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Resumo

Tém sido propostas varias abordagens paaaliacdo de arquitecturas infestruturais de
Tecnologia de informaca@1) maioritariamenteoriundas de empresas fornecedoras e consultoras.
Contudg n&o veiculam uma abordagem unificada dessas arquitecturas, em que todas as partes
envolvidas possam cimentar a tomada de decisdo objectiva, favorecendo assim a comparabilidade,
bem como a verificagdo da adopcédo de boas praticas. O objeptincipal desta dissertacdo € a
proposta de uma aproximacdo guiada pela modelagdo dos conceitos do dominio, que permita
mitigar este problema.

E usado um metamodelo para a representacdo do canfeto estrutural e operaabnal sobre
infra-estruturas de Tl denominado SDM (System Definition Modelgxpresso com recurso a
linguagemUML (Unified Modeling Languagdjsse metamodelo é instanciado de forma automética
através da captura de configuracdedra-estruturais de arquitecturas distribuidas em exploracao,
usando uma ferramenta proprietaria e um transformador que foi construido no ambito desta
dissertacdo. Para a prossecucdo da avaliacdo quantitativa é usada a aproxwizighb (Meta
Model Driven Masurement) que usa a linguagen®CL (Object Constraint Languag®gra a
formalizac@o de métricas adequadas.

Com a abordagem proposta todos os parceiros envolvidos (arquitectdBl, ggodutores de
aplicacdes, ensaiadores, operadoresquipas de manutengg poderaonao sé perceber melhor as
infra-estruturas que tém a seu cargo, como também melhor expressar as suas estratégias de gestao e
evolugdo. Para ilustrar a utilizagdo da aproximagdo proposta, avaliamos a complexidade de alguns

casos reais nas pemsgivas sincronica e diacronica.

Palavraschave
Avaliagdo quantitativa, infrastrutura, System Definition Modetomplexidade de infr@struturas,
avaliacaoorientada por modelos, aspectos ecomicos de infraestruturas modelacdo de infra

estruturas,classificacdo de topologias de infatruturas.
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Vii

Abstract

Several approacheto evaluate IT infrastructure architecturdsave been proposed, mainly by
supplier and consulting firm$lowever,they do not have a unified approach of these architectures
where allstakeholderscan cement the decisiemaking process,thus facilitatingcomparability as
well asthe verificationof best practicesadoption The main goal of this dissertation is the proposal of
amodetbasedapproachto mitigate this problem.

A metamodel named SDM (System Definition Modedhd expressed withthe UML (Unified
Modeling Language)is used to representstructural and operational knowledge ro the
infrastructures This metanodel isautomatially instantiatedthrough the capture ofnfrastructures
configurations oexistingdistributedarchitecturesusing a proprietary tochnd a transformtion tool
that wasbuilt in the scopef this dissertation

The quantitative evaluationis performed using tha2DM (MetaModel Driven Measurement)
approachthat uses OCL(Object Constraint Languagéd formulate the required metricsThis
proposal is expected to increasbet understandability of IT infrastructures Iyl stakeholders(IT
architects applicaion developerstesters operatorsand maintenance teamsas well as to allow
expressing theirstrategies of management and evolution. To illustrate the use of gteposed

approach, weassesshe complexity of some real cases in ti@chronicand synchronigerspective

Keywords
Quantitative assessmentpfrastructure, SystemDefinition Modé, infrastructure complexitymodel
driven assessmenteconomt aspects ofinfrastructures, infrastructuresnodeling infrastructure

topology classification.
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1.1 Motivation

Organizations of all kindare dependent of InformatioriTechnology (IT) to such degree that they
cannot operate without theni{Shackelford, et al., 2006ps defined by the Information Technology
Association of America (ITAAJ, is 'the study, design, development, implementation, support or
management of computebased information systems, particularly software applications and
computer hardware [ITAA, 2008]

The concept of Information Technology Infrastructures, referred in this dissertation asslals,
wide concept that represents the use of the various components of information technology
(computers, networks, hardware, middleware and software) upon which the systems and IT services
are built and run to manage and process informat[&irkemaa, 2002]

In the last few years we have withessadremendous change in ITls and they became part of
every organization. Twenty years ago it was normal to have all the business and mission critical
applications running on a mainframe or a momputer. Ten years ago, these applications were
distributed over two and threetiered systems. Now, these applications are distributed owtiered
systems and may have thousands of components than span multiple vendors and products, with high
dependencies, or some degree of relationship.

The primary purpose ofhe IT is to support and enhance business processes laigiare the
F2dzy RFGA2Y dzLll2y GKAOK GKS o0dzaAySaa LINRPOS&aasSa
[Gunasekaran, et al., 2009 ased on this, aspects likdiability, security, usability, effectiveness and
efficiency are vital to every ITThese infrastructuresontaina complex mix of vendor hardware and
software components that need to be integratéo ensure that they work well togetheaind they
distribute a variety of services both within and outside the organization, many of which are mission
critical.

Historically, the biggest the infrastructure, the more difficult is to manage it, resulting in higher
costs and potentially higher Total Cost of OwngrsfT COJKirwin, et al., 2005]There are several
approaches developed to s&sss and evaluate the effectiveness of IT. Howdlvere is a lack of a
reliable approach that organizations could use to understand how IT investments translate into
measurable benefitfHassan, et al., 1999]

To provide guidance and help organizations to create, operate and support ITls and processes
while ensuring that thenvestment in IT delivers the expected benefits, several frameworks have
emerged(some of them are presented in sectidid). These frameworks define set of standed
procedures and processes that organizations should adopt to improve efficiency and effectiveness
[MSFT, 2008a, OGC, 2000hese frameworkaddress the domain of IT management or the domain
of IT governancgSalle, 2004]

0 K|
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Most organizations understand the value of implementing process improvement standards and
frameworks. That implementation became a worldwide trend, prompted by increasing interest and

demand for greater levels of governance, auditiaontrol[CaterSteel, et al., 2006]

1.1.1 The importance of evaluating ITIs

ITrepresentsone of the worR Q &  Tchaaginiadiistrieand process changes at thesiness level

can force major changes fofrastructures[Perry, et al., 2007]There is more pressure than ever on

IT to reduce IT costsvhile improving service to end usef&illen, Perry, Dowling, et al., 2007]
According to analysts, most organizatiammsume 70% of IT budgets managing and suppolfikg
[Weill, et al., 2002]instead of spending resources to add new business value and take the business
further. As organizations gwg their ITiIsgrow along with them. But often that growth is uneven,
driven as much by the conditions under which they operasby the model they aspire to.

Having the right infrastructure, at the right time, to support new business requirements is a
challenging task, because most business initiatives emerge unpredigiibpa, et al., 2003Most
times new business requirements require considerable changes in infrastructures that must be
implemented in the shortest possible time, to meet business deadlines. In some organizations this
pressureleads to wrong infrastructures, increases complexity, decreatles effectiveness and
efficiency resulting in an infrastructure more difficult to manage, new components without
integration withexisting oneswaste of resources and delays, among other aspects.

This fuson between business and technology requires the expertise of both business and IT
professionals that should support their decisions based on concrete information to better align
business with infrastructures. Both should underst@nd K I thie IThcdreni f & K ¢ Feydvanktl
G2 0SKé¢ | yhByhavelzntg whatkedy wiant in a disciplined way

Having an ITI evaluation process can provide valuable information to business and IT professionals
and is crucial to support their decisions regarding ginewth of the infrastructures. Some examples
of benefits of that evaluation are:

1 Defining and maintaininfl loperationsand administrativepolicies

1 Checkf best practices are begappliedacross the entire infrastructure

1 Understandbetter the impact d changef ITIsin other systems

1 Simplify infrastructures management;

i Evaluating emerging technologies and business potential or imffaough complexity

analysis and evaluation;

1 Analysisand predictingof ITI growthover the years;
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1 Help defining an Idtrategy, planning, architecture and optimization to meet business goals
and obijectives.
These evaluation aspects represent the first step to get control of ITIs. Without these evaluation is
difficult to control and without control its difficult to managégKirwin, 2003b] All these benefits are

guantfiable and are normally perceived as positive by internal and external stakeholders.

1.1.2 Stakeholders interested in ITIls evaluation

¢ KS @ 2NR a aflalgived KrgahiratolEcurrently used to refer to a person another

organization thathas an iBtNB a0 02 NJ a¢adl 1S¢0 Ay 6KIF{G GKS 2NBFYyAI
can be appliedto sponsors,customers, partners, employees, shareholders,owners, suppliers,
directors,executivesgovernmentspusers,public, creditors andnanymore.

To define tke role of the infrastructure to support the business and to ensure that the business is
alignedwith IT, it is important that IT organizations understand who its stakeholders are and ensure
that they are involved in defining and reviewing IT quality andgmmance[OGC, 2002]

There are a number of inherent difficulties in the process of identifying key stakeholders and their
needs, lkecause they may be numerouslistributed and with different goals. Th&able 1.1

summarizes some of the most common stakeholders, their job description ard &hé | { S ¢ ®

Tablel.1 @ Most common organization stakeholders

Stakeholder | Job Description Stake
Sponsors could be seen as business bog Return of investment in terms of increase:
membersand are individuals in leadership rol§ organizational efficiency or effectiveness or
that allocate resources like moneyheir own | improved financial performance.
Sponsors ] o )
time, energy, reputationjnfluence and the time
and energy of individuals in the groups th
manage.
Customersare the people that payor goods or] Commission, pay for and own IT services. T
services and are recipients of the servicg agree to service levels and allocate funding. Tt
Customers ) o ) )
provided by the IT organizationT! are there to| expect value for money and consistent delive
provide services angsupportto customers against agreements.
Users are the people that use services on afday] Invest energy in using the new procedures a
day basis. They use IT services to support t| working practices and their expected payoff is
specific businessctivities Users are also widel] enhanced relationship with the IT organizatic
Users
characterized as the class of people that use] and improved perception in service quality |
system without complete technical experti§ support their individual needs.
required tofully understand the system
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Stakeholder | Job Description Stake
The individuals and groups who are responsi] Their stake in the process is typically ti
for faclitating the implementation of services i expectation that their participation will lead tc
ITI, which include IT professionals, trainer] personally important outcomes such ¢
Empbyees /
communication specialists, external consultany recognition, learning
Agents human resource professionals amongst othg
These individuals are asle to contribute
expertise, timeand energy to thdTL
In some organizationssuppliers and vendors arl Their expected payoff is typically atronger
Partners/ stakeholders. Their investment ifTl can range| relationship with the organization leading t
Suppliers/ from active participation in implementing ney increased success for them.
Vendors systems in their own organizations to complyi
with new procedures.
¢2 3ISi GKS SELISOGSR aaidb1Sés &dLlRy&a2NB 1y26

business requirements. Often ITIs are the main impediment to the new busineésnges[Ganek,

et al., 2007] so most enterprises spend a significanttpE IT budgets on ITHVeill, 2007, Weill, et

al., 2002] Reducing costsvhile improving service leveland show quantifiable value from IT
investmentsrepresents a high priority foChief Information Officers (Cl(&rnest, et al., 2007]

9@k fdzZ GAYy3a Le¢LaA Aa | LINRPOS&aa GKFdG OFy YSI adaNE
important to all key sponsors, but also belp ClOs to achieve their top priority. Some benefits that
sponsors can achieve with an ITI evaluation are:

1 Reduction of service outages Most of the service outages in infrastructures are related
with people and the inexistence of processes or modeés descriles complex technical
solutions;

1 Evaluation¢ BEvaluate performance, processes and capabilities of the infrastructure help to
assure that dayo-day tasks are execedl effectively and efficiently;

1 Simplification ¢ Simplify the task ofeview andaudit processes like asset management for
efficiency, effectiveness and compliance

1 Increase efficiency and effectiveness The efficiency and effectiveness of the systems
deployed, resultin productivity gains andnincrease in end users satisfaction;

1 Knowledge ¢ Better knowledge of ITI which can help partners, suppliers and vendiis,
work as virtual members of the IT staifproviding hardware, software, networkingpsting

and support services.

An evaluation process can also measure some of the current key challenges of ITls, such as

complexity, which represents the root cause of problems in IT organizaji@asek, et al., 2007]
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Knowing the complexity of an ITI trough an evaluation can help to design simpte better
solutions, that are easier and faster to implent and representa lower risk forthe IT staff

responsible for implementing solutions in &r1.

1.2 Complexity

ComplexTIs arenot easyto manage In fact,organizations spend a significant part of ithd budget

just to maintainlTIs[Ganek, et al., 2007North American and Europeanganizations are expecting

to increag 2008 IT budgets by 3%, which is the same percentage that they planned fdiB20@Ts,

2008] Currently CIO and IT professionals understand the importancesab Iffle business and their

main concerns and priorities are the improvement of efficiency, the improvement of IT alignment
with businessand helping the business to cut costs and improve productiBiaytels, 2008]In order

to achieve those gains, the ITls complexity must be easily determined (static perspective) and kept
under control (dynamic oevolutive perspective). In both cases we need to express that complexity

quantitatively.

1.2.1 Complexity metrics

Depending on the field, there amumerouscomplexity metrics that can be used for the purpose of
evaluating complexity. In the field of ITI, complexityn be seen at several granularity levels, sagh

91 galobal view where the whole infrastructure is a network of site¢e.g. a distributed

Ydzt GAYFGA2YFEQa AYOANrySGoOT

1 partial view where the local infrastructure of the site is a network of servers and

corresponding clientée.g. an company branch in a given city).

In eithercasethe prodem of evaluating ITI complexityan be mapped to the one of evaluating
network complexityand finallya network can b mapped into a directed graph.

We have performed a survey of network and graph complexity evaluapproacltes which
have beenproposedby different research communities, since both network analysis and graph
theory are used ima broad spectrum of applicationsrom this survey emerged three well known
complexity metrics that we will adapt, use and describe in more detail in segion The three well
know complexity metrics are th€oefficient of Network Complexity (CNEEgscoe, 1966vhichis a
widely used metric for waluating network complexitynithe field of network analysi€yclomatic
Complexity Metric (CCMMcCabe, 1976proposed by Tom McCabe, which was one of the first

metrics to evaluate the complexity of flowcharts (directed graphs) representing ititernal
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implementation of individualsoftware modulesand theHenry and Kafura Metric (HKNHenry, et
al., 1981]Jused to evaluate tb complexity ofoftware modulegnodeg of the seOl ft f SR G O f f
(a directed graph representation of the call relationships among those modules).

In thisdissertationwe will use the previously described set of metrics, enriched with a few of our
own, for illustrating the feasibility of our quantitative approachtire contextof ITls complexity

evaluation.

1.2.2 Comparing infrastructures complexity

There is a direct relation between ITls and business performa®search found thatabustITls are
a key driver of productivity and growthThe employeesin organizationswith better ITls aremore
productive and the managers that are in organizations with better information systesuatrol
significantly bettetheir businesglansiti, et al., 2006]

These conclusions create pressures on IT that camypethetical classifiedsd 32 2 FR G ol Ré
pressuresPressures to add business value by increasing productivity, pressures to increasseend
productivity or pressuretd Y LINE @S O2f f F 602N}F GA2ya G6AGK OdzaG2YS|
hy (KS 20KSN) aRRS LN aBWAS a0 KE ®WBRIzOS 0O02aiGas AY
and running,amongothers that do notnecesarily push the business ahead. According to analysts,
0KS&S aol Ré LINGeoBmzNE dudde wdigmtess, 2008]

Analyzing theTl evolution of infrastructure complexity withinthe organization and comparing
infrastructure complexity with other similar organizations may be the first step to understand and
control complexity. IT organizations that control complexity sp@bébo less than their pee@nd
operate with 36% fewer stadfs[lansiti, et al., 2006]Through complexity analysis and comparigon
will be easier to take decisions regarding IT investments to gain the most benefit and use efficient IT
resources.

To evaluate théTIcomplexity ande able tocompare it with othersa model based approach can
be used to capture ITI knowledge whichn include infrastructure topology, constraints, policies,
processes, best practices amongst other aspects. This knowledge can then be used to plan, test,

model, deploy, operate, monitor, troubleshoot or enforce policies in ITls.

1.2.3 Forecast of ITI c omplexity

ThelT providesmany benefitsand the complexity in IT systems and in particular in ITIs must be seen

as natural, since the nature of ITls is complEig.(1.1). Understanding infrastructures, tracking
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changes, dealing witlheterogeneous environmentand solving problems are just somef the
challenges that IT professionals fame a day to day basiBecause complexity is a characteristic of
ITls, it will nodisappear and IT professionals must have tools and processes that they cardesé to

with ITmore effectivelyand usethe strengths ofTlsto drive more strategic value

Software-as-a-service
IT Qutsourcers Devices

Offshore

Labor Business Procgss

. Outsourcerd
' End
consumers
I1SVs .

Information

Developers it
Service

. Workers
Contract ™\ usiness
Labor Vendor I T ) C
//
e Field

Relationship
Exec Steering Managers
Committees
Distributors

Financiers
LOB Heads
Business
S
Suppliers Partners

Fig.1.1 @ IT Ecosystem Is Complésource[Symons, et al., 2008]

To algn IT with the goals of the business and to enable ITls to function as a strategic asset to the
business, complexity should be evaluated, controlled and managed. This control over complexity can
help IT to move from a complex environment to a more efficiemvironment through actions like
elimination of unnecessary redundant systems, reducing manual taskkmore efficient use of
resources among other actions. The evaluation of ITIs aimd particular the evaluation of the
complexity can help IT profe®nals to deal with complexity in a productive way and rbkm to
identify those actions.

