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Modeling
Languages

AADL
¢ Embedded, real-time

UML
UML MARTE
¢ Embedded, real-time

Modelica
e Physical systems
* Equation-based

Simulink
¢ Continuous control, DSP
e time-triggered dataflow

Stateflow
* Reactive systems
* Discrete control

* State-machine-based Examples in

[Voel3, Kel08]

EGGG‘/

Promela
e finite-state

. reactiv@&fems
UML-RT

¢ Embedded, real-time
¢ State-machine-based

[Orw00]

<

Increasing generality

increasing domain-specifity

[Orw00] J. Orwant. EGGG: Automated programming for game generation. IBM Systems Journal 39(3&4):782-794, 2000.

[Voe13] M.Voelter. DSL Engineering: Designing, Implementing and Using Domain-Specific Languages. CreateSpace Independent

Publishing Platform. 2013.

[KT08] S. Kelly and J.-P. Tolvanen. Domain-Specific Modeling: Enabling Full Code Generation. Wiley. 2008
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Expressing SW models: Overview (Cont’d)

Domain-specific languages (DSLs)
1. Intro and examples (EGGG, CPML, UML-RT)
2. Prosand cons
3. Defining DSLs

° abstract syntax
-~ CFGsin BNF

~ meta models
MOF, ECore and OCL

° concrete syntax
semantics
~ Denotational, operational, axiomatic, translational
4. DSL tools
°  EMF, GMF, Graphiti, Xtext
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DSLs: Examples

= Not a new idea
= [MHSO05]: BNF (1959), HTML, Latex, make, SQL, VHDL, TXL, ADLs, ... |55 i oroqramming

for game generation

= EGGG: The Extensible Graphical Game Generator [Orw00] -

= |n [KTO8], http://www.dsmbook.org

e |P telephony and call processing el
e insurance products, home automation ﬁggghf.'-.%

e mobile phone applications using a Python framework

e digital wristwatch

= |n[Voel3], http://dslbook.org

e Component architecture

o Refrigerator configuration

e Pension plans

[MHSO05] Mernik, Heering, Sloane. When and how to develop domain-specific languages. ACM Computing Surveys 37(4):316-344. 2005

CISC844, Winter 2026 DSLs 5

DSLs: Examples (Cont’d)

[vDe97] van Deursen, Domain-Specific Languages versus Object-Oriented Languages. 1997
[Vis08] Visser. WebDSL: A Case Study in Domain-Specific Language Engineering. GTTSE. LNCS 5235, 291-373. 2008

[DSLFin13] http://www.dslfin.org/resources.html

[ECM+08] J. Endresen, E. Carlson, T. Moen, K. J. Alme, O. Haugen, G K. Olsen, A. Svendsen. Train control
language teaching computers interlocking. Computers in Railways XI. WITPress. 2008. pages 651 - 660.

[MLN+09] Mathe, Ledeczi, Sztipanovits, et al. A Model-Integrated, Guideline-Driven, Clinical Decision-Support
System. IEEE Software. 2009

[SHM+12] A. Svendsen, O. Haugen, B.Moeller-Pedersen. Synthesizing Software Models: Generating Train Station
Models Automatically. SDL 2011: Integrating System and Software Modeling. LNCS Volume 7083, 2012, pp 38-53.

[SIR+11] P. Sanchez, M. Jimenez, F. Rosique, B. Alvarez, A. Iborra. A framework for developing home automation
systems: From requirements to code. JSS 84(6). 2011
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DSLs: Examples (Cont’d)

Web development

e WebDSL: [Vis08], http://webdsl.org
Robotics

e RobotML: http://robotml.github.io

Train signaling
e Graphical language and analysis [ECM+08, SHM+12]
Financial industry
e RISLA: a DSL for describing financial products (e.g., mortgages) [vDe97]
e DSLFin’13 Workshop [DSLFin13]
Healthcare
e Clinical decision support system [MLN+09]
Home automation In [Jimenez et al 09]:
e Home automation system [SJR+11]
Software development
e Model transformation (Xtend, Epsilon, ATL, ...)

e Software architecture description languages

CISC844, Winter 2026 DSLs

DSLs: Examples (Cont’d)

= Real-time embedded
e UML-RT
° UML profile for real-time, concurrent, embedded systems
° tool: IBM Rational RoseRT (IBM Rational RSA-RT)
e UML MARTE

° UML profile for Modeling and Analysis of Real-time and Embedded
systems

° supports performance analysis
° tools: Papyrus

° http://www.omgmarte.org/

e Stateflow/Simulink

e Esterel/Scade

° http://www.esterel-technologies.com/products/scade-suite/

CISC844, Winter 2026 DSLs



. Modelica
|V|Od6||ng * Physical systems

La nguages e Equation-based
Simulink

¢ Continuous control, DSP
e time-triggered dataflow

Stateflow
* Reactive systems
* Discrete control
Examples in

AADL . State-rryne-based
* Embedded, real-time Promela [Voel3, Kel08]

UML - finite.—state /
UML MARTE EGGG

* Embedded, real-time UML-RT [Orw00]

¢ Embedded, real-time
Increasing generality increasing domain-specifity

¢ State-machine-based
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DSML Example: UML-RT (Cont’d)

Hierarchical Composition in UML-RT

«capsule»

port :CommandSource capsule
s concrete realization of an + active object or “passive”
interface by means of an object container
« equipped with a protocol « communication with the
« list of incoming/outgoing environment
messages/signals + signal-based
« (signal flow) «capsule» (asynchronous message
e theaid for "encapsulation” and Rk p exchange)
“separation of concerns” :CLs « exclusively via interface
objects (ports)
«capsule» + supports hierarchical
composition

:CommandHandler

«capsule»
:MotorControl

\/_

«capsule»
fm:Motor

«capsule»

Im:Motorﬂ

Connector
« communication link between ports
. “drive_s" protacol

February 4, 2003 @© Ingolf H. Krueger CSE/CAL-(IT)? 7
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DSML Example: UML-RT

UML profile for (soft) real-time, embedded systems

capsule
diagram
(structure) @
IBM Rational c++
. RSA-RTE | o PN Py
state machine (= = ¥
diagram (one =

per capsule)
(behaviour) ——

10
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DSML Example: UML-RT (Cont’d)

Example: UML-statecharts

|.ready/r.down

r.ready/h.done

o)

h.unlock/l.up

February 4, 2003 @© Ingolf H. Krueger CSE/CAL-(IT)? | 8
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DSML Example: UML-RT (Cont’d) DSL example: EGGG

game is poker

Signal-Based Communication FERS airexnate claskiise

Discard means plaver removes 0..3 cards or 4 cards if Ace
Fold means player loses

+ Capsules receive and send signals via their ports
« Signals, which cannot be processed immediately, are

2..6 players

game is Shuffle (deck) and Deal (cards, 5) and (bet(money) or Fold)

stored in a queue and Discard(hand, N) and Deal (cards, 5-N) .
q and (bet (money) or Fold) and compare (cards) automatically
StraightFlush is (R, 5) and (R-1, S) and (R-2, 5) and (R-3, S) and (R-4, 5) generatEd using
FourKind iz (R, =) and (R, =) and (R, =) and (R, =) EGGG
ock unlock lock FullHouse is (R, =) and (R, =) and (R, =) and (Q, ) and (Q, =)

Flush is (r, 5) and (r, 5) and (r, S) and (r, 5) and (r, 5)
Straight is (R, s) and (R-1, s) and (R-2, =) and (R-3, =) and (R-4, =)
ThreeKind is (R, s) and (R, s) and (R, =)

TwoPair is (R, =) and (R, 3) and (Q, =) and (Q, =)

Pair is (R, =) and (R, =)

HighCard is (R, =)

«capsule»
:CLS

«capsule»
:CommandHandler

«capsule»
:MotorControl

February 4, 2003 © Ingolf H. Krueger CSE/CAL-(IT)2 9 [Orw00]

EGGG Poker

hands are [StraightFlush, FourKind, FullHouse, Flush, Straight, File | Preferences
ThreeKind, TwoPair, Pair, HighCard]
%0

hand iz five cards
goal is highest (hand)

Run-to-completion

semantics

CISC844, Winter 2026 DSLs 13 CISC844, Winter 2026 DSLs Discard | Fold | Call | Pass | Bet$10 | Raise$10 | Deal g_nl

Advantages of DSLs Disadvantages of DSLs

= Allow solution to be expressed at level of abstraction of problem = Costs of
=> artifacts more likely to be e designing, implementing, maintaining, evolving a DSL

o
o

relevant concepts and abstractions? proper scope? effective syntax?
supporting tooling? domain stable enough?

concise, self-documenting

o

understood, validated, modified, developed by domain experts
- e . . .. . e integrating DSLs with
= Enhance productivity, reliability, maintainability & portability Brating

° each other
" EmbOdy domain knOWIedge ° existing workflows, processes, and legacy code
=> facilitate communication and reuse e education, training

CISC844, Winter 2026 DSLs 15 CISC844, Winter 2026 DSLs 16



When to use DSLs?

