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Abstract After a software architectural style has been chosen for the (re)design of a software compo-

nent, implementation of a particular design can take place. In particular, designs based on 

the Domain Driven Design architecture, require implementing several services that follow a 

common structure, known as Domain Data Services (DDS). The aim of this work is to re-

duce the development time required to create and maintain DDSs, by modeling their struc-

ture and behavior; and generating their implementation using a code generator. A Domain 

Specific language, together with a textual integrated development environment (IDE), a 

code generator to a general purpose language, and guidelines on how to use this new meth-

od are developed for this purpose. Simple DDSs that perform Create, Read, Update and 

Delete (CRUD) operations are expressed more concisely using this method, and boilerplate 

code required to deploy the DDS on a particular platform can be generated using a tem-

plate-based code generator. Under certain constraints the use of a DSL reduces the devel-

opment time of creating a DDS. As future work it is suggested to enrich the DSL with addi-

tional expressivity to evaluate if the results found in simple cases can be replicated when 

the complexity of DDSs increases. 
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Preface 
 

Model-Driven Engineering (MDE) and Domain-Specific Languages (DSLs) are 

advertised as ‘cutting-edge’ methodologies to improve the software development 

process. However, most software developers do not use them for their daily work. 

One of the main reasons is that the costs to do so outweigh the benefits in multi-

ple scenarios: Instead of directly coding the application (whether it is a website, a 

desktop application or an embedded controller) a developer needs to model it first 

and then build a code generator to transform the models into the actual applica-

tion. Bottom line, MDE and DSLs are not an out-of-the-box tool ready to be 

used. They are also not a methodology that pays off with a single use; their value 

comes when developing similar software several times.  

 

Without concrete use cases, the advantages of using MDE are difficult to quantify 

and prove to potential new users and companies. Enter the Brain Port Region, a 

booming technology hub where DSLs and MDE have been consistently used dur-

ing the last years. Located in Eindhoven, the Netherlands, it is composed of the 

region’s universities and high-tech companies. Here, ASML (the world’s leading 

manufacturer of lithography machines) uses DSLs to capture the software archi-

tecture of their complex lithography machines. 

 

During the course of reading, the reader will get acquainted with DSLs to express 

a software architecture, as well as its implementation; and model driven environ-

ments to facilitate their usage. As a guiding thread for the read, ASML will be 

presented from a different point of view, to the one that is usually found in litera-

ture: Instead of explaining the lithography machines that the company builds, the 

reader will get acquainted with the tools used to build the software behind them. 

The reader will also learn how DSLs allow a software developer to write technol-

ogy-agnostic code, and the challenges DSL-toolsmiths face to provide IDEs for 

them. A proof of concept presents a collection of experiences useful to extend 

ASOME, ASML’s domain-specific language-workbench. 

 

 

Happy reading! 
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Executive Summary 
In 2011, the metrology department at ASML started a pilot project to improve the 

designs of software modules that were to be refactored. The result was DCA, an 

in-house architectural style (inspired by the design methodology known as Do-

main Driven Design DDD and the Onion-layered architectural pattern) composed 

of three aspects –Data, Control and Actions-. 

 

Fast forward to 2016 and the software architecture group is now building 

ASOME, a model-driven environment for supporting metrologists and developers 

in implementing systems in line with the DCA architecture pattern. ASOME pro-

vides developers with standard development environments, i.e., textual, graphical 

and combined editors, (code) generators, pathways to verifiers, analyzers and 

simulators among others, to best fit the development of components on each layer 

of the DCA architecture. 

 

This report evaluates the feasibility of extending ASOME’s domain specific lan-

guages with a new language. The goal: support developers and metrologists in 

implementing data-domain services for the data aspect in DCA. 

 

A domain model in the context of DCA captures metrology concepts, their attrib-

utes, relationships, as well as domain constraints and invariants.
1
 Data-Domain 

Services (DDS) enrich domain models with operations when an operation is not 

the natural responsibility of an entity. 

 

The main benefits from this project are: 

 An extension to ASOME that covers a new concern -DDSs-. This exten-

sion integrates with the actual ASOME (not to a mockup), adding more 

value than a proof of concept. The extension includes: A Domain Specif-

ic language for modeling DDS, together with a textual integrated devel-

opment environment (IDE), a code generator to a general purpose lan-

guage, and guidelines for developers on how to use this new method. 

 A generic approach/process to extend a language workbench, which can 

be reused in different scenarios. 

 

As a result of this project, ASML metrology now has a proof of concept that es-

timates the amount of effort required to extend ASOME with a DSL to express 

data-domain services. On a more general note, this project has brought to ASML 

the knowledge needed to evolve DSLs that only express structure to more com-

plex ones that integrate structure with behavior.

                                                      
1
 [Matija Lukic, OOTI-2011] Metrology data modeling and data handling 
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1.Introduction 
The reader should be aware that this is not a standard report for an OOTI project. This means 

that the traditional structure is not followed: (1) A software system with clear defined function-

al and non-functional requirements, (2) its software architecture, (3) the design decisions taken 

to meet the stakeholder’s needs and (4) a validation scenario. 

Instead, ASML wanted this to be an exploratory project to suggest innovations in the way of 

working of a software developer in the metrology department. The rationale for allocating a 

designer trainee (an outsider to metrology and ASML) is that (1) innovation is hard to come 

from developers who are already used to a way of developing, and therefore no longer stop to 

think and reflect on the rationale behind it (2) a designer trainee is familiar with applying in 

practice the latest technologies and design methodologies in several industrial projects, due to 

his/her past experiences in the in-house projects done as part of his first year studies. 

1.1    Context 
 
The software system developed in this project is an extension to ASML’s Modeling Environ-

ment and Language Workbench (ASOME-LWB) that covers a new concern:  Domain-Data 

Services (DDSs). This extension includes: A Domain Specific language for modeling DDSs, 

together with a textual integrated development environment (IDE), a code generator to a gen-

eral purpose language, and guidelines for developers on how to use this new method. This im-

plies that for ASML, the value is not only in the system itself, but especially in the systems that 

can be created with it. Therefore, this chapter begins with introducing the architecture of 

ASML metrology systems. Since software architecture can have very different meanings to 

different readers, to provide a common vocabulary; the definition from Markus Voelter [1] is 

used. Second, a basic description of the design methodology Domain Driven Design [2] and 

the architectural pattern Onion Architecture [3] is provided; a basic knowledge of both is need-

ed as they provide the context for the programs developed with the DSL.  

1.1.1.  Software Architecture of ASML metrology systems 

In this report the definition used for software architecture is the one proposed by Markus 

Voelter: “Software architecture is everything that needs to be consistent throughout a software 

system”. This definition includes the system’s stakeholders needs, together with the rationale 

that demonstrates how the system’s structure and behavior realize them. In this report, soft-

ware architecture is used to describe ASML metrology software systems. Figure 1 presents, on 

its left side, the context of these systems. At the bottom is the physical level: the lithography 

scanner, above it, the software that enables the scanner to work, and on the top, the software-

architecture. 

 

The right side of the figure introduces the main concepts of software architecture. The conven-

tion followed is: underlined text in italics is the official terminology, it is followed by a semi-

colon, indicating the terminology adapted to the ASML context.  

 

The core of software architecture is the Conceptual Architecture: Defines the architectural 

concepts (defined independently of specific implementation technologies) from which concrete 

systems are built, for example: component, port, data structure. Technology mapping: Defines 

how the architecture concepts are implemented based on specific technologies. The Program-

ming model: The way in which the architectural concepts are implemented in a given pro-

gramming language. Applications: Are implemented by instantiating the architectural con-

cepts, and implementing them based on the programming language [1]. 

 

 



 

 

 
 

 

 

 

The rest of this chapter focuses on the core of software architecture: the conceptual 

architecture and the languages used to realize it. The design method and architectural patterns 

on which the conceptual architecture (DCA) is built, are described next. 

 

1.1.2.  Data, Control and Actions: The conceptual architecture for ASML 

metrology software 

 
ASML lithography scanners are designed to deliver very high throughput with nanometer ac-

curacy. To achieve this extreme performance, a huge amount of (embedded) software is need-

ed to implement and apply e.g. numerous corrections and control loops. However, at first sev-

eral of these applications communicated by passing values directly as shown on figure 2. The 

problem is that the absence of common datatypes definitions obliges each application to con-

vert the datatypes it uses to a format that the applications that it needs to communicate with 

can process. 

 

 

Figure 2 Direct communication between applications 

 

In order to solve this problem and increase efficiency and software quality, a group of archi-

tects
2
 at ASML have been working for some years in defining a new architectural pattern 

called DCA, that explicitly separates control, from data and actions, see figure 3. 
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Figure 1 ASML software systems and software architecture 
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Figure 3 DCA Aspects 

 

In 2013, the project “Metrology data modeling and data handling” was carried out as the first 

step in realizing DCA’s data layer, see bottom right box in figure 3. That project together with 

other pilot projects served as the basis to come up with the data part of the DCA architecture.  

 

Figure 4 shows how DCA can be applied to solve the problem introduced in figure 2. The data 

repositories now offer access to data independent of its internal representation. However, when 

control and action applications need access to this data the repositories are not accessed direct-

ly, instead a DDS is used. This way, the DDSs encapsulate all data related logic that is not con-

trol or algorithms (CRUD operations and queries). 

  

 

 

Figure 4 Data Aspect in DCA 

 

Currently, creating domain models (used to generate the code for the data repositories) is one 

of the challenges software developers face when using DCA in the redesign of existing com-

ponents; ASML’s modeling environment ASOME is meant to automate parts of this task. 