Without control, the complexity of ITIs tends to increaskie to reasons likeglobalization
regulatiors, mergers and acquisitions, systems growth and integratisecurity continuous
availability or business continuityamong other factors. The control of complexity will enable
organizations todrecast infrastructure complexityhile addressing all these aspects. To be able to
address new business needs and prédg infrastructure complexity, organizations, should measure
their agility with focus on ITIs and then making the required IT investnjPhisnmer, 2005] Agility
is the ability of ITIs to adapt to business condition. Aggitypically expressed by the required time

to implement a new capability or to achieve an IT goal such asdserthe IT capacity by 15 percent,
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deploy new features or to increase the IT capacity to support a new business appl[téeitims, et
al., 2008 MSFT, 2007]

1.3 Total cost of ownership

The TCO wagsopularizedby Gartner more than 20 years agwith the goal ofclearly and reasonably
addressthe real costs attributed to owning and managifids. @Qrrently TCO is still one of the most
important concerns ofT manager$Kirwin, 2003b] TCO identifies costs as being maddéwo main
groups, thedirect costaand theindirect costgakasoft costgKirwin, 2003apecause they often occur
outside the budget

The direct costare normally the capital, feeand labor costsindirect costs arenore difficult to
measureand include the costs associatadth training IT professionals and usecgsts associated
with failure or outage (planned and unplanned), development and testogts associated with
distributed compting, dataenters, stoage andtelecanmunications, electricity and much more
[Gartner, 2003]

The naure of indirect costsleads some organizations to underestimatbeir impact onlTIs.
HoweverTCO analysis often shows that the acquisitionuncpase price of an asset represents only
a gnall fraction of its total cost anihdirect costs can typically represent as much as 60% of the total
cost of managing and owning &Rl[Kirwin, et al., 2005]

The TCO allows the alignmeat IT operational efficiency goals with business performance
requirements[Kirwin, 2003ajand should not be used with the purpose pfstifying IT investments,
validate initiatives or increase or decreastsBpending.There ae somefrequent misinderstanding
that TCQis only a way o€utting costsor that the IT platform with the lowest TCO is the best choice
and indirectcosts do not counfKirwin, 2003a]

The TCChas proven to be a vital and popular framework for IT and business management
decisionmakingand has been applied to several different technology aredse ideaf usingTCCas
a way to gauge ITepformance is still taking shag&irwin, 2003b] TCO may be used asproxy for
activity-based costing, a technique in which all costs associated with a specific IT function are
measured and compared to industry averages. Toimparison is sometimes more efficient than
looking at IT costs at the macro level. For instarelCO analysis of the costs associated with
managingEnterprise Resource Planning (E&blications could reveal cost disparities that would
not show up if a company only considered its overall IT ¢&stain, 2003b]

In the field of ITIs,here has beeranincreasing interest in recent years in calculating the cobts

ownership with the aim of helping Cl@s make betterdecisions as they purchase, upgrade and/or
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replace their ITs[MacCormack, 2003Understanding and evaluating the TCQTd&is a prerequisite

in pursuing initiative in ITI§Blowers, 2006a]

1.3.1 Reducing ITIs TCO

To reduce the TCO associated with a particular infrastructure it is important, first to have a process
that can analyze all the distinct aspects that an ITI is built of and calculate théotalacost of
ownership. Organizations are dependent of ITIs to proldsiness functionalitynd it is essential
that they understand and manage their codisirwin, 2003a] Only knowing the TG@an help IT
decision makers to focus ditl problems and develop ways to align costs, performance and service
levels with the organizational requirements, while delivering a high semyirdity. High service
guality normally leadto a decrease in IT budgets for managing and supporting infrastrucirieh
reduces the ITls TCO

There are several approaches that can be taken to reduce the TCO associated with a particular
infrastructure[Aziz, etal., 2003, Conley, et al., 2007, Engels, 20B6}vever, because organizations
also need to preserviunctionality, they need to balance between TCO and the right agility of the ITI.
Sqin order to reducahe TCQof an ITl, it is very importad manage the tradeoff between TCO and
agility.

Complexity by definitionrefers to the condition of being diicult to analyze, understand or solve.
According tdKirwin, et al., 2005fhere is a directelationshipbetween complexity and TCahd the
more complex the IT and business are, the higtier TCO is @mplexity is acceptableif the
complexity purpose is to achieve business vallmit unacceptable otherwise. Therefore,
organizations shouldim for the minimum level of complexity required to meet tindusiness needs.

In the following section, we evaluate the impact of ITIs complexity on TCO.

1.3.2 The impact of ITls complexity on TCO

The ITI complexitys normally divided into the complexity associated with the softwarel
complexity associated with the hardware. The complexity of any system has several drivers of which
the most important are (i) se, (ii) the diversity and (iii) the mutation of its parts and of their
interconnections. Often we have to drill down complexity analysis since each point of a system may
itself be considered a (sub) system. We stop drilling down when a part can be cedskle a
blackbox



Introduction 11

An ITl is a special kind of a system. Its parts are software and hardware components. Software

components range from applications down to firmware (embedded software). However,
components can be computer devices (e.g. desktop, handledaliile devices), servers, switching

and communication equipment (e.g. hubs, routers, access points, repeaters) and other devices (e.g.
printers, plotters, scanners).

While the size driver of ITI complexity is seiplanatory, it may not be so obvious ftre
diversity driver. The diversity driverfdTI components can manifest itself in different installation
operations and maintenance procedures.

Consider for instance two ITls, with the same number of servers, equipment and topology. The
complexity of tlose two ITls, will be much different if in one case there is no technology diversity and
on the other case each componergquiresspecific customization or operation. Just imagine that
you have 10 different printers each requiring a different kind of neaiance intervention.

The mutation driver of ITI complexity has to do with its modifications throughout time. The
observation period may vary depending on the characteristic being observed. For instance, while for
a percentage of PCs replaced a yearly lasis would make sense, we may need to observe the
maximum number of transactions per hour for balancing online versus offline serViabke 1.2

present examples ofaenplexity drivers for hardware and software.

Tablel2g 9EI YLX S& 2F Lc¢eLa O2YLX SEAGE YSONROA
Hardware Software
Components Interconnection Components Interconnection
Size Number of servers; Number of physical links Application installations; |Number of dependencies

Number of hubs; Number of logical links. |Operating systems on other software

Number of routers; installations. components;

Number of printers. Number of configuration
scripts required to allow
software interoperability.

Diversity | Different enduser plat |Different link Different applications Different types of

forms (desktops, technologies (e.g. UTP, Jinstalled; dependencies among

handled, mobile fiber optic, wireless, Different operating software components.

devices); Bluetooth); systems installed. Different configuration

Different server Redundant scripts required to allow

technologies; communication links software interoperability

Different printer between 2 nodes.

products.

Mutation | Yearly rotation of Hardware automatic Application releases per | Components to provide
desktops. reconfiguration to year; Operating system | software interoperability.
provide fault tolerance. | updates per year.
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Fig. 1.2, shows an estimative chart generated with a proprietary software tool (Gariit&®
Manage) of a 2.500 endisers environment where we can see the huge impact of the various
complexity levelon cost. In this specific scenario the TCO per-esetr doubles whemaximum

complexity is reached.

$12,000 Direct Costs
. Hardware and Software
$10,0001
|:| Operations
$8,000+ |:| Administration
$6,000
$4.000- Indirect Costs
. End-User Operations
$2,000 . Downtime
$0-
No Medium Maximum
Complexity Complexity Complexity

Fig.1.2¢@ TCO peend user at various complexity levelgource:[Kirwin, et al., 2005]

It is very important to have a relation between the complexity and the business valuehend t
point when the complexity exceeds the business vaBeyond thatpoint we cannotmanage the
infrastructure effectivel [Harris, 2005] There is anisperception that investing on IT creates value
with no limits However, when we reach our capacity to manage the infrastructure (inflection point)
the value is negativd=ig.1.3 shows the perceivedetationship between value and complexégainst
the real relationship, where we can see that investing in IT only brings value until the inflection point

is reached.

The perceived relationship:
Spend on IT, create value — no limits

The actual relationship: Spend on IT,
create value up to your inflection point

¢ Value
inflection

point

Value Value

v

v

Complexity Complexity

Fig.1.3¢@ Complexity and the value of IT (sourcgiarris, 2005])

Having a process that can continually evaluatel amasure complexity of ITIs is important to
understand what is the level of complexity of a particular ITI and if the value of the inflection point

was reached.
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1.4 IT Service Management

ITservice management (ITSM) is a disciplorenanagingT systems, philosophically centered on the
customer's perspective of IT's contribution to the busine§ESM focuses upon providing a
framework to structure IFelated activities and the interactions of IT technical personnel with
business customers and use

This dissertation proposes an ITI evaluation approach that can be used by organizations for
different aspects such as the ones mentioned in the motivation section. Most of these aspects are
also covered by some ITSM framewo[Bsenner, et al., 2006]There are a varietpf frameworks
and authors contributing to the overall ITSM disciplifrethis section we will brieflgescribe two of
the most widely adopted frameworkdT Infrastructure Library (ITIPGC, 2000hnd Common
Objectives for Information and related Technology (CQEALA, 2008b]

1.4.11TIL

The IT Infrastructure Librargommonly referred as ITIL iene of the most widely adopted
frameworks[CaterSteel,et al., 2006] is a structured repositoryof best practices developed in the
late 1980s by theCentral Computer and Telecommunications Agency (CGfTAhe British
Government and currently administereahd updated regularlypy the BritishOffice of Gowement
Commerce (OCGTJhe ITIL deployment isupported by the work of thdT Service Management
Forum (itSMF)Bon, 2004] The itSMF iglobal, independenhon-profit organization with more than
100.000 members worldwide and present in several countries, including Pofil&MF, 2008]with
the mission of development and promotiasf IT Service Marggement "best practicg’, standards
and qualifications

The ITIL, currently in version Butlines an extensive set of management procedures that are
intended to support businesses in achieving both quality and value for money in IT operatiess
procedures are supplier independent and have been developed to provide guidance across the
breadth oflITl development and operations

ITIL version 8onsists of a series of book§OGC, 2007d, OGC, 2007c, OGC, 2007e, OGC, 2007a,
OGC, 2007bpiving guidance on therpvision of quality IT servicesd on the accommodation and
environmental facilitiesequiredto support ITFig.1.4 displays a detailed look at the end-end ITIL
v2 Model.
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Fig.1.4 @ Endto-end ITIL process (sourd@/att, 2005])

There are other frameworks and guidelines basedtioa ITIL framework. These have been
developed by software and hardware organizatioesch asthe HP's Service Management
Framework[HP, 2007which is based onTIL v3 and replaces the HP IT#MSs Process Reference
Model for IT (PRNIT)[Ernest, et al., 2007, IBM, 200which in version 3 is fully aligned with ITIL v3
and Microsoft, with their Microsoft Operations Framework 4 (MORhich in version 4.0 is also
aligned with ITIN3[MSFT, 2008a]

1.4.2 COBIT

Common Objectives for Information and related Technologymonly referred as COBBEIcurrently

in version 4.JISACA, 2008ladndis another industry framework of good practices for IT produced by
Information Systems Audit and Control (ISACRCA, 2(8x] and managed by théT Governance
Institute (ITGIJITGI, 2008b]JCOBIT framework allows managers to bridge the gap between control
requirements, technical issues and business risks, enables cleiay pEvelopment and good
practice for IT control throughout organizations, emphasizes regulatory compliance and helps
organizations to incrase the value attained from IThe COBIT framework is organized into four
domains: plan and organize acquire andimplemeni deliver and supportmonitor and evaluate

[ISACA, 2008afig.1.5 presents the four domains and some of the existing IT processes.
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COBIT
Planning and Acquisition and Delivery and
organizing implementation support
Define an IT Identify E"eafli.‘r;eg:nd
strategic plan solutions service levels
Define the Acquire and q
information maintain M:r:agsri?":fs'
architecture applications party
Define Acquire and Manage
technology maintain performance
direction infrastructure and capacity
Develop and Ensure
:;I)'eglrnear:'i.l:ation maintain continuous
9 procedures service
Install and Ensure
m\aren:tgne\et:te iy accredit systems
systems security
giinn;r:#glcate Manage Identify and
it changes allocate costs

Fig.1.5¢@ COBIT framework domains (sour¢®ymons, et al., 200§]

The plan and organize domain covers strategy and tactiés terms of, how IT can help the
organizationto achievethe businesobjectives.Theacquire and implementiomain addresses the
organization's strategy in identifyindeveloping oracquiing IT solutions as well as imginent and
integrate themwithin the organization's current businepsocesses. Thdeliver and supporiomain
focuses on the delivery of required services, which includes service delivery, management of security
and continuity, service support for usersné management of data and operational facilities. The
monitor and evaluatedomain deals with the organization's strategy in assessing their quality and
compliance with control requirements. This domaddressesaspects such as thperformance
managementmonitoring of internal control, regulatory compliance and governaao®ng others
Across these four domains, COBIT has identified 34 IT processes accompahigt-leyel and
detailed control objectives, management guidelines and maturity mdétass, et al., 2005]

Regardingprientation, definition, classes of problems addressed and implementatlenCOBIT
and ITIL & very differenf however there aresome similarities betweethem and they are more
complementary than competitivand there is a mapping comparing the components of COBIT 4.1
with ITIL version 3ITGI, 2008a]Used together, they provide topto-bottom approach to IT

governance angervice managemerjteschl, et al., 2006]
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1.5 Research objectives roadmap

It is important to outline our longterm research objectives, since the proposals made in this
dissertation are intermediate steps on the roadmap for achieving them. Those long term research
objectives are then the following:

9 Propose a best practices enforcement frameworkwe expect it to be helpful for ITI

designers and managers;

1 Propose a TCO estimation method based upon given evolution scendriasother words,

we want to be able to forecast TCO evolution.

1.5.1 Best practices roadmap

As for the strategy to achieve thosejebtives, it will next be described by means of roadmaps, one
for each long term objective. In those roadmaps, the activities with a white background represent
those that were developed in the scope of this dissertation, while those with a grey background
represent the ones that will be developed in future work, probably in the scope of a PhD research
work.

In this dissertation we propose a modwsed technique to classify ITI topologies automatically.
This classification is based on a set of ITI complewétrics that are formalized using a constraint
language. We collect the values of those metrics for a set of different ITIs and then use them to prove
the feasibility of the automatic topology classification technique ("AS IS (1)" sthig.in6).

We also propose in this dissertation a modelven formalization technique for ITI best practices.
Based on that formalization we perform the detection of best prastigmlation upon a sample of

ITls structural data ("AS IS (2)" staté&ig.1.6).
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O Best Practices Roadmap

(Data from several ITlIs)

Model ITls structure

Formalize ITI
complexity metrics Formalize ITI

best practices

Build structural \”

data sample )2

Detect ITI best
practices violation

complexity metrics

Classify ITI Topologies h 4

Refine ITI best
practices formalization

&

Refine ITI topology A\ 4
classification

Enforce best practices
adoption

Fig.1.6 @ Roadmap (best practices)

We believe that the formalization of best practices should be targeted for specific ITI topologies. A
well-formedness rule suitable for one topology may not be applicable to other topologies. Therefore,
we plan to specialize best practices per topologe Will then use the automatic topology classifier
to select the most appropriate rules to verify for a given ITI, in order to improve our proposed
technique for detecting ITI best practices violation. We plan to test this improved version upon the
previousy mentioned sample of ITIs structural data, thus proving the feasibility of our proposed

framework for best practices enforcement ("TO BE" stateignl.6).
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1.5.2 TCO forecast roadmap

To forecast the TCO we first need to identify which are its driving forces. One of our claims is that the
complexity of an ITI is one of them. Our strategy to validate this claim is to perform an analysis of
variance in TCO due to ITI coepty. For that purpose we will use the sample of complexity metrics
mentioned in the previous section as independent variable descriptors and a sample of ITI financial
indicators (taken from the same ITls as the ones from where the complexity metriccolzeted)

to compose a TCO descriptor (dependent variable). For the sake of clarity and replicability, those
financial indicators will be formalized upon an ITI costs ontology. The expected outcome of this
partial roadmap, represented by CVC (Cost Ve@&umplexity) inFig.1.7 is the statistical evidence

that ITI complexity influences TCO and the quantification of that influence (e.g. percentage of the

variation inTCO that is explained by the variation in ITI complexity).

Cost Versus Complexity
(Data from several ITlIs)

Model ITls structure

Build structural ”
data sample
ITls costs
ontology

Formalize ITI
complexity metrics

Collect complexity ‘.’

metrics 2

Formalize ITI

financial indicators

Collect ITI ”
financial data
Collect ITI ”
financial indicators

Assess influence of ITI
complexity on TCO

Fig.1.7 @ Roadmap (cost versus complexity)
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The second part of this roadmap is representefio 1.8 and takes the CVC conclusions as input.
To forecast TCO for a specific ITI we will combine a time series of the evolution of its complexity with
another time series of its previously knownQ<xC The latter are calculated on the basis of a set of
financial indicators, using the same approach as that described in the previous paragraph, but for
one ITI only, throughout time.

