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Key takeaways

« Verify and validate requirements earlier

= Ildentify 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 Errors found during
introduced errors integration or in field
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Cost of finding errors increases over time

Testing
Cost
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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

Design
Model

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
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Ad-Hoc Testing: Explore behavior and design alternatives

Requirements |»

MATLAB EXPO 2019
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Validate behavior earlier with simulation

’i Test Harness: CruiseControl_RP_Adhoc_Harness * - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help
= | —~
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Validate Behavior Earlier with Simulation

MATLAB EXPO 2019
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Complete Model Based Design
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Systematically verify requirements

— Are all requirements implemented?

- Is the implementation functioning correctly?
Requirements

Based Testing — Are designs and requirements consistent?
,’f ~ .
I,/ \\
|4 Simulink Models
- Model used for A
Requirements Model production code || » C/C+zﬁ a( ,,‘)_,l
generation

Generated code
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Integrate with requirements tools and author requirements

4 N
External : : :
Requirements SlmUIlnk ReqU|rementS ° |mport from:
: « Word / Excel
—N : External Requirements . IBM® Rational®
;nc_ xls Import v crs_req DOORS®
— v& Importl References to crs_req.docx « ReqlF™ standard
— &1 Overview
Update v 2 System overview A

Update synchronizes

*&2.1  System Inputs changes from source

& 2.2 Cruise control mode indicator

=t e i st~ t de .
Lise ML « Edit and add further
Authored Requirements details to import 2019
‘ DF v 4 crs_req_func_spec
eq vl Driver Switch Request Handling » Author requirements
Requirements """""" e 1.1 Switch precedence
©1.2 Avoid repeating commands e Export ReqlF R201%9a
Managements §1.3 Long Switch recognition . Enablesq roundtrip with
Tools Export @1.4 Cancel Switch Detection

external tools
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Roundtrip workflow with external tools thru ReqlF

External
Requirements

xls

i)

Requirements

Managements
Tools

MATLAB EXPO 2019

Req | *
R2019a

Simulink Requirements

External Requirements

vl4 crs_req

vi& Importl References to crs_req.docx

& 1

viEl 2
& 2.1
& 2.2

T P S |

Overview

System overview

System inputs

Cruise control mode indicator
“ryise  rt-' mndes

Authored Requirements

v 4 crs_req_func_spec

vie]l Driver Switch Request Handling
1.1 Switch precedence
1.2 Avoid repeating commands
@13 Long Switch recognition
@14 Cancel Switch Detection
4 - o Cyr iy b

Import from:

» Word / Excel

* IBM® Rational®
DOORS®

* ReqlF™ standard

Update synchronizes
changes from source

Edit and add further
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details to import R2019a

Author requirements

Export ReglF R2019a

« Enables roundtrip with
external tools

14



Requirements Verification with Simulink

R T
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Requirements Verification with Simulink
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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 Actlvate Fan

1.3 Actlvate 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.

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 Temperj Requirements in DOORS

The difference between
degrees

MATLAB EXPO 2019
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ature should never exceed 6
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Example: Heat Pump Controller Implementation

° (1OLE
| eniry
) Tset {fan_cmd =0
pump_omd = 0 [mag T(T req.7 1
purnp_dir = O
control_out >
- RUNNING
N Troom_in
[mag_T{T_req,T_meas) >= 1| o
AN Aty
| ST a FAN_ONLY aftor(2 sec)
S — gy entry waa TT rea T me
e T T [mag_T(T req.T meas)<2 a = = magT(T ] o
Controller ¢ ol
__,,——" pump cmd =0
- pump dir =0
// \ -
f d MATLAB Function
an__cm Mag = mag T(T req in, T_meas_in)

fan_c aftriz scc)
(1) P T req [mag_ T(T_req.T_t

Tset ) N
MATLAB Funclion (COOLING HEATING
_Cmd Tdir = sign T(T req In,T meas in) JIL‘L;::W('" - ‘:"::""‘n‘d 1
Q omd =1 fan_cmd =
pump— pump_cmd = 1 pump_ocmd = 1]
pump_dir = 1, i pump dir = .1;
——P{T_meas Bign_T(T_req, T_meas
A pump_dir |-
Troom_in == pump N /

- /

controller_chart

MATLAB EXPO 2019
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Link requirements to implementation in model