= Need lots of expertise about domain, problem and how to

solve it (e.g., relevant domain concepts, modeling and code
patterns, etc)

= E.g., Orwant’s game generator was made possible by a

very careful classification of games with respect to several
criteria and properties [Orw99]

“We need to know what we are doing before we can automate it.
A DSM solution is implausible when building an application or a feature
unlike anything developed earlier”

[KT08, p18]

[KTO08] S. Kelly and J.-P. Tolvanen. Domain-Specific Modeling: Enabling Full Code Generation. Wiley. 2008
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Expressing SW models: Overview (Part 2)

2. Domain-specific languages

1.
2.

Intro and examples (Risla, EGGG, CPML, UML-RT)

Pros and cons

3.

Defining DSLs

o

abstract syntax
~ CFGsin BNF

-~ meta models
MOF, ECore and OCL

concrete syntax
semantic mapping

- Denotational, operational, axiomatic, translational

DSL tools
°  EMF, GMF, Graphiti, Xtext

CISC844, Winter 2026 DSLs 19

General purpose

GPLs vs DSLs

CISC844, Winter 2026

Domain
Language size

Turing completeness

Lifespan
User community
Evolution

Productivity
Quality
Analysis capabilities
Communication
Need for specific expertise
Maintainability
Intigratebility

DSLs

Potential for
positive impact

Potential for

negative impact

18

Definition of (domain-specific) languages

A DSL is a 7-tuple:

1.

2
3
4.
5
6
7

X

abstract syntax

concrete syntax

abstract-to-concrete-syntax mapping

serialization syntax

abstract-to-serialization mapping

semantic domain

abstract-to-semantic mapping

concrete
syntax

CISC844, Winter 2026

abstract

Lsyntax_|

semantic X
domain

DSLs

syntax
(a.k.a., “static semantics”)

} semantics
(a.k.a., “dynamic semantics”)

serialization
syntax

20



Abstract Syntax

=  |n programming languages:
e defines language elements and rules for composing them [GS04]
e defines parse trees, abstract syntax trees (ASTs)

= |InMDD:

e defines concepts, relationships, integrity constraints (“well-formedness

rules”, “static semantics”)

e defines abstract syntax graphs (ASGs)

=  Does not define how to render language elements to the user as, e.g.,
linear strings or 2D drawings (that is what the concrete syntax is for)

= 2 ways to define abstract syntax:

1. Context-free grammars (CFGs)
°  expressed using (Extended) Backus-Naur Form (BNF)
°  but often also contains elements of concrete syntax
2. Meta models
°

expressed as class diagrams

CISC844, Winter 2026 DSLs

How exactly does a BNF define a language?

Example:
e Considerthe CFG G
I <S> ::= ab | ab <S> l
e Here:

° Grammar G = (T, N, start, R)
°  Non-terminal symbols N = {<S>}
°  Start symbol start = <S>
°  Terminal symbols T = {a, b}

°  Rules R ={(<S>,ab), (<S>, ab<S>)}
e Then, L(G) = {weT" | start —* w} where — C (NUT) x(NUT)" is

the smallest relation satisfying

1. <S>—ab (i.e., (<S> ab) € —), and

2. if<S>— w, then <S> — abw forallw €T"

CISC844, Winter 2026 DSLs
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BNF and parse trees

BNF

<Exp> ::= <Num> | <Var> | <Exp> <BinOp> <Exp> | <UnOp> <Exp>
<BinOp> =+ | =] x|/

<UnOp> 5§88 =

<Var> ::= <Letter> | <Letter> <Var>

<Letter> ::=a|b|c|...|z|A|B|...|Z

Abstract Syntax Tree (AST)

Parse tree . )
@ Which expression does
o i this AST belong to?
5
o
CISC844, Winter 2026 DSLs »

Ambiguity

Example:

e Considerthe CFG G
I <S> ::= ab | ab <S> l

e Gis unambiguous, i.e., every weL(G) has exactly one derivation: start —
LW

e Here’s an ambiguous version G’ with L(G’) = L(G)

<s> ::=ab | ab <s> | <s> ab |
e Or
<Exp> ::= <Num> | <Exp> <BinOp> <Exp>
<Num> =0 | 1| .| 9
<BinOp> ::= + | - | * | /
CISC844, Winter 2026 DSLs 24




Examples of the use of CFGs to

1. Java

define abstract syntax

e www.cs.au.dk/~amoeller/RegAut/JavaBNF.html

e Mixes abstract and concrete syntax

2. ANTLR’s grammar repo

e |ab.antlr.org and github.com/antlr/grammars-v4

e Java: github.com/antlr/grammars-v4/tree/master/java/java

° Lexer (201 LoC): from characters to tokens

° Parser (640): from tokens to ASTs
o C++:
° Lexer (238), parser (638)

° Context-free? stackoverflow.com/questions/14589346/is-c-context-

free-or-context-sensitive

3. Natural language

¢ Natural Language Toolkit (NLTK): www.nltk.org/howto/grammar.html

4. OSL

DSLs

25

Example 4: OSL

= Want to define modeling language OSL (Our Simple
Language) such that following is well-formed OSL model:

Car | / CarRental N
Rental | ]
S U S— |

allocatedCar : Car | e unallocate
reservedSpec : CarSpecification | \ e v/‘"’ i S
- ——————e = ? \\
setSpec(spec.CarSpecification) /»\. Unallocated | Allocated |
allocate(c:Car) | N ot P A
unallocate() | (I J il ]
driveAway() { Lo A allocate i
return() 1 | setSpec [driveAway

S i | Y.
SO —

| Returned }< Out }

. 7Carr . ‘ S ./ retum i |
| specification : CarSpecification 1 ‘-\ /
_setSpec(spec CarSpecifcation) | . i
‘r, R } X ‘: class CarRental { class Car{

CarSpecification | setSpec(spec) { reservedSpec = spec } setSpec(spec) { specification = spec)
N B 75 allocate(c) { allocatedCar = ¢ } }

