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Abstract The test engineering group at Mobile Audio Test Department at NXP is working on testing 

integrated circuits such as smart amplifiers for smart phones. This report describes a project 

to design and implement a solution for improving development of the tests in Mobile Audio 

Test Department at NXP, by reducing complexity on the software aspects of the test devel-

opment. A code generator prototype was designed and developed as part of the project. The 

code generator receives test parameters defined by the test engineers as input and generates 

source files for testing the amplifiers. Even more, the generator compiles and executes the 

generated source files on the test environment. 
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Foreword 
NXP tests all its Integrated Circuits before they are sold to customers. In this busi-

ness time is literally money as more test time leads to more machines and operators 

required to do the testing. The test process secure the quality of chips. Next to the test 

cost, also the time to market is crucial, meaning that that coverage must be maxim-

ized as early as possible in the development process. 

 

In a LEAN project in NXP the ‘holy grail’ for test engineering was defined as: Speci-

fy the parameters that must be tested, push a button and compile a stable, reliable, 

test program with minimum cost and best in class quality. This requires three main 

areas to be solved: 

 

1. How to generate the correct syntax from a specification, including all best 

known practices? 

2. How to optimize the specification for minimum test times (scheduling algo-

rithms)? 

3. How to handle and check the electronics such that it takes care of specific 

device behaviors, resulting in best in class quality? 

 

The project ‘System for code generation for testing amplifiers at NXP Mobile Audio 

Department’ focused on the first item while touching on the other two. One problem 

is that our test system development can be compared with MS Excel. It offers many 

functions to a wide user community, but nobody masters all available functions. Best 

practices had to be investigated (first by test engineer) such that the outcome could be 

specified for Filip to be included in the rule based code generator. Throughout the 

project the specification was under construction (as we learned over time) and the 

implementation had to be developed. Numerous discussions with test engineers and 

Filip were needed to gain deeper understanding. It also resulted in a relatively poor 

insight in overall planning. 

 

Filip was the king in our department for his object oriented coding skills. His code 

generator architecture survived the discussions. At the same time he struggled with 

the domain specific knowledge (electrical behavior of devices) in an environment 

where test engineers supported him but on the other hand had to deliver test programs 

to the market. He was confronted with resistance to this new way of working, which 

might result in less jobs or at least, a change in job content. Filip always stayed calm 

and supportive, helping out with complicated sub problems. On the other hand he did 

not drive the team towards his needs which hampered overall progress. 

 

If the code generator works, it offers both optimal Time to Market as well as minimal 

test cost and best in class quality, a substantial benefit for NXP. Unfortunately, it 

takes a big investment to proof all claims and Filip helped us to make a big step for-

ward in our journey. He provided a code generator that contains a subset of our re-

quirements in an architecture that is suitable for future extension. His work is well 

structured and documented and as such a good basis for continuation. 

 

We thank Filip for his contribution which forms an excellent basis for future work. 

He decided to search for a work environment with more software engineers. It shows 

his personal strength that he knows what he wants and acts upon this. We wish him 

all the best in his career and thank him for his contribution to our journey. 

 

MSc Roger Habets MBA 

Operations Director, BL SMC, NXP 

September 2016 
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Preface 
This report is a summary for a graduation project of the PDEng (Professional 

Doctorate in Engineering) program offered by the Eindhoven University of Tech-

nology. The project titled “System for code generation for testing amplifiers at 

NXP Mobile Audio Department” was executed by Filip Anastasovski. It lasted 

for nine months and was executed under the supervision of NXP Semiconductors. 

The goal of the project was to develop a solution for improving the test develop-

ment process at the Mobile Audio Test Department at NXP, Nijmegen.  

 

The report is intended for the reader with technical background in electrical engi-

neering or software engineering, but it may also concern readers with non-

technical background, such as management personnel. The following table lists 

the types of readers based on their background and chapters they should focus on: 

 

Reader Chapters 

Test engineer 

Introduction 

Problem Analysis 

Domain Analysis 

System Requirements 

Verification and Validation 

Conclusions 

Software engineer 

Introduction 

Problem Analysis 

System Requirements 

System Architecture 

System Design 

Implementation 

Verification and Validation 

Project manager 

Introduction 

Stakeholder Analysis 

Problem Analysis 

Feasibility Analysis 

Conclusions 

Project Management 

 

 

Filip Anastasovski 

September 2016 
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Executive Summary 
The test engineering group at Mobile Audio Test Department at NXP is working 

on testing integrated circuits such as smart amplifiers for smart phones. Testing 

amplifiers for world known clients (Samsung, Sony, and Nokia) is a complicated 

and delicate task. The clients are the best semiconductor manufacturers in the 

world and are looking for top quality products, which provides a highly competi-

tive environment. That is why the quality of the amplifiers is of high importance.  

 

The goal of the project was to design and implement a solution for improving 

development of the tests in Mobile Audio Test Department at NXP, by reducing 

complexity on the software aspects of the test development. The main aspects that 

the solution should address were faster development time, less error inside code 

and less amount of code. 

 

The solution was to automate the development process by generating the tests that 

the test engineers write manually in the current development approach. The au-

tomation will reduce the development time by abstracting the programming of the 

tests, reduce the errors created by human factors and will remove the redundant 

boilerplate code created by the test engineers. Additional time can be saved by 

automatically compiling and executing the generated code. 

 

A code generator prototype was designed and developed as part of the project. 

The code generator receives test parameters defined by the test engineers as input 

and generates source files for testing the amplifiers. Even more, the generator 

compiles and executes the generated source files on the test environment. 

 

The prototype of the code generator proves that test methods can be fully generat-

ed by describing the tests in an abstract manner, and that can be of great im-

portance to the test engineers. Furthermore, by compiling and executing the gen-

erated test methods on the test system environment, the complexity of the work of 

the test engineers is further reduced, thus abstracting the software aspect of their 

activities.  

 

This report describes a project consisted of end to end software development 

stages. Starting from the analysis phase, advancing to an iterative design and im-

plementation phase and finishing with a verification phase. The main part of the 

analysis phase included domain analysis, which was the most challenging aspect 

of the project. Most of this phase included reverse-engineering the knowledge of 

the test engineers used to write the tests into a model that represents their struc-

ture and logic behind it. 
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1.Introduction 
 

This chapter gives an introduction to the project’s context and also it gives 

an overview of the structure of this report. 

 

 

1.1    Context 
The project “System for code generation for testing amplifiers at NXP Mo-

bile Audio Department” is conducted by the author as part of the Profes-

sional Doctorate of Engineering (PDEng) program in Software Technology. 

The Professional Doctorate in Engineering degree program in Software 

Technology is provided by the Department of Mathematics and Computer 

Science of Eindhoven University of Technology in the context of the 

4TU.School for Technological Design, Stan Ackermans Institute. 

 

PDEng is a third-cycle (doctorate-level) engineering degree program during 

which its trainees focus on strengthening their technical and non-technical 

competencies related to the effective and efficient design and development 

of software for resource-constrained software-intensive systems, such as re-

al-time embedded or distributed systems, in an industrial setting. In particu-

lar the focus is on large-scale project-based design and development of this 

kind of software. 

 

The project is conducted at NXP Semiconductors, as part of the Test Engi-

neering Group within the Business Line for Secure Monitoring and Control 

(BLSMC) in Nijmegen. 

1.1.1.  NXP 

NXP Semiconductors is a world-known semiconductor (or integrated circuit 

– IC) manufacturer. Its headquarters are in Eindhoven, with research and 

development headquarters in Nijmegen. It is currently the fifth-largest non-

memory semiconductor supplier globally, and the leading semiconductor 

supplier for the Secure Identification, Automotive and Digital Networking 

industries. [8] 

 

NXP Semiconductors provides mixed signal and standard product solutions 

based on its security, identification, automotive, networking, RF, analog, 

and power management expertise. With an emphasis on security of the con-

nected vehicle and the growing Internet of Things, the company's products 

are used in a wide range of "smart" automotive, identification, wired and 

wireless infrastructure, lighting, industrial, consumer, mobile and computing 

applications. 

 

NXP is the co-inventor of near field communication (NFC) technology 

along with Sony and supplies NFC chip sets that enable mobile phones to be 

used to pay for goods, and store and exchange data securely. NXP manufac-

tures chips for eGovernment applications such as electronic passports; RFID 

tags and labels; and transport and access management, with the chip set and 

contactless card for MIFARE used by many major public transit systems 

worldwide. 

 

1.1.2.  Mobile Audio Department 

The test engineering group at BLSMC is working on testing integrated cir-

cuits (IC) such as smart amplifiers for smart phones. Before being tested, the 
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amplifiers are first designed at the Research and Development department. 

Once that is finished, a beta version is manufactured and tested on more 

than one thousand parameters on industrial test systems. Apart from the 

usual tests including voltage and current, some tests include lifetime testing 

(simulating the lifetime of the IC by applying temperature and pressure 

changes) or characterization. 

 

After the test phase is complete, the design and tests for the IC are trans-

ferred to a manufacturing facility. There, as part of a mass production pro-

cess, millions of ICs are being manufactured. Right after being manufac-

tured, the ICs are tested with a subset of the tests that the test engineers cre-

ated and used in the testing phase. This provides an assurance that every IC 

has the correct quality before being delivered to the client. 

 

Testing amplifiers for world known clients (Samsung, Sony, and Nokia) is a 

complicated and delicate task. The clients are looking for top quality prod-

ucts and are the best semiconductor manufacturers in the world, which pro-

vides a highly competitive environment. That is why the quality of the am-

plifiers is of high importance.  

 

The most important aspects of the current development process at the test 

department that need improvements are the development time of the tests 

and the test execution time. If the development time is decreased, more ICs 

per year can be tested by the test engineers. If the execution time of the test 

methods is decreased, the number of ICs that are being manufactured per 

second will increase as the ICs are tested immediately after being manufac-

tured. Both of the improvements in terms of time will increase the profits of 

the company as more ICs will be manufactured and tested per year. 

1.1.3.  Project summary 

The goal of the project is to design and implement a solution for improving 

development of the tests in Mobile Audio Test Department at NXP. The 

project lasts nine months and consists of various activities including analysis 

of the domain and stakeholders, but also more technical ones like design and 

implementation.  

 

As PDEng projects have more prototypical nature, the focus of the project is 

more in the design of the solution, rather than in the implementation. The 

delivery of the project includes a code generator creating source files for 

testing amplifiers and documentation for the generator. The project is man-

aged using iterative approach. 

 

The project is part of a bigger vision for change in the Mobile Audio Test 

Department. Other components are developed in parallel with this project. 

This output of the project will continue to be developed and together with 

the other software components will form the complete development ap-

proach in the future.  

1.2    Outline 
The structure of the report is as shown below: 

 

 Chapter 2 (Stakeholder analysis) states the stakeholders in this pro-

ject, their impact and interest as well as the strategy for dealing 

with them. 

 Chapter 3 (Problem analysis) introduces the context of the project 

and states the problem that results in the idea behind this project. 

 Chapter 4 (Domain analysis) explains the different domains of the 

project. 
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 Chapter 5 (Feasibility analysis) lists the issues and risks expected at 

the beginning of the project and the mitigation strategies for each 

of them. 

 Chapters 6 - 10 (System requirements, System Architecture, Sys-

tem design, Implementation and Verification and validation) pro-

vides detailed and structured explanation of the phases of a project 

lifecycle commonly associated with the Waterfall model. 

 Chapter 11 (Conclusions) lists the lessons learned and experience 

gained during the project. 

 Chapter 12 (Project management) gives detailed overview of the 

planning, activity estimations and milestones in the project. 

 Chapter 13 (Project retrospective) looks back on the successfulness 

of the project as well as the evaluation of the design and design 

process. ■ 
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2.Stakeholder Analysis 
 

 

In this chapter, the stakeholder analysis is presented. It gives a short descrip-

tion of the two categories of stakeholders. Furthermore, this chapter pro-

vides introduction to all parties involved in this project and their participa-

tion and goals. 

 

 

2.1    Introduction 
The stakeholders in this project come from the NXP organization, the Eind-

hoven University of Technology, and Advantest, the manufacturer of the 

test systems. However, the main stakeholders are part of the former two 

groups. The complete group of stakeholders can be divided in two catego-

ries: direct and indirect.  

 

Direct stakeholders are the ones who have high influence on and interest in 

the project and by that they can have a direct impact on it and would like to 

be involved as much as possible. Those stakeholders are: the project leader, 

the test engineers, the applications engineer, and the TU/e (represented by 

Ad Aerts and Julien Schmaltz). The first three stakeholder groups are part of 

NXP as employees.  

