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Development Challenges

Representing complex systems
Coordinating work across teams
Working efficiently

Ensuring quality
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Traditional Development Process

Textual
Requirements

Design
Specification
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C/C++
Hand code

» Object
code

Compilation
and Linking
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Models for Specification
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Model Abstraction — Work at an appropriate level of detail
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pprd = A * p est * A' + Q;

% Estimation

=H*pprd * H + R;
=H * p prd";

klm gain = (5 \ B)';

¥ Estimated 3}cate and covariance
¥ eat = x prd + klm gain * (z - H = x _prd);
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% Compute the estimated measurements

y =H * x est;

Stateflow
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Complete Model Based Design Workflow, Concept to Code

Textual
Requirements

Executable
Specification

PII

Modelling

Model used for
production code
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Complete Model Based Design Workflow, Concept to Code

How do you ensure correctness?

Model used for

Executable » :
Specification il product|on code
generation

Textual
Requirements

Generated » Object
C/C++ code code

Code
Generation

Compilation

Modelling and Linking
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Model-Based Design Maturity, Automotive Industry

Enterprise
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Model-Based Design Maturity, Automotive and Aerospace
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Model Based Design Verification Workflow
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Model Based Design Verification Workflow

« Perform simulation

Component and system

testing L
———__——— ——--...~~
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Model used for

Textual » Executable —figg g » production code
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Ad-Hoc Simulation: Explore Behavior Virtually

- - /‘ \
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Model Based Design

Verification Workflow

Perform simulation

Link and review requirements

Isolate and test components
Measure model coverage

Generate tests for missing coverage
Manage and organize tests

Property proving
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Test Harnesses

From any subsystem ...

4\ MathWorks
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Test Harnesses

Isolate it with content it to
drive inputs and analyze

outputs

Simulate
Independently

Group 1
P
-

Harness Inputs

Uzer Inputs

gear
gear
¥

shift_logic
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Ti
| throttle engine RPM — i i
] g
Engine
|—> Joutput torque
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]_.lz

vehicle mph (yellow)
& throttle %

model file.

_‘ MathWorks:

Can be embedded in design
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Test Sequence Block
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Test Sequence Block
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Test Sequence Block Syntax

*a| sf_car_mac_Harness1/Test Assessment * -

CIEE \ @@«\@IM@ 3 @
| Symeor Transition Next Step
1
et = \ Start 1 [after(2sec)]  Shift p... ¥
1. [) gear speed = ramp(10);
throttle = 25;
Output verify(gear == 1);
1. [ speed
2. [ throttle E Shift_pending
speed = 20+ramp(10); \
Local throttle = 25;
Constant
Parameter
Data Store Memory

Start
speed = ramp(10);
Ihr::-tl:le 25;

‘ MathWorks
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Test Seo uence Block Syntax

f@@@-MGH

Transition

\ Start 1. [after(2,'sec’)]
speed = ramp(10);
throttle = 25;
verify(gear == 1);

speed = 20 mmp(10)
throttle = 25;

Next Step
Shift_p... ¥

. Start

speed = ramp(10);

Ihrntl:le 25

‘ MathWorks

Define
Inputs

23



Defining Pass/Fail Criteria

sf_car_mac_Harness1/Test Assessment * - Test uence Edi

Ho ¢+ @Ba 8= 4@

Step Transition

I o =
e | = Start 1. [after(2,'sec’)]
1. gear speed = ramp(10);
throttle = 25;

Output verify(gear == 1);
1. speed

2. [14) throttle E Shift_pending
speed = 20+ramp(10);
throttle = 25;

N Start
speed = ramp(10);

_‘ MathWorks:

shift_logic
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Model Coverage

Identify testing gaps:
* Untested switch positions
 Subsystems not executed
« Transitions not taken
« Many more ...

Hgear

Test Sequence

¥,

fgear_slate

' up up (tad
I o L firet SACONE 1 e
) =
]

| DOWN DM

.

e e e e

Felection_stale
} during: [down_th,up_th] = calc_thigear,throtte);
]

[spead = down_th] sleady_state ! [speed = up_th)]

[speed < up_Ih]

[speed = down_th]

[spead == down_th) [speed >=up_th)
{send(gear_state. DOWMN]}

speed > down_th was never true. .
after| TWAIT,lick)

{send|{gear_state. UP)}

Sirmulink Function
[down_th,up_th] = cale_th{gear,throttle)

i

‘ MathWorks
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Addressing Missing Coverage

