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Sapir–Whorf	  hypothesis	  	  
aka	  Whorfianism	  



The	  principle	  of	  linguis;c	  rela;vity	  
holds	  that	  the	  structure	  of	  a	  

language	  affects	  the	  ways	  in	  which	  
its	  respec;ve	  speakers	  

conceptualize	  their	  world,	  i.e.	  their	  
world	  view,	  or	  otherwise	  influences	  

their	  cogni;ve	  processes.	  	  

Sapir–Whorf	  hypothesis	  	  
aka	  Whorfianism	  



The	  principle	  of	  linguis;c	  rela;vity	  
holds	  that	  the	  structure	  of	  an	  
architecture	  modeling	  language	  
affects	  the	  ways	  in	  which	  its	  users	  
conceptualize	  an	  architecture.	  

Sapir–Whorf	  hypothesis	  	  
aka	  Whorfianism	  



1	  
What	  is	  SoHware	  
Architecture	  



„ “... the structure or structures  
of the system, which comprise 

software elements, the externally 
visible properties of those 

elements, and the relationships 
between them.  

Wikipedia 



„ “A collection of software [..] 
components, connections, and 

constraints.  
A collection of system 

stakeholders' need statements.  
A rationale which demonstrates 

that [the system fulfils the needs] 

Boehm et. al 



„ “... is its style and 
method of design and 

construction. 

Hayes-Roth 



„ “...fundamental	  concepts	  or	  
proper6es	  of	  a	  system	  in	  its	  
environment	  embodied	  in	  its	  
elements,	  rela6onships,	  and	  in	  the	  
principles	  of	  its	  design	  and	  evolu6on	  	  

ISO/IEC/IEEE 42010 



„ “... the set of design 
decisions which, if made 
incorrectly, may cause 

your project to be 
cancelled. 

Eoin Woods 



„ “... everything that 
must be consistent 

throughout a 
software system.  

Mine 

“strategic design” – Eric Evans 



[Examples] 

Class Structure 
Components, Subsystems, Layers 
Deployment onto Hardware 
 
Dataflow Architecture (ETL) 
Threading/Timing Architecture 
Locking Protocol 



It‘s	  not	  about	  Granularity.	  
And	  it‘s	  not	  just	  structure.	  
It‘s	  about	  consistency.	  



2	  
Why	  would	  you	  

model	  Architecture?	  



[Communication]  
            between people 

„Diagramming“	  

Doesn‘t	  count	  :-‐)	  



[Communication]  
[Analysis] 
      finding flaws early 
      predicting properties 

Timing	  

Concurrency	  

Bus	  U;liza;on	  



[Communication]  
[Analysis] 
[Checking] 
      model expected characteristics 
      and check against implement’n 

Architecture	  Analysis	  

Archteology	  



[Communication]  
[Analysis] 
[Checking] 
[Synthesis] 
      generate other artifacts, 
      typically implementation code 

UML	  Code	  Gen	  

Many	  DSLs	  

AUTOSAR	  

not just class skeletons!	  



Communication  
Analysis 
Checking 
Synthesis 
       

} Model  
Purpose 

Relevant	  for	  any	  Modeling	  Language	  

Drives	  Selec;on/Design	  of	  Language	  

Requires	  Tool	  Support!	  



Just	  pictures	  doesn‘t	  cut	  it.	  

There‘s	  more	  than	  code	  gen.	  

Purpose	  determines	  Language!	  



3	  
Separa;on	  
Of	  Concerns	  



[Three Core Concerns]  



[Types]  



[Composition]  



[Systems/Deployment]  



[Additional Aspects*]  



[Aspect: Persistence]  



[Separation?]  

integrated into 
one fragment 

separated into 
several fragments 



[Separation?]  

Sufficiency 
Different Stakeholders 
Different Process Steps 

1:n Relationships 

Well-‐defined	  interfaces	  

Avoid	  Cycles	  

Avoid	  Synchroniza;on	  



Think	  in	  terms	  of	  Concerns.	  
Separate	  them	  if	  necessary.	  
Also	  support	  integra;on!	  



4	  
Established	  
Formalisms	  



[Type|UML Class Diagram]  

Communica;on	  

Simple	  Code	  Genera;on	  



[Type|UML State Diagram]  

h=p://www.primordion.com	  

Analysis/Verifica;on	  

Code	  Genera;on	  



[Composition|UML Comp. Struct.]  

