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Abstract

Formalizing and institutionalizing software proces$ias become a necessity in recent years
requiring the management and enhancement of satywarduction and, at the same time,
achieving certification in accordance with intefaatl standards. Due to the lack of
collaboration tools in Small and Medium-sized Eptees (SMEs) which could contribute to
the improvement of software processes, differenppsals have been made to enable these
companies to develop and grow. This paper pregbatexperimental implementation of an
improvement cycle in an internal area of a smathpany, considering the basic profile of the
Competisoft process model with support on the katelplatform. Through this experiment,

it was noted that Competisoft supplied the basimelnts to formalize and institutionalize the
processes and that Tutelkan was a good complemeagchieving this aim.

Keywords: Competisoft, Profle 1, Agil_ MANTEMA, Tutelkan, Pm@mpetisoft,
improvement cycle

1.INTRODUCTION

Today, companies need to ensure the quality of gwftware products by constantly improving theiogesses,
using reference models such as the SEI (SoftwarginBering Institute) and ISO standards (Internaion
Organization for Standardization). These models staddards are more often used by large compaeiesube
they can deal with the costs and requirementsrgpgration and assessment. Small and Medium-siaetiises -
SMEs - represent a substantial part of the softviredestry, but they generally lack well-defined dmpment
processes, a fact that implies disordered operatitiemes that affect the company as a whole. Ttmspanies
need to ensure the quality of their products batwarable to invest heavily in terms of both moneg &me, and
more so considering that the investment returneisegated over the long-term [1] [3] [10] [13]. This why
initiatives like Competisoft have emerged with then of increasing the competitiveness of Latin Aicesn
software manufacturing SMEs through the creatioth distribution of a common methodological framewdtkt,
adapted to their specific needs, may become this testablishing a mechanism for evaluating antifging the
software industry throughout Latin America [9]. &dication of SMEs is as follows: micro companidsto 9
employees), small companies (between 10 and 49ogegs) and medium-sized companies (between 50 49d 2
employees) [9]. The methodological framework of Qetisoft has been put into practice to support the
implementation of several cycles of process impnoset in different SME software manufacturers inihat
America. This methodological framework consists efProcess Reference Model (MoProSoft) [7], a pces
assessment method (EvalProSoft) [8] and an impremémmodel that guides the implementation of the
improvement process (PmCompetisoft) [9].

This applied research is the result of collaboeatiork between the UCM Competisoft research groupasmall
financial company where a software process impramgncycle was implemented through the use of the
Competisoft methodological framework and the suppbthe Tutelkan web platform.

Three iterations of the improvement cycle were qgrend. The first one (or improvement mini-cycle)swar the
Software Development Process (SD), the secondtitaravas for the Specific Project AdministrationP{)

process, developed in parallel with the first aast literation for the Software Maintenance (SM)cpss. This
sequence was established in agreement with theshafathe software area and was based on the impreve
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prioritization according to the results of the i@litProcess Diagnosis (in relation to the improvaettases, or set of
opportunities for improvement, identified for egmocess). In the assessment the level of capabiligach process
was measured to identify the improvement opporiemitFirst, the processes were evaluated basechan t
constituent attributes (level 1 and level 2), indiidn to determining the capability maturity levef the
organization. Second, a quantitative analysis vesfopmed (percentage of activity performance inatalty levels

1 and 2 for each of the steps defined by the peonexdel) along with a qualitative analysis per pexc(identifying
strengths and improvement opportunities, and a¢teating the ratio of activities and tasks of thecpsses to the
roles and artifacts).

This was made possible through the use of assessowts (questionnaires) and result calculatioreagsheets, in
accordance with the process assessment methodrB8af® The processes mentioned above are paneqgfrocess
reference model MoProSoft and the Operation cae@@@PE), which are also part of the Competisoftidasofile
(see Figure 1).
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Figure 1. Competisoft Methodological Framework

The structure of this paper is presented as fotidiws related works in Section 2, Competisoft congrds in
Section 3, Tutelkan components in Section 4, ththatmlogy used in Section 5, the results of thgmiisis and the
implementation of the improvement cycle in Sectfrthe results in Section 7, finishing with the closions in
Section 8.

