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Mo:va:on	  
! Modern	  so<ware/system	  development	  

o High	  complexity	  
•  Increasing	  development	  :me	  
•  Increasing	  cost	  

o Diversity	  
•  Domain	  
•  Requirements	  
•  Implementa:on	  tools	  and	  techniques	  

o Changes	  
•  Environment	  
•  Requirements	  
•  Bug	  fixes	  
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General	  Purpose	  Languages	  
! Mul:ple	  languages	  

o C,	  Java,	  Javascript,	  Go,	  Ruby,	  Python,	  …	  
!  Capable	  of	  solving	  all	  problems	  (Turing-‐complete)	  
!  Domain	  expert	  cannot	  efficiently	  use	  it	  

o Programming	  knowledge	  needed!	  
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Domain-‐specific	  language	  

A	  DSL	  is	  a	  focused,  processable	  language	  
for	  describing	  a	  specific	  concern	  when	  
building	  a	  system	  in	  a	  specific	  domain.	  
The	  abstrac(ons	  and	  nota(ons	  used	  are	  
natural/suitable	  for	  the	  stakeholders	  who	  
specify	  that	  par:cular	  concern.	  
	  

Markus	  Voelter:	  DSL	  Design	  
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GPL   DSL  

Domain   Large	  and	  complex	   Smaller	  and	  well-‐defined	  

Language  Size   Large	   Small	  

Turing  completeness   Always	   O<en	  not	  

User-‐defined  
abstrac(ons  

Sophis:cated	   Limited	  

Execu(on   Via	  intermediate	  GPL	   Na:ve	  

Lifespan   Years	  to	  decades	   Months	  to	  years	  

Designed  by   Guru	  or	  commi^ee	   Few	  enginers,	  domain	  experts	  

User  community   Large,	  anonymous	  
and	  widespread	  

Small,	  accessible	  and	  local	  

Evolu(on   Slow,	  o<en	  
standardized	  

Fast-‐paced	  

Depreca(on,  
incompa(ble  changes  

Almost	  impossible	   Feasible	  
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Evalua:on	  of	  DSLs	  
!  Advantages	  

o Quick	  solu:ons	  to	  specific	  problems	  
o Requirements	  are	  expressed	  on	  the	  problem	  domain	  
o Automa:c	  (requirement)	  valida:on	  possible	  

!  Disadvantages	  
o Domain	  knowledge	  required	  (can	  be	  expensive)	  
o Language	  design	  can	  be	  subjec:ve	  and/or	  complex	  
o Tooling	  cost	  not	  negligible	  (wrt	  limited	  focus)	  
o Incompa:ble	  DSL’s	  for	  the	  same	  domain	  
•  Standardiza:on	  may	  be	  required	  
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Language-‐focused	  development	  
!  Language	  

o Describes	  a	  model	  
o For	  humans,	  not	  compiler  
o Gives	  domain-‐level	  overview	  

!  Tooling	  required	  for	  
o Execu:on	  
o Analysis	  
o Tes:ng	  
o Edi:ng	  
o …	  
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Mul:-‐language	  aspects	  
! Mul:-‐language	  development	  

o Transforma:on	  
o Aspect	  integra:on	  
o Synchroniza:on	  
o Refinement	  or	  equivalence	  checking	  
o Evolu:on	  

!  Similar	  to	  aspect-‐oriented	  programming	  
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Metamodeling  

Design	  paradigm	  for	  modeling	  languages	  



Designing	  modeling	  languages	  
! Metamodel:	  a	  model	  of	  models	  

o Abstract	  syntax	  
o Concrete	  syntax	  
o Well-‐formedness	  rules	  
o Behavioral	  (dynamic)	  seman:cs	  
o Transla:on	  to	  other	  languages	  
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Meta-‐	  and	  instance	  models	  
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Meta-‐	  and	  instance	  models	  
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Meta-‐	  and	  instance	  models	  
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Meta-‐	  and	  instance	  models	  
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Meta-‐	  and	  instance	  models	  
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Meta-‐	  and	  instance	  models	  
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Meta-‐	  and	  instance	  models	  
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Instan:a:on	  
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Instan:a:on	  

t1 s2	   t2	  
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…	   …	  
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Concrete	  syntax	  
!  A	  nota:on	  for	  the	  users	  

o As	  the	  user	  “sees”	  the	  models	  

! Mul:ple	  concrete	  syntaxes	  for	  every	  language	  
o Either	  different	  nota:ons	  
o Or	  different	  views	  
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Graphical	  concrete	  syntax	  
+ Easy	  to	  read	  
+ In:u:ve,	  understandable	  nota:on	  