 

 

 

 

 

 



 

 

ASOME’s DCA Data tool provides graphical editors to create a domain model and a code gen-

erator to (partially) generate code from it. Part of the code that is still written manually is the 

data-domain services DDSs: services that query, update, and remove elements in the domain 

model. This manually written code has issues which include: 

 

 Is up to the developer to decide which design patterns to use 

 New DDSs are created by copy-pasting existing domain data services fol-

lowed by customizing them 

 Considerable amount of boiler plate code 

 

1.1.3.  The Onion Architecture with Domain Driven Design 

Onion Architecture 

The onion architecture [3] presented in figure 5 is a different approach to traditional layered 

architectures where each layer depends on the layers beneath it. Instead, it emphasizes the use 

of interfaces for behavior contracts, and it forces the externalization of infrastructure [3]. Its 

main benefit is that, compared to a traditional layered architecture it reduces the coupling be-

tween layers. 

 

 

Figure 5 Onion Architecture 

 

At the heart of the application sits the Domain Model, capturing all relevant entities and rela-

tionships. Interfaces for accessing the domain objects are also defined in the domain model. 

However, their implementation is dependent on the data storage and as such is not a part of the 

domain model, but belongs to the infrastructure, which is the outermost ring. 

 

Application Services and Domain Data Services (DDSs) 
The application services and DDSs help in defining the behavior and intent of the application. 

These two types of services, when implemented, orchestrate calls to the repositories and return 

data to the client. The DDSs capture the business rules of the domain, while the application 

services, built on top of the domain services, provide all the necessary functionality for han-

dling client requests. 

 

The outer layer of the onion architecture model contains the user interface, test suits for the ap-

plication and the infrastructure. Being at the edge, these components can reference all others. 

The infrastructure contains the implementation of repositories, loggers, security mechanisms – 

everything that is not in the application core and that is not exposed to the client. 

 

Domain Driven Design 

When putting the complexity of the domain in the heart of the software using the onion archi-

tecture, a logical step is applying domain driven design (DDD). DDD is an approach to develop 

medium to large software applications. Its goal is to make the software being built a model of a 

real-world system. The advantages of having a domain model include (1) better communication 

between software developers and metrologists, and (2) a modular, extensible and easy to main-

tain model that reflects the metrology domain [2]. 

 



 

 

1.2    Assignment objective 
 
Figure 6 shows the current workflow that a person writing a DDS must follow. First, the 

ASOME data tool is used to model the domain model and generate the code for the data reposi-

tories. Next, the generated code needs to be inspected manually in order to grasp the function-

alities it offers, this is a manual chore as depicted by the hammer and rocks icon. Notice that 

the size of the generated code is directly proportional to the size of the domain model. It might 

be the case that the first times a person inspects this code she will need help from more experi-

enced users in order to understand it. Finally, by peer programming the DDS is implemented in 

C++ by first implementing the structure followed by the behavior.  

 

 

 

Figure 6 Current workflow 

 

Figure 7 shows the improved workflow that this project enables: Given a domain model, a de-

veloper can now complement it with additional data aspects using a DSL to model DDSs. The 

domain and DDS models are then given as input to a template-based code generator, which 

generates C++ code that realizes the DDS and uses the C++ API from the domain model. 

 

 

Figure 7 Enabled workflow 

 

The goal of this project is to evaluate the feasibility of using a DSL to model domain-services in 

the data layer of DCA. The main benefits from this project are: 

 

 An extension to ASOME that covers a new concern -DDSs-. This extension 

integrates with the actual ASOME (not to a mockup), adding more value 

than a proof of concept. The extension includes: A Domain Specific lan-

guage for modeling DDS, together with a textual integrated development 

environment (IDE), a code generator to a general purpose language, and 

guidelines for developers on how to use this new method. 

 A generic approach/process to extend a language workbench, which can be 

reused in different scenarios. 

 



 

 

2. Stakeholder Analysis 
 

At ASML there are three categories of stakeholders interested in this project. The top part of 

Figure 8 introduces them, they are: DDS users, DDS developers and Innovation software en-

gineers. Their roles in this figure are described in table 1. 

 

The bottom part of figure 8 shows the context in which they interact: realizing the access to 

data, required by control and actions applications, by means of DDSs. This figure also intro-

duces the tools that each group of stakeholders uses. Notice how, the contribution of this pro-

ject is focused on improving the tools that the DDS developer uses to code the DDSs, in this 

case the ASOME Data tool.  

 

 

Figure 8 Main Stakeholders 

 

Stakeholder Role Concern 

ASML-Metrology 

software engineer 

DDS developer 

(Use the DDS 

DSL, but don’t 

implement it) 

- Satisfy the requirements of 

DDS users by developing 

and maintaining DDSs on 

top of metrology domain-

models (using the DDS 

DSL) 

DDS user 

(call the generat-

ed code of a DDS, 

which was devel-

oped by a DDS 

developer) 

- Use the generated code 

from DDSs created by the 

DDS developers, to perform 

queries and CRUD opera-

tions in a domain model 

- Evaluate the efficiency of 

the generated code from the 

DSL 

ASML-Innovation 

Software engineer 

DDS DSL 

toolsmith 

-Estimate the technical 

challenges of implementing 

a behavioral DSL 

- To provide DDS develop-

ers with a new DSL, editors 

and code generators  to de-

fine and maintain DDSs 

ASML-Metrology 

managers 

Team manager - Focus on a developer’s 

performance when creating 



 

 

and maintaining a domain 

service 

- Evaluate if there’s an in-

crease in productivity for 

software developers when 

developing domain services 

using a DSL 

Table 1 ASML Stakeholders 

 

 

. 

Despite being an industrial project, stakeholders from the academia also play several important 

roles, see table 2.  

 

Stakeholder Role Concern 

TU/e assistant pro-

fessor & ASML re-

searcher 

Guide the organization 

and technical devel-

opment of the project 

- Evaluate the rationale 

behind the main ar-

chitectural decisions. 

 

TU/e’ PdEng aca-

demic director 

Ensure the findings in 

this project become 

available for new aca-

demic initiatives  

- Ensure the project is 

meeting its deadlines 

and achieving its 

milestones 

Table 2 TU/e stakeholders 

 

 



 

 

 

3. Problem Analysis 
 
This chapter begins with decomposing into activities, the business process used to develop 

DDSs at ASML metrology. First, the process is shown AS-IS (its current status), then im-

provement points are identified in some of its activities, introducing a TO-BE (desired version 

of the process). To bridge the GAP between AS-IS and TO-BE, a technology roadmap is pre-

sented, it describes the strategy required to implement the points of improvement. Finally, the 

technology roadmap is improved with non-functional requirements in the form of a product 

roadmap. 

3.1    Context 
The business process modeling notation (BPMN) [7] is used in this chapter to represent busi-

ness processes. If the reader is already familiar with this notation, he/she is encouraged to con-

tinue to the Roadmaps section. Otherwise, a brief explanation is now presented. 

 

BPMN uses the following conventions: A process is encapsulated in a rectangular container 

known as a pool. The pool is divided in horizontal segments, known as lanes. Each lane repre-

sents an organizational unit (OU), actor or system involved in the process. A lane is divided in 

two sections, the left section contains the name of the OU/actor/system, and the right section 

contains the flow of activities (rounded rectangles) performed by her/him. The flow of activi-

ties spans between the different lanes, indicating who performs what. Finally, the flow is 

bounded by start and end events depicted with two circles. 

3.2    Roadmaps 

3.2.1.  Business Roadmap 

 
The process for developing DDSs at ASML metrology is depicted AS-IS in figure 6: (1) Me-

trologists and software developers collaborate in the creation of a metrology data model. Then 

(2) a software developer creates a configuration model (a model used to customize the options 

offered by the ASOME’s data-domain model code generator). (3) The code for the domain 

model is then generated using as input the two models created in the previous activities. (4) 

The generated code is then compiled as a library. And (5), the software developer begins the 

manual coding of a DDS (using a General Purpose Language), importing the previously com-

piled library. 

 

 

 

Figure 9 DDS development process AS-IS 

 



 

 

The point of improvement for this process is located in the last activity “Write domain data 

service”. The proposed improvement is to (partially) automate coding the DDS. In order to 

achieve this, several changes are required. Figure 7 introduces the proposed version of the pro-

cess. The most important change is the new activity “Create domain data service model” which 

outputs a DDS model.
3
 This model allows shifting the responsibility from manually coding the 

DDS (In the AS-IS version of the process, it is located in the metrology software development 

lane) to generating it (activity “Generate code from domain data service model”), now in the 

ASOME lane. 

 

3.2.2.  Technology Roadmap 

 

One of the main problems with the process AS-IS is that efficiency is not high, as the mainte-

nance of copied code results in unnecessary copied complexity and distributed copied com-

plexity. Bottom line, the DDS DSL reduces the effort of writing and maintaining DDSs, as 

both the structure and behavior are expressed in abstract terms. Furthermore, this enables dis-

cussions on a domain level rather than at implementation level. With this DSL there is now a 

single DDS definition containing both its structure and behavior. To improve readability the 

structure is separated from the behavior. For instance, the behavior is expressed using state-

ments and expressions as in traditional imperative programming languages. 
 

In order to support the business process roadmap, the DSL developed in this project comes into 

play. It is a textual DSL used to model the specification and behavior of a DDS, this DSL can 

be used by developers to model DDSs. Figure 8 zooms in the new activity “Model Data-

domain service”. 

 

 

Figure 11 Create domain data service model 

 

                                                      
3
 In order to support this, ASOME needs to be enriched with (A) A DDS metamodel 

and its corresponding editor, (B) a matching code generator for the new models and 

(C) a code generator model to configure the new code generator. 

Figure 10 DDS development process TO-BE 



 

 

In order to support this new workflow, the technology roadmap is decomposed on a set of tech-

nology related milestones. The first milestone is to provide a metamodel and matching editor 

that can be used for defining an interface for the DDS (An interface serves as a contract between 

DDS users and DDS developers); additionally, the operations offered to client applications are 

defined here, see figure 12 for a conceptual example of a DDS structure. Such operations are 

modeled in terms of the domain model that the DDS complements (the parameters and the re-

turn types of these operations are concepts defined there). 

