Building Generic Tools for Domain-Specific Languages
IPA Fall Days on Models in Software Engineering

October 31st, 2018




About me




Where | come from

L ugh | I
! brick
Ca Ig Den Haag Ensct
SLer -
Gloucester s . Oxford G Bielefel
5 Cardiff London s-Hertog
Bath Antwerpen
Dunkergque ™ o i Dlsseldorf .
e thamy Brigt e : .:zl- qie N e Sk Siegen
P . Lille 21814
Plymouth gelgien Koblenz
Frankfurt-am
Main
rrse Le Haw R
/ Mannheim
= Rei
BISE . e
Paris
& Karlsruhe
Strasbourg
Rennes
Frei
O M im
|
I
Nantes Bezangon Schweizf -5
Suisse/Svizzeral Vat

UNIVERSITE DE NANTES

Universite de Nantes

m 38 000 students
m 77 faculties

LS2N (Lab. of Digital Sciences of Nantes)

m 450 researchersin a "Joint Research
Unit" shared by 5 public institutions
(including Univ. Nantes)

m 5 areas of expertise. "Systems Design
and Operation", "Robotics, Processes
and Calculation", "Data Science and
Decision-making", "Signals, Images,
Ergonomics and Languages", "Software
and Distributed Systems Science"

1741



What | do

Currently

= Associate Professor at the Université de Nantes teaching software engineering (including MDE and
SLE) at the Department of Computer Science
= Member of the NaoMod research group in the LS2N lab, which works on a wide range of MDE
topics:
o model transformation languages (ATL, CoqgTL)
o efficient model storage (NeoEMF)
o runtime models management
o scalable model views (EMF Views)
o software language engineering, model execution (GEMOC Studio)

Before

= 2012-2015: PhD at the University of Rennes (France)
m 2016-2018: Post-doc at TU Wien (Austria)
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Background: models, executable DSLs and tools




Increasing complexity of systems

AlphaGo

ﬁ Google DeepMind

= Cyber physical systems, internet of things, massively multiplayer online games, artificial intelligence, ...
o complexity everywhere!
o involving multiple stakeholders and concerns from diverse and heterogeneous domains

= |ncreasing use of software, aka. software—intensive systems
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= ...and many

Model-Driven Engineering (MDE)

other models

Mechanical
Structure

Safety

: Design
Human- i model
A Regulations ~ Machine i
) 4 _.7 Interaction
....................... N ,‘;:........\“..........'.'l........:;.'.,f.'...............................
STl et prescriptive

modeling

Resulting system

Envisiom;ed gystem
MDE in a nutshell

Separation of concerns through the use of models
o defined using domain specific languages (DSLSs)

o each representing a particular aspect of a system
Composition of all often heterogeneous models

Implementation (or generation) of the final resulting system
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Domain-Specific Languages (DSLs)

ComputeDt: ¥neEHm,
6t*{n=0}=option_6t_ini; ,
6t {n+1}=option_&t cfl*min{jE€ cells}(6tj{i});

Definition V-Nabla

(Numerical-analysis)

= Well scoped language, often small
= Targets particular tasks in a certain domain
= Relies on dedicated notations (textual or graphical)

<IDOCTYPE html>
<html>
<head>
<title>This is a title</title>
</head>
<body>
<p>Hello world!</p>
</body>
</html>

Promises CATIA HTML

(Computed-aided  (Web development)
manufacturing)

m | ess redundanc
. B/ background { color rgh <0.25, 0.25, 0.25> }
m Better separation of concerns canera  { location <0.0, 0.5, -4.0>

direction 1.5*z
right x*image width/image height

= Accessible for domain experts look_at  <0.0, 0.0, 0.0> )

light source { <0, 0, 0>
color rgb <1, 1, 1>
translate <-5, 5, -5>}

POV-Ray
(Computer graphics)
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Engineering Domain Specific Languages (DSLs)
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Anatomy and tooling of a DSL
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Anatomy and tooling of a DSL

Editor

Refactoring

Abstract

Syntax
Documentation Concrete
@ Syntax

generator
DSL

Static
Checker

Etc.
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Anatomy and tooling of a DSL

Editor Debugger

Refactoring @ @ Tracer
Runtime

Static .
Abstract monitoring
Checker @ @
Dynamic
- Concrete
Documentation Checker
generator @
DSL Test
Etc. runner

7147



Example of (executable) DSL

Abstract Syntax|

——@ Net jl@—
places s
/* transitions
/
Place i .
<i”pit Transition
+name: string 4
Ay . ~output . ;
+initialTokens: int [S$<q « *rname: string
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Example of (executable) DSL

Abstract Syntax|
————@ Net j@—
places s
\/* transitions
/
Place i .
7 <3t Transition
P +name: string _output : -
8 K +initialTokens: int [T = *rname: string
v /
S
Pl
/
L,
S
S
\
\
\
\
init=1 init=0 init=0

init=1

Petri net model
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Example of (executable) DSL

Operational
Abstract Syntax| semantics
< Net & Execution Metamodell
places s
/* /tran51t10ns H
. merges Place
Place _~input — :
/7 . I Transition < —i] [+tokens: int
. +name: string /oij"cput - - H
o . +initialTokens: int [<F = +name: string :
~ oo :
/ i N
S m—— S —
s ! i
Q! : . . - . :
¥y | : | run(Net) : while there is an enabled transition, fires it. :
(o : i | fire(Transition) : removes a token from each input Place, and adds a token to each output Place.
8 | : Execution transformation rules (summarized)
L eSS RS R RS Rnenennenananaand
\
\
\
init=1 init=0 init=0

init=1

Petri net model
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Example of (executable) DSL

