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Key takeaways

« Verify and validate requirements earlier

= Identify inconsistencies in requirements by using unambiguous
assessments

= Traceability from requirements to design and test

“By enabling us to analyze requirements quickly, reuse designs from previous products,
and eliminate manual coding errors, Model-Based Design has reduced development

times and enabled us to shorten schedules to meet the needs of our customers.”
- MyoungSuk Ko, LS Automotive
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Challenge: Errors introduced early but found late

Most errors Unit test finds some
introduced errors
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Cost of finding errors increases over time

Testing
Cost
Time
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Challenges with requirements-based verification

Are all
requirements
Implemented?

Is the Implementation
functioning correctly?

IS requirement
Interpreted
correctly?

How to avoid
modifying the
design for test?
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Simulink models for specification

Requirements

MATLAB EXPO 2019

Model-Based Design enables:

- Early testing to increase
confidence in your design

= Delivery of higher quality
software throughout the
workflow
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Multiple languages to describe complex systems

4\ MathWorks

4\ Mechanics Explorers - Mechanics Explorer-Wind_Turbine - O X
| 3 Wind_Turbine * - Simulink -
iagram S N Analygis i i File Explorer Simulation View Tools Window  Hel y|Ax
Py, Stateflow <link> (chart) Wind_Turbine/Main Controller/Wind Input/Turbine State Machine - Simulink o x| Display Disgram  Simulation Amasis  Code Tools Help L P |
om - -| g [e n - % - -
File Edit View Display Chart Simulation Analysis Code Tools Help <@ i@ 4w ib A - &E, | [ ¥ p:| WITVIHI ‘ B0 | E0]=> |V\EW conventiol
. P Library: Hydraulic_Actuator_Lib/Actuator_1 - Simulink - O x
- M= =i - - > w N~ » @ v & Mechanics Explorer-Wind_Turbine =
P - ™ < 4 EEE-E e G 7 @ S | P - File Edit View Display Diagram Analysis Help
e
Turbine State Machine - & 4 2o - @~
@ |[Pa] Wind_Turbine » [a]Main Controlier b [Pa]wind nput ¥ G4 Turbine State Machine -
o Actuator_1
e — 1 [Pl Hydraulic_Actuator_Lib b [Pa] Actuator_1 b -
ade - ™ .
o} Lift_and_Drag @ E @ Pl < R [}
— [wind_speed>... S'E"f;u ST { x
i entry: parking_brake = 0; f A 8
o it i v | W B | s s j . —
o wind. sposd, oul_out] pitch_brake=0; _ | turbine_speed_cut in] Hydraulic Gylinder
R turbine_state = 1; 3
A Twind_speeds. / \\ - W ) P .
[m] (i Ty [wind_speeds... el ezl e o - o ’ﬁ Link: Wind_Turbine/../Geartrain/ldeal - Simufink - X
wind_speed_cut_in_lower] | | wind_speed_cut_in_upper... |lwind_speed>... s %8 Gl [ +Wind. :
® &8 wind_speed>... wind_speed_cut_out... L] 7 [ @ @ o Fle et View Oisply  Disgram  Simulation  Anslsis Code Tools  Help
wind_speed_cut_in_lower] |lturbine_speed>- e ) L .
" turbine_ speed_oLt_out. T B-o-ge¢lO-B-94OP 2 H-v 1-0-&
iy [twrbine_speeds<=... (Brake |lturbine_speeds. Bz 8 F 4
e park_speed] entry: parking_brake = 0; turbine_speed_cut_in“0.9] & & Wt )
4 Eﬁl‘:’ff.";k‘ T 1l lato b, o 0 P Wind_Turbine/Grid * - Simulink — O X frecse r pmcemmmn » e b ey - Flow
L pitch_brake = 1;
m turbine_state = 3; N File Edit View Display Diagram Simulation Analysis Code Tools Help
. i -
= E - :
® YC 3 E-a-8 <« & LEg- ME=RINCN N~ »@ Force
o - E: >
= M Yaw Controller 4 O - 0 0 0 Grid
Ready 107% odez3t Br ‘ @® |[Fa]wind_Turbine b [¥a|Gria b i 3 J— LR ri - o1 r 1
Speed Z & ] — T — W
%) LR L = Al - rLE & (nZg
L] 53 Saecy - Hydraulic Fiuid
Helical Gear Helical Gear
o] Vaive Gommand & A First Sty
o Sucond Slep
o Cyinder Extgnsion Rats =| Ova i =
irder e A
4 - o - B N 1
Cylinder Extonsion i Consoser H z MJ(: =| G 1 () Inerta () Inetia ) Inertia 100%
ind_Input 1 Sun Shatt Carier Shaft First Step Shaft
d_ Phasor i ©& 6 o 1 ) T I
Pitch Controller T
60 Hz ] GNvc] | &
Cylinder Extension g —— GNVec - i "
CNMBY (V) Tkm line Line mGrid Grid Copyright 2009-2018 The MathWorks, Inc.
N GNVa Resistance
Cylinder Extansion r L} Copyright 2009-2018 The MathWaorks, Inc. = o) odez
| M Twe-Way View Pitch Control I -} Copyright 2009-2018 The MathWorks, Inc.
N Connectiont o8 e e e View diagrostics 125% odeast| I
o et . Ready View diagnostics 125% ode23t
»
Ready 125%