unallocate() { car = null }

Figure 8.2 Example OSL model

[GS04] J. Greenfield, K. Short. Software Factories. Wiley. 2004

[ Ccar | CarRental \
L. ) T B
Defining OSL using a BNF P e || T
e —— Y unstocate )
\ | matoceieq ( (A T
g Model ::= (ModelElement)* E:z\:::am s;épeg ’ e |driveway
2. ModelElement ::- Class = s P
2 Class ::= ClassName (Features)* (StateMachine)? l; ca | \‘\Remmgd,f ewm o
4. ClassName Identifier specificaion : CarSpeciication | X J
BE. Feature ::= Attribute | Method TR
6., Attribute ::= AttributeName TypeRef 1,‘ . | cass Carmental s meta] -
T AttributeName ::= Identifier - | alocate(c (locatecCar=c) - e
unallocate() { car = null }
8. TypeRef ::= Identifier
9. . Method ::= MethodName (Argument}* Statement Figure 8.2 Example OSL model
10. MethodName ::= Identifier
11. Argument ::= ArgumentName TypeRef Notes:
12. ArgumentName ::= Identifier . .
13. Statement ::= (Statement)* | AssignmentStatement - Need eXpllClt names (e'g" StatERef)
14. BAssignmentStatement ::= LHS RHS to refer to other elements
15. LHS ::= AttributeRef .
16. AttributeRef ::= Identifier " Not CVEY instance well-formed
17. RES ::= AttributeRef | ArgumentRef OSL model: E.g.,
18. ArgumentRef ::= Identifier e “astate has at most one parent
19. sStateMachine ::= State tate”
20.  State ::= StateName (StartState)? (State)* (Transition)* y
210 | BEateNEiie” the Identifios e “atransition connects two states
25 StartState StateRef in the same state machine”
23. Transition MethodRef StateRef iti i
| EiE ks eE = These additional constraints are
‘ i enforced by context analysis by
parser
Figure 8.3 BNF abstract syntax :
=> BNF alone incomplete
[GS04] J. Greenfield, K. Short. Software Factories. Wiley. 2004 specification of OSL
CISC844, Winter 2026 DSLs
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Car o " CarRental N N\
| Rental —
An OSL model as AST . o e
| reservedSpec : CarSpecificaion | B o L “/\,,\ N
hoisbivio o o \, \
"selsoec(speccarspec\ﬁcaxvcm { Allocated |
| allocate(c:Car) | A J
: Model unallocate() \ J Wy
driveAway() Y allocate
return() | setSpec. | driveAway
R rssniem Fs =g, . . .
[ Rewmed ¢ { ou )
:Class | ! | o et /
| | specification : CarSpecification \
setSpectspec CarSpecifcaton) | o
[ | class CarRental { class Car{
C: | =spec} { specification = spec
,, | allocate(o) { allocatedCar = c }
e : Featurs : StateMachine , ot o= i ‘
Figure 8.2 Example OSL model
CarRlental : Idenifier Attribute o :
f Notes:
\ = Represents well-formed
: AttributeName : TypeRel  State
‘ element of OSL
locatedCar - | ' | = Can be derived from
el Car : Ideniifier  : StateName +State
start symbol of
grammar using only
CarRental : Identifier : StateName : Transition , X
grammar’s productions
(i.e., € L(Model)) and
Unallocated : Identifier  : MethodRef : st

setSpec : Identifier  Unallecat]

satisfies any additional
constraints

Figure 8.4 AST for car rental model [GS04]
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Examples of abstract syntax defined using meta

models (class diagrams) Example 1: OSL

1.0sL = Suppose want to define modeling language OSL (Our
2. General purpose programming languages (GPLs) Simple Language) such that following is well-formed:
e Java, C, CH
Car | e CarRental \\
3. UML Rental | i
e State machines, sequence diagrams fe"::jjggjgc cg;smﬁcanon | e e
S S ] NP e J,NV FETETR,
4 DSLS setSpec(spec:CarSpecification} ‘ />{ Unaliocated | Allocated \\
. allocate(c:Car) {1 N _ o A
. . . . llocate() | ! ] e S T
e R4: Model-Driven Engineering for Augmented Reality edpupioner : \_J docse |
return() | setSpec | driveAway
° https://www.jot.fm/issues/issue 2023 02/article7.pdf ! | P ,;x:.w.,.\\
. . . [ | [ Returned < [ o 1
e R9: ADSL for Testing LLMs for Fairness and Bias ‘ e L o “
speaﬁcalnon CarSpec:ﬁcam | A\ J
° https://dl.acm.org/doi/10.1145/3640310.3674093 setspmpeccafspecm';) — £ /
‘r, o ‘\ class CarRental { class Car{
CarSpecification | setSpec(spec) { reservedSpec = spec} setSpec(spec) { specification = spec}
o L allocate{c) { allocatedCar =c } }
unallocate() { car = null }
}
Figure 8.2 Example OSL model
J. Greenfield, K. Short. Software Factories. Wiley. 2004
CISC844, Winter 2026 DSLs 29 CISC844, Winter 2026 DSLs 30
- = |
L] - .
A meta model for OSL Yot 7=y || Object Constraint Language (OCL)
B Fos (=717 ||
[ Mode L e'ememtggggm <<%ata:¥,ue>j - e = Declarative language for describing well-formedness rules of models
| model ientifier 3 N g
L - e 1 Conin? s WA .
‘ | N , = May be used with any MOF-based meta model
i e | mom S - (R—— = Examples:
State machine il Class | class g Feature SE—— , ::: e tarenay ! ! J
Machlne pre L % feature | name ¢ deniier e e — — e “The source & target states of
machine s | .. . R N .
’ Notes transition belong to same machine” Sate m_m ol cass ;.“.‘i
I h_ " - — o
. Slale ot = Meta model contains more Transition | e
”a'“e laamiifer. |~y : target.root().machine = source.root().machine i"’”‘
Transition ﬁ Method Attribute conStralntS than BNF' bUt . | o Stale —
o Jseume snurceo.l " nOt a” Where rOOt() 'S \m';‘,#me L] L%EMI_
o ; . State::root() : State { Transition |—
x| o = Express all missing _ P (3 :
i i if parent = null then self else parent.root() - |soume soumeor]
,, ‘ constraints in separate } T o —
arent S( . .
‘ o 2] memoa‘ Method method constraint language " . . .
Y e “The left-hand side and the right-hand side
- = Typically, the Object .
Assignment ‘JT - yp Y’ ) of an assignment have the same type”
Statement s 7| YpedElemeit "lm name : Identifier Constraint Language (OCL) Ass@‘nmenl | v [ Twe
) . . i atement [ 7] rypedE’emen+ 7)!;w m{mT{
\ is used for this purpose AssignmentStatement Sta “em o i = - |
" | ergument Ihs.type = rhs.type b |
‘ 7 gumem [ ‘ lJ argument [
= Attribute "ame e ’ Class ]

; ‘
— ,‘ Attribute .7Argumem

Flguress Metamodel abstract syntax [GSO4] 31 CISC844, Winter 2026 DSLs 32




e e e o }

Car CarRental
Rental | fomsies —

An OSL model as ASG e - | CFGs vs Meta models

= | | atocateiocan % una"nca‘,ed, / ba A"mfmd /‘ } CFG S M eta M Od e I S

/ » retun() ) setSpec 'dnve}\wsy +/ t Xt I +/ h' |
T e (roumes Jo " ow ) extua - graphica
element element e N Tetum 4 _ _
T T S st opctotr ‘ - ) +/- supports concrete & abstract syntax +/- abstract syntax only
— = | S e + well-researched with excellent tool + attributes aid readability
name = CarRental name = Ca =spec}) { specification = spec}
\ | alocete(o){atocaiecCar=c) e i
e : S o () ’ support + elements can be referred to directly
Hpe —— T = i . o
— fesiuis Figure 82 Example OSL model - references must be encoded via, + classes define a namespace
Feau [ e.g., ids (e.g., StateRef) + OCL can be used for additional
name =saispac | | [rame - alocatedCer | - no name spaces constraints
vae \mm - no place to put additional constraints | | - relatively novel
root = Abstract Syntax Graph (ASG)
il Y o P - lack of tool support
e Is UML Object Diagram hard def
. L - harder to define semantic mappings
= This ASG G satisfies all pping

sourGeOF : [ constraints expressed in OSL 19. StateMachine ::= State |
/ ‘arget __=>{ name = Unallocated Scumea 20. State ::= StateName (StartState)? (State)* (Transition)* 1| root

STramsian | .. meta model 21. StateName ::= Identifier State
j - | 20. StartState Stateref L, m— S
- - 23. Transition :i= MethodRef StateRef start. | Teme s denier
Figure 8.6 Car rental model as metamodel instance 24, MethodRef ::= Identifier Transition
J. Greenfield, K. Short. Software Factories. Wiley. 2004 4ot FRRRCRRESS BHentiiiee p T —
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Example 2: General Purpose B = B Example 3: UML
Languages (Java, C, C#)  (sesct, | ! Ij":

