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Technical Debt
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on Dassault
Systémes’
3DEX Platform

Future Work
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Software Enabled Capabilities Growth...

4 P Unsustainable Trend

Avionics Software (# Lines of Code) grows by A
~400% every 2 years — COTS Journal
WE 100
Correcting deployed code costs ~900 times ARE
more than corrections done at an early stage HERE
(design time) — COTS Journal a0
The size with respect to source lines of code
(SLOC) has doubled every four years since the G0
mid-1990s - Software Engineering Institute, -
Carnegie Mellon et
40
=7 20
Affordable
T *—— WE NEED TO BE HERE 0
Inexpensive
-20

2016 FACE presentation on trends in avionfics software

design.
& Fig. 1.

1964 1870 18v6  19B2

I282 1994 2000 2006 2012

Aidrbus avionics software (MB)

P
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DoD, OSD, & Branches Moving to Model-Based Acquisition

By Legislative Edict: Increase Modularity and Reuse

>

¥ 48
s

>

Strategy: » Frameworks:

> Family of Systems, > Open Systems Architecture (OSA)*

> Integrated Modular Avionics
: » Joint Common Architecture (JCA)

> Modular Open Systems Approach (MOSA)

> Re-competeable > Reference Architecture (RA)

* Mission Level Capabilities

Process: * Mission Computer (MC) Conceptual Subsystem

> Architecture Centric Virtual Integration Process (ACVIP) » Future Airborne Capability Environment (FACE)**

Technology: > Military Community Application Software Product
D> Architecture Analysis Design Language (AADL) Lines
Methods: » Hardware Open Systems Technology (HOST)

> Model Based Systems Engineering (MBSE)
> Platform, Systems, Software Product Lines
> System Theoretic Process Analysis (STPA)

o> Digital Thread to Virtual Twin
*, **, Two Great AHS Papers: Koontz, Johnson in Notes.

2
DS SESTE5ES 1 The 3DEXPERIENCE Company
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Concepts and Terms

» Goal: Creating a system that holds the potential to contain the accumulation of Technical
Debt.

» Technical debt is accumulated when activities are done out of order. Sometimes this is
deliberate sometimes not. When it is deliberate there is typically an activity in the plan to
pay down the technical debt and the associated accumulation of the interest against that
debt.

» In the complex acquisition environment, we have also developed the concept of
Contextual Debt. This results from the program contextual complexity, extending
Technical Complexity to Program and Acquisition Context, Compounded by Reuse
Across Systems, Platforms, Branches, and Lifecycle.

» There needs to be a strategy and plan, and enterprise architecture that is adopted
to contain not just the technical debt but the contextual debt.

P
DS SESTE5ES 1 The 3DEXPERIENCE Company




Extending the Concept of Technical Debt to Contextual Debt

v#DuvBan[mmpf #Technical DebtTrap [ @DocOnDev cT’o@

TALEWT 4 TECHHDLOCY
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Shipping first-time code is like going
into debt. A little debt speeds
development so long as it is paid
back promptly with a re-write.

The danger occurs when the
debt is not repaid. Every minute
spent on not-quite-right code

WARD CUNNINGHAM

counts as interest on that debt. OOPSLA ‘92

_._‘. = e —— = L e I et et NS
Sources of Technical Debt

» Business Pressures » Parallel development

» Lack of process or understanding » Delayed refactoring

» Lack of building loosely coupled » Lack of alignment to standards

components » Lack of knowledge

» Lack of a test suite » Lack of ownership

» Lack of documentation » Poor technological leadership

» Lack of collaboration » Last minute specification changes

» Dearth of Knowledge-Sharing

Reckless

“We don’t have time

Prudent

“We must ship now

for design” and deal with
consequences”
Deliberate
Inadvertent
. , — “Now we know how we
‘What Layeringy should have done it”

2
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Technical vs Contextual Complexity

Acquisition Innovation needs to consider the technical and contextual enablement.

