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Foreword 

For larger-scale software projects, a reference architecture is used to reflect the funda-

mental concepts of the product. The reference architecture also needs to capture the 

product vision, to ensure the desired extensibility and flexibility is addressed. New func-

tionality is initially designed against the reference architecture to determine the impact of 

change.  

However, without dependency management, the reference architecture and the code live 

in completely decoupled domains. As a result, both will drift apart, because, in the soft-

ware world, it is not visible if your bathroom sewer pipe runs across your kitchen. Alt-

hough the software architecture lives in the heads of all our domain and product archi-

tects, it doesn’t ensure that reference architecture and code evolve in sync. 

Gilda accepted the challenge to try to link both worlds.  We have done multiple brain-

storming sessions to determine how we can increase developer fun while introducing 

dependency checking. As both the Reference Architecture and the code are alive, all in-

volved parties need a digital playground to explore solution options. Gilda managed to 

create a product she calls GrayDep, which generates enough output to do real-time code 

checking, while the dependency definition is language independent and allows multi-

level & team input. The function architects can refine the architecture per domain, but 

only within the boundary of the reference architecture. Even lifecycle management con-

cepts and analysis functionality made it into the product. I appreciate how all the indi-

vidual ideas have been integrated into a product that shows flexibility beyond the indi-

vidual features.  

I’m pleased that you are joining our business line. So you will also witness GrayDep be-

ing introduced & used by all developers in our group. You never explained how you got 

to the name GrayDep. My take is that it is the abbreviation for Gilda’s magic ray De-

pendency Manager. 

 

Mark Jaminon - 16 Sept 2019 
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Preface 

The goal of this report is to document the graduation project of Gilda Khosravi. This 

project was a nine-month graduation project of the Software Technology Professional 

Doctorate in Engineering (PDEng) program of Eindhoven University of Technology. 

A PDEng program is a full-time, two-year technological designer program offered by 

one of the four universities of technology in the Netherlands. The 4TU.Federation has 

created a joint institute for these programs called the 4TU. School for Technological 

Design, Stan Ackermans Institute. A PDEng trainee develops the competencies to cre-

ate innovative technological solutions for products, processes, and systems. These 

solutions are based on functional requirements as well as on business and market re-

quirements, within the context of society as a whole.  

Following the PDEng program, this project is carried out for ASML Netherlands, a 

company that builds machines for silicon lithography, to design and develop a de-

pendency management system.  

The target audience of this report is mostly technical audiences. Nevertheless, it is 

primarily intended for ASML experts who are interested in modularity and software 

architecture.  

 

Gilda Khosravi 

September 2019 
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Executive Summary 

Following a systematic process for building software increases the quality of the soft-

ware. Dependencies in software can be seen as a measure of quality. Dependency 

management, as an essential step in the software development process, helps in con-

trolling the dependencies in an automated fashion and increasing the quality. As the 

number of undesired dependencies increases, the risks that dependencies carry with 

them grow. 

Dependency management in software is a broad term whose scope is highly depend-

ent on the context of the company. This project is conducted at the YieldStar depart-

ment of ASML, defining the dependencies by the architects in a language-

independent approach, generating feedback to the developers whenever a disallowed 

dependency is introduced, and dependency monitoring in the software in a team-

oriented approach are the main goals. 

In order to achieve the goals, this project is divided into the following phases: 

 Phase one, dependency enforcement: to identify modules, interfaces, and pol-

icies for interconnecting them. 

 Phase two, dependency monitoring: to find the real dependencies in software 

and to plot the changes after each software release. 

The result of this project is a software application named GrayDep. To realize the pro-

ject objectives in the first phase, a Domain Specific Language (DSL) for defining the 

dependency rules was created. Architects can define the dependency policies that 

must be followed in the software implementation in the language. For the monitoring 

phase, the language was extended, and the software was analyzed against the design. 

GrayDep consists of two major functionalities as follows: 

 GrayDep reads the logical dependency rules that are written in a DSL and 

generates an output that is used by NsDep, which is a YieldStar live depend-

ency checker tool to enforce the logical dependency rules in the software. 

 GrayDep reads the assemblies as well as logical software containers, maps the 

containers to the software elements, finds the dependencies between contain-

ers, and creates charts that show the trend of the number of dependencies be-

tween every two containers. 

In conclusion, design the software in a language-independent approach and valida-

tion of the design by GrayDep will enable YieldStar‘s architects to achieve more by 

using less effort.  
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Glossary 

Table 1.Glossary 

Name Meaning 

API Application Programming Interface 

ASML Advanced Semiconductor Materials Lithography 

BB Building Block 

BCA Byte Code Analysis 

CI Continuous Integration 

CLR Common Language Runtime 

DM&SC Dependency Management and Scope Control 

DSL Domain-Specific Language 

FC Function Cluster 

IDE Integrated Development Environment 

RA Reference Architecture 

SCA Source Code Analysis 
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Key Concepts 

Table 2. Key concepts 

Concept Definition 

Building Block (BB) Fine-grained software component for the architects 

Container A logical group of building blocks 

Dependency in the 

implementation phase 

Dependency between: 

 Two language types, such as dependency be-

tween two classes.  

 Two namespaces 

 Two assemblies 

Dependency in the 

design phase 

Dependency between design modules such as two BBs or 

two containers 

Logical dependency Dependency between two namespaces in the implementa-

tion phase 

Physical dependency Dependency between two assemblies in the implementa-

tion phase 

Real dependency A logical or physical dependency in software 

Allowed dependency When using a software part from another software part is 

allowed in the design phase 

Blocked dependency When using a software part from another software part is 

not allowed in the design phase 

Dependency rule Defining an allowed or blocked dependency 
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.Net Concepts 

Table 3. Key concepts 

Concept Definition 

.Net Framework .Net Framework is a software framework developed by Mi-

crosoft that runs primarily on Microsoft Windows. 

Managed Code 

 

. The .Net Framework provides a run-time environment called 

the Common Language Runtime (CLR). Managed code is 

a code whose execution is managed by CLR. 

Unmanaged code Unmanaged code refers to code written in a programming 

language such as C or C++, which is compiled directly in-

to native code. 

.Net Assembly Assemblies form the fundamental unit of deployment, version 

control, reuse, activation scoping, and security permissions 

for a .NET-based application. Assemblies take the form of an 

executable (.exe) file or dynamic link library (.dll) file. 

Intermediate lan-

guage (IL) 

Intermediate language (IL) is a product of compilation of code 

written in high-level .NET languages. 

C# and C++/CLI (a version of C++ including extensions for 

using CLR objects) are two high-level .NET languages that 

compile entirely to the IL.  

 

https://en.wikipedia.org/wiki/C%2B%2B
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1 Introduction 

This report covers the theoretical and practical aspects of the “Dependency management 

and Scope Control” project, containing the literature review of existing and required 

technologies, implementation details of the software, and the final deliverables of the 

project.  

This chapter provides a general introduction to the project. It also discusses the goals and 

context of the project. The outline section gives an overview of the structure of this re-

port. 

 

1.1 Context 

As software grows in complexity and size, maintenance and change management be-

come complicated. One of the main reasons for this complication is an increasing number 

of dependencies either internally between different parts of the software or externally 

with third-party software. Dependency is a broad software engineering term that is used 

to refer to a piece of software that relies on another one.  

Code reuse via reference is beneficial in small projects since less effort and time is needed 

to develop software. However, in large-size projects, dependencies begin to outweigh 

their benefits if they are not designed. The larger the number of unwanted dependencies 

between software pieces, the harder it is to manage the changes and maintain the soft-

ware.  

In this case, more modular architecture with desired dependencies among modules that 

preserve the non-functional requirements of the system can speed up the build and 

maintenance process of the software. 

Modular design is about breaking down a design into small parts (modules), creating 

them independently, and combining them into a more extensive system by defining their 

dependencies. 

The main question is how to define modules and their connections in a flexible way as 

well as to couple the design and code in an automated fashion. The goal of the “Depend-

ency Management and Scope Control” (DM&SC) project is the answer to this question by 

creating a platform for defining modules and the rules that have to be followed when one 

module is used in another one. The rules governing module dependencies would pre-

serve the principles of the modularity as well as would ensure that dependencies in 

software comply with the allowed dependencies in the design. 

This project is conducted by Gilda Khosravi, as her final design project for the Software 

Technology Professional Doctorate in Engineering (ST PDEng) program. This program is 
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offered by the Department of Mathematics and Computer Science of the Eindhoven Uni-

versity of Technology in the context of the 4TU.School for Technological Design, Stan 

Ackermans Institute. 

This project is initiated by ASML, a Dutch company that supplies Lithography systems 

for the semiconductor industry. Section 1.2 gives a brief about the company ASML. 

 

1.2 About ASML 

ASML is one of the world’s leading manufacturers of chip-making equipment, providing 

chipmakers with hardware, software, and services they need. ASML's vision is to enable 

affordable microelectronics that improve the quality of life. To achieve it, ASML’s mis-

sion is to invent, develop, manufacture, and service advanced technology for high-tech 

lithography, metrology, and software solutions for the semiconductor industry.   

High Volume Manufacturing (HVM) requires many steps. Lithography is the heart of 

chip manufacturing. ASML’s TWINSCAN is the lithography tool designed for wafer 

production. ASML is headquartered in Veldhoven, The Netherlands. 

 

1.2.1 Importance of metrology in Lithography 

In the semiconductor world, success comes from creating faster, lower-power chips that 

have more functionality. That, in turn, means being able to print ever more complicated 

patterns built up from smaller and smaller features onto a silicon wafer — and being able 

to do that reliably enough to ensure high yields (Know what you’re printing: the story of 

YieldStar, 2016).  

To control the lithographic process, factors such as how well two patterns can be aligned 

(overlay) and how consistently the size of features can be reproduced (critical dimension 

uniformity) become crucial to achieving smaller features. There was plenty of room for 

improvement of measuring the prints on the wafers. One way to improve the idea was a 

more holistic approach to lithography and metrology, and computational modeling be-

came as the TWINSCAN itself. 

In addition to metrology and computational modeling inside TWINSCAN, ASML offers 

two products to its customers regarding these: YieldStar and HMI. 

 

1.2.2 The story of YieldStar 

ASML began developing its own, diffraction-based approach to metrology. This ap-

proach allowed measurements to be carried out much faster without compromising ac-
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curacy. The result was YieldStar. (Know what you’re printing: the story of YieldStar, 

2016) 

The YieldStar is a machine that is capable of measuring the overlay, focus, and critical 

dimension of structures that have been printed on the wafers by TWINSCAN. The main 

goal is to deliver a closed-loop solution to customers that increases the performance of  

TWINSCAN by using metrology on the printed wafers by TWINSCAN.  

The existing YieldStar software is a large amount of code, more than five million lines of 

code, written mainly in C# on .Net.  Nevertheless, languages such as C, C++, MATLAB, 

python are used. 

YieldStar Software is required to be sustainable and reliable for future success. Currently, 

YieldStar software consists of two large and a few small modules, which categorize the 

software from the architecture point of view as an integral architecture. 

