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The beginning
• Ingeniería Aeronáutica - UCM

• Ingeniería Técnica en Telecomunicaciones - UPM

• Ciencias Ambientales - URJC

• Ingeniería Informática – URJC

• IBERIA – Viva Tours

The speaker
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The speaker

My life at @URJC
• Ingeniería Informática - 2004

• Master en Tecnologías de la Información y Sistemas Informáticos – 2005

• Diploma de Estudios Avanzados - 2006

• Doctorado en Informática y Modelización Matemática – 2009

• Profesor Ayudante – 2005 – 2009

• Profesor Ayudante Doctor – 2009 – 2010

• Profesor Titular de Universidad Interino – 2010 - 2014

• Profesor Contratado Doctor – 2014 - 2018

• Profesor Titular de Universidad – 2018 - 2023

• Catedrático de Universidad – 2023 …
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The speaker

My life at @URJC – Management Duties
• Head of the BsC in Services Engineering

• Head of the MsC in Information Systems Engineering

• Head of the SE, Informations Systems and Service Engineering at the PhD 
Program on TIC

1º Máster
100% online 

@URJC
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The speaker

My life as a researcher
• Pre-doc at U. Nantes (Jean Bézivin)

• Post-doc at Tilburg University (Mike Papazoglou)

• 2 Sexenios / 1 Transferencia

• 5 Docentia

• 7 Tesis Doctorales en los últimos 10 años

• 24 artículos JCR – 25 congresos CORE

• IP proyectos MINECO

• Investigador H2020

• … Model 
Driven 

Engineering
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The speaker
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iTrace
Management and analysis of 

traceability information in MDE 
projects 

M2DAT
Technical and methodlogical 
decisions to build MDE tools

MeTAGeM
Model-driven development of 

model transformations

CEViNEdit
Enabling Cognitive 

Effectiveness in the Visual 
Notation of Graphic Editors

MeTAGeM-Trace
Model-driven development of 

model transformations 
supporting traces generation

… to MDE-based tooling

From MDE Tooling …
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Agenda
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Motivation

Technological Solution (1.0)2

Technological Solution (2.0)

Evaluation (SmaCQA)

1

3

4

5 Achievements & Road ahead
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Blockchain

8

the biggest invention since 
the emergence of the 

Internet!!

https://www.healthnewsreview.org/wp-content/uploads/2016/12/iStock-487078483.jpg
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What is a Blockchain?
• A distributed DB + Encryption + Immutability + stored procedures (smart 

contracts)
– A list (chain) of groups (blocks) of transactions

– Like traditional DDBBs, they can be used for anything a DB is used.

How does it work?
• Interested subjects add transactions to the pool

• Nodes verify and add them to some block on the ledger 

• Ledger is replicated among distributed nodes 

• Eventual consistency 
– Absence of centralized control: all nodes achieve consensus about the ledger’s content

• Append-only data structure
– May add transactions – Nearly imposible to change data

Blockchain

9
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Why so much hype?
• Digitalization 

– Goods and services become inmaterial

– Music ⇒ Inmaterial nature + low costs of data transfer 

– Benefit from the advantages of  p2p systems 

Disintermediation
• A tool for achieving and maintaining integrity in purely distributed p2p systems … 

… that consists of an unknown 
number of peers 
with unknown 
reliability and 
trustworthiness

Blockchain

10

• Having one witness is good, but 
having many independent 
witnesses is the key.

• Instead of one ledger, a p2p 
system of ledgers …

Ownership 
and 

Witnesses
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Computer programs 
• Executes autonomously the clauses collected in it 

when the conditions are satisfied
– DTL as a DDBB

– Smart (Submissive) Contracts as triggers or microservices where the business logic 
transacting with that data lives

• Blockchain technology “Sets in stone” the agreement

Smart Contracts

11

Szabo, N. (1996). Smart contracts: building blocks for digital 
markets. EXTROPY: The Journal of Transhumanist 

Thought,(16), 18, 2.