Acquisition .
System sy Enterprise

Methods, Processes,

. Family_Tgfo ISSystems Technical Contextual O;ganization,
Complexit Combplexit Infrastructure
MBE i ‘ . U * Product Line
+ JOATACE Organization
« MOSA

Accumulation of oo aliEaeane s © Enterprise

* Product Lines & Technical Debt Contextual Debt Architecture

Deliberate-Reuse
»ﬁ- ACVIP/AADL . ~
- STAMPISTPA

P
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What is needed for Containment of the
Accumulation of Technical and Contextual Debt?
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A “Digital Enterprise” Infrastructure is NEEDED

MBSE, PLe/M, FoS, FoF: Value Creation, Delivery, and Capture

» Model-Based Systems Engineering (MBSE) enables maximal
delivered value when it is tied in with the enterprise.

» Connecting MBSE into the enterprise is eased and more effective if
there is already in place Digital Enterprise (DE) infrastructure. The DE
connects the digital thread, and orchestration throughout the lifecycle.

» Systems and Software Product Line Engineering (PLe) integrated into
the DE enables full captured value exploitation.

> In addition, Ple-DE integration provides assurance of delivered value
conforming to acquisition Product Line Management (PLMgt) best
practices.

> PLMgt facilities assurance of effective deliberate reuse which is the only
authorized means to incremental Qualification/Certification.

D> Taken together PLe and PLMgt constitute Product Line Enterprise (PLE)
with implications on management of the factory of the future (FoF).

» Family of Systems (FoS) management needs to be directly addressed
by the DE in order to effectively execute acquisition best practices.

> Management of the Contextual Complexity of FoS without a digital
enterprise will spawn compensating behaviors built upon compensating
behaviors over the program duration due to enterprise architecture
obstruction (inadequacies).

Superposition of Value Initiatives

i [HEE BAPO Maturity
B Multi-Context Systems

] Integrated Estimation
EEHE g Execution

Engineering

; System Engineering

=== Configuration
- Management

| Application of these strategies across the lifecycle afford a

means of containing the accumulation of Technical and I
Contextual Debt_

. | ___J

2
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3DEXPERIENCE Digital Enterprise Platform for Multi-Scales Systems Engineering

A

Elicitation Process

(Final Customer)

System of Systems

Document_2014

Architecture Centric Virtual Integration Process (ACVIP)

1]
Mechanical Electrical &

i Embedded
System Architecture Fluid

(RFL Apps) Architecture

1

1

1

Definition _ E
Process e F 2 :
B i

1

|

I

Collaboration

System
(Product Architect)
A

Governance
Process
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A -/ Mission Computer (MC)
g ’E e Oparational Ay Model —:5“-:’ = @ =
» 2 q | s 9 e
o . > L —— A
= w ce Functional (‘T:(“' odel
w —

2
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ACVIP-AADL
Implementation on

Dassault Systemes’ 3DEX
Platform

SDEXPERIENCE

»
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ACVIP** |s Key To Earlier Error Detection & Elimination

» Model the complete system
> One comprehensive architecture 1

ached Iim G {20.5% 3001000
> Heterogeneous component models ."m R e RN e

» Execute the system virtually ==
> Models replaced by SIL* and HIL* .sff;mfm |

» Find, as early as possible, errors in:

> Modularity, connectivity, signals, — :
timing, physics

System
Test

A Integration ’
o Test

20%,16%

4 Unit Where faults are introduced
SN Test

Where faults are found
The estimated nominal cost for fault removal

-

NIST Planning report 02-3, The Economic impacts of Inadequate "~. ;" B ‘ ‘_ iy
Infrastructure for Software Testing, May 2002. ".‘ :.' I B

. . . D. Galin, Sofiware Quality Assurance: From Theory to = =i

» Rinse anda repeat until pnysical tes e e eto 20 e |

B.W. Boehm, Software Engineering Economics, Prentice Hall (1981) Deve)opﬂmrt

> Of which as little as possible

*SIL — Software in-the-loop; >
HIL — Hardware in-the-loop; PS SRSREYET | The 3DEXPERIENCE’ Company
**ACVIP - Architecture Centric Virtual Integration Process




3DEX Support: Authoritative Source of FCVI |
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£4000-041
54070041

&

& Test

TN

T oot
CM & Design
§2000-001 ¥

4021091

sor 0
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Requiements Enplnestion
Camcept Dev