+ Safe(r)	  to	  write	  
+ Only	  syntac:c:cally	  concrete	  models	  can	  be	  created	  

- Hard	  to	  write	  
- Graphical	  edi:ng	  is	  slower	  

- Scalability	  issues	  
- Usability	  issues	  
- Some:mes	  technological	  issues	  as	  well	  
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Textual	  concrete	  syntax	  
+ Easy	  to	  write	  
•  Even	  complex	  expressions	  can	  be	  wri^en	  quickly	  

+ Scales	  well	  
•  Files	  with	  10k	  lines	  can	  be	  managed	  

- Hard	  to	  read	  
•  Understandability	  
•  Does	  not	  visualize	  connec:ons	  

- Maintenance	  problema:c	  
•  E.g.	  reference	  by	  name	  
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Example	  concrete	  syntax	  for	  state	  matchines	  
!  Graphical	  nota:on	   !  Textual	  nota:on	  

void request() { 
 if(state == IDLE &&   
  this.load < 10)  
   state = 
CALCULATING; 

} 
 
void response() { 
 if (state == 
CALCULATING)  
   state = IDLE; 

} 

Idle	  

Calcula:ng	  

request	  
[load<10]	   response	  
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Abstract	  syntax	  
!  Defines	  the	  vocabulary	  of	  the	  languages	  

o Terms	  
o Rela:ons	  between	  terms	  
•  Associa:ons/references	  
•  A^ributes	  
•  Abstrac:ons/refinements	  (see	  taxonomies,	  ontologies)	  
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Well-‐formedness	  rules	  
! Mul:plicity	  constrants	  

o One:	  1	  
o At	  most	  one:	  0..1	  
o Many:	  *	  

!  Aggrega:on/Containment	  references	  
o Specifies	  a	  containment	  hierarchy	  
o At	  most	  one	  parent	  for	  each	  model	  element	  

!  Language-‐specific	  constraints	  
o E.g.,	  unique	  names	  
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Dynamic	  seman:cs	  
!  Seman:cs:	  	  

o Meaning	  of	  the	  terms	  of	  the	  language	  
o How	  to	  understand	  the	  models	  

!  Sta:c	  seman:cs	  
o What	  are	  the	  valid	  models?	  
o See	  previous	  slides	  

!  Dynamic	  seman:cs	  
o Possible	  behaviour	  
o State	  changes	  
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Dynamic	  seman:cs	  –	  Main	  approaches	  
!  Denota:onal	  seman:cs	  

o Transla:ng	  terms	  to	  another	  language	  
o Similar	  to	  compilers	  

!  Opera:on	  seman:cs	  
o Modeling	  the	  behavior	  of	  terms	  
o Similar	  to	  interpreters	  

!  Axioma:c	  seman:cs	  
o Based	  on	  logical	  formulaes	  	  
o Hard	  to	  understand/implement	  
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Related	  Technologies	  
!  Abstract	  syntax	  

o EMF	  

! Well-‐formedness	  rules	  
o EMF	  Valida:on,	  OCL	  

!  Concrete	  syntax	  
o Graphical	  editors:	  GEF/GMF/Graphi:	  
o Textual	  editors:	  Xtext,	  EMFText	  

!  Seman:cs,	  transla:on	  to	  other	  languages	  
o Code	  generators:	  Acceleo,	  Xtend,	  (JET)	  
o Model	  transforma:on:	  ATL,	  ETL,	  VIATRA2,	  ...	  
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Eclipse  Modeling  Framework  (EMF)  

