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Abstract. The actual software development mod

processes are designed to focus on théJ dcﬁnilioncc:?" :::(szr;:&lz:); :‘ccv(thds o
processes in large scale companies. In the case of Mexico (a count, cl OP:'EN
almost 80% of the software industry is composed of small and m;y!iun g4
companies) the penetration of such models have being quite minimal. | rrllh_scalc
search, a software development process has been designed, based on 'lh: C-‘\j{«c-
maturity level 2 in its staged representation, to offer the PyMEs (from S i ;1]
Pequeiias y Medianas Empresas) a reference framework for buildin spartlls ‘
and implementing sofiware engineering techniques. This process wasgde);? em;
by identifying the set of better practices that would permit PyME:s to co %ne
a high quality software product. Also, this process enabled 14 dev lns .
teams to reach a CMMI maturity level 3. clopment

1. Introduction

Presently the majority of countries employ software systems that are faster more
potent, complex and still cheaper. This forces software development Compa;xies to
optimize the production of their software (Reyes Delgado, 2005), therefore it is nec-
essary to implement advanced software engineering techniques to generate and define
detailed processes that permit the production of more advanced, detailed and innova-
tive designs.

The software development methods and the defined processes gct a lot of attention
in research centers but are rarely used in the software industry. One of the main rea-
sons is that very little is known about the integration, interpretation, definition and
adoption of methods in the software development processes and, the exact role that
the methods and processes play in the life cycle of software is still very diffused (Plat
& J. Toetenel, 1992).

According to (Sommerville, 2002), the software processes that are pertectly
adapted to the necessities of all businesses and their software projects don't exist but
due to wide research and experience gained, better practices for systems development
have been proposed.

Although all the efforts made in rescarch centers, as (Plat & J. Toctenel, 1992)
mentions, on a worldwide basis, there exists a considerable percentage of software
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for the devclopment of their projects and proc-
d, along with the lack of knowledge of integration
el, 1992), to the fact that a lot of man-
| benefits of using methods and defin-
11 as process quality and subscquently

companics that don’t use methods
esses. This problem can be attribute
and the life cycle of methods (Plat & J. Tocten
agers or software developers ignore the potentia
ing software processes for product quality as wel

project quality (Chatzoglou, 1997). ) .
In order to produce a successful software system, 1.¢., one that satisfies the needs

of the client, without errors, that’s easy to modify and use (Pressman, 2001), it’s
necessary to establish and adopt a disciplined development approach. .

Even though the software industry and software developing companics are aware
of the necessity of the establishment of disciplined approaches for the development of
software systems, the discussions continues about which are the best practices to

I t within processe

P

2. Problem Qutline

In the creation of a software product with more than one minor complexity, the only
viable way to ensure its quality is guaranteeing production through a high quality
development process (Chroust, 1996).

In accordance with (Fuggetta, 1995), a software process is the group of persons,
organizational structures, rules, policies, activities and proceedings, software compo-
nents, methodologies, and tools used or created specifically to conceptualize, de-
velop, offer a service, innovate and expand a software product.

Matching what was previously said, (Oktaba & Ibargiiengoitia Gonzalez, 1998)
propose the static view of a software process (Fig. 1). In this view it’s established that
a software process is a composition of stages, activitics and resources.

As was already mentioned, the software development processes are complex and
are based on human criteria in order to judge and create (Pressman, 2001). Due to
these characteristics it is very difficult to automate processes in software develop-
ment. There exist other reasons for which the automation of a process in software
development is not reached (Sommerville, 2002), one of them being that there exist
multiple approaches for the development of a software system.

Focusing on the organization’s processes allows the increase of company capacity
for competition, bettering the administration of all available resources (Harrington,
1998). Also, by focusing in the processes helps the organization to reduce redundant
work and improves job organization, making easier the project administration. La
process management should be supported by training, budgets, skillful workers, tools,
and managers support (Kulpa & Johnson, 2003).

The quality of the process has an important influence on the superiority of soft-
ware given that its administration comprehends from the standard definition of proc-
esses to the elaboration of reports (Sommerville, 2002). In simpler terms, “it’s the
grade at which a client or user perceives that the software agrees with his needs”
(Chroust, 1996).
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Fig. 1. Software process static view (Oktaba & Ibargiiengoitia Gonzilez, 1998).

As an alternative solution to these deficiencies, there exist different standards and
development models as well as quality 'models that are created by individuals or or-
ganizations to harmonize the speciﬁc?uons of products, interfaces, processes, termi-
nology, etc. (Margain Fuentes & Durén Rpsalcs, 2002). Some standards are formally
developed by organizations whilst others impose the market (SPICE, 1998). Some of
these models and methodologies are namely, amongst others, RUP (Rational Unified
Process) from IBM, CMMI (Capability Maturity Model Integration) from SEI, SPICE
(Software Process Improvement and C?xpablllty dEtermination) from SQI, MoProSoft
(Modelo de Procesos para la Industria de Software) from ProSoft, PSP (Personal
Software Process) and TSP (Team Software Process), both from SEI.

