + (-2"Design Size')),

IF( (TIME >=(STARTTIME + (DCC_TimeChanga1)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CAM) + 'CAM-FirstChange’),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , (4*Reusability + Coupling + {(-2*Messaging) + (-2*Design Size")),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CAM) + 'CAM-FirstChange'), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange3 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , (4*Reusability +
Coupling + (-2*Messaging) + (-2"Design Size)),

IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CAM) + 'CAM-FirstChange’), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , (4"Reusability +
Coupling + (-2"Messaging) + (-2"Design Size))))N)NMMMNN).

IF(CohesionAdaptationU =1,IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((3.03)"Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + ‘Design Size’),

IF( (TIME >=(STARTTIME + (ANATimeChange1)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst),

IF( ((TIME >=(STARTTIME + (ANATimeChange2 + 5<<da>>))) AND

(Understandability < UnderstandReference)) , ((3.03)"Understandability + Abstraction -
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Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (ANATimeChange2)+ 5 <=da>>)) AND
(Understandability = UnderstandReference), ((- CAM) + CAMFirstUnderst), IF( ((TIME >=
(STARTTIME + (ANATimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference)) ,
((3.03)*Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity +
'‘Design Size"),

IF( (TIME >=(STARTTIME + (ANATimeChange3)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst), IF( ((TIME >=
(STARTTIME + (ANATimeChange1+ 5<=da>>))) AND (Understandability < UnderstandReference)) ,
((3.03)*Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity +
'‘Design Size'),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((3.03)*Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>)) AND
(Understandability = UnderstandReference), ((- CAM) + 'CAM-FirstChange'),

IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<=da>>))) AND
(Understandability < UnderstandReference)) , ((3.03)*Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (DSCTimeChange2)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- CAM) + 'CAM-FirstChange’), IF( (TIME >=
(STARTTIME + (DSCTimeChange3+ 5<=da>=>))) AND (Reusability < ReusabilityReference)) , ((3.03)"
Understandability + Abstraction - Encapsulation+ Coupling + Palymorphism + Complexity + 'Design
Size"),

IF( (TIME >=(STARTTIME + (DSCTimeChange3)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- CAM) + 'CAM-FirstChange"), IF( ((TIME ==
(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((3.03)
*Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity + 'Design
SizeNMNNNNNN.

IF(CohesionAdaptationU =1, IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((3.03) *Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <<da=>>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND
(Understandabillity < UnderstandReference)) , ((3.03)*Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da=>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst), IF( ((TIME >=
(STARTTIME + (DCC_TimeChange3 + 5<=<da>>))) AND (Understandability < UnderstandReference)
) . ((3.03)*Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity
+ 'Design Size"),

IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst), 1F( ((TIME >=
(STARTTIME + (DCC_TimeChange1 + §<<da>>))) AND (Understandability =< UnderstandReference)
) ., ((3.03)*Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity
+ 'Design Size'),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((3.03)*Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size’),

IF( (TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <<da==)) AND
(Understandability = UnderstandReference), ((- CAM) + CAMFirstUnderst),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((3.03)"Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (DAM_TimeChange2)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst), IF( ((TIME ==
(STARTTIME + (DAM_TimeChange3 + 5<<da==>))) AND (Understandability < UnderstandReference)
) . ((3.03)*Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity
+ 'Design Size"),

IF( (TIME >=(STARTTIME + (DAM_TimeChange3)+ 5§ <<da>>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst), IF( ((TIME >=
(STARTTIME + (DAM_TimeChange1+ 5<<da=>>))) AND (Understandability <= UnderstandReference))
, ((3.03)*Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity +
'‘Design Size'),

IF( ((TIME >=(STARTTIME + (NOMTimeChange1 + 5<<da>>))) AND
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(Understandability < UnderstandReference)) , ((3.03)*"Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size"),

IF( (TIME >=(STARTTIME + (NOMTimeChange1)+ 5 <<da=>>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst),

IF( ((TIME >=(STARTTIME + (NOMTimeChange2 + 5<<da=>=>))) AND
(Understandability < UnderstandReference)) , ((3.03)*Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (NOMTimeChange2)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOMTimeChange3 + 5<=da=>>))) AND (Understandability < UnderstandReference))
, ((3.03) *Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity +
‘Design Size'),

IF( (TIME ==(STARTTIME + (NOMTimeChange3)+ 5 <<da=>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOMTimeChange1+ 5<<da=>>))) AND (Understandability < UnderstandReference)) ,
((3.03) “Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity +
‘Design Size'),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da=>>))) AND
{(Understandability < UnderstandReference)) , ((3.03)*Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da=>)) AND
(Understandability = UnderstandReference), ((- CAM) + CAMFirstUnderst),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((3.03)*Understandability + Abstraction -
Encapsulation+ Coupling + Polymorphism + Complexity + 'Design Size'),

IF( (TIME ==(STARTTIME + (NOPTimeChange2)+ 5 <<da==)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOPTimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference))
, ((3.03) *Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity +
'Design Size'),

IF( (TIME >=(STARTTIME + (NOPTimeChange3)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- CAM) + CAMFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOPTimeChange1+ S5<<=da>>))) AND (Understandability < UnderstandReference)) ,
((3.03) *Understandability + Abstraction - Encapsulation+ Coupling + Polymorphism + Complexity +
‘Design Size)NNNNMNNINMNINNN.

IF(CohesionAdaptationFunct =1,

IF( ((TIME >=(STARTTIME + (CISTimeChange1 + 5<<=da>>))) AND (Functionality <
FunctionalityReference)) , ((8.33*Functionality) - (1.83* Polymorphism) - (1.83* Messaging) - (1.83"
'Design Size') - (1.83"Hierarchies)),

IF( (TIME >=(STARTTIME + (CISTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct),

IF( ((TIME >=(STARTTIME + (CISTimeChange2 + 5<<da>>))) AND (Functionality <
FunctionalityReference)) , ({(8.33*Functionality) - (1.83* Polymorphism) - (1.83* Messaging) - (1.83*
'Design Size') - (1.83*Hierarchies)),

IF( (TIME >=(STARTTIME + (CISTimeChange2)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct), IF( ((TIME >=(STARTTIME + (CISTimeChange3
+ 5<<da=>))) AND (Functionality < FunctionalityReference)) , ((8.33"Functionality) - (1.83*
Polymorphism) - (1.83* Messaging) - (1.83"Design Size') - (1.83*Hierarchies)),

IF( (TIME >=(STARTTIME + (CiISTimeChange3)+ 5 <<=da==)) AND (Functionality ==
FunctionalityReference), ((- CAM) + CAMFirstFunct), IF( ((TIME >=(STARTTIME +
(CISTimeChange1 + 5<<da>>))) AND (Functionality= FunctionalityReference)) ,((8.33*Functionality) -
(1.83* Polymorphism) - (1.83* Messaging) - (1.83*'Design Size') - (1.83"Hierarchies)),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Functionality >
= FunctionalityReference)) , ((8.33*Functionality) - (1.83* Polymorphism) - (1.83* Messaging) - (1.83*
‘Design Size') - (1.83*Hierarchies)),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da=>>)) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND (Functionality >
= FunctionalityReference)) , ((8.33*Functionality) - (1.83* Polymorphism) - (1.83* Messaging) - (1.83*
'‘Design Size') - (1.83*Hierarchies)),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct), IF( ((TIME >=(STARTTIME +
(NOPTimeChange3+ 5<<da=>>))) AND (Functionality < FunctionalityReference)) , ((8.33*
Functionality) - (1.83* Polymorphism) - (1.83* Messaging) - (1.83"Design Size') - (1.83*Hierarchies)),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct), IF( ((TIME >=(STARTTIME +
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(NOPTimeChange1 + 5<<da>>))) AND (Functionality= FunctionalityReference)) .((8.33"Functionality)
- (1.83* Polymorphism) - (1.83" Messaging) - (1.83%Design Size") - (1.83*Hierarchies)),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + §<<da>>))) AND (Functionality >
= FunctionalityReference)) , ((8.33*Functionality) - (1.83* Polymorphism) - (1.83* Messaging) - (1.83*
‘Design Size') - (1.83"Hierarchies)),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct),

IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<<da>>))) AND (Functionality>=
FunctionalityReference)) . ((8.33*Functionality) - (1.83" Polymorphism) - (1.83* Messaging) - (1.83%
‘Design Size") - (1.83"Hierarchies)).

IF( (TIME >=(STARTTIME + (DSCTimeChange2+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct), IF( ((TIME >=(STARTTIME +
(DSCTimeChange3+ 5<<da>>))) AND (Functionality < FunctionalityReference)) , ((8.33"Functionality)
- (1.83" Polymorphism) - (1.83* Messaging) - (1.83"Design Size') - (1.83*Hierarchies)),

IF( (TIME >=(STARTTIME + (DSCTimeChange3+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct), IF( ((TIME >=(STARTTIME +
(DSCTimeChange1 + 5<<da>>))) AND (Functionality< FunctionalityReference)) .((8.33*Functionality)
- (1.83" Polymorphism) - (1.83* Messaging) - (1.83"Design Size’) - (1.83"Hierarchies)),

IF( ((TIME >=(STARTTIME + (NOHTimeChange1 + S<<da>>))) AND (Functionality <
FunctionalityReference)) , ((8.33*Functionality) - (1.83* Polymorphism) - (1.83* Messaging) - (1.83*
‘Design Size') - (1.83*Herarchies)),

IF( (TIME >=(STARTTIME + (NOHTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct),

IF( ((TIME >=(STARTTIME + (NOHTimeChange2 + 5<<da>>))) AND (Functionality <
FunctionalityReference)) , ((8.33*Functionality) - (1.83* Polymorphism) - (1.83* Messaging) - (1.83*
‘Design Size') - (1.83*Hlerarchies)),

IF( (TIME >=(STARTTIME + (NOHTimeChange2)+ 5 <<da=>)) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct), IF( ((TIME >=(STARTTIME +
(NOHTimeChange3 + 5<<da>>))) AND (Functionality < FunctionalityReference)) , ((8.33"
Functionality) - (1.83* Polymorphism) - (1.83* Messaging) - (1,83*Design Size’) - (1.83*Hierarchies)),

IF( (TIME >=(STARTTIME + (NOHTimeChange3)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CAM) + CAMFirstFunct), IF( ((TIME >=(STARTTIME +
(NOHTIimeChange1 + 5<<da>>))) AND (Functionality< FunctionalityReference)) ,((8.33*Functionality)
;)g;)-);';’);)’)’)dv'mfphim) - (1.83" Messaging) - (1.83"Design Size’) - (1.83"Hierarchies))))NMNNMNNNN)

}
aux Computed CIS {
autotype Real
autounit qual
def CIS +
IF(CheckedMessaging =1, IF( (TIME >=(STARTTIME + CiSTimeChange1)) AND (TIME <
(STARTTIME + CISTimeChange2)), CISChange1, IF( (TIME >=(STARTTIME + CISTimeChange1))
AND (CISChange2 = 0 <<qual>>) AND (CISChange3 = 0 <s<qual>>) CISChange1,
IF( (TIME >=(STARTTIME + CISTimeChange2)) AND (TIME <(STARTTIME +
CISTimeChange3)),CISChange2 IF((TIME >=(STARTTIME + CISTimeChange2)) AND (CISChange1
= 0 <<qual>>) AND (CISChange3 = 0 <<qual>>),CISChange2, IF( (TIME >=(STARTTIME +
CISTimeChange 1)) AND (TIME <(STARTTIME + CISTimeChange3)) AND (CISChange2 = 0 <<qual>
>),CISChange1, IF((TIME >=(STARTTIME + CISTimeChange2)) AND (CISChange3 = 0 <<qual>>),
CISChange2,
IF( (TIME >=(STARTTIME + CiSTimeChange3)),.CISChange3 ))))))).