Due to the complexity of the YieldStar software, unwanted dependencies between differ-

ent elements of the software, and the high cost of maintenance, the YieldStar department 

has a plan to have a new modular design and implementation for the software. Control-

ling dependencies in new modular software in an automated way and validating the 

process are the reasons YieldStar initiated this project. 

 

1.2.3 The story of HMI 

The metrics that are defined in YieldStar no longer adequately capture the most ad-

vanced patterning problems.  

ASML expanded the Holistic Lithography portfolio in 2016 with the acquisition of HMI, 

a leading supplier of e-beam metrology tools. The joint ASML and HMI effort resulted in 

the first shipment of the e-beam pattern fidelity metrology system (ePfm5) in 2017. 

(ASML, 2018) 

E-beam data enhances the control strategy of TWINSCAN, so chip makers can check that 

real structures match their design intent to accelerate volume production (A paradigm 

shift in the semiconductor industry: Pattern fidelity, 2017). 

HMI software, which is following a modular design, is a mid-size software compared to 

YieldStar software. The software is written mainly in C# on .Net. As HMI is growing, 

maintenance and change management become more significant problems. For HMI soft-

ware, this project provides a solution for concerns such as preventing unexpected change 

impact, defining clear ownership of software units, and reducing bad locality of change. 

 

1.2.4 About this project 

DM&SC started as a "joint" project between the HMI and YieldStar departments to have a 

unified application for managing dependencies of their software. From the inception of 
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the idea to the development of the product, the project went through phases beginning 

with requirement gathering for both departments, followed by analysis, design, and fi-

nally, implementing a tool named GrayDep. This phase of the project is called dependen-

cy enforcement. 

However, after this phase, there was minimal overlap in requirements from both de-

partments, which made it infeasible to come up with a unified solution for both depart-

ments. This was when the decision was made to continue with YieldStar instead of both 

parties.  

As a result, the GrayDep tool was extended for extracting dependencies from YieldStar 

software. The second phase of the project focused on static analysis of the YieldStar soft-

ware. In this phase, the objective of dependency monitoring is to find out the real de-

pendencies between YieldStar containers and monitor their changes over time.  

 

1.2.5 Outline 

In the next chapter of this report, Chapter 2, the stakeholders of the project, their con-

cerns, and their interests are described. In Chapter 3, an analysis of the current situation 

of YieldStar, HMI, and the need for this project are described. Chapter 4 lists the re-

quirements. Chapter 5 gives a literature review of the off-the-shelf tools that are investi-

gated in this project. Chapter 6 explains the approaches for the analysis of the feasibility 

of the proposed solution. Chapter 7 contains the architectural decisions and the design of 

the tool. In Chapter 8, the implementation of the design is described. Chapter 9 provides 

the approaches regarding verification and validation of the proposed solution. Conclu-

sions are described in Chapter 10. Project management is presented in Chapter 11. In the 

end,  the project retrospective is in Chapter 12. 
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2 Stakeholder Analysis 

This chapter identifies the main stakeholders of this project. There are different groups 

and people who are interested in this project, and knowing their goals is part of the envi-

ronment and system analysis. For each stakeholder, role, goals, tasks, and their involve-

ment are gathered. 

 

2.1 Introduction 

There are two major organizations involved in this project: ASML and Eindhoven Uni-

versity of Technology (TU/e). Since this project is defined for two different systems, 

YieldStar and HMI, engaging the stakeholders in the right way and considering the in-

terests of both sides and prioritizing conflicting requirements are crucial. 

 

2.2 ASML 

2.2.1 YieldStar side 

The main stakeholders of the YieldStar side are introduced in Table 4, Table 5, and Table 

6. 

 

Table 4. YieldStar main stakeholder 1 

Name Mark Jaminon 

Role Software platform architect at ASML / project supervisor 

Goals  A top-down design approach for new YieldStar software. 

 Control the modular design by managing the dependencies in 

an automated way. 

 Manage dependencies between the YieldStar existing and new 

source code repositories. 

 Manage dependencies to deprecated interfaces. 

 Measure the healthiness of the software. 

Tasks  Provide relevant information regarding the YieldStar reference ar-
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chitecture. 

 Provide high-level guidance on the project.  

 Evaluate the progress and final deliverables. 

 Review the report. 

Involvement Weekly progress update meetings, monthly project steering group 

meetings, and ad-hoc basis meeting. 

 

Table 5. YieldStar main stakeholder 2 

Name Eric Kreuwels 

Role Software platform architect 

Goals  Evaluate the design and healthiness of the system by defining a few 

metrics. 

 Improve YieldStar software quality.  

 Find an appropriate commercial tool for resolving the dependen-

cies. 

 Cut costs. 

Tasks  Provide information regarding TWINSCAN metrics for evaluating 

the software. 

 Provide advice on the direction of the project. 

Involvement Ad-hoc basis meeting 

 

Table 6. YieldStar main stakeholder 3 

Name Bas van der Linden 

Role Software Designer 

Goals Usage of NsDep (YieldStar live dependency checker) in the process 

Tasks  Provide domain knowledge 

 Provide input for the integration of NsDep with GrayDep 

Involvement Ad-hoc basis meeting 
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2.2.2 HMI side 

From the HMI department, for the first phase of the project, one main stakeholder that is intro-

duced in Table 7 was identified. 

Table 7. HMI  main stakeholder 

Name Liviu Raulea 

Role Software platform architect 

Goals  Control the modular design by managing the dependencies in an 

automated way in the HMI software.  

 Prove the advantage of the dependency management system to the 

managers. 

Tasks  Provide domain knowledge. 

 Provide High-level guidance on the project, such as direction and 

usage of open source tools. 

 Provide relevant information regarding the project’s requirements. 

Involvement Weekly progress update meetings, monthly project steering group 

meetings only for the first phase of the project 

 

2.3 TU/e 

This project aims for ASML and TU/e. In this section, TU/e stakeholders, their involve-

ment, and impacts are described in Table 8 and Table 9. 

 

Table 8. TU/e main stakeholder 1 

Name Tom Verhoeff 

Role Assistant professor at the Faculty of Mathematics and Computing 

Science of TU/e / project supervisor 

Goals  Evaluate the project based on PDEng’s project standard. 

 Evaluate the project progress based on planning. 

 Guide the trainee through the project. 

 Help the trainee under challenging situations and smooth it. 

Tasks  Provide relevant knowledge. 
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 Provide relevant contacts that are necessary for the project. 

 Monitor the project’s process. 

 Evaluate the progress regularly and provide advice and feedback 

to the trainee. 

 Review the project’s final report. 

Involvement Every two weeks, progress update meetings, monthly project steer-

ing group meetings 

 

Table 9. TU/e main stakeholder 2 

Name Yanja Dajsuren 

Role Software technology PDEng program director 

Goals Project success 

Tasks Provide High-level guidance on the project 

Involvement Ad-hoc basis meeting, project steering group meetings 
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3 Problem Analysis 

This chapter focuses on analyzing the current status of YieldStar and HMI as a system 

and software to find out about their overall design. It has been done mainly by giving 

information on the context and investigating the existing software in HMI and YieldStar 

by static analysis tools and studying their process of developing software. At the end of 

this chapter, dependency management aspects, as well as the relevant ones to the scope 

of this project, are explained based on the business goals. 

3.1 YieldStar software  

This section provides general information about the current status and vision for the 

YieldStar software. 

3.1.1 YieldStar current status 

Regarding the complexity of metrology and advanced computational modeling, the 

Yieldstar team used different programming languages for implementing different aspects 

of the system. The major part of the Yieldstar software is implemented in the C# using 

Visual Studio. 

YieldStar software consists of two large modules that are highly coupled and a few small 

modules. The high number of dependencies in the large modules led to costly and time-

consuming tests after each small change in the software. The number of lines of code in 

the YieldStar software puts this software as a large one.  

3.1.2 YieldStar vision 

YieldStar has the vision to have more modularized software soon. The YieldStar 

roadmap provides guidelines for the high-level software architecture model. This 

roadmap was provided by the platform architects who are responsible for the non-

functionalities of the software. 

In the YieldStar roadmap toward a modular design, there are two source code reposito-

ries as follows:  

 The existing source code repository that contains the current YieldStar software.  

 The new source code repository that contains the YieldStar modular software. 

By having a modular design, YieldStar wants to increase the efficiency in development as 

well as to achieve quicker cycles of the software update by using a dependency manage-

ment toolchain. In the modular design, there are different types of modules.  

Each module type is equal to a view of the system. One of the most critical views of the 

YieldStar software is from the functionality point of view. The function cluster architects 
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(FCAs) are responsible for controlling dependencies in each function cluster (FC) module 

following the non-functional requirements. 

YieldStar wants to control the modular design by managing the dependencies in an au-

tomated way. Managing dependencies for YieldStar will happen in two categories as fol-

lows: 

 Control dependencies among modules in the new source code repository.  

 Control dependencies from new source code repository to the environment, such 

as third-party and shared libraries. 

In the YieldStar roadmap, the migration process, from existing software to new software, 

creates a lot of undesired dependencies to the shared libraries, which should be removed 

in time. Furthermore, abstract modules for designing the software, as well as the high-

level policies for interconnecting the modules were almost defined. However, the de-

tailed rules are under analysis. 

3.2 HMI software 

HMI software has a modular design. Each fine-grained module, which is called building 

block (BB), provides interfaces for the other BBs and requires functionalities from the 

other ones. Each interface carries its dependencies.  

The number of lines of code in the HMI software puts it as a mid-size software. 100% of 

HMI software is compiled into managed code, and Visual Studio is the IDE that is used 

for software development. 

In object-oriented (OOP) programming, encapsulation is a concept regarding hiding data 

from the outside world. Encapsulation is supported using access modifiers such as pub-

lic, private, and protected. HMI wants to have a similar concept for the BB interfaces by 

scoping their dependencies. Scoping dependencies means assigning expose level to the 

interfaces. Therefore, BB interfaces can be provided for specific abstract modules. 

HMI defined the language metadata for BBs as a requirement for this project. 

3.3 Business goals, Mission, and Chal-

lenges 

This project consists of two phases. The first phase has been conducted for YieldStar and 

HMI. However, the second phase has been done only for YieldStar. The goals and mis-

sions for each phase are explained separately in the following sections. 
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3.3.1.1 Phase one, Dependency Enforcement  

3.3.1.1.1 Goals 

YieldStar and HMI defined several high-level goals for this phase. The goals between 

them are described in Table 10. 

Table 10 High-level goals for phase one 

ID Goal Sub goals 

G1.1 Design can be defined and evolved in a 

team efficiently and flexibly. 

 

G1.2 Ensure implementation follows the de-

sign in the new YieldStar software as 

well as the HMI software in an automat-

ed fashion by: 

On-the-fly feedback in the edit time to 

developers when implementation con-

tradicts with design. 

G1.3 Build (local build and Continuous Inte-

gration (CI) server) generates identical 

feedback given during software devel-

opment. 

 

3.3.1.1.2 Mission 

To follow the goals, the mission was to have a platform that delivers the following fea-

tures. 

