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Requirement engineering steps

e Requirements Engineering can be divided into discrete chronological steps:

e For elicitation, analysis,
negotiation & specification
activities, requirements are in

Requirements elicitation,

Requirements analysis and negotiation,
Requirements specification,

System modeling,

Requirements validation,

Requirements management.

e For system modeling activity, a
system architecture is defined
in graphical environment*

text format*

Customer Specifications :> System Requirements +i[]

m=__ General practices in automotive industry

+o1[1] | + t1: Traction Detector [1]
——

Anti-Lock Controller

| + m1: Brake Modulator [1]

System architecture

._—-—'—'_-'._.
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Requirement allocation

 To allocate requirements on system architecture, requirements engineers
manually define the requirements model from system requirements
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 Problem: Each time the system requirements are changed, the requirements
model must be updated
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Requirements modeling

e Godl

= Document the customer needs from source specifications in the required environment
as well as requirements model

«requirements
Acceleration

«requirements
FuelEconomy r‘\
v

B uirements
rﬂl‘iraking /J T
™ ," *,  =abstraction» |, «abstraction>
DN DeriveReqt ', periveReqt
\‘Qermnmt :fabstractmn» N rivel 1" DeriveReqt
«requirements eq o equi >
RegeﬂraﬁveBra king Reservoir Power
System Requirements document <:> SysML Requirements model

* Precondifions
= System requirements in MS documents (Excel™, Word™)
= Requirements model in SysML (UML2 Profile)
= Requirementsin model are identical that requirements in requirements document
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Use Case & Scenario

e Use Case:
=  Export requirements from documents

= |mport requirements from modeling tool (with Papyrus MDT tool)

ReguremenisiuthoringTool lser
*  MS documents allow to export (import) data in XML format

* UML2 modeler allow to import (export) data in XML format
= Scenario: transferring XML documents compliant to a standardized format

XML

— loe | o (
— %) papfus

www. eclipse.org/papyrus
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MDT Papyrus
Graphical editor under the Eclipse Model Development Tool (MDT) Pap rU
Features:
e UML2.2
= Papyrus targets to implement 100% of the OMG specification

 Domain Specific Language (DSL)

= Papyrus provides advanced support for UML profiles enabling support for pure
DSL: MARTE, EAST-ADL2, CCM...

www.eclipse.org/papyrus

e SysML
= Provides complete support to SysML (static profile and graphical editors)
e Text

= Possible to edit model elements using contextual text editors (syntax highlight,
completion, content assist...)

e Code Generation
= |nJava, C/C++, Ada...
e Customization

= Every part of Papyrus may be customized: model explorer, diagram, property
and text editors...

e And more...
= Glue around valuable UML/SysML diagram editors & others MDE tools

_
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We are mainly interested in:

e XML Editor in Papyrus
e  Model transformation and Editor
e Text editor

w - Comment
%% Add Processing Instruction
B #PoDATA;

i CDATA Section

H New Element...

=] MewFile.xml &3 # | MySchema,ecore % MySchema.ecorediag <P sys.di
<tltlexHedqllE lest</tltleX>
</theHeader>
<coreContent>
<SpecObjecta>
Text Editor <SpecCtbiect>
<Nickname> GENERIQUE < /Nickname:
<Reguirement Id> GEN BESxGEN S5TD.0002 1 </Reguil

<Requirement textxRequirement text</Requiremen
<Analysis_ Status> hgreement </Analysis Status>

e ———

MDT Papyrus

=2 wml
=I-[8] reqglf xmins:xsi=http:/fwww.w3.0rg /20
tI-[e] theHeader
=I-(&] coreContent
=I-[e] SpecObjects
g recObject

Remove

Add DTD Information...
Edit Namespaces...
Add Attribute

Add Before
Add After
" XML Editor

X| regIFData. xml K| MewFile,xml

rement Id>
L _textr
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ReqlF

* We choose the Requirement Interchange Format (ReglF) to link the 2 steps
 ReqlF Properties:

Open standardized (Object Management Group)
Generic, non-proprietary and tool-independent format
Based on XML standard

Developed to exchange requirements between authoring requirement management
tools

Driven by car industry

e ReqglF features:

Uniquely identify requirements

Associate attributes with the requirements, e.g. a requirements text, an attribute value,
Establish relations between requirements...