IF(MessagingAdaptationR =1, IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND
(Reusability < ReusabilityReference)) , ((2*Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -Design
Size’),

IF( (TIME >=(STARTTIME + (CAMTimeChange1)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CIS) + 'CIS-FirstChange"),

IF( ((TIME ==(STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((2*Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -'Design Size"),

IF( (TIME >=(STARTTIME + (CAMTimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CIS) + 'CIS-FirstChange’), IF( ((TIME >=(STARTTIME +
{CAMTimeChange3+ 5<<da>>))) AND (Reusability < ReusabilityReference)) . ((2"Reusability) + (0.5"
Coupling) + (-0.5"Cohesion) -‘Design Size’).

IF( (TIME >=(STARTTIME + (CAMTimeChange3)+ § <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CIS) + 'CIS-FirstChange’), IF( ((TIME >=(STARTTIME +
(CAMTimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.
5*Coupling) + (-0.5*Cohesion) -'Design Size"),
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IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((2*Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -'Design Size'),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <=da>>)) AND (Reusability >=
ReusabilityReference), ((- CIS) + ‘CIS-FirstChange'),

IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((2*Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -'Design Size"),

IF( (TIME >=(STARTTIME + (DSCTimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CIS) + 'CIS-FirstChange"), IF( ((TIME >=(STARTTIME +
(DSCTimeChange3+ 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.5*
Coupling) + (-0.5*Cohesion) -'Design Size'),

IF( (TIME ==(STARTTIME + (DSCTimeChange3)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CIS) + 'CIS-FirstChange'), IF( ((TIME ==(STARTTIME +
(DSCTimeChange1 + 5<<da=>>))) AND (Reusability < ReusabilityReference)) . ((2*Reusability) + (0.5*
Coupling) + (-0.5*Cohesion) -'Design Size'),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((2*Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -'Design Size'),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <<=da>>)) AND (Reusability >=
ReusabilityReference), ((- CIS) + 'CIS-FirstChange"),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((2*Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -'Design Size’),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CIS) + 'CIS-FirstChange"), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange3 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.
5*Coupling) + (-0.5*Cohesion) -'Design Size'),

IF( (TIME ==(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- CIS) + 'CIS-FirstChange’), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange1 + 5<<da=>))) AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.
5"Coupling) + (-0.5*Cohesion) -'Design Size))N)))NMNNMNI).

IF(MessagingAdaptationFunct =1,

IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5=<<da>>))) AND (Functionality <
FunctionalityReference)) , ((4.54*Functionality) - (0.54" Cohesion) - Polymorphism - 'Design Size' -
Hierarchies),

IF( (TIME >=(STARTTIME + (CAMTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CIS) + CISFirstFunct),

IF( ((TIME >=(STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND (Functionality <
FunctionalityReference)) , ((8.33*Functionality) - ((4.54*Functionality) - (0.54* Cohesion) -
Polymorphism - 'Design Size' - Hierarchies)),

IF( (TIME >=(STARTTIME + (CAMTimeChange2)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CIS) + CISFirstFunct) , IF( ((TIME >=(STARTTIME + (CAMTimeChange3
+ 5<<da>>))) AND (Functionality < FunctionalityReference)) , ((4.54*Functionality) - (0.54* Cohesion)
- Polymorphism - ‘Design Size' - Hierarchies),

IF( (TIME ==(STARTTIME + (CAMTimeChange3)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CIS) + CISFirstFunct), IF( ((TIME >=(STARTTIME + (CAMTimeChange1
+ 5<<da>>))) AND (Functionality< FunctionalityReference)) ,((4.54*Functionality) - (0.54* Cohesion) -
Polymaorphism - 'Design Size' - Hierarchies),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Functionality >
= FunctionalityReference)) , ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - ‘Design Size' -
Hierarchies),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CIS) + CISFirstFunct),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da=>=))) AND (Functionality >
= FunctionalityReference)) . ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - 'Design Size' -
Hierarchies),

IF((TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- CIS) + CISFirstFunct), IF( ((TIME >=(STARTTIME + (NOPTimeChange3+
S5<<da>>))) AND (Functionality < FunctionalityReference)) , ((4.54*Functionality) - (0.54* Cohesion) -
Polymorphism - 'Design Size' - Hierarchies),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<=da>>))) AND (Functionality >=
FunctionalityReference), ((- CIS) + CISFirstFunct), IF( ((TIME >=(STARTTIME + (NOPTimeChange1
+ 5<<da>>))) AND (Functionality= FunctionalityReference)) .((4.54*Functionality) - (0.54* Cohesion) -
Polymorphism - 'Design Size' - Hierarchies),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND (Functionality >
= FunctionalityReference)) , ({(4.54*Functionality) - (0.54* Cohesion) - Polymorphism - 'Design Size' -
Hierarchies),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- CIS) + CISFirstFunct),
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IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + S<<da>>))) AND (qup-
Fum“u)) ((4.54*Functionality) - (0,54* Cohesion) - Polymorphism - 'Design Size’

IF{ (TIME >=(STARTTIME + (DSCTimeChange2+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- CIS) + CISFistFunct), IF( ((TIME >=(STARTTIME + (DSCTimeChanged+
S<<da>>))) AND (Fmﬂy < Fumau)) ((4.54*Functionality) - (0.54* Cohesion) -
Polymorphism - 'Design Size’

IF( (TIME >-(8TARTI’IE (DSC‘IMW 5 <<da>>))) AND (Functionality >=
FunciionalityReferance), ((- CIS) + CiSFirstFunct), IF( ((TIME >=(STARTTIME + (DSCTimeChange1
+ Seeda>>))) AND a-'mr FunctonalityReference)) (4 54 Functionality) - (0.54* Cohesion) -
Polymorphism - 'Design Sizo”

- Hierarchies),
IF( ((TIME >=(STARTTIME + (NOHTimeChange1 + 5<<da>>))) AND (Funclionality <
Fwwiﬁzﬁdwm» . ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - Design Size’ -

IF( (TIME >={STARTTIME + (NOHTimeChange1)+ § <<da>>)) AND (Functionality >«
FuncionaltyRederence), ((- CIS) + CISFirstFunct),
IF( ({TIME >=({STARTTIME + (NOHTimeChange2 + 5<<da>>))) AND (Functionality <
) - Polymorphism - ‘Design Size’ -

IF( (TIME >=(STARTTIME + (NOHTimeChange2)+ 5§ <<da>>)) AND (Functionality >=
FunctonalityReferonce), ((- CIS) + CISFirstFunce), IF{ ((TIME >=(STARTTIME + (NOHTimeChange3
+ Secda>>))) AND (Fuuonlly < FunclionalityReference)) , (4 54°Functionality) - (0.54* Cobesion)

« Polymorphism - 'Design Size' - Hierarchies),

IF( (TIME >=(STARTTIME + (NOHTimeChanged)+ § <<da>>)) AND (Functionality >=
FuncionalityReference), ((- CIS) + CISFirstFunct), IF( ((TIME >=(STARTTIME +
+ f<<da>>)}) AND (quomurt FunctionalityReference)) .((4 54 Functionality) - (0.54° Cohuhn)
Polymorphism - 'Design Sze” - Hierarchies))))NNIMNNMNIMMIN)

]
aux Computed DAM {
autotype Real
autounit qual
def DAM +
IF(ChackedEncapsulation =1, IF( (TIME >=(STARTTIME + DAM_TimeChange1)) AND (TIME <
(STARTTIME + DAM_TwneChange2)),0AM_Change!, IF( (TIME >=(STARTTIME +
m_‘l'&mmt:npl)) AND (DAM_Change2 = 0 <<gual>>) AND (DAM_Change3 = 0 <<guab>>),

(DAM_Change1 -o«qud»)AND(DAM cnmoa-o«q-»)om Change2 IF{ (TIME »=
(STARTTIME + DAM_TimeChange1)) AND (TIME <(STARTTIME + DAM_TimeChange3)) AND
(DAM _Change2 = ( <<qual>>) DAM_Change1, IF((TIME >=(STARTTIME +DAM_TimeChange2))
AND (DAM_Change3 = 0 <<quat>>) DAM_Change2,
IF( (TIME >=(STARTTIME + DAM_TimeChange3)),DAM_Change3))))).

IF
IF( «'nne >=(STARTTIME + (OCC. __TimeChange1 + 5<<du>>))) AND (Flexibilty <
Fhmm)) {{4*Flexbility) + Coupling - (2"Composition) - (2*Folymorphism)),
IF{ (TIME >=(STARTTIME + (DCC_TimeChanga1)}+ 5 <<da>>)) AND (Flexibilty >=
Fwd-m) ((- DAM) + DAMFi

irstFlexibility),
IE( ((TIME >=(STARTTIME + (DCC_TimeChango2 + 5<<da>>))) AND (Flexibdity <
mm)) ((4*Flexbility) + Coupling - (2"Composition) - (2*Polymorphism)),
IF{ (TIME >=({STARTTIME ¢+ (DCC_TimeChange2)+ 5 <<da>>)) AND (Floxibility >=
Flmmmu') (- DAM) + DAMFirstFlexibility), IF{ ((TIME >={STARTTIME +
(oce nmcws * S<«<da>>))) A)&)JD (Flexibility < FlexibiityReference)) . ((4*Flexibility) + Coupling

m(mwmom_wps<Ws»wmn
FloxibiltyRofaconce), ((- DAM) A
(DCC_TimeChange1 » S<<da>>))) AND (Flexibility< FlexibilityReference)) ,((4*Flexibility) + Coupling
« (2*Composition) - (2*Polymorphism)),
IE{ ((TIME >=(STARTTIME + (MOA_TIm-Chmoﬂ + B<<da>>))) AND (Flexibilty <
mm)) ((4*Flexibility) + Coupling - (2*Compasition) - (2*Polymorphism)},
F( (TIME >=(STARTTIME + (MOA_TimeChange1}+ 5 <<da>>}) AND Mm >=
DANFirstFlexibility),

Fm) ((- DAM) +
IF( ((TIME >=(STARTTIME + (MOA_TimaChange2 + 5<<da>>))) AND (Flexibility <
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FlexibilityReference)) , ((4*Flexibility) + Coupling - (2*Compaosition) - (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (MOA_TimeChange2+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- DAM) + DAMFirstFlexibility), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange3+ 5<<da>>))) AND (Flexibility < FlexibilityReference)) , ((4*Flexibility) + Coupling
- (2*Composition) - (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (MOA_TimeChange3+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- DAM) + DAMFirstFlexibility), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange1 + 5<<da>>))) AND (Flexibility= FlexibilityReference)) ,((4*Flexibility) + Coupling
- (2*Compaosition) - (2*Polymorphism)),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Flexbility <
FlexibilityReference)) , ((4*Flexibility) + Coupling - (2*Composition) - (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND (Flexbility >=
FlexibilityReference). ((- DAM) + DAMFirstFlexibility),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) , ((4*Flexibility) + Coupling - (2*Composition) - (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5§ <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- DAM) + DAMFirstFlexibility), IF( ((TIME >=(STARTTIME +
(NOPTimeChange3+ 5<<da>>))) AND (Flexibility < FlexibilityReference)) , ((4*Flexibility) + Coupling -
(2*Composition) - (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- DAM) + DAMFirstFlexibility), IF( ((TIME >=(STARTTIME +
(NOPTimeChange1 + 5<<da>>))) AND (Flexibility< FlexibilityReference)) ,((4*Flexibility) + Coupling -
(2*Composition) - (2*Polymorphism))))))))))NNINN),

IF(EncapsuAdaptationU =1, IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , (((3.03)*Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5§ <<da>>)) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , (((3.03)*Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + 'Design Size’),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (DCC_TimeChange3 + S5<<da>>))) AND (Understandabllity < UnderstandReference))
, (((3.03)*"Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
‘Design Size'),

IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference))
[{((3.03)*Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
'Design Size’),

IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , (((3.03)*Understandability) + Abstraction + Coupling -
Caohesion + Polymorphism + Complexity + 'Design Size’),

IF( (TIME >=(STARTTIME + (ANATimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand),

IF( ((TIME >=(STARTTIME + (ANATimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) . (((3.03)"Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + ‘Design Size"),

IF( (TIME >=(STARTTIME + (ANATimeChange2+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (ANATimeChange3+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
(((3.03)"Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +

‘Design Size'),

IF( (TIME >=(STARTTIME + (ANATimeChange3+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference)) .(
((3.03)*Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
‘Design Size))))NNMMNN).