Operational
Abstract Syntaxl semantics
N @ Net|o Execution Metamodell
\/5 aces /transitions :
- merges Place 5
Place ~input P :
/7 +name: string 1k Transition <~ — i [rtokens: int {\
s : output ; i : :
8 / +initialTokens: int <1_ 5 *tname: string : NN
’ A AN
/ . : \
ralt 5 ! P
: : \
Q,g ,/ i | run(Net) : while there is an enabled transition, fires it. : \3
(o : i | fire(Transition) : removes a token from each input Place, and adds a token to each output Place. \ §))
8 | d Execution transformation rules (summarized) | (5
\ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- '
\ I
\ /
\ /
/
init=1 init=0 init=0
pl tl p3 t2 p4 pl tl p3 t2 p4
2 p2
init=1 hﬂﬁa“zaﬂon\
’ Executed model

Petri net model
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Example of (executable) DSL

Operational
Abstract Syntaxl semantics
N @ Net|o Execution Metamodell
\/5 aces /transitions :
- merges Place 5
Place ~input P :
/7 +name: string 1k Transition <~ — i [rtokens: int {\
s : output ; i : :
8 / +initialTokens: int <1_ 5 *tname: string : NN
’ A AN
/ . : \
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: , ) : \
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8 | d Execution transformation rules (summarized) | (5
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\ I
\ /
\ /
/
init=1 init=0 init=0
pl tl p3 t2 p4 pl tl p3 t2 p4
2 p2
init=1 hﬂﬁa“zaﬂon\
’ Executed model

Petri net model _ _
(t1 fired) (t2 fired)
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Generic tooling: why and how




let's start over...
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let's start over...

Model 4 | - - - Model 3

Model 1 - -- Model 2
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let's start over...

Model 4 --- Model 3 .

Model 1 - -- Model 2 .
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let's start over...

/N

Tool 2b
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And now a step bacR...

10/ 41



And now a step bacR...

System
development
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And now a step bacR...

“x‘l'vlodel-Based Safety Analysis (MBSA) Project management

. - - -~ .
. - - < =~
<
. 7 . -z - _ ~ “
' . _ PR aya {_ (rose(REQ)) |-> {(ACK="0")[*1 to 31, FoselACT} ) A
B ~ o= async_abort RESET='1' )@rising_edge(CLK); \
] —_—— o~ I assert (reaack) report “No timely ACK aftar REQI"; |
f |
! \ pin-1985, amount-100) on atard { I ,
1 \ assertorder *, validatePin , *, makeWithdrawal, *; p
4 evelopment ) ! ;
. \ / .
1 / \ ’ !
3 7 AN 7/
. 7 N ’ .
“ N 2 .
. ~ - 4
~ >
S -
Verification and Validation (V&V)
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And now a step bacR...

Prototyping

, .

Development process

-

- ~

- Spiral
s Scrum Taskboard = Anaysis | Evalaton
’ PO S AN
/
Vi \
/ [} \ [ Rr—
/ \

- P

. ~ ~ - -

\ .
‘,«"ModeI-Based Safety Analysis (MBSA) ~. ™ 4 Project management

4 -
N prr—

. \ s g
i 4 property req_ack is GO\
s / \ ~ i / atuays( ( {rose(REQ)} |-> {(ACK="0")["1 to 3];[ Fose(ACK)} )
p | ~ - - | asyne_abort RESET='1' )@rising edge(CiK); \
s \ — assert (req ack) report “No timely ACK aftar REQ \
f 1 I
1 test atmTestSuccessfulWithdrawal activity ATM.withdraw (card=cardTD, I
. I V Dinetos, anount-10) on atemd { |
b | sssertorder *, validatepin , *, makelithdraual, % ; ;
. ) .
. \ /
! / \ / )
. / N 7
. s N , .
. ~ P .
. ~ - ,'
~ ~ pe
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And now a step bacR...

Prototyping

wm,ggu‘ ,,,,,

Development process
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The tool explosion problem

= Developing all aspects of a system requires multiple DSLs...

= Fach DSL requires multiple tools (editor, debugger, static analyzer)...
= System development implies multiple contiguous activities, each with its own models, DSLs and

tools

Implications

Cost: huge amount of tools to develop and maintain
Usability: tools must be specialized to activities and DSLs
Interoperability: a single tool must cooperate with:

o QOther tools supporting the same DSL

o QOther tools supporting the same activity

o QOther tools supporting contiguous activities
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The tool explosion problem

= Developing all aspects of a system requires multiple DSLs...

= Fach DSL requires multiple tools (editor, debugger, static analyzer)...
= System development implies multiple contiguous activities, each with its own models, DSLs and

tools

Implications

Cost: huge amount of tools to develop and maintain
Usability: tools must be specialized to activities and DSLs
Interoperability: a single tool must cooperate with:

o QOther tools supporting the same DSL

o QOther tools supporting the same activity

o QOther tools supporting contiguous activities

Let's focus on reducing cost/ Ty



Generic tools to the rescue

|dea .
Generic tool
m |nstead of restricting a tool to a given DSL, can we make tools

compatible with a wide range of DSL?
= |n other words: can we make truly generic tools? DSL 1 DSL 1
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|dea .
Generic tool
m |nstead of restricting a tool to a given DSL, can we make tools

compatible with a wide range of DSL?
= |n other words: can we make truly generic tools? DSL 1 DSL 1

Problem
But a generic tool was not coded with domain knowledge, how can it provide relevant services?

m 3 state machine editor knows that it can draw states and transitions
= . what does a generic editor know?
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Generic tools to the rescue

|dea .
Generic tool
m |nstead of restricting a tool to a given DSL, can we make tools

compatible with a wide range of DSL?
= |n other words: can we make truly generic tools? DSL 1 DSL 1

Problem
But a generic tool was not coded with domain knowledge, how can it provide relevant services?

m 3 state machine editor knows that it can draw states and transitions
= . what does a generic editor know?

