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MBSDL

PROJECT OVERVIEW

Model-Based Methodology Review

" Define a methodology covering the entire SW lifecycle

" Work on ECSS to accommodate model-based projects (deliverables,
phases, reviews...)

TASTE Extension

" Explore areas where lifecycle is not deeply covered by the toolset

(requirements, timing analysis) and select suitable tools (jJUCMNav,
RDALTE, Rapitime)

" Integrate these tools in the toolset

Proof of Concept in a Mission

" Define specific mission (Flight Formation based).

" Implement the mission using the toolset integrated in the project according
to methodology.

" Exercise point of view of SW developers, system engineers and reviewers
to validate the methodology and the tools in a relevant domain.
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01 Model Based Methodology

MBSDL — STARTING POINT

s From system requirements Excluded from MBSDL project To system test ,;'
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01 Model Based Methodology

MBSDL — EARLY MODEL-BASED ANALYSIS

Early model-based ﬂ ’ Final System

Build t:;\ - // / =

System / Development Phase"u’&"uf/

I 1 I
| Model-based V&V : | Code-based V&V |

L_i _________ R ——

Development phase /

Y
\ Development Phase
Model perspective
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01 Model Based Methodology

MBSDL DEFINITION

An architecture-centric and specification-centric lifecycle

7A
N /
N /
§ Z
Requirements Specification Model System
Engineering (RDAL) Testing

N\ Driven by specification
\T of the problem
Traceabilit

M Besign V4 " Teating
Driven by architectur\ /
of the solution
N\ Detailed | Unit
Build thzz\ Design 1e5ting System

System N Design Model
(AADL)

Implementation
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01 Model Based Methodology

RDAL LANGUAGE

" RDAL: Requirements Definition and Analysis Annex
" AADL Annex but independent from it
" In process of standarization

" Traceability to design elements, functional models, reactive models, V&V
Actitivites, etc.

L RDAL
Specification
B
WHO _ RDAL | CERTAINTY _
Stakeholder GOAL/Requirement Uncertainty
WH WHA/ WHEN \"OW VERIFICATION
Rati | Function/ Process Design Verification
atlonale /Behavior phase Element Activity
U%Ev( ASE f\ SDL \
ASN.1
USE CASE MSC TTCN-3
MAP AADL [
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01 Model Based Methodology

SOFTWARE REQUIREMENTS SPECIFICATION IN MBSDL

[ Data View ]4— ->[ Context View ]
High-level Goals/Req Definition -
(RDAL) T [Requirements View]
_>

Goals/Req Refinement
(RDAL)

Context Modelling
(AADL)

Data Modelling
(ASN.1 and AADL)

Functional View

Behavioural View

Logical Architectural
Modelling
(AADL)

Interface View

Validation Tests Identification
and Formulation

- "[ V&V View ]

(RDAL)
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01 Model Based Methodology

SOFTWARE REQUIREMENTS SPECIFICATION IN MBSDL

Data Modelling
(ASN.1 and AADL)

\

v

SSS, SRS, ICD

T

Goals/Req Refinement
(RDAL)

ogical Architectura

(AADL)

K7_/

\

1

1

1

Context Modelling i Context View

(AADL) i

1

1

1

Functional Modelling (
wenwy ST T T == = >

Functional View

:
1
1 4
Behavioural Modelling —~N_ _ _ _ _ _ _ L —p
(SDL) = |

Behavioural View

__________________________________

Modelling -—==M

Interface View

&V Tests Identification an
Formulation - > V&V View
(RDAL)
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01 Model Based Methodology

TOOL SELECTION

RDALTE (RDAL Tool)
Requirements Specification jUCM (Use Case Maps Tool) + OpenGeode (SDL Tool)
AADL + ASN.1

AADL + ASN.1
Software Architectural Design OpenGeode (SDL)
MAST/Cheedar (Schedulability Analysis)

AADL + ASN.1
Software Components Design OpenGeode + Simulink/SCADE/RTDS
MAST/Cheedar
Implementation TASTE Code Generators
Rapita
Software Testing AADL + MAST/Cheedar
MSC Test Tracer (TASTE)
Indru JIiA Cfﬁiga '(I"U Delft 55%‘;&3, MSDL /Final Ppreentation Days 2015 | 12
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02 Timing analysis in TASTE

WORK OVERVIEW

" Obijective: provide a working integration of Rapitime
" Structural analysis
" Execution time analysis

" UPM and Rapitime Systems collaboration

" Rapita Systems:
= Provision of tools
= Initial integration version

" UPM:

Providing previous integration as starting point
Support on TASTE internals

Versions iteration with Rapita

Validation of final integration

<3
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02 Timing analysis in TASTE

RAPITIME OVERVIEW

On-target timing analysis tool Rapitime process

Based on:

" Structural analysis of the code
(compiler and user aided)

"  Automated instrumentation
points

" Execution traces
Provides:

" Automated timing analysis
framework

" Execution paths analysis

" Timing behavior of the system
(including WCET estimation)

" Graphical and textual results

" Other analysis offered in Rapita
Verification Suite (RVS)

indra 1PACEED
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Toolchain

Preprocessor

Structural
Analysis

Report Viewer ATES
Database

The RVS Process Analyze Trace Executable

Trace Data
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02 Timing analysis in TASTE

