son{rﬂlggglﬁgﬂg‘:MEnt Modeling
Beyond Code: Languages
An Introduction to Model-Driven —T
Software Development =
(CISC 844)
AADL

«__Embedded, real-time

Languages: UML

Modelica
*  Physical systems
e Equation-based

Simulink

* Continuous control, DSP
* time-triggered dataflow
Stateflow

* Reactive systems

* Discrete control

* State-machine-based
Lustre/SCADE

e Embedded real-time

Examples in
[Voel3, Kel08]

UuML
MARTE ¢ Synchronous dataflow EGGG
) UML-RT
¢ Embedded, real-time
*  Embedded, real-time [Orw00]
Juergen Dinge| * State-machine-based

Jan 2025 : - - -
increasing Increasing
generality domain-specifity
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UML: History

UML: 14 Different Diagram Types

Component Deployment
Diagrams .
005, Diagrams
1990
Package
Diagrams | Structure
1995 _— Profile
e @b Diagrams
Use Case
\
\ Diagrams
Timin .
\ ¢ | Behaviour
2005 Diagrams
2005 .
i Communication Interaction
SO Diagrams Overview
http://en.wikipedia.orgMiki/UnifiedfModeIingfLanguage Diagrams -
4
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UML: 14 Different Diagram Types (Cont’d)

Diagram
[ ]
Structure Behaviour
Diagram Diagram
? [
| | | [ I
Class Component] Object Activity Use Case
Diagram Diagram Diagram Diagram Diagram
Profile Composite| | Deploymen Package Interaction State
Diagram Sé:'gcglgg'rﬁ Diagram Diagram Diagram glaacgtglan"e,
[ | I |
N Sequence ||Communication| INteraction||  Timing
Diagram Diagram %‘,’gg“,('ae,:' Diagram
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orcer ottty UML: Class
dateReceived: Date{0..1) i3 Customer .
isPrepaic Bookeanl1) | \ o Diagrams
number: String [1] 4 address [0..1)
price: Money K ( ’ )
dispatch Z >“w getCreditRating(): String co nt d
close 4
T .’ .'.
1 H wno'luhl
! ¥
{if Order.customer.getCreditRating is
“poor” then Order.isPrepaid must be
true)
role name
Corp C P C
i contactName creditCardNumber
X *| creditRating
L) } P creditLimit
e U “a| bilForMonth(integer)
remind()
quantity: Integer L .
burshy - {getCreditRating() == "poor’}
* salesRep \[, 0.1
nevigus;
4 ‘ Employee
Product M. Fowler. UML Distilled. 3" ed. Addison Wesley. 2003.
Available as eBook from the Queen’s library.
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UML: Class Diagrams

= Capture structure and relationships of objects
= Widely considered most important and most useful [ESO7, Whilla]
= Forms basis of many language specification techniques (MOF, Ecore)

0 20 40 GO B0 100

Class Diagram

Activity Diagram

Use Case Diagram

Sequence Diagram

State Machine Diagram

DSL Diagram

Compenent Diagram

Flow Diagram

Entity Relationship Diagram
Deployment Diagram |

Cbject Diagram

Composite Structure Diagram

[Whit11a] Hutchinson, Whittle, Rouncefield, Kristoffersen. Empirical assessment of MDE in industry. ICSE’'11. 2011
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UML: Class Diagrams (Cont’d)

Shows classes/concepts, their attributes, operations & relationships

reading order
Book
abstract class -
18BN: Siring[0. 1) {id} Author attributes
title: String 1 o wrole '
summary y name: String enumeration
publisher biography: String data type
publication date
number of pages
language «enumerationy
multiplicity AccountState
alization suser
generalizal P == active
! Frozen
«entity» Book Item wenlitys Account ] Closed
barcode: String [0.1] {id} [0.12 < borrowed number {id} Y |
stereatyped tag: RFID [0..1] {id} history: History[0.%] |- ---'
class ///V isReferenceOnly 0.3 < reserved opened: Date
state: AccountState account
* * accounts
aggregation @ uml-diagrams.org
association
Library Patron
records
name name
address ausen . address

composition e

1 winterface»
=7 search  [T-o__ auser Librarian
Catalog }'::::". ““:, name
[www.uml-diagrams.org] T -77 | address

