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Preface 
This report presents the graduation project with title “Metrology model driven 

sequence execution framework”. The project was developed by Vladimir Levkov 

at ASML Netherlands B.V.
1
, Veldhoven, The Netherlands. It is the graduation 

thesis for the two-year designer program in Software Technology, known as 

“OOTI”, from the Stan Ackermans Institute of the Eindhoven University of 

Technology. 

 

This project continues the series of pilot projects conducted to prove the applica-

bility of the proposed metrology reference architecture. The goal of this project is 

to primarily focus on the software design, modeling and data handling. It is also 

part of the model-driven engineering promotion within ASML. 

 

This report is intended for everyone who is interested in designing complex sys-

tems using the domain-driven approach. Because the project consists of the rede-

sign of an existing system, it can offer an example of dealing with legacy imple-

mentation and how to introduce re-design steps. This project has been carried out 

in the Metrology software department. It can be interesting for audience involved 

in this domain or interested to acquaint this domain.  

 

The text is structured to lead the reader from the problem definition to the solu-

tion. There, newly introduced terms of interest for the reader are in bold. Some 

terms, which need to be emphasized in the section, are in italics. 

 

Vladimir Levkov 

September 2014 

 

 

                                                           
1
 ASML Netherlands B.V. is hereafter also referred to as ASML or the company. 
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Executive Summary 
ASML is the global leader in providing of photolithography systems for the semi-

conductors industry. These machines provide nanometer accuracy at high speeds. 

At nanometer scale, mechatronics alone are not capable to deal with distortions 

and drifts. That is the reason why software is involved in this task. Metrology 

department develops and maintain the software that measures and corrects the 

imperfections in the machine, in order to achieve the nanometer accuracy. 

 

In the last years, new functionalities were added to the software in order to sup-

port the feature for the new machines. The tight deadlines led to quick software 

implementations, which leave space for further improvements. Interlace of the 

responsibilities in the components created conflicts and overlapping in the daily 

work between the engineers that develop the different components. From the data 

perspective, the use of global variables created difficulties of tracking the variable 

state. In addition to data problems, a software analysis shows high level of code 

duplication.  

 

This way of working sometimes led to code with lower quality then desired. It 

results in difficulties to derive the business logic by inspecting the software. Fur-

thermore, further development and maintenance become complicated processes. 

  

This report explains the process of designing and implementing a domain model 

for a metrology specific problem, as a proof of concept. The domain knowledge 

necessary for building the domain model was gathered from the design docu-

ments of the current software, the inspection of the current implementation, and 

interviews with the domain experts. The domain-driven design approach [1] was 

used to gather the domain knowledge by expressing its entities, their attributes, 

relationships, and behavior in models. The Onion architecture principles empha-

ses also the importance of the domain model and puts it in the core of the imple-

mentation. Setting up the domain model in the core of the software isolates it 

from the underlying technology.  

 

The results of this project are used to provide a guideline for further redesign of 

the metrology software. The main focus is to emphasize the domain in the soft-

ware. It makes the communication easier between the functional and software 

engineers. On the other side, the software controls the machine. A proposed soft-

ware design is based on state-machines, because the machine moves from one 

state to another based on the events received from the environment. This design 

provides extensibility by adding/removing states and control of the execution 

flow by managing events.  

 

The design and implementation are verified by creating test cases and analyzing 

the produced code. The results show that metrology software can be improved by 

building domain models. Continues maintenance of the domain models will keep 

the software quality. 
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1.Introduction 

1.1    Context 

About ASML 
ASML is a world leader in the manufacturing of advanced technology systems for 

the Semiconductor industry. The company offers an integrated portfolio for manufac-

turing complex integrated circuits (also called ICs or chips). ASML designs, devel-

ops, integrates, markets, and services advanced photolithography systems used by 

customers – the major global semiconductor manufacturers – to create chips that 

power a wide array of electronic, communications and information technology prod-

ucts.  

ASML produces photolithography machines that deal with optical imaging, a step 

used in the fabrication of nearly all integrated circuits. In these machines (examples 

are shown in Figure 1), predefined patterns are optically imaged onto a silicon wafer 

that is covered with a film of light-sensitive material (photoresist). The photoresist is 

then further processed to create the actual electronic circuits on the silicon. This pro-

cedure is repeated dozens of times on a single wafer.  

 

Figure 1. ASML lithography machine evolution 

 

ASML was founded in 1984 as 50/50 joint venture between Philips and Advanced 

Semiconductor Materials International (ASMI). The first machine was mainly me-

chanical with some simple electronics. In 1986 ASML launched a PAS 2500 stepper 

with enhanced alignment technology, and this machine built the reputation of the 

company. The current machine, which uses EUV light, is the most advanced machine 

on the market and it is possible to print patterns with resolution already as small as 22 

nm. In addition, the latest model uses a system of mirrors instead of lenses as all pre-

vious machines did.  

 

The basics of a lithography machine  
Looking at it very simplistically, the lithography machine consists of four main com-

ponents (as shown in Figure 2):  

1. The light source, which provides light for optical imaging. 

2. The reticle, which contains the pattern that should be printed onto the silicon 

wafer.  

3. The optical system (lens or mirrors), which projects the light onto the wafer. 
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4. The wafer that is coated with light-sensitive photo resist.  

 

 

Figure 2. An ASML lithography machine 

 

The primary objective of lithography systems is to project the patterns in the reticle 

onto the wafer. The source emits the light that hits the reticle. The light that passes 

through the reticle goes through the lens, which projects the de-magnified reticle pat-

tern onto the wafer. Finally, as the light hits the wafer, features (i.e., the IC patterns) 

are created on the wafer.  

The performance of such systems is characterized primarily in terms of focus, over-

lay, imaging, and throughput. Focus represents the ability to keep the focal points of 

the lens as close as possible to the wafer surface in order to get the “sharpest” image 

possible. Overlay is a measure of how accurately one layer is positioned on top of 

another layer. A layer is one time exposure of the wafer. Imaging refers to the width 

of the features that can be created on the wafer. Finally, throughput is measured in 

terms of the number of processed wafers per hour. 

 

The Metrology department within ASML 
Lithography machines are very complex machines. They critically depend on numer-

ous control loop systems to position the hardware components at nanometer accuracy 

(e.g., moving a 15 kg wafer stage with nanometer accuracy at Formula 1 acceleration 

rates). Such small-scale accuracy at such high speeds cannot be achieved using 

mechatronics alone. That is why the Metrology department is needed to develop and 

maintain software that measures and corrects for the mechanical inaccuracies.  