 

All direct stakeholders are introduced and analyzed by their interest and im-

pact on the project in the following parts of this chapter. Keep in mind that 

the stakeholders will be explained from individual view, rather than organi-

zational due to the fact that there are major differences in terms of impact 

and influence between different employees within the same organizations. 

 

The most important indirect stakeholders are Advantest manufacturers, NXP 

higher management, and other NXP Test Engineer departments. The Ad-

vantest manufacturer representatives are of importance to the project mostly 

because of their knowledge of the test environment and they are consulted 

on some of the technical aspects on the project. The higher NXP manage-

ment have interest on the end results of the project and on the impact of 

those results on the testing department. However they do not want to be in-

volved on a regular basis and the contact with them is indirect (via the pro-

ject leader). The project might have an influence on the other test engineer 

departments as the result might interest them or they may even use the same 

deliverable. They do not have an impact on the project, but they remain in-

terested and would like to receive project news over longer intervals.  

 

All stakeholders in this project are presented in Figure 1. The figure shows 

the influence of the stakeholder on the project compared to the interest they 

have. The strategies for handling each stakeholder are largely derived from 

this chart. If the interest is higher, then the stakeholders would like to be in-

volved more often in updates about the project. That is why they should be 

included as much as possible and as often as possible. In regards to the in-

fluence, as the influence of the stakeholder grows, the need to keep the same 

stakeholder happy is higher.  
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Figure 1 - Stakeholder Analysis Chart 

2.2    Project leader – Roger Habets 
The project leader is the creator of the idea behind the project and therefore 

the main client. He holds the knowledge needed for the project on a more 

abstract level. Therefore, he is the major input for questions regarding the 

direction of the project based on the requirements and the vision for the fu-

ture of the product after the completion of the project.  

 

Being his idea, he likes to be involved regularly in the project (at least once 

per week). He is also part of the monthly project steering group meetings. 

By this he gains the latest status on the work for the project, but also he ex-

presses his latest ideas as suggestions or potential requirements. This con-

stant flow of ideas continuously drives the project forwards, but also makes 

the project more dynamic as some of the requirements changed or removed 

and therefore the project takes a new direction.  

 

He is the test engineers’ leader, so any question or request regarding organi-

zational issues or arrangement of resources is going through him. He is also 

connected to other potential stakeholders that are not part of the team, such 

as the manufacturer and maintenance team of the test environment. 

 

The biggest interest for the project leader in this project is to improve the 

development process in the test department as mentioned in 1.1.2. 

2.3    Test engineers 
Test engineers are a really important group of stakeholders in this project for 

two main reasons. First of all the test engineers are the actual future users of 

the code generator. This means that they will be the final evaluators of the 

system. Their current way of working includes manually programming the 

test cases (in C++) and the configuration files. Although the transition from 

this manual way of working to a semi or a fully automated approach seems 

appealing and easy acceptable, it means changing the whole process of 

working for the test engineers and adapting their working routines to the 

new software demands. 
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On the other hand, the test engineers are even more important because they 

carry the knowledge of how the generated code should work, how it should 

be structured and the dependencies and configurations files needed for the 

test methods. They also have great experience with writing and executing 

the tests, so they know common methods to make the test faster or more ac-

curate and also they can discover bugs and errors faster while debugging.  

 

The main interest of the test engineers in this project is the ease of use and 

the correctness of the future tool. They would like to be able to learn the 

new development process as fast and as easily as possible. Also, they would 

like for the tool to work as correctly as possible, so the maintenance done by 

them is as low as possible. 

2.4    Marwin van de Hoeve 
Marwin belongs to the group of test engineers, but his software knowledge 

and experience differentiates him from the rest of the test engineers.  

 

His great knowledge both in the electrical and the software domain makes 

him a very important stakeholder, but also a valuable team member, because 

he can easily translate between the requirements, restrictions and most im-

portantly the technical challenges between the two domains.  

 

Apart from the reasons mentioned in the previous section, his interest in this 

project are high due to the fact that he will take over the responsibilities for 

this project once it is over.  

2.5    Applications engineer – Neculai Ailenei 
The application engineer is not a member of the test engineering group, but 

is tightly connected to them and they keep a close cooperation. He is work-

ing on a tool that is intended to work in parallel with the deliverable of this 

project. That is why he is involved in the new development change from the 

early stages. He is one of the main influencers on the input of the system. 

Therefore, he is the main designer and architect, and together with the pro-

ject leader makes the most decisions for the project. 

 

His major interest is for the delivered tool to be in line with the tool that he 

is developing. Also he is one of the potential candidates as future developer 

of the tool, so he wants it to be something that he would understand quickly 

and would have no problems adapting to.  

2.6    Eindhoven University of Technology (TU/e) 
The interest from TU/e in this project is mainly in the design of the solution 

and the design process that leads to it. They are interested in the education 

that the PDEng trainee receives and that the design solution and process are 

in accordance with some design standards and criteria. They are very inter-

ested in the project and would like to be involved on a regular basis (at least 

once per month). With that they would be able to steer the project in the cor-

rect direction. This means they have a high impact on the project.  

 

TU/e as a stakeholder in this project is represented by Ad Aerts, director of 

the PDEng program of Software Technology, and Dr. Julien Schmaltz from 

the Department of Mathematics and Computer Science.  

 

Julien Schmaltz as the supervisor, is the TU/e representative that was in-

volved the most in this project and is one of the main stakeholders. He helps 

the project with critical thinking, suggestions and continuous support using 

his software expertise. He is part of the monthly project steering group 



 

8 
 

meetings, where he is updated on the project status and also gives feedback 

to help with the design process as much as possible.  

2.7    Intern – Shefali Chand  
After the beginning of the project, it became obvious that the optimization 

of the tests is much needed feature that would require additional effort from 

a software engineer.  

 

That is the reason Shefali Chand,  a master’s student in Computer Science 

and Engineering,  was hired as an intern to complete an optimization algo-

rithm that changes the order of the tests such that the number of transitions 

of the states of the system is minimal (explained in more details in 4.2.3). 

She emerged as a stakeholder later in the project and was part of the project 

for three months.  

 

Her interest and influence in this project are medium, because the output 

from her work will be integrated in the future with the code generator. 

Therefore she both is influenced by the code generator and also influence 

the same. That is why there was an agreement for using the same technolo-

gies and for the output of the algorithm she created to be the as the input for 

the code generator.  

2.8    Conclusion 
Determining the strategy for engaging with the stakeholders depends on the 

influence of the stakeholder on the project, the interest in the project, what is 

important to the stakeholder and how could the stakeholder contribute to the 

project. Based on this criteria the stakeholders can be divided into the fol-

lowing categories (sorted by importance): 

 Category I – This is the category of stakeholders that have the 

highest interest in and influence on the project, but also they are 

high contributors to the project. This category consists of the pro-

ject leader, TU/e supervisor and Marwin van de Hoeve. They 

should be managed closely, with frequent meeting and regular re-

porting. This way they have all the information regarding the pro-

ject and are included deeply in the decision making process. 

 Category II – This category has high or medium interest on the 

project and can have big contribution to the project, but the influ-

ence is medium, unlike the previous group, where it is high. This 

group should also be informed regularly about the status of the pro-

ject, due to their high interest and their potential contribution. The 

PDEng program manager, the test engineers, the applications engi-

neer and the master’s student are all part of this category. 

 Category III – This category includes the stakeholders with low or 

medium interest and influence, but with high or medium contribu-

tion to the project. It is not necessary for the stakeholders in this 

category to be informed or included regularly in the project, but it 

is beneficent to keep close and friendly contact with them as they 

can have high contribution. This category consists only of the Ad-

vantest engineers. 

 Category IV – The stakeholders with low or medium interest, in-

fluence and contribution to the project are placed in this category. 

Project information can be obtained by initiative of the stakehold-

ers themselves or through stakeholders from other category. This 

category consists of other test departments in NXP and the higher 

management at NXP. ■ 
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3.Problem Analysis 
 

 

This chapter focuses on the problem that this project is trying to solve. It de-

scribes the process by which the problem was initiated. Besides this, the 

chapter gives an introduction to the solution of the project and a general 

summary of the design opportunities. 

 

 

 

 

 

 

3.1    Context 
Testing is a crucial phase in a project. It provides not only validation and 

verification on the quality of a product or service, but also on the design and 

implementation processes.  

 

In NXP, as a semiconductor manufacturer, testing is mandatory and of high 

importance. First of all, it helps with finding errors and inconsistencies on 

the design of the product, by thoroughly testing the whole set of functionali-

ties it provides. Also, the tests, as output of the testing process, serve as a set 

of standards to which every product of the same family must comply. This 

gives assurances to the client that the product they are receiving is of the 

highest quality and meets the client’s demands. 

 

The testing phase in NXP Mobile Audio department starts in parallel with 

the design phase. The test engineers receive the model of the chip that is be-

ing designed and start analyzing the schematic representation of the chip in 

order to identify the main functionalities that are supposed to be tested. 

Based on the functionalities of the product and the components and connec-

tions inside it, they start writing the tests in C++. As they do not have the 

physical chip at this moment in time, they develop and try the tests on a vir-

tual environment with simulation of the chip properties. With this they can 

test the code for compilation correctness and test the digital properties of the 

chip, but they also are prepared for the other tests (e.g. analog signal tests) 

when the chip is ready to be tested. 

 

After they receive the first release of the physical chip, they start testing it 

on the Advantest test environment, where they can check every parameter 

required for the quality assurance. After they test all the required parame-

ters, for most of the chips there is one more iteration of the design and test 

phase, where the test engineers send the feedback to the designer with the 

parts of the IC that need improvements. An improved design is then created 

and sent for production. The newly produced chip arrives in the test depart-

ment and the test engineers adapt their existing tests for the improved de-

sign. After they reach 100% test coverage, the chip is approved for mass 

production. A subset of the tests is sent to the production facilities to be exe-

cuted on every produced chip to ensure the quality of every single chip be-

fore it is delivered to the client. 

3.2    Analysis of current development process 

The development process mentioned above is rather complicated. Although 

some time-consuming parts are mandatory and cannot be improved by the 

test department, there are some where a change in the way of working is re-
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quired in order to improve the speed and quality of the test development 

process.  

 

Firstly, all the tasks involving analyzing and coding are performed manual-

ly, so that means a lot of time is spent on programming the tests. It usually 

takes one year for a single test engineer (calculated based on man-hours) or 

two months for a team consisting of six test engineers to achieve a 100% 

test coverage.  

 

Second of all, the manual way of working is more error prone than by using 

automation. Typographical errors are considered to be one of the most 

common mistakes made while programming, but also errors can be made 

while analyzing the schematics.  

 

Another concern about the common way of working is the boilerplate code 

produced by the test engineers. When having a team of test engineers work-

ing on a single amplifier, every member of the team is writing his or her 

own test cases and methods and in the end, the test cases are not analyzed 

before they are combined, so they are simply concatenated. This means that 

the code is not optimal both in terms of quantity and quality. 

3.3    DSL introduction 
To solve the problem mentioned above, a new approach for developing the 

tests is needed. When introducing a new way of working to the test engi-

neers a training period will be required in order for them to gain experience. 

However, as the test engineers have limited knowledge and experience with 

software development, the new approach should not be complicated and 

should require less software knowledge than the current one.  

 

The solution chosen for the problem is to introduce a Domain Specific Lan-

guage (DSL) that is simpler than C++, so the development in C++ would be 

substituted with development in this new DSL. However the test environ-

ment is designed in such way that only C++ can be executed, so there is a 

need for a translation tool that would compile the DSL language in C++. By 

using a translation tool, the new DSL would provide an abstraction from the 

C++ code and it would represent an additional layer where more calcula-

tions and optimization techniques can be implemented.  

 

Using this approach with a DSL and a translation tool, the team will gain the 

following benefits: 

 Faster development time – time for writing the test methods in this 

DSL will be less than writing them in C++. The time for analyzing 

and designing the tests will remain the same. 

 Fewer errors inside code and configuration files – no C++ code 

will be created by a human and programming the tests will be done 

in a more secure and abstract way. The typographical errors would 

ideally be zero. 

 Less code – this is the optimization step that will come after the 

previous two and it mostly involves grouping the states of the sys-

tem such that the device under test travels through fewer states and 

therefore there will be fewer state transitions. Subsequently, there 

will be less C++ code. 

