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Foreword

Why have a book about the relation between requirements and architecture?

Requirements provide the function for a system and the architecture provides the

form and after all, to quote Louis Sullivan, “form follows function.” It turns out not

to be so simple. When Louis Sullivan was talking about function, he was referring to

the flow of people in a building or the properties of the spaces in the various floors.

These are what we in the software engineering field would call quality attributes, not

functionality. Understanding the relation between requirements and architecture is

important because the requirements whether explicit or implicit do represent the

function and the architecture does determine the form. If the two are disconnected,

then there is a fundamental problem with the system being constructed.

The figure below gives some indication of why the problem of relating require-

ments and architecture is a difficult one (Fig. 1).

l There are a collection of stakeholders all of whom have their own agendas and

interests. Reconciling the stakeholders is a difficult problem.
l The set of requirements are shown as a cloud because some requirements are

explicitly considered in a requirements specification document and other require-

ments, equally or more important, remain implicit. Determining all of the

requirements pertaining to a system is difficult.
l The double headed arrow between the requirements and the architecture reflects

that fact that requirements are constrained by what is possible or what is easy.

Not all requirements can be realized within the time and budget allotted for a

project.
l The feedback from the architecture to the stakeholders means that stakeholders

will be affected by what they see from various versions of the system being

constructed and this will result in changes to the requirements. Accommodating

those changes complicates any development process.
l The environment in which the system is being developed will change. Technology

changes, the legal environment changes, the social environment changes, and

the competitive environment changes. The project team must decide the extent

to which the system will be able to accommodate changes in the environment.
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The authors in this book address the issues mentioned as well as some additional

ones. But, as is characteristic of any rich problem area, they are not definitive. Some

thoughts about areas that need further research are.

l Why not ask requirements engineers and architects what they see as the largest

problems? This is not to say that the opinions expressed by the architects or

requirements engineers would be more than an enumeration of symptoms for

some deeper problem but the symptoms will provide a yardstick to measure

research.
l What is the impact of scale? Architecture is most useful for large systems.

To what extent are techniques for bridging the requirements/architecture gap

dependent on scale? This leads to the question of how to validate any assertions.

Assertions about software engineer ing methods or techniques are very difficult

to validate because of the scale of the systems being constructed. One measure is

whether a method or technique has been used by other than its author. This, at

least, indicates that the method or technique is t ransferable and has some “face”

validity.
l What aspects of the requirements/architecture gap are best spanned by tools and

which by humans? Clearly tools are needed to manage the volume of require-

ments and to provide traceability and humans are needed to pe rform design

work and elicit requirements from the stakeholders. But to what extent can tools

support the human elements of the construction process that have to do with

turning requirements into designs?
l Under what circumstances should the design/constrain arrow above point to the

right and under what circumstances should it point to the left? Intuitively both

directions have appeal but we ought to be able to make more precise statements

Help specify

Design/constrain

Platform

Middleware

Application

Stakeholders

Requirements–
explict or implict

Use/construct systems
derived from

Architecture

Fig. 1 A framing of the topics covered in this book
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about when one does synthesis to generate a design and when one does analysis

to determine the constraints imposed by the architectural decisions already

made.

These are just some thoughts about the general problem. The chapters in this

book provide much more detailed thoughts. The field is wide open, enjoy reading

this volume and I encourage you to help contribute to bridging the requirements/

architecture gap.

Len Bass

Software Engineering Institute

Pittsburgh, Pa, USA
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Foreword

It must be the unique nature of software that necessitates the publication of a book

such as this – in what other engineering discipline would it be necessary to argue for

the intertwining of problem and solution, of requirements and architectures?