4 mem - Kind: {eventcombinedFragment,sart,end,arbevt Seq uence Diagra ms

= = [ - [y o [y ey W

o P

Vathodgase e content—
/ bel 1 . visbity : String quaifieaName : String| 57 Rahmouni, Mbarki. Model-Driven Generation:
SM class isAbstract : Boolear i . . .
e sFnaicBooman | e L From Models to MVC2 Web Applications. 2014
diype Wriabie : Bodean 1 JecsorBoobel / 0.1|isSealed : Boolean toperand | 0.5 vt | 01 emeg| 0.1 wmsp | 0
Class = / Lamsopaey’ 1 = Shailesh, Nayak, Prasad. An UML Based Performance Evaluation
Pl ¢ / Operand [ +opeand o0 men =L of Real-Time Systems Using Timed Petri Net. 2020
! onpe / Jo / o QUarg: SHNg| 1 » orpormerg e {altloop,..}| - signal: String
holds pe pavamems’,;l_‘ Constructor Method /
Pavamme‘l
isin Booean /
Field \ e ' + interaction [1.*1Y + coveredby
\ BeaNen: g .#1| + covered
.“ l Lifeline + lifeline E Interaction interaction  InteractionFragment
| 5 name:Sting (111> o [y | = name: String [1]_ 773 A
fields t + interactionFragment
. ~ - [1] §- interaction  [1]14 + interaction
‘ PrimVal ‘ ’ Ref ‘ Object [1] + lifeline n lifeline = CombinedFragment
Iz b Tered [1.% ¥ * message =+ interactionOp: String [1]
4 members { ordere [1]+ resource = Message + combinedid: String [1]
/ | Resource El + prob: Integer [1] =+ name: String [1]
to
// =+ Id: EInt [1] =+ name: String [1] .1
‘ Null ! ‘ ‘ ObjRef r ” i + PoolSize: Elnt [1] | [1] + rebpurce 1+ hostdemand: Elnt [1] essage
&+ utilization: Real [1] + respT: Elnt [1] (U] combinedFragment
1+ throughput: Real [1 51 + messagesort: MessageSort [1]
1 + interopid: String [1] 1.1 d
g Interactionoperand
Dingel. CISC/CMPE 422/835 Course notes. 2023. o ; : 1)| &+ interopid: String [1]
g COﬂ:anon = ] — 1 - i n =+ combinedid: String [1]
f ) I jespe gt : «Enumeration» M1 % message P
Lano, Kolahdouz, Sobhan, Tehrani. Declarative Specification of Elet et rf;]l:: ) MessageSort : - + message
- . . . . «Enumerations:
Bidirectional Transformations Using Design Patterns. 2018 oString(): String d =1 Syncheall [ type [0..11Y sendEvent'y [0..1] + receiveEvent [11% -+ interactionFragment
. ) . Ty operations  Parameters = asyncheall
Bezivin. Tooling the MDA framework: a new software maintenance ’l\-""‘““""‘ prrameters = ;:::.E;mage =akt & MessageOceurence | 0.1 + quard
luti h I. 2001 1 = = loop = + order: Ent [1] 0 5 =
and evolution scheme proposal. 200 CPre, | vartabter :] RD::;eMm-ge = par 1= -+ eventid: String [1 = InteractionConstraint

printOperations|
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Brahim, El Beggar, Gadi. A Model
Transformation Approach for Code Generation
From State Machine Diagram. Feb 2014

Example 3: UML State
Machines

] StateMachine +hehaviour |+ | [ Transiionkind
= Suj — intemal
owner ~ external ~ Gud ]
- < = g expression J
s | brtex +submachine e
01 | spara
o solrce Tvazex T [ PesdcStateking
 transitionName LY . !
< transitionkind e
targpt T
1 warget

0.1 | #effect
| ! 01| action
entry |t Comnn Beaiar
Alonso, Vicente-Chicote, Sanchez, 0.1 ]
Losilla. Automatic Ada Code 0.1 -
Generation Using a Model-Driven ; { -
Engineering Approach. Jun 2007 (1 ety v

ol
0.0 +defemablcEvent

T

Smpesiad| [ i [
R [ sienatbvent | [Cattvent ] TimeEvent | [
[ — e

scontainer

e
0.1

ChangeEvent_|
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Legend

Example 5:
YAML

YAML Representation
+ YAML Serialization
++ YAML Presentation

—+ Non-Specific Tag

++ Directive Y
Representation model Name T8 [ Specific Tag
Parameters Name
Abstract syntax R
Serialization model 1 Key
Serialization syntax Node

v*

Presentation model

1
+Anchor .
++Style, Spacing, @TGEF“

Line Wrapping. . .

Concrete syntax
Y Ordered Value Unordered/
Content + Ordered
Content

Scalar Node

Canonical Form/
+Formatted Content

Sequence Node Mapping Node "

[ + Alias Node |

++ Comment

yaml.org/spec/1.2.2/#chapter-3-processes-and-models
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SimulationNode: SN1 {
platform:P1
EdgeDevices:{E1[7],E2[3]}

Example 4:
Domain Specific
Languages )

Platform: P1{
type: Native

B

SimulationNode: SN2 {
platform:P2
EdgeDevices:{E1[301}

b

Platform: P2{
type: Docker
IP: 192.168.0.4
username: user2
password: password2
CPU: 4
memory: 2G

Edge Layer t
""""" e e I
i z
- : - ion Node e {loT) Davica
- duration i -haiiod
Root 2 H - payload
4 il : Platform
main ] e -t P l
) i ) i
! ussrname —{ Fdga Device
BehaviorTree TreeNode S e R d - password - protocol
1D: String *———D: Sting ’ Constrained -speed
name: String 1 Dockar Virtual Maching - worldoad
y H
i -CPU :
refers to = - memary - memary Cloud Layer
—1| SubT(ee] ] SimpleNode I lDecora!or ‘ ‘Gcmposrre.
2N Cloud
-1p
| Condition | ‘Sequeﬂca[ | Selectc -port

Ghzouli, Berg& SQ8%én \WiatemaRi26ragule. Behavior Trees and StRSLs Li, Nejati, Sabetzadeh, McCallen. A Domain-Specific Languagggor
Machines in Robotics Applications. IEEE TSE 49(9). 2023 Simulation-Based Testing of loT Edge-to-Cloud Solutions. MODELS'22.

N

=——>xn
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Going meta/self-referential/crazy:
How to describe a language for the
description of languages?

Going meta/self-referential/crazy:
How to describe a language for the
description of languages?

1. How to describe BNF? 1. How to describe BNF?
a) Using class diagrams b) Using BNF!
Symbol Production = production_name "=" Expression "."
Expression = Alternative { "|" Alternative } .
ﬁ b\ Alternative = Term { Term } .
. . ] . +subexpression Term = Reference | literal [ ".." literal ] |
Uil C03 (i Hulc 1| Expression [~ P Exclusion | Group | Option | Repetition .
- Reference = production_name [ "-" Subtraction ] .
+subexpression K Subtraction = Atom | "(" Atom { "|" Atom } ")" .
Atom = production_name | literal .
‘Optional ‘AtLeastOne Arbkrasy ‘ Alternative Exclusion = "!" literal | "!"™ "(" literal { "|" literal } ")" .
L | Group = "(" Expression ")" .
Composition Option = "[" Expression "]" .
Repetition = "{" Expression "}" self referential

[Joachim Fischer, Michael Piefel Markus Scheidgen. A metamodel for SDL-2000 in the

context of metamodelling ULF. 2005] [Google Protobuf Guide, https://protobuf.com/docs/language-spec]
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grammar bnf;

Going meta/self-referential/crazy: it Going meta/self-referential/crazy:
How to describe a language for the R How to describe a language for the
description of languages?  dhe s rhe description of languages?

lhs

s 3d_
1. How to describe BNF? o 2. How to describe class diagrams?
: alternatives
b) Using BNF! et a) Using BNF: E.g., PlantUML.com

: alternative ('|' alternative)*

alternative @startuml Driver| ™ drives Car| ™ have 4 Wheel
: element* class Car ©—N—© .—,©—.

elem?nt . 1 Driver - Car : drives > S
i :::ig::o;e Car *- Wheel : have 4 > .
| oneormore Car -- Person : < owns A owns
| text_
| id_ @enduml I

optit;mal_ © Person
: '[' alternatives ']’ I

Zer‘OAr‘mor‘e X

Iab.antlr.org : "{' alternatives '}’ plantuml.com/class-diagram
github.com/antlr/grammars- °"e°':""."("? alternatives *)*

v4/blob/master/antlr/antlr4/ANTLRv4Parser.g4 3
text_
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Going meta/self-referential/crazy:
How to describe a language for the

description of languages? description of languages?

