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Abstract 

Software projects frequently fail.  Based on previous research and study, software project fail 

because of lack of budget, schedule slips, poor communication, etc. Apart from these, one of the 

main reasons for a project to fail is the poor quality of the software. In outsourcing projects, 

quality plays an important role. Cutting down costs and faster time to market are general 

objectives of both the outsourcer and the outsourcee. Hence, the priority for the quality in 

outsourcing is neglected sometimes. This thesis aims to improve and assess the quality of 

software in outsourcing projects specifically to automotive industry. The focus is on the high 

level design product area. 

To assess the quality of the product, the LaQuSo software product certification model, developed 

by the Laboratory of Quality Software (LaQuSo) was used. The context of the research is 

confined only to outsourcing in automotive companies. The research question addressed is “How 

can we improve the quality of software products in outsourcing projects, specific to an 

automotive company”? For this, we try to check the suitability of design models (in the form of 

simulink and stateflow) and the quality assessment model (LaQuSo Software Product 

Certification Model (LSPCM)) for outsourcing. How this is done, is explained in detail in this 

thesis. 

The focus of this project is to study and analyze the case studies provided by the automotive 

company, identify defects that undermine the quality of the software product in the context of 

outsourcing and suggest for improvements in LSPCM by identifying set of checks that have to 

be incorporated. 
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1 INTRODUCTION 

Software industry focuses on providing better solutions for evolving software problems in the 

world. The aim of a software company is to provide cost effective solutions to its customers and 

help them work effectively and creatively. To achieve this, software companies need expertise in 

the business domain combined with a culture for innovation and a proven product development 

strategy.  

With the growth of modernization and technology, the customers expect products with good 

quality. A software company has to ensure good quality in the software products that they 

develop for their customers [1]. Outsourcing can be a solution to accomplish such desires. 

Outsourcing of software development, support and maintenance is gradually emerging as an 

advantage not only for software industries but also for industries like automotives where 

software is not the core competence. 

Outsourcing in automobile industry is increasing since the demand for software is growing [2]. 

Automotive companies own and operate high cost embedded processes that are not core to the 

business. Strategic Information Technology (IT) outsourcing can integrate and provide leverage 

across multiple capabilities of the supplier. With IT outsourcing the automotive companies can 

increase competitiveness and innovate quickly [3].  

Automotive companies that outsource their software development, do it with a strategy to focus 

more on business centric problems than the peripherals supporting it. For instance, an engine 

manufacturing company can outsource the Customer Relationship Management system (CRM) 

to a CRM specialist and place more focus on its engine design and efficiency. Outsourcing helps 

automotive companies not to deviate from their core competencies and strength. 

Issues that appear most frequently as problems in outsourcing include loss of communication 

richness, cultural differences, social and cultural boundaries, difference in development practices 

and technical skill levels.  

In outsourcing, documents are one of the important means of communication between the 

outsourcer (company) and the outsourcee (supplier).The context of this thesis is confined to 
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automotives. The automotive company outsources the software development activity of the 

software to the supplier. The company gives its design specification in the form of documents to 

the supplier. The supplier implements the design based on the knowledge from the provided 

documents. In case of outsourcing projects, the possibility that the documents provided by the 

company to the supplier might not be complete is more when compared to normal projects. 

Complete here means that the documents are not missing any information, for example, missing 

reference documents, missing models, model descriptions etc. Documents should not contain 

ambiguities, mismatches. If the document is complete, the supplier will develop the software as 

expected by the company. Else, there is a mismatch between what the company expects and what 

the supplier develops. Misunderstanding between the company and the supplier might affect the 

overall product quality. This is more often the case in projects which are very complex, such as 

automotive projects. Small alterations in designs might result in fatal errors. 

This thesis identifies possible defects in the design that undermine the quality of the software 

product in the context of outsourcing. Additionally, the thesis also proposes a solution to 

improve the quality of outsourcing. 

To find a solution for the above mentioned problem, I have considered the quality assessment of 

design artifacts. The approach followed here is to make use of a quality gate between the 

outsourcer (company) and the outsourcee (supplier) to ensure that the documents exchanged are 

up to the guidelines specified by the quality gate. The quality gate considered in this thesis is the 

LaQuSo Software Product Certification Model (LSPCM) [4]. 

LaQuSo Software Product Certification Model is a quality assessment model developed by the 

Laboratory for Quality Software (LaQuSo). This model is used to certify an artifact for every 

product area. It can also be used to assess the quality of the artifacts. In my case, the artifact for 

assessment is the High Level Design (HLD). The outsourcing process is mainly threatened by 

the missing context information at the handover moments. 

LSPCM acts as a quality gate between both the parties (outsourcer and supplier) and makes sure 

that the design and other artifacts for the project are acceptable. Although the model has a set of 

rules to evaluate the quality of the artifacts, it offers room for improvements. 
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One of the major weaknesses of LSPCM is, it specifies rules that are more general and not 

specific to a particular domain (for example, in my case we can consider the automotive 

industry). Every project belonging to a particular domain has its set of specific rules. These 

specific rules most of the time are not a part of the existing rules of LSPCM. Another weakness 

of LSPCM is the exact source of specific criteria [refer Section 2.3.1]; where do they come from 

is not known. More about weaknesses of LSPCM are explained in detailed in the Section 2.2.3. 

The work carried out in thesis will help in improving these weaknesses and hence help in making 

the model more specific. 

1.1 Background Information on Outsourcing 

This section gives a brief description of the preliminary knowledge related to this thesis. This 

includes introduction to outsourcing, its benefits and the problems involved in it.  

Like every other industry in the world, the software industry focuses on providing solutions to 

evolving problems in the world. With the growth of the software industry, the expectation for 

quality software has also risen among the customers. Across any industry the quality of the end 

product depends on the raw materials used. Similarly in software industry the requirement 

specification is the initial ingredient which plays a vital role in determining the quality of the end 

product. 

The use of software technologies is now present in every domain. This in turn has increased 

demand for the resources required for developing the software products. In order to achieve the 

business goals, the software developed by an organization needs to be easy-to-use, reliable, high-

performance, compatible, secure, etc. Hence, Outsourcing would be a solution to achieve the 

goals by allowing the automotive organization to focus on its core business and delegate the 

development work to the outsourcee. 