In order to describe the behavior of the machine components, the Metrology depart-

ment creates mathematical and physical models. Using these models, the imperfec-

tions in the machine can be predicted – imperfections such as unwanted drift of ele-

ments, distortion due to high-speed movement or intense heating, and aberration of 

optical elements. The models use data acquired by sensors to compare the actual state 

of the machine with the expected (modeled) state and, based on their difference (del-

ta), adjust the machine parameters. In this way, the software constantly corrects for 

all the physical phenomena that happen at nanometer-level, thus optimizing the over-

all machine performance. 

The objective of metrology is to optimize focus and overlay by adjusting the appro-

priate parameters of the machine, such as reticle or wafer position, lens parameters, 

or illumination wavelength. To achieve this goal, metrology software 

- sets up the system in such a way that it is brought to a point where overlay 

and focus errors are minimized; 
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- maintains the calibration point during the usage of the machine by defining 

dedicated measurement schemes and prediction models to cope with various 

drifts in the system.  

 

The focus and overlay errors are minimized when the aerial image 

(i.e., projection of the reticle onto the wafer, see Figure 3) coin-

cides with the surface of the wafer. For that purpose, two sets of 

measurements are done:  

1) Measurement of the wafer surface with respect to a fixed 

point  

2) Measurement of the aerial image with respect to the 

same fixed point  

 

The two sets of measurements are reflected in the system design 

of the TWINSCAN by dividing it into a measure and an expose 

side. Moreover, the division allows parallel processing: one wafer 

is measured on the measure side while another one is exposed on 

the expose side. 

 

 

1.2    Assignment objective 
Part of the software evolution process consists of refactoring or redesigning an exist-

ing product. Metrology software currently developed within ASML has parts of code 

that have been written many years ago. Furthermore, its architecture has not evolved 

at the same speed as the amount of functionality provided by lithography machines.  

 

In order to keep delivering quality solutions at market-demanded speed, ASML has 

started to work on a new reference architecture. In order to prove the applicability of 

this reference architecture, there were some projects that focused on different parts of 

the metrology software. The results of these projects can be used to analyze how the 

metrology software can be shaped according to the proposed architecture. Some of 

these projects are conducted by OOTI trainees. This project is the second in a row. 

The first one was carried out in 2013. 

 

In line with the system design mentioned above, the TWINSCAN metrology soft-

ware consists of two parts: measure side software and expose side software. Both the 

OOTI project from 2013 and this project have as a goal to re-design components 

which belong to expose side. Examples of such components are controllers and me-

trology drivers. Metrology drivers determine the corrections for subsystems to 

maintain the system state in the best accuracy. Hence they are not drivers in strict 

sense of the word, since they have no direct connection with the hardware.  

The objective for this project is to re-design part of one of the metrology drivers. The 

main task of the driver to be re-designed is to calculate the trajectory of the wafer 

stage during expose time for each field to be exposed on the wafer. A field is one 

piece of the wafer that is used to produce one chip.  

 

One of the main goals to be achieved in this project is to create a clear data flow 

through the component’s calculations. This means that the developed framework 

needs to provide: 

- clear interfaces, with precise definitions of input and output data formats; 

- a structured execution flow; 

- decoupled responsibilities. ■ 

 

Figure 3. Aerial 

image 
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2.Problem Analysis 

2.1    Metrology software 
Metrology software is part of the TWINSCAN software stack and its responsibility is 

to bring the wafer in the best focus for exposure. This cannot be achieved by mecha-

tronics solutions only, because the hardware needs to achieve nanometer accuracy at 

high speed. Hardware drifts and the material imperfections need to be compensated 

by software. Metrology software takes care of this responsibility by measuring the 

last state of the wafer position and subsequently calculating the trajectory that brings 

the wafer stage in the best position to have the best possible focus.  

 

2.2    Metrology software issues 
In the last years, metrology software has experienced expansion in order to meet the 

new machines specifications. In order to keep meeting the tight time to market re-

quirements, quick software implementations had to be chosen occasionally, leaving 

better designs for the future. Due to the same reasons, more people are needed in the 

development process, which does not necessarily improve the quality of the software. 

The resulted issues in the software are:  

 Increased complexity  

 Code duplication – because of code branching for specific machine models. 

 Data management – due to the use of global variables for passing data to the 

functions. 

 

Due to the aforementioned issues, it is difficult to understand the functional design by 

inspecting the software, which complicates the maintenance and the further devel-

opment of new features. 

2.3    Stakeholders 
In Table 1 shows the list of stakeholders affected by this project. It also contains a 

short explanation about their main interest regarding this project. 

Table 1. Project stakeholders and their main interests 

Stakeholder Main interest 

Project creators and owners Have a proof of concept for a part of the 

metrology software architecture.  
Metrology functional design-

ers  

Design and practical implementation of the 

functionalities 

Metrology data architects Consistent data definitions in the metrology 

software 

Metrology Software Archi-

tects 

The project follows the Metrology reference 

architecture. 

PDEng program management Get a proof that the PDEng candidate has 

high-quality design skills.  

 

2.4    Design Opportunities 
One of the subjects of the PDEng program is the workshop given by Kees van Over-

veld. The objective of this workshop is to explain the importance of the good design 

and its influence for the quality of the final product. In addition, the design of the 

project is evaluated according to the latest version of the document for technological 

design by Kees van Hee and Kees van Overveld [2]. 
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For the evaluation of the design resulting from this project, the criteria of the docu-

ment for technological design are used. The document contains 12 criteria grouped in 

five aspects. Because of the project nature, not all criteria are applicable for the eval-

uation. The relevant criteria were selected at the beginning of the project and they are 

analyzed in this section. At the end of the project, a reflection on the selected criteria 

is done. This reflection is explained in Section 11.2   , which explains how the quality 

of the design was improved for the relevant aspects. 

 

The design criteria that are of interest for this project are: 

 Structuring  

 Reusability 

 Ease of use  

 

Structuring is a vital design criterion for this project. The project needs to provide a 

framework that will be a guideline for applying the metrology software architecture 

for the components of the same type. The first step of the component re-design is to 

identify the component functionalities. In addition, the framework design needs to 

provide possibility for further development and extensibility of the component func-

tionalities. A desired result related to the structuring criterion is to design the archi-

tecture, which will organize the functionalities and will provide a clear overview of 

the responsibilities of each part. 

