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Abstract

We expect process improvement models help effective facilitation for introducing advanced
technology in providing superior services. In the literature of process improvement models,
we have a claim that effective processes provide a vehicle for introducing and using new
technology in a way that best meets the business objectives. However, process improve-
ment models have their complexity and we need a clue to use them as our vehicle. In this
paper, we analyze relationships among process areas in a process improvement model for
service provider organizations, CMMI-SVC, by focusing on Related Process Areas com-
ponents. We analyze process area networks whose nodes are process areas connected with
their Related Process Areas components. Then, we visualize the result of the betweenness
centrality analysis of the process area networks for each maturity level in order to analyze
implication of the model.
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1 Introduction

Service providers need to properly introduce new technology for providing superior ser-
vices to customers and end users. In the literature of process improvement models, we have
a claim that effective processes provide a vehicle for introducing and using new technology
in a way that best meets the business objectives. The article [1] claimed "The best part of
assessment with respect to various standards is that a smart organization can use the assess-
ment as a framework to evaluate how projects are done. And by conscious analysis rather
than slavish adherence, the organization can plan and take steps that will improve its op-
eration.” We assume this claim should be also applicable to service providing projects and
organizations. However, process improvement models have their complexity and we need
a clue to use them as our vehicle.

We expect process improvement models help effective facilitation for introducing ad-
vanced technology into service providing processes. In this paper, we use an abstract model
by which we can conduct process assessment and process improvement. Specifically, we
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use an organization-level process model CMMI-SVC (Capability Maturity Model Integra-
tion for services), one of the cMN® models (Capability Maturity ModéP Integration)[2]

as a reference model in this paper. CMMI models including CMMI-SVC are collections of
best practices that help organizations to improve their processes, developed and maintained
by the Software Engineering Institute (SEI) at Carnegie Mellon University (CMU).

Among the authorized service products for CMMI models managed by CMMI Institute,
we use the official document for CMMI-SVC. The official document is publicly available
and we can use it by ourselves for our internal use. Typically, it is necessary to clarify the
weakness of the current process and the points where to apply new technology before actu-
ally introducing it to improve the current process. However, process improvement models
have their complexity, and the document of CMMI-SVC is more than five hundreds pages
in its volume, while we need to explain it to various stakeholders and convince them of its
effectiveness. We need a clue to understand its effectiveness and to start to use it as our
vehicle for introducing and exploiting new technology in a way that best meets the busi-
ness objectives. Sometime it is useful to use intuitive information in making our decision.
We expect having a bird’s eye view is useful to find a clue to start to use the model as our
vehicle. In order to gain a bird’'s eye view and facilitate intuitive understandings of the
impact of introducing advanced technology in service providing processes, we analyze the
betweenness centrality of the networks of process areas in CMMI-SVC.

The rest of this paper is organized as follows. In Section 2, we briefly introduce the
CMMI-SVC model. Section 3 explains our approach to analyze the impact of introducing
new technology through network analysis for the process area network using the Related
Process Areas component in CMMI-SVC. We visualize the results of centrality analysis
in process area networks for each maturity level and analyze its implications in Section 4.
Section 5 introduces related work and Section 6 concludes this paper.

2 Process Improvement Model CMMI-SVC

In this section, we briefly introduce the CMMI-SVC model. The CMMI-SVC model is a
collection of best practices from government and industry. The CMMI-SVC is one of the
models generated from the CMMI Architecture and Framework. Currently, there exist three
specific CMMI models.

e CMMI for Services (CMMI-SVC): Service establishment, management,
e CMMI for Development (CMMI-DEV): Product and service development, and
e CMMI for Acquisition (CMMI-ACQ): Product and service acquisition.

All CMMI modelscommonlycontain16 core processareas. Theseprocessareascover
basicconceptghat are fundamentako processmprovementin any areaof interest(i.e.,
acquisition,developmentservices).

2.1 CMMI-SVC

The CMMI-SVC provides guidancefor applying CMMI best practicesin a service
provider organization.In additionto the core processareas,CMMI-SVC hasone shared
processarea, and seven service-specificprocess areas including one addition. The
collection of bestpracticesin the CMMI-SVC model focuseson activities for providing
quality services to
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Table 1: Process areas@MMI-SVC.