Solution it e
A generic tool can learn domain knowledge on the fly, ie. a generic p .FI_J. ﬁ
H

tool can "open" the DSL definition and understand its content! How s the Q

structured?

12741



Basic recipe to create a generic tool

Prerequisite. the DSL definition must be analysable (je. whitebox)

Define the services of the tool in a language-agnostic fashion

Scope which families of DSLs can be targeted by the tool (eg. "only metamodel-based DSLs")
o this is mandatory for the tool to be able to discover the DSL content automatically

Enrich the DSL definition with necessary non-explicit information

= Two main categories of generic tools:
o tool generators, which interpret the DSL definition to generate a DSL-specific tool
o regular tools, which interpret the DSL definition at load-time or at design-time to provide services

13741



A well-Rnown generic tool: Xtext

Very popular framework that can be used to:

define the textual concrete syntax of DSLs,
generate a full-fledged textual editor from the DSL definition.
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A well-Rnown generic tool: Xtext

Very popular framework that can be used to:

define the textual concrete syntax of DSLs,
generate a full-fledged textual editor from the DSL definition.

f t 0 L]
oo e ; Characteristics
Formatting and :
coloring rules, i At i
T Autocompletion = Generic tool generator. the DSL definition is
) — read only once to produce a DSL-specific tool
Text editor Syntax highlighter _ .
Concrete syntax m Scope. DSLs defined using Ecore and Xtext
(.xtext) Formatter . . .
; Xtest m Required enrichment of the DSL:formatting and
Abstract syntax coloring rules, quickfix system, builder, etc.
St Textual editor

DSL
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A well-Rnown generic tool: Xtext

Very popular framework that can be used to:

define the textual concrete syntax of DSLs,
generate a full-fledged textual editor from the DSL definition.

f t 0 L]
oo e ; Characteristics
Formatting and :
coloring rules, i At i
T Autocompletion = Generic tool generator. the DSL definition is
) — read only once to produce a DSL-specific tool
Text editor Syntax highlighter _ .
Concrete syntax m Scope. DSLs defined using Ecore and Xtext
(.xtext) Formatter . . .
; Xtest m Required enrichment of the DSL:formatting and
Abstract syntax coloring rules, quickfix system, builder, etc.
St Textual editor

DSL

Focus of next parts: dynamic generic tools used at execution time
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(ase 1: Generic trace management

Erwan Bousse, Tanja Mayerhofer, Benoit Combemale, Benoit Baudry. Advanced and efficient execution
trace management for executable domain-specific modeling languages. SoSym 2017.




Execution traces

Example of a Petri net execution trace:

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Problem

= A wide range of dynamic verification and validation approaches relies on execution traces (runtime
monitoring, semantic differencing, model checking, ...)
= How can we represent executions in order to analyze them?
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Example of domain-specific tracing

root initiator\) 1

Compact Trace Format (CTF) [Hamou-Lhadj2012]

= Trace format designed for object-oriented
programming languages

= Aimed towards lossless compression of traces

m Concepts such as class, routine, package, ...

= Cannot be used to trace other kinds of
languages (eg. Petri nets)
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Example of domain-specific tracing

nnnnnn

Compact Trace Format (CTF) [Hamou-Lhadj2012]

= Trace format designed for object-oriented
programming languages

= Aimed towards lossless compression of traces

m Concepts such as class, routine, package, ...

= Cannot be used to trace other kinds of
languages (eg. Petri nets)

We must re-think tracing in
a language-agnostic fashion
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Towards genericexecution trace management

= Tracing in a specific context relies on specific concepts:
o A Javatrace is composed of method calls and heaps snapshots
o An activity diagram trace is a sequence of activated nodes

17741



Towards genericexecution trace management

= Tracing in a specific context relies on specific concepts:
o A Javatrace is composed of method calls and heaps snapshots
o An activity diagram trace is a sequence of activated nodes
= Tracing for any DSL (ie. any context) requires generic concepts, such as:
o An execution state stores the values of the dynamic parts of the model (e.g. tokens)
o An execution step is the application of a execution rule of the semantics (eg. fire)
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Towards genericexecution trace management

= Tracing in a specific context relies on specific concepts:
o A Javatrace is composed of method calls and heaps snapshots
o An activity diagram trace is a sequence of activated nodes
= Tracing for any DSL (ie. any context) requires generic concepts, such as:
o An execution state stores the values of the dynamic parts of the model (e.g. tokens)
o An execution step is the application of a execution rule of the semantics (eg. fire)
= Consequently: we need more information in the DSL definition
o what are the dynamic parts (/e. the execution state definition)?
o what are the possible execution steps?
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1 - Enrichment of the DSL with steps and states

Enrichment

Abstract Syntax

J/places

<P Net ;

Place

transitions
*

<inpt:t

name: string
initialTokens: int

<o

Transition

name: string

Execution Metamodel

merges

< — -

Place

tokens: int

A

imports

run(Net)

isEnabled(Transition)

fire(Transition)
addToken(Place)

removeToken(Place)

: while there is an enabled transition, fires it.

: adds a token to a Place

: removes a token from a Place

: returns true if tokens > 0 for each input Place, false otherwise.
: removes a token from each input Place and adds one to each output Place.