INTEGRATION OVERVIEW

" Integration based on previous version by UPM

" Aimed to follow TASTE methodology:
® Command-line based process
® Python and bash scripts
® Text-files results
® Automated system analysis based on AADL and Ocarina generated files
® Integration within assert-builder-ocarina.py with new parameter —instrument
" Two-steps integration:
" First build generates system as usual
" Second build generates instrumented system at an auxiliary directory

%
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02 Timing analysis in TASTE

INTEGRATION RESULTS

" Automated timing analysis for TASTE projects

" Textual and graphical results
® Stored in a SQL database
" Textual output customizable

== project.vt_ground_result_wrappers.artificial_result.rvd
vt_ground_result_wrappers.atrtificial_result: 4077 cycles

== project.vt_myfunction_pulse_wrappers.artificial _pulse.rvd
vt_myfunction_pulse_wrappers.artificial_pulse: 73745 cycles

== project.vt_myfunction_start_processing_wrappers.artificial _start _processing
vt_myfunction_start_processing_wrappers.artificial_start _processing: 2328 cycles

%
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02 Timing analysis in TASTE

INTEGRATION RESULTS

RVS - fhome/assert/rapita/mbsdl_test/demo/rvs_clone/binary/rvs/project.vt_myfunction_pulse_wrappers. artificial_pulse.rvd - RVS Report Viewer

File Edit Navigate Search Window Help

le@a|e - = |[EHEow
= Report Navigator 23] 2 @ = # 5 <0 |[nproject.vt_myfunction_pulse_wrappers.artificial_pulse.rvd W—“ﬁ
“[mproject.vt_myfunction_pulse_wrappers.artificial_pulse.r| . contribution Comparison for Function: gnc_wrappers.compute_gnc
=lmproject.vt_myfunction_pulse_wrappers.artificial_pulse.r
Bookmarks [@Up to Report level CUp to File level | &iSource code | =Show Context cycles (c) l‘lJ> | v I|Find element M |9 + el @
I~ Source Files ]
' Functions =~ Contribution Summary Vode. S & 7
= = Call Tree '
=% vt_myfunction_pulse_wrappers.artificial_pulse-U Self Contribution Time
------ =% myfunction_wrappers.protected_myfunction.pulse-U
=% myfunction_wrappers.callinglist.push-U W-SelfCT
~=% myfunction_pulse-U H-SelfcT
== myfunction_Pl_pulse-U A-selfcT
~=# myfunction.runtransition-U 0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,000 13,000 14,000 15,000
system.io.put,line—U Execution Time (cycles)
=% myfunction_RI_compute_gnc-U Function »| Avg-CT »|H-CT »|W-CT »
system.io.put-U Name - A-SelfCT* | H-SelfCT* | W-SelfCT* | #Tests o
system.io.put-U #% compute_gnc (x0.527) 3,543.6 (x1) 7,218 (x1) 15,219 10
system.io.put-U
system.io.put_line-U
= myfunction_RI_result-U - Calls (3) g
=% myfunction_wrappers.callinglist.pop-U Overall Contribution Time
10,000
. 9,000
% 8,000
& 7.000
g 6,000
£ s.000
g 4,000
E 3.000
S 2,000
& 1000
0 gne_compute_gne
[ [+
Call » | Avg-CT »|H-CT » W-CT »
Target A-OverCT* [ H-OverCT* | W-OverCT* #Tests
L rallinalist nush (N 5271 3IRA 1 (x1YR2]  (x1V 2 133 =
Static |Tests | Min ‘ Average High WM ‘ Max ‘ WCET | CT Comparlson | ET Comparison
= Properties 23] C
51 [

m_l_l[- assert@assertv... ”[‘ ‘ [rapita] IRVS - fhomejass...

indra 1PACEED
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02 Timing analysis in TASTE

INTEGRATION RESULTS

= Call Tree

== vt_myfunction_pulse_wrappers.artificial_pulse-U
~=% myfunction_wrappers.protected_myfunction.pulse-U

------- == myfunction_wrappers.callinglist.push-U
------- =% myfunction_pulse-U

- == myfunction_PI_pulse-U

== myfunction.runtransition-U

system.io.put_line-U
------- =» myfunction_RI_compute_gnc-U
system.io.put-U
system.io.put-U
system.io.put-U
system.io.put_line-U
------- =% myfunction_RI_result-U =

Subcalls

------- == myfunction_wrappers.callinglist.pop-U

indra
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02 Timing analysis in TASTE

INTEGRATION RESULTS

|E . f - | fici | | l =5
@ Static Analysis for Report: project.vt_myfunction_pulse_wrappers.artificial_pulse.rvd
Show: CiFolders QFiIesI@Functions # | # I|Find element  ~|® ¢ 31 @
~ Static Summary n
« 38 functions
« 183 Ipoints
+ 209 Blocks
= 197 lines of code
~ Code Size
Lines of Code (Self)
25
S 20
)
‘5 15
E 10
**
5
o runtransition myfunction_RI_c. myfundion_RI_r. gnc_compute_gne. myfunction_PI_p pop get_top_value wrmn_async_vt_myf. wrm_async_vt_myf. pop push
[ | I
~ Functions
Function » | Code Size Blocks » Instr. » —
Name ~| #LOC-Self | #LOC-Self%| #LOC-Over | #LOC-Over%| #Blocks |#Loops|#Conditionals | #Calls | #Callers Y/N
¥ PrintASN 1MyReal 6 3.0% 6 3.0% 6 0 0 4 2+ Yes
#w=» asn1SccMyReal_Initialize 5 2.5% 5 2.5% 2 0 0 0 1+ Yes
=« getTimelnMilliseconds 5 2.5% 5 2.5% 3 0 0 1 2+ Yes
w= gnc_Pl_compute_gnc 3 1.5% 3 1.5% 1 0 0 0 1~ Yes
w= gnc_compute_gnc 10 5.0% 18 9.1% 15 0 1 6 1+ Yes
== callinglist.pop 9 4.5% 9 4.5% 13 1 4 1 1+ Yes ||
== callinglist.push 8 4.0% 8 4.0% 11 1 3 1 1+ Yes o <

