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Executive Summary 

This document presents the Abstract Semi-Formal Model (ASFM). This model contains formal 

properties of the code written in ACSL/ACSL++ and JML, functional logic notions of data 

structure invariant, type states, behaviours based on pre/post conditions, etc. The ASFM 

language represents mainly an import/export format for the DECODER tools available for the 

reviewer. From this point of view, it is more a data exchange format; that is why this document 

defines it in JSON format. 

The reviewer needs to navigate between different levels of abstractions defined by the 

requirements, the specification, the user documentation, the developer documentation, the 

formal annotations and the code. For this navigation, the ASFM language has to manage these 

different levels of abstraction. Thus, the ASFM contains two parts: first, a common universal 

part containing the notions of UML class diagrams, UML state machine diagrams, conditional 

expressions, connections with the code and the documents; second, a specific part relative to 

the tools like ACSL/ACSL ++ annotations and their connections with GSL, and the details of 

the TESTAR model.  

With the description of the ASFM language, the document highlights the parts of the language 

that are common to many DECODER tools (input and output). This common part enables 

efficient interactions between the tools and also defines the content of a local review session 

with DECODER tools. The tools aim to optimize the proficiency of the reviewer who need to 

remain concentrated to enrich the DECODER artefacts. 

Figure 1 describes the files and tools required for a review session that may concern the code, 

the documentation, the models, the verification, the bugs as well as the consistency between 

all these artefacts. 

 

 

Figure 1: Organization of a review session 

 

The rest of the document is organized as follows. First, an introduction presenting the objective 

of the ASFM language is provided (Section 1), and then, the parts of the ASFM language that 
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all the tools have to understand to read and write in this common format are defined (Section 

2). Then, Section 3 describes the parts of the ASFM language that are specific to one 

DECODER’s artefact/tool. If the PKM aims to store all the artefacts relative to a project, the 

ASFM language aims to provide input and output data for a code review and for a review of 

the other artefacts. This requires some utility conversion tools that provides translations 

between PKM documents and ASFM documents. These conversion tools are presented in 

Section 4. Finally, Section 5 presents the reviewer’s main common tasks and checks their 

feasibility with his favourite tools (client side, like git, documentation editors, javadoc), the 

DECODER’s tools (client side) and the utilities tools (server side). 

Keywords 

Reviewer, DECODER, Formal Verification, UML Models, Documentation, Unit tests. 

Acronyms and Abbreviations  

API Application Programming Interface 

ASFM Abstract Semi-Formal Model 
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CI Continuous Integration 
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NLP Natural Language Processing 

OS Operative System 

OSS Open Source Software 

PKM Persistent Knowledge Monitor 

RTE Run-Time Errors 

SUT System Under Test 

SVG Scalar Vector Graphic 

UML Unified Modeling Language 
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1 Introduction 

1.1 Purpose 

This document is a reference document for the definition of the Abstract Semi-Formal Modeling 

language. This language formalizes the results of a review activity by means of defining how 

inputs and outputs are formatted for a review session.  

The reviewer usually has to navigate between different levels of abstractions defined by the 

requirements, the specification, the user documentation, the developer documentation, the 

formal annotations and the code, and has to check, review and fix all those inconsistencies 

found in related artefacts of a software project. The main artefact concerns the code; but the 

models, the documentation and the tests are also important. Besides this, the reviewer can 

also add new documentation and specifications to provide a more complete and 

understandable view of the software. 

To do his task, the reviewer interacts through the DECODER’s interface to obtain the required 

artefacts/inputs in the ASFM language. Then, he can modify them locally or he can add some 

new artefacts/outputs in the ASFM language before sending them back to the Persistent 

Knowledge Monitor (DECODER’s database). 

As this language is likely to evolve, in this document we mainly explain the backbone of the 

ASFM language and do not enter too much into the details that are likely to evolve. The 

backbone of the language is explained in Section 2. However, Section 3, that describes the 

parts of the ASFM language that are specific to one DECODER’s artefact/tool, is likely to 

change with respect to the needs of each DECODER artefact/tool. 

 

Note for the reader: The DECODER’s API (deliverables D4.3, D4.4) often drives the ASFM 

language constructs since the reviewer indirectly interacts with this language through the 

DECODER’s API. 

 

The ASFM language can be seen as a pivot language that helps the DECODER’s tools to 

communicate. It also provides format conversions for free since the user can export a 

document in the PKM in a given format and import it in a different one. Documents in the ASFM 

format do not include a complete and detailed description of the associated artefact contained 

in the PKM, i.e., it can be considered as views over the artefacts stored in the PKM. For 

instance, to review a modification of the source code concerning a module/unit, the reviewer 

needs the code of the module, an abstraction of how the other modules behave when they 

interact with the module, the documentation and the tests that concern the module. This 

information may be present in the PKM but dispatched over different PKM documents. It may 

be absent from the PKM and, in this case, the utility conversion tools should rebuild it partially 

from existing artefacts. 
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In order to manage the different levels of abstraction, the ASFM language offers a hierarchic 

organization of the input/output data for a review session according to the following four levels: 

 the global applicative level 

 the module or unit level 

 the class level 

 the function or method level 

Depending on what the reviewer wants to review (the traceability matrix or the bugs mentioned 

by the project, the class diagram or the documentation of a module, the invariants of a class 

or the implementation of a function), he first has to choose the appropriate level. Then, he 

imports the documents that he needs for his review from the PKM into the ASFM format. After 

his review, he exports the ASFM documents into the PKM in order to ensure the data-base 

consistency. This workflow requires many DECODER’s utilities, often hidden behind the 

DECODER’s API. These utilities are listed below in Table 1: List of DECODER utilities. These 

utilities and their function are explained in Section 4. 

 

doc_to_json DECODER utility that extracts the structure of a documentation in 

terms of module/class/function 

pkm_to_doc DECODER utility that assembles parts of texts into a structured 

documentation 

code_to_json DECODER utility that extracts and separates the code, the 

comments and the annotations from source code 

pkm_to_code DECODER utility based on the patch command that adds 

comments and annotations in a code base 

state_model_to_test DECODER utility that generate a generic unit test calling the API 

of a module from the state model defined in JSON format. 

class_model_to_json DECODER utility that parses a UML class diagram and generates 

a JSON file  

Table 1: List of DECODER utilities 

1.2 Link between the PKM and ASFM 

The ASFM language is designed by taking the PKM metamodel as reference. This has been 

done on purpose to avoid unnecessary conversions between documents defined in these two 

languages. This means that documents according to the ASFM language will share a lot of 

JSON nodes with the documents according to the PKM metamodel.  

To specify queries and obtain answers as ASFM documents, the reviewer has to first state the 

hierarchy level to work with. For example, concerning documentation, an ASFM local 

documentation corresponds to the extraction from the global documentation of the parts 

focused on a particular module. 
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When the reviewer makes use of the “export ASFM” functionality with a query as argument, 

he receives an ASFM document corresponding to his query, which includes information such 

as: 

 the global hierarchy of the project (may contain the UML class diagram) 

 the patches to be applied to the source code of the versioned project 

 the graphical description indicating how to draw an object of a class/a system to quickly 

see its status 

 the graph of possible actions/events (for UML state chart and for code coverage) 

 the description of a test and its analysis results 

 the description of a bug and its status 

 the quality/consistency of module (sub-part of the traceability matrix) 

In addition to this information, the following artefacts should be accessible to complete an 

ASFM document: 

 the source code files 

 the documentation 

 the models 

 the Application Programming Interfaces 

 the formal annotation 

 the tests 

 the tools results 

1.3 Overall organization of the document 

This document first describes the common part of ASFM that all the WP3 reviewer tools have 

to understand (Section 2). Every tool is likely to enrich this part. Then it describes the data in 

the ASFM format that are specific to a particular tool (Section 3). Section 4 defines the WP3 

tools that work with the ASFM. With these tools, Section 5 defines how the reviewer will work, 

depending on the review tasks that he has to achieve. Finally, Appendixes A-F include the 

reference of the common part of ASFM. 
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2 ASFM Common Part Specification 

This section defines the ASFM Common Part which constitutes the backbone of the language 

and allows the reviewer to draw a general view over an application or a Unit, i.e., a piece of 

code under review. Therefore, all reviewer tools have to be capable of reading such data and 

updating it according to the reviewer revision.  

This ASFM Common part, which is represented in red in Figure 2, concerns complete ASFM 

documents that help to rebuild a DECODER artefact:  

 the global hierarchy of the project (Section 2.3). 

 the patches to be applied to the source code (Section 2.4). 

 the API and how the functions interact (Section 2.5). 

and also sub-parts of ASFM documents that are common to several DECODER artefacts: 

 the notion of expression, constraint, which is represented in green in Figure 2 (Section 
2.1). 

 the notion of graph/hypergraph (state chart, code coverage), which is represented in 
blue in Figure 2, that are common to different tools (Section 2.2). 

 

 

Figure 2: organization of the artefacts for the reviewer 

The Figure 2 defines the organization of the available artefacts for the reviewer. The notions 

of this figure will be detailed later in the appropriate section (Sections 2 and 3). The ASFM 
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main documents are under the column “ASFM concepts”. They may have sub-parts that are 

common to many artefacts (expressions in green in Figure 2, graph of events in blue in Figure 

2). In the verification part of Figure 2, the tests are in relation with the notion of coverage that 

is represented by a graph of events. The graphical animation of the data structures is also 

common to the documentation, the class invariants and the debugging, since it is a way to 

quickly understand the algorithms and the data structures. 

The JSON schema shown in Listing 1 defines the most general structure of the ASFM common 

part, which defines how a software project is defined, i.e., the hierarchy of folders and files that 

are included in it and then, the list of patches, contracts (i.e., invariants, pre, and post 

conditions), UML class and state models associated to the source code of the project. The 

complete definition can be found in Appendix A. 

 
{ 

 "softwareProject": { 

  "$ref": "#/definitions/softwareProject" 

 }, 

 "folders": { 

  "type": "array", 

  "items": { 

   "$ref": "#/definitions/folder" 

  } 

 }, 

 "files": { 

  "type": "array", 

  "items": { 

   "$ref": "#/definitions/files" 

  } 

 },           

       "patches":  

 [ 

            { 

  "$ref":"https://.../patch-asfm-common-part-schema-1.0.0-beta.json" 

            } 

        ], 

 "contracts": [ 

         { 

  "$ref":"https://.../contracts-asfm-common-part-schema-1.0.0-

beta.json" 

         } 

       ],    

 "class-models": [ 

         { 

  "$ref":"https://.../hierarchy-asfm-common-part-schema-1.0.0-

beta.json" 

         } 

       ],     

       "state-chart-models": [ 

          { 

  "$ref":"https://.../state-machine-asfm-common-schema-1.0.0-

beta.json" 

          } 

        ]         

    } 
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Listing 1: Excerpt of ASFM common part 

The ASFM expression sub-language and ASFM state machine sub-language are defined in 

the following two sub-sections. Then, we define the ASFM documents that are common to at 

least two reviewer’s tasks – the class diagram, the patches to rebuild the code, and the 

possible combinations of methods of the API through contracts. 

2.1 Expression Language 

Expressions allow defining basic constraints for a specific Unit, e.g., expressions that are 

related to variables attached to these units. Such expressions and constraints are used to 

define invariants, pre, and post conditions. An ASFM expression has the structure shown in 

Listing 2. The JSON schema that describes an ASFM document of the expression language 

is defined in Appendix F. 

