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* Ti1 €ival n povreAOTTOinON 2UNTTEPIPOPAS
* Interaction Diagrams (diaypduuara aAAnAemidpacnq)
— Sequence Diagrams (akoAouBiaka diaypdupaTa)
— Communication Diagrams (diaypQuuarta €TTIKOIVWVIAG)

« State diagrams (d1aypAuUOTO KATAOTACEWYV)
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| T1 e€umtnpeTei N MovTeAoToinon ZUPTEPIPopPdc;

* [a va dgigoupe Ta PnvUpaTa Tou avTaAAGooovVTal JETAEU TWV AVTIKEIMEVWV
oTa Aaiola piag MNepimrwong XpAong
— ME TOV TPOTTO QUTO UTTOPOUUE va BERaIwBOUUE OTI TO ATTOTEAECHA TNG OOMIKAG

MovTeAoTTOINONG (KAGOEIG KAl 01 EBOBOI TOUG) ETTAPKOUV YIa TNV UAOTTOINON TWV
oEvapiwy TToU TTEPIYPAPOUV O TTEPITITWOEIS XProng)

YwnAou smimédou
ETTIXEIONUATIKEC AQVAYKEC

KOTAYEYPOAUUEVEG OTNV
MpdTacn ZuoTuUATOg

U. of Crete, Information Systems Analysis and Design

Ka@opiouog
AmaitTioswv AvaAuTtiki Karaypaon
2 UVKEKPIYEVWY OTTAITACEWV
Emouevo Bnua

MovreAomroinon rou

AgitoupyIkA_/AopIKIZupTTEPIPOPAG
(Functional/Structigal/Behavioral)

Yannis Tzitzikas

TTw¢ Ta avriKkeiueva autou ToU LIOVTEAOU ETTIKOIVWVOUV,
How the objects of this model interact ?

Customer

Order

*

Order Line

date

Product
id: String

Amount: Num

price: Num

E.g. how the price of an order is calculated ?

U. of Crete, Information Systems Analysis and Design

Yannis Tzitzikas




% TTwg povreAomoloUpe Th oUPTTEPIPOPd OTNV AVTIKEIHEVOOTPAYN
AvdAuon kai 2xediaon;

2UVABWCG XpNOINOTTOIOUME 3 TUTTOUC MOVTEAWV:

* Sequence diagrams Interaction diagrams

« Communication diagrams
— (in UML 1. they were called “Collaboration Diagrams”)

« Statechart diagrams

Mapathpnon:

* AV PJOVTEAOTTOINOOUUE TN CUPTTEPIPOPA AETTTOUEPEIOKA, €ival oav va
uAotroloupe To cuoTnual

« Apa TTpéTTEl va e0TIACOUE OTA onUAVTIKA onueia (the key aspects)

— like storyboarding in film making (i.e. key frames)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 5

4 Interaction Diagrams
(Aaypappata AANnAsTidpaonc)

Interaction Diagrams (Alaypdupara AANNAeTTiOpaong)
— Sequence Diagrams (Alaypdauuata AkoAouBiag)
— Communication/Collaboration Diagrams (AlaypdupaTta Zuvepyaaciag)

* [epiypagouv Tov TPOTTO YE TOV OTTOIO YId OPAdA AVTIKEINEVWY OUVEPYACETAL.

* 'Eva d1aypapua cuvilwg TTePIypA@El TN CUUTTEPIPOPA o€ Wia [epiTTTwon
Xpnong. Acixvel TTopadEiyuaTa avTIKEIMEVWY TTOU EPTTAEKOVTAI KAl T unvuuaTta
TToU avTaAAGooovTal JETAEU Toug Katd Tn didpkela Tng Mepitrrwong Xprong.

o
Use Case 18 o "&

Interaction Diagrams H
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Sequence Diagrams
(Aaypappara AxkoAouBiac)

d [A] Sequence Diagrams
(31aypdppara akohouBiag/d1adoxnc/aAAnhouxiag)

; )\ : Department : Course : Student

: Lecturer

1 Find( )

|
Addition of a |
new student

|

|

I

*  Opidovria ypauun: OEiXVEl TO AVTIKEIJEVA WG KOUTIA

»  Karakopu@n ypauun: oTTeikovidel Tn por Tou XpOvou (EKTEIVETAI TTPOG T KATW)
» Activation box: dgixvel TTOTE TO QVTIKEIPEVO Eival evePYO (OTN MVAMN)

* unvouara: JeTagu Twv activation boxes dUo avTikeEIuéEvwy

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas




Tumol MnvupdTwy
(Message Types)

TUTTOI INVUNATWY
» Call: k\non piag Asitoupyiag (Invocation of an operation)

— 'Eva avrikeipevo ptropei va oTeilel éva uivupa o€ €va AANO avTIKEIMEVO 1)
oTov €auTd Tou (local invocation of an operation)

* Return: emoTpEPEl MIa TIUA oTov KaAouvTa (returns a value to the
caller)

« Send: otéAvel éva onua (signal) o€ £va avTIKEIPEVO
* Create: dnuIoUpYEi Eva AVTIKEIMEVO
* Destroy: KOTQOTPEQPEI EVA AVTIKEIMEVO

A signal is an object value communicated to a target object asynchronously.
After sending a signal, the sending object continues its own execution.

When the target object receives the signal message,it independently decides
what to do about it.

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas

TTwc eikoviCoupe Ta pnvopara;
P How we depict messages?