 

Reusability is another design criterion of significant importance for this project. The 

first association for this design criterion is the reusability of the code and infrastruc-

ture libraries. It can be achieved by using object-oriented principles, which propose 

the creation of generic components that can replace repeated segments of code. The 

main idea for this project is to deliver a proof of concept and to show the way of ap-

plying the metrology reference architecture for selected specific type of metrology 

components. The significance of this criterion is to reuse the experiences gained dur-

ing the project realization and to provide guidelines for further redesign activities of 

the same type of components. 

 

Ease of use criterion addresses the future clients’ needs in a familiar way for them.  

The approach in the design to fulfill this criterion is to translate the business logic 

into the software, which decreases the learning time of the software. Another goal is 

intuitive organization of the functionalities in the software, which improves the main-

tainability and early detection of errors.  

 

The design criteria that are not of interest for this project are: 

 Inventivity 

 Societal impact 

 

Inventivity is not taken into consideration because the idea is to re-design the existing 

product. The domain knowledge for this project is taken from the existing product, 

and the idea is that it should be structured and self-expressing. The architecture rules 

are already specified by the metrology reference architecture and this project needs to 

prove it. 

 

Impact is not taken into consideration because the produced artifacts are a proof of 

concept. In other words, the artifacts will not be deployed on a real TWINSCAN 

machine within this project. 
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3.Domain Analysis 
 

3.1    Lithography process 
In Chapter 1, the basics of the lithography process were explained. This part focuses 

on the exposing process in general, and more particularly, on the trajectory calcula-

tion of the wafer stage during the exposure of a field. 

 

Exposing the wafer is done by imprinting the pattern on the reticle onto the wafer. 

Light passes through the reticle, forming an image of the reticle pattern. The image is 

then focused and reduced by the lenses and projected onto the surface of the wafer 

(see Figure 4).  

 

 

Figure 4. Anatomy of lithography machine 

The wafer is divided in fields, and each of the fields is exposed separately. In the 

previous generation of photolithography machines, the exposure process was done in 

a single shot of the image, similar to the photography process. These machines are 

called steppers because they expose the image onto one field and then make a step to 

the next field. It is like creating a mosaic of images on the wafer.  

The modern machines, like the TWINSCAN, are called scanners because they do the 

exposure while the reticle and wafer are moved in opposite direction. The process of 

exposing the field through scanning is shown in Figure 5. The benefits of the scan-

ning process are the possibility to expose a larger field, and the fact that the image 

only needs to be reduced by 20% less than it is usual for steppers. This makes the 

design of the lens system simpler.  During exposure the light beam is shaped using a 

slit. The exposure slit can vary according to a few predefined modes depending on 

the exposure mode.  
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Figure 5. Exposure of the field in the scanner machine
2
 

 

3.2    Wafer-stage trajectory calculation 
The focus of this project is the wafer stage trajectory calculation. The calculation 

uses the measurements of the wafer imperfections, its positioning on the wafer stage 

and the wafer stage state as input parameters. Then, the trajectory is calculated by 

analyzing the data from the input parameters. The result trajectory contains infor-

mation of the path for the wafer stage movement in order to expose the wafer with 

the best possible focus. This calculation has a significant role in the production of 

high quality wafers. 

                                                           
2
 Image source: Wikipedia (http://en.wikipedia.org/wiki/Stepper; September 1

st
 2014) 

http://en.wikipedia.org/wiki/Stepper
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4. System Requirements 

4.1    Requirements 
In the previous chapters, the software issues and the focus of this project were dis-

cussed. Taking in consideration this information and the interests of the stakeholders, 

the list of high-level requirements can be created, and it is detailed in this Section. 

  

HLR 1. Create a domain model for the wafer stage trajectory calculation – it 

should involve the core functionalities of the calculation, and the needed data.  

Rationale: Currently, it is difficult to extract the functional design from the software 

implementation. The idea to improve this situation is to make this functional design 

explicit in the software by using domain-driven design, and design the domain mod-

el. 

 

HLR 2. Create a framework to guide further developments of the driver 

components in the metrology software – The metrology reference architecture pat-

terns are a starting point to redesign the existing software and to create the frame-

work. Its goal is to provide:  

a. A structured way of working – clear separation between the logic 

and control parts of the wafer stage trajectory calculation that al-

lows software engineers and metrology functional engineers to 

work in parallel. 

b. Extensibility – enough freedom in further developments to contin-

ue building up new functionalities. 

Rationale: The lesson learned from the existing software is that it is better to provide 

good examples implemented for the concrete type of components that can be fol-

lowed by further developments. 

 

HLR 3. Provide easy communication between the internal components and 

their clients. The definition of clear interfaces and unique data structures (or domain 

model) makes the data flow clearer and more maintainable. 

Rationale: The goal for defining clear interfaces set in section 1.2    has part of the 

responsibility in expressing the functional design in the software. An interface is the 

entry point to a function or a component; it defines its terms of use. A set of interfac-

es of components that implement some functionality is often called an API. If the 

interface is ambiguous, then it is not following the software design principle of single 

role and responsibility. This principle states that each function or component should 

have one and only one responsibility in the system. 

 

The next requirement stands to prove that delivered product has  

HLR 4. Provide a validation and a verification mechanism of the produced 

framework – The final product needs to provide monitoring about the execution pro-

cess and its results. Tests can prove the correct result of the calculation. Trace files 

and log files are useful for analyzing the state of the implemented system in a par-

ticular moment.  

Rationale: The validation and the verification mechanism confirm the value of the 

delivered project. They prove the correctness of domain functionalities and their exe-

cution is done in the right order. The tests, beside the validation of the result, provide 

examples of the project use.  ■ 
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5.System Architecture 
 

5.1    Domain-driven design 
Domain-driven design is a collection of principles and patterns that help designers 

and developers to tackle a complex domain in creating software systems. Properly 

applied, domain-driven design can lead to software abstractions that accurately ex-

press domain knowledge.  

A first step in the domain-driven design process is to build the understanding of the 

domain, and to establish it as a ubiquitous language. Building the domain knowledge 

can help to extract the ubiquitous language used by functional engineers in their daily 

communication for describing the functionalities and data of the system. A ubiqui-

tous language helps in the translation of the functional design into the software de-

sign.  

A next step is to incorporate the domain knowledge in the design. This is done by 

using an architectural pattern called onion architecture, and a number of design pat-

terns, as explained in this Chapter. 