2.RELATED WORKS

The situation of process improvement in SMEs isubjext of special interest in the software engimeer
community, which is reflected by a significant iease in studies that deal with the issue and nmefkeence to its
trends [3] [6] [13]. Moreover, international orgaations such as the SEI and the ISO are makingteffo bring
their standards in software process improvemengeclao small and medium-sized software companiesmeS
examples of note are the initiatives of the Intéomal Process Research Consortium (IPRC), pattiefSEI, with
the project Improving the Process in Small SettifiB$S), and the formation of the SC7-WG24 workugroy the
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ISO to address a common framework and which desz@issessment profiles for life cycles in small ganies. In
the latter case the Basic Profile defined in MoRfo8!] [5] has been considered an important cotibn.

Local efforts for SMEs have emerged in order toraslsl process reference models, models to guideoirmprents
and process assessment methods: SIMEPAR-SW [1@ht IMECPDS [14], MPS BR [18], MoProSoft [7],
IMPACT [17], PmCompetisoft [16], MESOPyME [1], Ev&oSoft [8], ADEPT [12], RAPID [2], PROCESSUS
[10].

Applications of the Competisoft methodological femwork have been developed at a controlled testvel,|
mainly in Spain, Argentina, Uruguay, Peru and Chitewhich some of our work is included [9]. Bestdmodels
and standards, technological support platformdnimrovement models are being developed, such aFutetkan
which is expected to create a mechanism that allsBM&Es to formalize, define and document their safev
development processes and systems in order tovactiie continuous improvement of their processesyell as
certification if required.

3.COMPETISOFT COMPONENTS

The Competisoft process model is based on MoPrp8tiich in turn considers the three basic categooiethe
structure of an organization and their own processe

Top Management, with the Business Management psoces

Middle Management, with the following processesodess Management, Project Management and Resource
Management.

The Operation category, with its processes of: Bipderoject Administration (SPA), Software Devetopnt
(SD) and Software Maintenance (SM).

The processes of the Operation category are c#fledBasic Profile of Competisoft, since there isp&ioal
evidence that the most important things to be impdoby companies which possess a strategic plarthare
processes involved in the Operation category. phifile was well received by the community thate@hes into
the quality area (Group SC7-WG24) and was quicldguested by the ISO / IEC committee in order to be
incorporated into its standard ISO / IEC 29110.

The Software Maintenance process is based on tlile MGNTEMA methodology, which was created from the
MANTEMA methodology for large organizations and rfrothe agile Scrum method for project or service
management [15]. Agil_ MANTEMA is focused on smaltgganizations and aims to define a maintenanceegs
detailing what should be done, when, how and bymyha other words, its aim is to give step by sgeplance for
the software maintenance process in this typegdraration.

MoProSoft seeks to support organizations in thendstedization of their practices, the assessmentheir
effectiveness and the incorporation of continuengrovement. It offers a consistent process patteenschema of
elements that is useful for process documentationonsists of three parts: Process Definition,cBcas, and
Tailoring Guidelines.

The process assessment model EvalProSoft can detasdbtain the capability profile of the implantpbcesses
and a capability maturity level for the organizatidhe assessment is based on process requirearghtsn the
process capability model. This model sets Capghiktvels, Process Attributes and the followingngtscale (see
Table 1):

N: Not achieved (0-15%)

P: Partially achieved (greater than 15% to 50%)

A or L: Largely achieved (greater than 50% to 85%)

C or F: Fully achieved (greater than 85% to 100%)

Table 1: Qualification of the process capability level

Level 1 2 3 4 5
Attributes

1.1 Process Performance A C C C C
2.1 Performance Management - A C C C
2.2 Work Product Management - A C C C
3.1 Process Definition - - A C C
3.2 Process Deployment - - A C C
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4.1 Process Measurement - - -
4.2 Process Control - - -
5.1 Process Innovation - - - -
5.2 Process Optimization - - - -

> >
>>00

Process capability is evaluated on a scale from ®. fThe value 0O is associated to the lowest cépalgivel and
means that the purpose of the process is not aghidhe value 5 is associated to the highest evehpability and
means that the current business goals and thog @ through optimization and continuous proéegsovement
are achieved. Capability is measured through afgatocess attributes, which are used to determvimen a process
has reached a certain capability. Each attributesomes a particular aspect of a process.

