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Expressing SW models: Overview

Examples of software modeling languages
1. UML (for modelingeverything)

. language: collection of 14 diagram types

. analysis: e.g., well-formedness, approaches to consistency, reachability
2. UML-RT (for soft real-time embedded)

. language: much smaller, domain-specific subset of UML
3. Stateflow/Simulink (for control systems)

. language: domain-specific combination of statemachines and dataflow
4. SMV, Promela (for concurrentsystems)

. language: concurrent, imperative language with message passing

. analysis: temporallogic model checking (i.e., exhaustive state space
exploration) using NuSMV, Spin

Lots more:
Petri nets, queuing networks, synchronous languages, ...
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UML

AADL

Embedded, real-time

ARTE

Embedded, real-time

Modelica
* Physical systems
* Equation-based

Simulink
* Continuous control, DSP
* time-triggered dataflow

Stateflow

* Reactive systems

* Discrete control

* State-machine-based

Lustre/SCADE
 Embedded real-time
* Synchronous dataflow

UML-RT
* Embedded, real-time
* State-machine-based

Examplesin
[Voel3, Kel08]

EGGG
[Orw00]



UML: A brief overview
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Not an introduction to UML

1 Moreon, e.g.,

http://www.sparxsystems.com/resources/uml|2 tutorial
http://www.ibm.com/developerworks/rational/library/content/RationalEdge/sep04/bell/
http://www.uml-diagrams.org/

http://www.omg.org/spec/UML/2.5/Beta2/PDF
http://link.springer.com/chapter/10.1007%2F978-3-642-30982-3 1
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UML: 14 Different Diagram Types

Activity
Diagrams

ommunication !nteraction
Diagrams Overview

Diagrams

Diagrams

UML

Component Deployment
Diagrams :
Diagrams
Composite Structure Package
Diagrams \ Diagrams Structure
Class / Profile
Diagrams \ — Diagrams
Sequence \ Use Case
Diagrams \ Diagrams
State l \ Tming | Bahaviour
Machine Diagrams




UML: 14 Different Diagram Types
(Cont’d)

Diagram
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Structure Behaviour
Diagram Diagram
A Fay
[ | [ |
Class Component] Object Activity Use Case
Diagram Diagram Diagram Diagram Diagram
Profile Composite| | Deployment | Package Interaction State
Diagram %fgg,t.g,fﬁ Diagram Diagram Diagram 'E,".":-,‘é_,’}:-,"rﬁ
Fay
[ I _ 1
Sequence | Communicatior Interaction Timing
Notation: uuq Diagram Diagram %‘i’gg‘(a',%” Diagram
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UML: Class Diagrams (Cont’d)
Shows classes/concepts, their attributes,
operations & relationships

reading order
s
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account
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UML: Composite Structure Diagrams

Shows internal structure of StructuredClassifier, includinginteraction points
to other parts of system

Key concepts
— Part: Properties specifying instances that StructuredClassifer owns (i.e.,
properties w/ aggregrationKind=composite)

— Port: typed element defining interaction between classifier and environment;
may specify provided and required services (via interfaces)

— Connector: specifies links between parts; typically represents possibility to
communicate; typed by Association

Car

left: Wheel [2]

internal structure

axle

right: Wheel [2]

«interface»
IPowerTrain

UML

Engine

p : PowerTrain

PowerTrain

«yuse»

IPowerTrain

IFeedback

«interface»
IFeedback

IPowerTrain

Wheel

J\(

/
o

]e . ~PowerTrain

IFeedback
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UML: Composite Structure Diagrams

—O
p: IPowerTrain

Car Boat

1 1

re‘"T 2 nrooT 1
Wheel Propeller

UML

e :~Po

(Cont’d)

werlrain

Car

axle
rear : Wheel[2] 41# eng : Engine
P

Boat

shaft
prop : Propeller#—ﬁ# eng : Engine
e P
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UML: Object Diagrams

* Shows objects/instances and their relationships at particular pointin time
(a.k.a., “snapshot” or “state”)

Department dm

cd Object Diagram /
-degree:String[]={"graduate" "undergraduate” "both"} 0.*

T———] Morgan :Car | —]

suhdepartment FrontLeft ‘Wheel FrontRight :Wheel
1 ?

cd Class Diagram /
instance name \ class name —
mathStat:Department
Rear :Wheel
1
math:Department
statistics:Department
Wheel
appliedMath:Department mathEd:Department
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“The pictures were simply doing a much better job of setting down on paper
the system's behavior, as understood by the engineers, and we found

ourselves discussing the avionics and arguing about them over the diagrams,
not the statocols.” [Har07]