1. Conditions are programmed
2. Implied parties sign the 

conditions (program)
3. Contract is placed into a 

blockchain so no one could 
modify it

• Programs does not leave space to different interpretations ➪ Disambiguation
• No need of a trusted third-party ➪ Disintermediation | ↯Transaction Costs
• Data Storage (future disputes) ➪ Inmutability
• Public ➪ Transparency
• Automatic execution ➪ Time-saving

VS Conventional Contracts
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Ecosystem

Smart Contracts

12

Blockchain

Language

Similar to a Class in 
any OOPL

Libraries & Interfaces

Global variables

Events / Modifiers

Contract signature (is)

Constructor

Functions
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Dealing with Smart Contracts | Issues

13

Learning Curve
• Alharby, M., Aldweesh, A., & van Moorsel, A. (2018). 

Blockchain-based smart contracts: A systematic mapping 
study of academic research (2018). In Proceedings of the 2018 
International Conference on Cloud Computing, Big Data and 
Blockchain.

IT – Business Gap
• Mik, E. (2017). Smart contracts: terminology, technical 

limitations and real world complexity. Law, Innovation and 
Technology, 9(2), 269-300.

• Bosu, A., Iqbal, A., Shahriyar, R., & Chakraborty, P. 
(2019). Understanding the motivations, challenges and 
needs of blockchain software developers: A 
survey. Empirical Software Engineering, 24(4), 2636-2673.

Security Issues
• Mavridou, A., & Laszka, A. (2018, February). Designing 

secure ethereum smart contracts: A finite state machine 
based approach. In International Conference on Financial 
Cryptography and Data Security (pp. 523-540). Springer, 
Berlin, Heidelberg.

“In other words, they're code that does what it's been programmed to do. 

If the business rules ... have been defined badly and/or the programmer 
doesn't do a good job, the result is going to be a mess, and, even if 
programmed correctly, a smart contract isn't smart – it just functions as 
designed.”

What's a smart contract (and how does it work)?
Computer World, Jul 29 (2019)
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Dealing with Smart Contracts | Issues

IT Professionals

Business Professionals

Essential + Accidental 
Complexity 

for Developers

Hard to understand and 
deal with for business 

professionals

?
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Dealing with Smart Contracts | Issues

IT Professionals

Business Professionals

?

Assembly
Languages

Structured
Programming Object-Oriented

Programming

Component-based
Software Engineering

Aspect-Oriented 
Programming

Model-Driven 
Engineering

History of software engineering 
can be seen as one of raising levels 

of abstraction
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Simplify Smart Contract coding
• Auto-completion

• Syntactical validation

• QuickFixes 

• Auto-documentation 

Promote reliability and security
• Generating template code (analyzed and tested code is only used)

• Good practices & risk patterns

Simplify Smart Contract development
• Visual editors

Close the gap between business professionals and developers
• Development of technological bridges

Taking the most from Models

16

Textual DSLs

MDE

Visual DSLs

Model
Transformations

Model-driven engineering uses models 
as the primary source of information, 

abstracting the complexity of the 
system facilitating its specification, 

design, implementation, and 
verification.
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Model-based proposals to deal with Smart Contracts

Dealing with Smart Contract issues

17

Integrating Smart Contracts into the Modeling Paradigm to 
Harness the Potential of Models. Gómez-Macías, D., Pérez-Blanco, 

F.J., Granada, D. Vara, J.M. Software & Systems Modeling, 2024 
(Accepted for publication)
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Agenda
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Motivation

Technological Solution (1.0)2

Technological Solution (2.0)

Evaluation (SmaCQA)

1

3

4

5 Achievements & Road ahead

SmaC | SmaCly | Approaching domain experts
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Research Proposal (1.0)

20

SmaC

Textual DSL for 
smart contract 

modeling

EMF 
smart 

contract 
models

Smart 
Contract

(.sol)

Block-based 
Visual syntax

Transformations  
m2t & t2me3value

models

Transformations  
m2t & t2m

1

23

Textual DSLs

MDE

Visual DSLs

Model
Transformations
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Research Proposal (1.0) - SmaC
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SmaC

Textual DSL for 
smart contract 

modeling

EMF 
smart 

contract 
models

Smart 
Contract

(.sol)

Block-based 
Visual syntax

Transformations  
m2t & t2me3value

models

Transformations  
m2t & t2m

Textual DSLs

MDE

Visual DSLs

Model
Transformations1

23

Integrating Smart Contracts into the Modeling Paradigm to Harness the Potential 
of Models. Gómez-Macías, D., Pérez-Blanco, F.J., Granada, D. Vara, J.M. 

Software & Systems Modeling, 2024 (Accepted for publication)
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What is Xtext?
• Framework for textual DSLs development

• Xtend (Java-like) for the development of validations, quickfixes, etc. 

