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Executive summary 

This deliverable presents an updated version of the methodology presented in D5.2 “Initial 

methodology design report”. For the elaboration of this deliverable we have taken into account 

the set of tools identified and presented in D5.3 “Tool integration plan” to support the different 

phases of the proposed methodology. Considering that this set of tools may be extended 

during the project and also even once the project finalizes (Dec 2021), the orchestration tools 

proposed at this point may vary to accommodate to any change in this respect.  

 

To illustrate the orchestration tools proposal we make use of the Business Process Model and 

Notation (BPMN) [1], since these models will be used as reference in the final specification of 

the proposed methodology. This specification will be deployed in a process engine capable of 

supporting such notation. 

 

Contributing tasks of this WP T5.3 

Related deliverables of this WP D5.2, D5.3 

Input from other WP(s) WP1, WP2, WP3, WP4 

Output to other WP(s) WP6 
 
 

Keywords 
Tool orchestration, software development methodology, BPMN models. 

 

Acronyms and Abbreviations  

AMT Artefact Management Tools 

APT Artefact Processing Tools 

BPMN Business Process Model and Notation 

DOM Document Object Model 

GUI Graphical User Interface 

IDE Integrated Development Environment 

JSON Javascript Object Notation 

SRS Software requirements specification 

SUT System Under Test 

PKM Persistent Knowledge Monitor 

PU PKM Utilities 

UML Unified Modeling Language 
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1 Introduction 

One of the objectives stated in the DECODER project is to “significantly increase the software 

development and maintenance efficiency”. To achieve such increase in DECODER we 

propose to develop software projects by generating precise material at all stages of work, from 

early stages where requirements are set, to late stages where the different artefacts that 

conform the project need to be maintained. For example, precise requirements will lead to a 

quick understanding of the problem, precise specifications will leave little ambiguities and can 

be referred to at any later stage, precise designs will leave little room for discussions as to the 

structure of the application and its communications, precise bugs will allow engineers to quickly 

identify defects, etc. To this end, we propose a methodology that assists the stakeholder with 

(1) an instantaneous access to project documentation, abstract models and verification 

processes, (2) an access to a virtual expert in order to produce code that is functionally correct 

(including the parameterization of the underlying libraries), free of run-time errors, and with a 

control on memory space and execution time, (3) tools that verify requirements, and 4) tools 

that produce user documentation conformant to requirements.  

1.1 Purpose 
 
This deliverable aims to provide an updated version of the methodology proposed in D5.2 

“Initial methodology design report” taking into account the set of tools identified and detailed in 

D5.3 “Tool integration plan”. An overview over the methodology developed in D5.2 is provided 

in Figure 1. As this figure shows, the methodology is organized in three big stages, an initial 

stage (Stage 0: Project overview) where requirements and architecture are briefly described, 

a second stage (Stage 1: Project development) where all these requirements are addressed 

by applying several iterations over the V-Model, and a final stage (Stage 2: Check Project 

completeness regarding requirements) where the overall project is evaluated regarding the 

completeness over the initial requirements. 
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Figure 1: Methodology overview 

Specifically, this deliverable is focused on Stage 1 (see Figure 2) where each phase is 

described in detail by specifying the set of tools that will be orchestrated to support 

stakeholders in their assigned tasks. According to D5.3, along the development process 

stakeholders will make use of several tools which we have categorized in three groups:  

 

1. Artefact Management Tools (AMT) which aim to create, modify or visualize different types 

of artefacts (e.g., textual and graphical editors, IDEs, simulation tools) and assist 

stakeholders in their respective tasks within the process lifecycle.  

2. Artefact Processing Tools (APT) which aim to process the content of a given artefact in 

order to extract knowledge in a structured way and possibly produce some artefacts. This 

knowledge will be stored in the Persistent Knowledge Monitor (PKM), a central repository 

designed in DECODER to maintain all data and knowledge related to a specific software 

project.  