Execution transformation rules (summarized)

18741



1 - Enrichment of the DSL with steps and states

Enrichment
Abstract Syntax
| : '
@1 Net | I Execution Metamodel|
J/places transitions | I
* *
= - — merges | Place |
ace input ransition
<1 = < -7 tokens: int |
name: string <<:odfput name: string | I
initialTokens: int 1..* I
|
‘?‘ imports
|
AN
@Step run(Net) : while there is an enabled transition, fires it.
isEnabled(Transition) : returns true if tokens > 0 for each input Place, false otherwise.
@Step fire(Transition) : removes a token from each input Place and adds one to each output Place.
addToken(Place) : adds a token to a Place
removeToken(Place) : removes a token from a Place

Execution transformation rules (summarized)
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2 - Generic generation of a DSL-specific tracer

DSL Execution of a model

Tracing Tool s
Generator > Tracer ,__) execution

traces

' Trace Trace :
i| metamodel | constructor |:
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Trace metamodel generation - Steps concepts

Trace

® {ordered=true}
rootSteps
Steps| 0..*
{ordered=true}
\/ _~/subSteps
<<abstract>>| ~0..* /parenjtStep,
|—|> Step <] | o)
<<abstract>> <<abstract>>
SmaliStep BigStep

{ordered=true}
subSteps

<<abstract>> 0..*

—| FireStep I>S|Runsubstep |[< e RunStep

runParentStep
N 0..1 N
{9rdered=true} {ordered=true}
fireSequence runSequence
* *

Petr)y net abstract syntax (partialﬂ

Transition P Net <ca11er
callfer~ fmres String | > > 1
1~ 2 transitions

*
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Trace metamodel generation - Steps concepts

Trace s {ordered=true}
| gootSteps
Steps o
YTy Base classes
\/ </subSteps

|—|>«abss:$t» i i i — small step = standalone
<<abstract>> <<abst|ract>> tranSformatiOn rU|e
SmaliSt BigSt . .
il 9otep — big step = rule relying

Zﬁ B aereatrue} [ﬁ on other rules

<<abstract>> 0..*

—| FireStep I>S|Runsubstep |[< e RunStep

runParentStep

N 0..1 N
{9rdered=t rue} {ordered=true}
fireSequence runSequence
* *

Petr)y net abstract syntax (partial)|

Transition P Net <ca11er
callfer~ fmres String | > > 1
1~ 2 transitions
*
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Trace metamodel generation - Steps concepts

Trace

e {ordered=true}
| rootSteps
Steps 0..*
= Base classes
\/ </subSteps
N /parenfiter — small step = standalone

<<abstract>> <<abst|ract>> tranSformation rU|e
SmallStep BigStep

— big step = rule relying
Zﬁ Sobssams Tt Zﬁ on other rules

<<abstract>> 0..*

—| FireStep I>|Runsubstep |< o RunStep

runParentStep

Reification of rules into

®). o1l
N N step classes
{ordered=true} {ordered=true}
fireSequence runSequence
* *

Petrjy net abstract syntax (partial)|

Transition P Net <cauer
callersy ame: string | gt 1
17 2 transitions
*
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Trace metamodel generation - Steps concepts

Step classes are inferred by

Trace‘: {orderedztrue} Static anaIySis Of the mOdeI
rootSteps .
Steps] 0..* transformation.
\/ {ordered=true}
_~/subSteps 1
—v___ e Analysis of the code
> Ster < a def void fire() {
<<abstract>> <<abstract>> V.
SmaliStep BigStep }
[F {ordered=true} ZF def void run() +{
b .
: ] while (_self.getNext()!=/null) {
| FireSteP | > RunSubstep | < RUNSTEP | _self.getNext() .fire()
runParentStep
A 0..1 A }
+
{ordered=true} {ordered=true}
fireSequence runSequence
* *
Petr)y net abstract syntax (partial)l
Transition Net kesaller
< et
caller> +name: String | > D 1
1 transitions
*
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Trace metamodel generation - Steps concepts

Trace

e {ordered=true}
| rootSteps
Steps 0..*
= Base classes
\/ </subSteps
N /parenfiter — small step = standalone

<<abstract>> <<abst|ract>> tranSformation rU|e
SmallStep BigStep

— big step = rule relying
Zﬁ Sobssams Tt Zﬁ on other rules

<<abstract>> 0..*

—| FireStep I>|Runsubstep |< o RunStep

runParentStep

Reification of rules into

®). o1l
N N step classes
{ordered=true} {ordered=true}
fireSequence runSequence
* *

Petrjy net abstract syntax (partial)|

Transition P Net <cauer
callersy ame: string | gt 1
17 2 transitions
*
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Trace metamodel generation - Steps concepts

Trace

e {ordered=true}
| rootSteps
Steps 0..*
= Base classes
\/ </subSteps
N /parenfiter — small step = standalone

<<abstract>> <<abst|ract>> tranSformation rU|e
SmallStep BigStep

— big step = rule relying
Zﬁ Sobssams Tt Zﬁ on other rules

<<abstract>> 0..*

—| FireStep I>|Runsubstep |< o RunStep

runParentStep
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N N step classes
{ordered=true} {ordered=true}
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* *
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Trace metamodel generation - Steps concepts

Trace B {ordered=true}
| gootSteps
Steps T
Torderedstrost Base classes
\/ </subSteps ; .
<<abstract>>| ~0..* parenttStep _ _

——| stes_|< L small step = standalone

<<abstract>> <<abstract>> tranSformathn rU|e

SmaliSt BigSt . .

il 9otep — big step = rule relying

{ord d=true}

Zﬁ o aereastrue Zﬁ on other rules

FireStep ssabstract>> | 0.." RunStep |- a7t . .