h=p://www.ual.es/	  

Analysis	  

Code	  Genera;on	  



[System|UML Deployment]  

h=p://www.ivoa.net/	  

Analysis	  

Code/Script	  Genera;on	  

Communica;on	  



[System|Class Diagram + Profile]  

h=p://rd.so@eam.com	  

Analysis	  

Code/Script	  Genera;on	  

Communica;on	  



[Composition|AADL]  

h=p://www.omg.org/news/mee6ngs/workshops/MIC_2004_Manual/00-‐T2_Feiler_etal2.pdf	  

Analysis	  

Code/Script	  Genera;on	  



[Composition|AADL]  

h=p://www.jot.fm/issues/issue_2009_01/column1/	  

Analysis	  

Code/Script	  Genera;on	  



[Composition|AUTOSAR]  

h=p://blog.lieberlieber.com/	  

Analysis	  

Code/Script	  Genera;on	  



[Type|Artext]  

h=p://www.bmw-‐carit.com/downloads/publica6ons/	  
Interoperable%20AUTOSAR%20tooling%20with%20Artop.pdf	  

Communica;on	  

Code	  Genera;on	  



[Adaptation|UML Profiles]  

h=p://www.uml4soa.eu/	  

Analysis	  

Code/Script	  Genera;on	  

Communica;on	  



[Adaptation|UML Profiles]  

h=p://doc.omg.org/formal/2009-‐11-‐02.pdf	  

Analysis	  

Code/Script	  Genera;on	  



Components	  +	  Ports	  Ubiquituous	  
Graphical	  +	  Textual	  

Concerns	  mostly	  Separated!	  
Some	  means	  of	  Adapta;on.	  



5	  
Extension	  and	  
Adapta;on	  



„ “The	  majority	  of	  our	  interviewees	  were	  very	  successful	  
with	  MDE	  but	  all	  of	  them	  either	  built	  their	  own	  
modeling	  tools,	  made	  heavy	  adapta;ons	  of	  off-‐the-‐
shelf	  tools,	  or	  spent	  a	  lot	  of	  6me	  finding	  ways	  to	  
work	  around	  tools.	  The	  only	  accounts	  of	  easy-‐to-‐use,	  
intui6ve	  tools	  came	  from	  those	  who	  had	  developed	  
tools	  themselves	  for	  bespoke	  purposes.	  Indeed,	  this	  
suggests	  that	  current	  tools	  are	  a	  barrier	  to	  success	  
rather	  than	  an	  enabler.	  



„ “Complexity	  problems	  are	  typically	  associated	  with	  
off-‐the-‐	  shelf	  tools.	  Of	  par6cular	  note	  is	  accidental	  
complexity	  –	  which	  can	  be	  introduced	  due	  to	  [..]	  
[the]	  lack	  of	  flexibility	  to	  adapt	  the	  tools	  to	  a	  
company’s	  own	  context	  [..]	  



„ “Our	  interviews	  point	  to	  a	  strong	  need	  for	  tailoring	  of	  
some	  sort:	  either	  tailor	  the	  tool	  to	  the	  process,	  tailor	  
the	  process	  to	  the	  tool,	  or	  build	  your	  own	  tool	  that	  
naturally	  fits	  your	  own	  process.	  Based	  on	  our	  data,	  it	  
seems	  that,	  on	  balance,	  it	  is	  currently	  much	  easier	  to	  
do	  the	  la=er.	  	  



[Profiles are Hard]  
     not used right very often &  
     unnecessarily complicated models 



[Profiles are Hard] 
[May be misleading]  
     models mean something else 
     than what they appear to mean 



[Profiles are Hard] 
[May be misleading] 
[Models are not “intentional”]  
     low-level abstractions make 
     models hard to analyze 



[Profiles are Hard] 
[May be misleading] 
[Models are not “intentional”] 
[Unintended Features]  
     ...because profiles must limit  
     existing functionality. Coverage! 



[Profiles are Hard] 
[May be misleading] 
[Models are not “intentional”] 
[Unintended Features] 
[Hard to include textual Aspects] 
     There is no extensible way for 
     textual syntax in UML 



[Profiles are Hard] 
[May be misleading] 
[Models are not “intentional”] 
[Unintended Features] 
[Hard to include textual Aspects 
[Many UML tools suck @ profiles] 
     Magicdraw is the only exception 
     I have seen so far! 



[Profiles are Hard] 
[May be misleading] 
[Models are not “intentional”] 
[Unintended Features] 
[Hard to include textual Aspects 
[Many UML tools suck @ profiles] 
[Standard Profiles are Complex] 
     MARTE is 600 pages – how much 
     of that stuff do you really need? 



[Type/Comp|Arch As Language]  



[Type/Comp|Arch As Language]  



[Type|Arch As Language]  

?!	  



[Type|Arch As Language]  

?!	  



[Type|Arch As Language]  



[Type|Arch As Language]  



A	  DSL	  per	  Architecture/Plagorm	  
Really	  fits	  the	  A	  exactly.	  
But	  what	  about	  Effort?	  

What	  can	  we	  reuse?	  DSL-‐PLE?	  



