Overview

= Context

= SysML Overview

" SysML details + the SYSMOD
Systems Engineering Methodology




Language vs. Methodology

" Modeling Language
o Defines elements and their relationship
o Defines syntax and semantics

o What type of elements can be used during modeling?
o E.g. SysML

= Development Methodology

o Defines the steps of analyzing and designing the system

o Defines the usage of the model elements and diagrams
o How shall the model be built?
o E.g. SYSMOD (SYStem MODeling) by Tim Weilkiens




The SYSMOD approach
act Analysis )

" Analyzing
Requirements

Project context \
Describe project
context

Project context

Determine
requirements [‘h

Project context

Requirements

Requirements

Requirements Model system

context
| : h

System context

System processes

Requirements

Create
Model use alossany
System- gl [‘l’l System context
processes Ui daias Glossary
Use cases <J
Use cases
i [object flow]

Model domain

Reguirements knawiadge

SYS M O Domain knowledge
— - e -~ - ‘\_/ —/

Domain knowledge— System context Glossary [—
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The SYSMOD approach for design

act Realize use cases )

Use cases System context

Model system/actor

Ush caisas interaction System

context
Interaction model

[system/actor]

Interaction madel
il [system/actor]

[ Derive system

=

interfaces
System context

[interaction points]

System context

[interfaces]
System context

[interfaces]

structures

L

Model system J

Use cases

System structures

System structures

. e
Derive state model
Use caseslik j

[detailed] WV system structures
-_— -_— H 1
[with state machines]
N N
— — S

System structures




Activity diagram

Name of activity

Action.in.activity

Dia

I System context

—
1
Use cages

Model system/actor
interaction

il

’n‘

JUse cases

comext
cla O OUde
[system/actor]

Interaction madel
i [system/actor]

System context
[interaction points]

ole
structures

L

System structures

System structures

[detailed]

\ ':(Derive state model
Use casesck J

\

/ System structures
[with state machines]

System structures
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o
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E ]
27
]
3

lagral

MODELING
LANGURGE

L

Parameter of
activity

Object flow

Represents behavior in
terms of the ordering
of actions based on the
availability of inputs,
outputs, and control,
and how the actions
transform the inputs to
outputs
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Describe Project Context

= Car rental system

o Works without staff
e Customer identification needed

o Central computer in radio
compartment

e Communicates with central
reservation system

* Collects usage data

* Comfort features
— Navigation
— Radio
— Phone

Glossa
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. . By w1 -
Determine requirements —-SYSNV

Project context |

| Requirements
Requirements

Model system
context
: : rh

System processes

Requirements

Create
Model use glossary
qeoes r‘h System context
processes

System-
Glossary
Use cases

context
Vi

Requirements

Project context

System context

act Determine requirements)

W/ Project context

'dafltify Use cases éj
Stakeholders

Use cases
[object flow]

Stakeholders

Model domain
knowledge

Reguirements

Stakeholders

Domain knowledge

Collect
requirements

Domain knowledge

System context

Glossary

- Requirements

Requirements
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ldentify stakeholders

Stakeholder

Customer

Comments/Interests

Wants easy and comfortable access to a car
and low prices.

Describe project
context

Project context

act Analysis J ‘
_ — - _— — p —_ \

SYSMO

— — - 14—

—

- Determine
‘B requirements [_h

]
Requirements

Reservation system

Car manufacturer

Requires interface to the on-board computer.

The on-board computer must control the
central locking system and the drive-away
protection, and collect mileage information.

| Requirements
Requirements

System processes

Model system

context I"{‘l

System context

Cellular
communication
vendor

The on-board computer and the reservation
system will presumably communicate via
SMS. Both speed and availability must be
ensured.

Insurance company

Is break-in protection coverage for the
on-board computer sufficient?

Car service Installation, maintenance, and configuration
of the on-board computer.

SpeedyCar call Handles customer enquiries with regard to

center the on-board computer’s operation.

Navigation system

SpeedyCar wants the on-board computer to

manufacturer have navigation system functionality.
Car radio The on-board computer should integrate car
manufacturer radio functionality since it will replace the

regular radio.

Card reader
manufacturer

The access device will be purchased from
third party.

Legacy systems
takeback law

What does the law say about the disposal of
old devices? Who is responsible?

Lawmaker

What size/weight is permitted for the
on-board computer? Other legal provisions
have to be checked yet.

Requirements
Create
Model use glossary
System- qeoes r‘h System context
processes Uss casss Glossary
Use cases <J
Use cases
[object flow]
Model domain
Requirements knowledge
Domain knowledge
Domain knowledge[— System context Glossary —

Project context

act Determine requirementy

M\
Identify
Stakeholders

Stakeholders .