3. PKM Utilities (PU), which aim to extract or populate the PKM with the knowledge produced 

by the AMT and APT during the lifecycle of a software development project.  
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Figure 2: V-Model stages 

 
To define the orchestration of these tools we are considering the fact that DECODER can be 

expanded in the future with new tools, and these new tools should also be taken into account 

and considered in the development process. For this purpose, all DECODER tools will be 

registered in the PKM, and will detail information such as the type of artefacts that are capable 

to process or the development phase in which the tool can be executed. This information about 

tools is defined in the PKM core metamodel (see D1.1 “Report on existing 

representations and specifications relevant to the PKM”). 

1.2 Overall organization of the document 
 
The remaining of the document has been organized as follows. Section 2 represents the main 

contribution of this deliverable presenting, in two subsections, the strategies designed at each 

phase of Stage 1. On the one hand, subsection 2.1 presents the general strategy designed to 

support each phase of the development process. On the other hand, subsection 2.2 details 

which and how tools from those currently identified and available in DECODER can be 

orchestrated during the methodology execution. Finally, Section 3 summarizes the work 

developed in this deliverable and also draws and discusses some conclusions. 
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2 Tools orchestration 

In this section we explain in detail the strategy that has been designed to orchestrate the set 

of tools available in DECODER in order to accomplish a specific task. 

2.1 General strategy overview 
 

As mentioned previously, the set of tools provided in DECODER will likely grow in the future 

and it is important to design the orchestration of available tools in such a way that all of them 

are considered in the process. Therefore, in order to achieve such flexibility and extensibility 

we propose the approach shown in Figure 3, where we query the PKM at the beginning of 

each phase to identify all potential tools that can be executed during the current phase of the 

methodology to process a set of given artefacts. This potential list of tools will be evaluated by 

the user who will decide which should be executed and which not. Only those tools selected 

by the user will be finally executed to support her/him in the corresponding phase. This 

selection is performed to avoid, for example, the execution of tools that require a lot of time to 

process a given artefact if they are not required. All the tasks involved in this general strategy 

are illustrated in Figure 3 and described next:  
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Figure 3: General strategy overview 

 Query available tool(s) in PKM. At the beginning of each phase of the process the PKM 

is queried to retrieve the complete list of available tools that can be executed to support 

the current phase of the process. This list is retrieved based on the information stored 

in the PKM about tools, i.e., the type of artefacts capable to process and also the 

process phase where the tool can be used.  

 Select available tool(s) to invoke. At this point the user selects, from the set of available 

tools retrieved in the previous task, the tool or set of tools that s/he wants to execute to 

process some of the artefacts of the project. The main reason to introduce this task is 

to give the user the chance to decide which tools, from the available ones, make sense 

to execute according to the current needs of the development process.  

 Invoke selected tool(s). According to the selection performed previously, the process 

invokes the corresponding tools through their respective remote APIs. These tools will 

process the artefact(s) indicated in the invocation (e.g., source code, documentation 

written in natural language, a class diagram, etc.) according to the invocation 

configuration (the details on how to invoke each tool is specified following the openAPI 

specification provided by each tool). In this context, it is important to consider that some 

tools may require some time to process the given artefact(s), meaning that their results 
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may not be returned to the process immediately (e.g., TESTAR takes between 8 and 

12 hours to obtain the State Model completely). Therefore, we will observe some 

asynchrony in the process when such tools are invoked, forcing the process to wait 

until all the invoked tools finalize their processing.  

 Insert tool results in PKM. The results generated by the invoked tools are inserted in 

the PKM. These results are formatted as Javascript Object Notation (json) documents 

according to the schemas defined in the PKM. Besides, all these results must be 

validated syntactically against its corresponding schema. If this validation does not 

succeed, the artefact is not inserted, and the user is notified accordingly. 

