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1 Introduction

1.1 Role of deliverable

The goal of this deliverable is to describe the features included in knowledgeMANAGER (kM), brick (B2.37).

This brick is part of WP607. The main goals of this WP are the following:
e CCC approach for quality requirements:
o Correctness — Consistency - Completeness
e Requirements reuse
¢ Integration with |OS
e Support to the development supply chain and shareable content

As a result of the main objectives of the WP, the main goal of this brick is managing all knowledge needed to
measure, manage and improve the quality of every system artefact eventually managed through RQS. In the
case of Requirements engineering, knowledge deals with managing the quality of requirements
specifications. For that purpose, knowledgeMANAGER mainly deals with Natural Language (NL) processes,
thesaurus and requirements patterns, all of them integrated in the System Knowledge Base (SKB)
represented as an ontology.

1.2 Relationship to other CRYSTAL Documents

This deliverable is related to the rest of deliverables and bricks created in WP6.7 as well as the
main deliverables from UC2.4 (Electrical Flight Control System - the UC which WP6.7 is based on).
The level of relationship is the following:

e D607.011: since this document will describe the user needs and goals, the development and finally
the assessment of the brick knowledgeMANAGER (B2.37)

e D607.021: since the ontology and requirements patterns managed by knowledgeMANAGER are
used in RQA to accurately improve the quality of a requirements specification (brick 2.29)

e D607.031: since the ontology and requirements patterns managed by knowledgeMANAGER are
used in RAT to provide a writing assistant (brick 2.30)

e D204.013: since this deliverable represents the needs of the industrial partners involved in WP6.7
(ucz.4).

1.3 Structure of this document
The structure of the document is the following:

o Chapter 2 — Current technical features: first we start with the description of the current state of the
brick

e Chapter 3 - Training offered to end-users: this chapter lists the training sessions that have been held
related to this brick, a link to the training material is also included

e Chapter 4 — Main goals for the brick during the CRYSTAL project: finally, this chapter summarizes
what seems to be the most important goals for the industrial partners related to the WP

Version Nature Date Page
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2 Current technical features

This chapter describes the current technical features of the knowledgeMANAGER tool. As a first iteration for
this brick/deliverable, the set of features described hereinafter correspond to the status of the tool as it is
today in the commercial version (version 6.1), available at http://www.reusecompany.com.

2.1 Description of the tool

knowledgeMANAGER (kM) belongs to Requirements Quality Suite (RQS), a set of tools aimed to customize,
manage and improve the quality of a set of requirements (see also deliverables D607.021 and D607.031 for
a more detailed description of the other tools included in the suite).

More specifically, the main goals of kM are the following (see section 2.3 for a more detailed description):
¢ Managing the indexing process based on Natural Language tools (NL tools)
e Manage controlled vocabulary to be used in RAT and RQA
e Manage thesaurus and links among the concepts in the controlled vocabulary

e Manage requirements patterns needed to generate the proper formalization of requirements (or any
other text-based artefact)

e Manage the communication between the team in charge of creating the requirements and the team
in charge of managing all the layers on the ontology. This communication is modelled as a
suggestion system for the requirements authors.

All the previous information defines an ontology formed by the following layers:

Other customized
formalization content (source
code)

Inference layer
The grammar which defines
the structure (allowed

How th tenti . . content) of the pattern
ow the content s Formalization layer
stored in the Asset

Store by means of
semanticitems Used for
Correctness

purposes in RQS

Pattern layer

Clusters of Verbs,

Nouns, Adl:e‘:ﬁf’es_ or Classification Determiners, prepositions...
Ad\.rer.bs with similar ____~—@ laver used for the NL analysis
meaning/role Vi

Nouns, together with Domain
hierarchies, synonyms o thesaurus NL Concepts Invalid concepts
and other

relationships

Verbs, nouns and —/.' Controlled vocabulary

other types of words

Figure 2-1: Ontology layers
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Those layers will be described in section 2.3.

2.2 Architecture of the suite

This picture represents the architecture of the whole Requirements Quality Suite. The rest of the section
describes all the boxes in the architecture and how and why kM is connected to the other tools.