Collect
requirements

1
Requirements

Requirements
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. i ] e e o)
ldentify stakeholders ~SYSMOD

Describe project
i Determine
i requirements [_h

]
Requirements

Project context

| Requirements
Requirements

Model system
context

System processes
uc [package] stakeholders [selectiony

U

System- r‘h System context

processes Use Fusas Glossary
% % % % — J

«stakeholder»  «stakeholder»
Customer Principal

System context

Requirements

Create
glossary

Model use
cases

Use cases
[object flow]

«stakeholder» «stakeholder»
Lawmaker Marketing
principal

Model domain
knowledge

Reguirements

Domain knowledge

Domain knowledge— System context

Glossary —

Project context

act Determine requirementy

M\
Identify
Stakeholders

-

Stakeholders ¥

Collect
requirements

Requirements

Requirements



Tiago
Realce


act Analysis J ‘
o — S — o [\
fext .
Describe project / /

context

Collect requirements

Determine

requirements [_}_]
;uu

Requirements

Project context

| Requirements
req [package] Functional requirements [selection] ) Requirements Hdadyiorn
text
: ; contex I"{_'k
«functionalRequirement»
q System processes System context
Car usage without staff —
equirements
; i Create
«functionalRequirement» /k Model use glossary
|d = “REQ'I i System- qeoes rh System context
text="Cars to be picked up processes Use cases Glossary
and returned by the |
customers without assistance.” éj
Use cases
57
Use cases
[object flow]
2 . - . Model domain
«functionalRequirement» «functionalRequirement» oS knowledge
Identify customer Start using car
Domain knowledge
«functionalRequirement» «functionalRequirement»
id= “HEQ1 AT id :“HEQ1 2 Domain knowledge—{ System context Glossary [—
text="The system must do text="The system has to
unique authorization of allow a customer to start e ————
customers.” using the car.” Project context
act Determine requirementy
Project context

«functionalRequirement»
Grant access to car

id="REQ1.7”

«functionalRequirement»

text="The system must be
able to grant authorized
customer access to car.”

«functionalRequirement»
End usage of car

id="REQ1.3"

«functionalRequirement»

text="The system must be
able to allow customer to
end usage of car.”

Identify
Stakeholders

Stakeholders

o
Collect
requirements

i

Requirements
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Requirements diagram Name of diagram I

=
req [PackageljFunctional requirements fselection]/

«functionalBequirement»

Name of 4
context element |

and returned by the
QIMETS V\gikini
e

Type of context 5| Requirement
element

Identify customer

Activity Seq uem:? Machine

Requirement composition

«functionalRequirement»
Start using car

«functionalRequirement»
id="“REQ1.2"

text="The system has to

allow a customer to start

using the car.”

Requirements diagram

Represents text-based
requirements and their

«functionalRequirement»
id="REQ1.1”

text="The system must do
unique authorization of
customers.”

«functionalRequirement»
Grant access to car

«functionalRequirement»
id="REQ1.7”

text="The system must be
able to grant authorized
customer access to car.”

“HunetionalRequlraments relationship with other
End usage of car
BRI ENE S requirements, design elements,
id="REQ1.3"
:(ext:“The system must be and test cases to Support
able to allow customer to 1 aMe
end usage of car” requirements traceability
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Collect requirements —-9Y¥SMO

context -

i Determine
i requirements [_h

]
Requirements

Project context

| Requirements
Requirements

Model system

req [package] Requirements [essential/technical] ) : : comtext h
System processes System context
/k Create
— - Model use glossary
«usabilityRequirement» System cases L o tem context
Operability during driving processes — Glossary
id = “REQ13” «functionalRequirement» |
text = “The system has to be Comfort functions Use cases J
operated by the driver during
drl\flng.” A Use cases
T U m o m — . — == 1 :
«deriveReqt» A\ : : : [object flow]
Rl i R S RS ! : I i Model domain
: : : : . ' Reguirements knowledge
: ; : 1 «deriveReqt»!
+ Technical Requirements : ; : ' Romdle knawiedga
| : : : :
: s . : ; ; : Domain knowledge—{ System context Glossary [—
: «usabilityRequirement» + |«functionalRequirement» |}
: : : Project context
i I ! act Determine requirementy
«usabilityRequirement» . ; ; ; Project context
ty : q_ «functionalRequirement» | | «functionalRequirement» e
Central unit display and Naviaati t Ph ety
keypad avigation system one i A
Stakeholders

i
Collect
requirements

i

Requirements
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Model System Context SY

Describe project
context

Determine
requirements Fh

Project context

Project context

Requirements

Requirements

Model system
context I‘}'I
A

System context

Requirements |
act Model'system context )

Requirements

System processes

Reguirements ™
/k Create
. = glossary
Iden“fy System System- By + System context
amors Fiequiremems prcicesses : / Use Fusss Glossary
System context Use cases <J
Use cases
[object flow]
System context System context i
Reguirements 9
M D in knowled
Identlw Sy5‘lEm Model SYStemfactDrS omain knowledge
interaction points information flow
: = - Domain knowledge System context Glossary —
Wi
System context System context
[interaction points] [information flow]

System context
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act Analysis J

