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Abstract: RTES are used in various domains, such as integrated control systems and consumer 

electronics. These systems have strict time constraints, with response times in the range of milliseconds 

and low jitter. The primary goal of this work is to provide an automated testing approach for RTES 

based on their real-world environments. The aim is to create a testing strategy with high fault-finding 

capabilities. The main focus is on RTES with complex environments and fragile real-time constraints, 

requiring rapid responses in the order of milliseconds. The proposed approach is model-driven and 

black-box testing, which considers the input from industry partners and aims to address real-world 

issues. The collaborated with industry partners like Tomra and WesternGeco to define challenges, 

propose solutions, and evaluate them. The methodology involves environment modeling and heuristic-

based test generation to automate system testing. The goal is to create a scalable testing framework 

adaptable to resource constraints. We perform the experiment using different testing heuristics, such 

as Random Testing (RT), Adaptive Random Testing (ART), and Search-Based Testing using Genetic 

Algorithms (GAs). These heuristics can be tailored to specific project requirements based on available 

time and resources. The overall conclusion of our research is to develop an automated testing 

approach for real-time embedded systems, specifically focusing on systems with complex environments 

and strict time constraints. This work involves collaborating with industry partners and using 

heuristics to create an adaptable testing framework. 

 

Keywords: System testing, Random testing, ART, GA, RTES 

 

1. Introduction 

RTES are a substantial part of software development and 

play a crucial role in various domains, including business 

and safety-critical applications like nuclear reactors and 

flying systems. Ensuring the correctness of RTES is of 

paramount importance, especially when they are utilized in 

applications where safety and reliability are critical [1]. 

Testing RTES is challenging due to their interaction with a 

physical environment, which may involve a multitude of 

sensors and actuators. These interactions often have strict 

time constraints. The example of a gate's RTES 

responding to a sensor indicating an approaching train 

highlights the importance of real-time responses. Failing to 

meet these time deadlines can lead to disastrous 

consequences. The timing of interactions with the real-

world environment significantly affects the behavior of 

test cases for RTES. In summary, RTES are essential in 

various applications, particularly those with high safety 

and reliability requirements. Testing and verifying these 

systems is challenging due to their real-time nature and 

interactions with the physical environment. Meeting strict 

timing constraints is crucial to avoid adverse outcomes in 

critical scenarios [2]. 

The system testing of a RTES requires interactions with 

the actual environment or, when necessary and possible, a 

simulator. Unfortunately, testing the RTES in the real 

environment usually entails a very high cost and in some 

cases the consequences of failures would not be 

acceptable, for example when leading to serious 

equipment damage or safety concerns. In our context, a 

test case is a sequence of stimuli, generated by the 
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environment or its simulator that is sent to the RTES. If a 

user interacts with the RTES, then the user would be 

considered as part of the environment as well. There is 

usually a great number and variety of stimuli with 

differing patterns of arrival times. Therefore, the number 

of possible test cases is usually very large if not infinite. A 

test case can also contain changes of state in the 

environment that can affect the RTES behavior. For 

example, with a certain probability, some hardware 

components might break, and that has effect on the 

expected and actual behavior of the RTES. A test case can 

contain information regarding when and in which order to 

trigger such changes. Testing all possible sequences of 

environment stimuli/state changes is not feasible. In 

practice, a single test case of an industrial RTES could last 

several seconds/minutes, executing thousands of lines of 

code, generating hundreds of threads/processes running 

concurrently, communicating through TCP sockets and/or 

OS signals, and accessing the file system for I/O 

operations. Hence, systematic testing strategies that have 

high fault revealing power must be devised. 

The complexity of modern RTES makes the use of 

systematic testing techniques, whether based on the 

coverage of code or models, difficult to apply without 

generating far too many test cases. Alternatively, manually 

selecting and writing appropriate test cases based on 

human expertise for such complex systems would be far 

too challenging and time consuming. If any part of the 

specification of the RTES changes during its development, 

a very common occurrence in practice, then many test 

cases might become obsolete and their expected output 

would potentially need to be recalculated manually. The 

use of an automated oracle is hence another essential 

requirement when dealing with complex industrial RTES. 

 

2. Related Work 

Sekar Kidambi Raju et al. (2023) considered eleven 

different features for clustering the test cases. Two 

techniques have been used. Firstly, each cluster will, to a 

certain extent, encompass a collection of distinct traits. 