* ‘Eva BENOG HETAEU TWV KATAKOPUPWY YPAPUATWY dUO
QAVTIKEINEVWV
» To BEAog cuvodeueTal atrd
— Ovopa PNVUPaTog (T1.X. 6voua TG KaAoupevng AsiIroupyiag)
— MBava opicpata (possible arguments)
— TAnpogopicg eAéyxou (control info)
+ condition: deixvel To TOTE TO yrivupa oTéAveTal, T.X. [outOfStock]

* iteration marker: &¢ixvel 6T TO ppVUpa OTEAVETAI TTOAAEG POPEG O€ TTOANQTTAG
avTikeipeva, T1.X. *[for all order lines] // for UML 1.

* Ta ynvupara emoTpoPns (Return messages) cupBoAidovral pe
OIGOTIKTA BEAN (<- -)
— Mrtropoupe va Ta TTapaAgiyoupe Kal va dgiEoupe JOVO Ta Kpioiua.
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1 TTapadeiypara Mnvupdtwy
(Examples of Messages)

Person
employment 0..1 , s
Company Aldypapua KAGoswv
+assign(task:String)
AvTikeipgevo TUTTOU Person
[ message
assign(task)
—
p:Person :Company
7 Message instance
assign(“Prepare slides”)
—
Yannis:Person c1:Company
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 11
4 TTapadeiypara Mnvupdtwy
A B
+al() +b1()
+a2() +b2()

Moia gival 6Aa Ta duvaTtd PNVUPOTA BEWPWVTAG TO TTAPATTAVW OIAYPAUUA KAACEWV;
(Bewpwvtag ap@idpoun TTAONYNOINOTNTA TNG CUCXETIONG)

b1()

a0 ] b10

b2()

a0 . b20

al()

—

a2()

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 12




| TTapadeiyua

+a1() +b1()
MepPIKEG POEG UNVUPATWY PAKOUG 2: +a2() +b2()
a1() b1() b1() ; al) |
al() b2() b1) az2()
b1()
— b2
at() . 0
—_— jaz()
b2() al() |
820 b)) | 020 ] 220
820 b2 02)
' - BN b1()

Z VN a0

EpwTtnon: méoeg gival OAeC 01 POEC NVURATWY PRKOUG 2;

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 13

\ [Tw¢ ta avrikeiueva autou ToU LHOVTEAOU ETTIKOIVWVOUV,
How the objects of this model interact ?

Customer
1
Order Order Line 1 Product
1 1.% * id: String
date Quantity: Num price: Num

lw¢ utroAovyilerar n Tiun uwiag mapayyeAiag

(0w Bewpoupe oTI OV £XOUNE aKOPA OpioEl TIG HEBODOOUQ)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 14




TTapddeiypa diaypdppaTtog akoAoubiag
YmoAoyIoHOC TIHAC HIAC mapayyeAIOYpAHHNG

YTTOAOYIOUOG TINAG MIAG YPOUMAG MIAG TTapayyeAiag

| Order |[OrderLine}— Product |

S

|an Order| | : OrderLine | | a: Product | | : Customer | @swp(bvmg
T T

. |
calculatePrice !

—
il

calculatePrice ) )
getPrice(quantity:Integer)

j

I I
| getDiscountedV4dlue(an Order)

TO dIAYyPAPUO
KAGoEWvV

/ parameter

|
getBaseValue

return message
(we show only those

— | that can aid

D AN T S understanding)
L dlscountedVaIuIJe !
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 15

|an0rder| | : OrderLine || a: Product | | : Customer
T T T T

calculatePrice : !

|
|
A |
|
|

calculatePrice

|
|
|
| |
getPrice(quantity:Integer) :
|
|
i /
|

|
getDiscountedVue(an Order) i

|
getBaﬂeVaIue
T

U. of Crete, Information Systems Analysis and Design

proceed and define the
methods of the classes
that we have identified

(if we have not defined

From this we could

them yet)

Yannis Tzitzikas 16




Hia O1aopeTIK} UAomoinon

YmoAoyiopo¢ TG TIHAC HIAC mapayyeAIoypappHng

YTTOAOYIOUOG TINAG MIAG YPOAUKAG MIAG TTapayyeAiag

: Order : Order Line a : Product : Customer
calculatePrice | getQuantity | \ |
. getProduct ﬂ ‘ ‘
| | Self-call
getPricingDetails ‘ ‘ —
i |
calculateBase#rice ‘
PE— \ \ \
calculateDiscotjmts ‘ ‘
< ‘ getDiscountInfo ‘ ‘
| | 1
. | | |
| | | |
| | | |
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 17
2 UYKpivovTag Ta dvuo diaypduparta
‘ : Order H : Order Line a : Product ‘ ‘ : Customer O?;er | :Ord(larLine | | - Pr:)duct | | :Cusltomer
| getquanity_| ‘ ‘ calculatePrice | ! ! !
— | | |
getProduct ‘ ‘ . : : :
calculatePrice
‘ ‘ getPrice(quanfity:lnteger) :
getPrici‘ngDetaiIs ‘ :
\ U | |
calculateBaselTice ‘ ‘ X : :
< \L ‘ ‘ :getDiscountedvdlue(an Order) ‘:
calculateDis counts T T >
(e — ‘ getDiscountinfo ‘ ‘ i getBasEeValue
J Y i |
«—————— ———————— e S
‘ ‘ ‘ ‘ L] : discountedVallie i
more .. centralized control more . distributed control
Sequence diagrams are not very good at showing details (algs with loops and
conditions), but they make the calls between participants very clear and give a
good picture about which participants are doing which processing.
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 18




| 2 UyKkpivovTag Ta dvo dlaypdappaTa

| Order |Order Line}— Product |

calculateBaseTrice i

=—

‘ : Order ‘ ‘ : Order Line a : Product ‘ ‘ : Customer an | - OrderLine | | a: Product | -
Orper - - ——

T T T

) calculatePrice | ! ! !