Requirements

MATLAB EXPO 2019

muyp

N
)

t

i
" 2’531‘3?21‘”&3‘%}2%&%‘% "
- - %04

s e
Strisc, 4’
substr(sy), o

_ng.m%‘:g\ ?q‘!\}‘

D),

LY

Hand code




Ad-Hoc Testing: Explore behavior and design alternatives

Requirements -

MATLAB EXPO 2019

for s =1
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Validate behavior earlier with simulation
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Validate Behavior Earlier with Simulation
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Complete Model Based Design

mpalier lorque

-

Requirements

Simulink Models

Design
Model

Model used for

I- il » production code

generation

Code

Generation
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Systematically verify requirements

— Are all requirements implemented?

- Is the implementation functioning correctly?
Requirements

Based Testing — Are designs and requirements consistent?
-~ N
l/ \\
14 Simulink Models
Design Model gsed for
Requirements Model production code
generation

Generated code
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Integrate with

External
Requirements
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II;

Requirements

Managements
Tools
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requirements tools and author

Simulink Requirements

External Requirements

v Importl References to crs_reqg.docx

|mp0rt v & Crs_req
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Update vE D
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Overview
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requirements

Import from:

» Word / Excel

« IBM® Rational®
DOORS®

* ReqlF™ standard

Update synchronizes
changes from source

Edit and add further
details to import 2019«

Author requirements

Export ReqlF R2019a
« Enables roundtrip with
external tools
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Roundtrip workflow with external tools thru ReqlF

External
Requirements

xls

II;

Requirements

Managements
Tools
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R2019a

Simulink Requirements

External Requirements
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1.4 Cancel Switch Detection

LW Tl Qe et b
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Update synchronizes
changes from source

Edit and add further

4\ MathWorks

details to import 2019«

Author requirements

Export ReqlF R2019a

« Enables roundtrip with
external tools
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Requirements Verification with Simulink

Requirements
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Requirements Verification with Simulink

Requirements
v 4 crs_req_func_spec
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Driver Switch Request Handling

1.1 Switch precedence
1.2 Avoid repeating commands
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"
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v function customCriteria
1 H Perform custom criteria
Simulink Test |
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Example: Verifying Heat Pump Controller Requirements

1 Requirements for the basic Heatpump Controller

Temperature difference is defined as the difference between the room and the set temperature.
The controller shall turn the fan on when the temperature difference has reached a certain
level, to circulate the air. The controller shall turn the heatpump on when the temperature
difference has reached another level, to heat or cool the space.