 The platform provides a language that architects can define and alter a modular 

system (G1.1). 

 The platform must monitor the code in the edit time (G1.2) as well as the build 

time (G1.3) and generates an error whenever implementation does not follow the 

design. 

3.3.1.1.3 Challenges 

To define a modular system, the three following elements are needed. Each element has 

its properties and functions. 

1. Abstract modules 

2. Interfaces 

3. A set of policies to control the interconnections between modules 

Defining these elements is highly dependent on the status of the software and the per-

spective of the architect of the system. One can first define a large module and then break 

it into smaller modules. One can first define a fine-grained module and its interfaces and 

then assign it to a larger module. One can say only the fine-grained modules can provide 

interfaces, but one allows all module types can provide interfaces.  

YieldStar uses the top-down approach for software design. However, HMI uses the bot-

tom-up approach for the design of the system.  
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3.3.1.2 Phase two, Dependency Monitoring  
Following phase one, on the one hand, if the software does not follow the design thor-

oughly, there will be lots of errors. To not breaking the software build, undesired de-

pendencies can be added to the design and get removed over time. How can one know 

that adding a rule between two abstract modules leads to how many errors?. How can 

one ensure that the number of undesired dependencies is reducing overtime? 

On the other hand, having a modular design does not guarantee the goodness and 

healthiness of the system. How can one ensure that a particular modular design is more 

efficient than another design? 

This phase, in the YieldStar context, answers to these questions.  

3.3.1.2.1 Goals 
The goals for the second phase is described in Table 11. 

Table 11 High-level goals for phase two 

ID Goal 

G2.1 Measuring the real dependencies 

G2.2 Monitoring the real dependencies 

G2.3 Measuring the healthiness of the system 

 

3.3.1.2.2 Mission 

To follow the goals respectively, considering the status of the new YieldStar software, the 

mission was to have a platform that delivers the following features. 

 The platform must measure the real dependencies between abstract modules 

(G2.1). 

 The platform must provide a chart to show the change of logical or physical de-

pendencies between abstract modules (G2.2). 

 The platform must provide an infrastructure that Key Performance Indicators 

(KPI) for measuring the healthiness of the system can be defined easily (G2.3) 

3.3.1.2.3 Challenges 
There are many commercial tools for the static analysis of the software. Selecting the 

right tool is highly dependent on the criteria of the companies. Most of these tools are 

proper for small to mid-size software. 

Moreover, providing a proper view for the designers of a system for further design deci-

sions needs significant attention to the whole designing process.  

Creating a platform for reverse engineering a binary or parsing the source code is even 

more challenging and time-consuming if the goal is not clearly defined.  
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3.4 Dependency management aspects 

In general, dependency management is a technique that contains one or more of the fol-

lowing aspects. 

1. Declaring modularity: includes defining modules, interfaces, and set of rules. Usual-

ly, a Domain Specific Language (DSL) is used for defining modules and rules be-

tween them. (related to the goal G1.1 in Table 10) 

2. Scoping dependencies: allows to expose and include a module interface to a specific  

part or level of a system. Scoping dependencies lead to a set of implicit dependency 

rules (related to the goal G1.1 in Table 10) 

3. Analyzing dependencies: analyzes software dependencies in a specific editor for in-

dividual languages based on a set of rules. Usually, it provides compiler errors 

whenever a rule is violated in the software and is called a live dependency checker. 

(related to the goal G1.2 and goal G1.3 in Table 10) 

4. Resolving dependencies: sets the right dependencies from the repository, such as 

determines what version of an artifact will be chosen when multiple versions are en-

countered and regulates transitive dependencies as well. 

5. Visualizing dependencies: visualizes modules and dependencies with appropriate 

colors and graphics. 

6. Measuring dependencies: measures the real dependencies from one module to an-

other one. This measurement can be based on language types, namespaces, or any 

other language element. Usually, it contains a static analysis of the software. (related 

to the goal G2.1 in Table 11) 

7. Monitoring dependencies: reports dependencies in different versions of the software 

and compares them. It generally happens as a part of the CI pipeline. (related to the 

goal G2.2 in Table 11) 

The scope of the dependency management and scope control project contains the follow-

ing aspects of the dependency management technique. 

 1,2, and 3 in dependency enforcement phase  

 6 and 7 in the dependency monitoring phase.  

In the next chapter, requirements are categorized and described based on these aspects. 

The first goal is to find a commercial tool that provides the functionalities for the selected 

aspects of the first phase and extend the tool for detailed requirements. Therefore, after 

interviewing the stakeholders, criteria for the tool selection was defined as explained in 

Chapter 5. However, none of the tools could fulfill the satisfaction level, and a tool 

named GrayDep was designed and implemented. 
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4 System Requirements 

The first endeavor of this project was aligning HMI and YieldStar requirements to have a 

unified platform eventually. After interviewing the stakeholders, business, functional, 

and non-functional requirements were gathered along with the problem analysis phase.  

However, requirements were frequently changing and by emerging conflicting require-

ments, it got infeasible to come up with a unified solution for both departments. There-

fore, to distinct the satisfied ones from the dissatisfied requirements for HMI, a new col-

umn is added to each requirement table. 

This chapter describes the first level of the requirements, categorized based on two phas-

es of the project. In the end, non-functional requirements are explained. Each require-

ment has an ID that is generated based on the following formula: 

The two characters of the dependency management aspect + “.” + first character of sec-

tion + “’.” + order of addressing requirements with the same level of priorities.  

4.1 Phase one, Dependency Enforce-

ment 

Following Section 3.4, requirements for each aspect are defined separately in this section. 

The “Don’t care” value in the priority cell shows the indifference of the stakeholder to the 

requirement. However, the “Opposite“ value presents the opposite of the requested re-

quirement. All the “Opposite” requirements were changed or added after the design of 

the tool. 

4.1.1 Declaring modularity 

Declaring modularity has three sections: defining modules (M), interfaces (I), and policies 

(P) for their interconnections. The requirements for this aspect are described in Table 12.  

Table 12 Declaring modularity-DSL requirements 

ID Requirement YieldStar 

Priority 

HMI Priority Satisfied 

DM.M.1 A custom language must be used. XML and 

JSON cannot be used. 

Don’t care Must have Yes 

DM.M.2 The language must support the different 

types of modules. 

Must have Must have Yes 
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DM.M.3 The language must support the implicit defi-

nition of the abstract modules. (Whenever a 

module is used in a dependency rule without 

definition, it must be added to the modules of 

the system) 

Must have Opposite Yes 

DM.M.4 The language must support the explicit defi-

nition of the abstract modules. (First, a mod-

ule must be defined and then it can be used) 

Must have Must have Yes 

DM.M.5 Only the fine-grained module (named BB) 

provides interfaces. 

Must have Must have Yes 

DM.M.6 Only the fine-grained module (named BB) 

requires interfaces. 

Don’t care Must have Yes 

DM.M.7 Only the fine-grained module (named BB) 

belongs to the other modules. 

Must have Opposite Yes 

DM.M.8 Each fine-grained module (named BB)  must 

be defined in a separate file.  

Don’t care Must have Yes 

DM.M.9 Language must be completely independent 

of the implementation language.  

Must have Opposite Yes 

DM.I.1 Deprecated interfaces can be managed. Must have Would have Yes 

DM.P.1 The policies (dependency rules) can block the 

dependencies between the two modules. 

(blocked dependency) 

Must have Opposite Yes 

DM.P.2 The policies (dependency rules) can allow the 

dependencies between two modules. (Al-

lowed dependency) 

Must have Opposite Yes 

 

Considering architects with different responsibilities in YieldStar, there were a few re-

quirements for YieldStar about the process of defining dependency rules.  

Table 13 Declaring modularity-process requirements 

ID Requirement YieldStar 

Priority 

Satisfied 

DM.P.1 The platform architects define the dependency rules. Must have Yes 

DM.P.2 The FCAs define the dependency rules following the de- Must have Yes 



19 

Confidential Confidential Confidential 

pendency rules defined by the platform architects. 

 

4.1.2 Scoping dependencies 

HMI wants, instead of allowing or blocking a dependency between two modules to de-

sign the software, to use defining the scopes for the interfaces. In this case, implicit de-

pendency rules are generated based on the level of interface exposure.  

Scoping dependencies has one section: defining the level of exposure (L). 

The requirements for this aspect are described in Table 14.  

Table 14 Scoping dependencies requirements 

ID Requirement YieldStar 

Priority 

HMI Priority Satisfied 

SC.L.1 The provided interface of a BB is accessible 

for specific BBs belong to a specific module.  

Don’t care Must have Yes 

SC.L.2 The language must use the “Level” keyword 

for this functionality. 

Don’t care Must have Yes 

 

4.1.3 Analyzing dependencies 

Analyzing dependencies has three sections: Identifying the IDE (I), programming lan-

guage (P), and validation phases (edit time and build time) (V). The requirements for this 

aspect are described in Table 15. 

This set of requirements was defined at the initial phase of the project. Even a small Vis-

ual Studio plugin was created that addressed AN.I.1, AN.I.2, and AN.V.1. However, a 

tool, named NsDep was under development in the YieldStar department that satisfied all 

of these requirements. Therefore, the decision was made to drop this set of requirements 

mentioned in Table 15, and instead of them, requirements in Table 16 were added. 

Table 15 Analyzing dependencies requirements 

ID Requirement YieldStar 

Priority 

HMI Priority Satisfied 

AN.I.1 Visual Studio is the only IDE that must be 

considered in the scope of this project. 

Must have Must have No 

AN.P.2 Namespace-based languages, such as C#, 

must be considered in the scope of this pro-

ject. 

Must have Must have No 
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AN.V.1 Software dependency validation must be happen-

ing in edit-time (when a developer implements 

the code in a code editor). 

Must have Must have No 

AN.V.2 Software dependency validation must be happen-

ing in build-time (when a developer builds the 

code in a code editor). 

Must have Must have No 

AN.V.3 Software dependency validation must be happen-

ing in the CI server. (when the software is pushed 

to the server and gets built as part of the Continu-

ous Integration). 

Must have Must have No 

 

Table 16 Analyzing dependencies- integration with NsDep requirements 

ID Requirement YieldStar 

Priority 

HMI Priority Satisfied 

AN.IN.1 The interface for integrating GrayDep with 

NsDep must be defined. 

Must have Don’t care Yes 

AN.IN.2 NsDep must use the output of GrayDep. Must have Don’t care Yes 

 

4.2 Phase two, Dependency Monitoring 

Following Section 3.4, requirements for aspects 6 and 7 are defined in this section. 

4.2.1 Dependency measuring 

The defined goal of the dependency measuring was for the following reasons. 

 To refactor the software, the architects can use it as input before defining a mod-

ule and control the dependencies between them.  

 It can be used as an infrastructure of defining KPI for the goodness of the design. 

Considering the goals, several ideas provided to the stakeholders and selected one is de-

fined in Table 17 as the requirements in three sections: investigating TWINSCAN KPIs 

(I), measuring dependencies between namespaces (N), and measuring dependencies be-

tween modules (M). 

