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OUR RESEARCH:
MODEL DRIVEN ENGINEERING

Domain-Specific Languages g gt
g

Model-Transformations

(Meta-)Modelling

Areas

Flexibility
Scalability

Concerns

Reuse

Mobile apps
Open data

Social networks, chatbtots

Applications

Streaming data applications




MAIN RESEARCH TOPICS

(Meta-)Modelling
* Flexible modelling (multi-level modelling, a-posteriori typing, facets)

Domain-Specific Languages
 Scalability (model fragmentation policies)
* Active DSLs (modelling through mobile devices)
« Modelling through Natural Language (via chatbots)
- Automated synthesis of chatbots (given domain models)
 Recommendation (for any DSL, or GPL)

Transformations

* Verification, reuse

Variability

 Language product lines
* Petri net product lines




MULTI-LEVEL MODELLING

: : .. p N
Support multiple levels of instantiation ProductType@2
p N VAT@1: double
ProductType[ X2 = Product price: double
VATA:\doubIe price: (A:I\ouble Book: ProductType
! - : VS. VAT=18.0
Book: ProductType?®™*—mobyDick: Product i
VAT=7 price=10 mobyDick: Book
) ’ price=10.0
Useful to: N /

* Reduce accidental complexity in domain models
* Define families of DSLs (e.g., for process modelling)
Some challenges:

« Behaviour specification (e.g., based on OOP, rewriting rules)
« Combination with product lines

de Lara, Guerra, Cuadrado (2014). “When and How to Use Multilevel Modelling”. ACM TOSEM.

de Lara, Guerra, Cuadrado (2015) “Model-driven engineering with domain-specific meta-modelling languages”. SoSyM
de Lara, Guerra (2018) “Refactoring Multi-Level Models”. ACM TOSEM




CHATBOTS & i
3 Hi! How can | help you?

John
I'd like an appointment for
tomorrow at 3 pm

Working Scheme % Vet clinic
A What kind of pet do you have?
Chatbot John
™ NL input A match intent C dogl.
_®_) _®_ et clinic
ugr é What’s wrong with your dog?

intent, John

T He'’s not eating well...
response intent. =1 & exter'nal é Vet clinic
@ ! service ‘o Our doctor will examine your

dog tomorrow January 16th at 3
pm. Please let me know if you

a - '
'. U ' |
-

See you tomorrow John.

All major software companies are offering platforms for
developing chatbots:

« Google’s DialogFlow, Amazon’s Lex, IBM’s Watson Assistant,
Microsoft Bot Framework + LUIS.

Conversation-as-a-platform

need to cancel the appointment.

O

O
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CHATBOTS

Increasing use of social networks

 Telegram, Twitter
Use them for collaborative modelling

 Chatbot
* Interprets natural language

 Creates a (meta-)model automatically
https://saraperezsoler.github.io/ModellingBot/

Challenges

* Testing, quality assurance
« Automated connection with services

Pérez-Soler, Guerra, de Lara, Jurado. 2017. The Rise of the (Modelling) Bots: Towards Assisted Modelling via Social

Networks. Proc. ASE.

Pérez-Soler, Guerra, de Lara. 2018. Collaborative Modeling and Group Decision Making Using Chatbots in Social

Networks. IEEE Software.

Sara Pérez-Soler, Gonzalez-Jiménez, Guerra, de Lara. 2019. Towards Conversational Syntax for Domain-Specific

Languages using Chatbots. Journal of Object Technology

Juan
HI guys! What are the requirements for the campaign software?

Esther
/talk the campaign planner will contain marketing campaigns
and employees

SOCIo

esther
/talk the campaign planner will contain marketing camp...

@ c.ligni
CampaignPlanner

/ﬁmrkeling(ampaigns \\ﬁmployees
o

@ rictingeer Ocoye
MarketingCampaign Employee

Juan
(Q) who participates in 3 marketing campaign? 1a

+

\
.

Esther
/talk Marketing camps have a work team of employees and a
director who is an employee

SOcCIO

esther
/talk Marketing camps have a work team of empl...

©CampaignPlanner

’{marketingCarnpaigns

*
.



https://saraperezsoler.github.io/ModellingBot/

MUTATION TESTING (MT)

mutation

operators

. "-__”Gp_u_'r___\\ mutant
MT: Inject errors on program to assess the | | ﬂ programs
. . | program e — H - —
quality of a test suite it ==

I test cases % |

I\ —

ad;nal

Challenge: =] &=

live mutants killed mutants
» Building MT tools is costly mutation score

« Wodel: a DSL and an MDE automation solution to create MT
tools for arbitrary languages.

a = select one Assignment where {rhs is typed ObjectCreation}
create NulllLiteral in a->rhs

Gomez-Abajo, Guerra, de Lara. 2017 A domain-specific language for model mutation and its application to the
automated generation of exercises. Computer Languages, Systems & Structures.

