
ESA UNCLASSIFIED – For Official Use 

Dr Yan Tang and Mr. Serge Valera 
 
ESTEC/TEC-SWM 
28/10/2014 

Avionics Data, Control and Software Systems 

ADCSS-2014 

 

ECSS-E-TM-10-23 Space System Data Repository 
  

using a formal requirement engineering approach 



ADCSS 2014 | TEC-SWM - Yan Tang | 28/10/2014    Slide  2 

ESA UNCLASSIFIED – For Official Use 

The presentation 

MODELING: 
 Editors 
 “Model compilers” 

system 
data 

repository 

CONFIGU
RATORS 

System/Software 
tools trade-off:  
 Dependability 
 Avionics modelling 
 Hw/sw co-design 

REQUIREMENT 
ENGINEERING  

(TS: 
 Doors  
 Sw ontologies, 
 Feature editors) 

     SYSTEM 

SOFTWARE 

REQUIREMENT 
ENGINEERING 
(RB, system 
ontologies) 

SYSTEM 
VERIFICATION 

CONTINUOUS 
BUILD: 
 Generation 
 Testing 
 Validation 

EUCLID 

FDIR 

AML 

Ingequip F.B.M. 
GNC & 
AOCS 

Melody 

Digital Eng 

CNES 

Autocode 
Compilers 



ADCSS 2014 | TEC-SWM - Yan Tang | 28/10/2014    Slide  3 

ESA UNCLASSIFIED – For Official Use 
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ECSS-E-TM-10-23A 

1. ECSS-E-TM-10-23 addresses means to enable semantic 
interoperability for the purpose of enhancing the way space systems 
are currently developed and operated, including: 

a. reducing the risk inherent to complex systems, 

b. reducing the overall cost. 

2. ECSS-TM-10-23 promotes the idea of conceptual modelling at the 
GLOBAL level to allow sharing and reuse of any space system 
knowledge between all involved partners 

 

• Conceptual modelling is for Requirement Engineering 
• Conceptual modelling 

• enhances the quality of any requirements specifications 
• enables the validation of system requirements by their stakeholders 

before any development 
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Requirement Engineering (RE) 

1. Requirements must be complete, consistent & correspond to the 
intended need 

2. System requirements (the Customers’ requirements) addresses the 
WHAT and should be free of any implementation issues System 

requirements shall remain at conceptual level 

 

Conceptual modeling 

• Conceptual modeling is activities of formally describing aspects of physical and 
abstract world for the purpose of human understanding and communication 
(Mylopoulos, 1992) 

• Conceptual models facilitate tasks such as the elicitation, documentation, 
validation and verification of requirements, which permits to detect and correct 
possible errors, and, to have stakeholders’ requirements as complete as possible 
at an early stage prior to implementation (Pohl, 1997; Wand and Weber, 2002) 

• Conceptual modeling is a solution of enhancing interoperability (IEEE, 1990) 
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And other enterprise IS frameworks:  
ARIS, TOGAF, FEAF, C4ISR,  
DoDAF ... 

Ambiguity, errors or 
incompleteness are dramatically 
propagated if you don’t have high 
quality requirements ! 

Customer Suppliers 

Ambiguity, error and 
incompleteness are costly! 
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REQUIREMENT ENGINEERING 
Formal conceptual modelling in   
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It begins with a need… 

Ask stakeholders to 
express a few req. 
in whatever format 

Modeler Stakeholder 

e.g. requirements for power management 
software  
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How to elicit implicit knowledge from 
stakeholders? 

Ask stakeholders to 
express a few req. 
in whatever format 

Power_BatCharge_1 Processing M 

The power management SW shall compute the estimated quantity of charge of the battery (Qc)  
through: 
- the battery current measurement (Ibat), 
- AND the value of quantity of charge of the battery estimated at the previous cycle (Qc). 

Ask competency 
questions 

Competency question is a query (posed by a 
modeler and answered by the stakeholder(s)) in a 
natural language to determine scopes, extract main 
concepts, relations or rules. (Wand and Weber, 2002;; 
Uschold and Grüninger, 1996) 

Segmentation and 
highlighting 

segmentation 

highlighting 

Nouns and nouns with prepositions  

Verbs and prepositions 

words containing constraint information 

Adjunctive 
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power management software shall compute 
estimated quantity of charge of battery 

power management software shall compute  
estimated quantity of charge of battery 

How to elicit implicit knowledge from 
stakeholders? 

