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Executive Summary 

In task 1.1 a revision over existing software knowledge representations relevant to DECODER 
has been performed. The main objective of this revision is to propose a metamodel that can 
be used to define and implement the Persistent Knowledge Monitor (PKM) core component of 
DECODER. The PKM provides a “central” infrastructure to store, access, and trace all the 
persistent data, information and knowledge related to a given software or ecosystem (notably 
its source code and related artefacts, and also derived information). 

As a result, this deliverable reports on existing metamodels to represent knowledge as well as 
it proposes a metamodel to represent the knowledge base that we envision for the PKM.  
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1 Introduction 

Software maintenance and improvement are very costly and consuming tasks especially when 

there is an intense use of legacy code or third-party libraries, which usually lack of 

documentation or when available, it is out-of-date from the current version of the associated 

piece of software. However, properly performing these maintenance and improvement tasks 

requires a deep understanding not just of the source code but also of the critical information 

bound to the code and the process that led to its production.  

A key aspect to achieve such deep understanding is to discover knowledge by analyzing all 

the available artefacts of a given software project. Then, based on the obtained knowledge, 

stakeholders can be provided with different views of the system at different levels of abstraction 

that may be more appropriate to achieve the understanding of the underlying system. 

However, prior to the creation of such system views, knowledge has to be properly represented 

according to a well-defined schema or me-ta-model. Such metamodel must represent, in the 

most accurate way, all the elements that conform a software system and all the existing 

relationships between them. Regarding these relationships, it is important to have a clear 

understanding at the most fine-grain level, where specific sections or portions of a given 

artefact (e.g., class x implementation in a java source file) may relate to a different one (e.g., 

class x definition in a UML class diagram).  

In the literature we can find different metamodels targeted to represent the knowledge that can 

be extracted from software artefacts. These include the Knowledge Discovery Metamodel 

(KDM) [1] and Abstract Syntax Tree Metamodeling (ASTM) [2] (specifications developed by 

the OMG ADM task force [3]), FAMIX[4], the Pattern and Abstract-level Description Language 

(PADL)[5], or the OASIS Static Analysis Results Interchange Format (SARIF) [6]. All these 

metamodels put their focus on artefacts such as source code, models, and specifications to 

extract knowledge from the software project. However, in addition these artefacts, there are 

other less formal sources that can be processed and analyzed to get some extra knowledge 

about the software project being maintained or improved. The sources include forum 

discussions, issue tracker items, reports, etc.  

1.1 Purpose 

The purpose of this document is to review the existing relevant representations and 

specifications targeted to software knowledge representation and present the metamodel of 

the Persistent Knowledge Monitor (PKM), a central infrastructure to store, access, and trace 

all the persistent data, information and knowledge related to a given software or ecosystem. 

This metamodel will define the base knowledge that will be queried and analysed by all the 

tools used and developed in DECODER. It is worth noting that this metamodel will be reviewed 

and evolved in an agile manner along the whole life of DECODER project to attend the needs 

and requirements that may rise up during the project.  
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1.2 Overall organization of the document 

The remainder of this deliverable is organized as follows. Section 2 provides an overview over 

the existing literature found regarding metamodels representing software artefacts. Then, 

based on the literature, section 3 presents the metamodel designed to store the knowledge 

base envisioned in DECODER. It provides an overview over the PKM metamodel, describing 

its main components and the relationships among them. Then, section 4 outlines the 

persistence decisions made over the PKM. Finally, section 5 provides some conclusions and 

outlines future work. 
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2 Related work on Software Knowledge Representation 

This section reports on existing metamodels targeted to software knowledge representation. 

The set of metamodels considered are KDM (cf. section 2.1), ASTM (cf. section 2.2), FAMIX 

(cf. section 2.3), LLVM IL (cf. section 2.4), SARIF (cf. section 2.5), SMM (cf. section 2.6), PADL 

(cf. section 2.7), DMM (cf. section 2.8), and CHA-Q (cf. section 2.9). 

2.1 KDM 

The Knowledge Discovery Metamodel (KDM) [1] is a language-independent metamodel 

designed to represent software systems at both, structural and behavioral levels that 

guarantee interoperability and data exchange among different vendors’ modernization tools. 

The software assets that allows representing include configuration files, graphical user 

interface, architectural views, and source code. This metamodel is organized in four different 

layers (i.e., infrastructure, program elements, runtime resource, and abstraction layers), which 

in turn define a set of metamodel elements targeted to represent specific knowledge aspects 

of the system. In total, KDM defines the following nine models: 

• Inventory model (source package). This model represents the physical artefacts that 

conform a software system, detailing also their type (e.g., executable, binary, 

configuration, etc.), their organization within software environments and/or distribution 

over organizational networks (e.g., projects, directories), and the existing relationships 

between them (e.g., dependencies).  

• Code model (Code and Action packages). This model relates to implementation-level 

program elements and their associations. It describes structural and behavioral aspects 

of the source code – the composition of code modules or data types (e.g. 

modules/classes, functions/operations, variables/properties, etc.) and the data and 

control flows (e.g. statements and expressions). 

• Platform model (Platform package). This model represents resources used by the 

software system, their composition and behavior, including control flow initiated by the 

platform. 

• UI model (UI package). This model represents the composition of UI facets and 

controls, their layout, the control flow initiated by them, and the data flow originated 

from or terminated at them. 

• Event model (Event package). This model represents the behavior aspect of software 

system resources over event-driven state transitions model, which includes particular 

actions performed in a given state.  

• Data model (Data package). The data model represents complex data repositories 

such as record files, relational databases, structured data streams, XML schemas, and 

documents. It represents the structure of persistent data elements of the software 

system (e.g. table, view, and column), the information model supported by the system 

(e.g. object, property), the data flow involving persistent data, and the control flow 

initiated by the events that are triggered due to modification of the data. 

• Structure model (Structure package). This model allows representing the architectural 

components that conform an existing software systems as well as relationships 

between them. 
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• Conceptual model (Conceptual package). This model represents behavior and 

scenario flows, business terms, facts and rules implemented by the system. 

• Build model (Build package). This model refers to the elements involved in the build 

process of a given software system (e.g., engineering transformations to generate 

executable files) as well as the artefacts that are generated during the build process. 

2.2 ASTM 

The Abstract Syntax Tree Metamodeling (ASTM) [2] is a metamodel from the Object 

Management Group (OMG) that describes the elements used for composing abstract syntax 

trees (AST). It has been developed in accordance with the theory of languages to support the 

representation of source code. 

The purpose of ASTM is to provide a framework that allows common interchange of abstract 

syntax models of software based upon modeling specifications. ASTM serves as a universal 

high-fidelity gateway for modeling code at the most fundamental syntactic level. Thus, ASTM 

respects the scope of KDM and UML for modeling the semantics of higher-level software 

concepts and includes only the most basic semantics associated with code.  

This specification defines a metamodel for representing information about existing software 

assets in the form of abstract syntax trees for those software assets. An ASTM Metamodel 

describes the elements used for composing AST models. An AST model is a model of how the 

statements of a software asset are structured and thus reflect the grammar of the particular 

programming language. An AST is thus a model of the formal structure, but not the language- 

specific form of expression of the program statements.  

The ASTM specification is organized into three levels of abstraction: 

• Generic Abstract Syntax Tree Metamodel (GASTM): A generic set of language modeling 

elements common across numerous languages establishes a common core for language 

modeling, called the Generic Abstract Syntax Trees (GAST). In this standard the GASTM 

model elements are expressed as UML class diagrams. GASTM enables the 

representation of the code without any language specificity. GASTM contains all of the 

common concepts of existing languages in the form of metatypes. Parsing some files 

means instantiating these metatypes along with creating links in order to model semantic 

dependencies between text pieces.  

• Language Specific Abstract Syntax Tree Metamodels (SASTM): A set of metamodels 

for particular languages such as Ada, C, Fortran, C++, Java, etc. These metamodels are 

modeled in MOF or MOF compatible forms and expressed as the GASTM along with 

modeling element extensions sufficient to capture the language. The main goal of SASTM 

is to represent code peculiarities. Next, parsing the code amounts to distinguishing 

between generic and specific aspects, and thus instantiating GASTM or SASTM. The 

formal interrelation between the two metamodels ensures that models (or their respective 

instances which represent a given business case) are also consistently linked together 

based on (fully explicit) comprehensive links. Figure 1 illustrates the existing relationship 

between the GASTM level and the SASTM level. 