2. How to describe class diagrams? 2. How to describe class diagrams?

Going meta/self-referential/crazy:
How to describe a language for the

110 inition]] | ([ D=}

a) Using BNF: E.g., TextUML class Cart a) Using BNF: E.g., Umple, umple.org
end; classDefinition : class [name] { [[classContent]]* }
T 01.| class Student {} YA ettt g e =
y 02.
end; 03.| class CourseSection {} 11 b6 T
04.
association CartItemProduct 05. f{:lass Registration
s - *7. 06.
r‘olf item : CartItem[*]; 07, String grade;
navigable role product : Product[1]; 08. * - 1 Student;
end; 09.| * --1 CourseSection;
10.| }
£ ilils
aggregation CartHasItems
navigable role item : CartItem[*]; The class diagram to reflect the Umple code

navigable role cart : Cart[1];

http://abstratt.github.io/textuml/docs/tutorial.html end;

#| Registration |

Student 1l CourseSection

https://github.com/abstratt/textuml/blob/master/plugins/com.abstratt.mdd.frontend.textuml.grammar/te
xtuml.scc
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Going meta/self-referential/crazy:
How to describe a language for the
description of languages?

described
by
Meta-meta model,
i.e., meta modeling language,

2. How to describe class diagrams?
i.e., language to express meta models

b) Using class diagrams described
by
PrimitiveDataType Class ffier .
Phimame Sy e e Meta model of class diagrams
self source
. et i
referential Fym— des;rlbed
risCompesition | Boolean Class attributes Atrtributs Y .
isaggregation © Boolaan +isAbsract - Boolean | name - Siring a class dlagram
#isGeneralization : Bookean )
target
paramatere | Parameter
Richard F. Paige, Nikolaos Drivalos, Dimitrios S. Kolovos, Steffen [trame : Swing
Zschaler. Rigorous identification and encoding of trace-links in model- |
driven engineering. SoSyM 10. 2011.

Object Management Group (OMG). Unified Modeling Language

Specification v2.5.1. https://www.omg.org/spec/UML/2.5
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11 | [[distrd

] 1 | [[st
don]] | [[position]] | [[displ

11 [ler
lor]] | [[invariant]] |

github.com/umple/umple/blob/master/cruise.umple/src/class/umple classes.grammar

46

The 4-layer meta
modeling hierarchy

«instanceOfs ,"J

M3 (MOF)

cinstanceOfs . ainstanceCfy

~

.

|Attribu|e | Class | Classifier Instance
— 7 77

M2 (UML)

«instanceOfs

«mgté’nceofx amstan:'eof» xiﬁatancem»

7
s

/ Video

M1 (Uses P
M1 (User model)| e Siring

[ title = 2001 A Space Odyssey” |

A

~.,_ «nstanceOfs

Figure 7.8 - An example of the four-layer metamodel hierarchy

OMG Unified Modeling Language, Infrastructure,
Version 2.2. Number: formal/2009-02-04,
http://www.omg.org/spec/UML/2.2/Infrastructure.
pages 16-19 48



= Eclipse Modeling Framework (EMF)

¢ modeling framework and code generation
facility for building tools and other applications

based on a structured data model

e http://eclipse.org/modeling/emf/

Ecore
e Metamodeling language of EMF,

i.e., language to express meta models,

i.e., language to describe
(abstract syntax of) languages

e Runtime support
° change notification
° persistence w/ XMl serialization

° API for manipulation

= Meta Object Facility (MOF)

e OMG’s version of ECore

CISC844, Winter 2026 DSLs

Meta modeling
languages

Oemf

QECLIPSE MODELING FRAMEWORK

nsURI: String
eSuperTypes

abstract: boolean

EClassifier

:
/AN

eClassifiers

EDatatype

eAttributeType

« | eStructuralFeatures
EStructuralFeature
name: String
lowerBound: int
upperBound: int

EAttribute

EReference
containment: boolean

eOpposite | 0..1

https://eclipse.dev/Xtext/documentation/308_emf_integration.html

49
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Concrete/abstract syntax
specification approaches

C O

generated
from

T described in, S

conforms to

2

EBNF MOF EBNF ECore
Java UML Grammar ____ Metamodel
grammar metamodel of L of L
Java UML Program in
program model DSL L
GPLs UML DSLs w/ Xtext
CISC844, Winter 2026 DSLs 50
i concrete ‘ ‘ abstract ‘ ‘ serialization Ej
Concrete Syntax Qlome] /o] Lo
: “Somain Q
= Need to decide how AST or ASG
is displayed to and input by the user
= The abstract-to-concrete mapping assigns elements of abstract
syntax to some concrete syntax
= Examples:
1. Linear concrete syntax Concrete Syntax
Abstract Syntax (examples)
e" “2 ”
(S
o “ur® “(2%(3+4))+5”
(] ; “+[*(2,+3,4115"
\® I
i
Which of these is bad? 2
+
3
4
CISC844, Winter 2026 DSLs 5” 52



Ways to define concrete syntax

= Regular expressions
e https://regex101.com/

= Grammars

e E.g., Java: github.com/antlr/grammars-v4/tree/master/java/java

° Lexer (201 LoC): from characters to tokens

= Annotations
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Example 2: Graphical concrete syntax (Cont’d)

ClassBoxDiagram Car
Rental
Class Py « Feature allocatedCar : Car

name : dentifier I~ feature | 1ame : Identifier reservedSpec : CarSpecification
setSpec(spec:CarSpecification)
allocate(c:Car)
unallocate()

[$shape:G izedRectangle(3)]

[$shap tment(1):NameCr driveAway()
[$shape. tment(2): ListCq feature->select{isAttribute))] return()
[$shape. tment(3): ListC i

Figure 8.9 Concrete syntax for ar

Method Attribute

<<datatype>:
Identifier

t9 [$shape:TexiBox]

FTextBox(self,

[$shape:BNFTextBox(self, AttiibuteGrammar]]

Figure 8.10 Annotated metamodel for class notation

J. Greenfield, K. Short. Software Factories. Wiley. 2004
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Example 2: Graphical concrete syntax

StateDiagramView ‘ S

CarRental \
eyt Identifier >‘

unallocate
State .
Machine [$shape:TextBox] Feature

machine | 0.1 name : Identifier setSpec driveAway

(e (o)
return

Figure 8.7 A state machine in graphical concrete syntax

{ Unallocated Allocated

allocate

1| root

stan | Mame Identifier 3

Transition
1

Method
parent
source  sourceOf
0.1
| child
[$shape:UnaryArrow(head=source tail=target)]
[invoked.name.$shape.center=$shape.center.nearby]

[Sshape:Roundangle]

[if child.notEmpty then
$shape.hasNameCompartment and
name $shape.center = $shape.nameCompartment.center

else |
name.$shape.center = $shape.center]

é {Scontainment: Topological(overlap=false)] J

Figure 8.8 Annotated metamodel for state diagram view

J. Greenfield, K. Sflg[g Software Factories. Wiley. 2004
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Other examples: Graphical concrete syntax
g Ul @ E D File Edit share Help ST L-‘@q

TGontrol

Sensing

Sprite1

Operators

Variables

| move €0 steps

| play drum ETRA for () beats

| sseen 1| EA=]
| move BT steps i i )
| play drum (I8 for () beats 1 B —]
U e

5o

E= OEm o 0: 03 o4

. | e | Doewe o—O—— 50
S | we cH =) d
Doy 0o e e

Scratch (http://scratch.mit.edu) Lego Mindstorms’ NXT-G language

How about another dimension?
= UML state machines in Second Life: https://www.youtube.com/watch?v=mkiXRzZ mJO
= X3D-UML [MHSO08]: https://www.youtube.com/watch?v=gcgQajTXVrA

[MHS08] MaclIntosh, Hamilton, Schyndel. X3D-UML: 3D UML State Machine Diagrams. MODELS’08. 2008
CISC844, Winter 2026 DSLs 56



Esoteric programming languages

» |ntentionally unusual syntax (concrete
and/or abstract) and/or semantics
= en.wikipedia.org/wiki/Esoteric_programm
ing language
= E.g., ‘Hello World’ in
¢ Shakespeare
e Piet

e Malbolge
A "Hello World" &

This program displays "Hello, World".[] program in Piet

(=<"#9]~6ZY327Uv4-QsqpMn&+1j" 'E%e{Ab~w=_: ]Kw%044Uqp@/Q?xNVL : ~ H%C#DD2"\

en.wikipedia.org/wiki/Malbolge
en.wikipedia.org/wiki/Shakespeare Programming Language

CISC844, Winter 2026 DSLs

2

concrete abstract serialization
syntax syntax syntax

semantic
domain

= |n which format should a model be persisted (i.e., saved)?

