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Develop DSLs Fowns

Postponedq indeﬁnitely, if considereq gt all, and most DSLg never get beyond the

e deve]
there ig very limiteq literature on DST, development methodulogies and many questjong
remain regarding whep, and how ¢, develop aDSL. T, aid the DSL developer, we
identify Patterns in the decision, analysis, design, and implementation phases of DSL
development. Our patterng improye and extenq earlier work on DSI, design patterns,

e also di; i

help to Speed up DS, development. Finally, We present 5 number of open Problems,

Additiong] Key Words and Phrageg. Domain~speciﬁc language, application language,
domain analysis, language development System

s Department of Soft-
nds; emaj]: Jan.Heen‘ng@cwi‘nl;
Macquarie University, Sydney, NSw 2109, Australia; email:

Copyrights for Componentg of this work Owned by others thap ACM must be honoreq, Abstracting with
credit is Permitted, Ty, copy otherwise, to Tepublish, t, Post on servers, to redistribyte to lists, op to use any
€omponent of this work i, other workg requires priop Specific Permissjon and/or g fee, Permissions may he
requested from, Pubh’cations Dept., ACM, Inc, 1515 Bmadway, New York, Ny 10036 USA, fax: +1 (212)
869-0481, or permissions@acm.orgi

Formal

Methods

& Tools
20

10.1145/1118890.1118892

DOI:


https://www.utwente.nl/
http://grammarware.net
https://www.utwente.nl/en/eemcs/fmt/
https://doi.org/10.1145/1118890.1118892

® C I S 1 Languages: Decision, Analysis, Design
Marcug Gerhold Aliaksej Kouze] Haroun Manga]
m.gerhold@utwente.n} a.kuuze]@sludenLutwente.nl h.mangal@student.utwente.nl
Formal Methods ang Tools Technica] Computer Science Technica] Computer Science
Um'versl'ly of Twente Universxly of Twente University of Twente
Enschede, The Netherlands Enschede, The Netherlands Enschede, The Netherlands
Selin A, Mehmed Vadim Zaytsey

s.a.mehmed@sludent.utwente.nl vadim@grammarware.net

® ®
Technica] Computer Science Forma] Methods ang Tools
Um'versity of Twente Um'versity of Twente
’ Enschede, The Netherlands Enschede, The Netherlands
Abstract

1 lntroduction

C¥ber-Physical Sygtoms (CPS) integrate . ional algorithyy Cvber-Physical syt (CPS) represeny collaborations of compu-
o nd physical compopeny, > Tequiring sophigticateq modelling fech,. tational algorithpg g Physical componepys [61], creating 5 pey.
1GUES 10 address copypiey interactions apq dynamics, This e work where digita] gy OROr and control physicet Processes

Xplores the creqfjon of Domain-Specif. Languages (DSt tgjopng through sengors ang actuators, Thege gy ! form a feedpycl,

for CPS, focusing g e initial thre crifica] o decision, ang). loop where sensor gogy Informs compufagiong) decisions, an g.

VSIS, design, We present gy key aspects 1o addegs the decisiop Hators execute hege decisions to affec e Physical environmep,

Phase, design 5, ©ntology as a domain gy for the analysis phgg,, Examples of Cps i o SMAIt grids, autonomeys vehicles, an

and collect some aqyige g the design phgge. By systematical, advanced megicq monitoring sysiemg (g6, g 1. CPS hold substay.

addressing these pggeq, Y€ Provide a comprepepgign fameworke ) Potential across giyers, domains such g gt Manufacturing,

for developing gy, that can efficiepy, model CES, facilitarjng robotics, healthcare, intelligeng ansportation, ang spyarg cities,

Improved desigy, verification, and deployment of these intricage offering benefits Jjye enhanced automaigy, Improved safety, anq
o a0