Sadly, these models are designed tf) focqs on the definition
ment processes on large scale companies, tbls being the reason why in Mexico, coun-
try in which almost 80% of the software industry is made up of small and medium
businesses (PyMEs) (Silva Alarcén, 200‘?), the penetration and adoption of these
models has been quite minimal. Due to this, there is a lack of reference frameworks
and models to support the PyMEs’ implementation of development process that help
them to guarantee the quality of their products.

of software develop-

3. RADIP, a Software Development Process for PyMEs

In this research, a software development process has been designed based on the
CMMI maturity level 2 in its staged representation so that the PyMEs have access to
a initial reference framework in aid of constructing systems and the implementation
of software engineering techniques. This design was based upon the identification of
the best set of practices that allow the PyMEs to construct a software product and
integration of the best practices identified within the CMMI maturity level 2.

With the development of this process and in general with this research, the follow-
ing hypothesis has been established and tested: “With the use of a met}}odolcg}. for
software development based on the CMMI matun.ty !evel 2, that establishes a cle‘:u'
and precise way the set of phases, processes, activities and anifac{s. a process for
software development can be recognized to generate quality products in a P}‘_.\IE

In the case of the development and mapping out of the proposed process in this -
search and the CMMI model, the maturity model of CMMI that has bt‘éP c}iosen is
the one in its most complete version, CMMI-SE/SW/IPPD/SS (CMMI for Systems
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Engincering, Software Engineering, Integrated Product and Process Development,

and Supplier Sourcing).

The main objective o
quirements management process and plan, execute, mea
esses.

£ the CMMI maturity level 2 is that in the projects exist a re-
sure and control the proc-

3.1. The Software Development Process RADIP

The software development process RADIP covers five principal phases and is sup-
ported by the use of Personal Software Process (PSP) and Team Software Process
(TSP). The general aspect of the process and its main inputs and products are shown
in Fig. 2.

The RADIP process is aided in its Administration process by the TSP for the gen-
eral management of the development teams and the establishment of the planning of
activities to be carried out. This is due to the fact that TSP offers some important
benefits for development: TSP is a predefined process with guides and formats de-
signed by the SEL TSP allows creating successful projects that reach their goals on
time and within an estimated budget. Also the development teams greatly augment
their productivity and the quality of software products (IT Institute). Furthermore,
PSP supports the process by controlling the individual activity of every engineer in
the other processes of RADIP as it permits developers to adopt better practices so that
they can establish reliable and precise work plans (IT Institute).

Each process establishes a set of activities to carry out. The products and artifacts
that are produced in cach process are also defined within each of them. As an addi-
tional support, cach process has a set of templates to facilitate the adoption of the
activities and, doing so, provide a smooth and easy adoption process for the devel-
opment team.

4

Fig. 2. Software development process main view
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3.1.1. Requirements Process

The requirements process (Fig. 3) establishes the activities to carry out to be zble to
conduct the management of the products requirements, project requirements and
product components as well as the identification of inconsistencies that may exist
within these requirements. (Carnegie Mellon Univcrsity, SEIL 2002).

raqurmes - )

Ri Problem outlining

Atfads

ReProjed abjedives
selting

B Fundtional and Non
Fundtional Requirements.

RiQeale Use Case Mode!
NS R et e )

Fig. 3. Requirements process specification

ARiUsecase
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S|

|
|

3.1.2. Project management Process

The administration process (Fig. 4) establishes the activities to be carried out, so as 1o
be able to comply with the development project management. It starts with the project
launch and ends with the elaboration of the project’s schedule.

3.1.3. Design Process

The design process (Fig. 5) establishes the activities to be realized to be able to com-
plete the conceptual, logical and physical design of the entire project, commencing
with an UML model, and in doing so, establish a clear technical solution for the pro-
ject.

3.1.4. Implementation Process
The implementation process (Fig. 6) establishes the activities to carry out the mple-
mentation of the technical solution established in the previous process. This is the
principal phase supported by PSP, given that in this phase the caleulation of devel-
opment time and defects control is more valuable.

In this process the activity 12 is formed by two sub-activities, 12.1 and 12,2, where
the latter generates an artifact AI2 System codes, and activity 12 generates artifact
AI3 Defects control.



