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Today’s Agenda

= |Introduction to Model-Based System Engineering
= |Introduction for MathWorks tools

= Example for system engineering workflow using
Mathworks tools
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Why did we miss our deadline?

Unrealistic schedules 63.6%

Changes in specifications

Inadequate specifications

Complexity of the
application

Too few developers/testing
personnel

Poor management oversight

Poor development/testing
tools

Inefficient design/production

0% 10% 20% 30% 40% 50% 60% 70%

Reasons for late projects, as reported by Venture Development Corporation.
Source: Embedded Software Strategic Market Intelligence report, Volume 4, December 2007, VDC.
Note: Percentages sum to over 100% due to multiple responses.
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Early Verification - WHY?

Where Errors Are Introduced... and Detected

Detected
Fource: B Boshms and V. Basulli “Softeare Dofect Reduction Fop 10 List, IEEE Computer

Introduced

Design

$14.102 Implement

Cost $16,0004
per  $14,0001
bug 512,000
$10,000 1
£3,000 -
$6,000
$4,000 -
$2,000 -

50

g
:

AN

Requirements Design Coding Testing Maintenance
Software Development Lifecycle Phase
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Document Centric .vs. MBSE

= Document Centric System e
; i A T et F'hy.'su:.sll']:~
Engineering Q‘W
= Focus is specification Manual Alignment
= Tool of Choice — Requirement '} _ |
Management Tools Ed:q Nab Requirements
. Ay Wom
= Quality — traceability Reports? Requrements | |\
= Measure of completeness — Page Derivation \ >
count? || Specification
I _Correctljess — Specification Structure Specifation Template
IS a static functional model (Tac)
\ Trac'.e
atahase '*E':,,,:Tme Reports

Requirements Specification is the Focus
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Document Centric .vs. MBSE

= Model Based System Engineering

= Understanding the system behavior
Relating Requirements to Functions
Quality — traceability Reports?
Complete all Views of the Model
Specification is incidental (By-Product)

- T
- o
Heqmr&ments. -
Crerivation .-,‘. h
= Functional Model
Ezaf“!lZ — L&)
Heqmr&m >__
.-!-.Ilcn-t:atlnn Test Wiew
_ _ \ Specification
Decision
ataba
“n A race Reports Architectural Model

Requirements Specification is a By-Product -
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Requirements View

Test View

@\ MathWorks' ~ “tiyanss “ |

Behavior View

Architecture View
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VIEWS

—

simulation

MODEL

Documents

—

4\ MathWorks

a4

%

Document Driven

Model-Based SE
(Improved Practice)

Gathered from Documents

at hand

Derived from model

Independent drawings

Consistent views

Static diagrams

Executable behavior

Data storage

Linked repository

Stored views

Dynamic view generation

Ad hoc process
(inconsistent results)

Repeatable process
(consistent results)

Manual change
propagation across all
affected products (by the
systems engineer)

Automatic change
propagation across
current and future
products
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Deploying MBSE on a Program Raytheon
— Lessons Learnt

Specification Defects (Per Shall)

.00
Avg defect Density
0.33 Defects / Shall
=
=
wl
.
8
o
"E Ang Defect Denslty 1.05 Defiects f Shall
S 1.00 =
050 i
ooo t t t t t t
$5§3§8388385835683853333335388§§%83¢
Ty - = -,
I N EREE N NN RN EEEE N £ 5 2 =

68% Reduction in Specification Defects since MBSE Practices Introduced
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MathWorks at a Glance

Earth’s topography
on a Miller cylindrical
projection, created
with MATLAB and
Mapping Toolbox.

Headquarters: Europe: Worldwide training
Natick, Massachusetts U.S. France, Germany, Italy, and consulting

Netherlands, Spain, Sweden, < :
Distributors serving more

Other U.S. Locations: ) : :
California; Michigan; Switzerland, United Kingdom than 20 countries

Texas; Washington, D.C. Asia-Pacific:
Australia, China, India,

Japan, Korea
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Key capabilities drive MathWorks
business

V\elglfl'gzggz Test and Model Code verification
and Test measurement checking Certification kits
Automatic Rapid Embedded codeDSP support HDL PLC MATLAB to
G Code prototyping packages code code C/HDL
eneration and H”_
System Simulink DSP designs ~ State charts ~ Physical Discrete-event Computer ~ System
Mog_elmlg and Communications modeling  simulation vision objects
imulation systems Video processing
a%?i%l?liiﬁ:: Control design Optimization ~ Image Computational finance Computational
Development Signal processing  Statistics processing biology
Technical Application Student version Parallel computing MATLAB Mobile
Computing | MATLAB deployment  |nstrument and database for iPhone/iPad
connectivity
1985 1990 1995 2000 2005 2010

