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Abstract 
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1 Introduction  

1.1 Purpose  

The purpose of this document is to collect, analyze, and define high-level needs and features 

of software architecture extraction tools and quality prediction tools of the Q-ImPrESS 

project.  

1.2 Scope  

This document applies to the Q-ImPrESS FP7 project where it serves as requirements 

specification for the project. This document is prepared by WP1 as an input which will be 

used by WP2 to WP7 for design, implementation and validation of service architecture model 

extraction tools and quality prediction tools. The tools will support different approaches to 

architecture model extraction, quality prediction and automated quality assessment. Overall 

Q-ImPrESS project interaction with designated work packages is shown on Figure 1. 

1.3 Definitions, Acronyms and Abbreviations  

The Q-ImPrESS project aims at bringing service orientation to critical software systems like 

Figure 1. The Q-ImPrESS work package structure 
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industrial process control, enterprise systems, and telecommunication. Each of these three 

domains uses the same terminology for different concepts, architectures and implementations. 

This section explains common terminology used in the document. 

 

"Black box" component - a) An old, proven component for which there is no information 

available, meaning its internal structure and behavior is unknown. "Black box" component's 

external behavior and performance can be measured in order to provide information needed 

by Q-ImPrESS prediction tools. Q-ImPrESS prediction tools use this information for 

analyzing "black box" components as if they were modeled from source code by Q-ImPrESS 

architecture extracting tools. b) Completely new, not yet implemented, component which has 

to adhere to certain performance requirements. Because this component doesn't exist there is 

no available information about it, meaning its internal structure and real-world behavior is 

unknown. However, there are performance requirements that this new component has to meet, 

so certain behavioral information can be provided. Also, there can be some higher-level 

design of the component, so certain manual modeling of component structure can be done. 

"White box" component - a component whose internal structure and behavior is known and 

whose source code is available. 

Legacy system - An existing system consisting mostly of old, proven "black box" components 

and, none or some, relatively newer "white box" components. 

Non-legacy system - Either an existing system consisting entirely of "white box" components, 

or a completely new, not implemented system consisting entirely of "black box" components.  

Service -  A service is a deployed component, ready to serve requests. 

1.4 The process used for creating this document  

The process used for identifying and prioritizing requirements, as well as creating this 

document, suits the diversity of partners involved in Q-ImPrESS project. On the one hand, 

industrial partners that drive requirements specification, have proven requirements 

engineering processes in their organizations. These processes are relatively complex and very 

structured in regards to requirements engineering tools and methods. However, these 

processes differ among industrial partners. On the other hand, academic partners are familiar 

with different requirements engineering processes, but their use is limited with scope of 

specific research projects. Because of this, during the fist WP1 meeting in Prague, we decided 

to use a lightweight process for requirements collection and prioritization. However, although 

lightweight, the process is based on experiences and knowledge of industrial partners from 

previous projects. We also decided to use the Vision document, introduced by the Rational 

Unified Process (RUP), as a structural basis for this Requirements document. Previous 

positive experience with the Vision document assured us with this decision. The Vision 

document, according to the RUP, contains a general vision of the project's core requirements, 

key features, and main constraints. The purpose of the document is to collect, analyze, and 

define high-level needs and features. It focuses on the capabilities needed by the stakeholders, 

and the target users, and why these needs exist. Thus, using the general guidelines and 

statements in the RUP Vision document, the structure of the Requirements document was 

created. 

A simplified and conceptual form of the process used for identifying and prioritizing 

requirements in WP1 is presented in Figure 2. At the start of WP1, two branches of activities
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Figure 2. Conceptual overview of the process used for requirements elicitation 



 

D1.1: Requirements document - final version 

Version: 1.31 Last change: 2009-Apr-30 

 

© Q-ImPrESS Consortium Dissemination level: public Page 8 / 57 

 

started. The right branch activities had the goal of producing initial version of D1.1. Typical 

requirements elicitation techniques like requirements workshop, brainstorming, interviews 

and discussion were used in face-to-face meetings and teleconference meetings. The goal was 

to identify and prioritize requirements that Q-ImPrESS methods and tools should fulfill, and 

that can be realized within the time-frame and scope of the Q-ImPrESS project.  