In the scope of this dissertation we have performed a study of theugieol of ITI complexity ("AS
IS state" inFig.1.8). This intermediate step is in our view an interesting step forward, since TCO
evolution will be influenced by ITdomplexity evolution. Besides, this study has allowed us to
experiment with the time series techniques that will be later required to achieve our research

objective of proposing a TCO estimation method.

Forecast TCO
(Data from same ITI)

Model ITls structure

Build ITI ’
historical structural

data sample

Formalize ITI
complexity metrics

Collect ITI ’
structural metrics
time series
Analysis of ITI
structure evolution

ITls costs
ontology

Build ITI historical ,”
financial data sample

Collect ITI financial )”
indicators time series

Formalize ITI
financial indicators

Assess influence of IT)
complexity on TCO

Forecast ITI TCO
evolution

Fig.1.8 @ Roadmap (best practices)
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1.6 Expected contributions

As we have seen in the previous sections evaluating ITIs is a very important concetmakege.

This dissertation is a step towards the development of a formal approach based on metamodels to
evalude ITls. The main motivation of this work is theeed to evaluatedifferent aspects ofarge
distributedITIs in orderto help and support decisions of IT decision makers.

There are currently a set of commercial initiatives, processes and tools develmped
organizations that allowhe evaluaion of some aspects of IS Howevernone of them supporta
consistent and formal approach to evaluate these infrastructures in a quantitative way. In this
dissertation we will propose anll@valuation methodolgy that can automatically capture data from
a particular infrastructure and represent it upon a given metamodel. Using this approach can lead to
the following benefits:

1 Represens and increasethe knowledge a ITI organizationg increasing knowledgean

foster theproductivity of IT professionals and support and lead to better decisions regarding
operation, maintenance and evolution ofi$T

1 Metrics to measure complexity ¢ knowing the complexity normally reduces server

proliferation which often contribute significantly to the complexity and cost ofsiT

1 Allows comparisons of ITIs oveime ¢ analyzingthe chronological growth of I allows a

better understanding of the impact of policies or strategies adopted in the past and the
forecast of ITls evolign and to answer questions suahkhat factors contribute to control
the unstructured growth othe ITls

1 Allows comparisons of ITIs of different organizatiomsthe comparison processan be

useful in an acquisition or merger process between organizations

1 Check if the ITfollows organization best practiceg The implementation of a process that

checls if best practices are being followed, che usefulfor several reasonssuch as the
detection ofhuman errors that could lead to problems such as seoraretwork downtime.
The implementation of best practices and the detection of {sompliancescan increase
servers and network availability, increase staff efficiencies and checkeg@idorcement,
for compliancewith regulatory standards such a&$lPAA (Health Insurance Portability and
Accountability Act)SarbanegOxley (SOXamong others;

9 Identify potential problems inthe ITl ¢ identifying problems before they happen helps

prevent critical situations.
We propose a precise and flexible sadut framework, based on metamodels, which can be used
as a foundation asset fdhe quantitative evaluation ofTIs We expect that this framework can help

those directly or indirectly involved witlTIsto do a better job in what concerns the management
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and evolution ofITls The proposed approach is based on metamodatg] defineshow we can
capture ITIsobjects and their settings and instantiate then on models. With the Tl information
available on models, we present an approach that can be used taatxhe required information
from the IT, facilitating the task of understanding the various components oflThiand how they
are related.

We have formalized the definition adeveral complexity metrics ansliccessfullyollectedthem
from large real wrld ITIs Those metrics can be used in calculating and estimating several ITI aspects
such as theisize, theircomplexity, their evolutionor used in combination with other indicators to
calculate the TCO.

This approach contributes to productivig@ins, hrough the possibility of running queries against
ITls We also provide an approach, where organizations can write their own best practices, in order
to help them todetect infrastructural norcomplianceconfigurations. In summary, we expect that
with an approach to quantitative evaluai@iswe can increasehe efficiency and effectiveness of
ITls reducing costs, simplifying day to day management activities and mBAKsmore robust and

more agile.

1.7 Document structure and typographical conventions

To facilitate and simplify the reading of this document, the structure is organizeliv chapters,

each with a context. The content of each chapter is as follows:
Chapter 2describegelated work relevant to the understaiing and evaluation of distributed ITls.
For that purpose this chapter presents taxonomy, and a survey built of eight documents related
with evaluation studies and evaluates these eight documents using the created taxonomy. Finally

this chapter presents eomparative analysis of these evaluations and presents some findings.

Chapter 3introduces theMeta-Model Driven Measuremerdpproach, presents several modeling
languagesand performs a comparative review dhree different ITiIsmodeling languagesThe
remainingof the chapter isdedicated to the selection of a modeling language to work throughout

this dissertation and to present severnsiderations regarding the chosemodelinglanguage.

Chapter 4describes how the chosen modeling language will hgphed using the M2DM approach
and introduces important concepts such as metamodel semantics enforcement and the ITILib. The
last section of this chapter is dedicated to a stypstep description of every component of our

approachto evaluate ITIs.
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Chaper 5applies the approach described in chapteo evaluate different perspectives of an ITI.
There is a section dedicated to the evaluation from a sizing perspective with a real case study,
another section dedicated to the evaluation of complexity witrefdifferent case studies and a

last section dedicated tthe application of best practices to ITEhere is also formalization of

rules for best practices compliance verificatiothathe OCL constraint language.

Chapter 6 is dedicated to thedetection of network topologies based upon logistic regression
techniques. In this chapter with the help of the multinomial logistic regression we created a
model that can be used to detect the network topology ITIsilOstrate this in the last section
presentswe applied the created model to ten real ITIs collected from different organizations that

were slightly modified to guarantee the confidentiality of the data

Chapter 7 presents the conclusions and the future work. It starts by summarizing the
contributions of this dissertation, present sontkereads to their validityand outlines several

directionsfor future researchwork.

To clearly distinguish semantically different elemesutsl provide a visual hint to the reader, this
dissertationuses the following typographical conventions:
9 ltalic scripthighlights important key words, scientific terms, methods and tools carrying
special meaning in thieechnical or scientific literature;

9 Bold facedenotes table headers and items in enumerations.
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2.1 Taxonomy for supporting the survey

In this section we will describe related work relevant to the understanding and evaluation of
distributed ITIs.To allow comparisons among different studies wequire a set of comparison
criteria. The first three chosen critericgmplexity evaluationewolution analysisand best practices
assessmentcorrespond to three possible views in assessing ITIs that are further explored in this
dissertation. Thanodelingand characterizationcriteria intend to cover the aspects related to the
description of the dmain concepts. Theext two criteria classify how the ITdata collectionprocess

was conducted and the resultirrgmplerepresentativeness.

2.1.1 Complexity evaluation

As discussed in chaptér the complexity of an ITI should be taken into consideration for managing
important aspects such as TCO evaluation or evolution analysis. That complexity is related with
software, hardware onetwork componentsThe categories that have been identified for classifying
this criterion are the following:

Strongc All components affecting the complexity of an i@ aonsidered in the assessment;

Moderate ¢ The majority of components affecting tlewmplexity of an ITlra considered in the

assessment;

Weak ¢ Only a few components affecting the complexity of an Ifid eonsidered in the

assessment;

Noneg There is no explicit reference of complexity assessment being performed

2.1.2 Evolution analysis

In order to accommodatefuture changes and align ITI with business we must analyze it in a
chronological perspective. There are several advantages of performing an ITI evolution analysis such
as the undersinding of past growth, predictg the future growth performing comparisons or
documening ITls, among other aspects. While performing an evolution analysis, we must consider
that ITIs have an associated lifel®; with a set of phases that includasquisition, deployment, and
maintenance, until beinglecommissionedThe categories that have been identified for classifying
this criterion are the following:

Strong ¢ The conducted assessment takes the full ITI lifecycle into consideration and the

individual contributions of each phase are clearly desckibe
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Moderate ¢ The conducted assessment takes the full ITI lifecycle into consideration but few
details are provided regarding the individual contributions of each phase;

Weak ¢ The conducted assessment only covers a part of the ITI lifecycle, althoughksaenof
evolution is discussed;

None¢ The conducted assessment does not perform any kind of evolution analysis.

2.1.3 Best practices assessment

Several frameworks suggesting best practices for ITls have been proposed in the literature. However,
from the evaduation point of view, we would like to assess if their application is being followed in
practice (e.g. in a given ITThe categories that have been identified for classifying this criterion are
the following:
Strong ¢ Best practices are formally defineahd the assessment of their adoption is carried out
automatically, based upon that definitipn
Moderate ¢ The use of best practices is envisioned and their specification is clearly expressed or
evidence is provided on the way that is (or can be) usedsess their adoptign
Weak¢ The use of best practices is envisioned but their specification is not clearly expressed and
no evidence is provided on the way that is (or can be) used to assess their agloption

None- There are no references to best practideshe study.

2.1.4 ITI modeling

To perform any kind of evaluation we should be able to describe as objectively as possible the
semantics of the entities being evaluated, their interrelationships and constraints. For that purpose
we should use a descriptioariguagg(usually using a diagrammatic notatiompyeferably with a well
defined metamodel that enforces models' wldrmedness. Those description languages can range
from domain specific ones (a DSL for ITIs) to general purpose description languages. The
corresponding categories that have been identified for classifying this criterion are the following

Strong¢ the assessmenis performed upon a DSL for ITls with a formalized metamodel;

Moderate - the assessments performed upon a general purposiescription language with a

formalized metamodel;

Weak - the assessmentis performed upon a description language without a formalized

metamodel;

None- the assessmenis performed without an explicit support of a description language.
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2.1.5 ITl characterization

Toallow performingany kind of causal analysis, hypothesis testing or forecasting, we need to identify
and describe the different attributes or characteristics that describe an ITI. That description should
be as objective as possible to allow the compdiyband replication of evaluations. Preferably, that
description would support the automatic collection of values of those attributes. The proposed
categories for this criterion are the following:
Strongq the attributes or characteristics of thelldre defined with the use of a formal description
language (e.g. using an algebraic notatiwriirst order predicatecalculu$ upon the metamodel,
therefore with no ambiguity
Moderate ¢ the attributes or characteristics of thell@re defined usinga formal description
language but with no clear reference to the underlying metamodel;
Weak- the attributes or characteristics of the ITI are defined using natural language only;

None- the attributes or characteristics that are relevant for assessing the ITHarexplicitly.

2.1.6 Data collection

Data collection aims at instantiating the adopted metamodel. In other words we need to reify the
concepts that are expressed in the chosen ITIs' modeling language. Unless it is automated, data
collection will probably be the most costly activity in ITleassnent. We propose the following
categories:

Strongg The collection process is largely automated;

Moderate ¢ The collection process was at least partly automated,;

Weak ¢ The data collection process was entirely manual (e.g. based on user surveys,

guestonnaires or interviews)

None¢ There are no references to the data collection process used.

2.1.7 Sample

Assessment is an issue that can be discussed conceptually, but in the end it will only make sense if is
applied to real world case studies. Thereforeisiimportant to categorize the kind of samples that
have been used in related works. The proposed categories are the following:

Strongq The use sample includes data from multiple ITls throughout time;

Moderate - The used sample includes data from multiple ITIs in a given moment in time or from a

single ITI throughout time;
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Weak- The used sample includes data from a grigl in a given moment in time;

None¢ There is no evidence that data collection upon&nwas conducted.

2.1.8 Results validation

All assessment exercisaee finalizedby presenting their conclusions. However, the techniques used
to derive and validate those conclusions can have very distinct levels of preciseness. We have
considered the followng categories
Strongc¢ Independent teams have crosbiecked the presented results (external validatjon)
Moderate ¢ Assessment hypothesis are tested against a dangmd threats to validity are
identified;
Weak¢ Conclusions are based upon descripttatistics on a sample;

None¢ Informal conclusions are drawn based upon direct observation and "gut feeling"

2.2 Survey

In the lastyearsthere was a significant growth in terms of the numbelpafpers reports, meeings,
booksand studiesthat performed evaluations and analysis in organizatiomish the aim of helping
ClOs to make better decisions regardihg waythey purchase, upgrade or replace théiis.
To understand, what is the current state of the art with these evaluations, we collessteenty
public documentsfrom different sources and available in Internet to analyides (complete list is
available inAppendix D). From this list we decided to perform a deeper analysis with the taxonomy
presented in sectior2.1. To perform the analysis we decided to consider only documents no older
than 2004, with references to concepts related with this dissertation (such as complexity and best
practices TCQ and withinformation regarding the methodology used to perform the evaluatibime
selected documents are availableTiable2.1.

It is important to point outthat our objedive in reviewing thesalocumentswas not toattempt
to draw conclusions about the relative merits of theeasured aspectbut insteadassessing the

evaluation methodology using the previous defined taxonomy.
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Table2.1 ¢ Documents selectedor analysis

N° | Evaluation @bcument Name Performedby

Measuring and Management TCO for Tetra

1 [Juurakko, 2004] NokiaCorporation
Networks

2 [DiDio, 2004b, DiDio, 2004a]| Linux, UNIX and Windows TCO Comparison Yankee Grougorp.

3 [Cybersource, et al., 2004] Llnuxvswlndows- Total Cost of Ownership Cybersource Pty
Comparison

TCO Research in EnteggiComputing (Linux,
Windows NTand Windows 2000/2003)
The Business Value of Migrating from Oracle to S

4 [Wang, et al., 2005] CCWResearch

5 [CIOview, 2005] ClOview Corporation

Server 2005
. Reducing TCO with Windows Vistuantified Wipro Technologies
6 [Wipro, etal., 2007] Savings for Mobile PCs GCR Custom Research
7 [Jutras, 2007] -Cl;t;?n-pl;ztrﬁ:egog of ERP Ownership in-Blize Aberdeen Group, Inc.
8 | [Troni, et al., 2007] PDA and Smartphone: 2007 Update Gartner, Inc.

To better understandthese studies,the sections2.2.1 to 2.2.8 give an overview ofevery
documentin Table2.1 and summarie the results achieved. Finally, wkassif each documentising

the definedtaxonomy.

2.2.1 Evaluation 1 8 [Juurakko, 2004]

This study is focused aneasuring andnanaging the TCO for Tetra Networks. This study details how
capital,implementation and operational expenditures contribute to TCO and how to optimize Tetra

bSi62N] Q4 ¢/ ho

This study concludes that the costs associated with capital expenditures (CAPEX) such as the
network solution, infrastructure or terminals and the cos#ssociated with implementation
expenditure (IMPEX) such as building the network are not the biggest elements of TCO. The costs
associated with keeping the network up and running or operating expenditures (OPEX), account for
50% to 80%f the costdn a ten years period.

Total Cost of Ownership
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Fig.2.1 @ Total Cost of Ownership for TETRA networks (soytairakko, 2004)
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The study also mentiathat the network economy comes from optimized CAPEX, OPEX and
IMPEXHowever it makes no references regarding how the application of best practices can influence
the TCO. During the study several networks are presenkmvever the impact of network
complexity on the TCO is also moesented In terms of lifecycle coststhere is a separation of costs
per categories (CAPEX, OPEX, IMPEX), but there is no detail in terms of the costs that are measured in
each category. The study provides shieside comparison with six different networkslowever
little or no detail is povided in terms of the TC&sessmentethodology, such as how was the data

collected orhow the values were obtained.

Table2.2 ¢ Classification of study 1

Category Classification
Complexity evaluation None
Evolution analysis Moderate
Best practices assessment None
ITI modeling None
ITI characterization Weak
Data collection None
Sample Strong
Results validation Moderate

2.2.2 Evaluation 2 3 [DiDio, 2004b, DiDio, 20044a]

This studywas created byrankee Groupnd is divided in two reports. The purpose of #tady isto
determine the TCO and ROI of Limmompared with Windows and UNIX in specific corporate user

scenarios.

This study concluded that there is no operating system that can fulfill the needs of all companies.
Each company should make a reaisissessment of existing operating systems and decide whether
0KS OdzNNBy Ul AYFNI &0GNHzOGdzNBE YSSGa GKS 321 fa Fyl
extensive researctLinux distrilutors aregrowing monthly. LinuX)NIX and Windows platforms are
mature and many large enterprises made significant investmemtthem. There is no technical
advantage in switching platformaccording to this studyOnly a small minority (4 percent) of UNIX
users and about 10 percent of Windows users has the desireitotsplatforms.The study makes no
references to the impact that the application of best practices to Windows, Linux or Unix operating
systemamay have ormTCO. There are some references to "hidden" costs such as the interoperability,
integration and the cst of deployment applicatiorHowever there are no references to the impact

that the operating systems complexity can have on TCO. In terms of the methodology the Yankee
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Groupperformed a set of surveys to obtain the data and most of the categories regptie life

cycle costs are presentedHowever their study does not preseninformation regarding the

operational costs of operating systems over a period of time.

