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This  work  presents  a  theoretical  comparative  analysis  between  Model  Driven  Architecture  (MDA)  and  traditional  software  

development  methodologies,  investigating  the  technical  fundamentals,  benefits,  limitations,  and  contextual  applicability  of  

each  approach.  The  overall  objective  is  to  conduct  a  systematic  comparison  based  on  criteria  established  by  the  scientific  

literature,  identifying  scenarios  where  each  approach  demonstrates  superiority.  The  methodology  adopted  is  characterized  as  

descriptive-analytical  qualitative  theoretical  research,  based  on  a  bibliographic  review  of  verifiable  scientific  publications.  A  

comparative  framework  was  established,  structured  in  technical  dimensions:  abstraction  and  model  levels,  documentation,  

software  quality,  traceability,  maintainability,  communication,  automation,  productivity,  cost,  organizational  maturity,  and  risks.  

The  literature  review  examined  the  fundamentals  of  Waterfall,  V-Model,  Spiral,  and  RUP,  as  well  as  MDA  architecture,  

including  concepts  of  CIM/PIM/PSM,  MOF,  QVT,  XMI,  and  UML.  Empirical  studies  revealed  contradictory  evidence  regarding  

the  productivity  benefits  of  MDA,  with  effectiveness  proving  highly  dependent  on  context,  tool  maturity,  and  domain  

characteristics.  Traditional  methodologies  remain  applicable  in  projects  with  stable  requirements  and  experienced  teams.  The  

results  indicate  that  MDA  offers  advantages  in  separating  business  logic  and  technology,  automating  artifacts,  and  cross-

platform  portability,  while  facing  challenges  in  learning  curve,  tool  maturity,  and  representation  of  non-functional  requirements.  

It  is  concluded  that  these  approaches  are  not  mutually  exclusive  alternatives  and  can  coexist  in  hybrid  strategies  adapted  to  

specific  organizational  contexts.
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This  work  presents  a  theoretical  comparative  analysis  between  Model  Driven  Architecture  (MDA)  and  traditional  software  

development  methodologies,  investigating  technical  foundations,  benefits,  limitations,  and  contextual  applicability  of  each  

approach.  The  general  objective  consists  of  conducting  a  systematic  comparison  based  on  criteria  established  by  scientific  

literature,  identifying  scenarios  where  each  approach  demonstrates  superiority.  The  adopted  methodology  is  characterized  as  

qualitative  descriptive-analytical  theoretical  research,  based  on  bibliographic  review  of  verifiable  scientific  publications.  A  

comparative  framework  was  established  structured  in  technical  dimensions:  abstraction  and  model  levels,  documentation,  

software  quality,  traceability,  maintainability,  communication,  automation,  productivity,  cost,  organizational  maturity,  and  risks.  

The  literature  review  examined  foundations  of  Waterfall,  V-Model,  Spiral,  and  RUP,  as  well  as  MDA  architecture  including  

concepts  of  CIM/PIM/PSM,  MOF,  QVT,  XMI,  and  UML.  Empirical  studies  revealed  contradictory  evidence  regarding  MDA  

productivity  benefits,  with  effectiveness  demonstrating  high  dependence  on  context,  tool  maturity,  and  domain  characteristics.  

Traditional  methodologies  maintain  applicability  in  projects  with  stable  requirements  and  experienced  teams.  Results  indicate  

that  MDA  offers  advantages  in  separation  between  business  logic  and  technology,  artifact  automation,  and  multi-platform  

portability,  while  facing  challenges  in  learning  curve,  tool  maturity,  and  representation  of  non-functional  requirements.  It  is  

concluded  that  approaches  do  not  constitute  mutually  exclusive  alternatives,  being  able  to  coexist  in  hybrid  strategies  adapted  

to  specific  organizational  contexts.
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integrated  analyses  that  systematically  compare  aspects  such  as  level  of  abstraction  and

of  platform  as  structuring  axes.  This  contrast  has  been  the  subject  of  intense  debate.

Software  development,  as  a  technical  and  scientific  discipline,  has  undergone...

(RUP)  established  the  conceptual  basis  for  the  systematic  production  of  software.  These  models,

MDA  introduces  a  development  paradigm  based  on  the  separation  of  abstractions  and  on

Model),  PIM  (Platform  Independent  Model)  and  PSM  (Platform  Specific  Model).  The  central  premise

academics  and  industry,  especially  regarding  the  practical  feasibility  of  adopting  MDA  in

Despite  the  predictability  of  development,  these  methodologies  have  demonstrated  significant  limitations.

to  the  growth  in  scale,  heterogeneity  and  dynamism  of  modern  systems  (Pressman  &

Regarding  both  traditional  methodologies  and  MDA,  there  are  still  significant  gaps  in  the  consolidation  of

Systematic  model  transformation,  structured  in  CIM  (Computation  Independent  Models)  layers.

Often  referred  to  as  traditional  methodologies,  they  prioritize  linear  or  incremental  sequencing.

Maxim,  2019).

Although  the  literature  contains  various  discussions  about  the  advantages  and  limitations  of  both

productivity,  traceability  and  final  product  quality  (Brambilla,  Cabot  &  Wimmer,  2017).

The  key  to  architecture  is  that  models  should  occupy  a  central  position  in  the  development  process,  and  not

significant  transformations  over  the  last  few  decades,  driven  by  increasing

Traditional  methodologies  emphasize  structured  processes  and  documentation  as  guides  for...

In  terms  of  implementation,  MDA  prioritizes  formal  models,  automated  transformations,  and  independence.

Software  engineering  as  a  structured  field  of  knowledge.  Since  the  1970s,  models

The  complexity  of  the  systems,  due  to  the  need  for  more  efficient  processes  and  the  consolidation  of...

in  scenarios  involving  highly  dynamic  systems  or  systems  with  low  maturity  in  software  engineering.

rigidly  organized.  Although  they  have  contributed  decisively  to  standardization  and

development  methods  such  as  Waterfall,  Spiral  Model,  V-Model,  and  Rational  Unified  Process.

In  this  context,  model-oriented  approaches  emerge,  such  as  Model  Driven.

From  code-driven  development  to  model-driven  development,  in  which  the

Architecture  (MDA),  proposed  by  the  Object  Management  Group  (OMG)  in  the  early  2000s.  A
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1.  Introduction

Automated  artifact  generation  and  standardization  of  abstraction  levels  seek  to  increase  the

Therefore,  a  fundamental  contrast  can  be  observed  between  these  paradigms:  while  the

diverse  organizational  environments,  their  impact  on  team  productivity,  and  their  limitations.

of  activities,  detailed  documentation,  prior  definition  of  requirements,  and  formalization  of  steps.

to  serve  only  as  documentation  or  an  auxiliary  artifact.  Thus,  MDA  proposes  a  transition  from  a
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From  a  theoretical  perspective,  the  structuring  concepts  that  characterize  both  traditional  methodologies  of
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traditional  software  development  methods,  investigating  their  theoretical  foundations,  their

They  seek  to  modernize  their  processes,  reduce  maintenance-related  costs,  and  manage  teams.

distributed  and  increase  the  standardization  of  the  artifacts  produced.  Furthermore,  debates  about  model-

in-depth  comparative  analysis  between  Model  Driven  Architecture  (MDA)  and  other  methodologies

Detailed  description  of  the  generated  artifacts,  maintainability,  and  system  evolution.

In  this  sense,  the  general  objective  of  this  Final  Course  Project  is  to  carry  out  a

Communication  between  multidisciplinary  teams,  adoption  cost  and  learning  curve,  impact  of

Discuss  the  two  paradigms  comparatively,  especially  in  light  of  the  transformations.

The  purpose  of  this  work  is  to  establish  a  foundation,  based  on  a

being  structured  in  well-defined  phases,  with  a  strong  emphasis  on  documentation  and  planning,

traditional  and  MDA,  analyze  the  structural  components  of  MDA  and  compare  them  to  the  steps  of

Driven  engineering  (MDE)  has  been  gaining  traction  in  areas  such  as  embedded  systems  and  architectures.

contemporary  software  engineering  demands  more  agile,  flexible,  and  process-oriented  approaches.

seeking  to  establish  predictability,  control,  and  traceability  of  the  process.  Among  its

2.  Development

Syntactic  consistency,  traceability,  and  technological  independence.