 

With the changes mentioned above, both the management and the test engi-

neers will have large benefits. By having a more productive team and better 

results in the testing time, the management will increase the income of the 

company and the test engineers will have a simplified and more secure test 

development process.  
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3.4    SETS  
The DSL that was chosen for describing the test methods on a higher level is 

SETS – Synthesizable Electrical Test Specification. It is an excel file that 

contains parameters that are part of the test methods. The reason for choos-

ing an excel file as an input is due to the familiarity of the test engineers 

with this software tool. The parameters inside SETS are needed for execut-

ing the test methods on the test environment. By doing this, test methods are 

actually specified on a more abstract level. The SETS file is described in 

more details in Chapter 4.2.5. 

 

Although the basic structure of SETS was defined before the start of the pro-

ject, it is still subject to many changes. First of all, the format and data struc-

ture of SETS changes as the project advances, by adding or removing col-

umns or changing the format of the cells. Second of all, additional input files 

are added to support the data of SETS. This adds additional complexity to 

the project. 

3.5    Code generator (problem description) 
After defining the format and syntax of the SETS file, the next step is the 

translation into C++ code, acceptable by the test environment. When using 

DSLs, a common way for translating from one language into another is by 

using compilers. However, a compiler is not needed in this situation. The 

reason for this is the usage of excel file as input language. When using excel 

file as input, the format and order is fixed, therefore syntax and semantic 

analysis would be redundant. Furthermore, lexical checks are already im-

plemented in the excel file, by allowing selection of predefined options in-

side the cells of the file (using dropdown selection). In addition, the optimi-

zation of the data inside the excel file is performed by another software sys-

tem. Therefore, the missing phases of the translation process is generation of 

the code and execution on the test environment. 

 

The most challenging part of creating a code generator is defining the rules 

for generation. In the test department of Mobile Audio, the structure of the 

code of the test methods is not formally defined and therefore not written. It 

is instead, only known by the test engineers. Additional complexity is added 

by the fact that test methods can be written in multiple ways and this is ex-

ploited by the test engineers as all of them write the test methods using dif-

ferent approach. To summarize, the biggest complexity of this project is de-

fining a model of the test methods and rules for generating them by reverse-

engineering the knowledge of the test engineers from the existing test meth-

ods that are manually written.  

3.6    Test environment 
After the generation of the source files, they should be executed on the test 

environment (explained in 4.2.2). Therefore an analysis of the test environ-

ment is required to verify that the design and implementation of the code 

generator is compatible with the test system. Also, once the tests are gener-

ated they need to be validated on the test environment by compilation and 

execution.  

 

Another reason for analyzing the test environment is to understand the logic 

of the code inside the test methods and how to define the rules. There is a 

close connection between the test hardware and the test methods’ code, so in 

order to fully understand the code, it is mandatory to comprehend the test 

environment first.  
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3.7    Generating files by simulation 
As mentioned in 2.5, in parallel with the code generator of this project, an-

other generator for part of the code is developed at the same time by the ap-

plications engineer. The difference between the two generators is that the 

latter one is using simulation of the behavior of the device under test in or-

der to identify the states of the same device. The simulation is executed on a 

separate simulation environment, modeled with Verilog.  

 

The input for the generator with simulation consists of various excel files, 

including SETS. The output of this generator are C++ source files that 

should be included as references into the C++ source files of the test meth-

ods. There are no direct dependency between the two generators as they run 

in parallel and do not influence each other. However, it is possible in the fu-

ture for the generator with simulation to have as input the source files creat-

ed by the code generator of this project. With this, only one generator would 

have SETS as input, with the consequence that a dependency between the 

generators would be created.  

3.8    Script for finding loadboard connections 
One part of the test system is called loadboard (explained in 4.2.2). Its func-

tion is to connect the test hardware and the device that is being tested by 

having multiple electrical connection paths that can be enabled or disabled. 

With every unique device that is tested, a different loadboard is created with 

unique paths for connection. The task of finding all possible paths is usually 

carried out by the test engineers and takes a lot of time.  

 

In order to accomplish fully automated development process, a script for 

finding all loadboard connections is developed in parallel with this project. 

The input of the script are configuration files that are part of the standard 

documentation for every loadboard. The output of the script is a list with 

every connection and the settings required for enabling or disabling it. This 

list is part of the output of the code generator, needed for executing code for 

changing the state of the loadboard (system states are explained in 4.2.3). 

This creates a dependency between the code generator and the loadboard 

script. 

3.9    Data flow of development process 
The processes mentioned above form the perception of the development 

flow of the test methods. Every component of this development is equally 

important and in order for the complete flow to work all relations between 

the components must be well defined. The data flow of the whole develop-

ment process is shown in Figure 2. 
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Figure 2 - Data flow of the planned development process 

3.10    Design Opportunities 
While analyzing the problem of the project, the main design opportunities 

that are identified are structuring and reusability.  

 

The problem concerns two tightly coupled engineering domains (electrical 

and software), where both domains consist of many different components 

and strict relations between them. This requires for the design of the solution 

to have architecture where the structure is a very import aspect.  

 

The development process is quite complex and dynamic, meaning elements 

are added, removed and modified on a regular basis. Reusability is essential 

in such environment in order to make the adaptation feasible and easier. ■
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4.Domain Analysis 
 

 

The main subject in the previous chapter addresses the problem analysis. 

The following chapter concentrates on the domain of the project. First, it in-

troduces the electrical engineering domain which is needed to get a better 

understanding of the report. Its goal is to broaden the knowledge of the 

whole environment and tools used for testing amplifiers. Secondly, this 

chapter introduce the reader to several logical units of the language domain. 

 

 

4.1    Introduction 
The test engineering domain consists of two major parts: electrical engineer-

ing and software.  

 

The electrical engineering part is much larger and therefore all the test engi-

neers have an electrical engineering background. The electrical engineering 

knowledge required for testing the amplifiers is vast and detailed. The test 

engineers need to be familiar with the capabilities and functionalities of the 

test environment, how to properly use it, and its general architecture. The 

device that needs to be tested is very complex, not only by the functionality 

that it provides, but also by the small dimensions of the amplifier itself. Eve-

ry day the integrated circuits are becoming smaller and smaller and due to 

the advancing technology newer and more advanced components are added 

inside them. The test engineers must be up to date with these changes as 

NXP aims to be on the edge of the advancement of the technology. 

 

The key element of the software domain are the source files of the test 

methods, written by the test engineers. This domain is regarded as only a 

tool to satisfy the demands of the test environment. Therefore most of the 

test engineers have software knowledge limited to the daily needs for writ-

ing the test methods. However the requirement for a more detailed software 

knowledge is becoming a necessity. 

4.2    Electrical engineering domain 
The electrical engineering domain represents the hardware and its data or 

software representation used while testing.  

4.2.1.  Integrated circuits (IC) 

The devices that are tested by the test engineers in Mobile Audio Test De-

partment are integrated circuits. Integrated circuit is a set of electronic cir-

cuits on a small chip made of semiconductor material [4]. It consists of sev-

eral billion transistors and other electrical components.  

 

The most commonly tested integrated circuit in the test department is a sys-

tem on a chip (SoC). It is a special type of integrated circuit that may con-

tain digital and analog signals. This type of integrated circuits is commonly 

used in the embedded systems of higher end cell phones. [6] 

4.2.2.  Test environment (Advantest) 

The test environment is a complex system that the test engineers use for de-

velopment testing of the amplifiers. They test digital and analog signals by 

modifying the input parameters. It consists of both hardware and software 

components. 
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Figure 3 - Test environment (hardware) 

 

As shown in Figure 3, the test environment consists of three main parts: 

tester, loadboard and DUT (Device under test). The figure shows the place-

holder for the device only, because the device is much smaller compared to 

the whole test environment. The tester can be further split into two logical 

parts: instrument and supply. Each of these parts have a specific set of pa-

rameters that can be applied to them. The textual representation of this data 

as a set of parameters represents the input domain of the code generator. 

Device under test (DUT) 
This name is associated with the integrated circuit that is being tested. The 

DUT is attached to the other parts of the test environment through a set of 

pins that act as input ports for transferring signals or current.  

Loadboard 
The tester does not change for different devices and the device is always 

unique, so there is a need for a customized adapter that connects the two. 

This adapter is called the loadboard. It consists of many electronical routes 

that connect the output pins of the tester to the input pins of the device, and 

vice versa. These routes can be enabled and disabled with bits controlled 

from the test environment.  

Supply 
The first part of the tester is the power supply. It has one main function – to 

supply the DUT with high current or high voltage. Once the device has 

power connected, certain functionalities are activated and they can be tested. 
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Instrument 
The instrument is responsible for the measuring phase. Once a particular 

part of the device has power, it produces some output: voltage, current, or 

wave. This is measured by the tester and based on the allowed limits for the 

output (specified by the test engineers), the test is considered passed or 

failed.  

Software environment 
The test methods can be developed and executed on two ways: offline and 

online. Online development and execution is performed on the test system, 

with the device present. The offline environment is a virtual representation 

of the real test environment.  

 

In the online approach, the operating system of the software environment is 

Red Hat distribution of Linux. It supports developing and executing the 

tests. The software tool for developing and executing the tests is an Eclipse 

based IDE, with modifications made by the manufacturer for managing the 

hardware of the testers. The C++ standard used for developing the tests is 

ISO/IEC 14882:1998, also known as C++98.  

 

The offline development represents a virtual machine of the operating sys-

tem deployed on the test system. It contains the same software tool for de-

velopment and execution of the tests. The main difference with the online 

development is the presence of the device under test. In the offline environ-

ment, the device is not present and therefore there is no feedback from the 

tests. The offline approach is mostly used only for determining compilation 

and execution successfulness, because results of the tests are not valid with-

out the device. 

 

One requirement by the test environment for the development and execution 

of the test method is the format structure. There must be two predefined 

folders for every device. The first one contains the source code of the test 

methods and additional libraries. The second one contains the compiled test 

methods, the configuration files (described in 4.2.6) as well as output of the 

test execution. When executing the test methods, only the second folder, 

containing the compiled files, is taken into account.  

4.2.3.  Test environment states 

Each one of the components of the test environment has a state at a certain 

moment while executing the test methods. These states are defined by vari-

ous parameters associated with each component. Examples of those parame-

ters are voltage level, settings of digital bits or frequency of execution of 

operations.  

 

It is important to know the current state of the test system while executing 

the tests. The opposite could lead to unsuccessful tests or damaging the de-

vice under test. Test states are also important for determining transition be-

tween states. First of all, certain state transitions must be preceded by a set 

of actions in order to protect the device from incorrect usage. Other state 

transitions are not possible due to limitations of the device. Second of all, 

determining the transition time between two states can lead to optimizing 

the test execution time. Another way to improve the test execution time is 

group test states into a super-state in order to lower the number of test states. 

The optimization of test state transitions and minimization of test states is 

the main functionality of the optimization algorithm mentioned in 2.7. 

4.2.4.  Test environment deployment 

The deployment of the test environment is presented in figure 4. 
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Figure 4 - Deployment diagram of the test environment 

 

4.2.5.  Input domain 

The main input for the code generator is the SETS file specified in 3.4. Ex-

amples of the SETS input file are shown in figure 5 and Figure 6. Keep in 

mind that the examples are a subset of the input file as the complete SETS 

file contains many more columns and rows. 

 

 

Figure 5 - SETS example 1 

 

As seen in the examples, each column defines a single parameter needed for 

the execution of the tests. Usually those parameters define the state of the 

test environment parts (explained in 4.2.2) like device state, test state or 

loadboard state, but it can also be metadata of the tests, like test name, test 

order number or test group.  
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Figure 6 - SETS example 2 

 

Every row in SETS defines a single test consisting of setting the parts of the 

test environment in the correct state and at the end, measuring the voltage or 

current of a particular segment of the device and testing the output of the 

measurement against certain limits.  

 

Apart from SETS, there is a secondary input to the code generator. This in-

put consists of other excel files that define the states, functions and group of 

parameters used by SETS. In other words, these excel files serve as exten-

sion to the main input, but they are still mandatory for generating the test 

methods. Examples of these files are: 

 InstrumentDriver – excel file where the states of the instrument are 

specified by the parameters needed for each state.  

 SupplyStates – excel file containing parameters for each state of 

the supply 

4.2.6.  Configuration files 

Other type of files needed for the execution of the test methods, apart from 

the source files, are the configuration files. These files do not have an influ-

ence in the code generator, but they are referenced in some sections of this 

report in order to fully understand the execution of the test methods.  

 

The configuration files are used to set a group of parameters that are manda-

tory for the execution of the test methods. Examples of those parameters are 

the frequencies of the analog and digital signals, the levels of the voltage 

supplies and digital channels. Another important configuration file that is 

commonly used is the one for setting the settings of the loadboard. 