PmCompetisoft is a process that guides the exetuica cycle of software process improvement in Isared
medium-sized enterprises. It is characterized &ndp sufficiently light to be put into practice ISME software
manufacturers. PmCompetisoft cycles consist of Sroractivities: Installation, Diagnosis, Design,pgravement
and Program Review. PmCompetisoft is an iterativé iacremental process organized through improve mmgm-
projects which include cases of improvement witlinoverall improvement program, as shown in Figure

Improvement iteration is an improvement mini-cythat allows progress to be made in the developraedt
management of a set of improvement cases in apémdient way. This gives visibility to the improvemeroject.

Installation

of the cycle
I

]
/| RMP - ] iffEV [ | GMP
GGM Strategicflan E .. RMP ; VP
<< Improvement ,,f'é Input == E '
Regueriments =» |- - i Rp GGM

|
:<<t:]utput>>
[

%

M
<<Qutput=>

\ Ry I e i Improvement
L o %
Implementation Plan

.
Formulation

Proposalfor __- “*7 7 L——_ Diagnosis Process 5 :
Improvement i 7 of Improvements I g
1 npu
E | << Input :7% :« PHS o
' <<Output>>l P I
1 7/ 1 ]
-~ i V. e
e ! & | 4
Assessment Report “‘:ru.,% General Plan i i )]
! - ]
PO il s ! Implementation
T 1 1
. ; . of Improvements
l= i i Other Itefation |
i
Preliminary ! ! sppe]
Improvement Plan ) ; =RUITPULES J
[one more cycle] E No mare Itera‘[ionshI :
-=_':i‘ | |
Review Cycle ! =i 1| : i
no more cycle | = i |
[ ke ] s - ! Ty ! Iteration Report
<<Output5 == Improvement ¢ ———————— S S s S S R Improvement
| Report |

Figure 2: PmCompetisoft Workflow
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4. TUTELKAN COMPONENTS

Tutelkan is a public interest project that seeksstpport SMEs that export software, backing themthe
certification of their processes, and ultimatetyttie improvement of their opportunities. It isianovative system
based on Open Source technology and it is freehe@ddea is that in the long term they can give esukive
feedback, using references and good practicesdgiréa use. The platform aims to impact socioecomomi
development in Chile in a positive way. Among itsnbfits are: helping software development compatoes
improve their productivity and the quality of whhaey do; optimizing the export of software and g=s, and also
generating a critical mass of experts in qualitpiavement.

Tutelkan consists of the following elements:

Tutelkan Implementation Process (TIP), which cqroesls to the process of implementing the Tutelkan
processes so that SMEs can adapt and adopt preaeisisehe help of experts.

Tutelkan Process Framework (TPF), which is the metiel of Tutelkan software processes and definest wh
types of processing elements are valid and whilgtioaships among these elements are permissible.

Tutelkan Reference Process (TRP), which correspdodthe Tutelkan reference process and defines a

particular software process whose parts can bedearsd modified to create new software processes.

Tutelkan Web Platform (TWP), which includes web Isoand permits the exploration and collaborative
production of public software processes, and digodevelopment of public software processes thaer¢he
elements of public processes that satisfy the Civiidtlel.

Furthermore, the platform uses transfer flows amsfer knowledge on a software process directlyetple or to a
company (see Figure 3). The following may be used:

Autonomous transfer flow: There is an individuapkxation, that is to say, people who want to exptreir
knowledge.