Depending on the coverage of the feature, a cluster of test 

cases might be chosen. The ranking approach was used to 

create these groupings. The second methodology finds 

similarity among test cases based on eleven features. Then, 

the maxmin composition is used to find fuzzy 

equivalences upon which clusters are formed. Most similar 

test cases are clustered. Test cases of every cluster are 

selected as a test suite. The outcomes of this research 

showthat the selected test cases based on the proposed 

approaches are better than existing methodologies in 

selecting test cases with less duration and at the same time 

not compromising on quality. Both fuzzy rank-based 

clustering and similarity coefficient-based clustering test 

case selection approaches have been developed and 

implemented. With the help of these methods, testers may 

quickly choose test cases based on the suggested 

characteristics and complete regression testing more 

quickly. 

Fontes and Gay (2023) perform a systematic mapping 

study on a sample of 124 publications. Machine Learning 

(ML) generates input for system, GUI, unit, performance, 

and combinatorial testing or improves the performance of 

existing generation methods. ML is also used to generate 

test verdicts, property-based, and expected output oracles. 

Supervised learning—often based on neural networks—

and reinforcement learning—often based on Q-learning—

are common, and some publications also employ 

unsupervised or semi-supervised learning. (Semi-/Un-

)Supervised approaches are evaluated using both 

traditional testing metrics and ML-related metrics (e.g., 

accuracy), while reinforcement learning is often evaluated 

using testing metrics tied to the reward function. Work-to-

date shows great promise, but there are open challenges 

regarding training data, retraining, scalability, evaluation 

complexity, ML algorithms employed—and how they are 

applied—benchmarks, and replicability. Our findings can 

serve as a roadmap and inspiration for researchers in this 

field. 

Vikas Hassija et al. (2023) provided a comprehensive 

analysis of the explainable AI (XAI) models. To reduce 

false negative and false positive outcomes of these back-

box models, finding flaws in them is still difficult and 

inefficient. In this paper, the development of XAI is 

reviewed meticulously through careful selection and 

analysis of the current state-of-the-art of XAI research. It 

also provides a comprehensive and in-depth evaluation of 

the XAI frameworks and their efficacy to serve as a 

starting point of XAI for applied and theoretical 

researchers. Towards the end, it highlights emerging and 

critical issues pertaining to XAI research to showcase 

major, model-specific trends for better explanation, 

enhanced transparency, and improved prediction accuracy. 

Vahid Garousi et al. (2021) deployed the model-based 

testing (MBT) approach to take the company’s test 

automation practices to higher levels of maturity and 

capability. We have chosen, from a set of open-

source/commercial MBT tools, an open-source tool named 

Graph Walker, and have pragmatically used MBT for end-

to-end test automation of several large web and mobile 

applications under test. The MBT approach has provided, 

so far in our project, various tangible and intangible 

benefits in terms of improved test coverage (number of 

paths tested), improved test-design practices, and also 

improved real-fault detection effectiveness. The goal of 

this experience report (applied research report), done 

based on ‘‘action research’’, is to share our experience of 

applying and evaluating MBT as a software technology 

(technique and tool) in a real industrial setting. We aim at 

contributing to the body of empirical evidence in industrial 

application of MBT by sharing our industry-academia 

project on applying MBT in practice, the insights that we 

have gained, and the challenges and questions that we 
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have faced and tackled so far. We discuss an overview of 

the industrial setting, provide motivation, explain the 

events leading to the outcomes, discuss the challenges 

faced, summarize the outcomes, and conclude with lessons 

learned, take-away messages, and practical advices based 

on the described experience. 

Ishfake, Ahmed (2020) the number of Electronic Control 

Unit increases the strong demand for safety and comfort in 

modern cars (ECU). Up to €100 in vehicles are currently 

installed. Thus, a great number of ECUs added enhance 

the complexity of software. A standard software solution 

named AUTOSAR was developed by the automotive 

consortium to handle software complexity. The 

AUTOSAR consists of three layers (AUTOSAR Software, 

AUTOSAR Runtime Environment, and Basic Software). 

The RTE is AUTOSAR's core integration media which 

supports multiple ECU inter- and intra-communications 

however, system settings and RTE settings may lead to 

issues. This detailed report focuses mostly on testing and 

verification of the RTE by an acceptance test. 