Structure specifications hierarchically

e ReqlF structure (main XML tag):

@liu

ReqglFheader (comment, creationTime, identifier... Title)
ReqglFContent ( DataTypeDefinition, SpecType, SpecObject, SpecRelation...)
ReqlFToolExtension

.

. — — - : . ' DELPH|
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MS Documents

We use Excel™ and Word™

e Microsoft provides an XML tools add-in to build XML-enabled applications
= |mport /Export data in XML (.xml)
= Manage XML schema(.XSD) from a document

= Transformation and style (.XSL, .CSS) - razm'l Complements
@ "E- Propriétés du mappaas [:_"ﬂilmpmter
. fﬁ Kits d'extension 3{] Exporter |

Source
““".F Ectugliser les donnees I

XML I

Developer tab

[. %ML Toals ~

Convert a Range to an XML List...
Create X50 files for the XML 3chema at the active cell
Eefresh all the XML Maps in the active Workbook

i

Display the active cell's XML properties

Complement tab
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Mapping Table ReqglF — MS document — UML

Mapping rules

ReqlF Term MS Excel™ MS Word™ UML element
SpecObiject Row Table Row* Requirement
Attribute Cell Cell Attribute
Datatype n/a n/a n/a
SpecRelation Specific Row Specific Row Trace links

SpecObject: In MS Word™, a requirement is defined following a table template*

The requirement ID

The text requirement

All requirement IDs related to

the requirement

Attribute: Attributes element are id and text in the SysML context

Datatype: In MS document, all data are string. Then, there are no specific datatype

defined.

SpecRelation: relation between 2 SpecObject:

= source : The current id requirement
» target : one of ID reference

the current id requirement

B SOUrES=
€=9 = Targer N
i Requirements Exchange:

= Requirement {from SysML::Requirements)

= text: String [1..1] = Requirementl is a requirement
= id: String [1..1] = R1

1= sjderved: mequirement [0.. o] = JLeqguirementa]
=l fderivedFrom: Requirement [0..*] = [Requirement2]
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From MS documents 1o ReqlF

Steps to export data (requirements) from MS documents to XML file with ReqglF format

|
*Open a requirements specification document (Word ™ or Excel ™) ' W:
4

\ Y/ —

*Import ReglF metamodel (ReglF XML Schema from OMG) in Excel ™

*Map ReqglF element from XML Schema to Cell by drag and drop

ReqiF Ten XML | AMC WArd™™

SpecObject
*Export mapping data in ReqlF XML format Aftribute

Datatype

SpecRelation

—

—
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From MS documents to ReqlF

Steps to export data (requirements ) from MS documents to XML file with ReqglF format

1. Open arequirements specification document (Word™ or Excel™ )
1. Install Developper and Complements add-in to access to XML tools features

2. Integrate the ReqlF metamodel in MS document
1. Usethe OMG ReglF metamodel in XML schema format

2.  Modify the OMG XML schema to have only element which interest us (SpecObject, SpecRelation,
Header)

<xzd:element name="REQ-IF" type="REQIF:REQ-IF"/>
<xsd:complexType name="REQ-TF":>
<x=d: sequence
<xsd:ielement maxCccurs="1" minCccurs="1" name="THE-HEADER">

</ xsd:element>
<xsdielement maxCccurs="1" minCccurs="1" name="CORE-CONTENT">

<xsdielement maxCccurs="1" minCccurs="0" name="TOOL-EXTENSIONS">
</ xsd:element>
=/ x=d: sequence>