[Candidates for Reuse]  

Expressions	  

Data	  Types	  

Namespaces	  

Opera;ons	  

Components	  

But still: extension, restriction & 
               adaptation is required! 



[More Candidates for Reuse]  

Architecture	  Decisions	  

Variability	  Support	  

Tracing	  to	  Requirements	  

Documenta;on	  

Of Course: extension, restriction & 
                   adaptation is required! 



Fine-‐grained	  Reuse	  as	  in	  OO	  

Handle	  Crosscuts	  

IDE	  Support	  



6	  
mbeddr	  



Language	  	  
Engineering	  Tools	  

G	  
T	  
S	  
L	  



Tools	  
Language	  	  
Engineering	  

Embedded	  
SoHware	  



Tools	  
Language	  	  
Engineering	  

Embedded	  
SoHware	  



An	  extensible	  set	  of	  integrated	  languages	  
for	  embedded	  soHware	  engineering.	  	  

„ “Specific	  Languages	  





Open	  Source	  @	  eclipse.org	  
Eclipse	  Public	  License	  1.0	  
hmp://mbeddr.com	  



itemis	  France:	  Smart	  Meter	  
	  
First	  significant	  mbeddr	  project	  
ca.	  100,000	  LoC	  
about	  to	  be	  finished	  
great	  modularity	  due	  to	  components	  
uses	  physical	  units	  extensively	  
great	  test	  coverage	  due	  to	  special	  extensions	  
	  



ACCEnT	  
Control.Lab	  



20+	  Projects	  in	  various	  stages	  
	  	  
by	  various	  “Big	  Name”	  companies.	  	  

Branching	  into	  other	  domains	  
	  
insurance,	  financial,	  tax	  



7	  
The	  Language	  
Workbench	  



Open	  Source	  
Apache	  2.0	  
hmp://jetbrains.com/mps	  



[Language	  Workbench]	  

+ Refactorings, Find Usages, Syntax Coloring, Debugging, ... 



Projec;onal	  Edi;ng	  



Parsing	   Projec;onal	  Edi;ng	  

[Projec;onal	  Edi;ng]	  



Regular	  Code/Text	   Mathema;cal	  

Tables	   Graphical	  

Syntac;c	  Flexibility	  
[Projec;onal	  Edi;ng]	  



L2	   L1	  

Separate	  Files	   In	  One	  File	  

Type	  System	  
Transforma;on	  
Constraints	  
	  

Type	  System	  
Transforma;on	  
Constraints	  
Syntax	  
IDE	  
	  

Language	  Composi;on	  
[Projec;onal	  Edi;ng]	  



LWBs	  make	  Languages	  Easier	  
Mul;ple	  (Mixed)	  Nota;ons	  

Language	  Extension	  and	  Composi;on	  
MPS	  works,	  but	  not	  the	  only	  one.	  



8	  
Demo	  



D	  E	  M
	  O
	  

[Requirements]	  



D	  E	  M
	  O
	  

D	  E	  M
	  O
	  

[Requirements	  +	  Components]	  



D	  E	  M
	  O
	  

D	  E	  M
	  O
	  

[Requirements	  +	  Components]	  



D	  E	  M
	  O
	  

[Collabora;ons	  and	  Scenarios]	  



[Interfaces	  with	  Contracts]	   D	  E	  M
	  O
	  



[Interfaces	  with	  Protocols]	   D	  E	  M
	  O
	  



[Components]	   D	  E	  M
	  O
	  



[Component	  Verifica;on]	   D	  E	  M
	  O
	  



[Mocks	  for	  Tes;ng]	   D	  E	  M
	  O
	  



[Instan;a;on]	   D	  E	  M
	  O
	  



[Composite	  Components]	   D	  E	  M
	  O
	  



[Tracing	  from	  Code]	   D	  E	  M
	  O
	  



D	  E	  M
	  O
	  

[Formal,	  Testable	  Req.]	  



D	  E	  M
	  O
	  

[Using	  „Req	  Code“	  in	  Comp.]	  



D	  E	  M
	  O
	  

[PLE	  Variability]	  



D	  E	  M
	  O
	  

[PLE	  Variability]	  



D	  E	  M
	  O
	  

[Controlled	  Names]	  



Architectural	  Abstrac;ons	  first	  class	  
Code-‐integrated	  where	  useful	  

Analysis	  &	  Synthesis	  
Support	  Cross-‐Cutng	  Concerns	  



9	  
A	  different	  	  
Perspec;ve	  



[DSLs	  for	  Describing	  Architecture]	  

Model 

DSL 

System 

expressed with 

describe 

analyze 
synthesize 



[DSLs	  as	  part	  of	  Systems]	  

Model 

DSL 

Concern 
of System 

expressed with 

describe 

analyze 
synthesize 

System 

An	  Architectural	  
Decision!	  