 

 

Figure 12 DDS Structure 

 

 

The second milestone is to support modeling the behavior of the DDS, figure 13 presents a con-

ceptual representation, notice how each operation defined in the DDS structure is implemented 

by means of statements.  

 

 

Figure 13 DDS Behavior 

 

3.2.3.  Product Roadmap 

 
The first point to convey regarding the product roadmap is that the final product for this DSL is 

a proof of concept. Therefore, it is not intended to be production ready. Instead, the roadmap for 

the product: DSL, and editors around it, is wrapped in a proof of concept providing insight in 

the feasibility of and main challenges in defining the language. Figure 14 contextualizes the 

contributions to ASOME: each block indicates a “part” of ASOME, the blocks with a filling 

represent the products that will be developed in this project, and empty blocks on the other 

hand, represent existing products on which these new products depend. 

 



 

 

 
 

 

 

 First milestone: Develop the DDS in isolation from ASOME. The approach supports 

fast prototyping, providing new functionality without incurring in the costs of inte-

grating the language in the ASOME platform.  

 Second milestone: Validation of early functionality with the software developers.  

 Third milestone: Include all these corrections into the prototype.  

 Fourth milestone: Replace mockup data models used in the development of the first 

prototype DDSs with real models.  

 Fifth milestone: Integrate the DSL in the actual ASOME environment.  

 

Figure 14 Product roadmap 





 

 

4.System Requirements 
 

4.1    Introduction 
This chapter begins with describing the system in terms of use cases, see figure 15. A 

use case presents a scenario describing an interaction between a user and the system. 

The users correspond to the ASML’s stakeholders introduced in section 2, and the 

system to the DSL and corresponding editors introduced in the technology roadmap 

of section 3.2.2. In order to realize a use case, they are refined with Functional Re-

quirements (FR) in order to capture concrete feature specifications for the system. 

4.2    Major use cases 
 

 

Figure 15 Use cases 

The following are the major use cases for metrologists and software developers 

 

Use Case: Model a DDS specification 

Context of use A domain model has been previously created, and a con-

tract for complementing it with operations needs to be 

created 

Scope DDS textual editor 

Primary actor Software developer/metrologist 

Precondition The domain model is available 

Success guarantees An empty DDS interface where operations on the do-

main model can be declared is created 

Table 3 UC: Model a DDS specification 



 

 

 

Use Case: Import a domain model 

Context of use The DDS interface is empty and the domain model on 

which it will operate needs to be referenced 

Scope DDS textual editor 

Primary actor Software developer/metrologist 

Precondition The DDS interface exists 

The domain model on which the DDS operates exists 

Success guarantees The domain model is imported: this means that the ele-

ments of that model have become visible and can be re-

ferred to. 

Table 4 UC: Import a domain model 

Use Case: Model the signature of a DDS operation 

Context of use The return type and parameters of a DDS operation are 

specified using elements from the domain model 

Scope DDS textual editor 

Primary actor Software developer/metrologist 

Precondition The DDS interface exists and a data model has been im-

ported 

Success guarantees The interface of the DDS has been enriched with the 

operations it provides 

Table 5 UC: Model the signature of a DDS operation 

Use Case: Model the behavior of a DDS 

Context of use An implementation of the DDS interface is required  

Scope DDS textual editor 

Primary actor Software developer/metrologist 

Precondition The DDS interface exists  

Success guarantees An empty implementation of a DDS interface is created 

Table 6 UC: Model the behavior of a DDS 

Use Case: Model the behavior of a DDS operation 

Context of use An operation body is linked to the signature of a DDS 

operation. The operation is implemented as one of the 

following types: Create/Remove/Query. The body of the 

operation is composed of a set of statements and expres-

sions  

Scope DDS textual editor 

Primary actor Software developer/metrologist 

Precondition The signatures of the DDS operation has been defined  

Success guarantees The implementation of the DDS includes the bodies of 

the operations defined in the DDS structure 

Table 7 UC: Model the behavior of a DDS operation 

Use Case: Generate code from a DDS 

Context of use The behavior for the DDS operations has been defined 

and needs to be mapped to a general purpose language  

Scope DDS textual editor 

Primary actor Software developer/metrologist 

Precondition The behavior of the operations has been defined  

Success guarantees An API and an implementation in a GPL corresponding 

to the operations of the DDS 

Table 8 UC: Generate code from a DDS 

 

 

 



 

 

 

 

 

 

 

The following presents the main stakeholders from the toolsmiths. 

 

Use Case: Reuse parts of the DDS language as a generic expression language 

Context of use The DDS language is a behavioral language and the core 

can be reused in different existing ASOME languages 

where behavior needs to be modelled  

Scope ASOME languages 

Primary actor Toolsmith 

Precondition The DDS language is integrated in ASOME  

Success guarantees A generic expressions language for ASOME 

Table 9 Reuse parts of the DDS language as a generic expression language 

Use Case: Replicate scope and validation functionalities in ASOME 

Context of use The non-functional capabilities: scoping and validation, 

that complement the DDS language can be reused in 

other ASOME languages editors  

Scope ASOME textual editors 

Primary actor Toolsmith 

Precondition None 

Success guarantees Scoping and Validation functionalities in other ASOME 

textual editors 

Table 10 UC: Replicate scope and validation functionalities in ASOME 

4.3    Functional Requirements 
 

Table 11 provides the functional requirements for a software developer at metrology. 

 

ID Description Use case  Priority 

FR01 Provide a textual concrete syntax ex-

pressive enough to define the structure 

and behavior of three types of opera-

tions: Create/Remove/Query 

Model a DDS High 

FR02 Provide an abstract syntax to capture the 

semantics of a DDS behavior 

Model a DDS High 

FR 03 Provide an editor for the language with 

auto-completion and concrete syntax 

validation  

Model a DDS High 

FR 04 Generate C++ code from a DDS model Generate code High 

Table 11 FR: Software Developer 

Table 12 provides the functional requirements for toolsmiths 
 

ID Description Use case  Priority 

FR05 A proof of concept on how to extend 

ASOME with behavioral languages 

Reuse the DDS lan-

guage as a generic 

expression language 

High 

FR06 A proof of concept on how to use gener-

ated code from a domain model in the 

form of a library 

Integrate the code 

generator form the 

domain models 

High 

Table 12 FR: Toolsmiths 

 



 

 

Table 13 provides the non-functional requirements for software developers 

 

ID Description Priority 

NFR01 Usability: The language should be easy to learn and use High 

Table 13 NFR: Developers 

 

Table 14 provides the non-functional requirements for toolsmiths 

 

ID Description Priority 

NFR03 Have extendable semantic syntax to further include 

new types of queries in a DDS 

High 

NFR04 Have extendable concrete syntax to further include 

new types of queries in a DDS 

High 

NFR05 Provide a documentation for toolsmiths on good 

practices for extending a language workbench 

High 

Table 14 NFR Toolsmiths 

4.4    Constraints 
Table 15 presents the system’s constraints 

 

ID Description 

C01 The system needs to be implemented in the Eclipse Modeling Framework. In 

particular Xtext for the grammar of the DSL, Acceleo for the code generator 

and Ecore as the Metametamodel for the DSL’s abstract syntax 

C02 The generated code for the DDSs needs to interact the code generated from 

the domain models 

Table 15 System constraints 

 



 

 

5.System Architecture 
 
Chapter 4 presented the main use cases and functional requirements needed to model 

DDSs using a DSL. This chapter further elaborates on these concepts by showing 

how the DSL architecture realizes them. First, this chapter presents the environment 

in which the language is integrated: The ASOME language workbench (ASOME’s-

LWB). Basic terminology used to describe DSLs is subsequently introduced, while 

the remaining sections present the architecture behind the language (combined with 

the process for integrating it into the workbench). 

5.1    Introduction 
The ASOME languages are a family of specific-purpose programming languages. In 

the ASOME’s-LWB the terms model and program are used interchangeably. This is 

valid as the ASOME’s-LWB programs are executable models, i.e., models whose 

final purpose is to be transformed into code (in a GPL) and executed on ASML’s 

scanners. 

 

The target platforms where the ASOME’s-LWB programs run are the ASML scan-

ners. ASOME’s-LWB’s execution engine bridges the gap between the programs and 

the platform. It is a set of generators   that take an ASOME’s-LWB program and 

transform it into an artifact, either C++ or Python code. This introduction presents the 

basic terminology and key words needed to understand the ASOME LWB and DSLs. 

 The ASOME’s-LWB languages are technical DSLs: The ASOME’s-LWB 

languages are used by programmers. ASOME’s-LWB models created with 

them do not only embody the architectural structure of a system, but its 

(complete) application logic as well. 

 The ASOME’s-LWB languages are modular languages: The ASOME’s-

LWB languages are a set of languages based on a minimal language core, 

see figure 16. This core is composed of the following languages: Expres-

sions, Primitive types, and Systems. A layered layout is chosen to express 

that a language may depend on one or several languages on the layers below 

(semantics of the uses arrow). Notice that a language may also extend some 

of the abstract concepts defined in a language on a lower layer. Finally, with 

this core as a base, a language with a different scope (area of applicability) 

can be built. 

 

 

Figure 16 ASOME LWB core languages 

 

 Concrete syntax: It defines the notation with which users can create and edit 

models. Currently it is a mix of textual and graphical syntaxes 



 

 

 

 Abstract syntax: It is the data structure that holds the semantically relevant 

information stored in a model. The Eclipse Modeling Framework EMF is 

used for this purpose 

 

 Static semantics: Depending on the type of ASOME’s-LWB program, there 

are specific constraints and type systems rules it must conform to, in addition 

to being structurally correct (regarding the concrete and abstract syntax). For 

instance: 

o Object Oriented like rules such as basic static type conformance and 

scoping 

o Domain Driven Design like rules such as restricting the behavior of 

a type of service, i.e., a Delete statement is not allowed in an Update 

service. 