An  analytical  synthesis  to  assist  researchers  and  professionals  in  choosing  between  approaches.

successful.

Automation  in  software  quality  and  the  organizational  maturity  required  for  implementation.

to  high-level  assets.  The  rationale  for  this  work  is  therefore  based  on  the  need  to

to  understand  how  MDA  positions  itself  in  relation  to  traditional  methodologies,  both  from  the  point  of  view  of...

Referred  to  as  sequential  or  prescriptive  approaches,  they  constitute  the  historical  core  of  software  engineering.

Specific  objectives  include  describing  the  historical  emergence  and  evolution  of  methodologies.

To  assess  software  quality,  point  out  limitations  and  risks  associated  with  adopting  each  approach,  and  propose...

Distributed  technologies,  the  Internet  of  Things  (IoT),  and  cross-platform  platforms  are  contexts  that  demand  high...

These  gaps  make  conducting  theoretical  studies  particularly  relevant.

Software  development  with  regard  to  Model  Driven  Architecture  (MDA).  This  foundation

Structural  characteristics,  their  contributions  to  software  engineering,  and  their  limitations.  The

It  allows  one  to  understand  the  conceptual  bases  that  distinguish  the  paradigms  and  provides  the  support.

from  both  a  conceptual  and  operational  standpoint.  Understanding  these  differences  is  crucial  for  organizations  that

necessary  for  subsequent  comparative  analyses.  Traditional  methodologies,  too.

Traditional  methods:  identify  advantages  and  disadvantages  reported  in  the  scientific  literature.

Recently,  we  discussed  the  impact  of  abstraction,  automation,  and  standardization  on  productivity  and...

Machine Translated by Google



ISSN:  2675-9128.  São  Paulo-SP.
RCMOS  –  Multidisciplinary  Scientific  Journal  The  Knowledge.

This  article  is  published  in  open  access  under  the  Creative  Commons  Attribution  license,  which  permits  unrestricted  use,  distribution,  and  reproduction  in  any  

medium,  provided  the  original  work  is  properly  cited.

evaluation,  repeating  them  progressively  as  the  solution  matures.  Although  maintaining

The  development  phase  on  the  downside  of  the  V  has  a  corresponding  testing  phase  on  the  downside.

Failure  costs  are  high,  although  the  need  for  specialized  expertise  and  dedicated  resources

Considered  the  starting  point  of  sequential  methodologies.  Its  basic  principle  consists  of  execution.

that  follow  one  another  linearly  (Royce,  1970).  The  discipline  of  the  process  lies  in  the  requirement  that  each

with  needs  for  flexibility  and  rapid  iteration.

allowing  for  greater  adaptation  to  changes.  Its  application,  however,  is  more  suitable  for  projects  of

ascending,  establishing  a  direct  link  between  specification  and  verification.  Although  efficient  in

A  hybrid  process,  combining  sequential  and  incremental  methods.  Structured  in  four  phases  —  Initiation,

high  technical  complexity,  due  to  the  high  cost  of  continuous  risk  analysis.  This  characteristic

Problems  arise  when  faced  with  volatile  requirements,  which  are  common  in  contemporary  systems.  As  they  point  out...

This  phase  must  be  fully  documented  and  validated  before  the  next  one  begins.  This  structure,  despite

The  Waterfall  model,  initially  proposed  by  Winston  Royce  in  1970,  is  frequently...

Among  the  most  influential  representations  are  the  Waterfall  Model,  the  Spiral  Model,  the  V-Model,  and  the  Rational  Model.

and  verification  and  validation  phases.  The  "V"  metaphor  represents  the  integration  between  design  and  testing,

Although  criticized  for  its  low  flexibility,  it  allowed  for  a  high  degree  of  control  over  development.

Pressman  and  Maxim  (2019)  state  that  one  of  the  limitations  of  the  model  lies  in  the  difficulty  of  adapting  it  to

especially  in  industrial  and  governmental  environments.  However,  its  rigidity  can  generate

Design,  Construction,  and  Transition—RUP  incorporates  best  practices  such  as  iterative  development,

This  makes  the  model  particularly  suitable  for  environments  where  technical  uncertainty  is  substantial  and  the

The  Rational  Unified  Process  (RUP),  formalized  by  Kruchten  (2004),  represents  a

This  may  limit  its  adoption  in  smaller  or  less  mature  organizations.
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Unified  Process  (RUP).

In  contrast  to  the  linearity  of  the  Waterfall  model,  the  Spiral  Model,  proposed  by  Boehm  (1988),

The  V-Model,  widely  used  in  embedded  systems  and  regulated  areas  such  as

Changes  that  naturally  arise  during  the  software  lifecycle,  as  revisions  imply

It  introduces  an  iterative  approach  focused  on  risk  analysis.  Structured  in  evolutionary  cycles,  the

The  aerospace  and  automotive  industry  derives  from  the  Waterfall  model,  but  emphasizes  the  relationship  between  development  phases.

ensuring  traceability  between  requirements,  design,  and  final  validation  (Forsberg  &  Mooz,  1996).  Each

They  change  dynamically,  presenting  limitations  similar  to  those  of  Waterfall  when  confronted.

Structured  principles,  a  focus  on  risk,  and  prototyping  increase  its  flexibility  compared  to  Waterfall.

ordered  sequence  of  rigid  steps  —  analysis,  design,  implementation,  testing,  integration,  and  maintenance  —

Significant  rework  in  earlier  stages.

The  model  incorporates  activities  such  as  identifying  objectives,  risk  analysis,  development,  and...

In  highly  controlled  environments,  the  model  lacks  adaptability  in  contexts  where  the  requirements
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Moving  from  one  level  of  abstraction  to  another,  allowing  for  automation  and  consistency.  Third,  standardization  by

Risk-driven  architecture  and  disciplined  requirements  management.  Although  it  has  greater  flexibility.

traditional  approaches  with  elements  of  adaptability  and  iteration,  recognizing  that  different  phases  of  the  project

potentially  leading  to  inconsistencies  between  documentation  and  implementation.

Organizational  complexity.  RUP  seeks  to  combine  the  formal  structuring  of  methodologies.

Requirements  evolve  rapidly,  demanding  constant  updating  of  multiple  artifacts  and

metamodels,  based  on  languages  such  as  UML,  OCL,  and  metamodels  structured  by  Meta-

detailed  and  advanced  planning,  rigid  process  structuring,  exhaustive  documentation  such  as

Developed  by  the  Object  Management  Group  (OMG)  with  the  goal  of  raising  the  level  of  abstraction.

Models  should  be  treated  as  primary  artifacts  of  the  development  process,  not  just...

and  experienced  teams,  which  can  make  its  adoption  challenging  for  smaller  organizations  or

as  supporting  documentation.  The  MDA  is  based  on  three  essential  conceptual  pillars.  First,

Full  implementation  often  requires  substantial  resources  and  specialized  tools.

They  may  require  different  emphases  in  various  software  engineering  disciplines.  However,  their

A  control  base,  clarity  in  defining  roles  and  responsibilities,  and  a  focus  on  predictability  and...

As  a  discipline,  they  face  problems  in  dynamic  environments,  where  changes  in  requirements  occur.

formality.  Despite  these  important  contributions  to  the  consolidation  of  software  engineering

Model),  which  represents  the  high-level,  technology-independent  system,  and  by  the  PSM  (Platform

in  software  development  and  reduce  dependence  on  specific  platforms  (OMG,  2014).  A

These  incidents  occur  frequently,  and  teams  are  multidisciplinary  and  distributed.  Extensive  documentation,

the  separation  of  levels  of  abstraction,  represented  by  the  CIM  (Computation  Independent  Model),  which

describes  the  problem  domain  without  computational  details,  according  to  PIM  (Platform  Independent  Module).