Describe project
context

ldentify System Actors

\w

Determine
requirements Fh

Project context
Project context

Requirements

Requirements
sy
Requirements

Model system

context I‘*’I

SV

System processes System context

Requirements B
: Create
bdd [package]System context ) /k - glossary
Q Status request System- e b System context
—————————— processes /] Uss casss Glossary
«flow> |
\hd, Car service
E‘E; Customer Car management pniployse Use cases
Vg -
M Reservation system
Temperature system_ —
[object flow]
/ B attery Model domain
Requirements Kawledge
N (.Systemn q
h__________________________-_h A
10n-board computer Domain knowledge
- - = u \l/ \l/
Windshield = Y
act Model system context ) h ;
A
4 F Identify system H
1 - g T : ac quirements
Billing system Car ignition Car movement Car drive-away Central locking ’
S e data ~~-__ protectio .system
~ - s ~ -~
~ e S e ~ -~ System context System context
) | == N ( Identify system j [ Model syst_em/actors j
Rece|VeS usage da-la via Extel‘nal SyS!emS Of car interaction points information flow
SMS upon car return System context System context
[interaction points] [information flow]
y context
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SysML
Diagram

Behavior Requirement Structure
Diagram Diagram Diagram

.";. )
|
| State

Machine
| Diagram

1A
|

Internal
Block
D

Parametric| | Package

Definiion Diagram Diagram

Diagram

Block definition diagram seom, | [

oMo é‘&
SYSTEMS
MODELING 5
LANGUAGE L
ackage] System contexy Q
Status r a1le A
_____ U
/\ o
> \Wﬁ Customer Car management STVl
idis Reservation system employe
Temperature system /
\—— L Battery
l «system»
h-_-_-_-_-_-_-_-_-_-_-_-_‘_‘—-q
:On-board computer e e, .
Windshield \
b X
= — Represents structural elements
@ @ N N called blocks, and their
Billing system Car ignition Car movement Car drive-awa Central lockin 0,8 £ =
ey e ate —~__protection . sysem | COMposition and classification
Receives usage data via 1 External systems of CI%
SMS upon car return
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Model System-Actor [ o)

Describe project
context

Determine
requirements Fh

Information Flow

Project context

Project context

Requirements
Requirements
e L A
Requirements Model system
context I‘*’I
. e oo s s bt I T
bdd [package] System context [with information flow]) —
| System processes System context
Status Requirements ™
2 T
= - S = glossary
’r 'l'\\ TN Systerii- cases’ | System context
Car management A roCBssaS i Glossary
P Use cases
Temperature
Car p system |
o Car service employee P J
- - Vibration ‘ _
Windshield Configuration
o0
00 Use cases
Card data, (\g\)‘a [object flow]
i i
usel; II‘"‘IDUT, 00 Model domain
ey «gystem» I “— oS knowledge
On-board computer
Usage data Domain knowledge
Usage right Billing system e = -
CUStomer act Model system context ) N =
Engine off Current o
5 3 - 3 Identify system
Mlleage Car Car Requirements
commands commands Battery Syt copent
Reservation &
System context
system
[ Identify system J Model system/actors
interaction points information flow
System context S
[interaction points] [information flow]
Car ignition Car movement Central locking Car drive-away l
data system protection
y context
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Identify System T SYSMO

Describe project

Interaction Points

Determine
requirements Fh

Project context
Project context

| Requirements
sy
Requirements Model system
context I‘*’I
S

System context

Requirements

System processes

Requirements

/
/k Create
Model use = glotsary
System- caes r‘h System context

processes Uss casss Glossary

Use cases éj

bdd [package] System context [interaction pmints])

Use cases
[object flow]

CurrentPort CarPort  KeyPort

Model domain
knowledge

Reguirements

Domain knowledge
|OPort

A/ AL

ServicePort

«System?»
SaiveIPot On-board computer

act Model system context ) Requl s ] :|—
CarReaderPort

[ 1

[1
L

L

CarControlPort MicrophonePort

System context

Requirements

System context

Identify system Model system/actors
interaction points i i

information flow

System context
[information flow]

context
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B W N ~JB — — =\
fext .
Describe project e e | —

context

Determine
requirements Fh

System Context

ibd [block] On-board computer context [primary actors with system pcnsy Requirements

Project context

| Requirements
e L A
‘\&%m\ Requirements Model system
context |_+_|
I T
:Car management system \——
E System context
:Cellular network @,\\0{\ System processes . . "
equirements
) . O :Car service /k Creiite
kigVs:Conf |guralmrl¢ (f?’ . employee = glossary
cases |
Bandnaliog System- System context L
: processes Use cases essany
| .|
:Billingsystem «system» :CarReaderPort —+— |
nb:Usage data Y ] :0On-board [}'—,4/’ /\ Use cases <J
ServerPort computer kd:CardData
1 Customer
[I0Port T ‘KeyPort Use cases
nb:Usage right [bjact flow]
ssig:KeySignal Model domain
R ti 1 1 Reguirements knowledge
Heservation system
Y be:UserInput Domain knowledge
A/ \l/ A/
ibd [block] On-board computer context [secondary actors with system ponsy o
4 A :Na\;PQﬂ :Microphonepon act Model system context ) h
coora:L.oordimnaies —— —
> «system»
:CurrentPort On-board :CarControl Identity system
. computer Requirements
:GPS P Z\?gmd :Handsfree System context
’ talkin
:CarPort Car command 9
:Ba“erv - System context System context
| SIS, Identify system Model system/actors
_?y- e I:mmmand interaction points information flow
.’jl 1] _ S_ystem context System context
3 VK,Vibla!lOﬂ km:K"Omeler :‘ :{;. : '\.l X I _‘l"lg [interaction points] [information flow]
:Windshield /” / / mOftEngineSignal system
* y context
:Temperature :Car :Car :Car :Drive-away
movement data ignition protection @ G @ =G
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Model Use Cases

act Model use cases)