Guided transfer flow: For diagnosis, implementatamd monitoring guided by experts. This is desigferd
companies that want to implement improvements.
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Figure 3: Tutelkan Transfer Flow

5.METHODOLOGY

The main activities carried out in this researahthe following:

5.1 Research on theory and studies supporting thexploratory research.

Review and analysis of bibliographical material te Competisoft methodological framework and modbét
form part of it and study of the Agil_ MANTEMA mettology and the Tutelkan platform. This was donadquire
the necessary knowledge and skills for implementivegsoftware improvement process in the compaaged on
the theory and concepts from the bibliographicatiemal that was reviewed.

5
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5.2 Initial meetings with the company

Presentation of the project (improvement cycleasfveare processes) and the Competisoft framewoitkedHead
of the Software Area at the company, which inclutteel development of a working proposal, so as io gz
commitment and support of the managerial departmedtthe staff in the area for the initiation o tycle.

5.3 Incorporation of the Competisoft basic profileinto Tutelkan

Entering information about the pattern of each esscof the Competisoft basic profile into the \aftplatform (see
Figure 4).

CompetiSoft

Tutelkan Platform Basic Profile

User Manual

v v
'I'.n-::urpnrate the {Zumpetisuff"-\l
| Basic Profile in Tutelkan Web

Basic Profile
Competisoft instantiated
Tutelkan web platform

Figure 4: Integrating basic profile into Tutelkan.
This activity includes the following tasks:

Learning stage on the usability of the platformeétion of processes; creation of process elemaatwities,
tasks, work products, roles; linkages between ka@ents of processes).

Instantiating of the processes of Specific Projéciministration, Software Development and Software

Maintenance.

5.4 Implementation of the Improvement Cycle

This includes monitoring the macro-activities ot tmodel, the incorporation of most of the artifafttsm the
Competisoft basic profile (generated or improved iTutelkan and the creation of a Knowledge Bamxific to
the software area of the company. The sub-activiie associated to the development of the follgwittivities:

Installation: In the initial meetings the Head dfet Technological Division of the Company receives
information on concepts of software quality, pracémprovement and how the Competisoft methodoldgica

framework fits the reality of SMEs involved in timaprovement of software processes; the objectifethe
framework are explained as well as its main feated benefits. Subsequently, and with the consietite
area, the development of an improvement proposabiged out (Working Plan).

Initial Diagnosis: The method for assessing Evelofo processes is followed. Thus, assessment insiits
are developed: questionnaires for each procesheobasic profile, separated by the capability el the
attributes that make up each process (level 1 evel P). These questionnaires are created on thie bathe
general definition and practices of the processésthe MoProSoft model (basic profile) and the
Agil_MANTEMA methodology (for the maintenance presg.

6
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Formulation: According to the results obtained frira evaluation performed in the Diagnosis actj\itigher
priority improvement cases are taken and the imgmmnt iterations are planned in a meeting with the
department heads, with the aim of estimating tfierie&nd time of the cycle. A record of this infaation is
detailed on a document named Improvement ImplertientRlan.

Enhancement: To carry out activities to improve phacesses of Specific Project Administration aoé\&are
Development, the process pattern of the MoProSofiehwas used. In the case of software maintentree
pattern of the Agil_MANTEMA methodology was followe

Review: At the end of each improvement iteratiareeord is made of the improvement that is achiguetie
attribute of the process that has been improved ififormation is stored in the Knowledge Base taddor

the company during the improvement cycle. A finssessment is performed to compare the level dhlinit
capability versus the level reached at the endhef improvement cycle using the same instruments of
assessment. The steps used for the assessmeatfiofaihprocesses are the same as for the inigaindsis and

for the assessment questionnaires (level 1 and 23ve

5.5 Closing the Project

This involves collecting the lessons that have deamed and suggestions for improving the projeelivering a
final report with the results of improvement peogess and attribute, and the conclusions of thedwgment cycle;
this marks the completion of the project.

6. RESULTS OF THE DIAGNOSIS AND IMPLEMENTATION OF THE |MPROVEMENT CYCLE

Table 2 shows the results of the basic profile @sses obtained per attribute once the initial diagnhad been
completed. The table shows the percentage of tetvilefined by the Competisoft process model. Mdeze, the

qualitative analysis identifies the relationshipdagonnection between the activities of the thresicbarofile

processes with the roles that exist within the pizmtion, the work products and the available toaked in the
organization at the time of the diagnosis. Thes¢sfaave been included in a table of strengthsireupdovement
opportunities for each process.