‘ getQuantity ‘ ‘ | | |

N | | |

getProduct ‘ | | |

calculatePrice ! ! !

‘ getPrice(quanfity:lnteger) |

getPricingDetails :

| > |

|

|

|

|

getDiscountedVdIue(an Order)

calculateDisooLLnts
[P=—

|
|
|
T
|
etDiscountInfo
! 9 : getBasI’aVaIue
i
|
|
|
|

—
| Sy

|

|

|

|

W
| |

Edw pia Order emikoivwvei pe éva Product
(TTapodAo TTou auTd Ta avTikeigeva dev
oxeti¢ovtal oTo SIAYPAUHA KAGCEWV)

Edw pévo Ta avTikeigeva TTou gival
OUOXETIOPEVO ETTIKOIVWVOUV

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas

i Anpioupyia kar Aiaypapfi ZUHPETEXOVTWY
(Creating and Deleting Participants)

creation

query database E
|

EEE——
new | aQuery
\Command
new a Database
Statement
execute ‘i
o1 results ___ .
| deletion from
{' extra fesults another object
|
close \i//
- PN
! results ™ T
self-deletion

In a garbage-collected environment we don’t delete objects directly, but it is still worth using
X to know when an object is no longer available and can be deleted

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas




(What about loops?)

T1 viveTal ge Toug Ppoyxouc:;

: Order : Order Line a : Product

. Customer

calculatePrice|  getQuantity |

getProduct /U

getPricingDetails
|

|

|

|

\ r
calculateBaseﬁrice /I—H

R \

calculateDis ootjlnts

|
|
< ‘ getDiscountinfo ‘
|
|
|
|

2€ auTO 1O dIaypauua OEv
paiveral TouBeva ot ol
EIKOVI(OUEVES KANOEIS
TTPETTEI va YivouV yIa KABe
mapayyeAioypappn
(OrderLine) uiag
lNapayyediag (Order)

U. of Crete, Information Systems Analysis and Design

Yannis Tzitzikas
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MovTeAomoiwvTtag Tnv dopn eAéyxou (Ppoyxol, CUVONKEC)
(Loops and Conditionals (modeling control logic))

Aev gival autr) n €ugacn Twv Alaypaupdtwy AkoAouBiag
Oa ytropoucape va xpnoipotroifooupe Activity Diagrams i weudokwaIka yia

auTOV TO OKOTTO.

* MNapa TauTa PTTOPOUUE VA EKPPACOUHE TETOIA TTANPOPOpPOPIa aTa dIayPANUATA

akouAouBiag

procedure dispatch
foreach (lineitem)
if (product.value > $10K)
careful.dispatch
else
regular.dispatch
endif
endfor
if (needsConfirmation) messenger.confirm
end

U. of Crete, Information Systems Analysis and Design

Yannis Tzitzikas
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MovTteAomoiwvTtag Thv dopn eAéyxou (Ppoyxol, OUVOARKEC)

dispatch i

procedure dispatch
foreach (lineitem)
if (product.value > $10K)
careful.dispatch
else
regular.dispatch
endif
endfor
if (needsConfirmation) messenger.confirm
end

careful: regular:
Distributor Distributor
: T
|
|
|
|
|
dispatch !

1]

I

confirm

: Messenger

I
I
|
dispat¢h
|
I
I
I
I
I
|
T
I
I
I

A 4

._:_______________________________

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 23
MovTteAomoiwvTtag Thv dopn eAéyxou (Ppoyxol, OUVORKEC)
D%:or Driztr?tlazgr - Messenger

dispatch i i i i
' | a a
procedure dispatch loop | [for each line item] l l i
foreach (lineitem) e i i :
if (product.value > $10K) Jim_’m i i
careful.dispatch ! i i
else : : |
regular.dispatch dispaté}h J i
endif E U E
endfor E : E
if (needsConfirmation) messenger.confirm i confirm i ‘i
end i i 'u
! ! ! :

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 24




MovTteAomoiwvTtag Thv dopn eAéyxou (Ppoyxol, OUVOARKEC)

procedure dispatch
foreach (lineitem(
if (product.value > $10K)
careful.dispatch
else
regular.dispatch
endif
endfor

Distributor Distributor
dispatch i i i
| | |
loop | [for each line item] i i
alt [value>10K] ! i
dispatch , | |
] !
|
I I

————— i

I
dispat¢h

—

if (needsConfirmation) messenger.confirm

end

: Messenger

|
|
|
I
|
: confirm
T
|
|
|

!

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 25
MovTteAomoiwvTtag Thv dopn eAéyxou (Ppoyxol, OUVORKEC)
D?satlr'?bfﬂlor Dri:trrtﬁ:;r - Messenger
dispatch i : i i
. | | |
| | |
procedure dispatch loop | [for each line item] l l |
foreach (lineitem( i ValesToR] i ; i
if (product.value > $10K) dispatch , i i
careful.dispatch U | |
glse | F=m==- T=———=- 4:- —————— ‘:— -—- i
. else | 1 |
regular.dispatch dispat¢h N |
endif E U E
endfor : : :
if (needsConfirmation) messenger.confirm| °PY,cedsConfirm] i confirm i ‘ i
o . i i i
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 26