A Systemn Enginesing )
kel Hardwara & Soltware Enginesring
Refiabiity, 306 Waintainatay Enginsering
| vaiidaton anaveriseaten

Manutacturing Planning and Anabyiis.
‘ Manutacturing Resource d Loghtics
| Protuction Operations
Leamies Support
Training. Techaicsi Documentation. Provisioning

Partormance Anaiysis 8 Fradback
Equipmant Mamagement
Dismanting ynd Rucyciog i

13

One digital place for everyone to find
information, share work & collaborate

One source for all SW tools [DS, home-
grown, third party] per user’s roles

One navigable data network connecting
all domains, contexts & applications

Modeled-data as master versus file-data.
(But only one master in any case)

Authoring tools and data bases integrated
as master or slave as appropriate

One managed digital place for
everyone’s work products

Conception, work-in-process and
completion for all artifacts

Maturity, approval, revisions and
history for everything

Consistent digital threads through

the entire program lifecycle

2
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3DEX Support: Single, Shareable Systems Model For ACVIP
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14

Requirement Types:

» System Traceability for:
* Regulatory System Architecture & Simulation ) Rﬁ"va:_'m
» Contractual e . ocation
4 Requirements = A‘ +__Implementation
Behavior Models: ] Functions
: I\Fnl\(l)lrs:;?patible T~ Behavlos /" Simulation with
° — =< imulation with:
System T~ - Behavior Models
SICLLCE -  Software-in-the-loop
Interfaces » Hardware-in-the-loop
\/ / 3D Space A =
Interfaces: Allocation >,
* Ports
» Connections S :
. ystem fault analysis . _ Pl A
Connection types & simulation 5 T + Identification
» Geometry i :
* Analysis
* Injection

External tools feeding/receiving data

To FORCE checking of consistency,
completeness, operability

2
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3DEX Support: The Systems Model In Day-to-Day Context

System Elements:
» Configuration ltems
* CLIN deliverables
- T~
? Program & Contract Context System Architecture & Simulation | i Test Management, Simulation
s Regulations T & Optlmlzatlon
@ Requirements = —
8 Contract Artifacts a = Performance s
5 . Functions = Study Test Plans:
2 Contract Line ltems — , o Vi
g Deliverables Behaviors T . + Physical
< ='_—— T ™ ° Optimization
2 Reviews and Milestones System ___ ] "
8 breakdown ——
= . . Run o=
|- Portfolio & Variant Context Interfaces =
8 Materiel types o —
s Materiel Marks, iﬁ;’ﬁi‘fr‘ . Analyze _-'-‘
2 Delivery Blocks ‘ =
Z Options, mission kits s . . s
o prio . System fault analysis .. . Multi-Physics ==
8 Pending requirements & simulation =i Behavior Modeling
System Elements: . .
»" Linked o options & kits External tools feeding/receiving data

* As reusable modules
« Fulfilling requirements

iggggfgg | The 3DEXPERIENCE" Company
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3DEX Support: Systems Modeling On An Enterprise Foundation

People

Roles, personalization, all tools, communities, dashboards, navigation, search, Web, mobile

Progr.

Modeled Data:

* One data model for all

* Richly interconnected models
» Extensible

eliverables

File Data:

Mileston

Any file type
Version control and approvals

Properties and in context
S,
--,-néks

nt Conte

Behaviors

System
breakdown

Interfaces

3D Space
Allocation

Test Management, Simulati
& Optimization

~ Users:
Performance * Access to all tools in one place
Study * Access to all system models
T - Dashboards for synopsis
Compose - z=\ * Ad-hoc collaboration
Run P
Analyze = - TIP Protection:

Full-text searchable
ns, mission kits

hg requirement

System fault analysis
& simulation

* Permits segregation of data
Permits multiple organizations

Multi-Physics J .
Behavior Modeli /\ Managed by specialist users not IT

Foundat

Singular, shared, extensible data objects, attributes and relationshi%mlesand contexts
Document management, configuration management, search index, IP protection, import/export, reporting

2
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3DEX Support: System, Hardware, Software Architecture Modeling and

Simulation supporting AADL (Specification + Annexes)

Schedulability
Analysis

g:-
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Safety Analysis gl

AADL
Inspector

17

—————

System Architecture & Simulation

Requirements =

Functions

Behaviors

System
breakdown

Interfaces

3D Space A =
Allocation :