4.3    Language domain 
The code of the test methods needs to be generated, so another aspect of the 

domain in this project is the software language domain. This domain con-

sists of the elements that should be generated by the system. The language 

domain in the simplest form is composed of several logical units: test meth-

ods, classes, functions, single statements, block statements, variables and 

references.  

 

The overview of the language domain is shown in Figure 7. 
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Figure 7 - Language domain diagram 

4.3.1.  Test method 

The largest unit of the language domain is the test method. It is the only unit 

in the language domain that can be executed on the test environment. The 

test method corresponds to a single (C++) file that contains the complete 

code. Every test method has a unique name. However, the possibility that 

every test method can be merged into one big test method is not excluded.  

 

The general structure of the tests is as follows: 

 

1. Initialization and setup of the test environment 

2. DUT manipulation and measurement 

a. Setting the desired supply to the desired level 

b. Enabling all needed loadboard connections 

c. Measuring the output 

d. Repeating of step 2 for each measurement needed 

3. Additional calculation on the measured output (optional)  

4. Testing whether the output is in the allowed limits 

 

The test method used by the engineers usually has exactly one class. How-

ever, they are free to create more inner classes should they need to, meaning 

it might be increased in the future. Furthermore, the test method is com-

posed of functions, variables, references, and statements. A test method can 

have an infinite number of these components, but it is mandatory that it con-

tains exactly one instance of the following functions: initialize, run, postPar-

ametricChange and getComment.  

 

A test method can be formatted in a nice manner for better readability, but it 

is not mandatory for compilation and execution. 

 

Example of test method code is shown in Figure 8. Keep in mind this is only 

an example. In reality, the run function can have as many as a thousand lines 

of code. 
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Figure 8 - Code example of test method 

As seen in the figure, the example test method has one class that inherits 

from the predefined TestMethod class. The class in the example contains the 

four mandatory methods described before. 

 

 The primary method named “run” contains the main functionality of the test 

method. Apart from the variables, which are defined in the standard C++ 

manner, it contains two statements for initializing the RDI settings. RDI is a 

library that is provided by Advantest and is specific for their test environ-

ment. Almost all of the calls that manipulate the hardware of the test envi-

ronment are accomplished with the RDI library.  

 

Some of the RDI statements are shown in the example, where parameters 

such as range of the voltage or the current are set. These calls are wrapped 

inside two nested block statements, which are mandatory and specific for 

the Advantest software environment. 
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The code inside the run method follows a certain structure, which is used in 

every test source file. The structure is determined by the rules of the electri-

cal domain and the restrictions of the test environment. For example, it is a 

general rule that the voltage and current coming from the supplies of the test 

environment must be set prior to measuring the voltage or current levels in 

the device under test. The structure of the test methods is shown in Figure 9. 

 

Notice that before the atomic actions in the activity diagram, there is a deci-

sion node for checking whether the certain component of the test environ-

ment is already in the desired state. This decision is performed in order to 

save time. That is, if the component is already in the desired state, it is not 

necessary to invoke that state again and it would be time costly.  
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Figure 9 - Activity diagram of the order of statements in the test method 

source files 
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4.3.2.  Class 

The classes in the test method that the test engineers create are the same as 

the native C++ classes. Every test method must have at least one class as a 

main element. The usual practice of the test engineer is to use exactly one 

class per test method. 

4.3.3.  Function  

Functions have the same behavior as the native C++ functions. They repre-

sent one or more functionalities wrapped inside a routine. They have differ-

ent sets of input parameters, statements, and output results. The difference 

with native C++ domain is that there is special set of functions that are re-

served for the test system. 

4.3.4.  Single statement 

A single statement represents one line in the test method file. The statements 

have a clearly defined predecessor and successor, which means the order of 

the statements is important.  

 

There are two groups of statements that the test engineers use in their test 

methods code: 

 

 Test environment statements 

 Native C++ statements 

 

The test environment statements are those that send or receive data or com-

mands to and from the test environment. This group of statements is the one 

that is used in the majority of the test method code. The group includes 

statements for manipulating the instrument, supply or loadboard, but also 

commands for reading data from the device or the configuration files. The 

second group of statements consists of the native single C++ statements that 

are commonly used in every C++ software program. Out of this group, the 

most commonly used are variable declaration, mathematical operations, and 

printing text to the screen. 

4.3.5.  Block statement 

A block statement is a set of single statements with a fixed order wrapped in 

a logical group. Usually the block has a start and end statement that are 

fixed for a specific type of blocks. Some of these types of blocks are itera-

tion blocks (for, while) or conditional blocks (if-else). For the native C++ 

blocks, it is required to start and end the block with curly brackets. Howev-

er, for the test environment blocks, that is not the case. 

4.3.6.  Variable 

A variable is a container for one or more values that are being used for the 

test methods. A variable can be global, class, or local variable, depending on 

the level of influence. If the variables are not dependent on each other, the 

order in which they are defined does not matter. If the declaration of the var-

iable is not done at the same line as the definition, then it is regarded as a 

single statement.  

4.3.7.  Reference 

A reference is a call to a different test method or library. Reference can be 

required by a variable or a statement. References are placed at the beginning 

of a test method. The order of the references does not matter.  
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4.3.8.  Driver libraries 

Some test engineers are developing libraries called drivers in order to encap-

sulate some of the repeatable code inside these libraries. Using this ap-

proach, the code inside the test methods is reduced and some blocks of 

statements are replaced by a single line containing a call towards these li-

braries. However, these libraries require some data from SETS and this also 

should be generated by the code generator. The libraries created during the 

course of this project are drivers for manipulating the supply component and 

the loadboard component of the test environment. ■ 
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5.Feasibility Analysis 
 

 

The objective of this chapter is to identify the issues and challenges antici-

pated during this project. It covers the issues that may arise of the domain of 

the project. The chapter also addresses the identified risks and the mitigation 

strategy together with its influence. 

 

 

5.1    Issues 
The following section describes the issues and challenges that occurred dur-

ing the project. Most of the issues are related to the domain of the project. 

5.1.1.  Reverse-engineering the knowledge of the test 
engineers 

As mentioned in 3.5, the biggest challenge in this project is defining the 

rules for generation of the code. The process of rules definition requires 

analysis of the test methods manually written by the test engineers and ex-

tracting common structure and format, using reverse-engineering approach. 

Collaboration with the test engineers is crucial for this process as only they 

hold the knowledge for creating test methods and the logic behind the se-

quence of commands. Additional complexity is added with the fact that 

there are multiple approaches in writing the test methods and not every test 

engineer uses the same approach.  

5.1.2.  IC schematics 

In order to understand the domain and how the ICs work, some understand-

ing of electronic schematics is needed. The schematics represent the model 

of the chip, consisting of every element inside the chip and the connections 

between them. They are created using internationally accepted signs, com-

mon for the domain of electrical engineering, but not for the software do-

main. Also, the debugging process of the test methods is accelerated by ana-

lyzing the schematic. 

5.1.3.  Standardization 

Test structure standardization 
The development process in the test engineering department is rarely stand-

ardized. Most of the time the test engineers choose their own structure and 

style for the test methods and this leads to having a unique style per test file. 

Therefore, the input from the test engineers as to what is the best structure is 

mixed. Standardization is needed for determining the general structure of the 

test methods that will be used when generating the test methods.  

Naming standardization 
Some of the configuration files and tests require input on the names of the 

components used during testing. This naming is not standardized and at 

times seems randomized. Therefore, an explicit creation of additional con-

figuration files is needed. These files group the components to simulate a 

standardization. 
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5.2    Risks 
In this section, the risks that are anticipated during the project are listed as 

well as the mitigation strategy and impact they might have.  

5.2.1.  Input (SETS) definition ongoing 

At the beginning of the project, the main input file for the code generator 

was still not completely defined. During the project, the definition phase of 

SETS is still ongoing. This is one of the main risks, as the input file is one 

of the biggest dependencies in the project. The file is defined by the author 

of this report, the test engineers, the application engineer, as well as the 

team leader. As mentioned above, standardization of the tests structure is not 

explicit, so defining SETS is proving to be difficult.  

 

As this risk is anticipated early in the project, it is easy to create a mitigation 

strategy. The strategy is to include iterative methodology in designing and 

developing the code generator. After the definition of the general architec-

ture, the plan is for the design of the separate parts of the code generator to 

be executed one at a time. Using this approach, by the time the design and 

development for the already defined input parameters is finished, other input 

parameters will be defined. This process will continue in iterations for every 

group of input parameters.  

5.2.2.  Parallel execution not ready  

One of the requirements of the generated code is to include parallel execu-

tion. This proved to be a risk as none of the test engineers used parallel exe-

cution of the test before the project. Therefore, a feasibility analysis is need-

ed before this code could be generated. 

 

As there is no substitution for this parallel execution, the mitigation strategy 

is to prove the feasibility of the code generator with sequential execution 

and make the architecture such that it will be easy to be modified later on to 

accommodate parallel execution. 

5.2.3.  Test environment restrictions 

One of the requirements at the beginning of the project is to prove repeata-

bility by executing the generated code on the test environment multiple 

times and store the results in a log file. However, there is a risk that the code 

generator could not be executed on the test environment and the results are 

not accessible for the code generator to parse. The reasons for the former 

risk are the hardware limitations of the test environment and the reason for 

the latter are the software (API) restrictions. 

 

The strategy for handling this risk is to have meetings with the test environ-

ment experts as soon as possible and identify whether the requirement is 

possible and also to leave this requirement as last one to be implemented as 

no other parts of the code generator are dependent on it. 

5.2.4.  Syntax rules/drivers not ready 

In order for the code generator to be able to generate code based on the input 

files, well-defined deterministic syntax rules should be in place. As the test 

methods and libraries used for testing of the ICs have high complexity and 

the amount of code can reach more than one thousand lines per test method, 

definition of the rules can prove costly in regards to time management. 

 

One mitigation strategy and an example of a solution for reducing the gen-

erated code and thus the rules for generation are functions or routines that 

encapsulate a single or group of functionalities in one library. This would 
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decrease some of the rules to a single call to an included library. Assuming 

the libraries are created to be as generic as possible, they would prove a 

more time efficient and reusable solution. Considering that most of these li-

braries contain code for communicating with the hardware of the test envi-

ronment, the name of the libraries can be substituted with drivers.  

 

Even though the drivers reduce the complexity of the rules, it is still a risk 

whether the test engineers can define the rules and create the drivers in due 

time. However, the drivers are not dependent on the generated code or vice 

versa if the signature of the functions of the drivers is agreed. That way, the 

code can be generated without the drivers being completed. Verification can 

be started once the drivers are completed.  

5.2.5.  Loadboard script not ready 

The script for finding electrical connections within the loadboard (described 

in 3.8) is developed in parallel with the code generator of this project. 

Therefore there is a risk whether the script would be finished before the end 

of the project. 

 

The mitigation strategy consisted of more parts. Firstly, the design and im-

plementation of the generation of code associated with the loadboard is de-

layed for the last iteration. Second of all, the interface for the communica-

tion between the script and the code generator is established beforehand. 

With the interface established, it is easier to create a stub method for simu-

lating the output of the script. ■ 
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6.System Requirements 
 

 

This chapter summarizes set of requirements derived from the stakeholders’ 

input, following the problem, domain and feasibility analysis. Both func-

tional and extra-functional requirements are presented here together with 

some domain requirements gathered by analyzing the domain. 

 

 

6.1    Introduction 
The process of gathering requirements is an important phase in defining the 

key aspects of the design of the system. It is common for a requirement 

phase of a project to happen at the beginning of the project, after the stake-

holder analysis. However it is possible that the requirements phase lasts dur-

ing the whole project. This may be due to uncertainties over some require-

ments, change of requirements or removal of some requirements. Moreover 

some requirement are only known at a later stage of a project. This is typical 

scenario when it comes to dynamic projects.  

 

The requirements gathering phase starts with the key stakeholders. They are 

the main element of this phase as their input and feedback define the core 

elements of the requirements specification. Some stakeholders come into the 

project at a later stage, but also the desires and needs of a certain key stake-

holder might change over time. This only gives one of the aspects that 

makes certain project dynamic and why the requirements analysis might be 

part of the whole duration of the project.  

 

One of the most important parts in the process of gathering the requirements 

is by having discussions with the stakeholders. It is important to include all 

stakeholders in the discussions as each stakeholder has a different views on 

the problem, different demands from the solution of the problem and also 

unique knowledge when it comes to the context of the problem. It is also a 

good practice to change the type of the meetings with the stakeholders 

where the discussions take place by having both individual meetings and 

group meetings, but also change the setup of the groups. This way the input 

from the stakeholders may vary in different meetings.  

