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Systems — They’re Everywhere ...
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ANSYS Enables Systems

From Comprehensive Component-Level Design & Simulation ...

FLUIDS

STRUCTURES

ELECTRONICS

SEMICONDUCTOR
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ANSYS Enables Systems

... To Complete Systems Simulation
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Our Vertical Market Focus

Aerospace &
Defense

500% increase
in SLOC in

aerospace in
10 years
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Automotive

10 M software
lines of code

(SLOC) in
modern vehicles

Railways

Ever increasing
system & software
certification costs

and project
delays/costs
overrun

Industrial
Equipment

More than
380K software
and system
engineers work
in the oil and gas
industry

Energy &
Nuclear

Software-Based
Instrumentation
and Controls
have become state
of the art

Medical

More than 70%
of product
innovation in
medical devices
is software driven
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Systems & Software Development

Challenges

Managing Design
Complexity

Reducing Embedded
Software Costs

© 2016 ANSYS, Inc. July 18, 2016

Optimizing Overall
System Performance

Reducing Physical
Validation Costs




ANSYS Model-Based Engineering

Solutiong

Model-Based Systems Engineering
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Model-Based Software Engineering
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Multi-Physics & System Simulation
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ANSYS SCADE Products
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Software V-Cycle with ANSYS SCADE

ANSYS




Software V-Cycle with ANSYS SCADE

[ ws s




ANSYS SCADE Suite

SCADE

SUITE?®
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ANSYS SCADE Test

Rapid

Interactive
Test Creation

PROTOTYPING &
TEST CREATION
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Testing
Environment

Test Execution
on Host

Model Coverage

HOST
EXECUTION
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Test Execution
on Target
(RTRT, LDRA,
VectorCAST &
Generic)

TARGET
EXECUTION




Certified Ada Toolchain: Modeling

e Asingle input language for two target languages

— Retarget your existing model to a different language to adapt to various
platforms

— Implement diversity by using two different compilation and execution flow
from the same model

— Supports different generated object names for C and Ada
— Propagate Ada pragmas to generated code

* Define imported operators in Ada

— Reuse your Ada legacy
— Use Ada code to extend SCADE expressiveness
— SCADE libraries using imported code now also have an Ada implementation
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Certified Ada Toolchain: V&V

* Native Ada Simulator
— Supporting Ada imported code
— Generates Simulation Ada Code
— Exactly the same principles as C-based simulation

* SCADE Test fully supports Ada V&YV activities

— SCADE Test Model Coverage

— SCADE Test Execution Environment and Test Harness Generation support
Ada generated code

— Validation teams can develop their functional tests independently from the
actual code generation

e SCADE Test is qualified DO-330 TQL-5 for C and Ada
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Certified Ada Toolchain: Code Generation

* SCADE Suite KCG for Ada generates SPARK-compliant
code, compatible with any Ada 95 compiler

— Flexibility: separate bodies

— Readability: named parameters

— Efficiency: procedures or functions

— Improved traceability file also for Ada

* SCADE Suite KCG Ada code generator certification
— Full DO-178C/DO0-330 Certification Kit
— 1SO 26262, EN 50128, IEC 61508
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SCADE Suite IDE

l. " CruiseControl.
File Edit View Operator Insert Layout Project Tools
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i ¥ keo s {8 HTML

Overview

MNavigate Window Help
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Workspace v ax @Welccme to the SCADE Product Family

: 30 .0
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@ CruiseControl::CruiseControl/StateMachineModes X

q

P Shortcuts w B X

= CruiseControl etp

=13 CruiseContral Title : Top Level of the Cruise Control application

=23 CruiseControl
-1 Constants

Created by - Esterel Technologies $Date’ 2008/10/27 13:11:56 $

|$Revisi0ni 128

=-0 Types
-3 Operators
+-I} CruiseControl
+-{F CruiseRegulation
+-{3 CruiseSpeedMgt
+-1 Saturate Throttle
=-.3 Proof
23 Operators
+-13 Proof
#-{F Prop1
+-{ Prop2
+-{1 Prop3
#-{ Prop4
+-{ Props
=-[Z3 System
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+-1+ SystemSimul
-1 libdigital
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- (0 libmath
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-3 Car
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Output
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Loading project CruiseControl.etp...
Successfully loaded project CruiseControl.etp
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KCG Pragmas
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Imported Source file
Specialize

Symbol file:

-

Mathematical
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For Help, press F1
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SCADE System - SCADE Suite Integration
An Integrated Workflow for SW-intensive Systems
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ECU Command

Integrated Workflow for SW-intensive

[
modemonitaring
.
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— @ ECU Command
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SW Design
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= - J. Auto L _JAutol
S Architecture: :Regulation/ Architecture::Regulation/
void Regulation_Architecture( procedure Regulation(
EcU._cCommand A a
ECU_Command : in tECU_cmd;
AccelPedals
AccelPedal : in tPercent;

