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Key takeaways

= Verify and validate requirements earlier

= |dentify inconsistencies in requirements by using unambiguous
assessments

- Traceability from requirements to design and test
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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
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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 2018

4\ MathWorks

Model-Based Design enables:

= Early testing to increase
confidence in your design

= Delivery of higher quality
software throughout the
workflow

TR iy R nded
timestam, i
n sprj ntgﬁﬁ‘ﬁ‘é‘dlgar 5ty

i
02 i
C/CH+# %y
str(st' Tkl B
substrist, g q‘)

Hand code



Multiple languages to describe complex systems

4\ MathWorks:
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Ad-Hoc Testing: Explore behavior and design alternatives
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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

Requirements

MATLAB EXPO 2018

Simulink Models
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Systematically verify requirements

— Are all requirements implemented?

~ Is the implementation functioning correctly?
Requirements

Based Testing — Are designs and requirements consistent?
-~ ~
I/, \\\
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Integrate with requirements tools and author requirements

External
Requirements

.doc xls B

Requirements
Managements

Tools

MATLAB EXPO 2018

Import

Update

Simulink Requirements

External Requirements

v &l Crs_req

v& Importl References to crs_req.docx
Overview

System overview

System inputs

Cruise control mode indicator
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> @ 1.3
1.4
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Driver Switch Request Handling
Switch precedence

Avoid repeating commands
Long Switch recognition

Cancel Switch Detection
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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

.doc xls B

Requirements

Managements RQO] Qq

Tools

MATLAB EXPO 2019

Simulink Requirements

External Requirements
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&1

Vnﬂ"z
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Import from:

» Word / Excel

* IBM® Rational®
DOORS®

* ReqlF™ standard

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
i TransmissionReq

vEl Transmission Operating Modes N 5
1.1 Reverse cannot be entered from drive I
mplemented

81.2 Engine only starts in Park

By

Verified
By

Test Case

Inputs

4\ MathWorks

®4, Test Hamness: basic_inport_outport - Simulink
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Requirements Verification with Simulink

Requirements

~ [l crs_req_func_spec
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@1.1 Switch precedence
; Implemented

®1.2 Avoid repeating commands

By
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Example: Verifying Heat Pump Controller Requirements

1 Requirements for the basic Heatpump Controller

Requirements in DOORS

‘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

| L& TAal s

1.3 Activate Heat Pum

for more than 2 seconds and stay active for at least 2 seconds.

The pump shall activate when the temperature difference is greater than or equal to 2 degrees

|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 Temperature Difference

The difference between the room temperature and the set temperature should never exceed 6

degrees

MATLAB EXPO 2019

4\ MathWorks:
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Example: Heat Pump Controller Implementation

4\ MathWorks

) Tset

control_out >

> Troom_in

Controller

s

\

fan_cmd
fan_c
T req
O)
cmd
{ pump_
T meas
Troom_in pump_dir oump..

e DLE
; N\
| pump_cmd =0; [mag_T(T_req,T_meas) < 1]
pump_dir = 0; N
i
2 1
| RUNNING N
[mag_T(T_reqT_meas)>=1] \ _
N FAN_ONLY
aitargisee) entry: [arr‘ltggz'i'st'erC)req T_meas) < 2]
[mag_T(T_req,T_meas) < 2] |fan cmd = 1: SRl G e
pump_cmd =0; ) §
pump_dir = 0; h
o
A “\\
MATLAB Function A .
Mag = mag_T(T_req_in, T_meas_in) /,/ after(2,sec)
[mag_T(T_req,T_meas) >= 2]
|
MATLAB Function C?OLENG
o . ’ entry:
Tdir = sign_T(T_req_in,T_meas_in) fan! cmdi=1; &
pump_cmd = 1; i pump_cmd = 1;
pump_dir = 1; 102 | pump_dir = -1;
[sign_T(T_req, T_meas) == -1]
N A

