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Abstract — In the last years, Model-Driven Development
(MDD) approaches have taken an important role in tie quality
improvement of software products. These approachgserform
the automatic compilation of high-abstraction moded to
generate the final application code. In this way, NdD
approaches aim at reducing development costs as Wwels
increasing productivity, portability, interoperabil ity, and ease
of software evolution; i.e., achieving higher prodat quality. A
major obstacle for MDD approaches to be massivelydapted
by industry is their lack of alignment to well-defined quality
models for software processes. We advocate that erming a
compliance analysis, based on a software process aljty
model, is the first step to deal with this obstacldn this paper,
we analyze the degree of compliance of an industtia applied
MDD approach with the CMMI-DEV quality model. In
particular, we determine those characteristics thatmeet the
technical solution process area of CMMI-DEV and idatify
improvement opportunities to obtain a proper alignnent of the
MDD approach with this model.

Keywords — MDD; OO-Method; CMMI; Software Process
Quality; Feature-based Analysis.

l. INTRODUCTION

Developing high quality software has been a comwtisu
concern in the Software Engineering community. Goieve
this goal, several software development approadiees
emerged. In this context, the Model Driven Develepin
(MDD) approach [1][3][4] has become subject of eunir

research. The main idea behind MDD is the automati
generation of code from models through successiv

transformation of higher abstraction’s level modgloblem
domain) into more concrete models (solution domain)

The MDD paradigm advocates that the initial sofevar

development and the implementation of future charge

all made in the model. In this way, MDD allows lawe

development costs, and higher productivity, politgbi
interoperability, and ease of software evolutiod; [Be.,
higher software quality.

In parallel to the research on MDD and to the gahdu
adoption of this approach, many software develogme
organizations are strongly seeking improvement and/

assessment of their software processes on thedfagislity

models [6][7]. Such organizations aim to improvee th

efficiency of their processes and the quality & products
developed by the enactment of these processeslbasae
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meet market and stakeholders needs. Hence, given th
importance of software process quality models, MDD
approaches must be compliant with these modelseto b
widely used by software development organizati@®iace
this challenge has not been properly addressechpWwid D
approach yet, further research into this direcisomecessary.
Thus, we propose the following research questids: it
possible to design a MDD process that fully congpliéth a
well-defined software process quality model?

We advocate that MDD approaches must be analyzed
with regard to software process quality models &isststep
towards answering this research question. In thfgep we
analyze the compliance of a specific MDD approacmed
OO-Method [8], with the Technical Solution (TS) Pess
Area (PA — a cluster of related practices that, whe
implemented collectively, satisfies a set of gdalsmaking
improvements in an area) of the CMMI-DEV (Capabilit
Maturity Model Integration for Development) softwar
process quality model [9]. This analysis is perfedmby
using an assessment method based on SCAMPI (Standar
CMMI Appraisal Method for Process Improvement) [18%
consequences of this analysis, certain weaknesshe OO-
Method approach have been indicated and adjustrhents
been proposed to make this MDD approach fully casnpl
with TS. Thus, the OO-Method approach can be iategr
into a complete CMMI-based software process.

0OO0O-Method and CMMI (across the entire paper CMMI
and CMMI-DEV are being used as synonyms) have been

hosen for the analysis because the former is a MDD
pproach that has been successfully applied irstftavare
ihdustry [11] and the latter is the most frequerdtjopted
software process quality model [6][7]. TS has belepsen to
be analyzed because the main objectives of thisufeAthe
design and the implementation of information syssem
requirements, which are also the main objectiveddD.

The contribution of this paper is twofold. First,
practitioners can benefit from the analysis by &dgpit to
detect weaknesses on other MDD approaches inaeltdia
software process quality model. As a result, theay decide
whether adopt a specific approach (although hauwmng

r}nodify it) or discard it and adopt another one.d®ek this

type of analysis can be useful in academia for titlémg

room for improvement in existing or new MDD approes,
and therefore, for discovering further researchagmreBy
using this analysis as reference, other MDD apprescan
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be analyzed and improvements can be proposeddor o
that their industrial acceptance could increase.

The rest of this paper is organized as followstiSedlI
presents background and related work. Sectiondscdbes
the SCAMPI-based assessment method which was uased
the compliance analysis. Section IV presents tmeptiance
analysis of OO-Method regarding TS. Finally, Settid
summarizes some conclusions and proposes furthir wo

Il.