 

5.2    Onion architecture  
The onion architecture is a suitable architectural pattern in combination with domain-

driven design. Domain-driven design puts the domain in the center of attention. The 

realization of the application is built with layers of domain services and application 

services. This pattern is shown in Figure 6. 

The layers in the onion architecture are organized such a way that it guarantees the 

independence of the domain model. This way of organization allows to reuse the 

domain model and its independence in case of changes in the deployment environ-

ment. That means the domain model, or internal layers, are not aware of the wrapper 

(external) layers and they do not have dependencies to external systems. For exam-

ple, the domain model has interfaces to work with data, but their implementation is in 

the infrastructure layer. 

 

 

Figure 6. Scheme of the onion architecture 

The onion architecture has the domain knowledge (expressed in the domain model) 

in the center, which can be accessed through the domain services (see Figure 6). Ap-

plication services use the domain services to provide the software application func-

tionality. The last layer in Figure 6 is infrastructure. The infrastructure layer provides 

the software flexibility by isolating the application core from the deployment envi-
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ronment. In addition, the infrastructure layer provides access to the resources such as 

database, files, or web connectivity. The tests belong also to this layer. They are used 

to verify the correctness of the results from the application services. 

5.3    Event-driven programming 
Event-driven programming is used to implement the state machines that implement 

the system behavior. The event-driven programming paradigm is often used for sys-

tems that have intensive interaction with the external environment. As an illustration, 

consider an interactive system where inputs are entered by users, or an environment 

sensing system using sensors. 

This project uses event-driven programming to achieve independence between the 

components. That is realized with anonymous communication between components. 

Each component listens for events and emits events. The benefits of the component 

independence are [3]: 

 component complexity remains low 

 functional engineers can focus on one component at a time  

 components can be added/removed without interference to existing compo-

nents 

 software system status can be monitored by listening the events.  

 

5.4    Design patterns 

5.4.1.  Aggregate pattern 

Aggregate is a pattern in the domain-driven design. Its purpose is to organize the data 

in the domain model. An aggregate unites domain objects that can be treated as a 

single unit. For example, a person’s birth details and its contact details can be sepa-

rate objects, but it is useful to group them in one aggregate because both are used to 

describe a person.  

The aggregate is represented by an aggregate root, which is one of its component 

objects. Any references from outside the aggregate should only go to the aggregate 

root. The root can thus ensure the integrity of the aggregate as a whole. 

Aggregates need to be treat like one unit of data. Aggregate boundaries should not be 

crossed by the data requests, because the aggregate root is determined point of access 

for the aggregate. 

Domain-driven design aggregates are sometimes confused with collection classes 

(lists, maps, etc), which are generic. Aggregates are domain concepts such as person, 

clinic visit, or playlist.  

5.4.2.  Adapter pattern 

The Adapter pattern converts the interface of a class into another interface that clients 

expect. The adapter can be used when an application requires access to a toolkit or 

class library with incompatible interfaces. In this case the adapter is needed because 

the source code of the (e.g. third party) library is not available for changing its inter-

face. Even if the source code is available, then changing the interface for each do-

main-specific application is not a good idea. 

In this project, adapters are used to connect the Matlab models (i.e. algorithms, calcu-

lations) with the control code. 

5.4.3.  Façade pattern 

Requirement HLR 3 stands for the creation of simple and clear interfaces definition. 

It is the motivation for using the façade pattern. The wafer-stage trajectory calcula-

tion is implemented in a subsystem in metrology software. At the same time, this 

functionality is divided in some modules. The façade object provides a simple inter-

face to the clients hiding the complex structure of classes or modules behind it. 
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6. Design  
 

In the previous Chapter, some principles and patterns that are needed for the design 

and implementation of this project have been discussed. This Chapter explains how 

these principles and patterns are used in the actual design of the wafer-stage trajecto-

ry framework. The design consists of three parts: 

 Design of the domain model and application services is explained in Section 

6.1    

 Design of the state machines, which define the behavior, is explained in 

Section 6.2    

 Design of the data aggregations is explained in Section 6.3     

6.1    Domain model 
The domain model functionalities are organized in a hierarchy of features. On the top 

of the hierarchy, the main calculation service controls the sub-calculation services 

that fill in a part of the responsibility of the main service. Each of the sub-calculation 

services has multiple components. Each of the components is responsible for a spe-

cific functionality and its behavior is mapped to a simple state machine (see section 

6.2   ). The services and the components are building blocks of the domain model. 

The main calculation service 

The main calculation service provides the interface of the calculation to the rest of 

the system. The interface provided by the main calculation service fulfills the re-

quirement HLR 3 for clear and simple interface, which puts the main calculation ser-

vice in the role of a façade object. The other responsibility of the main calculation 

service is to control the calculation behavior on the highest level.  

Sub-calculation services 

The process of calculating the final result is divided into a number of sub-calculation 

services, which form sequence of sub-calculation services ordered by their priorities. 

The sub-calculation service, which delivers the best result, is called first. If the result 

cannot be delivered from the first sub-calculation service, then backup plan is to call 

the next sub-calculation service in the sequence. The sequence of sub-calculation 

services needs to deliver the best result. All of the sub-calculation services have the 

same hierarchy of components. Figure 7 shows the components for the first 

calculation service, and the design for other sub-calculation services follows the same 

structure.  

Sub-calculation service components 

The sub-calculation service manages the execution of the Data Validator, Calculator 

and Result Validator components. Each of these components has responsibility to 

perform an algorithm and to deliver the algorithm’s result to the sub-calculation ser-

vice. The DataValidator validates the input data against the acceptance criteria for a 

calculation. The calculation is performed by the Calculator component and a result is 

produced. The ResultValidator needs to validate the correctness of the result. 

The algorithms performed by these components are developed by functional engi-

neers. They develop the algorithms in Matlab. Previously, the Matlab models were 

translated to C code, which results in error prone code. The design of this project is to 

execute the Matlab models from the C++ code. For that purpose, an adapter pattern is 

used to connect the C++ code with Matlab libraries. Each adapter calls particular 

Matlab library. It is represented with dashed lines in Figure 7, because Matlab librar-

ies are abstracted with a package.  
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Figure 7. Simplified domain model of the wafer-stage trajectory calculation 

6.2    Behavior design 
Each of the building blocks in the domain model has its own behavior. The system 

behavior is represented with a state machine, whose states transitions are triggered by 

external events. The state machines from the building blocks implement the aggre-

gated behavior of the system. One of these state machines is represented in Figure 8. 