J

controller_chart

-

MATLAB EXPO 2018
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Link requirements to implementation in model

” (chart) sltestt
File Edit View Display Chart Simulation Analysis Code Help

B-o-@es ¢80 8-

ontroller_chart - Simulink

controller_chart
@ pump_cmd = 0;
- pump_dir = 0;
- IMENTS ]
4: Activate Heat Pump by
= The pump shall activate
f when the temperature
2 difference is greater than or 6: Heat
o equal to 2 degrees for more aﬂer(zTSGT’C) T =
h than 2 seconds and stay TM [mag_T(T_req.T_meas) >= 2] [ \
@ active for at least 2 Menrs & ]
2] \\g?‘
m
® COOLING HEATING
- entry: entry:
= fan_cmd = 1; fan_cmd = 1;
pump_cmd = 1; pump_cmd = 1;
pump_dir = 1; (5 pump_dir = -1;
(] ] 1 2 L]
N C] i [sign_T(T req, T _meas) == -1] -
= P x
View: |Requirements ~| [&|0@] L & %=
Index Summary Implemented Verified ™
Ei11 Idle when Temperature in Range ( )( R )
W12 Activate Fan O ( ]
Vi 13 Activate Heat Pump ) )
131 Cool Mode R )i

Ready

200%

sopadsuy Ayadolg

MATLAB EXPO 2019
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Work with Model and Requirements with Requirements
Perspective

Browser

1 130%

Ji 338 =] 0
g corrofer_chant fvlmﬂ: ¥
'i @ e OLE Requirement: 4
ia entry Detale
+] il R | r nt [T - — ~ Properties
pump_dir = 0 eq uireme The fan shall activate when the e
a - temperature difference is greater ndec 13
A A than or equal to 1 degrees. : ;
H t t Custom 1D 4
“ n n O a I O n S - Summary; Activate Heat Pump
o Ll —— Description.  Ratianale
® fmag_T(T_req,T_meas) >= 1.5} ™ D The pump shall activate when the
. FANONDY Y s temperature difference is greater than or
& after(2,sec) sl "‘IE:' e equal to 2 degrees for more than 2 seconds
£ [mag_T(T_req.T_me 2] fan emd =1 imeg and stay active for at least 2 seconds.
$ -
m
] fa: Activate Heat Pump _
: The pump shall activate B d
= =
g | [FATCAB Funcion [when the temperature a e S 6: Heat Moda _
15 = Mag =mag_T(T_req_in, T_meas_in} difference is greater than or after(? P ro pe rty
lequal to 2 degrees for more oot TUT. resi T et
ithan 2 seconds and stay \ rag, e agis
lactive for at least 2 Menrol I nSpeCtor
MATLAB Function COOLING
Tdir = sign_T(T_req_in,T_meas_in) ;;’:"’Um i
pump_cend = 1
;u"nu dir=1 Keywords:
= I I . d » Revision information:
e mplementation an e
@ . g . [
o Verification Stat i
erimcation status - Links
Anqueements - sic_house,_heating,system_t ’
View: Requirements LAl i ] - | o & Search = 4= Implemented by:
- e \ % after(2.sec) [mag_T(T_req.T_meas) >= 2]
naex =18 | ,-
~51.3 Activate Heat Pump Jifff = % veanedby: 5
1.3.1 Cool Mode N -
w1.3.2 Heat Mode k AZ
23
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Track Implementation and Verification

Requirements - crs_controller

View: Requirements -

Bow EEE +REm Ee

|Search

Index ID Summary
v [& crs_req func_spec - -
~E 1 #1 Driver Switch Reguest Handling
=11 #2 Switch precedence
1.2 #3 Avoid repeating commands
»E 1.3 #4 Long Switch recognition

=1.4 #7 Cancel Switch Detection
E1.5 #8 Set Switch Detection
= 1.6 #9 Enable Switch Detection