1.1 Idle when Temperature in Range
If the temperature difference is less than 1 degrees, the system shall be idle with all signals off.

1.2 Activate Fan "

1.3 Actwate Heat Pump

The pump shall activate when the temperature difference is greater than or equal to 2 degrees
for more than 2 seconds and stay active for at least 2 seconds.

— . 1.3.1 Cool mode

If the room temperature is greater than the set temperature, the system shall cool the space.
>
1.3.2 Heat Mode

If the room temperature is less than the set temperature, the system shall heat the space.

1.4 Max Temperg Requirements in DOORS
The difference between ture should never exceed 6

degrees

MATLAB EXPO 2019

4\ MathWorks
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Example: Heat Pump Controller Implementation

N

) Tset

Troom_in

control_out >

Controller

&\ MathWorks

/

\

® IDLE
entry:
| fan_cmd = 0;
pump_cmd = 0;
pump_dir = 0;

[mag_T(T_req,T_meas) < 1]

[mag_T(T_req,T_meas) >= 1]

fan_cmd

T req

fan_c

MATLAB Function
Mag =mag_T(T_req_in, T_meas_in)

&

T_meas

pump_

MATLAB Function
Tdir = sign_T(T_req_in,T_meas_in)

pump_dir

Troom_in

o

J

controller_chart

pump |

o al
/RUNNING A
after(2,sec)
after(2,sec) —
[mag_T(T_req,T_meas) < 2] = V[mang(Tfreq.Tﬁmeas) <&l
pump_cmd = 0; =
pump_dir = 0;
after(2,sec)
[mag_T(T_req,T_meas) >= 2]
|
COOLING HEATING
entry: entry:
fan_cmd = 1; fan_cmd = 1;
pump_cmd =1; il pump_cmd = 1;
pump_dir = 1; 1@,2 | pump_dir = -1;
[sign_T(T_req, T_meas) == -1]
| A

MATLAB EXPO 2019
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Link requirements to implementation in model

4\ MathWorks

’i Stateflow (chart) sitestHeatpumpLibraryExample/Controller/controller_chart - Simulink = X
File Edit View Display Chart Simulation Analysis Code Help
B-o-Bes ¢ BE-0- 8- |
controller_chart v
® pump_cmd = 0; g
g pump_dir = 0; g
MENTS _ 0 L
- 4: Activate Heat Pump
- The pump shall activate
f when the temperature
= difference is greater than or 6: Heat
- equal to 2 degrees for more F‘;‘gr(z;rs(‘;c)re THTEE
n than 2 seconds and stay W Pkl
= active for at least 2 MenTs ]
¢ \\»Q
® COOLING HEATING
. entry: entry:
fan_cmd = 1; fan_cmd = 1;
pump_cmd = 1; pump_cmd = 1;
PUmp_CiES 1. 48}2 pump_dir = -1;
- B : ] B
5 . -
» \ [sign_T(T req, T _meas) == -1] e ~
qi - sltestt ibraryExample P X
View: [Requirements -| [&]0][@] CIEIE] & Ee] [earch |
Index Summary Implemented Verified 2
B 1.1 Idle when Temperature in Range ( J( n )
E12 Activate Fan . )
Vil 1.3 Activate Heat Pump S )
& 131 Cool Mode 1 )
Ready 200%