This picture shows the dependencies among different components as blue arrows. Those components may
or may not be installed in the same physical node (a Windows based computer), but all of them must be
connected to the same LAN.

RQA Client

Figure 2-2: RQS Architecture

The components of this architecture are the following:
o RQA Server Requirements Quality Analyzer Server:

in charge of the main configuration of the whole suite. Database connection, licensing and low-level
database management...

¢ ROQA Client — Requirements Quality Analyzer Client:

provides the customization of the quality assessment of the suite. RQA is using the terminology
provided in the various layers managed by knowledgeMANAGER, as well as the rest of the layers of
the ontology managed by kM

o RAT — Requirements Authoring Tool:

this module allows quality analysis on the fly, but it also includes the authoring guidance by using the
information represented in the boilerplate layer

o kM — knowledgeMANAGER:
fully described in this document

Version Nature Date Page
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e SKR - System Knowledge Repository:
this is a relational database where we can find two clearly different parts:

o SKB - System Knowledge Base: represents the main ontology behind all the quality analysis
as well as all the information needed to perform a Natural Language Process to generate a
semantic graph out of a textual requirement

o Assets: represents the formal representation (mainly as a semantic graph) generated out of
every textual requirement once the requirement has been created with RAT

2.3 List of features

2.3.1 Introduction

The main goal of kM is to manage all the knowledge needed by RAT and RQA (or by any other further tool
which projects/documents could be semantically indexed) to be able to measure the quality of a requirement
specification.

kM includes the following features:
e Vocabulary management: including screens to manage the controlled vocabulary of a project
e Thesaurus construction: including features to semi-automatically creating thesaurus
e Thesaurus management: including screens and techniques to manually build thesaurus
¢ Classes management: allows to create and manage classes for Terms and relationships

e Requirements patterns management: including screens to manage patterns and the way they are
able to formalize (represent) the knowledge of the requirements

2.3.2 Support for the Natural Language Process

2.3.2.1 Introduction to the NL process

The first goal of RQS, when a requirement is analysed, is to generate a semantic graph out of the textual
content of the requirement. An example of this kind of semantic representation is depicted in the following
figure.

URO044 The[Radar]shaII[identify I hits ]at a hinimqm[rate ])f F(ﬂlnits per second]

e, S S ——

UR852 Targé?s|sha|| bedetected by the
than| 1Qfunits per second]

[Electr;r;;;bnetic sensorfat a flr'xextrquencr:-)-/]rﬁ-o.t. [ower |

‘ Semantic equivalences:
Identifies
Find
Distinguish

L
Discover
| URO44 >

— System
URES2 M Knowledge
Repository

Synonyms

FElectromagnetic sensor

FElectromagnetic device

System

Lidar

Figure 2-3: Semantic formalization
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This figure shows, in blue, a semantic graph. In order to generate such a semantic graph, the following
information is needed:

e A thesaurus including a list of concepts (controlled vocabulary) together with a set of links among the
concepts, synonymy...

¢ A classification layer clustering together concepts with a similar meaning or similar purpose (e.g. two
verbs with a similar meaning as buy and acquire or two concepts with a similar purpose such as two
different stakeholders)

e A set of requirements patterns and their formalization, representing the “shape” and content of the
final semantic graph

Using this information coming from the ontology, the following processes must be executed:
e Tokenization: this represents how the input text is split into individual words.

o Normalization: this stage deals with the morphology of the words, dealing with (mostly) the ending of
the words in examples such us: singular/plural, verb conjugation, or even conjugation of irregular
verbs

e Tagging: performed in those cases where the same word could have two different meanings, or
could play a different role in the sentence. The word plane could be a noun, but also a verb and even
an adjective. According to the structure of the sentence, the system must choose the most suitable
tag (noun, verb, adjective...)

e Semantic grouping: some terms may have a particular meaning by belonging to one or more
semantic clusters. This information is very valuable for further retrieval (coupling) processes

e Pattern matching: where different requirements patterns are evaluated to find the most suitable one
matching with the input requirement

e Semantic formalization: once a pattern has matched with the input requirement, its formalization
must be generated as a semantic graph

e Inference: allowing, by means of external libraries, to provide extra information after the standard
formalization stage, or even to provide correctness, consistency and completeness information
based on the already generated formalization of each requirement/artifact