MATLAB EXPO 2018

Implementation Status

- Implemented
Justified

Missing

Verification Status

B Passed
B Failed

Unexecuted

|:| Missing

4\ MathWorks
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Isolate Component Under Test with Test Harness

#4 s3c_house healing system T - Simubak
Fle fdt View Display Disgram Simulstion Analysis Code Tooks Help

Z-0-8 < OB QDD = [[-lw | | * |-l -
c_house_hestng_system_]

L]

Q
a
=
=]
A
B o= Tset i / /’
/
Heat -—,_. / /
tSet control_out HeatCoolCommand . Tatm / / Environment
) Daily Temp / / [Tatm]
p{Trcom_in R Variation / . Roam _B—*
Heater
Controller .
. > [T { Heating
foom _ Results
Room
Heater 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
4, Learn more about this example et
lashiboar:
-
L]
»
Ready 208% FaedStepDiscrete

MATLAB EXPO 2019
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Test Sequence Block: Step-based and temporal test sequences

o t@BE* 08 4OP - O :

Symbols Step Transition N & Liahtning Fast
e () Fast
Input Initialize i true qi=
1./ control_out %% Initialize data inputs. () Medium .
Output Troom_in = 23 ) None '
1. =) Tset
Cold_Outside Troom In <= 14 Hot Outside ¥
2 |- Troom_in — : 1 Iroom_ir ot Luisige
= %% Check heating mode
Local Troom _in = 23 - ramp(et'0.2);
Constant :
Hot_Outside 1, Troom_in >= 28 Return_Idle ¥
Parameter %% Check cooling mode
Troom_in = 23 + ramp(et*0.2),
Data Store Memory
Return_ldle 1fTroom_in <=22 | {End v
%% Return to idle mode e ——
Troom_in = Troom_in-ramp(et*0.2);
) IEnd
Step Hierarchy Troom_in = 22
Initialize i
Cold_Outside
Hot_Qutside e

MATLAB EXPO 2019
23



4\ MathWorks:

Test Assessments: Formalize and execute requirements R2019a

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

£
(lry =22l 2 x3)" A D[{),tl)(lxl — x| 2 x3) — Ojo,t,) X4

Simple concept

Hard to formalize

MTL logic

24
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Translate textual requirements into unambiguous Temporal
Assessments

Temporal Assessment Editor

« Assess..| = Alany point of ime .. |

« Compose assessments
using form based editor

whenever is true
becomes true

becomes true and stays true for at least

Logical Assessments
— Bounds check

Ii’l LheCk minmymss Dounds

1 Custom

Liheck of a cusiom axpine

becomes true and stays true for at most

+
&
H N H P
1 : l :
: : ! :
; : - :-.o
wEwaT
| A R :

becomes true and stays true for between

Temporal Assessments

1 Trigger-response
MATLAB EXPO 2019 I check fora signal response once a ingger has bean detecied

25
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Translate textual requirements into unambiguous Temporal
Assessments

Temporal Assessment Editor

« Compose assessments |
using form based editor

¥ Assessm... w Atany point of time ... & Hii s
~ trigger. becomes true and stays true for at least

condition: abs(set_temp - room_temp) >
threshold

min-time (sec). 2
time-reference: rising edge of trigger
delay: with no delay ...
¥ response: Must stay true for at least

condition: PumpCmd

MATLAB EXPO 2019 miime {se0); &

26
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Translate textual requirements into unambiguous Temporal
Assessments

Temporal Assessment Editor

»LOGICAL AND TEMPORAL ASSESSMENTS

< Assessmentl v Atany point of time ..

« Compose assessments

using form based edito

r

true :
TRIGGER T
fa'se ------------ : -------------
e mintime—
At rising edge
true —————————— s e nm ;
RESPONSE i
false - AN RN

min-time.