@ :
Realising the 77 potential of Cpg g significant challenge
ccs Concepts due to their inhepep, complexity anq heterogeneity (53] Integrat-
B . . . B ing the continuoys, concurrent Physical world with the discrete,
N Software‘and fts “hgineering _, Domamlsp ecific languages; Sequential cyber world often leads to non»determx‘nistic behaviours,
Interoperabilry, Design languqges; [nformation systems — op. complicating development of reliable apq dependable mogej,

fologies; + Network _, Network protocof design. Model-Driyen Engincering (g Addresses these compeyiyics by
i CPS i

breaking doyy, nto manageabe COmponents, yet the intrica
Keywords €ies of such systen demand specialised modelling aPproaches [22],
Cyber-Physicy) Systems, Ontologica] Analysis, Domain-Specif. Domain-Specifi, Languages (DSLs) offer Promising solutjy,
Languages for cps modelling Providing tajlopeq 1otations and congyyeq

specific to the dogj, (23, 87). Unlike general-purpoge languages
ACM Reference Formgy, (GPLs), DSLg capy “ncapsulate domajn-gpe e knowledge, simplify-
Marcus Gerhojq, Aliaksei Kouzel, Hypoy, Mangal, Selip 4 Mehmed, and v, ing the modelling procegg and enhancing COMMunication heye,,
dim Zaytsey, 2024, Modelling ot‘Cyber—PhyucaJ Systems through Domain- domain experts and developers [59]. For Instance, Uy, and VHDF,
Specific Languages, Decision, Analy;s . 2 - are well-known g i their respectiye domaing,
stional Conference on Afogn) Driven Engine, e and Systems Itis known frop, Prior work that g, development cap pe concep-
(MODELS Cumpumon 24, r 22

tually split into phageg of decision, ana]yg;g. design and impje.
mentation g0 p, addressing thege phageq, vy Wish to provide
comprehensive framenyopj for developing DSL that gy efficiently
model CPS. Egseniapyy e Want the answers to the following re-

York, NY, Usa, 19 pages

Fermission to make gy o7 hard copies of g o O this Work for pergpar o search questiops.
flasstoom use is grapgeq Without fee proigeq that copies are oy made or distribygeq RQ1: What are critica] aspects that DL must address t, ensure
for profit or commergiy] Svantage and that copieq poc” this notice and e gy citation that modelling yng implementatiop, of CPS to be mogt 4 fectiver

ponthe first page, Copyrighyy o third-party compopenss OFthis Work must be hopopey ¢
For all other SES, contact the oype, /author(s), RQ2: Hoy, can we analyse and mode the CPS domain to under-

MODELS Compapo, 24, September 22-3;, 2024, Linz, Austyiq stand the foundahonal concepts and relationships that underpin
€ these systems?
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Decision Phase

« domain
« catering, lithography, music, grammars
e codomain
« ecosystem, platform, 1ntegration
e paradigm
« declarative, interactive, traversal-driven
e purpose
« automation, visualisation
e approach
 visual, textual, API, 1library
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« timing .
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Abstract

Cyber-Physjc,) Systems (Cps) integrate ¢, ional algoritfyy,
and physical compopen, > Tequiring sophigticateq modelling fecp,.
DIQUes to addregs coppjey interactions apq dynamics, This e
xplores the creapion, °f Domain-Specifi, Languages (s ) tailored

and collect some aqyige g the design phyge. By systematical,
addressing these pggeq, Y€ Provide a comprepepgign framewori
for developing gy, that can efficiepy, model CES, facilitarjng
Improved desigy, verification, anq deployment of thege intricate
systems,

CcCs Concepts

* Software and its engineen’ng — Domaijn specific Iangunges;
Interoperabiiiry, Design langugges, . Informatiop, Systems — Q.
tologies; - Networlg Network protoco] design,

Keywords

Cyber-Physicq] Systems, Ontologicy Analysis, Domain-specif
Languages
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1 Introduction

Cyber-Physicy) Systems (Cps) TePresent collaboratiop of compy-
tational algorithpg g Physical componepys [61], creating 5 pey.
work where digita] Systems monjtoy and contro] Physica] Processes
through sensors and actuators, Thege Systems form , feedback
loop where sensor daty informs €Omputationa] decisions, and ac-

tuators execute these decisions o affect the Physica] €nvironmeny,

offering benefir like enhanceq automation, improved safety, anq
S ]

Realising the 77 potential of Cpg g significant challenge
due to thejr inherent complexity anq hetemgene:ty [83]. Integrat-
ing the continuoys, concurrent Physica] world with the discrete,
Sequentia] cybey world often leads to non~de£ermim'snc behaviours,
complicating development of reliable apq dependable mogej,
Model-Driye, Engineerip, (MDE) addregges these compleyigies by
breaking doyy, CPS into man, e components, yet the . ca-
€165 of such systems gemang special i