The  model-driven  approach  assumes  that  more  abstract  models  should  guide  the  process.

In  summary,  traditional  methodologies  share  fundamental  principles  that  include

model  transformations,  where  MDA  defines  formal  rules  that  transform  models  from  one...

MDA  is  part  of  the  broader  Model-Driven  Engineering  (MDE)  movement,  which  advocates  that

development,  enabling  automatic  code  generation,  reuse  and  standardization,  analysis

specific.  MDA  tools  often  implement  transformation  languages  such  as

Specific  Model),  which  incorporates  specific  details  of  platforms  and  frameworks.  Second,  the
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Unlike  Waterfall  and  V-Model,  their  extensive  set  of  artifacts  and  activities  can  result  in  high...

Given  these  limitations,  Model  Driven  Architecture  emerges  as  a  conceptual  framework.

Object  Facility  (MOF).

projects  with  limited  scope.

Consistent  requirements,  greater  traceability  between  artifacts,  and  less  dependence  on  technologies.

While  beneficial  for  traceability  and  regulatory  compliance,  it  can  become  a  burden  when
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Maintenance  occurs  on  the  models,  with  automatic  regeneration  of  artifacts.  Finally,  regarding

While  in  MDA  the  automation  of  artifacts  reduces  manual  effort.  In  terms  of  maintenance,  the

formal.  This  formalization  seeks  to  eliminate  ambiguities  and  inconsistencies  that  may  arise  in

significant  human  intervention.

Productivity,  in  traditional  methodologies,  depends  heavily  on  the  team  and  documentation.

MDA  requires  tools,  maturity,  and  mastery  of  modeling.

Based  on  the  principles  presented,  it  is  possible  to  establish  comparative  relationships.

transformation,  significant  investment  in  tools  such  as  the  Eclipse  Modeling  Framework,

Despite  its  theoretical  benefits,  MDA  has  documented  limitations,  including...

Given  organizational  complexity,  traditional  methodologies  require  discipline  and  control,  while

The  adoption  of  MDA  implies  profound  changes  in  the  development  process,  including

artifacts,  increased  productivity  through  code  automation  (France  &  Rumpe,  2007),  ease  of

They  point  to  important  advantages  in  adopting  MDA,  including  a  reduction  in  inconsistencies  between

multidisciplinary,  due  to  the  centrality  of  the  models.

Traditional  methodologies  focus  on  textual  documentation  and  specific  artifacts,  while  MDA

highly  volatile  requirements,  lack  of  maturity  in  teams  without  experience  in  modeling  and

adequate  training  and  skills  development  for  the  teams  involved.  The  promise  of  complete  automation,  although

It  focuses  on  abstract  models  and  transformation  for  specific  platforms.  Regarding  traceability,  the

not  being  able  to  generate  optimized  code  or  handle  complex  non-functional  requirements  without

QVT  (Query/View/Transformation),  allowing  you  to  map  PIM  elements  to  PSM  in  a  way  that

Traditional  approaches  involve  manually  updating  documents  and  code,  whereas  in  MDA

Model-driven,  redefining  documentation  flows  that  now  focus  on  models  and

steep  learning  curve,  reliance  on  complex  tools,  difficulty  in  dealing  with

MagicDraw  and  Papyrus:  Reviewing  requirements  engineering  practices  to  adapt  them  to  the  paradigm.

Successful  organization  depends  heavily  on  organizational  culture  and  the  availability  of  tools.

fundamental  aspects  among  the  paradigms.  With  regard  to  abstraction  and  platform  independence,  the

Technological  advancements,  enabling  migration  between  platforms,  and  improved  team  communication.

Manual  processes  for  translating  requirements  and  specifications  into  executable  code.  Several  studies.

Traditional  approaches  rely  on  manual  traceability  and  documentation,  whereas  MDA
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While  appealing,  it  often  runs  into  practical  limitations  of  the  transformation  tools,  which  can...

It  offers  automatic  traceability  through  formal  relationships  between  models.  In  terms  of

Maintenance  is  easier  because  a  single  model  can  generate  multiple  implementations,  leading  to  greater  independence.

Challenges  arise  in  synchronizing  models  and  generated  code  when  manual  customizations  are  involved.  These

Limitations  are  pointed  out  by  authors  such  as  Mohagheghi  and  Dehlen  (2008),  who  highlight  that  the  adoption

restructuring  of  roles  requiring  model  engineers  and  specialists  in

ISSN:  2675-9128.  São  Paulo-SP.
RCMOS  –  Multidisciplinary  Scientific  Journal  The  Knowledge.

This  article  is  published  in  open  access  under  the  Creative  Commons  Attribution  license,  which  permits  unrestricted  use,  distribution,  and  reproduction  in  any  

medium,  provided  the  original  work  is  properly  cited.

Machine Translated by Google



significant,  justifying  the  resistance  observed  in  organizations  whose  culture  is  code-oriented.

structured  to  handle  technical  uncertainties.  Subsequent  research  explored  the  use  of  the  model  in

consistency  and  quality  of  the  models  produced.  Such  transformations  may  represent  a  cost.

software,  such  as  the  importance  of  systematic  documentation  and  validation  of  each  step  before

Model  Driven  Architecture  (MDA),  to  traditional  software  development  methodologies  and

traditional,  highlighting  their  role  in  consolidating  structured  practices,  especially  in  sectors

describes  the  cascading  process,  emphasizing  planning  and  documentation  as  central  pillars  of

embedded  systems  and  critical  infrastructure,  where  changes  during  development  are  costly.

dynamic,  despite  their  value  in  rigorous  certification  environments,  where  compliance  with

contexts  where  failures  can  have  catastrophic  consequences.

The  V-Model  has  been  extensively  analyzed  in  domains  such  as  automotive  safety  and

Deep  cultural  influences  on  how  teams  conceptualize,  communicate,  and  implement  solutions.

software

predictability.  Although  later  criticized  for  its  rigidity,  the  model  influenced  the  formulation

large-scale  projects,  noting  that  their  high  operating  costs  limit  their  application  in

al.  (2012)  reinforce  that  the  linearity  of  the  V-Model  is  not  suitable  for  highly  complex  domains.

industrial  models  that  require  high  regulatory  compliance.  Sommerville  (2016)  reinforces  that  models

aerospace.  Forsberg  and  Mooz  (1996)  highlight  its  ability  to  ensure  traceability  between

not  in  textual  documents,  and  establishing  standards  for  metamodeling  that  ensure

requirements,  design  and  testing,  an  essential  characteristic  in  critical  safety  systems  where  each

or  to  traditional  practices.  The  transition  to  MDA  is  not  merely  technical,  but  involves  changes.

proceed  to  the  next  one.

to  comparative  approaches  between  these  paradigms.  Traditional  methodologies  constitute  the  starting  point.

Pressman  and  Maxim  (2019)  present  a  comprehensive  review  of  the  methodologies.

and  risky.  Specific  studies  on  the  Spiral  Model  (Boehm,  1988)  show  that  its

The  main  contribution  was  to  integrate  risk  analysis  into  iterative  cycles,  providing  a  mechanism.

3.  Related  Works

Sequential  methods  remain  relevant  in  environments  where  the  stability  of  requirements  is  high,  such  as

Regulatory  standards  require  extensive  documentation  and  complete  traceability.  The  rigidity  of  the  model,
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The  requirement  must  be  verified  and  validated  in  a  demonstrable  way.  Recent  studies,  such  as  that  of  Broy  et  al.

The  purpose  of  this  section  is  to  critically  review  the  scientific  literature  related  to

starting  point  for  most  software  engineering  studies.  Royce's  seminal  work  (1970)

organizations  with  resource  constraints  (Boehm  &  Hansen,  2000),  although  it  remains  valuable  in

of  numerous  variations  and  established  fundamental  concepts  that  permeate  engineering  to  this  day.
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Model  Driven  Architecture  was  formally  introduced  by  the  Object  Management  Group.