• Proprietary Abstract Syntax Tree Metamodels (PASTM): These metamodels express 

ASTs for languages such as Ada, C, COBOL, etc. modeled in formats that are not 
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consistent with MOF, the GSATM, or SASTM. For such proprietary AST the ASTM 

specification defines the minimum conformance standards needed to support model 

interchange. 

The GAST may be derived from rewrite rules applied to a Specific Abstract Syntax Tree (SAST) 

or refinement rules applied to UML class diagrams. Proprietary formats (PASTs) may be 

mapped into the GASTM or GASTM/SASTM. 

 

 

Figure 1. GASTM - SASTM Relationship 

 

As shown in Figure 1, the ASTM Class Hierarchies consist of a single GASTM Class Hierarchy 

and multiple SASTM Class Hierarchies. The GASTM contains a set of UML Class descriptions 

for syntactic and basic semantic concepts that are common across many languages. The 

SASTM Class Hierarchies are extensions of the GASTM that provide the specialized syntactic 

and basic semantic concepts that are found within a particular language or a language 

category. The GASTM provides language neutral support for the ADM Packages and the 

SASTMs provide language specific specialization in support of the ADM Packages.  

The ASTM complements the KDM by modeling detailed syntactic structures using generic 

model elements common to numerous languages, as well as using specialized modeling 

elements specific to particular languages. Combining the KDM and the ASTM enables the 

exchange of metadata for applications written in multiple programming languages with full 

machine automation. The ASTM establishes the necessary fine-grained models of application 

artefacts required for detailed analysis and visualization, refactoring, target mapping, and 

transformation.  

2.3 FAMIX 

Famix [3] defines a family of metamodels designed to represent, in a language independent 

fashion, the various facets of software programs. This family is made up of a core metamodel 

(the Famix-core metamodel) designed to represent any programming language in a general 

way, which is extended to represent more specific aspects of the software artefacts. In 

particular, the Famix-core metamodel is extended with four different metamodels as follows: 

ASTM

GASTM

SASTM … SASTM nSASTM 1

PL nPL …PL 1
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• Famix-SourceAnchor: It extends the Famix-core metamodel to add access to the 

source code of the famix entities (root element of the Famix-core metamodel). 

• Famix- File: It extends the Famix-core metamodel to represent a filesystem. 

• Famix-Java: It extends the Famix-core metamodel to represent the specific features of 

the Java programming language such as exceptions, generics, and enums. 

• Famix-C: It extends the Famix-core metamodel to represent the specific features of the 

C programming language such as module. 

2.4 LLVM IL 

LLVM [9] is a Static Single Assignment (SSA) based representation that provides type safety, 

low-level operations, flexibility, and the capability of representing ‘all’ high-level languages 

cleanly. It is the common code representation used throughout all phases of the LLVM 

compilation strategy. 

LLVM is written in C++ and its code representation is designed to be used in three different 

forms: as an in-memory compiler IR, as an on-disk bitcode representation (suitable for fast 

loading by a Just-In-Time compiler), and as a human readable assembly language 

representation. This allows LLVM to provide a powerful intermediate representation for efficient 

compiler transformations and analysis, while providing a natural means to debug and visualize 

the transformations. The three different forms of LLVM are all equivalent.  

The LLVM representation aims to be light-weight and low-level while being expressive, typed, 

and extensible at the same time. It aims to be a “universal IR” of sorts, by being at a low enough 

level that high-level ideas may be cleanly mapped to it (similar to how microprocessors are 

“universal IR’s”, allowing many source languages to be mapped to them). By providing type 

information, LLVM can be used as the target of optimizations: for example, through pointer 

analysis, it can be proven that a C automatic variable is never accessed outside of the current 

function, allowing it to be promoted to a simple SSA value instead of a memory location. 

The core of LLVM is the intermediate representation (IR), a low-level programming language 

similar to assembly. IR is a strongly typed reduced instruction set computing (RISC) instruction 

set which abstracts away details of the target. For example, the calling convention is abstracted 

through call and ret instructions with explicit arguments. Also, instead of a fixed set of registers, 

IR uses an infinite set of temporaries of the form %0, %1, etc. LLVM supports three isomorphic 

(i.e., functionally equivalent) forms of IR: a human-readable assembly format, an in-memory 

format suitable for frontends, and a dense bitcode format for serializing. 

2.5 SARIF 

Static Analysis Results Interchange Format (SARIF) [5] refers to the standard format 

developed by the OASIS SARIF TC group to represent the results produced by analysis tools 

designed to assess the quality of software programs. The type of artefacts that can be analyzed 

in a software program include physical files (e.g., source files, object files, configuration file or 

data files), a specific version of a file in a version control system, a database table accessed 

via an HTTP request, and an arbitrary stream of bytes returned from an HTTP request.  
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Any SARIF model is defined as an object model serialized in the JSON format. This object 

model includes, at the top level, the “sarifLog” object which contains all the results obtained by 

one or different analysis tools. 

2.6 SMM 

The Structured Metrics Metamodel (SMM) [8] is a publicly available specification from the 

Object Management Group (OMG). SMM specifies a metamodel for defining, representing and 

exchanging both measures and measurement information related to any structured information 

model, such as the OMG Meta Object Facility (MOF) standard, defining an XMI interchange 

format between metric extraction tools. It is used to maintain metrics by a number of other 

OMG specifications such as the KDM and the Value Delivery Metamodel. Measures are 

comparable evaluations and, as such, are critical to software engineering and architecture 

driven modernization. Software measurement methods produce comparable evaluations of 

software or application artefacts. Counts such as number of screens, lines of code, number of 

methods, etc. all quantify the size of artefacts along a single dimension. The goal of SMM is to 

facilitate the interoperability of measurements of software artefacts. 

The SMM is part of the Architecture Driven Modernization (ADM) roadmap and fulfills the 

metric needs of the ADM roadmap scenarios as well as other information technology 

scenarios. SMM’s scope, however, is broader than software modeling. This standard looks to 

fulfill the metric needs across the OMG’s wide variety of interest from automotive and business 

architecture to space and telecommunications.  

Specifically, SMM specifies the representation of measures without detailing the 

representation of the entities measured. SMM defines representations for:  

• Direct measures that are taken directly against a measurand. Examples include counts 

and named measures such as McCabe’s cyclomatic complexity or Gross Domestic 

Product. Values may be imported or queried via SMM operations. 

• Aggregate measures that are calculated from base measurements on features of a 

measurand. SMM operations specify the feature retrieval. Vote totals, volumes, and net 

profits can be defined as aggregate measures. 

• Transmuting measures that rescale, grade or rank base measurements of a measurand. 

Fahrenheit to Celsius is a rescaling; clothes sizes of small, medium and large are grades; 

and customer satisfaction units derived from delivery time is a ranking. 

The process of extracting metrics, requires a SMM tool to apply the measures to an 

observation scope that hold one or more models. This tool will produce a graph containing 

measurements, that maps to the measure graph. On this graph every node corresponds to the 

result of a measure on a measurand. Therefore, measures are mapped to 0 or more 

measurements where 0 indicates that no measurands corresponding to the scope of the 

measure were found. 

Alternatively, if the metrics are fully specified as a model, the measurement tool can be 

generated. 

The SMM allows for multiple measurement graphs to be stored. Whenever a measurement 

graph is produced, it is associated to an observation that is dated and tagged with information 

http://www.omg.org/adm
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describing the tool used to extract the metrics. Observations exist to be passed to metric 

reporting tools that can provide additional features like visualization and statistical control. 

2.7 PADL 

Pattern and Abstract-level Description Language (PADL) [4] is a metamodel designed to 

describe the structure of design motifs and object-oriented programs at four different levels of 

abstractions (code level, idiom level, design level and design motif).  

• Code Level Model: It represents the “raw” model of a program, including only data 

directly extractable from the program source representation (Java bytecodes, Java 

source code, C/C++ source code, etc.). 

• Idiom Level Model: It represents a model of a program where some idioms have been 

reified, typically binary-class relationships computed using some analyses. 

• Design Level Model: It represents a model of a program where design information is 

available. Typical design information is obtained from the idiom-level model, for 

example occurrences of design motifs or of code and design smells. 

• Design Motif: It represents a design motif, i.e., the solution to a design pattern model 

in PADL Design Motifs. 