Gomez-Abajo, Guerra, de Lara, Merayo. 2018. A tool for domain-independent model mutation. Sci. Comput. Program.
Gomez-Abajo, Guerra, de Lara, Merayo. 2019. Mutation testing for DSLs (tool demo). Proc. DSM




& runtime-EclipseApplication2 - Families2Persans/vch/Outputl.atl - Eclipse Platform S

File Edit Mavigate Search Project ATL Editer Run  Window Help

A lEH R I RH - AL IRE B SRR N Quick Access | 1 | ()«
5 Proj.. 22 = B €] OutputDatl &3 = B W Wodel-Test rutant results 53
R | B v 36 else i
= 37 self.familyDaughter.lastName Result
a fze ATII_Check a3 endif esults
4= in 39 endif Equiv.. Package/class/mutant #Bx.. #Fai.. #Pa.. Applied mutations/Failed t
[2] allen.model 48  endif; -- it creates a male from a family member b (Families2Persons/rb/Outputl.atl 2 2
(2] brown.mode i; --lit"crEat:; i m?le from a family member that is b /Families2Persons/rb/Outputl.atl 2 3
o = rule Member2Male
4 55 Families2Persons 2 | fro »  /Families2Persons/vch/Output0... 2 2
b= cb r = : Families!Member [ /Families2Persons/vch/Qutputl... 2 2
b= ocf 45 ( S /Famnilies2Persons/fc/Outputl.atl 2 2
[ =% ccipe 46 not s.isFemale() b fFamilies2Persons/fc/Outputl.atl 2 2
i = ccope i; t‘)) i+ /Families2Persons/cf/Qutputd.atl 2 2
[ cf
g . 49 t : Persons!Male (
k cipe 5@ fullName <- s.firstName + ' ' + s.familyName
[ = cmr 51 )
[ (= cope 52 } -- it creates a female from a family member that| |
b (= data 53 -- it creates a female from a family member that i
54 le Member2F 1
b B fe os | from { 4 (Families2Persons/cipe/Outputl.. 2 2
I [ neipe 56 s : Families!Member 4 [Families2Persons/cipe/Outputl... 2 2 create object mutator: Sim)
i+ [ nemr 57 { ) FATLCheck/in/brown.model 1 1 Different
& [ ncope 53 s.isFemale() 3 [ATLCheck/in/allen.model 1 1 Different
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a8 to
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& v ) i -_---—
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Output().
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#Generated mutants: 36 (Mutation score: 53,85%) (Running time: 9 s.; Mutation time: 4 s.; Tests execution time: 5 s.)
€] Outputl.atl

i #] Families.ecore  |Mutation operators applied:not applied (13:5) | % Mutation operators applied 72,22% _

A Families2Persor
€| Families2Persor Mutants killed:equivalent:live (14:0:12) 2 Mutants killed 53,85% _
Ll Families2Persor
€] Families2Persor
[2] Families2Persor
[2] Famnilies2Persor
MutantGenerat:
i ] Persons.ecore
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Tests failed:passed:error (2:0:0) % Tests failed 100%




PRODUCT LINES + MDE

Product line (PL): “SE methods for creating a collection of similar software
systems from a shared set of software assets using a common means of
production”

Apply PLs to all sorts of MDE artefacts

* Meta-models and languages, transformations, code generators, etc

Feature diagram PetriNets PetriNet
1 [T T, o
O net L nr;:ut Hierarchical:
Tokens || StateMachine || Hierarchical Udell _ __ ___ |
A~ placesy * in :Eﬁéﬁa}ﬁﬁe_] *Wirans |
€— [min=1, max=1] F
Simple | | Object Place . 'I_-_'-_-_‘-_—__-_-_l:. Transition
- - _ - - - Simple itokens: int [€— StateMachine —
FM = ({ PetriNets, Tokens, Simple, Object, StateMachine, Hierarchical }, out :Iminﬂ. max=1]! .
PetriNets ~ Tokens ~ ((Simple ~ 10bject) v (1Simple » Object))} 1 1 T = —
Object 1 isHierarchical inv:
1 .
tokens . {self.places—imze[} >0 or
Ch a| | en g es: *__ 1Simple self trans—size() > 0)
Token || PosTokens inv: implies (self.in—size() +
Object self.itokens >= 0| self.out—size() = 0)

- Lifted analyses, testing

(avoid combinatorial explotion of checking each derivable product)

Guerra, de Lara, Chechik, Salay: Analysing meta-model product lines. SLE 2018.

de Lara, Guerra, Chechik, Salay. Model Transformation Product Lines. MoDELS 2018.

Gomez-Martinez, de Lara, Guerra. Towards Extensible Structural Analysis of Petri Net Product Lines. PNSE@Petri
Nets/ACSD 2019: 37-46
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