Table2.3 ¢ Classification of study 2

Category

Classification

Complexity evaluation

None

Evolution analysis

Moderate

Best practices assessment

None

ITI modeling

None

ITI characterization

Weak

Data collection

Weak

Sample

Weak

Results validation

Moderate

2.2.3 Evaluation

This study was created

3 d [Cybersource, et al., 2004]

by Cybersource in 2004 and compares the TCO of running Linux versus

Windows in the enterprise. The study represents an update of a previous study also from

Cybersource in 2002

This studyreported that Linux was 36% cheaper than Windows, when taking into account the

software cost as well as service, support and upgra@ibs study also indicated some issues to the

study 2[DiDio, 2004b, DiDio, 2004eggarding how the surveys were performed and that the mailing

list used was operated by a Microsoft rifer. In terms of the methodology, the results were

obtained from a small size organization and encompass two scenarios (existing hardware and

purchased new hardware). Most of the L-ifgcle costs are presented in the study and the saving

achievements bywsing one solution are also presented. There are no references to the impact of

complexity or the application of best practices to the TCO.

Table2.4 ¢ Classification of study 3

Category

Classification

Complexity evaluation

None

Evolution analysis

Moderate

Best practices assessment

None

ITI modeling

None

ITI characterization

Weak

Data collection

Weak

Sample

Weak

Results validation

Moderate
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2.2.4 Evaluation 4 8 [Wang, et al., 2005]

This resarchcalculates the TC@ several workloads ianterprise and medium size organizations in
china The study comparethe comprehensive sets of costs for systemsning Linux, Widows NT
and Windows 2000/2003.

This research concludes that organizations can beneficiate with the use of Windows 2000 Server
and Windows Server 2003 over Linukxccording to the calculations hardware acquisition is
responsible for 35,4% of TCO while operation and administration costgeaponsible for 33% of
TCO. The study also shows that the TCO of using Linux for database, file and print services or mail is
higher than in Windows, lower for web servers and similar for networking sefhisresearch also
concludes that complexitpf IT systems has a significant impact on TCO and that comparable to

Linux, there are TCO advantages in using Windows 2000 and Windows 2003.

Table2.5 ¢ Classification of study 4

Category Classification
Complexity evaluation Strong
Evolution analysis Strong
Best practices assessment Strong
ITI modeling None
ITI characterization Weak
Data collection Weak
Sample Strong
Results validation Moderate

2.2.5 Evaluation 5 8 [CIOview, 2005]

This research outlines the advantages of migrating databases from Oracle to SQL $enesides
side-by-side Total Cost of Ownership (T\Gf@mparisorbetween Oracle and SQL Server 2005 for a

variety of the most common database situations.

The study found that the hidden costs of doing nothing with an existing Oracle database may
exceed the costs of acquiring an entirely new hardware arftivaoe architecture. According to this
study SQL Server 2005 offers significantly improved price/performance and reliability over previous
versions.In terms of the methodology, the TCO study represents a period of three years and the
amount of savings imigrating to SQL Server 2005 is calculated. Most of theckdie costs are
presented in the study with detailed values for each category. In terms of complexity there is a scale

of 1 to 10 regarding database complexity and the impact of complexity ¢silatdd in terms of
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migration effort. There are some references to the application of best practices, however potential

saving of applying best practices are not calculated as part of the TCO.

Microsoft Windows Savings Sun Solaris Microsoft Windows
Total: $172,942 Total: $2,832,309 Total: $2,659,368

B servers ( - $279,5556)
B Software { $4,409 )
Storage ( - $32,956 )
W Network ( - $26,336)
[

Services ( - $20,478 )
Facilities ( $56,087 )
Training ( - $102,174 )
Personnel ( $13,704 ) ﬁ
Downtime ( $179,358 ) ==
TCA TCA

O

B Support ( $380,884 ) LCO ACO
Acquisition: $-.52 m Acquisition Ongoing Acguisition Ongoing
Ongoing: $.69 m $.29m $2.54 m 5.81m $1.85m

Fig.2.2 @ Extending Oracle 8i or migrating to SQL Server (souiC&view, 2005]

Table2.6 ¢ Classification of study 5

Category Classification
Complexity evaluation Moderate
Evolution analysis Strong
Best practices assessment Weak
ITI modeling None
ITI characterization Weak
Data collection Moderate
Sample Moderate
Results validation Moderate

2.2.6 Evaluation 6 & [Wipro, et al., 2007]

This study objective was to quantify savings for mobile PCs (notebook PCs, Taldeid ROsa
Mobile PCslising Microsoft Windows Vista Operating System.

The study found thawith the adoption of Windows Vista the potential TCO savings per mobile
PCs per year is $605. This is achieved through the utilization of Windows Vista benefits (security,
desktop engineering, service desk, user labor, hardware and software), the imgkgioarof best
practices through the use of "infrastructure optimization" and the use of Microsoft Desktop
Optimization Pack (MDOP). The study provides-Bidside comparison with Windows XP. The TCO
methodology to collect information was based on surviyd31 organizations from four different

industries.
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Table2.7 ¢ Classification of study 6

Category

Classification

Complexity evaluation

Weak

Evolution analysis

Moderate

Best practices assessment

Strong

ITI modeling

None

ITI characterization

Weak

Data collection

Weak

Sample

Weak

Results validation

Weak

2.2.7 Evaluation 7 & [Jutras, 2007]

This studyis intended to analyze the TCO of six different ERP solution providers in terms of software,

services and maintenance of méize companies with revenues between $50iomilland $1 billion.

The study found that as the company grows, the number of users goes up along with total cost of

software and services, however the maintenance costs did not growth in a linear fashion as the

others. The study presented the average sogér user by company size, the software and services

costs as well as the total cost by vend®hisstudy also found that TCO proven to be a significant

factor in software selection however is also strongly recommended to estimate ROI.

Table2.8 ¢ Classification of study 7

Category

Classification

Complexity evaluation

None

Evolution analysis

Weak

Best practices assessment

None

ITI modeling

None

ITI characterization

Weak

Data collection

None

Sample

Weak

Results validation

Moderate

2.2.8 Evaluation 8 & [Troni, et al., 2007]

This study analyzes the TCO for personal digdsistants (PDAs) and smartphoresl is an update

to other similar study performed in 200Zhis studyaimsto help organizationsto understand the

cost implicationsssociated with procuring and supporting mobile deviteglan their deployments

more effectively and to investigate areas for potential costs saving
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The study found thaPDA and smartphone TCO declined by £b%paring with 2004. The study
also found thatacquisition cost of the mobile devicsrepresentonly 10% of the overall TCO with
communication costs representing more than 35%. The costs associated with hardware and software
increase, while the costs associated with operations, administration aneusei decrease, mostly
because organization have more mature processes in placeimapiémented best practices. This

study also mentions that the TCO is highly dependent on the complexity of applications.

Administration
Th

Operations
14% Service (Voice/Data)

36%

End-User Operations
19%

Hardware and
Software
24%

Fig.2.3¢@ Average PDA and Smartphone TCO (souf€eoni, et al., 2007)

Table2.9 ¢ Classification of study 8

Category Classification
Complexity evaluation Weak
Evolution analysis Strong
Best practices assessment Weak
ITI modeling None
ITI characterization Weak
Data collection None
Sample Weak
Results validation Weak

2.3 Comparative analysis

To perform the comparative analysis we decided to create a table where the rows represent the
categories for evaluation identified in taxonomy andlumns are the selecteévaluations. The
intersection between rows and columns are a symbol correspondetitgacategory(according to
legend). One of the deliverables of this dissertation that will be detailed in chagtes a
methodological approach to perform ITIs evaluationater we willclassify ar evaluation approach

using thigaxonomy.Table2.10 presents thecomparative analysis.
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Table2.10@ Comparative analysis dffl evaluations

<
()
=
c [}
S 2
S 2 7 S c
3 2 © g g
> = 0 N 5 @
@ c e o S =1 o
> S 2 £ 2 8 T
= = 9 D < L >
Q o - © = o @ (%)
o =] Q Q e © o =
£ 5 B E S g £ 2
Survey S it & = = a) & 14
[Juurakko, 2004] T Ya T T 1 T R Ya
[DiDio, 2004b, DiDio, 2004a] T Ya T T 1 1 1 Ya
[Cybersource, et al., 2004] T v, T T 1 1 1 1,
[Wang, et al., 2005] s s R T 1 1 . Y,
[CIOview, 2005] Ya s 1 T 1 Ya Ya Ya
[Wipro, et al., 2007] 1 Yy R T 1 1 1 1
[Jutras, 2007] T 1 T T 1 T 1 Ya
[Troni, et &, 2007] 1 , 1 T 1 T 1 1

Legend; Strong ¥ Moderate * Weak 1 None

Based upon the analysis and classification o#@®cuments we can conclude that evaluating an
ITlis a complex activitywe found that the majority of thevaluations

1 Havedifferent methodologiesc there is no consisteng among studies regarding the used

methodology. The processes used to collect information, the duration of the procdhkses,
type of analysisthe number of years of the study, are just some examptes eample we
found thatsome studies considered a period of three years while othersidered a period

of five years.Somestudiesdo not mention the process used to obtain the data, some
mention questionnaires or surveys, others face to face intervieatbers telephone
interviews others marketasearch and some a mix of these;

1 Do not coverthe entire life-cycle of costs; there is some consistency in the understanding

that the acquisition costs are only part of the costs in the majority of the studiesetrier

the other costs collected and analyzed differ from study to studigt all separate direct
costs from indirect costs and present detailed descriptions of eachasoptesented in the
Gartner "Chart of AccountgGartner, 2003] We also found that mst do not cover the
impact of complexity on TCO and those who cover do not mention if the complexity is
associated with ITI as a whole, with software, hardwaretwork or others aspectsThe
same applies to other aspects such the adoption of best practices among others;

1 Have different processes to perform comparisons the process used to perform

comparisons also differ from study to studihere are a substanfimumber of studies that
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perform comparisondased on average, others based upon estimations and others do not

perform comparisons at all.

With the analysis othese studies that range between 2003 and 2007, wleservethat based
upon another review beteen 1997 and 200fMacCormack, 2003}the state of practice fothese
evaluationscontinues to bepoor.

All these findings regarding the measorent of TCO suggesa clear need foan TCCevaluation
methodologythat canclear define rules and guidelines regarding how the whole process should be
performed. Creating a TCO evaluation methodology to abboganizations of any kind to perform
TCO analysis based upon the same categories using the same processes and methods are a very
interesting and challenge task, which solves or minimizes most of problems identified.

With the ITlevaluation methodology thawe will introduce in chapters ahease will not provide
a TCO evaluation methodology, but we expect to simplify the TCO calculation with the data and
information that we can gather from infrastructuré®ugh the various analyses that we will be able

to perform in ITls.
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The chapter 3 describes what M2DM is and performs a comparative review of three different ITls
modeling languages, evaluated with the purpose of selecting one to work with. The rest of this
chapter is dedicated to provide more information regarding thesenmodeling language and the

work performed.
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3.1 Introduction

To evaluate infrastructuis there has to be a way to represent all components that are part diran
and their relations. To represent all the components we need a common language that weecam
create models that capture all the relevant knowledge of tfig¢in a readable, searchable and
reusable way

Sinceseveral model driven approaches specificaBdrave been proposedye evaluatesome of

themto choose the one that best fulithe goal of performing ITI evaluations

3.2 Meta -Model Driven Measurement (M2DM)

To perform a quantitative evaluation we must be able to express some descriptive variables on a
more than ordinal scale on our domain of discourse (DoD). In order to achieve thaiusteagree

on what we are talking about, that is, we need a well understood representation of our DoD. This is
where ontologies come to the rescue.

Ontology is the science of what is, of the kinds and structures of the objects, properties and
relations inevery area of realitySmith, 2003] However, in Computer Science, we use the word
G2yid2t238¢é¢ Ay I Y2NB f22aSft @ tatioh & the rél@antRcénaepta y I G S |
and their relationships in a given domain. If that domain is the one of modeling thstead of
talking about ad Y2 RSt Ay3 2y d2t238¢3x ¢S aavwie Ortt AdG |
formally defining an ontology and generic languages, as well as despagific ones, such as OWL
[McGuinness, et al., 200dhave been proposed for this task. In the scope of metamodéliegmost
widely used ontology language is UML, by using roktas diagrams enriched wi@bject Constraint
Language QCI. constraints[Cranefield, et al., 1999hs happens with aMOF (MetaObject Facity)
based metamodels published by the Object Management Group (OMG).

Since we have identified the need for a metamodel, we turn our attention to the metrics
definition and collection problems. Metrics should be formally defined to avoid subjectivity in the
interpretation and in the implementation of collection instruments. In tHissertation,we will use
the Metamodel Driven Measurement (M2DMe@chnique in which metrics are defined as OCL
expressions upon thadopted metanodel. In addition to the form#ly granted by the use of this
constraint language, OCL expressions can be automatically evaluated upon the instantiated
metamodel using aliTl evaluator componeniThe M2DM technique was originally proposedBrito
e Abreu, 2001ipon the GOODLY metamodBrito e Abreu, et al., 1997TheM2DM techniquewas
useal in several distinct contexts, such as the ones of defioibjgct oriented QO design metrics

based upon the UML 1.x metamod®&aroni, et al., 2002, Baroni, et al., 2008kpressing objeet
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relational database schema metrics based upon the Common Warehouse Metamodel (CWM)
[Baroni, et al., 2004]evaluating components usability upon the UML 2.0 metamodgbouldo, et

al., 2004b, Gouldo, et al., 2004a@r assessing components composition using the CORBA
Components Metamodel (CCNGouléo, et al., 2005b, Goulad, &., 2005a]In the following section

we outline some modeling languages and discuss how we have selected the metamodel for the

purpose of evaluating ITIs.

3.3 Modeling languages

Picking on previous considerations, a metamodel is a modeling ont@odyas such it should
describe the constructs used in the modeling process, their properties and relations. In other words,
a metamodel describes the grammar andnstics of a modeling language.

There are several metamodels constructed with different purposes and it will not be accurate to
assertthat one approach is better than another in all circumstandd® concept of using models for
the management of IT services and infrastructures is rev.nn this section with discuss some of
these existing modeling languagd®at can be used for different pposes irthe ITIs field such as the
Unified Modeling Languag@ML [OMG, 2007a]System Definition Model (SDIMWISFT, 20044nd
Service Modeling Language (S§Rublish, et al., 2006]

3.3.1 Unified Modeling Language

The UML is a visual language for spefifg, visualizing, constructingnd documentingsoftware-
intensive systems, as well as for busin@secess modeling, systems engéering modeling and
representing organizational structureddML is a genergdurpose modeling language that represents

a collection of best engineering practices that have progaccessful in the modeling of large and
complex systems of a wide range of domains. Under the stewardship of the Object Management
DNRdzLJ 6haD0s GKS 'a[ KlFa SYSNHSR la G(KSUML2TFG G
started from theunification of efforts of Grady Booch, Jim Rumbaugh and Ivar Jacobstme late
hnQad ! fpubliskedboakKkod Yheir ownbjectoriented methodologies the Boochmethod
[Booch, 1994]0bject Modeling Technique (OMRumbaugh, 19964nd ObjectOriented Software
Engineering (OOSIE)acobson, 1995fespectively. This unification of efforts succeeded andL
becare ade factostandard in the modeling community both in industry and academia. With this
unification, oncepts from several OO methods were integrated in Uihat makes UML rich, but

also large.
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3.3.2 System Definition Model

The System Definition Model (SDMjps created by Microsoft and is the central component of an
industry wide initiative calledDynamic Systems Initiative (DSMSFT, 2005]to simplify and
automate how customers design, deploy and operate distributed systems. The SDM was created to
simplify the process of modeling complex IT distributed systems and it was not intended to replace
the standardCommon Information Mod€CIM) [DMTF, 2007pr other CIM implementations such as

the WMI [MSDN, 2008] It provides a modeling layer, which can describe interconnected
relationships and management policies of the distribusgdtem.

The SDMisan XML a SR f I y3dzr 3S T yR Y2RStAy3 LI I GF2NY
for effective management of distributed systems can be created. SDM started as a research project
in Microsoft Researcland the original idea was to create a maddgl language for the next
generation of distributed dynamic computing. As the project became matured, SDM moved from
Microsoft Researcto Microsoft Server and Tools Business Division (@1é8% it was integrated into
aAONRa2FiQa RS QShgehévtSoluiiondiaddttie aVindolvdipsatfoimlitself. The first
practical implementation of SDM was in Visual Studio 2005 Team System and the main goal was to
facilitate the design of distributed systems through design time validation of SDM models. Because
the definition of the underlying SDM language is an evolutionary process, the version that shipped
with Visual Studio 2005 Team System is known as the first version of SDM or SDMv1. The latter was
extended to cover more of the lifecycle and some Microgwéiducts started supporting the SDM
platform concepts, what originated the second version of SDM or SDMv2. Products associated with
this version includedSystem Center Operations Managevhich is able to build up a logical
description of each applicatioit manages, the relationships between the application components
and what dependencies each application component has on other software, operating system
services and even hardware. SDMv2 was never publicly documented, becaussodfflistarted to

work onSDMv3, also know8ervice Modeling language.