Ask stakeholders to 
express a few req. 
in whatever format 

Ask competency 
questions 

Segmentation and 
highlighting 

Nouns (sometimes with prepositions) 
are used to model concepts 

Common verbs and prepositions are 
used to model relations 

Build concepts 
and relations 

Adjunctive is used to model either 
subtypes or relations 

Or 

Do you agree? 

Perhaps… 

Do you agree? 

I’m not so sure… 

… (explain) … 
… let us continue with the 

first model and decide 
later… 
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How to elicit implicit knowledge from 
stakeholders? 

Ask stakeholders to 
express a few req. 
in whatever format 

Ask competency 
questions 

Segmentation and 
highlighting 

Build concepts 
and relations 

words containing constraint information 
are used to model constraints 

Specific verbs and prepositions can be 
used to model implied relations 

Specify 
constraints 

Each power management software shall compute one 
or more estimated quantity of charge of some 
batteries 

Do you agree? 
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what I want to say 

For each battery, some power management software\s 
shall compute one or more estimated quantity of 
charge of that battery 

Do you agree? 
Yes 

This is not in the 
req. shall we add it? 

Yes 

Mandatory constraint 

Process is omitted here 
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PMSW Qc Battery 

Pmsw1 9AH Bat11_6OnSONY18650HC 

pmsw1 9AH Bat11_6_OnSAFTVES140 

pmsw1 15AH Bat11_6OnSONY18650HC 

pmsw2 9AH Bat11_6OnSONY18650HC 

For each estimated quantity of charge and battery, 
at most one (zero or one) power management 
software shall compute that estimated quantity of 
charge of that battery      

     

For each power management software and estimated 
quantity of charge,  that power management software 
shall compute that estimated quantity of charge of at 
most one (zero or one) battery 

     

How to elicit implicit knowledge from 
stakeholders? 

Ask stakeholders to 
express a few req. 
in whatever format 

Ask competency 
questions 

Segmentation and 
highlighting 

Build concepts 
and relations 

Specify 
constraints 
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I don’t agree with 3 

Uniqueness constraint 

For each power management software and battery, 
that power management software shall compute at 
most one (zero or one) estimated quantity of 
charge of that battery 

Or 

Or 

And I doubt about 
1 and 2 

OK 

OK 
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How to elicit implicit knowledge from 
stakeholders? 

Ask stakeholders to 
express a few req. 
in whatever format 

Ask competency 
questions 

Segmentation and 
highlighting 

Build concepts 
and relations 

Specify 
constraints 

Do you have only 
one PMSW? 

Yes 

Cardinality constraint 

Scenario 1 

There shall be one and only one power 
management software in the Universe of Discourse 

Ok  

Do you have only 
one PMSW? 

No 

Scenario 2 

The Cardinality constraint 
is then inapplicable 
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Result of modeling 

Power_BatCharge_1 Processing M 

The power management SW shall compute the estimated quantity of charge of the battery (Qc)  through: 
- the battery current measurement (Ibat), 
- AND the value of quantity of charge of the battery estimated at the previous cycle (Qc). 

• Each power management software shall compute one or more estimated quantity of charge of some batteries 
• For each battery, exactly one power management software shall compute one or more estimated quantity of charge of that battery 
• Each estimated quantity of charge of some batteries shall be computed by one or more power management software’s 
• For each estimated quantity of charge and battery, exactly one power management software shall compute that estimated quantity 

of charge of that battery 
• Each battery shall have one or more estimated quantity of charge 
• Each estimated quantity of charge shall be of exactly one battery 
• Power management software shall be involved in computation of estimated quantity of charge 
• Quantity of charge shall be involved in computation of estimated quantity of charge. 
• Battery shall be involved in computation of estimated quantity of charge 
• Each computation of estimated quantity of charge shall use exactly one battery current measurements and estimated quantity of 