Although  problematic  in  agile  contexts,  it  becomes  a  virtue  when  predictability  and...
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automated.  Studies  such  as  that  of  Mohagheghi  et  al.  (2009)  investigate  the  impact  of  adopting

Findings  reveal  that  adopting  MDA  involves  risks  and  requires  a  high  level  of  technical  expertise  to  be  successful.

Metamodel  architecture  based  on  the  Meta-Object  Facility  (MOF),  creating  a  framework.

that  high-level  changes  are  systematically  propagated  through  transformations

Models  and  challenges  of  integration  with  already  established  development  processes.  Such

Languages  such  as  QVT,  ATL,  and  UML/OCL.  For  these  authors,  MDA  is  particularly  effective  in

successful,  in  addition  to  facing  cultural  resistance  in  organizations  accustomed  to  paradigms.

MDE/MDA  in  industrial  environments,  concluding  that  there  is  potential  for  significant  gains  in

generated  code  and  the  challenges  of  keeping  models  and  implementations  synchronized  when

(OMG)  in  2001,  in  the  document  "MDA  Guide",  later  revised  (OMG,  2014).  The  guide

It  established  the  conceptual  basis  for  the  CIM,  PIM,  and  PSM  levels  of  abstraction,  and  introduced  the...

reducing  duplication  of  artifacts  and  ensuring  structural  consistency  between  models,  allowing

implementation.  France  and  Rumpe  (2007)  present  one  of  the  most  cited  reviews  on

Organizational  development,  team  training,  and  suitability  of  available  tools.  Simply  adopting  the  system  is  key.

Quality  and  productivity  through  the  automation  of  artifacts.  The  authors  demonstrate  that...

A  conceptual  framework  that  seeks  to  separate  domain  concerns,  business  logic,  and  details  from

Practical  limitations  related  to  the  maturity  of  the  tools,  the  need  for  customization  of

initial  with  MDA.  Hutchinson  et  al.  (2011),  for  example,  analyze  several  real-world  cases  of  MDE  and

appropriate  processes,  skills,  and  organizational  culture.

Manual  modifications  are  required.

The  increasing  complexity  of  modern  systems  demands  higher  levels  of  abstraction  and

Brambilla,  Cabot,  and  Wimmer  (2017)  provide  a  detailed  overview  of  techniques  for

model-driven  development  (MDE),  highlighting  that  its  main  objective  is  to  increase

Productivity  and  quality  are  important,  but  the  results  depend  heavily  on  factors  such  as  maturity.

MDA  tools  alone  do  not  guarantee  success;  a  complete  ecosystem  is  needed  that  includes

modeling,  metamodeling,  and  model  transformation,  demonstrating  the  relevance  of  using

On  the  other  hand,  some  authors  present  important  criticisms  that  tempered  the  enthusiasm.

Demonstrability  of  compliance  is  a  priority.

They  report  challenges  such  as  the  complexity  of  the  tools  and  inconsistencies  in  the  transformations  of

standardization,  justifying  the  advancement  of  the  paradigm  and  arguing  that  the  traditional  approach

traditional.  The  promise  of  productivity  through  automation  often  runs  up  against

A  code-centric  approach  is  becoming  increasingly  difficult  to  manage  in  large-scale  systems.
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research  on  organizational  impacts  such  as  infrastructure,  cultural  changes  and  capacity  building,
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They  also  highlight  that  the  learning  curve  is  one  of  the  most  significant  barriers  to  adoption.

He  argues  that  traditional  methodologies  should  not  be  discarded,  as  they  offer  stability.

those  in  which  requirements  are  stable  and  predictable.  The  author  argues  that  the  choice  between  paradigms

Some  studies  directly  compare  productivity  and  quality  between  approaches.

More  recently,  studies  such  as  Pereira  et  al.  (2020)  analyze  the  combined  use  of  MDE.

planning,  testing,  and  requirements  management,  suggesting  that  the  paradigms  are  complementary  and  not...

and  traditional  processes,  suggesting  that  hybrid  approaches  can  maximize  benefits  while  maintaining

The  absence  of  in-depth  theoretical  studies  on  the  limitations  of  MDA  in  requirements-based  environments.

and  development  time  in  highly  repetitive  scenarios,  but  its  impact  is  limited  in

It  can  offer  advantages  that  surpass  those  of  any  isolated  approach.  Based  on  the  analysis  performed,

Individually,  direct  comparative  studies  are  less  frequent,  representing  a  gap.

which  help  to  provide  a  foundation  for  the  present  work.  Sendall  and  Kozaczynski  (2003)  discuss  the  transition

application,  and  not  because  of  technological  fads.

and  reduces  technological  coupling,  but  requires  profound  structural  changes  in  the  process  and  in

Team  culture,  including  new  roles,  tools,  and  work  practices.

Conceptual  and  established  practices  that  remain  valid  for  many  domains,  especially

They  argue  that  traditional  methodologies  remain  fundamental  for  guiding  activities  of

relevant  in  the  literature.  Still,  some  authors  explore  conceptual  and  empirical  comparisons.

Mohagheghi  and  Dehlen  (2008)  analyze  industrial  cases  and  show  that  MDA  can  reduce  costs.

Highly  exploratory  projects  where  requirements  emerge  during  development.  The  authors

Automatic  code  generation  can  reduce  manual  effort  and  increase  traceability.  However,

It  is  possible  to  identify  some  relevant  gaps  in  the  literature,  including  a  scarcity  of  studies.

Regarding  documentation,  architecture,  and  testing,  the  authors  believe  that  MDA  enhances  standardization.

comprehensive  comparisons  involving  MDA  and  multiple  traditional  methodologies  simultaneously,

It  should  be  guided  by  project  characteristics,  organizational  maturity,  and  the  nature  of  the  domain.

the  formality  of  traditional  methods  while  simultaneously  taking  advantage  of  abstraction  and

Although  there  are  several  works  on  MDA  and  traditional  methodologies.

Software  can  benefit  from  different  approaches,  and  the  intelligent  integration  of  paradigms...

especially  in  organizations  without  a  history  of  formal  modeling.  In  contrast,  Selic  (2003)

from  a  code-oriented  paradigm  to  a  model-oriented  paradigm,  stating  that  the

mutually  exclusive.  Stahl  and  Völter  (2006)  present  one  of  the  most  consistent  comparisons,

Lack  of  standardization  in  comparison  criteria  hinders  meta-analytic  analyses,  little

examining  how  MDA  modifies  the  role  of  traditional  life  cycle  stages,  especially

MDA  automation.  This  perspective  recognizes  that  different  aspects  of  development...
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This  approach  is  suitable  when  the  main  objective  is  to  interpret  models  of

throughout  the  life  cycle  of  large-scale  systems.  These  gaps  reinforce  the  relevance  of  the  present

Relevant  organizational  impacts  without  relying  on  direct  empirical  evaluation.  The  review  stage.

Material  revised.

systematically  MDA  and  traditional  methodologies.

Verifiable  data  were  included  in  the  analysis,  ensuring  traceability  and  scientific  authenticity  of  the...

Waterfall  model,  V-Model,  Spiral  model,  RUP,  Model  transformations,  MOF,  QVT,  Comparative

Driven  Engineering  (MDE),  Software  development  methodologies,  Traditional  development  models,

The  bibliographic  review  was  conducted  based  on  rigorous  selection  criteria,  with  the  aim  of  ensuring...

qualitative,  since  it  seeks  to  understand  conceptual  and  organizational  phenomena,  and  not

included  ACM  Digital  Library,  IEEE  Xplore,  SpringerLink,  ScienceDirect  (Elsevier),  Wiley  Online

The  keywords  used  in  the  search  included  Model  Driven  Architecture  (MDA),  Model-

highly  volatile,  and  lacking  longitudinal  assessments  that  analyze  the  evolution  of  MDA  adoption.

This  work  seeks  to  consolidate  a  comprehensive  comparative  theoretical  study.

Since  this  research  was  essentially  theoretical  in  nature,  no  experiments  were  conducted.