IF(EncapsuAdaptationU =1,

IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5<<da>>)}) AND
(Understandability < UnderstandReference)) , (((3.03)"Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + 'Design Size"),

IF( (TIME >=(STARTTIME + (CAMTimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand),

IF( ((TIME >=(STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND
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(Understandability < UnderstandReference)) , (((3.03)*Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (CAMTimeChange2+ 5 <<da=>>))) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (CAMTimeChange3+ 5<<=da>>))) AND (Understandability < UnderstandReference)) ,
(((3.03)*Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
'‘Design Size"),

IF( (TIME >==(STARTTIME + (CAMTimeChange3+ 5 <<da=>=>))) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND (Understandability= UnderstandReference)) .(
((3.03)*"Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
‘Design Size'),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , (((3.03)*Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>==)) AND
(Understandability == UnderstandReference), ((- DAM) + DAMFirstUnderstand),

IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , (((3.03)*Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + 'Design Size"),

IF( (TIME >=(STARTTIME + (DSCTimeChange2+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (DSCTimeChange3+ 5<<=da=>=>))) AND (Understandability < UnderstandReference)) ,
(((3.03)*Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
'‘Design Size"),

IF( (TIME >=(STARTTIME + (DSCTimeChange3+ 5 <<da>>))) AND
(Understandability == UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF{ ((TIME ==
(STARTTIME + (DSCTimeChange1 + 5<<da=>>))) AND (Understandability< UnderstandReference)) .(
((3.03)*Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
‘Design Size'),

IF( ((TIME >=(STARTTIME + (NOMTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , (((3.03)"Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + 'Design Size’),

IF( (TIME >=(STARTTIME + (NOMTimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand),

IF( ((TIME >=(STARTTIME + (NOMTimeChange2 + 5<<da=>=>))) AND
(Understandability < UnderstandReference)) , (((3.03)*Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + 'Design Size"),

IF( (TIME >=(STARTTIME + (NOMTimeChange2+ 5 <<da>=))) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (NOMTimeChange3+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
(((3.03)*Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
'‘Design Size'),

IF( (TIME ==(STARTTIME + (NOMTimeChange3+ 5 <<da=>>))) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (NOMTimeChange1+ 5<<da>>))) AND (Understandability< UnderstandReference)) ,(
((3.03)"Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
'‘Design Size'),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , (((3.03)*Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + 'Design Size'),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 =<da=>)) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da=>))) AND
(Understandability < UnderstandReference)) , (((3.03)*Understandability) + Abstraction + Coupling -
Cohesion + Polymorphism + Complexity + ‘Design Size®),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <=da=>))) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME ==
(STARTTIME + (NOPTimeChange3+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
(((3.03)*"Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
‘Design Size"),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- DAM) + DAMFirstUnderstand), IF( ((TIME >=
(STARTTIME + (NOPTimeChange1+ S<<da=>>))) AND (Understandability< UnderstandReference)) .((
(3.03)*Understandability) + Abstraction + Coupling - Cohesion + Polymorphism + Complexity +
‘Design Size )M,
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IF(EncapsuAdaptationEffect =1,

IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND (Effectiveness <
EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange1)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- DAM) + DAMFirstEncapsu),

IF( ((TIME >=(STARTTIME + (ANATimeChange2 + 5<<da=>>))) AND (Effectiveness <
EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange2)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- DAM) + DAMFirstEncapsu), IF( ((TIME >=(STARTTIME +
(ANATImeChange3 + 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((5"Effectiveness)
- Abstraction - Composition - Inheritance - Palymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange3)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- DAM) + DAMFirstEncapsu), |F( ((TIME >=(STARTTIME +
(ANATIimeChange1 + 5<<da>>))) AND (Effectiveness< EffectivenessReference)) .((5*Effectiveness) -
Abstraction - Composition - Inheritance - Polymorphism),

IF( ((TIME ==(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Effectiveness >
= EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>=>)) AND (Effectiveness>=
EffectivenessReference), ((- DAM) + DAMFirstEncapsu),

IF( ((TIME ==(STARTTIME + (NOPTimeChange2 + 5<<da=>>))) AND (Effectiveness >
= EffectivenessReference)) , ((6*Effectiveness) - Abstraction - Composition - Inheritance -
Polymorphism),

IF( (TIME ==(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Effectiveness >
= EffectivenessReference), ((- DAM) + DAMFirstEncapsu), IF( ((TIME >=(STARTTIME +
(NOPTimeChange3+ 5<<da=>))) AND (Effectiveness < EffectivenessReference)) , ((5*Effectiveness)
- Abstraction - Composition - Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>=>))) AND (Effectiveness >
=EffectivenessReference), ((- DAM) + DAMFirstEncapsu), IF( ((TIME >=(STARTTIME +
(NOPTimeChange1 + 5<<da=>>))) AND (Effectiveness< EffectivenessReference)) ,((5"Effectiveness) -
Abstraction - Composition - Inheritance - Polymorphism),

IF( ((TIME >=(STARTTIME + (MOA_TimeChange1 + 5<<da>>))) AND (Effectiveness
== EffectivenessReference)) , ((5"Effectiveness) - Abstraction - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (MOA_TimeChange1)+ 5 <<da>>)) AND (Effectiveness
>= EffectivenessReference), ((- DAM) + DAMFirstEncapsu),

IF( ((TIME >=(STARTTIME + (MOA_TimeChange2 + 5<<da>>))) AND
(Effectiveness>= EffectivenessReference)) , ((6*Effecliveness) - Abstraction - Composition -
Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (MOA_TimeChange2+ 5 <<da>>))) AND (Effectiveness
>= EffectivenessReference), ((- DAM) + DAMFirstEncapsu), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange3+ 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((5*
Effectiveness) - Abstraction - Composition - Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (MOA_TimeChange3+ 5§ <<da>>))) AND (Effectiveness
== EffectivenessReference), ((- DAM) + DAMFirstEncapsu), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange1 + 5<<da>>))) AND (Effectiveness< EffectivenessReference)) ,((5*
Effectiveness) - Abstraction - Composition - Inheritance - Polymorphism),

IF( ((TIME >=(STARTTIME + (MFATimeChange1 + 5<<da>>))) AND (Effectiveness <
EffectivenessReference)) , ((6*Effectiveness) - Abstraction - Compasition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange1)+ 5 <<=da>>)) AND (Effectiveness >
= EffectivenessReference), ((- DAM) + DAMFirstEncapsu),

IF( ((TIME >=(STARTTIME + (MFATimeChange2 + 5<<da>>))) AND (Effectiveness <
EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Composition - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange2)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- DAM) + DAMFirstEncapsu), IF( ((TIME >=(STARTTIME +
(MFATimeChange3 + 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((5*Effectiveness)
- Abstraction - Composition - Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange3)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- DAM) + DAMFirstEncapsu), IF( ((TIME >=(STARTTIME +
(MFATimeChange1 + 5<<da>>))) AND (Effectiveness< EffectivenessReference)) ,((5*Effectiveness) -
Abstraction - Composition - Inheritance - Polymorphism))))))))NN)NHNNINIMNIN.
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}
aux Computed DCC {
autotype Real
autounit qual
def DCC +
IF(CheckedCoupling =1, IF( (TIME >=(STARTTIME + DCC_TimeChange1)) AND (TIME <
(STARTTIME + DCC_TimeChange2)),DCC_Change1, IF( (TIME >=(STARTTIME +
DCC_TimeChange1)) AND (DCC_Change2 = 0 <<qual>>) AND (DCC_Change3 = 0 <<qual>>),
DCC_Change1,
IF((TIME >=(STARTTIME + DCC_TimeChange2)) AND (TIME <(STARTTIME +
DCC_TimeChange3)), DCC_Change2, IF((TIME >=(STARTTIME + DCC_TimeChange2)) AND
(DCC_Change1 = 0 <<gual>>) AND (DCC_Change3 = 0 <<qual>>),DCC_Change2 IF( (TIME >=
(STARTTIME + DCC_TimeChange1)) AND (TIME <(STARTTIME + DCC_TimeChange3)) AND
(DCC_Change2 = 0 <<qual>>),DCC_Change1, IF(TIME >=(STARTTIME + DCC_TimeChange2))
AND (DCC_Change3 = 0 <<qual>>), DCC_Change2,
IF( (TIME >=(STARTTIME + DCC_TimeChange3)),DCC_Change3))))))).

IF(CouplingAdaptationR =1, IF( ((TIME >=(STARTTIME + (CiSTimeChange1 + 5<<da>>))) AND
(Reusability < ReusabilityReference)) , -((-4*"Reusability) + Cohesion + (2*"Messaging) + (2"Design
Size"),

IF( (TIME >=(STARTTIME + (CISTimeChange1)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DCC) + 'DCC-FirstChange’),

IF( ((TIME >=(STARTTIME + (CISTimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , -((-4*Reusability) + Cohesion + (2*Messaging) + (2*'Design Size")),

IF((TIME >=(STARTTIME + (CISTimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DCC) + 'DCC-FirstChange”), IF( ((TIME >=(STARTTIME +
(CISTimeChange3 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , -((-4*Reusability) +
Cohesion + (2*Messaging) + (2"Design Size’)),

IF( (TIME >=(STARTTIME + (CiSTimeChange3)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DCC) + 'DCC-FirstChange’), IF( ((TIME >=(STARTTIME +
(CISTimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) -((-4*Reusability) +
Cohesion + (2*Messaging) + (2*Design Size")),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((-4"Reusability) + Cohesion + (2*Messaging) + (2*'Design Size")),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DCC) + 'DCC-FirstChange'),

IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , -((-4*Reusability) + Cohesion + (2*Messaging) + (2*'Design Size")).

IF( (TIME >=(STARTTIME + (DSCTimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DCC) + 'DCC-FirstChange’), IF( ((TIME >=(STARTTIME +
(DSCTimeChange3+ 5<<da>>))) AND (Reusability < ReusabilityReference)) , -((-4*Reusability) +
Cohesion + (2*Messaging) + (2*'Design Size')).

IF( (TIME >=(STARTTIME + (DSCTimeChange3)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DCC) + 'DCC-FirstChange’), IF( ((TIME >={STARTTIME +
(DSCTimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , -((-4"Reusability) +
Cohesion + (2*Messaging) + (2"'Design Size')).

IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , -((-4*Reusability) + Cohesion + (2*Messaging) + (2*'Design Size")).

IF( (TIME >=(STARTTIME + (CAMTimeChange1)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DCC) + 'DCC-FirstChange),

IF( ((TIME >=(STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , -((-4*Reusability) + Cohesion + (2*Messaging) + (2'Design Size"),

IF( (TIME >=(STARTTIME + (CAMTimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabllityReference), ((- DCC) + 'DCC-FirstChange’), IF( ((TIME >=(STARTTIME +
(CAMTimeChange3 + 5<<da>>))) AND (Reusability < ReusabilityReference)) . -((-4*Reusability) +
Cohesion + (2*Messaging) + (2*'Design Size'")),

IF( (TIME >=(STARTTIME + (CAMTimeChange3)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DCC) + 'DCC-FirstChange'), IF( ((TIME >=(STARTTIME +
(CAMTimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , -((-4*Reusability) +
Cohesion + (2*Messaging) + (2*Design Size))))MMNMMN).

