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Abstract 
 

Architectural quality constitutes a critical factor for 
contemporary software systems, especially because of 
their size and the needs for frequent, quick changes. 
For success-critical business systems, architectural 
decisions are of high risk for the market share and 
even for the existence of enterprises. These decisions 
are important for design processes as well as for 
refactoring. Because of the complexity of the decisions, 
e.g., uncertain, contradicting goals, unknown effects 
and risky conditions, decision-making is a difficult and 
risky task. Risks can be minimized if the decisions are 
made systematically. In an earlier paper, we intro-
duced methods of Decision Theory to perform such 
decisions in a rational way. This paper introduces a 
method for evaluating alternatives of architectural 
decisions, for both architectural design and refactor-
ing. This method adopts elements of the scenario-
based evaluation method ALMA [1]. A practical ex-
ample illustrates the application of the improved deci-
sion process. 
Keywords: Refactoring, Reengineering, Software Ar-
chitecture, Impact Analysis, Decision Theory 
 
1. Introduction 
 
The complexity of software-intensive systems is in-
creasing rapidly. Many of them are critical for the exis-
tence of an enterprise. If such a system could not 
adapted to changed market needs, this would lead to a 
loss of market share. Missing flexibility and maintain-
ability represent high risks for mission-critical soft-
ware. Some of the architectural decisions during the 
development and evolution of systems of this kind are 
frequently called strategic ones, because they deter-
mine future decisions and measures. Examples for 
such decisions are the definition of a middleware plat-
form, of a database management system (DBMS) or an 
architectural style for distribution and cooperation be-
tween subsystems. Such decisions bear a high risk, 
because later changes require high effort and – even 
more important – delays. Unfortunately, these deci-
sions are hard to make:  

- The objectives and conditions are mostly complex, 
partly contradicting, and not completely known;  

- Solution alternatives are hard to evaluate, because 
their consequences are mostly uncertain.  
To reduce risks and to facilitate such decisions, a 

methodical and rational procedure was developed [2], 
based on the Decision Theory. Additionally, Impact 
Analysis is required to forecast the consequences of an 
alternative e.g., quality improvements, side effects and 
implementation effort. The identification of the conse-
quences of a particular change in the software engi-
neering domain is called Impact Analysis [4],[5]. Even 
if such a way of decision-making requires some effort, 
it increases the overall efficiency of the development 
processes by reducing risks. As a result, architectural 
decisions are made less subjectively.  

The formerly developed procedure of rational deci-
sion-making [2] includes the following phases, as 
shown in fig. 2: identification of objectives, descrip-
tion of the architecture, and selection, analysis and 
evaluation of the alternatives. The benefit of this proc-
ess results especially from the reduction of ambiguity, 
uncertainty and fuzziness of objectives and conditions, 
and from the way of weighting the consequences re-
lated to a broad variety of aspects. 

Even if made in a rational way, the decisions are 
based on a proper establishment, selection and evalua-
tion of architectural alternatives. Especially the Impact 
Analysis has to be done in a systematic way, because it 
is highly complex: Accurate positive and negative 
quality impacts have to be determined, and various 
side effects and conditions have to be considered, e.g., 
restrictions resulting from previous decisions. Fur-
thermore, the Impact Analysis bears an uncertainty 
because it is related to a future – currently not existing 
– architecture, which has to be managed. The Decision 
Theory as the basis of the decision process does not 
provide methodical support for the Impact Analysis of 
architectural decisions, it just gathers the results. 

Analyzing the Impact of alternatives, based on an 
evaluation of several executable prototypes of the re-
sulting software system is too effort and time consum-
ing for most cases. Estimations would require less ef-
fort, but pure subjective estimations bear the risk of 



being vague, too optimistic or too pessimistic. Wrong 
or unrealistic estimations would lead to wrong deci-
sions. However, additional effort for an Impact Analy-
sis is justified if it is related to the risk of wrong deci-
sions. If a wrong decision for a business critical system 
would lead to an organizational-wide delay of new 
products and services, e.g., if the distribution of a 
product is impossible for some days, it would have 
been much better to spend one or two days in making 
the best decision.  

The goal of this paper is to extend the decision 
process on architectural alternatives by a scenario-
based Impact Analysis. This Impact Analysis is devel-
oped with strong similarities to scenario-based meth-
ods of architectural assessment, especially ALMA [1]. 
Since ALMA was developed with different goals, it 
could not simply be integrated. 

This paper is organized in the following way: At 
first, three major State of the Art approaches for Im-
pact Analysis are compared  and evaluated in section 
2. In section 3, the decision process [2] is explained in 
brief. In section 4, the case study is introduced, which 
is applied in section 5 to illustrate the introduction of 
the an Impact Analysis to the decision process in de-
tail, by showing its activities in a refactoring decision. 
In the conclusion, evaluation results and open issues 
are discussed.  
 