 
{  

    "type": "asfm_expression", 

    "text": "x + y <= 3", 

    "content":  

    { 

         "opid": "<=", 

         "args": 

         [ 

             { 

                 "side":"left", 

                 "opid": "+", 

                 "args": 

                 [ 

                     { 

                         "side": "indif", 

                         "type": "char", 

                         "value": "x" 

                     }, 

                     { 

                         "side": "indif", 

                         "type": "char", 

                         "value": "y" 

                     } 

                 ] 

             }, 

             { 

                 "side": "right", 

                 "type": "int", 

                 "value": "3" 

             } 

         ] 

     } 

} 
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Listing 2: Excerpt of an expression example in the ASFM language 

2.2 State machine models 

UML state machine models are used to represent an abstraction of the Unit under review with 

an event model. The response to an event generally depends on both the type of the event 

and on the internal state of the system; it can include a change of state leading to a state 

transition. The UML state diagrams are directed graphs in which nodes denote states and 

connectors denote state transitions. An event is something that happens that affects the 

system. A state is a single state variable that can assume only a limited number of a priori 

determined values. When an event instance is dispatched, the state machine responds by 

performing actions, such as changing a variable, performing I/O, invoking a function, 

generating another event instance, or changing to another state. Switching from one state to 

another is called state transition, and the event that causes it is called the triggering event, 

or simply the trigger. 

DECODER uses UML state machine models as a computational abstraction of the system/Unit 

under review. A universal state machine model is not meaningful as a unique system 

abstraction. Hence, DECODER provides different models to be used in different contexts for 

the reviewer; some links can be established between all the models since refinement and 

abstraction are ones of the most interesting properties of the state machines. Here are different 

contexts where they are useful: 

 they provide a simple abstraction of the missing code for the static analyses; 

 they belong to the results of a system review by providing a more comprehensive 

abstraction than the system itself for the review of other units; TESTAR generates such 

a state machine from the coverage of the tests. It can generate several hundreds of 

thousands of states. With adequate abstractions, we hope to merge some TESTAR 

states/transitions to use them as inputs for other DECODER’s tools. 

 hand-written state machines can be used as a complex (ACSL, JML) specification to 

be checked.  

 the graphical representation of the system should provide distinct views for distinct 

important states of the system; 

 they can be a support to find and exhibit some complex bugs, as the CEGAR (Edmund 

M. Clarke, 2000) approach does for Model Checking. 

 

Building such an abstraction is one of the tasks of the reviewer. As a starting point, we propose 

to identify the TypeStates (Jonathan Aldrich, 2009) in the code for every class of the unit for 

which the instances can evolve. The definition of TypeState comes from the article 

“Foundations of Typestate programming” (Ronald Garcia, 2014), where the authors introduce 

it as “Typestate reflects how the legal operations on imperative objects can change at runtime 

as their internal state changes. A typestate checker can statically ensure that an object method 

is only called when the object is in a state for which the operation is well defined.” A TypeState 

can be an explicit field member of the class with an enumerate type and identified with an 

annotation. It can also be an additional model linked to the class as a formal annotation. Every 

https://en.wikipedia.org/wiki/UML_state_machine#States
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project is free to define how it syntactically introduces them in the code.  Hybrid algorithms like 

the one proposed in the article “Efficient hybrid typestate analysis by determining continuation-

equivalent states” (Bodden, 2010) will be made available in the Graphical Debugger for a 

Frama-C static and dynamic verification. 

We propose a uniform ASFM syntax to represent all the DECODER state machine models. In 

the state machine diagram of the ASFM, the nodes identify the states and the (hyper-)edges 

identify the events (for instance some function calls) and the state modifications. The (hyper-) 

edges have constraints that are expressed in the ASFM expression language (see section 2.1) 

and these constraints are required to reach the target. 

The JSON schema that describes an ASFM document of state machine models is defined in 

Appendix D. An example of the document is shown in Listing 3. 

 
 

{  

  "type": "asfm_chart", 

  "nodes":  

  [ 

    { 

      "id": "node_1", 

      "type": "before-construction", 

      "nexts": 

      [ 

        { 

          "type": "simple", 

          "id": "X::X()", 

          "action": 

          [ 

            { 

              "type": "var-init", 

              "content": 

              { 

                "name": "count", 

                "def": 

                { 

                  "type": "asfm_expression", 

                  "text": "0" 

                } 

              } 

            } 

          ], 

          "action-name": "X::X()", 

          "target-id": "node_2" 

        } 

      ] 

    } 

 

Listing 3: Excerpt of a state model example in the ASFM language 

2.3 Structure of the Unit 

The UML Class diagram allows to represent the structure of the Unit under review in terms of 

modules, classes, attributes and operations. Specifically, this model defines the classes, 

associations between classes (link linksTo), inheritances and generalizations of classes (links 
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isA) and the operations and attributes of the classes (hasA). The associations between classes 

can be compositions or aggregations. 

The JSON schema that describes an ASFM document of a class model is defined in Appendix 

C. Listing 4 provides an example of how a UML class model is represented in the ASFM 

language. 

 
{  

    "type": "asfm_hierarchy", 

    "name": "my_application", 

    "modules": 

    [ 

        { 

            "name": "my_module_A", 

            "classes": 

             [ 

              { 

                "name": "my_class_X", 

                "inherits": [ "class_in_jsonpath", "..." ], 

                "attributes":  

                  [ 

                    { 

                        "name": "my_attribute_class_X", 

                        "type": "boolean" 

                    } 

                  ], 

                "operations": 

                  [ 

                    { 

                        "name": "my_operation_class_X", 

                        "returnType": "integer", 

                        "parameters":  

                        [ 

                            { 

                                "name": "parameter1_operation", 

                                "type": "boolean" 

                            }, 

                            { 

                                "name": "parameter2_operation", 

                                "type": "char" 

                            } 

                        ], 

                    }, 

                    { 

                        "name": "my_operation2_class_X", 

                        "returnType": "boolean" 

                    } 

                ]  

              } 

             ], 

            "associations": 

             [ 

              { 

                 "source": "my_class_X_in_jsonpath", 

                 "target": "my_class_Y_in_jsonpath" 

              } 

             ] 

        } 

    ]  

} 
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Listing 4: UML class model example described in the ASFM language 

2.4 Patches 

Besides the global hierarchy of the project, the common part of the ASFM describes also the 

patches to be applied to recreate the source code over a version of the code. At this point, the 

reviewer expects that the code is versioned with tools like git. Since the reviewer reviews only 

a module/unit at a time, a simplified or slightly modified version of the source code is usually 

more useful than the code of the (git) commit. That is why this section introduces patches to 

define this simplified or slightly modified version of the source code under review. 

A patch is a small file that indicates what was changed in a repository. It is generally used 

when someone from outside the team has read-only access but had a good code change 

available. He then creates a patch and sends it to the team. The team apply it and push it to 

the git repository. In DECODER, the reviewer needs to get the last version of the code to 

compile it and to launch the tests. Thus, in order to minimize the amount of data, we use the 

patch tool (like git). 

After the tests, the reviewer is likely to find bugs and suggest modifications to the code. Hence, 

he can modify the source code and send the modifications to the PKM.  

The global hierarchy of the project is described by means of the local structure and the external 

libraries. Then the patches are described through the related configuration or source file, the 

type of patch, the local content, etc. The JSON schema that describes an ASFM document of 

the patches to be applied is defined in Appendix E. An example describing a patch according 

to the ASFM format is shown in the json schema in Listing 5. 

 
{  

 "type": "asfm_patches", 

 "git-repo": "...", 

 "git-commit-id": "...", 

 "annotations": "...", 

 "comments": "...", 

 "external-libraries": 

 [ 

    { 

         "name": "...", 

         "installation-directory": "...", 

         "install": "...", 

         "id": "...", 

         "check-id": "...", 

         "update": "..." 

     } 

 ], 

 "local-structure": 

 { 

     "name": "...", 

     "content": 

     [ 

         { 

             "name": "...", 

             "content": [] 

         }, 

         { 

             "name": "...", 
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             "content": [] 

         } 

     ] 

 }, 

 "patches":  

 [ 

     { 

         "location": "source", 

         "directory": "...", 

         "file": "...", 

         "type": "modify", 

         "apply": "...", 

         "content": "..." 

     }, 

     { 

         "location": "local", 

         "directory": "...", 

         "file": "...", 

         "type": "new", 

         "apply": "...", 

         "content": "..." 

     } 

 ] 

} 

Listing 5: Patches example described in the ASFM language 

2.5 Contracts of methods of the API 

These contracts define how the methods of the API can be combined. The pre-conditions and 

the post-conditions of the method are a natural way to express such combination. If the post-

condition of a first method has a non-empty intersection with the pre-condition of a second 

method, then the second method can be called just after the first method. In the future, pre-

conditions could be less formal and directly says that a method need to be called after this 

other method. 

Pre-conditions and post-conditions usually refine the invariants that should be true before and 

after the application of the method. Like with events, there are two kind of contracts: detailed 

internal contracts that are required for formal verification to succeed and external contracts 

that are an abstraction of the internal contracts understandable by a user of the API. 

The JSON schema that describes an ASFM document of the contracts of methods is defined 

in Appendix B. As example, the following lines provide an example of how contracts are 

represented in the ASFM language. In this case, the “requires 0 <n && n<100” contract 

associated to the “BoundedStack” method is detailed next in Listing 6. 

 
{  

    "type": "asfm_contract", 

    "methodName": "BoundedStack", 

    "text": "requires 0 < n && n < 100;", 

    "typeContract": "precondition", 

    "clauses": 

    [ 

        { 

            "concatenationType":"and", 
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            "predicates": 

            [ 

                { 

                    "leftSideCond":{ 

                        "term": 0    

                    }, 

                    "opid":"<", 

                    "rightSideCond": { 

                        "term":"n" 

                    } 

                }, 

                { 

                    "leftSideCond": { 

                        "term":"n" 

                    }, 

                    "opid":"<", 

                    "rightSideCond": { 

                        "term":"100" 

                    } 

                }    

            ] 

        }             

    ] 

} 

Listing 6: Contract example described in the ASFM language 
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3 ASFM Specific Part Specification 

The reviewer aims to review different artefacts such as source code, documentation, 

requirements, models, tests, test-case generation, graphical description of a class/system, and 

bug descriptions. During the revision process, the reviewer will modify these artefacts 

according to the inconsistencies found between them. Some changes performed over a 

specific artefact (e.g., changing the name of a field) should be propagated to the respective 

artefacts, i.e., code, the model and the documentation. Therefore, the ASFM language and the 

tools should support high-level modifications that affect several types of documents. 

This section defines the ASFM language for the inputs and the outputs that are required to do 

a specific review task with only one tool. The results will be mainly exploitable by this tool; 

hence, the only requirement on this input/output data is that the ASFM format stores the whole 

content related to the modifications done by the reviewer. 

3.1 Documentation and requirements 

Developer’s documentation plays the most central role of the reviewing phase. It constitutes, 

in most of the cases, the main output of a code review, being used by the reviewer to explain 

what he has understood from the code. Since the reviewer is independent from the 

development process, his documentation will be very interesting and useful for a junior 

developer that needs to understand the code from scratch. 

The reviewer can access to the documentation in the different formats (e.g. Jupyter notebook, 

docx, odt, markdown, or pdf). When he asks for the documentation, he is likely to extract it 

from a global documentation stored in the PKM. 