Metamodeling	  in	  Eclipse	  



Eclipse	  Modeling	  Framework	  
! Modeling	  component	  for	  Eclipse	  

o Supports	  the	  defini:on	  of	  DSLs	  
!  Supports	  

o Basic	  edi:ng	  commands	  
o Change	  no:fica:on	  
o Undo/redo	  support	  
o XML/XMI	  export-‐import	  

!  Uses	  a	  simple	  metamodeling	  core	  
o Called	  Ecore	  
o Similar	  to	  MOF	  (used	  for	  UML)	  
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The	  EMF	  tooling	  
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The	  EMF	  tooling	  

Defining	  plavorm	  
independent	  metamodel	  
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The	  EMF	  tooling	  

Plavorm	  specific	  model	  
Mapping	  between	  Ecore	  
model	  and	  plavorm	  code	  
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The	  EMF	  tooling	  

Code	  
templates	  for	  
genera:on	  
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The	  EMF	  tooling	  

Code	  
genera:on	  
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The	  EMF	  tooling	  

Model	  persistence	  
Java	  implementa:on	  
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The	  EMF	  tooling	  

Model	  manipula:on	  
commands:	  Model	  element	  

crea:on/modifica:on	  
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The	  EMF	  tooling	  

A	  tree-‐based	  
model	  display	  
and	  editor	  
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Ecore	  language	  
! Metamodeling	  language	  of	  EMF	  

o Meta-‐language	  

!  Plavorm	  independent	  metamodels	  
o Addi:onal	  models	  for	  plavorm-‐specific	  modeling	  (see	  
genmodel)	  

!  Defines	  structural	  informa:on	  

40	  



Ecore	  –	  Most	  important	  concepts	  
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Ecore	  –	  Most	  important	  concepts	  
References	  a	  type	  

• Mul:ple	  inheritance	  
• Any	  number	  of	  a^ributes	  
• Any	  number	  of	  references	  
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Ecore	  –	  Most	  important	  concepts	  

Typed	  
a^ribute	  
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Ecore	  –	  Most	  important	  concepts	  

Unidirectonal,	  binary	  connec:on	  
• Op:onally	  inverse	  reference	  
• Defines	  referenced	  type	  
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Ecore	  –	  Most	  important	  concepts	  
!  EPackage	  

o Contains	  and	  manages	  a	  set	  of	  classes	  
o Compile/code	  genera:on	  :me	  
•  Builds	  together	  

o In	  run:me	  
•  Are	  registered	  together	  
•  Provides	  API	  for	  

–  Factory	  methods	  
–  Reflec:ve	  access	  
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Full	  Ecore	  hierarchy	  
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Full	  Ecore	  hierarchy	  
Common	  base	  

class	  
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Full	  Ecore	  hierarchy	  

Base	  data	  type	  
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Full	  Ecore	  hierarchy	  

Enumerated	  
type	  

49	  



Full	  Ecore	  hierarchy	  

Feature	  

50	  



Full	  Ecore	  hierarchy	  

Opera:on	  
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Using	  EMF	  

Define	  Plavorm	  Independent	  Model	  

Define	  Generator	  Model	  

Generate	  Code	  

Evaluate	  Result	  

Define	  or	  Override	  Code	  
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Using	  EMF	  

Define	  Plavorm	  Independent	  Model	  

Define	  Generator	  Model	  

Generate	  Code	  

Evaluate	  Result	  

Define	  or	  Override	  Code	  
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Defining	  Ecore	  Models	  
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Defining	  Ecore	  Models	  

Serialized	  UML	  class	  diagram	  
E.g.	  Ra:onal	  So<ware	  Architect	  

EclipseUML	  
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Defining	  Ecore	  Models	  

A	  metamodel	  for	  
XML	  documents	  
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Defining	  Ecore	  Models	  

A	  textual	  model	  
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Defining	  Ecore	  Models	  

Direct	  edi:ng	  (based	  
on	  Ecore	  model	  

editor)	  
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Defining	  Ecore	  Models	  

Annotated	  
Java	  interfaces	  
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Ecore	  Tools:	  Ecore	  Diagram	  Editor	  
!  Graphical	  DSL	  for	  EMF	  metamodels	  
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Example:	  Social	  Network	  
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Example:	  Social	  network	  
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Example:	  Social	  network	  
Package	  
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Example:	  Social	  network	  