Domain-gpecif. Languages (DsLs) ofpe

comprehensive framenyo, for developing pygy ¢ that can efficiently
Mmode] CPps, Essennal]y We want the answers to the follcwing re-
search questiops:

RQ1: What o critical aspects that DSLs ¢ address to engyye
that modelling apng implemenration Of CPS tg pe most effectjyer

Q2: How can We analyse anq model the Cpsg domain to under-

stand the foundanonal concepts and relatmnshlps that underpin
these Systems?
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Analysis Phase

« terminology

e concepts, aspects, definitions
« knowledge

« capture, representation, management
 methodology

- DARE, DSSA, FAST, FODA, ODE, ODM, ..

 models
« ontology, feature model
« formal vs informal
« text, diagrams, algebra, logic
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Abstract 1 Introduction
Cyber-Physicq) Systems (Cps) integrate ¢, ional algorithy, Cyber-Physicq] Systems (Cps) TePresent collaboratigpg of compuy-
and physical compopen, > Tequiring sophigticateq modelling fech,. tational algoritypg , 7 Physical componepys [61], creating 5 pey.
ques to address complex interactiong and dynamjcg, This Paper work where digita] Systems monjtoy and contro] Physica] Processes
Xplores the creqfjon of Domain-Specif. Languages (DL ) tailored through sensors anq actuators, Thege gy ! form a feedpycl,
for Cps, {'ocusmg on the initjg) three critica) Pphases: decision, apg]. loop where sensor daty informs €Omputationa] decisions, and ac-
ysis, design, Wwe Present foyy key aspects to address in the decisjop tuators execute these decisions to affect the Physica] €nvironmeny,
phase, design o, ©ntology as a domain gy for the analysi Phase,  Eyontes Of CPS include spmaq &rids, autonomoys vehicles, ang
and collect some oo for the design phgge. By systematical, advanced megicq Imonitoring systems 65, 55 1 CPS hold substay.
addressing these pggeq, e Provide a comprepepygir fameworke ) Potential across giyers, domains such g gt Manufacturing.
for dcvelopmg DSLs that can efficiently, model Cps, fac:htating Tobotics, healthcare. intelligent transportatmn, and smart cities,
improved degigy, verification, anq deployment of thege intricate offering benefits Jjye enhanced automaigy, Improved safety, anq
systems, Optimised resoyree usage [35, 42, 61, 7).
Realising the g potential of Cpg oo Significant challenge
Ccs Concepts due to thejr inherent complexity anq hetemgene:ty [83]. Integrat-

ing the continuoys, concurrent Physica] world with the discrete,
Sequentia] cybey world often leads to non~determim'.suc behaviours,
complicating development of reliable apq dependable mogej,

* Software and its engineen’ng — Domaijn specific Iangunges;
Interoperabiijpy, Design langugges, . Information, Systems — Q.
tologies; - Networlg Network protoco] design,

Model-Driye, Engineering (vpy addresses thege omplexities y,

breaking dowy cpg into manageapje Somponents, ye the iy ca-
Keywords €ies of such systen demand specialised modelling aPproaches [22],
Cyber-Physicy) Systems, Ontologica] Analysis, Domain-specif Domain-Specific Languages (DSL) offer Promising solytion
Languages for Cps modelling by broviding tailored nogajon, and constrycts

SPecific to the domgjy, [23, 87]. Unlike general-purpoge languages
ACM Reference Formgy, (GPLs), DSLg capy encapsulate domain-specifi, knowledge, simplify,-
Marcus Gerhojq, Aliaksei Kouzel, Hypoy, Mangal, Selip 4 Mehmed, an v ing the modelling procegs and enhancing CoMmunication between
dim Zaytsey, 2024, Modelling ot‘Cybu—PhyucaJ Systems through Domain- domain experts and develope!s [59]. For Instance, Uy, and VHDF,
Specific Languages; Decision, Analysis, Design, In ACM/IEEE 271, Inter- are well-knoyy, DSLs in thejr respective domaing,
national Conferepce oy Model Driyep Engineering Languages ang Systems Itis known from Prior work hag DSL development canbe concep-
(MODELs (‘umpumon 24), September 22-27, 2024, Linz, Austrig, ACM, New !lxally S[lJi[ into phases of decision, analysis, design and imple—