IF(CouplingAdaptationF =1,IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND
(Flexibility <= FlexibilityReference)) , -((-4*Flexibility) + Encapsulation + (2*Composition) + (2*
Polymorphism)),

IF((TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <<da>>)) AND (Flexibility >=

FlexibilityReference), ((- DCC) + DCCFirstFlexibility),
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IF{ ((TIME ==(STARTTIME + (DAM_TimeChange2 + 5=<da>>))) AND (Flexibility <
FlexibilityReference)) , -((-4*Flexibility) + Encapsulation + (2*Composition) + (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (DAM_TimeChange2)+ 5 <<da=>>)) AND (Flexibility >=
FlexibilityReference), ((- DCC) + DCCFirstFlexibility), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange3 + 5=<da>>))) AND (Flexibility < FlexibilityReference)) , -((-4*Flexibility) +
Encapsulation + (2*Composition) + (2*Polymorphism)),

IF( (TIME ==(STARTTIME + (DAM_TimeChange3)+ 5 <<da=>)) AND (Flexibility ==
FlexibilityReference), ((- DCC) + DCCFirstFlexibility), 1F( ((TIME >=(STARTTIME +
(DAM_TimeChange1 + 5<<da>>))) AND (Flexibility<= FlexibilityReference)) ,-((-4*Flexibility) +
Encapsulation + (2*Composition) + (2*Polymorphism)),

IF( ((TIME >=(STARTTIME + (MOA_TimeChange1 + 5<<da=>>))) AND (Flexibility <
FlexibilityReference)) , -((-4*Flexibility) + Encapsulation + (2*Compeosition) + (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (MOA_TimeChange1)+ 5 <<=da>>=)) AND (Flexibility ==
FlexibilityReference), ((- DCC) + DCCFirstFlexibility),

IF( ((TIME >==(STARTTIME + (MOA_TimeChange2 + 5<<da=>>))) AND (Flexibility <
FlexibilityReference)) , -((-4*Flexibility) + Encapsulation + (2*Composition) + (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (MOA_TimeChange2+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- DCC) + DCCFirstFlexibility), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange3+ 5<<da>>=))) AND (Flexibility < FlexibilityReference)) , -((-4*Flexibility) +
Encapsulation + (2*Composition) + (2*Polymorphism)),

IF( (TIME ==(STARTTIME + (MOA_TimeChange3+ 5 <<da=>>))) AND (Flexibility ==
FlexibilityReference), ((- DCC) + DCCFirstFlexibility), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange1 + 5<<da=>>))) AND (Flexibility= FlexibilityReference)) ,-((-4"Flexibility) +
Encapsulation + (2*Composition) + (2*Polymorphism)),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) , -((-4*Flexibility) + Encapsulation + (2*Composition) + (2*Polymorphism)),

IF( (TIME ==(STARTTIME + (NOPTimeChange1)+ 5 <=da>=>)) AND (Flexibility >=
FlexibilityReference), ((- DCC) + DCCFirstFlexibility),

IFC ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) , -((-4*Flexibility) + Encapsulation + (2*Compaosition) + (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- DCC) + DCCFirstFlexibility), IF( ((TIME >=(STARTTIME +
(NOPTimeChange3+ 5<<da=>>))) AND (Flexibility < FlexibilityReference)) , -((-4*Flexibility) +
Encapsulation + (2*Compaosition) + (2*Polymorphism)),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <=da>>))) AND (Flexibility >=
FlexibilityReference), ((- DCC) + DCCFirstFlexibility), IF( ((TIME >=(STARTTIME +
(NOPTimeChange1 + 5<<da>>))) AND (Flexibility= FlexibilityReference)) ,-((-4"Flexibility) +
Encapsulation + (2*Composition) + (2*Polymorphism))))))NNNNMNNI.

IF(CouplingAdaptationU =1, IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) . ((-3.03)*Understandabillity - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - '‘Design Size"),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND
(Understandability = UnderstandReference), ((- DCC) + DCCFirstUnderst),

IF( ((TIME ==(STARTTIME + (NOPTimeChange2 + 5<<da==>))) AND
(Understandability < UnderstandReference)) . ((-3.03)"Understandability - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - 'Design Size’),

IF( (TIME >=(STARTTIME + (NOPTimeChange2)+ § <=<da>>)) AND
(Understandability < UnderstandReference). ((- DCC) + DCCFirstUnderst), IF( ((TIME ==
(STARTTIME + (NOPTimeChange3 + 5<<da>>))) AND (Understandability <= UnderstandReference))
. {(-3.03)"Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
‘Design Size"),

IF( (TIME >=(STARTTIME + (NOPTimeChange3)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( (TIME >=
(STARTTIME + (NOPTimeChange1+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
((-3.03)*Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
'Design Size"),

IF( ((TIME >=(STARTTIME + (NOMTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03)*Understandability - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - ‘Design Size’),

IF( (TIME >=(STARTTIME + (NOMTimeChange1)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst),

IF( ((TIME >=(STARTTIME + (NOMTimeChange2 + 5<<da>>))) AND
(Understandability = UnderstandReference)) . ((-3.03)"Understandability - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - ‘Design Size'),
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IF( (TIME >=(STARTTIME + (NOMTimeChange2)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOMTimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference))
, ((-3.03)*Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
‘Design Size’),

IF( (TIME >=(STARTTIME + (NOMTimeChange3)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOMTimeChange1+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
{(-3.03)*Understandabillity - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
‘Design Size'),

IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03)*Understandability - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - ‘Design Size'),

IF( (TIME >=(STARTTIME + (ANATimeChange1)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst),

IF( ((TIME >=(STARTTIME + (ANATimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03)*Understandability - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - 'Design Size"),

IF( (TIME >=(STARTTIME + (ANATimeChange2)+ 5§ <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (ANATimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference)) ,
((-3.03)*Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
‘Design Size'),

IF( (TIME >=(STARTTIME + (ANATimeChange3)+ 5§ <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (ANATimeChange 1+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
((-3.03)*Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
‘Design Size’),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03)*Understandability - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - 'Design Size"),

IF( (TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange2 + S<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03)*Understandability - Abstraction +
Encapsulation+ Cohesion - Polymaorphism - Complexity - 'Design Size"),

IF{ (TIME >=(STARTTIME + (DAM_TimeChange2)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (DAM_TimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference)
) . ((-3.03)*"Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
'Design Size"),

IF( (TIME >=(STARTTIME + (DAM_TimeChange3)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (DAM_TimeChange1+ 5<<da>>))) AND (Understandability < UnderstandReference))
. ((-3.03)"Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
'Design Size’),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03)"Understandability - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - 'Design Size'),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst),

IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03)"Understandability - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - 'Design Size’),

IF( (TIME >=(STARTTIME + (DSCTimeChange2)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (DSCTimeChange3+ 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((-3.03)
*Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity - 'Design
Size"),

IF( (TIME >=(STARTTIME + (DSCTimeChange3)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((-3.
03)*Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
‘Design Size7)MNMMMMMMMNMMNMN.

IF(CouplingAdaptationU =1, IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) . ((-3.03)"Understandability - Abstraction +
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Encapsulation+ Cohesion - Polymorphism - Complexity - "Design Size'),

IF( (TIME >=(STARTTIME + (CAMTimeChange1)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst),

IF( ((TIME >=(STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03)"Understandability - Abstraction +
Encapsulation+ Cohesion - Polymorphism - Complexity - "Design Size'),

IF( (TIME >=(STARTTIME + (CAMTimeChange2)+ 5 <<da>>)) AND
(Understandability < UnderstandReferenca), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (CAMTimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference))

. ((-3.03)*Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
‘Design Size),

IF( (TIME >=(STARTTIME + (CAMTimeChange3)+ 5 <<da>>)) AND
(Understandability < UnderstandReference), ((- DCC) + DCCFirstUnderst), IF( ((TIME >=
(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND (Understandability < UnderstandReference))

, ((-3.03)*Understandability - Abstraction + Encapsulation+ Cohesion - Polymorphism - Complexity -
‘Desm Size)NMN,

IF(CouplingAdaptationEx =1,

IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND (Extendibility <
ExtendibilityReference)) , ((-2"Extendibility) - Abstraction -Inheritance- Polymorphism),

IF( (TIME >={STARTTIME + (ANATimeChange1)+ 5 <<da>>)) AND (Extendibility>=
ExtendibilityReference), ((- DCC) + DCCFirstExt),

IF( ((TIME >=(STARTTIME + (ANATimeChange2 + 5<<da>>))) AND (Extendibility <
ExtendibilityReference)) , ((-2*Extendibility) - Abstraction -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange2)+ 5 <<da>>)) AND (Extendibility >=
ExtendibilityReference), ((- DCC) + DCCFirstExt), IF( ((TIME >=(STARTTIME + (ANATimeChange3 +
S5<<da>>))) AND (Extendibility < ExtendibilityReference)) , ((-2*Extendibility) - Abstraction -
Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange3)+ 5 <<da>>)) AND (Extendibility >=
ExtendibilityReference), ((- DCC) + DCCFirstExt), IF( ((TIME >=(STARTTIME + (ANATimeChange1
+ 5<<da>>))) AND (Extendibility< ExtendibilityReference)) .((-2*Extendibility) - Abstraction -
Inheritance- Polymorphism),

IF( ((TIME >=(STARTTIME + (MFATimeChange1 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) , ((-2*Extendibility) - Abstraction -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange1)+ 5 <<da>>)) AND (Extendibility >=
ExtendibilityReference), ((- DCC) + DCCFirstExt),

IF( ((TIME >=(STARTTIME + (MFATimeChange2 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) , ((-2*Extendibility) - Abstraction -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange2+ § <<da>>))) AND (Extendibility >=
ExtendibilityReference), ((- DCC) + DCCFirstExt), IF( ((TIME >=(STARTTIME + (MFATimeChange3+
S<<da>>))) AND (Extendibility < ExtendibilityReference)) , ((-2*Extendibility) - Abstraction -
Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (MFATimeChange3+ 5§ <<da>>))) AND (Extendibility >=
ExtendibilityReference), ((- DCC) + DCCFirstExt), IF( ((TIME >=(STARTTIME + (MFATimeChange1
+ 5<<da>>))) AND (Extendibility< ExtendibilityReferance)) ,((-2*Extendibility) - Abstraction -
Inheritance- Polymorphism),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) , ((-2*Extendibility) - Abstraction -Inheritance- Polymorphism),

IF((TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND (Extendibility >=
ExtendibilityReference), ((- DCC) + DCCFirstExt),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) , ((-2*Extendibility) - Abstraction -Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Extendibility>=
ExtendibilityReference), ((- DCC) + DCCFirstExt), IF( (TIME >=(STARTTIME + (NOPTimeChange3+
S5<<da>>))) AND (Extendibility < ExtendibilityReference)) , ((-2*Extendibility) - Abstraction -
Inheritance- Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND (Extendibility >=
ExtendibilityReference), ((- DCC) + DCCFirstExt), IF( ((TIME >=(STARTTIME + (NOPTimeChange1
+ 5<<da>>))) AND (Extendibility< ExtendibilityReference)) ,((-2*Extendibility) - Abstraction -
Inheritance- Polymorphism)))))NNNNNNNINN
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aux Computed DSC {
autotype Real
autounit qual
def DSC +
IF (CheckedDesignSize =1, IF( (TIME >=(STARTTIME + DSCTimeChange1)) AND (TIME <
(STARTTIME + DSCTimeChange2)),DSCChange1 IF( (TIME >=(STARTTIME + DSCTimeChange1))
AND (DSCChange2 = 0 <<qual>>) AND (DSCChange3 = 0 <<qual>>) DSCChange1,