• Ecore metamodel automatically generated from the grammar.

Xtext

22
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How to develop a textual language?
1. Write the grammar

a) Define the terminals.

b) Define the rules.

Develop a textual language using Xtext(I)

23
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How to develop a textual language?
3. Generate language artifacts.

Develop a textual language using Xtext(II)

24
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How to develop a textual language?
4. Run the Generated Eclipse plug-in.

Develop a textual language using Xtext(II)

25

Conforms To
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How to develop a textual language?
5. [Generate Code Generator - Xtend]

6. [Unit Testing]

7. [Creating Custom Validation Rules]

Develop a textual language using Xtext(II)

26

Including 
quickfixes 
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Features
• Coding Solidity Smart Contracts ➪ Smart Contract model

• Predefined data types: User & Company

• Facilities
– Code completion

– Syntax highlighting

– Element tag description 

– Documentation

• Validation and quickfixes

• Structural pattern

SmaC – a textual DSL for Smart Contract modeling

27
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SmaC in action

SmaC – a textual DSL for Smart Contract modeling

28

https://urjc-my.sharepoint.com/:v:/r/personal/juanmanuel_vara_urjc_es/Documents/Docencia/Charla_UCM_2024_SmaCQA/Videos/SmaC.mp4?csf=1&web=1&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=l8RR10
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Research Proposal (1.0) - SmaCly

29

SmaC

Textual DSL for 
smart contract 

modeling

EMF 
smart 

contract 
models

Smart 
Contract

(.sol)

Block-based 
Visual syntax

Transformations  
m2t & t2me3value

models

Transformations  
m2t & t2m

1

23

Textual DSLs

MDE

Visual DSLs

Model
Transformations

A block-based web IDE to ease the Smart Contract programming learning curve. 
Gómez-Macías, C., Pérez-Blanco, F.J., Granada, D. Vara, J.M. IEEE-RITA, 

2024. (Accepted for publication)
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SmaCly – a block-based VDSL for Smart Contracts

30
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Block shape definition

SmaCly – a block-based VDSL for Smart Contracts

31



@jmvara 

Block shape definition

SmaCly – a block-based VDSL for Smart Contracts

32

Block exportation
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Block shape definition

SmaCly – a block-based VDSL for Smart Contracts

33

Block exportation

Toolbox
& Associations
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Features
• Visual programming of Solidity Smart contracts

• Predefined data types: User & Company

• Facilities: model element description and documentation

• Predefined templates (Fungible & Non fungible tokens)

• Inherits SmaC’s structural pattern

• Import and export mechanisms (models, running-code, XML formats)

SmaCly – a block-based VDSL for Smart Contracts

34

SmaCly supports the 
creation of models 

based on the abstract 
syntax defined for SmaC
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SmaCly in action

SmaCly – a block-based VDSL for Smart Contracts

35

https://urjc-my.sharepoint.com/:v:/r/personal/juanmanuel_vara_urjc_es/Documents/Docencia/Charla_UCM_2024_SmaCQA/Videos/SmaClyLoadContract.mp4?csf=1&web=1&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=6gyb2W
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Research Proposal (1.0) – Technological Bridges

36

SmaC

Textual DSL for 
smart contract 

modeling

EMF 
smart 

contract 
models

Smart 
Contract

(.sol)

Block-based 
Visual syntax

Transformations  
m2t & t2me3value

models

Transformations  
m2t & t2m

1

23

Textual DSLs

MDE

Visual DSLs

Model
Transformations
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Business (Process) Modeling

Canvas e3value

Service 
Blueprint PCN BPMN
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Business (Process) Modeling

Canvas e3value

Service 
Blueprint PCN BPMN
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Business modeling notation 
• Focused on representing the value interchanges between the different actors 

involved in the provision of a service.

e3value in a nutshell

39

Gordijn, J., & Akkermans, H. (2001). 
Designing and evaluating e-business models. 

IEEE intelligent Systems, (4), 11-17. 
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Actors / Market Segments
• An entity that carries out value activities that allow 

him/her/it to increase … profit or utility

e3value in a nutshell

40

Gordijn, J., & Akkermans, H. (2001). 
Designing and evaluating e-business models. 

IEEE intelligent Systems, (4), 11-17. 
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Stimulus
• Events caused by an actor, trigger come value exchange.