! Bpoyxol kKar ZUvOnkeg
(pe ouppoAiopouc Tng UML 1)

l careful: regular: .
Distributor Distributor Messenger

dispatch i ! ! !
— | | I
*[for each line item] : |
procedure dispatch | | |
foreach (lineitem( [value>10K] i i i
if (product.value > $10K) % i i
careful.dispatch | i
| |
else [else] i i i
regular.dispatch dispat¢h N |
endif i U i
endfor E : E
if (needsConfirmation) messenger.confirm [needsconfirm]i confirm i i
end | | "

i | | |
! ' ! -

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 27

! TeAeoTéc diaypappdTwy akoAouBiac
(Operators for sequence diagrams)

alt: alternative multiple fragments; only the one whose condition is true will be
executed

opt: optional fragments; executed only if its condition is true (equiv to alt with
one fragment)

par: parallel execution of fragments
loop: the fragments will be executed multiple times (based on the guard)

region: critical region; the fragment can have only one thread executing it at
once

neg: the fragment shows an invalid interaction

ref: reference: refers to an interaction defined on another diagram. The frame is
drawn to cover the lifelines involved in the interaction. You can define
parameters and a return a value.

sd: sequence diagram; used to surround the entire diagram

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 28




1 TTapadeiypa: AvaAnyn petpntwy amo ATM
(Withdraw cash from an ATM)

|

|

|

|

|

|

|

|

|

L enter(password) |

| |

| |

e valid=verify (password) |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

: enter(account) N

| |

| |

| |

! enter(amount) .

| |

I |

v deliver cash |

| |

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 29
A AvdAnyn petpntwy amdé ATM
TTapadeiypa xpnong Tou TeAeoth sd
sd withdrawal user:Person bank:ATM

| |

| |

| |

| |

| |

| |

| |

! enter(password) .

| |

" valid=verify (password) |

| |

| |

MTropei va gival | i

, |
TO OvOopa HIag : i
’ |

MepiTrTwong ! |
s | |
Xpriong | |
: enter(account) N

| |

| |

| |

! enter(amount) .

| |

le |

v deliver cash |

| |

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 30




1 AvaAnyn petpnTwy amé ATM

TTapddeiypa xphong Twy TeAeoTwy sd, loop

sd withdrawal
|
I

bank:ATM

loop (1,3) ||[invalid password]
|

. enter(password)

) valid=verify (password)

enter(account)

__ enter(amount) |

|
1
|
|
I
|
|
|
|
|
|
|
|
|
T
|
|
|
|
|
|
I
|
|
:
| deliver cash
|

|

U. of Crete, Information Systems Analysis and Design

Yannis Tzitzikas
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1 AvaAnyn peTpntwy amo ATM

TTapddeiypa xpnong Twv TeAeoTwy sd, loop, opt

sd withdrawal
|
I

bank:ATM

loop (1,3) ||[invalid password]
|

 enter(password)

) valid=verify (password)

opt |[valid gassword]

enter(account)

__ enter(amount)

deliver cash

U. of Crete, Information Systems Analysis and Design

Yannis Tzitzikas
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AvaAnyn petpntwy amé ATM
TTapddeiypa xpnong Twv TeAeotwy sd, loop, opt, par

sd withdrawal bank-ATM
|
!
loop (1,3) |[[invalid password]
|

%

I
|
|
e valid=verify (password)

|
1
|
opt |[valid gassword]

|
i
par !
: enter(account) N
|
|
|
| enter(amount) .
| i
I |
v deliver cash |
I T
| |
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 33
Eotw 611 éXoupe RAN opioel Ta TapakdTw 2 diaypdypara
sd getPassword | B—
| |
: :
loop (1,3) [[invalid password] !
a a
! enter(password) R
| |
L valid=verify (password) |
| |
| |
| |
| |
par | | |
! enter(account) ol
| |
o o - - - . e - - | e——
| |
| |
i enter(amount) :F
I I
I |
h deliver cash
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 34




pe Tov TeAeoTh ref

MTropoUpe va Ta «ekpeTaAAeuTtoUpue» (ATOI va Ta eTavaxpnoioToINCOULE)

sd withdrawal

bank:ATM

ref

get password

|
|
opt [valiéi password]
|
|

ref

get cash

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 35
’ 14 ’
AAAo éva mapddelypa
‘ : RegForm : ReqControl ‘ ‘ : Course ‘ : StudentRec : Schedule
| ] open) | | | Apopd pia
getTime( ) ‘ ‘ 'ITEpi'ITTUJO'I’]
getDays( ) xpr']or]g YIG T"]V
checkSc¢hedulingConflicts( ) £vaa(pr]
— 4 @OITNTWV O€
measurgsShot( ) 4
MaBAuaTa
Ilbraryil’ees \T‘ ‘
| i |
parkquees( ‘ ‘
e | |
1 assign(course) 1 /I—H
I I 1]
assign(sr:hedule ‘ ‘
T
J | | |
T | | | |
| | | | |
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 36




Communication Diagrams (umL 2.0)
~ Collaboration Diagrams (umL v 1.3)

[B] Communication Diagr‘ams (diaypdupara emikovwviacg)
= Collaboration Diagrams (v.1)

Sequence Diagram ( I00dUVaA )Communication Diagram
1: Find( )

> g
‘ : Department ‘ : Student ‘ Department

: Lecturer : Lecturer
i/ 2:Find()

3: Add( )

o > : Student
Course

‘ : Course

‘ Find( )

|
Addition of a ﬁ ‘ {
new student

|

|

4,7 JE—
I S
Il

Here the sequence is indicated by numbering messages.
— Advantage: better exploits the drawing space (more compact)
— Weakness: makes it harder to see the sequence (comparing to sequence diagrams)