 

3. Methodology for Environmental Modeling 

 
It is important that in the event that climate models are to 

be used for RTES, they not exclusively be sufficiently 

point by point, however they ought to likewise be easy to 

appreciate and change as the climate and RTES change. 

To manage the intricacy of genuine RTES settings, the 

displaying language ought to take into account 

demonstrating at an assortment of deliberation levels to be 

executed. Furthermore, the demonstrating language ought 

to have plainly characterized punctuation and semantics all 

together for the models to be effortlessly broke down by 

apparatuses and for people to precisely decipher them. 

Real-world thoughts, real-time highlights, and different 

ideas, like non-determinism, that are needed by the climate 

parts should also be supported by the language (or allow 

for possible expansions) in addition to the features already 

provided (or allow for prospective extensions). The UML, 

the MARTE profile, and the OCL are all used in 

conjunction to meet the important needs of an environment 

modelling language, which are as follows: 

 It is crucial to note that, although however we are 

utilizing similar documentations to demonstrate the 

climate as we are utilizing for displaying 

programming systems, the procedure for climate 

demonstrating is essentially unique in relation to 

the technique for system displaying. To show 

mechanical situations, we disconnected utilitarian 

provisions of climate parts so much that lone those 

subtleties noticeable to the SUT were incorporated. 

It is normal to utilize non-determinism in climate 

conduct displaying; yet, non-determinism isn't close 

to as famous when demonstrating the inside 

conduct of a system.  

 When testing a system dependent on its current 

circumstance, the social parts of the climate are 

similarly pretty much as huge as the primary 

components of the system being tried. Since 

primary subtleties of the RTES climate are basic 

to understanding the general organization of the 

climate (e.g., the number and setup of 

sensors/actuators), the attributes of different 

parts, and the connections between them, we 

decide to show these subtleties as a Domain 

Model created utilizing UML class outlines In 

request to indicate the powerful parts of the 

climate, for example, deciding the potential 

conditions of the climate prior and then afterward 

its communications with the SUT, just as 

determining the potential collaborations between 

the SUT and its current circumstance, it is 

important to determine the social subtleties of 

climate parts. We utilized the UML State 

Machines related to the MARTE condition to 

model the behavior of the system. 

 

Modeling Structural Information like Environment 

Domain Model: 

In addition to providing information about the parts of the 

climate, their provisions, their associations with each other 

and the SUT, and data about signal sending and getting, 

the climate space model likewise incorporates data about 

signal sending and gathering. The large number portrayed 

in the space model meet up to deliver the general climate 

of the SUT when utilized related. As such, these parts (and 

their occurrences) will be running in corresponding with 

each other. There are various examples of every part in the 

space model that can be found in the RTES climate. The 

data about the quantity of potential occurrences of a part 

in the climate is addressed as cardinalities on the 

relationship between unmistakable parts in the area model. 

A number of different possible configurations of the 

environment can be obtained by using the domain model, 

as a result of which Partially completed area model for the 

arranging machine climate, which is displayed in Fig. 1, 

one of our industrial scenarios (named as Sorting Board in 

the figure). The model depicts a variety of motors, 

sensors, mechanical devices, and other components that 

the Sorting Board connects with throughout the sorting 

process. 

It is important to note that the space model that we 

develop contrasts from the ones that are regularly 

examined in the writing. For instance, the parts addressed 

as classes in the climate space model won't really 

connection to programming classes. Various natural 

phenomena may be represented by the systems, users, and 

concepts represented by these symbols. Domain modelling 

is not used as a beginning stage for programming 

investigation in this context. Also distinct from what is 

often done for software analysis is how components in the 
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domain model are identified, as well as their properties 

and interactions with one another. Following that, we will 

go through some general rules for modelling the structural 

elements of an RTES environment in more depth. 