Founded in 1984
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MathWorks Today

Revenues ~$750M in 2013 «
More than 60% from outside the U.S. =

Privately held =«
3200 employees worldwide =
More than 1 million users in 175+ countries =

1984 1989 1994 1999 2004 2009




Systematics 4\ MathWorks " v I

Key Industries

= Aerospace and defense

= Automotive

= Biotech and pharmaceutical

= Communications

= Education

= Electronics and semiconductors
= Energy production

= Financial services

= |ndustrial automation and
machinery

= Medical devices
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MATLAB

The Ieading enVironment for e s ==

LJJ:'E' '} ﬁ (Q Faries et B 2 Fi) v | 2 5 D (L‘P % [:2] Run Section

technical computing s S ETmo i e o 2 S B

~ - ~ BRFit - Indent 3 [r L Find ~ - >  Time
s NAVIGATE | BREAKFOINTS RUN
FolBEHLEERSE0
— Window

nmand Window Workspace [G]

FILE
<a o E 3 L » C > Documents » MATLAB
Current Folder ® o

Name « lame ~ Value

= The industry-standard, high-level e

= MATLAB s %% Spectrogram
T = ((0:length(x)-1)/%s)'; 3

programming language il

for algorithm development R T e =

« Numeric computation Mot | N

= Parallel computing, with multicore and e .
multiprocessor support —

= Data analysis and visualization .

= Toolboxes for signal and image ehu¥]
processing, statistics, optimization, j T

symbolic math, and other areas 4o B

Equslized constelation

= Tools for application development [ g
and deployment

= Foundation of MathWorks products
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Advantages of Model-Based Design

Executable models
-unambiguous
-only “one truth”

=
i - 1

—=i ,f-_--l*"l

=
1 i

=

-
—

Simulation
-reduces “real” prototypes
-systematic “what-if” analysis

Design
with
Simulation

Test with Design
- detects errors earlier

Automatic

Automatic code generation
-minimizes coding errors

=
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Desinx an Embedded Controller

SleaainEelsEls the SEEBIwEET
Fault-Tolerant Fuel Control System . . .
Code Generation Plant Simulation
o] P B ot Wl Twk Dibeg Uoblyy wodsd B4 - [S1hiz0 i =1olx]
Cr e WD =AK0 hﬁ }‘Aﬁf ‘7(.5"1. 5] I3 3--2-7‘—_]_‘ = Fie Edt View Smulation Format Tools Help
e et e Ty : N | DIBES| 2R 2> s |l &EEHRS BERE T &
£ * Swirch: “:Root=/ Switch2® imcorporates:
%6 * Gain: “:Reet={ G3'
47 * Sum: “=Root=/ Sam'
48 * RelationalOperatar: “<Root>Relatonal Operacer’
49 o
50 T gt = -5.0) {
5 b Switeh] = ol inget * 30;
52 Jule= |
53 il _Switchl = ol gt +-10.0; ]
P -
55
56
) o
) lodeds Z

Algorithm Simulation

Command

Controller
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Simulink environment

= System-level modeling
= Graphical
= Interactive
= Hierarchical

= Simulation " .
= Model is an “executable specification”
= Analog + Digital Simulation
= Easy code generation

= Multi - domain simulation
= Stateflow — logic modeling
= simEvents — event simulation

= Physical modeling
= Animation capabilities

¢ BBEEY e B
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Stateflow

= Extend Simulink with a design environment for developing
state machines and flow charts

= Design systems containing control, supervisory, and mode
logic

= Describe logic in a natural and understandable form with
deterministic execution semantics

" selection_state
;o during: CALC_TH,

[speed = down_th]

7 .
after(TWWAIT tick) after(TWAIT tick)
[speed == down_th] [speed == up_th]

{gear_state DOWMY {year_state P}
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Introduction to SimMechanics

W TEZmy Fag)an ) — g g sin(f) — 2 6y — 2 an(f) — Gq) meg {5‘2'2 La+ 5‘1'2 Ly cos(E) — 820
Ly (2w g —mgrosi2 8] — 2830

&

_ 2 Sﬁl(f?l - 5'2) (5'1'2 Ll (ml +m2) +g(m1 +m2) Cos 5'1 + 52'2 Lg s COSI:El - 5'2])
Lo m T —moroos(2 8 — 260

Ezll

Theta1 & Theta 2 vs. Time

Theta (Radians)