Process areas

Capacity and Availability Manageme(@AM)
Causal Analysis and Resolution (CAR)
Configuration Management (CM)

Decision Analysis and Resolution (DAR)
Incident Resolution and Prevention (IRP)
Integrated Work Management (IWM)
Measurement and Analysis (MA)
Organizational Process Definition (OPD)
Organizational Process Focus (OPF)
Organizational Performance Management (OPM)
Organizational Process Performance (OPP)
Organizational Training (OT)

Process and Product Quality Assurance (PPQA)
Quantitative Work Management (QWM)
Requirements Management (REQM)

Risk Management (RSKM)

Supplier Agreement Management (SAM)
Service Continuity (SCON)

Service Delivery (SD)

Service System Development (SSD)
Service System Transition (SST)

Strategic Service Management (STSM)
Work Monitoring and Control (WMC)

Work Planning (WP)

meet the needs of customers and end users. The CMMI-SVC has 24 process areas in total
as listed in Table 1 in alphabetical order by acronym.

We have two different types of representation for these process areas in the CMMI
framework. They provide two approaches to process improvement and these approaches
are associated with two types of representation called continuous and staged representation,
and corresponding the two different types of levels, capability levels and maturity levels. By
using the continuous representation, we try to achieve the capability levels, and by using the
staged representation we try to achieve the maturity levels. Table 2 shows the comparison
of the capability levels and the maturity levels.

When using the staged representation, the organization incrementally improves a pre-
defined set of process areas associated with the maturity levels. Table 3 shows the process

Table 2: Capability levels and maturity levels

Continuous representationStaged representation

Level | Capability levels Maturity levels

0 | Incomplete —

1 | Performed Initial

2 | Managed Managed

3 | Defined Defined

4| — Quantitatively Managed

5| — Optimizing
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Table 3: Maturity leels (ML) and the corresponding process areas in CMMI-SVC.

ML | Process areas
2 | CM, MA, PPQA, REQM, SAM, SDWMC, WP
3 | CAM, DAR, IRP, IWM, OPD, OPF, OT, RSKM, SCON,
SSD, SST, STSM
4 | OPP, QWM
5 | CAR, OPM

Table 4. Categorieis the continuous representation and the corresponding process areas in
CMMI-SVC.

Category \ Process areas

Process Management OPD, OPF, OPM, OPR)T
Project & Work Management CAM, IWM, QWM, REQM,
RSKM, SAM, SCON, WMC, WP

Service Establishment IRP, SD, SSD, SSTSTSM
& Delivery
Support CAR, CM, DAR, MA, PPQA

areascorresponding to each maturity level.

The CMMI framework is famous for this maturity level of the staged representation. In
another representation, the continuous representation, process areas are organized into four
categories: Process Management, Project & Work Management, Service Establishment &
Delivery Support, and Support. Table 4 shows the categories in the continuous representa-
tion and the corresponding process areas.

When using the continuous representation, organizations select an individual process
area or a set of process areas, and incrementally improve their processes corresponding to
the selected process area or the set of process areas. When we recognize problems in our
specific process areas and need to choose a method suitable to solve the problems, we are
likely to adopt a process improvement approach of the continuous representation in using
the improvement method.

2.2 Components in Process Area

Figure 1 shows model components and their relationships in the CMMI framework. Model
components in the CMMI framework are grouped into three categories to indicate the way
how to interpret the components: required, expected, and informative.

e Required Components: The specific and generic goals of a process area are the re-
quired components in the CMMI, which are essential to achieving process improve-
ment in the process area.

e Expected Components: The specific and generic practices are the expected com-
ponents in the CMMI. They describe the activities that are important in achieving
required the CMMI components, the specific and generic goals.
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¢ Informative Components: These components playmportant role in understanding

the model and help model users understand the required and expected components.

The model’s informative material provides information necessary to achieve the cor-
rect understanding of goals and practices and thus cannot be ignored.