Speed/
Speed : in tVehicleSpeed;

U Commands *
in out Context_Regulation)

7 Eq "/
tECU_cmd_Architecture *ECU_Commiand,

A* AccelPedal’ ™
tPercent_Architecture AccelPedal,

S Speed/ *
tVehicleSpeed_Architecture Speed,
outC_Regulation_Architecture “outC) Cix
is
SMI:
SMI1_state_act : Keg_Types.SSM_ST_S5M1

 —
SCADE :
| _SUITEC® | e
A SMI:Regqul: L3S T/

kcg_float32 _L3_Regul_SM1;

SMI:
SM1_reset_act : Boolean;
- SMI:Regul:_L3/
L3 : Kcg_Config.Kcg_Float32;
tmp : Kcg_Config.Kcg_Float32;

) ——— S SMI S
S5M_ST_SM1 SM1 _state_act;
- A% SMI xS
SW Cod I n kcg_bool SMT1 _reset_act;
g ST SMI: S begin
switch (outC->5M1 _state_nxt) { case (Ctx.SM1_state_nxt) is
case SSM_st_NotRegul_SM1 : . when Kcg_Types.SSM_st_NotRegul =>
SM1_reset_act = ("ECU_Command).Status == ON_Architecture; SM1_reset_act := ECU_Command.Status = Kcg_Types.ON;
if (SM1_reset_act) { ) if(SM1_reset_act) then
. SM1 _state_act = SSM_st_Regul_SM1; SM1_state_act := Kcg_Types.SSM_st_Regul;
else
else { SM1_state_act := K T SSM_st_NotR AR
SM1_state_act = SSM_st_NotRegul_SM1; end ”rTS - ’ A= DAL
3 .
break;
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Addressing Main Application Software
Testing Challenges

e Software requirements are often inadequate to meet
user needs or incomplete

* Test creation and maintenance is very time consuming
* Late testing activities generate expensive design rework

* Test execution and results analysis are often very manual
activities

* Testing effort is sometime not sufficient and software
errors remains. How to know if testing effort is adequate?

* Test execution infrastructure has to adapt to a variety of
hardware targets

s -
-
e
-
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SCADE Test Workflow Overview

System Design

System Requirements

Software Design

e “SCADE
| SysSTEMe |

/

Software Verification & Validation

Software |

>

Requirements

Software Design |

(SCADE Models)

(SSADE >/ SCADE

Software Code
(SCADE Generated Code)
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SCADE Test Environment for Host

Examples of Rapid Prototyper Panels

INDIVIDUAL WHEEL SPEEDS

OcTaHoBka

3anyck

Aerospace - Hydraulic Pump Control Panel

Cooling Water Temp (°C) Reactor Water Temp (°C)

“ S 40 50

Reactor Heat Quantity 20 () 80
0

; T
0 10000 S - )
1553 646

o A —

% H Failure

Force if Fail



Test Case Creation & Management

* SCADE Test provides effective means to create
requirements based Test cases

* Intuitive graphical user-interface enabling managing
these test cases and Test Results.

Warkspace b B8 B CarDrivingControl.sss X

CruiseControl_etp
= CruiseControl_Testetp
= CruiseControl_Tests
-84 CarDrivingControl
= Init
T CruiseControl_Aliases.sss
B InitOffsss
5 CarDrivingControl.sss
5 CruiseRegulation.csv
= CruiseControlBehavior
T D Init
 CruiseControlBehavior.sss
=] CruiseSpeedManagement
#-[1 Init

T CriiseSpeedManagementsss

FileView 2 Scade
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Car Driwving Control Tests Cases
Test Reference: CC_TEZT_CDC_01

Test Case Objectives:

Werify the car is driven by the accelerator when the CC is off.