=ldblpend2
File Edit “iew Simulation Faormat Tools Help

D|E—“H§|é@ﬂ|9¢2|ﬁt}®\b -INormaI 'I

sinfalpha)
. m->g
\

N
E e{ Demus (alphabofiz
state
vestar ; alphallot  alphabot alpha
[3 aD g gD]
| 1
=
(gammab oty"2 g

C
fiud

State ’_4

5 Scope "

P

-

-

Double Pendulum System 11 prorval

i =, f ate
(Double click on the " for more info) et O
To start and stop the simulation, use the "StarrStop” here for
selection in the "Simulation” pull-down menu SIMULINK Help

Ready [100% |odeds &
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Bodies Joints Simulink Model
=R

Revolute _——/@))
. =7
Jointl

Revolute__,
Joint2

Link2

M
—
7
o
&
o
n
o

B
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Introduction to SImEvents

STATES STATE SPACE:
TIME-DRIVEN X0 X <R
SYSTEM o
DYNAMICS:
x = f(x,t)
t 'IME
STATES STATE SPACE:
EVENT-DRIVEN _{ S S }
SYSTEM ~ 115255
DYNAMICS:
3 ------------ . """" Xl: f (X1 e)
t, t, t, t, t, t TIME
! ! T ! EVENTS
€ €, €3 € 5
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TIME-DRIVEN EVENT-DRIVEN

REAL VALUED: INTEGER VALUED:
Position, Velocity, TYPICAL Number of packets

Flow, Pressure, STATES Number of parts
Voltage, Current OR

SYMBOLS:

Traffic light: green, red
Machine status: on, off

Discontinuously

Continuously | _
changing with CLOCK changing with

each EVENT

each TICK
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Simulink Projects Helps You Get Organized

|

'.I.l.‘. .::II|'.'-III - Em pEmE
(i T T N~ _— N~ _—~ _
:I- it B No—~——n_— P et O et — i -
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Merge Simulink Models Based on XML
Comparison Differences New Merge option

v Help

Merge Simulink models from Vd |%x|| e xdl '
. . I exkdemosisl=ml_shcar_1.m

within XML comparison
report -File Edit Compariso.n Debug Desktop Winduw. ;Ielpi — EED] Eluﬁ\]aiix]

DM CE M L EREBY %[0 X
Left File: {h:\demU\mdI_merge\slxml_sfcar_l‘mdl

Right File: {H:\demo\mdI_merge\slxml_sfcar_2.mdl

= Merge models within the tool by B o

@EIEngine — | ©flsixml_sfcar_2

ine == Engine
merging changes from left to L ——
. Sum:l -> engine + |mp eller inertia:l ~ESum:l -> Integrator:1
engine + impeller inertia:1 - > Integrator:1 B shift_logic
gine RPM =E2shift_logic

B selection_state.calc_th
B.It | state.calc_th

right
= Left model is the base i e
= Right model is the one edited EH o saecac e > soun2

\'Wﬂwi'
= Merge individual parameters, i wmmw~w-
mﬂj

=% shem_sfcar_1 DEIg - state
=% hﬂlg f/'KICKDOWN
B gear_state o Eéf urth -> third -

Wmmwﬂﬁw
blocks, or entire subsystems

hicle mph ehicle kph
llow) Name (yellow) J
& throttle & throttle

Merge Selected Parameter

S
Ixmi_sfcar_1.mdl vs. shanl_sfcar... * [‘slxml_sfcar_LmdI vs. shanl_sfcar... x| / I

Parameter merge option for the
selected node
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Requirements Traceability - Overview

IBM Rational DOORS®
Microsoft Word ®
Microsoft Excel ®
Simulink/Stateflow
MATLAB scripts

Ul precat 1)as.
sl 11

Nt ke, Product S L
Edr  Text el Tools Debug Deskzop  wandow

File

ne-|x-.n.-sn-|a|nf|-a|=-|__|as = |__|
(Mode DWork . HModelLogicChart .o is_ Tl — Mode IN_ac=)
A= Requirements for [LI_act()l:

TR Im R ameas an, ~ 1. Laft Outer Actuator in Passive mode =/ e
st Eom S D"‘ ""' ”‘*"' el = Mode DWwork.ModeLogicChart . is L1 — {(uint8 T)Mods
J.ju‘!._ijg,?nau.a-so-lnlqlm-n Modo B.LO mode — = - - |

[ e A R | | else ( -

ode only i fl}xera e mi ket o T T T o) Tighs Qif (1 (Mode DWork . ModeLogicChart .o is L1l —— Mode
Inner position. to wwhdch it should transition to the Passive made