 

 class CalculationDomainModel

MainCalculationServ ice
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FirstDataValidator

FirstCalculator

ResultValidator

ThirdCalcServ ice

Adapter

DataValidatorAdapter

CalculatorAdapter

ResultValidatorAdapter

MatlabLibrary
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services contain the same 
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Main calculation service 

can control multiple 
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SecondCalcServ ice
FirstCalcServ ice
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The example shows 

only for the 

DataValidator and 
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The state machine for a component called FirstDataValidator, shown in Figure 8, 

describes the process of validating data. Initially the state machine is in the idle state. 

The event dataAvailable, raised by the FirstCalcService, is handled by this state ma-

chine and it results in a transition to the DataValidating state. This state as a result 

can raise two events: dataValidationSucceed or dataValidationFailed. These two 

events invoke state machines to handle each of these events, respectively. For exam-

ple, dataValidationSucceed invokes the FirstCalculator state machine to handle it. 

Events can carry also some data in order to transfer part of the context to the new 

state. For example, the event dataValidationFailed contains information why the data 

validation failed. 

 

Figure 8. Example of modeled behavior with a state machine 

6.3    Data organization in aggregations 
The data used in the domain model is organized in aggregations. An example of an 

aggregation is machine calibration data (see Figure 9). It represents the root entity for 

the aggregation. It can have data entities and value-objects.  

Domain driven design distinguishes between immutable data, called value-objects, 

and data entities, whose values change over the time. An example of a data entity is 

the machine calibration data (see Figure 9) for a hardware part (e.g. lens, wafer stage, 

reticle). The machine calibration data keeps the calibration values of the hardware 

part up-to-date. Another example for data entity is the hardware part specification 

(see Figure 9). An example of a value-object is the calibration state, which keeps 

track of the last calibration. When the machine calibration data is updated then a new 

calibration state object is created and attached to it. 

 

 

Figure 9. The machine calibration data aggregate presented in a class diagram 

 stm DataValidator
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7. Implementation 
 

7.1    Introduction 
Implementation is the process of realizing the design in the code. In this project, the 

onion architecture principles are the guideline for obtaining such an implementation. 

A point of interest for this chapter is the translation of the design into code for the 

domain layer and the domain services. They represent the core layer of the onion 

architecture without any dependencies on the layers around it. This layer is inde-

pendent from the rest of the implementation. The organization of the domain layer 

and the domain services is described in section 7.2   . The implementation of the be-

havior for the domain building blocks is realized by translating their state machines 

into code according to the event driven programming paradigm (as described in Sec-

tion 7.3   ).  

7.2    Domain layer and domain services package dis-

tribution 
The classes in the domain layer are grouped into a number of packages, according to 

their purpose. This layer is in the core of the onion architecture and therefore it is 

independent from the other layers. Representation of the dependencies between the 

packages in the domain layer is presented in Figure 10. The content of each package 

is explained below. 

 

 

Figure 10. A package distribution in the domain layer and domain services 

 

The Entities package contains classes, which have the role of organizing the data in 

the domain model. Entities are responsible for the definition of the aggregations and 

structuring the data. They are not involved in the domain behavior. 

 

The Data package contains identifiers, enumerators and other value-objects which 

are referred by the domain entities or used by the domain services. 

 

The Repos (Repositories) package provides interfaces for the data repositories. It 

connects the data repositories with the data in the domain layer, which explains the 

dependence of the Entities and Data packages.  

 

The Config (configuration) package contains classes that parse the input configura-

tions in the domain model.  

 

 pkg Domain

Serv ices

Entities
Data

ConfigRepos

Ev ents
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The Services package represents the domain services. They control the behavior in 

the domain layer. Services are responsible for sub-calculations and for processing the 

results of the sub-calculations. The domain layer complex behavior is handled by the 

Services package. 

 

The Events package contains the domain events. These events are responsible for 

synchronizing the different state machines that perform the calculations. 

 

7.3    Implementation of the events 
The implementation of the behavior is realized by translating each building-block 

state machine into code. Each block is represented with a class (e.g., class 

DataValidator) and states are translated into functions. In addition, the transitions in 

the state machines are implemented following the event-driven paradigm. The exam-

ple implementation explained in the following paragraphs is according to the state 

machine shown in Figure 8. 

 

The implementation of the event-driven paradigm requires dispatching events. The 

logic for dispatching is implemented in a separate component called event bus. This 

component does not contain any business logic and its role is to collect the events 

and match them with the appropriate event handler. It guarantees the independent 

communication between the components and provides the benefits of event-driven 

programming mentioned in Section 5.3   . In this report, event-driven programming is 

briefly explained. More on this topic can be find in the book event-based program-

ming [4].  

 

Events are implemented in separate classes like the one shown in Figure 11. It can 

contain some data, which is important to be transferred to the new state. The trans-

ferred data does not need to bring overhead to the event and it is usually a Boolean 

flag, a value, or an identifier.  

 

 

Figure 11. Example of event implementation 

 

An event instance is created every time the event is raised. The decision, which event 

to be raised, depends on the final result in the current state. For example, the function 

in Figure 12 evaluates the Boolean flag, which carries information about the result 

from the data validation. If the result is successful then DataValidationSucceed event 

is created and raised, otherwise DataValidationFailed event is created and raised. The 

event bus collects the raised events and their handlers. Its role is to find the correct 

handler for the raised events.  

 

 

Figure 12. Event instance is created and raised 
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All the event handlers are created at application start up. After creation, the event 

handler is attached to the event bus (see Figure 13). If there is more than one event 

handler attached for the same event then only the first attached is taken in 

consideration and the rest of attached event handlers are ignored. 

 

Figure 13. Event handler is created and attached to the event bus 

 

As a final step, the event is handled and the execution of the new state is started (il-

lustrated in Figure 14). In the beginning, logging for the start of the new state is per-

formed. In the case shown in Figure 14, the event carries data needed for the new 

state. In this case, it is an identifier, which is passed as argument for the calculation. 

 

 

Figure 14. Method invoked by the event handler 

In the previous paragraphs, a cycle of one event life time is explained. The event is 

created and raised. Its handler is invoked by the event bus. The event handler per-

forms a calculation as result of handling the event. And the result of the calculation 

creates and raises a new event. These cycles are repeating until the final result is de-

livered. That means a state machine for the wafer-stage trajectory calculation reaches 

the idle state and it is ready for handling a new call.  