The descriptive nature of software may be one reason – software in its most basic

form is a collection of descriptions, be they descriptions of computation or descrip-

tions of the problems that the computation solves. After many years of focusing on

software programs and their specifications, software engineering research began

to untangle these descriptions, for example separating what a customer wants from

how the software engineer delivers it. This resulted in at least two disciplines of

description – requirements engineering and software architecture – each with their

own representations, processes, and development tools. Recent years have seen

researchers re-visit these two disciplines with a view to better understand the rich

and complex relationships between them, and between the artifacts that they

generate. Many of the contributions in this book address reflectively and practically

these relationships, offering researchers and practicing software engineers tools to

enrich and support software development in many ways: from the traditional way in

which requirements – allegedly – precede design, to the pragmatic way in which

existing solutions constrain what requirements can – cost-effectively – be met. And,

of course, there is the messy world in between, where the customer needs change,

where technology changes, and where knowledge about these evolves.

Amid these developments in software engineering, the interpretation of software

has also widened – software is rarely regarded as simply a description that executes

on a computer. Software permeates a wide variety of technical, socio-technical, and

social systems, and while its role has never been more important, it no longer serves

to solve the precise pre-defined problems that it once did. The problems that

software solves often depend on what existing technology can offer, and this

same technology can determine what problems can or should be solved. Indeed,

existing technology may offer opportunities for solving problems that users never

envisaged.
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It is in this volatile and yet exciting context that this book seeks to make a

particularly novel contribution. An understanding of the relationships between the

problem world – populated by people and their needs – and the solution world –

populated by systems and technology – is a pre-requisite for effective software

engineering, and, more importantly, for delivering value to users.

The chapters in this book rightly focus on two sides of the equation – require-

ments and architectures – and the relationships between them. Requirements

embody a range of problem world artifacts and considerations, from stakeholder

goals to precise descriptions of the world that stakeholders seek to change. Simi-

larly, architectures denote solutions – from the small executable program to the full

structure and behavior of a software-intensive product line.

The ability to recognize, represent, analyize, and maintain the relationships

between these worlds is, in many ways, the primary focus of this book. The editors

have done an excellent job in assembling a range of contributions, rich in

the breadth of their coverage of the research area, yet deep in addressing some of

the fundamental research issues raised by ‘real’ world applications. And it is in this

consideration of applications that their book differs from other research contri-

butions in the area. The reason that relating requirements and architectures is an

important research problem is that it is a problem that has its origins in the

application world: requirements can rarely be expressed correctly or completely

at the first attempt, and technical solutions play a large part in helping to articulate

problems and to add value where value was hard to pre-determine. It is this ‘messy’

and changing real world that necessitates research that helps software engineers to

deliver systems that satisfy, delight and even (pleasantly) surprise their customers.

I am confident that, in this book, the editors have delivered a scholarly contribution

that will evoke the same feelings of satisfaction, delight and surprise in its readers.

Lero (Ireland) & The Open University (UK) Bashar Nuseibeh

April 2011
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Preface

This book brings together representative views of recent research and practice in

the area of relating software requirements and software architectures. We believe

that all practicing requirements engineers and software architects, all researchers

advancing our understanding and support for the relationship between software

requirements and software architectures, and all students wishing to gain a deeper

appreciation of underpinning theories, issues and practices within this domain will

benefit from this book.

Introduction

Requirements Engineering and Software Architecture have existed for at least

as long as Software Engineering. However, only over the past 15–20 years have

they become defined as sub-disciplines in their own right. Practitioners know that

eliciting and documenting good requirements is still a very challenging problem

and that it forms a heady mix with the difficulties inherent in architecting modern,

complex heterogeneous software systems. Although research in each area is still

active, it is in their combination that understanding is most actively sought.

Presenting the current state of the art is the purpose of this book.

Briefly, for requirements engineering to have taken place, a set of requirements

will have been elicited from often multiple stakeholders, analyzed for incomplete-

ness, inconsistency and incorrectness, structured so they can be effectively shared

with developers. As one would expect, large, complicated systems with a wide

range of stakeholders – such as large banking, telecommunications and air traffic

control systems, distributed development teams – have emerging and evolving

requirements which make satisfaction very challenging. However, even smaller

systems that are highly novel also present challenges to requirements engineers e.g.,

in the rapidly changing consumer electronics domain. As requirements are typically

conceptualized and expressed initially in natural language by multiple stakeholders,

identifying a set of consistent and complete requirements in a (semi-) formal model
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for use by developers remains very challenging. These formalized requirements

then must be satisfied in any architectural solution and the imprecision in moving

from informal to formal requirements complicates this.