• Two types: Start stimulus (User Need) y Stop stimulus Border Item.

e3value in a nutshell

41

Gordijn, J., & Akkermans, H. (2001). 
Designing and evaluating e-business models. 

IEEE intelligent Systems, (4), 11-17. 

StartStop
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Value Interface
• Group the ports through which the actor is willing to make value interchanges

• A form of representation of economic reciprocity of value between actors

e3value in a nutshell

42

Gordijn, J., & Akkermans, H. (2001). 
Designing and evaluating e-business models. 

IEEE intelligent Systems, (4), 11-17. 
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Value Ports
• Used by an actor to request value objects to or from its environment (directional)

e3value in a nutshell

43

Gordijn, J., & Akkermans, H. (2001). 
Designing and evaluating e-business models. 

IEEE intelligent Systems, (4), 11-17. 
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e3value in a nutshell

44

Gordijn, J., & Akkermans, H. (2001). 
Designing and evaluating e-business models. 

IEEE intelligent Systems, (4), 11-17. 
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e3value 
Metamodel

SmaC 
Metamodel

Abstract Syntaxes – Concepts

45
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Value Transfer

Value Port

Correspondences Analysis

46

Address / User (Personalized Struct)

Events

Cryptocoins, Services, Assets, Advices

Functions

Smart contract

Match
Partial Match

Actors

Value Object

Value Interface

Stimulus

Market segmentAddress Array / Company
 (Personalized Struct)
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Model Weaving for correspondences visualization

52
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Research Proposal (2.0)

54

SmaCQA

DSL questions and 
answers (Q&A)
about e3value 

models 

Q&A’s
models

SmaC

Textual DSL for 
smart contract 

modeling

EMF 
smart 

contract 
models

Smart 
Contract

(.sol)

Visual 
smart 

contract 
models

SmaCly

Visual syntax 
based on 

blocks

Transformations  
m2t & t2m

Smart 
Contract

(.sol)

Transformation 
m2t

e3value

Visual DSL for 
business 
modeling

e3value
models

Support to transformation m2t 4

5

Soportando la producción de contratos inteligentes a partir de 
modelos de negocio. Gómez-Macías, D., Vara, J.M., Pérez-Blanco, 

F.J., Granada, D. Villarrubia, C. Jornadas de Ingeniería del Software y 
Bases de Datos (JISBD), 2024. La Coruña



@jmvara 

Research Proposal (2.0) – SmaCly Addons

55

Visual 
smart 

contract 
models

SmaCly

Visual syntax 
based on 

blocks

Smart 
Contract

(.sol)

Transformation 
m2t

4
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Research Proposal (2.0) – SmaCQA

56

SmaCQA

DSL questions and 
answers (Q&A)
about e3value 

models 

Q&A’s
models

SmaC

Textual DSL for 
smart contract 

modeling

EMF 
smart 

contract 
models

Smart 
Contract

(.sol)

Visual 
smart 

contract 
models

SmaCly

Visual syntax 
based on 

blocks

Transformations  
m2t & t2m

Smart 
Contract

(.sol)

Transformation 
m2t

e3value

Visual DSL for 
business 
modeling

e3value
models

Support m2t transformation 4

5
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Features
• Additional information for e3value2SmaC mapping

• Facilities: 
– Syntax highlighting

– Element tag description

– Documentation

• High level design ~ Comprehesion

• Validation and quickfix 

• HTML Export

SmaCQA – a textual DSL for data gathering

57
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Supported questions

SmaCQA – questions supported

58

EconomicLegal

Value Object 
Question

Is it a token?

Is it a tangible 
object?

Is it a service?
Boolean 
variable

Smart Contract 
Token

Struct

? ?

?

Data
?