The ASFM format for the documentation is the document in the required format (see Listing 7) 

plus the ASFM file that defines the extracted content. 

 

{  

  "type": "asfm_documentation", 

  "entity": "my_application/my_module_A/my_class_X", 

  "format": "jupyter-notebook", 

  "file-name": "..." 

} 

Listing 7: Excerpt of documentation example in the ASFM language 

Two utilities, pkm_to_doc and doc_to_json are used to support the reviewer in his task of 

reviewing documentation. While the pkm_to_doc utility is used to provide the reviewer with the 

documentation stored in the PKM according to the ASFM language, the doc_to_json utility 

is used to find the structure of the documentation and to send it back to the PKM with texts, 

images and animations for each part of the structure. 

Each project is free to define the format of its own documentation. An example of structured 

documentation at the application level can be: 
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 Title: name of the application 

 Text: text describing the application + the relationships between the modules 

 Title 1: name of the module 

◦ Text describing the module + the class diagram of the classes 

◦ Title 2: name of the class 

▪ Text describing the class + its graphical representation + the sequence (chart) 

diagram of the methods 

▪ Fields of the class 

 Field declaration 

 Field explanation 

 Type states of the class 

▪ Class invariant describing the relationships between the inherited class(es) and 

the fields  

▪ Declaration of the class 

▪ Private methods 

▪ Protected methods 

▪ Public methods 

 Method declaration 

 Method explanation 

 Pre-conditions 

 Post-conditions 

 Graphical animation explaining the underlying algorithm of the method 

 Relative Methods: called functions, similar functions, reverse functions, 

caller context 

The pkm_to_doc, doc_to_json utilities have to know the keywords defining the structure of 

this documentation that should be defined in a configuration file. 

pkm_to_doc has to produce such a structured documentation from data stored in the PKM, 

that are: 

 the previous documentation, 

 the module hierarchy and the class diagram (see section 2.3), 

 the formal annotations (class invariant, pre-conditions, post-conditions), 

 the code (declaration of the class, fields of the class, called functions), 

 the graphical description of the class, 

 the tests’ results and the analyses’ results to give examples and animations 

If some data are inconsistent, pkm_to_doc should emit a warning in the documentation. 

The doc_to_json tool has to parse the documentation modified by the reviewer to retrieve its 

structure. The content of each part should be compared with the previous documentation prior 

to the execution of the pkm_to_doc tool in order to know if some parts have changed. Then it 

should store the documentation into the PKM. All inconsistencies found and solved by the 

reviewer have to be transferred accordingly to the corresponding artefacts (other than 
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documentation), so these should also be updated or marked as “to be updated to be consistent 

with the documentation”. 

The utility tools doc_to_json and pkm_to_doc are behind the DECODER’s API (User 

Interface in the Figure 3). They act as a filter between the PKM and the reviewer documents. 

After the application of the doc_to_json tool, WP2 tools should apply NLP techniques on the 

new or modified parts of the documentation to understand its content and generate new high-

level formal annotations in ACSL or JML format. 

 

 

Figure 3: update of the documentation by the reviewer 

 

Section 5.6 explains this workflow from the reviewer point of view. 

3.2 Code and formal annotations 

During the reviewing task, the reviewer can make use of one or several artefacts. For example, 

the code, the code and the formal annotations (JML, ACSL), the code without the comments, 

the code and graphical methods (to be called in a debug session), the code with a header file 

to stub the external data structures and algorithms.  

The ASFM format for the code and formal annotations (see Listing 8) is the source code plus 

the ASFM file that defines the extracted content.  

 

{  

  "type": "asfm_source_code", 

  "entity": "my_application/my_module_A/my_class_X", 

  "info": "code-and-annotations", 

  "header-file": "..." 

  "directory": "..." 
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} 

Listing 8: Excerpt of source code example in the ASFM language 

Importing the code requires a utility pkm_to_code to build the source code from the one stored 

in the PKM with the additional annotations/comments/methods. 

The exportation of the code to the PKM also requires the reverse utility code_to_json to 

extract the comments, the annotations from the modified code. 

The reviewer is likely to check the contracts of the API, with the help of the detailed annotations 

defined in this specific part (see Section 2.5). To check them informally, he can use tests and 

instrumentation tools like Frama-C/E-ACSL1, openJML2. To check them formally, he can use 

tools like Frama-C/WP3. 

Sometimes the verification fails because the annotations are not sufficiently detailed or have 

errors. Hence, the reviewer is likely to modify the annotations and send them back to the PKM. 

After the execution of the code_to_json utility, WP2 tools should apply NLP techniques on 

the comments to check the consistency with the content of the code. 

Like doc_to_json, the utility tools code_to_json and pkm_to_code are behind the 

DECODER’s API (User Interface in the Figure 4). 

 

 

Figure 4: update of the code and the annotations after a review 

 

The sections 5.1 and 5.2 explain this workflow from the reviewer point of view. 

                                                

1 https://frama-c.com/eacsl.html 

2 http://www.openjml.org/ 

3 http://frama-c.com/wp.html 
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3.3 UML models 

The reviewer can also ask for UML models, i.e., class diagrams, state charts and the sequence 

charts. The core part of these three models are shared with the other artefacts. The structure 

of the application (see section 2.3) is shared with the documentation; the state machine model 

(section 2.2) is shared with the tests and the verification, the sequence charts is shared with 

the tests/analyses and the test coverage. 

The reviewer should check if these models conform to the common part (section 2) enriched 

by the other tools. He can import some completion coming from the common part. This 

modifies his model and he can send back the modified model to the PKM. 

The reviewer can basically add details in his model and send the new version to the PKM. 

3.4 API and Unit Tests 

The reviewer can import the unit tests and execute them. A Unit Test exercises the API to see 

if its execution behaves as expected. In case of failure, the reviewer can modify either the code 

or the unit test. In case of success, he can add more tests or more verifications in the unit test. 

The tool utility state_model_to_test will generate automatically a first generic unit test from 

the state model described in JSON format and from the API with constraints (see also section 

2.5) stored in the PKM. This test exercises the API according to the state model with input data 

constrained by intervals depending on the constraints over the API. This test supports both a 

“test” logic through execution, an “abstract interpretation” logic and a “deductive verification” 

logic. 

In the “test” logic, the input data can only take one (random) value in the specified interval and 

the test is compiled and linked with the code to be executed with this input value.  

In the “abstract interpretation” logic, the input data can take the specified interval as input 

domain. The abstract interpreter, for instance Frama-C/EVA4, will propagate the input domains 

over the code and will emit warnings/alarms if this propagation has a chance to break an 

assertion, i.e., a formal annotation. The propagation performs a static analysis of the code by 

abstract interpretation. The propagation is an over-approximation of all the possible executions 

so it is likely to generated true and false alarms (false negatives), but if the analysis does not 

complain (no false positives can occur), then the reviewer is sure of the absence of bugs 

relative to Run-Time Errors. 

In the “deductive verification” logic, the input data can also take the specified interval as input 

domain. The verification, with Frama-C/WP for instance, checks the contracts of every function 

that may be called from the generic test. Therefore, contracts as formal annotations should 

exist for every function. If the code is correct, the reviewer can remove a majority of alarms. 

He can use automatic theorem proving and powerful interactive theorem provers (like Coq5). 

                                                

4 http://frama-c.com/value.html 

5 https://coq.inria.fr/ 

http://frama-c.com/value.html
https://coq.inria.fr/
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The remaining alarms should be the undecidable ones in the logic of theorem provers, which 

concerns few algorithms in practice. 

The reviewer can also modify the existing unit tests, for example by replacing some constant 

values or read values by an interval. Therefore, he transforms the test into a scenario 

compatible with abstract interpretation. Frama-C/EVA can then check if the scenario verifies 

all the assertions for all values in the interval at the price of potential false alarms to remove. 

When he imports a test, the reviewer receives: 

 the source code, 

 the code of the test that exercises it, 

 and an additional ASFM test file that describes the tests and the results of its execution. 

 

The execution results are the coverage of the test, if the test has failed or not, the output 

results; the additional ASFM test file can also describe the expected results if they are different 

from the output results. 

Storing the output results is important for the reviewer. He can exercise the tests on a different 

architecture to check them again. Moreover, reproducing a test campaign or a verification by 

abstract interpretation can be very costly; hence, he has a direct access to the results. Listing 

9 shows an excerpt of a test example in the ASFM language. 

 

{  

  "type": "asfm_test", 

  "entity": "my_application/my_module_A/my_class_X", 

  "local-structure": 

  { 

    "name": "...", 

    "content": 

    [ 

      { 

        "name": "...", 

        "content": [] 

      }, 

      { 

        "name": "...", 

        "content": [] 

      } 

    ] 

  }, 

  "directory": "...", 

  "file-name": "...", 

  "content": "...", 

  "verification-method": "execution", 

  "build-options": "...", 
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  "coverage": { 

    "type": "asfm_chart", ... 

  }, 

  "results": { 

    "type": "sarif", ... 

  }, 

  "expected-results": { 

    "type": "sarif", ... 

  } 

} 

Listing 9: Excerpt of a test example in the ASFM language 

3.5 Test-case generation 

TESTAR tool interacts with the System Under Test (SUT) through the Graphical User Interface 

(GUI) in order to test it. TESTAR does not need access to the source code to do that. The 

artefacts that are created by TESTAR (test results and state model) hence are on a very 

different level compared to the other tools. Since TESTAR interacts only through a GUI, it does 

not know how changes in the source code immediately affect its results. In the case where 

someone wants to review the results of changes in source code on the TESTAR artefacts, this 

means that TESTAR must be used to generate completely new artefacts and compare them 

with the previous ones. 

It is important to know that TESTAR does not create its artefacts based on source code, 

documentation, or transformations derived from these artefacts such as for example tools that 

can obtain a UML model from the existing code or performing unit tests of that code. 

The artefacts created by TESTAR are files with different formats and sizes impossible to 

represent them entirety in a JSON valid format for the PKM. 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 an external database that stores the entire 

State Model and all the results of testing a version of an application. 

TESTAR will produce two artefacts that consist of: 

 State Model 

 Test Results 

◦ HTML report of the test sequence 

◦ Replayable test sequences (.testar files) 

◦ Images 

◦ JSON with information about the images 

◦ Logs 

◦ test.settings and protocol used 

 

The ASFM format for TESTAR will focus on helping the reviewer to transform the JSONs 

artefact that represents the State Model and the Test Result (summary information and 
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external references), in a set of visible and understandable data. Listing 10 shows an excerpt 

of a TESTAR execution example in the ASFM language. 

 

{  

  "type": "asfm_testar",  

  "entity": {  

    "sut": {  

      "name": "SUT name",  

      "version": "SUT version",  

      "url": "external reference"  

    } , 

    "tool": {  

      "name": "TESTAR",  

      "version": "TESTAR version",  

      "url": "external reference"  

    }  

  }  

  "id": "...",  

  "model": {  

    "summary": {  

      "name": "",  

      "version": "",  

      "size": {  

      },  

      "abstraction": [],  

      "results": {  

      }  

    },  

    "url": "external reference"  

  }  

  "test_results": {  

    "summary": {  

      "run": {  

        "sequence": {    

    }  

    "testSettings": {  

    }  

      }  

    },  

    "url": "external reference"  

  }  

} 
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Listing 10: Excerpt of a TESTAR execution example in the ASFM language 

Finally, it should be noted that TESTAR artefacts can be replaced by new ones by invoking 

the tool again. However, the reviewer cannot modify them directly. Figure 5 describes how 

tests are updated in the PKM after the application of TESTAR. 