C

A

Serialization Syntax

» The abstract-to-serialization-mapping maps elements of the
abstract syntax to some serialization syntax

= Often done using Extensible Markup Language (XML)

¢ Another relevant standard for MOF-based models

e XMI: OMG standard for exchanging metadata information via XML

e Mostly used as interchange format for UML models, but can also be used
for serialization of any MOF-based models

CISC844, Winter 2026 DSLs 59
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Serialization syntax: an example

:ModelElement

:ModelEle: it
Class :Class
/ name = CarRental name = Car

/ type
feature feature
= :Feature

- +
:Method :Altribute
name = setSpec name = allocatedCar

‘CarSpecification’ />

<Class name = ‘CarRental’>
<Attribute name = ‘allocatedCar’ type = ‘Car’ />
<Attribute name = ‘reservedSpec’ type =
<Method name = ‘setSpec’>
<Argument name = ‘'spec’ type = ‘CarSpecification’ />
</Method>
<Method name = ‘allocate’ >
<Argument name = ‘c’ type = 'Car’ />
</Method>
<Method name = ‘unallocate’ />
<Method name = ‘driveRAway’ />
<Method name = ‘return’ />
</Class>

Figure 8.11 XML for ASG fragment of car rental model

J. Greenfield, K. Short. Software Factories. Wiley. 2004
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D

EBNF

I

Serialization syntax
specification approaches

EBNF

C2 O

EBNF MM

described in,
conforms to

D

EBNF

AN/ I

XML JSON YAML Protobuf
XML JSON
Schema Schema YAML Schema IDL
XML JSON YAML Message
artifact artifact artifact payload
GPLs, web, GPLs, web, GPLs, web, )
networking, ... networking, ... networking, ... Networking
en.wikipedia.org/wiki/Comparison of data-serialization formats
CISC844, Winter 2026 DSLs 61
Expressing SW models: Overview (Part 2)
2. Domain-specific languages
1. Intro and examples (e.g., Risla, EGGG, CPML, UML-RT)
2. Pros and cons
3. Defining DSLs
° abstract syntax | —
- CFs inBNF T o} o=] =
-~ meta models o N
MOF, ECore and OCL domain | Q@
° concrete syntax
°  semantics
~_Denotational, operational, axiomatic, translational
4. DSLtools

°  EMF, GMF, Graphiti, Xtext

CISC844, Winter 2026 DSLs
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Techniques for the definition of semantics

= Most practically relevant
e Translational
Meaning of program given by translation (implicit or explicit) to equivalent program
in another, known language
e Operational/interpretative

Meaning of program given by collection of execution rules operating on a
formalization of state

° Execution rules may be implemented in interpreter

= Less practically relevant
e Denotational

Meaning of program given by mathematical function operating on a formalization
of state (e.g., Alloy)

e Axiomatic

Meaning of program given by logical statements describing effect of program
statements on assertions
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Implicitly vs explicitly given semantics descriptions

= |mplicit:

¢ E.g, execution/translation rules deeply embedded, intertwined in
interpreter/translator

e Hard to leverage description for other purposes
= Explicit:
e E.g., execution/translation rules separated out in processable fashion

e Easier to use description for generation of supporting tooling (“semantics
engineering”)

parser ) B

Interpreter

’ Symbolic execution ‘

- Model checker

CISC844, Winter 2026 DSLs 65

smart editor

— | Syntax ‘ Semantics | —

type checker

validator _

DSL tools

= Eclipse, EMF, GMF, Graphiti, Sirius

= Xtext [Assignment 4], Langium, textX

= JetBrains Meta Programming System (MPS)

= Spoofax

= MetaEdit+ (MetaCase)

* |BM RSA (UML based)

= Generic Modeling Environment (GME) (Vanderbilt)

= MS Visual Studio
e Visualization and Modeling SDK (DSL Tools)

e https://docs.microsoft.com/en-us/visualstudio/modeling/modeling-
sdk-for-visual-studio-domain-specific-languages
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Expressing SW models: Overview (Part 2)

2. Domain-specific languages

1.
2.
3.

Intro and examples (Risla, EGGG, CPML, UML-RT)
Pros and cons
Defining DSLs

° abstract syntax
~ CFGsin BNF
-~ meta models

MOF, ECore and OCL
concrete syntax
semantic mapping

- Denotational, operational, axiomatic, translational

DSL tools
°  EMF, GMF, Graphiti, Xtext

CISC844, Winter 2026 DSLs

Efforts related to DSLs

Software Factories (Microsoft)
Intensional Programming
Language-oriented programming
Language workbenches

e Language Workbench Challenge 2016
° https://2016.splashcon.org/track/lwc2016

Language engineering (SLE conference series)

CISC844, Winter 2026 DSLs
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Xtext

Xtext

= Eclipse-based open-source framework for development of programming

languages and domain-specific languages

= Offers

e Parser generator

e Editor plugin generator supporting

o

Syntax highlighting

o

o

Background parsing

o

Auto-completion with content assist
o
° Hovering

° Folding and outline view

Support for

° Code generation (using Xtend, a variant of Java)

° Interpretation, translation to Java

Hyperlinking connecting uses with declarations

Well-formedness checking (validation) w/ error markers and quick fixes

“A language is
only as good as its
supporting
tooling”

[B. Selic]

Large user community, http://www.eclipse.org/Xtext/community.html

CISC844, Winter 2026 DSLs

Xtext: Supporting technology

Parser generation
e Antlr (www.antlr.org)

69

ONTLR

¢ lex, flex and yacc, bison (dinosaur.compilertools.net)

Eclipse

e Generated editor is an Eclipse plugin

° Release engineering
° Git

Eclipse Modeling Framework (EMF)

= eclipse

zzzzzzzzzzzzzzzzzzzzzz

¢ Modeling framework and code generation facility for

building tool based on structured data

e Ecore for describing and implementing modeling languages

Java/Xtend

CISC844, Winter 2026 DSLs
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Language
developer

creates

creates

CISC844,

Xtext

| > Grammar of L

\L defines

Ecore MM of L

\L defines

Java AST code of L

fffffffffffffffffffffffffffffffffffff

Validation code <]
Interpreter code
Mapping to Java e’

| Code generator code

used by

ﬁm model in L
‘| by

Language
user

| > | Editor for L

1 4 J/creates uses
'
‘
'

Program/

executes

trans- Code

Winter 2026 DSLs

ANTLR

From www.antlr.org:

lated by implementing executes
T~ execution of L
generates
70

ONTLR

“ANTLR (Another Tool for Language Recognition) is a powerful
parser generator for reading, processing, executing, or
translating structured text or binary files”

grammar Expr; § antlrd Expr_g4 !
prog: lexpr NEWLINE)* ; $ javac Expr®_java preg
BXpr: expro{ ' #FHAM) $ grun Expr prog -gul AR
expr 189+2*34 /'K

| < it B L B ~D aunr .;&
expr |

| INT 100 expr mTJl

| 't expr ) 2 34
NEWLINE : [\r\nl+ ;

oK

INT - [8-3]+ ;

CISC844, Winter 2026 DSLs
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From eclipse.org/xtend:

Xtend

“Xtend is a flexible and expressive dialect of Java, which
compiles into readable Java 5 compatible source code”