The left branch activities used prototyping techniques in order to get familiarized with 

existing modelling and quality prediction tools. The knowledge and experiences gained from 

these activities helped with revision of requirements presented in initial version of this 

document toward requirements that are more feasible. 

After the initial version of D1.1 was done, the work on the final version of D1.1 began. The 

established set of requirements and the priorities were modified according to experiences 

from prototyping techniques. Additionally, a questionnaire for WP2 to WP5 participants was 

formed, in order to get structured and detailed information regarding feasibility and effort 

needed to fulfill each of the requirements. Questionnaire contained all of the requirements 

from the initial version of D1.1. WP2 to WP5 members were asked to confirm if particular 

requirement is achievable, if its priority level is reasonable, if there are some constraints 

related to the requirement, and to specify coverage of requirements throughout the project and 

relationship with other deliveries in the project. The structure and information contained in 

the questionnaire enable us to also use it as a means for tracking of requirements fulfilment. 

Basic structure of the questionnaire, with omitted unnecessary information, is also used as a 

basis for the table that describes planned requirements validation per demonstrator (see 

chapter 9.1). 

Different iterations of this questionnaire, alongside previously used techniques in face-to-face 

meetings and teleconferences, were used to refine requirements and theirs' priorities. These 

activities led to the final version of D1.1, which was submitted on December the 19th, 2009. 

After the Q-ImPrESS project's first formal review, held in Bruxelles in February 2009, we 

received reviewer's recommendations on further updates of the document. Upon analysis of 

recommendations, we organized several teleconferences with common brainstorming and 

discussion techniques in order to update and complete the D1.1 according to the reviewerôs 

recommendations. 

1.5 References  

[1] "Q-ImPrESS - Quality Impact Prediction for Evolving Service-Oriented Software", 

FP7-215013 

[2] "Service Availability Forum", http://www.saforum.org 

[3] "Service Availability Framework (OpenSAF)", http://www.opensaf.org 

2 Business Opportunity  

In the domains targeted by Q-ImPrESS there is a strong trend towards using service-oriented 

architectures, with the goal to improve the systems with regard to adaptability, extensibility 

and re-configurability. On the other hand, often it is not clear how the evolution of the 

systems under the SOA paradigm might impact the different software qualities such as 

performance, reliability etc. However, to predict and optimize these qualities - with 

potentially different emphases/trade offs depending on the domain - is critical for the 

development of the systems. By taking into account the requirements listed in this document, 

the tools and methods to be developed by Q-ImPrESS will enable service oriented 

architectures with predicted end-to-end quality using analysis and simulation techniques for 
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quality impact analysis. This will help to understand the consequences of service changes, in 

the context of evolving service-oriented systems. Thus it is expected that development costs 

and risks can be significantly reduced during the evolution of the software systems. 

 

The Q-ImPrESS methods and tools shall be able to cover a broad range of different 

application areas without major domain-specific adaptations. The three domains addressed in 

the Q-ImPrESS case studies are briefly described in the following sections, highlighting their 

differences and specific aspects. 

2.1 Enterprise  

In the domain of Enterprise Applications, the introduction of SOA has already advanced and 

does not represent big technical innovation any more. Particularly this is the case, when the 

SOA paradigm is not only considered within the scope of web services, but distributed 

systems in general without respect to specific protocols (e.g. CORBA, SOAP). Nevertheless 

there is a variety of conceptions about the term SOA. Usually the introduction of a SOA is 

accompanied by organizational changes, e.g. to improve the responsiveness of the IT 

department and their provided services and applications with regard to changes in the 

business environment. This organizational aspect is not addressed by Q-ImPrESS, but the Q-

ImPrESS prediction may support those aspects. Regarding the technical aspect, even today a 

variety of standards, methods and tools are provided for the introduction of a SOA. Basic and 

wide-spread principles are reusability (also surpassing the boundaries of departments and 

companies) and loose coupling. These principles have strong impacts on different quality 

attributes. For a concrete implementation, often there are different design alternatives, whose 

consequences are hard to estimate in advance. The objective for Q-ImPrESS is to eliminate 

these uncertainties by providing facilities for the evaluation of the impact of design decisions 

on the different quality attributes. In order to improve acceptance of these facilities by SOA 

architects and developers, an integration into the existing development process and toolchains 

is desirable. 