7| 2210 i

- If the Left Outer actuator 15 m the Passore de, and the Lefl Innsr actuator 1s
Supported document formats |- i s E i rn s S s

- Else transwion the Left Outer actuator to the Actwve mode. -

Tl 2.2.14 Left Inner Actuator in Passive mode 55

If the Leoft Inner acteator is in the FPassive maodes, =nd the Left Quter actoatos is
in the Actwe mode, tmansition the Left Inner achuater to the Standby mode s r_J
transition the Left Inner achsator to the Active mode.

how

-m--.m_| i

.
sage 5 e A o Ln >+ col & REC TEE EXT OWE Eng ]

. Bi-directional linking with external documents

- - Requirements consistency checks
Simulink -
Stateflow - Extensibility API

- Report generation

. HDL Coder / Embedded Coder integration

Embedded Coder ~ Embeds requirements as comments in source code

HDL Coder




Systematics 4\ MathWorks: v

) Stateflow (subchart) mode_logic_test_harness/Mode Logic 55/Mode Logic Ch
File Edit View Smulation Tools Add Help ¥
ZHE| 128 ¢91 DB I« BSE BSAO| B
=T T Coverage from . ;
i : ) ) ) Coverage from second simulation
: ﬁ : first simulation
!l i ; [RDL_act)jLI0_aet)] PR Total coverage
ﬁl Lf [RDL_act] |
all \D
L
& :
; Summary
| ao_offinoff] SendiE
; Model Hierarchy/Complexi Test 1 Test2 Total
\ ) ¥ P
; : ' MCDC McDC McDC ‘
E [fallg==5] , \ | |
ﬁ . N 1. fuelsys cov 81 31% — B3% — E3% ———
v 2. .. fuel rate controller TE 31%  — BA% — BA%  ———
Coverage: mode_logi  test_harness
R Y A2 | s S | I N TR Airflow calculation T 100%  e—— 100% e—— 100% e———
" | Transition “[1RDI act{}ILI0_act{)]"
B oo kobmodest | N Fuel Calculation 11 100% ——— 100% e—— T00% ——
. Full decision coverage. Candition "LID_act()" was never true. |
‘ ST N Switchable Compensation TO100%  — 100% e—— T00% e——
:q 6 ..... R I:Dr'ltl’tll |DgIC 54 B% e— SD% I SD% I
‘MDVE ? ........ . SF CDntrDI |DgIC 53 B% e— SD% I 5':'% I
.. [ SF: Fueling Mode 200 20% — 0% ——— S0% ————
=Decision coverage
e = .. 5F: Fuel Disakled S 80% — 0% —— 0% ———
. 1
COﬂdItIOﬂ Coverage | 10, .. ... ... ... SF: Pressure Sensor Mode 8 0% — 100% e—— 100% e—— l
.MC/DC M. SF: Speed Sensor Mode 4 0% — 0% — 0% —
L} 12 ............. SF TI"II’DTIIE SEI“ISDI’ MDdE 5 D% — 25% I —— 25% I —
Lookup table coverage
=Signal range coverage

=Supported coverage types
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Test Generation for 100% Coverage

4 2

" B Signal Builder (EQ.Parameters_harness/Inputs) E=8 E=E ===
File Edit Group Signal Axes Help Bl i .
GH| b BE| 0oL FREE P 0 on e ufix5 ] uintd uint8 [1x10]
ke cro | zess case 3 3‘ o = (=) .—b select_in select_out piu ;‘. y —b.
o e R In1 cn Out1
7 rame case 5
» — — r— — parameter_lookup
—sg
25

. N\ J

Qelection
i :

Out2

Automatically generate
tests to reach coverage

objectives
uints
Ted Case 1 Out2
double
| In1 it [110] Out2
| 1 Out1
Ot _
Inputs Test Unit (copied from ECQ_Parameters) =>>sf_security

= (change chart for
= fastrun)
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Generation of System Design

[ ] [ ] S
sldemo_autotrans.pdf - Adobe Reade‘r—
e S ‘ r I p I O I l S File Edit View Document Tools Window Help x

e % B Wi ®® 5% - | =f| B ! Fina

T -
Bookmarks < |

-

= Generate different e n

El Kapitel 2. Root System

] Kapitel 3. Sub
fO r m atS B Kapitel 4. System Design Variables Sibsystes
B Kapitel 5. Requirements Traceability Abbildung 3.2 InterpDown
] Kapitel 6. System Model Configuration

—_— E1 Kkapitel 7. Glossary
| [*a) sidemo_fuelsys Desi F] Kapitel 8. About this Report