It  focuses  on  the  interpretative  analysis  of  concepts,  models,  methodological  structures,  and  results  already  achieved.

computational,  practical  implementations,  or  experimental  case  studies.  Instead,  the  work

The  analytical-comparative  dimension  becomes  evident  when  establishing  categories  and  criteria  for  comparison.

development,  identifying  conceptual  patterns,  mapping  theoretical  advantages  and  limitations,  and  discussing

rigorous  inclusion  criteria,  considering  works  with  a  solid  theoretical  foundation,  studies

4.  Methodology

The  selection  of  papers  followed  the  criteria  of  studying  software  methodologies  and  model-based  software  engineering.

by  presenting  and  detailing  the  central  concepts  of  each  development  paradigm,  while  the

between  1970  and  2024,  encompassing  everything  from  classic  traditional  models  like  Waterfall  to  studies

consolidated  by  scientific  literature.  The  research  is  characterized  as  bibliographic,  since  it...

To  measure  quantitative  variables  or  establish  empirical  metrics.  The  descriptive  nature  manifests  itself.

Library  and  Google  Scholar  were  used  as  supplementary  indexers.  Published  works  were  considered.

Seminal  and  contemporary  works  in  Model  Driven  Engineering  (MDE)  and  MDA.  Only  articles  with  a  DOI.

Consistency,  timeliness,  and  scientific  relevance  of  the  sources  used.  The  databases  consulted.
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The  methodology  adopted  in  this  study  is  based  on  a  theoretical,  qualitative  approach.

and  descriptive-analytical,  whose  purpose  is  to  analyze  and  compare,  from  a  conceptual  perspective,  the  Model

It  is  based  on  books,  scientific  articles  with  DOIs,  methodological  guides,  and  official  technical  reports,  especially  

documents  from  the  Object  Management  Group  (OMG)  related  to  MDA.  It  is  also

Driven  Architecture  (MDA)  and  traditional  software  development  methodologies.  Because
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availability  and  consistency  of  existing  literature,  including  comparative  studies  on  MDA.

The  comparative  analysis  between  MDA  and  traditional  methodologies  was  structured  in  a

mapping  convergences  and  divergences,  with  identification  and  recording  of  similarities  and

development.

criticism,  developing  a  set  of  interpretations  based  on  theoretical  arguments  and  evaluating

The  model  and  inherent  limitations  of  the  analyzed  paradigms,  and  finally  the  production  of  a  synthesis.

direct  evidence.  Furthermore,  contextual  differences  between  organizations  make  generalization  difficult.

A  set  of  analytical  categories,  defined  based  on  widely  accepted  principles  in  engineering.

Traditional  methodologies  offer  a  structured  view  of  theoretical  results.

The  absence  of  practical  experimentation  may  limit  the  observation  of  quantitative  impacts  such  as  time.

distancing  themselves  from  the  central  comparative  axis  of  this  work.

Exclusion  criteria  eliminated  articles  without  a  DOI  or  without  peer  review,  and  excessively  long  publications.

and  maturity  and  availability  of  tools.  The  choice  of  these  categories  is  justified  by  their

Adoption  and  practical  feasibility,  product  quality,  suitability  for  regulated  and  unregulated  environments,

(2007)  and  Stahl  &  Völter  (2006),  in  addition  to  being  fundamental  concepts  for  process  evaluation.

They  are  less  numerous  than  analyses  using  traditional  methodologies,  which  restricts  the  volume  of

and  consistency  between  artifacts,  productivity  and  process  automation,  maintenance  and  evolution  of

limitations  or  comparison  between  approaches,  and  official  OMG  documents  on  MDA.  The  criteria
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Published  in  recognized  journals  or  conferences,  research  that  addresses  advantages,

recurring  presence  in  comparative  studies,  such  as  Mohagheghi  et  al.  (2009),  France  &  Rumpe

appropriate  for  the  proposed  objectives,  as  it  allows  for  the  construction  of  a  well-founded  critical  analysis.

differences  between  approaches  within  each  previously  defined  analytical  category,  interpretation

software.

practical  implications  of  the  identified  differences,  adoption  risks,  ideal  conditions  for  use  of  each.

of  software  and  the  most  recurring  elements  identified  in  the  literature  review.  The  categories

comparative,  elaborating  tables  and  textual  descriptions  that  synthesize  the  comparison  between  MDA  and

systematic  and  comparative  approach  capable  of  offering  relevant  conceptual  contributions  to  engineering.

Like  all  theoretical  studies,  this  work  has  limitations  inherent  to  its  approach.

more  complex,  even  in  theoretical  studies.  Despite  these  limitations,  the  methodology  applied  is

Actual  development  metrics  or  effective  productivity  metrics.  The  results  depend  on

superficial  or  non-technical  studies  and  studies  focused  exclusively  on  agile  methodologies,  because  they

The  comparative  criteria  adopted  include  the  level  of  abstraction  and  representation  of  knowledge,  and  traceability.

systems,  technological  independence,  organizational  complexity  and  learning  curve,  cost  of

The  analysis  followed  systematic  phases  that  included  systematization  of  concepts,  with

grouping  and  organizing  the  central  concepts  of  each  approach  based  on  the  reviewed  literature,
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textually  and  dependent  on  the  level  of  discipline  of  the  teams.  According  to  Stahl  and  Völter  (2006),  the

A  comparison  between  Model  Driven  Architecture  (MDA)  and  traditional  methodologies.

Regarding  traceability  and  consistency  between  artifacts,  the  results  indicate  that  MDA

The  results  presented  here  consist  of  interpretative  syntheses,  grounded  in  concepts.

Continuous  maintenance  to  keep  documentation  and  code  synchronized.

They  tend  to  focus  on  medium-granularity  artifacts,  such  as  textual  requirements  and  diagrams.

Traditional  methodologies  favor  control  and  structural  clarity,  since  the  documentation

Automating  transformations  reduces  the  risk  of  inconsistency,  especially  in  long-term  projects.

Sequentialization  allows  for  precise  tracking  of  each  step  of  the  process  (Pressman  &  Maxim,  2019).

supported  by  rigorous  processes  and  requirements  management  tools,  even  though  it  requires  effort.

manually  generating  the  code  can  compromise  consistency.  Thus,  although  the  potential  of

It  presents  significant  theoretical  advantages.  How  are  the  models  formally  transformed  between

Software  development.  The  results  are  structured  within  the  defined  analytical  categories.

The  results  indicate  that  there  is  a  central  difference  between  the  paradigms  analyzed  in  that

The  contrast  between  these  two  points  highlights  a  classic  tension  between  abstraction,  characteristic  of  MDA,

In  practice,  traceability  in  traditional  methodologies,  although  manual,  can  be  effective  when...

This  refers  to  the  predominant  level  of  abstraction  in  each  approach.  Traditional  methodologies
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previously  discussed  in  light  of  the  reviewed  scientific  literature.  As  this  is  a  theoretical  study,

duration.  However,  Hutchinson  et  al.  (2011)  emphasize  that  when  the  developer  modifies

artifacts,  multiple  platform  targets  such  as  Java,  C#,  and  Web,  and  the  need  for  systematic  reuse.

significantly  higher  levels  of  abstraction,  represented  by  the  CIM,  PIM,  and  PSM  models.  This

At  different  levels  of  abstraction,  there  is  a  natural  flow  of  tracking  between  CIM,  PIM,  and  PSM.

and  explicit  detailing,  a  characteristic  of  traditional  methods,  a  tension  that  permeates  much  of  the  subject.

For  MDA  traceability  to  be  greater,  it  depends  heavily  on  adherence  to  tools  and  good  practices.

Consolidated  and  supported  by  evidence  present  in  relevant  academic  works.

This  section  presents  the  main  results  obtained  through  the  theoretical  analysis.

part  of  the  theoretical  discussions  in  the  reviewed  literature.

5.  Results  and  Discussion

A  comprehensive  understanding  of  the  system,  since  modeling  abstracts  implementation  details  and  allows  for...

potential  impact  on  productivity,  especially  in  scenarios  involving  repetitive  generation  of

the  focus  was  on  the  domain  and  expected  behaviors  (Brambilla  et  al.,  2017);  on  the  other  hand,

UML  partially  supports  architecture  documents  and  source  code,  while  MDA  operates  at  different  levels.