Good software architecture is fundamental to achieving successful software

systems. Initially this meant defining the high level system decomposition com-

bined with technological solutions to be used to meet requirements previously

identified and codified. More recently this has grown to encompass the repre-

sentation and use of architectural knowledge throughout the software engineering

lifecycle, effective reuse of architectural styles and patterns, the engineering of self-

adapting and self-healing autonomic system architectures, and the evolution of

complex architectures over time. Without good architectural practices, software

becomes as unstable and unreliable as construction without good foundational

architecture: Quality attributes are not properly managed and risks are not mitigated.

What is Relating Software Requirements to Architecture?

Software requirements and architecture are intrinsically linked. Architecture solu-

tions need to realize both functional and non-functional requirements captured and

documented. While changes to a set of requirements may impact on its realizing

architecture, choices made for an architectural solution may impact on require-

ments e.g. in terms of revising functional or non-functional requirements that can

not actually be met.

A range of challenges present themselves when working on complex and

emerging software systems in relating the system’s requirements and its architec-

ture. An incomplete list includes: When a requirement changes, what is the impact

on its architecture? If we change decisions made during architecting, how might

these impact on the system’s requirements? How do we trace requirements to

architecture elements and vice versa? How do new technologies impact on the

feasibility of requirements? How do new development processes impact on the

relationship between requirements and architecture e.g. agile, out sourcing, crowd

sourcing etc? How do we relate an item in the requirements to its realizing features

in the architecture and vice-versa, especially for large systems? How do we share

requirements and architectural knowledge, especially in highly distributed teams?

How do we inform architecture and requirements with economic as well as func-

tional and non-functional software characteristics? How do practitioners currently

solve these problems on large, real-world projects? What emerging research direc-

tions might assist in managing the relationship between software requirements and

architecture?

In this book a range of approaches are described to tackle one or more of these

issues. We interpret both “requirements” and “architecture” very widely. We also

interpret the relationship between requirements and architecture very widely,

encompassing explicit relationships between requirements and architecture parti-

tions and constraints, to implicit relationships between decisions made in one
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tangentially impacting on the other. Some of the contributions in this book describe

processes, methods and techniques for representing, eliciting or discovering these

relationships. Some describe technique and tool support for the management of

these relationships through the software lifecycle. Other contributions describe case

studies of managing and using such relationships in practice. Still others identify

state of the art approaches and propose novel solutions to currently difficult or even

intractable problems.

Book Overview

We have divided this book into four parts, with a general editorial chapter providing

a more detailed review of the domain of software engineering and the place of

relating software requirements and architecture. We received a large number of

submissions in response to our call for papers and invitations for this edited

book from many leading research groups and well-known practitioners of leading

collaborative software engineering techniques. After a rigorous review process 15

submissions were accepted for this publication. We begin by a review of the history

and concept of software engineering itself including a brief review of the disci-

pline’s genesis, key fundamental challenges, and we define the main issues in

relating these two areas of software engineering.

Part I contains three chapters addressing the issue of requirements change

management in architectural design through traceability and reasoning. Part II

contains five chapters presenting approaches, tools and techniques for bridging

the gap between software requirements and architecture. Part III contains four

chapters presenting industrial case studies and artefact management in software

engineering. Part IV contains three chapters addressing various issues such as

synthesizing architecture from requirements, relationship between software ar-

chitecture and system requirements, and the role of middleware in architecting for

non-functional requirements. We finish with a conclusions chapter identifying

key contributions and outstanding areas for future research and improvement of

practice. In the sections below we briefly outline the contributions in each part of

this book.