7.4    Implementation summary 
The implementation is mainly focused in implementing the domain using the onion 

architecture explained before, and its behavior with event driven programming. The 

implementation realizes the design and delivers the proof of concept framework for 

wafer-stage trajectory calculation. 
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8. Evaluation 
This Chapter evaluates the benefits of the design and implementation principles used 

in the project.  

8.1    Project evaluation 
The main focus of this project is to address the problem of mapping the functional 

design into software design. The idea is to achieve this by focusing on the domain 

during the design phase. This results in software implementation with easy access to 

the business logic implemented in the code. 

An evaluation point is the generality of the delivered proof of concept. Beside the 

project domain experiences such as design decisions, state machine implementations 

and coding practices can be reused for components, which calculate trajectory for 

other hardware parts.  

A self-documenting domain model implementation 
One solution to minimize the gap between the documentation and the actual imple-

mentation is to design a self-documenting implementation. First, naming in the im-

plemented code and designed models is consistent, which maintains a vocabulary. 

The vocabulary used in the implemented code is part of the ubiquitous language of 

the domain. The ubiquitous language used in the code makes a connection between 

the software, its documentation and daily conversation of the metrology engineers. 

Additionally, the implemented code has comments, which comply with standards to 

generate API documentation. Listed software attributes help to express the business 

logic and overcome the gap with outdated documentation. 

Guideline for metrology driver components 
Even though this project was focused on one specific domain of the metrology soft-

ware, the good practices, and design patterns described in this report can be also ap-

plied in other parts of Metrology software. The project deliverable is a proof of con-

cept, but the good practices learned on the way can be applied to improve the current 

software. 

1. The first step to improve the design of the current software is to provide ap-

propriate approach on the problem. Currently, most of the functionality is 

expressed in monolithic sequential functions that try to cover all possible 

scenarios by using “if” or “switch” statements. The proposed idea on this 

project is to use state machines and events to describe (and implement) be-

havior instead of procedures. The procedural way of programming is closer 

to human thinking, but it is harder to describe (complete) machine behavior. 

The current design is based on having a function implementing a main sce-

nario. This main scenario covers the most common system behavior. The 

deviations (i.e. variation points) from the main scenario increase the com-

plexity because they introduce branches (i.e. if statements) in the code of the 

main scenario. Usually, machine behavior is based on reactions to events, 

which are triggered by the environment (i.e. external events). With this ap-

proach, each scenario can be represented by a sequence of transitions be-

tween states of state machines. The complexity in this approach is put away 

from the functionality by introducing an event bus. The event bus handles 

the events and it invokes the appropriate handler for each event. Then, in-

troducing new features can be done by adding new transitions or states to 

the state machine. This adds system behavior. 

2. The project code base properties are improved by utilizing object-oriented 

mechanisms (inheritance, polymorphism, interfaces). Applying the object-

oriented mechanisms, the hierarchy of services is created to decouple the 

functionalities. The service hierarchy allows to be extended with new fea-

tures without increasing the complexity or maintenance effort. Furthermore, 
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proper system decomposition allows the definition of generic design pat-

terns for the metrology domain.  

Improvements in the code quality can be measured with code metrics. A code metric 

is a measure of some property of a piece of software or its specifications [5]. The 

code metrics used in this project are listed in Table 2. For measuring the code metrics 

is used specialized tool called Source Monitor
3
 developed by Campwood. Measured 

code metrics can be mapped on the scale in Table 2. The metrics used to analyze the 

code quality are following 

- The complexity metric measures the number of execution paths through a 

function or method. Each function or method has a complexity of one plus 

one for each branch statement such as if, else, for, foreach, or while. [6]  

- Depth is the value to describe how many logical evaluations need to be done 

to reach the most nested statement in the function. While nesting can be 

used alone in most languages, nested blocks are almost always introduced 

with execution control statements such as if, case, and while. As the depth 

grows, the code gets harder to read because with each new nested depth lev-

el, more conditions must be evaluated in order to assess when a piece of 

code will be executed. [6] 

- Statements per function in C++ are the number of computational state-

ments that are terminated with a semicolon character. Branches such as if, 

for, while and goto are also counted as statements. The exception control 

statements try and catch are also counted as statements. Preprocessor direc-

tives #include, #define, and #undef are counted as statements. All other 

preprocessor directives are ignored. In addition all statements between each 

#else or #elif statement and its closing #endif statement are ignored, to elim-

inate fractured block structures. [6] 

- Percent branch statements are calculated on method level and indicate the 

ratio of statements, which belong to the branches. The value increases by the 

number of logical expressions which can change the control flow (if, 

switch/case, for- and while-loop statements) and number of statements, 

which belong to them.  

Because interpretation of the code metrics values is not provided by the Source Mon-

itor tool, a couple of sources are used to interpret the risk level for the following 

measured values: Complexity [7], Depth [8], Statements per function [8], and 

Branching [9].  In Table 2, distribution of code metrics values per risk level is given.  

Table 2. Code metrics value interpretation 

Metric name Risk levels 

     

Complexity 1-10 11-20 21-50 >50 

Depth <1 1-2 2-3 >3 

Stms/Function 1-5 5-15 15-30 >30 

Branches % 1-10 11-20 >20 >50 

Other results 
During the realization of the project, the following results were achieved: 

1. The creation of the domain model for describing the wafer-stage trajectory 

calculation is fully documented. This document is public version and it can 

give insight with high level of abstraction. The internal company document 

can be useful for anyone, who needs to get acquainted with the calculation 

domain or to have a look at software designed in domain-driven way. 

2. The functionality required by this project has been extracted from the ASML 

development environment to a local development environment and can be 

built in isolation from the rest of the software. This is beneficial for this pro-

ject because it remains isolated from the rest, and allows fast development and 

building. It saves the unnecessary overhead of working inside the ASML de-

velopment environment. 

                                                           
3
 Source Monitor web page is http://www.campwoodsw.com/sourcemonitor.html  

http://www.campwoodsw.com/sourcemonitor.html
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9.Conclusions 
This Chapter summarizes the findings from the previous chapters and presents the 

project conclusions. 

9.1    Project conclusions 

Functional design expressed in software 
The delivered project framework contains the domain knowledge in its core. The 

domain knowledge is expressed in the code with the ubiquitous language. That 

makes it readable and understandable the code for the functional and software engi-

neers. 