IF((TIME >=(STARTTIME + DSCTimeChange2)) AND (TIME <(STARTTIME +
DSCTimeChange3)),DSCChange2.IF((TIME >=(STARTTIME + DSCTimeChange2)) AND
(DSCChange1 = 0 <<qual>>) AND (DSCChange3 = () <<qual>>),DSCChange2, IF( (TIME >=
(STARTTIME + DSCTimeChange1)) AND (TIME <(STARTTIME + DSCTimeChange3)) AND
(DSCChange2 = 0 <<qual>>) DSCChange1, IF((TIME >=(STARTTIME + DSCTimeChange2)) AND
(DSCChange3= 0 <<qual>>),DSCChange2,

IF( (TIME >=(STARTTIME + DSCTimeChange3)),DSCChange3))))))).
IF (DesignSizeAdaptationR =1,IF( (TIME >=(STARTTIME + (CAMTimeChange1 + S<<da>>))) AND
(Reusability < ReusabilityReference)) , ((2*Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -

Messaging),

IF( (TIME >=(STARTTIME + (CAMTimeChange1)+ 5 <<da>>)) AND (Reusability >=
ReusabilityRefarence), ((- DSC) + 'DSC-FirstChange’),

IE( ((TIME >=(STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((2*Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -Messaging),

IE( (TIME >=(STARTTIME + (CAMTimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DSC) + 'DSC-FirstChange'), IF( ((TIME >=(STARTTIME +
(CAMTimeChange3+ 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.5
Coupling) + (-0.5*Cohesion) a),

IF( (TIME >=(STARTTIME + (CAMTimeChange3)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DSC) + 'DSC-FirstChange’), IF( (TIME >=(STARTTIME +
(CAMTimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.
5*Coupling) + (-0.5*Cohesion) -Messaging),

IF( ((TIME >=(STARTTIME + (CiISTimeChange1+ 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((2"Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -Messaging),

IF( (TIME >=(STARTTIME + (CISTimeChangel)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DSC) + 'DSC-FirstChange’),

IF( ((TIME >=(STARTTIME + (CiSTimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((2"Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -Messaging),

IF{ (TIME >={STARTTIME + (CiSTimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DSC) +DSC-FirstChange’), IF( ((TIME >=(STARTTIME +
(CISTimeChange3+ 5<<da>>))} AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.5*
Coupling) + (-0.5*Cohesion) -Messaging),

IF( (TIME >=(STARTTIME + (CISTimeChange3)+ 5§ <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DSC) + 'DSC-FirstChange’), IF( ((TIME >=(STARTTIME +
(CISTimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.5*
Coupling) + (-0.5*Cohesion) -Messaging),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) , ((2"Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -Messaging),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DSC) + 'DSC-FirstChange’),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND (Reusability <
ReusabilityReference)) . ((2"Reusability) + (0.5*Coupling) + (-0.5*Cohesion) -Messaging),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), {(- DSC) + 'DSC-FirstChange’), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange3 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.
5*Coupling) + (-0.5*Cohesion) -Messaging).

IF((TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND (Reusability >=
ReusabilityReference), ((- DSC) + 'DSC-FirstChange’), IF( (TIME >=(STARTTIME +
(DCC_TimeChange1 + 5<<da>>))) AND (Reusability < ReusabilityReference)) , ((2*Reusability) + (0.
5"Coupling) + (-0.5*Cohesion) -Messaging)))))))))NN)M)).

IF(DesignSizeAdaptationU =1,

IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - Complexity),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND
{Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - Complexity),
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IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (DCC_TimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference))
. ((-3.03"Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

Complexity),

IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference))
{(-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

Complexity)

IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND
(Understandability >= UnderstandReference)) , ((-3. 03’Undentandabimy) -Abstraction +
Encapsulation - Coupling + Cohesion - Polymorphism - Complexity|

IF( (TIME >=(STARTTIME + (CAM'ﬂmeChange1)¢ 5 <<da=>)) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst),

IF( ((TIME >=(STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND
(Understandability >= UnderstandReference)) , ((-3.03*Understandability) -Abstraction +
Encapsulation - Coupling + Cohesion - Polymorphism - Complexity),

IF( (TIME >=(STARTTIME + (CAMTimeChange2+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (CAMTimeChange3+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

Complexity),

IF( (TIME >=(STARTTIME + (CAMTimeChange3+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference)) ,(
(-3.03"Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

Complexity),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND
(Understandability >= UnderstandReference)) , ((-3.03"Understandability) -Abstraction +
Encapsulation - Coupling + Cohesion - Polymorphism - Complexity),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND
{Understandability >= UnderstandReference)) , ((-3.03"Understandability) -Abstraction +
Encapsulation - Coupling + Cohesion - Polymorphism - Complexity),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ({- DSC) + DSCFirstUnderst), IF( ((TIME >=
{(STARTTIME + (NOPTimeChange3+ 5<<da>>))) AND (Understandability < UnderstandReference)) .
((-3.03"Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
Complexity),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>=>))) AND
(Understandability >= UnderstandReference), ({- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference)) (
(-3.03"Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

Complexity),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - Complexity),

IF( (TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst),

IE( ((TIME >=(STARTTIME + (DAM_TimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation

- Coupling + Cohesion - Polymorphism - Complexity),

IF( (TIME >=(STARTTIME + (DAM_TimeChange2)+ 5 <<da>>)) AND
{Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (DAM_TimeChange3 + S5<<da>>))) AND (Understandability < UnderstandReference))
, ((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

Complexity),

IF( (TIME >=(STARTTIME + (DAM_TimeChange3)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (DAM_TimeChange1 + 5<<da=>>))) AND (Understandability< UnderstandReference))

.((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

Complexity),
IF( ((TIME >=(STARTTIME + (NOMTimeChange1 + §<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation
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- Coupling + Cohesion - Polymorphism - C ).

IE( (TIME >=(STARTTIME + (NOMTimeChange 1)+ 5 <<da>>)) AND

== UnderstandReference), ((- DSC) + DSCFirstUnderst),

IF{ ((TIME >=(STARTTIME + (NOMTimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation

- Coupling + Cohesion - Polymorphiam - Complexity),

IF( (TIME >=(STARTTIME + (NOMTimeChange2)+ 5 <<da>>)) AND
(Understandability »= UnderstandReference), ((- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOMTimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReferance)) .
((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

Complexity),

IF( (TIME >=(STARTTIME + (NOMTimeChange3)+ § <<da>>)) AND
(Undearstandability »= UnderstandReferences), ((- DSC) + DSCFirstUnderst), |F( ((TIME >=
(STARTTIME + (NOMTimeChange1 + S<<da>>))) AND (Understandability< UnderstandReference)) (
(-3.03"Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
Complexity),

IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) . ((-3.03*Understandability) -Abstraction + Encapsulation
- Coupling + Coheslon - -G

1F( (TIME =>=(STARTTIME + (ANAMW”O 5 <<da>>)) AND
(Understandability >» UnderstandReference), ((- DSC) + DSCFirstUnderst),

IE( ((TIME >=(STARTTIME + (ANATimeChange2 + S<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation

- Coupling + Cohesion - Polymorphism - Complemy)
IF( (TIME >»(STARTTIME + (ANATIimeChange2)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (ANATImeChange3 + 5<<da>>))) AND (Understandabilty < UnderstandReference)) ,
((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
Complexity),

IF( (TIME >»(STARTTIME + (ANATimeChange3)+ § <<da>>)) AND
(Understandability >= UnderstandReference), ((- DSC) + DSCFirstUnderst), IF( ((TIME >=
(STARTTIME + (ANATImeChange1 + S<<da>>))) AND (Understandability< UnderstandReference)) (
(-3 03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
CWW))))))))))))))))))))))))))))))))))))))))))).

IF(DesignSizeAdaptationFu

IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + S<<da>>))) AND (Functionality <
FunctionalityReference)) , ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

Hierarchies),

IF( ({TIME >=(STARTTIME + (CAMTimeChange 1)+ § <<da>>)) AND (Functionality >=
FunctionalityReference), ((- DSC) + DSCFirstFunct),

IF{ ((TIME >={STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND (Functionality <
FuncﬂonnllyReluumo)) ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

IF{ {TIME >=(STARTTIME + (CAMTimeChange2)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- DSC) + DSCFirstFunct) , IF{ ((TIME >=(STARTTIME +
(CAMTimeChange3 + S<<da>>))) AND (Functionality < FunctionalityReference)) . ((4.54*
Functionality) - (0.54* Cohesion) - Polymorphism - Messaging - Hierarchies),

IF( (TIME >=(STARTTIME + (CAMTimeChange3)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ({- DSC) + DSCFirstFunct), IF( ((TIME >=(STARTTIME +
(CAMTimeChange1 + 5<<da>>))) AND (Functionality= FunctionalityReference)) ,((4.54"Functionality)
- (0.54* Cohesion) - Polymorphism - Messaging - Hierarchies),

IF{ ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Functionality >
= FunctionalityReference)) , ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

Hierarchies),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReferance), ((- DSC) + DSCFirstFunct),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND (Functionality >
= FunctionalityReference)) . ((4 54 Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

Hierarchies),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- DSC) + DSCFirstFunct), IF( ((TIME >=(STARTTIME
(NOPTimeChange3d+ S<<da>>))) AND (Functionality < FunctionalityReference)) , ((4 54*
Functionality) - (0.54* Cohesion) - Palymorphism - Messaging - Hierarchies),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ({- DSC) + DSCFirstFunct), IF( ((TIME >=(STARTTIME +
(NOPTimeChange1 + S<<da>>))) AND (Functionality< FunctionalityReference)) ,((4.54*Functionality)
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- (0.54* Cohesion) - Polymorphism - Messaging - Hierarchies),

IF( ((TIME >=(STARTTIME + (CiSTimeChange1 + 5<<da>>))) AND (Functionality >=
FunctionalityReference)) , ((4.54"Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -
Hierarchies),

IF( (TIME >=(STARTTIME + (CISTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- DSC) + DSCFirstFunct),

IF( ((TIME >=(STARTTIME + (CISTimeChange2+ 5<<da>>))) AND (Functionality>=
FunctionalityReference)) , ((4.54"Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

Hierarchies),

IF( (TIME >=(STARTTIME + (CISTimeChange2+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- DSC) + DSCFirstFunct), IF( ((TIME >=(STARTTIME +
(CISTimeChange3+ 5<<da>>))) AND (Functionality < FunctionalityReference)) , ((4.54*Functionality)
- (0.54* Cohesion) - Polymorphism - Messaging - Hierarchies),

IF( (TIME >=(STARTTIME + (CISTimeChange3+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- DSC) + DSCFirstFunct), IF( ((TIME >=(STARTTIME +
(CISTimeChange1 + 5<<da>>))) AND (Functionality< FunctionalityReference)) .((4.54*F unctionality) -
(0.54* Cohesion) - Polymorphism - Messaging - Hierarchies),

IF{ ((TIME >=(STARTTIME + (NOHTimeChange1 + 5<<da>>))) AND (Functionality <
FunctionalityReference)) , ((4.54 Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

Hierarchies),

IF( (TIME >=(STARTTIME + (NOHTIimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- DSC) + DSCFirstFunct),

IF( ((TIME >=(STARTTIME + (NOHTimeChange2 + 5<<da>>))) AND (Funcuonamy <
FunctionalityReference)) , ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism -

Hierarchies),

IF( (TIME >=(STARTTIME + (NOHTIimeChange2)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- DSC) + DSCFirstFunct), IF( ((TIME >=(STARTTIME +
(NOHTimeChange3 + 5<<da>>))) AND (Functionality < FunctionalityReference)) , ((4.54"
Functionality) - (0.54* Cohesion) - Polymorphism - Messaging - Hierarchies),

IF( (TIME >=(STARTTIME + (NOHTIimeChange3)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- DSC) + DSCFirstFunct), IF( ((TIME >=(STARTTIME +
(NOHTimeChange1 + 5<<da>>))) AND (Functionality< FunctionalityReference)) ,((4.54*Functionality)
- (0.54” Cohesion) - Polymorphism - Messaging - Hierarchies))))))))MMNMMNNNINN)

)
aux Computed MFA {
autotype Real
autounit qual
def MFA +
IF(Checkedinheritance =1, IF( (TIME >=(STARTTIME + MFATimeChange1)) AND (TIME <
(STARTTIME + MFATIimeChange2)), MFAChange1, IF( (TIME >=(STARTTIME + MFATimeChange1))
AND (MFAChange2 = 0 <<qual>>) AND (MFAChange3 = 0 <<qual>>), MFAChange1,

IF((TIME >={STARTTIME + MFATimeChange2)) AND (TIME <(STARTTIME +
MFATimeChange3)),MFAChange2, IF((TIME >=(STARTTIME + MFATimeChange2)) AND
(MFAChange1 = 0 <<qual>>) AND (MFAChange3 = 0 <<qual>>) MFAChange2 IF( (TIME >=
(STARTTIME + MFATIimeChange1)) AND (TIME <(STARTTIME+ MFATIimeChange3)) AND
(MFAChange2 = 0 <<qual>>),MFAChange1, IF((TIME >=(STARTTIME +MFATIimeChange2)) AND
(MFAChange3 = 0 <<qual>>) MFAChange2,

IF( (TIME >={STARTTIME + MFATimeChange3)) MFAChange3))))))).