Part 1 – Theoretical Underpinnings and Reviews

The three chapters in this section identify a range of themes around requirements

engineering. Collectively they build a theoretic framework that will assist readers to

understand both requirements, architecture and the diverse range of relationships

between them. They address key themes in the domain including change manage-

ment, ontological reasoning and tracing between requirements elements and archi-

tecture elements, at multiple levels of detail.
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Chapter 3 proposes Change-oriented Requirements Engineering (CoRE), a

method to anticipate change by separating requirements into layers that change

at relatively different rates. From the most stable to the most volatile, the authors

identify several layers including: patterns, functional constraints, and business

policies and rules. CoRE is empirically evaluated by the authors by applying it to

a large-scale software system and then studying the observed requirements change

from development to maintenance. Results show that CoRE accurately anticipates

the relative volatility of the requirements and can thus help manage both require-

ments evolution but also derivative architectural change.

Chapter 4 introduces a general-purpose ontology that the authors have developed

to address the problem of co-evolving requirements and architecture descriptions

of a software system. They demonstrate an implementation of semantic wiki that

supports traceability between elements in a co-evolving requirements specifications

and corresponding architecture design. They demonstrate their approach using a

reuse scenario and a requirements change scenario.

Chapter 5 investigates homogeneous and heterogeneous requirements traceabil-

ity networks. These networks are achieved by using event-based traceability and

call graphs. Both of these traces are harvested during a software project. These

traceability networks can be used in understanding some of the resulting architec-

tural styles observed based on the real time state of a software project. The authors

demonstrate the utility of such traceability networks to monitor initial system

decisions and identify bottlenecks in an exemplar software project, a pinball

machine simulator.

Part 2 – Tools and Techniques

The five chapters in this section identify a range of themes around tools and

techniques. Good tool support is essential to managing complex requirements and

architectures on large projects. These tools must also be underpinned by techniques

that provide demonstrative added value to developers. Techniques used range from

goal-directed inference, uncertainty management, problem frames, service compo-

sitions, to quality attribute refinement from business goals.

Chapter 7 presents a goal-oriented software architecting approach, where func-

tional requirements (FRs) and non-functional requirements (NFRs) are treated as

goals to be achieved. These goals are then refined and used to explore achievement

alternatives. The chosen alternatives and the goal model are then used to derive a

concrete architecture by applying an architectural style and architectural patterns

chosen based on the NFRs. The approach has been applied in an empirical study

based on the well-known 1992 London ambulance dispatch system.

Chapter 8 describes a commitment uncertainty approach in which linguistic and

domain-specific indicators are used to prompt for the documentation of perceived

uncertainty. The authors provide structure and advice on the development process

so that engineers have a clear concept of progress that can be made to reduce
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technical risk. A key contribution is in the evaluation of the technique in the engine

control domain. They show that the technique is able to suggest valid design

approaches and that supported flexibility does accommodate subsequent changes

to requirements. The authors’ aim is not to replace the process of creating a suitable

architecture but to provide a framework that emphasizes constructive design

actions.

Chapter 9 presents a method to systematically derive software architectures from

problem descriptions. The problem descriptions are set up using Jackson’s problem

frame approach. They include a context diagram describing the overall problem

situation and a set of problem diagrams that describe sub-problems of the overall

software development problem. The different sub-problems are the instances

of problem frames and these are patterns for simple software development pro-

blems. Beginning from these pattern-based problem definitions, the authors derive a

software architecture in three steps: an initial architecture contains one component

for each sub-problem; they then apply different architectural and design patterns

and introduce coordinator and facade components; and finally the components of

the intermediate architecture are re-arranged to form a layered architecture and

interface and driver components added. All artefacts are expressed using UML

diagrams with specifically defined UML profiles. Their tool supports checking of

different semantic integrity conditions concerning the coherence of different dia-

grams. The authors illustrate the method by deriving an architecture for an auto-

mated teller machine.

Chapter 10 proposes a solution to the problem of having a clear link between

actual applications – also referred to as service compositions – and requirements the

applications are supposed to meet. Their technique also stipulates that captured

requirements must properly state how an application can evolve and adapt at run-

time. The solution proposed in this chapter is to extend classical goal models to

provide an innovative means to represent both conventional (functional and non-

conventional) requirements along with dynamic adaptation policies. To increase

support to dynamism, the proposal distinguishes between crisp goals, of which

satisfiability is boolean, and fuzzy goals, which can be satisfied at different degrees.