Sequence Diagram <=> Communication Diagram
— Automatic transformation is possible (e.g. F5 in Rational rose)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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| Sequence vs Collaboration Diagrams: Example

: Order : Order Line a : Product : Customer

calculatePrice‘ getQuantity ‘ ‘
—

getProduct /u ‘

ﬁ ‘

\

getPrici‘ngDetaiIs
1

calculateBaseFJrice
=1 ‘
calculateDis mL‘lnts
<] | getDiscountinfo

I

|

|

|

|
|
|
|
”
|

5:calculateBasePrice()
6:calculateDis

3:getProduct

PU—

:calculatePrice

7:getDiscountinfo
—

2:getQuantity l

:Orde

]l :Customer

4:getPricingDetails

a:Product

Customer

|

| Order

Horder Line— Product |

It is like an object diagram that shows message passing relationships
instead of aggregation or generalization associations

U. of Crete, Information Systems Analysis and Design
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8 Tpomor ApiBunong pnvupdtwy ota Aiaypdppara Zuvepyaoiag
Numbering Methods in Collaboration Diagrams

5:calculateBasePrice()

6:calculateDiscounts 1:calculatePrice
7:getDiscountinfo
:Order L 1' :Customer

2:getQuantity 4:getPricingDetails
3:getProduct
:Order Line a:Product

1.4:calculateBasePrice()
1.5:calculateDiscounts()

|: :Ord

1.1:getQuantity
1 .2:getProductl

f :calculatePrice

1.5.1:getDiscountinfo

:Ordel

e |

1' :Customer

1.3:getPricingDetails

a:Product

* Numbering methods
- 1,23, ..

- 1,11,11.1,1.1.2,2.1 (Decimal numbering (used by UML))

« communication diagrams have not a precise notation for control logic
— we could however use iteration markers and guards

U. of Crete, Information Systems Analysis and Design
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Numbering Methods (IT)

Why 1.5.1 and not 1.6?

Procedural (or nested) sequence

- 1, 2, 21,
» Flat sequence
-1 2, 3,

(2.1 and 2.2 are performed while the

U. of Crete, Information Systems Analysis and Design

1.4:calculateBasePrice()
)

1:calculatePrice
1.5:calculateDiscounts(

1.5.1:getDiscountinfo
—

|: :Order L

1.1 :getQuantityl

1.2:getProduct

:Ordel

1' :Customer

1.3:getPricingDetails

r Line

22

object of 2 is still active)

Yannis Tzitzikas

a:Product
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Sequence Diagrams vs
Communication Diagrams

* Mepikoi (TTPOYPAUMATIOTEG/AVAAUTEG) TTPOTIMOUV Ta JEV GAAOI Ta O€.

= : EComputer : EConfigurationitem
P CustomConfiguration
1. submit()
f—

.1. getCurrentConf()

tComputerName()

.1.2. getitemDescr()
1.1.3. getPrice()

1.2. new(currentConf)

1. submit()
—

1.1. getCurrentConf()
—

: PCustomConfiguration

onf)

cyrent

isplay()

-

PConﬁguraFonSumma[y
f %.1.display()

: PConfigurationSummary

1.1.1. getComputerName()
1.1.3. getPrice()
—

: EComputer

1.

2 géﬁtemDescr()

: EConfigurationltem

U. of Crete, Information Systems Analysis and Design
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some more examples
(diagrams prepared with Enterprise Architect)

interfaces of components that are going to be developed
by different software development teams

AN

1= Registration
REGISTRATION: USER - DCPROFILE - ALERT _SUBSCRIBE

E User cinterfaces winterfaces winterfaces winterfaces
Y Interface | -4 thanticationtanager|| :DCProfilebdanager | | :Useranager | |:Registrationtdanager
holder

Vi registerDataHolden) i

‘I| L registerlsen]) i




=d Expertises Registration /

REGISTRATION: USER - DCPROFILE - ALERT_SUBSCRIBE

g User winterfaces ainterfacex winterfaces winterfaces
FAY Interface | -4 ythenticationtanager|| :DCFrofiletanager :Usarhdanager :Registrationdanager,
:Lrata holder

VM registerDataHolden) |
L anl

registerlsen)

> : i i
L getbCFPofiles . ! !
—'L'_l [ [
Wi selectD CProfiles]) o ' '
Lol 1 ]
\ assignDCProfile Tallsen) i i
: O ,
E getAllExpertizes]) :Exp.ertise : E
T T Lo
/it zelectExp ertizesF orAlen(T i
L
' ' ' ' Subscriber
s oo oo e >
.f."setExpertises[jE E . i
1 [ rLrI
reqgisterSubscribensubseriber) i i
] ] TG %

Duration and Time Constraints
(évag TpOTOC va aTmeIkoviooupe To XpOvo aTrooTOARG HNVUHATWY)

By default, a message is shown as a [;7.-
horizontal line. Since the lifeline B
represents the passage of time aticE] lSiie=]
down the screen, when modelling
a real-time system, or even a
time-bound business process,
it can be important to consider the
length of time it takes to perform
actions.