 

Figure 5: update of the tests after the application of TESTAR 

3.6 Graphical description 

When tests succeed, the reviewer is encouraged to provide explanations on what does the 

class/system and how it does it. A graphical abstraction is interesting for him to quickly see the 

status of an object (instance of a class/system) in the documentation, before or after the 

application of a function and during a debug session. Changing the way of drawing a class 

should automatically change the documentation and some animations (Jupyter Notebook6). 

As the reviewer needs to edit these descriptions, he will import them in the GSL (Graphical 

Specification Language) format, which is a subpart of the ASFM language. The GSL should 

be fully compatible with SVG, even if it has some meta-data related to code variables and 

programmable constructions built above ASFM expressions. Listing 11 shows the main fields 

of such a graphical description. 

 

{  

  "type": "asfm_graphical", 

  "entity": "my_application/my_module_A/my_class_X", 

  "geometry": "...x...", 

  "content": 

  [ 

    { 

                                                

6 https://jupyter-notebook.readthedocs.io/en/stable/ 

https://jupyter-notebook.readthedocs.io/en/stable/
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      "id": "...", 

      "type": "inherits", 

      "name": "...", 

      "geometry": "...x...", 

      "position": "...+...", 

      "content": 

      { 

        "entity": "my_application/my_module_A/my_class_B", 

        "geometry": "...x...", ... 

      }, 

      "draw": "natural" 

    }, 

    { 

      "id": "...", 

      "type": "field", 

      "geometry": "...x...", 

      "position": "...+...", 

      "draw": "natural" 

    }, 

    { 

      "type": "arrow", 

      "color": "blue", 

      "source-id": "...", 

      "target-id": "..." 

    }, 

    { 

      "type": "duplicate", 

      "number": "asfm_expression", 

      "content": 

      [ ... ] 

    } 

  ] 

} 

 

Listing 11: Excerpt of a graphical description example in the ASFM language 

By modifying this content and sending it to the PKM, the reviewer updates some animations in 

the documentation and the drawing functions in the code. This content is also available for 

debug sessions. Figure 6 shows how graphical descriptions are updated in the PKM by the 

reviewer. 
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Figure 6: update of a graphical description 

3.7 Bug description 

With the tests, the coverage of the test results, and a graphical description, the reviewer has 

material to update/add a new bug report in the PKM after suspecting an inconsistency between 

the code and the requirements, after the execution of a TESTAR campaign or with new 

analysis results on existing tests. He can also complete an existing bug report with a new test 

case or with new insights in the bug description. If he corrects an existing bug with a standard 

debugger or the graphical one, he can also change the bug’s status. The importation of a 

Bugzilla database can also fill the PKM with new bugs. Listing 12 shows how bugs are 

described according to the ASFM format. 

 

{  

  "type": "asfm_bug", 

  "entity": "my_application/my_module_A/my_class_X", 

  "id": "...", 

  "description": "...", 

  "severity": "...", 

  "complexity": "...", 

  "status": "...", 

  "reproductible": 

  [ 

    { 

      "type": "asfm_test", ... 

    } 

  ] 

} 

Listing 12: Excerpt of a bug example in the ASFM language 

It mainly refers to existing tests (see section 3.4) that may be registered in the PKM. 
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3.8 Consistency of the artefacts 

After having updated every artefact, the reviewer can look at the quality/consistency of all the 

artefacts for a given Unit/module, which is a sub-part of the traceability matrix. If from the 

DECODER’s interface, he sees that the code is not conform to the documentation, then he will 

download both artefacts to understand the one that is not up-to-date. Listing 13 shows an 

excerpt of how inconsistences between artefacts are represented in the ASFM format. 

 

{  

  "type": "asfm_quality", 

  "entity": "my_application/my_module_A/my_class_X", 

  "id": "...", 

  "sources": [ "code", "documentation" ], 

  "common-part": "my_application/my_module_A/my_class_X", 

  "diff-part": 

  [ 

    { "my_function_A" }, 

    { } 

  ], 

  "description": "...", 

  "severity": "..." 

} 

Listing 13: Excerpt of artefacts consistency example in the ASFM language 

The main part of such specification is the “diff-part” that shows the differences between the 

code and the documentation. On the example, the function “my_function_A” is present in the 

code, it has a significant amount of lines and it is not present in the documentation. 
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4 Tools to generate ASFM documents 

During the previous sections, we have defined the ASFM language by means of its format. 

This section focuses on how the DECODER’s GUI generates ASFM documents from queries 

to the PKM and how it updates the PKM content with new ASFM documents. As minimal 

hypotheses, we consider that the PKM contains the source code at the beginning of a review 

session. 

The DECODER utility tools are then useful: 

 to add a new source code file or update existing code with bug correction. 

 to create a developer’s documentation to the project or to update parts of an existing 

documentation. 

 to convert an API with contracts and constraints to a unit verification. 

Three reviewer tools go beyond these utility tools to feed the PKM with interesting results. The 

first one is Eclipse and its modelling plugins. The reviewer uses it to create, import, edit and 

export models to the PKM. Depending on the type of model, he is likely to send the model to 

the PKM with the adequate ASFM header. The second one is TESTAR. The reviewer uses it 

to generate test-cases from a GUI. The reviewer can then export TESTAR results, tests and 

bugs to the PKM. The third one is the Graphical Debugger. The reviewer uses it to 

understand/debug a code and to add formal annotations/contracts inside the code. He can 

export the annotations and the graphical modifications to the PKM. Next subsections explain 

the utility tools listed in Table 1: List of DECODER utilities.  

4.1 code_to_json 

The tool code_to_json parses source code artefacts to extract the comments and annotations 

included in it, which are then provided to the reviewer according to the ASFM format. This 

utility sends to the PKM three artefacts: 

 the source code in the original format, 

 the AST of the source code, 

 a json document with the associated comments and annotations. 

Even though the reviewer can always retrieve the source code in its original format, he can 

also use the pkm_to_code utility to retrieve the content of this artefact in another format, i.e., 

in the ASFM format. 

The retrieval action can be performed at the artefact level, i.e., by retrieving the whole content 

of the source code artefact, but also as the artefact portion level, i.e., by retrieving a specific 

chunk of content from the source code artefact. These two levels allow the reviewer to inspect 

the source code in its totality but also to focus on a specific part of it (e.g., a loop within a 

specific function with its associated invariant and comments). 

In any case, the reviewer can modify the retrieved content or add new one (e.g., including 

comments and annotations to complete the preconditions of a given method) in any of the 

retrieved formats, i.e. at the source code or the ASFM format level. In any case, all changes 

have to be transferred and stored in the PKM. However, prior to this the traceability matrix 

should verify that those changes do not introduce any inconsistency in the PKM content. This 
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way, we can guarantee consistency among the different artefacts and content stored at the 

PKM. 

4.2 doc_to_json 

The tool doc_to_json has to parse the documentation to extract its structure in terms of 

module/classes/functions. It should be able to do this from standard documentation format 

(Jupyter Notebook, doxygen, docx. Markdown). We suppose that the organization of 

documentation follows the description below 

 Title: name of the application 

 Text describing the application 

 Title 1: name of the module 

◦ Text describing the module 

◦ Title 2: name of the class 

▪ Text describing the class 

▪ Declaration of the class 

▪ Methods of the class 

 Method declaration 

 Method explanation 

 Informal contract 

A configuration file should exist to read this documentation and to extract its structure as 

specified in section 2.3.  

The result of this utility is a tree where the leaves contains formatted text, Javadoc or doxygen 

tags, images and animations (Jupyter7). doc_to_json sends to the PKM: 

 the original documentation in the original format, 

 a json document with the structure above with the corresponding subpart of the 

documentation in the leaves. The json document can have the format of Listing 14. 

 
{ 

  "name": "application name", 

  "content": [ { "application description 

     = formatted text + images + animations" } ] 

  "units":  

  [ 

    { 

      "name": "unit name", 

      "content": "unit description" 

      "classes":  

      [ 

        { 

          "name": "class name", 

          "content": [ { "class description" } ] 

          "types":  

                                                

7 https://jupyter.org/ 

https://jupyter.org/
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          [ 

            { 

              "name": "type name" 

              "declaration": "declaration in the programming language" 

              "content": [ { "text = type description" } ] 

            } 

          ], 

          "fields":  

          [ 

            { 

              "name": "field name" 

              "declaration": "declaration in the programming language" 

              "content": [ { "text = field description" } ] 

            } 

          ], 

          "methods":  

          [ 

            { 

              "name": "method name" 

              "declaration": "declaration in the programming language" 

              "content": [ { "text = method description" } ] 

            } 

          ] 

        } 

      ] 

    } 

  ] 

} 

Listing 14: Excerpt of a JSON document with the output of the doc_to_json tool 

The reviewer can then retrieve the original documentation with the registered documentation 

(no loss of information).  

He can also retrieve the documentation in another format with the reverse tool pkm_to_doc. 

The json document defined above will define the backbone of the new documentation. The 

formatted text, the image and the animations in the “content” part have to be converted for the 

new documentation format. If the conversion fails, then some part of the documentation may 

be missing in the new format. This issue is minored by the fact that the missing part is still 

present in the original format and that an update in the new format has to modify the 

documentation in the original format. 

The reviewer can also ask for a subpart of the documentation, for example the documentation 

of a class or of a function. As for the documentation in another format, pkm_to_doc will extract 

this new documentation from the json subpart dedicated to this class/function. 

The “content” fields are lists. Some items can come from the code (ex: declaration of the class), 

from the models (ex: class diagrams), from the annotations (ex: invariants, pre/post-conditions 

of functions). The reviewer can modify these new parts, but the traceability matrix in the PKM 

will verify that the changes are still consistent with the corresponding artefacts (code, models, 

annotations). 
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4.3 state_model_to_test 

The tool state_model_to_test has to load the state machine model as a json file and to 

generate a generic test that enables to exercise the API of a module. The state model is 

defined by the state chart format (see section 2.2). The nodes are the functions of the API. The 

(hyper-)edges contain the state modification and the constraints in the expression language 

(see section 2.1) that are required to reach the target. 

For a given class, if no state machine model is specified, the PKM can generate a generic one. 

Listing 15 shows an excerpt of a JSON document to represent a state model. For example, for 

a given class X, the following state model is the result of a generation plus the addition of a 

counter that counts the calls to the “X::set…” methods. This counter ensures that a "X::get…” 

method occurs after a “X::set…” method.  