Overview I Static ‘ Tests | Min | Average | High WM ‘ Max | WCET ‘ CT Comparison | ET Comparison

~indra
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02 Timing analysis in TASTE

INTEGRATION RESULTS

— function_pul PR

=B
% Block Tests for Context: vm_myfunction_compute_gnc-U
[@Up to Report level “2Up to Function level | £iSource code # | % [|[Find element  ~|® % ¢ | ®
~ Context Summary B
Context » | Tested Blocks » | Tested Calls »
Name 2 T-Block* T-Call* | #Tests
“»vym_myfunction_compute_gnc-U 5/5 2/2 14
~ Calls (2)
Call »
Target T-Call | #Tests
E .get_top_value ~ T 14
“®.compute_gnc ~ T 14
» Blocks (5)
- Call Tree
The hierarchy of calls to this element
Call » | Tested Blocks »
Name T-Block™ | #Tests
= .artificial_pulse-U 3/3 22
g-----EEM.protected_myfunction.pulse—U 717 22
L myfunction_pulse-U 44 22
=2 myfunction_Pl_pulse-U 6/7 22
E + myfunction.runtransition-U 12/ 20 22
~=®» myfunction_RI_compute_gnc-U 15/ 28 14 —
! #vm_myfunction_compute_gnc-U 5/5 14
§_____|_%|¢ myfunction.runtransition-U 12/ 20 22
L myfunction_RI_compute_gnc-U 15/ 28 14
#vm_myfunction_compute_gnc-U 5/5 14 -

Static \Tests ‘ Min | Average | High WM | Max | WCET ‘ CT Comparison | ET Comparison

fr

() ]
s TU Delft &

indra 1PACEED

MSDL /Final Ppreentation Days 2015 |21



02 Timing analysis in TASTE

INTEGRATION RESULTS

o —— e =

¢ Execution Time Comparison for Context: vm_myfunction_compute_gnc-U

~ Summary

[@Up to Report level “Up to Function level | £/Source code

cycles (c) ['lﬁ [ o I|Find element '|9 ¢ &1 @

Self Execution Time

2 &
Charts:

W-SelfET

Max-SelfET

H-5elfET

A-SelfET

Min-SelfET

Function

250 500 750 1,000 1,250 1,500 1,750

» | Min-ET »

2,000 2,250 2,500

Avg-ET »

2,750 3,000 3,250 3,500 3,750 4,000 4,250 4,500 4,750 5,000 5,250 5,500
Execution Time (cycles)

H-ET » [ Max-ET »

W-ET »

Name

13

Min-Freq | Min-SelfET

A-Freq | A-SelfET

H-Freq | H-SelfET | Max-Freq | Max-SelfET

W-Freq | W-SelfET | #Tests

“evm_m

1

yfunction_compute_gnc-U 0= 1,146

Calls (2)

0.637 = 2,383

1= 1,972 1= 4,923

Overall Execution Time

1= 5,337 14

Execution Time (cycle

qne_wrappers.compute_gne-LU

myfunction_wrappers.callinglist.get_top_value—
Static | Tests | Min | Average | High WM | Max |WCET | CT Comparison I ET Compc;risorp'lpf—q_tut_L ’
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03 Mission Proof of concept

USE CASE

" Software Requirement Specification for a Formation Flying Mission
" GNC FF Algorithms
" FF Operational modes
" Distribution of the responsibilities across the formation
" Routing of PUS TM/TC
" Ground and Inter Satellites Link communication interfaces
" Top inputs : High Level Specifications from TUDelft
" Introduction to AOCS/GNC functionalities of FF Satellites
" Mission Requirement Document
" System Requirement Document
" Operational Requirement Document

" Additional inputs : In-house ongoing PROBA-3 FF project feedbacks

indra 1PACEED
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OUTPUTS

" Models
" Specification and Documentation Generation
= Use Case Maps : URN/UCM
= RDAL : RDAL
" Design and Code Generation
= TASTE (Interface, Deployment) : AADL
= TASTE (Data model) : ASN.1

= TASTE/OpenGeode (Behavior, modes) : SDL
" Traceability links

" ECSS-like documentation (Fully generated from models - template based)

" SSS
" SRS
in d ra IrA CEEEE ! L 'Iqu De Ift E;{%;&*Tm MSDL /Final Ppreentation Days 2.525




03 Mission Proof of concept

USER REQUIREMENTS NOTATION (URN)

" User Requirements Notation (URN) is intended for
" Elicitation and specification of requirements.
= Discover and specify requirements for a proposed system

" Analysis and validation of requirements.
= Analyze such requirements for correctness and completeness
Execution of Scenarios and branches coverage
= Simple formal language for Behaviors and Scenario expected results
definition
" Impact analysis of Implementation Trade-Off.
= Explore impacts of alternative responsibilities assignments.
" Graphical Representation
= Visually communicate design choices

<3
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03 Mission Proof of concept

USE CASE MAPS (UCM)

" Use Case Maps (UCM)

" graphically describes the functional requirements of a software system,
" precisely describe processes (alt. view to Message Sequence Chart),

" represents control flows and distributes responsibilities to actors, by
superimposition of scenario paths on a structure of components.

