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ABSTRACT

1. UML (for modeling everything)

An Int rOd uction to MOdeI'Driven uncock TE | Nz °  language: collection of 14 diagram types
MODELS VIA

°  analysis: e.g., well-formedness, approaches to consistency, reachability

ABSTRACTION, (
SOftwa re Development tztd 2. UML-RT (for soft real-time embedded)
(CISC836) — °  language: much smaller, domain-specific subset of UML
3. Stateflow/Simulink (for control systems)
° language: domain-specific combination of statemachines and dataflow
Languages: UML 4. SMV, Promela (for concurrent systems)

o language: concurrent, imperative language with message passing
e analysis: temporal logic model checking (i.e., exhaustive state space
exploration) using NuSMV, Spin

Juergen Dingel
Lots more:

January 2021
Petri nets, queuing networks, synchronous languages (e.g., Lustre/SCADE), ...
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Modeling Modelica UML: A brief overview
*  Physical systems P
Languages g

* Equation-based

Simulink == —\\ =
« Continuous control, DSP = -

¢ time-triggered dataflow \¢ &
Stateflow e 5
*  Reactive systems =

+  Discrete control : g -\ B O

AADL * State-machine-based .
Examples in
«__Embedded, real-time LUStre/SCADE

+ Embedded real-time [Voel3, Kel08]
umL * Synchronous dataflow

—I§

ARTE EGGG A y i
+  Embedded, real-time UML-RT || Not an introduction to UML
+ Embedded, real-time [Orw00] | ] Moreon, eg.,

» State-machine-based | http://www.sparxsystems.com/resources/uml2_tutorial

L http://www.ibm.com/developerworks/rational/library/content/RationalEdge/sep04/bell/
http://www.uml-diagrams.org/

increasing increasing
) http://www.omg.org/spec/UML/2.5/Beta2/PDF
generality domain-specifity http://link.springer.com/chapter/10.1007%2F978-3-642-30982-3 1
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UML: History

1990

1995

1997

2005 -
2005
2007
2008

http://en.wikipedia.org/wiki/Unified_Modeling_Language
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UML: 14 Different Diagram Types (Cont’d)

Diagram

il

]

Structure Behaviour
Diagram Diagram
? -y
I | | [
Class Componenti Object Activity Use Case
Diagram Diagram Diagram Diagram Diagram
Profile Composite| | Deploymen Package Interaction State
Diagram S[;:’gértg&e Diagram Diagram Diagram E&Cg?g"nﬁ
[ I [— ]
Sequence ||Communication| INteraction Timing
Notation: U"g Diagram Diagram %‘{gg,”a?,‘:' Diagram
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UML: 14 Different Diagram Types

Component

Diagrams

Sequence

Diagrams

State
Machine

Activity ommunication

Diagrams

Diagrams Diagrams
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Deployment

/

Diagrams

Package
Diagrams

Profile
Diagrams

Structure

— Use Case

Diagrams

Behaviour

Diagrams
Interaction
Overview

Diagrams
umML

UML: Class Diagrams

= Widely considered most important and most useful [ES07, Whilla]
= Forms basis of many language specification techniques (MOF, Ecore)

20
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80 100

Class Diagram
Activity Diagram

Use Case Diagram
Sequence Diagram .
State Machine Diagram
DSL Diagram
Compenent Diagram
Flow Diagram
Entity Relatonship Diagram
Deployment Diagram
Object Diagram
Composite Structure Diagram