Table 17  Dependency measuring requirements 

ID Requirement YieldStar Pri-

ority 

Satisfied 

ME.I.1 TWINSCAN dependency metrics must be investigated and the 

ones that can be used for YieldStar must be discussed with the 

Must have Yes 
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stakeholders. 

ME.N.1 The tool must provide the value and number of depend-

encies between the namespaces based on the investigated 

metrics. 

Must have Yes 

ME.M.1 The tool must provide the value and number of depend-

encies between the modules based on the investigated 

metrics. 

Must have Yes 

 

4.2.2 Dependency monitoring 

Dependency monitoring means to observe the number of dependencies over time. 

Considering the goals, several ideas were provided to the stakeholders and selected one 

was broken into the requirements in two sections: export output (E) and create charts (C) 

automatically, as shown in Table 18. 

Table 18  Dependency monitoring requirements 

ID Requirement YieldStar Pri-

ority 

Satisfied 

MO.E.1 The result of the process must be stored over time.  Must have Yes 

MO.E.2 The tool must provide the value and number of depend-

encies between the namespaces based on the investigated 

metrics. 

Must have Yes 

MO.C.2 The tool must provide a chart for each module in the last 

ten versions of the software 

Must have Yes 

 

4.3 Non-functional requirements  

Nonfunctional requirements (NFRs) can have a substantial impact on solution develop-

ment and testing. Therefore, it is essential to know and reevaluate them regularly. In this 

section, GrayDep’s non-functional requirements are discussed briefly. 

4.3.1 Usability 

In general, usability means the extent to which a software product is convenient, practi-

cal, and easy to use. To have usability in GrayDep design, these constraints were defined: 

 Messages should be self-descriptive and contain the information necessary to 

find the source of warnings. Warnings are generated for Semantic faults in files. 
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 The custom language for the dependency rule definition must be intuitive and 

easy to learn.  

Acceptance criteria for usability were defined as follows: 

 All the messages should contain the information necessary to find the source of 

warnings.  

 There should be a user guide to explain the procedure clearly to a typical user.  

 Users can learn the GrayDep for the logic, defining rules, and generating the 

output in less than two hours. 

 

4.3.2 Maintainability 

In this context, maintainability means the extension of the functionality of GrayDep and 

improvement in the services. Understanding the source code and modifying the tool 

must be easy. It has been mainly done by using design patterns in the GrayDep imple-

mentation. 
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5 Investigating commercial 

tools 

There are no off-the-shelf tool that addresses all the requirements of the first phase of the 

project. Therefore, two types of tools were investigated, the first set of tools were investi-

gated for the requirements mentioned in Section 4.1.1 and Section 4.1.2. The second set of 

tools were investigated for the requirements mentioned in Section 4.1.3. 

The first group focuses on software architecture modeling and resolving dependencies in 

the software. The other tools aim to do live dependency checking and are compatible 

with Visual Studio and C#. In the case of selecting the tools, they must be able to be inte-

grated. 

 

5.1 Architecture tools  

There are several tools in the market, as mentioned in Table 19, for designing the soft-

ware and monitoring the quality of software. Most of these tools support multiple im-

plementing languages and point out architectural and design smells. These tools help to 

identify the extent of decay in the software and the specific instances of smells that may 

need to be refactored. Out of all the available tools, the ones in the table below are con-

sidered and investigated in this project. Each of them is briefly explained in the following 

sections. 

Table 19. Commercial architecture tools 

Tool Investigation 

Structure 101 considered 

Sonargraph  considered 

Lattix DSM Considered 

Only a demo from the company. The tool 

could not be run on YieldStar software. 

Bauhaus An evaluation license was asked. Howev-

er, no response received 

NDepend considered 
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5.1.1 Criteria for selecting tools 

A set of criteria for selecting the architecture tool was defined. The criteria are described 

in Table 20. 

Table 20. Selecting architecture tool criteria 

Criteria Description 

C# compliant One of the languages that the tool supports must be C# 

Performance Because of the large size of the YieldStar software, vis-

ualizing and generating reports takes much time. This 

time should be relatively short. 

High-level abstraction 

views 

The tool should support the ability to define modules 

easily and measure the number of real dependencies 

between them. 

Usable as a team The tool should provide features that, after the design 

by architects, developers use the outcome efficiently. 

Export result Exporting dependencies in text format for different de-

pendency views must be possible. This result can be 

used as an input for the live dependency checking tools. 

Visualize dependencies The tool should support visualizing real dependencies 

in software from different points of view: 

 Dependencies among assemblies of software 

 Dependencies among namespaces of software 

Cost model  Considering the cost based on ASML policies 

 

For each tool, these criteria are discussed individually. There is a satisfactory column 

next to each criterion that shows the level of satisfaction received from the tool as fol-

lows: 

 Green: Satisfaction 

 Red: Dissatisfaction 

 Orange: It depends on a few conditions to be green or red 
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5.1.2 Sonargraph1 

Sonargraph is a powerful static code analyzer that allows monitoring a software system 

for technical quality and enforces rules regarding software architecture in a few IDEs. 

This tool analyzes the source code of one Visual Studio Solution. 

Three products of Sonargraph are considered in the investigation: Sonargraph-Architect, 

Sonargraph-Explorer, and Sonargraph-Developer.  

In Table 21, the result of usage of this tool on the YieldStar and HMI is briefly discussed.  

Table 21. Sonargraph investigation 

Satisfaction Criteria Description 

 Visualize dependen-

cies 

 Defining a group of assemblies or namespaces is possi-

ble via its Domain Specific Language (DSL). 

 Visualizing these groups is possible. However, Group-

ing them and having different views is not easy. 

 Presenting a dependency graph is possible. 

 C# compliant This tool supports C, C++, Python, C#, and Java languages, 

and for architecture, a view has its Domain Specific Lan-

guage (DSL). 

 Performance  In HMI software, visualizing modules and generating a 

report is fast. 

 In YieldStar software still, after removing all the test 

projects, each click takes about 30 seconds. 

 High-level abstraction 

views 

As one of the Sonargraph family products, Sonargraph-

Architect gives the ability to define containers and modular-

ize the software by proposing a DSL. There are several met-

rics to measure the healthiness of the system. 

The DSL is simple but has some limitations. For instance, 

defining layers in the tool and usability of layers are simple. 

However, combining layers with other container types is not 

an easy task and leads to duplication. 

 Usable as a team The Sonargraph-Developer offers plugins for Eclipse and 

IntelliJ at the moment but not for Visual Studio. 

There is an ability to use the Sonargraph-Architect applica-

tion in read-only mode in parallel with the IDE. That ena-

                                                           

1 https://www.hello2morrow.com/products/sonargraph 

https://www.hello2morrow.com/products/sonargraph
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bles the developer to ensure that no new issues have been 

created before he or she commits changes to the version con-

trol system. 

 Export result The tool supports writing scripts in Groovy language for 

generating reports. However, the script module only allows 

reporting in an analysis of software, not the architecture. 

 Cost model  https://www.hello2morrow.com/products/sonargraph/architect_pricelist 

 

Sonargraph was tested on both HMI and YieldStar software. Two documents were creat-

ed addressing the analysis results and were shared with both sides. 

To sum up, Sonargraph-Explorer is recommended as a resolving tool that can be used in 

the Continuous Integration (CI) server.  

As an architecture tool, the YieldStar team needs a tool with more flexibility in defining 

containers and evaluating the design. However, the Sonargraph-Architect tool can be 

used for HMI architecture. 

 

5.1.3 NDepend2 

NDepend can be used as a Visual Studio extension and as a standalone tool for static 

analysis of the code. 

NDepend allows defining a set of rules to control dependencies. The default rule-set of-

fers over a hundred code rules that detect a wide range of code smells, including entan-

gled code, dead-code, API breaking changes, and bad Object-Oriented Programming 

(OOP) usage.  

 

In Table 22, the result of experiences with the NDepend product is briefly discussed.  

Table 22. NDepend investigation 

Satisfaction Criteria Description 

 Visualize dependencies  The tool does not provide the functionality for de-

fining containers and visualizing them. 

 The tool supports the dependency graph.  

 The tool supports the Dependency Structure Matrix 

(DSM), which is a way to represent a large and 

                                                           

2 https://www.ndepend.com/ 

https://www.hello2morrow.com/products/sonargraph/architect_pricelist
https://www.ndepend.com/
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complex graph. 

 Visualizing one part of the software is not an easy 

job. 

 C# compliant This tool supports several languages including C# 

 Performance In YieldStar and HMI software tool acts very fast. 

 High-level abstraction 

views 

The tool only supports namespace to namespace and 

assembly to assembly dependency. Defining abstract 

units is not possible. 

 

 Usable as a team As a plugin for Visual Studio, all developers can use it 

easily. 

 Export result Reporting is possible. NDepend supports CQLinq lan-

guage for defining different queries and export the re-

sult to Excel. 

 Cost model https://www.ndepend.com/purchase 

 

NDepend is similar to Sonargraph-Explorer with better performance as well as compati-

bility with Visual Studio. However, lacking the feature of defining containers is a huge 

downside.  

NDepend was tested on both HMI and YieldStar software. Two documents were created 

addressing the analysis results and were shared with both sides. 

 

5.1.4 Structure 1013 

Structure 101 is a powerful tool for evaluating and visualizing the design. It can be used 

to quickly understand the structure of the system from the perspective of an architect and 

evaluate the effect of changes in the software. 

In Table 23, the result of experiencing with Structure 101 is briefly discussed.  

 

Table 23. Structure 101 investigation 

Satisfaction Criteria Description 

 Visualize dependencies  It is easily possible to define containers and visual-

                                                           

3 https://structure101.com/ 

https://www.ndepend.com/purchase
https://structure101.com/
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ize them. 

 The tool supports the dependency graph. 

 The tool supports the Dependency Structure Matrix 

(DSM), which is a way to represent a large and 

complex graph. 

 C# compliant The tool supports several languages, including C#. 

 Performance The tool only is tested on YieldStar, and performance is 

similar to Sonargraph. 

 High-level abstraction 

views 

The tool supports namespace and assembly views. De-

fining containers is possible. However, mapping all 

YieldStar namespaces to containers is not an easy job. 

 

 Usable as a team There is a structure 101 web application that includes 

information about new and removed package depend-

encies and architecture violations, but communication 

the results with the team is not an easy job. 

 Export result Reporting is possible. However, the metrics for evaluat-

ing software are quite limited comparing to the other 

tools. 

 Cost model https://structure101.com/store/ 

 

Structure 101 is a helpful tool for tracking dependencies and changes. It also provides 

high-level trending reports on the status of software. When the design of a system is 

completed, and software follows the design, Structure 101 is one of the best tools for ar-

chitects. 

Despite Sonargraph and NDepend, the tool does not provide any language, and making 

customized reports and queries is not easy or sometimes impossible. 

This tool only got tested on YieldStar software and, for visualizing the dependencies in 

existing software, is the best choice. 