" Use Case Map fairly addresses
" operational requirements,
" functional requirements,
" architectural trade-offs.

" At later stages, UCM may be further refined into:
" MSCs or UML sequence diagrams,
® SDL state machines or UML state chart diagrams.

No new concepts, but same concepts introduced earlier in the
development cycle.

indra 1PACEED
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03 Mission Proof of concept

JUCMNAYV

" UCM Tool

" Free Eclipse-based plug-in/editor
" Now in version 6.0, August 2014
" Since May 2006

" Dedicated Perspective, Graphical editor with palette
" Eclipse Navigator, Outline view and Preferences

" EMF metamodel
® Allows model to model and model to text transformations

" Export to graphical representations (.jpg, .dot, .png)

" Export to Message Sequence Charts (.jucmscenarios)
" Included Message Sequence Charts viewer

" Allows the early definition, execution and verification of Scenarios
" Allows graphical animation of Scenarios
" Cross platform (Linux, Windows 7, Mac OS X)

indra sreacE D ]
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03 Mission Proof of concept

JUCMNAV: PERSPECTIVE

jUCMNav - MbsdlUcm/SystemModes.jucm - Eclipse

File Edit Navigate Search Project Analyses jUCMNav Run Window Help

= CREREE TR I & - o B l67% v e+
% = AADL & jUCMNav @ Ecore wAcceleo ' Modeling
. E*SystemModes.jucm = = 8 ZScenariosa ® = ©
o InSeparation PyroSequence < Palette 4 p=] ¢ | T =
— Sae ™ Formation [SEP-03] 7 [sEP-0al % Select © 5 AtUitUde |argetses)
:_ ?;t:;g‘\ Ehid=CTs ﬁ"ge‘% X Path Tool (space) & Included scen:
ot have ‘onomousControl ¥ = Start pOintS
x been - BComment
reache PericdicLoop .targetModeP-
5 =
— Components b @ targetModeP:
‘ OTeam IR
AttitudesStacksafe O & Initializations
& DObJECt & Preconditions _
InstackGroupidControl T agepTarget _ YProcess v = H
— m & Paths © N Endt pow;t.:.
- ostconditions
[SEP-01] X Responsibility .
© b & AttitudeTargetUr
Timer .
o b &% Formation (7078
® Waitina Plase - )
&5tubs - b & FormationUnsafe
& Stub b &= GRL Evaluation Stre
FormatlonGroundgegment < Dynamic Stub = Contribution Overri
%5 izina.S & KPl Conversions
& Aspects « ¥ =Enumerations
E— [SEP-05] [SEP-07] [SEP-09] ¥ Pointcut'Repiacement Stub ®ChaserMode_t
Seoarat?an TC InSedarated  FDIRINGtackGroundControl * Aspect Marker ®IsIMessage_t -
Last received TM is ATTITUDE_STACK_SAFE <l e N
— - Entrance Aspect Marker
@ : (TM = ATTITUDE STACK SAFE) _ 1 B _ P ®LauncherTM_t
IaucherSeparatlon[forma ionSeparation|[formationCommanding|IslFlowFdirFormation targetModePoweerlr‘ ®OverallMode_t
\ - ®TargetMode t
D Properties = - o @TMgt B
- Condition Label: SEP-02 -
Standard . i ~ =Variables
Advanced o Last received TM is ATTITUDE_STACK_SAFE ® chaserMode
Description: Ll
Dcvcle ]
(<] [ [>]

7\ = 9 m elucMNav'Mbsdm
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03 Mission Proof of concept

JUCMNAYV: PALETTE

= Palette
l: Select

X Path Tool (space)

OComment
=Components

OTeam

O Object

OProcess

OAgent

% Actor

Oother

% Structure of components

= &

b

® Team, Object, Process, Agent, Actor.

" Scenario paths

&= Paths
X Responsibility
G Timer
® \Waiting Place
> Direction Arrow
=<Or Fork
+And Fork
>0Or Join
F And Join
= Failure Point

= Stubs
= Aspects

indra
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B Start Point : Scenarios initial conditions

" End Point : Scenarios completion conditions
= This is the place to allocate/verify requirements

= Textual description, but also formal expression to
be verified on scenario completion. Boolean
expression based on variables updated by
Responsibilities.

" Or Fork : Execution path Or Fork (logical conditions)
" And Fork : Execution path And Fork (logical conditions)
" OrJoin : Execution path Or Join

" And Join : Execution path And Join

" Responsibility: Pseudo-code fragment

" Stubs . Hierarchical decomposition,
refer another UCM

MSDL /Final Ppreentation Days 2015 | 30

Deft
I U Delft Linivars ity at
Technulogy




Editor for

Variables list
Variables creation

03 Mission Proof of concept

JUCMNAYV: CODE/CONDITION EDITOR

rmationGroundSegment

Responsibility code

Condition Editor

Please enter the condition's pseudo-code in the text box below. Must evaluate to a Boolean result. t|

< Pale

L S¢

X P:

Ack_1_2_TtcBufferr| | DC
([ TC-NACK-03}

Requirement condition [

SR
Label: o
[TC-NACK-03 |
Description: pt

[If C buffer is full, a TM(1,2,BUFFER_FULL) shall be sent to Ground.