/““n‘ ... K =
Manage
a \ 8

interface realization

usage dependency



H )
e prerpe—w UML: Cl D Cont’'d
—_— android.view::SurfaceHolder ° ass Ia ra m s on
—{ # onCreale(slate: Bundle)
+ addCallback(callback: SurfaceHolder.Callback) : ung:an{:]]
————— =1 + removeCallback(callback: SurfaceHolder.Callback) (<= === ===~ onSlop Cust
! e ‘"Lger) ) ! # onDestroy() = LoyaltyProgram = = El ustomer
| + setFormat{format: Integer) i + onCreateOptionsMenu(menu: Menu): Boalean L - lastAcchmb: Integer [1] + participants | & - name: String [1]
! + getSurface(): Surface ] + onOptionsitemSelected(item: Menultem): Boolean 5 rAmE oDy i & addMembership{ mbship: Membership)
: 1 ¢ enroll{ customer: Customer) + programs
I T I ' & addM p( mbship: ip!
! ! ! ! o @ + inclastAccNmbi B | + owner
| = tusew | susan | wusen ——— generalization ; N
[ | ! ! W — i £5 Membership + cards| 7]
/-/'r | ! ! =] CustomerCard
< \ intesfacer | CameraDemo. *é‘ﬂp’t"e" p[lr; 1 - program % setParticipants( customer Customer) [ =z - valid: Boolean [1]
/ 1 android.view::SurfaceHolder Callback i e % setPrograms( program: LoyaltyProgram) | ~ memberships
/ | ! ~ buttonClick: Button EL - numberOfCust: Integer [1] |+ levels | [1.7] 4 setAccount( accnt: LoyaltyAccount) 1 ~ card|
! | + surfaceChanged (holder: SurfaceHolder, 1 - shutterCallback:ShutterCallback ~—— [ @ setCurrentlevel( vl Servicelevel)
usage | format: Integer, width: Integer, height: Integer) ! ~ rawCallback: PictureCallback T class +level [ AT [+ card
dependency 1 + surfaceCreated(holder: SurfaceHolder) —! ~ jpegCallback: PictureCallback aliributes (68} + partner i}
\ | + surfaceDestroyed {holder: SurfaceHolder - context i s
-\ 1 auser suriaceDestroyed (holder: SurfaceHolder) ! cantexd # JonCreate(savedinstanceState: Bundie) + memberships 1 [ + membership
| 7 | #lonStar( -+ sccount
ﬁb: ! ] # lonStop() + deliveredServices 1 [T | = level [0.13
! ! | # jonDestroy() H Loyaltyfccount
| android.view::SurfaceView ' ! + lonCreateOptionsMenu(menu: Menu): Boalean ] service EL - currentPoints: Integer [1]
! ] J | L s paimsksmed Ieae T | | E2 - number: Integer [1]
i 3 I ! ' - pointsBurned: Integer [17| [
— i
| *+ getHolder(): SurfaceHolder AR rtace i = s @ setPoints( points: Integer)
! : tertece ! aggregation % + calcPoints(: Integer & setAccountMumber{ accounthmb: Inte...
I \ K § ! & setTransactions( transaction: Transaction)
1 - J ' 4 =etMembership( mb: Membership)
_7[__7:- ] ] ~ camera = generstedB: 1
generalization | i
i
| Preview ; android.hardware: :Camera 1] + account
' _ ~preview
1 mHolder: SurfaceHolder [ + open(camerald: Integer): Camera
! + getParameters(): Parameters + transactions [*]
41+ acrealer Preview(conlext: Context) + setParameters(params: Parameters)
consimctor [ + fsurfaceChanged {holder: SurfaceHolder, format + setPreviewDisplay (holder: SurfaceHolder) {final} E Transaction
Integer, width: Integer, height: Integer) ) + startPreview) {final} 1 [EL - points: Integer [1] + transactions
+ fsurfaceCreatediholder: SurfaceHolder) + stopPreview() {final}
+ fsurfaceDestroyed (older; SurfaceHolder} + camera | + release() {final} + transactions ol
*+ fgeiHeider(). SurfaceHolder [~ + takePiclure (shutter: ShutterCallback, raw: PictureCallback,
+ fdrawicanvas. Canvas) postview: PictureCallback, jpeg: PictureCallback) {final}
[www.uml-diagrams.org] derived operations
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UML: Class Diagrams (Cont’d) UML: Class Diagrams (Cont’d)