" Stateflow (chart) sitestHestpumplibraryExample/Controties/conmtrolier_chart - Simulink
Flle £dt View Dsplay Chart Simudation Analyss Code Help

BB e E-QO -

o| =<1 | pump_cmd =0; :
a >4 pump_dir = 0;
MENTS e e ™
- e pump shall activate
ﬁ hen the temperature
@ / |difference is greater than or
& " lequal to 2 degrees for more after(2,sec)
: han 2 seconds and stay N [mag_T(T_req,T_meas) >= 2]
2 PL .
® active for at least 2 EMenTs ®
P ,'
® COOLING HEATING
a entry: entry:
- fan_cmd = 1; fan_cmd = 1;
pump_gmd : 1; pump_gmd =11;
pump_dir = 1; : & | pump_dir = -1;
- -~ = )2 - : P.
: e iR ted, Tomeas) == 1] e~
i 2 & ¥ ' r‘
View: Requirements - |5 OV @ [0 100 B & 00T L@ [Search ;
Index Summary Implemented Verified "
& 1.1 Idie when Temperature In Range [ Al L3
i 12 Activate Fan 1 T
Vi 13 Activate Heat Pump (R )
& 131 Cool Mode _ B L.
Beady 200%

4\ MathWorks
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Work with Model and Requirements with Requirements

Perspective
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Browser
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| “1.3.2
t

Pty

View: Requirements -

Requirement

| Annotations

L Activate Hnot Pung
The pump shall actvate
when the temperature

Rhan 2 seconds and stay
active for at least 2

difference is greater than of
pequnl 1o 2 degrees for more

mp_dir =

T, L

byt
- Roguirsment; 4

The fan shall actvate when the
temperature difference is greater
than or equal to 1 degrees

(ze0)

Implementation and

-

Verification Status

"1 v Custom Attributes

Activate Heat Pump
Cool Mode
Heat Mode

= i

= —

Deads

~ Properties

Type Faunctoral v
Index 1.3

Comtom 10 4
Summary:  Acivate Heart Pumg

Desapoon  Retionale
The pump shall activate when the
temperature difference s greater than or

equal 1o 2 degrees for more than 2 seconds
sndd sty active for ut keast 2 seconds
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Property
Inspector

Keywords
* Revivon infunsasion

Show n document miocs

* Links
© 4= Implemented by:

. aften(2.sec) Imeg T{T_req.T_moas) == 2|

= &= Verified by:
J r'aulr-alu_F"J'le-o
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Isolate Component Under Test with Test Harness

Pl sse_house_healing system_T - Smulnk
Fle Edit View Display Dagram Simulation Analysis Code Tools Help

L

[Tatm]

p

[gt!:’!l

B-=o-8 @ O B-SGgOP = A lm | fow RIORA
s=c_house_hesting_system_1
@
@
4]
=
B3
-~
/ /
-C- 4“_ Tset / ,/
setTemp / /
Heat / /
tSet control_out HeatCoolCommand Tatm / I/
Daily Temp /’ /
®|Troom.in R Variation / ,
Heater
Controller .
[ 3 Troom l
Room
Heater House Thermal Network

House Heating System

1. Plot temperature of wall, window, and roof (see code) - e

2. Plot heat flow through wall, window, and roof (see code)

3. Explore simulation results using sscexplore

4. Learn more about this example ——

asnhboar

Environment

Room {

4\ MathWorks
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Heating
Results
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Test Sequence Block: Step-based and temporal test sequences

%% wc_boute_Seating sytess | Hernesst Test Sesumcr - Test Sequence Eder

w B EH e @8 4 @ b

H S
Symbols
Input

1. controi_out
Output

1. |- Tset

2. | Troom_in
Local
Constant
Parameter

Data Store Memory

Step Hierarchy

Initialize
Cold_Outside
Hot_Outside

: Hot_Outside

Step Transition
Initialize 1. true
%% Initialize data inputs.