SYMBOLS

» T set_temp =
» "= room_temp
» #] threshold

» "= PumpCmd

rigger: becomes true and stays true for at least

ondiion: abs(set_temp -room_temp) > thresho...

min-time 2

fising edge of trigger
no delay ...

must stay true for at least

mpCmd == true
min-time (sec): 2

~ #] threshold

Expression; 2

MATLAB EXPO 2019

Signal spec.
and routing

‘setTemp

Tset
| set_temp
Connect
(o) + setTemp
Controller

= Add Symbol

27
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Translate textual requirements into unambiguous Temporal
Assessments

Temporal Assessment Editor

. View assessments as
English-like sentence
v Assessm... » At any point of time, if abs(set_temp - room_temp) >

threshold becomes true and stays true for at least 2
seconds then, starting from rising edge of trigger, with no
delay, PumpCmd must stay true for at least 2 seconds

MATLAB EXPO 2019
28
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Translate textual requirements into unambiguous Temporal

Assessments

Temporal Assessment Editor

LOGICAL AND TEMPORAL ASSESSMENTS

+
| Assessm... » Atany point of time, if abs(set_temp - room_temp) > 4:Activate Heat Pump (my_requir#5) ] N
threshold becomes true and stays true for at least 2
seconds then, starting from rising edge of trigger, with no —
rising edge
delay, PumpCmd must stay true for at least 2 seconds ° ,,u“e . R —— +
RESPONSE ¥
e mintime—J
» T set_temp =
» = room_temp

» #] threshold
» = PumpCmd

4 . \
* Link to requirements Requirements
.doc xls
=
MATLAB EXPO 2019
\_ J
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Translate textual requirements into unambiguous Temporal
Assessments

Temporal Assessment Editor

~LOGICAL AND TEMPORAL ASSESSMENTS
+
ek : e T EEEEE———
«| Assessm... » Atany point of time, if abs(set_temp - room_temp) > A4: Activate Heat Pump (my_requir#5) mGGER]
threshold becomes true and stays true for at least 2
seconds then, starting from rising edge of trigger, with no —
ing edg
delay, PumpCmd must stay true for at least 2 seconds R —
RESPONSE ¥
e mintime—J
» T set_temp =
» = room_temp
» #] threshold
» = PumpCmd
o Add Assessment ) = Add Symbol

View and Debug Assessment Results

~ Assessment]: Alany pomior | Fai Fail
time, abs((roomTemperature - L | |
sefTemperature)) must be less S ’
than Tol Untested
] B = = ES E

* Review and debug temporal == X
assessment results

6.50

5.00

Lok
100 102 104 106 108 100 102 104 106 108 = = & F = = B

MATLAB EXPO 2019
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Demo : Temporal Assessments R2019a

» SYSTEM UNDER TEST*

?
Model | ssc_house_heatng_system_1 . BacCc
w TEST HARNESS®

Hamess | ssc_house_heating_system_1_Hamess1

A K
» SIMULATION SETTINGS OVERRIDES
» INPUTS ?
» SIMULATION OUTPUTS 7
»LOGICAL AND TEMPORAL ASSESSMENTS" ?
BN NAME ASSESSMENT REQUIREMENTS b VISUAL REPRESENTATION m
# Actvate_Pump w Al any paint of time None oe
H
w vigger becomes true and stays true for at least mm] ' 1
(mtﬂ"lﬂ ]
[S— Y
min Sma (sec)  <empty> A Seloc a ma reference
e ielerence  <empty>
delay with no delay A Seled! a response
response  <emply>
SYMBOLS
- -
o Ada Assessment v [ Detete * Add Symbol [ Detere
» COVERAGE SETTINGS* N =
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Execute assessments to verify requirements

b4

gl - i+
View: Requirements -

Index
~ 4 HeatPumpRequire...
v k&5 Importl
vEl
1.1
1.2
vE13
& 1.3.1
¥1.3.2
¥1.4

MATLAB EXPO 2019

Summary Implemented Verified
[ | \
References to HeatPumpRequirements __ ]C J

Requirements for the basic Heatpump Controller (NN RN [ ]
Idle when Temperature in Range

Activate Fan [ |
Activate Heat Pump I 0
Cool Mode [ = ]
Heat Mode I w

Max Temperature Difference | I |

~ Properties

Type: Functional

Index: 1.3

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 seconds.