 

o Elements of the environment: In the beginning, 

the area model incorporates the entirety of the parts 

of the climate that are straightforwardly associated 

with the SUT's activity. A short time later, all of 

these parts is refined to where we are sure that we 

have covered the entirety of the critical provisions 

for recreating the climate needed for testing the 

SUT. In the event that the conduct of a climate part 

turned out to be excessively intricate anytime, we 

took apart the part and isolated its movement into 

various simultaneous state machines at whatever 

point it was conceivable. A part that can be 

partitioned into parts that are similar to existing 

parts, permitting us to practice existing state 

machines, is entirely significant. When 

demonstrating parts of the climate in the space 

model, we utilized the generalization context>> as 

a beginning stage. The parts of the climate are 

intended to speak with each other and with the 

SUT using signs, and they are demonstrated as 

dynamic items to facilitate communication. 

o Relationships: All affiliations addressing the 

physical or coherent connections among different 

climate parts, or those affiliations that were 

required for components to communicate with one 

another, should be included. In some cases, 

different components of the environment may look 

the same as one another (e.g., various types of 

sensors). The generalization/specialization 

relationship can be used to connect these 

components (and their behaviour) in order to 

simplify the model, which is beneficial because our 

experience has shown that such domain models can 

become extremely complex. For example, in the 

case study of the sorting machine, we modelled the 

association of the SortingBoard with the Sorting 

Arm, which is controlled by the board, and the 

Item Sensor, which reports the arrival of an Item on 

the sorting machine (e.g., bottle). As illustrated in 

Fig. 3.1, we applied generalisation in a variety of 

places, including motors and sensors.  

o Properties: From all of the properties that might 

portray climate parts, it is basic to incorporate only 

those that is apparent to the SUT while making the 

SUT model (or affects a part that is noticeable to 

the SUT). A part's state invariant might contain 

ascribes that are identified with the SUT's bits of 

feedbacks, credits that oblige the conduct of a part 

concerning the SUT, and qualities that add to the 

state invariant of a part that is pertinent to the SUT. 

The SortingBoard can see the entirety of the 

demonstrated properties of Item since they are 

either noticeable to the SortingBoard or utilized by 

different parts in the diagram. When the Vending 

Machine assigns the serialNum and material Type 

of an Item, the SortingBoard can use that 

information to sort the items. 

 
Figure 1: Fractional climate space model appearance properties and 

connections of the arranging machine contextual analysis 
 

SUT Modeling: It is basic to remember the SUT for the 

climate area model to have the option to determine how it 

connects with the other climate parts. It is additionally 

gainful to add data about the signs got by the SUT from 

different parts of the climate. The SUT is alluded to as a 

system>> in generalizations. Gomaa previously utilized 

the generalization to allude to the system in a setting 

outline, which was additionally refined. The SUT 

displayed in the area model ought to be a solitary part that 

addresses both the SUT and its execution stage like a 

whole. 

 

4. Model-based testing of the environment 
 

An experiment execution in our setting takes after the 

execution of the test system climate. In the RTES climate, 

the space model addresses a few parts. As recently 

demonstrated, a few occasions for each natural part can be 

executed all through the recreation and different parts 

work simultaneously to the RTES climate. For non-

deterministic decisions in climate models during 

reenactment esteems are essential. In our unique 

circumstance, an experiment gives data on the quantity of 

occasions in every part (the climate we allude to) and for 

the qualities in different non-deterministic alternatives 

(alluded to as the reenactment setup). 

 
Figure 2: A spurious state machine to clarify search heuristics 
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An experiment can be viewed as a test information 