2.8 DMM 

The Dagstuhl Middle Metamodel (DMM) [6] is a metamodel designed to represent mainly 

program level entities and their relationships. The metamodel is defined by three different 

models, which relate to each other according to the top-level model hierarchy shown in Figure 

2. 

 

 

 

Figure 2 Top-level model hierarchy 

The three metamodels that conform the DMM are the following: 

• ModelObject metamodel: It represents the abstract view of a program (i.e., 

conceptual entities) independent of the specific layout of the source code. Such entities 
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refer to either structural elements (e.g., variables, types, classes) or behavioral 

elements (e.g., methods).  

• SourceObject metamodel: It represents high-level syntactic entities specific to a 

particular piece of source code from the most popular programming languages (C, C++, 

Java and Fortran). The represented knowledge includes definitions, declarations and 

references to the model objects. 

• Relationship metamodel: Relationships among the objects defined in the 

ModelObject. It allows representing relationships between chunks of source code, 

between models, but also between source and model objects. 

2.9 CHA-Q 

The CHA-Q metamodel [7] defines a representation of the various artefacts that comprise a 

software system, as well as the complete history of all individual changes to these artefacts.  

The main contributions of this metamodel are:  

• A first-class representation for changes to various software artefacts.  

• A uniform and extensible object-oriented API.  

• An implementation that uses a graph database for persistency, while tracking the 

history of software artefacts in a memory-efficient manner.  

2.10 Summary 

Table 1 summarizes the different metamodels outlined along this section, detailing for each 

one the abstraction level of the content represented (low when dealing with programming 

languages, medium when dealing with software artefacts and their relationships, and high 

when dealing with architectural issues), whether the metamodel was conceived to deal with 

multiple languages, the aspect(s) being considered by the metamodel, and finally the 

technology in which the metamodel has been implemented. 
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KDM  ✓ ✓ ✓   ✓    ✓     

ASTM ✓    ✓ ✓     ✓     

FAMIX ✓   ✓ ✓ ✓          

LLVM IL ✓    ✓ ✓         ✓ 

SARIF  ✓       ✓   ✓    

SMM  ✓  ✓     ✓  ✓     

PADL ✓    ✓     ✓   ✓   

DMM  ✓  ✓ ✓ ✓ ✓    ✓   ✓  

Cha-Q       ✓ ✓        

Table 1 Summary of Existing Software Knowledge Representations 
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3 PKM metamodel 

This section presents the PKM metamodel. In particular, it discusses the main features of 

version 3.1.0-alfa. However, before presenting the PKM metamodel in detail, in sections 3.1, 

3.2, and 3.3 we discuss design issues and relationships with existing metamodels. Then, the 

metamodel is presented graphically as a UML class diagram (c.f. section 3.4) to show all the 

concepts included in it as well as the relationships between them, and second textually (c.f. 

section 3.5 and 3.6) where each concept included in the metamodel is explained in detail. 

3.1 Sources of knowledge to populate the PKM 

One of the major functionalities of the PKM is storing the knowledge generated by the 

DECODER toolset, toolset targeted to process/analyze the different software project artefacts. 

Besides this storage functionality, the PKM should also provide the capabilities to allow the 

DECODER toolset to query, update, and reason over the stored knowledge. Specifically, the 

information that will be stored in the PKM includes:  

• Some form of the abstract syntax tree (and concrete trees related to) the source code and 

the libraries used. 

• Some derived or normalized form of the code (after pre-processing, GIMPLE or 

Generic/Tree internal representations provided by GCC, or CIL representation for Frama-

C). 

• Some generated or manually written annotations (e.g. in ACSL/ACSL++ for C or C++ code, 

in JML for Java code). 

• Natural language documentation or comments, related to some particular chunk of source 

code or of a global nature. 

• Historical information, extracted from version control systems and bugzillas. 

• information produced by static source code analysis, by optimization passes of compilers, 

by natural language processing techniques, by machine learning techniques.  

• Any other relevant information that contributes to enrich the system representation. 

Examples of processing/analyzing activities performed by the DECODER toolset are extracting 

features from source code, annotating code comments and issues with entities, predicates, 

arguments, etc. Therefore, as Figure 3 shows, the PKM is expected to interact with several 

tools, some targeted to process different artefacts to generate knowledge and populate the 

PKM and others to consume such knowledge and assist stakeholders in their respective tasks 

within the process lifecycle. 
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Figure 3. Tool set interacting with the PKM 

3.2 PKM Design Issues 

The PKM metamodel has been designed with the following design principles in mind: 

• Flexibility: The PKM should interact with diverse processing tools and needs a 

dynamic and flexile data schema that could be modified according to the new 

interaction tools.  

• Extensibility: The PKM should be easily extensible.   

• Code representation: the PKM should represent the original code and preprocessed 

code. 

• Language-independent: the PKM should be generic enough to be (reasonably) 

programming and compiler neutral. 

• Persistency: the PKM should keep, in a persistent manner, for the entire duration of 

the software Project, all the data, information and knowledge.  

Most of these issues were resolved in the direction of providing simpler models that capture 

the adequate information, but that could be extended easily according to the new interaction 

tools.  

Also, this work can be framed within the reverse engineering (RE) research area [21] where 

systems are analyzed to identify their components and their relationships as well as to create 

a representation of the system in at a higher level of abstraction regardless of the platform they 

run on, the language they are written in, or the length of time they have been in production. RE 

is just one of the tasks that are performed within the OMG Architecture-Driven Modernization 

(ADM) [22] initiative whose major goal is understanding and evolving existing software assets 

for the purpose of software improvement, modifications, interoperability, refactoring, 
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restructuring, reuse, porting, migration, language translation, enterprise application integration, 

SOA, and MDA migration. 

3.3 Relationship with existing metamodels 

The PKM core metamodel has been defined taking into account existing software knowledge 

representation schemas such as KDM [1], for artefact characterization, and Cha-Q [7] for 

artefact history versioning. Therefore, many of the concepts, properties, and relationships 

defined in these schemas have been taken and incorporated into the PKM metamodel.  

3.4 PKM Metamodel overview 

The PKM provides the representation of a general and specific knowledge about the artefacts 

of a software project. In order to manage the complexity of PKM, it is defined by a collection of 

metamodels according to the categories of the artefacts and a core package that defines the 

general knowledge of them. The defined packages are the following (see Figure 4): 

 

 

Figure 4 PKM Metamodel package overview 

• Core package: defines the core part of the PKM representing the concept of artefact and 

its related concepts such as the project use case in which the artefact belongs to, the tools 

that can manage the artefacts (specification and management tools), the development 

phases in which artefacts are used during the development process, and the stakeholders 

that are involved.  

• Abstract specification package: defines the metamodel elements of the formal 

specification describing, by means of pre, post and invariants, the behavior of an 

associated source code. This abstract specification can be generated or manually written 

by means of annotations (e.g., in ACSL, ACSL++, JML, etc.).  

• Source code package: defines the part of the metamodel that refers to the artefacts that 

list human-readable instructions written by a programmer with the objective of being 

executed in a computing device. A source code artefact belongs to one programming 

language and it is related to the libraries used. 

• Report package: defines the part of the metamodel that represents the artefacts 

containing a structured content in natural language, related to some particular chunk of 

source code or of a global nature.  

• Model package: defines the part of the metamodel that represents abstract 

representations of a specific aspect from a given domain (e.g., a UML Class model 
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describes the structure – concepts, properties of the concepts, relationships between 

concepts- of a specific domain). 

• Configuration package: defines the metamodel that represents artefacts describing, in 

plain text, the parameters for defining or executing a specific software program.  

• Structured data package: defines the metamodel that represents artefacts that store data 

structures and that are usually used as interchange format.  

• Image package: defines the metamodel that represent binary representation of visual 

information such as drawings, pictures, graphs, etc. 

• Extracted information package: defines the metamodel that represent information 

produced by static source code analysis, by optimization passes of compilers, by natural 

language processing or by machine learning techniques. 

3.5 PKM Core Metamodel 

3.5.1 Graphical overview 

Figure 5 and 6 depicts an overview of the PKM Core package metamodel, which is focused 

on the characterization of the different artefacts of a software system (Figure 5) as well as their 

history versioning (see Figure 6). 

 

Figure 5 PKM Metamodel 
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Figure 6 PKM Metamodel (cont.) 