_call {=10ms}

call {=10ms}

reply {=Gms}_

By setting a duration constraint for a
message, the message will be
shown as a sloping line.

aaaa

SRR |
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TTore va xpnoiyomorouye,

* When to use Interaction Diagrams
— To show the behaviour of several objects within a single Use Case
— Tip: Focus on simplicity
+ If the control is complex split it to several interaction diagrams
* When use not Interaction Diagrams
— If you want to look at the behaviour of a single object across multiple use

cases, then use a state diagram

— If you want to look at the behaviour across many use cases and many
threads consider an activity diagram

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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Aiaypappara Kataotaoswy
(State Diagrams)




State Diagrams
NiaypdppaTa Kataotdoswy

‘Eva d1dypapua KOTAOTACEWY TTAPOUCIAEl OAEC TIC TTIBAVEC KATAOTAOEIG TTOU
MTTOPEI VO €XEI €Va OUYKEKPIPEVO AVTIKEIYUEVO (0€ OAN TN dIdpKeEIa UTTAPENS TOU)
Kal TTwg auTéG aAAddouv avaloya e Ta yeyovoTa (events) TTou @Bdavouv oTo
QAVTIKEIMEVO

— dpa dev repiopifduacTe o€ yia Use Case

* ‘Eva didypappa kataoTdoewyv ouviBwg agopd pia KAGon
— (ouykekpIgéva TO KABE AVTIKEIMEVO YIOG KAAONG)

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 49

State Diagrams
Aiaypdppata Kataotdoswy

MT1TopoUE va Ta XPNOIUOTTOINCOUME ATTO OIAPOPES TTPOOTITIKEG

[MPOOTITIKEG

* EvvoloAoyiKkA:

— [l.x. moisg gival ol Karaoraoeis piag mapayysAiag ornv smixeipnon; O1
AKUPWOEIS ETITPETTOVTAI;

* Mpodiaypa®ikn
— [Moié¢ karaoTaoeiS TPETEl SIAXEIPIOTOUV OI OIETTAPES TWV KAACEWV;

* YAoTroIinTikn

— [loiég TpOKeITal va gival Ol TTPAYNATIKES KATAOTACEIS TWV AVTIKEINEVWV
TwWV KAdoswyv uAormroinong;
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BaoikEG Evvoleg

« States state
T 11 staff of the Start
« Transitions departhemt | .
employ activity
* Events transition
P g k
° ACthltleS dolyor successfully /
completgd 1 year
K - period event
¢ aTGO—TGO—SIg Unsuccessfully kil
, completed 1 year do/work
° METGBGO&IQ period Resigned /
* [eyovoTa Lof
* ApaaoTtnpioTnTeg {
@End
Agopd Ta
QVTIKEIJEVA HIOG
kAdong Employee
U. of Crete, Tt aororroystems Analysis and Design Yannis Tzitzikas 51

81 MeTapdoeic
Transitions

Active > Idle

keypress [ktiey=off]/beep

O1 petapdoeig utropei va £xouv TIKETEG TNG Hop@rs: Event[Condition]/Action
* KOI TO TPIO CUCTATIKA TOUG €ival TTPOAIPETIKA

* Event (yeyovodg)

— Eav givai kevo (nil) T0TE N peTaBaon TpayuaToTTolEiTal OAIG N epyaaia (TTou

EVOEXOMEVWG EivVal CUOXETIOPEVN PE TNV KATAOTAON EKKIVNONG) £XEI OAOKANPWOEI
« Condition (ouvenkn)

— NoyIkr} cuvenkn (TTPETTEN va aAnBelel yia va TTpayuaToTToinBei n yetapaocn)

— O1 ouvOnKeG TWV PETABAOEWYV TTOU EKKIVOUV ATTO PIA KATAOTAON TTPETTEI VA Eival
auoiBaiwg atrokAeidueveg (mutually exclusive) woTe va dlaag@aAifeTal 0TI £XOUME PIO
povadikr ETTOPEVN KATAOTAON

» Action (dpdon)
— Epyaoia 1Tou yivetal «oTIydiaia» Kal Ogv dIQKOTITETAI
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, TTapddeiypa petapaong pe eTIKETA TAG HOPYNAC
¥ Event[Condition]/Action

AIGYpAPPO KATOOTAOEWY Event[Condition]/Action

€vVOG UTTaAANAoU / l \

After 1 year [successful so far]/inform the director of personnel
staff of the j
departhemt

Start

employ
Probabionary

successfully
completed 1 year
period

Permanent

Unsuccessfully
completed 1 year
period
Resigned

Left

@ End
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4 Tumro1 MeyovoTwy
Kinds of Events

* Entry
— any action related to entry event is executed whenever the given state is entered via
a transition
« Exit

— when we exit the transition
+ After 20 minutes
— example of event generated after a period of time
*  When (temperature > 40)
— example of event generated when a condition becomes true
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Apdoeic vs Apaotnpiéotnteg (UML V1) A
EowTtepikég vs EEwTepikéc Apaotnpidétnteg (UML V2)

UML V 1. : Actions vs Activities
UML V 2.0: Internal vs External Activities

H diagpopd civail n €¢ne:

» Actions (f internal activities)
— oxeTiovral ouvnBwg pe YeTaBAaoeIC (kal dlapkouv Aiyo)
— Ogv diakotrrovral (not interruptible)

» Activities (A external activities)

— OXeTifovTtal JE KATAOTAOEIC (MTTOPET va SlapKoUV TTOAU)
— MtropouUv va diakotrouv ato yeyovoTta (events)

» Kdbe kardoTaon ptropei va €xel pia activity TTou oxeTifeTal Je aQuThAv TTOU
OuVABwG cupBoAiCeTal e TO €GAGC OUVTOKTIKO: do/activity
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d Actions vs Activities

activity

employ

Probabionary

action

/ After 1 year [successful so far/inform the director of personnel

successfully
completed 1 year
period

staff of the
departhemt

Permanent
Unsuccessfully

completed 1 year
period
Resigned

-

@ End
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| TTapadeiyua

OuunBeite 10 didypappa kKAdoswv pe TIG MNapayyeAieg Kai

10 d1Aypaupa akoAoubiag

TTOU TTEPIYPAPEI TOV UTTOAOYIOUO TNG agiag Yiag TTapayyeAiag

: Order

: Order Line a: Product : Customer

cal :ulatePric# getQuantity ‘

—

getProduct /u
Customer D

getPrici‘ngDetaiIs

| Order |- OrderLinel— Product |

=1

=1

I
calculateBaseF{rice

calculateDis co

|
|
|
|
|
|
|
|
|
\

L‘mts

| getDiscountinfo
\

|

|

|

lMoieg givai o1 (ONUAVTIKES) KATAOTAOEIS EVOC avTiKEIUEvou Tuttou Order?