The  results  show  that  the  automation  provided  by  MDA  has  a  positive  impact.

The  difference  implies  two  important  theoretical  consequences:  on  the  one  hand,  MDA  favors  the

In  contrast,  in  traditional  methodologies,  traceability  tends  to  be  manual  and  documented.
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Centralized  approaches  only  become  a  reality  when  there  is  strict  adherence  to  the  principles  of  the  approach,  which  can...

Technological  dependence  tends  to  manifest  itself  from  the  earliest  stages  of  the  project,  especially  in

various  artifacts  in  isolation,  including  documentation,  diagrams,  and  code,  which  increases  the

contexts  in  which  systems  need  to  be  ported  to  different  platforms  throughout  their  lifecycle.

Sendall  and  Kozaczynski  (2003)  argue  that  MDA  mitigates  the  risks  of  technological  obsolescence.

technological.  However,  true  platform  independence  depends  on  the  quality  of  the

driven;  furthermore,  MDA  tools  are  still  unable  to  generate  fully  ready-to-use  code.

by  focusing  the  effort  at  the  conceptual  level.  This  characteristic  becomes  particularly  valuable  in

Since  the  PIM  functions  as  a  central  source  of  truth,  changes  to  the  model  can  be  propagated.

manual  coding,  provided  the  organization  has  sufficient  maturity  to  work  with  it.
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Mohagheghi  and  Dehlen  (2008)  report  that  automation  can  significantly  reduce  the  effort  of

Traditional  methods  demonstrate  greater  predictability  in  the  initial  effort,  as  they  rely  on  processes.

Rework  across  multiple  platforms.  In  traditional  methodologies,  maintenance  involves  updating.

rework  generated  by  inconsistencies  and  manual  maintenance  of  documentation.  The  discussion  reveals

quick.

probability  of  discrepancies  and  errors.  However,  there  are  important  challenges:  if  the  generated  code  is

automatically  adapting  to  specific  implementations,  reducing  inconsistencies,  rewrite  effort,  and

metamodels  and  transformation  languages  such  as  QVT  and  ATL.  On  the  other  hand,  methodologies

of  life,  or  where  organizations  need  to  maintain  strategic  flexibility  regarding  choices.

The  analysis  shows  that  platform  independence  is  one  of  the  strongest  differentiators  of...

It  can  be  challenging  in  development  environments  with  multiple  teams  and  high  pressure  for  deliverables.

consolidated  and  widely  known.  Productivity  may  be  lower  in  the  long  term  due  to

Technical  expertise  of  the  teams.  The  promise  of  simplified  maintenance  through  models.

Traditional  approaches  may  offer  better  cost-effectiveness.

Modifying  the  models  manually  without  updating  them  means  losing  the  benefit  of  the  model-based  approach.

MDA.  Because  the  core  of  the  system  is  defined  at  the  PIM  level,  there  is  flexibility  to  migrate.

transformations  and  the  ability  of  tools  to  generate  idiomatic  and  efficient  code  for  each

Implementations  across  different  platforms  with  less  effort.  In  traditional  methodologies,  the

MDA  can  outperform  traditional  methodologies  in  productivity,  but  only  under  certain  conditions.

choice  of  architecture  and  frameworks.  This  result  is  strongly  aligned  with  studies  such  as

In  contexts  where  these  conditions  are  not  met,  investment  in  MDA  may  not  be  justified.

Specific  requirements:  highly  skilled  teams,  mature  tools,  and  a  stable  domain  architecture.

Maintenance  is  one  of  the  areas  where  MDA  presents  the  most  evident  theoretical  advantages.

in  complex  systems,  requiring  human  intervention.  Thus,  although  MDA  offers  a

A  superior  theoretical  framework  for  maintenance,  its  effectiveness  depends  on  organizational  discipline  and...
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in  predictability,  process  clarity,  requirements  control,  and  suitability  for  organizations.

target  platform.

Within  the  system,  traditional  processes  organize  analysis,  testing,  and  documentation  activities,  and  practices.

They  have  lower  implementation  costs  and  adapt  well  to  classic  hierarchical  structures.  Thus,

depending  on  the  project,  the  team's  experience,  and  the  complexity  of  the  domain.

and  even  in  metrics  for  evaluating  productivity  and  quality.

(Hutchinson  et  al.,  2011).  The  transition  to  MDA  is  not  merely  a  change  of  tools,  but

structural.  The  results  indicate  that  MDA  tends  to  improve  structural  quality,  thanks  to

Convergent  analysis  suggests  that  MDA  provides  higher  quality  in  projects  that  require  standardization.

often  associated  with  complete  documentation  and  adherence  to  established  processes.

Traditional  and  agile  practices  complement  each  other,  enhancing  their  respective  limitations  and  maximizing  their  strengths.

acquisition  and  configuration  of  tools,  intensive  training  in  modeling  and  metamodeling,

To  facilitate  understanding  of  the  fundamental  differences  between  the  paradigms  analyzed,  the
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architectural  design  and  reduction  of  integration  errors,  whereas  in  traditional  methodologies  quality  is...

The  general  discussion  reveals  that  the  paradigms  are  not  mutually  exclusive:  there  is  room  for

The  overall  synthesis  of  the  results  shows  that  MDA  is  conceptually  superior  in  abstraction.

Consistency  between  artifacts,  precision  of  requirements,  architectural  coherence,  and  absence  of  errors.

Agile  methodologies  can  complement  both  approaches.  This  hybrid  trend,  already  reported  by  Pereira  et  al.

Explicit  documentation  is  fundamental.  Quality  in  MDA  is  demonstrated  through  consistency.

significantly  greater,  which  explains  the  resistance  observed  in  less  mature  environments.

The  results  indicate  that  MDA  has  a  higher  initial  adoption  cost,  reflected  in

structurally  rigid.  MDA  critically  depends  on  technical  maturity  and  organizational  culture.

Software  development  requires  changes  in  processes,  skills,  and  team  structures.

This  represents  a  fundamental  transformation  in  how  the  organization  conceptualizes  and  executes...

To  improve  document  quality,  thanks  to  the  clarity  and  sequentiality  of  the  steps.  The  literature

al.  (2020),  points  to  a  future  in  which  model-driven  development  coexists  with

While  MDA  offers  important  conceptual  benefits,  its  organizational  impact  is...

hybrid  approaches,  in  which  MDA  models  are  used  to  design  architecture  and  stable  parts.

Formal  models  and  automatic  transformations,  while  traditional  methodologies  tend  to

The  need  for  cultural  change  and  adaptation  of  workflows.  In  contrast,  methodologies

Traditional  practices  are  widely  known,  have  a  large  base  of  skilled  professionals,  and  tend  to...

Automation,  traceability,  and  maintenance  are  key  advantages,  while  traditional  methodologies  are  more  robust.

formal,  while  traditional  methods  are  more  effective  in  environments  where  detailed  analysis  and...

sophisticated  and  stable  tools,  whereas  the  choice  between  paradigms  depends  on  the  context.

With  regard  to  the  quality  of  the  final  product,  quality  depends  on  factors  such  as
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reuse

Maintenance

Mature  tools:  Widely  available  and  tested.

Potentially  superior  through  automation  and

Structural  Quality

processesHigh  predictability,  consolidated

Learning  Curve

Moderate,  depends  on  adherence  to  the  models.

Larger,  it  requires  specialized  tools  and  cultural  

change.

Low  Technological  Independence,  dependence  from  early  stages.  High,  platform-independent  PIM  (Product-Industry  Integration).

Category

Level  of  Abstraction High  abstraction  (CIM,  PIM,  PSM)  with  formal  

separation  of  levels

Variable,  some  tools  still  evolving.

Adoption  Cost

It  requires  a  significant  initial  investment  in  tools  

and  training.

Initial  Productivity

Main  Risk

High  difficulty,  requires  

metamodeling  and  tools.