MATLAB EXPO 2019
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Work with Model and Requirements with Requirements
Perspective

e Cantraller/control . = - <q
it A e o
-~ = - 1 Normal 7 - -
g «controller_chart Inspector x
5 @ iDLE = Requirement: 4
3 L]
g @ entry: Details
- Lhl | Reguirement A aperts
pump_dir = 0; ' e q u I re e n The fan shall activate when the Type: Functional  ~
o - temperature difference is greater Index: 13
o A t t' than or equal to 1 degrees. Custu;11 o 4'
:; nnotations : S schat st P
o (Rorwaes S —— — N Description  Rationale
® [mag_T(T_req,T_meas) >= 1.5] Y : The pump shall activate when the
™ o temperature difference is greater than or
after(2,sec) after(2,sec) L. equal to 2 degrees for more than 2 seconds
= e ) [mag_T(T_req,T_meas) < 2] .
[mag_T(T_req,T_meas) < 2] and stay active for at least 2 seconds.
4
m
® l4: Activate Heat Pump
The pump shall activate B d
&3
& | [MATCAB Fundion when the temperature a g eS : Heat Motle _
| Mag = mag_T(T_req_in, T_meas._in) difference is greate; than or e P ro pe rty
equal to 2 degrees for more [mag_T(T_req,T_meas) >= 2]
than 2 seconds and stay P -
factive for at least 2 NTsll I ns pecto r
MATLAB Function
Tdir = sign_T(T_req_in,T_meas_in)
pump_cmd = 1;
_E‘UmD,d\r =1, Ty Keywords:
) - » Revision information:
. Implementation and s [T
IS J
« | V . f . S "5 » custom Attributes
s s et erirication Status f [
View: Requirements - = - & ¥ e ICa:rr—h = 4= Implemented by:
\ ] “u after(2.sec) [mag_T(T_req.T_meas) >= 2,
Index Summary Implemented Verified
B V1.3 Activate Heat Pump = Verified by:
=
- = Activate_Pump v
rowser ©1.3.1 Cool Mode ) o i
¥1.3.2 Heat Mode \ .
B auty

MATLAB EXPO 2019
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Isolate Component Under Test with Test Harness

!'; s8¢ _house_heabmg_system_T - Sinuhnk

File Edit View Display Disgram Simulstion  Analysis Code Tools

Z-T-f e
sac_house_hesting_system_1
&

BE LS

tSet

Ee-E-ce 4o

Help

Taet
setTemp

—p Troom_in k

control_out

Controller

Room

ﬂ v | i000

Heat

Normal @~ -

HeatCoolCommand

Heater

» Troom

Heater

Tatm
Daily Temp / /
Variation j

1 [T

Environment

House Thermal Network

House Heating System

1. Plot temperature of wall, window, and roof (see code)
2. Plot heat flow through wall, window, and roof (see code)
3. Explore simulation results using sscexplore

»

Ready

4. Learn more about this example

Dashboard

208%

4\ MathWorks

i) A

]

Heating
Results

FregdStepDiscrate
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Test Sequence Block: Step-based and temporal test sequences

ssc_house»heating_systemj_Harness1/TestSequence-TestSequen:eEditor - [m] X ‘
B © 4 WE = @88 4@ Pp | &
Symbols Step Transition Next Step
Input S
Initialize 1. true Cold_Outside v
1.1/ control_out %% Initialize data inputs.
o Tset = 23;
LEput Troom_in = 23;
1. [ Tset
2.1 Troom_in Cold_Outside 1. Troom_in <= 15 Hot_Outside v
%% Check heating mode
Local Troom_in = 23 - ramp(et*0.2);
Constant = .
: Hot_Outside 1. Troom_in >= 27 Return_Idle v
Parameter %% Check cooling mode
Data Stors Memory Troom_in = 23 + ramp(et*0.2);
Return_ldle 1. Troom_in <= 22 End v
%% Return to idle mode
Troom_in = Troom_in-ramp(et*0.2);
End
Step Hierarchy Troom in = 22
Initialize i
Cold_Outside
Hot_Outside

MATLAB EXPO 2019
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Test Assessments: Formalize and execute requirements

Activate Heat Pump

If the temperature difference
exceeds 2 degrees for more
than 2 seconds, then the
pump shall activate for at
least 2 seconds

