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Tools



* Matlab/Simulink Web - https://matlab.mathworks.com
e Simulink
* Requirements
e State flow



" Today’s objectives

* Create a system architecture

e Organize verifiable requirements

* Create the system behavior

* Create and Point state-driven requirements to the state machine



Create the SuT



Open Matlab Web -
https://matlab.mathworks.com
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Create a blank model
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Create four states

LIBRARY PREPARE SIMULATE

suT_behavior

text » []SuT Coffee Machine » G35uT_behavior

Off Idle

Brewing

Serving
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Create the transitions

LIBRARY PREPARE SIMULATE

5uT_behavior

text » [F]SuT Coffee Machine » G3SuT_behavior

y
Off

Idle

3 Brewing

- t =

Servi
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~ specify the event [guard] / action

* Events:
e Turn on / off
* Press “prepare coffee”
* Press “release coffee”
* Press “stop”

* Actions
* Machine On/Off LED
e Grinding noise — blinking LED
* Coffee out —fast blinking LED

(Off & | Idle y

o —
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~ Specify the event [guard] / action

* Events: Act
* Turn on / off a=0/a=1 ClonS.
“« » _  Machine On/Off LED =0/ I1=1
* Press “prepare coffee b=1 o _ o
“ ” _ * Grinding noise — blinking LED. =2
* Press “release coffee”. c=1 o et blink |
° Press ustop” (return tO |d|e) d — 1 CO ee Out - aSt IN |ng LED - 3
y [ 4]
(Off g | (Idle i
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=~ What is the nominal operation

* Turn on * Turn on

* Press prepare coffee * Press prepare coffee
* Press release coffee * Press release coffee
* Return to idle * Return to idle

 Turn off  Turn off
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Create a set of requirements

REQUIREMENTS

3, g - | NENA S EEcu:: N &
New n ==

Ope iy Profile Editor Add % Show Show e [E~ Search | Traceability Model Testing | Export
Requirement Set Requirement ~ & Requirements ~ Links Matrix Dashboard v
FILE PROFILE REQUIREMENTS LINKS VIEW EDIT ANALYSIS SHARE
e v
8
$ | ¥ % cm_re
g B 1 #1 STARTUP THE COFFE_MACHINE SHALL START ON OFF_CONDITION
- B 2 #2 IDLE IF ATURN_ON_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL ALLOW THE COFFEE PREPARATION.
E 3 #6 RESET IF A STOP/RESET_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL RETURN TO ALLOW THE COFFEE PREPARATION.
E 4 #3 BREWING CMD IF A START_BREWING_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL PREPARE COFFEE.
E 5 el SERVING CMD IF A START_SERVING_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL RETURN TO WAIT FOR PREPARATION.
E 6 #5 TURN_OFF

IF ATURN_OFF_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL BE TURNED OFF.

THE COFFE_MACHINE SHALL START ON OFF_CONDITION.

IF ATURN_ON_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL ALLOW THE COFFEE PREPARATION.
IF A START_BREWING_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL PREPARE COFFEE.
IF ASTART_SERVING_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL SERVE COFFEE.

IF ASTOP/RESET_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL RETURN TO ALLOW THE COFFEE
PREPARATION.

IF ATURN_OFF_CMD IS RECEIVED, THEN THE COFFEE_MACHINE SHALL BE TURNED OFF.



- With both windows opened map the
requirements to the transitions / states.

REQUIREMENTS

SIMULATION MODELING
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Ready 150% NetworkCondition auto(VariableStepDiscrete)
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See the links and the requirements

New Open & F3 Add VIEW | EDIT | ANALYSIS
Requirement Set Requirement ~ o .- -
FILE PROFILE REQUIREMENTS LINKS
. - LF:;:»:-] . | Source Type = é.? ,
v || coffee_machine~mdl.sImx* =
& link #3 Off Implemer e Show)
Z link #5 [b==1}{I=2;} Implemet Requirements '~ (8[| S
é p
& link #6 [d==11{l=1;} Implements RESET
& link #7 [d==1{I=1;} Implements RESET
& link #8 [a==01{|=0;} Implements TURN OFF
& link #9 [a==0]{I=0;} Implements TURN OFF
& link #10 [a==0]{I=0;} Implements TURN_OFF
& link #11 Default Transition 2 Implements STARTUP
& link #13 [€==1H1=3;} Implements SERVING CMD
¢ link #14 [a==11{I=1;} Implements IDLE
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Show the traceability matrix

67 ~—~ & - _

Lah 3 i @ A o

New Open - < & Add VIEW | EDIT | ANALYSIS
Requirement Set Requirement ~ o - = ~

FILE PROFILE REQUIREMENTS LINKS
Label Source r‘%ﬂ

V[“_Qj coffee_machine~mdfl.érlmx‘? (> :

& link #3 Off Tracea@¥ENgWA: Onii eability matrix

& link #5 [b==11{I=2:} , Dasan

& link #6 [d==1]{I=1;} Implements RESET

& link #7 [d==1}{I=1;} Implements RESET

& link #8 [a==01{1=0;} Implements TURN_OFF

& link #9 [a==0]{I=0;} Implements TURN OFF

& link #10 [a==0]{I=0;} Implements TURN_OFF

& link #11 Default Transition 2 Implements STARTUP

& link #13 [€==1HI1=3;} Implements SERVING CMD

¢ link #14 [a==1]{I=1;} Implements IDLE
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Create a simple “user” model

23
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Library

Search Results: user interface
Constant Counter Counter =
Free-Running Limited
Digital Clock Enumerated From File
Constant
From Spreadsheet From Ground
Workspace
ap—-s (ﬂ
In Bus Element Inl Playback
b ; JUb
simulink/Sources/R
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M} @ @ is repeatable for a gi\
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Sequence Sequence Sequence
Interpolated Stair
Scenaro i sooo
ﬁ Signal 1»
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Generator

The “easiest” way is to create a signal

Block Parameters: Signal Editor1

Signal Editor

Display, create, edit, and switch interchangeable scenarios.