B —>|RunsubStep | <———» Reification of rules into

runParentStep
N Bt step classes
iqrdgredﬂrue} {ordered=true} .
o runsequence Steps made accessible as
Petrjy net abstract syntax (partial)| Seq uences oOr as a
T iti ller :
s | e g Net i< containment tree
1”7 : transitions
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Trace metamodel generation - States concepts

<@ Trace
Statesl {ordered=true}
/tracedPlaces gxe:utlonstates
. .
TracedPlace ExecutionState
parent /\ states
L 1..%

{ordered=true}
tokensSequence
0..%

TokensValue |<

+tokens: int tokensValues
0..*

Petri|net abstract syntax

originalObject
1

Execution Metamodel

_~input —
Place <T. .~ Transition

+name: Strin . ;
+initia1TokeES' int foutput GENCH CIENg Place
i ..+

/\places transitions
& *

@ Netj@—— I

merges |

+tokens: int
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Trace metamodel generation - States concepts

<@ Trace
Statesl {ordered=true}
/:racedPlaces 8%?:“tlon5tates
TracedPlace ExecutionState oy . .
Reification of mutable properies

parent N\ .
1 states into value classes
{ordered=true}
tokensSequence
0..%*

TokensValue [

+tokens: int tokensValues

0..*

Petri|net abstract syntax

originalObject
1

Execution Metamodel

~input —
Place < = Transition

+name: Strin . ;
+initia1TokeES' int foutput GENCH CIENg Place
i ..+

/\places transitions
& *

@ Netl@o— .

merges |

+tokens: int
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Trace metamodel generation - States concepts

<@ Trace
Statesl {ordered=true}
/tracedPlaces gxe:utlonstates
. .
TracedPlace ExecutionState
parent /\ states
1 1..%
{ordered=true}
tokensSequence
O
TokensValue [
+tokens: int tokensValues
0..*

Petri

net abstract syntax

originalObject

1

Place

_~input

Execution Metamodel

N1, Lk

+name: String
+initialTokens: int

_~output

Transition

+name: String

Place

N1, Lk

1
/\g aces

R

transitions

Netj{@®—

*

+tokens: int

Reification of mutable properies
into value classes

Values stored as sequences , for

each model object
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Trace metamodel generation - States concepts

<@ Trace
Statesl {ordered=true}
tracedPlaces executionStates
/* 0..*
TracedPlace ExecutionState o . -
Reification of mutable properies
parent .
1 sz into value classes
{ordered=true}
tokensSequence Values stored as sequences , for
< .
TokensValue |< each model object
+tokens: int tokensValues
0..*
Execution state = set of values
Petri|net abstract syntax
originalObject
1
. Execution Metamodel
Place <ir_]?::t Transition
Igﬂiiaﬁgiggs: int <OUtDUt 2name: String Place
1..% -
/\places transitions +tokens: int
L @|Netle—— ,
merges |
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Trace metamodel generation - States concepts

<@®| Trace
Statesl {ordered=true}
tr dPlaces executionStates
/ ace 0..*
TracedPlace ExecutionState e . .
Reification of mutable properies
t .
T sz into value classes
{ordered=true}
tokensSequence Values stored as sequences , for
TokensValue /< each model object
+tokens: int tokensValues
0..*
Execution state = set of values
Petri|net abstract syntax
originalObject Can be bI’OWSEd by States or
/1 _input Execution Metamodel|
Place < Transition value sequences
Igﬂiiaﬁgiggs: int <OUtDUt 2name: String Place
L +tokens: int

/\places transitions
& *

@ Netl@o— .
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Resulting Petri nets trace metamodel

<@ Trace
’{ordered=true} {ordered=true}
executionStates rootSteps
0 - *
Statesl \Js Stepsl \/0..*
ExecutionState {ordered=true} |<<abstract>> {ordered=true}
tracedpPlaces endingState endedSteps Step /subSteps
* 0..1 0..* 0..*
TracedPlace {ordered=true}
startingState startedSteps
1 QL
parent /parentStep
a states 4 0..1
1. .%
{ordered=true} [ |
;okfnsSequence <<abstract>> <<abstract>>
. SmaliStep BigStep
TokensValue
+tokens: int g?&fnSValues {ordered=true}
subSteps
" <<abstract>> |[0..*
FireStep _D RunSubStep RunStep
Petri|net abstract syntaxl runparentstep
N o1 1IN

originalObject
1

_~-input

_~caller

Place <T -

+name: String

Transition (&

+name: Strin
+initialTokens: int <:OUtBUt 2
1.. - .
/\tran51tlons
/\places *
*
@ Net l @——

/\caller
1

fireSequence
*

{ordered=true}

{ordered=true}
runSequence
*

22 /41



Resulting Petri nets trace constructor (excerpt

Algorithm 6: addState generated for Petri nets

Input:
root : root Trace object
model., : the model being executed
map,....s - map with the traced object of each object of the
executed model
1 begin
2 | changes < getFieldChanges()
3 | statecyrrens < root.executionStates.last()
4 | if state . preny = null then
5 LaddlnitialState(mot, modelexe,Map y4ceq)
6 | elseif changes # @ then
7 Statepe,, <— copyState(statecyrrent )
8 root.executionStates.add(newState)
9 foreach fieldChange € changes do
10 0 < fieldChange.changedObject
1 traced, <— map,,,.4(0)
12 if 0.is(Place) then
13 p <+ fieldChange.changedProperty
14 if p.is(Place.tokens) then
15 Vnew <— createObject(TokensValue)
16 Vnew-tokens = o0.tokens
17 Vold < traced,.tokensSequence. last()
18 state,e,, . tokensValues.remove (V)
19 state,e, . tokensValues. add(vyey)
20 traced,.tokensSequence. add(v,ey)