Some features:
*  More defaults
e Optional semicolons
e Implicit returns
e Type inference
e Better support for cod
e Extension methods
¢ Lambda expressions
¢ Multiple dispatch

e generation

e Shorthands for getters and setters

CISC844, Winter 2026

.
used to

\define

DSLs

EMF + X

73

EMF = modeling framework and code generation facility

http://www.eclipse.org/modeling/em£f/

ECore = Eclipse version of MOF

Z Meta
model
used to
abstract generate
syntax EMF
Textual
Editor

CISC844, Winter 2026

used to
create

Model

DSLs

)

concrete
syntax

75

Overview of key Xtext artifacts

L]
Concrete syntax Abstract syntax Code generation
(_xtext) (.ecore) (_xtend)
1 1 U
\"4 Y A"4
Textual input Model Generated code
= {.mydsl) ——> (xmi) > &)
- ™ cher Pad nelerdes Spesd - ﬂi;h't [
@ Message ho border
< Message Lake found
Yask AvcidBondir
= o
Mave E‘ :h
& ST
[ Instance level, for developing a specific system

From: A. Mooiji, J. Hooman. Creating a Domain Specific Language (DSL) with Xtext. Version 2.14.
Available at http://www.cs.kun.nl/).Hooman/DSL/
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.
used to

\define

DSLs

EMF + X

74

EMF = modeling framework and code generation facility

http://www.eclipse.org/modeling/em£f/

ECore = Eclipse version of MOF

ji Meta i
A EME £ X Graphical
model E—— Editor
used to i
abstract generate N
syntax EMF
used to
Textual create | Model
Editor - concrete
where
syntax

e X = Graphiti, https://eclipse.org/graphiti, or

e X =GMF, http://eclipse.org/modeling/gmp

e X =Sirius, https://www.eclipse.org/sirius
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Using Xtext
Using Xtext (Cont’d)

[# Package Explorer 2 | gt JUnit = 8 [F Mybsixedt 12
E & | v 1 gramar mydsl.MyDsl with org.eclipse.xtext.comron. Terminals
. . . . P ca.queensu,cs.mase.urml.ui - ; i S e A
0. Installation instructions etc on Assignment 4 page 2. Create grammar .G mum § B R e R
PR 5 Model:
. xtext in folder 4 H myds| - .4 greetingst=Greeting®;
1. Create Xtext project N ) , [B) GenerateMyDsmae2 | |-
src/<project name> MyDsla 8- Greeting: .
L : ” “« f ” [ MyDsIR New 2| X2
In Package Explorer: “New | Project ...” then “Xtext Project 3. Generate Xtext BWOE o =
_— 4 [ mydsh.gen
2 New ¥text Project [ Lo tifact Bl MyDsl s i
artracts Show AltShift=W b
New Xtext Project P » B mydsl.scog o oI
Thiswizard creates a couple of projects for Xtext DSL. @ ‘ = in “src-gen” folder: § L;‘f‘i_’g";"“"’a"' ol ChrlsC
| iava El E{;m"d,gm Copy Qualified Marne
Project name:  orgatext.example.mydsl :J - @ JRE System Libj [[5 Paste Ctrl+V
. . B Plug-in Depen Del
9] Use defaultlocation = in “model/generated” e LETANE et Delete
Logation; \uergen Dingel\workspaced 4 1\orgoted.eamplecr| [ Browse.. folder: 4 (= model Remove from Context Ctrl+ Alt=Shift- Down
[ : 4 (= generated Mark s Landmark Ctrb+ Alf+Shift+Up
ecore, .genmodel  MiDsle pyiq patn ,
Mame: org.xtext.example. mydsl. MyDsl : [ &) MyDsl.
Extensions: myds! [ MyDsl, Refactor Alt+Shift+T b
lms build.propertie feg Import..
Layout L} pluginxml 2l it
[V] Create SDK feature project |Z| pluginxml_ges
1 & mydslide " Refresh 5
Wetieee: » & mydsiests Assign Working Sets,
7] Add project to working sets s B3 mydslui
v £ mydsluitests Validate
b ; org.eclipsextates  RunAs 5 1 Generate Xtext Artifacts
42 org.eclipsestet.e
» G5 bigecipicitet Eg i External Tools Configurations...
(28 A = b Team - F
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.
Usin g Xtext © ruitime, Xieet Febll 2017~ Java - DreeigProjl fenrett mysisl Eclipse bintfarm
.
Usl ng Xtext (Co nt’d) ) File Edit Source Refactor MNavigate Search Project Run Window Help
(COntd) Hat e L o i o B SR S ot
= =%
5 MyDslatext 52 S B |} Xtet SyntaxGraph 32 [# Package Explorer 52 O & greetl.mydsl &3
1 hramar myds1.MyDs]l with org.eclipse.xtext.common.Terminals - 4. Sta rt edItOI’ = ?{; C) & :EED ;l::;ti.d‘
_‘ s . ello Be 0. '
2 4 |47 GreetingProjl -
3 it 1 "http: .MyDsLl.myds1™ i _cli H “ : &  Hello clara!
3 generate mys p:/ v MyDs1.myds il Right-click project, “Run As | @ s @ Hello mapitert,, Fatil
5 todel: Eclipse Application” i, JRE System Library [Javast-1
6 greetings+=Greeting*; I (= src-gen b
7 . B e =
B Greeting: 5. Create new Java project Pt [+ &L Problems 57
2 e e Greeting 1 error, 1 warnin
A g, 0 others
10 H o oy |2
‘ 6. Input text, validate, etc oz @ BE =8 [ :
grei:‘lh = 4 B Errors (1 item)
7‘ InSpECt generated ! rteh[tld @ mismatched input ', expecting '!'
€l sl ooy
: E - & Warnings (1 item)
& "myDsl class diagram i3 & WyDsl, 4 (B src-gen a
L R Y e = ;_.{_S..E.Ema B — B — a i mydsl OUtPUt gamb L & Mame should start with a capital
of v Ry '| o | O 4 @] platform:/resource/mydsl/model/generated/MyDsl.ecore | . m AbstractMyDsIRuntimeModule java = Daqobert
< D > [J] MyDslStandaleneSetupGenerated.java 8. Run generated COde greetl.myds| - GreetingProjL
—— 4B Mol =] MyDslxtextbin
Bl Gresting 5 “:ii’fn?"g“ lEstog 4 8 mydsl.myDsl 2 funtime Xtext_Feb01 2017 - Java - GreetingProjl/src-gen/greetings it - Eclpse Platform
2 : .
= name : EString " > [J7 Gresting java File Edit Mavigate Search Project Run Window Help
= narne: EString > [1 Modeljava ) . ¢ g ;
+ [/ MyDslFactory.java o FER SR - RAU NSRS R S Ni=l ey BY D Quick Acces:
> m MyDslIPackage.java 12 Packege Explorer 52 =5
a4 f mydsl.myDslimpl =
10..] gregtings > [J] Greetinglmpl.java & : . =R-T 5] greetl.myds! 52 [ grestingstet 5
> [J] Modellmpl.java 4 L= GreetingProjl i m
Y ello Albert! - People to greet: Albert, Berthold, €lara, Dagobert
> [J] MyDslFactorylmpl java e Hello Berthold!
B Model > [J] MyDslPackagelmpljava v @ JRE System L\hrary[)a-.-aEE—LB]_ Hello Clara!
4 # mydsl.myDsl,util Hello Dagobert!
+ [J] MyDsladapterFactory java gre;f:;'::m =
> MyDelSwitchjava » & PersonTasksProjt 4 -
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6.

8.