Event-based implementation 
The domain functionalities are expressed with state machines. The implementation of 

the state machines is with done using event-based programming. This way of design-

ing and implementing the domain functionalities prevents coupling in the software. 

That results in low-complexity software, because each state is implemented in one 

component. Additional features are designed with new states and their implementa-

tion does not add complexity for the existent components. This practice prevents 

branching in the components and software remains readable and maintainable. 

Code metrics 
Software complexity can be measured with code metrics. Measured values for code 

metrics for this project are presented in Table 3. The resulted values can be mapped 

on the risk scale with Table 2. The risk level achieved for this project is low and it is 

a good example for improvement, which can be applied in the existing implementa-

tion. 

Table 3. Code metrics by Software Monitor 

Metric name Metric value 

Average Complexity 1.15 

Maximum Complexity 5 

Depth 0.62 

Statements per function 2.5 

Branches % 2.3 

Matlab models 
Matlab is the environment used by functional engineers to accomplish their daily 

tasks in creation of calculation algorithms. One of the project results is possibility to 

execute Matlab models from the controller code. This allows to avoid the translation 

of the Matlab models into programming code, which saves time and less error prone 

code.  

Summary 
The final result of this project is the re-designed wafer-stage trajectory calculation. 

The functional design of this calculation is expressed in the software by using the 

domain-driven approach. The behavior of this calculation is implemented using 

event-driven programming. Furthermore, the calculation algorithms produced in 

Matlab are executed without translation from the controller code. Finally, the result is 

software with maintainable, extensible, and readable code. 
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10. Project Management 
 

10.1    Work-Breakdown Structure (WBS) 
The first version of the project plan was quite general with not much detail about 

certain milestones. It was corrected in the process of gathering the requirements and 

the milestones were redefined to reflect the process of tackling the requirements. 

With a clear definition about the planned milestones, it was easier to create tasks. 

 

Next challenge was the tasks estimation. Some of the tasks were overestimated, be-

cause of a lack of knowledge or the fear of uncertainties. Other tasks, which were 

related with some risky issues, were underestimated. In May re-planning was done to 

reflect the real situation in the work progress. The project plan was presented in Fig-

ure 15, Figure 16, Figure 17, and Figure 18, which reflect the planned work per 

phase.  

 

 

 

Figure 15. WBS for the phase one (Domain learning) 

 

 

 

Figure 16. WBS for the phase two (Prototyping) 

 

The planning update affects at most the third phase, the realization part (Figure 17). 

In this phase, models are realized in the code and the product gets its final shape. The 

realization in the code and usage of variety technologies were not act always accord-

ing to the plan. This required reprioritization and some milestones to be postponed, 

canceled or switched with other features, in order to make more effective use of the 

remaining time. More details about the progress per milestone are explained in Sec-

tion 10.3    
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Figure 17. WBS for the phase three (Realization) 

 

 

Figure 18. WBS for the phase four (Finalization) 

10.2    Project planning and scheduling 
 

The project can be divided in roughly four phases (in braces is mapping to milestones 

depicted in Table 4) 

1. Domain learning (1-3) 

2. Prototyping (4-5) 

3. Realizing (6-9) 

4. Finalizing (10-13) 

 

At the start of the project, in the domain learning phase, the emphasis was to get ac-

quainted with the ASML culture, the metrology domain and the project problem.  In 

addition, the project problem was defined more precisely and requirements specifi-

cation was written.  

 

In the prototyping phase, for better understanding the problem, a simple demo is 

built. The purpose is to signal the official beginning of the project and to show the 

understanding of the requirements. The part of the technology investigation is also 
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finalized with a help of the developed prototype and a proof of the implemented sim-

ple examples. 

 

The realizing phase is devoted to the technical aspects of the solution. It is a mixture 

of improving the model at the beginning and building the implementation, step by 

step. The final result needs to be a fully functional proof of concept. 

 

The last phase confirms the result achieved in the previous phases and wraps the im-

plementation in a package with its test programs for usage. In this phase writing the 

tests verifies the correctness of the final product, but it is also guideline for product 

usage. Another aspect is the deployment of the project and the possibility to be inte-

grated with the existent environment. Integration is not in the project scope, because 

the deliverable is a proof of concept. 

 

After the initial phase of learning, a phase of prototyping represents the first iteration 

of the project. Other iterations belong to the phase of realizing the final product and 

their duration is based on the tasks planned for that iteration, but not more than two-

three weeks per iteration. 

 

In the same time with the project realization, the documentation was in progress. By 

the initial planning of writing one chapter per month, it was lowered during the busy 

periods with the implementation. Last two months were devoted for finalizing the 

documentation and less time for the tasks from the last phase. The last two weeks 

were planned for making the presentation and tie up the deliverables in one package. 

 

Table 4. Project milestones 

No. Code Name Description 

1. PPS Project problem scope Learning about the domain, which 

results in definition of the project 

scope  

2. TI Technology investigation Research about the available technol-

ogies and their incorporation in exist-

ing implementations related with the 

project domain 

3. RS Requirements specification Gathering the requirements for the 

project 

4. DDI Demo design and imple-

mentation 

Implementation of the basic design 

with stub functionalities 

5. CDI Service hierarchy designed 

and implemented 

Continuation of the demo implement-

ed in the previous milestone, focus is 

on expanding the service hierarchy 

6. MMS Matlab model environment 

setup 

Prototyping with the possibilities to 

connect the Matlab environment with 

C++ 

7. LFB First development iteration Tools integration in the first devel-

opment iteration 

8. FFB Second development itera-

tion 

Tools integration in the second devel-

opment iteration 

9. GWB Third development iteration Tools integration in the third devel-

opment iteration 

10. TW Test writing Project tests scenarios   

11. RPT Report writing Finishing the report (both internal and 

public versions) 

12. ExPS An investigation of the pro-

ject integration 

An investigation of the possibility re-

designed part to be integrated in the 

rest of the system 

13. DEPS Documenting the integra-

tion steps 

A brief explanation of the steps nec-

essary in order to integrate the calcu-
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lation back to the system. 