2.2 Automation  

Compared to other domains, in automation the adoption of SOA is comparably slow. 

Software systems in this domain are facing very tough requirements regarding e.g. reliability, 

performance, hard or soft real-time. These requirements are often perceived as contradictory 

to loosely coupled, service-oriented systems. Also there are potentially large legacy systems, 

which have to be dealt with. If the Q-ImPrESS tools and methods take these requirements into 

account, there is a great chance to introduce SOA approaches into automation applications 

and benefit from more flexibility, reduced maintenance efforts, predictable system evolution 

etc. 

2.3 Telecommunication  

In some segments of the telecommunications domain adoption of SOA is much faster than in 

the other parts. Service delivery segment already benefits from SOA principles and 

techniques. However, core network segment like routing and switching still relies on proven 

legacy systems. On the one hand, core network requires predictable end-to-end quality of 

service. On the other hand, legacy systems are proven performance-wise solution for 

delivering that requirement. 
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In order to adopt SOA into the core network segment, Q-ImPrESS tools must successfully 

merge legacy systems with SOA paradigm, principles and techniques. Potential benefits of 

applying SOA into the core network are many. Characteristics like distribution, loose 

coupling and reusability would facilitate maintenance and improvement of existing systems as 

well as rapid development of new ones. Existing functionality could be easily extended, 

especially toward the IP (Internet Protocol) world. 

3 Q-ImPrESS method and tools overview  

3.1 Service architecture modeling  

One of the central results of the project is the service architecture meta-model specification, 

which describes the structure and semantics of the service architecture models used to store 

abstract representations of the software systems under scrutiny. The meta-model description 

is complemented by a visual editor capable of modeling legacy systems and non-legacy 

systems with all the attributes required for quality impact prediction. The above mentioned 

editor will also be used to modify and refine the models produced by the service architecture 

extraction tool mentioned in section 3.2.  

3.2 Service architecture extraction  

Service architecture extraction will be realized as a tool that is used on existing code in legacy 

systems (C, C++, Java). The tool statically analyses source code to construct service 

architecture models. It provides a configurable abstraction from the source code to high level 

components and services so that large systems become manageable. 

The tool supports reverse engineering of Java/C/C++ code (initially) and C#/.NET code 

(optionally). It is integrated with the modeling tool for seamless usability (i.e., its output 

format can be read by the modeling tool) and can be extended to cover other component 

technologies. 

3.3 Quality impact prediction  

The main goal of quality impact prediction is the decomposition of an abstract notion of 

quality down to the level of software metrics for performance, reliability and maintainability. 

Different quality prediction models will be described in order to provide predictions for 

maintainability, performance, and reliability. Using these models, different quality prediction 

methods perform quality impact prediction analysis for the defined service architecture 

models.  

The quality impact prediction tools will implement aforementioned methods and will visually 

present the results of quality impact prediction analysis. 

3.3.1 Performance  

After examination of the initial versions of the user stories presented in this document, we 

assess the software metrics for performance as follows: CPU load, memory consumption, 

HDD load, network load and capacity (number of users supported by system without 

degradation of quality of experience).  

3.3.2 Reliability  

Similarly, we assess the software metrics for reliability as follows: mean time between 

failures (MTBF), mean time to failure (MTTF) and mean time to repair (MTTR). 
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3.3.3 Maintainability  

Quality prediction methods using the quality prediction models, and quality prediction tools 

that implemented the methods, enable tracking of the evolution of a system efficiently to 

predict the maintenance effort required to implement the required changes. 

3.4 Trade-off analysis  

The method of trade-off analysis will allow specification of preferences for specific 

properties, such as performance or reliability (e.g., main emphasis on performance instead of 

reliability). This method will be implemented in quality impact prediction tools where the 

quality impact prediction results and trade-off analysis results will be presented in an 

integrated fashion.  

3.5 Demonstrators  

Demonstrators are based on practical industrial scenarios and present an insight into possible 

use of SOA-based systems as an extension of functionality of legacy systems. Demonstrators 

contain documented evolution scenarios and code examples that show applicability of Q-

ImPrESS methods and tools in software evolution. Demonstrators are used as proof of 

concept and for dissemination of the Q-ImPrESS project's results. 