When an organization contracts some of its task and processes to a firm that is outside the home 

country of the organization, it is called as outsourcing. Some organizations outsource the tasks to 

their own offshore offices present outside the home country, for example General Electrics, 

Google etc. So, on a broader perspective outsourcing can be defined as the allocation of tasks to 

a set of offshore specialists. This task can be a single project which is delegated on a one-by-one 
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basis or an entire process like Customer care, Network management etc. Outsourcing has been 

driven by some of the following factors [5, 6]: 

1. Concentration on Core competency 

The management of the IT infrastructure in the information era is a sophisticated activity. 

Because of the ongoing impediments in IT operations the company might digress in its focus 

and allocation of resources. Hence, by outsourcing it is possible to align the collective 

learning of the corporation core business competencies. 

2. Cost savings 

Cost associated with an IT department consists of the direct technology costs and also 

indirect costs. Hence a firm with low cost efficiency has to analyze every cost centre like 

materials, human resource, infrastructure, and marketing and determine on the strategies to 

reduce the cost. By outsourcing to a country with relatively low human resources and 

administration costs, the companies improve their cost efficiency. 

3. Increased productivity 

Company‟s productivity can be increased by employing skilled manpower in larger numbers 

at lower costs. It would result in better customer satisfaction and increased profitability. 

4. Increase competitive ability 

In today‟s fast moving global economy, a company needs to provide high quality services to 

its customers in order to retain them, as well as provide the services for lower rates. 

Outsourcing in this case can help the company maintain lower rates with better service 

solutions, thereby giving them a better market position or even a competitive advantage. 
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Challenges in Outsourcing 

Although there are several reasons in favor of outsourcing, a company must also consider the 

challenges of outsourcing. There are risks that need to be analyzed whenever a company 

embarks on a new business venture. If the risks are not considered in detail then the 

disadvantages of outsourcing might dominate the advantages. Some of the challenges in 

outsourcing are [7, 8]: 

1. Cultural difference 

Cultural difference could create confusion and misunderstanding. One can get into problems 

when the outsourcing team is not always comfortable taking instructions from the client. 

Lack of trust is one of the problems in outsourcing projects. Trust can only be developed 

through personalized interaction. In case of outsourcing projects most meetings take place 

virtually or over phone. Therefore the client cannot be sure of quality and time delivery 

without knowing the outsourcing development team very well. 

2. Unclear or inadequate communication 

Proper communication is the key to successful off-shoring. Communication defines and 

clarifies requirements between the parties involved in off-shoring. Accents and dialects vary 

greatly from one country to another, so negative reaction to accent sometimes results in 

different meaning. Email communications can also be ineffective at times. Therefore 

insufficient communication can create problems such as loss of valuable time and mismatch 

of deliverables and expectations 
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1.2 Introduction to an Automotive company 

The thesis concerns itself with complexities and problems that arise during outsourcing. As 

mentioned earlier, the context of research is confined to an automotive company.  

The automotive company makes engines. It develops the High Level Design of the requirements 

and these design specifications are given to a supplier which does the implementation activity. 

The next section explains the outsourcing process currently followed by the automotive company 

and also the difficulties faced by the automotive company with respect to the quality of the 

product delivered.  

Figure 1: Overview of the software artifacts that flow between the outsourcer and the service 

provider [9] 

In this thesis, the main work is on the high level design. The High Level Design documents of 

the automotive company are in the form of text and simulink models.  

The automotive company has an Engine System Department which is responsible for 

constructing the simulink models of the requirements. The Engine System Department gets the 

requirements from the pre-engine departments for various functionalities in natural language. 

The simulink requirement models are given to the supplier that develops the binaries for the 

chips and delivers it to the automotive company.  Figure 1 (in [9]) depicts the overview of the 

process. 
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1.2.1 Current Approach 

The outsourcing process currently followed by the automotive company is depicted in Figure 2: 

The automotive company hands over the requirement documents in the form of text and simulink 

models to the supplier. The company also provides the functional tests which are to be carried 

out at supplier side.  For each of the design specifications, test documents (test cases) are 

designed by the company. These design documents are given to the supplier, who will be 

developing the software for the automotive engine.  

During the implementation, the design (requirement) is tested with the functional tests provided 

by the automotive company. The company, by itself has a set of tests which it performs on the 

software developed by the supplier. It can be the case where the quality expected by the 

company is not met by the supplier. 

 

Figure 2: Overview of the Design and the tests process in the company 
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1.2.2 Problems faced by the Automotive company 

Once the document is given to the supplier, the supplier develops the product. The amount of 

communication between the automotive company and the supplier is limited. The company is not 

very sure if the product developed by the supplier is of good quality i.e. the company does not 

have an insight in the quality that is developed. 

The automotive company outsources the software implementation activity, and it is unaware of 

the quality aspects considered by the supplier. Due to time constraints, the company cannot 

spend extensive man-effort on the testing of the delivered product from the supplier. The 

automotive company does not want to lose its customer‟s confidence by delivering poor quality 

products. Hence it wants to gain more control over the system‟s quality by performing more 

critical testing.             

In this regard, the company wants to have an approach by which they can get an indication of the 

product quality and they can gain more confidence about the products they deliver. This research 

tries finding a new method which the automotive company can rely upon.  

 

1.3 Research Questions 

The research questions are formulated in a way to try to identifying solutions for the problems 

faced by the automotive company [refer Section 1.2.2] and also provide suggestions to improve 

LSPCM. In this research, the main focus is on the quality of high level design. The goal is to 

identify the possible defects that undermine the quality of the software product in the context of 

outsourcing. It also formulate suggestions on how the existing LSPCM [refer section 2.3] quality 

assessment model can be improved for high level design of outsourced projects. This will in turn 

help in improving the co-operation between outsourcers and service providers which will result 

in an acceptable end software product.  

This thesis tries to answer the following questions: 
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1. Is there a traceability relation between the text and the simulink and stateflow model? 

Here traceability relation is to check if there is a way to trace back the simulink and 

stateflow models to the text and vice versa. 

2. Is it possible find inconsistencies in the case studies provided by the automotive company 

by applying LSPCM for High Level Design? 

3. Can we use the results from applying LSPCM to the case studies to extend LSPCM for 

the simulink and stateflow domains by adding domain specific rules? 

 

1.4 Document Overview 

The rest of the thesis is organized as follows. Chapter 2 gives an overview of the preliminaries 

needed for the thesis.  Chapter 3 gives the proposed approach for the automotive company. 