York, NY, Usa, 19 Pages. https://doi.org/10 145/3652620 3688345

comprehensive framenyopj for developing DSL that gy efficiently
model CPS. Egseniapyy e Want the answers to the following re-

Fermission to make gy o7 hard copies of g o O this Work for pergpar o search questiops.

classroom yse js Eranted withoy fe, Provided that copjeg 4p. 1ot made or distribyteq RQ1: What are critica] aspects that DL must address t, ensure
for profit or commergiy] Svantage and that copieq poc” this notice and e gy citation that modelling yng implementation of CPS (0 be mogt effectiver
pothe first page, Copy gy for third-party <OMPONLS of this worl, ey be honoreg g ‘P! -

For all other SES, contact the oype, /author(s) RQ2: Hoy, can we analyse and model the CPS domain to under-
MODELS Compapo, 24, September 22-27, 2024, Lins, Austrig stand the foundanonal concepts and relatmnshlps that underpin
2024 Copyright heig by, yor OWner/author() e systems?
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Design Phase

« Llanguage exploitation

 plggyback, specilalise, extend, invent
« informal design

« text, natural models, examples of model instances
« formal design

« grammars, abstract state machines

« features
« what to include, how to support
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Abstract 1 lntroduction

Cyber-Physjc,) Systems (Cps) integrate . ional algoritfyy, Cyber-Physjca Systems (Cps) Tepresent collaboryiog of compy-
nd physical compopeny, > Tequiring sophigticateq modelling fecp,. tational algorithpg g Physical componepys [61], creating 5 pey.
ques to address complex interactions anq dynamics This Paper work where digita] Systems monjtoy and contro] Physica] Processes
explores the Creation ofDomam»SpecAh( Languages (DSLs) tailored through sensors and actuators, Thege Systems form 4 feedback
for Cps, {ocusmg on the initjg) three critica) Phases; decision, apg]. loop where sensor daty informs €Omputationa] decmon& and ac-
YSis, design. We presen; four key agpects 1o address in the degigioy, HALors execute hege decisions to affec e Physical enviropyen
Phase, design 5, ontology as 4 domaj, model for the angjygj phase, Examples of Cps ude smart grigs, autonomous vehiejeg oy
and collect Some advice for the design Phase By sys‘emanca]ly advanced medica] Monitoring Systems [66, 83]. CPS holq substan:
addressing (hege Phases, we provide , “OmPrehensive framey, oy tial potential aergg diverse domaing gy, 28 St manufactyring
for developing DSLs that can efficiently, model Cps, facxh[a!ing Tobotics, healthcare. intelligent transportatmn, and smart cities,
Improved desigy, verification, anq deployment of thege intricate offering benefits Jjye enhanced automation, improveq safety, anq
systems. OPtimised resoyrce usage [35, 42, 67, 72].

CcCs Concepts

* Software and its engineen‘ng — Domaijn specific languages;

Interoperabiijpy, Design langugges, . Information

tologies; - Networlg Network protoco] design,

Realising the 77 potential of Cpg g significant challenges
due to thejr inherent complexity anq hetemgene;ty [83]. Integrat-
ing the continuoys, concurrent Physica] world with the discrete,
Sequential cyber world often leads to non»determinisnc behaviours,

systems — op. complicating he development of reliable anq dependable mogej,

Model-Driyen, Engineering (MDE) addregges these complexitie, by

breaking dowy cpg into manageghje Components, yer . intrica-
Keywords €ies of such systen demand specialised modelling aPproaches [22],
Cyber-Physicy) Systems, Ontologica] Analysis, Domain-specif Domain-Specifi, Languages (DSLs) offer Promising solutjy,
Languages

ACM Reference Format:

Marcus Gerhold, Aliakse; Kouzel, Harouy Mangal, Selip 4 Mehmed, and v, ing the modelling Process and enhancmg Communicatio between
dim Zaytsey, 2024, Modelling ot‘Cyber—PhyucaJ Systems through Domain- domain experts and developers [59]. For Instance, Uy, and VHDF,
Specific Langugges, Decision, Analysis, Design. In Achypzp 27th Inter- are well-known g i their respectiye domains,
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e S S Abstract 1 lntroduction
P Cyber»Physical Systems (Cps) integrate cop, ional algorithmg Cybex-PhysicaJ Systems (Cps) Tepresent collabnranons ufccmpu—
e nd physical compopeny, > Tequiring sophigticateq modelling fech,. tational algoritypg , 7 Physical componepys [61], creating 5 pey.
g O niques to addregs COMPIeX interactiong 4y dynamics, T Paper work where digity SYSLEIS monitor and copyye; Physical procesges
a Xplores the creqfjon of Domain-Specif. Languages (DL ) tailored through sengors ang actuators, Thege gy ! form a feedpacl,
° D ? for cps, focusmg on the initjg) three critical phages; decision, anal- loop Where sensor daty informg €Omputationa] decisionm and ac-
YSis, design. We present four key agpects 1o address in the degigioy, tuators execute thege decisions to affec e Physical environmen;,
k ] n g a ° a n ° Phase, design 5, ©ntology as a domain gy for the analysis Phase,  Eyontes O CPS include gpyqpq 8rids, autonomoys vehicles, ang
’ 0 and collect Some advice for the design Phase. By systemah'cally advanced medica] Monitoring Systems [66, 83]. CPs hold substan-
m a I m p addressing thege Phases, we provide , “OmPrehensive framey, oy tial potential gerogs diverse domaing gy, 2y St manufyctyring
° W a for developing gy, that can efficiepy, model Cps, facilitating robotics, healthcare, intelligeng ansportation, ang spyarg cities,
Improved desigy, verification, anq deployment of thege intricate offering benefits Jjye enhanced automaigy, Improved safety, anq
° ) h a S e ° systems, OPtimised resouree Usage [35, 42, 61, 75).

Realising the fy)) potential of Cpg oo significant challenges
d e c I S I 0 n CCS Concepts due o their inhergp omablexity and heterogenein [y Integrar.

* Software and its engineering — Domaijn specific languages;

Keywords €ies of such systen demand specialised modelling approaches [22].
Cyber-Physicy) Systems, Ontologica] Analysis, Domain»Speciﬁc Domain-Specify, Languages (DSLs) offer 4 Promising sopytjo,
Languages for cps modelling Providing tajlopeq 1otations and congyyeq

(MODELS Companion 24 September 227 2024, Linz, Austyig, ACM, New

) ACM Reference Formg,, (GPLs), DSLg capy “ncapsulate domajn-gpe e knowledge, simplify-
h Marcus Gerholg, Aljga; Kouzel, Haroun Mg Selin A Mehmed, ang v, 118 the modelling o coss and enhancing Communication hetyeer,
o 1 p i a ° >

dim Zaytsey, 2024, Modcllmg onyber—PhyucaI Systems through Domain- domain experts and developers [59]. For Instance, Uy, and VHDF,
Specific Languages, Decision, Analysj Design. In Acyy gy 27th Inter- are well-known pgp.g 1, their respectiye domains,
0 r\ national Conference op p o) Driven Engineering Languages and Systems Itis known frop, Prior work that gy, development cap e concep-

York, NY, Usa, 19 Pages https.//dox,org/lﬂ.1145/3652520.3688348

on to make digital or parg pies of all or part of g oo for personal or
ovided th,

classroom yse js granted withoyt o pre 'at copies are pop made or distribygeq RQ1: What are critical aspects that DSLs must address to ensure
for profit or commergiy] Svantage and that copieq poc” this notice and e gy citation that

For all other SES, contact the oype, /author(s) RQ2: Hoy, can we analyse and mode the CPS domain to under-

S I e p comprehensive framenyopj for developing DSL that gy efficiently
° model CPS. Egseniapyy e Want the answers to the following re-

MODELS Companiop 24, Septemper. 22-27, 2024, Lins, Austria stand the foundah’onal concepts and relan’onships that underpin
2024 Copyright heig by, yor owner/authorys), tems?
ACM 79-8-4007-0622-6/, these systems?
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