 

 

{  

  "type": "asfm_chart", 

  "nodes":  

  [ 

    { 

      "id": "node_1", 

      "type": "before-construction", 

      "nexts": 

      [ 

        { 

          "type": "simple", 

          "id": "X::X()", 

          "action": 

          [ 

            { 

              "type": "var-init", 

              "content": 

              { 

                "name": "count", 

                "def": 

                { 

                  "type": "asfm_expression", 

                  "text": "0" 

                } 

              } 

            } 

          ], 

          "action-name": "X::X()", 

          "target-id": "node_2" 

        } 

      ] 

    }, 

    { 
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      "id": "node_2", 

      "type": "methods", 

      "nexts": 

      [ 

        { 

          "type": "simple", 

          "id": "X::get...()", 

          "constraint":  

          [ 

            {  

              "type": "asfm_expression", 

              "text": "count > 0", 

              "content":  

              { 

                "opid": ">", 

                "args": 

                [ 

                  { 

                    "opid": "var", 

                    "text": "count" 

                  }, 

                  { 

                    "opid": "cst_int", 

                    "text": "0" 

                  } 

                ] 

              } 

            } 

          ], 

          "action": [], 

          "action-name": "X::get...()", 

          "target-id": "node_2" 

        }, 

        { 

          "type": "simple", 

          "id": "X::set...()", 

          "constraint": [], 

          "action": 

          [ 

            { 

              "type": "var-assign", 

              "content": 

              { 

                "name": "count", 

                "def": 

                { 

                  "type": "asfm_expression", 

                  "text": "count+1" 

                } 
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              } 

            } 

          ], 

          "action-name": "X::set...(int)", 

          "target-id": "node_2" 

        }, 

        { 

          "type": "simple", 

          "id": "X::~X()", 

          "action-name": "X::~X()", 

          "target-id": "node_3" 

        } 

      ] 

    }, 

    { 

      "id": "node_3", 

      "type": "after-desctruction", 

      "nexts": [] 

    } 

  ] 

} 

 

Listing 15: Excerpt of a JSON document to represent a state model 

For this state model, the tool state_model_to_test can generate the generic test of Listing 

16.  

 

 

{  

  "type": "asfm_test", 

  "entity": "my_application/my_module_A/my_class_X", 

  "local-structure": 

  { 

    "name": "tests", 

    "content": [ { "name": "generic_X.cpp" } ] 

  }, 

  "directory": "tests", 

  "file-name": "generic_X.cpp", 

  "verification-method": "execution", 

  "build-options": "...", 

} 
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Listing 16: Excerpt of a generated test 

In the generated test, tests/generic_X.cpp is a file containing a generic test (see an example 

on Listing 17). 

 

 

#include "…X.h" 

int main() { 

   int nb_methods = interval(0, INT_MAX); 

   if (nb_methods == 0) return 0; 

   X x = new X; 

   int count = 0; 

   nb_methods = nb_methods-1; 

   while (true) { 

     if (nb_methods == 0) return 0; 

     int choice = interval(0, 3); 

     if (choice == 0) { 

        if (count > 0) 

           x->get…(); 

     } 

     else if (choice == 1) { 

        count = count+1; 

        int val_int = interval(INT_MIN, INT_MAX); 

        x->set…(val_int); 

     } 

     else if (choice == 2) { 

        delete x; 

        nb_methods = nb_methods-1; 

        return 0; 

     } 

     nb_methods = nb_methods-1; 

   } 

} 

 

 

Listing 17: Excerpt of a file contaning generic tests 

In the mode "verification-method": "execution", the interval construction returns 

random value in the interval. In the mode "verification-method": "abstract-

interpretation", the interval construction returns the full interval and it is propagated over 

the function calls. 

4.4 class_model_to_json 

The tool class_model_to_json has to parse the class model and generate a json file that 

represent the loaded class model.  The class diagram model is defined by the UML class 
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diagram format (see section 2.3). The UML Class diagram allows to represent the structure of 

the unit under review in terms of modules, classes, attributes and operations. Specifically, this 

model defines the classes, associations between classes (link linksTo), inheritances and 

generalizations of classes (links isA) and the operations and attributes of the classes (hasA). 

The associations between classes can be compositions or aggregations. The json document 

can have the format of Listing 18. 

 

{  

 "type": "asfm_hierarchy", 

 "name": "my_application", 

 "modules":[ 

 { 

  "name": "my_module_A", 

  "classes":[ 

  { 

   "name": "my_class_X", 

   "inherits": [ "class_in_jsonpath", "classB" ], 

   "attributes": [ 

   { 

    "name": "my_attribute_class_X", 

   "type": "boolean" 

   }], 

   "operations":[ 

   { 

    "name": "my_operation_class_X", 

    "returnType": "integer", 

    "parameters": [ 

    { 

     "name": "parameter1_operation", 

     "type": "boolean" 

    }, 

    { 

     "name": "parameter2_operation", 

     "type": "char" 

    }], 

   }, 

  { 

    "name": "my_operation2_class_X", 

    "returnType": "boolean" 

   }]  

  }], 

  "associations":[ 

  { 

   "source": "my_class_X_in_jsonpath", 

   "target": "my_class_Y_in_jsonpath" 

  }] 

 }], 

} 
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Listing 18: Excerpt of a JSON document generated with the class_model_to_json tool 

The reviewer can create a UML class diagram for a module whose code is not still ready. 

Hence, he can do some verifications about the integration with the other modules.  

The user can also import a UML class diagram when the code exists. He will update it with the 

requirement documentation and then export it again in the PKM. The class diagram enables 

to check the consistency with the code. They should be complex enough to reflect the 

complexity of the data structures. However, they should also provide a simple graphical view 

to see the structure of a system at a glance. 

4.5 asfm_testar_to_json 

The TESTAR State Model that contains the found information of the explored SUT can be 

exported into a JSON with a size of GBs, something not possible to store in the PKM. Also, 

the Test Results that contain the information about the different executions and his results, are 

a set of binary data that cannot be transformed in JSON format. 

For this reason, it was decided to include the most relevant information of the State Model and 

the Test Results (see Listing 19), together with the way to obtain and analyze the original data 

set. JSON files will contain: 

 

Information about the SUT and how it was executed: 

 Application and version. 

 Where we can download it (If free source). 

 Operating System (OS) where the SUT was running. 

 How to access to the GUI of the SUT (Example: through web browser if the SUT is 
running on a external server). 

 

Information about TESTAR: 

 TESTAR version employed. 

 Where we can download it. 

 OS that hosts TESTAR compilation. 

 The test.settings and the Java protocols, used to customize the actions selections 
strategy, oracles definition, and other TESTAR functionalities, will be included to help 
the reviewer and users. 

 

Information about OrientDB: 

 OrientDB version. 

 Where we can download it. 
 

Summarized results: 

 Number of runs and sequences created. 

 Result of these sequences (OK, Warning, Error, etc.) 

 How many different States, Widgets and Actions were found. 

 Were all Actions successfully executed? 
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 Which type of abstraction was selected? 

 Was it a deterministic State Model? 

 Size of the original State Model JSON and the Test Results files. 
 

Complete results and Original data: 

 URL that aims to the original State Model in JSON format. 

 URL that aims to all the obtained Test Results. 
 

{  

 "artefact": "TESTARmodel",  

 "tool": {  

  "name": "TESTAR: Automated Robustness Testing at the GUI level",  

  "isOpenSource": true,  

  "license": "BSD-3-Clause License",  

  "url": 

"https://www.testar.org/images/development/testar_master_2.2.0.zip",  

  "version": "2.2.0",  

  "operatingSystem": "Windows 10, 64 bits"  

 },  

 "sut": {  

  "name": "My Thai Star reference application for devonfw",  

  "isOpenSource": true,  

  "license": "Apache 2.0 License",  

  "url": "https://github.com/devonfw/my-thai-star",  

  "version": "3.1.0",  

  "operatingSystem": "CentOS 7 x86 64 Minimal 1810"  

 },  

 "model": {  

  "type": "TESTAR State Model artefact",  

  "name": "MyThaiStar",  

  "version": "3.1.0",  

  "url": "https://www.testar.org/models/MyThaiStar_3.1.0.json.gz",  

  "size": {  

   "type": "MB",  

   "compressed": 300,  

   "uncompressed": 500  

  },  

  "abstraction": [  

   "WidgetControlType",  

   "WidgetAutomationId"  

  ],  

  "results": {  

   "edges": 3000,  

   "vertex": 400,  

   "warnings": 35,  

   "errors": 5,  

   "deterministic": true,  

   "UnvisitedActions": 0  

  },  

  "database": {  

   "name": "OrientDB",  
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   "engine-version": "3.0.13 - Veloce (build 

ac16faac50ef66f4ca5ae5f792b2145b9d0b53d4, branch 3.0.x)",  

   "engine-build": "ac16faac50ef66f4ca5ae5f792b2145b9d0b53d4"  

  },  

  "testSettings": {  

   "SUTConnector": "WEB_DRIVER",  

   "SUTConnectorValue": "C:\\webdrivers\\chromedriver.exe\" 

\"1920x900+0+0\" \"http://10.101.0.222:8081\"",  

   "SuspiciousTitles": ".*[eE]rror.*|.*[eE]xcepti[o?]n.*",  

   "ClickFilter": 

".*[sS]ave.*|.*[gG]uardar.*|.*[pP]rint.*|.*[iI]mprimir.*|.*[dD]isconnect.*",  

   "ProtocolClass": 

"webdriver_statemodel/Protocol_webdriver_statemodel",  

   "ForceForeground": "true",  

   "ActionDuration": "0.1",  

   "TimeToWaitAfterAction": "0.1",  

   "TimeToFreeze": "30.0",  

   "MaxReward": "9999999",  

   "Discount": ".95",  

   "DataStoreMode": "instant"  

  }  

 }  

} 

Listing 19: Excerpt of a TESTAR test results 

To create this JSON a TESTAR plugin will be developed internally in the tool as an additional 

functionality. 

State Model and Test Results artefacts are based on application/version pair, where a version 

is determined by the total set of data that generates the SUT. We must keep in mind that if a 

piece of code, documentation, or whatever low-level data is changed, then the final compilation 

of the SUT has changed and we are on a new version of an application: the previous artefacts 

will no longer be valid for this new version. 

State Model artefact is uniquely related with one version, throughout new executions it is 

possible to connect and increase the content of an existing State Model if the version did not 

change. The State Model has the possibility to be writable or only readable, however this will 

not affect the final structure of generated artefacts. 

Test Results artefact are also related with this pair, but new executions will create always new 

results in a non-incremental way. It is possible to use a specific replayable sequence, created 

on previous results, to replay the same sequence of actions, however the results will be also 

new. 

Therefore, one SUT that is a pair of an application/version, will have one State Model linked to 

them and will have many Test Results executions as desired. 

 

1 SUT (application/version pair) -> 1 State Model -> X Test Results (X executions) 
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The reviewer will be able to verify if the TESTAR JSON information is correct with the 

summarized results, or if he desires, obtain the source results from the external database to 

analyze its contents in more details. If the reviewer thinks that the State Model is not 

completed, or that it would be better to run more test results, a new TESTAR execution will be 

invoked, updating the State Model, creating more test results and renewing the JSON that 

contains this information. 

In case that the reviewer changes some data related with the SUT, a new TESTAR process 

must be created, because these changes mean that the version of the application is different 

and previous TESTAR results are not reliable. 

4.6 The Graphical Debugger 

The graphical debugger should support the same set of commands offered by a standard 

debugger tool such as gdb, or lldb. It should also draw visible objects at a program point: how 

to draw them is specified in a configuration file written with the Graphical Specification 

Language. 

The objective of the Graphical Debugger is more efficient debug sessions. Its design is inspired 

from the Visual Studio Debugger and from ddd with custom drawings to see a potential problem 

before an error occurs in the debugger. It should be composed of two parts: a concrete 

debugger that plugs onto an existing debugger (gdb) and an abstract debugger that can start 

at any place in the source code, for example a function. To advance in the code, the abstract 

debugger should create formal pre-conditions to make this step possible. The addition of the 

formal pre-conditions will create an annotation in ACSL(++), JML. When the abstract debugger 

reaches the end of the function, it can save its internal memory state as a formal post-condition 

in ACSL(++), JML for the function. The couple of annotations (pre-condition/post-condition) 

forms a formal contract. In a debug session, the user often tries and needs to come back if 

what he sees is not what is expected. The abstract debugger should support this come back. 