Table 2: Initial assessment of the quantitative analysis

Basic Profile Process Performance Work Product Capability
Process Performance Management Management level
SPA 59,65% 50% 37,5% 1
SD 48,1% 20% 17,57% 0
SM 66,32% 75% 65% 1

Among the most significant improvement opportusitidentified in the company are:
Information about projects is mostly handled infafin
There is no protocol for the preparation of usenuads.

Non-performance of some analysis and design aesyisuch as defining the architecture of the systed
conceptual modeling.

There is no distinction between the types of maiaitee to be performed.

Table 3 shows the results of the basic profile @sses obtained per attribute in the final assedsmleng with the
level of capability of the processes.

Table 3: Final evaluation of the quantitative analysis

Basic Profile Process Performance Work Product Capability
Process Performance Management Management level
SPA 84,21% 87,5% 41,67% 1
SD 84,01% 84% 20,27% 1
SM 85,26% 75% 65% 2

7
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The analysis of the outcome of each attribute pecgss is as follows:
Specific Project Administration Process:

The Process Performance attribute is Largely Addev

The Performance Management attribute is Fully Aahie

The Work Product Management attribute is Partiathieved.
Software Development Process:

The Process Performance attribute is Largely Acddev

The Performance Management attribute is Largelyié\ad.

The Work Product Management attribute is Partialthieved.
Software Maintenance Process:

The Process Performance attribute is Fully Achieved

The Performance Management attribute is Largelyié\ad.

The Work Product Management attribute is Largelhideed.

As can be seen in Table 3, the Software Mainten®mnoeess (SM) reached level 2 (Managed), demoimgjrtie
highest level of capability among the three evadairocesses.

7.ACHIEVEMENTS IN THE |MPLEMENTATION OF AN IMPROVEMENT CYCLE

The following gives a brief overview of the majahéevements of the company, as identified withithprovement
leaders for each process during the improvemerné @ its iterations.

7.1 Iteration |: Software Development (SD) Process
With regard to Software Development (SD) the follogvimprovements were achieved:

The roles to be performed by the people involvethnprocess and the activities and tasks to biesxh were
identified, leading as a result to a set of artddor each: documents, manuals, plans, reportdetapas well
as the software, so as to obtain better qualitdycts that meet the expectations and needs olgteroers and
users from other areas of the organization.

Emphasis was mainly placed on institutionalizing Analysis and Design phase, which is essentidet@lop
better quality software in accordance with funcéilband nonfunctional requirements. UML was usesiujgport
the implementation of this phase.

Templates and guidelines were developed and theyilboted to the creation of the necessary docusnfemt
the process.

Programming norms and standards were defined aptbiraments were made in the documents necessary to

plan, execute and record evidence (plans, tessceesgorts).

The user became more involved throughout the dpwedait cycle, from the requirements stage to theaénd
the development project. In fact, documents of ayglr (which are called certification, pre-productiand
post-production) must be filled in and signed befthre product is delivered or is available on tiieanet.

The information about each project, and the geraral will be available on the Knowledge Base peirig to
the area.

7.2 Iteration |l: Specific Project Administration ( SPA) Process
With regard to the Specific Project Administrati@PA), the following improvements were achieved:

The roles to be performed by the people involveth@nprocess and the activities and tasks to bieesth were
identified, leading as a result to a set of artfafor each: documents, manuals, plans, reportsleleoand
surveys.

8



CLEI ELECTRONIC JOURNAL, VOLUME 13, NUMBER 1, PAPER APRIL 2010

Emphasis was mainly placed on institutionalizingcwloents that allow better management of both

development projects and software maintenance @goje

A formalization of the use of documents. Before 82 requirements phase, users must fill in the detoj
Description which is the starting point of the SPpicess and gives the first approach to the protthattis to
be developed.

Templates and guidelines were established in dodacilitate the creation of the documents neagska the
process.