EClass	  
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Example:	  Social	  network	  

EA^ribute	  
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Example:	  Social	  network	  

EReference	  
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Example:	  Social	  network	  

EEnum	  
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Using	  EMF	  

Define	  Plavorm	  Independent	  Model	  

Define	  Generator	  Model	  

Generate	  Code	  

Evaluate	  Result	  

Define	  or	  Override	  Code	  
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Generator	  model	  
!  Providing	  code	  genera:on	  sexngs	  
!  Also	  an	  EMF	  model	  

o Refers	  to	  our	  Ecore	  metamodel	  
o But	  uses	  a	  different	  metamodel	  

!  Code	  genera:on	  sexngs	  
o Java	  version	  (e.g.	  whether	  Java	  5	  enums	  are	  available)	  
o Package	  and	  project	  names	  
o …	  
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Generator	  model	  
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Generator	  model	  
Referenced	  Ecore	  
model	  element	  
(even	  mul:ple	  

Ecore)	  
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Generator	  model	  

General	  
parameters	  
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Generator	  model	  

Edit	  parameters	  
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Generator	  model	  

Editor	  parameters	  
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Generator	  model	  

Model	  specific	  
parameters	  
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Using	  EMF	  

Define	  Plavorm	  Independent	  Model	  

Define	  Generator	  Model	  

Generate	  Code	  

Evaluate	  Result	  

Define	  or	  Override	  Code	  
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A	  generált	  EMF	  komponensek	  Generated	  EMF	  components	  

•  Simple	  tree	  based	  editor	  

EMF.Editor	  

• User	  interface	  data	  sources	  
•  Commands	  

EMF.Edit	  

• Model	  management	  layer	  
•  Persistence	  
•  Reflec:ve	  API	  

EMF.Model	  
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EMF.Model	  
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EMF.Model	  
!  Complete	  implementa:on	  of	  the	  ECore	  
metamodel	  

!  Persistence	  handling	  
o By	  default:	  XMI	  technology	  
o Addi:onally:	  XSD-‐based	  XML,	  binary	  
o Can	  be	  extended	  

! Model	  and	  code	  are	  similar	  
o Easy	  to	  understand	  
o Usually	  the	  generated	  code	  works	  well	  
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EMF.Model	  
!  Possible	  extensions	  

o Custom	  file	  format	  
•  Parser	  
•  See:	  Xtext	  

o Inser:ng	  extra	  informa:on	  into	  generated	  code	  
•  Avoid	  if	  possible	  

– Maintainability	  
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Reflec:ve	  and	  Generated	  API	  
!  Generated	  API	  

o Typesafe	  
o Simple	  ge^er/se^er	  methods	  
o Preferred	  
•  Safe	  to	  use	  
•  Performs	  be^er	  

!  Reflec:ve	  API	  
o Parameterizing	  with	  Strings	  or	  EClass	  instances	  
•  See	  also:	  dynamic	  languages,	  Java	  reflec:on	  

o For	  Generic	  code	  

81	  



Generic	  or	  generated	  implementa:ons	  
!  Generated	  solu:on	  

o Code	  genera:on	  based	  on	  the	  model	  
o Unique	  code	  possible	  for	  each	  case	  
•  E.g.,	  model-‐specific	  tree	  editor,	  GMF	  editor,	  code	  generator	  

!  Generic	  solu:on	  
o Same	  implementa:on	  used	  for	  all	  cases	  
•  E.g.,	  serializa:on,	  Reflec:ve	  Tree	  Editor	  
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Generated	  structure	  
!  Generated	  code	  extends	  a	  framework	  
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Generated	  structure	  
!  Generated	  code	  extends	  a	  framework	  

Public	  
interfaces	  
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Generated	  structure	  
!  Generated	  code	  extends	  a	  framework	  

Public	  
interfaces	  

Implementa:on	  
classes	  
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Generated	  structure	  
!  Generated	  code	  extends	  a	  framework	  

General	  
no:fica:on	  
mechanism	  

Public	  
interfaces	  

Implementa:on	  
classes	  
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Generated	  structure	  
!  Generated	  code	  extends	  a	  framework	  