316 Barajas A., Alvarez F., Muiioz J. and Muiioz J.

Atifads

AA1Teamassess
AR2ROles

AlL1Rle and
responsbiltyaliocation

A1.2Establish process lifecyde

ifecyde andmain godls

AASFundion

Qocomo

AA3Development

Projed goals

Pointsand

D2Qeatedassmodel

D3Qeateinteradtion
modelandflow chart

’ AD1Gass model

Di Logical andphysicl ADGEntity
database desgn Relationship
“Imodelm

D5 GUIdesign ,
.......................... J----

\'2

' AD5Technical
solution

| D5 Tedhnical solution
i design

Fig. 5. Design process specification

|



RADIP: A Software Development Process for Movican Py MEs
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Fig. 6. Implementation proc,
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Finally, the test process (Fig. 7) establishes the activities to be carried out to validate

(evaluate) the created product by the implementation
activities, which allow the engineers to realize tests i
and so guaranties that the product is free of errors,

In this process, it's worth mentioning that the activitics P3, P4 and P5 g
only one artifact AP3 Test results. In contrast, the activity P2 has
Al2) and produces an artifact AP2 Corrections to be made.

Pl1Qeatethechedklig

P2Verification(system
against chedklist)

APrrectionsto
| perform
| S

P3PerformUnit lests

P4PerformIntegration
tests

PSPerformSystemtests

Fig. 7. Test process specification

process. This process entails
n a controlled and clear manner

generate
an input (artifact
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Table 1. RADIP and CMMI maturity level 2 mapping

Process

ID | Activity

Process arca / Spe-
cific practice

Requirements

Project
Management

R1

R2

R3

R4

Al
ALl

Al2

AL3

A3

P2
P3
P4
P5

Problem outlining

Project objectives setting

Functional and Non Functional Require-

ments

Create Use Case Model

Project Launch

Role and responsibility allocation

Establish process life cycle and main goals

Assess risk factors

Time, size, effort and LOC calculation

Create project schedule

Verification (system against check list)

Perform Unit tests

Perform Integration tests

Perform System tests

RM/SP 1.1

PP/SP 1.1
CM/SP 1.1
RM/SP1.2,SP 1.3
PP/SP 1.1

PMC / SP 1.1, SP
1.6,SP 1.7
CM/SP 1.1
RM/SP1.1,SP 1.2
PP/SP 1.1
CM/SP 1.1
RM/SP 1.1, SP 1.2,
SP 1.4

CM/SP 1.1
XX/GP22

PP/SP2.5
PMC/SP 1.2
CM/SP 1.1
XX/GP24

PP/SP 1.3
CM/SP 1.1
PP/SP22
PMC/SP 1.3
CM/SP 1.1, SP 1.1
XX/GP238

PP/SP 1.4

PMC / SP 1.1, SP
1.6,SP 1.7

MA/SP 1.1, SP 1.2,
SP1.3,SP 1.4
CM/SP 1.1,SP 1.3
RM/SP 1.3, SP 1.4,
SP L5
PP/SP2.1,SP27
PMC / SP 1.1, SP
1.6, SP 1.7
CM/SP 1.1
XX/GP22,GP29
CM/SP 1.1
CM/SP 1.1
CM/SP 1.1
CM/SP 1.1
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3.2. RADIP Development Process and CMM] Maturity Level 2 Mapping
hows how cach of the activitics of the If/\l)ll' ¢ '
I:'“t:htzbgl:e::i;:: practices from the model CMMT iy s Managed maturity level, e,
2 ' Fi :
LCYI‘(;: ~l.na ping of RADIP and CMMI permits (o establish in clear means which spe
ifi crqctiI;cs from CMMI model are being covered, By doing so, this mapping guar-
s ‘l)h;t the proposed development process offers the capacity, to the PyMEs that
zg:)y t it, that at Icast will achieve the Managed Maturity level,
I? is ’Imporlanl to stress that, the CMM] maturity level 2.
level of the model, it is the hardest onc to achieve, This ig so
hanges in the work structure of the company in question, which in turn
f‘nosfcaics a cultural change in said company (Gr; ia, 2005).
In th;: t;;b]c 1, was shown only two of the process proposed in RADIP, this is be-
use the Design, Implementation and Test processes and each one of their
Z:e mapped to the specific practice 1.1 from the Configuration Managemen
i 1.
area in the CMMI mode! )
In the next table (Table 2) is shown the typogra
vious table (Table 1),

process covers every one

, although being (he first
because it requires major

mplics, in

activities
t process

phical conventions used in the pre-

Table 2. Typographical conventions

Acronym Definition

SP Specific Practice

RM Requirements Management

PP Project Planning

PMC Project Monitoring and Control
MA Measurement and Analysis
cM Configuration Management