 

Requirements can also be gathered by analyzing the domain. The domain 

analysis can further redefine the existing requirements, inspire new require-

ments, but also bring some restrictions and uncertainties which may lead to 

discovering new aspect on the requirement analysis process. Furthermore, 

the technological domain can also bring forward certain requirements or re-

strictions.  

6.2    Use cases 
The main feature of the system is the generation of C++ source files (test 

methods). Additional feature is code compilation and execution. The genera-

tion of test methods has two options: generating test methods for sequential 

execution or test methods for parallel execution. Furthermore, the generation 

of test methods includes generation of additional C++ source files, namely 

source files for supply driver and loadboard driver libraries.  

 

The main users are the test engineers. They will use the code generator both 

for generating test methods and for compiling and executing them. Other 

user of the system is the application engineer. He will use the system to gen-
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erate source files, which will then be used to simulate the test flow on the 

simulation environment in order to generate libraries that are required for 

the execution of the test methods. 

 

The use cases and the interaction between the users and the use cases is 

shown in Figure 10. 

 

 

Figure 10 - Use case diagram 

 

Furthermore, the use cases are explained in more details in the following ta-

bles. 

 

Use case 01: Generate test methods 

Description User wants to generate test method source files in 

sequential or parallel format 

Level User-goal 

Primary actor Test engineer, Applications engineer 

Precondition(s) Necessary input files (SETS, InstrumentDriver, 

SupplyStates, Levelset, PinpadList, Pingroups) are 

filled-in. 

Main scenario 

1. User selects option for sequential test methods 

2. User requests generation of the test methods 

3. System generates test methods 

4. System generates additional source files (loadboard and 

supply driver) 

Alternative flow 

1a. User selects option for parallel test methods 

 

 

Use case 02: Compile and execute test methods 

Description Test engineer wants to compile and execute the 

generated test methods on the Advantest environ-

ment 

Level User-goal 

Primary actor Test engineer 

Precondition(s) Test methods and additional source files are gener-

ated. 

Configuration files required for execution of the test 

methods are present. 
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Main scenario 

1. User asks for compilation and execution of test methods 

2. System compiles test methods 

3. System provides output from compilation 

4. System executes compiled test methods 

5. System provides output from execution 

Alternative flow 

3a. System shows error from compilation  

a) Compilation and execution are terminated 

5a. System shows error from execution 

6.3    Functional requirements 
The following section lists the functional requirements gathered with discus-

sions with the stakeholders as well as analyzing the domain. The require-

ments are grouped by the main features of the system, stated in the use case 

section.  

6.3.1.  Feature 1: Test methods generation 

The code generation is the main feature of the system and it contains most 

of the functionalities. This is the core of the code generator as the other fea-

ture depend on the successfulness of this feature.  

 

The code generation feature can be divided into two main categories: gener-

ation of test methods and generation of additional source files. Both types of 

generation work on the same domain. They have the same structure and 

format like the regular C++ source files, with some additional elements and 

restrictions, specific for the Advantest software environment.  

 

The code generation requirements are listed in Table 1. 

 

Table 1 - Functional requirements for test methods generation feature 

ID Description Priority Dependency 

FR_1.1 The Code Generator shall gener-

ate C++ code for the Adventest 

system from SETS specifications. 

High  

FR_1.2 The Code Generator shall gener-

ate code for sequential execution. 

High FR_1.1 

FR_1.3 The Code Generator shall gener-

ate code for parallel execution. 

High FR_1.1 

FR_1.4 The Code Generator shall gener-

ate test methods in such a way 

that the test methods are executed 

in the order specified by the SETS 

documents. 

High  

FR_1.5 When the order of a list of test 

methods is changed, the Code 

Generator shall generate valid 

C++ code for the Advantest sys-

tem according to this new order. 

High  

FR_1.6 The Code Generator shall read its 

inputs according to the File Sys-

tem structure currently used by 

the Test Engineers. 

Medium  

FR_1.7 The Code Generator shall store 

outputs according to the File Sys-

tem structure currently used by 

the Test Engineers. 

Low  
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The rationales behind these requirements are listed below: 

 FR_1.1: The code shall be compiled and executed on the test ma-

chine. The goal addressed here is to automate test program genera-

tion. Test programs automatically generated must run on the test 

system. 

 FR_1.2, FR1.3: The test methods can be executed in two modes – 

sequential and parallel. The choice of the mode influences the order 

of the statements inside the test methods. Therefore there shall be a 

difference in the generation approach. 

 FR_1.4: The order in which the test methods are generated is im-

portant for the output of the tests. The purpose here is to specify 

that the code generator shall respect the order of the test methods 

specified in SETS. 

 FR_1.5: Although the test methods order is important, it shall not 

have impact on the compilation. Therefore the generated code shall 

be compilable regardless of the test methods order.  

 FR_1.6: The test engineers have a file structure for organizing the 

test methods they write. SETS is organized in the same manner – 

one SETS file per test method. The goal in this requirements is for 

the code generator to use the same file structure as an input. 

 FR_1.7: The code generator shall organize the generated files using 

the same file structure mentioned above. 

Feature 1.1: Generation of additional files 
Apart from the C++ source code file, additional files are required in order 

for the test method execution to be successful. These files are loaded in the 

test methods as external libraries. 

 

Table 2 - Functional requirements for generation of additional files 

ID Description Priority Dependency 

FR_2.1 The Code Generator shall gener-

ate C++ source file required by 

the supply driver library. 

High  

FR_2.2 The Code Generator shall gener-

ate C++ source file required by 

the loadboard driver library. 

High  

 

The rationales for the requirements above are listed below: 

 FR_2.1: The driver libraries mentioned in 4.3.8 require additional 

files containing some data from the input files. The supply driver 

library requires one additional file containing data from Sup-

plyStates input file. The code generator shall generate this file. 

 FR_2.2: Similar to the supply driver mentioned above, the load-

board driver library requires one generated file. The input for this 

file is the result from the loadboard script mentioned in 3.8. The 

code generator shall generate the required file. 

6.3.2.  Feature 2: Code compilation and execution 

After the generation, the code should be compiled and executed on the test 

environment. The complete set of requirements for this feature is shown in 

Table 3. 

 

As stated in the previous section this feature depends on the successful gen-

eration of the test methods and the additional files. Otherwise, the compila-

tion or execution might fail. 
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Table 3 - Functional requirements for compilation and execution of 

generated source code 

ID Description Priority Dependency 

FR_3.1 The Code Generator shall compile 

code for the Advantest system. 

Medium  

FR_3.2 The Code Generator shall execute 

test programs for the Advantest 

system 

Medium FR_3.1 

FR_3.3 The Code Generator shall execute 

test programs for the Advantest 

system multiple-times. 

Medium  FR_3.1 

 

The rationales for the compilation and execution requirements are given be-

low: 

 FR_3.1: The end goal of the test engineers is to execute the tests. 

However, they must be compiled before being executed. This ac-

tions shall be performed by the code generator. 

 FR_3.2: The code generator shall automatically execute the gener-

ated test methods on the Advantest system environment. The tests 

must be compiler prior to the execution. 

 FR_3.3: Sometimes the test engineers execute a certain test method 

multiple times in order to prove repeatability. This is performed 

when the parameter that is being tested can have significant varia-

tions when measured multiple times. 

6.4    Extra-functional requirements 
Next to the functional requirements, some extra-functional requirements are 

identified and gathered. 

6.4.1.  Reusability 

Every time different device is tested, the input excel file must be refilled. 

With this, the input for the code generator will change with every device. 

The format for the input will be mostly the same, but there might be addi-

tional parameters in the future, as new devices are introduced. That is why 

the system must be reusable with these new devices.  

6.4.2.  Extensibility 

As the deliverable of this project will hold as a base for future improvements 

and new features are likely to be introduced, extensibility of the system is 

one of the core requirements. Also, in case of including some third party li-

braries (for example libraries from different departments), the level of ex-

tensibility of the system is of high value. 

6.4.3.  Ease of development 

Being a project with likely future continuation in terms of development, it is 

necessary for the system to be easy to be developed by a software and test 

engineers. The most likely scenario for the future development process con-

sists of a team of engineers, each of them working on different functionality 

of the system. That requires no or little impact from the modifications made 

by one engineer to the other parts of the system. 

6.4.4.  Ease of use 

As mentioned previously in this report, most of the test engineers have lim-

ited software knowledge. Therefore learning how to use the code generator 

should be easy and fast. One way to achieve this is by having complete, 

thorough and concise documentation for using the system. Also the system 

itself should be intuitive for a user with non-software background.  
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6.4.5.  Maintainability 

The system should be easy to maintain. The format of the input for the code 

generator might change with time, so it should be easily maintainable to ad-

just to the new format. Another reason for the need for maintainability as an 

extra-functional requirement is maintenance of the software. ■ 
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7.System Architecture 
 

 

This chapter gives an overview of the architectural reasoning based on the 

system requirements described previously. Furthermore, the chapter shows 

the advantages from component based architecture combined with object-

oriented architecture. Finally, some components are introduced and the 

overall architecture of the system is described. 

 

 

7.1    Introduction 
When building the architecture of a system, it is recommended to first 

choose an architectural pattern and style. An architectural pattern is a gen-

eral, reusable solution to a commonly occurring problem in software archi-

tecture within a given context [5]. The architectural pattern is usually chosen 

once all system requirements are taken into account and it is determined 

which of the patterns will be most beneficial to the system being built. 

 

It is often the case that two or more architectural styles or patterns are com-

bined so that multiple challenges are tackled with one merged approach. 

Understandably, some styles or patterns can be easily combined with others 

as they have similar principles or requirements.  

 

The architecture is defined by examining mainly the extra-functional re-

quirements of the system, but also the functional and domain requirements 

have important role when it comes to defining the details of the architecture.  

7.2    Architectural reasoning 
The main extra-functional requirements of the code generator (see section 

6.4) are reusability and extendibility. This means that parts of the system 

should be easily replaced, modified or extended. For these actions to be 

easily performed the parts of the system should be loosely coupled. This 

provides the key factor that the architecture should satisfy – modularity. The 

parts of the system are therefore called modules. By having a modular archi-

tecture, it is easy for the modules to be replaced by other modules, new 

modules to be easily added and existing modules to be modified having no 

impact or little impact on other modules.  

 

The most commonly used architectural patterns that satisfy these require-

ments are layered and component-based architecture. The layered architec-

tural patterns divides the system into several layers, each layer representing 

separate functionality of level of the system. This provides a hierarchical de-

sign to the system. The traditional approach is for the layers to communicate 

only with the neighboring layers, thus avoiding circular dependencies be-

tween the layers. The composite-based architectural patterns divides the sys-

tem into components, where each component, like the layers mentioned 

above, is defined by a set of functionalities. The difference from the layered 

approach is that the communication between the components is not restrict-

ed, making the component-based approach more flexible than the layered 

one. [2] 

 

Being a new idea with not yet mature design and implementation, the con-

text and design of the code generator had many changes before the start of 

the project. Also, the uncertainties and restrictions from the test environment 

are forcing many changes to the development approach. Additionally, new 
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features of the test environment are developed by the manufacturer, which 

may lead to even more changes in the requirements.  

 

Having said this, flexibility is a much needed feature for the system archi-

tecture. Also, there is no need for hierarchical layering design in the archi-

tecture. That makes the component-based architectural style slightly more 

suitable for the system. Furthermore, if in the future there is a requirement 

for a more strict and structured system, the component-based architecture 

can be morphed into a layered architecture without many difficulties, as 

each layer in the layered architecture is usually made up of multiple compo-

nents, forming one logical layer of the application. 

7.3    Component-based architecture 
Component based architecture is a reuse-based architectural pattern for de-

signing systems consisted of loosely coupled individual components.[7] The 

components are functional or logical modules that encapsulate set of related 

functions or data. Traditionally speaking, the components are software ob-

jects that are designed to achieve a certain purpose. The requirements when 

designing the components is that they need to be reusable, extensible, inde-

pendent and robust. [3] 

 

The main benefits from this architectural pattern are reusability, extensibil-

ity and ease of development. Reflecting on the extra-functional requirements 

of the system, the choice of architectural patterns suits the needs of the sys-

tem. 

7.4    Object-oriented architectural style 
Often component-based architectures are combined with object-oriented ar-

chitecture or architectural style. Object-oriented architecture is a design par-

adigm where the system is divided into individual reusable and self-

sufficient objects. The objects are discrete and independent and each of the 

object contain the data and behavior relevant to the object. The communica-

tion of the objects is done through interfaces, by sending or receiving data. 