Chapter 4 briefly describes the case studies considered in this thesis along with the 

inconsistencies found. Chapter 5 explains the improvements for LSPCM. Chapter 6 contains the 

conclusions and future work. 
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2 Preliminaries 

In order to understand this thesis, it is important to understand the preliminaries described below, 

which is the starting point of the thesis work. Section 2.1 and 2.2 gives an introduction to 

simulink and stateflow (the automotive company had its design specification in the form of 

simulink and stateflow models). Section 2.3 introduces the LSPCM model, which in this thesis is 

considered for quality assessment.   

 

2.1 Simulink 

Simulation involves representing key characteristics or behavior of a system for understanding 

the functioning. Systems are designed, tested and verified for various conditions using a 

simulation tool. In our case, the automotive company uses Simulink tool for developing the 

design and it is further used to implement the model.  

Simulink is a software package for modeling, simulating, and analyzing dynamical systems, 

developed by the Mathworks (www.mathworks.com).   

Simulink includes a comprehensive block library of sinks, sources, linear and nonlinear 

components, and connectors. It is also possible to custom blocks. Models are hierarchical, and 

hence can build models using both top-down and bottom-up approaches. The system can be 

viewed at a high-level and then double-click on blocks to go down through the levels to see 

increasing levels of model detail. This would give an insight into how a model is organized and 

how its parts interact [10]. 

Simulink finds its applications in the variety of industries including: 

1. Aerospace and defense 

2. Automotive 

3. Communications 

http://www.mathworks.com/
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4. Electronics and signal processing 

5. Medical instrumentation 

 

2.1.1 Basic elements 

There are two major classes of elements in Simulink: Blocks and lines. Blocks are used to 

generate, modify, combine, output and display signals. Lines are used to transfer signals from 

one block to another. 

 

Figure 3: Simulink library browser [11] 

Blocks   

In case of simulink models, the functionalities of the system are embedded in blocks. Some of 

the blocks used in simulink models are shown in the figure 3[11]. Simulink Blocks can be 
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classified as continuous, discrete, math, non-linear, signals, sinks, sources etc. For more details 

on blocks see the simulink tutorial [10]. 

Blocks have zero to several inputs and zero to several outputs. 

Lines 

Lines transmit signals in the direction indicated by the arrow. Lines must always transmit signals 

from an output of one block to the input of another block. 

Lines can never inject a signal into another line. 

A signal can be either a scalar signal or a vector signal. Scalar signals are generally used for 

single-input, single-output systems. For multi-input, multi-output systems, vector signals are 

often used consisting of two or more scalar signals. The lines used to transmit scalar and vector 

signals are identical. The type of signal carried by a line is determined by the blocks on either 

end of the line. 

 

2.2 Stateflow 

Stateflow extends simulink with a design environment for developing state-charts and flow 

diagrams. Stateflow software provides the language elements required to describe complex logic 

in a natural, readable and understandable form. While Simulink is block diagram based 

formalism, stateflow is based on state-charts with hierarchical and parallel state machine 

notations. Designers use both these type of models for various software development process. 

 

2.2.1 Short description on stateflows 

Stateflow is a graphical language resembling state-charts. A stateflow chart has a hierarchical 

structure. The key elements of the stateflow chart are: 

1. States 
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2. Transitions 

3. Default transitions 

4. Connective junctions 

5. History junctions 

States can be refined into either exclusive (OR) states connected with transitions or parallel 

(AND) states, which are not connected [12]. 

 

Figure 4: Representation of parallel and exclusive states in Stateflow [12] 

 

Figure 4 is a schematic representation of parallel and exclusive stated in a stateflow chart. It has 

A and B as parallel states (AND). In parallel states, two or more states can be active at the same 

time, whereas the substates (child states) namely A1, A2, B1a, B1b, B2a, B2b are mutually 

exclusive. These are called the OR states. A transition can be a complex (possibly cyclic) flow 

graph made of segments joining connective junctions. 

Each segment can bear a label with the following syntax (all fields are optional): 
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E[C] {Ac}/ At 

Where E is an event, C is the condition (i.e. guard); Ac is the condition action and At is the 

transition action. Ac and At are written in the action language of stateflow, which contains 

assignments, emissions of events and so on. A state can have an entry action, during action, an 

exit action and on event E actions, where E is an event. 

When there is ambiguity among two or more neighboring OR states, a default transition is used 

to specify which OR state to enter. The default transition has a destination object but no source 

object.  

Transitions can be split or joint using Connective junctions. The connective junctions find their 

use in building flowcharts for constructs like decisions (if-then-else, switch), iteration (for/while 

loops), and other control structures. 

 

     Figure 5: Example of connective junction [14] 

Figure 5 is a schematic representation of a connective junction. 



19 

 

By default, the stateflow starts at the state off. When an event switch_on occurs, it is in state On. 

The default substate in On is the waiting state. When an event occurs, the state waiting is 

checked for an outgoing transition with a matching event specified. In the above example, when 

the state is waiting and the event selection_ made is true, based on the conditions, the branching 

to the next state happens. For instance, if the event is selection_made and the condition 

select1==1 is true, then the destination state is orange.    

Decision points in a stateflow are represented using a history junction. The decision points are 

based on historical data relative to state activity. Placing a history junction in a superstate (parent 

state) means the next state to be active will be determined by the historical state activity 

information. In short, the history junction determines the next active state in the stateflow chart. 

The history junction applies only to the level of the hierarchy in which it appears. 

 

Figure 6: Example of the use of history junction  

The explanation of Figure 6 is as follows: 

Power_on is a superstate which has a history junction. It also contains two substates in it. If the 

Power_off is active and an event switch_on occurs, then the system could either enter the 

Power_on.Low or the Power_on.High. The first time the superstate Power_on is entered, 

because it has a default transition. Later, if the state Power_on.High is active and the 

event switch_off occurs, the superstate Power_on is exited and state Power_off becomes active. 
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Then event switch_on occurs. Since Power_on.High was the last active state, it becomes active 

again. After the first time Power_on becomes active, the choice between entering Power_on.Low 

or Power_on.High is determined by the history junction [13]. 

Figure 7 gives a schematic representation of all the elements of a stateflow chart. 

 

Figure 7: Representation of almost all the elements of stateflow chart [14] 

 

2.3 LSPCM 

In an era, where the complexity of software is growing, the society at large depends more and 

more on software and consequently on its quality (dependability, reliability), there is a need for 

more systematic approaches to assessing software product quality. 