14. CDOC Code documentation and 

finalization 

Finishing with the documentation, in 

the code and report, and preparation 

of the presentation 

 

 

The project management task does not belong in any phase particularly, but it lasts 

from the beginning to the end of the project. In this task, couple of steps occurs peri-

odically to keep the project on track. The initial project plan was made in the second 

month after the project start. Every month a more detailed plan for the upcoming 

month was presented to the supervisors during the project steering group meetings 

(PSGMs). Based on the progress from the past month, the proposed plan was con-

firmed or suitable corrections were suggested. These meetings were important for 

discussing the decisions to steer the project in the right direction. The conclusions 

from the meeting were written in the meeting minutes document together with the 

action points for the next period. 

 

10.3    Milestone Trend Analysis (MTA) 
In the previous section the re-planning and the prioritization are explained, but the 

real reason behind it cannot be discovered from the Gantt charts. With the MTA 

charts can be presented the work tempo of the project (shown in Figure 19 and Figure 

20). For better representation of the MTA charts, the whole project period is divided 

in two equal periods. 

 

In the first period shown in Figure 19, there is delay of the requirements gathering 

(RS), which is not really a delay, but their refinement during the prototyping phase 

and conclusion after it. The delay in the progress has to do with investigating the 

possibilities to connect the C++ with Matlab (MMS).  

 

 

 

Figure 19. MTA chart – first part (Legend code clarification in Table 4) 

 

In the second period shown in Figure 20, there is a delay, because the milestone 

MMS about the investigation of the possibilities with Matlab is not finished. Next 

milestone, LFB has a postponed start, but it also faced problems with the integration 
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of Matlab with the rest of the C++ implementation. Additional work has appeared 

due to a different environment needed for the integration to be feasible. It caused the 

milestones, FFB and GWB to be postponed, and later to be canceled. The canceled 

milestones did not add design value to the project, but they were only code develop-

ment milestones, similar to the LFB milestone. After the beginning of July, the mile-

stones are also postponed because of the parallel work in the documentation and giv-

ing it bigger priority.   

 

 

Figure 20. MTA chart – second part (Legend code clarification in Table 4) 

10.4    Delivered artifacts 
The focus of the project is to deliver a functional framework, which implements the 

domain model. Besides the framework there have been a number of artifacts deliv-

ered in order to complete the picture of the whole project. The list of all delivered 

artifacts is as follows: 

 Domain model framework 

o UML design (Enterprise Architect document) 

o Code implementation 

o Test programs 

o Component tests 

 Documentation 

o Requirements and design document  

o Technical report 

 Internal company version 

 Public version 

o Booklet 

o Presentation 
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11. Project Retrospective 

11.1    Reflection 
In the beginning of the project, the first obstacle was to get familiar with the domain. 

Therefore, time was devoted to learn the domain. The first goal was to get general 

knowledge and to narrow down the scope of the project. The whole domain was to-

tally new to me and many times it happened that I dove into some documents or 

computer based trainings that were interesting, but irrelevant for my project. The 

domain is interesting, but it is also broad and it is better to keep focus. The stake-

holders were aware of the broad domain. They tried to keep me away from unneces-

sary details or they limited the amount of knowledge they shared with me. Later, 

when it was time to dive into details, again a lot of questions were raised, but with 

regular meetings and step by step the domain knowledge was handled.  

Learning a broad domain was not an easy task. Helpful guidance by the supervisor 

and the stakeholders consisted of offering pre-selected documents. Their help was 

important to explain the domain details and to guide the learning process in the right 

way.   

 

The requirements were written in SMART way, but it is not guarantee that all of 

them will be realized. Due to the limited period of the project, the requirements prior-

itization needs to be applied. The prioritization takes into account the added value of 

the selected requirement for the project and its feasibility in the planned time frame. 

In this situation the experience of handling a broad domain was applied by focusing 

on the scope of the project, which eliminates most of the irrelevant requirements. 

The lesson learned is for requirements writing. Requirements need to be clear and 

specific. That facilitates prioritization and estimation of their value in the project.  

 

The prioritization is part of any phase of a project, especially in a design project. In 

the development phase, the project ran out of the planned track. My idea for re-

planning was to decrease the allocated time for writing the documentation. It was not 

clever at all, because the documentation part is important and time consuming. The 

idea of my supervisor was to shorten the development by removing the repetition of 

the task, which repeats three times, and does not add design value to the project. The 

unfinished development was compensated with stub methods. The scenarios were 

executed in the part, which was fully developed. The decision to keep the time for 

report writing was clever, because until this moment the report took a significant 

amount of time. 

The learned lesson is for effective re-planning and prioritization based on added val-

ue to the main focus of the project. The documentation is an important part of the 

complete project and it is time consuming. 

 

In the daily communication with the colleagues in ASML, I got a lot of questions 

about my project. These conversations were with people with different professional 

background. I got interesting questions about some details such as how the design 

was executed, and what the benefit from the project will be. A difficult part was to 

explain the issues without using software engineering jargon to avoid repetition of 

the questions. 

 

11.2    Design opportunities revisited 
The design aspects that were selected in Section 2.4   as relevant for this project are: 

 Structuring  

 Reusability 

 Ease of use 
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The structuring criterion can be evaluated as satisfied if its four elements are satis-

fied: 

 Overview, with or without hierarchy 

 Low degree of coupling between components 

 High cohesion within components 

 Clear interfaces 

The hierarchy of services provides clear overview of the system organization. By 

following the object-oriented principles and the metrology reference guidelines, the 

project is organized on higher level with services and the services have a single re-

sponsibility. Each service provides simple interface to the rest of the system and 

hides the implementation details.  

The event-driven approach allows low degree of coupling between the components. 

The components emit events and listen to events. They are not dependent to the rest 

of the system. Each component is highly cohesive, because is responsible for one 

functionality.  

 

The reusability criterion is focusing on developers as clients for further development 

of similar components in metrology and for reusing the skeleton of this project. Be-

side from the domain model, which is isolated in the core of the system, the rest of 

the developed infrastructure and involved technologies can be re-used. The process 

of re-design the same type of component can meet the same challenges and obstacles, 

whose solutions are documented in the company version of this report. 

 

The ease of use criterion is focusing on a clear overview of the functionalities and a 

flat learning curve for use of the project. This project is proof of concept and its goal 

is to prove that the use of domain-driven approach can make it more accessible and 

easy learning software for the software engineers. They can access the functionalities 

in the system easily, because of the hierarchy organization of the domain services. 

Each domain service hides the implementation complexity and provides simple inter-

face for its usage. This way of organization allows also decreased time of mainte-

nance. On the other side, functional engineers have Matlab environment at their dis-

posal. They can deliver the Matlab models without the need of translating them into 

programming language. 
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