3.6 Method documentation  

Q-ImPrESS tools and methods are documented in sufficient manner to be used by the users 

described in section 4.2. Application domain stakeholders present domain specific guidelines 

and/or handbooks that facilitate adoption of Q-ImPrESS'es tools and methods into existing 

development processes. 

4 Stakeholder and User Descriptions  

Stakeholders are interested in applying and developing Q-ImPrESS tools which can be 

introduced into existing processes within their respective organizations. Stakeholder's 

intention is to reduce development costs and risks by using the tools in the evolution of the 

software systems under development. Through Q-ImPrESS tools, stakeholders want to 

facilitate adoption of SOA principles and techniques. 

There are four stakeholders in the Q-ImPrESS project. The first three stakeholders are the 

domains where critical software systems are oriented toward services - automation system 

provider (represented by ABB), telecommunications system developer (represented by 

Ericsson Nikola Tesla d.d.) and enterprise software developer (represented by itemis). Critical 

software systems of these domains share a need for predictable end-to-end quality of service, 

but also need to evolve over their long lifetimes. The fourth stakeholder is research 

organization which provides its knowledge in order to develop methods and tools for the 

prediction of quality of service attributes of service-oriented software systems, grouped in 

WP2 through WP6. Differences between each stakeholder are given in subsection 4.1 

(stakeholder summary). Each of these stakeholders will validate Q-ImPrESS tools and 

methods in their demonstrators within WP7. Each stakeholder has its own success criteria 

which represents general direction of how a stakeholder will evaluate Q-ImPrESS tools and 

methods. 

The Q-ImPrESS project targets stakeholder's needs by providing a method to allow users to 

foresee the impact of design decisions and evolutionary changes to the system on overall 
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quality of service and different internal quality properties (e.g. performance, maintainability). 

The method will be incorporated in different architecture model extraction tools and quality 

prediction tools used by users of the Q-ImPrESS project. 

Users of the tools produced as part of the Q-ImPrESS project are employees within 

aforementioned domains. Descriptions of users are given in subsection 4.2 (user summary). 

4.1 Stakeholder Summary  

4.1.1 Automation system provider  

Stakeholder 

description 

The automation system provider wants support for managers responsible 

for some product/system/solution, which often is a combination of 

hardware and software. The support is provided by Q-ImPrESS tools 

that enable him/her to manage development, evolution and maintenance 

of the product, to achieve high product quality (in terms of functional 

and non-functional properties, as required by the market), while keeping 

costs low. The tools will allow him to predict important quality 

attributes of typical automation software systems and to assess the 

consequences that system changes would have for these attributes. The 

tools might not be used by the managers themselves, but rather by the 

R&D teams. However, the managersô decisions are based on input from 

the R&D teams (partially) based on the information acquired by 

application of the Q-ImPrESS tools. The managerôs primary interest is 

to release a high-quality product on time and on budget. 

Success Criteria The tools can be applied to the selected case study, i.e. the functional 

and non-functional requirements are met. The results produced by the 

tools can be used for making design decisions in development projects. 

4.1.2 Telecommunic ation system developer  

Stakeholder 

description 

This stakeholder wants to deploy Q-ImPrESS tools to the organization 

in order to develop a quality SOA product - either though a new 

functionality (e.g. new protocol within the telephony exchange, 

extension of existing functionality within the telephony exchange, etc.) 

or improve existing one by applying SOA principles (e.g. reduction of 

maintenance cost of existing telephony exchange system, etc.).  

In the project the stakeholder will define requirements imposed on Q-

ImPrESS tools which should facilitate development of business cases 

for new functionality, extension of existing functionality or 

improvement. Later validates developed Q-ImPrESS tools for certain 

business case. 

The stakeholder introduces telecommunications domain with specific 

protocols, programming languages and architectures. 