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 57
| O1 karaoTdoeic evoc avTikeipévou TUTTOU Order
This concerns an Order object
Checking ‘ ‘ Dispatching
e do/Checkitern | | do/ initiate delivery
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O\ kataoTdoeig evoc avTikelpévou TUmou Order (IT)

condition ) _
_ This concerns an Order object
action
\
[Notall items checked ]/ get nextitem
. - [All items checked && all Dispatchin
/ get first item Eheciy ‘ items available] ‘ P 9
do/ Check item ‘ ‘ do/ initiate delivery
activity ,
[All items checked &&
some notin stock]
event ltems Received items available] Delivered
ltem Received[ some
items notin stock ]
Waiting event Delivered
U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas

TTapadeiypa (ouvéxeia)

‘EOTW 0TI BEAOUPE VO ITTOPOUNE VO AKUPWOOUUE OTTOIAdNTIOTE OTIYUNA
Auon 1: mpoo6nkn uiag ueraBaong cancel amrd KG6s karaaraoTn

[ Notall items checked ]/ get nextitem

[All items checked && all Dispatching
items available
do/ initiate delivery

all'items available]

/ get first item Checking

do/ Check item

[All items checked &&
some notin stock]

Delivered

Delivered

Item Received[ some
items notin stock ]

Waiting

Cancelled

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas




TTapddeiypa (ouvéxeia) : Superstates

‘EoTw 611 BEAOUNE VA PITTOPOUUE VO AKUPWOOUUE OTTOIOONTTOTE OTIYUA
Nuon 2 : Opioudcg uiac superstate kai mpoobrkn perdBaong cancel uévo og autiv
(o1 «utTOKQTAOTACEICH (Substates) Tnv kKAnpovououv)

[Notall items checked ]/ get nextitem ?
/ get first item Checking [All items checked && all Dispatching
items available]
do/ Check item do/ initiate delivery

[Allitems checked &&
some notin stock]

Active

Checking

Delivered

Dispatching

Item Received| some
items not in stock ]

Waiting

Delivered

Waiting

Cancelled

‘ Cancelled } ‘ Delivered ‘

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 61

AM\o Ttapddeiypua

Edw BAETTOUNE TIG KATAOTACEIG VOGS avTIKEIMEVOU TUTTOU Order 600V a@opd TNV TTANPWWN

Partly Paid

final payment

Fully Paid

Epwrnua: lNw¢ va ouvdudooupe AUTES TIC KATAOTAOEIS [E TIC TTPONYOUNEVES (
checking, waiting, dispatching, delivered) ;
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Concurrent State Diagrams
(Aaypdpparta pe Tautdéxpovec Kataotdoeig)

EmitpéTouv «TTapAAANAN» EKTEAEDN
* [MoAAéC kaTaoTAOoEIC UTTOPEI Va gival evepyEg (active) TauTdxpova

* Ortav éva avTikeipevo Byel atrd TIG TTAPAAANAEG KATAOTACEIG
METaBaivel o€ yia katdoTaon

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas

Concurrent State Diagrams

Rejected

partial payment

Partly Paid

inal payment
bay final payment

Fully Paid

.—> ---------------------------- _—’
Dispatching
Cancelled

Checking

Waiting

o
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partial payment

Unpaid Partly Paid

nal payment .
final payment

Fully Paid

] J

« Apa T1a concurrent state diagrams pag €MTPETTOUV va £XOULE
aveEAPTNTa OUVOAQ KATAOTACEWV.
e 20vOeOn HE TTPONYOUMEVN UAN:
— OupnBeite 611 oTa dlaypauuata dpacTtnploTATwy (activity diagrams)
TTapioTévape Tnv TapaAAnAia dpaotnpiotnTwy ue fork kai join
— Edw piAdue yia TTapAAANAES KATAOTATEIG
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Internal Activities (or self-transitions)
EowTtepikéc Apaotnpiotntec (A autopeTaPdocic)

* AKOMO KOl Ol KATAOTACEIG ITTOPOUV VA aVTIOPOUV O€ YeyovoTa
XWPIC va éxouue hHeTABaon (TTPog AAAN KATAOTAON). ZUYKEKPIPEVA
MTTOpoUpE NEoa oTo KataoTaon va BaAoupe event[guard]/activity

* 'EoTw OTI £xoupue £va avTikeipevo TUTTOU TextField To otToio £xel pia
kataoTtaon Typing. MNapakdTw BAETTOUHE TO ECWTEPIKA YEYOVOTA
Kal TIC dpaoTNPIOTNTEG.

Typing
entry/highlight all
exit/update field
character/handle character
help[verbose]/open help message
help[quiet]/update status bar
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@ § TTapddeiypa: TooTiépa

* YTT00€0Te OTI BEAETE VO OXeDIACETE UIa TOOTIEPA. EOW Ba
E0TIAGOOUNE OTA dlAYPANUATA KATAOTAONG.