 Invoke Traceability Link tool. Each time a new document is inserted in the PKM, the 

traceability matrix has to be updated accordingly. This is performed by the Traceability 

link tool. 

 Display links with results. Finally, the user is presented with a Graphical User Interface 

(GUI) from which s/he can navigate and visualize the results generated by the invoked 

tools.  

 

Of course, each phase of the process has a specific goal (e.g., specify requirements, model 

the structure of the system, develop source code, verify source code, etc.) and to achieve this 

goal stakeholders will make use of the tools available in DECODER that better fit to it. It is 

important to note that the process shown in Figure 3 will be followed in all the phases of the 

defined process. However, in the following sections we will omit this sequence and focus on 

the orchestration tools required at each phase. All these details are provided next in section 

2.2. 

2.2 Specific tool orchestration 
 

According to the set of tools identified in DECODER in this section we detail the general 

strategy orchestration by instantiating it for each phase of the development process. 

2.2.1 Requirements 
 

Requirements can be elicited and captured in multiple ways, e.g., as interviews or documents 

expressed in natural language or more formally by means of templates [2], use cases [3], 

sequence diagrams [3], mind maps [4], etc. At the current stage of DECODER, requirements 

will be defined as semi-formal documents expressed in natural language. According to the 

analysis performed in T5.2 about the type of tools used by industrial partners of DECODER to 

elicit requirements, the set of tools that can be used for this purpose include: 

 Eclipse 

 UML Designer 

 Trello 

 Draw.io 

 Wiki 

 PowerPoint 

 AsciiDoc  
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Figure 4 illustrates the orchestration defined for this phase of the process. As shown, once 

requirements are elicited in any of the considered forms, these have to be documented in any 

of the tools listed previously (or any other) and then processed and transformed as a JSON 

document to be inserted to the PKM. Currently, this processing is performed by the 

doc_to_json tool developed within WP3 (see Figure 5). Besides this processing, 

requirements can also be analyzed to extract new knowledge such as (1) find occurrences of 

semantic predicates and roles in the given text (SRL tool), (2) convert natural language input 

utterances into the target logical representation (semantic parsing tool), and (3) find 

occurrences of general and code-related specific entities in the given text (information 

extraction tool).  

 

 

Figure 4: Tool orchestration for the requirements phase 

According to the V-model on which our proposal is based, at this stage of the process 

stakeholders should also start designing acceptance tests. However, currently there is no tool 

in DECODER to specify this type of artefact nor process it to be stored in the PKM. 
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Figure 5: Invoke documentation processing tools subprocess 

 

2.2.2 System design 
 
At this stage of the process, requirements are analyzed and represented as Unified Modeling 

Language (UML) class and sequence diagrams. By developing such diagrams, the 

stakeholders specify the outline of all technical components. It includes the elements of a 

system such as modules and components, the different interfaces of those components and 

the data that go through that system. According to the analysis performed in T5.2 about the 

type of tools used by industrial partners of DECODER to build UML diagrams, the set of tools 

that can be used for this purpose include: 

 UML Designer 

 Visual Paradigm 

 IBM Rational Doors 

 

Figure 6 illustrates the orchestration defined for this phase of the process. As shown, the UML 

diagrams generated during the design system component task are transformed into json 

documents to be insert to the PKM. This transformation is performed by the 

classDia_2_json and seqDia_2_json tools respectively (developed within WP1). 

Besides the system design itself, during this stage of the process stakeholders should also 

define the corresponding system test plan that is going to be used during the high-level 

verification phase. Such plan will be defined as documents including the objectives of the test, 

the testing approach, glossary terms, potential risks, etc. These documents will be defined as 

semi-structured text.  
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Figure 6: Tool orchestration for the system design phase 

 

2.2.3 Architecture design 
 
During this stage, specifications are drawn up for describing how the components and modules 

that have been specified in the system design are connected and designing the architecture 

diagrams. According to these specifications, integration tests are also defined in this stage. 