ERC-20
ERC-223

ERC-721
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SmaCQA in action

Running SmaCQA

59

https://urjc-my.sharepoint.com/:v:/r/personal/juanmanuel_vara_urjc_es/Documents/Docencia/Charla_UCM_2024_SmaCQA/Videos/SmaCQA.mp4?csf=1&web=1&nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=EPTlZE
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From e3value to SmaC models with SmaCQA

60

• Compiler version
• Contract’s name
• Inclusion of more information on actors
• Function’s name, modifiers,
• Events

e3value Model
(.e3value)

SmaCQA Model
(.qa)

SmaC Models
(.sce)

Processor
(Xtend & Java)

Source Wizard
(Java Swing)

1

1

2 3 4

Target
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Evaluation Protocol

62

Domain 
Experts

1st Iteration

Comparative
Analysis

Subsequent
Iterations

Incorporate
more questions

e3value 
Model

SmaC
Model

e3value 
Model

SmaCQA 
Model

SmaC
Models
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Business Model – Solar Farm

63
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Business Model – Solidity concepts correspondence

64
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Code generation improvements

Results & Main findings

65

IT.1
• Generate struct type for actors (identify actors involved)
• Generate smart contracts (identify pair value interfaces)
• Generate functions (identify value exchanges)

IT.2
• Generation of a tax property (Tax Legal Question 2.2)
• Generation of a tax actor collector (Tax Collector Legal Question 2.2.1)
• Generate of modifiers for change the tax amount & tax collector (Derived from 2.2 & 2.2.1)

IT.3
• Generation of a legal age property (Minimun Age Legal Question 2.1)
• Generation of a struct type for value objects (Value Object Tangible Question 1.5)
• Generation of a modifier for verify the legal age (Derived from 2.1)

IT.4
• Generate time property (Data Question 1.2)
• Generate boolean property to represent a right (Value Object Right Question 1.5)
• ERC-20 smart contract (Value Object Fungible Token Question 1.5)
• Generate property to represent the minimum monetary amount (Economy Question 3.1)
• Generation of a modifier for time control of the value exchange (Derived from 1.2)
• Generation of a function to modify the time interval (Derived from 1.2)
• Generation of a modifier to control if the actor has the minimum balance amount (Derived from 3.1)

Conclusions 

• Limitations of e3value

• SmaCQA increases 
completiveness

• Complete fungible token 
model

• SmaCQA to be tested in 
different domains 
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A closer look

66

Value Exchange must 
be completed in 3 
days

Model gathers some more data 
regarding different element types 
(before they are to be used=, such as 
modifiers, numeric variables, etc.
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A closer look

67

• Name
• Symbol
• Decimals
• Supply
• Possibility to mint more?
• Possibility to burn specify amount?

ERC-20 Specification
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Technological Solution (1.0)2

Technological Solution (2.0)

Evaluation (SmaCQA)

1

3

4

5 Achievements & Road ahead



@jmvara 

Blockchain networks providing a computational platform
• Trust-less | Immutability | Transparency 

• Disambiguation + Disintermediation

Smart Contracts as the way to explode such infrastructure
• IT – Strategy gap

• Essential + Accidental Complexity ➪ Tooling needed

Recap

71

Raise the level of abstraction at which 
Smart Contracts are developed /designed

Models to the rescue
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Building a model-based toolkit for the development of smart contracts
• SmaC – a textual DSL to bring contracts to the realm of models 

• SmaCly – a visual DSL to enable graphical development of contracts
– Code completion, contextual assist, development pattern, syntax 

and semantic checking, etc. … for each DSL

– Integration

• Mappings to shorten the distance 
with domain experts

• SmaCQA – a textual DSL to improve 
contract generation from 
business models

Recap

72

SmaCQA

DSL questions and 
answers (Q&A)
about e3value 

models 

Q&A’s
models

SmaC

Textual DSL for 
smart contract 

modeling

EMF 
smart 

contract 
models

Smart 
Contract

(.sol)

Visual 
smart 

contract 
models

SmaCly

Visual syntax 
based on 

blocks

Transformations  
m2t & t2m

Smart 
Contract

(.sol)

Transformation 
m2t

e3value

Visual DSL for 
business 
modeling

e3value
models

Support to transformation m2t
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SmaC
• SmaC2e3value mapping

• Automatic deployment of modelled contracts

• Move SmaC to the Web (SmaCly is already a Web IDE)

SmaCly
• CEP-based mining of developers work

SmaCQA
• Visual syntax

• Test SmaCQA in different domains to expand the set of supported questions

Road ahead – Steps been taken

73
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SmaCQA
• Test SmaCQA in different domains to expand the set of supported questions

– Factoring (investment mechanism)

– Supply Chain

Road ahead – Steps been taken

74

Former SmaCQA

#Categories 3

#Questions 23

Current SmaCQA

#Categories 6

#Questions 75
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SmaC repo on GitHub

Visit our playground

75

https://github.com/The4Fantastics/SmaC
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