Title page options
Title: slder

= Select from predefined st oes

Authors: mseq

stylesheets

Legal notice: Fqr 1

Tabelle 3 5. InterpDown (:))
i

EEEEER
BB

34.1.1.5. "InterpUp" (Lookup_n-D)

Tabelle 3.6 "InierpUp"” Parameters

Farametet [Vaine ]
[ | =

Include in report

= Custom | 7 a’u on on Design details Model references

Subsystems from custom libraries Requirements traceability

S I m u I I n k R e p O rt Glossary and report explanation

Report output options
G ener ato r File format: [Acrobat (PDF) -
Stylesheet: INumbered Chapters & Sections ']

File name: sldemo_fuelsys

Folder: :ntral-muc\home\msegelke\Documents\MATLAB |Select Folder ...

[”] I report exists, increment name to prevent averwriting

%] [ Generate ] ’Customize Content ] [ Cancel ] [ Help ]
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C-Code Generation Tools

= MATLAB Coder
= Simulink Coder
= Embedded Coder

Simulink Coder

MATLAB Coder
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Code Correctness: PolySpace™ Solution

Absence of Runtime Errors e iafuebod:

— Read access to non-
Initialized data

— Out-of-bounds array access

— Dereferencing through null
or out-of-bounds pointers

— lllegal type conversion

— Incorrect computation
« Overflow/Underflow
 Division by zero

|31 A usage of defined behaviour sl be docunte
3.2 The character set i fr—
® are rO O O =y e . ; s ]
u 3.4 &)l uses of the #pragma directive shal and expl| L5 £0em, Cecurces | ek MSRAC 2004 rues
. 35The defined behaviour o el 3 T e cornraton
—36AI code shall be written ta comply m
negative vaiue o e —
a1 on tichae sethee e 50 ¢ A e e T o e mp |
= = |4 1 o
An d m r e B s PE———
O e " | corve 1000 T 03] corn 1008 ] ot 1000 ] ot ] o s ] oA
oS oo 15 oot s mooet oo wm oo
Searchinthelg 44 [
|
£ Ful AR eempl ian =
]
Pelace Chom

=@ Code Verification
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™ : *Formal method:
=PolySpace ' Solution Abstract Interpretation

For hand written code

static void Pointer_Arithmetic ()

{ R

int tab[100];
int i, *p = tab;

(r =Green \Cor(i = 0; i< 100; i+, gﬁl\ "Green

reliable *p = 0; /reliable
.P if (get bus status() > 0)
r {
if(get oil pressure() > 0)
O < sRed \ Fp = 5; /¢ Out of bound%/ s(Green
1 .
v faulty e reliable
e il
n 4
" i = random int{);
¢ if (random int{)) 1(
N m
/%i_ s& 1<=100) G_reen
=QOrange {p=p-i: reliable
*p =5 /* Safe pointer access */
unproven g —

}

Results are proven for
all possible executions of the code!! -
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Workflow example for Street Parking Meter
(SPM)

CONEIDENTIAL © 2012 The MathWorks, Inc.
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System in its Environment

SPM Functionality

Coin_collector B
Desired_operating_mode 1 " ¥ Desired mode T
Desired_operating_mode Full_s ) full_strongbax
Ful_stronbox
Strongbox_Exchange_key i Coin_collector_
- - ‘strongbox_exchange_key ) Strongbox_ex change_key N
Coin_out 1
. ‘Coin_out
Empty_strongbox 1 ] operability_flag
- Empty_strongbox Lp Empty _strongbox
1 coins_out
User i
T 000 1 Display ed_time_to_go
Start
Start
P parking_status_flag
cancel 1T operabiity_fla user_
Cancel
operability _flag
i. i parking_stat|
Coin_in Conn P coins_out
User ¥ Display ed_time_to_go
#{ parking_status_flag

SPM Architecture

Desired_ _mode T D esired_c ing_m ode ¥
Desired_operating_mode <> Full_s full_strongbox
FUll_stronbox
Strongbox_Exchange key b——— Coin_collector_
gbox_t :_key <> < _key _
C oin_out 1
_ Coin_out
flag
E trongbox —
AR Empty_stongbox
_ » coins_out
‘Coin_collector T
Displayed_tihe_to_go
_ played tipeto g0, | | slDiplayed time to_go
start | T
Start N | parking_status_flag
hd
. ‘operability_flag user_
cancel L
Cancsl
> _flag
f parking_status
Coin_in T coins_out
Coin_in
SPM Displayed_time_to_go
User
parking_status_flag

parking_warden
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Elaborate SPM Functionality Node.:
Modes & Capabilities