3.5.2 Concepts in detail 

This section details the concepts, properties, and relationships included in the PKM core 

metamodel which is depicted in Figure 5 and Figure 6. The explanation of each concept from 

the metamodel is performed by specifying, when appropriate, the following data: 

• Semantics: It describes the concept being explained 

• Owned by: It references the concept from the metamodel that contains the concept 

being defined. 

• Properties: It defines the list of attributes that characterizes the concept being defined. 

• Related elements: It includes the list of the metamodel concepts that are somehow 

related with the concept being defined. 

3.5.2.1 Software project 

Semantics: Group of artefacts of different nature (e.g., source code, documents written in 

natural language, configuration files, etc.) organized (or not) according to a logical structure 

(e.g., in directories) and provided (or not) as a compressed file (e.g., rar, zip). These artefacts 

are consumed or created during the project development and maintenance process. 

Owned by: - 

Properties: 

• Name: the name property specifies the name of the software project. 

• Company: it specifies the Company that has developed such software project 

Related elements: 

• Artefact: List of artefacts that compose a software. This list must include at least one 

artefact. 
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3.5.2.2 Artefact 

Semantics: Product or documentation created during the process of a software development. 

Owned by: - 

Properties: 

• Name: The name of the artefact. 

• AbstractionLevel: It specifies the abstraction level of the artefact, whose values are 

defined by the AbsLevelType enumeration and include High, Medium, and Low.  

• SizeInKiloBytes: Float value indicating the size in Kilobytes of the artefact 

• Structured: It specifies whether the content of the artefact is structured or not. 

• Author: It specifies the author of the artefact. 

• LastModDate: The date of the last modification. 

• CreationDate: the date of the creation of the artefact. 

Related elements: 

• Artefact: List of artefacts that are somehow related to the given artefact, e.g., several 

artefacts dealing with the same requirement at different levels of abstraction. This list 

can be an empty list. 

• Tool: List of tools that can be used to create, modify and manage a given artefact.  This 

list must include at least one tool. 

• Development phase: List of development phases in which the given artefact is 

involved (e.g., consumed, created, modified, managed, configured, etc.). This list must 

include at least one development phase. 

• Person: List of persons involved in the creation, modification, and management of the 

given artefact. This list must include at least one person. 

3.5.2.3 Tool 

Semantics: Software component or product that may or may not have a graphical interface in 

charge of processing, editing or creating artefacts. 

Owned by: - 

Properties: 

• Name: it specifies the name of the tool.  

• IsOpenSource: Boolean attribute indicating whether the tool has been released with 

an open-source license, i.e., that allows using its source code, design, documents or 

content.  

• ToolProvider: Name of the company that releases the tool. 

• License: Type of license under which the tool has been released (e.g., Apache License 

2.0, BSD 3-Clause “New”, BSE 2-Clause “Simplified”, GNU General Public License, 

etc.)  

• Url: it specifies the official url of the tool.  

• ExternalRepresentation: it specifies the external exchange format used by the tool 

(e.g., RDF, XML, YAML, etc.). 

• ReleaseDate: it specifies the date in which the tool has been released.  
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• Version: it specifies the version of the tool.  

• OperatingSystem: it specifies the operating system(s) where the tool can be installed.  

• MemoryRequirements: it specifies the memory requirements to run properly the tool.  

• Dependences: when necessary, it specifies the list of dependences to software 

packages required to be executed (e.g., gtk2, .NET3.5, bison, etc.)  

Related elements: 

• Artefact: List of artefacts that can be created, modified and managed with the given 

tool.  This list must include at least one artefact. 

3.5.2.4 Specification Tool 

Semantics: A tool that allows to create, modify, and refine an artefact. 

Owned by: Tool 

Properties: 

• Type: This attribute specifies whether the specification tool is textual or graphical. 

Related elements: - 

3.5.2.5 Management Tool 

Semantics: A tool that allows analyzing, managing, evolving, and configuring a specific 

artefact as well. 

Owned by: Tool 

Properties: 

• targetTo: This attribute specifies the major functionality provided by the tool (e.g., 

analysis, management and evolution, configuration or reporting). 

Related elements: - 

3.5.2.6 Development phase 

Semantics: It describes a specific stage within a given software development methodology. 

Owned by: - 

Properties: 

• Name: it specifies the name of the development phase.  

• Description: it describes the work into the development phase. 

Related elements: 

• Artefact: List of artefacts that are involved in the given development phase.  This list 

must include at least one artefact. 

• Role: List of roles that participate in the given development phase.  This list must 

include at least one role. 

• Methodology: Development processes in which the given development phase takes 

part.  This list must include at least one methodology. 
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3.5.2.7 Methodology 

Semantics: It describes the different stages that a project team must complete in order to 

produce a software product. Common methodologies applied in industry include agile, 

waterfall, spiral, etc.  

Owned by: - 

Properties: 

• Name: it specifies the name of the methodology.  

• Description: it describes the philosophy behind the methodology being defined.  

Related elements: 

• Development phase: List of stages that conform a given software development 

process or methodology. This list must include at least one phase. 

3.5.2.8 Role 

Semantics: Profile of a person that is somehow involved in a software project, e.g., analyst, 

assessor, developer, etc. 

Owned by: - 

Properties: - 

Related elements: 

• Development phase: List of stages in which the given role is involved. This list must 

include at least one phase. 

• Person: List of persons that participates in a software project assuming the 

responsibilities given by a specific role. This list must include at least one person. 

3.5.2.9 Abstract specification 

Semantics: Formal specification describing, by means of pre, post and invariants, the 

behavior of an associated source code. 

Owned by: Artefact 

Properties: - 

Related elements: 

• Programming language: it refers to the programming language of the abstract 

specification. 

3.5.2.10 Programming language 

Semantics: It defines a programming language 

Owned by: - 

Properties: 

• Name: String value indicating the name of the programming language (e.g., java, c++, 

python, etc.) 
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• Type: It specifies whether the given language is interpreted, compiled, or hybrid.  

Related elements: 

• Paradigm: It specifies the programming paradigmS followed by the language (e.g., 

object-oriented, event-oriented, structured, etc.) 

• Abstract Specification: It refers to the language used to define contracts (i.e., 

invariants, pre-conditions and post-conditions). 

• Programming Language version: It refers to the programming language to which this 

version belongs to. 

3.5.2.11 Paradigm 

Semantics: It defines the paradigm of a programming language that may be object-oriented, 

event-oriented, logic, functional or structured. 

Owned by: - 

Properties: - 

Related elements:  

• Programming Language: List of specific programming languages that have been 

designed according to the given paradigm.  

3.5.2.12 Programming language version 

Semantics: It defines a specific version for a given programming language 

Owned by: - 

Properties: 

• realeaseVersion: String value indicating the version in which the programming 

language was released (e.g., v1.0) 

• releaseDate: Date value indicating the date in which the programming language was 

released (e.g., January 1994) 

Related elements: 

• Source Code: List of source code artefacts specified in the given version of the 

programming language. 

• Programming Language: It references the specific programming language in which 

this version refers to. 

3.5.2.13 Source code 

Semantics: A source code artefact 

Owned by: Artefact 

Properties: 

• fileType: This attribute specifies the type of code included in the artefact, i.e., header 

file or implementation file.  

• loc: Integer value indicating the lines of code of the artefact 
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Related elements: 

• Source Code: List of libraries that are referenced in the source code artefact. 

• Programming language version: It refers to the version of the programming language 

in which the source code is written. 

3.5.2.14 Structured Data 

Semantics: Artefact that stores data structures and that is usually used as interchange format. 

Owned by: Artefact 

Properties: 

• dataDocType: It specifies the format in which the data contained in the artefact is 

provided (e.g., CVS, TXT, XML, etc.) 

Related elements: - 

3.5.2.15 Model 

Semantics: Abstract representation of a specific aspect of the software system (e.g., a UML 

Class model describes the structure – concepts, properties of the concepts, relationships 

between concepts- of a specific domain). 

Owned by: Artefact 

Properties: - 

Related elements: - 

3.5.2.16 Configuration 

Semantics: Artefact describing, in plain text, the parameters for defining or executing a 

specific software program. 

Owned by: Artefact 

Properties: 

• serializationFormat: the SerialFmtType element specifies the serialization type of the 

artefact (e.g., YAML, JSON, XML, etc.) 