[Har07] D. Harel. Statecharts in the Making: A Personal Account. 39 ACM SIGPLAN Conference on History of Programming
Languages. 2007.
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UML: State Machine Diagrams

Show behaviour as sequences of state changes
caused by transitions triggered by events

- initial state

ICursorto SSN

S oy
Rejectin
@< iiadk - Getting 5N

CanceliQuit
! — RetryiClear SSN, PIN entries

event guard activity

Press l'tey[ke\,\f*= tab]IDispéy key

[notvalid)/Display error message suhmit

final state
i Validatin
® g =

walid)/Start transaction | 90/validate SSN and PIN submit —
\ action

UML CISC836, Winter2018  piocq yaykey 1= shift-tab)iDisplaydot

\ transition—" | | Press shifi-tab OR move cursor to
SSN fieldiCursorto SN

Press tab OR move cursorto PIN
field/Cursorto PIN

(Getting PIN e State
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UML: State Machine Diagrams (Cont’d)

=  Features

Composite states (hierarchica

° Group transitions
History states
(Orthogonal, concurrent)
regions (and-states)
Entry, exit, do-actions

sm Concurrent Regions

Applying Brakes
[Front)
Applying
Front Brakes

Applying
Rear Brakes




/ Dialing \

Stat ) gt ( patial Dial ) [number.isValid()]

I entry/ start dial tone l entry/number.append(n) >©
exit/ stop dial tone J

(=)
digit(n)
- /

L S— RN UML: State
$ Machine

Studying

. > Lab1 ’ lab dog Lab2 lab dong O D i a g ra m S

._>£Term project} project done - @) ( C on t) d )

fail
{ Failed ] [ Passedy .




UML: State Machines (Cont’d)

state machine Bank ATl\y © uml-diagrams.org

turn off / shutDown

Off \
turn on / startup
failure
turn off Self Test
/ shutDown
. failure
[ Idle Service Maintenance
service

cardInserted cancel

failure

/ Serving Customer \

entry / readCard
exit / ejectCard

Customer Selectin
Authentication Transactign Transaction
OO o0

[www.uml-diagrams.org]
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UML: Sequence Diagrams
* Show behaviours as sequencesof messages
b/w objects

object - >

window
Userlnterface

makeReservation:void

aChain
HotelChain

[
I
I
I

|
== |

N

K message

-deletion

makeReservation{:void

aHotel
Hotel

e

e

activation bar

—— lifeline -

{T==

iteration

*[for each day] isRoom:=available(:hoolean

’/condition
[isRoom]
———————————— ==

aReservation
Reservation

creation 2__

I\_

I
—
I

a reservation
confirrmation.

If a room is available for
each day ofthe stay, make

and send a

EEE—

—>

aNotice
Confirmation
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UML: Activity Diagrams

* Show behaviours as sequences of activities

* Features
— Two kinds of flow: controland data

— Different kinds of behaviourinvocation: synchronous,
asynchronous

— Different kinds of control nodes: initial, final, fork, join,
decision, merge

— Different composition mechanisms: loops, conditionals,
interruptible regions, exceptions

— Structuring mechanisms: partitions, swimlanes
— Support for data flow: edge weights, multiplicities on pins

* Semantics: Petri net-based “token/offer” semantics with
deadlock avoidance rules

UML
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swimlane
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Customer

<— start

Insert card

activit
/ y

Enter pin

ATM Machine

“Bank

Authorize

guard expression

branch
[valid PIN]

v

[Invalid PIN]

Enter amount

-
{_ Check account balance )

N fork

[balar(ce == amount] % [balance = amount]

( Take money from slot )—

@ <—— end

{ Dehitaccount )

Eject card

UML: Activity
Diagrams
(Cont’d)

ad Activity (Example) /

UML

-~

Requested Order

.

Process Order \
[order rejected]
Ord
reer [order
accepted]
Send
Invoice
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UML: Tools

Commercial
— Rational RSA (IBM)
— Rhapsody (IBM)
— MagicDraw (No Magic)
Opensource
— Papyrus
* eclipse.org/papvrus

— Papyrus for Information Modeling (for class diagrams)
e https://wiki.eclipse.org/Papyrus for Information Modeling

— Mentor Graphics xtUML
e http://www.xtuml.org/

— USE (for OCL)
* sourceforge.net/apps/mediawiki/useocl

Web-based
— Draw.io

21



UML: Summary
" De facto standardin software modeling
= Rich “dictionary” of model concepts
— UML 2.5 Spec has 809 pages

— “UML was designed to be used selectively”  Bran
Selic in [Pet14]

) best to approach study of UML with particular purpose, need

" Tool support

— Still a problem, but getting better
— Increasingly open source

UML 22