LaQuSo mainly concentrates on methods, techniques, and tools on software product quality 

analysis developed during more fundamental/strategic research at Eindhoven University of 
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Technology and Radboud University Nijmegen. It focuses on the industrialization, validation 

and generic aspects of the analysis of software systems. Software systems are ideally designed 

and implemented in such a way that they provide the desired functionality in a reliable manner 

(www. laquso.com).  

The laboratory for quality software (LaQuSo) is involved in the verification and validation of 

software systems and software artifacts. If an organization wants to certainty about or confidence 

in a software artifact a LaQuSo certificate can be requested. Certification is a check that is done 

to make sure that the artifact fulfills a well defined set of requirements. These requirements are 

defined by the customer or a third party. The certificate will always refer to the requirements that 

were used to check the artifact against. To achieve a recognized certificate LaQuSo has defined a 

software product certification model called the LaQuSo Software Product Certification Model 

(LSPCM). 

The Certification model is not only used to certify products after their creation, but it also 

indicates which elements and relations should be present in the product when it is being created. 

The model is comprehensive and flexible enough to allow certification of software products in 

all life cycle stages. 

 

2.3.1 Overview of LSPCM 

LSPCM is a rule based product certification model in which the model identifies the major 

deliverables of software development as product areas, such as [4]:  

1) Context description, describes the environment and main processes of the system. 

2)  Requirements, specifies what needs the system has to fulfill. 

3)  High level design considers all requirements for software and attempts to define a structure 

which is able to fulfill them. 

4) Detailed level design consists of several models of the system that describes how the system 

will be built.  
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5)  Implementation is where the design is executed. 

6)  Tests, describe the tests of different software components and the whole system. 

This thesis focuses on the design product area. 

There are different artifacts in each of the product areas and these are referred to as elements 

(subparts within the product area) in LSPCM. For example, traceability matrix is an element 

belonging to the product area High level design. There always exists a relation between the 

elements of one product area and another product area. 

LSPCM divides the design into elements like functional and non-functional requirements, 

structural properties, processes, objects and relations. The tests are divided into elements like test 

procedures, test cases. 

In order to analyze artifacts LSPCM focuses on three certification criteria which is applicable for 

all the product areas: 

a) [CC1] Completeness – All the required elements of all the product areas should be 

present. For example, traceability matrix is a required element in high level design. 

b) [CC2] Uniformity – The styles of the elements in the product area should be 

standardized. For example, company standards should be followed. 

c) [CC3] Conformance – All elements should conform to the property that is subjects of 

the certification. 

 

Hence it is important that elements belonging to the product area must be complete, uniform and 

conformant to the above mentioned certification properties. 

For each of the certification criteria mentioned different achievement levels are established as 

shown in Table 1. 
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CC1 Completeness 

0 Some required elements are missing 

1 All required elements are present 

2 Semi-formal elements have been added 

3 Formal elements have been added 

CC2 Uniformity 

0 No standardization 

1 Within the product area 

2 Style complies to a company standard 

3 Style complies to an industry standard 

CC3 Conformance 

0 Faults are detected 

1 Manual reviews/ testing has not detected any faults 

2 Automated approach has not detected any faults 

3 Formal verification has not defected any faults 

 

Table 1: Overview of the different achievement levels 
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LSPCM has different set of specific criteria [SC] where checks for certification criteria 

achievement level are indicated. Specific criteria apply to one product area only and each 

product area has different set of specific criteria.   

A brief description of the specific criteria that can be applied to the high level design and the 

tests is as follows: 

[SC1] Complete 

The high level design and the test documents should be as detailed and as formal as possible. 

[SC1.1] Required elements 

The following elements are absolutely required for high level design and tests. 

 

High level design Tests 

Software requirements(use cases, user 

requirements) 

Unit and integration test protocol 

Objects and relation(system and their relation) System test protocol 

User interface description(if applicable) Acceptance test protocol 

Component division(dividing the system into 

subsystems) 

Test reports 

 

[SC1.2] Semi-formal elements 

 The following elements make the design and tests convertible into a formal specification. 
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High level design Tests 

Object model should be present Test scripts for test automation 

High level component model Traceability matrix(mapping the tests to the 

design) 

Flowcharts of processes  

Traceability matrix( mapping   design to 

requirements) 

 

 

[SC1.3] Formal elements 

The following elements formally specify the high level design and the tests. 

 

High level design Tests 

Relation diagram 

 

Process models or testable specification 

Process models Paths in the process model or wrappers to 

system under test 

 

[SC2] Uniform 

The style of the high level design and the test documents should comply with standards. 

[SC2.1] Uniformity 

1) Elements and documents of the same type have the same style. 
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2) All documents and elements comply with company standards. 

[SC3] Conformance 

Each and every element in the high level design and the tests must be described in a correct and 

consistent way. The relations between the elements in these product areas must be correct and 

consistent with the other product elements.  

Conformance checks are divided into manual checks, automated checks and formal checks. 

[SC3.1] Manual checks 

The following are some manual checks done for high level design: 

1) No two requirements contradict each other. 

2) No requirement is ambiguous. 

3) Each software requirement is testable. 

4) The traceability matrix contains all the requirements. 

5) No unnecessary or missing components. 

6) Process model corresponds to text. 

[SC3.2] Automated checks 

The following are some automated checks for high level design: 

1) Processes are validated by simulation by using some simulation tools. 

2) Requirement tool can be used to show the relations between user and software requirements. 

[SC3.3] Formal checks 

The following are some formal checks for high level design executed with formal methods: 

1) The process models should be sound. 
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2) The process models should be mutually consistent. 

3) The process models comply with certification property. 

4) The process models comply with non- functional requirements. 

Similarly to the high level design checks, there are checks for Requirements, Detailed design, 

Implementation and test. For more information on LSPCM see [4]. 

 

2.3.2 Certification levels 

The LSPCM model indicates a certification level per product area. The certification level of the 

entire product area can also be determined but a product area based certification is more 

informative.  For example, it is possible to certify on the implementation product area if our 

interest is in the certification of the final product are without taking into account the other 

deliverables. The certification level of the product is determined as a highest if the product is 

complete and uniform, correct and consistent. The certification level indicates the maturity of the 

software product.  