Related elements: - 

3.5.2.17 Report 

Semantics: Artefact containing a structured content summarizing some data. Reports are 

usually defined as html documents. 

Owned by: Artefact 

Properties: - 

Related elements: - 
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3.5.2.18 Image 

Semantics: Binary representation of visual information such as drawings, pictures, graphs, 

pdf files, etc. 

Owned by: Artefact 

Properties: - 

Related elements: - 

3.5.2.19 ArtefactState 

Semantics: New state of an artefact after applying a change. 

Owned by: - 

Properties:  

• Timestamp: Digital record of the time of occurrence of the creation of the artefact state. 

• Identifier: String identifying the artefact state. 

Related elements:  

• Artefact: It refers to the artefact the given state belongs to. 

• Change: It refers to the change that produced such new state. 

3.5.2.20 Change 

Semantics: Act that can be analyzed, repeated and reverted and whose result makes the 

associated artefact to become into a different one. 

Owned by: - 

Properties:  

• Timestamp: Digital record of the time of occurrence of the given change. 

• Identifier: String identifying the change. 

• Description: Text describing the given change. 

Related elements:  

• ArtefactState: It refers to the artefact state resulted from the given change. 

• Change: List of changes that depend on the given change. 

• Person: It refers to the person authoring the change. 

3.5.2.21 Atomic Change 

Semantics: Minimal and indivisible artefact change that cannot be further decomposed.  

Owned by: Change 

Properties: - 

Related elements: - 
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3.5.2.22 Compound Change 

Semantics: Process made of a set of atomic and composed changes whose completion 

results in a new type of change.  

Owned by: Change 

Properties: - 

Related elements:  

• Change: List of changes whose completion define the compound change. 

3.5.2.23 Snapshot 

Semantics: Entire state of all of the system’s artefacts at a particular point in time. 

Owned by: - 

Properties:  

• Timestamp: Digital record of the time of occurrence of the given snapshot. 

Related elements:  

• ArtefactState: List of artefact states that are captured by the snapshot. 

• Snapshot: It refers to the next and previous snapshot. 

3.5.2.24 Revision 

Semantics: snapshots placed under control of a version control system 

Owned by: Snapshot 

Properties:  

• Identifier: A string identifying the revision. 

Related elements:  

• Branch: It references the branch to which the revision belongs to. 

• NotificationReport: It references the notification report associated to the revision. 

3.5.2.25 Branch 

Semantics: the duplication of an object under version control so that modifications can occur 

isolated and in parallel along multiple branches. 

Owned by: - 

Properties:  

• Identifier: A string identifying the branch. 

Related elements:  

• Revision: List of revisions that are included in a given branch. 
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3.5.2.26 NotificationReport 

Semantics: snapshots placed under control of a version control system 

Owned by: - 

Properties:  

• Message: Text describing the notification. 

Related elements:  

• Person: It references to the author of the report. 

• Issue [closes]: List of issues closed in the given notification report. 

• Issue [mentions]: List of issues mentioned in the given notification report. 

3.5.2.27 Issue 

Semantics: It allows keeping track of tasks, enhancements, and bugs for a given project. 

Owned by: - 

Properties:  

• Identifier: A string identifying the issue. 

• Title: Short text describing the issue. 

• Description: Text providing details about the issue. 

• Labels: Set of words used as keywords to characterize the issue. 

• Severity: Level of seriousness of the issue. There are four different levels in which an 

issue can be stated: critical, high, medium, and low. 

Related elements:  

• Person: Person responsible of managing the given issue (assignee). 

• NotificationReport: List of notification reports where the issue has been mentioned or 

closed. 

• Comment: List of comments made by different people to provide feedback about the 

issue. 

• Issue [dependentIssue]: List of issues that depends on the given issue. 

• Milestone: It references to an important event within the project lifecycle to which the 

issue has been assigned to. 

3.5.2.28 Comment 

Semantics: Feedback provided by anyone with access to the software project. 

Owned by: - 

Properties:  

• Identifier: A string identifying the change. 

• Timestamp: Digital record of the time of occurrence of the given comment. 

Related elements:  

• Person [author]: Person authoring the given comment. 
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• Person [mentions]: List Persons mentioned in the given comment. 

3.6 PKM Non-core Metamodel 

In this section, we present a brief description of the non-core PKM packages and the 

representations used to support these artefacts. Note that all these packages will define a 

separate metamodel built, in the majority of cases, from the grammars of the corresponding 

languages. In addition, there will be different types of links (contain, refine, require, etc.) 

between some of these metamodels extracted from the traceability matrix, e.g., between 

pieces of source code and elements from a uml class model. These links will represent low-

level relationships, allowing a semantic navigation through artefacts and therefore, fostering a 

better analysis and deep understanding of the given artefacts. 

 

3.6.1 Abstract specification 

This package defines the metamodel elements that define source code contracts by means of 

a formal specification. This specification is defined by means of preconditions, postconditions 

and invariants that unambiguously describe the behavior of a portion of source code. 

Therefore, such specification allows having unambiguous specification of source code as well 

as documentation. In addition, these specifications can be used to analyze certain properties 

of a specific design and to aid reasoning about the correctness of code.   

In DECODER we plan to provide support to three abstract specification languages, i.e., ACSL 

[10], ACSL++ [11] and JML [12], which refer to C, C++, and Java programming languages 

respectively. In this case, the metamodel of this package will be built from the grammars 

provided by the three specifications. In particular, the ACSL abstract specifications will be 

defined from the results provided by Frama-C [13], a suite of tools intended to analyze source 

code written in C. 

3.6.2 Source Code 

This package defines the part of the metamodel that refers to the artefacts that list human-

readable instructions written by a programmer with the objective of being executed in a 

computing device. A source code artefact belongs to one programming language version of a 

specific programming language and it is related to the libraries used that are another source 

code artefacts. In order to represent this package, we use the ASTM metamodel, which define 

the representation of source code in the form of an abstract syntax-tree. In this way, abstract 

syntaxes defined for language parsers can usually be modeled as MOF Models using MOF 

Tools. The GASTM is used to support the generic set of language modeling elements common 

across numerous languages. Then, metamodels for particular languages such as C, C++, or 

Java are needed and expressed as SASTM. Existing OMG generators for MOF models are 

limited to Java or C++ for behavior support. However, MOF compatible metamodels for 

particular languages such as C exists in the literature and can be used as SASTM. For 

example, the metamodels to describe existing systems provided by MoDisco tool [14]. 
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3.6.3 Report 

This package defines the part of the PKM that represents the artefacts containing a structured 

content in natural language, related to some particular chunk of source code or of a global 

nature. A report artefact can be represented by TXT files or HTML files. We use the W3C 

Recommendation of HTML5 [15] for representing this kind of artefacts. 

3.6.4 Model 

This package defines the part of the metamodel that represents basically two different view of 

a system: 

• Static (or structural) view: emphasizes the static structure of the system using objects, 

attributes, operations and relationships. It includes class diagrams and composite 

structure diagrams. 

• Dynamic (or behavioral) view: emphasizes the dynamic behavior of the system by 

showing collaborations among objects and changes to the internal states of objects. 

This view includes sequence diagrams, activity diagrams, state machine diagrams and 

Testar state model.  

For this package we use the UML models provided by the OMG, since they have developed a 

set of standard models using MOF [16]. Also, we use the models generated by the tools used 

in DECODER project such as the Testar state model generated by the Testar tool.  

3.6.5 Configuration 

This package defines the metamodel that represents artefacts that are used to configure the 

parameters and initial settings for defining or executing a specific software program. A number 

of general-purpose serialization formats exist that can represent complete data structures in 

an easily stored format, and these are often used as a basis for configuration files, particularly 

in open-source and platform-neutral software applications and libraries.  Examples of this 

serialization formats are XML, JSON, and YAML. We use the standards proposed for each 

serialization format such as W3C Recommendation for XML [17], RFC 8259 for JSON [18] and 

YAML standard specification [19].  

3.6.6 Structured data 

This package defines the metamodel that represents artefacts that store data structures and 

that are usually used as interchange format for datasets. Artefacts of this type are CSV 

documents, TXT documents, and XML specifications. We use the existing standards defined 

for this formats such as the RFC 4180 specification for the CSV format [20] and the W3C 

Recommendation for XML [17]. 

3.6.7 Image 

This package defines the elements to represent visual information such as drawings, pictures, 

graphs, etc. 