2. State of the Art in Impact Analysis Ap-
proaches 

The Impact Analysis was introduced to the software 
engineering domain because side effects related to a 
change constitute highly critical issues [4][5]. Side 
effects can occur in unchanged components, which are 
related to the changed ones, e.g., by dependencies, 
constraints or import-export relations. An Impact 
Analysis can be done before or after an implementa-
tion of a change.  

Any Impact Analysis approaches have to reduce 
uncertainty and risks of the architectural decisions. In 
the background of this paper, the different approaches 
are therefore compared according to the following cri-
teria: 

Degree of reduction of uncertainty and risk: 
There are different way to reduce uncertainty and risks 
related to the design process, e.g., a prevention of sub-
jective influences and uncertainty, as well as a system-
atic, rational procedure, an explicit manifestation of 
dependencies and constraints in models, and an analy-
ses of dependencies such as side-effects. 

Ability to forecast quality improvements, effort 
and functional changes: Quality properties of an 
software architecture are usually regarded as more 

important than functional properties. An Impact 
Analysis has to evaluate quality properties e.g., main-
tainability, portability, robustness, performance and 
scalability. Furthermore, the implementation effort and 
the impact on the functional behavior are important 
criteria. 

Ability to manage the complexity of architec-
tural decisions: Software systems and their architec-
tures are highly complex. They are characterized by 
strong interrelations and constraints. Decision-making 
by humans requires for abstractions and simplifications 
to master this complexity. 

Appropriate for usual development processes: 
The Impact Analysis has to fit into the decision process 
[2] as well as into development processes seamlessly. 

Additional effort: The extra effort of the decision-
making – including the one of the Impact Analysis – 
should be as low as possible. However, the higher the 
risk of a decision, the more effort is justified. 

Degree of tool support and automation: Tool 
support and automation of the Impact Analysis would 
reduce its extra effort and would increase the effi-
ciency of software and system development. 

 
The following three major Impact Analysis ap-

proaches are investigated, described, and analyzed in 
the following section, whether they fulfill the criteria 
or not.  

 
Graph-Based Analysis 

The impact of architectural changes to a system is 
caused by dependencies between its parts. To describe 
an architecture formally, a graph-based model repre-
sents one option. In a graph model, the system’s com-
ponents and dependencies are expressed by nodes and 
edges. Graph analyses [4] can then be applied to inves-
tigate the effects of an architectural change: the more 
nodes are effected by a change, the higher is the effort. 
Path analyses can be applied to identify potential ef-
fects to the functional behavior. The establishment as 
well as the analysis of a graph-based model can be 
performed in a rather systematic way, thus the risks of 
subjectivity and uncertainty do not apply. However, 
most quality properties such as maintainability, reli-
ability and robustness of a system are hardly to model 
within the same graphs representing the structure of 
that system, therefore this approach is not suitable to 
all relevant criteria. Performance can be mentioned as 
a non-functional criterion which can be evaluated well 
using graph-based analyses. 

The formal description of a complete architecture 
including the architectural alternatives requires a much 
higher effort than a semi-formal one as usual for docu-
mentation purposes, because the complete system in-



cluding all details of its parts and its environment has 
to be described formally to enable an analysis. Graph-
based analyses offer some potential for integration into 
usual development processes because they are based 
on models which could be established within the de-
sign phase. Their application requires special skills. 
Tool support is available for performing analyses, 
however the establishment of a graph model has to be 
performed manually. 

Graph-based analyses are to some extend suitable to 
perform an Impact Analysis for architectural decisions, 
however they cannot be applied for most criteria as 
well as for low effort analyses. 

 
Simulation 

The simulation of the runtime behavior represents 
another method to analyze the consequences of archi-
tectural changes. Most simulation approaches focus on 
events, which are triggered by rules, and the traces of 
their effects.  

To simulate an architecture, the relevant parts of the 
architecture, e.g., subsystems or components, are mod-
eled by an Architecture Description Language (ADL), 
e.g., Rapide [16]. Components, interfaces and depend-
encies are modeled to express the structure of a sys-
tem. Additionally, events, rules and trigger have to be 
defined to enable a simulation of the runtime behavior 
of the architecture after a change. The events are trig-
gered through the defined rules and a tool captures and 
traces the effects [16]. If all relevant parts of an archi-
tecture are described, the resulting model can be exe-
cuted to perform simulations.  

To analyze architectural changes, the model has to 
be evolved prototypically according to the necessary 
changes. Establishing and evolving such architectural 
models requires a high effort, because the both the 
model and the prototype have to be modeled up to 
deep details. As a result, the developer can check if the 
events are processed correctly. Additionally, the im-
pact on the performance can be analyzed. 