Adaptation goals are used to render adaptation policies. The information provided

in the goal model is then used to automatically devise the application’s architecture

(i.e., composition) and its adaptation capabilities. The goal model becomes a live,

runtime entity whose evolution helps govern the actual adaptation of the applica-

tion. The key elements of this approach are demonstrated by using a service-based

news provider as an exemplar application.

Chapter 11 presents a set of canonical business goals for organizations that can

be used to elicit domain-specific business goals from various stakeholders. These

business goals, once elicited, are used to derive quality attribute requirements for a

software system. The results are expressed in a common syntax that presents the

goal, the stakeholders for whom the goal applies, and the “pedigree” of the goal.

The authors present a body of knowledge about business goals and then discuss

several different possible engagement methods to use knowledge to elicit business

goals and their relation to software architectural requirements. They describe a new
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methodology to support this approach and describe their experiences applying it

with an Air Traffic Management unit of a major U.S aerospace firm.

Part 3 –Industrial Case Studies

The four chapters in this section present several industrial case studies of relating

software requirements and architecture. These range from developing next-genera-

tion Consumer Electronics devices with embedded software controllers, IT security

software, a travel booking system, and various large corporate systems.

Chapter 13 addresses the problems in designing consumer electronics (CE)

products where architectural description is required from an early stage in develop-

ment. The creation of this description is hampered by the lack of consensus on high-

level architectural concepts for the CE domain and the rate at which novel features

are added to products. This means that old descriptions cannot simply be reused.

This chapter describes both the development of a reference architecture that

addresses these problems and the process by which the requirements and architec-

ture are refined together. The reference architecture is independent of specific

functionality and is designed to be readily adopted. The architecture is informed

by information mined from previous developments and organized to be reusable in

different contexts. The integrity between the roles of requirements engineer and

architect, mediated through the reference architecture, is described and illustrated

with an example of integrating a new feature into a mobile phone.

Chapter 14 presents a view-based, model-driven approach for ensuring the

compliance ICT security issues in a business process of a large European company.

Compliance in service-architectures means complying with laws and regulations

applying to distributed software systems. The research question of this chapter is to

investigate whether the authors’ model-driven, view-based approach is appropriate

in the context of this domain. This example domain can easily be generalized to

many other problems of requirements that are hard to specify formally, such as com-

pliance requirements, in other business domains. To this end, the authors present

lessons learned as well metrics for measuring the achieved degree of separation of

concerns and reduced complexity via their approach.

Chapter 15 proposes an approach to artifact management in software engineer-

ing that uses an artifact matrix to structure the artifact space of a project along with

stakeholder viewpoints and realization levels. This matrix structure provides a basis

on top of which relationships between artifacts, such as consistency constraints,

traceability links and model transformations, can be defined. The management of

all project artifacts and their relationships supports collaboration across different

roles in the development process, change management and agile development

approaches. The authors’ approach is configurable to facilitate adaptation to differ-

ent development methods and processes. It provides a basis to develop and/or to

integrate generic tools that can flexibly support different methods. In particular,

it can be leveraged to improve the transition from requirements analysis to
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architecture design. The development of a travel booking system is used as an

exemplar application domain.

Chapter 16 illustrates a set of proven practices as well as a conceptual methods

that help software engineers classify and prioritize requirements which then serve

as drivers for architecture design. The author claims that all design activities follow

the approach of piecemeal growth. Rather than try and react against this, they urge

in supporting this explicitly in the supporting requirements and architecting pro-

cesses. Similarly, a layered approach has been found to be necessary and most

effective when eliciting, documenting and managing these requirements and archi-

tectures. A method supporting this evolutionary growth of requirements and archi-

tecture is presented along with experiences of applying this approach on several

SIEMENS projects.