System fault analysis ..
& simulation :

External tools feeding/receiving data

I Performance
Analysis

To FORCE checking of consistency,
completeness, operability, Temporal Analysis

OSATE2

DD sastEmes | 1 he 3DEXPERIENCE’ Company



. Cameo Enterprise Architecture | Performing Temporal
| I . .
= = (time & sequence) Analysis
| 3DEXxperience Platform
« 1 | AADL Specification
] EE Topology (@) I
g : Requirements (Hardware Architecture) CE)_
2‘ | Nawgatlon | | Dlsplay1 | Display 2 %
i [ =
5 buses E
g |1 ’ [}
2 | | Functions 7
- =
i o !
: : EE %or;ponents L |
2 oftware) - I
s 1 . I erform temporal
g | @ I | ?time & ;eqlfence) I
% I | | analysis I
: | I |
Cz’ | I |
2 1 [Safety Analysis : ! :
| |
. I 1 AADL Inspector or OSATE2 :
N

2
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| Cameo Enterprise Archltecture Performing Safety Analysis using
|
I . .

Saigd el phehpiu el tu el by tely il e el BOTH Functions AND Design
| 3DExperience Platform : N
| EE Topology o ! pecification
1| Requirements (Hardware Architecture) g_ I
| o S g
| Nawgatlon | Dlsplay1 | Display2 | €O T,
| =

; e
| e [}
1 | Functions 7
| 7} p—
| EE Components L @
: (Software) _
I . I erform temporal Add EMV2
| @ I | ?time & ;eqlfence)
| | | analysis
! Lo J(7)
| I I Perform Safety
1 Safety Analysis Analysis based on
I Design
|
L

2
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unctional Architecture in 3DEXP - Electrical & Electronics App

Context: Flight Data Management

4 [ Functions
4 = Flight Data management &

4 (] Ports

»| A/C power supply.d[In]: &_C_power_supply & alert A

yl Landing Gear Data.1{In]: Landing_Gear_Data & visko1 &

»] LightningDataTeDisplay{In]: LightningDataToDisplay A Landing Gear Data.lD Check Flight

>| Pilat screen configuration order.1(In]: Pilat_screen_configuration_order & Situation. 1 &

] Trajectory data 1[In]: Trajectony_data & Check
[ xd Connections
& (] Documents - Turbulencs_Alert Display
b (@ Views Incoming | weather_Alert
4 @ Acquistion of Data 18

& Acquistion of Data A 3

» (G Ports —_— Trsjectory data.t [ p—
; [
« @@ Connections AJC poweer supply. 1 D—D

- Py Determine aircraft enviranment situation.1 A/heteorological dats.1 -> Meteorologicsl data.1 [Metearological_dats 4] i e
Py Determine aircraft environment situstion.1 &/Radar search mode.1 -» Radar search made.1 [Radar_search_made &] Pl scren configurston order. (___ p—
P&. Determine aircraft environment situation. 1 2\Weatherwaming inforrnation.1 - » Weather warning information.1 [Weath
[ ﬁ‘ Determine aircraft environment situation. L &/radar beacon mode.1 -> radar beacon mode.1 [radar_beacon_mode A]

b vt‘ Determine aircraft environment situation, 1 Afradar stand by mode.1 - > radar stand by mode1 [radar_stand_by_mode 4] Aircraft_speed_data

Aircraft_Lacation_Dat

v

- . A . : : » : >
I!;‘ Determine aircraft environment situation. 1 Afradar weather avoidance mode 1 -» radar weather avoidance mode.1 [rad, Metearological_data
& Mg Determine aircraft enviranment situation.1 Afweather processed data. -» weather processed dato. 1 [weather_processed -
Py Deterrmine aircraft flight situation 1 A/Aircraft altitude data 1 -> Aircraft altitude data, 1 [Aircraft altftude_data &) Acquistion of Radar_search_mode .| Display data tothe
4 L
[ 't‘ Determine aircraft flight situation, 1 &/4ircraft location data.1 - » Aircraft location data. 1 [Aircraft_Location_Dat 4] Data.l A weather_warring_nformation crem. 1A
I p}‘ Deterrmine aircraft flight situation. 1 A/8ircraft speed data,l - > Aircraft speed data 1 [Sircraft_speed_data A] L5 L
» [ Documents B radar_beacon_mods
> (@ Wiews I i
> T Determine sircraft emviranment situstion.1 & > tadapsEandiby s