The simulation is useful, if the performance of the 
software system is the most critical aspect of an archi-
tectural decision. Furthermore, the simulation eases the 
analysis if the functional behavior of the software sys-
tem before and after changes. However, a concept is 
missing to analyze the quality-related consequences, 
like the impact on the portability or maintenance, in a 
systematic way.  

Similar to graph-based analyses investigated above, 
simulation approaches offer some potential for integra-
tion into usual development processes because based 
on models. Furthermore, their application requires spe-
cial skills, especially for establishing the models. Tool 
support is available for performing the simulations, 

however the establishment of the models requires high 
manual effort. 

This high effort is only justified, if the simulation 
does help to solve very high risks concerning correct-
ness and performance. The approach is less suitable if 
other non-functional criteria are more important.  

 
Scenario-Based Analysis 

A scenario-based architectural analysis consists of a 
formal review for the assessing a software architecture. 
The analysis is performed by developers in the way of 
a walkthrough following to a scenario, which is a peer-
review following to that scenario. The Architecture 
Tradeoff Analysis Method (ATAM) [6] is one of the 
most popular methods, offering advantages in com-
parison to other scenario-based analysis methods [7]. 
ATAM describes a complete process of preparing and 
performing the walkthrough (see fig. 1). According to 
the relevant evaluation criteria, a scenario has to be 
established. For evaluating the correctness, a use case 
scenario is applied. Maintainability can be checked by 
following a change scenario. The selection of a sce-
nario represents the most critical issue, because a 
wrong scenario does not help to discover deficiencies.  

Identification of Objectives

Description of Architecture

Election of Scenarios

Analysis of the Impact

Building Prototypes

 
Figure 1. Phases of the scenario-based analysis by ATAM 
 

The Modifiability Analysis Method ALMA [1] was 
developed based on ATAM, because ATAM is a gen-
eral evaluation method, and an Impact Analysis re-
quires specialized scenarios. ALMA includes some 
pre-defined scenarios for an evaluation regarding 
modifiability and therefore it can be applied here.  

By performing the defined procedure by humans, a 
walkthrough is less objective than a graph-based 
analysis or a simulation. As a consequence, there are 
only limited opportunities for tool support and automa-
tion. To reduce the subjectivity, it has to be decreased 
by a proper organization of the team interaction. The 
effort can be reduced by investigating only the relevant 
parts of an architecture, affected by a change. How-
ever, the changes of concern have to be implemented 
to some extend to provide a basis for the walkthrough. 
In terms of effort reduction, only prototypical imple-
mentations are developed. In contrast to the aforemen-
tioned approaches, the developers can deal with syn-
tactically and semantically incomplete models thus 



reducing the modeling effort prior to the Impact 
Analysis. 

As an advantage in comparison to the aforemen-
tioned approaches, all required quality criteria can be 
assessed by applying proper scenarios.  

According to the risk level, analyses can be per-
formed in a more or less sophisticated way, thus in-
creasing or decreasing the required effort correspond-
ingly.  

The scenario-based analysis is able to manage the 
complexity of architectural decisions in a good way, 
because abstraction, hierarchical structuring and views 
can be used both in modeling and in performing the 
walkthrough. The approach fits well into usual devel-
opment processes, because the establishment of proto-
types can be performed within the iteration cycles.  

 
It can be stated that a scenario-based approach is 

suitable in the best way for analyzing the impact of 
alternatives within an architectural decision process. In 
section 5, some central elements of the ALMA method 
will be applied in our process. 

 
3.The Decision Theory Based Process 

Decision-making for architectural development and 
reengineering is unable to reduce risks of mission-
critical projects if performed in a subjective way and 
without a methodic procedure. To reduce the risks and 
to facilitate such decisions, a methodical and rational 
procedure was developed [2], based on the Decision 
Theory. Decision Theory facilitates a systematic and 
rational decision making, especially if competing ob-
jectives, side effects and uncertainty have to be con-
sidered [8]. Such decision making is broadly applied to 
solve economic decision problems, e.g., for financial 
investments. To improve the comprehension of the 
reader, an overview over the extended decision process 
is given here. Fig. 2 shows the overall structure of the 
process. In this section, the phases are explained in 
brief, and the introduction of the Impact analysis to 
phase 3 is explained in the next section. Only this 
phase is affected by the extension presented in this 
paper.  

4 Evaluation of the Alternatives

3 Pre-Selection and Analysis of the Alternatives

2 Description 
of the 

Architecture

1 Identification of 
Objectives and 

Conditions

 
Figure 2: Phases of the Decision Process [2] 

 
Identification of Objectives and Conditions  

At first, all objectives and conditions relevant for a 
decision have to be identified. They are the central 
criteria for the whole architectural decision. In the case 
of competing, uncertain or fuzzy objectives this phase 
is a critical one. 