General	  
no:fica:on	  
mechanism	  

EClass	  
realiza:on,	  
reflec:ve	  API	  

Public	  
interfaces	  

Implementa:on	  
classes	  
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Generated	  structure	  
!  Generated	  code	  extends	  a	  framework	  

General	  
no:fica:on	  
mechanism	  

EClass	  
realiza:on,	  
reflec:ve	  API	  

Metamodel-‐
specific	  code	  

Public	  
interfaces	  

Implementa:on	  
classes	  
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EClass	  implementa:on	  
! Manages	  a^ributes	  and	  references	  (feature)	  

o Features	  with	  “one”	  mul:plicity	  
•  ge^er	  method	  
•  se^er	  method	  

o Features	  with	  “many”	  mul:plicity	  
•  ge^er	  method	  returns	  an	  editable	  collec:on	  
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EReference	  implementa:on	  
!  Type	  of	  an	  EReference	  is	  another	  EObject	  	  
!  Some	  non-‐trivial	  cases	  

o EClass	  can	  be	  stored	  in	  another	  file	  (Resource)	  
•  Reference	  resolu:on	  

o Inverse	  references	  
•  Automa:c	  synchroniza:on	  
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Using	  EOpera:on	  
! Method	  declara:on	  in	  EClasses	  
! Method	  body	  

o Ecore	  does	  not	  support	  specifica:on	  
o See	  Xcore	  project	  
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EFactory	  
!  EMF	  object	  must	  be	  created	  with	  factory	  
!  Singleton	  instance	  

o <Package>Factory.eINSTANCE
o <Package>Package.eINSTANCE  
  .get<csomagnév>Factory

!  Concrete	  method	  for	  each	  type	  
o <typename>  create<typename>
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EPackage	  implementa:on	  
!  Singleton	  instance:	  <name>Package.eINSTANCE	  
!  Contains	  EClass	  type	  literals	  

o EClass  get<classname>
o EStructuralFeature  
get<classname>_<featurename>
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Reflec:on	  
!  eClass()	  

o Each	  EObject	  can	  return	  its	  class	  
o Similar	  to	  getClass()	  of	  Java	  
o Generic	  property	  handling	  
•  eGet/eSet/eIsSet/eSet/eUnset()	  

!  eContainer/eContents()	  
o Naviga:ng	  the	  containment	  hierarchy	  
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Reflec:on	  
!  EMF	  Provides	  it	  
!  Uses	  it	  for	  generic	  services	  

o Serializa:on	  
o Nofi:ca:on	  
o Switch	  classes	  
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No:fica:on	  
!  Every	  model	  object	  sends	  change	  no:fica:ons	  

o Observer	  design	  pa^ern	  
o Event	  objects	  are	  sent	  
o No:fica:ons	  can	  be	  customized	  in	  generator	  model	  

!  EMF	  provides	  the	  implementa:on	  
o Not	  recommended	  to	  change	  it…	  
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No:fica:on	  
!  Subscrip:on	  

o eAdapters().add(Adapter)
o By	  default	  it	  is	  not	  recursive!	  

!  No:fica:on	  sending	  
o eNotify(Notification)
o Seldom	  required	  manually	  
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Serializing	  EMF	  models	  
!  EMF	  models	  are	  stored	  in	  resources	  
!  An	  object	  is	  contained	  in	  a	  Resource	  instance	  

o See eResource()
!  Built-‐in	  implementa:on:	  XMIResourceImpl

o Relies	  on	  XMI	  format	  
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Example:	  Reading	  and	  modifying	  a	  model	  
ResourceSet set = new ResourceSetImpl();	
	
URI uri = ...;	
Resource res = set.getResource(uri, true);	
try {	

	 	 	 	 		
	for (EObject root : res.getContents()) {	
	 	//TODO Model processing here	
	}	
	 	 	 	 		
	res.save(new HashMap<String, String>());	

} catch (IOException e) {	
	// TODO Exception handling here!	
	e.printStackTrace();	

}	  
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Example:	  Reading	  and	  modifying	  a	  model	  
ResourceSet set = new ResourceSetImpl();	
	