MATLAB EXPO 2019

When <condition 1> is true,
Then <condition 2> must be true for some time

£
(ley = 220 = x3)7 A Oy (I — 2| = x3) — Opgr,yxs

Simple concept

Hard to formalize

MTL logic

4\ MathWorks
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Author temporal assessments using form based editor

use_heating_system_1_Harness1

TTINGS OVERRIDES

S

IRAL ASSESSMENTS*

ASSESSMENT

* At any point of time
¥ wigger becomes true and stays true for at least

condtion abs{ roomTemperature - setTemperature) >= threshold

min-time (sec). <emply>
time-reference  <empty>
delay with no delay

response <empty>

-1 Delete

MATLAB EXPO 2019

- c‘

REQUIREMENTS + VISUAL REPRESENTATION

None true 4

TRIGGER 1
faise

A Select a ime reference

& Select a response

I SYMBOLS
@ roomTemperature

@ setTemperature
@ threshold

o Add Symbol [

4\ MathWorks

R2019a
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Execute assessments to verify requirements

4\ MathWorks

R2019a

Y © Activate_Pump
‘ ASSESSMENT SYMBOLS
| ~ » = roomTemperature a
» At any point of time, if abs(roomTemperature - setTemperature) >= threshold becomes true and stays true for at least 2 l > = selT i I
seconds then, starting from rising edge of trigger, with a delay of at most 2 seconds, pumpCmd must stay true for at least 2 =
seconds - » & threshold L
B | Error 1 of 2 [~
Expected Behavior Actual Result Explanation
wey tue Assessment 'Activate_Pump' failed when triggered at 11 s.
E— L « Trigger condition ‘'(abs((roomTemperature - setTemperature)) >=
e 120 1fo 140 150 STy 120 o 140 150 threshold)' is true at 11 s.
mmw-—*»—j Mmm._-b—j » Expected response condition to be true within 11 s and 13 s.
NN, RN, o i.e. with a delay of at most 2 s after 'rising edge' of trigger.
After at most After at most
e « Expected 'pumpCmd' to be true at 13 s for at least 2 s, actual value at 13
RESPONSE RESPONSE is fal
G = s is false
130 138 140 148 %o 130 135 140 143 |J!o
ma QqQal@gn
» EXPRESSION TREE PLOTS
w Activate_Pump: At any point in Fail * -
time, if (abs((roomTemperature - P
setTemperature)) >= threshold) -~
becomes true and stays true forat  Untested & -
least 2 seconds then, starting from 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
rising edge of trigger, with a delay of “
at most 2 seconds, pumpCmd must
stay true for at least 2 seconds
w if (abs{(roomTemperature - True
setTemperature)) >= threshold) F
becomes true and stays true for at slse I l
least 2 seconds then, starting from  Untested
rising edge of trigger, with a delay of 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
at most 2 seconds, pumpCmd must i
stav true for at least 2 seconds s

MATLAB EXPO 2019
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Locate implementation of requirement using link

¥4 Statellow (chart) ssc_house_heatng_system_1/Controller/controlier_chart - Simulink
Fle Edit View Display Chart Simulstion Analysis Code Tools Help
& -=o-8 £ REG-B-ogOP = - ln | e *l | @ ~| i
g controller_chart x
i FAN_O \ ]
3| AN_ONLY
a after(2,sec) entry—: [an?:ngs(ic)req T_meas) < 2]
o [mag_T(T_req,T_meas) < 2] fan_cmd = 1; s
(=) pump_cmd = 0;
o pump_dir = 0;
Y ]
o 4: Activate Heat Pump
@ The pump shall activate .
" when the temperature 6: Heat Mode
f’\ difference is greater than or S
after(2,sec
. equal to 2 degrees for more [mag (T req.T. meas)>=3] 14
® than 2 seconds and stay VP, o N
= active for at least 2 “MENTg N
Il f
COOLING HEATING
entry: entry:
fan_cmd = 1; fan_cmd = 1,
pump_cmd = 1; pump_cmd = 1;
pump_dir=1; 1,&2 pump_dir = -1;
] L)
[sign_T(T_req, T_meas) == -1]
]
Bl B
<8
Requirements - s5_house_heating_system_1 o x
View: Requirements - = 1 ®& o e Search [,
Index Summary Implemented Verified )
1.2 Activate Fan I Il
“¥13 Activate Heat Pump === J
X131 Canl Mada I 1
Qea 200%