The objectives are derived from the yet unsatisfied 
non-functional and functional requirements, which are 
relevant for an architectural artifact, e.g., a subsystem 
or a component. In the frequent cases of being incom-
plete, vague, inconsistent or competing, the objectives 
are refined and classified into two categories: mean 
objectives and fundamental ones. The fundamental 
objectives are the primary ones; they bear a high value 
for the stakeholder. Means objectives are those con-
tributing to the fundamental ones; their results help to 
achieve the fundamental objectives. In addition to the 
classification, the objectives are structured and priori-
tized. The priorities help to solve conflicts. Further-
more, the priorities are applied for reducing the num-
ber of objectives under review, to reduce the overall 
effort for a decision.  

In addition to the objectives, the conditions have to 
be identified. There are three types of conditions: or-
ganizational and technical ones as well as conditions 
caused to previous decisions. Organizational condi-
tions are defined by an enterprise or by a customer, 
e.g., enterprise strategies, know-how of the staff, dead-
lines, budget. Usually they are hard to change. Techni-
cal conditions are represent the technical environment 
a product is developed for or developed in, e.g., stan-
dards, tools and protocols. These conditions tend to be 
variable over time. Conditions of both types are usu-
ally identified using checklists. The third type of con-
ditions result from previously made operational or stra-
tegic decisions and from their implementation. Both 
objectives and conditions are in phase 3 applied as the 
criteria for evaluating of the architectural decisions. 
 
Description of the Architecture 

In the second phase, a description of the current 
state of the software architecture in form of an archi-
tectural model is developed. This model serves as the 
basis for establishing prototypes for the later evalua-
tion of the alternatives. The model includes all parts of 
the architecture, which are relevant for the actual ar-
chitectural decision, like components, interfaces and 
relations. For example, if improving maintainability of 
the database access is an objective, then all parts of the 
architecture have to be described, which are related to 
the database access. The more risky a decision, the 
more parts of the architecture are important enough to 
be described. To reduce uncertainty and risks, the de-



scribed model has to be consistent and clear to under-
stand – with respect to the criteria relevant to a certain 
decision. Usually, an architectural model is separated 
into views and described by a set of diagrams, in some 
cases using an Architectural Description Language 
(e.g., ACME [9], xADL [10]), or UML. 
 
Preselection and Analysis of the Alternatives 

In the third phase of a decision, suitable alternatives 
are established and their consequences are analyzed. 
To reduce the effort of analysis and evaluation, the 
number of alternatives under review is reduced step-
wise, while consulting the objectives, the conditions 
and the risks.  

The alternatives for architectural decisions are es-
tablished based mostly on the experience of the archi-
tect. They stem from a variety sources of two main 
categories: abstract and technological solutions. Ab-
stract solutions as architectural and design patterns, 
architectural styles or heuristics belong to the first 
category. These solutions have to be instantiated and 
implemented to provide a solution and to achieve the 
objectives.  

Technological solutions as the second category con-
sists of reusable building blocks, solution parts from 
previous projects, third-party components, frameworks 
as well as technological standards, e.g., component 
models like those of COM or CORBA. 

For each suitable alternative, the consequences ac-
cording to the objectives and conditions have to be 
determined. Since the alternatives are not yet imple-
mented at this time, it is only possible to establish a 
hypothesis or estimate the consequences of each alter-
native. The decision process [2] suggests a preselection 
of the alternatives to reduce the effort, and then a de-
tailed estimation of the consequences for the prese-
lected ones. The preselection is based on one hand on 
the properties and the general quality characteristics of 
the alternatives. If for example the Design Pattern Fa-
çade [14] is an alternative, it influences the architec-
tural quality by increasing the maintainability, because 
the encapsulation of elements is improved. On the 
other hand, the alternatives are compared to the organ-
izational and technical conditions. If there is no match, 
an alternative cannot be applied. 

If performed subjectively by the architect, this se-
lection and the estimations are vague and risky. For 
high-risk decisions, a more detailed analysis is neces-
sary to identify the consequences and the benefits or 
disadvantages. As a contribution of this paper, this 
phase is improved by introducing a scenario-based 
Impact Analysis, as explained in section 4. 

 

Evaluation of the Alternatives and Decision 
The fourth and last phase of the decision process is 

an evaluation of the alternatives by a procedure 
adapted from the Decision Theory [15]. The several 
consequences are aggregated and weighted to enable a 
rational decision. In this way, the risk of subjective 
decisions is reduced, e.g., if the developer could focus 
more on positive consequences and would not consider 
the negative ones.  

The evaluation consists in the following steps:  
Normalization: In the first step the consequences 

according to different properties are normalized. A 
comparison of the consequences is facilitated in this 
way even if they are of different scales. The conse-
quences are normalized to an interval between zero to 
one. The best consequences are normalized to one, the 
worst ones are normalized to zero. If there are only 
minor differences between consequences, some realis-
tic values for the best and the worst values have to be 
estimated. 

Weighting: In a second step the consequences are 
weighted according to the relevance of the different 
properties. Preferred properties are weighted higher. 