This clearly show the correlation between the component-based and object 

based architecture.  

 

The key principles in the object oriented architectural style are abstraction, 

composition and decoupling. This means that the components are an abstract 

generalization of the functionalities that are encapsulated, making the con-

nections between them as loose as possible. The main benefits of this style, 

just like the benefits of the component-based approach, are reusability and 

extensibility. 

7.5    System components 
Based on the gathered requirements, the system can be divided into several 

components.  

7.5.1.  Code generator controller 

This component is the main component of the system. The main functionali-

ties of this component are overseeing the general flow of operations within 

the code generator as well as communicating with other systems or third 

party components.  

7.5.2.  Input domain 

This component contains the model of the input and the parsers for the input 

files (input files are explained in 3.4). This component is not dependent on 

the other components. It provides interface for retrieving the data that it con-
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tains. There is no other complexity in this component, apart from the data 

that it contains and the parsing functionality for retrieving the same. 

 

As mentioned in 11.2.1 and 11.2.2, it is recommended that this component 

in the future is divided in two components – one for the input domain, with 

an addition of user interface, and one for the data management, namely a da-

tabase management system. 

7.5.3.  Builders 

This component encapsulates the behavior of creating model representation 

the source files and building the statements inside the models in a particular 

order. This components represents one of the main logic parts of the system 

and it encapsulates multiple functionalities that are highly dependent on 

each other.  

 

The main functionality inside this component is the algorithm for creating 

the structure of the test methods or other source files, meaning it is highly 

dependent on the files that it generates. This component also mediates be-

tween other components in order to receive the appropriate domain elements 

and build a logical unit from them. 

 

It requires interfaces for retrieving language domain elements, for generat-

ing code and for retrieving the system state. It provides interface for generat-

ing a source file. 

7.5.4.  Factories 

Factories in software development are usually associated with producing 

one or more types of items that are required for the system. In the code gen-

erator the factories are responsible for creating code statements and blocks 

of code statements that are needed for building the source files.  

 

Although the behavior of the factories is similar to the one of the builders, 

they are components with clearly distinguishable operating domain. The fac-

tories produce part of the code based on encapsulated rules representing part 

of the test environment by retrieving the data from the rules component, 

whereas the builders retrieve the code produced by the factories and com-

bine in what not necessarily seems like a connected and coherent code 

statements. The blocks produced by the factories contain logic representing 

some distinct part of the system. The statements in those blocks are part of 

the same subdomain and they are closely connected in a cohesive unit. On 

the other hand, the elements merged by the builders do not share the same 

logic and may not be related at all. They are merely part of the procedural 

steps defined by the test environment domain.  

 

The factories provide interface towards the builders for creating blocks 

statements and require an interface for retrieving the code in smaller chunks.  

7.5.5.  Rules 

This is the component that is responsible for the syntax rules for creating the 

code inside the statements and for storing the code. The component repre-

sents a container for the rules and its behavior is restricted to only manipu-

lating the code inside the statements, but not combining or grouping state-

ments together in bigger blocks.  

 

The reason for creating a separate component for storing and manipulating 

the syntax rules comes from the extra-functional requirement of reusability 

and extendibility of the system. The language of the source files for testing 

may be changed in future, but also new libraries are introduced often in the 
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development process. Therefore the code behind the test methods must be 

replicable and easily extendible.  

 

The rules component is itself modular. This is achieved by breaking down 

the code into small pieces that are reusable. These pieces are called rules 

and they represent templates with parameters. By combining these rules a 

line of code can be composed. In Figure 11, several lines of code are shown 

that are formed by combining different reusable pieces of code. The parts of 

the code marked with red and blue rectangles are two examples of rules that 

contain code. In this example those rules can be reused in three different 

code statements.  

 

 

Figure 11 - Example of rules reusability 

 

The rules component is not dependent at all on the other components. It 

does not require an interface from other components and provides the code 

from the rules as an interface towards other components.  

7.5.6.  States 

The states are important part of the system as many of the decisions when 

building the statements are dependent on the previous or current state of the 

system or a particular subsystem.  

 

Like the rules, the states are not dependent on other components. They pro-

vide the interface towards the other components for retrieving or modifying 

the state of the system. 

7.5.7.  Language domain 

The language domain represents the output from the domain model analysis 

described in 4.3. The component contains the model elements for the source 

file individual components.  

 

The language domain component is highly independent. It does not require 

and interface, but instead provides interface for providing model elements.  

7.5.8.  Source files writers 

The final phase of producing source files is writing the models into actual 

files. This behavior is encapsulated into a separate component. By creating 

individual component for writing the files, the domain model and the build-

ing of the models and therefore the dependency between those components 

more loose.  

 

This component is dependent on the model for the source files. They repre-

sent the input for the interface that this component provides and that is writ-

ing the models to source files. 
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7.5.9.  Code execution 

This component encapsulates the activities needed for execution of the code. 

The activities that precede the execution are transferring the source files and 

compilation of the source files.  

 

This component is dependent on the generation of the test methods and must 

happen after the generation phase. In order to satisfy robustness, this com-

ponent should be able to handle situation when the test methods are not gen-

erated or the compilation and execution have failed. 

7.6    Architectural overview 
The components mentioned above are connected to each other through inter-

faces and they form a code generator with all of its functionalities divided 

among these components. The overview of the system architecture is shown 

in Figure 12. As new requirements are formed in the future and the existing 

ones are modified, this architecture can satisfy the demands of the fast 

changing environment and its development process. 

 

 

Figure 12 - Architectural overview of the system 
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8.System Design 
 

 

As addition to the previous chapter that presents the overall system architec-

ture, this chapter explains in details the system design and presents its com-

ponents. Considering the system requirements, few design decisions are 

made and they are elaborated here. 

 

 

8.1    Introduction 
 

The design of the system represents an extension or a refinement of the sys-

tem architecture. It is more detailed than the architecture and describes the 

sub-components or sub-processes inside the main components and processes 

defined by the software architecture.  

 

The main purpose of the design of the software can be described as a bridge 

between the system architecture and the software implementation, but its 

benefits goes beyond that. It can find flaws and uncertainties in the system 

architecture and by that verify the quality of the architecture itself. Also, as 

the design can be regarded as a blueprint for the implementation, it can be 

used for generating part of the implementation, the amount of the generated 

code depending of the level of detail in the design. 

 

Being a continuation of the system architecture it is always recommended 

for the design to follow the style of the architecture itself. Having said that, 

the component-based and object-oriented architectural style, used in this 

project, are continued into the system design. The requirements for the de-

sign of each component and its subcomponents are the same. They need to 

be reusable, extensible and independent.  

8.2    Object-oriented design 
The subcomponents of each component need to be modular and to encapsu-

late certain functionality or data. That is why the design defines the sub-

components as classes.  

  

The four principles of object oriented design and implementation are: ab-

straction, encapsulation, inheritance and polymorphism. All of these princi-

ples help make a design more modular with less dependency between the 

components within. Having said this, the components should be designed in 

such way that they follow these principles. 

 

The classes inside the components should be designed to encapsulate certain 

atomic behavior or data parameters of the parent component. Even more, the 

main functionality of the components should be abstracted in a separate 

class, so that it can be furthermore inherited or extended. This would make 

the components dependent on their main functionality and not the various 

implementations of that functionality. 

8.3    Components 
As mentioned in section 7.5, every components encapsulates a specific set 

of functionalities or data. Inside, every component is composed of number 

of classes. The classes are connected between themselves and they comprise 

the internal structure of the parent component.  
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8.3.1.  Builders 

This component, as shown in Figure 13, is in charge of combining and 

building the elements of the language domain into source files. As building 

elements based on certain recipes is the main functionality, it is understand-

able that builder classes are the key elements of this component. There is a 

separate builder class for every type of file that requires generation. The 

separation is due to the unique recipe that is required for every file.  

 

Another element of this component is the Data Transfer Object (DTO), 

which is used to transfer code from the Rules component via the Factories 

component. With this, the Builders component is not dependent on the 

Rules component. In other words, the DTO class can be regarded as an in-

terface provided by the Builders component to communicate with the Facto-

ries component. 

 

Apart from builder classes, this component has classes for maintaining the 

order of the code statements inside the files. There are two types of order 

when it comes to test methods. One is the order of the tests (represented by 

rows in the main input file) and the other one is the order of individual 

statements (represented by the columns in the main input file). In the other 

generated files only the order of the statements is relevant for the output of 

the generation. 
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Figure 13 - Builders component class diagram 
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8.3.2.  Factories 

All factory classes that are part of this component are subclasses of the ab-

stract factory class. There is a different factory class for each separate part 

of the test environment that requires a unique code command for triggering 

a specific functionality.  

 

The factory classes receive a Data Transfer Object from the Builders com-

ponent and populate that object with the code from the rules component. 

The populated DTO is then returned to the corresponding builder. The class 

diagram of the Factories component is shown in Figure 14. 

8.3.3.  States 

Inside this component, the state manager is responsible for the states of the 

different components of the test environment. The states are represented by 

separate classes, all of which are subclasses of the abstract state class, as 

shown in Figure 15. Each state class represents a certain part of the Ad-

vantest system environment and the state manager therefore represents the 

collection of all states i.e. the system state. 

8.3.4.  Rules 

The syntax rules for generating the source files are part of the Rules compo-

nent. Every logical part of the test environment system is represented by its 

rules container class. Every class contains rules (code with certain parame-

ters) that can be formatted based on the arguments that it receives.  

 

The behavior of the classes is limited to managing the rules. Their main 

purpose is to hold the data of the rules and provide the other components 

with it. The classes described above are presented in Figure 16. 
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Figure 14 - Class diagram of Factories component 



 

48 
 

 

Figure 15 - Class diagram of the States component 
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Figure 16 - Class diagram of Rules component 
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8.3.5.  Language domain 

This components is divided into two subcomponents. The first subcompo-

nent is the core of the language domain. It represents the language domain 

described in section 4.3. This is the subcomponent that contains classes that 

represent basic elements from object-oriented programming, which is why 

this subcomponent is likely to remain unchanged in the system lifecycle.  

 

The second subcomponents is the extended language domain. This subcom-

ponent is highly dependent on the core language domain component as all of 

the classes of this subcomponent are inherited from the classes of the core 

domain. Example of these classes include specific types of block statements 

defined by the Advantest software environment. By creating classes for 

these blocks, they can be reused in the code generator.  

 

Both subcomponents are shown on the class diagram in Figure 17. The rea-

son for the division of this component is to separate the general and specific 

domain. In this way, in case the programming language for the test files suf-

fers modifications or changes completely, the extended domain can be easily 

replaced. Even more, this design allows for two different extended domain 

subcomponents to be present at the same time.  

 

The creation of elements of the domain component is performed through 

factory class. In this way, the creation is encapsulated inside a separate class 

and hidden from the other components. There is a base factory class inside 

the core language domain subcomponent and an extended factory that is a 

subclass of the base factory. 

 

 

Figure 17 - Language domain component design 
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8.3.6.  Writers 

This is the simplest component in the system as it contains only one class – 

the writer of source files. The writer takes a stream of data and persists it to 

the file. Even though it consists of only one class, the separation of this 

component is important in order to cut off the dependency of the writing 

functionality with the other components. 

8.3.7.  Input domain 

As the format and contents of the input change during the course of this pro-

ject, this component is designed to represent the data from SETS with the 

same format. Another reason for doing so, is the fact that this component is 

likely to be completely substituted in the future and therefore it is not of 

great importance to the project.  

 

The component contains two classes per input file: one representing the data 

from the input file and another one containing the parsing behavior for that 

particular file. Although all input files are excel files, each of them has a dif-

ferent structure and different format of the data. This is the reason a separate 

parser is created for each file.  

8.3.8.  Code execution  

The final stage of the code generator is the post generation phase. This 

phase comes after the generation of the source files. Although it is only one 

phase, it consists of multiple sub-activities. The order of these activities is 

determined by the test environment. First, the generated files should be 

transferred to the folders of the project. The folder structure is a require-

ments of the test environment. The folder includes configuration files re-

quired for successful execution of the tests and additional libraries not gen-

erated by the generator. Note that in the future the configuration files can al-

so be generated by the compiler and thus reducing the interaction of the test 

engineers.  

 

After the source files are transferred, they are compiled. The output of the 

compilation need to be transferred to another folder, where it is executed. 