network where each line presents various qualities for the 

climate part's unsure alternative (the quantity of columns 

is equivalent to the quantity of non-deterministic 

decisions). At whatever point a non-deterministic decision 

is made, a worth is chosen from the network time. A non-

deterministic choice inquiry might be continued during 

recreation, and the quantity of inquiries before the 

reenactment can't be determined. Every network line (an 

information vector) can be shown in two structures: a set 

ring length or variable vector length to deal with this 

issue. Most importantly, the vector is viewed as a ring in 

the fixed-length ring vector, and when it arrives at the 

vector end/tail. The qualities from the beginning/top of the 

vector will be chosen once more. Then again, when the 

vector closes, its size is raised at run time and new 

qualities are included the variable size vector. In our past 

investigation, we examined the impact on deformity 

discovery proficiency of the outcomes and the beginning 

lengths of the test information vectors  

We have fabricated another wellness work for search-

based testing which can be viewed as an expansion of the 

wellness work that has been set up for model-put together 

testing based with respect to system necessities. In the 

underlying wellness work the fitness of an experiment is 

assessed utilizing the purported 'approach level' and 

normalized 'branch distance.' We presented the inventive 

idea of normalized time distance for climate model-based 

testing. In our situation, the goal is to limit wellness f, 

which assesses the degree of a mistake experiment 

heuristically. On the off chance that an experiment 

containing test data The mistake climate is reached by 

f(m), then, at that point f(m) = 0. m is run. The 

methodology level (A) alludes to the most un-number of 

changes in the state machine needed from the closest 

executed state to accomplish the mistake state. An idiotic 

model State machine to foster the thought is displayed in 

Figure 3.6. Blunder is the situation with the mistake. The 

occasions e1, e2, and e3 are a sign time; the occasions 

after t, s, ms and ms, t2, t2, and t2 are time occasions and 

ms and ms are time units. Occasions e3 and "t,s" are 

secured with OCL limitations. In case blunder is expected 

and State5 is the nearest state to be executed, the 

methodology degree is 1.  

The methodology level energizes experiment exhibitions 

that come more like a blunder, yet it gives no direction to 

tackle the expected gatekeepers on changes. The branch 

distance (B) is utilized to gauge the watchmen (assuming 

any) from the nearest state on the active advances. To 

figure the branch distance we have characterized a 

particular branch distance work for OCL articulations. In 

Figure 3.6, we need to fix the "y > 0" shield on the phony 

state machine to empower the reproduction to move to the 

mistake status once e4 is enacted. Know that the distance 

between the branch and the methodology level is less 

significant as it is possibly required when the change to a 

blunder level is monitored and the methodology level isn't 

additionally decreased. Thusly, the branch distance was 

standardized somewhere in the range of 0 and 1.  

The third key part of the wellness work is the time 

distance (T), which becomes an integral factor when the 

climate models have timeout changes. In Figure 3.6, for 

example, a timeout change happens from State2 to Error. 

Assuming, yet not after z time units, a change ought to be 

done, the part in the source condition of the progress is 

determined for the most extreme successive time c (e.g., 

State2 in Figure 3.6). We use the siguiente heuristic to 

guide the pursuit: T = z – c, where c =≤ z. Once more, it is 

less significant than the methodology level for the time-

distance, and is in this way standardized in the 0 to 1 

territory. For the test information grid m, the wellness 

work f utilizes these three heuristics: 

f(m)= mine ((Ae(m) + nor(Te(m)) + nor(Be(m))) (1) 

Where Ae is the approach level for an error, Te is the 

time, and Be is the distance of a branch. Nor() is the 

standard feature. Only when the corresponding time event 

was initiated was Be calculated for guarded time 

transitions. Since several error statements might be made 

in the environment templates, f(m) takes just minimal 

worth over all mistake explanations (addressed by me in 

(1)). 

As indicated, the results of the use of this fitness function 

were deceptive. Only once a signal event was activated 

was the branch distance computed for the guards and 

signal events were well organised. For time-events, 

however, we first had to activate the time event to get 

away from the branch. We first concentrated on 

minimising the distance of the time and then computed the 

distance between branches. It turns out that it was naïve to 

assume that the time distance would be reduced when 

there was a time shift. If the time time has a watch, an 

experiment with less time, yet with a bigger branch 

distance is considered better compared to an experiment 

with a bigger distance however a lower branch distance. 

Be that as it may, the time distance isn't decreased (for 

example no blunder is accomplished) if the change isn't 

terminated toward the end in light of the fact that the 

gatekeeper is wrong. The warning system is not correct. 
 

4. Structure for Applying UML/MARTE in 

Industry 

Throughout In this section, we will provide a framework 

that we developed by combining our earlier encounters 

with UML/MARTE and applying them to the 

contemporary issues that were previously discussed. It is 

anticipated that this method will be useful to experts in the 

future while implementing UML/MARTE in 

contemporary situations. An action graph in the UML 

notation is used to represent the system at a substantial 

level, as shown in Figure 4.3. Following that, we'll get 

each of them ready actions in more detail. 
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a. Perform Domain Analysis (A1): 

Every one of our modern applications started with a space 

investigation, which was carried out for each of them. 

According to the definition, space investigation is "the 

process through which information utilised in constructing 

software systems inside a domain is located, recorded, and 

organised with the goal of making it reusable (to produce 

assets) for producing new products." Regularly, the space 

investigation finishes in the production of an area model, 

which consolidates space ideas just as the connections 

between these ideas. A space model can be depicted 

utilizing an assortment of documentations, with the UML 

documentation being the most ordinarily utilized. At the 

point when it came to space demonstrating, we utilized the 

UML class chart documentation for all three applications. 