Requirements

/ Requirements ¢

System context

WaSystem context

7/

Identify'use
cases

Use.cases

Use cases

Requirements

Describe use cases
essences

W Use cases
[essential]

Use cases

Describe system
processes

System processes

Use cases
[essential]

Use cases

Requirements

Model use
case flows

Model use cases without
redundancies

Use cases
[detailed]

Lyl

Use cases
[detailed]

Requirements

Model object
flow

L

Use cases
[object flow]

Use cases
[non-redundant]

act Analysis J

Describe project

context

C

Project context

Determine
requirements Fh

Project context

Requirements

Requirements

Requirements

Model system

System processes

context I"{“&

System context

Requirements
Create
Model use glotsary
Systel cases I’h stem context
proces Glossary
| -
Use cases
Use cases
[object flow]
Model domain
Requirements knowledge
Domain knowledge
Domain knowledge System context Glossary —

Use cases -

System
processes

& 0O &
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BTy yrae
Model Use Cases SYSMOD

Describe project
context

Determine
requirements Fh

Project context
Project context

uc [package] Car usage [start car usagey Recuirements

| Requirements
Requirements

Model system

context
; : rh

System processes System context

Usage right

Card data,
PIN

Requirements

= Create
Reservation /k Model use s

sary
cases [_h
stem context
system Bl

proces

act Model use cases J System context

Glossary

Start car usage

Customer

Identify use
cases

"

Requirements
Req uirements

/
uc [package] Car usage [show car usage datau

Use cases Use cases ﬁ;]
Describe use cases Describe system
essences processes

Requirements Wuse cases  gyctom processesug
[essential]
Usage data
Use cases VsE cEsEs
H tial
Kilometer Customer Laasalial
Model use Model use cases without
Show car Requirements case flows redundancies
Use cases Use cases
USagE data [detailed] [non-redundant]
C a l’ Use cases
[detailed]
movement data Model ot
odel object
Requirements flow
Use cases
[object flow]

¢ —

System
processes

Use cases
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Use case diagram

Car
movement data

Kilomet

. ACLQC
Object flow
car usage data |
Ugage data
istomer
Show car
usage data

Use Case Diagram

Represents functionality in
terms of how a system or
other entity is used by
external entities (i.e., actors)
to accomplish a set of goals
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Model Use Cases

Organizing use cases into packages

context

Project context

act Analysis J
CE\ W /& o= -
gl ct o text
D ib ject
escribe projec U |\ A

Project context

O
(@)

v
Determine
requirements Fh

Requirements

pkg Use case packages,

Service

Start on-board

Poll system
computer

status

]

| Requirements
Requirements

System processes

Model system

context I"{“l

System context

Requirements

Navigation system

Configure

Do on-board

system test computer

Car usage
Start
car usage
End
car usage

Show
car usage data

Radio

Create
Model use glotsary
Systel cases [‘h stem context
proces Glossary

act Model use cases J

\/ Requirements
Requirements =

"

System context

Identify use
cases

/

Use cases

Describe use cases
essences

Use cases ﬁ;]
Describe system
processes

Phone

Requirements VT Use cases

[essential]

System processes

Use cases
[essential]

Use cases

Model use Model use cases without
Requirements case flows redundancies

Use cases
[detailed]

Use cases
[detailed]

Model object
Requirements flow

Use cases
[object flow]

Use cases
[non-redundant]

¢ —

Use cases

System
processes
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Behavior Structure
Diagram Diagram
Requi ts t bilit N
req [package] Functional requirements [car usage without staff] ) $
OMc
SYSTEMS
. MODELING .
«requirement» LANEGUAGE
Car usage
without staff

# !

«refine» . «refine»

Start car usage

End car usage

uc [package] Car usage [non-functional requirements] )

Start car usage

r LY
i *

«irace» ,‘J '.‘ «irace»

; L)

«interfaceRequirement»
Reservation system

«performanceRequirement»
Period unlock door
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Describe Use Cases Essences —-SYSMOD

context

Determine
requirements Fh

Project context

o

roject context

Start car usage Fecnemeets
| J Requirements
Requirements [ Model system J
G ‘ | context I"{‘l
System processes System context
Requirements
- u = Create
Pragmatic description 3 ol S QD
R sfyjctgs Glossary
Apply customer card I