The model has five certification levels out of which only four of them that are relevant are 

considered. All the five levels are listed below. For each certification level, the level needed for 

each certification criteria is indicated: 

1) Initial 

CC1 ≥ 1 and CC2 ≥ 1 and CC3 = 0 

This means that all the elements required for the product area are present and uniform.  

 

2) Manually verified 

CC1 ≥ 1 and CC2 ≥ 1 and CC3 = 1  

All elements, relationships and properties have been manually verified. 

 

3) Automated verified 
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CC1 ≥ 1 and CC2 ≥ 1 and CC3 = 2  

All elements, relationships and properties have been verified with tool support.   

 

4) Model verified 

CC1 ≥ 1 and CC2 ≥ 1 and CC3 = 3  

All elements, relationship and properties have been verified with mathematically-based methods 

wherever possible, or the most rigorous method otherwise. 

 

5) Formally verified  

CC1 ≥ 1 and CC2 ≥ 1 and CC3 = 3 and „Model == Input‟  

Model verified where it is proven that the results of the mathematically-based methods are true 

for the actual input (and not only for an abstract model of it). 

 

2.3.3 Weakness of LSPCM 

Using LSPCM, it is possible to identify defects in all the product areas, but there are some 

weaknesses in the model. These weaknesses have to be improved in order to make the model 

more concrete and strict. Following are some of the weak points explained in brief: 

 LSPCM does not support the scaling of specific criteria for any of the product areas. 

LSPCM 1.1 is a rigid model in which if any of the rules is not met, the achievement level 

drops. LSPCM can be considered as a black and white model, i.e. it is either correct or 

wrong. It does not take into account the fact that if a system has one ambiguous 

requirement, this might be less effective than when a system has twenty ambiguous 

requirements. Furthermore, outsourcing projects are different from non-outsourcing 

projects, because some aspects require more priority and attention. 

It is not very practical for real world projects to meet all the rules every time while in 

some projects these rules are compensated by other means such as face to face meeting or 

email communication. Hence we try to relax the current approach of LSPCM by scaling 

the rules by dividing them into 2 priorities (Level 1 & Level 2). The artifacts that do not 
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meet the level 2 priority rules do not affect the quality of the product as much as the 

Level 1 priority rules. 

 

 LSPCM does not specify the rationale behind the rules (specific criteria) for each of the 

product areas. A rationale is an explicit listing of decisions that are made during every 

phase of the software development and reasons why those decisions are made. The 

rationale  should include information such as :  

1. Justification for the decision making 

2. Other alternatives considered 

3. Tradeoffs evaluated 

4. Argumentations that led to a decision, etc. 

In case of LSPCM, the above mentioned information is missing. For example, when we 

consider the conformance checks in each of the product area, they have been classified as 

manual, automated and formal checks. But there is no information about why this kind of 

classification, from where do these classifications come from etc. Also, there is no 

justification given for any of the rules. For example, if there is a rule; traceability matrix 

is needed then, there is no justification explaining the affect on the system in absence of 

traceability matrix. 

 The rules mentioned in LSPCM are more general can be applied to any software product. 

Specific rules are important for any project since they might use different kind of formats 

like technology used, domains, etc. In the current version of LSPCM there are no specific 

checks for simulink which, in our project is used to design engine software. So, it is 

important that we have specific rules for simulink models. In our case, requirements 

provided by the company are in the form of simulink. But LSPCM does not have checks 

in specific to these models. Hence one of our main goals is to identify specific criteria for 

simulink models. 
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 LSPCM does not include risk analysis as a part of test product area. The absence of risk 

analysis is something that does not match with the documents of normal software 

development, but not something that is doing harm in the analysis. However, the risk 

analysis indicates that some parts of the software will/ will not be tested. This will be 

detected in an LSPCM assessment and will be seen as harmful, while in practice, it will 

not influence successfulness. Including the risk analysis, allows to compensate for these 

kinds of acceptable omissions.  
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3 Proposed Approach 

In order to find a solution to the problems [refer Section 1.2.2] faced by the automotive 

company, an approach has been proposed which targets at improving the outsourcing process 

followed by the automotive company.  

The proposed approach involves applying a quality gate (in our case LSPCM) to ensure that the 

documents exchanged are up to the guidelines specified by the quality gate. This will help the 

company by ensuring that the design delivered is consistent with the tests developed. 

The proposed model is as shown in Figure 8: 

 

Figure 8: Overview of the new proposed model with respect to design and tests 

 

The proposed model has two more processes included in it. One being the LSPCM detailed 

analysis and the other is the risk analysis (as a part of future work). 
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LSPCM [4] is a quality gate which establishes a common platform between the automotive 

company and the supplier. In Figure 8, LSPCM is applied to the design document even before 

handing over to the supplier. If any risks are found it is fed into the risk analysis phase. Risk 

analysis is a part of future work. The rest of the steps are same as the old process model [refer 

Section 1.2.1].  
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4 CASE STUDIES 

The automotive company includes two parties within them. Henceforth, they will be referred to 

as Party A and Party B. Party B is a subsidiary of Party A. For this thesis, the main inputs were 

the case studies provided by the automotive company. The case studies provided were the design 

and the test documents. Table 3 indicates the documents received from the automotive company.  

Party A Party B 

 Design document of Case study 1 and 

the test documents of Case study 1. 

 Design documents of Case study 1 and 

Case Study 2. 

Table 2: Indicates the documents received from the automotive company 

 

For the case studies provided, LSPCM rules were applied and inconsistencies were found. The 

following points explain how LSPCM was applied: 

1. The design documents that were provided by the automotive company were checked 

against the high level design rules of LSPCM. 

2. Every rule in LSPCM has its own importance.  Any rule that was not satisfied was called 

an inconsistency. Rules of LSPCM are not strict which means rules when not satisfied 

affects the quality of the system but might not lead to the unsuccessfulness of the project.  

For example, there is a rule in high level design which says “The traceability matrix 

contains all software requirements”. If this is not satisfied, it means that a requirement is 

missing in the traceability matrix and it also means that the missing requirement is not 

being tested. So this is an inconsistency. 

Inconsistencies can be classified as minor and major inconsistencies. By minor 

inconsistencies we understand that the inconsistencies caused do not affect the functionality 

of the system. These inconsistencies affect the readability and understandability of the 

documents. Examples for minor inconsistencies can be missing abbreviations, ambiguous 
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notations etc. Major inconsistencies are those which affect the functionality of the system. 