& T Determine aircraft flight situation.1 & radar_weather_avoidance_mods

> T Determine direction of aircraftl A T weather_processed_data i
» T Record Flight data 1A r rerab albbnde g i
Alert crewr in case of risk.14 - Alrgreft SlErade data

(> #» Check Flight Situation.1 A

i Display data to the crew. 18 s
LightningCrataTol
& [ Flows

The Functional Architecture is made of:
a. Function Instances

. p,
b.  Function Interface DS SESTE5ES 1 The 3DEXPERIENCE Company

G Connections
I I I IS I B Baa e
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Hardware Architecture in 3DEXP — EEA* App

Context: Flight Data Management

a4 [ Topologies
4 3 ANL-HWTopology A
4 [ ECUs
o [H] 3140-RDC.1A
ARINC429; A101-3100_ARING A
ARINCG64; £101-3100_ARING &
& e Port_MultieyBoard[In]: wire-h
- [HE] 3140-RDC.2 &
» [H] 3160-CS PDU-Primary.1 &
» [H] 3160-CS PDU-Primang.2 &
» [ 3160-CS-MDU-Multifunction-Displ
» [HE] 3160-CS-MODU-Multifunction-Displ
» [BB] 3160-C5-3FD-Secundary-Flight-Dis
» B &P-Audio-Panel 14
o M| AP-Audia-Panel.2 A
- [B8] MKBL-Multifunction-Keyboard, L&
[ H] MKBL-Multifunction-Keyboard.2 &
& [ Actuators
b [ Sensors
&> [ Electrical Devices
[ Subsystemns
b [ Buses
b [ Wires
» [&] Ports
» 53 Connections
» [ Documents
r (B Wiews
ECLs
& 3140-RDC &
[E8 3160-CSPDU-Primany &
& 3160-CS-MDU-Multifunction-Display-Unit
& 3160-CS-SFD-Secundary-Flight-Display A
B8 AP-Audio-Panel A
& MKBL-Multifunction-Keyboard A
1 [ Actuators
1+ [ Sensors
b [ Electrical Devices
1+ [ Connector Types
b [ Subconnector Types

vvvvvv P

*EEA — Electrical and Electronics Architecture

AN MO Bus-ROC2 T

A0 200 Bus-ROCH. 1

ARINC 664D ata

[
HGO-CS
PDU-Primarny.1 &

. "
W 310RDC.1A

ARINC 664D ata
||

3140-RDC.2 A
ek ot o e-tie i oard 10

MKB1-Multifunecti
on-Keyboard.1 &

MKB 1-Multifuneti
on-Keyhoard.2 &

AP-Dusdio-Panel. 1

A

n
[ w
3160-CS
PDU-Priman.2 &

Powersupph

F160-C S-EHD.'
tifunction.
i1 A

AP-pudio-Panel.2

v 28vDC

31EELC-§-'MDI_I.-'MUI

tifunction-Display-U

Rit.2 &
oy

A

31ﬂ]-C5-.:~iF D'-Eie I

undan/Flight.Dis
play.1 A

P
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System mapping in 3DX — EEA App

Context: Flight Data Management

ATH-E00-Bus-RIC2 1
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The System Mapping is used to define Software to Hardware Components allocations or
Functions implementation by Hardware Components and have a complete traceability
for implementation and/or allocations for a partial System or a sub-system.