Note that the development of the concrete graphical debugger has started, but not the 

development of the abstract graphical debugger. 

The Graphical Debugger should enrich the notions of invariant and type states in ACSL(++), 

JML. The type states are in strong connection with the UML state machine diagrams so the 

Graphical Debugger will also help to refine them. 

During a debug session, objects evolve, which creates an animation of the drawings. This 

animation can be a good explanation on how the code works. Hence, both debuggers should 

be able to generate Jupyter code that reproduces this animation for the needs of the 

documentation. 

The reader can think that a graphical debugger session does not need to be stored in the PKM: 

only the results of this session seem important, that are 

 the animations for the documentation, 

 the new generated formal annotations, 

 update of the configuration file written in the GSL format, 

 update of the code with new graphic functions. 
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In fact, the log of the debug session can be an important source for future machine learning to 

automatically generate formal annotations. That is why we provide a json format to register the 

log file into the PKM (see Listing 20). 

 

{  

  "type": "asfm_debug_session", 

  "entity": "my_application/my_module_A/my_class_X", 

  "start-function": "...", 

  "log-commands": 

  [ 

    { 

      "type": "break", 

      "argument": "...", 

      "result": null 

    }, 

    { 

      "type": "next", 

      "argument": "", 

      "result": { "value": true } 

    }, 

    { 

      "type": "draw", 

      "argument": "...", 

      "result": 

        { 

          "type": "class ...", 

          "parameters": 

            [ 

              { 

                "...": ..., 

                "...": ... 

              } 

            ] 

        } 

    }, 

    { 

      "type": "finish", 

      "argument": "", 

      "result": { "value": true } 

    } 

  ] 

} 

Listing 20: Excerpt of a JSON document to register the log file 
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5 Reviewer usage scenario 

This section describes specific actions of the reviewer and how he will conduct them with the 

ASFM and WP3 tools. 

5.1 Code review of a new code 

The objective of a first code review is to check the architecture of the code. It should answer 

to the following questions: 

1. are the data structures suited for the needs of the application? 

2. does the algorithm have sufficient arguments to do their job? 

3. are all the usages of this new code defined? 

4. is the API of the new code correct to concretely call it when it is required? 

This first review will not try to find bugs; finding bugs could be more efficient with tests at this 

moment. Once the reviewer has understood the code, he can: 

 write the documentation about what he has understood 

 update the class diagram with the new code 

 create the API and the state model of the new code 

For that he needs: 

 to extract the new code from the PKM and the code of modules that need to call it 

 to ask for the documentation; since it is new a code with no related documentation, the 

reviewer asks the User Interface to call pkm_to_doc to create a skeleton of the 

documentation from the structure of the code. The documentation should include the 

class diagrams that can be elaborated from the doxygen or javadoc tools. 

 

From these artefacts, he can: 

 compile the new code and check if it is complete to partially answer the question 1 

and 2. 

 modify the source code of the modules in order to call the new code. Once the modified 

code compiles, the reviewer can partially answer to the question 3 and 4. 

To complete these answers, he can update the documentation. The answer’s completion will 

come from the explanation of the role of each field, each non-trivial function.  

From the description of the function, he can also start to write an API for the new code with 

unit testing in mind. By adding some type states in the new code, he can also create a state 

model at unit level. 

At the end of his work, he can send back new artefacts and updates of existing artefacts to the 

PKM, that are: 

 the documentation, 

 new formal annotations in the code that concern the type states, 

 the API of the new code 

 an UML state machine diagrams 

 a generic unit test in the code 
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5.2 Code review of a code update 

After the code update, the reviewer has different objectives than a first code review. It should 

answer to the following questions: 

1. has the update changed the documentation? 

2. are the algorithms’ updates correct and robust? 

3. is the unit verification completely covered by the verification methods? 

4. if not, how to find the next problem? 

This review will try to find bugs or to prove their absence after all the artefacts have been 

updated. Here are different tasks that the reviewer can do in sequence: 

 update the documentation, 

 intensively test the update of the algorithms, 

 write the formal contracts of every algorithm, 

 try to prove the formal contracts, 

 in case of failure of the proof, try to extract the conditions as an ASFM expression and 

a test case that will enable to understand the origins of the failure 

 add a new bug report or a new verification method or update the code, the contracts; 

the choice depends on his understanding of the failure origins 

For that he needs: 

 to extract the updated code, with the annotations from the PKM and the code of 

modules that call it 

 to extract the current documentation from the PKM with indications on where it is no 

more consistent with the code 

 to extract the current verification methods available at this unit level 

 

From these artefacts, he can: 

 answer the question 1 and update the documentation 

 use TESTAR to intensively tests the modules that have a GUI and that call this module. 

This should answer question 2. 

 use the Graphical Abstract Debugger to check every algorithm, to update the 

documentation with animations and to write formal contracts for every algorithm 

 try to prove the formal contracts with Frama-C/WP for instance. This may answer 

positively to question 3. 

 The question 4 can be covered by the following actions 

◦ use again the Graphical Abstract Debugger and orient it to the code that may fail; 

then generate formal constraints whose satisfaction enables to reach the fishy code 

◦ solve the formal constraints with a solver and run the generic unit test with the 

Graphical Concrete Debugger to look for a bug 

◦ add a new bug report with this test to reproduce it if the reviewer finds a bug 

◦ update the contracts if the reviewer has eliminated the presence of a bug 

◦ update/refine the verification methods with new test for Continuous Integration if 

the reviewer has not concluded 
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At the end of his work, he can send back new artefacts and updates of existing artefacts to the 

PKM, that are: 

 the update of the documentation, 

 new tests/new bug reports from TESTAR or from directed debugging, 

 the update of the formal annotations 

5.3 Generate models 

The reviewer can create a UML models for a module whose code is not still ready. Hence, he 

can do some verifications about the integration and the interactions with the other modules. 

The models concern the class diagrams, the state machine models, the diagram sequence 

charts. With these models, DECODER can generate some minimal code skeleton. It enables 

to compile with the other modules and to do some verification for instance with Frama-C/value, 

since the code skeleton can act as stubs for the future functions.  

The user can also import a UML model when the code exists. He will update it with the 

requirement documentation and then export it again in the PKM. The state machine models 

enable to check the consistency with the code. They should be complex enough to reflect the 

complexity of the data structures. However, they should also provide a simple graphical view 

to see the state of a system at a glance. 

The reviewer can also check the consistency of the models with the code, the formal 

annotations and the requirement documentation. He just has to ask the User Interface for the 

inconsistencies with the models (see Section 3.8).  He can then update the models or correct 

the annotations to save them again in the PKM. 

5.4 Generate state models from execution at the GUI level 

Currently in TESTAR, the use of a graph database is being implemented to store and link all 

the information about Widgets, States and Actions, that is found while testing the SUT through 

the GUI. This linked graph is what we call State Model. Inside this model, GUI images can be 

stored using the coordinates of the States and Widgets, which means that all the linked graph 

can be navigated visually. 

A JSON that represents the TESTAR State Model can be exported and imported together with 

the OrientDB tool, but their size can easily exceed GBs with complex applications. Therefore, 

all the information in a JSON will not be transformed, but there will be a reference that will 

indicate the URL of its storage and the version of TESTAR with which it is possible to visualize 

its content. 

The reviewer will be able to obtain the summary of the results, and if desired, access the 

external URL to import the entire State Model from TESTAR to OrientDB. After this, he will be 

able to invoke the State Model analysis mode that allows the visualization of the images and 

elements attributes. 
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5.5 Define unit verification methods for Continuous Integration 

After a review of a complex algorithm or complex code interactions, the reviewer needs to 

ensure that this algorithm will not be broken by future code updates. The reviewer can also 

add new verification methods in the CI system to automatize this checking. 

The reviewer can first test if the code is consistent with the API and the constraints defined on 

it. For this purpose, he can create a state model at unit level (see section 5.1) and add some 

type states in the code. From the state model, the tool state_model_to_test can create a 

generic test (see section 4.3). 

Then the reviewer can modify the generic test with new constraints to focus on the parts of the 

algorithm that he wants to check. The generic test file can also be a source of inspiration for 

creating simpler unit tests. 

The objective with the unit verification is to identify the features of a module and to create 

several tests focused on only one feature. The generic test automatically generated should 

test all the features. Hence, when it fails in the Continuous Integration Environment, it is not 

evident to identify the failing feature. That is why simpler unit tests are interesting. 

The unit tests can more or less test a given feature. By specifying interval of values for input 

data, the reviewer can extend the coverage of one test. 

Here are the tasks that a reviewer can do to register new tests with verification methods until 

the test coverage is acceptable. 

For each feature of the module, 

 create a unit test with constant values that test the feature, 

 check that the execution is correct before exporting the new test in the PKM. If this 

checking fails, the reviewer can use the debug capabilities of the DECODER tooling. 

 change some constant values with interval to test again the feature, 

 check that the execution with deterministic random values is correct before exporting 

the new test in the PKM. 

 create a new verification just by changing the field “verification-method”: “execution” by 

“verification-method”: “abstract-interpretation” in the previous test and check the 

possible alarms with Frama-C/value. 

 if Frama-C/value has few alarms that well explain the problem, then export the new 

verification into the PKM. 

 if Frama-C/value issues to much alarms, then (1) create a loop over the generation of 

random input data in the interval, (2) execute the new test with random values in loop 

by setting “verification-method”: “execution”, (3) debug the test if it fails or export it into 

the PKM if it succeeds. 

 extract the coverage of all the tests for a given feature and check whether the coverage 

is complete. If not, add new tests with the adequate “verification-method”. 

When all individual features are successfully tested, it is time to check the interaction between 

the features. The reviewer can come back on the generic unit test generated of the state model 

of the API. He can test it in the “execution” mode or in the “abstract-interpretation” mode. In 
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case of a parameterized module, the generic test needs adaptations for the “abstract-

interpretation” mode, in particular by fixing the parameters at the beginning of the test. 

As a summary, the reviewer needs: 

 to extract the updated code, with the annotations from the PKM 

 to extract the state model of the API from the PKM 

 to display some existing unit tests from the PKM 

 to ask for the coverage of the tests concerning a given feature 

 

With this information, he will export new tests in the PKM: 

 that should completely cover a given feature 

 that should completely cover the interactions between the different features 

 

He is likely to export new bug reports when some tests fail. 

5.6 Complete the documentation 

At the beginning, the first source of data for the documentation is the code (see Section 3.1). 

But after many iterations, the PKM should contain: 

 different models: the class diagrams that explains the relationships with the external 

modules/classes, the sequence diagrams that explains the events that a module is 

likely to manage, the state chart model that describes the different states of a module, 

 different tests that should exhibit different behaviours of the module/class, 

 formal code annotations that describes the class invariant, the methods pre/post 

conditions, 

 the external contexts that call the function of the module and the functions of the 

external modules that are called by our modules, 

 some high level requirements, for example, that express that the impact of a function 

call can be undone/completed with other functions of the module. 

All these data can help to understand better the system and so they have their place in the 

documentation. The reviewer should now update the documentation with these data to mark it 

as completed. 