In this section, we provide a brief explanation@D-

Method, CMMI-DEV, and some works related to thipg@a
A. OO-Method

OO-Method [8] is an object-oriented method for
conceptual modeling and automatic code generaliah is
supported by the industrial toGllivanova[12]. It provides a
precise UML-like notation, which is used to speciy

BACKGROUND

applied only to a particular PA; ar&) Generic Goals (GGs)
and Generic Practices (GPs), which are appliedlygoaall
PAs. From the assessment of practices and goals it
possible to classify the capability level of a PA a scale
from O to 3 (unlike the previous versions of CMMihe
continuous representation no longer has capabditgls 4
and 5). OO-Method will be assessed against levmchuse,
according to CMMI-DEV, this level corresponds te thasis
for improvement initiatives in a specific PA.

C. Related Work

Several authors have discussed the compliance &flICM
or CMM (the ancestor of CMMI) in relation to traidial or
agile software development processes (e.g., [1BI2h
[16]). However, results obtained from these works @ot
completely useful to MDD approaches, which have
characteristics that differentiate them from thostner
approaches [1][3][4][8]. For example, MDD approaizee

Conceptual Schemtnat describes a system at the problemmainly focused on:1) modeling rather than coding)

space level. The development process suggestedQyy O
Method has two phases (Fig. 1Pevelopment of a
conceptual schemandGeneration of a software product

Conceptual Application
Schema —i Code

—0

e

Execution
Model

Development of a

Generation of a
conceptual

software product
(solution space)

(2]

—_—

schema (problem
space)

[9)
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Figure 1. Phases and artifacts of the OO-Method MDD approach

The first phase consists of eliciting and repraagnthe
essential properties of the information system urstiedy,
thereby creating the corresponding conceptual sahémthe
second phase, a precise execution model, confobyedset
of compilation patterns, indicates the correspondsn
between the conceptual schema and the pieces efincal
target implementation platform. Thus, the applmaitode is
automatically generated for an input conceptuaésteh

B. CMMI-DEV

CMMI-DEV [10] is a guide to implement a continuous
process improvement for developing products andicss.
For accomplishing this task, it provides two repreations:
Continuous which assesses the capability level of individual
Process Areas (PAs) that are selected based on
organization’s business goals; aBthged which assesses
the maturity level of a whole development process.

The compliance analysis presented in this papersix
on the continuous representation, since only one i®A
analyzed. In this representation, capability levelse goals
and practices (decomposition of goals) of two typEs
Specific Goals (SGs) and Specific Practices (SMsigh are
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implementing changes directly in the model rathemtin
the code; 3) maintaining the model updated4)
synchronizing the model and the cods); automatically
verifying properties in the model; an@) automatically
generating the complete code from models rather tising
the model as a guide for manual code programmings@
post-mortem code documentation.

In addition, at least one of the following probleoa be
found in the works related to those other software
development approachek) non-use of the SCAMPI grades
of satisfaction;2) lack of explicit/objective criteria for
attributing gradesg3) analysis based only on the activity
descriptions, without requiring documental evidenaar
requiring only some of the evidencég;analysis not in the
same depth level as SCAMP) lack of details about the
rationale behind the analysis; @) non-provision of
solutions to fill in the gaps found in the analysis

Although there are some specific works relatedhi® t
compliance of MDD approaches with CMMI or CMM, they
fail to deal with this issue properly. The worksrut explain
in detail how an approach complies with the qualitydel,
where the approach should be adjusted for compiaawed
whether/where the approach conflicts with the duatiodel
requirements. The most relevant related works foarel
described as follows.

An engineering and management software process to
support the achievement of CMM level 3 is propasdd 7].
The process uses MDA (a standard for MDD) [18] e t
context of system families and CMM. However, anliekp
mapping between the process and Key Process Af&aiss(

a CMM concept that is equivalent to a PA of CMAdIhot
Héesented, neither satisfaction grades are assigned

The impacts in the software process and the main
concerns to be dealt with when using MDD for the
implementation of the CMM’s KPAs are discussed 18][
However, the discussion is presented in a highradigin
level, without providing any explicit compliance ppng
neither the attribution of grades to KPAs.