Functional

Context

Software

Archiecture

Function

Function

Allocaton

* I case ofdigtal signal only
* In cast of analog signal only

Archilecture

Communication
Maix

Implementation

iy SWEe

SW Element

Interfaces

Topology

g
~, Alocation
Allocation

Component

Data Element HW Interfaces 8

Allccation J

Frames

Hlocatior®

Signals ]

#

Use
{ System Signals

D7S SDRSSRULT

YUSTEMES

| The 3DEXPERIENCE’ Company
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EEA App / AADL objects relationship

Example

] Systems
4[] Systern Mappings
F] nl .&iﬁl-i:I-igHtDat-aManagemer;t';S;)!fst'érr;Mapping_.&
4 [ Component Partitionings
i [HH] 3140-RDC.2 &
+ [BH] 3160-CS PDU-Primany.1 &
» [BH] 3160-CS PDU-Primang.2 &
[ |:| 3160-C3-MDU-Multifunction-Display-Unit.1 2,
[ I:l 3160-C5-MOU-Multifunction-Display-Unit. 2 &
4 ] Bus Mappings
[» tan A101-3100-Bus-RDCZ.1: A101-3100_ARINC A [CAN]
[0 Mifire Mappings
4 [ PartfConnection Allocations
| T Data_to_display &
[ Docurnents
I Wiews

ey
ey

SYITEM A101 FlightDataManagement SystemMapping
FEALTURES
Landing Gear Data 1: IN DATA PORT Landing Gear Data;
Trajectory data 1: IN DATA PORT Trajectory data;
Pilot_screen configuration order_1: IN DATA PORT Pilot screen configuration order;
A C power supply 1: IN DATA PORT A& C power supply;
LightningbataTolbisplay: IN DATA PORT LightningDataToDisplay;
END 4101 FlightDataManagement SystemMapping:

SYITEM IMPLEMENTATION 2101 FlightDataManagement ZystemMapping. i
SUBCOMPONENTS
comp_3140 RDC 2: SYSTEM comp_3140_RDC_Z.1i;
comp_3160 C3 PDU Primary 1: SYSTEM comp_3160_C3_PDU Primary 1.1i;
comp_3160 C3 PDU Primary Z: SYSTEM comp_3160_C35_PDU Primary 2.1i;

comp_ 3160 C3 MDU Multifunction Display Unit_1: JYSTEMN comp 3160 _C5_ MDU Multifunction Display Unit 1.1i;
comp_ 3160 C3 MDU Multifunction Display Unit_2: 3YSTEMN comp 3160 _C5_ MDU Multifunction Display Unit 2.1i;

4101 3100 Bus RDCZ_1: BUS A101 3100 ARINC.i:
CONNECTICNS
Connect_3: PORT comp_3140 RDC_Z.Check 1 -» Check Flight Situation 1.Check 1;

Connect_7: FPORT comp_ 3140 RDC_Z.Turbulence_ ilert 1 -> ilert crew_in case_of risk 1.Turbulence Alert 1;

2
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EEA/AADL objects relationship

) Short description

EEA Object AADL Object

» EEPACKAGE smmp > PACKAGE

» FFUNCTION (Type & Implementation) > SYSTEM

> FFLOW > DATA

» EECOMPONENT > SYSTEM

» EEECU ===} ) PROCESSOR

» ACTUATOR/SENSOR/DEVICE » DEVICE

> EEPHYSICALCHANNEL » BUS

» SOFTWARE COMPOSITION » PROCESS

) » ATOMIC SOFTWARE COMPONENT » THREAD / SUBPROGRAM
> ... > ...
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EEA/AADL Translator

s [ Systerns
4[] System Mappings —— AMADL specification generated from an ==
4 B £101-FlightDatahanagement-SystemMapping & —- EEA System Mapping -
a [ Compaonent Partitionings —— (c} Dassault 3Jystemes, 2015 ==
4 [ 3140-RDC.2 A
4 [ Functions Partitionings PACEAGE 1101 FlightDataManagement SystemMapping pko
ﬂ Flight Data managernent &/../Record Flight data 12 PUBLIC - - -
E Flight Data management Af../Provide flight data.l A WITH Bus Properties:
4 E Flight Data management A4 /Manage display mode.1 A -
4 [ Out SYITEM 4101 FlightDataManagement SystemMapping
4 [ Data to display.1[{Out]: Data_to_display & FEATURES - -

[¥] ARINC429/Frare_DisplayData/pdu_Frame_DisplayDatadSignal_DisplayData
> E Flight Data management A4 /Provide visual and acoustic warning in case of incoming weather situation, 14
> E Flight Data management A4, Display weather situation 1.2
> E Flight Data management A4../Display mode of operation 14
4 C power supply 1: IN DATA PORT A C_power supply:
> E Flight Data management A4 /Provide visual and acoustic warning in case of turbulences 14 HL— =0 =EID S el e ID