[DSLs	  as	  part	  of	  Systems]	  

Concern 
of System 

Business Rules 
(Financial) Calculations 

Data Structures 
Mappings or Queries 

Validations 
Scientific Processes 



	  	  	  	  	  
	  	  	  	  	  Insurance	  rules	  and	  products	  

	  
	  
	  
	  
	  	  	  	  Tax/Benfits	  Rules	  (DTA	  Toeslagen)	  
	  
	  

1 

2 

[Examples]	  



Using	  DSLs	  is	  an	  Architectural	  Decision	  

Language	  Workbenches	  are	  the	  basis	  

Language	  Engineering	  is	  Efficient.	  



[Language-‐Oriented	  Applica;ons]	  

DSL 1 

System: LWB 

DSL 2 DSL 3 

DSL 4 DSL 5 DSL N ...	  



If	  you	  have	  to	  build	  a	  tool,	  
consider	  using	  an	  LWB	  as	  

the	  founda;on,	  	  
and	  recas;ng	  the	  „applica;on“	  	  

as	  a	  set	  of	  languages.	  
	  



G	  e	  n	  e	  r	  i	  c	  	  	  T	  o	  o	  l	  s	  	  

S	  p	  e	  c	  i	  f	  i	  c	  	  	  L	  a	  n	  g	  u	  a	  g	  e	  s	  

If	  you	  have	  to	  build	  a	  tool,	  
consider	  using	  an	  LWB	  as	  

the	  founda;on,	  	  
and	  recas;ng	  the	  „applica;on“	  	  

as	  a	  set	  of	  languages.	  
	  



G	  e	  n	  e	  r	  i	  c	  	  	  T	  o	  o	  l	  s	  	  

S	  p	  e	  c	  i	  f	  i	  c	  	  	  L	  a	  n	  g	  u	  a	  g	  e	  s	  



Language	  	  
Engineering	  Tools	  

G	  
T	  
S	  
L	  



Tools	  are	  
ways	  to	  	  
work	  with	  
Data.	  



Tools	  are	  
ways	  to	  	  
work	  with	  
Data.	  
{ author	  

read	  
analyze	  
process	  



Data	  	  
Formats	  are	  

almost	  
Languages.	  



Data	  	  
Formats	  are	  

almost	  
Languages.	  



Structure,	  Constraints,	  Seman6cs	  

Data	  Format	  

[almost]	  



Structure,	  Constraints,	  Seman6cs	  

+	  Syntax	  +	  IDE	  Data	  Format	  

Language	  

[almost]	  



Structure,	  Constraints,	  Seman6cs	  

+	  Syntax	  +	  IDE	  Data	  Format	  

Language	  

[almost]	  

Language	  Engineering	  }author	  
analyze	  

compose	  
execute	  



Structure,	  Constraints,	  Seman6cs	  

+	  Syntax	  +	  IDE	  Data	  Format	  

Language	  

Language	  Workbenches	  „ “Generic	  Tools	  

[almost]	  

Language	  Engineering	  }author	  
analyze	  

compose	  
execute	  



„Language“	  inter-‐	  
preted	  liberally	  –	  
new	  styles	  for	  
languages.	  

A	  new	  	  
Paradigm	  	  
for	  Tools	  



„Language“	  inter-‐	  
preted	  liberally	  –	  
new	  styles	  for	  
languages.	  

A	  new	  	  
Paradigm	  	  
for	  Tools	  

Form	  
Lang	  



Form	  Language	  

Expressions	  
„Code“	  

Code	  Comple6on	  
Error	  Highligh6ng	  
Version	  Control	  
Refactoring	  
Debugging	  

Helper	  Bu=ons	  
Tables	  

Rigid	  Structures	  
Tree	  Views	  

Visualiza6ons	  
Live	  Interpreta6on	  
Math	  Nota6on	  

Graphical	  
Prose	  +	  Code	  

	  



G	  e	  n	  e	  r	  i	  c	  	  	  T	  o	  o	  l	  s	  	  

S	  p	  e	  c	  i	  f	  i	  c	  	  	  L	  a	  n	  g	  u	  a	  g	  e	  s	  



[Component Implementation]  



[Component Implementation]  

Structural	  Element	  	  

Classifica;on	  

Behavior	  Specifica;on	  Formalism	  

1 

2 

3 



10	  
Outlook	  



A	  few	  more	  edi;ng	  
improvments	  in	  MPS.	  



More	  declara;ve	  
languages	  to	  specify	  

languages.	  
http://eelcovisser.org/wiki/projects/ldwb 



Eelco‘s	  Language	  Designer‘s	  Workbench	  



More	  Compe;ton.	  
More	  good	  LWBs.	  

http://languageworkbenches.net 



Thank you!!

voelter@acm.org	  
www.voelter.de	  
@markusvoelter	  