<xXsd:attribute ref="zxml:lang" use="optional"/,>
</ xad:complexType

3. Map the XML schema element on data in MS document by drag and drop
1.  Tags appearin the document

4. Export the dafa mapped in XML file

st
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From MS documents to ReqlF

g

. lel‘lwz‘ : c 3 1:4- [ ? | ‘6“ [ 1 c 8 \;9‘ | ‘llo‘ | ‘11: 112 1 (13 ;14‘ | ‘1‘5- | -16; 117 ‘l ‘18 1:19- | -zlo‘ | ‘21; I-Zslhmhnem Mapoages ¥V dan ce casseur s
Eléments dans le document :
REQ-IF_M:
Performances < REQTF ‘ Qu_ lappage
SPEC-OBIECTS| o Description ReferenceIDs E-HEADER = | REQF
Requnemeu = REQIF-HEADER & [ THE-HEADER
eSS RIIEY COMMENT = REQ-FHEADER

(W SPEC-GBIECT] (1 Requirement_HY | (1 Requirement_text When receiving CANLSFT command  |221 70 8¥S_ROUTE 8 V1 - CREATION-TIME -5 COMMENT
P21_PDD_SW_MAIN_ROUT |frame_ S FEUX ROUTE x output commutation shall be BCORE{)TgILIEEIH g CREATION-TIME
E8V3 donein strictly less than Tms. S REQ-IFCONTENT =] REPOSITORY-ID

Applicable to - = ;ilECOHJECTS

-signal §_FEUX_ROUTE in frame . g

; = SPEC-OBJECT & TME
Requirement _text i

CAR CDE BSM LENTE Y i - Requirement_Id = [ CORE-CONTENT
4 SPEC-OBJECT] [+ Requirement_Id{ | (4 Requirement_text Whm[eceiv‘ing CANLSFT command T - Requirement_text =] B REQ-IF-CONTENT
P21_PDD_SYS ROUTE B_ |frame, § FEUX ROUTE x output commutation shall be STDA113 [PEC CRECT) e L R~ i s p

= SPEC-OBJECT ans le cas de boitier de senitude étanche, ce demier ne doit pas

V1 JRequiement_1d») in stri Requrement text i : ’

donein striclly lss than L0uws. ) . ’ Reﬂ”ffe"'e"tfld Enso, a RTF chair ReqlF générer de flux gazeux ou liquide a travers la connectique lors de
4 SPEC-ORIECTi (4 Requirement_Id{ | (o Requrement test|S FEUX ROUTE xrelay commutation  |p21_PDD_SY8_ROUTE 8 V1 - Requirement_text v member variations thermiques ou de pression (phénoménes de respiration, 5] REQ-IF-TOOL-EXTENSION
?ZMUTE_B—V shall be done n strictly less than 3ms. Requrement te] jSPEE'UBJECT") Afficher les balises ¥ML dans le document pompage, ...

equirement_Idn
(1 SPEC-GBIECT] (1 Requrement_H{ | (+ Requiement_tet] Command offset between outputs it Choisissez un elément  appiuer a la selection o) L
PZ1_PDD_SW_MANROUT |§ FEU ROUTE Gand$ FEU ROUTE Dshallbe | SR110[FECOEET) T
- - - - - - - x SPEC-OBIECTS
Eavt strictly less than 30ms|Requiement textn
GEN-BSxGEN-STD.0TH(0)

From Word

From Excel

xml version="1.0" encoding="UTF-8" =tandalone="yes"?>
JeqIlf xmlns=:x=i="http://www.w3.org/2001/XMLSchena-instance">
JheHeader>

<creationTime>15/10/1996 01:33:28</creationTime>

<identifier>TestReqgIF.xls</identifier>

<repositoryId>D:\Documents and Settings\MA224778\Burean\RIF plug-in\ExcelToEcore\input</repositoryId>
<reglFToolld>Microsoft Excel</reglFToollds>

<reqlFVersion»1l.0</reqIlFVersion>

<sourceToolId>Microsoft Excel</sourceToolId:

<title>ReqlF Test</title>

‘theHeader>
JoreContent>

1

XML File ]
(ReqlF Format) |

e —

<BpecCbjects>
<5pecCbject>
<Reguirement_Id> GEN BSxGEN STD.0O1 3 <ﬁRequiremEnc_Id>
<Reguirement text> Le boitier de servitnde doit étre conforme aux documentsapplicables. <fRequirement_text>
</5pectbiject>
<SpecCbiject>
<Reguirement_Id> GEN BSxGEN STD.0002 1 <fRequiremEnc_Id>
<Reguirement text> Dans la gamme de fonctionnement plage de températures
</5pecObject>