Read Card [ M System context
Send SMS to reservation center

Receive SMS reply

Check usage right

Unlock car doors via central locking system
Poll PIN

Enter PIN

Verify PIN

Deactivate electronic drive-away protection
Remove key

Display customer welcome message

¢ —

Use cases
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Describe Use Cases Essences —-SYSMOD

context - - - -

Determine
requirements Fh

Project context
Project context

Stﬂl‘t car LISHQE Requirements

| Requirements
Requirements

Model system

context
: . rh

System processes System context

Requirements

Create
Model use glossary
B Syste cases [‘h stem context

proces Glossary

Apply customer card > Identi [
entlf Cu Stomer act Model use cases stem context
Read card y [l ot umy) >

System context
Send SMS to reservation center Check aht Fequirements / Requirements - —
Receive SMS reply eck usage rig

Check usage right y

Pragmatic description Essential description

Use cases

Use cases ﬁ;]
Describe system
processes

PO" PlN [esenﬁl] System DFOCQSSESI'H
Enter PIN Check disposal right

Verify PIN
Deactivate electronic drive-away protection \ i
Requirements

Describe use cases
essences

Unlock car doors via central locking system > Unlock car

Use cases
[essential]

Model use j[ Model use cases without ]
case flows redundancies

Vi V]
Remove key _— Start car usage i e
Display customer welcome message > Confirm usage start e

[detailed]
Model object
Requirements flow

Use cases
[object flow]

Use cases

¢ —

System

Use cases

processes
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Describe Use Cases Essences

uc [package] Car usage [essence start car usage] )

Start car usage

Essence

|dentify customer
Check usage right
Unlock car

Check disposal right
Activate car

Start car usage
Confirm usage start
Open points

Open points

- Planned timeouts are still unclear.
- Does every car have a central locking
system and drive-away protection?

context

Project context

Project context

st c text

act Analysis ‘
S_ ‘ ¥ '_ S.. \ b =
Describe project U v - |

-

Determine
requirements Fh

Requirements

Requirements J

System processes

/k Model use
cases
Syste! I’h

proces

]

Requirements

Model system
context I"{“L

Requirements

System context

Create
glossary
stem context

Glossary

act Model use cases J

\/ Requirements ?
Identify use

System context

System context

Requirements

cases

Use cases

Describe use cases
essences

Use cases %
Describe system
processes

[essential]

System Processesu

Use cases Use cases

[essential]

Model use Model use cases without
Requirements case flows redundancies

Use cases

]
Use cases Use cases

[detailed]
Model
Requirements flow

[detailed] [non-redundant]

object

Use cases
[object flow]

¢ —

System

Use cases

processes
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Describe project
context

Model Use Case Flows

act Start car usage [without object flow] )

Determine
requirements Fh

Project context

«precondition>» Car is not in use Broject context —
equirements

«essential» Requirements
Identify
customer Requirements Model system
context
I I I“{“t
[customer not identified]
System processes System context
[customer identified] \ Requirements
/k Create
«gssential» Model use glossary
Check usage Syste cases stem context
right rh proces Glossary
gQusage not authorized] )§
[usage authorized] Terminate if no PIN is entered
s s act Model use cases System context
and key is not removed within a
«essential» defined time window after
Unlock car the car is unlocked. System context
LY Requirements ?
Requi " \/ Identify use
\ equirements Sases
\
. B e e e P S R e s SRS e e S S N S Use cases
P \ \ /A
| Slgnal % I
Use cases Use cases
| r:amove key «essentials I &ﬁ
. . D ibi Describe system
by Check disposal right e | i } { el b }
I A\ di | I Requirements Yy
- [ Isposa handover S€ Cases  gystem processes
| «essential>» right not 0.k.] | [essential]
| Start car . |
| usage [disposal I
| right 0.k.] | Use cases Use cases
' «essential» > | —
| Activate | Model use Model use cases without
I car ; | case flows redundancies
e R s e R P, Use cases Use cases
Gonron [non-redundant]
Use cases
Ask t t t [detailed]
SK cusiomer 10 ge -
«essential>» out and lock car; car Terminate g Model object
Confirm usage || will lock automatically Siremets
start i i usage start Use cases
after a defined time. [obiect flow]
Car usage started Car usage not started if f_/
Use cases System

processes
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act Analysis J

Describe project
context

Model Object Flows

act Start car usagv «precondition» Car is not in use Determine
Project context FosNenieis Fh
Project context
Requirements
«essential »
Identify
customer I‘h Requirements
L]
Customer Requirements Model system
context I"{“&
I T
[customer not identified]
) . \ System processes System context
[customer identified] Regiirsmerits
Customer /k Create
«essential» Car MZ‘;ZL‘;“ glossary
Check usage Systel rh stem context
Usage right - proces Glossary
right
[usage not authorized] \)
: act Model use cases J System context
[usage authorized]
«transformation» i o s
. 2 ystem contex
«essential» Customer.pinCheckCode / Requirements gentity uss
- .
Unlock car » Requirements GHEGE
7/ —
pd Use cases
4 //
/ /
P e e e e R T e e e L
/ PIN check code \l Use cases Use cases &;J
I ’
: | Desctribe use cases Describe system
| Ch« eiszmlal % I X | essences } { processes
| eck disposa Ti )
o imeout | Requirements W use cases
‘ = right Car handover omsaria  SleM PrRsesses
|\ «essential» : ;
Stan car [Disposal right |
‘ not o.k.] |
\ usage < |
3 : Use cases
; [DISpOSﬁl rlght D.k.] | [essential] Use cases
\ «gssential» : Model use Model use cases without
: flows redundancies
| Activate Requirements case
|
I car J Use cases Use cases
\ [detailed] [non-redundant]
Mt S ol e e i P ™ i Sl i i i ity g s P s S i i
i
| l
i flow
«essential» Terminate \
s Confirm usage usage start [object flow]
ot ot ] H
Car usage started Car usage not started O System