[Whi11a] Hutchinson, Whittle, Rouncefield, Kristoffersen. Empirical assessment of MDE in industry. ICSE'11. 2011
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H )
. » « 9 android.app::Activi
UML: Class Diagrams (Cont’d) oz T eroteiry
— # onCreate(stale: Bundie)
+ addCallback(callback: SurfaceHolder Gallback) #onStan()
[REEEE | + removeGallback(callback: SurfaceHolder.Callback) t=- -~~~ -~ ' ::::g'::lfgm
. . . . . + setType(type: Integer)
+ setFormat{format: Integer| + anCreateOptionsMenu{menu: Menu): Boolean
Shows classes/concepts, th eir Gg}trlbutes, operations & relationships e + mCissleOptansonumans M B
Book g
abstract class - [ i "}\
ISBN: Siring[0. 1] fid} ¥ Author atiributes | i
tille: String 1+ 1. wwele - ’ ol wuser | wusen cusen ——— generalization
summary \ = name: String - enumeration | I
publisher \ 4 biography: String?| data type P ! !
publication date \ / - :
number of pages \ ¢ sinterfaces CameraDemo
N android.view::SurfaceHolder.Callback
anguage - «enumerations / ~ buttonClick: Button
= multiplicity AccountState ! + surfaceChanged (holder; SurfaceHolder, - shutterCallback ShutterCallback <t
generalization / Active usage format: Integer, width: Integer, height: Integer) =~ rawCallback: PictureCallback class
/ Frazen dependancy + surfaceCreated(holder. SurfaceHolder) i |-jpeqCallback: PictureCaliback atiributes
«entitys Book tem | | wcentitys Account Closed + surfaoeDestroyed (holder: Surfacetolder) “eontext [ nCreatsisavedinstanceState: Bundls)
barcode: String [0.1] i) [0.12 < borrawed number (id) | ﬁjg:g::":;
steraotype 2 tag: RFID [0..1] {id} history: History[0..] 7 mee:lmm
class isReferenceOnly 0.3 < reserved opened; Date - ' .
state: Accountstate [ androkd.visw::SurfacoView / + lonCreateOptionsMenu(menu: Menu): Boolean
+ draw(canvas: Canvas) / \
. . accourts | * + getHolder(): SurfaceHolder —
© uml_di ! interface —— aggregation
aggregation = 5 uml-diagrams.org ) / realization
p -
2 oo ~ comers
L v @
Preview android.hardware::Camera
N ~praview
—— - wkrass mHalder: Sufacetolder ——— 1 | ] + gpenicamerald; Integer); Camera
; + getParameters(): Parameters
— e e provevoten Gomen) s s fparas iR
constructor temmo + JsurfaceChanged (holder: SurfaceHolder, format + setPreviewDisplay (hoider. SurfaceHolder) {final}
o Integer, width: Integer, height: Integer) — + startPraview() {final}
+ /surfaceCreated(holder: SurfaceHolder) + stopPreview() {final}
; Cbrarian + IsurfaceDestroyed (holder: SurfaceHolder) +camera | + release() (final}
+/getHolder(): SurfaceHolder [ + takePicture (shutter: ShutterCallback, raw: PictureCallback,
Catalog "::‘a + [draw(canvas: Canvas) postview: PictureCallback, jpeg: PictureCallback) {final}
[www.uml-diagrams.ore] :nsi'l?:: [www.uml-diagrams.org] derived i
.uml- X derived operations
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interface realization usage dependency
: Cl i 'd
UML: Class Diagrams (Cont’d) UML: Class Di Cont’d
L . . Class Diagrams (Con
= Associations are a rich concept
. . L. . . - H Customer
° _ Company Company Posiion Company E LoyaltyProgram =
Multi-arity, multiplicity, navigability, \ﬁﬁ)r 03 0.2 fholds 027 EZ - lestAccmb: Integer [11 + participants | [ - nams: String [1]
smploy pos 2 - name: String [1] N e e
. addMembership( mbship: Membershi
visibility, ownership of ends Job Job Wi G + programs A & &
‘1 . emvlnrs‘ 1.BmpIoYS ‘ ¢ Company ‘ 0..1vemployee 8 addMembership( mbship: Membership)
I P Person [Person ] Person [Person] @ + incLastAccNmbi) T P
(by classifier or by association), - o ‘ e - . £ | i
lif | bi-directed | uni-directed qualified temary 171+ pregrams 681 i Memberhip *5'25 Ik —
[T Fn ustomerCar,
qualification, association classes *Epﬂpft”m pﬂr-t"l + program %@ setPorticipants( customer Customer) b 2| BB el Boslean 1]
. . rogramPartner b4 - i e + memberships
= Code generation not straight-forward EL - numberOfCustInteger (1 |+ levels | [1.7] @ sethccount( accnt: LoyaltyAccount e
s T y— @ setCurrentlevel( vl: ServiceLevel)
o 1 3 +
e Eg pre es— a AT eerd
.g., 8]
+ memberships [ | + membership
° checking of multiplicity constraints + account
+ deliveredServices 1 11 |+ level E L |tyAm”1] it
o . i . oysltyAccoun
if both ends of a binary association are navigable and owned by the end classes, then = th T— e i
o X EL - pointsEamned: Integer . [EL - number: Integer [1]
update of one association end may require update of other as well [Ges08] L - pointsBurned: Integer [11|_[7]
% - & setPoints( points: Integer)
. & + celcPoints(): Integer & setAccountNumber{ accountNmbs: Inte..
1 P“hl":, class A{ g setTransactions( transaction: Transaction)
2 private B b; & setMembership( mb: Membership)
3 public boolean setB (B wvalue){ + generatediy 1
4 if (this.b = value) return false;
5 E oldValue = this.b; [1] + account
[ this.b = value;
¥ if (oldValue = null) + transactions [*]
8 oldValue .setA (null); & Transaction
a if (value != null ) "1 [EL - points: Integer [1] + transactions
i0 value.setA (this);
11 return true; + transactions "
12 }
is public B getB () { return this.b; [}
14}