5.2    Designing the DDSs DSL 
The objective of this section is to explain the methodology used to add the DDS 

language to the ASOME’s-LWB. This language extends the ASOME’s-LWB 

providing first class support for concepts required to model DDSs. From the start the 

language was designed to be integrated with (at least some of) the core ASOME’s-

LWB languages, and optionally with other language extensions. For instance, it 

extends the Expressions and Primitive-types core languages; and uses the Data 

extension language. See figure 17. 

 
 

Basic Terminology 

 

5.2.1.  The Data-related ASOME’s-LWB languages 

These languages provide features tailored to specific data handling tasks. The reason 

for having several specialized data languages is to solve more specific tasks. Each 

data handling language is based on abstractions closely aligned with the subdomain 

for which the language is built, i.e., data representation VS data access. The following 

section presents a high level decomposition of the system that realizes the DDS 

language preceded by the design decisions that motivated them. 

Figure 17 DDS language in the ASOME LWB 



 

 

5.3    Base Architecture 

5.3.1.  Design Decisions 

 
This section presents the design decisions made throughout the project. The first and 

most important one gave origin to the high level design of the system: “How to im-

plement the DDS DSL”. In order to implement a DDS DSL three strategies were 

compared: 

 

DDS DSL implemented as Model to Model Transformations 

 
Once a developer creates a data model, it can be given as input to a model-to-model 

transformation that converts it into a metamodel, see figure 18. This means for in-

stance, that if in the input model there are sets of Entities (E1…En) and Value Objects 

(VO1…VOn), in the output model there would be a set of metaclasses, each one rep-

resenting the original Entities and Value Objects. Such metamodel can then be given 

as input to existing transformation languages such as ATL
4
, QVT

5
 or ETL

6
.  

 

The main advantage of this approach is that a DDS could then be implemented as a 

M2M transformation with the operations in the DDS realized as transformation rules 

or helpers. A second advantage is that the tooling for these languages is mature and 

actively maintained, reducing the time needed in creating custom made editors.  

 

 

Figure 18 DCA model to metamodel 

However, this approach leads to a number of drawbacks: 

 This approach requires the developers to learn a language like ATL or 

QVTo. 

 This approach requires the users to model in a two-step approach: 1) 

make the dca model, 2) transform it into ecore and then define the DDS 

bodies. 

 In case the transformation from dca to ecore changes, the current DDS 

definitions, which are based on ecore, might become invalid. 

 As expressivity in ATL is in no way limited, the generator from ATL to 

C++ needs to handle all cases which might make it very complicated. 

 
 

 

 

 

 
                                                      
4
 http://eclipse.org/atl 

5
 http://wiki.eclipse.org/QVTo 

6
 http://eclipse.org/epsilon 



 

 

DDS implemented using a multilevel modeling approach
7
 

 
The motivation for this approach is the fact that concrete instances of a DCA model can only 

be materialized at code level, but not as ‘actual’ models
8
. This is due to the fact that ASOME 

is implemented on top of a two level modeling approach – the Eclipse Modeling Framework 

(EMF)-, while DCA fits a three level modeling approach. 

  

A new DCA data metamodel is proposed by introducing a new multilevel-modeling design. 

This metamodel is built around a core that is the current version. The main changes in the new 

metamodel follow this pattern: (1) every existing concept becomes a definition, for instance 

Entity becomes EntityDefinition (which inherits from DefinitionElement
9
) and (2) every 

definition has a corresponding instance concept (which inherits from InstanceElement). For 

instance EntityDefinition has Entity and finally (3) a directional association between the two 

concepts. 

 

With the use of a graphical editor, this metamodel can be viewed from two viewpoints: 

 

 Viewpoint 1 Corresponds to the one the DCA data tool currently offers 

 Viewpoint 2 Definition of a model corresponding to the metamodel defined in 

viewpoint 1. Note: This corresponds to the currently missing modeling layer. 

 

However this approach also leads to a number of drawbacks: 

 It would require a major redesign in the implementation of the DCA data tool 

 The expected benefit of being able to model instances of data models doesn’t 

have a direct impact on the creation of the DDSs 

 

DDS implemented using a custom made DSL in ASOME 

 
Development of a DDS generator according to a custom made DSL in ASOME. This 

encompasses (1) the definition of a language to describe the structure and body of the DDS’s 

and (2) the creation of a generator to C++. The main advantage of this approach is that the 

current ASOME languages already contain several concepts allowing the specification of 

DDSs and developers are already familiar with ASOME. 

 

5.4    4 +1 View Model Framework 
 

The 4+1 view models [8] is a framework that describes a software system under different 

viewpoints. Each viewpoint addresses the concerns of a different stakeholder. Per viewpoint a 

different view is used to describe the system. The views defined by the framework are: logical 

view, development view, process view, physical view and scenarios. In this section, the 

previous views are introduced, except for the physical view. This is due to the fact that this 

view presents the topology of software components on the physical layer, and is not relevant 

in the context of this work.  

5.4.1.  Logical View 

 

This view describes the functionality that the system provides to the end-user. A high-level 

representation of the system’s functionality is captured in a domain model. 

 

 

 

                                                      
7
 This approach was motivated by the article “Practical multi-level modeling on MOF-

compliant Modeling Frameworks”. 
8
 In practice this is not an issue: the concrete models are not meant to be populated by a 

user, but with data from a machine. 
9
 TODO See annex with the metamodel proposed in that paper 



 

 

Domain Data Service Domain Model 

 

Figure 19 shows how a Domain data Service operates on a domain model.
10

 This is material-

ized by means of operations performed on the model. Operations are divided in two broad 

groups: CRUD operations and Queries. The CRUD operations manipulate domain concepts 

according to their concrete type: create, read, update and remove. While on the other hand, 

query operations filter elements from the domain model. The query operations can be of two 

types: Select or Collect.  

As expected, when the Query is a Select, the query selects elements that match a filter. When 

the query is a collect operation, then it applies an operation on the elements of a collection 

and it returns a collection of results of these operations. 

 

 

Figure 19 DDS Domain model 

5.4.2.  Development View 

 

Components model 

 

The architecture of the system is  component based, which means the system is a composition 

of loosely coupled components, with each component implementing a part of the system’s 

overall functionality as a separate concern. Figure 20 shows the main components of the sys-

tem. 
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 This is not a class diagram but an entity-relationship diagram showing the main 

concepts of the DDS domain. The actual class-diagram that implements this domain 

model is more refined and contains technical details. 



 

 

 

 

Figure 20 Components diagram 

  

Elements catalog:  

 

 DDS User Interface: Responsible for providing the user with a textual editor where 

the user can create and edit a DDS. 

 DDS Language Infrastructure: Responsible for complementing the textual editor 

with all the capabilities of a modern Integrated Development Environment (IDE) such as 

scoping and validations among others. 

 DDS Semantics: Responsible for encapsulating the domain logic of the DDS domain 

 DDS Code Generator: Responsible for transforming DDS models into code. 
 

5.4.3.  Process View 

 

 
 
 
 

User Interface 

 

Figure 21 Components internals diagram 



 

 

The user interface component is implemented on the Eclipse integrated development envi-

ronment (IDE). This is a widely used and highly extensible editor.  Eclipse is mainly used by 

software developers to edit code in several languages such JAVA, C++ and other popular 

GPLs. However, thanks to its plugin architecture, the base Eclipse editor can also be extended 

to edit domain specific languages. This is the case of the textual editor developed for the DDS 

DSL. 

 

In the case of the user interface component, it is realized by four plugins:  

 Content Assist: Is responsible for providing suggestions to the user regard-

ing possible valid language constructs. 

 Quick fix: In case the user has typed an invalid construct, the editor flags 

the error but also provides a list of suggestions in order to help the user 

solve the problem; each suggestion is presented in the form of a Quick fix.  

 Labeling: Once the user has a created a DDS, the elements that compose it 

(operations, expressions and others) are also presented on a tree view, this 

view can be customized with the labels used to represent each type of ele-

ment.  

 Outline: Similar to the labeling plugin, the outline also customizes the tree 

view of the DDS, the difference is that this plugin is used to indicate which 

type of elements appear on the tree. 

 

DDS Semantics 

 

This component is implemented on top of the Eclipse Modeling Framework (EMF). EMF is a 

modeling framework and code generation facility based on a structured data model that pro-

vides tools and runtime support to produce a set of java classes for the model, along with a set 

of adapter classes that enable viewing and editing the model. This component is described in 

depth on the following chapter. 

 

Language infrastructure 

 

This component is implemented on top of Xtext, a well-known framework for developing 

domain specific languages. The main advantage of Xtext is that unlike standard parser genera-

tors, (1) it uses a class model for the abstract syntax tree and (2) provides a fully featured, 

customizable Eclipse-based IDE. Because of these reasons, the language infrastructure com-

ponent easily integrates with the DDS semantics component. 

 

This component is composed of the following packages: 

 

 Concrete Syntax: Responsible for (1) defining the textual notation of the 

language and (2) deriving a model that conforms to the structure defined in 

the DDS semantics component.   

 Scoping: Responsible for defining the scoping rules of the DDS language. 

These rules dictate how free variables – symbol names which are found in 

the body of a scope (operation body, operation signature) but not defined 

there- are resolved. 

 Validation: Responsible for verifying that the model created by the user is 

meaningful. As the models created are given as input to the code generator 

component, this component ensures that the models fulfill the preconditions 

assumed by it. 

 Typing: Responsible for computing the type of an expression in the DDS.  

 

DDS Code generator 

 

This component is built using Acceleo, a template based, code generator that performs model-

to-text transformations. This technology was chosen (1) as it is compatible with meta-models 

defined in EMF, (3) the generation can be customized using user defined templates, and (3) it 

supports generation of any textual language (in this case C++). 