URI uri = ...;	
Resource res = set.getResource(uri, true);	
try {	

	 	 	 	 		
	for (EObject root : res.getContents()) {	
	 	//TODO Model processing here	
	}	
	 	 	 	 		
	res.save(new HashMap<String, String>());	

} catch (IOException e) {	
	// TODO Exception handling here!	
	e.printStackTrace();	

}	  

ResourceSet	  
instan:a:on	  
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Example:	  Reading	  and	  modifying	  a	  model	  
ResourceSet set = new ResourceSetImpl();	
	
URI uri = ...;	
Resource res = set.getResource(uri, true);	
try {	

	 	 	 	 		
	for (EObject root : res.getContents()) {	
	 	//TODO Model processing here	
	}	
	 	 	 	 		
	res.save(new HashMap<String, String>());	

} catch (IOException e) {	
	// TODO Exception handling here!	
	e.printStackTrace();	

}	  

URI:	  model	  file	  
selec:on	  
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Example:	  Reading	  and	  modifying	  a	  model	  
ResourceSet set = new ResourceSetImpl();	
	
URI uri = ...;	
Resource res = set.getResource(uri, true);	
try {	

	 	 	 	 		
	for (EObject root : res.getContents()) {	
	 	//TODO Model processing here	
	}	
	 	 	 	 		
	res.save(new HashMap<String, String>());	

} catch (IOException e) {	
	// TODO Exception handling here!	
	e.printStackTrace();	

}	  

getResource:	  on-‐
demand	  loading	  

here	  
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Example:	  Reading	  and	  modifying	  a	  model	  
ResourceSet set = new ResourceSetImpl();	
	
URI uri = ...;	
Resource res = set.getResource(uri, true);	
try {	

	 	 	 	 		
	for (EObject root : res.getContents()) {	
	 	//TODO Model processing here	
	}	
	 	 	 	 		
	res.save(new HashMap<String, String>());	

} catch (IOException e) {	
	// TODO Exception handling here!	
	e.printStackTrace();	

}	  

Mul:ple	  model	  
roots	  possible	  

Type	  safety	  is	  not	  
checked	  
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Example:	  Reading	  and	  modifying	  a	  model	  
ResourceSet set = new ResourceSetImpl();	
	
URI uri = ...;	
Resource res = set.getResource(uri, true);	
try {	

	 	 	 	 		
	for (EObject root : res.getContents()) {	
	 	//TODO Model processing here	
	}	
	 	 	 	 		
	res.save(new HashMap<String, String>());	

} catch (IOException e) {	
	// TODO Exception handling here!	
	e.printStackTrace();	

}	   Saving	  
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Example:	  Reading	  and	  modifying	  a	  model	  
ResourceSet set = new ResourceSetImpl();	
	
URI uri = ...;	
Resource res = set.getResource(uri, true);	
try {	

	 	 	 	 		
	for (EObject root : res.getContents()) {	
	 	//TODO Model processing here	
	}	
	 	 	 	 		
	res.save(new HashMap<String, String>());	

} catch (IOException e) {	
	// TODO Exception handling here!	
	e.printStackTrace();	

}	  
Don’t	  forget	  
excep:on	  
handling	  
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URI	  schema	  
!  Resource	  loca:on	  is	  described	  

o By	  an	  URI	  
o Creatable	  by	  the	  URI	  class	  

!  Built-‐in	  support	  (extensible)	  
o File	  (java.io.File)	  	  

•  URI  uri  =  URI.createFileURI("/path/to/file”)

o Eclipse	  workspace	  file	  (IFile)	  
•  URI.createPlatformResourceURI("projectName/foldername/
filename",  true)

o File	  packaged	  in	  an	  Eclipse	  plug-‐in	  
•  URI.createPlatformPluginURI("pluginName/folderName/
filename",  true)
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Serializa:on	  and	  the	  containment	  hierarchy	  