2.3.2.2 Tokenization

Initially, every word is separated with spaces or punctuation marks. Nevertheless, sometimes the meaningful
concept is represented by more than one word (compound concepts such as breaking system); and some
other times, a “unit” of information (some characters enclosed into white spaces) shall be split into two or
more tokens of information (e.g. 20Km/h is split into 20 as a number, and Km/h as a unit)

In order to join together two consecutive words, as a valid compound word, two options are available:
1. Including all compound words manually in the controlled vocabulary

2. Using the vocabulary identification screens to allow kM to generate all the possible compound words
identified in a set of documents

In addition to that, a set of rules, based on regular expressions, can be used to properly split items as the
example of 20Km/h explained above.

Version Nature Date Page
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4T&xt Transformation @ = = ﬁ

Text transformation corfiguration:

Type of transformation: | REGULAR EXPRESSIONS: Named entities identification "]

Regular expression corfiguration:

| Regular Bxpression:  (P<MUMBER:{ Tl P[0-97 LI [0-SF={00 1. 101 Ol TN E " -1 7105}

. Termtag: MUMBER
Semantic:

Run iteratively: [

Cirder: 1072 1=

Enabled:

ok || Cancal |

Figure 2-4: Tokenization

2.3.2.3 Normalization
A set of suffixes and substitutions rules are used for solving singular/plural, verb conjugation...

So, a rule to transform from “-ies” to “-y” will properly transform the input text “... flies ...” into “fly” as the
representative form of the verb to fly. kM can also manage irregular transformations , like “stood” for “stand”.
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P -
4 Substitutes =RRE X
Substitute configuration:
Substitute:  SERE]
Rule:  INFINITIVE FROM PARTICIPLE/PRETERIT (ENGLISH) ] [3]
Complete: [
Source number: [In\ran'ant 'J Source person: Ilnvariarrt 'I
Target number: [Invariant vJ Target person: Ilnvariarrt "I |
Affoe:
Affo.  stood - Type: | Suffix
Exceptions:
Tem Termm Tag
N
0 exceptions
ok || Cancel
L -

Figure 2-5: Normalization

2.3.2.4 Tagging

The goal of the tagging process is to take the output of the normalization process and find one (and only
one) valid representative of this concept in the controlled vocabulary.

After the normalization step has been performed, three different possibilities can be faced:

1. Only one valid candidate is found in the controlled vocabulary: this is the most common case, and
the unique candidate obtained after the normalization step is represented also after the tagging step

2. More than one valid candidate is found: here a unique candidate must be provided. In order to do
that, a set of disambiguation rules is performed helping to decide which of the possible inputs (after
the normalization step) is more likely to be the correct one.

To do that, the context of the sentence is analysed, so that after realizing that “plane” can be either a
verb, a noun or an adjective, if the sentences goes “the plane shall be able to...” this step must
chose “plane” as a NOUN since its placed between a determiner and the shall verb, and this is the
most likely choice

3. No valid candidate is found: the term will be included as an “unclassified noun”. From this step on,
this new concept shall be deemed as a special type of noun.
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Figure 2-6: Tagging screen

2.3.2.5 Semantic grouping

knowledgeMANAGER is able to manage the definition of a set of semantics in order to cluster all the
concepts in the controlled vocabulary into one or more of the clusters. The semantic grouping is, basically
the support for the “CLASS-INSTANCE?” relationship of an ontology and, as stated before, it's used to group
together concepts with similar meaning or similar purpose.

Assigning concepts into clusters can be done by using the semantics form (see figure bellow), or even from
the vocabulary form.
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Figure 2-7: Semantic grouping

It's important to remark that semantic items can be categorized hierarchically, what is very valuable during
the definition of requirements patterns. Thus, a semantic named <Actions> may have children such as
<Transfer>, <Discover>...