= More material = But what really is a class diagram?

* Examples (software design patterns) * Can we use a class diagram to describe the concepts that
° http://en.wikipedia.org/wiki/Software design pattern

. - make up a class diagram?
(e.g., Factory, Composite, Proxy, Observer, Visitor)
° refactoring.guru/design-patterns
e Books
° M. Fowler. UML Distilled: A Brief Guide to the Standard Object Modeling Language
(3rd Edition). Addison Wesley. 2004. Available as ebook (search Queen's University
Library for book title)
° G. Booch, J. Rumbaugh, I. Jacobson. UML User Guide. 2nd Edition. Addison Wesley.
2005. Available as ebook (search Queen's University Library for book title)
© [SSH+16] Supporting material for 'UML @ Classroom' book by Seidl, Scholz,
Huemer, and Kappel.
e Cheat sheets
© [Cab24]J. Cabot. Best UML cheatsheet and UML reference guides. modeling-
languages.com/best-uml-cheatsheets-and-reference-guides/
e Tutorial
° [Amb25a] S. Ambler. Online UML Class Diagram tutorial by Scott Ambler (Agile
Modeling). agilemodeling.com/artifacts/classDiagram.htm
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[ Encapsulatedclassifier |

[ Behavioredtlassifier

Class

+isAbstract : Boolean = false {redefines isAbstiacth
+isActive | Boolean = False

+ class
{subsets classifier}

.

+ [superclass
{redefines general}

{subsets namespace, subsets
redefinitionContext}

+ nestingClass

0.1

{subsets namespace,
subsets structuredClassifier,

UML: Class
Diagrams
(Cont’d)

{ordered, subsets
redefinableElement,
subsets ownedMember}
+ nestedClassifier
Classifier

-

Example:
Classes in UML 2.5

{ordered, subsets attribute, subsets
ownedMember, redefines

subsets classifier} ownedAttibute}
+ class + ownedAttiibute
«_Property
0.1 *

Specification [Section

ordered, subsets
{subsets featuringClassifier, §eat:re ;ubsefs 1 1 .4 dage 202
subsets namespace, subsets redefinableElement,
redefinitionContext} subsets awnedMember }
+ class + ownedOperation
) =‘1 Operation

{subsets featuringClassifier,
subsets namespace}
+ class

0.1

{readOnly}
+ [metaclass

{subsets feature, subsets
ownedMember}
+ ownedReception

-

{readOnly}
+ fextension

1
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UML: Composite Structure Diagrams
'd
(Cont’d)
= Similar, but not showing connector
«Capsule» |
% Top
o1 | . L
«Capsule» < [ «Capsules
% Pinger # pinger # ponger ‘ |° Ponger
" «Protocols } ; I
| I 1 I—
[ 109:100 g \ e @ 5 o9 Loy |
«ports playP u;,-OutEwnt» ping (); playp~ spotts
«Capsules %2 Top | «Protocols
% Pinger — oo PlayProt
| «InEvent» pong ()
Y «OutEvent» ping ()
@ playP: PlayProt ‘ i
@ logP: Log pinger : Pinger g [lf ;1! potidee: Ronger ]
«Capsule»
ﬁ;:os:;ef playP:PlayProt playP:PlayProt~ hooBLog
@ playP~ : PlayProt
@ logP: log
CISC844, Winter 2025 UML 15

UML: Composite Structure Diagrams

Shows internal structure of object, including interaction points to other
objects