 

 



 

 

 

5.4.4.  Scenarios 

 
This view presents a set of scenarios that describe sequences of interactions between objects 

and processes. They are used to illustrate and validate the architectural design. The scenarios 

presented here match the system’s major use cases as depicted in section 4.2. 

 

The first scenario depicts modeling the signature of an operation. First, figure 22 presents the 

concrete artifact that is the result of this interaction with the system: an excerpt of a DDS 

interface containing an operation signature. The main point of interest is enclosed in a red 

rectangle: the signature of the operation. This operation receives as input two parameters and 

returns the element created. Note also how before the declaration of the DDS interface there 

are two imports for referencing the data concepts that are used for typing the operation’s 

parameters (MarkMeasurementResult and MarkMeasurementSpecification) and its return type 

(MarkMeasurement). 

 

 
 
 
 

In order to support this, figure 23 presents the sequence diagram showing the relations 

between the parts of the system that make it possible. The developer starts with creating an 

operation and the content assist presents suggestions for possible constructs, after the user has 

given an input, the validation functionality verifies that what the user typed is valid. If so, the 

semantic model of the DDS is updated with a new operation and the corresponding parameters 

and return type.  

 

 

Figure 23 Create operation (sequence diagram) 

 
The second scenario, corresponds to the use case of modeling the behavior of a create 

operation. This scenario builds on top of the previous one, as the behavior of an operation can 

only been defined after its signature has been created. The top part of figure 24 presents an 

excerpt from the data model on which the DDS operates. In particular it shows that the 

ValueObject MarkMeasurementSpecification has an attribute named MMSValue of type 

String.  

 

Figure 22 Create operation signature 



 

 

On the other hand, the bottom part of the figure presents the DDS realization DomainDataRe-

alization, here the body of the operation is created. In the body, two expressions are shown: a 

new Expression and an assignment expression. Notice that the assignment expression is com-

posed of two expressions, the left expression that indicates which element is being assigned, 

and the right expression which is a navigation expression that accesses a parameter of the 

operation and navigates to one of its properties.  The red arrow shows how the editor’s auto-

complete presents suggestions to the user based on the structure of the domain model. 

 

 
 
 
 
The sequence diagram on figure 25 focuses on the assignment expression described above. 

Here when the types the MMSvalue, the linker identifies that the symbol is not declared on the 

same file, therefor it queries the scope provider to verify if there’s an object with that named 

that is valid in that context (the body of a create operation). The scope provider validates that 

there’s a value object with that name in the domain model using the import declaration in the 

DDS interfaces, and creates a cross reference to it.  

 

 

Figure 25 Model create operation behavior (sequence diagram) 

 

The third scenario corresponds to generating code from a DDS. Figure 26 presents the project 

structure where the DDS is located. It is shown to present how the project also contains the 

generated code from the DDS. The folder src-gen has the corresponding interfaces and classes 

in C++ that realize the DDS. 

 

Figure 24 Model create operation behavior  



 

 

 

Figure 26 DDS code and CPP code 

In order to generate the code, the DDS model needs to be validated; if this process succeeds 

then the generation begins. It is actually divided in two parts; first the interfaces that 

correspond to the operations signatures are generated. Second, the implementation classes are 

generated; these contain the operations and queries bodies. 

 

 

Figure 27 Generate DDS sequence diagram



 

 

6.System Design 
 

The first part of this chapter introduces the design used to model (1) the structure of a 

DDS, and (2) its implementation/behavior. Since expressing the behavior of DDSs is 

the main concern of the system, its design is decomposed in several parts in order to 

facilitate its comprehension.  

 

The sections in this chapter are devoted to presenting the concrete system designs, 

but first, the mechanism that was used to guarantee that such designs are appropriate, 

is described: First, a solid basis for the system has been used: the actual ASOME 

metamodel. This ensures continuous integration with the actual system that the DDS 

DSL extends (avoiding integration costs in later stages of the development process, 

which can happen if a mock for ASOME would have been chosen). 

 

Second, with this basis in place, the motivation was to extend it to cover the addi-

tional concern: “modeling DDSs and their behavior”. As a matter of fact, this con-

cern is actually an instance of a more general problem: extending a structural DSL 

with behavioral concepts. Therefore, well-known strategies in literature were taken 

into account for incorporating their best practices in these designs, for instance: the 

book Designing, Implementing and Using Domain-Specific Languages [1] was used 

for better understanding of the domain of behavioral DSLs, the book Implementing 

DSLs with Xtext [5] inspired (A) the Scoping mechanism and (B) the semantics used 

to model assignments in the bodies of the DDSs, [9] Xbase [10] a language imple-

mented in Xtext that can be embedded in Java (although not finally used) was studied 

to understand the extension of structural concepts with behavioral ones, and Object 

Constraint Language (OCL) [11] inspired the structure of the queries in the DDS. 

The customization of these strategies to the ASML context was validated, in discus-

sions and presentations, with ASML experts in the field of DSL development.  

 

6.1    Introduction 
 

Purpose 

The DDS DSL is used to model services that perform CRUD operations on domain 

data models; a model of a DDS expressed in this language defines the structure and 

behavior of that DDS. 

 

Domain 

The domain that this language covers is therefore a set of DDSs.  The concepts that 

make up the domain of this language can be divided in three groups: Language, Exe-

cution Engine and Platform. 

 

 The language: Is the subset of concerns that are different for each program, 

i.e., for each Domain data Service DDS. This language provides abstractions 

to express this variability concisely. 

 

 The execution engine: Is the subset of concerns that can be derived from a 

DDS. Even though they are not identical in each DDS, they are always the 

same for a given DDS structure. These concerns are handled by the execu-

tion engine. 

 

 The platform: Is the subset of concerns that are the same for each DDS. 

 

The language concepts 

A new ASOME’s-LWB language should reuse concepts from the ASOME’s-LWB 

core in order to prevent duplication and overlapping. Only when the existing con-

cepts are not applicable should the tool smith introduce a new concept. 



 

 

 

The rest of this section describes the languages concepts used to model the structure 

and behavior of the DDS DSL, each of the following figures presents a section of the 

DDS DSL that models a particular concern, more in-depth details on a particular 

section are shown on a table describing the main concepts and their responsibility. 

 

Figure 28 is the starting point, it presents (some of) the concepts required to model the 

structure of a DDS. 

 

 

Figure 28 DDS Structure 

 

Concept Description 

Domain Data Service The root element of the DDS structure, and the integra-

tion point with the System language. It has a mandatory 

structure (ADataInterface) and an optional realization 

A(bstract) Data Interface Is composed of generic operations 

Operation An operation’s signature composed of a return type and a 

set of parameters. Note: Although not shown here, the 

concrete instances of type and parameters are defined in 

a domain model. 

(DDS) Realization An (optional) system’s realization and the root concept 

of a DDS behavior. 

(DDS) Operation The actual implementation of the operation signature 

declared in the DDS interface. Notice the link to the Op-

eration it realizes. 

Table 16 DDS Structure concepts 

The transition between modeling the structure to modeling the behavior of a DDS is achieved 

by specifying the bodies of the operations and refining their types. 



 

 

 

Figure 29 DDS Behavior (High Level) 

Concept Description 

DDS Operation Body The container for the expressions and statements that 

implement the logic of the operation. Note: Depending 

on the type of the operation, certain types of expressions 

and statements are not allowed in its body. 

Create Operation Operation used to create new elements (delete statements 

are not allowed). Its intended behavior is to instantiate a 

new element followed by assigning values to its proper-

ties (based on the operation’s parameters). 

Remove Operation Operation used to delete an element. Its intended behav-

ior is to delete the element received as parameter. Note: 

As future work it is envisioned to also delete elements 

found as a result of a query statement.  

Update Operation Operation used to update the properties of an element. Its 

intended behavior is to update the element received as 

the first parameters, with the values received as a param-

eter; a final parameter indicates which property to update 

with which value. 

Query Operation Operation used to retrieve elements from a data model 

based on a filter. There are two types of queries: Select 

and Collect. A query operation has an associated context 

which is a collection of elements. When the query is a 

Select, the return value is a subset of the elements in the 

context. When the query is of type collect, the returned 

value is a set of properties where each property is calcu-

lated based on an element of the context collection.  

Table 17 DDS Behavior concepts 



 

 

After specifying the type of the operation declared in the DDS interface, it is needed to 

implement its behavior by specifying the expressions and statements that comform its body. 

Figure 30 presents the elements to implement the DDS operations. 

 

 

Figure 30 DDS Behavior (Low Level) 

 

Concept Description 

Statement Is used to express an action inside the operation’s body. 

An operation’s body is composed of a sequence of 

statements. 

Expression A statement may have internal components known as 

Expressions. 

New (expression) A type of expression used as part of a variable declara-

tion (see row below), indicating that the new variable 

will be initialized with a new element. This is an expres-

sion required in a New Operation body Note: Currently 

only a new expression without any parameters is sup-

ported. 

Variable declaration 

(statement) 

A statement used to declare a new variable. It contains 

an expression that is usually of type NewExpression.  

Assignment (expression) An assignment is a statement composed of two expres-

sions (left and right). A common example is to have as 

the right expression an expression of type NewExpres-

sion, or a parameter. And as right expression it is com-

mon to use a member selection expression. Note: This is 

very useful in the bodies of create and update operations   

Symbol reference (ex-

pression) 

Is used to access variables declared on a domain model 

Member selection (ex-

pression) 

Is used to reference an attribute or association from a 

variable of type Entity or ValueObject 

Table 18 DDS Behavior low level concepts 

There are cases where a member selection is not enough and it is required to navigate the 

domain model. Examples of these cases are the filters required to express queries. For these 

cases, the concept of navigation expressions was created. 