The reviewer needs: 

 to import the current documentation of a module and its requirements 

 to import the class diagram model, the sequence diagram model, 

 to import the key tests concerning the features that should be documented, 

 to import the code with the formal annotations 

Then he can: 

 copy/paste the class diagram model, the sequence diagram model at the right place in 

the documentation (with a reference to the corresponding UML model, for automatic 

update if possible), 

 add the class/module invariant and make the connection with the graphical 

representation of an object of the class, 
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 add high-level contracts in the documentation, explaining for which context a method 

of the module has been designed and should be used. The high-level contracts should 

be a mix between the formal annotations and the external functions that should be 

called before or after our function. 

 add some animations (Jupyter code) coming from the debugging of key tests (section 

4.6 with the formal annotations) and explaining how the algorithm works. 

 add the other function/algorithms in connection with the current algorithm. 

At the end of his work, he can send back the new documentation to the PKM. The traceability 

matrix should mark it as completed. 

5.7 Check the status of the module, the tests and the formal annotations 

The reviewer is responsible of the consistency of the main artefacts for each module of the 

application. As a side-effect, he also aims to reduce the number of tests that issue a bug and 

to increase the number of formal annotations that are proved formally. 

The traceability matrix is of paramount importance to this task since it displays the 

inconsistencies between the different artefacts. The reviewer can see them by loading all the 

inconsistencies relative to a module (see section 3.8). 

With the description of the “diff” field in each inconsistency, he should be able to correct the 

inconsistency. 

Then the reviewer can ask for the tests that fail. He can debug them with the graphical 

debuggers and understand why they fail. After correcting the code in order to pass the tests, 

he can look at the formal annotations that fail. He can debug them with the abstract graphical 

debugger. Then he can progressively enrich them to meet the high-level requirements. 

At the end of this process, the following artefacts should be consistent and complete: 

 the documentation should be complete, 

 the models should conform to the requirements and be consistent with the code, 

 the tests should cover all features and should have no bug, 

 the generic test should show the absence of Run-Time Errors by formal methods, 

 the application of TESTAR from the GUI should show no bug. 

It is a time-consuming and ambitious objective. Sometimes, the reviewer should define some 

less ambitious objectives that are reasonably achievable with the available resources. That is 

why it is important to estimate the effort required to reach every objective with respect to the 

complexity of the code. 
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6 Summary and Conclusion 

In this document we have defined the ASFM language. The ASFM language contains two 

parts: a common part that enables the transfer of information between the DECODER’s 

artefacts – code, documentation, models, formal annotations, verification, bug reports – and a 

specific part that enables to export/import information without any data loss for a single artefact. 

Both parts are defined in JSON format that is optimized for exportation/importation. 

This ASFM language comes with utility/translation programs that makes the connection 

between the PKM and the reviewer. They are likely to evolve with the reviewers’ needs. For 

that this document lists some reviewer’s usages that are made possible with the DECODER 

architecture. These usages offer four interesting features that are beyond the state of practice: 

 It keeps the connections between the code and the models 

 It connects intensive integration testing (TESTAR) with bugs in module 

 It connects the documentation with graphical animations generated by algorithms and 

data structures in the code 

 It gives the opportunity to add formal annotations at low price with enhanced debug 

capabilities. 

The ASFM language and the associate tooling also help to go beyond the state of the art: 

 by connecting high level requirements with low level formal annotations. For that, 

DECODER gathers (1) state machines models that can be identified as models in 

model checking and (2) abstraction capabilities through the internal and the external 

view of every module/class. 

 by generating formal annotations that can be used by the reviewer to understand the 

details of a complex algorithm. The generation of these annotations will be performed 

in a semi-automatized way through a debug session. New games like Binary Fission8 

can exploit these capabilities for the generation of formal invariant by non-expert users 

in formal analysis. This also offers innovative opportunities to do machine learning on 

the logs of debug session to automatize the complex annotation synthesis. The lack of 

existing formal annotations, the expertise required to prove them, the current lack of 

scaling of theorem provers in presence of high level annotations (abstraction) and the 

additional complexity of error-free programs are the four challenges that prevent formal 

approaches to spread, even if developers are still interested. Formal verification in WP3 

aims to be a step forward in that direction. 

 

This document should evolve to a stable reference document that enables the DECODER 

tools (and other tools developed on the fly) to import and export various artefacts in the PKM. 

 

                                                

8  See https://www.sri.com/newsroom/press-releases/sri-releases-new-game-darpa-crowd-sourced-

software 

https://www.sri.com/newsroom/press-releases/sri-releases-new-game-darpa-crowd-sourced-software
https://www.sri.com/newsroom/press-releases/sri-releases-new-game-darpa-crowd-sourced-software
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Appendix A: Specification of the ASFM Common Part 

{ 

 "$schema": "http://json-schema.org/draft-07/schema#", 

 "$id": "https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/asfm-

common-part-schema-1.0.0-beta.json", 

 "title": "Common part of the Abstract Syntax Modeling Language (ASFM) Version 

1.0.0 Beta JSON Schema.", 

 "description": "Common part of the Abstract Syntax Modeling Language (ASFM) 

Version 1.0.0 Beta JSON Schema.", 

 "type": "object", 

 "properties":  

    { 

  "softwareProject": { 

   "$ref": "#/definitions/softwareProject" 

  }, 

  "folders": { 

   "type": "array", 

   "items": { 

    "$ref": "#/definitions/folder" 

   } 

  }, 

  "files": { 

   "type": "array", 

   "items": { 

    "$ref": "#/definitions/files" 

   } 

  },           

        "patches": [ 

            { 

    "$ref": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/patch-asfm-common-

part-schema-1.0.0-beta.json" 

            } 

        ], 

  "contracts": [ 

            { 

    "$ref": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/contracts-asfm-

common-part-schema-1.0.0-beta.json" 

            } 

        ],    

  "class-models": [ 

            { 

    "$ref": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/hierarchy-asfm-

common-part-schema-1.0.0-beta.json" 

            } 

        ],     

        "state-chart-models": [ 

            { 

    "$ref": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/state-machine-

asfm-common-schema-1.0.0-beta.json" 

            } 

        ]         

    }, 

    "definitions": { 

  "softwareProject": { 

   "$id": "#softwareProject", 

   "type": "object", 

   "properties": { 
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    "name": { 

     "type": "string", 

     "description": "Name of the software project", 

                    "pattern": "^.*$" 

    }, 

    "creationDate": { 

     "description": "Date in which the project was 

created", 

     "type": "string", 

     "format": "date-time" 

    }                 

   }, 

   "required": ["name", "creationDate"] 

  }, 

        "folder": { 

            "$id": "#folder", 

            "type": "object", 

            "properties":{ 

                "name":{ 

                    "type":"string", 

                    "description": "Folder included in the software project that 

contains project artefacts", 

                    "pattern": "^.*$" 

                }, 

                "parent-folder": { 

                    "$ref": "#/definitions/folder" 

                } 

            } 

        }, 

        "file":{ 

            "$id": "#file", 

            "type": "object", 

            "description": "Name of the file", 

            "properties":{ 

                "name":{ 

                    "type":"string", 

                    "description": "Name of the file", 

                    "pattern": "^.*$" 

                }, 

                "folder": { 

                    "$ref": "#/definitions/folder" 

                } 

            } 

        }  

         

    } 

 

} 
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Appendix B: Specification of the ASFM Common Part (Contracts) 

{ 

 "$schema": "http://json-schema.org/draft-07/schema#", 

 "$id": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/contracts-asfm-

common-part-schema-1.0.0-beta.json", 

 "title": "Contracts of the common part of the Abstract Syntax Modeling Language 

(ASFM) Version 1.0.0 Beta JSON Schema.", 

 "description": "Contracts of the common part of the Abstract Syntax Modeling 

Language (ASFM) Version 1.0.0 Beta JSON Schema.", 

 "type": "object", 

 "properties":     

    { 

        "type":  

        { 

            "type": "string", 

            "enum": ["asfm_contract"] 

        }, 

        "methodName":  

        { 

            "type": "string", 

            "description": "Name of the annotated method", 

            "pattern": "^.*$" 

        }, 

        "typeContract": { 

            "type": "string", 

            "description": "Type of clause being defined", 

            "enum": [ 

                "precondition",  

                "postcondition", 

                "invariant" 

            ] 

        },         

        "clauses": 

        { 

            "type":"array", 

            "minItems": 1, 

            "items":{ 

                "$href":"#/definitions/clause" 

            } 

        } 

    }, 

    "required": ["type","methodName","typeContract","clauses"], 

 

    "clause":  

    { 

        "type": "object", 

        "properties": { 

            "predicates": { 

                "oneOf":[ 

                    {"$ref": "#/definitions/predicate"}, 

                    {"$ref": "#/definitions/listPredicates"} 

                ] 
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            }                 

        }, 

        "required": ["predicates"] 

    },  

    "predicate": 

    { 

        "type": "array", 

        "items":{ 

            "$ref": "#/definitions/conditionalExpression" 

        }    

    },          

    "listPredicates": 

    { 

        "type": "object", 

        "properties": { 

            "concatenationType": { 

                "type": "string", 

                "enum": ["and", "or"] 

            }, 

            "predicates":{ 

                "type":"array", 

                "minItems": 2, 

                "items":{ 

                    "oneOf":[ 

                        {"$ref": "#/definitions/predicate"}, 

                        {"$ref": "#/definitions/listPredicates"}                             

                    ] 

                }  

            } 

          }, 

        "required": ["concatenationType","predicates"] 

    },          

    "conditionalExpression": 

    { 

        "type":"object", 

        "properties": { 

            "leftSideCond": { 

                "$ref": "#/definitions/operand" 

            }, 

            "op": { 

                "$ref": "#/definitions/conditionalOperators" 

            }, 

            "rightSideCond": { 

                "$ref": "#/definitions/operand" 

            } 

        }             

    }, 

    "operand": 

    { 

        "type":"object", 

        "properties":{ 

            "term":{ 

                "oneOf": [ 

                    { "$ref": "#/definitions/stringTerm" }, 

                    { "$ref": "#/definitions/numberTerm" } 
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                ]                             

            }, 

            "function":{ 

                "$ref": "#/definitions/function" 

            } 

        } 

    },           

    "conditionalOperators": 

    { 

        "type": "string", 

        "description": "conditional operators that can be used in a binary operation", 

        "pattern": "^[==|!=|<=|>=|>|<]$"    

    }, 

    "stringTerm": 

    { 

        "type": "string", 

        "description": "Concatenation of strings that define a term", 

        "pattern": "^[a-zA-Z]+[0-9]*[.]*$" 

    }, 

    "numberTerm": 

    { 

        "type": "number", 

        "description": "it represents a number" 

    }                    

} 
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Appendix C: Specification of the ASFM Common Part (Class model) 

{ 

 "$schema": "http://json-schema.org/draft-07/schema#", 

 "$id": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/hierarchy-asfm-

common-part-schema-1.0.0-beta.json", 

 "title": "Structure of the application in terms of modules/classes/functions 

defined in the common part of the Abstract Syntax Modeling Language (ASFM) Version 

1.0.0 Beta JSON Schema.", 

 "description": "Structure of the application in terms of 

modules/classes/functions defined in the common part of the Abstract Syntax Modeling 

Language (ASFM) Version 1.0.0 Beta JSON Schema.", 

 "type": "object", 

 "properties":   

    { 

        "type":  

        { 

            "type": "string", 

            "enum": ["asfm_contract"] 

        }, 

        "name": { 

          "type": "string" 