The MDD Maturity Model, which establishes five
capability levels towards the progressive adoptdiMDD
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within an organization, is proposed in [20]. Thethamus development process; in this scenario, the orgtoiz&an
argue that this model is compliant and complemgntar perform a feature-based analysis on each candd&B
CMMI staged. However, they do not present eviderioes approach, and perform a preliminary selection (assu of
justify this affirmation. the candidate approaches) based on the analyssltse
The compliance between a software development gpsoce Then, the selected approaches can be used orppilects
(based on the formal specification language CSPiQAS to attest their effectiveness and to decide alfmuatoption.
with the PAs of requirements management, product The proposed SCAMPI-based assessment method uses
integration, requirements development, technicdlitem, the following types of evidences for the compliancalysis:
verification, and validation of CMMI is analyzed [21]. » Affirmations (AFs): statements described in the
The analysis concluded that, in general, it is ibtssto process that confirm or support implementation (or

conciliate the development based on formal spetifios
with the requirements of CMMI. Grades are assidgoedhe
respective SPs and SGs of each analyzed PA. Howtieer
grades are not based on the SCAMPI criteria andeacies

lack of implementation) of a practice as well as
information obtained from experts in the approach.
< Artifacts (AR9: tangible evidences, mentioned in

the process description, that are indicative of the
work being performed and represent either the
primary outputs of a model practice or a
consequence of implementing a model practice.
The assessment is performed on a bottom-up wawy fro
the practices up to the goals. Hence, for charastgrthe
level of implementation of a Specific Practice (S&)
Generic Practice (GP), the following grades areluse

are not presented to justify all of the assignexdigs.
The Model-Driven (software) Development Process
(MDDP) is presented in [22]. It covers the software
development stages from business processes theystgm
requirements, analysis, and design models into de$pts
and code. The authors argue that it can be usedrtply
with every level of CMMI staged. But, a grading sote and

an explicit mapping identifying the documental erides
that give support to this compliance are not prieskn

In [23], a case study on the use of MDD to suppost
implementation of processes for the following PACHMMI
is described: requirements management, technidatieg
product integration, verification, and validatiofihe study
concluded that the use of MDD helps, but is noligeht to
satisfy all requirements of those PAs. Howeverdences to
justify this conclusion are not presented.

¢ Fully Implemented (Fl): ARs are present and
judged to be adequate for demonstrating the
practice implementation. No weaknesses are found.

e Largely Implemented (LI):ARs are present and
judged to be adequate for demonstrating the
practice implementation. However, one or more
weaknesses are found.

e Partially Implemented (PI): some or all data

Unlike those works, we present a detailed compéanc
mapping which uses a SCAMPI-based grading methbd. T
mapping was produced with the help of experts enMiDD
approach and a CMMI consultant/member of assessment

required is absent or judged to be inadequate, some
data provided (if exist) suggest that aspects ef th
practice are implemented, and one or more
weaknesses are found; or the data supplied to the

teams [1]. These facts reinforce the mapping wglidi

. A SCAMPI-BASED ASSESSMENTMETHOD

SCAMPI [10] is a method to objectively assess the

development process of an organization accordinghéo
requirements of respective PAs of CMMI. It dealshathe
consolidation of evidences (e.g., presentationguchents
and interviews) related to the execution of thecpss in
actual projects. The evidences are used, by arssameet
team, to support the attribution of grades to [xast goals
and, finally, to the evaluated PAs.

assessment team present conflicts, i.e., certdan da
indicate that the practice is implemented and other
data indicate the practice is not implemented, and
also, one or more weaknesses are noted.

« Not Implemented (NI): some or all data required is
absent or judged to be inadequate, data suppfied (i
exist) do not support the conclusion that the
practice is implemented, and one or more
weaknesses are noted.

Based on the grades defined for a practice, eaehif@p

Although SCAMPI-based analyses are usually perfdrme Goal (SG) or Generic Goal (GG) is graded as:

using artifacts from actual projects, we defined an

assessment method based on existing publication®@@n
Method [8][11][12][24] in order to obtain
independent from any organizational context, andwdr
conclusions without influences from the environmémt
which the approach is used. Therefore, these sesuit
conclusions can be generalized to any organiz#étianuses

results

« Satisfied: if and only if all corresponding praetc
are graded as either LI or Fl, and the aggregatfon
weaknesses associated with the goal does not have
a significant impact on the goal achievement; or,

e Unsatisfied: if at least one of the corresponding
practices has a grade different from LI or FI.