 
Figure 3: Structure for UML/MARTE used to modern applications 

 

It was our goal to do a domain analysis that differed from 

the standard objectives provided in OOAD methods at the 

time. To be more clear, our area investigation doesn't 

stamp the start of the product examination stage; rather, its 

utilization is reliant upon the current test. Afterward, with 

regards to compositional displaying, the space model was 

used as a beginning stage to foster the product offering 

engineering demonstrating strategy, which incorporated an 

UML profile and demonstrating guidelines. The area 

examinations led for both model-based testing projects 

brought about the development of one or the other climate 

or system static construction models (as class graphs), 

which were then used related to state machines to help the 

computerized age of experiments. 

We used an iterative method to develop the domain 

models, during which we met with representatives from 

our industry partners on many occasions. Some of the 

earliest sketches and simple drawings on white boards 

were done with sketching tools to make it easier to 

understand the situation. We began by just recording 

concepts and eventually added associations and attributes 

to the domain models to make them more complete and 

accurate. Finally, we introduced OCL restrictions to the 

domain model ideas that were previously present. We give 

in-depth comments on how the space examination was 

done in every one of the applications, including those for 

compositional demonstrating, power testing, and model-

based testing of RTES.  

In every one of the three models, the space examination 

was valuable in the manners depicted underneath: 

specifically, I it helped us in understanding and indicating 

(using an area model) the intricacies of huge scope 

systems with attributes crossing various disciplines (for 

example electrical, mechanical, programming), and (ii) it 

was basic in understanding the necessities of industry 

accomplices and filling in as a correspondence state with 

them; and (ii) it served as the foundation for other 

activities. 

b. Define a Modeling Methodology (A2) 

Based on our findings from the domain study, we 

developed a specialised modelling methodology to address 

each challenge while keeping the requirements of the 

specific domain in mind. Simply identifying a set of 

notations does not suffice when it comes to putting 

UML/MARTE into practise. We must develop a proper 

procedure and set of guidelines, pick appropriate 

modelling tools, and train the industry partners in order to 

accomplish all of these goals. Following that, we'll go 

over the numerous sub-activities involved in developing a 

methodology. 

c. Recognize the documentations (A2.1) 

The initial step for every one of the applications was to 

distinguish the demonstrating documentations that will be 

utilized in the application. We utilized a subset of UML 

and MARTE for displaying in the entirety of our 

mechanical applications, which we picked with care. It is 

prescribed to utilize UML for the accompanying reasons: I 

it is a demonstrating standard; (ii) it has modern strength 

instrument support going from open hotspot (for instance 

Papyrus) to business (for instance, IBM RSA); (iii) it has 

adequate preparing material accessible to assist with 

preparing industry accomplices; (iv) it gives a rich 

arrangement of documentations to display a system 

according to alternate points of view; and (v) it is 

extensible for different application spaces. 

Notwithstanding, we have seen considerable development 

in the apparatus backing and preparing material accessible 

for MARTE in the course of the most recent few years, in 

spite of the way that it is a somewhat new profile. What's 

more, it has countless ideas that can be chosen and applied 

for an assortment of demonstrating purposes with regards 

to real-time, inserted, and simultaneous systems, in 

addition to other things.  

Nonetheless, even with the benefits recorded above, 

applying UML in a mechanical setting can be troublesome 

without clear cut goals and a distinct technique set up. 

UML is a broadly useful, industry-standard demonstrating 

language that is planned to take into account a wide scope 

of use spaces and challenges, and subsequently, it has a 

critical number of clients. The language overall isn't 

planned to be used to tackle a particular issue in a 

particular area. An urgent essential for making UML 
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effective in business is to choose the fitting subset of the 

language that compares to the particular necessities and 

prerequisites of the association. In our endeavors, we set 

off to distinguish a subset of the populace that was just 

about as little as could be expected. Figure 4.4 portrays the 

UML bundles that were used in our applications. The 

spaces for the entirety of the modern contextual analyses 

were displayed utilizing UML class outlines (Unified 

Modeling Language). Different documentations were 

picked as per the particular necessities of the objective 

modern issue and area. We utilized UML bundle and class 

charts for compositional displaying, and UML state 

machines were utilized to show system conduct for both 

model-based testing applications. Altogether, we just 

utilized four of the fourteen UML charts that were 

accessible.  