Enter the code:

Syntax —————
Verification

indra 1PACEED,
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(RepliedTmService = 1) and (RepliedTmSubservice = 2) and (RepliedTmCode = BUFFER_FULL) ¢
'C
S
@ [>]
5
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03 Mission Proof of concept

JUCMNAV: SCENARIO EXECUTION

File Edit Mavigate Search Project Analyses jUCMMav Run Window H
e - @ LiG-im & - P06 R o v =

(Quick Access || @« AADL (£ JUCMNay| @ Ecore U Acceleo - Modeling

E & 5ystemModes jucrm  E2CommandLifeCycle.jucm i & CommandLifeCycle.rdal = O E5cenarios and Strategies 1 8 T - =n

Scenario: | p—
e Start points
e Initializations
 End points

 |nclusions

S 10 G '
cenario Group.

HandleTCTopLevel HandleValidTc t il liateTc HandleChaserTe HandleTargetTc I =
[ ] Ru n al | Navigator O Properties & & Problems < Key Performance Indicators ot =0

Standard Creinvalid M
Metadata Name:

 Coverage e
The TC is received with an invalid CRC. A TM{1.2) will be reported.

Description:

=14+ & UCM Scenarios ]

Ack_1_2_TteBufferrull = (= 01l-AcceptanceOfTCs (5)

[TE-MACK-D3] -.- ' Crelnvalid (102)
Ack_1.2 InvabdTicTame  Included scenarios
[TC-MACK-02) .
[Buffer full) = (= 5tart points
Ack_1_1 @ HandleTCTopLavel: FormationTcRequest (
[TC-ACK-01] = = Initializations
(D ExpectedCre=0
Ack 12 ImvahdCre (@ ReceivedCre=1
[imvalid CRC) [TC-HACK-01] @ TimeTaggedBufferSize=30
(@ TimeTaggetBufferLimit=50
D TtcTimeTag=700
@ CurrentTime=500
&+ Preconditions
= (= End points
4 HandleTCTopLevel: Ack_1_2_InvalidCre (1
4 HandleTCTopLevel: FormationTeAck (62)
= Postconditions
b #3CreValid (1267)
b ¥ ImmediateTc (1272)

[Irvepi Tima)

Chaser

T

[~ - & = B LR NI . __________________ 50

Unsatisfied Conditions reported as errors in problems panel

2
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03 Mission Proof of concept

JUCMNAV: MESSAGE SEQUENCE CHART EXPORT

Once
Executed
scenarios
can be
exported
and viewed
as MSC

indra

IFACEEa!

JUCMNav - Mbsdlucm/CommandLifeCycle.jucmscenarios - Eclipse

File Edit Navigate Search Project Analyses Run MSC Viewer Window Help
AADL\"{.‘. UCMNav & Ecore W Acceleo - Modeling

[Quick Access Jif e

i % ® Qi A - G v
% Navigator 2 = 85 &SystemModes.jucm & CommandLifeCycle.jucm CommandLifeCycle.rdal % CommandLifeCycle jucmscenarios = g8
E S - Crclnvalid r
3 @;‘Mbdsmdamccebo & Environment | | FormatienGroundSegment | | Chaser |
» & MbsdIRdal
© MbsdIRdalAcceleoSRS [: FormationTcRequest
~ & MbsdlUcm
B .~lock.CommandLifeCycle_g SendTcForFormation |
Bl .project ReceiveTcForFormation
[l CommandLifeCycle_generate
[l CommandLifeCycle_generate ReceiveTcForFormation
E CommandLifeCycle-Map147-
E CommandLifeCycle-Map2-Hz

E CommandLifeCycle-Map812-
E CommandLifeCycle-Map953-

el PR [ T N Py V PRL F R

ComputeReceivedCre

Q3 ——— D) @
o= Qutline 12 X Elements = 0
@ -

~ = Crelnvalid

= Environmen
% FormationGroundSegment

SentTm_1 2

% Chaser ———

b & Crclnvalid &
» = TimeTagTc Eﬂ‘ = - = . — L)
b = TimeTagTelnvalidTime & Scenarios and St & - List of Kiy Perfo = © @ Properties® ! Problems = Key Performance Indicators Rk | EI_
b @ TimeTagTcValidTime [ ¢ |7 - Property Value
» = TimeTagTcValidTimeBufferFull ~ Info
b = TimeTagTcValidTimeBufferAvai derived false
b = CreValid editable true
> = ImmediateTc last modified November 5, 2015 at 9:16:40 AM
> = ImmediateTeSuccess O linked false =
@~ A Bja I B

MbsdlUcm/CommandLifeCycle.jucm

(A~ i e MR

J|[%|UCMNEV - Mbsd...
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03 Mission Proof of concept