IF(InheritanceAdaptationExt =1,

IF{ ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND (Extendibility <
ExtendibilityReference)) , ((2*Extendibility) - Abstraction + Coupling- Polymorphism),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <<da>>)) AND (Extendibility>=
ExtendibilityReference), ((- MFA) + MFAFirstExt),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND (Extendibility <
ExtendibilityReference)) , ((2*Extendibility) - Abstraction + Coupling- Polymorphism),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND (Extendibility >
= ExtendibilityReference), ((- MFA) + MFAFirstExt), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange3 + 5<<da>>))) AND (Extendibility < ExtendibilityReference)) , ((2*Extendibility) -
Abstraction + Coupling- Polymorphism),
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IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND (Extendibility >
= ExtendibilityReference), ((- MFA) + MFAFirstExt), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange1 + 5<<da>>))) AND (Extendibility< ExtendibilityReference)) ,((2"Extendibility) -
Abstraction + Coupling- Polymorphism),

IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) , ((2*Extendibility) - Abstraction + Coupling- Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange1)+ 5 <<da>>)) AND (Extendibility >=
ExtendibilityReference), ((- MFA) + MFAFirstExt),

IF( ((TIME >=(STARTTIME + (ANATimeChange2 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) , ((2*Extendibility) - Abstraction + Coupling- Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange2+ 5 <<da>>))) AND (Extendibility >=
ExtendibilityReferencs), ((- MFA) + MFAFirstExt), IF( ((TIME >=(STARTTIME + (ANATimeChange3+
5<<da>>))) AND (Extendibility < ExtendibllityReference)) , ((2*Extendibility) - Abstraction + Coupling-
Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange3+ 5 <<da>>))) AND (Extendibility >=

eference), ((- MFA) + MFAFirstExt), IF( ((TIME >=(STARTTIME + (ANATimeChange1
+ S5<<da>>))) AND (Extendibility< ExtendibilityReference)) ,((2*Extendibility) - Abstraction + Coupling-
Polymorphism),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Extendibility >=
ExtendibilityReference)) . ((2*"Extendibility) - Abstraction + Coupling- Polymorphism),

IF( (TIME ==(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND (Extendibility >=
ExtendibilityReference), ((- MFA) + MFAFirstExt),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>})) AND (Extendibility >=
ExtendibilityReference)) , ((2*Extendibility) - Abstraction + Coupling- Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Extendibility>=
ExtendibilityReferance), ((- MFA) + MFAFirstExt), IF( ((TIME >=(STARTTIME + (NOPTimeChange3+
5<<da>>))) AND (Extendibility < ExtendibilityReference)) , ((2*Extendibility) - Abstraction + Coupling-
Pot

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND (Extendibility >=
ExtendibilityReference), ((- MFA) + MFAFirstExt), 1F( ((TIME >=(STARTTIME + (NOPTimeChange1
+ S5<<da>>))) AND (Extendibility< ExtendibilityReference)) ,((2*Extendibility) - Abstraction + Coupling-
Polymorphism)))))NMNNNNINN).

IF(InheritanceAdaptationEffect =1,

IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND (Effectiveness
< EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Encapsulation - Composition -
Polymorphism),

IF( (TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <=da>>)) AND (Effectiveness
>= EffectivenessReference), ((- MFA) + MFAFirstEffect),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange2 + 5<<da>>))) AND (Effectiveness
< EffectivenessReference)) . ((5'Effectiveness) - Abstraction - Encapsulation - Composition -
Polymorphism),

IF( (TIME >=(STARTTIME + (DAM_TimeChange2)+ 5 <=da>>)) AND (Effectiveness
>= EffectivenessReference), ((- MFA) + MFAFirstEffect), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange3 + 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((5*
Effectiveness) - Abstraction - Encapsulation - Composition - Polymorphism),

IF( (TIME >=(STARTTIME + (DAM_TimeChange3)+ 5 <<da>>)) AND (Effectiveness
>= EffectivenessReference), ((- MFA) + MFAFirstEffect), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange1 + S5<<da>>))) AND (Effectiveness< EffectivenessReference)) ,((5"Effectiveness)
- Abstraction - Encapsulation - Composition - Polymorphism),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Effectiveness >
= EffectivenessReference)) ., ((5°Effectiveness) - Abstraction - Encapsulation - Composition -
Potymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5§ <<da>>)) AND (Effectiveness>=
EffectivenessReference), ({- MFA) + MFAFIirstEffect),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND (Effectiveness >
= EffectivenessReference)) . ((5*Effectiveness) - Abstraction - Encapsulation - Composition -
Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Effectiveness >
= EffectivenessReference), ((- MFA) + MFAFirstEffect), IF( ((TIME >=(STARTTIME +
(NOPTimeChange3+ 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((6*Effectiveness)
- Abstraction - Encapsulation - Composition - Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND (Effectiveness >
sEffectivenessReference), ((- MFA) + MFAFirstEffect), IF( ((TIME >=(STARTTIME +
(NOPTImeChange1 + 5<<da>>))) AND (Effectiveness< EffectivenessReference)) ((5*Effectiveness) -
Abstraction - Encapsulation - Composition - Polymorphism),

IF( ((TIME >=(STARTTIME + (MOA_TimeChange1 + S5<<da>>))) AND (Effectiveness
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>= EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Encapsulation - Composition -
Polymorphism),

IF( (TIME >=(STARTTIME + (MOA_TimeChange1)+ 5 <<da>>)) AND (Effectiveness
>= EffectivenessReference), ((- MFA) + MFAFirstEffect),

IF( ((TIME >=(STARTTIME + (MOA_TimeChange2 + 5<<da>>))) AND
(Effectiveness>= EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Encapsulation -
Composition - Polymorphism),

IF( (TIME >=(STARTTIME + (MOA_TimeChange2+ 5 <<da>>))) AND (Effectiveness
>= EffectivenessReference), ((- MFA) + MFAFirstEffect), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange3+ 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((5*
Effectiveness) - Abstraction - Encapsulation - Composition - Polymorphism),

IF( (TIME >=(STARTTIME + (MOA_TimeChange3+ 5 <<da>>))) AND (Effectiveness
>= EffectivenessReference), ((- MFA) + MFAFirstEffect), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange1 + 5<<da>>))) AND (Effectiveness< EffectivenessReference)) .((5*
Effectiveness) - Abstraction - Encapsulation - Composition - Polymorphism),

IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND (Effectiveness <
EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Encapsulation - Composition -
Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange1)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- MFA) + MFAFirstEffect),

IF( ((TIME >=(STARTTIME + (ANATimeChange2 + 5<<da>>))) AND (Effectiveness <
EffectivenessReference)) , ((5"Effectiveness) - Abstraction - Encapsulation - Composition -
Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange2)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- MFA) + MFAFirstEffect), IF( ((TIME >=(STARTTIME +
(ANATimeChange3 + 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((5*Effectiveness)
- Abstraction - Encapsulation - Composition - Polymorphism),

IF( (TIME >=(STARTTIME + (ANATIimeChange3)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((- MFA) + MFAFirstEffect), IF( ((TIME >=(STARTTIME +
(ANATimeChange1 + 5<<da>>))) AND (Effectiveness< EffectivenessReference)) .((5*Effectiveness) -

) Abstraction - Encapsulation - Composition - Polymorphism)) D)N)NNNNINIINININD)

aux Computed MOA {

autotype Real

autounit qual

def MOA +
IF(CheckedComposition =1, IF( (TIME >=(STARTTIME + MOA_TimeChange1)) AND (TIME <
(STARTTIME + MOA_TimeChange2)), MOAChange1, IF( (TIME >=(STARTTIME +
MOA_TimeChange1)) AND (MOAChange2 = 0 <<qual>>) AND (MOAChange3 = 0 <<qual>>),
MOAChange1,

IF((TIME >=(STARTTIME + MOA_TimeChange2)) AND (TIME <(STARTTIME +
MOA_TimeChange3)) MOAChange2, IF((TIME >=(STARTTIME + MOA_TimeChange2)) AND
(MOAChange1 = 0 <<qual>>) AND (MOAChange3 = 0 <<qual>>), MOAChange2,IF( (TIME >=
(STARTTIME + MOA_TimeChange1)) AND (TIME <(STARTTIME + MOA_TimeChange3)) AND
(MOAChange2 = 0 <<qual>>),MOAChange1, IF((TIME >=(STARTTIME + MOA_TimeChange2)) AND
(MOAChange3 = 0 <<qual>>) MOAChange2,

IF( (TIME >=(STARTTIME + MOA_TimeChange3)), MOAChange3))))))).

IF(ComposAdaptationF =1,

IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) , ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Polymorphism),

IF( (TIME >={STARTTIME + (DCC_TimeChange1)+ 5 <<da>>)) AND (Flexibility >=
FlexibilityReference), ((- MOA) + MOAFirstFlexibility),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) , ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Polymorphism),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND (Flexibility >=
FlexibilityReference), ((- MOA) + MOAFirstFlexibility), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange3 + 5<<da>>))) AND (Flexibility < FlexibilityReference)) , ((2"Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Polymorphism),

IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND (Flexibility >=
FlexibilityReference), ((- MOA) + MOAFirstFlexibility), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange1 + 5<<da>>))) AND (Flexibility< FlexibilityReference)) .((2*Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Polymorphism),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) , ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Polymorphism),

IF( (TIME >=({STARTTIME + (DAM_TimeChange1)+ 5 <<da>>)) AND (Flexibility >=
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FlexibilityReference), ((- MOA) + MOAFirstFlexibility),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange2 + 5<<da=>>))) AND (Flexibility <
FlexibilityReference)) , ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Polymorphism),

IF( (TIME ==(STARTTIME + (DAM_TimeChange2+ 5 <<da>=>))) AND (Flexibility >=
FlexibilityReference), ({(- MOA) + MOAFirstFlexibility), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange3+ 5<<da>>))) AND (Flexibility <= FlexibilityReference)) , ((2*Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Polymorphism),

IF( (TIME >=(STARTTIME + (DAM_TimeChange3+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- MOA) + MOAFirstFlexibility), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange1 + 5<=da>>))) AND (Flexibility= FlexibilityReference)) ,((2*Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Polymorphism),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da=>>))) AND (Flexibility <
FlexibilityReference)) , ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Polymorphism).