Success Criteria Q-ImPrESS tools fulfill defined requirements, or there is no significant 

deviation from defined requirements. Also, one of the key issues is 

adaptability of the tools to the existing processes and tools being used in 

standard development. 
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4.1.3 Enterprise software developer  

Stakeholder 

description 

itemis provides consulting services with expert knowledge in the areas 

of model driven architecture (MDA) and service oriented architecture 

(SOA) mainly working for corporate enterprise customers. itemis has a 

need for a toolset, which assists the development of service oriented 

software, mainly for two objectives: 

 To enable the prediction of quality of service for newly 

developed and evolving service oriented software systems in 

early stages of development, thereby enabling a better 

production quality of such systems. 

 To be able to offer professional training and consulting in the use 

of a development toolchain which supports the development of 

robust and mature SOA solutions including guaranteed end-to-

end quality and prediction of quality of service. 

 

Success Criteria The functional and non-functional requirements of the developed tools, 

methods and workflows are met. The tools can be applied to the 

Enterprise SOA showcase. The results produced by the tools assist 

design decisions in development projects. 

4.1.4 Research organization  

Stakeholder 

description 

Stakeholder ñResearch organizationò is used in this document to 

describe all partners in Q-ImPrESS project involved in the design and 

the implementation of the Q-ImPrESS method and tool chain.  

Research partners involved in the Q-ImPrESS project provide their 

knowledge in order to develop methods and tools for the prediction of 

quality of service attributes of service-oriented software systems. 

Existing approaches within the research community are to be adapted, 

extended and implemented in the project. 

The participating research partners offer long experience in the area of 

software quality assessment, performance and reliability prediction, 

maintainability evaluation and the development of reengineering 

methods and tools. 

This stakeholder has two major objectives: 

o To setup a comprehensive landscape of quality evaluation 

techniques and trade-off analysis method. 

o To build the necessary infrastructure, models and  reengineering 

tools needed to evaluate the methods. 

Success Criteria Development of the Q-ImPrESS method and supporting tools. 

 

4.2 User Summary  

4.2.1 Product manager (optiona l user)  

Description Product manager is a business level user with limited technical 

knowledge and thus, uses Q-ImPrESS tools in a very simple manner. In 

spite of limited technical knowledge, with the help of System architect 
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he can create a model of a simple (sketch) system that consists of one or 

a few very simple "black box" services. These "black box" services are 

described by very rough performance information that Product manager 

obtains from System architect. Based on this performance information, 

and with the help of System architect, Product manager can perform 

basic simulations of a simple (sketch) system. With the sketch system 

and its roughly predicted performance, Product manager tries to find 

high-level description for new SOA based functionality, extension or 

improvement of existing functionality with favorable cost/gain ratio. 

According to predictions received from Q-ImPrESS tools, Product 

manager develops high-level description with favorable cost/gain ratio. 

The description contains information which can be translated into basic 

technical requirements with the use of metrics such as response time, 

number of concurrent users, etc. 

Success Criteria 1. Developed high-level description is successful if Q-ImPrESS tools 

can provide good enough prediction upon which (re)implemented 

systems and services behave according to prediction. 

Produced 

deliverables 

1. High-level description 

2. Basic technical requirements expressed as response time, number of 

concurrent users, etc. 

4.2.2 System architect  

Description System architect is a user with deep technical knowledge about system's 

internal structure, inner behavior and interactions with other systems. He 

completely utilizes Q-ImPrESS tools in order to fulfill basic technical 

requirements received from Product manager. System architect defines 

conceptual architecture of non-legacy systems that (re)implement 

systems and services which fulfill basic technical requirements defined 

by Product manager. Conceptual architecture consists of defined "black 

box" services (e.g. interfaces with no implementation) and "white box" 

services (already implemented services that are (re)used in conceptual 

architecture). Information in conceptual architecture are requirements 

for System engineer. 

System architect validates (re)implemented non-legacy systems 

according to measurements information provided by System engineer. 

Success Criteria 1. Success if Q-ImPrESS tools provide good enough qualitative and 

quantitative prediction of (a possible implementation of) conceptual 

architecture's functional and quality properties like performance, 

reliability, maintainability, etc. 

Produced 

deliverables 

1. Conceptual architecture to be implemented by System engineer. 

2. Qualitative and quantitative predictions at the conceptual architecture 

level (performance, reliability, maintainability, etc.). 