» [loia gival Ta BAuara yia tnv groiuaacia evog 1o0T;

*  ApXIKG avaBoupe To unxavnua, TOTToBETOUNE TO YW Kal
AVAUEVOUUE YIa HEPIKA AETTTA. TO apyIKO dIAYyPANMA KATAOTAOEWV
@aiveTal TTAPAKATW:

Toaster on Working Shut Down
Shut
Turn on upTemp doven
®—> rTemp -~ ] —."0
dof heater on
ertryr termormeter on exit! pull out bread
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From http://odl-skopje.etf. ukim.edu.mk/uml—heI%

8 TooTiépa (2)

* To mponyoupevo diaypaupa gival EANITTEG. T1a atrouyn
Kawiyatog TTpooBEéToupe pia kartaoTtaon ldle kar yetaBdaocig
lowerLimit kai upperLimit

Turn on
Toaster on

Working
o F
[Lpper limit] lowver limit]
¥
idle
Sht
dof turn off down
heater
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TooTiépa (3)

H petdBaon petagu Working kai Idle dgv mapoucidoTnke AeTITouepwS. MTTopouue
ME substates va TTepIypAWOUUE TTIO CUYKEKPIPEVA.

o ",
Workin -
= [Upper limit not reached]
measure compare
| entry! compare
o messure dlod current temp
temperature - upTemp
L. [upper limit reached] )
¥
Ll [lovwver limit not reached]
measure compare
| ertryi compare
dof messure dof current temp
temperature - Lt Temp
[lorwwer limit reached]
¥
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TTapddeiypua:
Class Diagram for the Appointment System

MEDICAL HISTORY

-heart disease

provides » -high blood pressure
o1 -diabates

-allergies

]

| | :
= = Leads to » -date
= A -account

-amount Schydules - 0..7 i b s

-insurance carrier 3 O +genarate cancellation fea() l
+maka appointmant() = 1

+calculate last visit()

+charge status()

+provides medical history APPOINTMENT
o.~ 0.~ -time
I -date
ary Cres
|r‘5U_rancB +ocancel without notice l
earrier
Io.-
A D =7 suffer »
o..* i
has scheduled »
0.~ o."
-name T -description
0.1 DO O R :
i
i
= i
[ 5. -medication

~instructions

-~symplom severity

Taken from Dennis et al. 2005
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Application: Hospital
State diagram of a Patient

Enters Hospital Checks In \ [Diagnosis = Healthy] [> 2 weeks)
06— =g Adrited > Released ()}

[Diagnosis = Unhealthy)
l [Diagnosis = Healthy]

Under Observation )

Dennis: SAD
Fig. 811 W-37 100% of size
Fine Line [llustrations (516) 501-0400

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas
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Examples using Enterprise Architect




i Example 1

» A door can be in one of three states: "Opened", "Closed" or
"Locked". It can respond to the events Open, Close, Lock and
Unlock. If a door is opened, you cannot lock it until you close it. If
the door is Opened, it can only respond to the Close event if the

condition doorWay->isEmpty is fulfilled.
* Express the above in a state diagram

=m Protocol State Machine /

Opzned
Creates

Closed [dooriiay-=isEmpty]

)

_

Open’

Closed

Lock' Unlodd

U. of Crete, Informatmonm SySEms ANarysTs ana DesIgn
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§ Example 2

+ Make the state diagram of a mobile phone including states about:

startup, PIN entry, network selection and power offf.

=m Composite

Chack FIN
pas ]

[pin OK]

Search Metwork

network found

power off

povuer off

U. of Crete, Information Systems Analysis and Design
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I8 Example 2 (cont)

=m Compound

!
)

Check PIN

feheck FIN

Ready

\
[pin

T

power off

invalid]
[pin OK]
[pin Ok]
Search Metwork
povuer off
netmok found \Poweroﬁ

4

o

Here we analyzed the
CheckPin

state in more detail

Yannis Tzitzikas
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§ History States

» A history state is used to remember the previous state of a state
machine when it was interrupted. The following diagram illustrates
the use of history states. The example is a state machine
belonging to a washing machine.

=m History /

Rurining

restore power

powuer cut

U. of Crete, Information Systems Analysis and Design
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9§ Concurrent Regions

« A state may be divided into regions containing sub-states that exist
and execute concurrently. The example below shows that within
the state "Applying Brakes", the front and rear brakes will be
operating simultaneously and independently. Notice the use of fork
and join pseudo-states, rather than choice and merge pseudo-
states. These symbols are used to synchronize the concurrent
threads. [=m concurrent Regions /

Applying Brakes

Applying
Frort Brakes

Applying
Rear Brakes

U. of Crete, Information Systems Analysis and Design Yannis Tzitzikas 7

8 Aiaypdupiara Karaordoswv
[Tore ra xpnoiyomoloUueE

* [a va TTEPIYPAYOUE T CUPTTEPIPOPA EVOG AVTIKEINEVOU ETTI
EVOG ouvoAou lMepImTwoewy Xprnong

* Ta diaypduuata autd dev gival «BOAIKG» av UTTAPXOUV TTOAAG
ouvePYaCOMEVA QVTIKEIMEVA
— (1é71€ XpnoipoTtToloUE interaction diagrams n) activity diagrams)

Classical cases for using state machine diagrams:
— Example applications
* Cruise controls
* vendor machines
— Formal methods
« verification of network protocols
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| TTepiAnyn
Summary

Sequence diagrams (and Communication
diagrams)
« illustrate the classes that participate in a

use case and the messages that pass
between them.

State diagrams

» show the different states that a single
class passes through in response to
events.
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