Algorithm 7: addStep generated for Petri nets

Input:
root . root Trace object
stepRuleID  : 1D of the step rule
stepRuleParams  :  parameters given to the rule
stackgeps  : stack of all ongoing current steps
1 begin
step ., <— null
state yrrens <— root.executionStates. last()
Step cyrrent < StaCksteps- peek()
if stepRulelD = getRuleID(RunStep) then
Step ., < createObject(RunStep)
step,,,-caller < stepRuleParams|O]
root.runSequence. add(step,,,, )
root.rootSteps.add(step,,,, )

10 | else if stepRuleID = getRuleID(FireStep) then

o X AN AW N

1 step,,,,, < createObject(FireStep)
12 Step e, -caller < stepRuleParams|O)]
13 root.fireSequence.add(step,,,,)
14 S1€P urrent-SUbSteps. add(step,,,,, )

15 | step,,,.startingState < state.yrens
16 | Stackseps. push(step,,,,,)
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Example of Petri net trace (states only

OHOAO

pl1 t1 p3 / t2 p4 fire(tl) pl1 t1 p3 / t2 p4 fire(t2) pl p3 / t2 p4
> >
p2 p2 p2
T exeTrace
: Trace \|/ \l/ \I/
tracedPlaces _50 : ExecutionState _s1: ExecutionState _s2 : ExecutionState
executionState executionState executionState
tokensValues tokensValues tokensValues
: Place = pl: TracedPlace <@ \l/ \I/
name = "pl" tokens
initialTokens = 1 Trace > : TokensValue > : TokensValue
tokens =1 tokens = 0
value
: Place = p2 : TracedPlace |<@>
- \I/ \I/ object state
name = "p2 tokens
initialTokens = 1 Trace > : TokensValue : TokensValue model state
tokens = 1 tokens = 0 model element
: Place =>| p3: TracedPlace (@ \V \l/ \
name = "p3" tokens
initialTokens = 0 Trace N : TokensValue > : TokensValue _: TokensValue
tokens = 0 tokens = 1 tokens =0
: Place C>f p4: TracedPlace » \l/ \I/
name = "p4" tokens
initialTokens = 0 Trace > : TokensValue = : TokensValue
tokens =0 tokens = 1
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(ase 2: Generic omniscient debugging

Erwan Bousse, Dorian Leroy, Benoit Combemale, Manuel Wimmer, Benoit Baudry. Omniscient
debugging for executable DSLs. Journal of Systems and Software, 2018.




Omniscient debugging

: : - pause
—

- S < when p4
observe P Domain N T~ - has tokens?
tokens? _, - expert \ 9o back =~ < o
P fire transitions | \ intime? =~ . -
_ < one by one? \I/ N . -
- >
yid fire(t1)
Ppl tl p3 /12 pa i fpl 1 i /S pa AT 55 /2 5

...................................................................................................................................................................................

Problem

m /nteractive debuggingis a very common and required service to better understand models through
interactive execution and observation facilities

= Omniscient debugging extends interactive debugging with facilities to re-explore former execution
states during a live execution

= How can we provide omniscient debugging services for any kind of DSL?
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xample of interactive debugging for a specific language

Variable "this"

» Eclipse JDT Java Debugger

|[Eile Edit Source Refactor MNavigate Search Project Run Window Help

D-E-HEg! s -0-&-socs-  PAvEE fi~§ o - =l AT

3 Debug 12 % v @[ 2@ e S|[F) & 7 - O Veriables i3 Breakpoints| =]
[7] FractionTester (1) [Java Application]

Method || ~“imam P = Debuggers are mostly known for
C a | IS A = Fraction.add(Fraction) line: 238 ) . .
debugging imperative programs

e = FractionTester.main(String[]) line: 9
s C:\Program Files\Java\jre7\binjavaw.exe (Jan 23, 2012 3:53:38 PM)

[1) FractionTesterjava [J) Fractionjava i3 - = O[5 Outline 2 i

* @param that The fraction to be added to this fraction & EEBERY e &~ | ] Con Ce ptS S u Ch aS Stac k Of meth Od Ca//s
* @return a new fraction equivalent to this fraction plus the @ © Fraction(int) 7 ]
x parameter © © Fraction(String)

5/ © getNumerstor() : int

> - etD: torl):
public Fraction M(Fr‘actmn that) { ®  getDenominator() s int

current statement, "this" variable, ...

. toString() : String
+ (this.denominator * that.numerator); B gedDiint
int den = this.denominator * that.denominator; simplify() : void

Pt o, St = Cannot be used to debug other kinds

°
°
°
sum.simplify(); @ toPrettyString()  String
°
°
°
°

Current
statement

i

return sum; o multiply(Fraction) : Fraction
divide(Fraction) : Fraction .
z - add(Fraction) ; Fraction n
‘ ' subtract(Fraction) : Fraction = 5
B Console 57 ] Tasks| ®x % GEFE «E-5-=0)
FractionTester (1) [lava Application] C:\Program i (Jan 29, 2012 3:53:38 PM) |
g Writable Smatlnsert | 237:24
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Example of interactive debugging for a specific [anguage

Method
calls

Current
statement

Variable "this"

= Debug - My Fractior
[[Ete Ect Soure Reb
NE-HEai$-0-A- iy  PO¢EN §-§-yfora-

& imn

i[> eS|[F & ° 0|0 Varibles 3/ Breakpoints|

=]

ractionTester (1) [Java Application] Name

]}9 this
© that

n) fine: 238
ctionTester, (String(]) line: @
s C:\Program Files\Java\jre7\binjavaw.exe (Jan 23, 2012 3:53:38 PM)