 

5.2 Investigating Live Dependency 

Checker tools  

Part of this project relates to managing dependencies in the implementation phase of 

software development. Usually, in these tools, after defining dependency rules by the 

https://structure101.com/store/
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user, the tool analyzes the software and generates error whenever a rule is violated. 

These tools must be compatible with Visual Studio. 

Two commercial tools were investigated for this matter. Each of them is explained briefly 

in the following sections. 

 

5.2.1  Visual Studio Live Dependency Checker4 

This tool is available in the Visual Studio Enterprise version. In YieldStar and HMI teams, 

Visual Studio Professional is used. For the investigation, the Visual Studio Enterprise 

trial version got installed, and a sample project was created. 

Microsoft Dependency Validation Analyzer contains three rules: 

 Invalid dependency 

 Invalid namespace name 

 Dependency on unreferenceable namespace 

Each of these rules can be configured to generate an error, warning, info, or none. 

Visual Studio Live Dependency Checker manages the dependencies in one Visual Studio 

Solution. Defining all the dependencies in one single file for the YieldStar software that is 

extensive is contradicting the usability of the tool in a team.  

 

5.2.2 NsDepCop5 

NsDepCop is a static code analysis tool that helps to enforce namespace dependency 

rules in C# projects. NsDepCop is an open-source project which uses Roslyn. Roslyn pro-

vides an open-source C# compiler. This tool can be used as a Visual Studio plugin. 

By defining dependency rules in configuration files and allowing or blocking dependen-

cies, type dependencies are checked, and a squiggle appears beneath the type in Visual 

Studio whenever a rule is violated. 

NsDepCop is a tool that can be used for finding invalid namespace dependencies in edit 

time, build time, and the CI server. Since NsDepCop is an open-source application, it is 

possible to change the code or add a wrapper to have desired functionalities.  

                                                           

4 https://devblogs.microsoft.com/devops/live-architecture-dependency-validation-in-
visual-studio-15-preview-5/ 
5 https://github.com/realvizu/NsDepCop 

https://devblogs.microsoft.com/devops/live-architecture-dependency-validation-in-visual-studio-15-preview-5/
https://devblogs.microsoft.com/devops/live-architecture-dependency-validation-in-visual-studio-15-preview-5/
https://github.com/realvizu/NsDepCop
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6 Feasibility Analysis 

Feasibility analysis mainly ascertains the likelihood of completing the project successfully 

by considering the chosen approach and technologies in the organization. As a part of 

project management, risks were identified regarding this project and are summarized in 

Section 11.3. 

Three types of feasibility analyses were carried out in the context of this project. In this 

chapter, the actions that were taken during the project to minimize the impact of high 

risks are described. 

 

6.1 Scheduling feasibility 

Ensuring that the project was completed on time, planning the project was discussed 

regularly with the main stakeholders. After the design and the first iteration of the im-

plementation of the GrayDep, a meeting to estimate the time that the project takes to 

complete was held. The result of the meeting was that meeting all the requirements of the 

YieldStar and HMI was not possible within the scope of the project.  

 

6.2  Operational feasibility 

Operational feasibility studies examine how the project plan satisfies the requirements 

identified in the requirements analysis phase. To ascertain operational feasibility, apart 

from the project plan, a PERT chart was used to visualize the planning and the steps for 

completing the project. Planning and milestones were regularly discussed with the 

stakeholders, and after each modification, a new version was put in a place that was ac-

cessible by all relevant people. 

To make sure that the proposed solution is beneficial to the stakeholders, two separate 

proofs of concept were created for YieldStar and HMI. 

6.2.1 Mockups 

For YieldStar and HMI software, two mockup projects were created that reflected the 

future design of YieldStar and the current design of HMI with a few BBs in each of them. 

The initial design and implementation tested with these projects. 

6.2.1.1 GrayDep Plugin 
Following Section 4.1.3, to model the whole process, from defining dependency rules by 

architects and monitoring the source code to flagging the invalid dependencies, a Visual 
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Studio plugin was created. At the time of feasibility analysis, NsDep was under devel-

opment. 

 

6.3 Technical feasibility 

Technical feasibility helps organizations determine whether the technical resources meet 

capacity and whether the technical team is capable of converting the ideas into working 

systems. Visual Studio is used for the implementation of GrayDep, which is the primary 

developing tool in the YieldStar and HMI. Two open-source libraries were used to realize 

this project. The ASML open source department approved both of them for internal us-

age. 
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7 System Design 

This chapter focuses on designing a tool to meet the requirements stated in Chapter 4. 

First, GrayDep design for the first phase of the project, dependency enforcement, is de-

scribed. Second, the design of the tool for the second phase, dependency monitoring is 

described. Subsections follow the order, as stated in Chapter 4. 

Details of the language are described in the “GrayDep User Manual” document due to 

confidentiality. 

 

7.1 Phase one, Dependency Enforce-

ment 

7.1.1 Declaring modularity 

To satisfy the requirements mentioned in Table 12, the following decisions were made. 

7.1.1.1 Selecting a Domain-Specific Language syntax 

approach 
Based on the requirement DM.M.1, a Domain Specific Language (DSL) was needed for 

defining the elements of modularity. The following options were investigated. 

 Microsoft Domain-Specific Language6: The DSL solution in Visual Studio has a 

designer for defining language that can be extended. One of the benefits of using 

this tool is that when a DSL is designed, it can be distributed as part of a Visual 

Studio Integration Extension (VSIX) package. Users work with the DSL in Visual 

Studio. In the context of this project, DSL is supposed to be designed inde-

pendently from Visual Studio (requirement DM.M.9) for YieldStar.  

 

 JetBrains Meta Programming System (MPS)7: The reason for not using MPS is 

that, in the YieldStar and HMI department, due to the lack of expertise and 

knowledge in model-driven development, maintainability of the DSL will be 

costly.  

                                                           

6https://docs.microsoft.com/en-us/visualstudio/modeling/about-domain-specific-
languages?view=vs-2019 
7 https://www.jetbrains.com/mps/ 

https://docs.microsoft.com/en-us/visualstudio/modeling/about-domain-specific-languages?view=vs-2019
https://docs.microsoft.com/en-us/visualstudio/modeling/about-domain-specific-languages?view=vs-2019
https://www.jetbrains.com/mps/
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 Eclipse Modeling Framework (EMF)8: EMF is used widely at ASML in different 

departments. EMF has a large community and is open source, which makes it 

more qualified for usage in this project. Still, the cost of maintainability of the 

DSL in this tool will be high.  

 

 Code parser: Another way of defining a DSL is by using an artificial language 

and parsing it. For parsing a language or a document, there are fundamentally 

three ways to solve the problem: 

 Use an existing library supporting that specific language: for example, a li-

brary to parse XML. This is the best for well-known and supported lan-

guages, like XML or HTML 

 Build a custom parser by hand. This option is the right choice when the lan-

guage is needed to parse cannot be parsed with traditional parser generators 

or a specific requirement cannot be satisfied using a typical parser generator. 

For instance, the best possible performance or a deep integration between 

different components is needed. 

 Use a tool or library to generate a parser: This is the most flexible and has a 

shorter development time (Parsing In C#: Tools And Libraries, 2017).  

Generating a parser could satisfy the requirement DM.M.1. However, there are several 

parser generators as follows: 

 Irony9 

 ANTLR10 

 Coco/R11 

Among the three parser generators that were studied, Coco/R and Antler seem mature 

and well-maintained. Coco/R generates recursive descent parsers and only supports 

LL(1) grammars and is not appropriate for handling complex grammars. ANTLR is LL(*), 

which is more powerful than Coco/R. Moreover, there is a Visual Studio extension for 

ANTLER that can be easily used. Therefore, ANTLR was selected eventually. 

7.1.1.2 Abstract modules and interfaces 
Following the DM.M requirements, two abstract modules were defined, BB and contain-

er. HMI gave BB definition and container concept. However, the container definition was 

extended based on the gathered requirements. 

Building Block definition 

                                                           

8 https://www.eclipse.org/modeling/emf/ 
9 https://archive.codeplex.com/?p=irony 
10 https://www.antlr.org/ 
11 http://www.ssw.uni-linz.ac.at/Coco/ 

https://docs.oracle.com/cd/B28359_01/appdev.111/b28394/adx_j_parser.htm
https://jsoup.org/
https://www.eclipse.org/modeling/emf/
https://archive.codeplex.com/?p=irony
https://www.antlr.org/
http://www.ssw.uni-linz.ac.at/Coco/
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The initial BB definition was given by HMI. BBs are the critical elements in the modular 

software architecture of YieldStar and HMI. BBs and their connections are the fine-

grained data for ASML architects to control modularity.  

Interfaces are contracts for communication between BBs. As shown in Figure 1, each BB 

provides interfaces for other BBs as well as requires interfaces from other BBs. BBs are 

allowed to use the other BBs’ interfaces only if it complies with the architecture of the 

system.  

Figure 1. Building Block component 

cmp Building Block

RequiredInterface

Building Block
ProvidedInterface

RequiredInterface

 

 

To manage deprecated interfaces for YieldStar, two other properties were added to the 

BB definition and DSL. 

 Version: Versioning is used as a technique to manage the evolving of the inter-

faces over time. 

 Compiler severity and message: To provide an error or warning (compiler severi-

ty) at the edit time and build time as well as the message (compiler message) by 

architects in case of usage of a deprecated interface, these features were added. 

Building Block design 

In the HMI department, for defining BBs, scope files were introduced. There are two 

scope files for each BB as follows: 

 The internal scope file contains some information about the BB and the contain-

ers it belongs to and the required interfaces from other BBs. Internal scope files 

are used within a Visual Studio solution. 

 The external scope file contains the interfaces that the BB provided interfaces. Ex-

ternal scope files are used for controlling dependencies for referenced DLLs. 

Based on HMI design, provided and required interfaces are mandatory. However, In the 

YieldStar department, usage of provided and required interfaces is an optional step to 

enhance dependency control to a more fine-grained level. Therefore, interfaces were de-

fined as an optional property of the BBs. If BBs are not defined, the whole BB is consid-

ered as its provided interface. 

Container definition 

A container is a collection of BBs that are logically grouped based on their types and re-

sponsibilities. For example, a group of BBs that separate the concerns of systems based on 
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functions is called a Function Cluster (FC) container. Grouping the BBs provides a differ-

ent viewpoint of the architecture of the system.  

Container design 

After investigating about the containers, all the containers were found as same. There-

fore, a unique module with type property was used for container definition. Containers 

do not have interfaces by themselves. A sample of a container with its BBs is shown in 

Figure 2.  

Unlike the BBs that must define explicitly, containers can define both explicitly and im-

plicitly (requirements DM.M.3 and DM.M.3). After investigating the detailed require-

ments, if the definition of containers is found in the system, usage of an undefined con-

tainer in a dependency rule leads to an error. Otherwise, any container can be used in the 

dependency rules.  

Figure 2 Container Sample 
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7.1.1.3 Dependency rules 
Requirements DM.P.1 and  DM.P.1 are considered for defining the dependency rules. 

Since HMI did not want to use “allow” and “block” concepts for defining dependency 

rules, this part has been done only for YieldStar and defining these kinds of dependency 

rules are optional. 