Calculation of the Expected Value: This third step 
is performed to take probabilities of the consequences 
into account. For example, if there is a chance that an 
alternative requires additional effort, or if there is a 
risk that a wanted property is not achieved, the prob-
abilities of these different consequences are multiplied 
with the weighted values to calculate an expected 
value.  

The developer can then select the alternative with 
the highest value. 

 
4. Typo3 Refactoring Case Study 

For illustrating the Impact Analysis extension, a 
case study is now introduced in brief . The extended 
method is then described in section 5 using examples 
form this section.  

As case study, a refactoring decision on the Typo3 
system is applied. Typo3 is a popular, open source 
Content Management System for editing and publish-
ing web pages. An author creates web pages by a sim-
ple and easy-to-use editor, and the created web page 
content stored in a MySQL database. If a client re-
quests a web page, the content is retrieved from the 
database and the webpage is dynamically generated 
(see fig. 3). Inside the Content Management System 
Typo3, the Core provides the basic functions to man-
age the content and to generate the web pages. These 
basic functions are extended by plug-ins - so-called 
extensions - e.g. to integrate multimedia elements into 
the webpage. To store and retrieve the content from the 



database, a Database Abstraction Layer provides the 
required functions. Typo3 is a mission critical software 
system for web-based organizations, which have to 
share information in a very flexible way, like web-
based customer operations. 

Client  
Browser

Exten-
sion

Exten-
sion

Exten-
sion

Typo3 Core

SQL Database

Content Management System

Requesting
webpage

Database Abstraction Layer

Front-
end

Retrieving content by
database queries

 
Figure 3. Overview over the Typo3 Architectural Model 
 
4.1. Objectives and Conditions 

For this case study decision, four objectives and 
conditions have to be considered: portability, perform-
ance, minimal implementation effort and avoidance of 
functional changes.  

For Typo3 version 3.8.1, the portability is limited  
because Typo3 does not support other database man-
agement systems (DBMS) than MySQL. This fact lim-
its its applicability if the MySQL DBMS cannot be 
used because of security reasons or other restrictions. 
For improving the portability with respect to the 
DBMS a refactoring has to be performed. The main 
issue of this refactoring consists in a change of the 
architecture, so that Typo3 is able to cooperate with 
other DBMSs. This refactoring bears important risks 
because changes to the DBMS access affects the whole 
Typo3 functionality of storing and retrieving content. 
A detailed analysis of the consequences of the alterna-
tives is necessary for a rational decision-making. 
Therefore, the extended decision process is applied 
here. The justification of the additional effort of the 
Impact Analysis is derived from the risk of failures and 
unconcerned side effects. 

Performance of the DBMS access represent another 
objective. Usually performance and portability are 
competing objectives because they demand for contra-
dicting solutions e.g. optimization of data transforma-
tion versus layering and encapsulation. Performance is 
a critical objective, because the storage of the content 
and the generation of web pages require a lot of data-
base queries, and missing performance of the database 
access would lead to a delays of providing requested 
web pages. This would affect the usability and reduce 
acceptance of the web service and thus of Typo3. 

Therefore, the time to process database queries must 
not be lengthened. 

 
4.2. Refactoring Alternatives 

Among several possible alternatives available for a 
restructuring of the database access, the following two 
alternatives are suitable (see fig. 4 for an overview):  

ADODB: The first alternative consists in the appli-
cation of the ADODB library. ADODB provides func-
tionality to transform SQL statements according to 
several DBMSs, e.g., to Oracle DBMSs. Even if ANSI 
SQL is a standard language, there are many proprietary 
extensions. For example, the data format of time 
stamps is not standardized and nearly every DBMS 
uses a different format. Therefore, some SQL state-
ments require a transformation, which is done by the 
functionality of ADODB.  

Wrapper: The second alternative consists in the 
development of several Wrappers, which are special-
ized to one DBMS. For example, if Typo3 has to work 
with the Oracle DBMS, an Oracle wrapper has to be 
developed and implemented. Such a wrapper includes 
native database functions, like ora_parse(<SQL-
Statement>) for Oracle or the MySQL function, shown 
in the previous section. Due to space reasons, we de-
cided to consider only two new Wrappers in our case 
study: one for Microsoft’s SQL-Server and one for 
Oracle products. 
 

ADODB Oracle
Wrapper

MySQL 
Wrapper

Unique Access 
to Several 

DBMSs

Specialized Access to 
Oracle, MySQL and 

MS SQL Server

MS SQL 
Wrapper

Database Abstraction Layer

 
Figure 4. Access to different DBMSs by the two alternatives 
 

The evaluation of the two alternatives within the 
decision process is now performed by the Impact 
Analysis in the next section. 
 