3.6.8 Extracted information 

This package defines the metamodel that represent information produced by static source 

code analysis, by optimization passes of compilers, by natural language processing or by 
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machine learning techniques. The datasets generated from the code analysis are represented 

in TXT format.  
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4 PKM MM Persistence 

According to the design issues presented in section 3.2, in DECODER we have decided to 

make use of a document-oriented database to persist the PKM metamodel. In the following 

sections, we introduce first the document-oriented databases (cf. section 4.1), and then the 

JSON encoding in which we plan to build exchanged documents (cf. section 4.2). 

4.1 Document-oriented databases 

Document-oriented databases refer to a specific type of NoSQL database whose central 

concept is the document, which encapsulate and encode data (or information) in some 

standard format(s) or encoding(s). However, besides documents, there are other ways to store 

data within the NoSQL world. These different ways are key-value databases, BigTable 

databases, and graph-oriented databases.  

In a broad sense, NoSQL databases refers to a broad type of database management systems 

that, differently from the classical relational approach, does not use SQL as the query 

language. This is because the stored data does not follow a fixed structure as it happens with 

tables. This type of databases emerged to handle big amounts of data that had a similar 

horizontal structure and where performance and other real-time properties were more 

important than coherence. As a result, these databases are highly optimized to perform the 

retrieval and aggregation of data, do not providing in general further support than record 

storage. 

The main advantages of using such databases include their capability to handle: 

• large volumes of structured, semi-structured, and unstructured data 

• Agile sprints, quick iteration, and frequent code pushes 

• Object-oriented programming that is easy to use and flexible 

• Efficient, scale-out architecture instead of expensive, monolithic architecture 

• Availability is 99.999% positively on a high traffic site 

Document-oriented databases can be encoding in some standard formats or encodings such 

as XML, YAML, JSON, and BSON, as well as binary forms like PDF and Microsoft Office 

documents (MS Word, Excel, and so on). However, in DECODER we decided to use JSON as 

the encoding format. Next subsection introduces the JSON format as well as it illustrates how 

the encoding of the PKM metamodel has been performed in such format. 

4.2 PKM Metamodel encoding in JSON 

JavaScript Object Notation (JSON) is an open, human and machine-readable standard that 

facilitates data interchange, and along with XML is the main format for data interchange used 

on the modern web. JSON provides support to basic data types such as numbers, strings, and 

boolean values, as well as arrays and hashes. 

JSON is a language-independent data format. It was derived from JavaScript, but many 

modern programming languages include code to generate and parse JSON-format data.  
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A JSON Schema [23] specifies a JSON-based format to define the structure of JSON data for 

validation, documentation, and interaction control. It provides a contract for the JSON data 

required by a given application, and how that data can be modified. 

JSON Schema is based on the concepts from XML Schema (XSD), but is JSON-based. As in 

XSD, the same serialization/deserialization tools can be used both for the schema and data; 

and is self-describing. It is specified in an Internet Draft at the IETF, currently in its 7th draft, 

which was released on March 18, 2018 [24]. There are several validators available for different 

programming languages, each with varying levels of conformance. 

Document databases use JSON documents in order to store records, just as tables and rows 

store records in a relational database. A JSON database returns query results that can be 

easily parsed, with little or no transformation, directly by JavaScript and most popular 

programming languages – reducing the amount of logic you need to build into your application 

layer. 

Figure 7 shows an excerpt of the PKM metamodel encoding in JSON schema. The complete 

schema can be found in Appendix A. 

 

Figure 7 PKM Metamodel encoding in JSON Schema 
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5 Summary and Conclusion 

In this deliverable, we have presented the PKM metamodel, a metamodel designed to 

represent knowledge from the different artefacts that conform a software system/project. Such 

metamodel allows detailing for each type of artefact contained in a software project its content, 

the tools used to edit and manage it, the persons involved in the artefact management process, 

the stages in which these participate within a specific development process or methodology 

and finally the history of changes which artefacts have been exposed to along their life. The 

metamodel has been designed in blocks or packages to make it extensible whenever it is 

required. This metamodel, once populated, will be used in DECODER to derive new 

knowledge that can be used and exploited to better understand the different artefacts (source 

code, documentation, models, etc.) that conform a software project. 

Moreover, this knowledge will be useful for the different actors involved during the life span of 

a software, especially new persons, to keep project information as accessible and 

unambiguous as possible. This living repository can be queried and enriched by the actors 

involved in the project, in order to maintain consistency and keep the most updated and precise 

information about it. 

In addition, the knowledge gathered in the PKM should be also used along the different stages 

of the software lifecycle to improve and assist stakeholders in their respective tasks. 

Throughout the lifecycle, developers will feed the PKM with the bulk code and documentation 

of the use cases where they are involved. Then, reviewers will write correct properties in ACSL, 

ACSL++ (the extension of ACSL for C++) or JML with invariants and behaviors implicitly 

connected to a model based on abstract state machines. Finally, maintainers will do the work 

of reviewing and taking decisions on how to resolve inconsistencies. To control the consistency 

of these elements and to help deciding when the software becomes ready for manufacturing 

and being reusable an online traceability matrix will be used.  

The metamodel proposed in this deliverable has been conceived as a living artefact, which will 

be revised and extended along the whole life of DECODER project to attend the needs and 

requirements that may rise up during this period.  
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Appendix A 

This appendix includes the PKM metamodel encoded in JSON Schema. The schema is stored 

at the OW2 gitlab repository at https://gitlab.ow2.org/decoder/pkm-meta-model. 

{ 

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

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

schema-3.0.0-alfa.json", 

 "title": "Persistent Kowledge Monitor (PKM) Version 3.0.0 Alfa JSON Schema.", 

 "description": "Persistent Kowledge Monitor (PKM) Version 3.0.0 Alfa JSON 

Schema: a standard format to store software projects in DECODER.", 

 "type": "object", 

 "properties": { 

  "softwareProject": { 

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

  }, 

  "sourceCodeArtefacts": { 

   "type": "array", 

   "items": { 

    "$ref": "#/definitions/sourceCodeArtefact" 

   } 

  }, 

  "abstractSpecificationArtefacts": { 

   "type": "array", 

   "items": { 

    "$ref": "#/definitions/abstractSpecificationArtefact" 

   } 

  }, 

  "modelArtefacts": { 

   "type": "array", 

   "items": { 

    "$ref": "#/definitions/modelArtefact" 

   } 

  }, 

  "reportArtefacts": { 

   "type": "array", 

   "items": { 

    "$ref": "#/definitions/reportArtefacts" 
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   } 

  }, 

        "configurationArtefacts": { 

   "type": "array", 

   "items": { 

    "$ref": "#/definitions/configurationArtefacts" 

   } 

  }, 

  "structuredDataArtefacts": { 

   "type": "array", 

   "items": { 

    "$ref": "#/definitions/structuredDataArtefacts" 

   } 

  }, 

  "imageArtefacts": { 

   "type": "array", 

   "items": { 

    "$ref": "#/definitions/imageArtefact" 

   } 

  } 

         

 }, 

 "required": ["softwareProject","sourceCodeArtefacts"],  

 

 "definitions": { 

  "softwareProject": { 

   "$id": "#softwareProject", 

   "type": "object", 

   "properties": { 

    "name": { 

     "type": "string", 

     "description": "Name of the software project" 

    }, 

    "company": { 

     "type": "string", 

     "description": "Name of the company that owns the 

software project" 

    } 



   

 D1.1 Report on existing representation and specification relevant to the PKM 

 

 

DECODER Grant agreement No 824231   34 

   }, 

   "required": ["name", "company"] 

  }, 

        "artifactLocation": { 

            "description": "Specifies the location of an artifact.", 

            "type": "object", 

            "properties": { 

                "uri": { 

                    "description": "A string containing a valid relative or absolute 

URI.", 

                    "type": "string", 

                    "format": "uri-reference" 

                }, 

                "uriBaseId": { 

                    "description": "A string which indirectly specifies the absolute 

URI with respect to which a relative URI in the \"uri\" property is interpreted.", 

                    "type": "string" 

                }, 

                "description": { 

                    "description": "A short description of the artifact location.", 

                    "$ref": "https://raw.githubusercontent.com/oasis-tcs/sarif-

spec/master/Schemata/sarif-schema-2.1.0.json#/definitions/message" 