Tset = 23,

Troom_in = 23;

Cold_Outside
%% Check heating mode
Troom_in = 23 - ramp(et*0.2),

1. Troom_in <= 15

1. Troom_in >= 27
%% Check cooling mode
Troom_in = 23 + ramp(et*0.2),

Return_ldle
%% Return to idle mode
Troom_in = Troom_in-ramp(et*0.2);

1. Troom_in <= 22

End
Troom_in = 22

Q- &

Next Step
Cold_Outside

Hot_Outside

Return_ldle

End

- o

»

MATLAB EXPO 2019
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Test Assessments: Formalize and execute requirements R2019a

Activate Heat Pum When <condition 1> is true, :
P Then <condition 2> must be true for some time Simple concept
If the temperature difference
exceeds 2 degrees for more
than 2 seconds, then the £
: (ley = 22 2 x3)™ A Opoe, ) (Ixy = X2l 2 x3) = DOpo,yxa BT RGN0 P
pump shall activate for at

least 2 seconds MTL logic

MATLAB EXPO 2019
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Author temporal assessments using form based editor

ana Ansacts | W Start Page x  [5] HeatPumpTestCase X
Sumwilation Test
Select releases for smudation | Current »
Create Test Case from Extemal File
» REQUIREMENTS
» SYSTEM UNDER TEST*
Model | ssc_house_heating_system_1 ERaC
w TEST HARNESS*
Hamess  ssc_house_heating_system_1_Harmness1 - C¥a
» SIMULATION SETTINGS OVERRIDES
»INPUTS
» SIMULATION OQUTPUTS
» LOGICAL AND TEMPORAL ASSESSMENTS*
™ N ASSESIMENT REQUSITMENTS * VASUAL REFRESENTATION n
v Actvate_Pump v Atamy pomnt of time. ¥ abs{ roomTemperaturs - setTemperature) >= threshold becomes true and stays  Mone = i
true for at least 2 seconds then_ starting from rising edge of trigger, with a delay of af most 2 seconds. TRIGGER
pumpCmd must stay vue for at least 2 seconds. fae ‘
After at most
RESPONSE
tase
—TnaTe o
l SYMBOLS
satPumpTestCase @ rcomTemperature -
wion Test @ setTemperature
wse_heating_system_1 @ threshold
use_heating_system_1_Harmness1 @ pumpCmd
| Settings]
umpTestFile » HaatPumpTestSuilt
DV OF apace saparaied tags Yo
o Add Assessment v [ Deiete & Adasymbal i Detete

» COVERAGE SETTINGS*

4\ MathWorks'

R2019a

MATLAB EXPO 2019

26



Execute assessments to verify requirements

4\ MathWorks

R2019a

« I

k4 © Activate_Pump
ASSESSMENT SYMBOLS
4«  » = roomTemperature
» At any point of time, if abs(roomTemperature - setTemperature) >= threshold becomes true and stays true for at least 2 | » = setTemperature
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
~ Error 1 of 2 [«
Expected Behavior Actual Result Explanation
el e Assessment 'Activate_Pump' failed when triggered at 11 s.
TRaaeR Rl « Trigger condition '(abs((roomTemperature - setTemperature)) >=
T e 120 o 140 180 N 20 110 4o 150 threshold) istrue at 11 s
mmm»—-—*-——j ke ,,__,;,_.j « Expected response condition to be true within 11 s and 13 s.
NN, MANW o ie with a delay of at most 2 s after 'rising edge’ of trigger.
After at most After at most
i « Expected '‘pumpCmd' to be true at 13 s for at least 2 s, actual value at 13
RESPONSE RESPONSE fal
5 pE s is false
130 134 140 148 ‘70 3o 138 1) 143 |J!o
mE | QQl@id k|
4 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 B 40 45 50 55 60 85 70 75 80 85 90 95
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)
becomes true and stays true for at Fale I
least 2 seconds then, starting from  Untested
rising edge of trigger, with a delay of 0 5 10 15 20 25 30 3% 4 45 S0 55 6 66 70 75 8 8 9% 9%

at most 2 seconds, pumpCmd must
stav true for at least 2 seconds

MATLAB EXPO 2019
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Locate implementation of requirement using link