3.3.3 Service Modeling Language

TheService Modeling Language (SMtpresents an evolution of SDM and is@pen industrywide
specification that defines a common language for expressing information about ITrecescand
services[Dublish, et al., 2008b]Using theeXensible Markup Language (XMLIML defines a
consistent way to express how computer networks, applications, servers and other IT resources are

described, which can solve the problem of the numerous ways to represent the same IT resource. In

G KN
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multi-vendors evironments, SML simplifies IT, because it provides a way to share information across
different tools and applications and allows the creation of a complete picture of an IT environment.

TheSMLis an XMtbased language for describing and constructingriddels, aiming to promote
the interoperability between heterogeneous components. It allows building models than can be used
across infrastructures components from different venddBublish, et al., 2006]Qustomers
investments inmodels that for instance, captureheir best practicesare preservedSML does not
prescribe a spefic IT model or set of modelBistead, it defines the syntax and semantics that all
SML models must follow: their base vocabulary, the rules of composition, the grammar and the
syrtax. The SMlwas created byhe SML working groupndis based on standards like XML Schema
[Fallsde, et al., 2004and SchematroflSO/IEC, 2004TheSML working group was formed by some
of the key IT industry leaders organizations (BEA, BMC, Cisco, Dell, EMC, HP, IBM, Intel, Microsoft and
Sun) whiclare working together tostandardize thisnodeling language

The working group published the first draft publication on 25 July, 2D06lish, et al., 2006]n
addition to the publication of the SML specification, the companies also announced their intention to
develop a library of core adels to describe generic resources such as network elements, operating
systems, storage devices, desktops, server systems, web servers, a directory service and more. SML
defines a consistent way to describe computer networks, applications, servers agdibtlesources
so that businesses can more easily manage services built on these resources.

The SML is still under development andtba 3rd, March,2008 the working group submitted the
third public working draft of SML version 1.1 for review by W3C nmmland other interested
parties[W3C, 2008h]

3.4 Modeling language selection

To be able to evaluate ITls in a distributed system environment we decided to select a set including
the most recent or well known modekriven approaches, which can be used to achieve this goal with
less effort. That set includegle Unified Model LanguaggOMG, 2004]the System Definition Model
[MSFT, 20044nd theService Modeling Languageublish, et al., 2006]

The purpose othis section is to evaluate the chosen metamodels based on some characteristics
or criteria that we found relevant for the evaluation of ITIs and choose thest appropriate
modeling language to this domain.

To highlight the characteristicdg the variousmodelingapproacheave choose the followingst of

evaluation criterigdo evaluate metamodels:
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1 Expressiveness The modeling language should provide relemvamiverse of discourse (D)
concepts such as client and server computers, network devices, physical and logical
connections, middleware and apgtton components

1 Relevance¢ The modeling language should be supported by a well known organization
committed to its evolution

1 Models availability ¢ We should have access to reabrld ITI models expressed in the
modeling language, or be able to reverse engineer them

1 Metamodel instantiability ¢ From existing or reversengineered models, we must be abl
to instantiate the corresponding metamodel

1 Understandabilityg The required effort tdearn the notation and taecognizethe modeling
and their interrelationshipgsonceptsshould be as small as possible

1 Extensibility¢ The metamodelcan be extendedavith new concepts or existingonceptscan

be further detailed/adopted Extensionshould not cause rgsions of existing definitions.

Each of these characteristics will be applied to the selected modeling languages to allow a

comparison to be made.

3.4.1 Unified Modeling Language

The application ofhe previous characteristics to UML is as follows:

ExpressivenesaJML allows the representation of ITls by gsDeployment Digrams. Thi&ind of
diagram has a limited number of abstractions (physical nodeswaddt components, associations
and dependencies). To increase the representation richness we must use gpeand tagged
values. This option limits models)2 NIi 6 Af AdeéxX ylFIYSte AF 4SS AyiaSyR 2
tool.

RelevanceThe OMG has B committed in the standardization and evolution of UML. After a
sequence of minor revisions that ended in version 1.5, UML went through a major revision, which
resulted in version 2.0. The latest published version is 2J@KG, 2007a, OMG, 2007b]

Models availability: Although a XML basedformat for UML models portability has been
proposed[OMG, 2007chand is supported byeveral tool vendors, the examples of XMl files found in
the web are few and relate mostly to toy examples and to other diagrams (mostly class and use case
ones) ather than deployment diagrams

Most UML tools now support at least some features of UMLRdvever, we coulahot find tools

to capture UML deployment diagrams out of existing ITIs.
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Metamodel instantiability: The UML2.0 metamodel is fragmented across many packages, which
hampers its understandability. Furthermore, the M2DM approach requires sameégamodel
flattening, since knowtT| evaluator componestdo not support the package construct.

Understandability: The concepts of UML, the language and notation are aspects easy to
recognize However due to UML expressiveness, it may be complex arfitullifto read and
understand.

Extensibility: The UML metamodel has three extensibility mechanisms, which are tagged values,
stereotypes and constraints. Tagged valadlew arbitrary information to be attached to model
elements. This extensibility mechami allows users to define new element properties for any model
element. Stereotypesallows sub-classification of model elements. Stereotypes can be used to
introduce additional distinctions between modelements thatare not explicitly supported by the

UML metamodel. Constraints allowew semantic restrictions to be applied to elements.

3.4.2 System Definition Model

The application ofthe previous characteristics to SDM is as follows:

ExpressivenessSDM provides a rich set of constructs to model ITIs, such ssrssresources,
endpoints and different kinds of relationships (containment, communication, hosting, reference or
delegation). Sincéhe SDM scope is much more focused than the one of Utslimetamodel is much
less complex aswhole.

RelevanceThe SDM was a key component of a Microsoft strategy cétledynamic Systems
Initiative (DSI) with the objective of reducing théotal cost of IT operations and infrastructure
management Microsdt is committed to achieve this objective trough the utilization of a modeling
language like SDM and incorpordtén a subset of products.

Models availability: Although some simple models are included for exemplification in Microsoft
products that support SDM, we also could not find examples of realistic models in the Internet.
However, we can easily generate them from any existing ITI, usinG$wbE (ComnrSmparated
values Directory Exchangepol, available on Microsoft server operating systems, that allows us to
use a batch process to bulk expdifil objects and their relations from ahightweight Directory
Access ProtocolLDAPR [Zeilenga, 2006kepository (e.g. Active Directory) into @SV (Comma
Separatel Valuesjile format.

Metamodel instantiability: We have reverse engineered the SDM metamodel, out of the XML
DTD of SDM models made available by Microsoft. We could realize that this metamodel is much less

complex than the UML 2 one.
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Understandability:The concepts of SDM, the language and notation are aspects easy to recognize
and SDM models are easy to read and understand.

Extensibility: The SDM metamodel is extensiblarbugh the software development kit (SDK) and
allows the creation of new SDM resources as additional properties on any logical server or
application. These new resources can be associated with any existing types. SDM supports also the

ability to define newSDM types, likeystemdefinitionsendpointsor relationshipsamongst others.

3.4.3 Service Modeling Language

The application ofhe previous characteristics to SML is as follows:

ExpressivenessSML provides a rich set of constructs for creating models opmoservices and
systems. Depending on the application domain, these models may include information such as
configuration, deployment, monitoring, policy, health, capacity planning, target operating range,
service level agreements and so on.

RelevanceQVIL is a recent joint effort of major players in the IT industry (BEA, BMC, CA, Cisco,
Dell, EMC, HP, IBM, Intel, Microsoft and Sun), being promoted through the World Wide Web
Consortium (W3CJW3C, 20083] an industry forum that develops interoperable technologies
(speciications, guidelines, softwarand tools).

Models availability:Due to its very recent proposal, it is natural that we cannot yet find available
SML tools or model examples.

Metamodel instantability: Although the SML metamodel can be obtained by reverse engineering
the XML DTD of SML, made available at the W3C site, we cannot instantiate it since weydb not
have available models or tools to capture them

Understandability:The concepts of SML, the language and notation are aspects easy to recognize
and SML models are easy to read and understand.

Extensibility: To provide extensibilitand ensure accurate and convenient interchange of the
documents that make up an SML modef a portion of an SML modelas defined an
implementationneutral interchange format that preserves the content and interrelationships among
the documentsThe SMispecification defines a standard format called the SML Interch&ogenat
(SMLIF) that dos that andallows that elements in SML can be extended dontain additional

content and/or attributes from other XML namespadBablish, et al., 2008a]
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3.5 Comparative analysis

To compare the previous characteristics of the modeling languages and choose the one that best
fulfills our needs we will summarize the evaluation ugj an ordinal scalér grading each criteria,
using the following scale of satisfaction:

1 Very Dissatisfiedl point)

7 Dissatisfied(2 points)

1 Somewhat satisfied3 points)

1 Very Satisfied4 points)

To facilitate the comparability process we specified a value (ranging from 1Thelkriteria and
languages are presented rable3.1. According to this scale thmodeling language with an higher

valuewill be the chosen.

Table3.1 ¢ Candidate ITIs modeling languages

Criteria/ language UML SDM SML
Expressiveness 2 3 4
Relevance 4 3 4
Models availability 2 4 1
Metamodel instantiability 3 4 3
Understandability 2 3 3
Extensibility 4 3 4
Total 17 20 19

According to the totalresults presented inTable 3.1 the SDM appears to be the modeling
language that better fulfills our objectiveince it has the higher number of pointdowever sce
SML is an evolution &DM and it wasreated to model omplex IT services and systems, including
their structure, constraints, policies and best practiéesnay sound strange why it has a lower
number of points. The main reason for this is related with the critbt@els availabilitythat was
classified with 1 point due to the fact that when we started this work, the SML was under
developmentwe did not havemuch infamation about thidanguage

According to the results we will ugke first public available version of SDM shippedcbad of
Visual Studio 200%Another important aspect regardin§DMis that we had access to tools that
allowed us to instantiate the metamodel.

In the next sections we will present the SDM structure with "toy" examples to explain the main

SDM definitionsMore details regarding the structure of SDM can be found in appendix A.
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3.6 The chosen metamodel structure

The structure of the SDM is based on three core types or object definitsyste(m endpointsand
resourcey five relationship typescontainment communication hosting referenceand delegatior)
and some optional additions that can be added to the core typesti(igs flows and constraint9g
each of thesare described below and with more detail in appendix.

ThesystemA & G KS & KSI NI a its2ndst bhadicSorn{, dyatemis WrRinddpendently
configuration ofresourcesin the field of software, these resources can represent directories or files,
scripts, XML files and so ,0n the field of hardware they can represent servers, sites, connies{i
power supplies and other components. In the next sections we willsyseemsto represent the
servers and the sites of a distribut&bl

Thesystemaormally haveresourcesand they allow access to its resources or access to resources
on other systems viandpoints For example, aveb service endpoinprovide a means for an
application to expose oconsume veb serviceor a server located in one site replicate data with
other server trough endpoints.

In SDM systems can be atomic or composite. An atomic system is composed directly of resources
while a compositesystem is composed of other systems. In a distribuddeach site is composite
since each site is composed of one or more servers.

In a composite system andpointrepresentsa proxy for an endpoinn other system. Every time
that a system needs to communicate with another system it uses this proxy that will communicate
with a remote proxy endpoint of the other system.

Fig.3.1 shows the application of these core types to [dh The ITI presented has only one site

with the nameListon, one subnet and two servers, which communicate trough endpoints.
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Fig.3.1 @ Application of SDM core types
Table 3.2, summarizes the core types of SDM used latedéscribe elementand to capture

important semantic®f ITL

Table3.2 ¢ SDM core types

SDM Coe Types Description

System Represents standalone entities that perform wadfined tasks in the physical world and a
independently deployable. Systems may make use of other SDM building blocks, including

systems. Interactionamongsystems are explicitly modeled using communication relationships.

Resource Represents a software or hardware element that is not independently deployable in the ph
world. A resource must be deployed as part of a system. Resources can containestihaces but
not endpoints or systems. Resources within an SDM system cannot express dependenc

resources outside the system.

Endpoint Represents a communications interface on a system. Endpoints allow SDM systems tc
communication relationshipwith other systemsEndpoints are used to model the interaction of

system with other systems.

The relationship definitions are used to alltine definition of associationamong SDM systems,
resourcesand endpointsand are refined intocommunication delegation containment reference
andhostingrelationships.

The communicationrelationshipallowsthe interaction between two systems or endpoint§.a
communication relationship does not exist between endpoints, then a connection cannot be

establishedbetween those endpoints. For example, to represent the communicaiongservers
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trough endpoints, we can use the communication relationship. délegationis used to represent a
proxy or delegation relationship between two endpoints. For example arPH€iiver, exposed by a
web application, delegates all communication to the HTTP server endpoint.

The last three SDM relationshipsference containmentand hosting, referenced by the three
key relationshipgMSFT, 2008h]can be organized intderarchy from least specific to most specific,
with the hosting being the most specifand referencebeing thelessspecific That is, a containment
relationship is a more specialized version of a reference relationship and a hosting relationship is a
more specialized version of a containment relationship.

The hosting relationship should be used when the lifetimé one object is dependent of the
lifetime of the other. For instance if we consider a folder with ftlesn, if we deletethat folder all
the filescontainedwill also be deleted. Other characteristics of the hosting relationship are:

1 The hosted object eabe hosted by only one other object;

9 The hosted object cannot host thesting object;

1 The hostingelationshipcanbe nested hierarchically

The containmentrelationship differs from hosting because abject cancontain multiple other
objects; a objectcan be contained by multiple other objegtscontained object cannot contain the
containing objectlf for instance, we consider a group of servers belonging to a site, deleting the site
does not mean that the servers no longer exist.

Thereferencerelationship isusedwhenone type of object uses or works with another, but does
not host or contais the other For examplea web application may use other web application but
they are not hosted or contained.

TheFig.3.2 shows the application of two relationship typethmunicatiorand containmenj to

an ITI with two sites, namddsbonand Paris

lEnd poi;:tb;:ilnlllon]

— V2
;rlntra-site Replication 7 /
e

Connections

7 /

SiteLink
Connection |

Inter-site Replication
Connections

°
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192.168.1.0

[ e Sites k =T
: ResourceDefinition
SystemDefinition L J

Legend
Connections
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p. S l Subnets G ommectone. T Batuween Servers

er:
(Different Sites)
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Fig.3.2 @ Application of SDM relationship types



ITI Modeling 49

According to the characteristics of ITIs and the existing objects presenkeg.32 we summarize

in Table3.3 the mapping between ITls and the SDM metamodel objects.

Table3.3 @ Mapping betweenITI objectsand SDM abstractions

ITI objects | SDM objects Description

Server SystemDefinition TheSystemDefinitiombject will be used to represent objects of "Server" kin

Site SystemDefinition TheSystemDefinitiombject will be used to represent objects of "Site" kind.

Subnet ResourceDefinition The ResourceDefinitioobject will be used to represent objects of "Subne
kind.

Endpoint EndpointDefinition TheEndpointDefinitiorobject will be used to represent objects of "Endpoir
kind.

Connection | CommunicationDefinitior] The CommunicationDefinitiombject will be used to represent relationshiy
among objects.

Belong ContainmentDefinition | TheContainmenbbject will be used toepresent relationships when we nee
to express that an object belongs to another object.

Table 3.4, summarizes the relationships of SDM usedd&scribe elementsand to capture

important semantic®f ITk.

Table3.4 ¢ Relationshipsof SDM

Category Description

Containment Specifies ownership of an SDM object.

Communication | Models an interaction between SDM systems. This relationship is expressed between endpo

each systemThe relationship maglsobe between endpoints on the sansgstem.

Hosting Identifies the execution environment for an SDM object (called the guest). At any given til

guest may have exactly one host

Reference Captures dependencies between resources. The dependency is usually known only to the re

that has the dependency. The SDM v1 does not support the creation of reference relationship:

Delegation Exposes endpoints from nested SDM systems or a resource from a host.

These relationships amongst objeekow that a system can be hosted or contained in another
system what creates a layered model. For examaleASP.NET application is hostedwva server
which ishosted on the operating system, which is hosted in a server. Theseng relationship
allow the model to be layered, so that different concerns can be addressdiffément layers.Each
layer canbe represented in discrete models &@DM documents making the systezasier to build
and understand. The SDM was designed to support four layers, as illustrdted3ds3.

This fourlayered model lets us represent all aspects of atritiuted ITls such ashe structure of
applications systems, the application hosting environment, the network and operating systems
environment and finally the hardware. Th&DM allowsus to define constraints that constrain
systems being hosted on onen@ther. Constraintscan be defined on an SDM system tyfoe

exampleto restrict the kinds of systegwhich it can hostin a distributed infrastructure with servers
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and sites, it could make sense to host a server in a site, but does not make sense doshpsr in

another serverQbjects in each layer can describe constraints on the laysrgeaor below.

*é —z - Applications

Application
Hosting

Logical Machines &
Network Topology

Hardware

)

Hosted ON m————p-

Fig.3.3 ¢ The four layers of SDM

The use of constraints, settings and flows represantonal adlitions that can be added to

systems, endpoints and resources. Each of these additions is descrifed@3.5.

Table3.5¢ Settings, flows and @nstraintsin SDM

Term Description

Settings Create simple value elements, which can then be used to stmnéiguration information. All definitions

can expose settings members, which are called setting declarations within the SDM schema.