        }, 

        "modules": { 

          "type": "array", 

          "items": [ 

            { 

              "type": "object", 

              "properties": { 

                "name": { 

                  "type": "string" 

                }, 

                "classes": { 

                  "type": "array", 

                  "items": [ 

                    { 

                      "type": "object", 

                      "properties": { 

                        "name": { 

                          "type": "string" 

                        }, 

                        "inherits": { 

                          "type": "array", 

                          "items": [ 

                            { 

                              "type": "string" 

                            }, 

                            { 

                              "type": "string" 

                            } 

                          ] 

                        }, 

                        "attributes": { 

                          "type": "array", 

                          "items": [ 

                            { 

                              "type": "object", 

                              "properties": { 

                                "name": { 

                                  "type": "string" 

                                }, 
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                                "type": { 

                                  "type": "string" 

                                } 

                              }, 

                              "required": [ 

                                "name", 

                                "type" 

                              ] 

                            } 

                          ] 

                        }, 

                        "operations": { 

                          "type": "array", 

                          "items": [ 

                            { 

                              "type": "object", 

                              "properties": { 

                                "name": { 

                                  "type": "string" 

                                }, 

                                "returnType": { 

                                  "type": "string" 

                                }, 

                                "parameters": { 

                                  "type": "array", 

                                  "items": [ 

                                    { 

                                      "type": "object", 

                                      "properties": { 

                                        "name": { 

                                          "type": "string" 

                                        }, 

                                        "type": { 

                                          "type": "string" 

                                        } 

                                      }, 

                                      "required": [ 

                                        "name", 

                                        "type" 

                                      ] 

                                    }, 

                                    { 

                                      "type": "object", 

                                      "properties": { 

                                        "name": { 

                                          "type": "string" 

                                        }, 

                                        "type": { 

                                          "type": "string" 

                                        } 

                                      }, 

                                      "required": [ 

                                        "name", 

                                        "type" 

                                      ] 

                                    } 

                                  ] 

                                } 

                              }, 

                              "required": [ 

                                "name", 

                                "returnType" 

                              ] 
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                            }, 

                            { 

                              "type": "object", 

                              "properties": { 

                                "name": { 

                                  "type": "string" 

                                }, 

                                "returnType": { 

                                  "type": "string" 

                                } 

                              }, 

                              "required": [ 

                                "name" 

                              ] 

                            } 

                          ] 

                        } 

                      }, 

                      "required": [ 

                        "name" 

                      ] 

                    } 

                  ] 

                }, 

                "associations": { 

                  "type": "array", 

                  "items": [ 

                    { 

                      "type": "object", 

                      "properties": { 

                        "source": { 

                          "type": "string" 

                        }, 

                        "target": { 

                          "type": "string" 

                        } 

                      }, 

                      "required": [ 

                        "source", 

                        "target" 

                      ] 

                    } 

                  ] 

                } 

              }, 

              "required": [ 

                "name", 

                "classes" 

              ] 

            } 

          ] 

        } 

      }, 

      "required": [ 

        "type", 

        "name", 

        "modules" 

      ] 

} 
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Appendix D: Specification of the ASFM Common Part (State machine 

model) 

  { 

    "$schema": "http://json-schema.org/draft-07/schema#", 

    "$id": "https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/state-

machine-asfm-common-schema-1.0.0-beta.json", 

    "title": "Part of the ASFM common language that specifies the state machine", 

    "type": "object", 

    "properties": { 

      "type": { 

        "type": "string", 

        "enum": [ 

          "asfm_chart" 

        ] 

      }, 

      "nodes": { 

        "$id": "#/properties/nodes", 

        "type": "array", 

        "items": { 

          "type": "object", 

          "required": [ 

            "id", 

            "type" 

          ], 

          "properties": { 

            "id":  

              { 

                "type": "string" 

              }, 

            "type":  

              { 

                "type": "string" 

              }, 

            "nexts": { 

              "type": "array", 

              "items": { 

                "type": "object", 

                "required": [ 

                  "type", 

                  "id", 

                  "target-id" 

                ], 

                "properties": { 

                  "type": { 

                      "type": "string" 

                    }, 

                  "id": { 

                      "type": "string" 

                    }, 

                  "constraint":{ 

                    "type":"object",  
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                    "$ref": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/expression-lang-

asfm-common-schema-1.0.0-beta.json" 

                    }, 

                  "action": { 

                    "type": "array", 

                    "items": { 

                      "type": "object", 

                      "required": [ 

                        "type", 

                        "content" 

                      ], 

                      "properties": { 

                        "type": { 

                            "type": "string" 

                        }, 

                        "content": { 

                          "type": "object", 

                          "required": [ 

                            "name", 

                            "def" 

                          ], 

                          "properties": { 

                            "name": { 

                              "type": "string" 

                            }, 

                            "def": { 

                              "type":"object",  

                              "$ref": 

"#https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/asfm-common-

expression-language-schema-1.0.0-beta.json" 

                            } 

                          } 

                        } 

                      } 

                    } 

                  }, 

                  "action-name": { 

                      "type": "string" 

                    }, 

                  "target-id": { 

                      "type": "string" 

                    } 

                } 

              } 

            } 

          } 

        } 

      } 

    }, 

    "required": [ 

      "type", 

      "nodes" 

    ] 

  } 
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Appendix E: Specification of the ASFM Common Part (Patches) 

{ 

 "$schema": "http://json-schema.org/draft-07/schema#", 

 "$id": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/patch-asfm-common-

part-schema-1.0.0-beta.json", 

 "title": "Patches defined in the common part of the Abstract Syntax Modeling 

Language (ASFM) Version 1.0.0 Beta JSON Schema.", 

 "description": "Patches defined in the common part of the Abstract Syntax 

Modeling Language (ASFM) Version 1.0.0 Beta JSON Schema.", 

 "type": "object", 

 "properties": { 

        "type":  

        { 

            "type": "string", 

            "enum": ["asfm_patches"] 

        },         

        "git-repo":  

        { 

            "type": "string", 

            "description": "url location of the git repository", 

            "pattern": "^.*$" 

        },   

        "git-commit-id":  

        { 

            "type": "string", 

            "description": "SHA-1 hash created when the commit is recorded", 

            "pattern": "^.*$" 

        },    

        "annotations":  

        [ 

            { 

    "$ref": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/contracts-asfm-

common-part-schema-1.0.0-beta.json" 

            } 

        ], 

        "comments":  

        [ 

            { 

    "$ref": "#/definitions/comment" 

            } 

        ],   

        "external-libraries":  

        [ 

            { 

    "$ref": "#/definitions/external-library" 

            } 

        ]                    

    }, 

    "definitions":{ 

        "comment":  

            { 
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                "type": "string", 

                "description": "Textual comments included in the source file to 

clarify some parts of the code.", 

                "pattern": "^.*$" 

            }, 

        "external-library":  

        { 

            "type": "array", 

            "items": { 

                "$ref": "#/definitions/library" 

            } 

        }, 

        "library":  

        { 

            "type": "object", 

            "properties":{ 

                "name": { 

                    "type": "string", 

                    "description": "name of the external library being used", 

                    "pattern": "^.*$" 

                }, 

                "installation-directory": { 

                    "type": "string", 

                    "description": "name of the directory where the library is 

installed", 

                    "pattern": "^.*$" 

                }, 

                "install": { 

                    "type": "string", 

                    "description": "", 

                    "pattern": "^.*$" 

                }, 

                "id": { 

                    "type": "string", 

                    "description": "", 

                    "pattern": "^.*$" 

                }, 

                "check-id": { 

                    "type": "string", 

                    "description": "", 

                    "pattern": "^.*$" 

                }, 

                "update": { 

                    "type": "string", 

                    "description": "", 

                    "pattern": "^.*$" 

                }, 

            }           

        }, 

        "patches":  

        { 

            "type": "array", 

            "items": { 

                "$ref": "#/definitions/patch" 

            } 
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        }, 

        "patch":  

        { 

            "type": "object", 

            "properties":{ 

                "location": { 

                    "type": "string", 

                    "description": "location of the patch file", 

                    "pattern": "^.*$" 

                }, 

                "directory": { 

                    "type": "string", 

                    "description": "directory that contains the patch file" 

                }, 

                "file": { 

                    "type": "string", 

                    "description": "name of the file containing the patch" 

                }, 

                "type":{ 

                    "type": "string", 

                    "enum": ["modify","add","delete"] 

                }, 

                "apply": { 

                    "type": "string", 

                    "description": "source code or configuration file to which the 

patch applies.", 

                    "pattern": "^.*$" 

                }, 

                "content": { 

                    "type": "string", 

                    "description": "content of the patch file" 

                } 

            }           

        }, 

        "local-structure":{ 

            "type": "object", 

            "properties":{ 

                "name": { 

                    "type": "string", 

                    "description": "name of the file", 

                    "pattern": "^.*$" 

                }, 

                "content": [ 

                    { 

                        "$ref": "#/definitions/local-structure" 

                    } 

                ] 

            } 

        } 

    } 

     

} 
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Appendix F: Specification of the ASFM Common Part (Expression 

Language) 

{ 

 "$schema": "http://json-schema.org/draft-07/schema#", 

 "$id": 

"https://gitlab.ow2.org/decoder/decoder/tree/master/WP1/Schemata/expression-lang-

asfm-common-part-schema-1.0.0-beta.json", 

 "title": "Expression language used in the common part of the Abstract Syntax 

Modeling Language (ASFM) Version 1.0.0 Beta JSON Schema.", 

 "description": "Expression language used in the common part of the Abstract 

Syntax Modeling Language (ASFM) Version 1.0.0 Beta JSON Schema.", 

 "type": "object", 

 "properties": 

    { 

        "type":  

        { 

            "type": "string", 

            "enum": ["asfm_expression"] 

        }, 

        "text":  

        { 

            "type": "string", 

            "description": "Expression described as a string", 

            "pattern": "^.*$" 

        },    

        "content":  

        { 

            "type":"object", 

            "properties": { 

                "opid": { 

                    "$ref": "#/definitions/opid" 

                },            

                "args":  

                { 

                    "type": "array", 

                    "items":{ 

                        "anyOf": [ 

                            { "$ref": "#/definitions/arg" }, 

                            { "$ref": "#/definitions/expression" } 

                        ]                  

                    }  

                }                 

            }             

        }                     

    }, 

    "opid":  

    { 

        "type": "string", 

        "description": "Operand that is applied to one or a set of arguments." 

    }, 

 

    "arg": 

    { 

        "type":"object", 

        "properties": { 

            "side":{ 

                "$ref": "#/definitions/side"                    

            }, 

            "type": { 

                "type": "string", 
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                "enum": [ 

                    "int", 

                    "float", 

                    "char", 

                    "boolean" 

                ] 

            }, 

            "value":{ 

                "type": "string", 

                "description": "term (char or number) used as argument" 

            } 

        }                        

    }, 

    "expression": 

    { 

        "side": 

        { 

            "$ref": "#/definitions/side"                   

        }, 

        "opid":  

        { 

            "$ref": "#/definitions/opid" 

        }, 

 

        "args":  

        { 

            "type": "array", 

            "items":{ 

                "anyOf": [ 

                    { "$ref": "#/definitions/arg" }, 

                    { "$ref": "#/definitions/expression" } 

                ]                  

            }  

        }               

    }, 

    "side": 

    { 

        "type": "string", 

        "enum": [ 

            "left", 

            "right", 

            "indif" 

        ]                    

    } 

} 
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