Keywords:
+ Revision information:
Show in document Unlock
» Custom Attributes
~Links
= 4= Verified by:
= Activate_Pump @
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Locate implementation of requirement using link

b4

Y -

Index

¥ & Importl
vl

1.1
“1.2
v¥1.3

¥1.3.1

&1.3.2
1.4

View: Requirements -

[~ % HeatPumpRequire...

Summary

References to HeatPumpRequirements
Requirements for the basic Heatpump Controller
Idle when Temperature in Range

Activate Fan

Activate Heat Pump

Cool Mode

Heat Mode

Max Temperature Difference

Search

Implemented Verified
B 00 )
1C

~ Properties

Type:

Functional *

Index: 03
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 seconds.

Keywords:

* Revision Information:

Show in document Unlock

» Custom Attributes

- Links
= ¢« Implemented by:

“ after(2.sec) [mag_T(T_req.T_meas) >= 3]

= 4= Verified by:

1 Activate_Pump @
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Observers: Separate test/verification logic from design 201%9¢

Sheet1 Actual_speed

Switches_enable

Switches_brake

throt

y

Switches_set

—L Switches_inc

Switches_dec

Inputs Size-Type

Design Model

MATLAB EXPO 2018

InBus

target

Controller

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
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Observers: Separate test/verification logic from design 201%9¢

Sheet1

=

Actual_speed

Switches_enable

Switches_brake

Switches_set

Switches_inc

Switches_dec

Inputs

Design Model

MATLAB EXPO 2018

Size-Type

InBus

throt

target

throt

target

Controller

—

=

Safety Properties

Observer Model

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
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Demo : Observers R2019a

’i(misa(ontrc\_MdiAdv_ReqUnk_‘l * - Simulink
File Edit View Display Diagram Simulation Analysis Code Tools Help

B-o-B¢» ¢ EEO-E-e 40P @ - N | () ~| @
i | CruiseControl_MdIAdv_ReqLink_1 P4 CruiseControl_MdlAdy_ReqLink_1_Observer2 * - Simulink = 0] X 3
§ @ [[Pa cruisecontrol_MaiAdv_Reglink_1 b File Edit View Display Diagram Simulation Analysis Code Tools Help M g
sl — . - | | i 5
Bl axr - - ‘ IE =hd n R~z » - - 2
£ @ | [EngageistWithCoastSetSW c__@' O -8 <= 4 a8 ﬂ_ :ﬁﬂGiP 2 | ! w_.O; ﬁ_ E
g CruiseControl_MdlAdv_Reglink_1_Observer2 'au =
Crui MdIAdv. Link_1_Observer2 »
- - T D
5y
: i
g
/\ :
O s
reed D
A
Harness Inputs u @.
CoastSetow e
Ohsengom
]
Observer
£ =
Ready 100% FixedStepAuto ..
]
»
Ready View 1 error 156% FixedStepDiscrete
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Summary

= Verify and validate requirements earlier

= |dentify inconsistencies in requirements
by using unambiguous assessments

= Traceability from requirements to design
and test

MATLAB EXPO 2018

P
Run 2
‘ 3

true
TRIGGER
false =
9.5010.010.5 11.0 115

[PU— - S—
At trigger-min-time
i p—----——-

RESPONSE

falze

P St 2o
153120125130 135
-—25—‘

+ Implemented by:

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

=] Activate_Pump @
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Learn More

J\MathW()rks Products  Solutions Academia Support Community Events

Verification, Validation, and Test : Q
§ Trial sofiware Contact sales
¥
L) :

Key products covered in this presentation:
« Simulink Requirements

« Simulink Test

= Simulink Real-Time Varthyand validaie:ambedded sysems

using Model-Based Design

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