Following the analysis performed in T5.2 about the type of tools used by industrial partners of 

DECODER to build these specifications, the set of tools that can be used for this purpose 

include: 

 UML Designer 

 Visual Paradigm 

 IBM Rational Doors 

 

At this stage of the process, we can make use of the semantic parsing tool to analyze, if 

required, natural language text that is present in the generated artefacts. Besides this 

processing, there is no other tool in DECODER that processes the artefact generated at this 

stage. Figure 7 shows the tool orchestration proposed during this phase. 
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Figure 7: Tool orchestration for the architecture design phase 

 

2.2.4 Module design 
 
During this phase the system is broken up into smaller units or modules and each of them is 

explained in a way that the coding phase can directly starts. This phase generates detailed 

specifications for how all functional, coded business logic will be implemented, such as models, 

components, interfaces, and so forth. For this purpose, UML class and sequence diagrams 

are taken as input and refined and detailed as much as possible to be used afterwards during 

the implementation phase. Similarly to the system design phase, these diagrams are 

transformed into json documents to be inserted in the PKM. In addition, unit tests should also 

be created during this phase. According to the analysis performed in T5.2 about the type of 

tools used by industrial partners of DECODER to build these specifications, the set of tools 

that can be used for this purpose include: 

 UML Designer 

 Visual Paradigm 

 IBM Rational Doors 

 

Figure 8 shows the tool orchestration proposed during this phase. 
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Figure 8: Tool orchestration for the module design phase 

 

2.2.5 System implementation 
 
At this point, halfway through the stages along the process, the actual coding and 

implementation occur. The previously generated design and specification docs are 

transformed by developers into a coded, functional system. This results in source code that 

can also be commented and annotated to better describe the implemented code. According to 

the analysis performed in T5.2 about the type of tools used by industrial partners of DECODER 

to implement the system, the set of tools that can be used for this purpose include: 

 Visual Studio Code 

 Eclipse 

 Jupyter 

 

Once this is completed, source code is processed and prepared to be inserted in the PKM as 

illustrated in Figure 9.  
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Figure 9: Tool orchestration for the system implementation phase 

This processing is detailed in Figure 10 where source code, prior to its insertion in the PKM is 

processed to find bugs and also annotate it. In order to process source code several tools 

available within the DECODER ecosystem can be used. These include variable misuse, code 

summarization, Frama-C, JavaParser, etc. (see Figure 10). These tools are further defined in 

deliverable D5.3 and also in deliverables of WP1 (Frama-C and JavaParser tools) and WP2 

(variable misuse and code summarization tools). 

 

 

Figure 10: Invoke source code processing tools subprocess 

 

2.2.6 Unit testing 
 
The Unit Testing is the first phase of the V-Model when the process moves back up the far 

side of it with inverse testing. It contains the unit tests that are developed during the module 

design phase. Ideally, this phase should eliminate the vast majority of potential bugs and 
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issues at code level or unit level, and thus will be the lengthiest testing phase of the project. A 

unit is the smallest entity which can independently exist, e.g. a program module. Unit testing 

verifies that the smallest entity can function correctly when isolated from the rest of the 

codes/units. In DECODER, unit testing is enlarged to unit verification. Unit verification can have 

multiple forms and may involve different techniques and artefacts. As shown in Figure 11, to 

support this verification in DECODER we make use of tools such as Frama-C [5], AbsInt Astree 

[6], AbsInt RuleChecker [7] and OpenJML [8]. These tools will process source code and 

provide results according to the specific parameters passed during their invocation1. For 

example, openJML allows executing different functionalities, i.e., type-checking, static-

checking, and runtime assertion. Therefore, depending on the parameters invoked over this 

tool the results will refer to one or another validation. 