2.3.2.6 Requirements patterns and formalization
See section 2.3.5.

2.3.3 Vocabulary management

This module allows the identification of the right set of concepts into the controlled vocabulary of a given
knowledge domain. This process can be done manually (see Figure 2-8) or even following an easy process
to identify new concepts automatically after analysing a set of relevant documents (see Figure 2-9); in the
latter case, the frequency of occurrence of the concepts in the set of documents is a key point to decide
whether or not a specific concept shall be part of the controlled vocabulary.
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Figure 2-9: Automatic identification of concepts
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2.3.4 Thesaurus management

A thesaurus allows adding different kinds of relationships to the concepts identified in the vocabulary
management step. The most classical types of relationships are:

e Broader-Narrower: representing some kind of parent-child relationship as in the case of Stakeholder
and Pilot

e Whole-Part: used to represent a physical breakdown as in the case of a PBS. An example could be
Car and Braking system

¢ Related: represented other kind of dependency among concepts as in the case of Car and Driver

Those relationships will be used for later retrieval purposes, for naming suggestions, to check proximity
among artifacts...

A very special type of relationship is the Synonymy, which is managed from a specific tab in the tool for
every concept.

), knowledgeMANAGER @ 2| B S
knowledgeMANAGER
By The REUSE Compary
Domain Management Subdomains Indexing & Search Documents Configuration Save | © Exit &
Thesaurus Subdomains > Thesaurus > Thesaurus
o N €O f DB L,ORLED @ P04
¢| [Refresh @) Term +4 Synonyms =] Relationships @ Suggestions @ Advanced
Q Suggested tems Tem corfiguration
4 lﬂ Physical emvironment
[l . @] Acceleration Tem:  Driver
H B=H Suggested relationships % Speed
4 lﬂ Stakeholder Relationiships
Classfication code report @] Co-pilot Al relationships | By category I Graphical I Suggsstions for relationships I Indexe| * | *
‘ﬂ Driver Type Related term
lg] Insurance holder
=:j Broader term Stakeholder
=] Related Car

L]

% Thesaurus
L @ Subsystem Management

& Inference rule groups

2 | 13thesaurus tems

|[Ready [ Connected to ' DATRC\PROJECTS\CRYSTAL\03 - TECHNICAL DOCUMENTATION\WP6.7 RBE\RSHP FORMALIZATION\CCC Exercise.mdb’

Figure 2-10: Thesaurus management

The picture above shows a small tree representing hierarchical or whole-part relationships; and also shows
the whole set of relationships of the selected concept.

2.3.5 Requirements Patterns management

Requirements patterns can be considered as a sequence of different elements in a sentence, each of them
could play a different role.

An example of pattern is the following:

While + in + <mode> +, + in case + the + <component> + to_be + <trigger> + , + the + <component> +
must + <action>
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Where many different requirements could match with them, for example the following:

While in landing mode, in case the button x is pressed, the emergency engine must start.

During the RBE process, requirements patterns are used to:
e Provide the proper formalization for further completeness and/or consistency analysis
e Provide the proper semantic formalization as a semantic graph for further retrieval and reuse stages
e Automatically identify the type of the requirement according to the matched boilerplate

Requirements patterns are created by using a five-step wizard, the steps are the following:
e Step #1: provide an example to avoid add slots one by one
e Step #2: manage the syntax elements (slots) of the pattern
o Step #3: formalization as relationships (semantic graph)
o Step #4: formalization as meta-properties
e Step #5: administrative information

2.3.6 Suggestion management

The final responsibility on the ontology relies on domain experts. Nevertheless, it may happen that the
requirements authors could identify new concepts to be added to the ontology, or new ways to express a
requirement not matching with any of the agreed upon requirements patterns.

To sort out that problem, a suggestion mechanism has been created between RQA and RAT on the one
side, and kM on the other side so that all the roles involved in the RBE process could participate in the
evolution of the ontology.

Both, inference rules and thesaurus management sections of knowledgeMANAGER provide access to the
suggestion mechanism. This allows the domain expert to accept or decline the suggestions sent by the
requirements authors/reviewers; either, accepted or rejected, the suggestions remains in the system for
further access, mainly from the engineer who issued the suggestion.