Coversed Reguirements: CC_HLE_CDC_01

Test Case Acceptance Criteria

check that Throttle eguals aceelerator at sach cyole.,

Test Case Description
rset Accel 0.0

rcheck ThrottleCmd 0.0
roycle

rset Accel 51,2345

rcheck ThrottleCmd 51.2345 sustain=5 real=0.0001
roeyele §

rset Accel 89,687

:check ThrottleCmd 89.687 sustain=10 real=0.001
roycle 10

1l
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Test Execution on Host

Software requirements based tests can be executed on Host

and expected results compared to actual results
¥ & X [ CarDrivingControl.sss

Workspace
CruiseControl.etp

i CruiseControl_Testelp Status  Step Na_me Actual Value Expected®alue Tolerance MNBYW Fileline . . .
5B CruiseControl_Tests (2/3) o 1 CruiseSpeed §9.2300000000 89.2 0.007 A TestScenarios\ CruiseSpeedhanagement sss:line 31
& CarDriving_ControHPassed % 3 CruiseSpeed 143.330000000143.33 01 A TestScenarios! CruiseSpeedhanagement. ssslinedd
& CruiseContiolBehavior | Passed % 5 CruiseSpeed 145.830000000145.83 01 A TestScenarios\ CruiseSpeedhanagement sssilinedd
= [ ——— % 7 CruiseSpeed 150.0 150.0 B, ATestScenariosh\CruiseSpeedManagement.ssslinehb
P g % 1 CruiseSpeed 394300000000 33.49 01 A TestScenarios\ CruiseSpeedhanagement sssline7a
% 12 CruiseSpeed 369300000000 36.99 01 A TestScenarios'\ CruiseSpesdianagement sss:linedl
% 13 CruiseSpeed 34.4300000000 34.49 01 A TestScenarios\ CruiseSpeedhanagement ssslinedd
% 14 CruiseSpeed 31.9300000000 31.99 01 A TestScenarios!\ CruiseSpeedianagement. sss:lined?
% 15 CruiseSpeed 30.0 30.0 B, ATestScenarioshCruiseSpeedManagement.sss:linedd
@ 16 CruiseSpeed 300 30.0 B, ATestScenariosh\CruiseSpeedManagement.sssilinedd
] CarDrivingControl.sss CruiseSpeedManagement 1 CruiseControl_Tests.txt X
B
3. Test Summary
| Operator | Status | #OE-#Total
| CruiseControl::CruiseControl | Failed | 1767177
4. Detailed Test Results
4.1, CruiseControl::CruiseControl: Failed (#0K: 176-177)
{CarDrivingControl> Passed (#0K: 125-125)
| Btep | Data item | Tal. | Ezxpected | Actual | Btatus | NBW | Location | File:line |
| 1 | ThrottleCmd | | | 0.0 | 0.0 | OK | | | 1:16 |
| 2 | ThrottleCmd | 0.0001 | 51.2345 | 51.234499999999997 | OK | | | 1:20 |
| 3 | ThrottleCmd | 0.0001 | 51.2345 | 51.234499999999997 | OK | | | 1:z0 |
| 4 | ThrottleCmd | 0.0001 | 51.2345 | 51.234499999999997 | OK | | | |
| 5 | ThrottleCmd | 0.0001 | 51.2345 | 51.234499999999997 | OK | | | |

© 2016 ANSYS, Inc.
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Model Coverage Analysis

File

e Capability to merge
results, supporting
modular model-based

8 Test
i i T Test

ex_basic_MCDC.etp
= testetp

Layout

iDﬁuﬁ‘%Ex““@é‘?k?iﬁslmg

~ [E

Workspace v ax

o

Project Tools Mavigate Window Help

" ex_basic_MCDC.vsw - SCADE - Roo A=k
S ., = __ W .. I,

Edit View Operator Insert

|

conditions and coverage cases

Detailed view with activation

] .

eﬂgmﬁgségg N;:; Fioat _ / Coverage: 13418 D;;ar\':z:deverageCas(
° 1 % A->0(1/2) | ngﬂg [ g\efte;:n
testing methodology T o]
T aoem e A e
% E>0(1/2) = T $and#l C1
: : MLl T

* Automatic synthesis / S C—
report generation, for 87 e i
both model and code =]
coverage ) > ]

Y- 0 o —— >—‘

* The report gathers all E - %’A_;_FESD’—HM | v
configuration elements (SCADE D E e
model, test scenarios, test and CENCPS-Earr . P o
coverage results) O:::A o | Localisation in the model TEE
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Test Re-run & Execution on Target

* Automatic generation of test harnesses, from the same
set of model-based test cases, for specific target test

environments:
- IDRATestBed® [ PA T==5 VECTOR\'
— IBM RTRT® === = software

— Vector Software VectorCAST®
— Interface driver to adapt to custom-made test infrastructures

* Generated test harnesses consist in:
— For LDRA TestBed : one TBrun file per Test Cases
— For IBM RTRT : one PTU file per Test Cases
— For VectorCAST : one VectorCAST file per Test Cases

27 ©2016 ANSYS, Inc. July 18, 2016 Ada-Europe2016.
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Summary of Benefits

 SCADE ‘s Model-Based approach of allows meeting efficiently all
requirements of high-integrity application

* Qualified Code Generation of SCADE Suite and SCADE Display KCG is

based on using the safety standards (DO-178C/D0-330, ISO 26262, EN
50128, IEC 61508, ...)

o Only COTS code generators developed following the standards

o Provides unigue certification benefits (no code review, no low-level testing are
needed, etc.)

e Complete integration with ANSYS 3D tools for full virtual system
simulation

* Bottom line is reduction of cost and time to certification at any
integrity level compared to manual or non-certified model-based
approaches

© 2016 ANSYS, Inc. July 18, 2016 Ada-Europe 2016.