5. Introducing Impact Analysis for Archi-
tectural Decisions 
This section introduces a methodical Impact Analysis 
to the decision process described in section 3. The Im-
pact Analysis extends phase 3 of the decision process 
(see fig. 2). It performs an analysis of the formerly 
established alternatives, according to the objectives 
and conditions from phase 1 of the process, and with 
respect to the architecture as described in phase 2. By 



the Impact Analysis, the consequences of the alterna-
tives are determined, which are the basis for the 
evaluation and decision in the last phase.  

The scenario-based approach ALMA was evaluated 
best in the State of the Art analysis in section 2; only 
for pure performance analyses a simulation-based ap-
proach would be appropriate as well.  

ALMA was developed mainly for assessing com-
plete architectures, but here only alternatives for archi-
tectural decisions have to be assessed. Therefore only a 
few core elements of ALMA have to be applied. The 
analysis of objectives e.g., is already covered by phase 
1 of the process (fig. 2). For effort reduction, only a 
scenario-guided walkthrough of prototypical architec-
tural models is performed. If performance is among the 
most critical objectives, the architectural models are 
developed in a way that enables a simulation. 

  
5.1. Building Prototype Models  
An Impact Analysis by a scenario-based walkthrough 
requires an object to investigate. To minimize the im-
plementation effort, alternatives are implemented to 
certain extend depending on the risk.  

Only in the case of high-risk objectives and condi-
tions, alternatives are implemented by evolving the 
architectural model of phase 2 (see fig. 2); the result is 
here called a prototype model. To reduce this effort, 
the prototype models are only developed as necessary 
for an assessment according to the objectives and con-
ditions of concern. Furthermore, only the few (2 or 3) 
of the preselected alternatives are developed into pro-
totype models. 

In the case of low risks, only estimations are per-
formed. 

 
Typo3 Case Study:  

The preselected alternatives interoperate with the 
Typo3 Core through the database abstraction layer (see 
fig. 4). The SQL statements are transformed by one of 
the two alternatives explained in section 4. Two proto-
type models are necessary, built by the following ac-
tivities (see fig. 5):  

ADODB alternative: The first step is the imple-
mentation of the ADODB library, which can be done 
as a system extension. The second step are adjustments 
to the database abstraction layer, so that the SQL com-
mands are rerouted to the ADODB for transformation.  

Wrapper alternative: The first both steps are the 
development of the wrapper for the Oracle and the MS 
SQL-Server DBMS. The third step is an adjustment of 
the database abstraction layer in a way, that the SQL 
commands are directed through the DBMS-specific 
Wrappers.  

Wrapper Alternative

Implementation of
ADODB functionality

ADODB Alternative

Developing
Oracle 

Wrapper

Developing
MS SQL 
Wrapper

Adjust the database 
abstraction layer

Adjust the 
database 

abstraction layer

 
Figure 5. Decision Tree of the implementation activities  
 
5.2. Selection of the Scenarios  
According to ALMA, the determination and selection 
of proper scenarios is performed according to the ob-
jectives and conditions. Four scenarios were estab-
lished: 
Criterion Scenario 
Flexibility, modifi-
ability, effort 

Change scenarios developed 
for ALMA 

Reliability  Introduction of failures 
Interoperation  Typical use cases 
Performance,  
resource consumption 

Stress scenario: high volume 
of requests or data 

 
The set of scenarios is then customized according to 

the precise objectives and conditions assigned to that 
particular decision. Furthermore, the scenarios are 
modified in order to reduce the effort for building the 
prototype model, e.g. by reducing the scope of a sce-
nario.  

 
Typo3 Case Study:  
According to the objectives and conditions, the follow-
ing scenarios are developed: 

Portability: To evaluate the alternatives with re-
spect to portability, a migration scenario is established. 
The scenario analysis then focuses on the effort, which 
is required to migrate Typo3 to another DBMS, e.g., 
FoxPro.  

Performance: To check, if the performance has 
changed, some stress scenarios regarding database 
access are established. These scenarios are developed 
from the use case "request webpage" with a frequency 
of 90 % of the original Typo3 stress threshold.  
 
5.3. Application of the Scenarios and Analysis 
The scenarios are now applied to the prototype models 
of the two alternative. According to the scenario-based 
approach, this step is performed by walkthroughs. 

If performance is among the most critical objectives 
and the risk level justifies extra effort, the behavior of 
the prototype model can assessed by a simulation 
much better than by a walkthrough. To enable a simu-
lation, the prototype model has to be transformed into 
a proper ADL, e.g., Rapide [16]. 



 
Identification of Quality-Related Consequences 
For the identification of quality-related consequences, 
the impact of conditions resulting from the alternative 
under review has to be considered. For the later deci-
sion both, the degree and the probability of the fulfill-
ment of an objective or condition, have to be identi-
fied.  