Flows Flow passes settings valuesnong members of an object definition andmong participants in

relationships.

Constraints | Capture detailed requirements that depend on the configuration of SDM objects involved

relationship. For example, a constraint may be used to ensuresites cannot host other sites

3.7 Modeling using SDM language

To illustrate the feasibility of our approach, in this section we will show how to instantiate the site
with the nameLisbonpresented inFig.3.1. Thehypotheticalexample of the ITI has only one site with

two servers and one subnet. Latare will use real ITIs with hundreds of servers, sites and subnets.
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Thissection starts with an UML meitabject diagram to illustrate the relations among the objects
of the siteLidon using the SDM language described earlier and next we wrote an SDM document
using SDM syntax.

For understandability sake and also due to the naming constraints in OCL, we have performed a

few transformations on the original names of the metijects inTable3.6:

Table3.6 ¢ Transformations ororiginal object names to be compliant with OCL rules

Object/meaning Replaced Description

o o Purpose Eliminate dots in identifiers, since those are not allowed in OCL

a o awe Example:Subnet id 172.27.226.12%)172 27_226 128)

o Purpose Eliminate slashes in identifiers, since those are not allowed in OCL
are Mask_ Example Subnet mask 172.27.226.128/d%172_27 226_128_Mask_25
Resources SN Purpose To clearly distinguish a subnet from other objects in OCL

Example Subnet 172.27.226.127/25hSN_17227 226 128_Mask_25

Purpose To clearly distinguisa server endpoint from other objects in OCL
EndpointServer | EPSE_ ] )
Example:Server Lisbon 01MHEPSE_Servérisbon 01

Purpose To clearly distinguish a site endpoint from other objects in OCL

EndpointSite EPSI_ o o
Example:Site_LisbonMhEPSI_Sitd.isbon

Purpose To identify objects of type containment from other objects in OCL
Containment _Contains_ | Example: Site Lisbon contains Serveiisbon01 b LisbonContaing

ServerLisbon 01

The Fig. 3.4 shows the SDM document, using SDM syntax to describelilgonsite. The
definition of LisbonSite using the SDM represented fig. 3.4 consists of a document file with
extension.sdmusing a set of XML instructions representing SDM object definitions, that must
conform with the SDM schema to be compiled. The SDM schemapégified in the
SystemDefinibnModel.xsdile available inMicrosoft Visual Studio 2005 Team Edition for Architects
Every document file must have at ledisé following items:

1 Root element calledsystemDefinitionModetith a name attribute I(ine 1 and 2, dfig.3.4);

1 Versionwhichcontains the version of thesdmfile (Line 3, ofrig.3.4);

1 Document languagattribute whichcontains the default language for tltkescriptions found

in the model(Line 4of Fig.3.4);
1 Informationattributes which providedetails about the owner of thesdmfile (Line 6 to 11of
Fig.3.4).
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System Definition ModelSDM syntax to represent a the site with the nahigbon

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

<SystemDefinitionModel

Name="ITInfrastructure"

Version="1.0.0.0"

DocumentLanguage="en"

xmins="http://schemas.microsoft.com/SystemDefinitionModel/2005/1">

<Information>
<FriendlyNamebtisbonSite</FriendlyName>
<CompanyName>Universidade Nova de Lisboa</CompanyName>
<Copyright> Copyright (c) Universidade Nova de Ligkbeghts reserved. </Copyright>
<Description>8mall organization </Description>

</Information>

<SystemDefinition NameElsbori>
</SystemDefinition>

<SystemDefinition Name="Servéx">
</SystemDefinition>

<SystemDefinition Name="Server_02">
</SystemDefinition>

<ResourceDefinition Name="SN_172_27_226_128 Mask_25" />
<ResourceDefinition Name="SN_172_27_226_0_Mask_24"/

<EndpantDefinition Name="EPSE_Sent_d2" />

<EndpointDefinition Name="EPSE_Server_02_d2" />
<EndpointDefinition Name="EPSE_Server_02_fd" />
<EndpointDefinition Name="EPSE_Server_01_fd" />

<ContainmentDefinition Nameklsbon ContainsServer_01
ParentDefinition=Lisbori MemberDefinition="Server01" />
<ContainmentDefinition Name&lsbon ContainsServer_02
ParentDefinition=Lisbori MemberDefinition=Server_02 />
<ContainmentDefinition Nameisbon Contains_SN_172_27_226_128_Mask_25"
ParentDefinition=Lisbori MemberDefinition="SN_172 27 226 128 Mask 25" />
<ContainmentDefinition Nameklsbon Contains SN_172 27 226 0 Mask_ 24"
ParentDefinition=Lisbori MemberDefinition="SN_172_27 226_0_Mask_24" />

<CommunicationDefinition Name="EPSErver_01d2_EPSEerver_02
ServerDefinition="EPS&erver_01d2"
ClientDefinition="EPSEerver_02d2"/>
<CommunicationDefinition Name="EPSErver_02fd2_EPSEerver_01
ServerDefinition="EPS&erver_01fd"
ClientDefinition="EPSEerver_01fd" />
</SystemDefinitionModel>

Fig.3.4 @ SDM definition forLisbonsite
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With the basic structure of an SDM fildefined, we can create thelLisbonsite and servers
Server_0XndServer_02vhich are objects of typ8ystemDefinitionTo define these systems on our
System Definition Model, we have to add tregjuired XML instructbnsto the SDM document filas
presented in lines 13 to 18 &iig.3.4.

These set of XML instructiordefines theLisbonsite and both serversServer_0lknd Server_Q).
With the definition of Lisbonsite in lines 13 and 14, we can move forward and add $hénet
192.168.1.0/25to0 the site, which are an object of the typResourceDefinitianThis resource is
defined in line 2®f Fig.3.4.

To make the communication possible betwealnjects of typeSystemDefinitionendpoints must
be created for eaclsystemDefinitionEndpoints are created when a system needs to communicate
with other systems. In wr example theserver_Olneeds to communicate witrserver_02and
server_02need to communicate witlserver 01 For each communication or connectiome must
havetwo endpoints. One endpoint is considered the client and represents theraythat initiates
the communication or the consumer and the other is the server or the provider and represents the

destination of the communication.

From To

B

Client endpoint Server endpoint

Fig.3.5¢ Clientand ServerEndpoints

To specify thaServer_0Olcommunicates withServer_02and also thatServer_0Zommunicates
with Server_01lwe need to define four endpoints (lines 23 to 26-if.3.4)

With all object defined, we carcreate relationships between them. To establish these relations
we will use the relationshigontainmentDefinitionTo accomplish this taske start by addig both
servers toLisborsite (line 28 to line 31) and then the subnetltisbonsite (line 32 and 33).

Notice that in the relationshipContainmentDefinitionthere is the concept of parent definition
and member definitionParentDefinitions the instane that contains the member, which is the site
in our example MemberDefinitionis the instance that is contained, which are the senarshe
subnet.

Now that we have all objectsand their relationshipsinstantiated we can establish
communicationamongthem. In our example we have two different connections, one that starts on
server_0land ends aterver_02and another that starts aserver_02and ends orserver_01 This
communication between systems can be expressed in SDM, with the relationship

CommuniationDefinition To be able to communicate between systems we have to use the
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endpoints created earlier. In the communication definition there is the conce@ev¥erDefinition
and ClientDefinitionas represented inFig. 3.6 to identify the source and destination of the

information.

From To

B

ClientDefinition ServerDefinition

Fig.3.6 @ ClientDefinitionand ServerDefinition

Sq to establish a communicatiobetween both serverss necessary to add the lines 37 to @2
the modelin Fig.3.4. The firstinstruction (Line 27 to line 3@efines aCommunicationDefinitiowith
0 KS yHPSESSetver 01_d2_EPSE_Senréer 02y ri@sertsBHelcommunication frorserver 02
to server_01 through the wuse of the endpoints. The seconthstruction defines a
CommunicationDefinitiods A (i K {1 KEPSE/ 8eW& 0% d2_EPSE_Serder 01y R NB LINBaSy i a
communication frorreerver_01to server_02hrough the use of the endpoints.

To make sure that the model doast have errors we can compile In order to compile we need
to have installed the SDM Command Line Compiler (SdmC.exe)) ishresponsible for validating
the correctness of asdmfile according to theSDMSchema. Th&DMSchema and SdmC.exe are
installed withMicrosoft Visual Studio 2005 Team Edition for Architéldte SDM compiler can be run
from the commaul line on ansdmfile created.The.sdmfile name to compile is the only required

argument.Fig.3.7 presents a successfully compilationtiogé ITImodel

@/stem DefinitionModel: Successfully compilation of the SDM document in a command prompt \
1  C)\>SDMC ITlinfrastructure.sdm
2
3 Microsoft (R) SDM Compilerersion 1.0.50818.0
4 Copyright (C) Microsoft Corporation. All rights reserved.
B
6  Compiling file: G:ITlinfrastructure.sdm
7
8  Compilation succeeded.
9

C\>_ /

Fig.3.7 @ Compilation of SDM document

@
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This chapterdescribeshe application of the M2DM approaand presents all the components of the
purposed ITI evaluation approach in a stpstep fashion. Somé’Is' wellformedness ruleand the
SDM library for ITI@TILib) will be also presented

55
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4.1 Bootstrapping the application of M2DM

As described in sectio.2 to perform ITI evaluation using the M2DM approach, we need a
metamodel in UML format to express the concepts and the relations of the domain to measure (in
our case ITIs). According to the modeling language selection process performed in sgetimmnd
3.5we decided to use the SDM metamodel to accomplish our goals.

Since theSDM metamodel is provided in XML format and the M2DM approach require a
metamodel expressed in UML class diagram, we decided to convert the original SDM metamodel
XML to a UML class diagram, that willdescribed in thefollowing section. With the metmodel in
the required format we will then be able to formal expressmantics enforcement anghetrics for
ITls using th@CL languagéd-inally the metamodel is loaded and ITls data are instantiated into a
UML tool.

Among the several existing UML tools, ttlikan be used to achieve our goals, we decided to work
with a tool called USBUML based Specification EnvironmenfRichters 2001] This decision was
based upon the reasons that will be presented in sectichld The USE tool was developedMsgrk
Richters at the University of Bremavith the purpose otreating information systems specifications
A specification in USE consists of textual descriptions of the modeling elementdJiMlamodel and

additional integrity constraints specified in tii#bject Constraint Languag@ogolla, et al., 2007]

4.1.1 SDM metamodel conversion

To be able to use the SDM metamodel availableraduct Microsoft Visual Studio 2005 Team Edition
for Architectan the M2DM approachwe performed some conversions to the original metamodel as

presented inFig.4.1.

System Definition = , System Definition
Model Meta- = Model Meta-

model
! (XSD format)

model

1 (XM format) 14 (USE format)

(XSD to XMI)

Fig.4.1@ The SDM metamodel conversion
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The SDM metamodel was provided in W3C XML Schema format (XSD), so the first step consisted
in reverse engineering the SDM schema to XMI forfddML Metadata Interchangéecause most of
UML modeling tools support the XMI formakhe XMI format is a standard that was defiretd
maintained by theOMGto support the exchange of metadata between modeling tools based on the
UML XMI exists in several earlier versions (1.0,dndl 1.2) with 21 being the mostrecent[OMG,
2007c]

To perform the reverse engineering (XSD to XMI) conversion we evaluated several commercial
tools such as th&rterprise Architec{Systems, 2008bRational Ros@iBM, 2008] XMLspyAltova,

2008] ObjecteerindObjecteering, 2008hnd some open source tools suchAagoUML][Tigris, 2008]

and also some academic tools such as "A case tool for developing XML sciidmaxhy, 2004]
Based mainly upon the simplicignd the quality of the results achieved with all these tools, we
decided to perform the reverse engineering of the SDM metamodel with a trial version of the
Enterprise Architectversion 5.1 After importing the SDM metamodel schema and reverse
engineeriry it, we were able to export it to XMl 1.1 fornmaystems, 2008a]

With the SDM metamodel in XMI 1.1 format, the next step was to transform thammedel in
the USE format. To be able to perform this we decided to use some of the work developed in the
QUASAR research groapd we used a parser that transforRational Roséles into the USE format
[QUASAR, 2008F0 we imported the SDM XMl file irfRational Rosewe saved as rose format and
we used the parser to convert thé® metamodel to thdJSE format.

These conversions were also very important to the understandability of the SDM metamodel,
since they allowed us to create an UML class diagram (availalsppendixB). Fig.4.2 shows a
simplified extract of the SDM metamodel including the relevasidel objects and relationships for
the scope of thiglissertation

i

| RelationshipDefiniion

i

containerMernb er .

Mermbe rDe finition
| containmentD efinition |

1
1
QObjectDefinition |
1

ParentDefinition containerParent

serve rlommunication

SE‘FVBFDEfmltIDn communicationServer

SystembDefinition H ResourceDefinition H EndpointDefinition CommunicationDefinition

1
1 ClientDefinition communicationClient

clientCommunization

Fig.4.2 ¢ SDM metamodeto model forITls
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In the definitions ofFig. 4.2 we can observe the core SDM typesy/dtems resourcesand

endpointg and two kinds of relationshipsgntainmentand communicatior).

4.1.2 Metamodel semantics enforcement

To ensue the consistency of our ITI metamodel, waforce some semantics in the metamodel
trough the definition ofWellFormedness iRes shortly referred to as WFR, whiahe expressed as
OClinvariants.The OCL invariants are OCL expressionsrtet be true for all instances tfat type
at any time.This approach is similar to the one used in the UML metamitself, to check its
consistency[Chiorean, et al., 2004]The number and type of WFRs create depends from the
domain.

In the domain of ITls a member cannot be multiple contained (e.g. a server suchses\tbe 01
from our examples, cannot belongimultaneouslyto the site Lisbonand to the siteParis). The
expressiorisUniquespecifieswhether the return parameter is unique or nothe OCL expression to

enforce this semantic is as follows:

/WeII-FormednessRJIe: Member cannot be multiple contained )

context ContainmentDefinition

1
2
3 inv noMultipleContainment:
4

ContainmentDefinition.allinstancegsUniqugMemberDefinition)

Fig.4.3 @ WFR for multiple contained objects

Another example is the semantic enforcement regarding the membership of objects. In ITls
servers must be contained by a site (e.g. feever_0lmust belong to sitd.isbonor to site Paris)

The OCL expression to represent this WFR is as follows:

/WeII-FormednessRJIe: A server must be contained by a site )

context SystemDefinition

1
2
3  inv ServerContainedBySite:
4

IsServer()mplies Container().IsSite()

Fig.4.4 @ WFR for definition of the membership of servers
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A subnet must be contained by site. The subnet is a property of a site and we want to ensure

that all subnets arallocated to sits.

/WeII-Formednessmle: A subnet must be contained by a site )

context ResourceDefinition

1

2

3 inv SubnetContainedBySite:

4 IsSubnet()mplies Container().IsSite()

Fig.4.5 @ WFR for definition of the membership of subnets

Sites and servers cannot be linked to itself. We want to ensure that there are no communications

where the soure and destination are the same.

/WeII-FormednessRJIe: Site and servers cannot be linked to itself \

context SystemDefinition

1
2
3 inv NotMutualConnection:
4

not CommunicationDefinition.allinstancesexists(Client()=self and Server()=self)

Fig.4.6 @ WFR for definition the membership of servers and sites

In a communication we want to ensure that this communication takes part betwserservers

and not between one server and one site or between one subnet and one server.

/WeII-FormednessRJIe: Members allowed in communications among servers \
1 context Communicatiobefinition
2
3 inv ConnectionBetweenServers:
4 ISNTDSConnectiorithplies Server().IsServer() and Client().IsServer()

Fig.4.7 @ WEFR for definition of the types of members allowed in arser communication

From a site perspectivave want to ensure¢hat the source and destinatioare objects of the type

site, to avoid having sites communicating with servers and vice versa.
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/WeII-FormednessRJIe: Members allowed in communications amosites )
1 context CommunicatioDefinition
2
3 inv ConnectionBetweenSites:

\4 IsSiteLink()mplies Server().IsSite() and Client().IsSite() )

Fig.4.8 ¢ WFR for definition of the types of members allowed in a site communication

All endpoints must have a containeWe want to ensure that all endpoints belong to aves or

to a site.
/WeII-FormednessRJIe: Endpoints must have a container )
1 context EndpoinDefinition
2
3 inv noNullContainer:
4 not(ContainmentDef().isUndefined())
(N /

Fig.4.9 @ WFR for definition of the membership of endpoints

4.1.3 The SDM library for ITIs (ITILib)

In this section we give a general idea of how we heremated an SDM library for ITls, callddLib
trough the extension of thesDM metamodel This library is a set adperations hat support the
guantitative assessmentm ITIs.

A model of an ITI, expressed as a SDM model, is an instance of the SDM métdinisdastance
can be seen as a directed graph of metgects 6iteg representing the modelinglements used in
the SDM modehnd the appropriate metdinks €ndpointy among them. By traversing this graph,
we can collect information on the ITI we wantanalyzeThis library is based ddCL expressions to
collect the relevant information from the metdata (metaobjects and metdinks)

Fig.4.10 shows the SDM metmodel with a set of operations to perform quantitative assessment
of ITIsTheFig.4.10only presents a subset of attributes and operations dafitn each class.