GENDOC: MODEL BASED SSS GENERATION

Template based
Model2Txt
transformation

EMF écemoc

Embedded Acceleo
in .odt or .docx
templates

Support for tables
and figures

Test coverage and

requirements
traceability's

indra
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Fo Edd \tow [nsert Fgrmat Tble Jols Window Help 2
BoB-wo s ioa - £- A =m-@ Q-
@ [wtoody |~/ [Lberation Ser -lagaEe=s= g3 4
: 3 — : : : o
Map [map.name/]
[map description’]
U(;_ napFile m M '" I)I'l lnxnnxmf]]m
[tor endPoint : EndPoing | mup.nodes-~asSequence(-seleati[URNNode |
n.oclisTypeQN EndPoint)) oclAsType(EndBoing)-~asSequence()->soned By (posicondition. abel)]
Requirement Id :[endPoint.namel]-[endPoint.posicondition.labell]
Requirement Id [gndPointname’}
{endPoint posicondition Jahel’)
Description [enQPulur‘dwnlb'ﬂ
}-‘.mmd.llupnsabn R0gE - N
en.sieant) /1
Formal description [endPaintpostcondition.description/)
Verilied by scenario lendPy W EndPoints. ead Poinl, ik
ndPoints seenarioDel, game'|
S
oments(Metadat)-
select(m:Metadata | m.pame = lFéLMgﬁhE\! "
separator (', M [1Method.valye [ /for]
]'.‘ut-u-l .il\]llll.l-l'ml;b Ilur [p[{cq 1
endPolnteAlIComents(Metadatal
selectim:Metadata | m.name = parentReq’))
separator (', ")[pReg.value/|[/for]
Chikt requirements 1 lor (l;).i}'!!: M!."-A!h“ |
endPointe AllContents(Metadaa)-
> sefect(m:Metastala | m.pame = chikiReq )}
separator {, DipRegameriitior]
[/t f<drop’=
a [for I
= . T
® |. |» Find All [ Match Case G Navigate by .
BRSNS I v ] e —

dl |F-f‘ Il....

T e - mbsd. L:_.j c

CommandLifeCycle_generatedrig. odt - LibreOffice Writer -
Ble Edit Mew jnsert Format Tble Jols Mindow Help

BB B -

(4] iDa!auk Style | v [Ubera!mn Seré

- A
Aagass== ==

T it =
B

Ack_1 2 rveldTicTime
Tre-hackoa]

imagher duat]

aek 13
[Te-acko1)

Ack 12 ImvaliiCre

Tirvalia CAC] [TE-NAZE-01]

Requirement Id :Ack 1 1-TC-ACK-01
'|,-35|_a_r I-TC-ACKD1

|chm'u'mel|t Id

Description 1f the recelved TC Is valid, a

TM{1,1.NO_ERROR) shall be seat to Groumd.

= 1) and

ige = 1) and

Formal expression

U'=5-_J=9'", 2
Formal description 11 the recelved TC Is valid, a
% [rne T Find Al [ Match Case G | Nowgate by < 4
Page 2127 2534 words, 19165 charscters Dafak style Engheh (USA) - O

TUDdﬂ

Liversity of
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03 Mission Proof of concept

RDAL METAMODEL: SYSTEM OVERVIEW

Identification of
the System and
its Environment.

Identification of
Data Interface.

Concept of

« Monitored
Variables

« Controlled
Variables

but only at top level.

Similar to Simulink
Block inputs/outputs.

indra 1PACEED

H IdentifiedElement |

© name : EString

— D o .
2 id : EString

i
o description @ EString

<1
<l

E Capability H AbstractContractualElem

ent

= ariginDate | Date

1, * |ownedCapabilities

= scheduleDate : Date
o% sources : ESfring

—— > ¥ dropped : EBoolean

H SystemOverview

T purpose : EString

SystemOverview ownedContexts [ 5 ctemContext

0.1

N wredSystemBoundar

¥
systemContextBoundary /

1.* S

H InteractionVariable

H Variable

T type : InteractionVariab
T neglected : EBoolean

leType

actors |0..*

<<enumeration>>
2 InteractionVariableType

globalSystem ,

globalSystemContext

B ActorReferencd

= Monitorable
= Confrollable

1 (from ec

H ECbject [2]] 1

designVariable

ot
ore)

systemToBe

| @ eClass() ; ECl

eferencedActors

- 1“*
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03 Mission Proof of concept

RDAL METAMODEL: REQUIREMENT

B satisfiableElerment
o satisfactiorLevel : Normalzedratio

fal

B VerifizbleElement ‘ E TextualContractualElement | [F RefireableBlement SHDEI8MeNts

H EBementRafinameant
o verified : EBnoleanObject || o priority : NormalizecRatio | 1. 5 sukElemertRefEntries : EFeatureMapEntry
[ | " .

) ) ny Ay 7 refinedElementEntries | EFeatureMapEntry

| |
| !

H RequirementsPaclage]
package ownedrRequrements
1 _"‘“'H—--_._._______
H Category[z]| Parenteatzgory —=_

. o 51 1. H AbstracitReguirement | SLUbRecquirements  [F ReguiremertRafinement
(from settings) | O.. "

. = risk : NormalizedRatio | 7
0. requirements

category | 0.1 subCategories —— 0.1 1 I'eq.l::-l'e:nent
H WerificationActivity | o */ " _~“ownedSubRecuirementRefs H SubElermeniReference

- E subRequirementRefe-ence I T weight : Nor malzedRatio
T passed : EBoolean owrnedver fiedgy T referencedElementEntries | EFeatureMapEnty
axtarnalRefs l 0.* imagafssumptions
0.1 HEeobea @] 0.~ H requiremant |, oL H Assumption b, * B wennfiedelement |
— from ecore " i a 5
functionUsedln Al = e bl

fuctionJeadin imageRecuirement  imageAssumptions 7 id 1 EString ]
o description @ EString

|

L

Organized in Packages

Complex structure, oversized for mid-size project
Reference to external models (traceability) through EObject
Natural language