Example: Royal & Loyal e Elian

cIsc Listing 1. Implementation of mutual updates for links of an association 11



UML: Class Diagrams (Cont’d) ] [ UML: Class
T Diagrams
= Examples:

[ * )
I:::k:nsl::fta‘]&:nal:a:f:“;ag\s:;\;edefhes isAbstract} + class (Co nt d)
. : {subsets classifier}
e Software design patterns .
e . o . . +/swdewglass '
e http://en.wikipedia.org/wiki/Software design pattern fectnes cenl {ordared, subsets
) . ggz?ii%r(antext} osets lsubsek DwnedMelrlr'bE\}
(e.g., Factory, Composite, Proxy, Observer, Visitor) + nestingdass + nestedCasser
Classifier
0.1 *
Example:
Cboats shurkaodiciter, | Lodersd subsets atubute, absets
sbsets classifier} MS@@T@SE o Classes in UML 2.5
-+ class + ownedAttribute prw— — - -
o1 L] gpecification [Section
aubsets festumgdissfer, g;?SJ:d ;.j;‘:é‘s 11.4, page 202
TedtonContent) St e )
;(;ass + ownedOperation @
= But what really is a class diagram? Can we use a class St el vty
+ class + ownedReception _
diagram to describe the concepts that make up a class o ’
diagram? {readoriy} {readonly)
g Z/metadass +fextens\in @
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UML: Class Diagrams (Cont’d) UML: Composite Structure Diagrams

Example: Associations in UML 2.5 Specification [Section 11.5, page 208]

= Shows internal structure of StructuredClassifier, including interaction points
to other parts of system
[ Refationship | [ classifier |
{ordered, subsets feature, bsets featurinaClassifier L]
subsets redefinableElement, ﬂsézsnanie‘;g:ge asslels Key concepts
subsets memberEnd, subsets o, . i . . .
awnedMember} fﬁ;ﬁ;ﬁtﬁggﬁm}“bsm e Part: Properties specifying instances that StructuredClassifer owns (i.e.,
P " + ownedEnd + owningAssociation Association i i ind= i
roperty K Lt L LI properties w/ aggregrationKind=composite)
e Port: typed element defining interaction between classifier and environment;
{subsets ownedEnd} {subsets owningAssociation} . . R . P
+ navigableOwnederd  eonaton may specify provided and required services (via interfaces)
' 01 e Connector: specifies links between parts; typically represents possibility to
communicate; typed by Association
{ordered, subsets member} {subsets...
+ memberEnd + association
2.* 0.1
§ {subsets relationship}
{ordered, subsets ’{subsets owner} « |} association
ownedELerqni;\ht or | * 0.1 | + associationEnd Class Bost interface
{ordered, readOnly, 1 shaft - IPowerTrain
subsets relatedElement} prop : Propeller u—e p'J[] eng : Engine
1%+ fendType 2
AssociationClass Type
R
e}
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UML: Composite Structure Diagrams