Part 4 – Emerging Issues

The three chapters in this section address some emerging issues in the domain of

relating software requirements and architecture. These issues include approaches to

synthesizing candidate architectures from formal requirements descriptions, explicit,

bi-directional constraint of requirements and architectural elements, and middleware-

based, economic-informed definition of requirements.

Chapter 18 studies the generation of candidate software architectures from

requirements using genetic algorithms. Architectural styles and patterns are used

as mutations to an initial architecture and several architectural heuristics as fitness

tests. The input for the genetic algorithm is a rudimentary architecture representing

a very basic functional decomposition of the system, obtained as a refinement from

use cases. This is augmented with specific modifiability requirements in the form of

allowable change scenarios. Using a fitness function tuned for desired weights of

simplicity, efficiency and modifiability, the technique produces a set of candidate

architectural styles and patterns that satisfy the requirements. The quality of the

produced architectures has been studied empirically by comparing generated archi-

tectures with ones produced by undergraduate students.

In Chap. 19 the authors claim that the relationship of a system’s requirements

and its architectural design is not a simple one. Previous thought has been that the

requirements drive the architecture and the architecture is designed in order to meet

requirements. In contrast, their experience is that a much more dynamic relation-

ship needs to be achieved between these key activities within the system design

lifecycle. This would then allow the architecture to constrain the requirements to an

achievable set of possibilities, frame the requirements by making their implications

on architecture and design clearer, and inspire new requirements from the capabil-

ities of the system’s architecture. The authors describe this rich interrelationship;

illustrate it with a case study drawn from their experience; and present some lessons

learned that they believe will be valuable for other software architects.
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Chapter 20 discusses the problem of evolving non-functional requirements, their

stability implications and economic ramifications on the software architectures

induced by middleware. The authors look at the role of middleware in architecting

for non-functional requirements and their evolution trends. They advocate adjusting

requirements elicitation and management techniques to elicit not just the current

non-functional requirements, but also to assess the way in which they will develop

over the lifetime of the architecture and their economic ramifications. The range of

these possible future requirements may then inform the selection of distributed

components technologies, and subsequently the selection of application server

products. They describe an economics-driven approach, based on the real options

theory, which can assist in informing the selection of middleware to induce soft-

ware architectures in relation to the evolving non-functional requirements. They

review its application through a case study.

Current Challenges and Future Directions

We conclude this book with a chapter drawing conclusions from the preceding

15 chapters. We note many approaches adopt a goal-oriented paradigm to bridging

the gap between requirements and architecture. Similarly, many techniques and

tools attempt to address the problem of traceability between requirements elements

and architectural decisions. The advance of reference architectures, patterns, and

successful requirements models in many domains has assisted the development of

complex requirements and architectures.

We observe, as have some of the authors of chapters in this book, that the

waterfall software process heritage of “requirements followed by architecture”

has probably always been a degree of fallacy, and is probably more so with today’s

complex and evolving heterogeneous software systems. Instead, viewing software

requirements and software architecture as different viewpoints on the same problem

may be a more useful future direction. Appropriate representation of architectural

requirements and designs is still an area of emerging research and practice. This

includes decisions, knowledge, abstractions, evolution and implications, not only

technical but economic and social as well. To this end, some chapters and approaches

touch on the alignment of business processes and economic drivers with technical

requirements and architectural design decisions. While enterprise systems engineer-

ing has been an area of active practice and research for 30+ years, the relationship

between business drivers and technical solutions is still ripe for further enhancement.

J. Grundy, I. Mistrı́k, J. Hall, P. Avgeriou, and P. Lago
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olz@zurich.ibm.com

xxviii Contributors


	Relating Software Requirements and Architectures
	Foreword
	Foreword
	Preface
	Introduction
	What is Relating Software Requirements to Architecture?
	Book Overview
	Part 1 - Theoretical Underpinnings and Reviews
	Part 2 - Tools and Techniques
	Part 3 -Industrial Case Studies
	Part 4 - Emerging Issues
	Current Challenges and Future Directions

	Acknowledgements
	Contents
	Contributors



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