= Key concepts
e Part: Properties specifying instances that object owns

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

e Connector: represents possibility to communicate

capsule (active class)

part (capsule instance) composite structure diagram

«Capsules [°2 Top | -

. N «Protocols
[ Pinger oo PlayProt
o connector L 4 «InEvents pong () |-~"7
- \ S~ Y% «OutEvents ping () |-~ |
@ playP: PlayProt ! ‘\ & S — ;
& logP: Log pinger : Pinger ic3 1»3—\,—: ponger : Ponger o requwed ;
hEN N . . ;
«Capsules Sl L logP:Log interface ;
|° Ponger playP:PlayProt pIayPRIayProt~"~. . 1
provided ---------!
@ playP~ : PlayProt port interface
@ logP: Log
CISC844, Winter 2025 umL 14

UML: Object Diagrams

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

=  Must be conforming to class diagram

Figure 6.1. Class diagram of Party composition structure

Pasty, * children
location
0..1 parent
| Person ‘ Organization

Figure 6.2. Object diagram showing example instances of Party

engineering : Organization

location = “Boston”

parent

tools : Organization apps : Organization

location = “Chicago” location = “Saba”

M. Fowler. UML Distilled. 3" ed.

parent Addison Wesley. 2003.
Don : Person John : Person Available as eBook from the Queen’s
location = “Champaign” location = “Champaign” libra ry. 16



UML:

instance specification
log of class Logger

Object Diagrams (Cont’d)

© uml-diagrams.org

UML: State Machines

David Harel

\b -og loginCtrl: com.abe.user::LoginController ]
-attemptLimit: Integer = 5 ) 1
-lockoutTime: Integer = 30 4—\ =il e
tog -loginURI = “jusers/sign-in"
-logoutURI = “/users/sign-out”
link, non-navigable
backward e )
slots with value
specification
«in » :UserMan. .
;F EZ&T;;:;S:?:E;MW - digesl_er: PasswordDigesLer ) “Jusersiprofile” 4‘\
_ -authorizationRules: Rules[7] {unigue}
named instance with

value specification

—_ -cookieMgr
link, navigable . 9 0 . .
forward  {ordered, -com.abe.user::CaokieM “The pictures were simply doing a much better job of setting down on paper
unique}

/,_...-—-—-b- H

collection of 5 unique

-cookieMgr

+cookieMaxAge: Integer = 1814400
+cookieDomain = “abc.com’

anonymous instances

-crypto: Cryptograph

BN

+createlUserCookie(user: User,
Boolean rememberMe): Cookie

slots with value
specification

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]

of unknown classifier

link
[www.uml-diagrams.org] " [Har07] D. Harel. Statecharts in the Making: A Personal Account. 3 ACM SIGPLAN Conference on History of Programming
Languages. 2007.
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UML: State Machine Diagrams UML: State Machine Diagrams (Cont’d)

Show behaviour as sequences of state changes caused by * Features

transitions triggered by events e Composite states (hierarchical, or-states)

Group transitions

o
sm Concurrent Regions

initial state

e History states
fCursorto 35N °

Applying Brakes
(Orthogonal, concurrent)

. Frort Brakes
regions (and-states)

0 Rejecting

Canceliuit J

Getting 55N

RetryiClear 33N, PIN entries event  guard  activity e Entry, exit, do-actions

Press key[keyt ta b]IDispgy key

Applying

submit

[notvalid)iDisplay error message

\ =m History
transition —7

Press shift-tab OR move cursor to
S5M fieldfCursor to 55K

Running

Wiashing Rinsing

Press tab OR move cursor o PIN
field/Cursorto PIN

final state state

Getting PIN

Walidating

dodvalidate 35N and PIN submit
action

testore pomer

: : Spinning
powel cut
20

[valid)iStart transaction

Press key[key I= shift-tab)Displaydot




/ Dialing

~

/

( Start digit(n) ( Partial Dial \ [number.isValid()]
. entry/ start dial tone| entry/number.append(n) @
exit/ stop dial tone
N—
CourseAttempt
$ UML: State
Studying Machine Diagrams

project done

Term Project

~@

~@)