Partial Coverage

{gear_state

up up up
[ 1 ) H—=
. 3 2 Ia—
4 DOV DOWN DOWN
1 {Selection_state
1 during: [down_thup_th] = calc_th{gearhrottie).
10 peed ) | up_ th]
. T vehicis ' T
Group spoed | .
0 speed [—W
-10 — » - ‘gear fspesd < up_th]
10 ¥
5 throttle | Harmess Inputs Shift_logic | speed > down_th was never true. |
0 afer(TWAIT tick) T
[speed >= up_th]
5 . - L - L {sendigear_stale. DOWN]} {sendigear_state UP}}
. 0 01 02 03 04 05
- Time (sec) Simulink Function
[down_th,up_th] = calc_th{gear,throttle)

Test Cases
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Addressing Missing Coverage

Time (s.ec]

vehicis

wwwwwwwwww

Test Cases

Simulink Design Verifier

4\ MathWorks

u > ue
=t h— i
2 = 2
DOWN DOWN DOWN
Selection_state o
} during: [down_th up_th] = calc_th{gear hrotile).
: pesd <doun l___ laes T e
o " T~
- A .
e N\
speed < up_Lh] 3
& [speed > down_th]
Hamess Inputs i 2 N, as never true
12 T
: afer TWAIT tck) after(TWAIT k)
[speed <= down_th] [speed == up_th]
{send(gear_state DOWN]} {sendigear_state UP;
Simulink Function
[down_th,up th] = calc_th(gearthrottle)
\
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Addressing Missing Coverage

New Test Cases

ue
| L = b =
1 = — _—
I DOWN DOWN
] B r——— TR
 cPeed GomT ] [ e -
0 peed
. . L s L — (&D)
-10 ot
10
N 5 throttle | Hamess Inputs shift_lagic
q
B 0
. x 0.4 0.5
- Time (sec)

Test
Generator

Simulink Design Verifier
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Addressing Missing Coverage

Full Coverage

4\ MathWorks

New Test Cases
lI L
7:: throttle ‘ | ‘ I I I % i
: L .I—
Test Cases
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Model Based Design

Verification Workflow

Perform simulation

Link and review requirements

Isolate and test components
Measure model coverage

Generate tests for missing coverage
Manage and organize tests

Property proving

[ J
Component and system
testn g/ _____
- =———__
-~ N
~
\
v \
\

Textual » Executable
Requirements Specification

Model used for

il » production code

generation

4\ MathWorks
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Model Based Design Verification Workflow

Manual review

Standards compliance checking
Design error detection
Complexity analysis

' \
Rev!ew and LN
static analysis 1| A

Model used for

S\
il » production code

generation
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Detecting Hidden Run-Time Design Errors

raw

IHIIH%IIHHI

debounce

(2}
[1 ]+

(D

debounced

Design Model

IC

4\ MathWorks

Design error detectb i
raw

debounce

v

(2}
[1}»

M

debounced

Integer overflow
Division by zero
Array out-of-bounds
Range violations
Dead Logic

Highlighted Model
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Detecting Hidden Run-Time Design Errors

File

- O o

Edit View Display Diagram Simulation Analysis Code

v

-

Help

Normal

[Pa]crs_controller »

inc

dec

DriverSwRequest

»key

»gear

CruiseControlMode

targetSp

throtCC

TargetSpeedThrottle

FixedStepDiscrete

4\ MathWorks
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Detecting Hidden Run-Time Design Errors

File Edit View Display Diagram Simulation Analysis Code Tools Help

v = == v : ) » ™ . - :10_0 v v
crs_controller
® crs_controller >
( y—en
E3 enbl
= @—enc
cncl
Gt
set reqDrv »()
O (4 )—»|resume reqDrv
resume
CE—sm
inc
o
dec reqDrv
DriverSwRequest
i status »( 2 )
(7 r P brakeP
status
brakeP
11 ) »lvehSp »( 3 )
vehSp mode
(8 ) Plkey
mode
ey
«D; >IQeﬁ\f targetSp
gear
Cruise ControlMode
- €D, throtCC
5 throtDrv
5 TargetSpeedThrottle
Ready 123% FixedStepDiscrete

4\ MathWorks
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Model Based Design Verification Workflow

« Perform SIL Testing

 Measure code coverage

« Verify code with Polyspace

« Verify consistency with Simulink
Code Inspector

PO TN Equivalence
’ N\ Checking

14 \

Model used for Generated

production code » C/C++ code
generation

35



| 4\ MathWorks

Coverage for Generated Code (R2016a)