MARTE is a finished UML profile for displaying RTES 

that covers an assortment of particular attributes. Similarly 

likewise with UML, the scope of thoughts provided by 

MARTE is extremely immense to oblige a wide 

assortment of examination needs. It is additionally basic to 

plainly distinguish the subset of ideas needed for a 

specific issue and area. Figure 4.5 portrays the six 

MARTE bundles that we utilized (featured in dark), a 

subset of the ideas that were utilized to demonstrate our 

four modern contextual investigations, which are 

displayed in more detail in Table 4.5. Utilizing 

UML/MARTE has demonstrated to be a powerful blend in 

our experience, especially when considering the industrial 

application domains we have studied. 

d. Extend the scope of notations (A2.2) 

Following the identification of the subset of UML and 

MARTE documentations, the subsequent stage was to 

decide if the documentations that had been discovered 

were sufficient to handle our problems. A summary of the 

various stages that we took during this activity is depicted 

in Figure 4.6, which is an activity diagram. We began by 

determining if the MARTE subset that had been selected 

was sufficient. As a case, we endeavored to expand 

MARTE by using the characterized builds, yet couldn't 

(e.g., by adding another NFP). When it was necessary, we 

went even farther and developed rules for how to expand 

MARTE in the future. After that, we determined if the 

subsets of UML, MARTE, and its extensions that we had 

discovered were sufficient for our modelling purposes. As 

a result, we expanded UML by developing UML profiles 

in the event that this was not the case. One of the most 

crucial issues was deciding whether to use a profile or a 

domain specific language as the base language (DSL). In 

all of our scenarios, we chose UML profiles over DSL 

because, as is expected in many other applications, 

reducing additions to UML is relied upon to make 

functional reception and innovation move easier. There 

are two basic techniques to creating a profile that are 

covered. For example, when defining SysML, the first 

technique is to directly construct a profile by 

characterizing fundamental ideas of an objective area; this 

is like what was done while characterizing SysML. The 

subsequent procedure starts by fostering a theoretical 

model that diagrams the center ideas of an objective area, 

trailed by the advancement of profiles for the ideas that 

have been recognized, like how was dealt with 

characterize SPT and MARTE. In our circumstance, we 

used the subsequent method to characterize profiles since 

it is more systematic and obviously partitions the profile 

age measure into two discrete phases, which makes it 

more efficient. 

When it came to our industrial implementation of model-

based robustness testing, we discovered the MARTE NFP 

bundle and the expansion system to be above and beyond. 

It is feasible to display properties of the climate utilizing a 

few information types given by the NFP bundle, like NFP 

Percentage and NFP DataTxRate. These information types 

are helpful for displaying network properties like jitter and 

parcel misfortune. It is feasible to set up new NFP types 

by either extending the current NFPs, or by making 

completely new NFP types, utilizing the MARTE open 

demonstrating system. This is especially valuable when 

the inherent information kinds of MARTE are insufficient.  

For example, when modelling reverberation in sound 

streams and demonstrating synchronization crisscross 

among sound and video transfers going into a video 

conferencing system, we broadened MARTE's NFPs and 

characterized different qualities of the climate. Past the 

advantages of using a norm, we can surmise from our 

involvement in MARTE that the MARTE profile and its 

open displaying structure were adequate to show 

significant parts of the Saturn working climate, regardless 

the restrictions of utilizing an exclusive norm. 

Notwithstanding, to display deficiencies and their 

properties for our particular test of power testing, we made 

an UML profile named RobustProfile. Beside that, the 

profile works with the displaying of recuperation 

measures when an imperfection has been experienced, just 

as the demonstrating of states into which a system can 

progress whenever it has recuperated from a shortcoming. 

Because of the way that these elements were excluded 

from MARTE, a display was created. 

 
Figure 4: UML bundles utilized in modern contextual analyses (featured 

in grey) 
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Figure 5: MARTE bundles utilized in modern contextual analyses 

(featured in grey) 

We created the utilization of six new ideas as 

generalizations to improve the UML demonstrating 

language for design displaying. We proposed 30 new 

generalizations to broaden UML and MARTE thoughts 

for model-based heartiness testing, and we proposed 8 

new generalizations to expand UML ideas for the climate 

model-based testing profile, bringing the complete number 

of generalizations offered to 40. As a rule, we can see that 

simply few generalizations were needed to broaden UML 

for every one of the three undertakings analyzed in this 

examination. For heartiness testing, most of the new 

generalizations depended on a shortcoming model and 

broadened the MARTE NFPs in several ways. 

