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Definition of a Metrication Model for Model-Based Engineering

1. Context and Background
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1. CONTEXT AND BACKGROUND
METMOD PROJECT

Project

Definition of a Metrication Model for Model-Based Engineering (METMOD)

Model-Based Engineering is rapidly becoming the state of practice for the development of Space
systems: source of truth for the extraction of quality-related information shifts from documents to

Motivation models.
As consequence, the traditional Product Assurance (PA) methods, inspection points and
practices need to be examined in detail to establish if they need to be adapted and/or reinforced.
“To specify a reusable Quality Model - MBSE Quality Model (MQM) - which if implemented is
Objective capable of measuring the quality of any System or Software engineering model, so that quality
levels are maintained in those cases when MBSE is used”
Duration 12 months activity (January 2023 - January 2024)

Consortium

ESA Technical Officer: Isabelle Conway

Prime Contractor: GMV

No Subcontractors
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1. CONTEXT AND BACKGROUND

WHAT

IS A QUALITY MODEL? (1/2)

A Quality Model is defined as a set of characteristics and the relationships between them which provide the basis for

specifying quality requirements an evaluating quality (ISO/IEC 25000:2014)

Typically, a Quality Model defines a set of Main Characteristics (e.g. Functionality, Reliability, Maintainability) and Sub

Characteristics (e.g. Completeness, Correctness, Complexity) that are measured through a set of metrics (e.g. Requirements
completeness).

= Quality

Models are usually defined and used within software intensive systems.

= As an example, the ECSS-Q-HB-80-04A defines a Quality Model for the development of software in a Space project.
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1. CONTEXT AND BACKGROUND

WHAT IS A QUALITY MODEL? (2/2)

A.2.1 Functionality

The capability of the software product to provide functions which meet stated and implied needs

Example extracted from ECSS-Q-HB-80A

» |when the software is used under specified conditions.
Definition taken from: [ISO 9126], [SPEC]
Mentioned in: [ECS5-E-40], [ECS5-Q-80]
A211 completeness
The capability of the software to provide full implementation of the functions required.
Definition taken from: [SPEC]
Mentioned in: [ECSS-E-40], [NASA-1740]
(M! in) Sub Metrics First Frequency
characteristic characteristic provided at
PRODUCT RELATED CHARACTERISTICS
Functionality | completeness | Requirement allocation | srr [ Every Review

I !

Table 5-3: Target value for metric depending on criticality category

Proposed target value/
Metric name criticality category
A B g D
allocation 1 1 1 1

v

A.3.31 Requirement allocation
Main Characteristic Functionality
Sub Characteristic Completenes

P

Metric name

Requirement allocation

Goal

This metric identifies the relationship among:
- Higher level requirements and software level requirements;
-SW i its and SW design.

Owner / Producer

Owner: development leader
Producer: development team

Target audience

Development leader, SW PA manager, V&V leader

Evaluation method Traceability matrices contained in SW requirements and SW design
documentation.
Formula X=A/B, where:

A =number of system level requirements for software that have one or
more trace to SW requirements or SW design components;

B = number of system level requirements for software

Interpretation of
measured value

0 <= X <=1, the closer to 1 the better

Life cycle phase Collected during software related system engineering, SW
requirements & architecture engineering, SW design &
implementation engineering processes.

Provided at SRR, and updated afterwards (e.g. PDR) as required.

Applicability - MANDATORY for all criticality categories.

Pre-conditions Availability of traceability matrices.

Report format

See example below.

Other remarks




1. CONTEXT AND BACKGROUND
WHAT IS THE MBSE QUALITY MODEL (MQM)? (1/2)

= The MBSE Quality Model will assess the quality of System and Software developments through their engineering models.
- Main Characteristics, Sub Characteristics and Metrics address specific goals adapted to the model-based paradigm.
- It will be applicable to System and Software engineering models.

= The main challenge is to define useful and representative metrics which measure the engineering models’ quality independently

from the selected MBSE technology.

Heterogeneus A =
MBSE technologies T = = ouu
(languages,

TASTE
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1. CONTEXT AND BACKGROUND
WHAT IS THE MBSE QUALITY MODEL (MQM)? (2/2)

MBSE technology independent
systems engineering software engineering
ECSS compliant applicable to MBSE

tailored
automatic

© GMV Property - All rights reserved - GMV-Public - 28/09/23 Page 8



1. CONTEXT AND BACKGROUND
DEVELOPMENT PROCESS

1. State-of-the-Art & Practice:

TECHNOLOGY-INDEPENDENT

Cwewrs T e § = Survey on Industry Software and System
N ' / TR \ SYSTEM/SW MBSE Model-Based development lifecycle