To create and edit scenarios, open the Signal Editor user | =
interface. m

Scenario
MATLAB Online =
i |

File name: |untitled.mat

Active scenario:

Signal properties
Use properties from:

Active signal:

Sample time:

A (=) tn




SIGNAL EDITOR

O/ s £ [ o0 em |= @)

Point | Line Expression Draw Erase | Select -, al @ Data Align Screenshot
Cursors

= Inputs Scenario.Signal 1 X i ~ Scenario.Signal 1

Name | Filter on name 2 T 5 | " | ¥ | double

ype Name TIME
Scenario

0
Signal 1

DATA
0
10 0

~ Scenario.Signal 1 Axes Properties

X-Axis

X-Limits | -1

[ synehronize x-limits
~ Input Properties H

Y-Axis
Property Value

Name Y-Limits | -2
Interpolation
Unit

~ Display Format
Time | no format
Floating point | no format

Fixed point | no format




we Can map a seguence

e Start, a=1,b,c,d,a=0->0,1,2,3,1,0
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Expression Draw Erase

lter on name
Name
Scenario
Signal_onoff
Signal_prepare
Signal_serve
Signal_reset

Input Properties
roperty Value
Name |Signal_onoff
Interpolation | zoh
Unit

sicNAL EDITOR

O |~

point | Line Expression Draw Erase

ter on name
Name
Scenario
Signal_onoff
Signal_prepare
Signal_serve
Signal_reset

Input Properties
roperty Value
Name| Signal_prepare
Interpolation | zoh
Unit

=]

Select

(=]

Select

CRL R
W el e

= | Scenario.Signal_onoff X

14

Dat;
Curso

a
rs

Align

8

Screenshot

e o6l

W s

8

Data

Cursors

Align

9]

Screenshot

MATLAB Online

x | Scenario.Signal_serve X

- Scenario.Signal_onoff
% | " | H§ | boolean
TIME DATA
false
true
false
false

Scenario.Signal_onoff Axes Properties

X-Axis

X-Limits |1

[ Synchronize x-limits

Y-Axis

Y-Limits | -0.100 to | 1100

~ Display Format
Time | no format
Floating point | no format

Fixed point | no format

~ Scenario.Signal_serve
“% | "t | K | boolean
TIME DATA
o false

true

true

false

false

Scenario.Signal_serve Axes Properties

X-Axis

X-Limits [-1
[ synchrenize x-limits

Y-Axis

Y-Limits | -0.100 to {1100

~ Display Format
Time | no format
Floating point | no format

Fixed point | no format

Expression Draw Erase | Select

Inputs.
Name | Filter on name
ype Name
5] Scenario
Signal_onoff
Signal_prepare
signal_serve
Signal_reset

Input Properties
roperty Value
Name | Signal_prepare
Interpolation | zoh
Unit

SIGNAL EDITOR

O/ S £

boint | Line Expression Draw Erase | Select

Inputs
Name | Filter on name

ype Name
Scenario
Signal_onoff
Signal_prepare
Signal_serve
signal_reset

Input Properties
roperty Value
Narme | Signal_prepare
Interpolation | zoh
Unit

), B

Data
Cursors

9

Align | Sereenshot

| Scenario.Signal_prepare X

e o 8

Data

8

Align | Screenshot

Cursors

x | Scenario.Signal_reset X

~ Scenario.Signal_prepare
% | “fa | | boolean

TIME DATA

0 false
true
true
false
false

Scenario Signal_prepare Axes Properties

X-Axis

X-Limits [-1
[ Synchronize x-limits.

Y-Axis

Y-Limits | -0.100 to 1100

~ Display Format
Time | no format
Floating point | no format

Fixed point | no format

~ Scenario.Signal_reset
“% | " | M | boolean
TIME DATA
0 false
true
true
false
false

Seenario.Signal_reset Axes Properlies

X-Axis

XeLimits [-1
[ 'synchronize x-limits

Y-Axis

Y-Limits | -0.100

~ Display Format
Time | no format
Floating paint | no format

Fixed point |no format
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machine
Scenario _
signal_onoff
signal_prepare
signal_serve
i
b Signal_reset

Interconnect the signal source to the SuT state

4

ldeal SuT_behavior
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Add a scope to verify (visually) the result

Forward Inspector Viewer Analyzer Scope

MEASUREMENTS

REVIEW RESULTS

thine X |deal SuT_behavior iz

(=]
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=3
wn
5
Scenar 7 b a
cenario
Signal_onoff »a o
=
Signal_prepare d
[ | ™ [j
Signal_serve | »|c e
— Scope
8 [
L Signal_reset at
- N =

IdeaI_SuT_beha\nor
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