 

 

 

Figure 31 Navigation Expressions 

Concept Description 

Navigation expres-

sion 

A path expression points to a particular attribute or reference 

of an Entity or ValueObject in an entity model through a 

specific ‘path’ of entity or attribute/data type references. 

Path element  A ‘segment’ in a navigation expression.  

Path head The beginning of a navigation expression. It points to an 

Entity or ValueObject.   

Path tail All the segments in a navigation expression, except for the 

path head, are of type path tail. The difference is that a path 

tail doesn’t point to an Entity or ValueObject but to an at-

tribute or reference. 

Named element Is a super class for Entity and ValueObject (See figure 18) 

Typed element Is a super class for Attribute and Reference (See figure 18) 

Table 19 DDS Navigation expressions concepts 

In the designs presented so far, we have been pointing to Entities and ValueObjects, 

however their details have not been presented so far. In figure 32 these details are 

presented. 



 

 

 

Figure 32 Excerpt from DDD 

 

Concept Description 

Type This is mainly used to specify the type of a Typed Element. 

It is important as ASOME doesn’t have predefined types, so 

the user needs to create them. 

Typed Element Associations and References are typed elements This is use-

ful for validations, for instance, a variable with a different 

type can’t be assigned to it. 

Structured Element Entities and ValueObjects are a subclass of type. This is 

how variables of these types can be declared in a DDS oper-

ation. 

Table 20 DDD semantic concepts 

Finally, the queries can also be explained at this point. 

 

 

Figure 33 Query Expressions (Part 1) 

 



 

 

 

 

 
Query Expressions (Part 2) 

 

Concept Description 

DDS Query It’s the entry-point concept. It’s realization of a Query 

operation  

Query Body The container where the behavior of the query is de-

fined. At this point only one collection operation can 

be defined in the body 

Collection Operation The “query statements” at this point are operations 

over collections.  

Query Operation A particular type of collection operation assignment is 

the query operation. Note: There can be collections 

query operations in the future that are not Query op-

erations, for instance first() or last(). 

 

A query operation is composed of two concepts: A 

context and a filter.  

Query Context The context represents the collection on which the 

query operation will apply. 

Query Filter The filter is the condition against which each element 

in the collection will be compared to decide if it will 

be included in the returned value 

DDS Expression It’s a Boolean predicate used as the guard of the filter 

DDS Variable Declaration A filter uses an iterator to represent the current ele-

ment being evaluated 

DDS Expression subtypes In order to build Boolean predicates there are: atomic 

expressions in the form of constant values, right now 

there are: Boolean, int and String constants. There are 

also Boolean operations expressions: AND, OR, NOT. 

These expressions can also make use of mathematical 

expressions such as: +,-,*,/.   

Table 21 Query concepts 



 

 

 

7.Implementation 
 

7.1    Introduction 
There are various considerations for the choice of grammar rules presented in this 

chapter. Path expressions in entity Models [13] was used as inspiration for the gram-

mar rules responsible for realizing the navigation expressions in the DDS queries. 

Chapter 10: Scoping [5] inspired the rules to import data models in a DDS. Chapter 

8: An Expression language [5] inspired the expressions rules that help the DDS user 

to create the bodies of the operations. 

 

Also important to notice is the fact that the DDS DSL uses an ANTLR parser [14] 

generated by Xtext, this parser relies on a LL(*) algorithm [15] meaning that it does 

not support left recursive grammars. Therefore all the grammar rules are not left re-

cursive. Since recursive rules are the first idea that comes to mind to most developers 

when modeling expressions, several mechanisms were used to remove the recursion: 

in particular left refactoring and tree rewrite action [16]. 

7.2    Grammar 
This section introduces the grammar of the Domain data Service Language using 

graphical views. Each graphical view is implemented as a Railroad diagram that rep-

resents a non-terminal rule. Each diagram has an entry point and an end point. The 

diagram describes possible paths between these two points by going through other 

non-terminals and terminals. Terminals are represented by round boxes while non-

terminals are represented by square boxes. 

 

Xtext’s implementation of railroad diagrams uses this legend: 

 

 Text with no border: The name of the rule 

 Rectangle with white background: Keyword 

 Rectangle with round borders and gray background:  Terminal or Non-

terminal rule 

 Connector: Denotes a sequence  

As explained in section “Defining a new ASOME’s-LWB language” a new language 

has to be integrated from the beginning with the ASOME-LWB, in practice this 

means integrating it with the Systems language. This is the Entry point rule for the 

Systems language: 

 

 

Figure 34 Grammar: System rule 

  

 



 

 

 

Figure 35 Grammar: Data System rule 

 
Of interest here, is the DomainDataService system. 

 

Figure 36 Grammar: DDS rule 

A particularity of a Domain Data Service system over other types of systems is that it 

offers CRUD operations that operate on one or several underlying data models. The 

DomainDataService rule relies on the rule DataDomainModelInterfaceImport as the 

mechanism to import them. In this way the service’s operations can refer to elements 

such as Entities and ValueObjects defined on an arbitrary domain model. 

 

In addition to importing a complete model, an option to only import parts of it can also 

be used. To do so, this rule depends on QualifiedNameWithWildCard. 

 

Figure 37 Import rule 

 

The rule QualifiedNameWithWildCard allows the user to specify the name of indi-

vidual elements specified in a data model. It is also possible to indicate the name of 

an element followed by a ‘*’ which results in importing the specified element togeth-

er with all the elements it references.   

 

 
 

 

 

 

Figure 38 Grammar: Wild name rule 



 

 

 

Figure 39 Grammar: DDS interface rule 

 

After the imports section, the interface of the DDS can be defined. A DDS Interface 

is composed of Types, DTOs, Constants and Operations. An Operation is defined in 

generic terms, which means it is not coupled with a particular type of system. Notice 

that this matches the concept of a method declaration in an Interface, according to the 

Object Oriented paradigm. The purpose of the Operation is to work as a contract for 

clients of the Domain Data Service. 

 

In addition, also note that an operation may not have a return value; this can be ex-

pected as the first QualifiedName is optional. In the case where the operation does 

return a value, this value can be a reference to a typed element defined in another 

model imported in the Domain Data Service, for instance an Entity. 

 

 
  

 

 

Once the structure of the domain data service has been defined, its behavior can be 

modeled. The rule DomainDataServiceRealization defines the realization/behavior of 

the operations declared in the rule DomainDataServiceInterface. 

 

This rule can be considered by the user of the language as the point that offers new 

expressivity: It allows defining the bodies of operations. 

  

 

Figure 41 Grammar: DDS realization rule 

The operations of a Domain Service are specialized. An operation can either be a 

Create, Remove or a Query operation. 

  

 

Figure 42 Grammar: DDS operation rule 

 

A domain service operation implements a generic operation; therefor the user has to 

reference the appropriate rule. This allows the user to (1) refer to the parameters of 

the operation instead of having to rewrite them (2) avoid him the rewriting of the 

return type of the operation. 

  

Figure 40 Grammar:  Operation rule 



 

 

 

Figure 43 Grammar: Create operation rule 

 

 

In contrast with the create operation, the remove operation doesn’t have an obligatory 

operation body. In the case the user doesn’t define one; the code generator will gen-

erate a default implementation. The support for more complex logic on the delete 

operations, such as a scenario where cascade deletion is required as to leave the re-

pository in a consistent state, is left as future work. 

  

 
 

 

 

 

The body of an operation is composed of service statements 

  

 
 

 

 

As in the classical definition of Statement in computer science, a statement in this 

language is the smallest element of the DDS language and it expresses an action that 

can be carried out. A statement may have internal components.  In the DDS language 

a statement can be a variable declaration, a return or an expression.  

  

 
 

 

 

Variable are strongly typed. However ASOME-LWB does not have a predefined set 

of basic types. The type of a variable can either by a basic type defined by the user or 

it can be a complex type. By complex type we mean Structured Elements defined in 

data models, i.e., Entities or Value Objects. 

 

  
 

 

 

This rule is self-explanatory. 

  
 

 

Figure 44 Grammar: Remove operation rule 

Figure 45  Grammar: DDS Operation body rule 

Figure 46 Grammar: Statement rule 

Figure 47 Grammar: Variable declararion rule 

Figure 48 Grammar: Service return rule 



 

 

 

An expression can be an assignment, i.e., assigning a value to a variable. A typical scenario is 

a create operation where first a new statement is used followed by several assignment 

statements to initialize its attributes and references. 

 

 

Figure 49 Grammar: Expression rule 

 

  

Note: Currently there’s not a type checking mechanism to ensure the value being assigned 

matches the type of the variable being assigned. 

 

 
 

 

 

An important type of expression is the navigation expression type. It allows navigating a 

domain model. In order to do so a navigation expression has a PathHead that marks the 

beginning of the expression, and then there are two types of navigation, forward or backward. 

The idea behind the forward navigation is that the expression can advance over the relations 

that have as a source the current element. While the background navigation advances to the 

elements that point to the current element. The end of a navigation expression comes where 

there are no more references to navigate. 

 

 
  

 

 

Navigation expressions pay a key role in the query expressions. Before going into the 

details, the Query rule is explained.  

 

A Query is similar to a CRUD operation, when inspected closer, it can be noticed 

that a Read operation is implemented as a Query. The difference however, from the 

other operations: Create, Update and Delete, is that a Query doesn’t alter the state of 

the repository. In order to ensure this constraint, statements that modify the reposito-

ry are not allowed in a query body. For this reason it was needed to introduce the 

QueryBody, instead of reusing the DDSOperationServiceBody used by the other op-

erations. 

Figure 50 Grammar: Assignment rule 

Figure 51 Grammar: Navigation expressions rules 



 

 

In a query operation only a collection operation is allowed. There can be several 

types of collection operations, but for the scope of this project the two most relevant 

ones are Select and Collect. 

 

In order to define the concrete syntax to express the queries, the OCL language was 

used as a reference. Therefor the select operation first defines its context, followed by 

an iterator variable and a filter. 