Needs

DEVELOPMENT processes, methodologies and tools

= Survey on Industry available quality models

Available 5 : Definition of Definition of : o =
Metrication [ PA |—» MM |—» MaM ; and metrics, and associated relevant
Programmes | i | i | Approach Requirements Sigaéi?!ea’g;;sic MQM Metrics i standards
Jagtonal | : | = Selection of System and Software
ocumentation | | | | . . q
P A A Engineering Models for MQM demonstration

= Questionnaire on the use of Quality Models
: MESE and their integration with MBSE

Technologies ;
I TOTgL?::OA:'?I'II:HAEBII\-nEQM 2. Specification of an MBSE Quality Model to
i systemasw | ! be implemented as part of an effective and

i B H . ]
Hhoses | | reusable Metrication Programme ON-GOING

TECHNOLOGY-DEPENDENT

e

>> >> >w 3. Demonstrate the implementation of the
- - Quality Model in the selected System and

Software Engineering Models

4. Assessment: Guidelines and potential
changes to ECSS Handbooks to integrate the
Quality Models NOT

STARTED
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Definition of a Metrication Model for Model-Based Engineering

2. MBSE Quality Model Specification
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2. MBSE QUALITY MODEL
MQM SPECIFICATION: Development Strategy

Business Process Model /

can it be generalised/extended to
cover software engineering scope?

systems engineering scope .
i & ESt > Define systems |[——
':D—\\—\- no | engineering specific

Perform metric
MBSE adaptation

Quality Models specific to = metric Is MQM
Systems or specification
T ? no
r So.ftwafe complete?
o Engineering T >® is MBSE U=
scope? adaptation
no 1
Review input Extract metric {2 DEflsn:ﬂs‘r’S:;m s required?
documentation . , i
engineering metric
A
I S
= .y ves
State-of-the-art - Define software | | Document metricin
Literature software engineering scope p- engneering specific Mam
o metric

can it be generalised/extended to
cover systems engineering scope?

Metric derivation and MQM Scope MQM MBSE MQM .
reuse Completeness relevance Specification
Completeness

Page 11 gw
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2. MBSE QUALITY MODEL
MQM SPECIFICATION: A look into some of the Metrics...

Main Sub Main Sub
Characteristic | Characteristic Characteristic | Characteristic

Requirements allocation Mean requirements decomposition
Requirements functional allocation

Functions physical allocation
Completeness Requirement implementation coverage
Requirements completeness
V&V coverage

Verification product category coverage
Adherence to modelling language laws Maintainability Effective physical architecture decomposition

Physical architecture decomposition
homogeneity

Number of physical assemblies

Mean functional architecture decomposition

Effective functional architecture decomposition

Functional architecture decomposition
homogeneity

Complexity
Mean physical architecture decomposition

Requirements uniqueness
Model diagrams uniqueness
Mass budget margin

Functionality Requirements volatility
Functional volatility
Physical volatility
Model diagrams volatility
Requirements size —
. Functional size * . . . . o
Size Physical size (*) MQM Metric specification is on-going
Model diagrams size
Model elements heterogeneity
Model diagrams heterogeneity
Requirements testability
Requirements test traceability

Correctness

Modular coupling

Volatility Modularity Modular cohesion

Change impact strength

Model Coverage

Testability
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Definition of a Metrication Model for Model-Based Engineering

3. Demonstration
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(*) Hubble Space Telescope Model - https://github.com/DROUINRemy/hubble-capella-sample

3 . D E M O N STRATIO N (*) TASTE Website - https://taste.tools/
ENGINEERING MODEL SELECTION
System Engineering Model: HUBBLE Space Telescope (*) Software Engineering Model: ERGO

TR——

* Models HUBBLE Space Telescope in a simplified * Models ERGO rover inspired by the Mars Sample
fashion Return mission

* Modelling tool is Capella following the ARCADIA * Modelling tool is TASTE (*), based on AADL, ANS.1,
method SDL and MSC
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https://github.com/DROUINRemy/hubble-capella-sample

@ METMOD - Capella Implementation

——

p=4 orkspace - HUBBLE Space Telescope (CAPE \ DAYS 2021 Capella =l

File Edit Navigate Search Project Run Window Help
il YO vRibdSo Sy vicy v |m Q |

&) =|6s
% Project Explorer les g =0 % HUBBLE Space Telescope (CAPELLA D... 2 & [OAB] Operational Entities & [SAB] Structure & [LFBD] Root Logical Function & [LAB] Structure & [PCBD] Structure ==
* = any string, ? = any character,\ = escape for literals: | Workflow of HUBBLE Space Telescope (CAPELLA DAYS 2021) -

& EagleEye

> HUBBLE Space Telescope (CAPELLA DAYS 2021)

& MBSE_Demonstrator Soarsiional _ )
& Python4Capella Analysis 4 Capture and consolidate operational needs from stakeholders
Define what the users of the system have to accomplish
Identify entities, actors, roles, activities, concepts