Property Insgector »x

Requirement: 4

Details

~ Properties

Type: Functional ~ ~

Index: 13

Custom ID: 4

Summary: Activate Heat Pump
Description  Rationale
The pump shall activate when the
temperature difference is greater
than or equal to 2 degrees for
more than 2 seconds and stay
active for at least 2 scconds.

Keywords:
» Revision information:

Show in document | Unlock
» Custom Attributes

~ Links
~

= 4= Implemented by:
" after(2.sec) [mag_T(T_req.T_

= 4 Verified by:
= Activate_Pump @
< >
» Comments

VariabieStepauito

MATLAB EXPO 2019
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Translate textual requirements into unambiguous Temporal

Assessments

« Compose assessments
using form based editor

* View assessments as
English-like sentence

* Review and debug
temporal assessment
results

 Link to requirements

MATLAB EXPO 2019

Temporal Assessment Editor

v LOGICAL AND TEMPORAL ASSESSMENTS*

ASSESSMENT REQUIREMENTS + VISUAL REPRESENTATION @
Speed Tolerance
» At any point of time, if driverinput > driverinputAmplitude * stepRatio Prevent Overshoot
hecomes true then, with no delay, abs(signal - signalRef) < overshootTolerance
must stay true for at least tau seconds » = driverinput

» H driverinputAmplitude
» £ stepRatio

View and Debug Assessment Results |

~ Assessment!: At any point of Fail | Fail e
time, abs((roomTemperature - |
setTemperature)) must be less 2=z =
than temperatureTolerance Untested
0 5
Expected Behavior Actual Result .
slze -Fal5e
7.00 T.00 sted
10.4
6.9
6.50 8.50
U bound
.00 e S &.004---
1 ] D"I
10,0 102 10.4 108 1035 10.0 102 10.4 106 105 00 5 m

4\ MathWorks
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Track Implementation and Verification

Requirements - crs_controller

View: Requirements ~ | O & = & = 4% ] (&

Implemented

Index ID Summary
v % crs_req func spec - -
MIER] #1 Driver Switch Request Handling

=1.1 #2 Switch precedence
=1.2 #3 Avoid repeating commands [
=1.3 #4 Long Switch recognition
=14 #7 Cancel Switch Detection
= 1.5 #8 Set Switch Detection
=1.6 #9 Enable Switch Detection

MATLAB EXPO 2019

Implementation Status

- Implemented
Justified

Missing

Verification Status

B Passed
Bl railed

Unexecuted

Missing

4\ MathWorks
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Observers: Separate test/verification logic from design 2019

Sheet1 Actual_speed

Switches_enable

Switches_brake

Switches_set

Switches_inc

Switches_dec

Inputs

Design Model

MATLAB EXPO 2019

Size-Type

throt

InBus

target

-

throt

Controller

L,

Throttle_Out

in

Safety Properties

¢

target

Access nested signals
without signal lines or
changing dynamic response

Avoid modifying interface
for testing

Simplify design and test by

avoiding additional signal
lines

29



Observers: Separate test/verification logic from design 2019

Sheet1

7
| L

Actual_speed
Switches_enable
Switches_brake
Switches_set
Switches_inc

Switches_dec

Inputs

Design Model

MATLAB EXPO 2019

Size-Type

>

InBus

throt

:

throt

target

Controller

—_

gy

Safety Properties

Observer Model

¢

target

>

> i

Throttle_Out

in

Safety Properties

Access nested signals
without signal lines or
changing dynamic
response

Avoid modifying interface
for testing

Simplify design and test by
avoiding additional signal
lines

4\ MathWorks
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Re-use tests developed for model to test code