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND (Flexibility >=
FlexibilityReference), ((- MOA) + MOAFirstFlexibility),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da=>>))) AND (Flexibility <
FlexibilityReference)) , ((2"Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- MOA) + MOAFirstFlexibility), IF( ((TIME >=(STARTTIME +
(NOPTimeChange3+ 5<<da=>>))) AND (Flexibility < FiexibilityReference)) , ((2*Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Polymorphism),

IF((TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da=>>))) AND (Flexibility >=
FiexibilityReference), ((- MOA) + MOAFirstFlexibility), IF( ((TIME >=(STARTTIME +
(NOPTimeChange1 + 5<<da>>))) AND (Flexibility< FlexibilityReference)) ,((2*Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Polymorphism))))NN)NNNIMY),

IF(ComposAdaptationEffect =1,

IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND (Effectiveness <
EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Encapsulation - Inheritance -
Polymorphism),

IF((TIME >=(STARTTIME + (ANATimeChange1)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((-MOA) + MOAFirstEffect),

IF( ((TIME >=(STARTTIME + (ANATimeChange2 + 5<<da=>))) AND (Effectiveness <
EffectivenessReference)) , ((5*Effectiveness) - Absfraction - Encapsulation - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange2)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((-MOA) + MOAFirstEffect), IF( ((TIME >=(STARTTIME +
(ANATIimeChange3 + 5<<da=>>))) AND (Effectiveness < EffectivenessReference)) , ((5*Effectiveness)
- Abstraction - Encapsulation - Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (ANATimeChange3)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((-MOA) + MOAFirstEffect), IF( ((TIME >=(STARTTIME +
(ANATIimeChange1 + 5<<da>>))) AND (Effectiveness< EffectivenessReference)) ,((5*Effectiveness) -
Abstraction - Encapsulation - Inheritance - Polymorphism),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Effectiveness >
= EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Encapsulation - Inheritance -
Polymorphism),

IF((TIME ==(STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND (Effectiveness>=
EffectivenessReference), ((-MOA) + MOAFirstEffect),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND (Effectiveness >
= EffectivenessReference)) , ((5°Effectiveness) - Abstraction - Encapsulation - Inheritance -
Polymorphism),

IF{ (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da>>))) AND (Effectiveness >
= EffectivenessReference), ((-MOA) + MOAFirstEffect), IF( ((TIME >=(STARTTIME +
(NOPTimeChange3+ 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ((6*Effectiveness)
- Abstraction - Encapsulation - Inheritance - Polymorphism),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da>>))) AND (Effectiveness >
=EffectivenessReference), ((-MOA) + MOAFirstEffect), IF( ((TIME >=(STARTTIME +
(NOPTimeChange1 + 5<<da=>=))) AND (Effectiveness< EffectivenessReference)) ,((5Effectiveness) -
Abstraction - Encapsulation - Inheritance - Polymorphism),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND (Effectiveness
>= EffectivenessReference)) , ((5"Effectiveness) - Abstraction - Encapsulation - Inheritance -
Polymorphism),

IF( (TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <<da=>=)) AND (Effectiveness
>= EffectivenessReference), ((-MOA) + MOAFirstEffect),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange2 + 5<<da=>>))) AND
(Effectiveness=>= EffectivenessReference)) , ((5*Effectiveness) - Abstraction - Encapsulation -
Inheritance - Polymorphism),
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IF( (TIME >»(STARTTIME + (DAM_TimeChange2+ 5 <<da>>})) AND (Effactiveness
>= EffectivenessReference), {(-MOA) + MOAFirstEfect), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange3+ S<<da>>))) AND (Em < EffectivenessReference)) , (5
Efecliveness) - Abstraction - Encapsulation - inhertance - Polymorphism).

IF{ (TIME >={STARTTIME + (DAM_TimeChange3+ 5§ <<da>>))) AND (Eftactiveness
>= EffectivenessReference), (-MOA) + MOAFirstENect), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange1 + S<<da>>))) AND (Effectiveness< EffectivenessReference)) ((5'Effectiveness)

« Abstraction - Encapsulation - Inheritance -

- Polymorphism),
IF( ((TIME >=({STARTTIME + (MFATimeChange1 + 5<<da>>))) AND (Effectiveness <
EffectivenessReference)) , ((5*Effectivenass) - Abstraction - Encapsuiation - Inheritance -

Pol

l-'( (TIME >=(STARTTIME + (MFATimeChange1)+ 5 <<da>>)) AND {Effectiveness >
= EffectivenessReference), (-MOA) + MOAFirstEfect),

IF( ((TIME >=(STARTTIME + (MFAW + §<<dg>>))) AND (Effectiveness <
Elndnm:::dum)) , ((5°Effectiveness) - Abstraction - Encapsulation - Inheritance -

IF{ (TIME >=(STARTTIME + (MFATImeChange2)+ 5§ <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((-MOA) + MOAFirstEffect), IF{ ((TIME >={STARTTIME +
(MFATimeChange3 + 5<<da>>))) AND (Effectiveness < EffectivenessReference)) , ({5*Effectiveness)
- Abstraction - Encapsulation - Inheritance -

Polymorphésm),
IF( (TIME >=(STARTTIME + (MFATimeChange3)+ 5 <<da>>)) AND (Effectiveness >
= EffectivenessReference), ((MOA) + MOAFirstEffect), IF( ((TIME >=(STARTTIME +
(MFATImeChange! + 5<<da>>))) AND (Effeciiveness< EffectivenessReference)) ,((5*Effectiveness) -
Abstraction - Encapsulation - Inheritance - Polymorphism)) )M

(STARTTIME + NOHTimeChange2)),NOHChange1, IF( (TIME >=(STARTTIME + NOHTimeChange1)

NOHTimeChange3)) NOHChange2, IF((TIME >=(STARTTIME + NOHTimeChanga2)) AND
(NOHChange1 = 0 <<quai>>) AND (NOHChange3 = 0 <<qual>>) NOHChange2, IF( (TIME >=
(STARTTIME + NOHTimeChange1)) AND (TIME <(STARTTIME + NOHTimeChange3)) AND
(NOHChange2 = 0 <<quai>>) NOHChange1, IF((TIME >=(STARTTIME + NOHTimeChange2)) AND
(NOHChange3 = 0 <<qual>>) NOHChange2,

IF{ (TIME >=(STARTTIME + NOHTmeChange3)) NOHChange3)))))),

unct =1,
IF( ((TIME >=(STARTTIME + (CISTimeChange1 + S<<da>>))) AND (Fmdondfy
Fumsn‘;)ﬁderm)) . ((4 54" Functionality} - (0.54* Cobesion) - Polymorphism - Messagi

" IF( (TIME >=(STARTTIME + (CISTimeChange1)+ 5 <<da>>}) AND (Functionality >=

. ((- NOH)
(W»MAWNE'(CW*MW)))M(FM
uncﬂmohum)) ((4 54 Functionality) - (0.54* Cohesion) - Polymorphism - Messaging

" IF( (TIME >=(STARTTIME + (CISTimeChange2)+ 5 <<da>>)) AND (Funcionality >=
FunclionaltyReference), ((- NOH) + NOHFirstFunce), IF( ((TIME >=(STARTTIME + (CISTimeChange3
+ 5<<da>>))) AND (Functionality < Fumm» {(4.54"Functionality) - (0.54" Cohesion)

-P - Messaging - Design See),
IF( (TIME MSTMTTIE + (CISTimeChange3)+ 5 <<da>>}) AND (Functionality >=
FunctionalityReference), (- NOH) + NOHFirstFunct), IF( ((TIME >=(STARTTIME +
(CISTimeChange1 + s«u.»)» AND (Functionality< FuncionalityReference)) .((4.54*Functionality) -
(0.54° Cohesion) - Polymorphism - Messaging - 'Design Szz'),
IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5<<da>>})) AND (Functionality >
= Funwmm» , ((4.54*Functionality) - (0.54" Cohesion) - Polymorphism - Messaging -



IF( (TIME >={STARTTIME + (CAMTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionafityReference), ((- NOH) + NOHFirstFunct),

IF( ((TIME >=(STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND (Functionality >
= FunctionalityReference)) , ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

"Design Size").

IF( (TIME >={STARTTIME + (CAMTimeChange2+ 5 <<da>>})) AND (Functionality >=
FunctionalityReference), ((- NOH) + NOHFirstFunct), IF( ((TIME >=(STARTTIME +
(CAMTimeChange3+ 5<<da>>))) AND (Functionality < FunctionalityReference)) , ((4.54*
Functionality) - (0.54* Cohesion) - Polymorphism - Messaging - 'Design Size’),

IF( (TIME >=(STARTTIME + (CAMTimeChange3+ 5 <<da>>))) AND (Functionality >=
FunctionalityReference), ((- NOH) + NOHFirstFunct), IF( (TIME >=(STARTTIME +
(CAMTimeChange + §<<da>>))) AND {Functionality< FunctionalityReference)) ,((4.54 Functionality)

- (0.54* Cohesion) - Polymorphism - Messaging - 'Design Size'),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND (Functionality >

= Furm:altmm» ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

e IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- NOH) + NOHFirstFunct),
IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<<da>>))) AND (Functionality>=
FunctionalityReference)) , ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

‘Design Size’),

IF( (TIME >=(STARTTIME + (DSCTimeChange2+ § <<da>>))) AND (Functionality >=
FunctionalityReference), ((- NOH) + NOHFirstFunct), IF( ((TIME >=(STARTTIME +
(DSCTimeChange3+ 5<<da>>))) AND (Functionality < FunctionalityReferenca)) , ((4.54*Functionality)
- (0,54* Cohasion) - Polymorphism - Messaging - 'Design Size'),

IF( (TIME >=(STARTTIME + (DSCTimeChange3+ 5§ <<da>>))) AND (Functionality >=
FunctionalityReference), ((- NOH) + NOHFirstFunct), IF( ((TIME >=(STARTTIME +
(DSCTimeChange1 + 5<<da>>))) AND (Functionality< FunctionalityReference)) ,((4.54*Functionality)

- (0.54* Cohesion) - Polymorphism - Messaging - ‘Design Siza'),

IF( ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da>>))) AND (Functionality <

FunctionalityReference)) , ((4.54*Functionality) - (0.54* Cohesion) - Polymorphism - Messaging -

‘Design Sze'),

IF( (TIME >={STARTTIME + (NOPTimeChange1)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- NOH) + NOHFirstFunct),

IF( ((TIME >=(STARTTIME + (NOPTimeChanga2 + 5<<da>>))) AND (Functionality <
W)) , ((4 54*Functionality) - {0.54* Cohesion) - Polymorphism - Messaging -

IF( (TIME >={STARTTIME + (NOPTimeChange2)+ 5 <<da>>)) AND (Functionality >=
FunctionalityReference), ((- NOH) + NOHFirstFunct), IF( ((TIME >=(STARTTIME +
(NOPTimeChange3 + 5<<da>>))) AND (Functionality < FunctionaityReference)) , ((4.54*
Functionality) - (0.54* Cobesion) - Polymorphism - Messaging - 'Design Size'),

IF( (TIME >=(STARTTIME + (NOPTimeChange3)+ 5 «da»)) AND (Functionality >=
FunctionalityReference), ((- NOH) + NOHFirstFunct), IF( ((TIME >=(STARTTIME +
(NOPTimeChange1 + S<<da>>))) AND (Functionality< FunctionalityReferance)) ,((4.54
- {0.54* Cohesion) - Polymorphism - Messaging - Design Size)) )M

}
aux Computed NOM {
autotype Real
autounit qual
def NOM +
IF(CheckedComplexity =1, IF( (TIME >=(STARTTIME + NOMTimeChange1)) AND (TIME <
(STARTTIME + NOMTimeChange2)) NOMChange1, IF( (TIME >=(STARTTIME +
NOMTimeChange1)) AND (NOMChange2 = 0 <<qual>>) AND (NOMChange3 = 0 <<qual>>),
NOMChange1,

IF((TIME >=(STARTTIME + NOMTimeChange2)) AND (TIME <(STARTTIME +
NOMTimeChange3)) NOMChange2, IF((TIME >=(STARTTIME + NOMTimeChange2)) AND
(NOMChange1 = 0 <<qual>>) AND (NOMChange3 = 0 <<qual>>) NOMChange2,IF( (TIME >=
(STARTTIME + NOMTimeChange1)) AND (TIME <(STARTTIME + NOMTimeChange3)) AND
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(NOMChange2 = 0 =<qual>=), NOMChange1, IF((TIME >=(STARTTIME +NOMTimeChange2)) AND
(NOMChange3 = 0 <=<=qual>>) NOMChange2,
IF( (TIME >=(STARTTIME + NOMTimeChange3)), NOMChange3))))))).