4.2.3 System engineer  

Description System engineer is a user who manually implements services and 

integrates them into a functional whole (a system) according to 

conceptual architecture defined by System architect. Where possible, he 
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uses Q-ImPrESS tools for analyzing and predicting functional and 

quality properties of services that he implements. System engineer uses 

different proprietary tools for performing measurements on 

implemented services. He puts measurements information into Q-

ImPrESS tools where it is used by System architect. 

Success Criteria 1. Success if it is possible to manually implement services and systems 

according to conceptual architecture defined by System architect 

Produced 

deliverables 

1. (Re)implemented services according to conceptual architecture.  

2. Measurements information regarding services' and system's 

performance. 

4.3 User environment  

All three users use Q-ImPrESS tools on a Windows/Linux machine that is separated from 

modeled system. All the information needed by the tools is gathered with proprietary tools.  

4.4 User stories  

4.4.1 General overview  

General overview of the common workflow for user stories is presented on Figure 3. 

The start of the system development with Q-ImPrESS tools process is initiated by 

management decision (this action is governed by arrows 1 and 1'). The management decides 

to grant certain budget for development of some new functionality, system or application, or 

redevelopment of some existing functionality, system or application. Either way, the process 

is initiated by that management decision. Depending on management's decision, the process 

can be started by Product manager (arrow 1) or System architect (arrow 1'). Hereafter is 

described start of the process by Product manager, later by System architect (after description 

of actions governed by arrow 4). 

After receiving the decision from management (arrow 1), Product manager starts working on 

high-level description of the functionality, system or application to be developed (hereafter 

noted only as "system"). Because Product manager is a business level user with limited 

technical knowledge, he uses Q-ImPrESS tools in a very simple manner. With the help of a 

System architect, he creates a model of a simple (sketch) system that consists of one or a few 

very simple "black box" services. These "black box" services are described by very rough 

performance information (e.g. load information, capacity, response time, etc.) that Product 

manager obtains from System architect. Based on this performance information, Product 

manager performs basic simulations of the simple (sketch) system (arrow 2). After 

simulation, Product manager analyses results obtained by the simulation with the emphasis on 

a cost/gain ratio. If the results aren't satisfactory, Product manager reiterates the high-level 

description of the (sketch) system (arrow 3). If the results are satisfactory, then Product 

manager sends high-level system description, simple description of the resources, mapping 

between system's services and resources, and used usage profile in the simulation to System 

architect (arrow 4). All these documents can be thought of as much simpler and quite 

incomplete version of the documents prepared by System architect. Documents prepared by 

Product manager serve as an (somewhat refined) initial idea description that is used by 

System architect in order to check its true feasibility. It should be noted that wherever black 

box services are part of a model, predictions for a changing usage profile assume that the 

characteristics of the black box services have not changed under the new profile. 
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After receiving the information from Product manager (arrow 4), or after receiving the 

decision from management (alternative start of the process - arrow 1'), System architect starts 

specifying the system architecture. The architecture is specified on conceptual level and 

consists of "black box" services and "white box" services. System architect provides detailed 

description of "black box" services either by manually entering data (needed by the model to 

describe a service) based on his judgment or by entering data based on some previous 

measurements data provided by System engineer. Because "White box" services are already 

existing parts of code, their behavioral and structural data can be reverse engineered from the 

code and put into architecture description. However, if the System architect wishes so, he can 

describe the "white box" services the same way as "black box" services - by entering data 

(needed by the model to describe a service) based on his judgment or by entering data based 

on some previous measurements data provided by System engineer. The work on conceptual 

architecture is done when the architecture (static structure like components and services, 

connectors, etc., and dynamics like activity diagrams) is described, detailed description of 

resources needed to run the system is done and when the architectural description of the 

system is mapped to resources. Then, a simulation of conceptual architecture can proceed 

(arrow 5). 

Before starting the simulation of conceptual system architecture, System architect describes 

usage profiles (how the system will be used). Then simulation starts and results are obtained 

from it.  If the analysis of the results isn't satisfactory, then System architect reiterates the 

specification of conceptual system architecture (arrow 6). If the results are satisfactory, then 

the system can be implemented in code by System engineer (arrow 7). System architect sends 

conceptual system architecture description, detailed resources description, mapping between 

Figure 3. Common workflow 