According to this schema, it's clear that a new profile is needed in the organizations to deal with the
management of the ontology (not only based on suggestions). This picture depicts the roles envisaged for
this RBE.

» Quality Assurance:

= Using RQA to configuring the way quality will be measured and
analyzed

-~
= Main tool: ROA
» Project manager and Quality Control:
& > Checking the proper quality of the Requirements Management
Process
° Main tool: RQA
™
I

» System Engineer:

= Writing requirements following the agreed upon
recommendations

> Main tool: RAT

» System Knowledge Base Architect:
= Configuration of ontologies and patterns
> Main tool: kM

Figure 2-11. Roles for RBE
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3 Training offered to partners

During the first few months of the project, several training sessions have been scheduled to:

Train industrial partners on how to use RQA

Train other technical partners involved in WP6.7 on the fundamentals and details about the semantic
approach followed by RQS

The training material used for both sessions is available in the CRYSTAL repository:

Training for end users (14 October 2013):
https://projects.avl.com/11/0154/Data%20Exchange/Forms/Allltems.aspx?RootFolder=%2{11%2f01
54%2fData%20Exchange%2f001 MEETINGS%2f011 SP6 Meetings%2fWP6 7%2fMeetings%2f2
013-10-14%20R0QS%20Training&FolderCTID=&View=%7bA036B3F1-CA9C-4631-A46F-
C55BDA6D5C01%7d

Training for technical partners (16 September 2013):
https://projects.avl.com/11/0154/Data%20Exchange/Forms/Allltems.aspx?RootFolder=%2{11%2f01
54%2fData%20Exchange%2f001 MEETINGS%2f011 SP6 Meetings%2fWP6 7%2fMeetings%2{2
013-09-

16 RBE%20Training%20about%20the%20to0l%20bricks%20%28Madrid%29%2fkM%20Document
ation&FolderCTID=&View=%7bA036B3F1-CA9C-4631-A46F-C55BDA6D5C01%7d
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4 Main development goals during the CRYSTAL project

The set of features presented so far have been described as very valuable for the industrial partners related
to WP6.7; nevertheless, all the partners involved in that workpackage are working on envisaging a set of
new features to improve the tool.

The main improvements to RQS in general and kM in particular are the following:
e Integration in the overall tool chain through the 10S
¢ Import/export of ontologies
e Smart merging of ontologies

e Support to PBS (Product Breakdown Structure): by extending a particular type of whole-part
relationships

e Provide collaborative management of ontologies along the supply chain

e Support to a set of new techniques for completeness checking between a requirements specification
and the ontology

e Support to new correctness metrics:
o Deprecated concepts
o Use of not preferred concepts (synonyms)

o Use of concepts identifies as ambiguous because of their list of more specific concept in the
ontology

e Customized metrics: allowing the end-user to write the code for their own metrics
e Enhance collaborative work with RAT

e Enhance the current in and out-links metric with nominal links where the user could identify the name
and direction of the link to quantify

e Pre and Post-analysis code: this represents a way for the end-users to write customized code to be
executed at different particular moments during the quality analysis:

o Before the analysis: the code will be able to change any of the attributes of the requirement

o After the analysis: RQA will provide information related to the result of the analysis so that
the proper actions could be taken

¢ |dentification of similar requirements (through their semantic graphs) in previous projects
e Database with Requirements patterns for formal requirements, contracts, and meta-model concepts
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5 Terms, Abbreviations and Definitions

Cco Confidential, only for members of the consortium (including the JU).

CRYSTAL CRitical SYSTem Engineering AcceLeration

D Demonstrator

kM knowledgeMANAGER

NL Natural Language

o Other

P Prototype

PBS Product Breakdown Structure

PP Restricted to other program participants (including the JU).

PU Public

R Report

RAT Requirements Authoring Tool

RBE Requirements Based Engineering

RE Restricted to a group specified by the consortium (including the JU).

RMS Requirements Management System

RQA Requirements Quality Analyzer

RQS Requirements Quality Suite

SP Subproject

ucC Use case

WP Work Package

Table 5-1: Terms, Abbreviations and Definitions
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