Use cases processes
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act Analysis J
~—Y

PP
Pyl ot cR fext
\/vvvv—/

Describe project
context

Model Domain Knowledge

Determine
Proict ot Project context FosNenieis Fh
roject contex
Requirements
| Requirements
Requirements Model system
context I"{“L
[ I
bdd [package] Domain know!edgy System processes System context
Requirements
/k Rt Create
. odel use glossary
<« »
C:.jic;rt‘::li'll'lner «domain» Systerii- ©a%es 1 ] System context
booker 0.1 Usage right pfocesses Use cases “lossary
name R .
ID 1 right | period | ]_
pinCheckCode !SAUthOfIZEd Use cases
isBlocked Customer isEmergency
0..1 |user 0.1 Use cases
P — =
= Model domain
usage data =
1 Used 9 1 Requirements Anoniedoe
carUse Q.. \—Vi
«domain» «domain» «domain» Domain knowledge
Car Usage data | billing 1.»| Phone call
D period 1 phone calls | date Domain knowledge— System context Glossary [—
keylD kilometers number
duration
I
- I
- «domain» |
<« enumera_tlon » Route
RouteKind i «problems»
start coordinates May phone number be stored
short destination coordinates ; 2
: " (data privacy law)?
quick type: RouteKind
simple kilometers
duration
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Create Glossary

act Analysis J

context

Project context

Describe project

SYSIVI

- e w W W

Project context

Determine
requirements Fh

Table 2.17 Glossary entries.

Requirements J

Usage right

Description:

A usage right describes whether or not a customer is
entitled to use a car. It includes information about the
customer, the booking period, and whether it is an
emergency driving case.

System processes

U

System-
processes

ca

Requirements

Model

system
context I‘h

System context

Requirements

Use cases

Domain block:

Yes

Author, last change:

Tim Weilkiens, April 30, 2004

Use cases =

Disposal right

Description: The on-board computer grants a customer disposal right,
if this customer has entered a correct customer PIN upon
start of usage.

Domain block: No

Author, last change:

| Tim Weilkiens, April 30, 2004

Reguirements

Use cases
[object flow]

Model domain
know

ledge

Domain knowledge

e r‘h System context

O

Requirements

Create
glossary
i

Domai

n knowledge— System context

Glossary —

Supports better understanding
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The SYSMOD approach for design

act Realize use cases )

Use cases System context

Model system/actor

interaction System
context
Interaction model
[system/actor]

Use cases

Interaction madel
il [system/actor]

[ Derive system

=

interfaces
System context

[interaction points]

System context

[interfaces]
System context

[interfaces]

structures

L

Model system J

Use cases

System structures

System structures

. e
Derive state model
Use caseslik j

- [detailed] Vi System structures
- [with state machines]
N N
- —

System structures
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Model System/Actor

Inte

raction

act Realize 11e cases J

SYSMOD

Use cases

sd [block] On-board computer context [system/actors start car usage] )

«system»
:0On-board computer

) context
Interaction model

[system/actor]

Derive system
interfaces

System context
[interaction points]

System context
[interfaces]

System context
[interfaces]

Model system
structures

Use cases
System structures

System structures

Derive state model
Use cases

[detailed] System structures

[with state machines]

System structures

:Customer :Reservation :Central locking ! :Drive-away
| system system : protection
| ! I
| I Apply card | »J |
I | SigLED(yello I innkingztrueﬂ '
e l 1 ] i
I i L [
| < Request usage right : :

: | Usage right ! | :
: : |

| | SigLED(greerblinking=false) | :

| ] T

| | = Unlock car : I

* T L | I

par [ | I
| PIN request; | |
4 I Deactivate

I | I i

i i FiN ; ~J drive-away |

| | | | protection _ |

--I““S-_-K"-‘““"_-t ----- F-=======-=-- f ---------- ==~
| igKey(removed=true) | g I
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Sequence diagram L e
sd [bjock] On-board computer context [system/actors start car usage] ) — $
nsnrns!rlir:é "
«system» LANGURGE p
:0On-board computer
:Customer :Reservation :Central locking ! :Drive-away
I system system : protection
I I I I
I I Apply card | NHI I
' | SigLED(yello, blinking=true) | '
I i . [
| I Request usage right : I
| ! : | I
I : Usage right : : I .
|l/ I SigLED(greer!,innking:fa|se) | | mn
I““ ; . Unlock car | :
: — ' | R ts behaviorint
| | | f epresents penavior In terms
par [ I I
PIN request I
] 1 ; I
= T | Deactvate | of a sequence of messages
\ . . ~J drive-away |
| | ; el . exchanged between parts
--I""S-_-K"-‘"“"_ ------ Fo==———————- f ---------- o
| igKey(removed=true) | 4 I
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Derive System Interfaces