Quality-related consequences of an architectural al-
ternative can be determined by considering the positive 
and negative impact, introduced by properties and the 
side-effects. They can improve or decay the extend to 
which objectives are achieved. Major sources for side-
effects and properties are the technical conditions to be 
identified in phase 1 (see fig. 2), resulting e.g., from 
formerly implemented patterns, styles or used proto-
cols. Each of the identified technical conditions has to 
be checked, if there is an impact on the objectives. An 
example is an implementation of the Proxy design pat-
tern [14] to improve the performance of an access to a 
remote component. A restrictive layer-architecture can 
hinder these performance improvements.  

In the case of a negative impact, the alternatives 
have to be extended by additional activities to reduce 
the unwanted impact and to achieve the objectives. If 
the occurrence of an impact is uncertain, these addi-
tional activities are optional. In the latter case, the im-
plementation of the alternative varies, either with or 
without the optional activities. The probability of the 
occurrence will later be used to the consequences. The 
estimation of the probabilities is based both on the 
experience of the developer and on methods of the 
Decision Theory [15]. In the case of the Proxy pattern 
example described above, it could be uncertain, if the 
layered architecture indeed has an negative impact. 
Therefore, the implementation of a bridge over the 
layers would be an optional activity with a certain 
probability.  

Typo3 Case Study: 
The identification of the quality-related consequences 
is determined by applying the scenarios to the proto-
type models in walkthroughs, as mentioned in section 
5.2. For the ADODB alternative, the walkthrough 
shows that the portability is improved, because the 
flexibility is improved regarding all DBMSs which are 
supported by ADODB. Additionally, in the walk-
through it was stated that there is a negative impact on 
the maintainability: future extensions to the DBMS' 
functionality are not utilizable if they exceed the func-
tionality provided by the ADODB adapter. Further-
more, the possibilities of bug tracking are considered 
to be reduced, because it is difficult to locate errors. 

Performance problems are expected due to the addi-
tional transformations to SQL commands and due to 
the fact, that some advanced database functions, e.g., 
caching mechanisms cannot be used.  

For the wrapper alternative, the same scenarios are 
applied. The walkthrough shows that the portability is 
improved. Similarly to the ADODB alternative, the 
bug tracking was considered to be limited. As an ad-
vantage over the latter it is stated that the DBMS-
specific wrappers make advanced database functions 
available and that additional transformation steps are 
not required. Therefore the performance should not 
affected, compared to the unchanged Typo3.  

The analysis results of the quality-related conse-
quences are shown in fig. 6. Grades from 1 (best) to 5 
(worst) are used to quantify the extent the objectives 
are achieved. The consequences of the ADODB alter-
native are evaluated for portability to grade 1 and for 
performance to grade 3. The consequences of the 
wrapper alternative are evaluated both for portability 
and performance to grade 1.  

ADODB
Alternative

Wrapper
Alternative

Analysis of the 
Consequences

Portability / Performance

1 /     3 

1      / 1  
Figure 6. Quality-Related Consequences as Decision Tree 
 
Identification of Functional Changes 
Furthermore, the functional behavior of the future ar-
chitecture has to be checked, either if it remains un-
changed in the case of refactoring or if the desired be-
havior is achieved in the other cases. These checks are 
performed by walkthroughs based on use case scenar-
ios. If there are unwanted or missing functional 
changes, the alternative has to be modified.  

Typo3 Case Study:  
As typical for refactoring activities, changes to func-
tional behavior are unwanted. For the case study no 
additional scenarios are applied, but during the walk-
through mentioned above the issue of functional 
changes is analyzed. As typically for adapters, the 
ADODB alternative hides special database functions 
from use, for example the searching algorithms of 
MySQL. As a consequence, some search operators, 
e.g., NEAR, cannot be used. This leads to a change of 
the functional behavior. To make such functions to 
operate, additional refactoring steps have to be per-
formed. Potentially, there are more specific database 
functions, which have to be supported. However, ex-
ploring this issue would require a detailed source code 



analysis, which is not covered by this architectural 
Impact Analysis itself. The developer estimates the 
probability of these additional steps by 40% (see fig. 
7). The quality-related consequences would not be 
affected if such additional steps would be performed. 

The wrapper alternative is functionally comparable 
to the original database access in Typo3 version 3.8.1. 
If there are no implementation errors of the wrappers, 
the functional behavior should be unaffected.  

Wrapper Alternative

ADODB Alternative

Extra support for 
database functions 40%

60%

Probability

Implementation 
of ADODB 

functionality

Adjust the database 
abstraction layer

Developing
Oracle 

Wrapper

Developing
MS SQL 
Wrapper

Adjust the 
database 

abstraction layer

 
Figure 7. Activities and Consequences Concerning the Func-
tional Behavior as a Decision Tree 
 
Estimation of the Implementation Effort 
For effort as a critical condition, an effort estimation is 
carried out during the third phase of the decision proc-
ess. Efforts for the later implementation of an alterna-
tive, for changes and for a necessary modification of 
the rest of the architecture can be performed by devel-
opers during the elaboration of the prototype model 
and during the walkthrough. 