Based on the grades defined for the goals (SG&&],

OO0-Method or similar MDD approaches. the capability level of a PA is defined. For instanthe
Assessment based on publications can be seen ascgpapility level 1 has to satisfy the associated (B&eafter

feature-based analysis performed as part of a majQizled GG 1). Furthermore, GG 1 is “Satisfied” lifthe SGs
evaluation scenario [25]. For instance, an orgaiomathat  5ssociated to the PA are graded as “Satisfied”.

follows or plans to follow CMMI might analyze the
possibility of adopting a MDD approach as part tf i
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For capability levels higher than 1, a PA mustsfatihe
GG associated to the current level as well ashal GGs
associated to the lower levels. The evaluatiorhefdurrent
GG is performed by applying the grading method robfi
previously to all the GPs associated to the GGi(fstance,
a process has capability level 2 for a specificiAsatisfies
all the GPs associated to the GG of capability ll@vand
also satisfies GG 1). The application of this SCANMBsed
assessment method to OO-Method is shown in netibeec

IV. COMPLIANCE ANALYSIS OFOO-METHOD WITH THE
TECHNICAL SOLUTION PROCESSAREA

The purpose of TS is providing guidance for design
development and implementation of the given produc
requirements [9]. It focuses on evaluating andctielg a
solution, developing a detailed design of the sofytand
implementing the design as a product or productpmrant.

The compliance analysis presented in this secti&s an
instance of the assessment method described iSdiit
Based on publications about OO-Method, the CMMIegkp
carried out the analysis playing the role of aresssr. Then,
experts on the MDD approach reviewed the analysis t
identify possible flaws or misinterpretations. Aftéhat,
discussions on the results were carried out byeXperts (on
CMMI and on the MDD approach) to validate the asizly

However, if the source code generated is not asljutst the
quality requirements of a particular application,can be
regenerated for alternative platforms [8].

SP 1.2 Select Product Component Solutions

This SP selects the product component solutionecbas
on selection criteria. Lower level requirements geaerated
from the selected architecture and used to devetoguct
component designs. Interfaces among product conmp®ne
are described. The description of the solutions #mel
rationale for selection are documented.

AFs: Components identified during the phase
“Development of a conceptual schémare
y allocated to the architecture layers [8]. A

t documentation manager [26], which is part of the

suite of tools to support OO-Method, automatically
generates documentation from the conceptual
schema, describing each component and its
interface with other components.
Conceptual Schema, Execution Model, Application
Code, Generated documentatioRocumentation
manager tool.

Grade: LI

OO-Method does not have an explicit artifact for
documenting the selection decisions that are bldte

ARs:

The following subsections detail the results of theproduct component solutions, neither their ratienal

compliance analysis of OO-Method regarding the béipa
level 1 of TS process area. For each SG, the perpbsach
corresponding SP is presented, the practice is atbfgAFs
andARs and the SP is graded. After grading all the SRs o
SG, each SG is graded. Finally, a summary of thalteis

presented, where the whole PA is graded. Improvemen

suggestions are also discussed.

A. SG 1 Select Product Component Solutions
This specific goal includes SP1.1 and SP1.2.

SP 1.1 Develop Alternative Solutions and Seled@interia

This SP identifies and analyzes alternative sahstito

enable the selection of a balanced solution in $epincost,
schedule, performance, and risk. Selection critgsiécally
address costs (e.g., time, people, money), bengdits,
product performance, capability, effectiveness)d aisks
(e.g., technical, cost, schedule).

AFs: The application’s architecture is defined base@do
three-layer architectural pattern and restrictions
the selected technological platform,
implementation language(s),

and persistence

Conclusion
SP1.1 is graded as Pl and SP1.2 is graded as LI.
Therefore, SG 1 is graded as “Unsatisfied”.

B. SG 2 Develop the Design

This specific goal includes SP2.1, SP2.2, SP2.8, an
SP2.4.

SP 2.1 Design the Product or Product Components

This SP designs the product or its components m tw
phases, which can overlap in execution: preliminary
(abstract) and detailed (concrete) design.

AFs: During the phaseDevelopment of a conceptual
schem@ an abstract architecture is defined. A
concrete architecture is defined during the phase
“Generation of a software produgctaccording to
an execution model driven by restrictions on the
selected technological platform, implementation
language(s), and persistence service(s) [8].
Conceptual Schema, Execution Model, Application
Code.