Failing to correct these inconsistencies would lead to the wrong interpretation which might 

be fatal to the system. Examples for major inconsistencies can be mismatches in the design 

document, requirements missing in the traceability matrix etc. 

The next section includes a short description on the case studies, and the inconsistencies found in 

the case studies. 

 

4.1 Case study 1 

The purpose of case study 1[18] is to promote optimal shifting behavior on vehicles equipped 

with manual transmission by limiting the acceleration and engine speed in lower gears. 

This module has two distinct modes of operations. The first mode called the progressive shift 

limits the acceleration of the vehicle in lower gears when the vehicle is lightly loaded. This 

operates at lower vehicle speeds. The second mode is the gear down, which imposes a reduced 

maximum engine speed limit when not in the top gear. This operates at higher vehicle speeds.  

This module has 10 subsystems, In turn, each of these subsystems have further subsystems (a 

max of three) in them. 

 

4.1.1 Inconsistencies found in Case study 1 

1. Some abbreviations were missing in the case study. Though the design document had a 

separate section to define the abbreviations, on going through the document it was found 

that many abbreviations were missing. Examples for missing abbreviations can be 

F_SPCM, APV etc. The missing of these abbreviations increases the amount of effort 

needed to understand the system well. This is a minor inconsistency.  

2. Mismatch between the model and the design statement. There was a mismatch found 

between the model and the design statement i.e. the model stated „>‟ while the design 
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statement stated „>=‟ and we know that both of these notations are completely different. 

This is a major inconsistency because the model does not conform to the design.  

3. Requirements that are mentioned in the test cases are not mapped completely in the 

traceability matrix and vice versa. The format that I have assumed for the test case 

document is as follows: any requirement which is an assumption is not indicated as a part 

of the requirement in the test case document, but the description indicates the 

requirements as pre-condition. So, any requirement which is not indicated as a pre- 

condition but as a check needs to be indicated in the requirement column of the test case 

document. This is not uniformly followed in the given document. This affects the 

completeness, understandability and non-ambiguity attributes of the system. There are 

about 4 requirements missing in the traceability matrix. For example, if we consider the 

test cases given, in the test case 1 there is a section called requirements, it says req-300, 

but when we see it in the traceability matrix, this requirement is not indicated. Similarly, 

there are 8 requirements which are considered as checks but not pre-conditions in the test 

case document but these requirements are not indicated in the requirement section of the 

document. 

4. There are 2 requirements that are deleted and replaced by other requirements in the 

design document. Hence the deleted requirements no more make sense. But when we 

check for the requirements to be tested in the test cases, they include the deleted 

requirements. For example, in the design document given by the subsidiary, there are 

requirements 430 and 431. Requirement 430 was deleted and replaced by 431. However, 

when we check the test case it says test requirement 430. This requirement does not exist 

at all. This is a minor inconsistency.  

5. References to documents needed were absent. This is a minor inconsistency. For 

example, in test case 3, there is a requirement which is indicated by FAIL. It also says 

TD#1202. There is no reference indicating what automotive internal “Test doc TD#1202” 

means. 
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4.2 Case study 2 

The Case study 2 [19] describes the requirement and design constraints for the fuel derate 

module. Derate, as in the case study document is defined as “the imposed fuel limit that is lower 

than the maximum fuel limit”. Based on the ambient conditions, like pressure, temperature and 

other environmental factors, a limit on the fuel is imposed to protect the engine hardware. This 

particular module contains the state flow component for the fuel limit maintenance. 

This particular module has 4 subsystems and one stateflow chart. 

 

4.2.1 Inconsistencies found in Case study 2 

As mentioned in Section 4, for Case study 2 the document provided was the design documents 

from Party B. Hence the inconsistencies that could be found out from the design document are 

listed here. The Case study 2 is a smaller module when compared to Case study 1. The following 

are some of the inconsistencies found: 

1. Model/design statements missing in the document. This is a major inconsistency. The 

case study has a missing model for which design statements were described in detail. 

According to LSPCM, there should be no missing components in the document ([SC3.1] 

rule g).  

2. Explanation for one design statement was missing in the document. The stateflow chart 

makes use of design statement for which there was no explanation in the document. This 

is a minor inconsistency. 
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5 IMPROVEMENTS TO LSPCM 

In this section, suggestions for the LSPCM model are enlisted from the IT perspective. The focus 

is mainly on the high level design product area by identifying specific criteria [refer Section 

2.3.1] for simulink and stateflow models. 

 

5.1 Suggestions to improve LSPCM and criteria for simulink 

(stateflow) model 

One of the weaknesses of LSPCM is, it does not identify rules which are specific to domains 

[refer Section 2.3.3], but suggests rules which are applicable to any software project in general.  

Some rules are specific to projects in a given domain. Specific rules are important for every 

project since every project has specific checks themselves and these do not exist with the 

existing rules of LSPCM. The current version of LSPCM does not include specific checks for 

simulink, which are the design models used in the automotive company. 

For the existing certification criteria of LSPCM [4], specific rules were constructed for simulink 

and stateflow models. The certification criteria are [refer Section 2.3.2]: 

 Completeness 

 Uniformity 

 Conformance 

In this section, for each of the above mentioned certification criteria, rules are defined that are 

specific to simulink and stateflow models. These rules are added in the LSPCM document for 

high level design.  

The newly added rules will be an addition to LSPCM. For example, if we consider the high level 

design product area in LSPCM, the completeness is divided into elements such as required 
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elements, formal elements and semi-formal elements. Each of these elements has rules defined in 

them with numbering a, b, c and so on. 

If we add a new rule which belongs to completeness and is a required element, then this newly 

added rule is numbered as e if a through d is already defined. 

The format followed for writing the rules is same as LSPCM. Each of the rules is associated with 

its description, the source for each rule (either the simulink guideline, since simulink provides 

guidelines for its models [15] or a new check) and a rationale. The rationale behind the checks in 

this thesis is [16, 17]: 

 Increase Readability:  Readability of software depends on the form of 

representation, text style, structure of the whole system, quality of the documentation, 

etc. Readability avoids problems like ambiguities. By following a proper 

representation form, it is possible to create a better interaction between the text, 

reader and the model. 

 Increase Understandability: Understandability in the context of simulink models is 

to check if the names of the blocks exactly describe the functions that they are 

supposed to perform. When we look at a model we should be able to find out what the 

actual function of the model is. In general, understanding the model(s) is a 

prerequisite in order to perform any task.  