Value
Fraction (id=19)
Fraction (id=24)

java [J) Fractionjava 0%

il

(1] FractionTester

am that The fraction to be added to this fraction
urn a new fraction equivalent to this fraction plus the
parameter

2/
public Fraction FR|(Fraction that) {
int num = (this.numerator * that.denominator)
+ (this.denominator * that.numerator);
int den = this.denominator * that.denominator;
Fraction sum = new Fraction(num, den);
sum.simplify();

BERY e w|s 7Y

return sum; o
B Console 57 2] Tasks| L3
FractionTester (1) [Java Application] C:\Program \j (an 29, 2012 2:52:38 PM)
g Writable Smatlnsert | 237:24

Eclipse JDT Java Debugger

= Debuggers are mostly known for
debugging imperative programs

= Concepts such as stack of method calls,
current statement, "this" variable, ...

= Cannot be used to debug other kinds
of languages (eg. Petri nets)

We must re-think
interactive debugging in
a language-agnostic fashion
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Towards genericomniscient debugging

= |n software engineering, interactive debugging relies on well-known concepts:

o a breakpointis a marker that is put on a specific line of code, (or on a method, or an exception),
and that will pause the execution once reached

o the “step into” operation means going to the first statement of the next method call,

o pbackwards operators (eg. “back into” or "play reverse") provide the same services in reverse
O LY
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Towards genericomniscient debugging

= |n software engineering, interactive debugging relies on well-known concepts:

o a breakpointis a marker that is put on a specific line of code, (or on a method, or an exception),
and that will pause the execution once reached

o the “step into” operation means going to the first statement of the next method call,
o pbackwards operators (eg. “back into” or "play reverse") provide the same services in reverse
O .

= Providing generic interactive debugging for any DSL (/e. any context) requires redefining these
software engineering concepts in a language-agnostic fashion, such as:
o a breakpointis a predicate on the execution state,

o “step into”means going to the first execution step enclosed in the next execution step.
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Definition of a generic debugger configured with the DSL definition

DSL Execution of a model

U
, observe,
/. control

A3

A

A3
)
A3
5 ‘s
configured . ’

b . J

y . /

Omniscient —sm debugging
debugger services

28 /41



Generic omniscient debugging metamodel

Debugging Generic Tracel
<<abstract>> .
Breakpoint < DebuggingState <<abstract>>
 fication:  ficationki ModelState
stepping: boolean breakpoints lastNotification: StepNotificationKind modelState :>'
% 1
<<enum>> exeState di
o ) ordered=true Y
StepNotificationKind 1 . . 0..1
- - inProgness | «capstract>>
STARTING ExecutionState Stepping |* > Step <
ENDING
steppin
1 FESI starting
| G

29 /41



Generic definition of debugging services (excerpt)

[1] if dsiate.exeState.stepping.starting # null then
StepIntO() 2] Ldsmte.breakpoints.add([true])

3] | play()

[1] if dstate.exeState.stepping.starting # null then
[2] Sover — dstate.exeState.stepping.starting

stepOver() dstate .breakpoints.add([dsiatc.exeState.stepping.ending = Soper|)
3 | play()
[1] if dstete.exeState.stepping.inProgress # @ then

stepOut() 2] | Sout ¢ dstate-exeState.stepping.inProgress.peek()

dstate .breakpoints.add([dstqtc.exeState.stepping.ending = Sout))
3] | play()

Table 3: Forward services of the omniscient debugger
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Example of Petri net generic omniscient debugging
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Connecting generic tools to DSLs at runtime

Erwan Bousse, Thomas Degueule, Didier Vojtisek, Tanja Mayerhofer, Julien Deantoni, Benoit
Combemale. Execution Framework of the GEMOC Studio (Tool Demo). International Conference on
Software Language Engineering (SLE), 2016.




Using an execution engine as an intermediary (1)

= Problem: once defined or generated, how can a generic tool interact with an executed model?
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Using an execution engine as an intermediary (1)

= Problem: once defined or generated, how can a generic tool interact with an executed model?
= To mitigate the intrusiveness of tools, connection of the semantics with a unique execution engine,
often through some instrumentation of the interpreter

DSL

Execution of a model

A observes
1

o
~
~
~
~
~
Sa
~

Execution engine
I ' “, notifies

V4 1
Y 1
1
1

o A3
'I' notifies notifies ‘\‘
’

Jj— Monitor
Tracer\ Debugger
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Using an execution engine as an intermediary (2)

t:ExecutionTransformation

e:EntrypointEngine

l:ExecutionListener

opt

_ callback notify begin »4

[if step rule]

loopJ stepStarting(step)

e
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Implementation in the GEMOC Studio




GEMOC Studio

= Open-source Eclipse-based workbench
atop the Eclipse Modeling Framework
(EMF), in two parts:

o language workbench: used by
language designers to build and
compose new executable DSLs,

o modeling workbench: used by
domain designers to create,
execute and coordinate models
conforming to executable DSLs.