{Operability_stat = OperabilityStat Inoperable;
Enable_coin_collecting=alse;

% commence exchange 1
Enable_Parking =false;}

[Strongbox_Exchange_key == StrongboxKeyIn && Strongbox_Exchange_Enable}{Enable_coin_collecting=true;}
SPM_Inoperable —

2—_ S
J % set operational
[Desired_operating_Mode == OperatingMode.Operational &&...
Strongbox_stat ~= StrongboxStat.Full] ...
% set inoperational \

/{Operability_stat = OperabilityStat Operable;
[Desired_operating_Mode = OperatingMode.Inoperational ||\ Enable_Parking = true;}
Strongbox_stat = StrongboxStat Full]/ |

\\.
{Operability_stat = OperabilityStat Inoperable} | |
2 | i
= Operablel /-’ (Strangbox Exchange )
. — :s-—"'/
Parking forbidden % Commence Exchange 2
[Strongbox_Fxchange_key = Strongboxiey In]/{Enable_Parking = false;}
1
% start parking \ 4
[~parking_over && parking_over old ] |
) % Exchange completed /
% Stop Parking i [Strongbox_Exchange_key == StrangboxKeyNotin}/
[parking_over && ~parking_over_okl]  {Operability stat = OperabilityStat Operable:
Enable_Parking = true}
arking_allowed //’/
=
- "'/-
@}q—r —_— - _______.—-""—
(@] v
(4
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Generate Test Cases and Simulate

L

Insert Page Layout

" [4] Signal Builder (Coin_callector/Signal Builder) *

References

Scenalk)ﬁst-\.rl.doo(-hiﬁcmsoﬁm — R - w

Mailings

Review WView

Add-Ins DM

Ee cDdEe . %

File Edit Group Signal | Axes | Help
FHE| R o~ —To[E&REE > o o= 8| 4 5B
Active Group: |\nsertgm)gculn and start
Py
Desired_operating_mode
15—
1
05—
o I I I I I I |
Strongbox_Exchange_key
05 —
o
PP
4L I I I I I |
Empty_strongbox
0.5 —
o
0.5 —
a | 1 1 | 1 | | 1 | |
4] Signal Builder (User/Signal hﬁderm\”n y j.Un nirm '
File Edit Group Signal Axes Help »
SH bR oo —ToEECEAE > 1 7in yaon nara
Active Group: ‘msarlgnnd coin and Start -] [a)[=) 72IN V20N Nith
woyaon nir
I X7y201 Narn
sl N7py10n mrn
| IN7u20n nIth
| o I I ——Rinyaon nm
o 7IN Yaun NITh
o 1NIVa0Nn Nim
sk 1NIVa0Nn Nim
-1 ‘ ! ! ! START
Coin_Value
. 1NIvaun nim
CANCEL
s
I i

33 Find ~

> @

21 Replace
3ci.. Headingl _— Change
7| Styles~ | ki Select~
ityles = Editing i
1"'1'I'2-|-1-|-2.|.3| I
o =

— @

ing stub ¢

& Signal Buider (SPM_func =T X
CFle Et Goup Sgnal ues Help >
FH 2R /cx T Pyt b
Active Group: | nsertgood coin and Start EEE}
n'r}l?l 1 Coin aceested
o5
I?l.'l.l o1 E .4 x T t t )
Strongbox_stat
M
a |9 ; '
srongbox_exchange_enable
A
T L L | il
Coin_out
1 |
A 4 :
i
T 05
n = ! i L
operability flag
b .
S ! I |
: parkang_aver
' _ove
M sk
A 1= | i . : : : {
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Simulation

Step Back

Analysis

Step Forward

Test Report

@ WebBrowser TOPSPMAesats [ - —— - -1 L
ToP Sh heits % | + Bma) ]

fos o/ H wmon

I |

L d I

2 L5 R -

TOP SPM Resulis

>
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Simple Parking Meter (SPM) Staten)

This document presents the need to be satisfied by the Simple Parlj)

outlines its desired properties.

The Need
The 5PM will collect parking fees and will clearly signal when the pg)

expires.

Main Properties
This section outlines the main desired properties of the SPM.

Independence

The SPM will not depend on external or internal sources of energy {}

Means of Payment *
The SPM will accept valid coins only. Invalid and unrecognized coin|

returned to the user.