 Consistency: Consistency aims at checking for conflicting information/contradictions 

etc. In case of simulink models, in order to check for consistency, we check if the 

models are contradicting each other or checking if the elements of the same kind are 

consistent, etc. 

 Workflow: One of the reasons why workflow is added as a rationale in this thesis is 

because of the following reason: some of the checks identified in this chapter affect 

the workflow of the system. Workflow is to ensure the ease of maintenance, reusable 

components, and model portability.   
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The following are some of the checks identified for simulink and stateflows: 

1. Same font and font sizes for elements of the same type. 

Description: 

Each type of text elements like the block names, the signal names, the subsystem names has its 

own font and font size. These fonts and font sizes must be the same throughout all the models. 

This rule enforces the readability. 

Rationale:  

Readability 

This check can be added as a rule in the uniformity under the subheading “all documents and 

elements of the same type have the same style”. This can be added under [SC2.1] of high level 

design, under the rule a as a.1 [4]. 

Source: 

This is an already existing simulink guideline [15]. 

2. Model color code document must be available and the model must correspond to the 

color definitions. 

Description: 

There should be a standard color coding format followed for all simulink models. Simulink 

models include blocks, subsystems, reference models, input and output blocks etc. So it is a good 

practice to represent each of these elements in different colors in order to increase the readability. 

The following convention can be taken as an example to understand the color coding. 

 Light blue for subsystem blocks. 

 Orange color for reference models. 

 Cyan for inport and outport blocks. 
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 Red color for additional blocks. Here additional block means that if a document is being 

updated many times and if there are additions done to the model, these additions can be 

represented using a separate color. 

 Grey color for newly added blocks which are not present in the library but are 

constructed for some development purposes.  

 Green for constant blocks. 

The above mentioned colors are just examples to understand color coding. 

Rationale: 

Readability 

This check can be added as a rule in the completeness of [SC1.1] of high level design, as a rule f. 

This check can also be added as a rule in conformance criteria of LSPCM under [SC3.1] as a rule 

n [4].   

Source: 

This is a newly added check.  

3. Inports are placed on the left side and outports on the right. 

Description 

In a simulink model, inport ports (port numbers for the input ports) should be placed on the left 

side of the diagram, but they can be moved in order to prevent signal crossings. Output ports 

should be placed on the right side of the diagram but they can be moved in, to prevent signal 

crossings. Figure 9 clearly explains the check. 
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Correct 

 

  

Incorrect 

 

 

 

Figure 9:  Correct and wrong representation of ports in simulink 
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 Inport 2 should be moved in so that it does not cross the feedback loop lines. 

 Outport 1 should be moved to the right hand side of the diagram. 

Rationale: 

Readability  

This check can be added as a rule in LSPCM under [SC3.1] of high level design, as a rule o [4]. 

Source: 

This check exists as a simulink guideline [15]. 

4. No unconnected signals block input and block outputs. 

Description: 

A simulink model is constructed using blocks, signals and subsystems. Each of these is 

interconnected to form the entire system. It should never be a situation where a block, a signal or 

a subsystem exists in isolation. If there are unconnected input blocks they should be connected to 

a ground block and an unconnected output block should be connected to a terminator block.  

Rationale: 

Readability and workflow 

This check can be added as a rule in LSPCM under the [SC3.2] of high level design as a rule c. 

The automated check is done using simulink. 

Source: 

This check exists as a simulink guideline [15]. 

 

 

 



43 

 

5. No violations on naming conventions for blocks, signals and subsystems. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 Table 3: Naming conventions for simulink model 

Description: 

Simulink follows a convention to name a block, a signal, a subsystem, etc. The table 2 represents 

the convention that is being followed for simulink models. This should remain consistent 

throughout the document.  For example, the naming conventions for the blocks are shown in the 

table.  

The same conventions can be used for systems and subsystems as well. 

 

The name of the block: 

- Should not start with a number. 

- Should not have blank spaces 

 

The characters allowed for the name are: 

- A-Z 

- a-z 

- 0 1 2 3 4 5 6 7 8 9 _  

Names: 

- Can use underscores to separate parts. 

- Cannot have more than one consecutive underscore. 

- Cannot start and end with an underscore. 



44 

 

Rationale: 

Readability and consistency 

This check can be added as a rule in LSPCM under the conformance of high level design section 

[SC3.1] as a rule p [4]. Since a set of rules are given to check the naming conventions in table 2, 

it is important to go through the characters, the underscores and hence check for conformance. 

Source: 

This check exists as a simulink guideline [15]. 

6. No mismatches, ambiguities and inconsistencies between the names of the ports and 

the corresponding signals. 

Description: 

In case of simulink, two elements of the same type cannot have the same name. This is done to 

avoid ambiguities. 

Rationale: 

Workflow, ambiguity, consistency 

Source: 

This check exists as a simulink guideline [15]. 

This check can be added as a rule in LSPCM under [SC3.2] of high level design as a rule d. The 

automated check is done using simulink. 
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7. No crossovers in the transitions of stateflows. 

Description: 

A crossover in a stateflow is an overlap (colliding) between two transitions.  

Transitions in stateflows: 

- Do not cross each other, if possible. 

- Are not drawn one upon the other. 

- Do not cross any states, junctions or text fields. 

Correct 
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Incorrect 

 

Figure 10: Correct and wrong representation of transitions in stateflow charts 

Rationale: 

Readability 

This check can be added as a rule in Conformance of LSPCM under [SC3.1] of high level 

design, as a rule q. 

Source: 

This check exists as a simulink guideline [15]. 

8. Two exclusive states should be present in a stateflow. 

 Description: 

Exclusive (OR) decomposition is used to describe system with states that are mutually exclusive. 

In order to represent mutual exclusiveness we need two states, where one state is active at a time.  

Figure 11 depicts the exclusive states in simulink. In the figure, either state A or state B can be 

active. If state A is active, either state A1 or state A2 can be active at any one time. 
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Figure 11: Exclusive state representation in stateflow charts 

Rationale:  

This rule is a necessity. This check can be included as a rule in Conformance of LSPCM under 

[SC3.1] of high level design, as a rule r [4]. 

Source: 

This check exists as a simulink guideline [15]. 