AT L TS x°2d¥n19\‘¥v
N

n tlmest
" spri ntf( %’(,0%29& 31y ke
4

d.%0
C/C++ it:‘éé‘éi%sz,

substr(sy, 1\

Software in the Loop Processor in the Loop Hardware in the Loop

(SIL) (PIL) (HIL)
— Show functional equivalence, — Numerical equivalence, — Check real-time behavior of
model to code model to target code the design and code.
— Execute on desktop — Execute on target board — Execute on Speedgoat target
computer using Simulink
Real-Time

MATLAB EXPO 2019
31
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IDNEO Accelerates Development of AUTOSAR Software
Components and Complex Device Drivers with Model-Based Design

T ®5ervices layer is independent of
microcontroller (MCU) and ECU hardware

C h al I e n g e — 2 ECU abstraction layer and complex drivers are independent of
. microcontroller (MCU) and dependent on ECU hardware

Reduce development time for embedded software for

automotive applications

Application Layer

AUTOSAR Runtime Environment (RTE)

Solution
. . 9 Services Layer
Use MATLAB and Simulink to model AUTOSAR S{,Bﬁe[ ') ECU Abstraction Layer Complex
software components and complex device drivers, run Wiorooontrller Abstrachn Leyer
simulation-based tests, and generate embedded C code [ _ _
iz dependent on microcontrol‘jl'::rr[MCUJ
Results

] AUTOSAR software architecture.
= Development time cut by at least 50%

= 80% of errors detected before hardware testing

= Test harnesses and MISRA-compliant C code
generated from models

“By using Model-Based Design for all AUTOSAR projects, we
have cut development time by at least 50 percent while

increasing the number of defects identified early in the design
phase and reducing the number of defects found in hardware

tests and beyond.”
- Joan Albesa, IDNEO

ink GTLEB EXPO 2018 ;



https://www.mathworks.com/company/newsletters/articles/automating-the-analysis-of-rf-measurement-data-for-high-performance-computing-cables.html
https://www.mathworks.com/company/newsletters/articles/developing-and-testing-autosar-software-components-and-complex-device-drivers-with-model-based-design.html

Summary

= Verify and validate requirements earlier

= |dentify inconsistencies in requirements
by using unambiguous assessments

= Traceabllity from requirements to design
and test

MATLAB EXPO 2019

>
Run 2
—T 3

4\ MathWorks

Expected Behavior

true
TRIGGER h
false

i

950 10.0 105 1.0 1.5
—

At trigger-min-time

RESPONSE

lrue’—--

falze

1.512.012.513.0 135
2

o -

+ Implemented by:.

R after(2,.sec) [mag_T(T_req.T_meas) >= 2]
+ Verified by:

=1 Activate_Pump @
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L e ar n M O re 4\ Math\Morks Products Solutions Academia Support Community vents

Verification, Validation, and Test

Key products covered Iin this presentation:
« Simulink Requirements

= Simulink Test

» Embedded Coder o Moot ooty T
« Simulink Real-Time

Learn more at Verification, Validation and Test Solution Page:
mathworks.com/solutions/verification-validation.html

MathWorks Training Services:
mathworks.com/training-schedule/simulation-based-testing-with-Simulink

Visit our Demo Booth
MATLAB EXPO 2019

&\ MathWorks’
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https://www.mathworks.com/products/simulink-requirements.html
https://www.mathworks.com/products/simulink-test.html
https://www.mathworks.com/products/embedded-coder.html
https://www.mathworks.com/products/simulink-real-time.html
https://www.mathworks.com/solutions/verification-validation.html
https://www.mathworks.com/training-schedule/simulation-based-testing-with-simulink