ARs:

service(s). Then, the conceptual model compilation Grade:Fl . . 3
is parameterized by the chosen architecture and the No weak points have been identified.

application’s source code can be automaticallygp 5 5 Establish a Technical Data Package

generated [8].
ARs:
Code.
Grade:PI
OO-Method does not explicitly analyze alternative
solutions prior to code generation (the architectarusually
defined by the application’'s developers jointly lwithe
clients); neither defines criteria for the architee selection.
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This SP records the design in a technical datagupecka

Conceptual Schema, Execution Model, Applicationcgjiection of items providing the developer a digion of

the product or
preliminary design.
AFs: A documentation manager is responsible for
documenting the architecture definition from the
conceptual schema created, and a repository

product components) created during
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manager is responsible for creating andSP 3.2 Develop Product Support Documentation
administrating a model library (including access This SP develops and maintains documentation tiat w
control and management of model versions) [26]. be used to install, operate, and maintain the miodu

ARs: Generated documentation, Data reposjtory AFs: The documentation manager [26] automatically

Documentation manager tool, Repository manager generates support and end-user documentation
tool, Conceptual Schema, Execution Model, from the conceptual schema created.
Application Code. ARs: Generated documentation, Documentation manager
Grade:Fl tool, Conceptual Schema, Application Code.
No weak points have been identified. Grade:Fl

. . L No weak points have been identified.
SP 2.3 Design Interfaces Using Criteria P

This SP designs product component interfaces usingonclusion
established criteria (e.g., critical parameters gteould be SP 3.1 is graded as Fl and SP 3.2 is graded as FI.
defined, or at least investigated, to ascertainir the Therefore, SG 3 is graded as “Satisfied”.
applicability). .
AFs: OO-Method defines criteria for validating the D. Summary of Assess_ment and Improvement Suggestions
Conceptual Schema in terms of correctness and As Table | summarizes, the OO-Method development

completeness. The specification samples presentdf0cess has capability level 0 with regard to TS.
in part 1l of [8] illustrate the use of these crite

. 4 . . TABLE I. OVERALL RESULTS OFOO-METHOD ASSESSMENT
Additional criteria for evaluating consistency,
correctness and completeness are defined in [24]. Goals and practices of TS Grades
ARs: Conceptual _Schema, Validation criteria, Execution gg;geel\f;toﬁr;iugegizrponem Solutions Unjﬁts'z?iigéd_
Model, Application Code. SG 3 Implement the Product Design Satisfied
Grade:Fl ] ] ]
No weak points have been identified. _In spite of this pegatlve result, several convecgen
points have been pointed out, and most of the vpedhts
SP 2.4 Perform “Make, Buy, or Reuse” Analysis found are easy to solve with the improvement suimes
This SP evaluates whether the product componenigescribed in Table II. In general, the improvemeats
should be developed, purchased, or reused based efinple adjustments in the development process, lynain
established criteria. related to explicit documentation of evidences.
AFs: Not Identlfled. TABLE 1. IMPROVEMENT SUGGESTIONS FOROO-METHOD

ARs: Not identified.
Grade: NI Improvements Affected
OO-Method does explicitly mention this analysisits - - I
. - . L . Extension of the development process to include| an
process, neither establishes C”t_er'a for perng_mm' explicit analysis of alternative solutions prior ttee code SP 1.1
However, the approach makes it possible to integrat| generation, as well as the explicit creation ofoaunent :
developed components with pre-existing componemtoa defining criteria for the architecture selection.

systems (|egacy code). Explicit documentation of selection decisions (rethto SP12
produc componer solutions) anc their rationale )
Conclusion Explicit definition of criteria to perform “make,uly or
SPs 2.1, 2.2 and 2.3 are graded as FI, and SPs2.4 |ireuse” analysis and the creation of an activitgsxplicitly SP24
graded as NI. Therefore, SG 2 is graded as “Urlicatis perform this analysis prior to the code generation.
C. SG 3 Implement the Product Design Thus, by tailoring OO-Method with these improvensent

. e . it is possible to turn the grade of all SGs of T8oi
This specific goal includes SP3.1, SP3.2, and SP3.3 “Satis?ied”. As a result, thegdevelopment processO0-

SP 3.1 Implement the Design Method can reach the capability level 1 for this.PA

This SP implements the design of the productiowever, in order to confirm the effectiveness bk t
components and includes the allocation, refinemanty changes, the improvements should be implementechiew

verification of each product component. version of OO-Method and the modified approach khbe
AFs: Once architecture is chosen, its code can bdsed inactual projects.
automatically generated. Prior to the source code V. CONCLUSIONS ANDFUTURE WORK

generation, it is possible to have a conceptual
model validation [8].
ARs: Conceptual Schema, Validation criteria, Execution

Even though this work has presented an analysis for
CMMI and OO-Method, its purpose is to emphasizentbed
S of analyzing the compliance of MDD approaches Iatien
Grad Model, Application Code. to any software process quality model and to show h

ra e.Fll( ints h b identified can be addressed. Hence, the analysis can be ddamner

No weak points have been identified. quality models [6][7] and to other MDD approach2g]|
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