Using Xtext (Cont’d)

Implement custom validation rules

In folder “src/<project name>/validation/<language name>.xtend”

= Java - orgatedt. e iyt ¥ ple

- Eclipse ESE ECE X

File Edit Navigate Search Project Run Window Help

L EER R0 B S c R a SR AT S e e AaE ST |

[3 MyDsl1Validatoratend 52

Package Explorer 53 ES = 8
ge Expl %
I

[ MyDslxtext

org.eamplesmalljava [p
» org.examplesmalljavatests
le srmall [packtpu

1 I orgatedt.eampledomainbodel.sdk
5 orgatedt.eample.domainModel tests
b 15 orgstedt.erample.demainModel.ui

4 |7 orgxtext.example.mydsil

i sre

b 5 orgxtest.example,mydsl

o H orgatextexample.mydslformatting
& org.xtext.example.mydsl.generator

. f orgatext.example.mydsl.scoping

4 £ orgatext.example.mydslvalidation

[3 MyDs[1Validator xtend

[ src-gen
% xtend-gen

-+ i JRE System Library [JavaSE-1 8]

» B\, Plug-in Dependencies

= see http

216 @Check

i

2

5 (= Jaunch
(= .settings
» (= METAINF

CISC844, Winter 2026

DSLs

2 * generated by

3 &

4 package org.xtext.example.mydsl.validation

5

&= import org.xtext.example.mydsl.myDs1l.Greeting
import org.eclipse.xtext.validation.Check

& dmport org.xtext.example.mydsl.myDs11.MyDs11Package

I+ P orgated.example.domainModel 1@ //import org.eclipse.xtext

Custom validation rules

{/
class MyDsliValidator extends AbstractMyDslivalidator {
5 public static val INVALID NAME = 'invalidiame’'

def checkGreetingStartsiithCapital(Greeting greeting)

if (ICharacter.isUpperCase(greeting. name. charat(6))) {
warning('Name should start with a capital’,

Xkext

.validation.Check

v. eclipse. org/Xtext/docunentation. html#validation

MyDs11Package . Literals. GREETING NAME,
INVALTD NAME)

Using Xtext (Cont’d)

Implement code generator

e in “src/<project name>/generator”

¢ implement “doGenerate” and
“compile” using “filter”

e integrate into Eclipse build
mechanism

e allow for invocation from
command line

CISC844, Winter 2026 DSLs
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[# Package Explorer 33 BE ¥
a Lﬁ > ca.queensu.cs.maseurml [urm| master]
4 ;7 = src

» M} » caqueensu.cs.mase

> H ca.queensu.cs.maseformatting

» |ff} > ca.queensu.cs.mase.generator

> |5 ca.queensu.cs.mase.generator.capsules

» |fff ca.queensu.cs.mase.generator.capsules.constructors,
> |f§ ca.queensu.cs.mase.generator.capsules.members
» [ff} ca.queensu.cs.mase.generator.capsules.methods
» [fff > ca.queensu.cs.mase.generator.dispatchers

» |[ff} ca.queensu.cs.mase.generator.protocols

I Ha * ca.queensu.cs.mase.interpreter

i3 Ea ca.gueensu.cs.mase.interpreter.data

» H} » caqueensu.cs.mase.interpreter.dispatchers

I ja ca.queensu.cs.mase.interpreter.filters

i3 Ha ca.queensu.cs.mase.interpreter.transitionUtil

+ H} ca.queensu.cs.masescoping

> H ca.queensu.cs.masetypes

- H ca.queensu.cs.mase.util

> H} ca.queensu.cs.masevalidation

> (& > src-gen

83
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Using Xtext (Cont’d)

Implement interpreter

e in “src/<project name>/interpreter”

[# Package Explorer &3 B E -

4 L‘U’ = ca.queensu.cs.mase.urml [urml master]

a [ = src

>

>

3

>

>

>

i > ca.queensu.cs.mase

i ca.queensu.cs.mase.formatting

[ = ca.queensu.cs.mase.generator

3 ca.queensu.cs.mase.generator.capsules

ff ca.queensu.cs.mase.generator.capsules.constructors
£} ca.queensu.cs.mase.generator.capsules.members
£} ca.queensu.cs.mase.generator.capsules.methods
fy » ca.queensu.cs.mase.generator.dispatchers

H} ca.queensu.cs.mase.generator.protocols

£ > ca.queensu.cs.mase.interpreter

f} ca.queensu.cs.mase.interpreter.data

H} > ca.queensu.cs.mase.interpreter.dispatchers

M ca.queensu.cs.mase.interpreter.filters

i} ca.queensu.cs.mase.interpreter.transitionUtil

H} ca.queensu.cs.mase.scoping

f} ca.gueensu.cs.masetypes

i} ca.queensu.cs.mase.util

i} ca.queensu.cs.mase.validation

> [F§ > src-gen

A4: Urml

Textual modeling language for reactive

systems

Support for

e structural modeling via

° Classes

° Composite structures (connectors, ports,

protocols)
e behavioural modeling via

° State machines

° Simple, imperative action language

Inspired by UML-RT
Keith Yip’s MSc

https://gspace.library.queensu.ca/handle/1974/12274

URML: A TEXTUAL TOOLKIT FOR TEACHING

Kerrn Yie

A thesis submitted o (e
Sclool ef Computing
in conformity with the requirements for

the degree of Master of Science

Queen’s Uriversity
Kingston, Ontario, Canzda

Ty 2014

Copyrigat @ Keth Yip, 2014

MODEL-DRIVEN DEVELOPMENT FOFR REACTIVE SYSTEMS
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|£] handshake.urml &2

afp==

A4: Urml (cOnt’d) A simple sxample that consists of = producer and a consy A4: Urml (cont’d)

model handshake { il
e root capsule Handshake { { startidelayTime; produce entry

stopistopTime /cs2ws!
capsuleInstance sender : Originator r— e
capsuleInstance receiver : Receiver oot capaulas

connector sender.hand and receiver.hand SmmCQmaimr
¥
Handshake & capsule Originator {

external port hand : HandshakeProtocol caRobelPart toRobotPort

QOriginator Receiver logPort logger
hand @ stateMachine { “capeuiar “capeues
hand ControlSoftware ProductionLine stopPimeout

state start

final state end
ca2wsPort foWsSport
= transition init : initial -> start {
}

= transition doHandShake : start -»> end { shutdown entry

action { ’
& send hand. shake() cs2robotishutdown
log logger with "sent a handshake®

} =capsulas

/ hand!shake() hand?shake() } ProductionLine
& zapsule Receiver { =protocol»
external port ~hand : HandshakeProtocol -pn_)luou\» ngmpm|oco|
logPort logger WorkstationProtocol =capsulsm wcapsulen + widgetDelivered()

start end start end = stateMachine { + widgetProduced() Workstatlon Robot + deliverWidget()
state start + produceWidget() + shutdown()
final state end + shutdown() .

& transition init : initial -> start { [ eToCsPon [ oboR0ePor
}

& transition receiveHandshake : start -> end { IW IoRcbotPort

“protocal» triggeredBy hand.shake()
HandshakeProtocol action {

log logger with “received a handshake”

+ shake() }

¥
}
= protocol HandshakeProtocol {
outgoing {
shake()
3 timertimeout
' / ws2cslproduced
CISC844, Winter 2026 DSLs } shutdawn )SLs  Shdown

delivering entry

cing ent
2 robot2es?deliver T timerttime

produ
ws2cs?produce / fimertime
ws2cs?shutdown
robot2cs?shutdown

standby

A4: Urml (Cont’d) Leveraging language descriptions
= ANTLR (GPLs, DSLs)

e Lexer/parser generation

= Xtext (DSLs)

e Language infrastructure generation

= EMF/Ecore (MM)
e AST API generation

= JSON, XML, and YAML (GPLs, web, ...)

PARCEL_ROUTER

shagel © Stage
right
Jenter
ot
&6 Ll

BIM{D)

Hostjo]

¢ Manipulation (conversion, serialization, ...)

e With schemas: validation

con:SensorController

et over = Protobuf IDL (Networking, distributed systems)

e Serialization generation

- = YANG (Networking)

e APl generation
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Model-driven network configuration

VANG Generate API to
del M input access NEs
mode ~| implementing M
linput
ProtoBuf Create .proto file to Generate code Compile PB code Use PB classes to
IDL define data using the protoc with your project S serialize, share, &
structure compiler code deserialize data
\,/—
N I I
N Input Output Input Output Input
conforms \\ J ¢ _J ‘
to N i
N Jjava, .py, cc, or
_proto file other source files Compiled classes

Figure 1. Protocol buffers workflow

[Protocol Buffers Documentation at protobuf.dev]
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