Change

The SPM will not return chanae. Parkina nerind will he nronartinnal

3

Parking_full

parking_stub|
parking_stub|
[ sPm_MoDES

[a] User (User)

parking_warden
user_

[Strongbox_staf]>

Strongbox_Ex_Enable]

4\ MathWorks ™

Strongbox_

parking_status_flag]

[oper_stat]

1. "Means of Payment"

Link to Selection in MATLAB
Link to Selection in Word
Link to Selection in Excel
Link to Selection in DOORS

Select for Linking with Simulink
Add Link to Selected Object(s)

Open Link Editor ...
Delete All Links ...

Copy URL to Clipboard

T

Link To Stake-Holders Requirements an
generate System Specification Report

FING REIETENLEY Vanauies
Subsystem & Model Reference

Format
Rotate & Flip
Arrange

Mask
Library Link

Signals & Ports

Requirements Traceability
Linear Analysis
Design Verifier

Coverage
Model Advisor
Fixed-Point Toal...

C/C++ Code
HOL Code
PLC Code
Polyspace

Blorl Daramatare (Sibhectanal
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% accept payment
[Start){C ompute_PaidForParkingTime;
RecomputeTTG;
Resetincrement=1;
Compute_increment;
Resetincrement=0;}

% Regrets
[CancelAparking_time_Increment =0:}

V
Operability_check
en: OperabilityCheck;

2

Coins_ldentification
en:.CheckCoin

1

|
% Coin Insert
[Coinln~=0] \

% SPM OperJtiunaI \l\
[Operability_gtat==0perabilityStat Operable]

{parking_time_Increment=0;

Current_time_to_go=0;
Strongbox_stat = StrongboxStat Operabled;
Resetincrement=0}

% Coin R ejede

Operability_stat=="0 perabilityStat Inoperabld

% Unrecogniz ed coin
[Coin_Value == 0]

\

\

l [Coin_Values0]

Coins_Accuulation
en:Dispatch Coin;
Compute_increment,

{Parking_Over = true;}

CD_ldle

f % starting countdown

/ [Start && paid_for_parking_time=0 && in(Adding_Money. Idle))/
;/ {Current_time_to_go = Timer_memary;

Status_Flag = StatusFlag Valid:

/ LTS Parking_Over = false;}
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1
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1

i

i

i

1

i

|

i [Current time_to_go<D)/
i ( {Status Flag = StatusFlag.Violation;
! Parking_Over = true;}

|
1
i
]
i
i
1
i
i
i
1
i
]
i
i
i
1
1
|
1)

'l

CD_Active
du: DecrementTTG;Current_time_to_go = Timer_memaory,

1 2

% Extend parking
[Startl{Current_time_to_go = Timer_m

| A
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Integratina Code with Simulink

#inc lade “function. I fun[:t"]n.[:

Legacy imt fumcedoniine val) bt _rmrrrons_ | fUnctionh
Hu ) vl — C code i e _FUBCTION_H_

reburn(wall ;
¥ anictionfirt wal)

fon

Fendif

MATLAB Function

Legacy Code Tool {LCT)

1. Initialize LCT data structure
2. Populate LCT data structure

3. Generate S-function source file

4. Compile S-function source file

5. Create masked S-Function block

$

Cloriiiea T

Fia Edt Wiew Smulation Fomat Took Help
D& LHR| =i 2]

C MEK ;| int1B y = fusction(int18 o) |>
S-function Hor_fanchion

£[100% [ [ lodeS 4

‘ S-Function block |
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Sim

Trigger

CoinValue
Gain

L |

-y
R z

Unit Delay
Resettable

o]

nstant
paid_for_par] %gji?me

2D

Resetincrement

Compute Timelnc

A 4

I:Eunction [coin value,good coin,bad coin]

$#codegen

if coin == 1 || coin
coin value =
goo-d_c:oin = coin;
bad_coin = 0;

- else

coin_value = 0;
good_coin = 0;
bad_coin = ¢coin;

end

check coin

coin;

5 || coin

Switch

ulate functionality

parking_time_inc

- check coin(coin)
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Simulate Capability (Parking)

SPM MODES
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=

Desired_operating_mode

<10 perability_stat]

Conceptual_controller

o
7 Full_stronghox
Strongbox_exchange key
[
Empty_strongbox
(13
Coin_in
+20)
Coin_out

Money_Machine

>
Cancd
4
operability_flag
B
parking_status_flag
5

Displayed _time_to_go

Parking_time_meter Hurman_Machine_Interface
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Allocate functions to subsystems