bdd [package] On-board computer context [interfaces start car .u:sagey

IUsageRight IReservationSystem
ServerPort CarPort:Vibration

ICustomer — W CarControlPort

lStatusDisplaykD «system» ICar

On-board computer

CardReaderPort
I 1 1
IOPort KeyPort
lInput
[Output IKey
bdd [package] Interfaces [CardFleaderPor’g)
«interface» «interface»
ICustomer IStatusDisplay
Apply card «signal» SigLED(f:Color, blinking:Boolean)
«enumeration»
Color
red
yellow
green

act Realize 11e cases

Use cases

SYSMOD

1 - S— System context

Model system/actor

interaction
Use cases erachio System

context
Interaction model

[system/actor]

Interaction model
Wi [system/actor]

¥
interfaces

System context
[interaction points]

System context
[interfaces]

Model system
structures

Use cases
System structures

System structures

Derive state model
Use cases

[detailed] System structures

[with state machines]

System structures
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act Realize 11e cases J

SYSMOD

(4

Use cases

Model System Structures

Model system/actor

interaction
Use cases erachio System

Identify system components e

Interaction model
[system/actor]

Derive system

interfaces
System context

[interaction points]

System context

bdd [package] On-board computer [sectiony

«system»
On-board computer

\

\/
i System structures

E| Derive state model
Use cases
[detailed]

System structures
[with state machines]

«block> «block» «subsystem?» System structures
On-board computer s
Customer card control Navigation system

!

«pblock» «block» «block»
Card reader Communication unit GPS antenna
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act Realize 11e cases

SYSMOD

S
1\/ - S— System context

Use cases

Model System Structures

Model system/actor

interaction System

context
Interaction model
[system/actor]

Use cases

|dentify relation of components

Interaction model

[system/actor]
Derive system
interfaces
System context
[interaction points]

System context

CustomerPort

?
customer.CustomerPort f
LJ

et e:Energy L
:Card reader

ibd [block] On-board
computer

:LED

\/
i System structures

:Customer card

E| Derive state model
Use cases

— [detailed] System structures
5 [with state machines]
IStatusDisplay (f YICustomerCard ICutomerCard
System structures
ICardData
|StatusDisplay %40 ICardData
| |
:On-board tBC_ServerDat% :Communication
computer [} 1 unit
control /_<L
™ 1

ICar’ﬁ

JECI BC_SewerCW

— CarControlPort

— ServerPort
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Activity Sequence
Diagram Diagram

Internal block diagram

LANEUREGE p
Flow port strt p
Part: usage of

block] On-boarcy
computer block tvpe
/& —

{CustomerCard |CutomerCard

Internal Block Diagram

ICardData ) i
|StatusDisplay T Represents interconnection
- and interfaces between the
:On-board :Communication
computer [} unit parts of a block
con|_|trol —

ICar’q B C_SewerCW

— CarControlPort — ServerPort
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act Realize 11e cases

SY
Model System Structures (S

MOD

S— System context

X |

Model system/actor

interaction System

[} W] context
Interaction model
Structural allocation oo
Interaction model
[system/actor]

ibd [block] On-board computer S—
[structural allocation] interfaces

Use cases

System context
[interaction points]

System context

»J: e.Energy J:

- 3 =

1 _ [}
:Card reader 1«allocate», :Customer card

v System structures

P V]
B Derive state model
Use cases
[detailed] System structures
ICustomerCard [with state machines]
ICustomerCard

System structures

ibd [block] On‘board computer [structural allocation on |
application layer]

allocatedTo allocatedTo
«port» snsrgyPort «port» energyPort

:Card reader J}\r JJ] :Customer card

ICustomerCard |CustomerCard
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Model System Structures

Functional allocation:

Actions to System components

act Realize 112 cases

SY

Use cases

«essential»
act Identify customer

_ allocate»
Customer card

L allocate»
Card reader

«allocate»

On-board computer control

Transmit
card data

Card data

Card data

Identify
customer

Customer

~—

&
<
@
-

Use cases

Model system/actor

interaction System

i

=l
=]

Use cases
[detailed]

System context

Y
V1
Model system

F

context
Interaction model

[system/actor]

Interaction model
[system/actor]

Derive system

interfaces
System context

[interaction points]

[interfaces]

structures

/]
System structures

\V/
i System structures

Derive state model

System structures
[with state machines]

System structures

Customer
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act Realize 11e cases

\ l
Use cases 1 — =

M : .System context

X |

Model System Structures

Traceability to requirements:

Blocks satisfying a req.

req [package] Requirements [Authenticate customery

«satisfy»
«functionalRequirement» << — — — — —
Authenticate and

«block»
Card reader

Use cases

= e N
Model system/actor
interaction System

E
Use cases
[detailed]

[system/actor]
Derive system
interfaces
System context
[interaction points]