The whole flow of the execution of the code is shown in Figure 18. Note 

that in the picture the generation of code is shown as a black box activity, 

because it is described in the previous chapters. 
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Figure 18 - Activity diagram of the code compilation and execution 
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8.4    System behavior (code generation) 
A default scenario for generating code starts with the main class that con-

trols the general flow of operations. The main class makes calls towards the 

builder objects for every source file that need to be generated. The builder 

object then create the core structure for the model of the source files and a 

loop of actions is repeated for every test case (excel row from the input file) 

and for every parameter inside that test case. The loop starts with checking 

the system state is the same as the desired state, in which case change of 

state and call to the tester is not needed. If change of state is needed, block 

of statements must be created by calling the corresponding factory. The fac-

tory creates the block of statements by retrieving single statements from the 

containers of the rules for the source code. After all the calls are finished by 

returning the desired value and every loop is completed, the main class 

passes the stream of data from the source files models to the writer, which 

then generates the files. This is graphically shown in Figure 19. 
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Figure 19 - Sequence diagram of system behavior (class level) 
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8.5    Design patterns 
In software engineering, design patterns represent general and repeatable so-

lutions to a software problem that occurs in the software design. In other 

words, the design patterns represent common solutions to a well-known de-

sign difficulties. They are not a generally working solution, but merely best 

practices designed from experiences engineers. The following section lists 

some of the design patterns used in the design of the code generator. [1]  

8.5.1.  Factory pattern 

Factory pattern is used to encapsulate the creation of certain elements in a 

separate class. The factories are used for creating the elements and every 

factory inherits from a common abstract class. In the design of the code 

generator, factories are needed for creating of the language domain elements 

as well as the code that they contain.  

 

For the creation of the elements of the language domain, a single factory is 

used. The factory is used as an interface between the Builders component 

and the language domain component. In the case of creating code inside the 

statements, multiple factories are used. These factories are part of the facto-

ries component and are explained in 8.3.1. 

8.5.2.  Composite pattern 

Composite pattern is common when using tree-like structures and there 

should be no difference between individual elements or composite elements. 

In this project, that is the case with the code statements.  

 

The block statements should contain other block statements and single 

statements, but they should have the behavior of any other statement. There-

fore the difference between the two types of statements should not be visi-

ble. This is solved with the composite pattern, where both types of state-

ments inherit from an abstract class, which encapsulates the common behav-

ior for all statements. 

8.5.3.  Singleton 

The singleton patterns is used to create the system state manager. When us-

ing the singleton pattern, a certain class should be limited to only one in-

stance. It is common to use singleton pattern with a state manager as there 

can only be one system state at a given time. By using multiple instances, 

every instance should be synchronized with the current system state and 

therefore there is a risk of using outdated system states. 

8.6    Design decisions 
During the course of the project, several design decisions were made. In this 

sections the ones with the highest impact and importance are explained. 

8.6.1.  Decision 1: factory or driver design 

Before heading into the rationale for the decision, it is necessary for the two 

option to be explained. The first one was the driver approach. That implied 

making the code generator in such a way that it was executed on the test en-

vironment and then directly translating the data from the input files into test 

code and execute it. The naming comes from the different parts of the soft-

ware that represent different parts of the test system and they act as drivers 

because they communicate with the hardware when executing the code. The 

other option was the factory approach. In this option, the code generator 

would be executed offline (not on the tester) and generates test methods that 

can later be executed on the tester. This way the ‘drivers’ mentioned previ-
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ously would actually represent factories as they generate the code and not 

execute it directly on the hardware. 

 

Rationale: At the beginning of the project it was the client’s demands that 

the software should be executed on the test environment, with direct transla-

tion from the input files to source code and execution afterwards. However, 

there were many uncertainties as to whether executing the software on the 

test environment is possible. To add to that, the test engineers expressed 

their desire for the code to be generated as this would provide them with 

ease of use when debugging the code. After analysis of the feasibility and 

risk of both approach, the choice was to proceed with the factory approach.  

8.6.2.  Decision 2: Code generation approach 

When it comes to generation of code the two main ways of doing so is using 

syntax rules or templates. With the former there is more flexibility and ex-

tensibility. The drawback of this option is the time that it takes to specify all 

the rules that represent the complete set of test methods. The latter, on the 

other hand, is much more rigid approach and more difficult to maintain and 

extend as templates are rarely reusable. However it takes less time to create 

the templates and if the architectural design is modular enough, the tem-

plates could give a proof of concept and in the future be replaced with a 

more suitable mechanism.  

 

At first it the syntax rules approach was chosen due to its reusability and ex-

tensibility. However, after several weeks of defining the rules with the assis-

tance of the test engineers, this proved to be rather complicated and not fea-

sible in the time frame for this project. At the end it was decided to use both 

methods in a combination. The base of the approach is still template based 

where there are multiple small templates that are combined with a set of 

rules. In that way, the patterns and the number of rules are smaller and the 

design is more flexible than a pure template design, but faster to implement 

than a rule based design one. ■ 
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9.Implementation 
 

 

The system design and architecture are elaborated in details prior this chap-

ter. Subsequently, the realization of the design and the process of develop-

ment are demonstrated here. 

 

 

9.1    Introduction 
Implementation is the phase of software development where the design of 

the system becomes reality. The implementation of the system is the main 

deliverable of the project. Although the main purpose for the implementa-

tion is to prove the feasibility of code generation in the test department, the 

development process over the same implementation will be continued, so 

the implementation must be tidy, correct and well documented.  

9.2    General 
One of the requirements by the client is to use Python as a programming 

language to develop the system. Furthermore, the version of Python chosen 

to be used is 2.7, because the simulation system created by the applications 

engineer was already built using the same version. The development envi-

ronment for implementing the design is PyDev, a Python plugin for Eclipse 

IDE.  

 

Every system input parameter is listed inside a properties file and after being 

parsed by a properties parser class, they can be accessed in all components. 

Examples of such parameters are parallel mode (on/off), input and output 

locations name of main input excel file.  

9.3    Excel parsing 
Almost all of the input files in the system are excel files. That is why an ex-

cel reader is mandatory for the system. Several excel readers are implement-

ed due to the non-standard design of the excel files prior to the beginning of 

the project. The python library for reading and parsing excel files used for 

the implementation is xlrd. It is part of the standard python distribution. Al-

so, some excel readers are reused from the simulation software developed 

by the applications engineer. 

9.4    Caching 
Reading data from excel files can be slow. In this project many input files 

are excel files and it impacts the performance of the system. Some files are 

necessary to be read every time the code generator is executed. However, 

there are some that can be parsed only once per device, that is at the begin-

ning of every generation of code for different device.  

 

That is why a Python library for serialization is used to store the data from 

the excel files into temporary files from which reading the data is much fast-

er. The library mentioned is pickle1. 

 

                                                      
1 https://docs.python.org/2/library/pickle.html 

https://docs.python.org/2/library/pickle.html
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9.5    Rules 
Being one of the most important aspects of the project, a lot of effort is put 

into design and implementation of the rules. As mentioned in 8.3.4, the rules 

are kept inside the rules container classes, where an enumeration is created 

for every rule, which is used by the factories to access the rules.  

 

The implementation of the rules for the second example previously dis-

cussed in Figure 11, is shown in Figure 20. As seen in the figure, the rules 

represents part of a code with field parameters in order to make the rule re-

usable. 

 

 

Figure 20 - Example code of implementation of rules 

9.6    Formatting 
One of the requirements is for the generated code to be formatted in such 

way that it is easily readable for the test engineers. This is accomplished us-

ing the default formatting styles for C++.  

 

Implementation-wise this feature is developed by using third party library, 

called Artistic Style2. After every C++ source file is generated, it is passed 

on as argument to this library and its code is modified to the standard for-

mat. 

9.7    Deployment 
In order to automatically compile and execute the generated source files, the 

code generator needs to be executed on the test environment. Due to missing 

Python libraries and not enough privileges on the test environment, the li-

braries are included in the code generator itself.  

9.8    Developers guide 
Apart from the main deliverable of this project, which is the implementation 

itself, a developer’s guide is another deliverable that would help the future 

developers of the system to easily maintain and extend it. The guide con-

tains three main sections: architecture of the system, design of the system 

and implementation. The implementation section is thorough with code ex-

amples.■ 

 

                                                      
2 http://astyle.sourceforge.net/ 

http://astyle.sourceforge.net/
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10. Verification & Validation 
 

 

In order to establish whether the proper product was built and the product 

was built in the correct manner, validation and verification phase must be 

included. The following chapter explains this phase. 

 

 

10.1    Validation 
Validation is important in order to check whether the project’s design and 

implementation is satisfying the requirements. Due to the fact that project 

has prototypical nature, is designed and developed in iterations and has one 

main client, the validation is done informally, every iteration, by discussions 

with the client. Other stakeholders, like the test engineers, are occasionally 

included in the validation process. This proved important as they validated 

different requirements from the main client, so including more stakeholders 

validated more requirements and therefore bigger validation coverage.  

 

In some cases the validation showed that the design should be altered or ex-

tended to support some of the requirements. In some cases based on the val-

idation some requirements are added, modified or removed. This is common 

in a dynamic environment, where the new components are added, new 

stakeholders are included or even technologies are changed.  

10.2    Verification 
In order to check whether the code generator is correctly designed and im-

plemented, a verification phase must be important part of the project. The 

verification is usually performed by testing the implementation, by which 

design and implementation flaws are detected. 

10.2.1.  Testing the generation 

The system is designed and developed in iterations, so deliverables are pre-

sented every iteration, which is usually one month. At the end of each itera-

tion, the result of the iteration is tested in order to verify the correctness of 

the design and implementation. The verification phase of every iteration is 

very important, because it gives insight on the direction for the next itera-

tion. 

 

In order to conduct proof of concept, an example test is chosen to serve as a 

reference for the desired output. The test is written manually by a test engi-

neer and it included the standards and sequence rules that the output of the 

code generator should follow. The generated test should have the same func-

tionalities and results as the manually written test. 

 

At the beginning of the design and implementation phase, testing the output 

on the test environment is not possible due to the incompleteness of the gen-

erated test files. The first two deliverables are tested by comparing the con-

tent of the generated file and manually written file and check the differences 

between them.  

 

After the second iteration the generated code is tested on the test environ-

ment with the assistance of the test engineers. This testing proves beneficial, 

because it gives important results. First, there are the bugs in the generated 

code and thus, in the code generator. Second, errors within the requirements 

for the implementation of the generation are discovered. As last, insights on 
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the missing elements give directions for the design and implementation of 

the next iteration. 

 

Due to the fact that during the test on the testing environment, the generated 

code is incomplete, some parts of the code are hard coded or simply copied 

from the original manually written file. As the iterations progress, this code 

is gradually reduced to the point where everything is fully generated. 

 

The final test is performed on a fully generated example of a test method. 

The test is executed on the Advantest system environment and the results 

are successful. The output of the testing is shown in Figure 21.  

 

 

Figure 21 - Test result of execution of an example generated test method 

 

10.2.2.  Testing the compilation and execution 

Similar type of verification is performed for the automated compilation and 

execution of the generated code. This feature is directly tested on the test 

environment, because there are limitation in regards to the operating system, 

like different or missing libraries. This verification is also very valuable. 

Although it does not show any faults in the design, it leads to some changes 

in implementation. In the end, the verification is successful. 

10.2.3.  Unit testing 

Due to time constraints and low priority, unit testing is not performed on the 

code generator. ■ 
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11. Conclusions 
 

 

This chapter summarizes the results achieved with this project and illustrates 

the lessons learnt after finishing the project. 

 

 

11.1    Results 
Testing an integrated circuit is a complicated process, but a very important 

one. For NXP, it provides assurances that the quality of the product is of the 

highest standards and that it meets the requirements of the client. 

  

Although it serves merely as a proof of concept for the code generation of 

the future, the prototype designed and implemented will be upgraded into a 

fully workable solution, which proves the quality of the design of the proto-

type.  

 

Being able to fully generate complete test proves the feasibility of the im-

plementation regarding the complete flow of generation. Although the im-

plementation is proved for only one test file, it can be further improved by 

adding new set of rules required by the difference in code from the tests that 

are still not generated and the current set of rules. This fully generated tests 

will be more error-safe as once the generator reaches its mature state, it will 

generate fully correct code.  

 

Also, being able to compile and execute the code on the test environment 

shows that further functionalities and extensions can be added to support fu-

ture requirements. This means that the code generator can be integrated with 

the current way of working and proves that in the future the whole process 

flow can be automated. 

 

This tool will change the development process of the Mobile Audio test en-

gineering department, but it can be reused for developing the tests in other 

test departments in NXP. By having an automated flow for implementing 

the tests, the time it takes to develop them will be significantly reduced. Alt-

hough not part of the scope of this project, the solution may further improve 

the execution time for the tests by minimizing the code inside the tests and 

the state transitions of the test equipment. 