                }, 

                "properties": { 

                    "description": "Key/value pairs that provide additional 

information about the artifact location.", 

                    "$ref": "https://raw.githubusercontent.com/oasis-tcs/sarif-

spec/master/Schemata/sarif-schema-2.1.0.json#/definitions/propertyBag" 

                } 

            } 

        }, 

  "artefact": { 

   "$id": "#artefact", 

   "type": "object", 

   "properties": { 

    "name": { 

     "description": "name given to the artefact used to 

identify it", 

     "type": "string", 

     "pattern": "^.*$" 
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    }, 

                "location": { 

                    "description": "The location of the artifact", 

                    "$ref": "#/definitions/location" 

                }, 

    "abstractionLevel": { 

     "description": "it specifies the level of detail in 

which the artefact is specified", 

     "enum": [ 

      "high",  

      "medium",  

      "low" 

     ] 

    }, 

    "sizeInKiloBytes": { 

     "description": "Size in kilobytes of the artefact", 

     "type": "number", 

     "minimum": 1.0      

    }, 

    "structured": { 

     "description": "Indicates whether the content of the 

artefact is structured or not", 

     "type": "boolean" 

    }, 

    "creationDate": { 

     "description": "Date in which the artefact was 

created", 

     "type": "string", 

     "format": "date-time" 

    }, 

    "lastModificationDate": { 

     "description": "Last date in which the artefact has 

been modified", 

     "type": "string", 

     "format": "date-time" 

    }, 

    "specificationTools": [ 

     { 

      "$ref": "#/definitions/specificationTool" 
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     } 

    ], 

    "managementTools": [ 

     { 

      "$ref": "#/definitions/specificationTool" 

     } 

    ], 

    "RelatedArtefacts":[ 

     { 

      "$ref": "#/definitions/artefact" 

     } 

    ], 

    "artefactsStates":[ 

     { 

      "$ref": "#/definitions/artefactState" 

     } 

    ] 

   }, 

   "required": ["abstractionLevel", "sizeInBytes", 

"specificationTool", "structured", "lastModificationDate", "creationDate"] 

  },          

  "abstractSpecificationArtefact": { 

   "$id": "#abstractSpecificationArtefact", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/artefact" 

    }, 

    { 

     "properties": { 

      "sourceCodeRelatedArtefact": { 

       "$ref": 

"#/definitions/sourceCodeArtefact" 

      }, 

      "specificationLanguage": { 

       "enum": [ 

        "acsl",  

        "acsl++", 

        "jml" 
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       ] 

      } 

     }, 

     "required": ["sourceCodeRelatedArtefact", 

"specificationLanguage"] 

    } 

   ] 

  },   

  "sourceCodeArtefact": { 

   "$id": "#sourceCodeArtefact", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/artefact" 

    }, 

    { 

     "properties": { 

      "loc": { 

       "description": "number of lines of 

code", 

       "type": "number", 

       "minimum": 1 

      }, 

      "filetype": { 

       "description": "Type of source code 

file", 

       "enum": [ 

        "implementationFile",  

        "headerFile", 

        “interfaceFile” 

       ] 

      }, 

      "writtenIn":{ 

       "$ref": 

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

language-schema-1.0.0-beta.json#/definitions/programmingLanguageVersion" 

      }, 

      "referencedLibraries":[ 

       { 

        "$ref": 

"#/definitions/sourceCodeArtefact" 
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       } 

      ] 

     }, 

     "required": ["loc", "filetype", "writtenIn"] 

    } 

   ] 

  }, 

  "modelArtefact": { 

   "$id": "#modelArtefact", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/artefact" 

    }, 

    { 

     "properties": { 

      "modeltype": { 

       "description": "Type of model", 

       "enum": [ 

        "umlClassDiagram",  

        "umlActivityDiagram",  

        "umlUseCaseDiagram",  

        "umlStateMachineDiagram",  

        "umlSequenceDiagram" 

       ]     

   

      } 

     }, 

     "required": ["modeltype"] 

    } 

   ] 

  }, 

  "reportArtefact": { 

   "$id": "#reportArtefact", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/artefact" 

    }, 

    { 



   

 D1.1 Report on existing representation and specification relevant to the PKM 

 

 

DECODER Grant agreement No 824231   39 

     "properties": { 

      "description": { 

       "description": "Short text describing 

the content of the report", 

       "type": "string", 

       "pattern": "^.*$"   

     

      } 

     }, 

     "required": ["description"] 

    } 

   ] 

  },  

  "configurationArtefact": { 

   "$id": "#configurationArtefact", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/artefact" 

    }, 

    { 

     "properties": { 

      "description": { 

       "description": "Short text describing 

the purpose of the configuration artefact", 

       "type": "string", 

       "pattern": "^.*$"   

     

      }, 

      "serializationFormat":{ 

       "enum":[ 

        "XML", 

        "YAML", 

        "JSON" 

       ] 

      } 

     }, 

     "required": ["description","serializationFormat"] 

    } 

   ] 



   

 D1.1 Report on existing representation and specification relevant to the PKM 

 

 

DECODER Grant agreement No 824231   40 

  },  

  "structuredDataArtefact": { 

   "$id": "#structuredDataArtefact", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/artefact" 

    }, 

    { 

     "properties": { 

      "description": { 

       "description": "Short text describing 

the data contained in the artefact", 

       "type": "string", 

       "pattern": "^.*$"   

     

      }, 

      "documentType":{ 

       "enum":[ 

        "CVS", 

        "TXT", 

        "XML" 

       ] 

      } 

     }, 

     "required": ["description", "documentType"] 

    } 

   ] 

  },  

  "imageArtefact": { 

   "$id": "#imageArtefact", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/artefact" 

    }, 

    { 

     "properties": { 

      "description": { 

       "description": "Short text describing 

the content of the image", 
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       "type": "string", 

       "pattern": "^.*$"   

     

      }, 

      "widthInPx":{ 

       "type":"number" 

      }, 

      "heightInPx":{ 

       "type":"number" 

      } 

     }, 

     "required": ["description"] 

    } 

   ] 

  },   

  "tool": { 

   "$id": "#tool", 

   "type": "object", 

   "properties": { 

    "name": { 

     "description": "Name of the tool", 

     "type": "string" 

    }, 

    "isOpenSource": { 

     "description": "Indicates whether the tool has been 

developed as open source", 

     "type": "boolean" 

    }, 

    "toolProvider": {      

     "description": "Name of the company or organization 

providing the tool", 

     "type": "string" 

    }, 

    "license": { 

     "description": "Type of license in which the tool 

has been distributed", 

     "enum": [ 

      "Public Domain License",  

      "Proprietary License",  
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      "GNU General Public License (GPL)",  

      "Mozilla Public License (MPL)",  

      "Apache 2.0 License",  

      "BSD License",  

      "MIT License",  

      "End User License Agreement (EULA)" 

     ]      

    }, 

    "url": { 

     "description": "Tool web address where information 

about the tool can be found", 

     "type": "string"     

    }, 

    "externalRepresentation": { 

     "description": "Representation in which the tool 

generates data", 

     "enum": [ 

      "json", 

      "yaml",  

      "xml",  

      "rdf",  

      "atom" 

     ]      

    }, 

    "releaseDate": { 

     "description": "Date in which the tool has been 

released", 

     "type": "string", 

     "format": "date-time"    

  

    }, 

    "version": { 

     "description": "Version of tool", 

     "type": "string"      

    }, 

    "operatingSystem": { 

     "description": "Operating system(s) in which the 

tool can be installed", 

     "type": "array", 
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     "items": { 

      "type": "string" 

     }      

    }, 

    "memoryRequirements": { 

     "description": "Memory space required (in 

gigabytes) to install the tool", 

     "type": "number" 

    } 

   }, 

   "required": ["name", "toolProvider", "license"] 

  }, 

  "specificationTool": { 

   "$id": "#specificationTool", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/tool" 

    }, 

    { 

     "properties": { 

      "type": { 

       "description": "Type of tool", 

       "enum": [ 

        "textualTool",  

        "graphicalTool" 

       ]     

   

      } 

     }, 

     "required": ["loc", "filetype"] 

    } 

   ] 

  },  

  "managementTool": { 

   "$id": "#specificationTool", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/tool" 
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    }, 

    { 

     "properties": { 

      "targetTo": { 

       "description": "Tool capable of 

managing (e.g., analyzing, processing, transforming, etc.) different type of 

artefacts", 

       "enum": [ 

        "analysis",  

        "management",  

        "evolution",  

        "configuration",  

        "reporting" 

       ]     

   

      } 

     }, 

     "required": ["loc", "filetype"] 

    } 

   ] 

  },    

  "developmentPhase": { 

   "$id": "#developmentPhase", 

   "type": "object", 

   "properties": { 

    "name": { 

     "type": "string", 

     "description": "Name of the development phase in the 

software development lifecycle" 

    }, 

    "description": { 

     "type": "string", 

     "description": "Textual description of the 

development phase" 

    }, 

    "involvedRoles": { 

            "type": "array", 

            "items": { 

                         "$ref": "#/definitions/role" 
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            } 

          } 

   }, 

   "required": ["name"] 

  },  

  "methodology": { 

   "$id": "#methodology", 

   "type": "object", 

   "properties": { 

    "name": { 

     "type": "string", 

     "description": "Name of the methodology being 

defined" 

    }, 

    "description": { 

     "type": "string", 

     "description": "Textual description of the 

methodology explaining the phylosophy that defines it." 