 
A filter expression is a boolean predicate. The following rules follow the precedence 

rules of the different boolean and arithmetic operators. Notice how the most basic 

expressions are the constant expressions: String, Int and Boolean. Also notice that the 

arithmetic operations supported are +,-,*,/. The logical operations supported are ==, 

!=, !. And finally the comparison operations supported are >=, <=, >, < 



 

 



 

 

8.Verification & Validation 
 

8.1    Scenario 
 

At a nanoscale, a wafer
11

 surface is not flat, it has a varying elevation. This makes the 

exposure
12

 of every wafer different. Therefore, in order to correctly expose a particu-

lar wafer, several measurements have to be performed in order to compensate for 

these differences in their surfaces. Figure 52 presents an oversimplified graphical 

description of the scenario where the process described above takes place 

 

 

Figure 52 General overview of the scenario 

 

This process is (partially) realized by software as follows:  First, a modeling action is 

triggered. This action is parameterized with a set of specifications to perform several 

measurements. For each mark
13

, a mark measurement specification is used to perform 

a measurement. Once the results of the measurement are ready, they are compared 

against the specification’s expected-results. The differences between the expected 

results and the actual results drive the corrections that need to be performed before 

the wafer can be scanned. 

 

Some of the software components in this process follow the DCA architecture: A 

control component is responsible for triggering the modeling action (an actions com-

ponent). The modeling action delegates to a data component (1) the retrieval of the 

Mark-measurement-specifications, and (2) once the measurements are complete, the 

storage of the mark measurement results. DDSs (currently developed manually) are 

responsible, within the data component, for retrieving the mark measurement specifi-

cations and storing the mark measurements results in data repositories, see figure 53. 

The data repositories in figure 53 represent the implementation of a domain model 

that captures the main concepts of the Mark measurements context. 

 

                                                      
11

 Refer to the glossary for a definition of wafer 
12

 Refer to the glossary for a definition of wafer exposure 
13

 Refer to the glossary for a definition of mark 



 

 

 

Figure 53 Data repositories 

 
The first step in this validation process was creating the domain model to capture the 

domain of the mark measurements. The following figure shows an example of such 

model
14

. This domain model follows the DDD pattern; the main elements here are 

Entities (MarkMeasurement and MeasurementAction) and ValueObjects (Mark-

MeasurementSpecification and MarkMeasurementResult). Also notice that this is a 

model that describes the structure of the domain but not its behavior. 

 

 

Figure 54 Data model representing the scenario 

The fact that this behavior is not present is because it is distributed in other layers of 

the DDD infrastructure. One of these layers is the infrastructure layer, which is gen-

erated using the code generation facilities of the DCA data tool. This layer generates 

the required infrastructure services to map the domain entity to repositories (data 

structures, for instance a heap, a database or an in-memory structure). With the gen-

erated code for the infrastructure layer, the developer can now focus on developing 

the services that will query the repositories. 

 

The validation for this project consists of expressing a DDS composed of (1) a create 

operation for a MarkMeasurement receiving as parameter a MarkMeasurementSpeci-

fication and a MarkMeasurementResult; and (2) a remove operation for removing a 

MarkMeasurement.  

 
 

 

                                                      
14

 The attributes of the elements have been hidden as they are not relevant here  



 

 

8.2    Coding of a DDS using C++ 
 

Once the domain model has been created, the developer has to write the 

code that specifies the structure of the DDS. Figure 55 presents the interface 

of the DDS C++: First, the domain model’s entities and valueObjects in the 

Mark Measurement scenario are imported in the include section. Second, the 

signature for the create operation createMarkMeasurement is declared after 

the class destructor. Notice how the operation’s parameters are actually spe-

cialized pointers (ModifiableMarkMeasurementResultPtr and Modifia-

bleMarkMeasurementSpecificationPtr); these types are defined the code 

generated from the domain model. This is an issue for developers, as they 

who have to carefully inspect the domain-model’s generated code to know 

which types to use. 

 

 

Figure 55 DDS Interface in CPP 

A second code artifact is required to specify the DDS structure: the interface 

implementation. Here the dependencies to repositories and factories are 
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Figure 56 DDS Interface implementation in CPP 



 

 

 
 

Finally the behavior of the service is implemented with method invocations to the 

factories and repositories. For instance a factory for markMeasurements is used to 

create a new MarkMeasurement and then a repository is used to persist it.  

 

Figure 57 DDS Realization in CPP 

 

8.3    Modeling of a DDS using the DDS DSL 
 

The image below captures the same semantics as the one captured in the previous 

threes figures, using the DDS DSL. 

 

 

 

Figure 58 DDS with create and remove operations (created using the DDS DSL) 

As a first step, the structure of the data services was defined. The operations were 

created in terms of the domain model. Here the first benefit over manual coding was 

observed as the developer was shielded of the inner details of the data structure re-

quired to create and remove a MarkMeasurement. In this scenario for instance, every 

entity is identified in the repository by an id, but this is considered to be boiler plate 

as it is not part of the domain logic. The only thing the user needs to do is to define 

that the operation receives a MarkMeasurementResult and a MarkMeasurementSpec-

ification as parameters. Once the service structure was defined the definition of the 



 

 

behavior began. Here only a MarkMeasurement is instantiated and its associations 

are assigned as values the parameters of the operation. In the case of the remove op-

eration there is no need for specifying a body as it can be fully generated with a de-

fault implementation. 

 

For the explanation of the queries, this example will go through all the artifacts de-

fined in this project that allow the final result shown in figure 58. A query is best 

understood when the parts that conform it are clear: Figure 59 shows that a query 

operation is composed of: context, query, iterator and filter condition. 

 

 

Figure 59 Concepts used to model a query 

These concepts are materialized by a concrete textual syntax, as shown in figures 60 

and 61. 

 

 

Figure 60 Textual syntax for expressing a query 

 

 

Figure 61 Textual syntax for the inner parts of the query 

The match between the conceptual elements and the concrete syntax is realized by 

the grammar rules as shown in figure 62. 

 

Figure 62 Quey metamodel and grammar rules excerpts 

At last, figure 63 shows how the original query is nothing more than a textual repre-

sentation of the underlying query model. 



 

 

 

Figure 63 Model behind a query 

8.4    Advantages of using the DDS DSL VS manual coding 
 
There are different ways to compare the approach for coding a DDS using C++ (see 

section 8.3), against the approach for coding the DDS using the DSL. The following 

table evaluates the reductions in the size of the code when using the DDS.  

 

Comparison criteria Using the code 

generator for 

DDS 

Manual code 

 

Reductions in 

code size 

 Total number of code 

artifacts required to 

capture the structure 

and behavior of a DDS 

1 2 67% 

 Total lines of code re-

quired to capture the 

structure of a DDS 

7 24 71% 

 Total lines of code re-

quired to capture the 

behavior of a DDS 

5 12 59% 

 Number of types asso-

ciated to an Entity 

1 4 75% 

Table 22 Reductions in code size when using the DDS code generator instead of 

manual code 

 
C++ is a more verbose language than the DDS DSL, therefore the total number of 

code artifacts and lines of code for implementing the structure of the DDS is bigger, 

take as instance the name-spaces required, and the need for different files for the in-

terface and the interface implementation that uses the dependency injection pattern. 

 

In C++ the number of lines of code required to capture the semantics of an operation 

is bigger as, the implementation boiler plate code needs to be written, for instance a 

Entity needs to be created using a Factory and then stored using a Repository. Since 

this code follows a pattern it can be automatically generated by the DSL code genera-

tor. 

 

At C++ level, there is an increase in the number of concepts the developer needs to 

be aware of. As this is code is in a lower level of abstraction that the domain model 

is, each entity becomes four concepts, and for instance a MarkMeasurement is real-

ized using a MarkMeasurmentID, a MarkMeasurementModifiablePointer, a Mark-

MeasurementRepository, and a MarkMeasurementFactory.  



 

 

 

Other criterion for comparing these approaches are also evident but harder to quanti-

fy, for instance, the readability and usability of the DDS increases when using the 

DSL. The syntax shields the developer from the implementation details. Also it is 

more maintainable as there are fewer places to modify. 

 

 

 

 

 

 

9.Conclusions 
 

9.1    Results 
The project delivered a proof of concept that demonstrates how the DDSs can be 

modeled using a textual DSL, and how C++ code can be generated from it. 

 

As stated in the introduction chapter, the main benefits from this project are: 

 

 An extension to ASOME that covers a new concern -DDSs-. This extension 

integrates with the actual ASOME (not to a mockup), adding more value 

than a proof of concept. The extension includes: A Domain Specific lan-

guage for modeling DDS, together with a textual integrated development 

environment (IDE), a code generator to a general purpose language, and 

guidelines for developers on how to use this new method. 

 A generic approach/process to extend a language workbench, which can be 

reused in different scenarios. 

 

Next, these benefits/contributions to the ASOME framework are quantified: 

 

The next table presents the contributions to the ASOME grammar in order to capture 

the DDS concern. The whole ASOME grammar has been decomposed in this table 

according to the different concerns it addresses in order to contextualize the DDS 

contribution.  

 

Context of the contributions to the  

ASOME grammar section to support 

DDSs 

Number of rules 

System rules 19 

Expressions rules 9 

Primitive types rules 9 

Data rules 23 

DDS rules 23 

Composite systems rules 8  

Control systems rules 42 

Generic rules 3 

Table 23 ASOME grammar sections including DDS contribution 

Closely related to the contributions to the ASOME grammar are the contributions to 

the ASOME metamodels. This is contextualized with the size of the other ASOME 

metamodels. 

 

Context of the contributions to 

the  ASOME metamodels to 

support DDSs 

Number of concepts 



 

 

Systems 29 

Expressions 31  

Primitive types 12 

Data 23 

DDS 24 

Table 24 ASOME metamodels including DDS contribution 

 

 

 

 

 

The DDS DSL is not usable without a decent textual editor. Even though, from a 

grammar and a metamodel Xtext can generate an editor, several customizations have 

to be implemented. The following table presents the customizations that were con-

tributed to this editor (which is the real ASOME editor enriched with additional sup-

port for DDSs). 