Formal languages: BLESS, Lute, OCL but no provers support
indra 1PACEED
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03 Mission Proof of concept

RDAL TOOLING: RDALTE

jUCMNay mmandLifs

File Edit Mavigate Search Project Analyses Sample Reflective Editor Run Window Help
0= < Q-5 5 - [c

E @ MDL'I\;:.jUCMNav @ Ecore  Acceleo " Modeling

» HsystemModesjuecm & CommandLifeCycle jucm ¢ CommandLifeCycle rdal @ 5 CommandLifeCycle jucmscenarios 5 CommandLifeCycleTimeTaggedOnTarget. jucms = n
= = 1 platform:fresource/MbsdIRdal/CommandLifeCycle.rdal
* = + Specification CommandLifeCycle
= + Requirements Package HandleTcTopLevel
= + Requirement HandleTcTopLevelReqdl
+ User Property testMethod

E M F I I l eta— I I I O d e | + Natural Language Expression HandleTcTopLevelN| Ent . por -
+ Verification Activity HandleTeTopLevelTest01 _— | * Owned User Properties .User Froperty .
e 4 Owned Referenced Design Elements Ref Manually Selected Design Elements

Owned Referenced Design Elements Ref Query Collected Design Elements
Owned Referenced Design Elements Trace

Change Uncertainty Uncertainty

Owned Rationales Rationale

Owned Dropping Reasons Rationale

EMF Sample
- » + Requirements Package HandleValidTe ¥ Delete wned Expression Natural Lan
Reflectlve b+ Requirements Package HandlelmmediateTc Validate pined Expressior e en

ek ek b at e m et e at ! Live Validation +* Owned Condition Natural Language Expression
Owned Condition Formal Language Expression

. O Properties 8 * Problems = Key Performance Indicators Control... +
M O d e I E d Ito r Property value Profile As + Owned Verified By Verification Activity

+ Requirement HandleTcTopLevelReq02
+ Requirement HandleTcToplevelReg03 ’
+ Requirement HandleTcTopLevelReg04 + Cuf

+ Requirement HandleTcTopLevelReg0s © Copy
+ Requirement HandleTcTopLevelReg0s F
+ Requirement HandleTcTopLevelReg0T?

+

3

b
b
b
b
b
b

5 3

&

Description * Debug As >
Id = ldHandleTeTopLevelt  Run As >
Language = Matural Constraint L;  Serialize from XMI
Mame = HandleTcTopLevelNL  Team >
' ' i ot TR Compare Wih >
Ive validation Replace With >
Load Resource...
Refresh
Show Properties View
m Conte ft+Ctri+Alt+[
Selected Object: L Expi ion HandleTcToplevelNLEOL

RV = oro T rite [ @i vons. [ commartiy it IS o)

RDAL Graphical Representation V2 not yet implemented by RDALTE

Export to textual representation implemented in the project (UC)
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03 Mission Proof of concept

GENDOC: MODEL BASED SRS GENERATION

E

File Edit View Insert Format Table Tocls Window Help

-8 - @ %

(1) [Defaultstyle |V| 12 (v a @
< : .

& A L L L < L i L

CommandLifeCycle.odt - LibreOffice Writer =

‘ .| [Liberatmn Serif

<config><output path='${project_loc}/CommandLifeCycle_generated.odt’></config>
<context model='$ {project_loc}/CommandLifeCycle.rdal' searchMetamodels="true'/>
<gendoc>

Software Requirement Specification of System [self.name/]

CommandLifeCycle_generated.odt - LibreOffice Writer

Fle Edit Mew Insert Format Table Tools Window Help

Modified : Wed Nov 11 23:00:00 EST 2015

Client ‘ Maxime Perrotin  maxime.perrotin@esa.mt
0031715654923

Description

This section briefly describe the system under specification.

This document is SRS of TM/TC service of Flying Formation.These scenarios show how Ground

Author + [sell.contactInformation.name/]  [self.contactinformatian.email’]
TCs are managed by the Formation in terms of CRC checks, acceptance and completion reporting,
[self. contactinformation.phoneNumber/] Time Tagged TC management and routing between Chaser and Target.
Created  : [self orlginDate/] N e
Specification part
N ifi . i
Modified  LgllscheduleDate/] This chapter is the specification part of system.
Client  [sell.stakeholders.contactInformation.name/]
Tself.stakeholders.comactinformation email/l
[self, stakeholders.contactinformation.phoneN umber/] Specification package HandleTcTopLevel
. ATC is sent from the Formation Ground Segment to the Formation. It is received by the Chaser.
Description The Chaser will check the received CRC again the compute one. If the CRC is invalid, a TM(1,2)
This section briefly describe the system under specification. with CrcError will be sent to the Formation Ground Segment. If the CRC is valid, it will be handled
. [self,description/] according to next 'Handle ValidTc' UCM.
Specification part .
. equiremen :Aandie IclopLevelRe! -Aandieic loplLevel
R tId :HandleTcTopL IReq01-HandleTcTopLevelNLEOL
This chapter is the specification part of system.
Requirement Id HandleTcTopLevelReq01-
n [for (pack : RdalQmPackage | self.ownedPackages)] HandleTcTopLevelNLEOL
Specification package [pack.name/] Description
[pack.description/] Formal expression (Natural) For each TC received for the Formation, the
[for (r: Requirement | pack.eAlIContents(Requirement))] Chaser shall extract the CRC.
Requirement Id :[r.namel]-[r.ownedExpression.namel] Formal description
Reguirement Id [r.name/]-[r.owned Expression. name/] ‘ Verified by scenario
M
: - -
B Description __|ixdescription : EJE] % [Fnd [~] Fnd all [ Match Case (  Navigateby < o =
b4 IF\W:\ ‘ ¥ Find All [] Match Case q Navigate by <27 “5° » E - n - > - H D E - =1 | =1 |=! % [[B ‘J g\"/ E
Page 1 /2 97 words, 1421 characters Default Style English (USA) L ANE cobm | - Page 1 /10| 9 words, 79 characters selected  Default Style  English (USA) w | Tablel:A3:B3 | [0 [0 O