    } 

   }, 

   "required": ["name"] 

  }, 

  "person": { 

   "$id": "#person", 

   "type": "object", 

   "properties": { 

    "name": { 

     "type": "string", 

     "description": "Full name of the person being 

defined" 

    }, 

    "emailAddress": { 

     "type": "string", 

     "description": "Email of the person being defined" 

    } 

   }, 

   "required": ["name","emailAddress"] 

  }, 

  "role": { 
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   "$id": "#role", 

   "type": "object", 

   "properties": { 

    "name": { 

     "type": "string", 

     "description": "Name of the role being defined" 

    }, 

    "description": { 

     "type": "string", 

     "description": "Textual description of the main 

responsibilities of the given role within a software process methodology." 

    } 

   }, 

   "required": ["name","description"] 

  },   

  "artefactState": { 

   "$id": "#artefactState", 

   "type": "object", 

   "properties": { 

    "timeStamp": { 

     "type": "string", 

     "description": "Sequence of characters identifying 

when a new state of the artefact has been created", 

     "format": "date-time" 

    }, 

    "identifier": { 

     "type": "string", 

     "description": "sequence of characters that 

uniquely identifies the state of the artefact" 

    } 

   }, 

   "required": ["identifier","timeStamp"] 

  }, 

  "change": { 

   "$id": "#change", 

   "type": "object", 

   "properties": { 

    "timeStamp": { 

     "type": "string", 
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     "description": "Sequence of characters identifying 

when a new state of the artefact has been created", 

     "format": "date-time" 

    }, 

    "identifier": { 

     "type": "string", 

     "description": "sequence of characters that 

uniquely identifies the state of the artefact" 

    }, 

    "description": { 

     "type": "string", 

     "description": "Text explaining the type of change 

performed over the associated artefact" 

    }, 

                "author": { 

                    "description": "Person that performs the change to the artefact", 

                    "$ref": "#/definitions/person" 

                }, 

                "dependentChanges": { 

            "type": "array", 

            "items": { 

                         "$ref": "#/definitions/change" 

            } 

          } 

   }, 

   "required": ["identifier","timeStamp","description"] 

  },         

        "atomicChange": { 

   "$id": "#atomicChange", 

   "type": "object", 

   "allOf": [{ 

     "$ref": "#/definitions/change" 

    } 

   ] 

  }, 

        "compoundChange": { 

   "$id": "#compoundChange", 

   "type": "object", 

   "allOf": [{ 
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     "$ref": "#/definitions/change" 

    } 

   ], 

            "composedOf": { 

        "type": "array", 

                 "minItems": 2, 

        "items": { 

                    "$ref": "#/definitions/change" 

        } 

      } 

  },    

  "snapshot": { 

   "$id": "#snapshot", 

   "type": "object", 

   "properties": { 

    "timeStamp": { 

     "type": "string", 

     "description": "Digital record of the time of 

occurrence of the given snapshot", 

     "format": "date-time" 

    }, 

    "artefactStatesCaptured": { 

            "type": "array", 

      "minItems": 1, 

            "items": { 

                        "$ref": "#/definitions/artefactState" 

            } 

          }, 

                "nextSnapShot": { 

                    "description": "References the next snapShot taken over the 

system.", 

                    "$ref": "#/definitions/snapShot"             

          }, 

                "previousSnapShot": { 

                    "description": "References the previous snapShot taken over the 

system.", 

                    "$ref": "#/definitions/snapShot"             

          } 

   },                     
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   "required": ["timeStamp","artefactStatesCaptured"] 

  }, 

        "revision": { 

            "$id": "#revision", 

            "type": "object", 

            "allOf": [{ 

                    "$ref": "#/definitions/snapShot" 

                }, 

                { 

                    "properties":{ 

                        "identifier": { 

                            "type": "string", 

                            "description": "sequence of characters that uniquely 

identifies the revision" 

                        }                         

                    } 

                } 

            ], 

   "required": ["identifier"] 

        }, 

        "notificationReport": { 

            "$id": "#notificationReport", 

            "type": "object", 

            "properties":{ 

    "message": { 

     "type": "string", 

     "description": "Text describing the 

notificationReport" 

    }, 

    "closesIssues": { 

      "type": "array", 

      "items": { 

      "$ref": "#/definitions/issue" 

      } 

    }, 

    "mentionsIssues": { 

      "type": "array", 

      "items": { 
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      "$ref": "#/definitions/issue" 

      } 

    }                         

            } 

        },   

        "branch": { 

            "$id": "#branch", 

            "type": "object", 

            "properties": { 

                "identifier": { 

                    "type": "string", 

                    "description": "sequence of characters that uniquely identifies 

the branch" 

                } 

            },                     

   "required": ["identifier"] 

        } , 

        "issue":{ 

   "$id": "#issue", 

   "type": "object", 

   "properties": { 

                "identifier": { 

                    "type": "string", 

                    "description": "sequence of characters that uniquely identifies 

the issue" 

                }, 

                "title": { 

                    "type": "string", 

                    "description": "Title of the issue briefly describing it" 

                }, 

                "description": { 

                    "type": "string", 

                    "description": "Text describing the issue" 

                },                 

    "severity": { 

     "description": "Level of severity of the issue", 

     "enum": [ 

      "Critical",  
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      "High",  

      "Medium",  

      "Low" 

     ]      

    }, 

    "assignee": { 

                    "description": "Person responsible of the managment of the 

issue", 

                    "$ref": "#/definitions/person" 

                },   

    "dependentIssues": { 

      "type": "array", 

      "items": { 

      "$ref": "#/definitions/issue" 

      } 

    },      

    "labels": { 

     "description": "List of words that identify the 

major concerns of the issue", 

     "type": "array", 

     "items": { 

      "type": "string" 

     }      

    } 

   }, 

   "required": ["identifier", "title", "description", "severity"] 

        }, 

        "comment":{ 

   "$id": "#comment", 

   "type": "object", 

   "properties": { 

                "identifier": { 

                    "type": "string", 

                    "description": "sequence of characters that uniquely identifies 

the comment" 

                }, 

                "timeStamp": { 

     "type": "string", 
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     "description": "Sequence of characters identifying 

when the time stamp", 

     "format": "date-time" 

    }, 

    "author": { 

                    "description": "Person authoring the comment", 

                    "$ref": "#/definitions/person" 

                },     

    "mentions": { 

      "type": "array", 

      "items": { 

      "$ref": "#/definitions/person" 

      } 

    } 

   }, 

   "required": ["identifier", "title", "description", "severity"]             

        }, 

        "milestone":{ 

            "$id": "#milestone", 

            "type": "object", 

            "properties": { 

                "identifier": { 

                    "type": "string", 

                    "description": "sequence of characters that uniquely identifies 

the branch" 

                }, 

                "description": { 

                    "type": "string", 

                    "description": "Text describing the milestone being defined" 

                                

          }, 

                "referencesIssues": { 

            "type": "array", 

                     "minItems": 1, 

            "items": { 

                          "$ref": "#/definitions/issue" 

            } 

          } 



   

 D1.1 Report on existing representation and specification relevant to the PKM 

 

 

DECODER Grant agreement No 824231   53 

            }             

        } 

         

 } 

} 

  

 