 

Figure 11: Tool orchestration for the Unit testing phase 

DECODER also helps to prepare the unit verification (1) by automatically picking up 

the verification objectives from the requirement documents with Natural Language 

Processing technologies and (2) by adjusting the objectives into testing/provable goals 

with the interactive analysis embedded in the graphical debugger. The results of this 

preparation process are formal testing scenarios that can be automatically proved by 

Frama-C/EVA or Absint Astree and/or ACSL [9] (resp. or JML [10]) formal annotations 

that can be automatically proved by Frama-C/WP (resp. or checked by OpenJML). 

 

2.2.7 Integration testing 
 
During integration testing the modules are integrated and the system is tested. Integration 

testing is performed on the architecture design phase. This test verifies the communication of 

                                                 
1 All the details about the API of those tools are presented as openAPI specifications. 
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modules among themselves and third-party integrations. Test drivers and test stubs are used 

to assist in Integration Testing. During this phase we can invoke the AbsInt Astree tool to 

analyze whether the C programming language is used correctly when implementing these tests 

and whether there can be any runtime errors during any execution in any environment. Figure 

12 shows how this tool can be invoked at this phase of the process. 

 

 

Figure 12: Tool orchestration for the Integration testing phase 

 

2.2.8 System testing 
 
The major objective of this stage of the process is to evaluate the system compliance with the 

requirements specified previously during the high-level design stages. To do so, in DECODER 

we make use of TESTAR [11], a tool that automatically explores the System Under Test (SUT) 

applying Oracles at the GUI and Document Object Model (DOM) level to detect errors, and to 

create a State Model that can be used to compare different versions of the same application 

to detect how the SUT evolves and which GUI or DOM elements are different. Additionally, 

this State Model can be used to optimize the exploration strategies or automatically measure 

the GUI coverage. 

 

The artefacts created by TESTAR are files with different formats and sizes that cannot be 

easily transformed into a valid JSON format that does not exceed the 16MB limit size. That is 

why it has been decided to create the JSONs that we introduce in the PKM with summary 

information and external references to all the files. For example, referencing a directory in the 

TESTAR tool environment or an external database that stores the entire State Model and all 

the results of testing a given version of an application. Figure 13 shows how this tool can be 

invoked at this phase of the process. 
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Figure 13: Tool orchestration for system testing 

 

2.2.9 Acceptance testing 
 

The major objective of this stage is twofold, on the one hand the system is evaluated 

to measure the compliance level with requirements defined at the highest level of abstraction, 

i.e., at the business level. On the other hand, the system is evaluated against user needs to 

know whether it is acceptable for delivery. To do so, the tests designed during the requirements 

phase are implemented at this stage and used to ensure that the system is ready for 

deployment. However, some of tools already used along the development process can also 

be used at this stage to support the execution of the acceptance tests. Figure 14 illustrates the 

orchestration tool proposed at this stage of the process. 

 

Figure 14: Tool orchestration for Acceptance testing 
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3 Summary and conclusion 

In this document we have presented an updated version of the first methodology proposal 

designed in DECODER to support stakeholders along the whole lifecycle of the software 

development process. This update has been defined considering the set of tools identified in 

previous deliverables and that are targeted to create, modify and process some of the artefacts 

being managed during the whole lifecycle (e.g. source code, requirements, UML class 

diagrams, testing reports, etc.). In addition to these tools, the orchestration proposal presented 

in this document takes into account that the set of available tools may grow in the future and 

DECODER should also offer them to support stakeholders in their respective tasks. For this 

purpose, the orchestration strategy proposed in this document is presented in two stages. First, 

a general orchestration strategy helps to explain how stakeholders interact with the PKM in the 

decision of which tools, from the available ones, should be invoked at each stage of the 

process. Second, depending on the goal of each phase, the tools are orchestrated to process 

the given artefacts. The orchestration strategies designed for each phase are presented as 

BPMN models. These models will be used to specify the actual process models that will be 

deployed in a process engine to support stakeholders during their assigned tasks in the 

development process. 
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