Mature  organizations,  complex  systems,  multiple  

platforms

domain

Traceability

Superior  due  to  its  emphasis  on  detailed  
documentation.

Traditional  Methodologies

Rigidity  in  the  face  of  changing  requirements;  complexity  of  tools  and  model-code  synchronization.

specific

of

Smaller,  known  processes  and  traditional  
structures

Document  Quality

Long-term  productivity  may  decrease  due  to  rework  and  inconsistencies.

Maturity  of  Tools:  Hierarchical  structures,  regulated,  stable  requirements.

Manual  update  of  multiple  isolated  artifacts.

Medium  granularity  (textual  requirements,  partial  

diagrams,  code)

Low  flexibility  for  change;  changes  imply  significant  rework.

Focused  on  models,  reduced  textual  documentation.

sectors

Superior  through  formalization  and  

automatic  transformations.

Manual,  dependent  on  documentation  and  team  

discipline.

Model  Driven  Architecture

Smaller,  broad  base  of  skilled  professionals.

It  depends  on  discipline  and  manual  revisions.

Focused  on  models  with  automatic  propagation.

and

Automation  through  formal  transformations  
between  models

This  article  is  published  in  open  access  under  the  Creative  Commons  Attribution  license,  which  permits  unrestricted  use,  distribution,  and  reproduction  in  any  

medium,  provided  the  original  work  is  properly  cited.
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However,  these  require  substantially  larger  organizational  investments.

Table  1  shows  that  the  choice  between  paradigms  should  not  be  based  on

identified  in  this  study.
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Table  1  presents  a  comparative  synthesis  structured  around  the  main  analytical  categories.

Predictability  and  control,  while  MDA  excels  in  abstraction  and  automation,  demanding,

absolute  superiority,  but  in  contextual  suitability.  Traditional  methodologies  stand  out  for...

Table  1  -  Synthetic  Comparison  between  MDA  and  Traditional  Methodologies
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This  materializes  in  organizations  with  sufficient  maturity  to  carry  out  the  cultural  transformation  and

The  objective  of  this  Final  Course  Project  was  to  conduct  a  theoretical  analysis.
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6.  Final  Considerations

Frequent  updates  are  necessary,  generating  rework,  and  potential  inconsistencies  between  documentation  and...

Traditional  methods  should  consider  factors  such  as  team  maturity,  organizational  culture,

inherently  superior  to  the  other  in  all  contexts.  The  choice  between  MDA  and  methodologies

The  Rational  Unified  Process  (RUP)  demonstrates  conceptual  soundness,  predictability,  and  maturity  of  use.

The  analysis  indicates  that  MDA  offers  significant  advantages  in  terms  of  traceability.

This  technique  is  necessary,  which  can  represent  a  substantial  investment  of  time  and  resources.

its  limitations  and  organizational  implications.  Based  on  the  literature  review  and  analysis.

implementation.

Technological  independence,  automation  of  devices,  and  system  maintenance.  These  are  the  characteristics.

software  development,  seeking  to  understand  its  structural  differences,  its  benefits,

Traditional  methodologies,  represented  by  Waterfall,  Spiral  Model,  V-Model  and

The  rigidity  that  provides  predictability  in  stable  environments  becomes  an  obstacle  when  changes  occur.

to  different  organizational  contexts.

and  the  need  for  rigorous  discipline  in  model  management.  The  theoretical  promise  of  MDA  only  materializes.

Domain  complexity,  portability  needs,  and  requirements  stability.  Projects  that

They  require  formal  documentation,  predictability,  and  strict  control,  and  tend  to  benefit  from...

However,  its  limitations  become  evident  in  scenarios  where  the  requirements  are  dynamic,  the

On  the  other  hand,  MDA  emerges  as  an  innovative  approach  that  seeks  to  raise  the  level  of

evolution.  However,  the  effective  adoption  of  MDA  faces  significant  barriers,  including

organizational  complexity,  dependence  on  specific  tools,  steep  learning  curve

Traditional  methodologies.  In  contrast,  medium-  and  long-term  projects  that  prioritize  abstraction,

Process  factors  are  essential  to  ensure  traceability  and  compliance  in  critical  areas.

Technological  heterogeneity  and  the  need  for  rapid  development  are  predominant.

for  software  engineering,  although  they  are  based  on  distinct  conceptual  foundations  and  are  suitable

They  align  with  contemporary  demands  for  standardization,  scalability,  and  cost  reduction.

After  a  systematic  analysis,  it  was  possible  to  identify  that  both  paradigms  offer  relevant  contributions.

and  a  comparison  between  Model  Driven  Architecture  (MDA)  and  traditional  methodologies  of

characteristics  that  justify  its  continued  relevance  as  a  benchmark  in  regulated  sectors  and  environments  of

Stable  requirements.  These  methods  provide  a  clear  structure,  extensive  documentation,  and  strong  control.

Thus,  the  conclusions  of  this  work  indicate  that  none  of  the  paradigms  is...

Abstraction  through  formal  models,  metamodels,  and  automatic  transformations.  The  results

Automation  and  model  reuse  can  gain  significant  advantages  with  MDA.  The  decision  should  be...
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Medium  to  large-scale  complex  systems  with  

multiple  integrations  and  high  interdependence.

Small  to  medium-sized  systems  with  a  well-known  

domain  and  defined  scope.

Environments  with  formal  standards,  but  with  the  

flexibility  to  use  templates  as  primary  documentation.

of

to  the

Limited  budget  with  no  resources  for  acquiring  

specialized  tools  and  extensive  training.

System  developed  for  a  single,  defined  platform  

with  no  planned  technological  migration.

Team  with  solid  knowledge  in  formal  modeling,  

UML,  metamodels,  and  MDA  tools.

Highly  regulated  environments  requiring  extensive  

and  auditable  textual  documentation  (aerospace,  

healthcare,  finance)

of

Decision

Criteria  of

Long-term  projects  with  anticipated  extensive  

maintenance  and  continuous  evolution.

Stability

Requirements

Budget  that  includes  initial  investment  in  MDA  

tools,  training,  and  specialized  consulting.

ade  do

System

Available

Restrictions

Portability

A  team  experienced  in  traditional  methods  but  with  

limited  familiarity  in  formal  modeling.

It  is  recommended Methodologies

of  and

Projects  with  short  deadlines,  fixed  scopes,  and  no  

expectation  of  significant  post-delivery  progress.

Necessity

and

Structured  requirements,  but  subject  to  controlled  

evolution  throughout  the  lifecycle.

Budget

Team  Maturity

Regulatory

Traditional

Temporal

MDA  is  recommended.

Well-defined,  stable  requirements  with  a  low  

probability  of  significant  changes.

Complexity

Horizon

Multiplatform  system  or  system  with  anticipated  

need  for  migration  between  technologies.

Source:  Prepared  by  the  author  (2025).
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Practical  recommendations  are  presented  to  guide  managers,  software  architects,  and  teams.

Based  on  the  theoretical  analysis  carried  out  and  the  results  obtained  throughout  this  study,

proper  preparation.

purely  theoretical.

not  considered  in  isolation,  but  rather  analyzed  together,  weighing  the  relative  weight  of

development  involves  making  an  informed  choice  between  MDA  and  traditional  methodologies.

project,  avoiding  both  excessive  conservatism  and  the  premature  adoption  of  technologies  without
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informed  by  a  careful  analysis  of  the  organizational  context  and  the  specific  characteristics  of

6.1  Practical  Recommendations  for  Paradigm  Selection

Table  2  -  Decision  Criteria  for  Selecting  Between  MDA  and  Traditional  Methodologies

strategic  objectives,  providing  a  contextualized  decision  guide  that  transcends  analysis.

recommendations  take  into  account  specific  project  characteristics,  organizational  capabilities  and

Table  2  summarizes  the  main  decision  criteria,  identifying  the  most  suitable  scenarios  for  each  

approach.  It  is  important  to  emphasize  that  these  criteria  should  not  be...