(Cont’d)

<" Car

engine: Engine

wheel: Whas!

p : PowerTrain

IPowerTrain

IFeedback

IPowerTrain

e : ~PowerTrain

IFeedback

«interface» . «use» «interface»
IPowerTrain [~ | PowerTrain IFeedback
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UML: Object Di
: 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
Department od Dbject Diagram 7
-degree:String[]={"graduate” "undergraduate” "both"} 0.
trment FrontRight Vel
7 \_‘ Morgzn :Car ——
od Class Diagram
instance name . /crass name -
mathStat:Department

Rear Mheel

;
math:Department
statistics:Department
wWheel
appliedMath:Department mathEd:Department
19

[www.uml-diagrams.org]

structured classifier

internal structure

/ compartment

Bank ATM
. port
part box internal structure
[ scd:pisplay —  mdm:
: connector, mdm: Modem e
typed by association
.4 tornal :B required
external :Bus orface
role, part ‘Bus interface
cr :Card Reader
:Central — :Crypto
P — Processor
:PIN Pad 4 multiplicity
referenced mem :Bus v of part
o \_ LT | !
X — :Memory
..;>: ‘Printer : vitbus: Bus
L | connector,
typed by association
—> vault
“vault” role of
anonymous and N . N
nested class dispensing Mechanism :Electronic Journal
' ___mlmimimly
__>: Cash Cartridge[1 4]\ . of role
referenced 3 :Cash Cartridge[1.. B
e L } :Security Sensor[1.."]
© uml-diagrams.org
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UML: Object Diagrams (Cont’d)

instance specification
log of class Logger

©@ uml-diagrams.org

link, non-navigable
backward

anonymous instance
of UserManager interface

>
link, navigable
forward 5 {ordered,
unique}

collection of 5 unique
anonymous instances
of unknown classifier

[www.uml-diagrams.org]
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-log loginCtrl: com.abe.user::LoginController
-attemptLimit: Integer = 5
-lockoutTime: Integer = 30 4——\\
~loginURI isers/sign-in"
-logoutURI = “/users/sign-out™
aini ) rMan

slots with value
specification

- digester: PasswordDigester

-authorizationRules: Rules[7] {unique}

“/users/profile”

4\

-cookieMar| +cookieDomain = “abc.com”

-cookiehgr

named instance with
value specification

+eookieMaxAge: Integer = 1814400

link

uML

-crypto: Cryptograph

B

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

slots with value
specification

20



UML: State Machines

David Harel

“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 diagrames,
not the statocols.” [Har07]

[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 (Cont’d)

= Features

e Composite states (hierarchical, or-states)

° Group transitions =m Comcurrent Regions

e History states #Applying Brakes
[Front]
Applying

Frort Brakes

e (Orthogonal, concurrent)

regions (and-states)

e Entry, exit, do-actions

Applying

sm History

Running
Washing : : Rinzing : : Spinning
T

restare powier

power out
23

UML: State Machine Diagrams

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

initial state

fCursorto 55N

@ Rejecting

CancaliQuit J

Getting 55N

RetyiClear SN, PIN entries event  guard  activity

Press key[keyﬁ tab]JDispgy key

[not validkDisplay error message submit

AN

Press tab OR mave cursorto PIN
field/Cursor to PIM

7| | Prass shifi-tab OR maove cursort
95N fieldiCursar to S50

transition

final state
Geting PIN state

Yalidating

[valid)/Start transaction dovalidats S5N afnd FiN submit
action

Press keylkey |= shift-tab)/Displavdot

/ Dialing \

e di
Start digit(n)

entry/ start dial tone|
exit/ stop dial tone

Partial Dial
entry/number.append(n)