More details regarding each of these attributes and operations can be sé@ablaB.2 and Table
B.2 of Appendix B.

We decided to include also more details regarding each of the definitions and the relationships
presented inFig.4.10in a class diagram also presented in Appendikes C1, Fig.C2, Fig.C3, Fig.

C4 of Appendix C).
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4.2 The approach step -by-step
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The methodology consists in an organized and documented set of procedures and guidelines to
perform ITI evaluation. To perform ITI evaluation we defined and created a set of components that
will be detaied later in this chapter and we defined a set of stepsrig.4.11, which must be

followed in order to perform ITI evaluations.
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Step 2
Store ITI data
gathered in CSV

format

Step 1
ScanTlto gather
data

Step 3
Generate meta
instances

Step 6 Step 5
Load ITI meta Load SDM
instances into the Metamodel and

SDM Metamodel ITllib

Step 4
Store ITI meta
instances

Step 8
Display queries
results and reports

Step 7
Run Queries

Step 9
Stastical analysis

Fig.4.11¢ Steps to perform ITI evaluations

Each of these steps is performed by a component of the methodology and each hasc specif

responsibilities as follows:

T

ScanlTlto gather data (step 1) the first step consists in gather dafeom infrastructure.

This step is performed by a component that we callEddata gatherethat is responsible for
gathering data from an organization ITI through queries to directory services repositories;

Store ITI data gathered (step 2)This step islso performed byTI data gatherecomponent

and consists in saving the data gathered in the compotEmtata storeThelT data stords
a repository with data stored in CSV format;

Generate metainstances(step 3)¢ the generation of metdnstances cosists in loading the

ITI data stored in the repository in CSV format, categorizing, transforming and generating
meta-instances in ITI evaluator format. This step is perform by a component dabéa
instances generator

Store ITI metainstances(step 4) ¢ The componentiTI metainstances generatois also

responsible for storing the ITI metastances generated in the componetl Meta-
instances storeThelTl metainstancesstore is a repository that holds the mefastances
ready to be used by the componefitl evaluatoy

Load SDM metamodel(step 5) ¢ this step consists in loading th8DM metamodel
componentinto the ITI evaluatorcomponent. The process of loading tB®M metamodl
componentis performed by Tl evaluatocomponent;

Load ITimeta-instances (step 6§ after loading theSDM metamodetomponentinto the ITI

evaluatorcomponent we can load ITI metimstances generated in step 3. This process is

also performed byiTl ezaluator component and consists in loading data frdifl meta
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instances storeeomponent and instantiate this data into t@DM metamodetomponent
loaded in step 5;

1 Run queries (step 7§ With all the data instantiated in théT| evaluatorcomponent, ITI

stakeholders are able to run queries in the ITI evaluator component to obtain quantitative
results, assess complexity or check constraint violations among other aspects;

91 Display query results and reports (step &)this step is also perforad by ITI evaluator

component and consists in evaluating the queries performed in step 7 and presenting the

results;

9 Statistical Analysigstep 9)¢ This step consists in a deeper analysis of the results provided by
the step 8. This type of analyzes is ortpant for example to predict future grow, to compare
ITls of different organization among other aspects.

Fig.4.12 illustrates the whole process to perform ITI evaluation using the proposed evaluation

approach.
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Fig.4.12 @ Evaluation approaclilustration

The following sections present more detailsthe ITI evaluatioomethodologyregardingeach of
the tools presented irFig.4.12 (ITlI data gather, Instances generator, ITI evaluator and statistical

analyser) and examples of the dateliverable commonly referred as output
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4.2.1 ITlI data gatherer

ThelITldata gathereris a tool (represented ifrig.4.12 as the step X that performsqueries to an
LDAPcompatible directoryserver that stores the X.50Centities (The IT infrastructure)n an
underlying databaserTo better understand this toake will briefly explain the concepts of director
services X.500 and other related concepach as LDAP

The directory services were @pen Systems Interconnection (Qfit)ative to get everyone in
the industry to agree to common network standards t@yide multivendor interoperability These
standards provide aninformation structure model, protocols for communicating directory
information between systems, procedures that allow the directory information to be distributed
among several independent sgsts.

The X.500 is a series of computer networks standards for directory services, develogies by
International Telecommunication Union Telecommunication Standardization-TjlITand the
International Organization for Standardization (IS0 wasdeveloped for storing information about
objects relevant to telecommunications, such as organizations, persons, distributionslists,
servers, subnetstc.

The LDAPcurrently in version 3js an Internet protocol for accessing distributed directory
services that act in accordance with X.500 data and service maddlsvasspecified in a series of
Internet Engineering Task Force (IE$fndard Track Requests forGomments (RFCHKeilenga,
2006] There are several implementations of LDAP/X.500 directory senvites different
organizationssuch as

91 eDirectory ¢ The eDirectory whichvas previously known as Novell Directory Services
(NDS) is the Novell implementationdifectory services that natively support LDARW®
can be used irifferent platforms such as Windows, Linux, Unix and Netvwhievell,
2008}

1 OpenLDAR; The OpenLDAP is a free open source implementatiah supportLDAR3
andare available for differenplatforms such as Unix, AIX, Linux, Windows, Solaries, z/OS,
among othes[OpenLDAP, 2008]

9 Eedra Directory Serve ¢ This directoryserver also supports LDAPv3 and is available to

some Linux distributions, Solaris 2.8 and later and HP/UKeldbra, 2008]

9 Active directory¢ This directoryserveris compliant with LDAPVEMSFT, 2003and is
based on X.500 concept$he datain Active Directory can be accessed by any LDAPvV3
compliant application. Active Directowyas created byicrosoft and isncludedin server
operating systems such a§indows 2000, Windows Server 2003 and Wind&esver
2008;


http://en.wikipedia.org/wiki/OpenLDAP
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1 Open Directory¢ The Openr5 A NEOG2NE Aad GKS RANBOGZ2ZNER &
which is based on OpenLDKPFDP, 2008]

1 Apache Directory Servet The Apache Directory Server was congdie written in Java

and is an open source project of Apache Software FoundfAiSi, 2008]

i Oracle Internet Directory ¢ The Oracle Internet Directory (OID) ithe Orecle

implementation of directory servigevhich is compatible with LDAB[Stullich, D06];

1 Sun Java System Directory ServerThis is theSun Microsystems directory service

implementation,which also supports LDAPj&Run, 2008]

These are just few examples of the directory services currently availd@eause there are
much more In the context of this dissertation andn this step in particulargathererITl data) we
decided to work withActive Directorymainly because to prove the feasityliof our approach w
rely on organization ITI datand the mostwide, complex and interesting ITIs data, that we had
accesswere Active Directorymplementations.

HavingchosenActive Directoryto obtain ITI datathe next choice was to select a tool that was
able to connect toActive Directoryand bulk export the ITI dataAs introduced earlier we used the
CSVDRvhich B a commandine tool available inMicrosoft Windows Servepperating systems,
created with thepurpose of bulk exporting and importing data froketive Directoryn the Comma-
SeparatedValue (CSMprmat.

The ITI data in CSV format has normally thousands of lines (depending on the size of the
organization ITI)Examplein Fig.4.13 shows the header of the file (line 1) and the representation of a

server with the namé.isbonO(line 2).

@/aluation ApproachExample of contents of ITI data store ddtliverable (step 2 ofig.4.12) \

1 DN,objectClass,cn,distinguishedName,instanceType,whenCreated,whenChanged,uSNCreated,uSNC
howlnAdvancedViewOnly,name,objectGUID,systemFlags,objectCategory,siteObjectBL,server&efe 8
HostName,hasMasterNCs,dMDLocation,invocationld,options,serverReference BiBatsiy®r+Version,
msDSHaslInstantiatedNCs,msiisDomainNCs,msih@sMasterNCs, enabledConnectifmomServer,
schedule,mPSReplicatesNCReason,transportType,interSiteolagyGeneratorsiteServer,siteObject
[transportAddresd\ttribute,cost,siteList,replinterval,dSCorePropagationData

2 "CN=lisbon01,CN=Servers,CN=Lisbon,CN=Sites,CN=Configuration,DC=unl,DC=net",server,lisbon01,
n01,CN=Servers,CN=Lisbon,CN=Sites,CN=Configuration,DC=unl,DC=net",4,20070423155239.0Z,20
3657.02,7226,12692, TRUE,lisbon01,X'3d8246440930714581086P3#be’',1375731712,"CN=Server,CM
Schema,CN=Configuration,DC=unl,DC=net",,"CN=lisbon01,0U=Domain CoriGhHensl|,DC=net",

K lisbon01.unl.net, 20070423163657.0Z;2007 0423%@2;20070423163657.02;160457845&5{6056.02/

Fig.4.13 ¢ ITI data store contentslfrastructure in CSV format

S
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4.2.2 ITI Meta-instances generator

TheMeta-instances generatofrepresented irFig.4.12 as the step Bwas the name given tthe tool
that transforms thecontent of ITI Data StoréFig.4.13), into metainstances. This tool parses the CSV
files and generates instances in a format that can easily be imported inttviirbased Specification
Environmentknown adTIEvaluatortool or componeniand described in the next section).

Because wevorkedwith large amouns of data in a CSV formawe decided to build théTI meta
instances generatousing the capacitiesf Microsoft Office Excel ThelTl metainstances generator
presented inFig.4.14 is responsibldor:

1 Importinglarge text files in CSV format;

1 Categorizinglifferent types of data (e.g. servers, sites, subnets, etc.);

9 Parsngeach type of data and geneiay meta-instances expressions accordingly;

1 Sawng all ITI metanstances intoa format that can be loaded by thé&rll evaluator
component

In Fig.4.14 we representthe commandsgenerated by thdTl metainstances generatomwhichis
ready tobe imported into thelTl evaluatorcomponent The following set of commands, allows the
creation ofsix objects of typ&ystenDefinition (line 1 to 6) to represergitesand set a value with the

name (line 7 to 12).

@aluation ApproachExample of contents of metiastances store datdeliverable (stepl of Fig.4.12) \

1 I create lisbon : SystemDefinition
2 | create Madrid : SystemDefinition
3 | createParis : SystemDefinition
4 I createBerlin : SystemDefinition
5 I createLondon :SystemDefinition
6 ! createDublin : SystemDefinition
7 I setLisbon.Name:= "Lisbon'

8 I setMadrid.Name:= 'Madrid'

9 | setParis.Name:= 'Paris'

10 !setBerlin.Name:="Berlin’

11 !setlLondon.Name:='London’

&2 I setDublin.Name:= 'Dublin’ /

Fig.4.14¢@ Meta-instances store contents

The diagram ofig.4.15 showsa metaobject diagram that represent theisbonsite (presented
initially in section3.6) and several relationships with subnets and serversie information in the

meta-object diagram was generated with meitastances generator.
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SN_172_27_226_128_Mask_25:ResourceDefinition SN_172_27_226_0_Mask_24:ResourceDefinition

MembeDefmion MembesDefiniion
containerMember conlamerMember
Lisbon_Contains_SN_172_27_226_128_Mask_25:ContainmentDefinition | ‘ Lisbon_Contains_SN_172_27_226_0_Mask_24:ContainmentDefinition
contamnesParent contamesParent
PareniDefmilion F _
Lisbon:SystemDefinition
[ Paenlewmbo | PareiDefation
Name="Lisbon"
contamerParent contamesParent
Lisbon_Centains_Server_02:CentainmentDefinition | ‘ Lisbon_Centains_Server_01:ContainmentDefinition
contamesiemhber contaneshlember
MeberDefmiion MemberDefuition
Server_02:SystemDefinition Server_01:SystemDefinition ’7
PareniDefmiion ParentDefmiion
contamesParent
Server_02_Contains_EPSE_Server_02_d2:ContainmentDefinition
conlamesMember |
contamesParent
Server_02_Contains_EPSE_Server_02_fd:ContainmentDefinition
contamesMember
MembeDefniion contameParent
EPSE_Server_02_d2:EndpointDefinition Server_01_Contains_EPSE_Server_01_fd:ContainmentDefinition
ChentDelmilion contamerMember
Memberiefmiion
EPSE_Server_02_fd:EndpointDefinition
ServesDefwition
communicationClent MembesDefmniion
EPSE_Server_01_d2_EPSE_Server_02:CommunicationDefinition EPSE_Server_01_fd:EndpointDefiniticn
commmicabonServer ClientDefinilion
ServerDefuition commuicationServer commumicationChent
EPSE_Server_01_d2:EndpointDefinition EPSE_Server_02_fd_EPSE_Server_01:CommunicationDefinition
MembeDefniion
rent

contameshember containesPa
Server_01_Coentains_EPSE_Server_01_d2:ContainmentDefinition

Fig.4.15¢ Meta-object diagram for theLisbonsite
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4.2.3 ITl evaluator

ThelTI evaluator(represented in the center dfig.4.12) wasthe name given to the tool that works
with ITI data and makethe ITI evaluation possiblét does so by evaating OClexpressions and
constraintsupon the SDM metamodel. OCL expressions can be used in for spugratessuch as
the speification of the initial valuef an attribute or associatiorthe specification of the body of an
operation, indication ofa guard condition and, most of all, to specifyhe following types of
constraintson the SDM metamodel
1 Invariants¢ An invariant is a constraint that states a condition that must always be met by all
instances of the class, type, or interface. iAmariant is described using an expression that
evaluates to true if the invariant is met. Invamts must be true all the tins
91 Preconditionsc A precondition to an operation is a restriction that must be thefore the
operation is called. Fulfilling@econdition is an obligation for the operation caller;
1 Postconditions¢ A postcondition to an operation is a restriction that must be tmdgenthe

operation ends its execution. Fulfilling a postcondition is a right for the operation caller.

Currently here are several tools available from both commercial companies and universities that
support OCL®me examples ar®odelRunfrom Boldsoft OCL compileirom University of Dresden
and OCL compilefrom Cybernetic Intelligence GMBBctopusfrom Klasse Obgten USE from
University of Bremen and many othersAmong thosetools we close the USE (UML-based
Specification Environmentpol from Bremen universitfGogolla, et al.2005] since it fulfills the
requirements for evaluating ITIs and we already had knowledge and good experiens#sgrit in
other researchprojects.Noticethat in the context of this dissertation sometimes the evaluatoiis
called theUSERool.
With USE we were able to load the SDM metamddspresented in step 5 d¥ig.4.12) and ITILib
(referred in sectiort.1.3and also represented as step 5 if).4.12) which containsmeta-classes,
meta-associations meta-attributes, meta-operations and constraints)Once tlis metamodel has
been loaded, we caadd the metaobjects generatedwith ITI metainstances generatotool and
initialize thar attributesas represented ifrig.4.12 as step 6.
9 OK GAYS I OKIy3aS Ay GKS aeaidsSvyQa adlradsS 200dzNA:s
out. For example, when a new object is introduced, it is checked tlfafilts the specification of the
SDMmodel andall the constraintsdefined ¢ KS a) { 9¢ G22ft OFy Ipdsta2 @It AF
conditions
With all the ITI data available in the ITI evaluator tool, ITI stakeholders can perform queries

(represented irfFig.4.12 as the step Yas we will detail in the chapter ahead.
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4.2.4 Statistical analyser

The statistical analyser(represented inFig.4.12 as step 9 was the name given to the tool that
performs statistics using the result of ITI stakeholder's queries (representeiy.ih.12 as step §.

The gatistics is a mathematical science pertaining to the collection, analysis, interpretation or
explanation, and presentation of data.

To deal witha large amount of ITI data, we decided to use statistan@alysis, which serves the
purpose of description and inference. Descriptive statistics can be used to summarize the ITI data in a
numeric or graphically formatnferential statistics is used to model patterns in the ITI data what can
take the form for instance of hypothesis testing (yes/no questionstorrelation (description of
associationsdr regression (modeling of relationships)

There are several statistical tools available that can be used to perform statistical analysis. These
tools differ in the type of software license, cost, types mbvided interfaces,supportedoperating
systems, types obtatistical tests,regression methods, statistical charts and diagrams provided
among other aspects. For the purpose of our work we decided toonsed the most welknown
statistical toolscalledSPSS (originally, Statistical Package for the Social S¢jesiices it provides all

the capabilities that we need.

4.3 Categorization of the evaluation approach

Using the taxonomy presented in secti@ril, we categorize our evaluation methodology using the
same criteria:

Complexity evaluation

Evolution analysis;

Best practices assessment;

ITI modeling;

ITI chaacterization;

Data collection;

Sample;

= =4 4 -4 A - -2 -2

Results validation.

The results of the categorization of our evaluation approach are in the first rovalge4.1. For

compartive reasons we decided to repeat the results of the evaluations performed in the chapter 2.
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Table4.1 ¢ Categorization of our evaluation approach
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Legend; Strong ¥ Moderate * Weak T None

In terms of complexity evaluation we classify our evaluation approachweik, since we only
evaluate complexity of a few components in our approach. From an evolution analysis, we classify
our evaluation approach witmoderate, since our approach cover the complete ITI lifecycle but does
not the present individual contributions @ach phase. According to best practices assessment these
criteria, we classify our evaluation approach wsthong, since we formally defined best practices.