Figure 1: Model components and their relationships.

As we analyze the impact of new technology in process improvement from a bird’s

eye view through network analysis, we focus on the component, Related Process Areas,

among Informative Components of CMMI-SVC in making a network representation, while
abstracting away other components.

3 Analysis of Process Area Network using Related Process Area
Component

In this section,we introducea bird’s eyeview of CMMI-SVC throughnetwork analysis
intendingto facilitate sharingthe perspectivef introducingnewtechnologyamongvarious
stakeholdersuch as managers as well as engineers.

3.1 Dependencies among Proceggeasand Their Categories

We expectthat introducingnew technologyinto a specificprocessareashouldhaveim-
pactnot only on the targetprocessareabut alsootherprocessareasncluding thosein the
categorie®ther than the categoty which the targeprocess area belongs.

In orderto extractimplications,we analyzethe dependencieamongprocessareashy
using a tool, Graphviz[3]. Figure 2 showsthe dependencie®etweenthe processareas
through the Related ProcessAreas componentin CMMI-SVC within and acrossthe
bound-ariesof four categoriesin the continuous representationIn the figure, the
destinatiorof an arrowis a RelatedProcess Area componeuitthe source of the arrow.

For example aswe canseefrom thefigure, effectsof improving processareasin Ser-
vice Establishment Delivery categorywill propagateto process areas in other categories.
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Figure2: Processireadependenciesasedn themodelcomponenRelatedProcess\reas
within andamongfour categorief the continuousrepresentationThe destinationof an
arrowis a RelatedProcess Area componeoitthe source of the arve

Thereexistdependencieamongthe processareaswithin the ServiceEstablishmen& De-
livery categoryandthoseoutsideof the categoy. This indicatesprocessmprovementor
the processareasin the ServiceEstablishmen& Delivery categorywill propagateo the
processareas in other categories.

3.2 Betweenness Centrality Valudor ProcessArea

In orderto analyzechainsof pair-wiserelationshipshetweenprocessareas,we analyze
relationshipamongprocessareadrom theview point of the betweennessentrality,which
corresponds$o the numberof timesa nodeactsasa bridgealongthe shortespathbetween
two othernodes.In Table 5,we showtherankingof processaareadn termsof betweenness
centralityvaluein ML2, ML3, ML4 andML5. Thetableis sortedin the descendingrder
of betweennessentrality valuein ML5. We may selectthe top-rankedprocessareato
beginour improvementeffort. Whenwe improvethe top-rankedprocessarea,the effect
will widely propagat¢hrough the dependenciesginatingfrom it.

4 Visualization of Betweenness Centrality forMaturity Level

Our approactin this paperis intendedo supportakind of hybrid approactin termsof the
stagedand continuousrepresentationsf the CMMI framework. We try to find a process
areaor a setof processareasin a maturity level of the stagedrepresentationso that we
canfocuson the processareaor the setof processareasasin continuousrepresentatioim
the maturitylevel. We analyzesetsof processareasn the stagedepresentatiom orderto
assistmakinga priority amongprocessareasn the correspondingnaturity level. In order
to facilitate this kind of analysiswe visualizethe resultsof centralityanalysisby usinga
tool, Gephi[4].

Figure 3 visualizesthe analysisresult of betweennessentrality in the processarea
networkaccordingo the RelatedProces®reacomponentn eachmaturitylevelin CMMI-
SVC.
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Table 5: Betweenness centralitglues of process areas in terms of the Related Process
Areas in each maturity level (normalized with the number of process areas in each maturity
level). Process areas are sorted by ML5 values.