System context

-u [I nterfaces}
Model system

Fu

Derive state model

context
Interaction model
[system/actor]

Interaction model

structures
\i

System structures

\/
i System structures

\Vj
¥ System structures
|, [with state machines]

authorize customer

Fé

req [package] Requirements [context car usage without staff] )

«satisfy» {
N

L

«block»
Customer card

«block» N
On-board Completeil
computer control

«requirement»
Car usage without
staff

7 AN
«refine». -~ !

-~ «satisfy»/
]

Start car usage

«block»

computer control

«verify»

On-board | --------1 TC2: Customer

«testCase»
--4 TC1: Customer
not identified

«testCase»

identified
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Derive State Model

act Realize 11e cases

Use cases

SYSMOD

— A — System context

(4

sd [block] On-board computer [standard flow start car usageu

:Customer card

:On-board

:Card reader
computer control

|
%

Model system/actor

interaction
Use cases eachio System

context
Interaction model
[system/actor]

Interaction model
[system/actor]

Derive system

interfaces
System context

[interaction points]

System context
[interfaces]

System context
[interfaces]

Model system
structures

Use cases
[detailed]

v
i System structures
[with state machines]

System structures

Carddata _ | Carddata !
Customer ; 1 |
|
\ | handover
rek Check usage right
\ | Unlock car |
| | |
ref ; :
Check disposal right
T |
ref
Start car usage
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Derive State Model

act Realize 11e cases J

Use cases

SYSMOD,

Model system/actor
interaction

llea racoe

jj.ﬂ ystem context
Svstem

On-board computer control

~

sd [block] On-board computer [standard flow start car usageu

_ ‘ :On-board
:Customer card :Card reader computer control
T
i
I Card data | Card data |
Customer ; : !
|
| | handover
ref Check usage right
| | Unlock car |
I | |
ref ; -
Check disposal right
T |
ref
Start car usage

free

Card data

Return completec>

[oc1lsInState
(Return)]

Usage transition

Pickup

[(dnyoid)aieIsuls] 1.o0]

Cancel

oo =
- Ret 2
[ociIsInState(Pickup)] eturn =
=3
@)
&
Pickup completed T
T
(]
c
Engine off |3
Use comfort in
function use

15

Pickup

completed

completed

!

T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| Pickup Return
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Return
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SysML
Diagram

Behavior Requirement Structure
Diagram Diagram Diagram

CE— . ]
|
1

Activity Sequency Staks Case Eook i Parametric | | Package
Diagram Diagram . ram Kiafloson dotand Diagram Diagram
? o Diagram Diagram Diagram 9 o |

On-board computer control

free

Card data

Return completec>

Pickup

[oc1lsInState
(Return)]

State Machine'Diagram ussge ansion

[oc1lsInState(Pickup)]

Pickup

[(dnyoid)aieIsuls] 1.o0]

Pickup Return
completed completed

Return

Cancel

Return

Represents behavior of an entity
in terms of its transitions
between states triggered by

events " iicn =

Pickup completed

Engine off

[(uiney)eie)Suls| 1o0]
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Parametrics

= Constraints on block properties

bdd [package] Constraint library [Newton's world] )
bdd [package] Newton's Woﬂcy «block» «constraint» «constraint» «constraint»
Apple Mass relationship| | Newton’s law Potential energy
values corlsrraims corzsrrafnrs copsrrafnrs
d: Density {m=yv*d) {f=m"a} {E=f*h}
v: Volume parameters parameters parameters
m: Mass f: Force f: Force
+ *
apples v: Volume m: Mass h: Height
d: Density a: Acceleration
+newton’s
«block» s «block»
Planet Apple tree
0.1 PP par [block] Newton’s world)
values tlrees values Abbi
ravitation: acceleration «| height:Length PP .e
g ; ' Tree.height
+trees | 0..1
h:
+personundertree | 0..1 = ]
«block» . : ) .
Human Human.impact pE:Potential energy
values -
impact: Energy f:
«constraint» £
mb:Mass relationship [
L= gN:Newton’s law
V. .
’J d—| a
Apple.volume Apple.density | | Planet.gravitation




Behavior Requirement Structure
Diagram Diagram Diagram

.-,;. )

bdd [package] Constraint library [Newton’s wor!d]/
«constraint» «constraint» «constraint»
Mass relationship| | Newton’s law Potential energy
Pa ram et FiC d 1d g ram constraints constraints constraints
{m=v*d} {f=m"*a} {E=f*h}
parameters parameters parameters
m: Mass f: Force f: Force
v: Volume m: Mass h: Height
d: Density a: Acceleratio
(U c
P t . . ock] Newton'’s world) NYrODE olel>
dfamertric Dlagram o~

Represents constraints on h:
property values used to
support engineering analysis

Block value

Value binding

Apple.volume Apple.density | | Planet.gravitation




= SysML
o OMG’s most widely accepted standard
o Heavily used by embedded system engineerings
o Reuses the ,better” part of UML

= SYSMOD

o Provides a framework for MDE of embedded systems

o (MDA) = more focused and fits to developer needs