. 5 Final Test pass
N —

/
|}

Passed y

(Cont’d)

21
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UML: State Machines (Cont’d)

More material

e Books
° M. Fowler. UML Distilled: A Brief Guide to the Standard Object Modeling
Language (3rd Edition). Addison Wesley. 2004. Available as ebook (search
Queen's University Library for book title)
° G. Booch, J. Rumbaugh, I. Jacobson. UML User Guide. 2nd Edition. Addison
Wesley. 2005. Available as ebook (search Queen's University Library for
book title)

¢ Cheat sheets

° [Cab24] J. Cabot. Best UML cheatsheet and UML reference guides.
modeling-languages.com/best-uml-cheatsheets-and-reference-guides/

e Tutorial

° [Amb25b] S. Amber. Online UML State Machine tutorial.
agilemodeling.com/artifacts/stateMachineDiagram.htm

CISC844, Winter 2025 uUML 23

UML: State Machines (Cont’d)

state machine Bank ATM J
.@

turn on / startup

© uml-diagrams.org

turn off / shutDown

failure

turn off
I shutDown

Self Test

failure

[ (amonance [~ 2o
Service
service
cardInserted cancel failure
/ Serving Customer \
entry / readCard

exit [ ejectCard

Customer lecti
Authentication Tr on
\ Transaction /’
[www.uml-diagrams.org]
CISC844, Winter 2025 UML

State Machine

UML: €lass-Biagram-(Cont’d)

state machine

= But what really is a etass-ehagram?

= Can we use a class diagram to describe the concepts that

make up aclass-diagram?

state machine

CISC844, Winter 2025 umL
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UML: Sequence Diagrams

= Show behaviours as sequences of messages b/w objects

an Order an Order Line aProduct aCustomer
_ calculatePrice I I I
A ... |
s liteline
; | |
found
| ncl.v‘nnon |
=U‘A-“ |
| [
| |
| | |
message

| | : |
<« | getDiscountinfo | » ~ |

| | 'U M. Fowler. UML Distilled. 3 ed.

Addison Wesley. 2003.
| l | Available as eBook from the Queen’s
I I | I library.
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Sequence
Diagrams (Cont’d)

= Expressing iteration

] Interaction_PP2

pinger ponger
‘ i : Pinger i : Ponger

| [

Jlooe). | |
P | |
\ \

l:ping
2: pong

agilemodeling.com/artifacts/sequenceDiagram.htm
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] Interaction_OptionalCapsuleParts

pinger |
: Pinger

] 2: pong ‘

\ \
|
|
‘ |
\

»
>

= Expressing alternatives (i.e., branching control flow)

Sequence Diagrams (Cont’d)

OMG. UML 2.5.1 Specification.

sd example ’
o (=]
opi : i
ey I ?
[x>0] !
create H
foolfoo_par=x) H T
B —— — it(z)
N
: b S
...................... I
foo(-) ! >'<
. [ T T I — _{ ________ —_
[olse]_ vortx) i !
I T ) i
x=bar(-)15 - - - h[]
s e T doit(-) |
w s ,
< ng
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UML: Tools

=  Commercial

L]

RSA, RSARTE, Rhapsody (IBM)

HCL Model RealTime (Rtist, RoseRT), HCL Code RealTime
MapleMBSE (Maplesoft)

MagicDraw, Cameo (No Magic)

= QOpen source

Papyrus
° eclipse.org/papyrus
Mentor Graphics xtUML
° http://www.xtuml.org/

USE (for OCL)

o

sourceforge.net/apps/mediawiki/useocl

=  Web-based

Draw.io

CISC844, Winter 2025 umL
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UML: Summary

= De facto standard in software modeling

= Rich “dictionary” of model concepts
e UML 2.5.1 Spec has 796 pages
e “UML was designed to be used selectively” Bran Selic in [Pet14]
= best to approach study of UML with particular purpose, need
= Tool support
e Still a problem, but getting better

e Increasingly open source

CISC844, Winter 2025 umL

29