!  Containment	  hierarchy	  is	  cri:cal	  
o Defined	  in	  the	  metamodel	  

•  Enumera:ng	  all	  containment	  reference	  types	  

!  Containment	  hierarchy	  must	  be	  a	  forest	  (on	  the	  
instance	  level)	  
o Each	  EObject	  must	  have	  at	  most	  one	  parent	  
o Via	  containment	  references	  all	  contents	  must	  be	  available	  
o No	  circles	  allowed	  
o  In	  case	  of	  erroneous	  structure	  serializa(on  errors  occur	  

•  Referenced	  model	  element	  is	  not	  in	  the	  hierarchy	  
•  Circle	  in	  the	  containment	  hierarchy	  
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Important	  ques:ons	  
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Important	  ques:ons	  
1.  Can	  a	  class	  be	  the	  source	  of	  mul:ple	  

containment	  references?	  
2.  Can	  an	  object	  be	  the	  source	  of	  mul:ple	  

containment	  references?	  
3.  Can	  a	  class	  be	  the	  target  of	  mul:ple	  

containment	  references?	  
4.  Can	  an	  object	  be	  the	  target  of	  mul:ple	  

containment	  references?	  
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Important	  ques:ons	  
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Important	  ques:ons	  
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containment	  references?	  
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Important	  ques:ons	  
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Important	  ques:ons	  
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Important	  ques:ons	  
1.  Can	  a	  class	  be	  the	  source	  of	  mul:ple	  

containment	  references?	  
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Important	  ques:ons	  
1.  Can	  a	  class	  be	  the	  source	  of	  mul:ple	  

containment	  references?	  
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containment	  references?	  
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What	  is	  the	  error	  in	  the	  following	  metamodel?	  
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What	  is	  the	  error	  in	  the	  following	  metamodel?	  

This	  edge	  
ALWAYS	  exists!	  
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A	  generált	  EMF	  komponensek	  Generated	  EMF	  components	  

•  Simple	  tree	  based	  editor	  

EMF.Editor	  

• User	  interface	  data	  sources	  
•  Commands	  

EMF.Edit	  

• Model	  management	  layer	  
•  Persistence	  
•  Reflec:ve	  API	  

EMF.Model	  
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A	  generált	  EMF	  komponensek	  Generated	  EMF	  components	  

•  Simple	  tree	  based	  editor	  

EMF.Editor	  

• User	  interface	  data	  sources	  
•  Commands	  

EMF.Edit	  
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•  Reflec:ve	  API	  

EMF.Model	  
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EMF.Edit	  
!  Goal	  

o Separa:on	  of	  GUI	  and	  model	  
o GUI-‐independent	  command	  implementa:on	  

! Modifica:ons	  are	  not	  uncommon	  
o Element	  provider	  updates	  (different	  hierarchy)	  
o New	  command	  defini:ons	  
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Adapter	  pa^ern	  
!  For	  each	  model	  object	  

o An	  adapter	  is	  created	  (ItemProvider)	  
•  Returns	  child	  elements	  and	  possible	  commands	  
•  E.g.,	  Ar:stItemProvider	  

!  Ancestor:	  
o org.eclipse.emf.edit.provider.ItemProviderAdapter	  
•  Default	  implementa:on	  for	  base	  behaviour	  
•  Some	  parts	  are	  redefined	  
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Structure	  
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Structure	  

Display	  in	  List-‐	  
and	  TreeViewers	  
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Structure	  

Hierarchy	  for	  
TreeViewers	  
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Structure	  

Icon	  and	  label	  
support	  
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Structure	  

Proper:es	  View	  
support	  
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Structure	  

Model	  
modifica:on	  
commands	  
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Replacing	  default	  labels	  
!  Common	  customiza:on	  of	  generated	  edit	  code	  

o Simple	  cases	  can	  be	  managed	  in	  generator	  model	  
o For	  complex	  cases	  update	  ItemProvider.getText
•  Updated	  @generated	  in	  the	  header	  to	  @generated  NOT
•  Then	  provide	  custom	  implementa:on	  

–  Be	  mindful	  of	  no:fica:on	  requirements!	  
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Icon	  change	  
!  Generator:	  one	  icon	  for	  each	  model	  element	  

o Base	  icons	  generated	  in	  edit	  project	  
•  obj16:	  class	  icons	  
•  ctool16:	  child	  crea:on	  command	  