According to ITI modeling, we classify our evaluation approach stiting, since our approach
performed the assessment with a formalized metamodel. Regarding ITI characterization, we classify
our evaluation approach withtrong, since we use a formal description language with no ambiguity.

According to data collection, we clégsour evaluation approach witbtrong, since our process to
capture data is largely automated. We classify the sample of our evaluation approachtneitl,
since our evaluation approach allows the load of multiple KRl®ughout time in the same
metamodel. Lastly we classify our evaluation approach regarding results validatiomuodtbrate,

since we are able to identify threats to validity of our conclusions.
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5.1 Introduction

In this chapter we will perform ITI evaluationsing a complexitperspective a sizing perspective
(which can also be seen as part of complexity) and using best praclibessizing perspective
evaluation is based upon real data from an ITI with hundredsted To demonstrate the complexity
evaluation wewill createfive ITIs with different network topologies but with the same number of
serversand sitesto foster the comparability proces3.o perform the best practices analysis we will
change the complexity case studies to simulate specific problems in ITIs andl veermalize some
rulesfor best practices compliance verification with the OCL constraint langalagishow how the
violations can be detectedWe will also define a set of metrics for both sizing and complexity
evaluations and we will demonstrate howetyh can be applied using our approach.

There are several metrics that will be presented in this chapter. It is important to mention that in
the development othesemetrics we tried to create them with the followirgharacteristic§Wendy,
et al., 1994, Wendy, et al., 1995]

1 Simplec definition and use of the metric is simple

1 Obijective ¢ different people will obtain identical valuesfrom the same entities being

evaluated allows for consistency and prents individual bigs

1 Easily collected; the cost and effort to obtain thenetricis reasonable

1 Robustc the metric is insensitive to irrelevant changes; allows for useful comparison

9 Valid ¢ the metric measures what it is supposed to; this promotes tinasthiness of the

measure

Also as important as the Wendyharacteristicsaare the Abreu'sriteria for the development of
metrics[Abreu, et al., 1994]

9 metrics determination should be formally defined;

1 non-siz metrics should be system size independent;

1 metrics should be dimensionless or expressed in some consistent unit system;

1 metrics should be obtainable early in the life cycle;

1 metrics should be down se&ble;

1 metrics should be easily computable;

1

metrics iould be language independent.

5.2 Sizing analysis
To better demonstrate how a sizing or a quantitative analysis can be performed, we will use an ITI

with hundreds of sites as the one providedFig.5.1. The diagram is presented in a very small size to
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guarantee the confidentiality of the data origiwith an ITI like this, the identification of the total
number of servers, sites or subnetry take some time without an automated procekksing the
data fromFig.5.1 instantiated in the SDM metamodel we are able to do a sizing analysis and provide

almostall details in terms of size.

Fig.5.1 @ ITI with a large number of sites

Notice that the lines represent connections amosidesand that eachsite has objects such as
serversand subnetsinside The topology of this ITI ieentralized what means that evergite is
connected to a centradite. Later in this chapter we will discuss the various ITI network topologies.

We already have the metmstances store corresponding to the iFig.5.1. This means that we
already performed the stepstb 4 outlined inour evaluationapproach. The next steps (step 5 and 6)
are to load the SDM metamodel intd| evaluato (USEtool) and then load the metinstances
corresponding to this ITI.

To load theSDM Metamodelve open the applicatiotdSEool and we pressControl+d to open

the window Open Specificatioto be able toselect our SDM Metamodel.useas illustrated inFig.
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5.2. Notice in the left pane of use thempty model meaning that no model is currently loaded in

USE

=

Filz Ecit State View Help

Toialal [ s Wl7
] empty mode!
| Clazses :

] Associstions
invariarts 4l B 0pen specification x|
;I Pre-/Postconditions :

| Lookin: |E SDM Metamorel v| @ @ g EE

D SO Metamodel use,

AL EIEIE

File ame: | SOM Metamodel use |

Files of Type: ‘ USE specifications { use) - ‘

Log

[ Ready.

Fig.5.2 @ Open USE specification

This step will only be succeeded if DM Metamodel.uséle has no errors. After loading the
specification theUSEautomatically compiles the file and displays in fbg pane the result of the
compilation process and the number of classes, associations, invariardpgsteonditions and
operations as illustrated ifrig.5.3. Notice that our SDM Metamodel.useontains 104 operations
created in the context of this dissertation and corresponding to the ITILib presented earlier.

X

File Edt State Wiew Help

[al8]5] -]« [@[E[e[=[=]#[@[=]aw

‘JSystemDaIin'rtionModelClasses -l
) Classes
;l Aszzociations
B 4 Invariants
@ ContsinmentDefintion::nohultipleContainment
# ContainmentDefintion: nokulParentOrember
# CommunicationDefintion::noMuliServerOrClient
@ SystemDefinition:: ServerCortainedBy Site
® ResourceDefintion:: SubnetCortsinedBy Site
® SystemDefinition:: SteHasMoCortainer
#® SystemDefinition::NothiutualConnection
# CommunicationDefintion::ConnectionBetweenServers
# CommunicationDefintion::ConnectionBetweenSites
#  EndpointDefinition: nokulContainer
® SystemDefintion::SteHas A1l eastOneServer
® SystemDefintion:: SteHasAiLeastOneSubnet
#® SystemDefinition::SiteLinked ToAtL eastanother Site
® SystemDefinition:: ServerConnected ToAtL eastAnother:

[~ OETIFTTIa T - ST
Caonvert: Boolean
Secure: Boolean
Replace | Boolean
end

Log

compiling specification SDM Metamodel use =
o, i
odel SystemDefintionModelClasses (67 classes, 0 associations, 14 invariants, 104 operations, 0 pre-fostconditions) =
-

Ready.

Fig.5.3¢ Load SDM metamodel inttd SE
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With the five first steg of our evaluation approach already performed, the next step (step 6)
consists in loading the metastances corresponding to the I3l Fig.5.1. Since we alreadyave the
meta-instances generated and stored in a file (with the naifidSizingAnalysis.cindre will use the
command "readq FILE" in File input sectiofrigf.5.4 to load the ITI data intSE

oo LA\ WINDOWS system32\,cmd.exe =10l
use version 2.4.0, Copyright (C) 1999-2008 University of Bremen =
use> help

== ===== =General commands= = ==
help [fCMD] Print available commands

== ===== ===kyaluation commands = ==

7 EXPR Compiles and evaluates EHPR

77 EXPR Compiles and evaluates EXPR (verbose)

: EXPR Compiles EKPR and shows its static tvpe —
A} Enter OCL-Expressions owver multlple lines
====================== State manipulation commands ==

t CMD Executes state manipulation command

fcreate <id-list> : <class> [between {<id-list>)] Creates objects

tdestroy <id-list> Destroys objects

tinsert (<id-list>) into <assoc> Insert link into association
tdelete (<id-list>) from <assoc> Delete link from association

tset <obj-id>.<attr-id> := <expr> Set attribute value of object
Yopenter <obj-expr> <name> ([(gxpr—list)]) Enters object operation

topexit [<result-expr>] Exits least recently entered operation

check [-w] [-d] [ -a | inv-list 1 Checks integrity constraints

step on Activates single-step mode

== ===== ====Fjle input==== = ==
open [-q] FILE Reads information from FILE

read FILE Deprecated. Reads commands from FILE

readq FILE Deprecated. Reads commands quietly from FILE
reset Reset system to empty state

g, quit, exit Exit USE

undo Undo last state manipulation command

== ===== ===Information commands=== = ==
info SUBCOMMAND Print info

info class NAME Print info about class

info model Print info about loaded model

info state Print info about current system state

info opstack Print currently active operations

info prog Print internal program infos

info vars Prints information about global variables

== ===== Generator commands = ==
gen unload [invnames] Unloads added class invariants

gen loaded Prints loaded class invariants

gen flags [invnames] [+d|-d] [+n|-n] Switch invariant evaluation flags
gen start [options] FILE PROCHAME([paramsl) Search valid system state

gen result Prints results of last generator search

gen result inv Prints statistics of last generator search

gen result accept Accept result of last generator search

use> readq ITI4SizingAnalysis.cmd

use>

4 | o

Fig.5.4 @ Command lines iJSE

The USEtool provides a set of commands that can only be performed in a comniiaadas
illustrated by the output of help command iRig. 5.4. The last command ifrig. 5.4 (readq
ITI4SizingAnalygisvas successfully and finalizes the step 6 of our approach. With all ITI data loaded

ITI stakeholders can perform queries and analyze results (step 7 to 9). Before demonstrating the use
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"sizing queries", founderstandability reasons we will first describe some of the sizing operations

such as:

T

Total humber of sites; this metricwas defined in ITILib aBotalSites(and returns the

total number ofsitesin a particular ITI;

Total number of grvers ¢ this metiic was defined in ITILib &otalServers@nd returns

the total number ofserversn a particular ITI;

Total number of sibnets ¢ this metricwas defined in ITILib &otalSubnets(@nd returns

the total number ofsubnetsn a particular ITI;

Total numberof connectionsg this metricwas defined in ITILib &otalConnectionsgnd

returns the total number of connections among serversi®DSconnectionns a particular
ITI;

Total number ofsitelinks ¢ this metricwas defined in ITILib dotalSiteLinks@ndreturns

the total number of connections among sitesditelinksin a particular ITI;

The average of servers by sitethis metricwas defined af\verageServersPerSitaf)d

returns a real number corresponding to the average of servers per site;

The aveageof subnets per ge ¢ this metric was defined a&verageServersPer&) and

returns a real number corresponding to the average of subnets per site;

The awrage of connections per serverc this metric was defined as

Averag€onnectionBer&rver() and returns a real number corresponding to the average
of serverconnections per server;

The maximum nurber of servers in_a single sit& this metric was defined as

MaxServersPerSitegnd returns the maximum number of servers in a single site. This

metric discovers which site has the highest number of servers and returns that maximum.

We created theclassITloperation§) to define all these counting or sizing metrics. Most of the

operations thatreturn the total number of objects were created with the prefiXdtal' for

understandability reasondrig. 5.5 has all thesemetrics that will be further detailed in ITILib in

appendix B.
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Sizing metrics defined in ITILib

1 model SystemDefinitionModelClasses

2 class ITloperations

3 Sites() Set(SystemDefinition) =

4 SystemDefinition.allinstancesselect(IsSite())

5

6 Servers() Set(SystemDefinition) =

7 SystemDefinition.allinstancesselect(lsServer())

8

9 Subnets() Set(ResourceDefinition) =

10 ResourceDefinition.allinstanceselect(IsSubnet())

11

12 Sitelinks() Set(CommunicationDefinition) =

13 CommunicationDefinition.allinstanceselect(IsSiteLink())
14

15 Connections() Set(CommunicationDefinition) =

16 CommunicationDefinition.allinstanceselect(ISNTDSConnection())
17

18

20 TotalSites() Integer = Sitesysize

21 TotalServers()Integer = Serverssize

22 TotalSubnets() Integer = Subnets@size

23 TotalSitelinks() Integer = Sitelinks§size

24 TotalConnections()Integer = Connectionsgsize

25

26

27 AverageServersPerSite(Real =

28 TotalServers() / TotalSites()
29

30 AverageSubnetsPerSite(Real =

31 TotalSubnets() / TotalSites()
32

33 AverageConnectionsPerServerBeal =

34 TotalConnections() / TotalServers()
35

36

37 MaxServersPerSite()nteger =

38 Sites()>collect(SystemMembersf§size)>
39 iterate(elem: Integer; acc: Integer = 0 | if elem > acc then
40 elem
41 else
42 acc
43 endif)
44 (..)

Fig.5.5 @ Szingmetricsdefined inITILib

Now that the sizing metrics are defined we can apply them to obtain sizing information regarding

the ITI presented ifrig.5.1. In order to do that we will continue using the command line provided by
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the USEtool. The commands use to evaluate expressions in USE strtanguestion mark (?).

Noticethat the available commands IbSEwvere presented irFig.5.6.

Performing queries in the USE tool

use>! create op:ITloperations
use>? op.TotalSites()

-> 1167 : Integer

use>? op.TotalServers()

->1205 : Integer

use>? op.TotalSubnets()

-> 4264 : Integer

use>? op.TotalConnections()
->1928: Integer

use>? op.TotalSitelinks()

->2184 : Integer

use>

use>? op. AverageServersPerSite()
->1,0325621251071122: Real
use>

use>? op.AverageSubnetsPerSite()
->36538131962296486: Real
use>

use>? op.AverageConnectionsPerServer()
->1.6: Real

use>

22 use>?op.MaxServersPerSite()
->7: Integer
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Fig.5.6 @ Queries to ITI using sizing ITILib operations

The output presented irfrig.5.6 is the result of the application of each sizing metric in the ITI
presented before. There are several variations to this sizing metrics in ITILib such as to provide the
name of servers instebof the number or the name of the site with the maximum number of servers,
instead the maximum number of servers in a sithese results complete the step 8 of our approach.

The last step (step 9) regardistatisticallyanalysis will be&letailed in thefollowing chapters.

5.3 Complexity analysis

The term complexity is very frequent stientific literatureand, depending on the field, it has
different meaningswhat makes the term difficult to defineComplexity originated from the Latin
word complexuswhichY ST ya & SY o NI OS éndistet) tBgéthes’ Aye $1BrtipmWebdtdr
dictonaryz RS TAy S& (hesvatelorkalitfior hating many interrelated parts or asp@ats
[Merriam-Webster] These expressions may be interpreted as two or more parts or aspects that are

joined in such a way that is difficult to separate them.



ITI Asssessment 79

It is easier to access complexity in relative terms than in absolute ones. Nevertheless we can say
that a system is complex if it consists of several interacting elenjeleidert, 1996what makes the
behavia of the system difficultto understandfrom the behavior ofits parts. [Edmonds, 1995]
provides areview of differentsystemcomplexitiesand parts of hisconclisionswere thatthere is no
one appropriate measure of complexitiput & the veryleast we should distinguish concepts like size,
order and variety from complexity.

In Computer Science there are rmimber of approaches to characterizeomplexity As an
example, IEEE standard 610 definemplexity ashie degree to which a systeor component has a
design or implementatiomthat is difficult to understand anderify [Anne, 1990] To allow measuing
the complexity of these systems we require complexity metrics. Different complexity measures have
also been proposedof different contexts, suchas computational, social, economic among others
[Edmonds, 2000]In the next sections we willlescribe fivelTl network topologiegbackbone,
unidirectional ring, bidirectional ring, centralized and fully meshed) with the same number of servers
and the same number of sites. The only difference among these topologies is the topology type and
the respective number of connections. To enstand if the type of the topology has impact on the
level of complexitywe will later apply different complexity measures &ach ofthe topologiesand

analyze the results

5.3.1 ITI network topologies

With the purpose of demonstrate the use of complexity net in ITls using our evaluation approach
and assess the impact of network topologies on complexity we have created the following

stereotypical topologies for ITls:

i Backbone;

9 Unidirectional ring;
9 Bidirectional ring;
1 Centralized;

1 Fully meshed.

We provide a overview and a diagram of each topolo@y foster comparability, atetwork

topologies have the same numbersifes and servers.

5.3.1.1 Backbone

In thistype of network topology alsitesof the network are connected to a common transmission
medium commonlyreferred as backbone or bushich has exactly twendpoints. Al data that is

transmitted betweensitesin the network is transmitted ovethis common transmission medium.
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In this network topology example there asexsites Lisbon, Madrid, Paris, BerliLondon, Dubljn
which are connected trougtsitelinks (LisbonMadrid, Madrid-Paris, ParidBerlin, BerlifLondon,
LondonDublin). Because the connections between sites are bidirectional the numbstetihksare
ten. The number of servers is also temcg with the exception of site Lisbon that h&surs servers
and Madrid that hagwo, all other sites have just one servérhis is requiredo illustrate some
complexity metrics in sectioB.3.2 In this topology he total number of connections between servers
in differentsites(represented in blue ifig.5.7) isten and the total number of connections between

servers (represented in blue and greerfig.5.7) are eighteen.

Site Lisbon

Total Number of Servers in Site: 4

Site Madrid - -
Total Number of Servers in Site: 2 Site Paris

Total Number of Servers in Site: 1

Madrid i_Paris (Sitelink)

Lisbon i M

drid (Sitelink) | madrido2
(3

44
“

[
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g

$
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lisbon03 lisbon01
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- (3
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Total Number of Servers in Site: 1
(3
(3

g@)

N
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Dublin-London™ |

(Sitelink)
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[
london01
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Fig.5.7 @ Backbone network topology

Notice that the Lisbon and Dublin sites are not directly connected and, as stated before, each
represent an endpoint which means that, in a communication from Dublin to Lisbon data must travel

across all the other sites to reach the destination.

5.3.1.2 Unidirectional ring

In this type of network topologyeachsite of the network is connected tanother siteforming a ring
All data that is transmitted betweemitesin the network travels from onesite to the next in a
circular mannewvith the data flowing in a single direction only.

The main difference between this network topology (unidirectional ring) and the previous
(backbone), is that sites Dublin and Lisbon are connected and instead of having two connections
between each servemwe have just one and in a single direction only. This means that data from site

Dublin to Lisbon is sent directly and the opposite means that data must travel through all the other