= Handled by the GEMOC initiative, an
informal group with partners from both
the academia and the industry

= Now an official research consortium of
the Eclipse foundation

= eciipse ué.e%ese
Studio

TECHNISCHE
UNIVERSITAT
WIEN

THE UNIVERSITY OF

ALABAMA

v OBEO
THALES

&S SAFRAN

AIRBUS
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Generic dynamic tools in the GEMOC Studio

B 2 G
4 Debug = ¥ = B ||®=variables £ | ® Breakpoints &0 & ¥ = B
¥ W hire [Gemoc Sequential eXecutable Model] Name Value
v & Gemoc debug target = heldTokens (OpaqueAction_autherizePayment:OUpaqueAction]) L
v 4® Model debugging » I= heldTokens (OpaqueAction_getWelcomePack :OpaqueAction) | [org.gemoc.activitydiagram.sequent
S = heldTokens (OpaqueAction_managerinterview :OpaqueAction) [
4 (Activity) hire -> execute() = heldTokens (OpaqueAction_managerReport :0paqueAction) i
<+ Global context : Activity = heldTokens (OpaqueAction_register :0paqueAction) [

= hire.xsad &2

activity hire {
bool notInternal,
bool internal = true

nodes {
initial initialNode out (e®),
final finalNode in (el3),
decision interpal in (el) out (e2, e3),
merge mergeNode in (eld4, el@) out (ell),
action register
comp {
notInternal = ! internal

in (e®) out (el),
action assignToProjectExternal in (e2) out (eld),
» action getWelcomePack in (e3) out (ed),
action assignToProjectInternal in (e5) out (e7),
action addToWebsite in (e6) out (e8),

# Multidimensional Timeline &2

All execution states (42) <

._Q._Q:__Q:&__Q__Q____Q____Q_Q IbeldTake.ns=0 heldTokensiO

= B & *hire Activity Diagram &2

e B v P —

@ﬁnamode

jauthorizePayment
heldTokens =0

managerReport,
heldTokens =0

|
| 9~ Il

= managerinterview: mergeNede  assignToProjectExternal
heldTokens =0 heldTokens =0

H % & &= - O

joinNode

jaddToWebsite jassignToProjectinternal

¥ Timeline for dynamic information

¥| internal.heldTokens =

¥/ register.heldTokens =
LB ]

v getWelcomePack.heldTokens =
¥ addToWebsite.heldTokens (=}
¥| forkNode.heldTokens =

- — -

@assignKeys
heldTokens =0

ForkNode
T

!el‘welcamel’ack
heldTokens =1

T

— L

internal

register
heldTokens =0
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Conclusion and LooRing forward




Conclusion

Mitigating the tool explosion problem with generic tooling

m DSLs are central assets when using MDE to design all aspects of complex systems
= However, tool explosion problem:

o asystem requires a wide range of DSLs,

o a DSL requires a wide range of tools,

o thus huge cost development effort.
= Presented mitigation: generic tooling

o must be well-scoped and language-agnostic

o often require enriching the DSL definition

o two examples shown: tracing and omniscient debugging
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Conclusion

Mitigating the tool explosion problem with generic tooling

m DSLs are central assets when using MDE to design all aspects of complex systems
= However, tool explosion problem:

o asystem requires a wide range of DSLs,

o a DSL requires a wide range of tools,

o thus huge cost development effort.
= Presented mitigation: generic tooling

o must be well-scoped and language-agnostic

o often require enriching the DSL definition

o two examples shown: tracing and omniscient debugging

But no silver bullet!

= While saving costs, generic tools cannot compete with handmade finely tuned domain-specific tools
= Extremely useful for new DSLs that have no or little tool-support
m Possible strategy: progressively replace generic tools with handmade domain-specific ones
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LooRing forward

Tool specialization

Tool 1 for x

Tool 1

—

Tool 1 fory

Tool 1 for z

ho 8

Diversity-aware
tool reuse

Metalang a

-~

-

D

Metalang b

Metalang c

-~

Metalang d

LI

Tool 1

Tool 2

Tool 3

Tool 4

Tool library

Tool composition

Tool for x

: Tool fory

: Tool for z

Composite
Tool

37 /41



Looking forward (1): better tool specialization

Tool specialization = Generic tools rarely meet the standards of domain-
specific tools, as they cannot cover all peculiarities of the
domain or needs of domain experts

m |dea: facilitate the specialization of a generic tool for a
given DSL, which requires:

o enriching the DSL with well chosen extraneous data
required for the specialization,

o customizing the generic tools by choosing specific
features that may or may not be required for the
DSL.

Tool 1 for x

Tool 1 —-? Tool 1 for Yy

Tool 1 for z

ho e

Questions:

m |s s required to adapt the syntax or semantics of a DSL to a tool? (eg. @Step annotation)
= How to progressively specialize a tool, the more enrichment data is provided?
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Looking forward (2): mastering DSL diversity

Diversity-aware

Metalang a

Metalang b

Metalang c

Metalang d

Questions:

LI

tool reuse

-~

Tool 1

-

Tool 2

-~

Tool 3

_Lostpes

Tool 4

Tool library

= Huge amount of diversity, not only among DSLs
(different paradigms, domains, purposes), but also
among DSL engineering itself:

(©)

(©)

kinds of abstract syntaxes (metamodel, ADT, etc.)
kinds of semantics (operational, translational,
rewriting rules, etc.)

kinds of concrete syntaxes (graphical, textual, etc.)
used patterns (visitor based interpreted, etc.)
used metalanguages (Ecore, Monticore, Kermeta,
Rascal, ATL, Spoofax, Coq etc.)

= How to make tools that can be reused over a wide scope of DSLs and metalanguages?
= At runtime, how to deal with all sorts of semantics?
= Are protocols the future, similarly to the Language Server Protocol (LSP)?
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Looking forward (3): tool composition

Tool composition

Tool for x

Tool fory

b Tool forz | i

Composite
Tool

= Wide range of approaches aiming to compose DSLs
and/or reuse parts of DSLs
= \What about tools? Maybe they should be composed too!
m Questions:
o (Can the composition of tools be derived from the
composition of DSLs?
o Should a composite tool be a "common
denominator", or can it benefit from the specificities
of each tool?
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Thank you for your attention!

https://bousse-e.univ-nantes.io
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