!  Changes	  
o Either	  replace	  the	  generated	  icon	  
o Or	  override	  ItemProvider.getImage
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EMF.Edit	  commands	  
!  Every	  modifica:on	  happends	  through	  a	  command	  

o Menu	  ac:on	  
o A^ribute	  change	  
o Drag-‐n-‐drop	  
o Required	  for	  Undo/redo	  support	  

!  Combina:on	  of	  generated	  and	  generic	  commands	  
o EMF	  Common	  Command	  Framework	  (CCF)	  
o EMF.Edit	  generated	  commands	  
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Commands	  in	  EMF.Edit	  
!  ItemProvider	  implements	  createCommand()
!  Dispatches	  queries	  to	  overridable	  methods	  

o createAddCommand()
o createRemoveCommand()
o …	  
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Example	  EMF.Edit	  command:	  Logging	  added	  
public  class  SetArtistNameCommand  extends  SetCommand  {


public  SetArtistNameCommand(EditingDomain  domain,  
Eobject  owner,

EStructuralFeature  feature,  Object  value)  {
super(domain,  owner,  feature,  value);
}


public  void  doExecute()  {
Artist  artist  =  (Artist)this.owner;
Logger.log(MessageFormat.format(
"Name  of  artist  changed  from  {0}  to  {1}",
artist.getName(),  value.toString()));
super.doExecute();
}


}
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A	  generált	  EMF	  komponensek	  Generated	  EMF	  components	  

•  Simple	  tree	  based	  editor	  

EMF.Editor	  

• User	  interface	  data	  sources	  
•  Commands	  

EMF.Edit	  

• Model	  management	  layer	  
•  Persistence	  
•  Reflec:ve	  API	  

EMF.Model	  
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Generated	  editor	  
!  Editor	  (based	  on	  Eclipse	  JFace	  API)	  

o Tree-‐based	  
o Provides	  edi:ng	  commands	  
o Manages	  workbench	  sexngs	  

! Menus	  
! Wizard	  (New	  model...)	  
!  Plugin	  ac:vator	  
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Generated	  editor	  
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EMF.Editor	  -‐	  Problems	  
!  Generated	  tree	  editor	  is	  only	  for	  tes:ng	  

o Tree	  structure	  is	  hard	  to	  understand	  
o Only	  basic	  opera:ons	  are	  supported	  

!  Alterna:ves	  
o GMF,	  Graphi:	  (,	  Sirius):	  graphical	  editors	  for	  EMF	  
models	  

o EMFText,	  Xtext:	  textual	  editors	  for	  EMF	  models	  
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Extension:  Xcore  



Xcore:	  New	  metamodeling	  support	  
!  Textual	  metamodel	  descrip:on	  language	  

o Known	  shortcomings	  of	  Ecore	  models	  handled	  
o Derived	  a^ributes	  and	  opera:ons	  
•  Method	  body	  included	  

! Mostly	  compa:ble	  with	  exis:ng	  tools	  
o Common	  run:me	  
o Can	  be	  generated	  

!  Details:	  
o h^p://wiki.eclipse.org/Xcore	  
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Xcore	  

Kép	  forrása:	  h^p://wiki.eclipse.org/Xcore	  



Xcore	  

Kép	  forrása:	  h^p://wiki.eclipse.org/Xcore	  



EMF  -‐  Summary  



EMF	  
!  General	  metamodeling	  framework	  

o Mul:ple	  input	  types	  
o Serializa:on	  and	  edi:ng	  support	  

!  Code	  genera:on	  
o Customizable	  
o Sane	  default	  sexng	  

! Many	  users	  
o Base	  for	  many	  Eclipse-‐based	  projects	  
o Well	  applicable	  
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Related	  techniques	  
!  Valida:on	  

o Well-‐formedness	  constraint	  valida:on	  
!  Query	  (not	  EMF-‐IncQuery!)	  

o Query	  execu:on	  
!  Compare	  

o Structural	  compare	  (e.g.	  for	  version	  control)	  

!  Teneo	  
o Persists	  EMF	  models	  into	  a	  database	  

!  CDO	  
o Distributed,	  client-‐server	  EMF	  model	  handling	  
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