There was no constraint from YieldStar for defining the dependency rules. The only goal 

was flexibility and less maintenance. Therefore to let the designers have the highest flexi-

bility, all the possible module dependencies were listed as follows: 

 BB to BB 

 BB to BB provided interface 
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 BB to BB provided interface, specific version 

 BB to container 

 Container to BB 

 Container to BB provided interface 

 Container to BB provided interface, specific version 

 Container to container 

Based on possible dependency rules and the YieldStar modular design, the following 

dependency rules were defined in the language. 

 Interconnection dependency rule 

o A specific container: A dependency rule that allows or blocks all the de-

pendencies between all the BBs of a specific container. For example, as 

shown in Figure 3, all the BBs that belong to container “A” have allowed 

dependencies. In this example, one dependency rule covers six depend-

ency rules. 

 

cmp Interconnection 1

Container A  (Type:T1)

BB1 BB2

BB3

 

o A specific container type: A dependency rule that allows or blocks all the 

dependencies between all the BBs of a specific container type. For exam-

ple, as shown in Figure 4, all the BBs that belong to the containers with 

type “T1” have allowed dependencies to each other within the boundary 

of that container. In this example, one dependency rule covers 12 de-

pendency rules. 

 

Figure 3. Dependency rule- interconnection for a specific container 

Figure 4. Dependency rule- interconnection for specific container type 
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cmp Interconnection 2
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 Simple dependency rule 

o Container to Container: A dependency rule that allows or blocks the de-

pendencies between two containers. For example, as shown in Figure 5, 

the BBs that belong to container A have allowed dependencies to the BBs 

that belong to container B. In this type of dependency rule, type of con-

tainer A type can be different from container B type. 

 

cmp Simple dependency 1

Container BContainer A

BB1 BB4

BB6BB2

 

 

o Container to BB or BB to Container: The dependency rule allows or 

blocks the dependencies between all the BBs of a container and a specific 

BB. A sample of this type of dependency is shown in Figure 6. 

 

cmp Simple dependency 2

Container B

BB1 BB4

BB6

 

Figure 5. Simple Dependency Rule – container to container 

Figure 6. Simple Dependency Rule – container to  BB / BB to Container 
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o BB to BB provided interface: A dependency rule that allows the dependen-

cies from a BB to BB interfaces. In Figure 7, a sample of this rule is shown. In 

this example, BB1 can access P22 provided by BB2. 

Figure 7 BB to the BB provided interface sample 
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o Container to BB provided interface: A dependency rule that allows the de-

pendencies from all the BBs of a specific container to one or more BB provid-

ed interfaces.  

o Container or BB to one or many versions of BB provided interface: A de-

pendency rule that allows dependency to a specific version(s) of a BB inter-

face. A sample of BB uses a specific version of an interface is presented in 

Figure 8. 

Figure 8 BB to a specific version of BB provided interface 
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Apart from allowed dependencies, blocked dependencies were also defined as follows: 

 BB to BB 

 BB to container 

 Container to BB 

 Container to container 

A placeholder for all of these dependency rules calls reference architecture (RA) and is a 

file, namely RA file. In Appendix A, a sample design using the DSL is provided. RA file 

has four sections: 
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 Containers: optional, regarding the DM.M.3 and DM.M.3 requirements 

 MetaRules: addressing interconnection rules 

 Rules: addressing allowed and blocked dependencies 

 ExceptionRules: addressing allowed and blocked dependencies with higher pri-

ority than Rules. 

Dependency rules hierarchy  

Based on Table 13, two levels of dependency rules are required. Therefore, two RA types 

are designed that follow the same structure and language. These files are as follows:    

 Root RA: The file with “.rootRefArc” extension, is the root reference architecture, 

and the platform architects define the highest level rules. There must be only one 

root RA in the whole system. 

 FC RA: The files with “.refArc” extension, are usable by Function Cluster archi-

tects, and they can define the dependency rules that follow the root dependency 

rules. There can be one or many of FC RAs in the system. 

 

First root RA is parsed and all the FC RAs. First, GrayDep makes a pool of all the allowed 

dependencies from the root RA, as shown in Figure 9.  

 

 

 

 

 

 

 

 

 

Second, GrayDep compares the output of each FC RA against root RA. For example, 

there are two FC RAs, FC1 and FC2. As shown in Figure 10, compliance of FC RAs are 

checked with the root RA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Allowed dependency 

rules from Root RA 

Figure 9. A pool of allowed dependency 
rules generated from root RA 

Figure 10. Comparing FC RA rules against root RA rules 

Allowed dependency rules 

from Root RA 
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In the end, the FC dependency rules that comply with the root RA are added to the pool 

of allowed dependency rules. The green lines in Figure 11 show the final output of 

GrayDep as allowed dependency rules in the whole system. 

 

 

 

 

 

 

 

 

 

 

 

 

For designing the RA, a tree structure was considered. Therefore, if a new level of defin-
ing dependency rules will be needed, the extensibility of the source code is easy (Main-
tainability non-functional requirement). 

7.1.2 Scoping dependencies 

HMI provided the language for scoping the dependencies. 

In the BB definition, for each provided interface, there are one or many levels. For exam-

ple, as shown in Figure 12, BB2 provides P2, and BB5 provides P5. If P2 is exposed to 

container B and P5 is exposed to container D; thus R3, which is a required interface and 

belongs to BB3 from container B, can access P2 but not P5. 

Allowed dependncy rules 

from Root RA 

FC2 FC1 

Figure 11. The output of GrayDep after parsing all RAs 
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Figure 12 Scoping dependencies sample 
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Therefore, the language was extended. The placeholder of the BB definition is called the 

scope file. 

To separate the required interfaces of a BB from provided ones, scope files are broken 

down into two types as follows:  

 Internal scope files are for internal usage of dependency management in the 

scope of one Visual Studio Solution, and they are responsible for BB required in-

terfaces.  These files have the extension of “.sinternal” and can be scattered in dif-

ferent locations only if their paths are inserted into the configuration file.  

 External scope files are used for defining the BB and BB provided interface defi-

nitions. These files must be accessible by all the other BBs in the environment. 

For instance, when a DLL is needed, the external scope file should be provided 

by DLL. External scope files are essential for YieldStar and HMI.  These files have 

the extension of “.sexternal” and can be scattered in different locations only if 

their paths are inserted into the configuration file. 

 

7.1.3 GrayDep generating rule process  

As mentioned, RA files hold the dependency rules for YieldStar and scope files hold the 

dependency rules for HMI. Scoping is an excellent concept that YieldStar can use in the 

future, and HMI could use the RA concepts as well. To make all the dependency rules 
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combine together, a flow was needed that does not affect each stakeholder’s set of re-

quirements. 

Therefore, GrayDep was designed in a configurable way that  gathers all the RAs, inter-

nal scopes, and external scope files and parses these files in the following order: 

1. External scope files 

2. Internal scope files 

3. Root RA file 

4. FC RA files 

Internal scope files, root RA, and FC RA are optional. Users can choose to use scoping or 

RAs for defining dependency rules. Moreover, it is possible that a user can select both 

options. In this case, first RA files are parsed, and scoping can limit the RA dependency 

rules. Therefore, with this design, scoping and defining explicit dependency rules can be 

used separately or as a unique process, completing each other. 

7.1.4 High-level design 

This section provides a high-level view to show how these elements work together. 

YieldStar and HMI software both consist of a set of C# solutions. It matters to propose a 

design that can be distributed across C# solutions and be consistent with the final prod-

uct. The context diagram of the system can be seen in Figure 13. 
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Figure 13. Dependency management elements 

class Context diagram

Provided Libraries

Root RA file

Solution

Internal scope file

Allowed 
dependency rules 

pool file

Product

External Scope file

Shared Library / 
3rd party library

GrayDep

Config file

Visual Studio 
Plugin

FC RA File

External Scope file

reads

writes

reads

1

0..*

reads

1

1..*

reads

1

1..*

reads

reads

reads

1

1

1..* 1

1 1

 

 

In Figure 13, HMI and YieldStar are considered as products. Each product consists of 

some Visual Studio solutions. Each solution can use libraries from the environment. If a 

library is part of the product solutions, its external scope files should be provided as well. 

Each product has multi RA files, which contain dependencies across the solutions.  

GrayDep has access to RA and scope files and generates allowed dependency rules pool 

that is a file. NsDep uses this file to flag disallowed dependencies.  

The interaction of GrayDep and NsDep is shown in Figure 14. 
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Figure 14 GrayDep with NsDep interaction 

 

Allowed dependency rules pool is a file with .catref extension in XML format in the ar-

chive.  NsDep validates the type dependencies based on the content of these files. 

7.2 Phase two, Dependency  Analysis 

First, three tools were studied for this matter. Tools drawbacks can be briefly explained 

as follows:   

• Structure 101 

• High maintenance for keeping consistency 

• Only support namespaces 

• Limitations in required KPIs 

• Sonargraph architecture 

• Performance is low 

• Designed for layering structure 

• Reporting in logical view is not possible 

• NDepend 

• Defining logical modules is not possible 

In the end, it was decided to extend GrayDep for new functionalities. 

  

7.2.1 Dependency measuring 

Following the requirements in Table 17, after investigating TWINSCAN metrics, to 

measure the dependencies between the YieldStar software elements, dependency was 

categorized as follows:  

 Type dependency: when a type uses another type. Type refers to classes, inter-

faces, and Enums. 
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o Type dependency to an ASML type 

o Type dependency to a third-party type 

 Namespace dependency: when a namespace is referenced in another namespace. 

o Namespace dependency to an ASML namespace 

o Namespace dependency to a third-party namespace 

To find out the dependencies between modules, the number of dependencies of a module 

can be measured as a count of the dependencies of its types and namespaces. 

From another perspective, real dependencies can be seen as: 

 Outgoing dependency: when a type or namespace in module “A” is used in 

module “B”, then there is an outgoing dependency from “B” to “A” for module 

“B”. 

 Incoming dependency: when a type or namespace in module “A” is used in 

module “B”, then there is an incoming dependency from “B” to “A” for module 

“A”. 

The combination of these perspectives provides eight measures for dependencies.  

One of the challenges in this phase was to find a way to recognize third-party namespac-

es. More information is provided in “GrayDep User Manual” document that YieldStar 

personnel can use it. 

  

7.2.1.1 measuring dependencies between namespaces 
In general, there are two different approaches when analyzing a program by an automat-

ed tool: 

1. Binary or Byte-code Analysis (BCA): Analyzing the binary or byte code created 

by the compiler, in the form of byte code (.dll) or an executable (.exe). 

2. Source Code Analysis (SCA): Analyzing the source code, as written by develop-

ers, in order to retrieve valuable information about the application without exe-

cuting it. 

The first step in auditing code is not to figure out the general intent of what it 

is supposed to be doing but to figure out the concrete reality of what it is doing. Even 

when there is source code, reverse-engineering the binary is the wisest choice (Graham, 

2008). That is why, here for having a much more complete understanding of YieldStar 

software dependencies, BCA was selected. 