Parking

Dats shom
Moy

Compute_Timelnc

W Web Browser - Requirements Traceability Report for SPM_architecture - I

| Requirements Traceability Report for SPM_architecture ﬂl +1

“«n g ‘ Q ‘ #h | I.acatian:‘fi\E:ft’/C:fMATLAB_worKfeva\uat\oﬂi/SystemEngineering_U\USPM/Re_SPM_mode\fworldSPM_arch'rtecture_requirements.htm\

Requirements Traceability Report for SPM_architecture

Table of Contents

1. Model Information for "SPM_architecture”

2. Traceabilty Summary for "SPM_architecture”
3. System - Human_Machine_Interface

4 System - Money_Machine

5. System - Parking_time_meter

List of Tables

1.1. SPM_architecture

11, Arfifacts linked in model
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4.1 8PM_architecture/SPM Money Machine Requirements Traceability Data

5.1, SPM_architecture/SPM Parking_tme_meter Requirements Traceability Data

n

o

stat

Full stongbox| =T

Full_strongbox

{5

LD
Coin_out
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Start
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Validate allocation by Simulation(Optional)

SPM MODES

Dperability_stat]

)
Terminatort Parking CTRL

Desired_operating_mode

Unit Dellayill Delay SPM_MODES

Parking

X
Strongbox_exchange_key
[B:8

Empty_strongbox

[4-%
Coin_in > o —— .

T

Displayed_time_to_go

Parking_time_meter Human_Machine_Interface
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Allocate Subsystems Requirements for
Subsystems and Generate SSDD report

Simple Parking Meter (SPM) Statement of Need

This document presents the need to be satisfied by the Simple Parking Meter (SPM) and
outlines its desired properties.

The Need 4

The SPM will collect parking fees and will clearly signal when the parking period paid for
expires.

Main Properties 4

This section outlines the main desired properties of the SPM.

Independence ‘|

The SPM will not depend on external or internal sources of energy for its operation.

Means of Payment
The SPM will accept valid coins only. Tnvalid and unrecognized coins will be rejected, and
returned to the user.

e

Desired_operating_mode

Conceptual_controller

Chapter 2. Root System SSE E I :epo rt
Hooerabitiy_st
Z ngbox_exchange._key Full_strongbox Figure 2.1. SPM_architecture
Strongbox_exchange_key
Empty_strongbox §
N EL T
e
Coin_in Frde freimr e ‘--l-xun-v-)n.
|_4 ——
Money_Machine L o _car

o

> start_counting| —~<[Start_counting] vt

start
& cancelrequest{—~< T | ‘ -
Cancal ™
‘ ES a on
operability_flag wens
<) = S
parking_status flag vaws g
=) ——
Dispiayed_time_to_go
Parking_time_meter

Blocks
Parameters

Block Execution Order
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Models Integration — System level
simulation

[
Desired operating_mode

G perability_stat] Subcontractors Models

Conceptual_controller

.
Strongbox_exchange key
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Empty_strongbox
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+
operability_flag
-
parking_status_flag
8 ]
Displayed time to go

Parking_time_meter Hurman_Machine_Interface



It Pagelout Reuraces

bHch - AN A8

Mg een Vew AdS DM

%% ¥ 0 9 |ocoso |bccodte cDAEe

Sz |y

Requirements View:

System Requirements
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2."SPM _functionality!/.../Parking_full/Display_Parking_Status (SubSystem)"
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4."SPM _functionality!/.../Parking_full/start_ SPM (SubSystem)"
5."SPM_functionality1/.../Parking_full/Cancel_parking_request (SubSystem)'
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Workflow Summary
= System in its Environment diagrams (functionality &
architecture)

= Elaboration of top functionality diagram - Modes &
Capabilities

= Validate by simulation of top functionality Node

= Link to SH Requirements and generate System
Specification report

= Elaborate Capabilities — Capabillities States & functions
= Validate by Capabillities simulation

= Elaborate top level Architecture to physical subsystems
= Allocate capabillities functions to physical subsystems
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Workflow Summary - Continue

= Validate allocation by simulation (optional)

= Assign subsystem requirements and generate SSDD
report

= Use subcontractors to design subsystems — receive
models from subcontractors

= |Integrate subcontractors models to build system level
simulation and validate design




Systematics 4\ MathWorks %ﬁ I

Conclusion

= Model-Based system Engineering (MBSE) is a proven
methodology for reducing errors during the early
requirements phase and therefore save time & money

= Mathworks have a set of tools based on Simulink, to
Implement Model-Based Design(MBD) paradigm

= The 2 paradigms are similar so it is possible to use the
same Simulink based tools also for MBSE

= The big advantage of using Simulink is its strong
simulation capabilities, simulation is a very strong tool for
validating design.