77 if (rtbh_ActiwveControl) [
78 A* Sum: "¢52x/5um" Incorporates:
Tost Case 1 et l—— & 'HMW | 79 * Discretelntegrator: "«S2x/Discretse-Tims Integrator’
- e (3IL) ot 20 ® GEJ:n: "SI /Kp"
= g1 * (Gain: '«S53x/Hpl'
sat p——————m 82 *
/\ i Press Pl ay 83 *rty_throt = 0.02 * rtb SwitehZ + 0.01 *
a4 locallW->DiscreteTimeIntegrator DSTATE;
_|_ dec ——— o -
speed —— y | a6 J* Update for Discretelntegrator: '<S2s/Discrete-Time Integrator”’
Inputs Test Unit 87 localDW-»DiscreteTimeIntegrator DSTATE += 0.01 * rth Switchl;
a8 if (locallW->DiscreteTimeIntegrator DSTATE >= 5.0) {
. 29 localW->DiscreteTimeInteqrator DSTATE = 5.0;
cruise_control
— a1 if (localDW->DiscreteTimeIntegrator DSTATE <= -5.0) {
4z locallW->DiscreteTimeIntegrator DSTATE = -5.0:
(SIL) -
94 1

Generated Code Coverage
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Coverage for Generated Code (R2016a)

Test Casa 1 enable - ——— 'a‘nabl cruise_conirol h
braks F——— - brake e throt
/\\ g8t ——
ing f————"
_|_ dec ———— -_. target
peed ——W A
Inputs / Test Unit

[

cruise _control
(SIL)

Press Play

77 if (rtbh_ActiwveControl) [

78 A* Sum: "¢52x/5um" Incorporates:

79 # Discretelntegrator: "<52rx/Discrete-Tims Integrataor”

20 #  (Gain: '<S52>/Kp'

a1 * (Gain: '<SIx/HKplf

82 */

K *rty_throt = 0.02 * rth Switchd + 0.01 ¥

g4 locallW->DiscreteTimeIntegqrator DSTATE;

a6 J* Update for Discretelntegrator: '<S2s/Discrete-Time Integrator”’
a7 localDW->DiscreteTimeIntegrator DSTATE += 0.01 * rth Switchi;
a8 if (locallW->DiscreteTimeIntegrator DSTATE >= 5.0) {

KTs _/_
z-1

L

Discrete-Tima
Imtegrator

Kpi

Can also be highlighted on model

4\ MathWorks
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Model Based Design Verification Workflow

Perform PIL Testing
Perform HIL Testing

Equivalence

testing _====""""===g _—
- y
” \\
e .
\4 \
1
Model used for .
production code %tgjggt
generation
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Model Based Design Verification Workflow

Component and system Equivalence
testing e _ testing  __ _____
=:——— ) il a’——— . ~--“~
g ~so Review and ,,::~~\ ,,,flf__~\\EqU|valeryce N‘\\
¢ N static analysis YN Y / . checking \
4 1 \ s | 4 \ :
M I for :
Textual Executable 11 » r(?:l?ctlijsr?i:o%e Generated Object
Requirements Specification P : C/C++ code code
generation

Code
Generation

Compilation
and Linking

Modelling
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Systematic Verification

= Ensure that verification
IS systematically
performed across:
— All requirements
— Complete model structure
— Complete code structure
— All design behaviors

Design Error Detection lude

Dead Logic TestHarness
o [speed==0 & press < zero_thresh]/ -
Integer overflow Sens_Failure_Counter INC
Division by zero i """

speed_fail

Check specified intermedia-]e[SPEED] =D [entﬂ’i fail state[SPEED] =

[speed > 0]
Sens_Failure_Counter DEC

e

L] QL EOCWY L CCE o

Modeling Standards for MAAE
Maming Conventions

‘.i"-., Check for incorrect file names
o Check folder names

& Check subsystem names‘/'
O Check port block names

a Check signal labels for incorrect

EEEEJ

g o )

‘.i"-., Check block names for incorrect
S —t . v

Simulink Verification & Validation

eetseaoenc B

4\ MathWorks

restiansoer
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—

 Essential

* EXxpensive

Test and Verification

— Pain Points

&\ MathWorks
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Test and Verification

 Essential — More Complete

Frequent, A\
Incremental
T&V

 Expensive — Faster @

« Complex — Simpler (@)

4\ MathWorks
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Thank You!

4\ MathWorks
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