 
Figure 4.6: Sub-exercises under the action A2.2 Extend Notations 

 

e. Tool Selection (A2.3) 

One of the most essential considerations in the practical 

use of our created approaches in modern conditions is the 

choice of a suitable displaying instrument. This is basic 

since the models that have been set up are planned to work 

with computerization (e.g., programming test 

mechanization). Models ought to have the option to be 

sent out from the demonstrating apparatus in a typical 

arrangement that can be taken care of by other MDE 

devices after they have been made (e.g., for model 

changes and OCL parsers). As indicated by the MARTE 

official site, the MARTE profile is accessible in four 

apparatuses: IBM RSA, IBM Rhapsody, Papyrus UML, 

and MagicDraw. The MARTE profile is also available in 

four languages: English, Spanish, and French. 

Only the IBM RSA and Papyrus UML devices are EMF-

based, and subsequently, they can be utilized related to 

other EMF-based items (e.g., Kermeta for model changes). 

We experienced generous ease of use issues when creating 

Papyrus UML's state machine displaying abilities, in light 

of the fact that most of the device's interface is based on 

the reason that the modeler is educated of the hidden UML 

metamodel. IBM RSA has a robust sticker price, making it 

unacceptable for utilization in little to medium-sized 

organizations. There are convenience worries with IBM's 

RSA too. For instance, it isn't practical to 

straightforwardly interface activity on a demonstrating 

component, for example, the conveying of a message, in 

the activity code composed as part impacts in the state 

machines to the state machine code. A comparable 

restriction exists regarding the MARTE profile, which is 

just viable with RSA rendition 7.0 and doesn't uphold the 

Value Specification Language (VSL) manager in case it is 

utilized with later forms of the product. Along these lines, 

and on the grounds that an extensive VSL parser was not 

accessible at the time we dealt with the mechanical tasks, 

we needed to utilize OCL to characterize values for NFPs 

and other MARTE sorts. 

 

5. Conclusion  

Our approach incorporates making a cognizant endeavor to 

diminish the quantity of documentation subsets that are 

drawn from these guidelines that are utilized. It is 

important to utilize certain builds (like nondeterminism, 

mistake states, and disappointment states) to empower 

totally robotized system testing in our demonstrating 

strategy (i.e., decision, execution and assessment of the 

experiments). We established a model of the climate for 

three counterfeit issues and two modern RTES to decide if 

our technique and the documentation subsets that we 

picked were adequate to totally address the interest for 

mechanized system testing in the real world. Our own 

personal experiences demonstrated that this was the case. 

A summary of the lessons learnt from industrial uses of the 

methodology was also provided in order to serve as a 

guide for future practitioners. The second conclusion we 

reached after doing a thorough review of the literature was 

that none of the available code generation methodologies 

addressed the elements required facilitating the testing of 

RTES through climate reproduction. We utilized 

MOFScript to develop the code age rules for the test 

system, which brought about the making of a bunch of 

Java classes because of model-to-message changes. Our 

exact assessment, which depends on five contextual 

analyses, shows that the guidelines we conceived are 

adequate and right as far as shortcoming ID, and that we 

ought to continue with them. The mechanized 

advancement of test systems is projected to save a lot of 
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time and exertion, albeit observational exploration in 

modern settings will be needed to prove such a case with 

more prominent assurance. Due to the utilization of our 

current circumstance models and the made test systems, it 

was possible to naturally find new and significant issues in 

one of the modern contextual analyses, which were 

finished utilizing completely mechanized, arbitrary, and 

search-related testing methods. 

It has been addressed in detail a procedure for displaying 

the climate of a RTES to empower discovery system test 

computerization, which is regularly taken care of by test 

engineers who are curious about the RTES's plan 

highlights. To make the philosophy more pragmatic and to 

make its reception more direct, it depends on norms: 

UML, MARTE profile, and OCL are utilized to display the 

construction, conduct, and limitations of the climate, 

separately. In future work, will be to conduct an 

experimental money saving advantage examination of the 

recommended model-based testing strategy, which will be 

the first phase in the process. It is necessary to compare 

the costs of developing and modifying environment 

models with the costs of making manual modifications to 

test systems and test suites. 
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