Landing Gear Data 1: IN DATA PORT Landing Gesr Data;
Trajectory data 1: IN DATA PORT Trajectory_data:
Pilot_screen configuration order 1: IN DATA PORT Pilot sereen configuration order:

> E Flight Data management A4../Display environment data, 12 NDliigﬁl;?Paizguzliplay: INthTAtPO;T L%gh?nlngDat,aTUDlSplay;
b [ External Interfaces =t d A AR I L MO E AR DL

AT co Y kEYSTEM IMPLEMENTATION A101 FlightDatal: £ Systemll: i i
4 [ Functions Partitionings ! atallanagement oystemflapping.1

> E Flight Data managerment Af.../Display data to the screenl A ECOMPONENTS
b [ External Interfaces ©omp 3140 _RDC_Z: SYSTEM comp 3140 _RDC_2.1;

5 E 3160-C5 PDU-Primany.2 & comp_3160_¢3 PDU Primary 1: ST3TEM comp 3160_C5 PDU Primary 1.1;
4 [ Functions Partitianings comp 3160 C5 PDU Primary 2: SYITEM comp_3160_C35_PDU Primary 2.1i;
> E Flight Data managerment A7.../Display data to the screen.1 4 comp 3160 C5 MDU Multifunction Display Unit_1: SYSTEM cowp 3180 C5 MDU Multifunction Display Unit_1.1i;
b [ External Interfaces comp 3160 C35 MDU Multifunction Display Unit 2: SYSTEM cowmp 3180 C5 MDU Multifunction Display Unit_2.1i:
a E 3160-CS-MDU-Multifunction-Display-Unit. 1 A 2101 3100 Bus_RDCz_1: BUS 4101 3100 ARINC.i:
4 [ Functions Partitionings CONNECTIONS
> E Flight Data managerment Af../Display data to the screenl A Connect_3: FPORT comp_3140_RDC_Z.Check 1 -»> Check Flight 3Situwacion 1l.check 1;
b [ External Interfaces Connect_7: PORT comp_3140 RDC 2.Turbulence Alert 1 -» Alert crew in case_of risk 1.Turbulence Alert 1;
4 @ 3160-CS-MDU-Multifunction-Display-Unit.2 & Connect_S: PORT Alert crew in case of risk 1.Display_ 1 -»> comp 3140 _RDC 2.Display 1:
4 [ Functions Partitionings Connect_10: PORT LightningbataToDisplay -> comp_3140 RDC_Z.LightningDataToDisplay:
» B Flight Data management &/../Display data to the screen1 A Connect_11: PORT Check Flight Situation_ 1.Alert 1 -> Alert_crew_in_case of_risk 1.ilert_1:
v [ BxternalInterfaces Connect_1Z: PORT Pilot_screen configuration order 1 -» comp 3140 RDC_Z.Pilot_screen configuration order 1;
» [ Bus Mappings Connect_13: PORT A C_power supply 1 -> comp_3140 RDC_Z.A C_power_supply 1;

[ Wvire Mappings
4 (7] Por/Connection Allocations
- T Data_to_display &
» [ Docurnents
b Wiews

Connect 15: PORT cowp 3140 RDC Z.Incoming weather Alert 1 -»> Rklert crew in case of risk 1.Incoming weather
Connect_19: PORT Trajectory_data 1 —»> comp_ 3140 RDC 2.Trajectory data 1;

Connect_20: BUS ACCESS PowerSupply -> comp_h3160 C3 PDU Primary 1.PowerSupply:

Connect_21: BUS ACCESS 1101 3100 ARINC -> comp b3160_CS_PDU Primary 1.A101 3100_ARINC:

Connect 2Z: BU3 ACCESS Al101 3100 ARINC -> comp b3160 ©3 PDU Primarv 1.A101 3100 ARINC:
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AADL Inspector: Execution

File

B

Wiew Wizards

R &

Tools 7

vim| e o =

Analysis plugins

testcases\buscom % |bus_properties 3¢/

14

AADL model

|BUS CAN =

PERTIES

us_Properties::Channel Type => Full Duplex;
ransmission Type =»> PUSH;

ransmission Time =»> [ Fixed => Oms..lms; PerByte =>
ND CAN:

RATA Message

1

SYSTEM IMPLEMENTATION Multipro.i
SUBCOMPONENTS
Nodel : SYSTEM
Node2 : SYSTEM Node.i
CAN : BUS CaN;

CONNECTIOCNS
cnxl : PORT Nodel.send —> Node2.receive: i
cnx2 : PORT NodeZ.send —> Nodel.receive:

PROPERTIES

Actual Connection Binding =»> (reference (CAN)) applies

=> Immediate applies to Nodel.SW,cnx3;

Immediate applies to Node2.SW.cnx3;

Timing => Immediate applies to cnxl,cnx2;

Message Priority => 1 applies to cnxl
Bus_Properties::Message Priority =» 2 applies to cnx2

END Multipro.i:

SYSTEM Hode
FEATURES
send : OUI DATA PORT Message:
receive @ IN DATA PCRT Message:
END Node:

SYSTEM IMPLEMENTATION Node.di
SITRCOMPONENTS
ol I v

Static Analzsiﬂ Schedulability [LMP | Ocarina | Scenario | Al Seripts|

=) @@ ask response time computed
Number of preemptions
Mumber of context switches
Task response time computed
Task response time computed

= @T ask response time computed

& @ ask response time computed

entity
Model .CPU
Model .CPU
Model .CPU
Model . CPU.Model SW.receiver
Model .CPU.Model .SW.cender
Mode2. CPU
CAM

One or several tasks did not comply
]
=l
worst = 0, best = 0 and average =
worst = 3, best = 3 and average =
Mo deadline missed in the comput|

Ne deadline missed in the comput|

[ i

| v

sender

receiver g
MNode2 . CPU

sender

receiver

Simulation
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Future Work

SDEXPERIENCE
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Cameo Enterprise Archltecture Performing Temporal AND Safety Analysis

Perform Safety
Analysis based on
Design

Safety Analysis

|
|
I T e Annotate the EE Topology with the
[ R B B e .
I 3DExper|ence Platfor/lError Model at this level =
« 1 | AADL Specification
g EE Topology /g
[ 1| Requirements (Hardware Architecture) g_ : XML format
Sl oy (.eexml) —
% | Nawgatlon | Dlsplay1 | Display 2 CEU
: |
§ I buses _.GE_-Z - I @
£ | Functions D |l pmmm e e el Qpm—— = = = = =
5 ) I
s |
£ EE Components L @
: ! (Software) _
% I @ perform temporal
é | (time & sequence)
é | analysis
i
c
z 1
|
|
L
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Key Take-Aways

» Delivering on the Business Promise Depends on the Ability to Address Both Technical and Contextual Complexity.

» Approaches to address the ACVIP Containment of the Accumulation of Program Technical Debt are key; considerations
include:

> Modeling and Analysis with AADL in the same Digital Enterprise Platform
> Early Schedulability budgeting and re-budgeting
> Early Systems Safety Assessment based on Functions AND Design

» 3DEXPERIENCE, the Digital Enterprise platform, offers unique capabilities to address the ACVIP’s goals:
> Early identification of defects and integration issues
> Authoritative Source of truth for ACVIP

> Multiple Dimensions of Differentiation: Expressability, Precision, Constructability, Interoperability, Usability, Adaptability,
Predictabiility, Simulateability, Decisionability

> épla;[form that fully integrates the cross-discipline Requirements Validation, Modeling, Design, Simulation, Verification, and
ertification

> Adoption by government and industry
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For Additional Information

» Ron Baghai
» Ron.Baghai@3ds.com

» Dr. Garrett Thurston
» Garrett. THURSTON@3ds.com

» Dr. Franck Corbier
» Franck. CORBIER@3ds.com

» Maxime Monier
» Maxime.MONIER@3ds.com

» DASSAULT SYSTEMES Websites:

» Main Website: https://www.3ds.com/
» Aerospace & Defense: https://ifwe.3ds.com/aerospace-defense
» 3DEXPERIENCE: https://www.3ds.com/products-services/3dexperience/
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