IF(ComplexAdaptation =1,

IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>=>))) AND
(Understandability < UnderstandReference)) , ((-3.03"Understandability) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - 'Design Size'),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - 'Design Size'),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da==)) AND
(Understandability == UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (DCC_TimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference))
. ((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
'‘Design Size"),

IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME ==
(STARTTIME + (DCC_TimeChange1 + 5<=<da=>))) AND (Understandability< UnderstandReference))
[((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
'Design Size"),

IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND
(Understandability >= UnderstandReference)) , ((-3.03*Understandability) -Abstraction +
Encapsulation - Coupling + Cohesion - Polymorphism - '‘Design Size'),

IF( (TIME >=(STARTTIME + (CAMTimeChange1)+ 5 <<da>>)) AND
(Understandability == UnderstandReference), ((- NOM) + NOMFirstUnderst),

IF{ ((TIME >=(STARTTIME + (CAMTimeChange2 + 5<<da>>))) AND
(Understandability == UnderstandReference)) , ((-3.03*Understandability) -Abstraction +
Encapsulation - Coupling + Cohesion - Polymorphism - 'Design Size'),

IF( (TIME >=(STARTTIME + (CAMTimeChange2+ 5§ <<da>>))) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (CAMTimeChange3+ 5<<da=>>))) AND (Understandability < UnderstandReference)) ,
((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
‘Design Size"),

IF( (TIME >=(STARTTIME + (CAMTimeChange3+ 5 <<da>>))) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference)) ,(
(~3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
‘Design Size"),

IF{ ((TIME >=(STARTTIME + (NOPTimeChange1 + 5<<da=>))) AND
(Understandability >= UnderstandReference)) , ((-3.03*Understandability) -Abstraction +
Encapsulation - Coupling + Cohesion - Polymorphism - 'Design Size'),

IF( (TIME >=(STARTTIME + (NOPTimeChange1)+ 5§ <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst),

IF( ((TIME >=(STARTTIME + (NOPTimeChange2 + 5<<da>>))) AND
(Understandability >= UnderstandReference)) , ((-3.03*Understandability) -Abstraction +
Encapsulation - Coupling + Cohesion - Polymorphism - 'Design Size'),

IF( (TIME >=(STARTTIME + (NOPTimeChange2+ 5 <<da=>=>))) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOPTimeChange3+ 5<<da>>))) AND (Understandability < UnderstandReference)) ,
((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
‘Design Size"),

IF( (TIME >=(STARTTIME + (NOPTimeChange3+ 5 <<da=>))) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (NOPTimeChange1 + 5<<da>=))) AND (Understandability< UnderstandReference)) (
(-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
'‘Design Size'),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - 'Design Size'),

IF( (TIME >==(STARTTIME + (DAM_TimeChange1)+ 5 <<da=>)) AND
(Understandability == UnderstandReference), ((- NOM) + NOMFirstUnderst),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange2 + 5<<=da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation
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- Coupling + Cohesion - Polymorphism - 'Design Sze'),

IF( (TIME >=(STARTTIME + (DAM_TimeChange2)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (DAM_TimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference))

, ((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

Design Size),

IF( (TIME >=(STARTTIME + (DAM_TimeChange3)+ § <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (DAM_TimeChange1 + 6<<da>>))) AND (Understandability< UnderstandReference))
.((-Q,OSW -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
Design ),

IF( ((TIME >=(STARTTIME + (DSCTimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03"Understandability) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - 'Design Size’),

IF( (TIME >=(STARTTIME + (DSCTimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst),

IF( ((TIME >=(STARTTIME + (DSCTimeChange2 + 5<<da>>})) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - 'Design Size),

IF{ (TIME >=(STARTTIME + (DSCTimeChange2)+ 5 <<da>>}) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (DSCTimeChange3 + S5<<da>>))) AND (Understandability < UnderstandReference)) ,
({-3.03"Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

'‘Design Size'),

IF( (TIME >=(STARTTIME + (DSCTimeChange3)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (DSCTimeChange1 + 6<<da>>))) AND (Understandability< UnderstandReference)) ,(
(-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

'Design Size'),

IF( ((TIME >=(STARTTIME + (ANATimeChange1 + 6<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03"Understandabiiity) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - ‘Design Size'),

IF( (TIME >=(STARTTIME + (ANATimeChange1)+ 5 <<da>>)) AND

>= UnderstandReference), ((- NOM) + NOMFirstUnderst),

IF( ((TIME >={STARTTIME + (ANATimeChange2 + 6<<da>>))) AND
(Understandabllity < UnderstandReference)) , ((-3.03*Understandability) -Abstraction + Encapsulation
- Coupling + Cohesion - Polymorphism - ‘Design Size"),

IF{ (TIME >=(STARTTIME + (ANATimeChange2)+ 5 <<da>>)) AND

(Understandability >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (ANATimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference)) ,
((-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -

‘Design Size),

IF( (TIME >=(STARTTIME + (ANATimeChange3)+ § <<da>>)) AND
(U >= UnderstandReference), ((- NOM) + NOMFirstUnderst), IF( ((TIME >=
(STARTTIME + (ANATimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference)) (
(-3.03*Understandability) -Abstraction + Encapsulation - Coupling + Cohesion - Polymorphism -
‘Design Size')

IIIIDIMINIIMIMNMNNNN)

)
aux Computed NOP {
autotype Real
autounit qual
def NOP +
IF(CheckedPolymo =1, IF( (TIME >=(STARTTIME + NOPTimeChange1)) AND (TIME <(STARTTIME
+ NOPTimeChange2)), NOPChange1, IF( (TIME >=(STARTTIME + NOPTimeChange1)) AND
(NOPChange2 = 0 <<quai>>) AND (NOPChange3 = 0 <<qual>>) NOPChange1,
IF((TIME >={STARTTIME + NOPTimeChange2)) AND (TIME <(STARTTIME +
NOPTimeChange3)) NOPChange2, IF((TIME >=(STARTTIME + NOPTimeChange2)) AND
(NOPChange1 = 0 <<quai>>) AND (NOPChange3 = 0 <<qual>>) NOPChange2 IF( (TIME >=
(STARTTIME + NOPTimeChange1)) AND (TIME <(STARTTIME + NOPTimeChange3)) AND
(NOPChange2 = 0 <<qual>>) NOPChange1, IF((TIME >=(STARTTIME + MOA_TimeChange2)) AND
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(NOPChange3 = 0 <<qual>>) . NOPChange2,
IF( (TIME >=(STARTTIME + NOPTimeChange3)), NOPChange3))))))),

IF(PolymoAdaptationF =1,

IF( ((TIME >={STARTTIME + (DCC_TimeChangel + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) . ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Composition),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <<da>>)) AND (Flexibiiity >=
FlexibilityReference), ((- NOP) + NOPFirstFlexibility),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange2 + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) . ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Composition),

IF( (TIME >=(STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND (Flexibility >=
FlexibilityReference), ((- NOP) + NOPFirstFlexibility), IF( ((TIME >=(STARTTIME +
(DCC_TimeChange3 + 5<<da>>))) AND (Flexibility < FlexibilityReference)) , ((2*Flexibility) (0.5
Encapsulation) + (0.5* Coupling) - Composition),

IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND (Flexibility >=
FlexibilityReference), ((- NOP) + NOPFirstFlexibility), 1F( ((TIME >=(STARTTIME +
(DCC_TimeChange1 + 5<<da>>))) AND (Flexibility< FlexibilityReference)) ,((2*Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Compaosition),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange1 + S<<da>>))) AND (Flexibility <
FlexibilityReference)) , ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Composition),

IF( (TIME >=(STARTTIME + (DAM_TimeChange1)+ 5 <<da>>)) AND (Flexibility >=
FlexibilityReference), ((- NOP) + NOPFirstFlexibility),

IF( ((TIME >=(STARTTIME + (DAM_TimeChange2 + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) , ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Composition),

IF( (TIME >=(STARTTIME + (DAM_TimeChange2+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- NOP) + NOPFirstFlexibility), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange3+ 5<<da>>))) AND (Flexibility < FlexibilityReference)) , ((2*Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Compaosition),

IF( (TIME >=(STARTTIME + (DAM_TimeChange3+ 5§ <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- NOP) + NOPFirstFlexibility), IF( ((TIME >=(STARTTIME +
(DAM_TimeChange1 + S<<da>>))) AND (Flexibility< FlexibilityReference)) ,((2*Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Composition),

IF( ((TIME >=(STARTTIME + (MOA_TimeChange1 + 5<<da>>))) AND (Flexibility <
FlexibilityReference)) ., ((2*Flexibility) -(0.5*Encapsulation) + (0.5* Coupling) - Composition),

IF( (TIME >=(STARTTIME + (MOA_TimeChange1)+ 5 <<da>>)) AND (Flexibility >=
FlexibilityReference), ((- NOP) + NOPFirstFlexibility),

IF( ((TIME >=(STARTTIME + (MOA_TimeChange2 + S<<da>>))) AND (Flexibility <
FlexibilityReference)) , ((2*Flexibility) «(0.5"Encapsulation) + (0.5* Coupling) - Composition),

IF( (TIME >=(STARTTIME + (MOA_TimeChange2+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((-NOP) + NOPFirstFlexibility), IF( ((TIME >=(STARTTIME +
(MOA_TimeChange3+ 5<<da>>))) AND (Flexibility < FlexibilityReference)) , ((2*Flexibility) -(0.5*
Encapsulation) + (0.5* Coupling) - Composition),

IF( (TIME >=(STARTTIME + (MOA_TimeChange3+ 5 <<da>>))) AND (Flexibility >=
FlexibilityReference), ((- NOP) + NOPFirstFlexibility), 1F( ((TIME >=(STARTTIME +
(MOA_TimeChange1 + 5<<da>>))) AND (Flexibility< FlexibilityReference)) ,((2*Flexibility) -(0.5°
Encapsulation) + (0.5" Coupling) - Composition))))))))))MNN.

IF(PolymoAdaptationU =1,

IF( ((TIME >=(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) + Abstraction +
Encapsulation - Coupling + Cohesion - Compilexity - 'Design Size"),

IF( (TIME >=(STARTTIME + (DCC_TimeChange1)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOP) + NOPFirstUnderst),

IF( ((TIME >=(STARTTIME + (DCC_TimeChange?2 + 5<<da>>))) AND
(Understandability < UnderstandReference)) , ((-3.03*Understandability) + Abstraction +
Encapsulation - Coupling + Cohesion - Complexity - '‘Design Size'),

IF( (TIME >=({STARTTIME + (DCC_TimeChange2)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOP) + NOPFirstUnderst), IF( ((TIME >=
(STARTTIME + (DCC_TimeChange3 + 5<<da>>))) AND (Understandability < UnderstandReference))
. ((-3.03*Understandability) + Abstraction + Encapsulation - Coupling + Cohesion - Complexity -
'‘Design Size'),

IF( (TIME >=(STARTTIME + (DCC_TimeChange3)+ 5 <<da>>)) AND
(Understandability >= UnderstandReference), ((- NOP) + NOPFirstUnderst), IF( ((TIME >=
(STARTTIME + (DCC_TimeChange1 + 5<<da>>))) AND (Understandability< UnderstandReference))
((-3.03*Understandability) + Abstraction + Encapsulation - Coupling + Cohesion - Complexity -
‘Design Size'),

IF( ((TIME >=(STARTTIME + (CAMTimeChange1 + 5<<da>>))) AND
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