[number.isValid(}]

CourseAttempt

UML: State

Suing ™ Machine Diagrams

‘%[ Lab1 ]M[ Lab2 ]M© (Co nt’ d)
.@ project done )@

=Y,

24




UML: State Machines (Cont’d)

state machine Bank ATM @ uml-diagrams.org
turn off / shutDown
Off

turn on / startup

failure

turn off
I shutDown

[

cardinserted cancel

Self Test

failure

Out of
Service

Maintenance

service

failure

/ Serving Customer \

entry / readCard
exit / ejectCard

Customer "
Authentication T?aer::::!r: g n Transaction
\ o0 o0

S/

[www.uml-diagrams.org]
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UML: Activity Diagrams

= Show behaviours as sequences of activities

= Features
¢ Two kinds of flow: control and data

¢ Different kinds of behaviour invocation: synchronous,
asynchronous

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

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

e Structuring mechanisms: partitions, swimlanes
e Support for data flow: edge weights, multiplicities on pins
= Semantics: Petri net-based “token/offer” semantics with
deadlock avoidance rules

CISC836, Winter 2021 umML 27

UML: Sequence Diagrams

= Show behaviours as sequences of messages b/w objects

. aChain aHotel
object » HotelChain Hatel

window
Userlnterface

makeReservation)yoid | b opeRacevationgvoid |
P

foe=, o
t me Wﬂemﬁnn
[for each day] isRoom:=availabled:hoolean
condition =
¥ aReservation
[isRoom] —_
Reservation
foe=
aNotice
Confirmation
ond" o=
N creationd__
activation bar T ]
nate-\‘ u
L If a ronm is available for |
Sl deteti L | each day of the stay, make |
eletion e lifeline —bl a reservation and send a |
l l confirmation. |
! ! . [
Swﬂ'ﬂﬂlf
— — —
Customer ATH Machine “Bank
< start
. e o
UML: Activity
activity
Enter pin Authorize ) guard expression D M C t Vi d
e g iagrams (Con
(Eweramoum [ralid PIN] [Invalid PIN]
‘ Check account balance
[balarjce == amount] Jj [balance = amount]
o fork
Dehitaccount
Take money from slot y——
merge—y,
=d Activity (Example)
® < end
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Object Constraint Language (OCL) UML: Tools

= A declarative language for describing well-formedness rules of models
=  Commercial

= May be used with any class diagram
e RSA, RSARTE, Rhapsody (IBM)

= Examples:
¢ MapleMBSE (Maplesoft)
e “The source & target states of ) .
e L e MagicDraw, Cameo (No Magic)
transition belong to same machine” sate [manne 1 [ oo | o
e o el I = Opensource
Transition machine T 0.1
target.root().machine = source.root().machine | ‘ g ° Papyrlfs
where root() is L 0.#@msl:‘";m o ] eclipse.org/papyrus
State::root() : State { - ' Transtion |— e Papyrus for Information Modeling (for class diagrams)
if parent = null then self else parent.root() W:":Oi 4‘3@9 oot | °  https://wiki.eclipse.org/Papyrus for Information Modeling
} ~e" e Mentor Graphics xtUML
* “The left-hand side and the right-hand side ° http://www.xtuml.org/
of an assignment have the same type” ‘ e USE (for OCL)
ssignment 1 v [ e
AssignmentStatement Kﬂtgemsn\ T o= T]rype”é’e”e"’} { .WJF%“ f«“‘ ° sourceforge.net/apps/mediawiki/useocl
Ihs.type = rhs.type ‘ = e = Web-based
L " Attib «1 [ Argument | [ ] .
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UML: Summary
= De facto standard in software modeling
= Rich “dictionary” of model concepts
e UML 2.5 Spec has 809 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
* Increasingly open source
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