 

Context of the contributions to 

the ASOME IDE to support 

DDSs 

Component added 

DDS Scoping Index 

Scope provider 

DDS Typing Type conformance 

Type provider 

DDS Validation Validator 

DDS Testing Index tests 

Parsing tests 

Scope provider (general) tests 

Scope provider (navigation expression) tests 

Table 25 DDS contributions to the ASOME IDE 

Finally the last contribution is the code generator. This generator is implemented as a 

set of templates. The code generator is production ready. For instance the query ex-

pressivity has to be considerably extended to provide richer queries when filters need 

to be complex. This is considered as the future work that needs to be done. 

 

 

Contributions to the ASOME code generators to support DDSs 

Template for DDS Interface 

Template for DDS Abstract definition 

Base for DDS Interface and Abstract definition 

Template for DDS implementation 

Table 26 DDS contributions to the ASOME code generator 

9.2    Lessons Learned 
I would like to write this section in the form of takeaways. 

 

Takeaway 1: Get acquainted with the domain of lithography machines 

Takeaway 2: Learn how to work in a big organization. 

Takeaway 3: Find a balance between code maintainability and software rediisign 

Takeaway4: Suggest from the beginning ideas and develop them. Do not be passive 

Takeaway 5: Learn to work in a dynamic environment where requirements and 

stakeholders are constantly changing. 

Takeaway 6: Be an enthusiastic person, with whom people are comfortable working 

around. 



 

 

Takeaway 7: Be open to always learning new technologies, different ways of think-

ing and take feedback from others with a positive attitude. 

Takeaway 8: Learn to communicate your ideas and results effectively and to the 

stakeholder who will benefit from them. 

Takeaway 9: Develop a strong character that reflects on a confident personality. 

9.3    Future Work 
 
I would suggest decomposing the future work in different areas:  

 

 Further develop the language: In order to support more queries I would sug-

gest working on enriching the semantic model behind it. My recommenda-

tion is to continue using OCL as the source of inspiration. 

 Further develop the debugging and testing functionalities of the language.  

Once the language is robust enough, the domain services that will be written 

with it won’t be trivial; making it necessary to have a rich testing infrastruc-

ture around them. At the current state debugging and testing of these ser-

vices is done at the generated code level. This is not the best as debugging at 

this level will also need to take into account possible errors introduced by 

the code generator. 

 Start developing a core set of domain models: The domain models that were 

developed in this project lived in isolation, when in practice domain models 

should be shared among different components in order to serve as an univer-

sal language. In order to achieve this, a library of core models needs to be 

built. Just like a library in a classic programming languages, this library can 

be the basis of several domain models avoiding the duplication of (possible 

conflicting) information. 

 Share the technology and business roadmaps: Once there’s a clear vision on 

how these services will be developer, it is very important that this infor-

mation be shared with the actual users of the tooling. This will avoid mis-

confussions as the ones that were faced at the beginning of this project. This 

will also help that work duplication is avoided as much as possible. 



 

 

 

10. Project Management 
 

10.1    Introduction 
The tasks carried out during this project were divided in six groups: 

 Requirements & Research 

 Architecture 

 Implementation 

 Testing 

 Bench marking 

 Writing 

 

The project’s tasks were completed using an agile methodology. The following figure 

presents the work load distribution for the nine months of the project. The nine 

months were divided in six sprints. Although initially all sprints were planned to have 

the same duration, because of issues encountered during the project, that quickly 

changed. In practice the last sprints took three weeks each. In the figure, each sprint 

is represented by a rectangle, and the color of the rectangle represents the group of 

tasks that were emphasized during the sprint. The color of the rectangle represents 

the emphasis of the work done during that sprint.  

 

 
 

The lower part of the figure indicates that during a sprint apart from the tasks indicat-

ed by its color, other tasks were also done. This allowed to avoid the waterfall ap-

proach, were a set of tasks is only started after the previous one is completed. 

 

 

10.2    Work-Breakdown Structure (WBS) 

10.2.1.  Activity-Cost Estimations 

In order to complement the sprint planning, a list of deliverables was also 

developed. The main deliverables, presented in the following table are: The 

Project planning, the Report, and the Proof of concept. The table below de-



 

 

composes these deliverables into smaller parts and the months in which they 

were implemented.  

 

Ja
n

Fe
b

M
ar

Ap
r

M
ay

Ju
n

Ju
l

Au
g

Se
p

Project planning

Project scope x x x x

Requirements x x x

Stakeholders x x x

Use cases x x x x

Backlog tasks x

Report

Data modeling at ASML x

The ASML modeling environment x

The data-domain services language x

Language grammar x

Type checking x

Scoping x

Challenges encountered x

Code generation x

Documenting the extensions x

Use cases x

Conclusions x

Backlog tasks x

Proof of concept

Initial behavior concepts x

Mapping the dsl to c++ code x

Develop the query functionality x

Extend the supported queries x

Testing x

Backlog tasks x  





 

 

11. Project Retrospective 
 

11.1    Reflection 
Introducing MDE in an organization is a difficult enterprise. One of the problems is 

that it is not only a one man’s job. Usually the motivation for using MDE comes 

when a developer realizes some parts of his work are repetitive and can be automat-

ed. MDE might be of great help; however, implementing a solution to the problem 

might require considerable experience on modeling, code generators and domain 

specific languages. Therefore, a toolsmith with experience in the technologies is 

needed to do the implementation. Finding a MDE-toolsmith is also not a trivial task. 

The reason for this is that most times toolsmiths specialize on one topic, whether that 

be modeling, language design or code generation. This is often a source of frustration 

in MDE projects as a MDE-toolsmith is usually expected to be a generalist, when in 

reality it takes time to get familiar with all MDE related aspects required by the pro-

ject. 

  

During this project I took the role of toolsmith and was allocated to a software devel-

opment team. Their motivation for this project was initially to integrate ASOME into 

their way of working. The main issue at that point was that the functionalities offered 

by the modeling environment did not support their needs. Therefore they wanted to 

make some changes to the tool in order to support their requirements. 

 

At this point I can share the first big learning point from the project: The organiza-

tional culture plays a big role on software projects. The right first step is to investi-

gate if some similar initiative is or has been developed in the organization. If not then 

that’s the first green light, if not one should take a closer look at these similar works. 

In the case of this project there were indeed similar initiatives in place. 

 

Usually a software-tool has an owner at an organization. And this tool is accompa-

nied by business and technology road map. So my first step was to contact them and 

expose my team’s plans to the tools owners. As a result I was able to involve im-

portant stakeholders to my project who provided valuable technical advice since the 

beginning. However, this also changed the scope and project’s objectives. 

 

The initial project scope changed to line up the changes that my team wanted to make 

with the roadmap of the tool. Some of the advantages this brought was an early inte-

gration of my project in the official development branch of ASOME. However, this 

came at a price for my team. 

 

When working on MDE one can either take a top-down or bottom up approach. This 

project began using a bottom up approach; this meant that I had started from under-

standing the code that developers had troubles with and trying to build a basic code 

generator. Then the plan was to incrementally build the DSL would be used as input 

to the code generator. However after the meetings with the owners of the tool, we 

decided to move to a Top-down approach.  

 

This marked all the future development of the project. The starting point switched 

from the code, to being ASOME. At this point I was immersed in understanding the 

tooling and the languages that were supported by it. Then I was able to build my lan-

guage on top of this solid base and reuse several of the existing functionalities. The 

fact that I moved from my prototype to the real environment, meant that I had to 

spend a considerable amount of time in getting acquainted with this tool. 

 

 

 



 

 

Finally when I had developed the language I moved into the code generation functionalities. 

This was a key point because as mentioned before a toolsmith is many times labeled as a 

modeler who does not code and therefor provides no value to developers as what they really 

need is the code generation. 

 

11.2    Design opportunities revisited 
This is a paragraph with basic text. This is a paragraph with text. This is a paragraph with 

basic text. This is a paragraph with text. This is a paragraph with basic text. This is a 

paragraph with text. This is a paragraph with basic text. This is a paragraph with text. This is a 

paragraph with basic text. This is a paragraph with text. This is a paragraph with basic text. 

This is a paragraph with text. This is a paragraph with basic text. This is a paragraph with text. 

This is a paragraph with basic text. This is a paragraph with text. This is a paragraph with 

basic text. This is a paragraph with text.  



 

 

Glossary 
 

DSL 

DCA 

DDD 

Domain Specific Language 

Domain Control and Actions: ASML Architectural pattern 

Domain Driven Design 

MDE 

EMF 

Model Driven Engineering 

Eclipse Modeling Framework 

ASOME ASML Modeling Environment 

LWB Language Work Bench 

DDS 

OU 

GPL 

OCL 

BPMN 

Wafer 

 

Wafer 

Exposure 

 

 

 

 

 

Alignment 

mark 

Domain data Service 

Organizational Unit 

General Purpose Language 

Object Constraint Language 

Business Process Modeling Notation 

A thin slice of semiconductor material, such as a crystalline silicon, 

used in electronics for the fabrication of integrated circuits 

Wafer Exposure is a process wherein Photoresist at or near the edge of 

the wafer is exposed. It is important that the exposure faithfully follow 

the edge of the wafer, meaning the flats must be provided for and even 

when necessary. The tool must carry out the necessary metrology to 

determine with great precision where the edge of the wafer is so that the 

exposure means can be properly maneuvered to create the desired ex-

posure at the wafers edge. [17] 

The first pattern transferred to a wafer usually includes a set of align-

ment marks, which are high precision features that are used as the ref-

erence when positioning subsequent patterns, to the first pattern [18] 
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