9. Conditions are drawn horizontally and actions are represented vertically. 

Description: 

The following rules apply to the transitions in the flowcharts of stateflows: 

- Conditions are drawn on the horizontal axis. 
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- Actions are drawn on the vertical axis. 

 

Figure 12: Condition and action orientation representations in stateflow charts 

Rationale: 

Readability and understandability 

This check can be included as a rule in Conformance of LSPCM under [SC3.1] of high level 

design, as a rule s [4]. 

Source: 

This check exists as a simulink guideline [15]. 

10. The initial state of a hierarchical level with exclusive state is clearly defined by a 

default transition. 

Description: 

From the description of stateflows [refer Section 2.2], we know that one of the elements of 

stateflow is a default transition.  

In a stateflow chart, the default transition should be connected at the top of the state and the 

destination state of the default transition should be above the other states in the hierarchy. Proper 

position of the default transition and the destination states is for increasing the readability. 

Figure 13 represents the correct and incorrect way of using a default transition. 
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Correct 

  

 

 

Figure 13: Correct way of representing a default transition 

 

- The default transition is connected at the top of the state. 

- The destination state of the default transition is put above the other states in the same 

hierarchy. 
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Incorrect 

 

Figure 14: Wrong way of representing a default transition 

 

- Default transition is connected at the side of the state (State 1). 

- The destination state of the default transition is lower than the other states in the same 

hierarchy (SubSt_off). 

Rationale: 

 Understandability and readability 

This check can be included as a rule in Conformance of LSPCM under [SC3.1] of high level 

design, as a rule t [4]. 

Source: 

This check exists as a simulink guideline [15]. 
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11. Events of the statechart must be defined on the chart level or lower. 

Description: 

For the stateflow chart to execute, we need events. These are the triggers for the stateflow chart 

to perform an action. The status of states is determined by an occurrence of an event. The scope 

of an event defines whether the event is local to the chart, an input to the chart from the simulink 

block or output to the chart to a simulink block. 

Events in stateflow charts should not be defined on the machine level i.e. there is no interaction 

with local events between different charts. 

Rationale: 

Workflow 

This check can be included as a rule in Conformance of LSPCM under [SC3.1] of high level 

design, as a rule u [4]. 

Source: 

This check exists as a simulink guideline [15]. 

12. Multiple assignments of return values in stateflow chart are not allowed. 

Description: 

The return value for a stateflow chart should be set only in one place. 
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Correct 

 

Incorrect 

 

Figure 15: Correct and wrong representations for return values 

Rationale: 

Workflow 

This check can be included as a rule in conformance of LSPCM under [SC3.1] of high level 

design, as a rule v [4].  

Source: 

This check exists as a simulink guideline [15]. 
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There can be more rules added to the above list. The checks identified are the High Level Design 

checks for simulink and stateflow models. These checks mainly facilitate readability, 

understandability and consistency. Checks can also be added to the other product areas. 
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6 CONCLUSIONS AND FUTURE WORK 

Good quality is the key for any software product. Quality plays a significant role in outsourcing 

projects when compared to normal software projects. The context of this research was confined 

to an automotive company. The objective of the project was to identify solutions for the research 

questions in Section 1.3 and this has been done by suggesting improvements to the existing 

LSPCM model. A proposal [refer Section 3] with a different approach for solving the problems 

[refer 1.2.2] of the automotive company has been suggested.   

There were two major goals for this thesis. One was to identify a solution to overcome the 

problem of the automotive company, second was to validate the LaQuSo Software Product 

Certification Model. In order to achieve the first goal, an approach was proposed to improve the 

product quality in the automotive company. This was done by applying a quality gate [refer 

Section 3]. The quality gate used was LSPCM. It ensures that the documents exchanged are upto 

the guidelines specified by it, thus tries to overcome the problem of the automotive company.  

In order to validate the model, LSPCM (High Level Design) was applied to case studies provided 

by the automotive company and the inconsistencies obtained were documented in a separate 

section [refer Section 4.1.1, 4.2.1].  Based on these results, LSPCM was extended for simulink 

and stateflow by adding domain specific rules [refer Section 5]. 

A few recommendations for further work are as follows: 

1. This thesis checked for a traceability link between the text requirements and the model. 

In the same way, check for traceability link between the  

 Text requirements and the tests,  

 Model and the tests can be checked. 

2. This thesis tried to identify specific criteria for one particular domain, simulink and 

stateflow models. This can be extended for many domains and hence make LSPCM more 

specific and flexible. 
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3. The thesis has identified few rules for the simulink and the stateflow models in specific to 

high level design product area. More rules can be added to the high level design and this 

can be extended to other product areas like Detailed Design, Implementation and tests. 

4. LSPCM does not include risk analysis as a part of test product area. The absence of risk 

analysis does not match with the documents of normal software development, but not 

something that is doing harm in the analysis. However, the risk analysis indicates that 

some parts of the software will/will not be tested. This will be detected in an LSPCM 

assessment and will be seen as harmful, while in practice, helps to improve the quality of 

the software. Including the risk analysis, allows to compensate for these kinds of 

acceptable omissions.  

Risks may be related to issues like: misunderstanding of user requirements, high 

complexity of interfaces of legacy systems, the impact of non- functional requirements in 

detailed design, lacking design that cause communication problems etc. All these events 

can have a negative impact on the product quality and hence can be related to LSPCM 

also. So, it is important to have checks for risks in LSPCM which can be included as a 

part of tests. 

Risks must follow some constraints and guidelines. If not, they may be incorrect, 

inconsistent, not understandable etc. Like the other software artifacts (namely 

requirements, stateflow diagrams etc) risk statements can also be checked on their 

consistency and conformance. The following are some examples of the general checks on 

consistency and conformance for risks. 

1. Each risk statement must have a unique identifier. 

The risks should be ordered and numbered in order to differentiate between the different 

risks and to avoid confusions. 

2. Risk should have a description. 

A phrase that describes the risk should be present. Risk description helps to assess risks. 
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3. Risk statements should be quantifiable. 

Provide an assessment of how likely it is that the risk will occur. Examples classification 

can be L-low (<30%), M- medium (31-70%), H-High (>70%). 

4. Risk statements must include an impact. 

The risk statement should include an impact which specifies the consequences that would 

be caused by the occurrence of the risk on the project 

The above mentioned checks are some examples. Similar to the above checks we can 

have more checks for risks. Subsequently, we can include a scaling technique; which 

indicates the importance of every rule, a risk mitigation plan etc. 
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