i[asssrt@assertvmw‘ | rdalte

W%Jucruwav - Mbsd.‘.w Cnmmamdufecyu.m SystemModes.o..,

Same M2T tooling as for JUCMnav
No graphical representation
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03 Mission Proof of concept

TASTE: AADL AND ASN.1 OPEN-SOURCE EDITOR

taste

e Assat Set of Tosls for Enginzerne

Model2Code
T e C, Ada, GUI, VHDL

Iastel gadl} Msmcs] N

Contairier Target

TM_Target CyclicHK
Target Inter_Sat_Com

) | Send Receive Go_Mode TM_Target_GoModeCompletion ] ‘

Chaser
System modes
SDL

v )
/AcquikctuateSerfleceive Go_Mode™,

A 4

TM_Target_GoModeCompletion

TM_Target_CyclicHK ~Go Formation
Go_Formation Go_Close
Go_Close Go_Loose
e Loose Go_Safe
Targel O o Safe Announce_Mode

Attitucd FFL-FERIEM-Mode |

FDIR_GNC_Target

Announce_Mode
Attitude Safe Target

il

Pyro_Fire , FDIR_GNC_Target FDIR_GNC_FF
FDIR_GNC_FF
On Off
\ Get_Status |
“TargetGneControlCycle _,/
Ch aser TargetGneControlCycle
‘ E ¥ Get Status On  Off
G N C Target Gnc_Control Target Power_Control
hd
4] ] Ol

No Selection
[ assor@assertv... [“interface View k.. | 0s:42 gl 10

%
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03 Mission Proof of concept

OPENGEODE: SDL OPEN-SOURCE EDITOR

Model2Code
Ada and LLVM

“d VIO

process target_system_mode =chart (F4 to update) A %

=l

F ( targetgroundcontrol w
S D L -- These are the variables that count the number of FDIR occurence : L _ J
R b I Dclnb_fdir_gnc_fFT_Int32 :=0; = :
Dcl nb_Fdir_gnc_target T_Int32 :=0; e .
variables Equivalent

<> ( true ) ( false )
oo |

I On(gps) I

TargetlLooseFF

FSM

(e )
I
>
[ean]

FDIR_GNC_FF

FOIR_GNC/FF

SDL Events:

TC’ FDI R’ I TargetCloseFF I: ( targetautaomcuscantrot B
—— ( )
6 || [[cotoos P
[ <
J , , ; L
TargetlLooseFF nb_fdir_gnc_ff:=0 nb_fdir_gnc_ff:=nb_fdir_anc_FF+1
j ‘ ‘ | | Data kypes AS N . 1
. . -oFF(gps) -OFF(gps) [ T-Orbv = SEQUENCE(SIZE(3)) OF REAL(
SDL ACtlonS I I T-Attitude = SEQUENCE { Data MOdeI
OFF(rad Targ phi-t REAL(0.0 .. 100.0),
On/Off, counters ‘ otz | ezt LED 0. 1030
’ i
| Off(thruster) I Off(thruster) I \?vit EE:tEgg lggggj
‘ | wy-t REAL(0.0 .. 100.0),
1 ( omousControl ) ( TargetAutonomousControl ) = wz-t REAL(0.0 .. 100.0) =
SDL States: /ﬂm : o) | L : of
Ik the model or update the Data view 8 x
SyStem m O d eS lpression "nb_Fdir_gnc_ff:= nb_Fdir_gnc_FfF+ 1": Expression evaluation in range [-2147483647.0..2147483648.0], outside expected range [-2147483648..2147483647] ii
pression "'nb_Fdir_gnc_ff:=nb_Fdir_gnc_fF+1": Expresswon evaluation in range [-2147483647.0..2147483648.0], o expected range [-2147483648..2147483647)
HWARN\NG Expression "nb Fdir gnc target :=nb Fdir gnc target + 1": Expression evaluation in range [-2147483647.0..2147483648.0(, oU - 3648..2147483647]

B L= v [Tricevos. [ Taeccne . I — O (/LI C Analysis
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01 Model Based Methodology (P. L6pez, UC)
02 Timing Analysis in TASTE (J. Garrido, UPM)
03 Mission Proof of concept (D. Torette, Spacebel)

04 Conclusions
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04 Conclusions

CONCLUSIONS

" Software Requirements Specification has been integrated into a
Model Based Software Development Lifecycle

" Use Case Maps and rdal language tools have been integrated in
TASTE

" The methodology and the tools have been evaluated on a realistic
mission
" Rapitime has been integrated in TASTE

" Software Requirements can be adequately modelled using rdal
and UCM, providing a bridge with system architects

" TASTE is an excellent platform to add new functionality

<3
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