Each  factor  depends  on  organizational  priorities  and  the  characteristics  of  the  project  in  question.
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documented  and  disseminated  through  internal  communities  of  practice.  The  investment  in

While  rigorous  and  beneficial  automation  can  be  employed,  traditional  methodologies  can  still  be  used  for  management.

For  organizations  that  decide  to  explore  adopting  MDA,  it  is  strongly  recommended  that...

which  combine  elements  of  both  paradigms.

Capacity  building  should  precede  adoption,  including  formal  training  in  metamodeling.

The  strategy  allows  for  incremental  learning  without  compromising  operational  stability.  Second,

leverage  existing  capabilities  while  gradually  developing  new  skills  through

In  this  regard,  hybrid  approaches  are  recommended  in  the  following  specific  scenarios.

of  the  implementation  and  maintenance  of  technical  devices.  This  combination  meets  the  requirements

mixed  skills,  with  professionals  experienced  in  formal  modeling  and  others  more

when  the  system  has  significant  functional  heterogeneity,  with  highly  complex  parts.

the  adoption  of  MDA  in  core  and  long-term  architectural  components,  while  maintaining

pilot  projects  and  mentoring  programs.

For  those  familiar  with  traditional  approaches,  strategic  allocation  according  to  specialization  allows

A  strategy  of  incremental  and  controlled  implementation.  This  strategy  should  begin  with  projects-

First,  when  the  organization  is  in  the  process  of  transitioning  to  a  new  level  of  maturity,  it  can  begin...

Traditional  processes,  well  established  in  peripheral  modules  or  of  lower  complexity.  This

Regulatory  measures  without  sacrificing  productivity  gains.  Fourth,  when  the  team  presents

which  suggests  the  need  for  careful  evaluation  and,  often,  the  adoption  of  hybrid  strategies.

Analysis  of  Table  2  shows  that  the  decision  should  not  be  binary,  but  contextualized.
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Organizations  rarely  fit  perfectly  into  all  the  criteria  of  a  single  column,  the

Requirements,  validation,  and  generation  of  auditable  documentation,  while  using  MDA  for  automation.

and  practices  without  compromising  critical  operations.  The  lessons  learned  should  be  systematically  implemented.

A  pilot  project  with  lower  risk  and  moderate  complexity,  where  it  is  possible  to  experiment  with  tools  and  processes.

which  would  benefit  substantially  from  formal  modeling  and  automation,  and  simpler  parts  where

Traditional  processes  are  sufficient  and  more  efficient;  segmentation  by  complexity  becomes...

A  viable  and  recommendable  strategy.

Third,  in  contexts  where  there  is  a  simultaneous  need  for  regulatory  compliance.

This  article  is  published  in  open  access  under  the  Creative  Commons  Attribution  license,  which  permits  unrestricted  use,  distribution,  and  reproduction  in  any  

medium,  provided  the  original  work  is  properly  cited.
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Emphasis  on

A  culture  of  innovation  with  openness  to  structural  

transformations  and  the  adoption  of  new  

technologies.

Systematic  evolution  with  frequent  need  for  

artifact  regeneration  across  multiple  platforms.

Organization

Critical  need  for  detailed  textual  documentation  

as  a  key  artifact  of  the  process.

Acceptance  of  formal  models  as  primary  

documentation;  supplementary  

textual  documentation.

with

Standard

Evolution

Traditional  hierarchical  structures  with  established  

processes  and  resistance  to  profound  changes.

Culture

Document

onal

Rare,  specific,  and  rigorously  controlled  changes  

implemented  through  change  management  

processes.

dog
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A  systematic,  structured,  and  well-founded  comparative  analysis  based  on  established  scientific  literature.

peers.  Success  metrics  should  be  established  beforehand,  allowing  for  objective  evaluation  of

UML/OCL,  transformation  languages,  and  specific  tools.  Acquiring  these  tools  should...

Year  V,  v.2  2025  |  Submission:  11/22/2025  |  Accepted:  11/24/2025  |  Publication:  11/26/2025

6.2  Contributions  of  the  Study  and  Future  Directions

Organizations  must  conduct  a  thorough  and  honest  assessment  of  their  actual  maturity.

In  the  context  of  application,  this  often  results  in  frustration,  wasted  resources,  and  abandonment.

traditional  methodologies,  or  through  formal  models,  automatic  transformations  and  processes

complete  obsolescence  or  obsolescence  of  traditional  methodologies,  but  as  a  technological  evolution  that  can

decision  support  tools  that  transcend  purely  theoretical  discussions,  connecting

Academic  knowledge  applied  to  the  practical  needs  of  professionals  in  the  field.

Defining  development  strategies.  Decisions  based  solely  on  enthusiasm.

technological  or  market  pressure,  without  adequate  consideration  of  organizational  capabilities  and

any  development  paradigm.  The  difference  lies  mainly  in  how  these  principles  are  applied.

questioned.  The  comparative  tables  and  practical  recommendations  presented  constitute

Unjustified  resistance  to  innovation  can  deprive  organizations  of  significant  gains.

user  community  and  ability  to  integrate  with  existing  ecosystem.

of  traditional  methodologies,  such  as  rigorous  requirements  analysis,  systematic  risk  management,

They  are  operationalized  through  structured  textual  documentation  and  sequential  processes  in

benefits  gained  in  terms  of  productivity,  quality,  maintenance  time  and  consistency  of

productivity  and  competitiveness.

coexist,  complement,  and  enhance  established  practices.  Many  of  the  fundamental  principles

Consider  not  only  technical  features,  but  also  quality  of  support  and  maturity  of  the...

Model  governance  should  be  established  from  the  outset,  defining  standards  for

Validation  with  stakeholders  and  comprehensive  testing  remain  not  only  valid,  but  essential  in

decisions  based  solely  on  technological  fads  or  organizational  traditions  are  not

more  informed  assessments  regarding  the  suitability  of  each  approach  to  specific  contexts,  avoiding

artifacts.  Only  after  successful  validation  in  pilot  projects  and  clear  evidence  of  return  on  investment.

organizational  structure,  effectively  available  resources,  and  specific  characteristics  of  their  projects  beforehand.

premature  adoption  of  potentially  beneficial  initiatives.  On  the  other  hand,  excessive  conservatism  and

iterative  in  MDA.

This  study  contributes  to  a  deeper  understanding  of  the  two  paradigms  through

modeling,  naming  conventions,  versioning  processes  and  review  mechanisms  by

It  is  crucial  to  emphasize  that  the  adoption  of  MDA  should  not  be  interpreted  as  a  replacement.

This  analysis  provides  professionals  and  researchers  with  a  robust  conceptual  foundation  that  allows

Investment  should  be  considered  for  expansion  into  critical  or  larger-scale  projects.
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This  is  particularly  relevant  considering  the  increasing  prevalence  of  agile  practices  in  the  industry.
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Quantitatively  assess  the  impacts  on  productivity,  quality,  and  costs  in  real-world  environments.

Paradigm  evolution.  Finally,  investigations  into  specific  metrics  for  evaluating

Analysis  of  the  evolution  of  the  metamodeling  and  transformation  tool  ecosystem.

development,  overcoming  limitations  inherent  in  purely  theoretical  studies.  Investigations

BRAMBILLA,  M.;  CABOT,  J.;  WIMMER,  M.  Model-Driven  Software  Engineering  in  Practice.  2nd  ed.  Morgan  &  

Claypool,  2017.

The  quality  of  models  and  the  effectiveness  of  automated  transformations  would  contribute  to  consolidation.

BOEHM,  B.  A  spiral  model  of  software  development  and  enhancement.  Computer,  vol.  21,  no.  5,  p.  61–

Success,  patterns  of  organizational  resistance,  and  effective  change  management  strategies.  Research.

FORSBERG,  K.;  MOOZ,  H.  The  relationship  of  system  engineering  to  the  project  cycle.  INCOSE  International  

Symposium,  v.  6,  no.  1,  p.  57–65,  1996.

Microservices  architectures  can  reveal  new  contexts  of  applicability  and  needs.

scientific  field  principles  and  evidence-based  practices.

.
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