Binary analysis 

For analysis of an assembly, two approaches can be taken: 
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 Loading the assembly and inspecting the content of the assembly: C# supports 

Reflection, in System.Reflection namespace (.NET API Browser, 2019). GrayDep 

could analyze about 64% of the assemblies by using Reflection on the YieldStar 

assemblies by this approach. 

 Reading the assemblies and inspecting the IL language: Most of the YieldStar as-

semblies are written in C# and are compiled to IL assemblies. GrayDep could an-

alyze about 75% of the assemblies (managed and unmanaged) by this approach. 

 

After reading the assemblies, the output result is a list of data that can be used later for 

defining KPIs with these values: 

 Assembly: presents the name of the assembly 

 Assembly Type: shows if this assembly is a third-part assembly or an ASML one. If  

third-party library list is not provided as an input, GrayDep assumes all the assem-

blies that their names start with “ASML” is an “ASML” assembly, and the rest are 

“Third-party” assemblies 

 Namespaces per assembly: names and count of the namespaces in this assembly 

 Types per assembly 

 A list that each row contains: 

o Namespace 

o Types in the namespace 

o Used namespaces by this namespace from other namespaces in this assembly or 

other assemblies 

 With the ability to categorize based on assembly type 

o Used types by this namespace from other namespaces in this assembly or other 

assemblies 

 With the ability to categorize based on assembly type 

o Incoming types from other namespaces 

o Incoming namespaces from other namespaces 

A sample of the GrayDep output can be found in Appendix C. 

 

7.2.1.2 measuring dependencies between modules 
To address requirement ME.M.1 to find the dependencies between modules, there must 

be a mapping of containers to the namespaces or assemblies. After discussing with the 

stakeholder, the decision was made to use namespaces. To realize that, a custom lan-

guage was defined to map the modules to the namespaces. 

https://docs.microsoft.com/en-us/dotnet/api/system.reflection
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A placeholder for defining the mappings was considered, which is called Container-

Maps. ContainerMaps is a file with “.container” extension. 

For finding real dependencies between modules, GrayDep needs all the assemblies and 

ContainerMaps. For example, there are two layers, and they are mapped to some 

namespaces as follows: 

 Layer: L1 = asml.module1, asml.module2; 

 Layer: L2 = asml.module3, asml.module1.section1; 

Each namespace contains the nested namespaces, as well. The critical point is that each 

namespace can belong only to one module. 

First, GrayDep reads the assemblies and finds all the namespaces in them. Second, 

GrayDep starts to analyze the file from bottom to top. The reason is that the number of 

namespaces in the YieldStar software is more than 6000, and logically grouping them is 

not easy. To make the process of grouping namespace easier, at first, the architects define 

general rules on top of the file and then define more detailed rules from top to down. 

Therefore, the tool starts to analyze from the bottom. If a namespace has not been used 

before, it will be added to the module under-analysis. Otherwise, it will be ignored. 

In this example, GrayDep creates a container, with the type of “layer”, name of “L2”, and 

adds all the real namespaces from all the assemblies that start with “asml.module3” and 

“asml.module1.section1”. After that, another module with the type of “layer” and the 

name of “L1” is added that contains all the real namespaces that start with 

‘asml.module2” and “asml.module1” except “asml.module1.section1”. 

The output of this component of GrayDep is an object with the following values: 

 Module name 

 Module type (Layer, FC, etc.) 

 Real namespaces (names and count) 

 Incoming dependencies from other modules 

 Outgoing dependencies to the other modules 

A sample of the GrayDep output can be found in Appendix C. 

7.2.2 Dependency monitoring 

To address the requirements in Table 18 and monitor the dependencies between mod-

ules, it was decided to export the results of real module dependencies to an excel. Each 

time a new sheet will be added to the excel and based on the last 10 excel sheets, Gray-

Dep generates a chart for each module that shows the number of outgoing dependencies 

from it to other modules. 

Creating excel and charts are programmatically. An example of the output is presented in 

Appendix C. 
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8 Implementation  

This chapter describes the implementation of GrayDep for both two phases following 

design in the previous chapter. 

 

8.1 Development environment 

Visual Studio 2017, .Net Framework 4.7.1, and C# 7.0. were selected for implementation. 

Moreover, Visual Studio has a plugin that is named “ANTLR Language Support” version 

1.4.0, and it was used for defining the grammar of scope files, reference architecture files, 

and containerMaps files. 

Git was used as a version control system for tracking changes. 

 

8.2 GrayDep Software modules 

GrayDep is implemented in a modular way. Each module has certain responsibilities. In 

the figure below, provided by the Sonargraph tool, the modules and their dependencies 

are presented in Figure 15. 
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Figure 15. GrayDep modules - by Sonargraph 

 

 

GrayDep has six abstract layers, and each layer contains one to multiple modules. Re-

sponsibilities of the modules can be described as follows: 

 MsBuildTask: to automate the process of generating allowed dependency rules 

during the CI pipeline.  

 UI: to see how the tool works, a simple UI is designed so that the user can manu-

ally check the process. This module is mostly designed to help the more accessi-

ble validation of the tool. 

 Analyzer: behaves as a facade design pattern. A facade is an object that provides 

a simplified interface to a larger body of code, in this example, to MsBuildTask 

and UI modules.  

 Test: Test module contains unit tests for integration and unit tests of the system. 

There are automated tests that validate the accuracy of scope files and reference 

architecture files. 

 RuleChecker: This module is responsible for receiving the content of scope files 

and reference architecture files and creating allowed dependency rules pool. 
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 DSLParser: this module receives the contents of files from FileHandler and pars-

es them. The grammars and parsers of the languages are located here. Generated 

objects are passed to RuleChecker.  

 FileHandler: this module finds all the scope files and reference architecture files 

across the folders and reads the content of the files. This module uses the config-

uration file. 

 ActualDependencyHandler: this module is responsible for managing the real 

dependencies in YieldStar software. 

 MessageGenerator: This module is responsible for generating the appropriate 

message in case of any warnings or errors. It also used for the logging process. 

 SharedTypes: all the Enums, constants, and the other elements that are used 

across the other modules are defined here. 

8.2.1 GrayDep DSLs 

GrayDep supports four simple languages. For each language, there is a grammar and a 

parser. After parsing the languages, a model is generated that is used as a base for ana-

lyzing. 

Figure 16 GrayDep DSL parsing 

 

 

8.2.2 Addressing non-functional requirements 

Following Section 4.3, two non-functional requirements had the highest priority, usabil-

ity and maintainability. In this section, implementation decisions for addressing main-

tainability is described. 
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To address the maintainability requirement, the following design patterns and data 

structures were used for a more accessible extension for future requirements. 

 Builder design pattern for defining dependency rules to build a complex object 

step by step. 

 The tree structure for dependency rules input types. 

 Chain of responsibility design pattern for dependency rules hierarchy. 

 Facade design pattern for having a simplified interface for using the dependency 

enforcement component. 

 Decorator design pattern was used to give the user the ability to define types of 

log places easily. For example, log sources can change from a file to command 

line without changing the functionality of the system. 
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9 Verification and Validation 

This chapter explains the process and techniques of ensuring that GrayDep realized the 

devised functionalities, verification, as well as satisfied the stated requirements, valida-

tion. Moreover, as mentioned in Section 6.2.1, the test solutions that were created for fea-

sibility analysis, also used for verification and validation. 

 

9.1 Verification 

Besides the integration unit tests to verify GrayDep functionalities, for testing the whole 

process from defining dependency rules and receiving feedback in Visual Studio by 

NsDep, a software distributed in three Visual Studio solutions, all the scope files, and 

reference architecture files were created.  

Integration of GrayDep with NsDep in development time was tested based on the fol-

lowing scenarios. For each scenario, the change of input in GrayDep and the respective 

output in NsDep was studied. 

 Happy paths: the test cases the executes without exception in GrayDep and 

NsDep produces error or success based on the GrayDep input. 

o An allowed dependency turned into blocked in the root RA.  

o A blocked dependency turned into allowed in the root RA. 

o A blocked dependency turned into allowed in the root RA. None of 

the FC RAs allowed this dependency. 

o A blocked dependency turned into allowed in the root RA. One FC 

RA allowed this dependency. 

o A block dependency that is in the boundary of root RA turned into 

allowed in one of the FC RAs.  

o A block dependency that is not in the boundary of root RA turned 

into allowed in one of the FC RAs.  

o A new FC RA was defined. 

o A new BB was added to the system. 

o New containers were defined and used. 

 The scenarios that GrayDep generates an error: 

o A BB that is used in one or multi RAs is deleted. 
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o Root RA was not found. 

o No external scope file is found. 

o The configuration file is not truly defined. 

o There are syntax errors in files. 

For the second phase of the project, dependency monitoring, the measured values for 

modules were compared against Structure 101. 

Moreover, ILSpy12 as a Net assembly browser and decompiler was used to validate man-

ually the GrayDep output regarding values and number of the namespaces and types 

that are generated by reading assemblies.  

 

9.2 Validation 

In the context of this project, verification consists of requirement tracing and user review-

ing. Requirement tracing allows the end-users to relate the functionalities to require-

ments. Requirements are traced to design in Chapter 7.  

Moreover, a simple user interface (UI) was designed for the users to inspect if the func-

tionalities meet their needs. A snapshot of UI is shown in Figure 17. GrayDep UI snap-

shot. 

Figure 17. GrayDep UI snapshot 

 

                                                           

12 https://github.com/icsharpcode/ILSpy 
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10 Conclusions 

This chapter summarizes the achievements and added values to the stakeholders based 

on the criteria for selecting the tool in Section 5.1.1, as well as the goals in Section 3.3. 

 

10.1 The YieldStar results 

The criteria for selecting the architecture tool are described in Table 20. 

GrayDep, as an architecture tool, fulfills all the criteria except the visualization that had 

the lowest priority, as shown in Table 24. 

Table 24. GrayDep criteria compliance 

Criteria Description 

C# compliant GrayDep supports C# and all the other languages that 

can compile to managed code. 

Performance GrayDep takes 45 seconds to analyze all the YieldStar 

assemblies. 

High-level abstraction 

views 

GrayDep supports defining modules easily and 

measures the number of real dependencies between 

them. 

Usable as a team Unlike most of the commercial tools, GrayDep is usable 

as a team and provides the ability of parallel using the 

tool without confliction.  

Export result The result of the analysis can be exported to excel. Ex-

tending the tool is also easily possible. 

Visualize dependencies GrayDep does not support visualization. 

Cost model The tool is for ASML. 

 

Table 10 and Table 11 describe the results of the first phase. 
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Table 25 Results for phase one 

ID Goal Result 

G1.1 Design can be defined and evolved as a 

team efficiently and flexibly. 

GrayDep inputs are part of the source 

code repository. Accessible by all the 

team members. Communicating the de-

sign and observing the result of design 

in the implementation is very easy. 

Moreover, GrayDep provides different 

ways of defining policies for the inter-

connection of the modules that are 

adaptable to many designer’s wishes. 