Define Stakeholder Needs and Environment

Formalize System Requirements

! t\} System

Analysis Identify the boundary of the system, consolidate requirements
Define what the system has to accomplish for the users
Model functional dataflows and dynamic behaviour

Develop System Logical Architecture

Am".‘.’;‘:,i‘;',m See the system as a white box

Define how the system will work so as to fulfill expectations
Perform a first trade-off analysis

Develop System Physical Architecture

A,::ﬁ‘;::m ) How the system will be developed and built

Software vs. hardware allocation, specification of interfaces,
deployment configurations, trade-off analysis

Formalize Component Requirements

Manage industrial criteria and integration strategy: what is
~expected from each designer/sub-contractor 7
Workflow| Documentation| Operational Analysis| System Analysis Logical Architecture Physical Architecture EPBS

2 Console # i Information ¥ Semantic Browser < Properties X% SHEREP BYOIv =0
[EASE Python (Py4)) Enginel: /Launch Model-Based Quality Model [terminated]




@ METMOD - TASTE Implementation

spacecreator bulld

File Edit View Bookmarks Go Tools Help

e~ @ & project/spacecreator_build

taste 3 spacecreator_build xl ERGO xl

Places v 1

= |

') Home Folder
CMakeCache. CMakeCache. CMakeDoxyfi CMakeDoxyg

txt txt.prev le.in enDefaults.c
make

51 Desktop .cmake K .qtc_clangd CMakeFiles  config.tests Testing wizards .ninja_deps  .ninja_log build.ninja

@ Trash Can

L@ Applications 3

&) VBox_GAs_... ¢ U

— sf C DRIVE cmake_instal CPackConfig. CPackSource CTestTestfile. gtcsettings.c scversion.h spacecreator-

— = l.cmake cmake Config.cmak cmake make x86_64-0.0.0.
taste e Appimage

[Free space: 393.8 MiB (Total: 54.9 GiB)

CNSES SR ol -

BOW&H0E & UG s oe

&) Mozilla Firefox

ECHA|



Definition of a Metrication Model for Model-Based Engineering

4. Conclusions
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4. CONCLUSIONS
Wrap-up

Summary

= METMOD project addresses Systems and Software Engineering quality-related concerns when adopting an MBSE
approach through the specification of an MBSE Quality Model (MQM) and its subsequent implementation in a set of
engineering models.

Challenges

= Definition of representative, meaningful and complete set of metrics for MBSE developments which represents an
answer to the Systems and Software Engineering quality-related concerns when adopting a model-based framework.

= Independence of the Metrication Programme from any MBSE technology (language, method and tool).

= Capture of some system/software engineering related data in a model-based fashion -> quality metrication needs to be
preceded by solid data modelling. MBSE adoption advancement will progressively diminish this challenge.

Lessons Learnt
=  Critical to tailor the MQM implementation to the specific MBSE methodology employed.

= ECSS need to reflect and formalise (model-based) Systems and Software Engineering-related metrics. General
guidelines for their tailoring to specific MBSE methodologies shall be provided. This is on-going as part of this activity.

= (Model-Based) Systems Engineering metrics shall be aligned to the Space Systems Ontology (SSO) UoDs. New SSOs
UoDs will unlock the formal definition of more metrics (e.g. Verification, Interface Management...).
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4, CONCLUSIONS
Next Steps

Finalise the Metrication Programme definition and its prototype implementation in Capella and TASTE.
Carry out a demonstration using the selected engineering models.
Propose changes to ECSS based on the results and lessons learnt from this activity.

A W N -

Final assessment on the activity results.

TECHNOLOGY-INDEPENDENT

INPUTS i MBSE Quality Model
1 Y N = SYSTEM/SW MBSE
Stam’ggers . / Definition ¢f the MQM \ DEVELOPMENT

T

Metrication
Programmes

Definition of D

ition of
PA  —>» MQM > mamM
Approach Requirements Characteristic & MQM Metrics
c

Sub Characteristi

Tailoring MCM )|
Additional : ; :
Documentation : ! \ / N e e e 1ot :
A o N J S8 Sty
N R e e e Ly ‘ e
H \ — ;

TECHNOLOGY-DEPENDENT

-
MBSE
Technologies

TOOLS AVAILA
TO SUPPORT THE|

LE

I MQM
System &SW |

Engineering
Models
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Thank you!

METMOD Points of Contact

ESA: Isabelle Conway isabelle.conway@esa.int
Clement Puybareau clement.puybareau@esa.int

GMV: Carlos Redondo carlos.redondo.aparicio@gmyv.com
Elena Alafia ealana@gmyv.com
Marina Garcia marina.garcia.d@gmv.com
Teresa Iscar tiscar@gmv.com
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