11.2    Future work 
Although the project had good results, many aspects of the system remain 

open to future improvements. Some suggestions for future work are listed in 

the following section. 

11.2.1.  Change of input format 

The first big improvement that can be done to the system is the input file. 

Currently the input is specified within excel files. There are some drawbacks 

with this approach.  

 

First of all, using excel files to specify the input parameters merges the user 

interaction with the data management system together. In this way, the 

front-end and back-end part of the system are coupled, which is not practical 

and could lead to the user creating errors inside the data management part.  
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Second of all, excel files are not designed to be used as a UI, because they 

are rigid and not intuitive. The format of the input changes a lot over time so 

adding and removing columns further complicates the system. Furthermore 

the current way of programming within the test department is not standard-

ized and there are many exceptions to the default test method format. This is 

conflicting with the excel style for defining data where the format is clearly 

defined upfront.  

 

The first proposal is to create a separate user interface for the user to specify 

the input. This way the whole data behind the tests is abstracted and limited 

to the user and with that the ease of use is increased and the system becomes 

more error-safe.  

 

The second option for substituting the excel files as input format is to use 

Domain Specific Language. When abstracting a programming language, it is 

common another programming language, on a higher level, to be used as ab-

straction. This gives the developers option to define the language they will 

use for specifying the tests and to develop the test faster and easier. Howev-

er this approach has drawbacks on its own. Namely, the time it takes for the 

test engineers to learn the new domain specific language could prove costly. 

Also, maintaining the syntax rules of the DSL demands a DSL expert to 

maintain the language as the requirements and technologies change. 

11.2.2.  Database management system 

Following the proposal for decoupling the front-end with the back-end, the 

latter can be further improved by using centralized storage system. Most 

common approach for storing the data is Database Management System. 

This way, the data can be split into multiple tables without decreasing the 

readability, unlike the excel files approach. Furthermore, the user actions on 

the database system can be limited, so the system can be error-safe. And 

lastly, with centralized system all test engineers will operate on the same set 

of data and with that there will be no differences in the versions of the data 

format they utilize.  

11.2.3.  Further decomposition of syntax rules 

The current way for defining the syntax rules, by combining small patterns, 

can be further improved by dividing the patterns into more atomic parts to 

increase the reusability of the syntax rules. The best approach is to define 

complete language syntax. Most common approach for defining language 

grammar rules is by using regular expressions or Backus-Naur Form3 (or a 

variation of it).  

 

This procedure is quite complex and requires an engineer with code genera-

tor knowledge. Also, the definition of the grammar of a language can be 

time consuming. However, the benefits of this approach are extensibility 

and modularity. A well-defined language grammar can be easily extended or 

modified, by adding or changing rules. 

11.2.4.  Synchronization between input files and gen-
erated code 

With this system the flow of generating the source files from the input excel 

file is satisfied. However, if any changes are made to code inside the source 

files, the input files would be outdated. Moreover, if the code generator is 

executed on top of a modified source file, it will be overwritten, with all 

changes inside the files removed.  

 

                                                      
3 https://en.wikipedia.org/wiki/Backus-Naur_Form 

https://en.wikipedia.org/wiki/Backus%E2%80%93Naur_Form
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One way to solve this issue is to synchronize the input file with the generat-

ed source files or in other words, to have the option to generate the input 

files based on the source files. With this the test engineers could specify the 

tests in two possible ways. However, with this feature a new set of rules for 

translating the source files into the input files must be maintained, because 

the functionalities provided by the input files are only a subset of the whole 

set of functionalities possible in the source files.  

 

Another approach for saving the manually written code inside the generated 

source files is to define a marker inside the source files that would indicate 

the start and end of a manually written code. This way, when the code gen-

erator creates the files, it will leave the manually written code inside. ■ 
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12. Project Management 
 

 

This chapter describes the management during the course of the project, 

with the project planning the main topic. 

 

 

12.1    Introduction 
Based on the client’s wishes for monthly deliveries, the agile methodology4 

is chosen as model for managing this project. According to this methodolo-

gy, the project is conducted in iterations, each iteration called sprint, and the 

plan for the following iteration is performed at the beginning of the iteration 

itself or at the end of the previous iteration. This provides the project with a 

more dynamic nature, capable of adjusting the project’s development based 

on the changing environment. It is common for a sprint in software devel-

opment projects to last two weeks. 

 

However, the iterative approach and the regular involvement of the client 

are the only aspects of the agile methodology used in this project in order to 

satisfy the requirements of the client for the iterative delivery. The agile 

methodology consists of many more aspects, like scheduling of tasks, back-

logging, continuous testing and more. In a prototypical project these aspects 

are not of the highest priority and are regarded as time consuming activities. 

 

The following sections describe the work-breakdown structure for the pro-

ject as defined at the beginning of the project as well as the planning for the 

project activities based on that structure.  

12.2    Work-Breakdown Structure (WBS) 
Figure 22 shows the work-breakdown structure of the project. The main 

packages, shown in this figure, represent the main phases of the project. 

Each of the packages are decomposed into smaller packages, which repre-

sent the iterations based on the agile methodology. The same packages are 

used for describing the project plan and execution. 

 

                                                      
4 https://en.wikipedia.org/wiki/Agile_software_development 

https://en.wikipedia.org/wiki/Agile_software_development
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Figure 22 - Work-breakdown structure of the project 
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The analysis part consists of problem, stakeholder, domain, requirements 

and feasibility analysis. They represent chapters 2-6 of this report. 

 

The second package included the design, implementation and testing of the 

code generator and all its components. The execution of these packages will 

be further explained later in this chapter.  

 

The last package is the documentation. It consisted of writing the technical 

report for the project and preparation for the final presentation for the same. 

Part of the documentation is also writing the developer’s guide for better 

ease of development for the future.  

12.3    Project planning 
The project is planned in accordance with the work-breakdown structure. 

However, the plan is changed during the project because of new restrictions 

or missing elements needed for the generation. Therefore the final project 

plan deviated from the initial planning. These two project plans are de-

scribed in the following sections.  

12.3.1.  Initial 

The initial project planning included the packages described in the work-

breakdown structure. Every iteration of the design and implementation 

phase was given approximately one month. Also preparation for the final 

presentation was planned for one month, whereas the writing of the tech-

nical report was planned for the whole course of the project as a repetitive 

task. Figure 23 shows the Gantt chart for the initial project planning. 

 

 

Figure 23 - Initial project planning 

12.3.2.  Final 

During the course of the project, several packages are added to the work-

breakdown structure and therefore to the project planning. This has impact 

on the overall project planning, as other estimations are shortened. The final 

planning is presented in Figure 24. 
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Figure 24 - Final project planning 

 

The major addition to the planning at the beginning of the project is the 

analysis of the test methods and reverse engineering the knowledge of the 

test engineers into rules for generation. At the beginning of the project, this 

is considered straightforward, but after one and a half month it becomes ap-

parent that this requires further investigation. Another big impact to the 

planning is the inclusion of the supply and loadboard libraries as files that 

should be generated in order for the execution to be successful. As seen in 

the figure, the generation of these files is designed and implemented togeth-

er with the generation of the code that uses these libraries.  

12.4    Project execution 
As mentioned in the previous section, the project execution started with the 

analysis phase, namely problem, stakeholder, domain and requirement anal-

ysis. The three analysis phases were performed in a sequential and struc-

tured order, each of the phase producing input for the next one. For exam-

ple, by defining the key stakeholders and their interests in the project, it 

would not have been possible to define the requirements. 

 

According to the agile methodology, the project was divided into sprints. In 

this project each spring lasted approximately one month. Between every it-

eration there was a Project Steering Meeting, with the author of this report, 

the main client and the TU/e supervisor as participants. The purpose was to 

analyze the previous iteration and define the following iteration. Also, the 

main client and the TU/e supervisor provided support and feedback in order 

to keep the project in the correct direction. A separate weekly meeting be-

tween the author of this report and the main client was organized, in order to 

perform regular validation on the project requirements.  

 

During one of these meetings the need for analysis of the code inside the test 

methods, in order to define rules for generation, was identified. The analysis 

of the test methods lead to define the inner design of the components of the 

system architecture, namely the factories, rules and language domain. 

 

The design, implementation and testing phases were executed in iterations, 

with each iteration including all of the three activities. In every iteration part 

of the code generator was added to the parts completed in the previous itera-

tions, and therefore the code generator was gradually constructed. Every it-

eration was strictly structured by starting with design phase and complying 
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with the existing architecture. The implementation based on the new design 

was added to the existing code and at the end the implementation was tested. 

 

In parallel with these activities regarding the documentation were executed. 

The final report was started in the second month and was written until the 

end of the project. In the final months of the project the developer’s guide 

and the final presentations were started and completed.  

12.5    Conclusions 
This was a very important aspect of the project as it showed the real differ-

ence between being part of a team organized by a leader and working on an 

individual project where the whole project management is performed by 

single person. This proved to be complicated and challenging task, yet it 

was a valuable lesson and provided an important learning experience.  

 

The project management can have a huge impact on the project, especially 

in the early stages. If done correctly at the beginning of the project, it can 

make the project itself much more maintainable during the later stages, es-

pecially at the end of the project, where usually more time is needed for 

completing the activities. Furthermore, when project management is per-

formed during the whole course of the project with great care, any unex-

pected problems or negative impacts from certain results can be handled 

easier. 

 

Even though dynamic projects, as this one, can be more challenging to man-

age due to the unpredictable nature and changing requirements and envi-

ronment, it is very important to start planning the project from the very be-

ginning in order to gain total control on the project. With this, every aspect 

of the project is known from the start and changes are anticipated even be-

fore they happen. ■ 
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13. Project Retrospective 
 

 

In this chapter the author looks back to revisit and evaluate the design op-

portunities chosen at the beginning of the project. Finally, based on the au-

thor’s viewpoint a reflection on how the project was conducted is given. 

 

 

13.1    Reflection 
The project was conducted in an electrical engineering environment, where 

software is regarded as a secondary domain and as a tool to help the test en-

gineers conduct their tests. This was both challenging and interesting. Creat-

ing software for another domain is familiar, but being the only software en-

gineer in a department of electrical engineers was a new challenge. The ex-

perience gained by working in an environment as described above is very 

important and invaluable. Thanks to the test engineers and their patience, 

my adaptation in this kind of environment was made much easier, which on-

ly proved how important the stakeholders are in any project, and especially 

in a one of this nature.  

 

Another challenge was formalizing the standards inside the test department. 

In regards to that, standardizing the style of development of the test engi-

neers and defining structure and rules for their tests was a new experience 

both for me and the test engineers. However, with mutual cooperation we 

defined the basic standard for the structure and behavior of the test methods. 

This form of reverse engineering from the knowledge and working routines 

of the test engineers into a recognizable model for code generation was the 

most time-consuming part of the project. 

 

From technological point of view, this project consisted of both familiar and 

unfamiliar elements. Using Python enhanced the previous knowledge in fur-

ther details and new aspects for the language. Linux is also part of the group 

of familiar technological elements. However deploying Python project on a 

Linux environment was an unknown topic before the project, but is now part 

of my software experience. Apart from the software perspective, I gained 

some basic understanding of the electrical domain regarding terms, concepts 

and way of working, which I consider a much appreciated experience.  

 

All in all, working in the Mobile Audio Test department of NXP was a valu-

able and interesting experience, gaining knowledge in working with differ-

ent domain and new technologies. Although we had different knowledge 

background, working together with the test engineers was pleasant and it 

proved to be essential for the success of the project.  

13.2    Design opportunities revisited 
Structuring and reusability were identified as the most important design op-

portunities in this project. This lead to having modularity as the most im-

portant requirement for the architecture and design. By building the compo-

nent-based architecture and object oriented design both design opportunities 

were satisfied. This was also confirmed by the main stakeholders of the pro-

ject by informal discussion during the validation of the design.■
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Glossary 
 

 

Table 4 - Glossary 

Term Definition 

PDEng Professional Doctorate in Engineering 

BLSMC Business Line for Secure Monitoring and Control 

TU/e Eindhoven University of Technology 

IC Integrated circuit 

RFID Radio-frequency identification 

MIFARE Semiconductor trademark 

Advantest Manufacturer of test environment at NXP Mobile Audio 

SETS Synthesizable Electrical Test Specification (input file) 

Loadboard Component of test environment 

DSL Domain specific language 

SoC System on a chip 

IDE Integrated development environment 

RDI Rapid development interface 

DUT Device under test 

DTO Data transfer object 
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