TminEF, TmaxEF & la masse. <;"Requirement_text>

— DELPHI
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From ReqlF to SysML

Steps to import data (requirements ) from XML file with ReqglF format to UML modeler

N
* Import the XML file in ReqlIF format in a new SysML project
J
*Import the ReqlF metamodel (ReqglF CMOF file fromm OMG) and )
convert it fo Ecore metamodel (EMF)
J .
. - ATLC

e Launch an ATL transformation )
a Transformation

* Generate a requirement diagram

@) ®

e
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From ReqglF to SysML

1. Import the XML file in ReqlF
formatin a new SysML
project

2. Import the ReqlF
metamodel (ReqglF CMOF

Pl schema fromm OMG) and
convert it to Ecore
metamodel (EMF)

MDT Papyrus feature

3. Launch an ATL
transformation
Tansform data in XML files
as UML elements

4. Generate arequirement
diagram

_____ MDT Papyrus feature

Eclipse Modeling Framework (EMF)

M3 Ecore.ecore

els - Morayo Adedjouma
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Evaluation

e ——

2 |
Rl (IR
wiinliy SRS

WORD/ E]’#{GEL| ==

ReqglF Metamodel PAPYRUS

From MS documents to ReqlF, mapping is proceeded tag by tag
= A generic macro compliant to ReqglF will be easier and faster
e Poor tracability link capture

= |n SpecRelation, attributes are source and target ids requirements, no type
(satisfy, derive...)

» Difficult to manage hierarchical structure of requirements

= |Dsreference as a listin MS documents: which is upper or derived?
» Difficult to manage classification of requirements

= The requirements type (functional, non-functional...) is not set in MS documents
e Datatypes

= All data are string

= No distinction between Enumeration, Integer or Boolean attribute value

@ﬁ‘wﬁ
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Next steps

e Manage others ReqglF term
= Handle the requirements types in SpecType term (functional, non-functional...)
= |mprove import/export at Relation level (SpecRelation)
= Deal with the datatypes (string, integer, enumeration...)

* Requirement have others attributes (risk, status...)
= Update requirement specification documents (new columns)
= Extend SysML profile to handle others attributes

* Export from MS documents by macro
* Implement Clause 8 and 9, 10, 11 of the ReqlIF standard (OMG specification)

* Implement the roundtrip

= Export requirements elements from models to XML file ( ReglF format) by the
reverse model fransformation

= Generate new MS documents from XML file (ReqlF format) : more interesting than
updating to keep the traceability in change management

0 lhist . — e - DELPK
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Related works

* ProR, a Eclipse tool to define requirements in RIF* format

= Definition of XML file in RIF format. Out of our scope because we want to avoid
manual requirement defintion

« Some Requirement Management tools (Reqgtify, DOORS) propose a RIF import/export
feature

= Interoperability is established on tool-by-tool basis. Reqgtify tool can only import and
assess a RIF* file generated with Reqgtify and it is the same case for DOORS tool. [Use
cases evaluation in CESAR project]

 EAST-ADL2, UML2 profile proposes to import/export requirement using RIF* format
= Same conclusion about interoperability that with Reqgtify and DOORS tools

=> All implement a RIF version and not a ReqlF version (Actual state)

= RIFis a first proposal by car manufacturers to exchange requirements between
stakeholders. The standardized ReqlF is born of RIF.

* Some others entities work on an implementation of the RIF/ReqlF* specification.

= Tool vendors (ArtiSAN studio, TopCased, MKS integrity...)

= EU Projects (Verde, Deploy...)
ar.industry

s

0 list ~ . n
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Conclusion

 Use modeling and text based
approaches to specify requirements
and integrate them in a standardized

ION

* Avoiding redundant working for
requirement engineers

CONC

e Providing MDT Papyrus with
requirement exchange

e Target to implement ReqglF standard

—

M e — pum— .
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Thank you !
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