Process Area§ ML2 ML3 ML4 ML5

SSD 0.1832| 0.1574| 0.2126
WP 0.2381| 0.1583| 0.1582| 0.1386
MA 0.0397| 0.0440| 0.1865| 0.1308
STSM 0.1533| 0.1579| 0.1293
OPM 0.0970
QWM 0.1105| 0.0956
OPD 0.1062| 0.0981| 0.0677
WMC 0.1190| 0.0809| 0.1264| 0.0638
CAM 0.0641| 0.0795| 0.0568
DAR 0.0615| 0.0454| 0.0392
CAR 0.0370
IRP 0.0290| 0.0273| 0.0361
SD 0.0159| 0.0470| 0.0440| 0.0359
SST 0.0410| 0.0331| 0.0341
RSKM 0.0604| 0.0475| 0.0341
IWM 0.0322| 0.0383| 0.0321
REQM 0.0635| 0.0490| 0.0465| 0.0297
SCON 0.0724| 0.0657| 0.0271
OPP 0.0000| 0.0121
oT 0.0099| 0.0081| 0.0077
CM 0.0238| 0.0065| 0.0077| 0.0037
SAM 0.0000| 0.0000| 0.0027| 0.0024
OPF 0.0000| 0.0000| 0.0007
PPQA 0.0000| 0.0000| 0.0000| 0.0000
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Figure 3: Visualization of betweennessntrality in the process area networks according to
the Related Process Area component by maturity levels in CMMI-SVC.
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As we can see from these figures, Service System Development (SSD) seems to have a
central role in ML3 and higher from a betweenness centrality view. Since SSD is a process
area on development, this may indicate we need to achieve a high maturity level and/or a
high capability level in CMMI-DEV as well as CMMI-SVC. This may lead to improvement
using hierarchically related process templates such as a team level software development
process, which assume a disciplined personal level software development process[5] [6] [7]
[8].

We can also generate other hypotheses from the figure.

e In ML2, Work Planning (WP) seems more important than other process areas such
as Service Delivery (SD).

e In ML3, Strategic Service Management (STSM) becomes important, as well as plan-
ning.

e In ML4, Measure and Analysis (MA) becomes important, as well as newly added
Quantitative Work Management (QWM).

e In ML5, Organizational Performance Management (OPM) becomes important.

As far asthe author'sknowledgegoes,thereexist no casereportsdirectly supporting
our hypothesesn CMMI-SVC basedn networkanalysis.Howeverthereexistreportson
critical succesgactorsin improving serviceprocesseanalyzedoy usingotherapproaches,
like [9]. We will try collectingevidenceandverifying our hypothesedy usingsuchresults
thatmay not directlysupport our hypotheses.

5 Related work

Thereexist proposalgegardingto the analysisof the modelcomponentsn CMMI-DEV
for developmenbrganizationg10] [11] [12], while we analyzedCMMI-SVC for service
providingorganizations.

In [11], the authorsfocusedon the specificpracticesin the model. The CMMI-DEV
official documentloesnotprovideanyexplicitrecommendationsboutwhich specificprac-
ticescanor shouldbe implementedeforeotherspecificpractices.Theyidentifieddepen-
dencies between specific practiceithin each process area, abétweerthe procesareas
only for ML 2. They analyzedhe text of the CMMI specificatiornto identify everywork
productproduced and used by evespecific practicén ML 2.

Althoughwe cananalyzesimilar aspectdor CMMI-SVC, we useda bird’s eyeview in
orderto sharethe perspectiven introducingnew technologyamongvariousstakeholders
includingmanagersswell asengineersThenetworkseemsusyevenfor asingleprocess
areain their work. This kind of detailedinformation may not be usefulin a top down
approachandmay be difficult in scalingfor large processnodels. However,dependency
analysisof this level seemseffective whenwe analyzethe impactof new technologyon
detailedpracticesandwork productswithin alimited range.Thus,we will try ahybrid and
hierarchicalapproach in our future work.

6 Concluding Remarks

In this paper,we analyzedhe processareanetworksusingRelatedProcesAreascompo-
nentin theprocessmprovementodelCMMI-SVC in orderto provideaperspectivef the
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impact in introducing advanced technoldgyservice providing processes. We expect using

the standard process model as a reference can facilitate sharing of common understandings
for the advantages of introducing advanced technology. We used network analysis to find
key process areas which may play an important role in our intended improvement. We
examined betweenness centrality in the networks of process areas for each maturity level,
and discussed the implications embedded in the process improvement model which is a
collection of best practices from government and industry.
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