Typo3 Case Study:  
The ADODB alternative requires are two major and 
one optional development activity. Furthermore, ver-
sion conflicts with the remaining development activi-
ties of the Typo3 core will likely occur and have to be 
managed. An effort of 35 person-days is estimated. In 
the case that specific database functions have to be 
supported, the effort rises to 45 person-days. 

The implementation effort of the wrapper alterna-
tive is higher, because each wrapper has to be devel-
oped and tested separately. Similarly to the other alter-
native, version conflicts will likely occur. An effort of 
50 person-days is estimated. 

 
5.4.Typo3 Case Study Results:  

Evaluation of the Alternatives 
The Impact Analysis provides the required data for 

the evaluation of the alternatives. To conclude the case 
study, the succeeding steps of normalization, weight-
ing and calculating of the expected value is described 
here briefly. 

Normalization: The best alternative requires an ef-
fort of 35 person-days, the value of the corresponding 
consequence is normalized to 1. The best alternatives 

concerning portability and performance are of grade 1, 
their corresponding consequences get value 1. The 
worst alternative concerning effort requires 50 person-
days, its consequence is normalized to 0. The worst 
alternative concerning performance is of grade 3, but 
an even more worse performance of grad 5 is possible. 
Therefore, the consequence is normalized to the value 
0.5. In the case of the additional refactoring activities 
of the ADODB alternative, the effort rises to 45 per-
son-days. This effort is near the worst consequence, so 
we normalize it to 0.3. 

Weighting: In our case, a high portability and a low 
implementation effort are most important. Therefore, 
the weighting factors are determined to 0.4 for the 
portability and 0.3 for the effort since Typo3 is not a 
real-time application but performance is important, the 
weighting factor is defined to be 0.3 for the perform-
ance. The normalized consequences (see fig. 8) are 
multiplied by these weighting factors and added to-
gether. The total value of the ADODB alternative is 
0.85 in the first case without additional refactoring 
activities. In the second case with extra activities for 
refactoring additional database functions, the resulting 
total value is 0.64. The total value of the wrapper al-
ternative is 0.70.  

Wrapper Alternative

ADODB
Alternative

Extra 
Activities for DB 

functions
40%

60%

Weighted, Normalized Consequences
Portability / Performance / Effort

0.40 / 0.15 / 0.30

0.40 / 0.15 / 0.09    

0.40 / 0.30 / 0.00     
Figure 8. The Weighted Consequences 
 

Calculation of the Expected Value: The conse-
quences of the first variant of the ADODB alternative 
are multiplied with its probability of 0.6; the conse-
quences of the second one are multiplied with 0.4. The 
results are added to get the expected value of 0.77. for 
the wrapper alternative there are no probabilities. 

 
Finally, both alternatives are evaluated. The AD-

ODB alternative gets a total value of 0.77, the wrapper 
alternative one of 0.70, thus there is only a minimal 
difference. The rational decision consists in a prefer-
ence of the ADODB alternative against the wrapper.  
 
6. Summary and Conclusion 
 
In this paper, an architectural decision process is ex-
tended by a methodical Impact Analysis, in order to 
reduce risks by more systematic and confident deci-
sions . The architectural decision process was previ-



ously improved by introducing elements of decision 
theory [2]. Risk reduction is achieved by methodically 
guiding the decision maker in the evaluation of the 
consequences of alternatives of an decision. For this 
evaluation, a scenario-based approach has been chosen 
to analyze the consequences of the alternatives accord-
ing to systems behavior, quality and effort. This sce-
nario-based Impact Analysis adopts elements of the 
ALMA method for architecture assessment. The 
phases of the extended decision are described in detail 
and the application of process is shown by a refactor-
ing case study.  

The application of the scenario-based Impact 
Analysis facilitates the decision-making regarding the 
architectural alternatives by evaluating the conse-
quences of each alternative in a methodical, rational 
way. Without this Impact Analysis, no guideline for 
performing evaluations about the consequences was 
given, with many cases of subjective evaluations and 
remaining uncertainty as a result. By the introducing of 
the Impact Analysis step, the risk of side effects, addi-
tional effort and a changed behaviour is significantly 
decreased. 

Nevertheless, the application of the Impact Analysis 
as well as the whole decision process introduces some 
additional effort. Therefore, the risk of each architec-
tural decision has to be investigated if it justifies that 
effort. Examples for risks are missing flexibility of a 
system with increased time to market and effort, miss-
ing integration and collaboration opportunities to 
neighbouring systems, tremendous additional effort for 
later refactoring due to wrong basic architectural deci-
sions. The issue of effort is tackled by suggesting dif-
ferent levels of analysis and decision effort according 
to the level of risk. 
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