G1.2 Ensure implementation follows the de-

sign in the new YieldStar software as 

well as HMI software in an automated 

fashion by: 

NsDep provides feedback in edit-time 

and build-time. However, GrayDep is 

part of the build. 
G1.3 

 

Table 26 Results for phase two 

ID Goal Result 

G2.1 Measuring the real dependencies GrayDep reads all the managed assem-

blies and provides two reports regarding 

the measured elements. 

G2.2 Monitoring the real dependencies GrayDep exports the results of measur-

ing the real dependencies to an excel file 

and creates a chart to show the change of 

outgoing dependencies. 

G2.3 Measuring the healthiness of the system GrayDep provides the infrastructure for 

building the KPIs. KPIs are under analy-

sis by the YieldStar architects. 

 

 

10.2 The HMI results 

As a proof of concept, a Visual Studio plugin named GrayDep plugin was created that 

can read the outcome of GrayDep and generates the edit-time error.  After the first demo, 

some of the requirements were changed by HMI. 

Table 12 shows the opposite requirements as the changed ones. Moreover, HMI did not 

want to use NsDep (regarding the requirements in Table 15). Therefore the functionalities 
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and requirements of HMI got frozen. Although all the prepared documents were deliv-

ered. 

 

10.3 Future Work 

Apart from the achievements, there are also several open issues that were not fully ad-

dressed in this project. GrayDep provides a logical view and a physical view. Comparing 

these two views can provide the right perspective for the architects. However, due to the 

limited time for conducting this project, providing this view was not done. 

Furthermore, Adding visualization to GrayDep can be very useful. Visualization of logi-

cal modules, physical modules, and comparing both of them with their dependencies can 

be beneficial. For this matter, Structure 101 can be used when the whole design is 

evolved. 
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11 Project Management 

Project management is an absolutely essential process for every project. It aims to tackle 

the achievement of all the project’s goals within the given constraints. This chapter de-

scribes the project management process that was conducted during the project. 

 

11.1 Introduction 

The project planning was adapted to be very flexible to both phases of the project. At the 

beginning of every project, five important questions must be asked. What do we have?, 

What do we want to achieve?, Why do we want to achieve it?, What do we need?, and 

How can we achieve it?. This chapter describes the steps for answering these questions. 

 

11.2 The process of Management  

In the starting phase of the project, activities were to clarify the goal, relevant stakehold-

ers, their concerns, and find the requirements as well as to acquire the domain 

knowledge and model the acquired knowledge. 

By acquiring more knowledge about the project, epics, which are big chunks of work that 

have one common objective, and user stories, which are the very high-level definition of 

requirements, based on agile methodology were defined in a process model. Figure 18 

presents the overview and order of the epics and user stories. 
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Figure 18. Project management process model 
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Doted boxes present the epics, and yellow boxes represent the user stories.  
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On a monthly basis, there was a meeting known as Project Steering Group (PSG), which 

consisted of the main stakeholders and the trainee. The planning and the goals of the pro-

ject as well as taking decisions in the case that was necessary were discussed in the meet-

ings. After each PSG, the project plan was revised based on the received feedback. 

 

11.3 Risk Analysis 

This section indicates the project’s main risks in the form of a table. Table 27 describes the 

risk categories, the impacts to the project, and the corresponding approach to mitigating. 

 

Table 27. Risk analysis 

Risk description Impact Mitigation strategy 

Change in the Yieldstar 

roadmap demands more 

dependency rule types. 

Might result in lack of 

use of GrayDep in the 

YieldStar department. 

Creating a mockup from the YieldStar 

new design and update it frequently 

Communicate the information and docu-

ment the reason for it 

NsDep tool will not be 

ready when GrayDep is 

ready. 

Some deliverables 

would be dismissed.  

Consider enough buffer in planning for 

extending GrayDep plugin. 

Communicate the information and docu-

ment the reason for it 

 

NsDep will be incon-

sistent with GrayDep. 

 

Some deliverables 

would be dismissed 

Define interfaces (allowed dependency 

rules pool) as soon as possible 

Ask ASML supervisor for support 

Communicate the information and docu-

ment the reason for it 

ASML doesn’t approve to 

buy the selected tool(s).  

Might result in produc-

ing software 

Might result in taking 

more time to find an-

other tool 

This part of the project must be used as a 

recommendation to YieldStar and HMI. 

Define criteria for selection of the tool(s) 

Consider the cost model of the tool(s) 

Communicate the information soon 
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12 Project Retrospective 

This chapter is the reflection on the project from the author’s perspective. 

 

12.1 Reflection 

The project conducted during the past nine months brought many challenges and inter-

esting characteristics. I had familiarity with Visual Studio and C# before. However, in 

this project, the process to find the requirements and to analyze them were not easy. 

As the project goal at the beginning was more general, a significant amount of time has 

been devoted to getting to the detailed problems that the project had to solve and to in-

vestigate commercial tools. Personally, defining the dependency concept in the scope of 

YieldStar and HMI as well as investigating different types of the tools in this domain 

have broadened my field of knowledge.  

The scope of the project was also refined continuously during the first months of the pro-

ject. A part of the project’s time was dedicated to comparing YieldStar and HMI require-

ments and having the first design of GrayDep that met both requirements. After having 

the first version of GrayDep that was integrated with the GrayDep plugin, the require-

ments changed, and the goal of the project for both YieldStar and HMI got more clear. At 

that time, the project continued only with YieldStar. Personally, this was a good experi-

ence in managing stakeholders and risks in any project. 

Considering the YieldStar roadmap in GrayDep design as well as coming up with possi-

ble scenarios that can happen in the future were other challenges that I had to deal with. 

Having a design that covers the initial requirements but it is easily extensible was also a 

challenge. I refactored the code several times to make it more extensible for adding new 

dependency rule types in the future. 

To sum up, this project was a great opportunity to practice skills that are related to soft-

ware development, such as managing information with stakeholders, clarify information, 

and communicate the analyzed information effectively. 



69 

Confidential Confidential Confidential 

 



70 

Confidential Confidential Confidential 

Appendix A 

A sample is provided to show the approach of defining dependency rules to reach the 

desired modular system. 

In Figure A 1, the modular design of a sample system and the desired dependencies are 

presented. The phases of defining dependency rules are described here: 

1. In this system, three container types exist: 

o  BuildingBlockGroup 

o FunctionCluster 

o Layer. 

2. Seven BBs are defined:  

o BB1 and BB2 belong to Layer1, FunctionCluster1, and BuildingBlock-

Group1 

o BB3 belongs to Layer2, FunctionCluster1, and BuildingBlockGroup1 

o BB4 and BB5 belong to FunctionCluster2 and BuildingBlockGroup1 

o BB6 and BB7 belong to FunctionCluster3 and BuildingBlockGroup2 
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Figure A 1 Design of a sample system 

cmp Complex Dependency Rule
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Dep 3

Dep 5

Dep 1

 

 

 

For defining dependency rules, the easiest approach is to define all the allowed depend-

encies between BBs as a list. For example: 

 BB1 to BB2 is allowed. 

 BB2 to BB1 is allowed. 

 BB1 to BB3 is allowed. 

 BB2 to BB3 is allowed. 

And this list goes on. However, it may raise the maintenance cost. For example, “layer1 

to layer2” is an allowed dependency, it means that every time a new BB is added to each 

layer, their dependencies must be added manually to this list. 
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Another approach is defining all allowed dependencies between containers and BBs. For 

example: 

1. BB1 to BB2 is allowed. 

2. BB2 to BB1 is allowed. 

3. Layer1 to layer2 is allowed. 

4. FunctionCluster1 to FunctionCLuster2 is allowed. 

5. BB4 to BB5 is allowed. 

6. And so on 

This approach can easily be used if the dependencies are following a pattern. However, 

sometimes the designer removes some of the dependencies from a pattern. For example, 

here all the dependencies are allowed between BBs that belong to the same FunctionClus-

ters unless they do not contradict the top-down dependency rule in layers only, depend-

ency from “BB5 to BB4” is blocked. In this case, this set of dependency rules can be de-

fined: 

1. All BBs belong to the same FunctionCluster have allowed dependencies. 

2. BB5 to BB4 is blocked. 

3. Layer2 to Layer1 is blocked to ensure layering is adhered to (Both layers belong 

to the same function cluster, and layer1 to layer2 is allowed by first dependency 

rule). 

4. BuildingBlockGroup1 to BuildingBlockGroup2 is allowed. 

Only four dependency rules in a reference architecture file could define all the allowed 

dependencies in the system by considering the extendibility of BBs in the containers.  
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Appendix B  

This appendix shows an example of the DSL for defining dependency rules. In this ex-

ample, there are two containers from the BBGroup type. Each container contains some 

BBs. 

 

In one reference architecture file, four sections can be defined: 

 Containers (optional section) 

 MetaRules: allows defining interconnection dependency rules 

 Rules and ExceptionRules: allow defining simple dependency rules 

ExceptionRules section has the highest priority. If any allowed dependency rule is de-

fined in this section, it is added to the allowed dependency pool directly. Other types of 

dependencies are added to the pool if no block rule is defined. 
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Appendix C 

This appendix shows the result of the second phase of the project, dependency monitor-

ing. 

 

B.1. Namespace analysis sample. 

In this sample, two assemblies, Cognex.VisionPro.Core, and nunit.framework are 
analyzed, and the results for one namespace from each of them are shown in Ta-

ble C1. In addition to the measurements, the value of each measure is available in 
the GrayDep output. 
 

Table C1 Namespace Analysis Sample Results 

Row 18 47 

Assembly Cognex.VisionPro.Core nunit.framework 

Assembly Type third-party third-party 

# Namespace per Assembly 14 11 

# Types per Assembly 1805 356 

# Referenced types 1513 182 

Namespace Cognex.VisionPro.Implementa
tion.Internal 

NUnit.Framework 

# Own Types 81 89 

# Used Types from this assembly 86 95 

# Used Types from other ASML as-
semblies 

0 0 

# Used Types from other Third-party 
assemblies 

438 36 

# Used Types 438 36 

# Used ASML Namespaces 4 5 

# Used Third-party Namespaces 5 3 

# Used Namespaces 9 8 

# Incoming Namespaces 0 0 

# Incoming Types 0 0 

 

 

B.2. Container analysis sample. 

In this sample, three containers are defined, and several namespaces are assigned to each 
one. The generated output by GrayDep is presented in Table C2. 
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Table C2 Container Analysis Sample Results 

id Container Container 

Type 

# Namespaces # Incoming 

dependencies 

# Outgoing 

dependencies 

undefined cntnr 1 cntnr 2 cntnr 3 

0 undefined all 11 45 56 0 40 8 8 

1 cntnr1 bbgroup 8 50 13 4 0 5 4 

2 cntnr2 bbgroup 7 18 6 1 5 0 3 

3 cntnr3 bbgroup 23 15 50 40 5 5 0 

 

 

B.3. The output of container analysis over 

time sample 

In Table B3, the number of outgoing dependencies from cntnr3 to other containers is cap-

tured in three timeslots. The chart is an automatic output of GrayDep in the container 

analysis part.  

Table B3. Container analysis Chart Sample 
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