g Statellow (chat) ssc_house_hesling system_)/Controlles/controler_chart - Simulink - [=] X
File Edit View Display Chant Simulstion Analysis Code Tools Help
& -o-8 £ ES-B-2qOPb = - ] °) @k~
E controlier_chart 2 Property Inspecs L
@ & | -
3 [ FAN_ONLY after(2,sec) e
g after(2,sec) entry: finag 'i'(T T measl< 8) Details
< — . — —_ R g— -
[+ [mag_T(T_req,T_meas) < 2] fan_cmd = 1; Ty:e“""" “"m :
o pump_cmd = 0; Index: 13
o pump_dir = 0; Custom ID: 4
™ - Summary: Activate Heat Pump
Q 4: Activate Heat Pump L Description  Rationale
@ The pump shall activate |5 The pump sh‘;:_lflrncli\'alg when the
A when the temperature B e e ey
equal to 2 degrees for
f difference is greater than or fler(2 ) more than 2 seconds and stay
equa| to 2 degrees for more after( ,;ec) ! active for at least 2 scconds.
= [mag_T(T_req.T_meas) >= 3] 1s
® than 2 seconds and stay ML = K}
= active for at least 2 MENTST N>
[
COOLING HEATING
entry: entry:
fan_cmd = 1; fan_cmd = 1;
pump_cmd = 1; 4 pump_cmd = 1;
pump_dir = 1; : : _| pump_dir = -1;
[sign_T(T _req, T_meas) ==-1] o s
» Revision information:
- Show in document ~ Unlock
| N J | » Custom Attributes
- | W~ > Links
L€ i > A
Rquiremonts - 35c_houss_hosting_system_i 4« = % Implemented by:
View: Requirements -~ = - & o € [Search " _ ‘| “u after(2.sec) [mag_T(T_req.T_.
| Index Summary Implemented Verified %1 = & Verified by:
1.2 Activate Fan I ) = Aciivate_Pump @ v
~¥13 Activate Heat Pump I 1y .
| 131 Cool Mada I = Jaclj ¥ Comiments
[ Ready 200% VatiableStepAuto

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
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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

Sheet1

Actual_speed

Switches_enable }-

Switches_brake

Switches_set

Switches_inc |-

Switches_dec

B

Inputs

MATLAB EXPO 2019

Size-Type

Design Model

P InBus

throt |

target

:

throt

Controller

- Throttle_Out

&

in

Safety Properties

:

target

4\ MathWorks:

2019

Access nested signals
without signal lines or
changing dynamic response

Avoid modifying interface
for testing

Simplify design and test by

avoiding additional signal
lines
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Observers: Separate test/verification logic from design

Sheet1

Actual_speed |-

Switches_enable

Switches_brake
Switches_set |-

Switches _inc |-

Switches_dec

Design Model

Inputs

MATLAB EXPO 2019

Size-Type

P InBus

throt

target |-

Controller

—

g =

Safety Properties

Observer Model

£

throt

:

target

P{ Throttle_Out @
Pl in @
Safety Properties

2019

Access nested signals
without signal lines or
changing dynamic
response

Avoid modifying interface
for testing

Simplify design and test by
avoiding additional signal
lines
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4\ MathWorks:

LS Automotive Reduces Development Time for Automotive
Component Software with Model-Based Design

Challenge

Shorten development times for embedded control
software used in automotive switches and components

Solution

Use Model-Based Design to model controller designs,
run simulations, verify customer specifications, and
generate error-free production code

ReSU |tS An LS Automotive door area unit.

- SpeC|flcat|On errors detected early _ “By enabling us to analyze requirements quickly, reuse designs
= Proven development approach established from previous products, and eliminate manual coding errors,
= 80% Coding errors eliminated Model-Based Design has reduced development times and

enabled us to shorten schedules to meet the needs of our
customers.”

_ - MyoungSuk Ko, LS Automotive
Link to user story

MATLAB EXPO 2019
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https://www.mathworks.com/company/user_stories/ls-automotive-reduces-development-time-for-automotive-component-software-with-model-based-design.html

4\ MathWorks:

Summary
= Verify and validate requirements earlier 1
Run 2
- Identify inconsistencies in requirements l 3

by using unambiguous assessments

Expected Behavior

- Traceability from requirements to design A

At trigger-min-time

and test G

RESPONSE

falze

1.512.012.513.0 135
2

———————1¢= Implemented by:

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

= Activate_ Pump @

MATLAB EXPO 2019
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4\ MathWorks

Learn More
4\ MathWorks

Verification, Validation, and Test [resmomoncm

Key products covered in this presentation:
-  Simulink Requirements
= Simulink Test

Verify and validate embedded systems
using Model-Based Design

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

MATLAB EXPO 2019
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https://www.mathworks.com/products/simulink-requirements.html
https://www.mathworks.com/products/simulink-test.html
https://www.mathworks.com/solutions/verification-validation.html