charge of exactly one previous cycle 
• For each computation of estimated quantity of charge and previous cycle, that computation of estimated quantity of charge shall use 

exactly one battery current measurement and exactly one estimated quantity of charge of that previous cycle 
• For each battery current measurement and previous cycle, exactly one computation of estimated quantity of charge shall use that 

battery current measurement and estimated quantity of charge of that previous cycle 
• For each computation of estimated quantity of charge and battery current measurement, that computation of estimated quantity of 

charge shall use that battery current measurement and estimated quantity of charge of zero or one previous cycle 
• Each computation of estimated quantity of charge shall be in exactly one cycle 
• Each battery shall have one or more battery current measurement 
• Each battery current measurement shall be of exactly one battery 

1 informally expressed requirement  16 requirements ! 
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Result of modeling 

9 informally expressed requirements 

Error Ambiguous items Missing 
relations 

Missing 
constraints 

Missing 
requirements 

1 major, 3 minor 1 relations 
2+ object types 

9 23 to further discuss with 
the stakeholders 
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Software development 
companies 

The Space System Global Conceptual 
Model  

Space System 
Ontology 

CM-1 CM-2 

CM-3 

 Space system development partners differ from 
project to project 

 Partners are geographically dispersed 

 Different partners participate at different points 
in time in the project schedule 

DB system development 
companies 

Components 
manufactures 

Local 
view-1 

Local 
View-2 

Local 
view-3 
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FBM WG 

 Fact Based Modeling (FBM) standardization Working Group 

http://www.factbasedmodeling.org 

 

Working draft 8 available, including: 

a. Elementary fact type of any arity 

b. Objectification 

c. Constraints, including: 

uniqueness, mandatory, inclusive-or, exclusive-or, value,  

value comparison, exclusion, subset, equality, subtyping, cardinality 

ring constraints including e.g. reflexive, irreflexive, symmetric, 
asymmetric, antisymmetric, transitive, intransitive, acyclic 

d. Predicate, predicate reading 

e. Assertion, derivation, semi-derivation 

f. Alethic, deontic modality 

g. Etc. 

 
 

http://www.factbasedmodeling.org/
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ESA – FAMOUS, 1 

 

 FAMOUS - ESA/ESTEC contract no. 4000107725/12/NL 

Fact based Modeling Unifying System 

Towards implementing solutions for ECSS-E-TM-10-23A 

– grounded on solid foundations  logic based  

– understandable and able to be validated by stakeholders  controlled 
natural language 

– meets the stakeholders’ needs of requirement’s expressiveness  
towards ISO TR9007 100% principle 

– fulfils the quality required for a customer’s requirements specification 
 unambiguity, elementary, testability, consistency, completeness, 
verifiable, feasibility, traceability, … 

– aligned to customers’ needs, covers the requirement engineering cycle 
 including from tacit to explicit knowledge modelling 
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ESA – FAMOUS, 2 

1. FBM standard (working draft 8) with extensions: 

a. support for multi models 

b. derivation language 

c. dynamic constraints time and event based  

d. QUDV Quantities, Units, Dimensions and values compliance  

2. Customers’ needs – specification 

a. a generic modelling architecture 
 modelling: a term used by everyone with different meanings  

 visualization: a 3-level triangle-based architecture (data, schema, meta-
schema) 

b. a conceptual modelling protocol 
 from nothing to a conceptual model 

 to formally specify the to-be-contracted system specification, focusing on 
the real needs, i.e. the WHAT, no over-specification/no HOW 

 conceptual hierarchies (root natural/promoted concepts, existential dependent 
fact types/object types, leading roles, assembly concepts, …), 
customer/supplier root concepts’ interactions, root concept’s life cycle, 
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ESA – FAMOUS, 3 

3. Supplier’s needs - realization 

a. Engineering: automatic transformation from conceptual models to 
Logical & Physical models 

b. Reverse engineering: semi-automatic transformation from databases to 
conceptual models 

c. FBM formalization of logical and physical including: 
– Logical modelling including Relational SQL2011, UML, hierarchies 

– Physical modelling including Oracle SQL, XMI, XSD 

4. Semantic interoperability: 

a. Global and locals modelling 
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THANK YOU! 
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