Emphasis was placed on improving communication éetwthe various areas involved in a project, tras w

done by developing communication plans, in whickaar tools and communication channels are clearly

defined.

The two documents, Project Plan and Developmenh,Plghich are necessary to guide and conduct

Development and Maintenance projects, will be gadiglimplemented in new projects. The same wilben
with the Project Monitoring Report which will metgaprogress, goal achievement and effort estimat®mas
to be clearer in setting the start and end datesyfrojects in the area.

Project management tools like MS Project and G-&a@med the Tutelkan platform will enable better gyal
planning, reporting and controlling of the threeqasses and the activities and tasks of the demelopand
maintenance projects performed by the team.

Information on each project, and the general orilébe available on the Knowledge Base of the area.

7.3 Iteration IlI: Software Maintenance (SM) Proces
With respect to Software Maintenance (SM) the feltgy improvements were achieved:

The roles to be performed by the people involvedthis process were identified according to the
Agil_MANTEMA methodology, as were the activitiescatasks that must be achieved, leading, as a résut
set of artifacts for each (see Figure 5): documenguals, plans, reports, as well as the softivetehas been
corrected, improved or adapted in order to meetnthe expectations and needs of customers and frsers
other areas of the organization who demand changés products.

Templates and guidelines were established in aaldacilitate the creation of documents necessaryttie
process.

Emphasis was mainly placed on institutionalizingwvnphases, such as Care, Analysis of Requirement

Applications, etc., where the form will be receivand the type of maintenance to be applied wildb&ned
according to the amendment request.

In many cases there will be diagnosis of the eoroamendment, and possible solutions will be preda®
carry out the modification of the software basedtentype of maintenance.

Regular meetings will be held during the Mainterafycle where the team will meet to support thgeuto
and discuss what has been done.

Documents to execute and record the tests werenimagr(test cases and test report). A withdrawal pkefore
the leaving of the old software will also be preasty defined.

As in the Development phase, the aim is to enghgectistomer and the user throughout a large pattieof
process. In fact, approval documents (which arledaertification, pre-production and post-prodaaji must

be filled in and signed before the maintained pobds delivered or the updated version is availaiiethe

intranet.

Information on each project, and the general orilé pe available on the Knowledge Base of the area.

8. CONCLUSIONS

It can be seen that the implementation of qualitydels aimed at SMEs is a good starting point if waey to
continuous process improvement and certificatiotlearnternational quality standards is to be soughgjects like
Competisoft deliver the basic elements to formadind institutionalize processes in an organizaticcording to a
Knowledge Base. Furthermore, the Tutelkan web @iatfis a good complement to achieving this goaicesi
among other things it allows the instantiation ofality models, reference processes, and the corfganyn

9
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software and projects as well. Thus, in order tteg organization's staff who use the tool accetertteir
understanding, the Tutelkan web platform was usgdrb and during the execution of the improvemsetecon
the basic profile processes of the company, udirtheir documentation.

One of the advantages of the Tutelkan platform tigcof note is that once all the processes hagae bestantiated,
it delivers better visibility on the elements gp@cess at the moment of consulting them.

Strategies such as the appointment of processriedudletins, process maps and traceability medgriglso greatly
supported the improvement process. During the deweént of the improvement cycle, an initial KnowgedBase
arose for the specific software area. Here, theoles that were learned are considered but alsinfoemation
obtained from each process which thus gives comyimver time.

The Agil_ MANTEMA methodology was rapidly tailored the current working methods of the software aseae
it covers most of the roles, activities and taskghe process, so the emphasis on the improvemeast more
frequent in the formalization of the documentation.

The support, field work and constant motivationtef Competisoft improvement team from the softvaasa of the
company was essential for the success of this sty to the limited availability of staff time tughout the
duration of the improvement cycle. This shows tti® way to continuous improvement requires disogli
commitment and perseverance.

As a future study, we aim to incorporate Competisomplete models and methods to the Tutelkan vesfiopm in
order to make it into another reference model fonpanies that wish to begin process improvementaime able
to include a Knowledge Base with the artifacts trat generated in the company.
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