XX Any maturity level 2 process area

4. Results

: imental results from the use, ado
Tor e collectl(:;l ?i:rﬁp;;gcess, 14 software development projects were launched in
Rt d(f:\: Pl)lst to December 2007, the projects where launched in private com-
e S 1 by overnment owned companies and also as internal development for
i \ % f]I‘Shfsc projects were realized by 9th semester Computer Systems Engi-
g u.mvextil(tj);-ms from the Universidad Auténoma de Aguascalientes Autonomous
nUelfir\::rgsitsy of Aguascalientes, with a total of 60 participants. - -
The launched projects include web pages (_icsngn, automation o proc:.m.s.
lopments for mobile devices and even billing anfi inventory control. All the ;1;0—
fiCVC Opclrc concluded with satisfaction in the established time and they all covered
ch()c(t)s‘;A)V\tl)f raised requirements (func_tional as well as norll-funfuona‘l.). ; el
Nevertheless, this is not sufficient Fiam to dc(crmm.e \\'hcthlu oxA l:jm-“e'-ld o
process is a high quality process that will promote the high quality product yield. /

ption and implementation
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so validations of the RADIP process were carried out. The first of these were
achicved with a set of interpretations of the CMMI modcl in its 5 stages of maturity.
Through which a set of forms are filled out allowing the determination of the maturity
level that the processes of the company or development team has achieved. With this
first validation it was verificd that the RADIP process permits that the development
teams implement and adopt a reference framework for the development and construc-
tion of a software product. With this process not only did the devclopment teams
achieve the CMMI maturity level 2 for their processes, but they also went on to
achieve maturity level 3 with respect to the scaled version of the CMMLI. This indi-
cates that RADIP process offers the development teams an initial framework that can
naturally evolve to reach higher levers of maturity for development proccsses.

The sccond validation was carried out using an automatcd Web tool (developed by
the Universidad Auténoma de Aguascalicntes in collaboration with the Universidad
Politécnica de Aguascalientes) based on the thesis “Disefio de un Instrumento de
Auto-evaluacion para Diagnosticar el Estatus de las Organizaciones en M¢xico con
Respecto al Modelo ProSoft: Proceso de Gestion de Negocios de la Categoria de Alta
Direccién™. The thesis proposes an auto-evaluation instrument based on MoProSoft
and the concept was developed (Reyes Delgado, 2005). Said tool can be found in the
following URL of the Universidad Autonoma de  Aguascalientes:
http://ingsw.ccbas.uaa.mx/AE_MoProsoft/. Using this tool, the Average Degree of
Completion of the Activities per Level achieved for the Processcs Management proc-
ess was found to be Medium High, that is to say, Satisfactorily Reached.

Tabla 3. Results interpretation per activity

Section Activ- Aver- Section Activ- Aver-
ity age ity age

Process Plan- ALl 5.51 (PI) A27 3.80

ning (PP) Al2 5.45 Process A3l 5.65

Al3 5.33 Evaluation and A32 5.10

Al4 533 Control (PEC) A 33 4.75

AlS 5.63 A34 5.84

A.l16 5.32 A3S5 5.80

Al7 5.90 A.3.6 5.85

Al8 5.80 A3.7 4.80

A.l9 5.95 A38 5.20

A.1.10 5.10 A39 4.80

ALl 5.45 A3.10 5.60

Process A2l 5.50 A3.11 5.70

Implementa- A22 6.35 A3.12 5.00

tion (P1) A23 570 A3.13 520

A24 6.30 Al.14 5.25

A25 6.05 A3.15 4.60

A2.6 5.20 A3.16 4.54
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In respect to the Average Degree of Completion of the Activities per Objective
achicved for the Processes Management process was also found to be Medium High,
i.e., Satisfactorily Reached. This implics that the RADIP process really supports and
is a solid basis for the devclopment and maintenance of a software development proc-
ess in a PyME. In the next table arc shown all the results mentioned above per cach
activity, and it can be sccn that the most of the activitics reach a Mcdium High

achievement, which one is comprchended between the valucs 4 and 6 in the work by
Reyes Delgado.

5. Conclusions and future work

Throughout this rescarch it has been proven that with the use of a software develop-
ment process based on CMMI maturity level 2 in its staged representation, that estab-
lishes very clearly and precisely the set of phases, processes, activitics and artifacts, a
software development process can be made to generate products of quality in a
PyME.
yFurthermorc:, the PyME, through the RADIP process, will be able to define a proc-

ess of greater maturity that, as was validated in this research, allows reaching, at lcast,
a defined process, i.e., a maturity level 3 with respect to CMMI.

It is important to stress that this work is developed within the framework of a re-
search to achieve a Masters Degree in Software Engineering.

As future work there exist the possibility of studying the model for maturity levels
Defined, Quantitatively Managed and Optimizing of the CMMI, as well as its imple-
mentation in a software development company (PyME).
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