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Introduction - I 0302602020

e identifying the objective
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Introduction - II (V-G53

e setting up a plan
— who?
— when?
— where ?
— what ?

e decide on notation
— UML

e team member roles
- certain experiences ?
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Process - I (L (23 (9(5)

e jterative approach
— start with a simple model
- refine to build the final model

Analysis

Implementation)%

\ [Refinement]

K [Refinement] /

— we came up with 8 revisions !
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Process - II 2026020206

e identifying requirements
— what is clear ?
e 80 items available
e several buttons
e and many more ...

— what is ambiguous ?
e which currency ?

— 5 cent rounding
— smallest accepted coin
e jtems out of stock ‘

e tracking sales
e and many more ...
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Process - III 2026020206

TransactionController
Product
- -customerBalance : Balance
-name : string -selectedProduct : Product
< has alocation -price : float : 0.1 -machine : VendingMachine
- :Iilar:::non ProductLocation 4 hasa prodqct T, v in parent - ‘ - -
1 [+addCashToBalance(in cashAdd : Coin)
. R O e I n 1 -ty . _ +addSelectedProduct(in newProduct : Product)
I I l +Product(in row : char, in col : uint) +getProductPrice()
ProductLocation +getName() : string +getTransactionBalance() : float
row ohar e : string) +getTransactionCoinsy() : Collection
- . . L +getPrice() : float #checkPurchase()
-column : uint = 0 +setPrice(in newPrice : float) HmakePurchase()
— class diagram is integra
+ProductLocation(in newRow : char, in newCol : int) +getUnit() : string
+getLocationID() : string +setUnit(in newUnit : string)
+getRow() : char +getQuantity() : uint 1 1has abalance »
+getColumn() : uint +addQuantity(in number : uint)
— r n m N +subtractQuantity(in number : uint)
N has a transaction controller » 1
1 S «usesy» 80
. contains groducts » Balance
H CoinValidator . “totalAmount : float
— semantics . iacore  Cateion
[+validate(in aCoin : Coin) : bool AN ! +addMoney(in cashinput : Coin)
N 1 cashOutput : Coin) : bool
1 VendingMachine 1 +getBalanceTotal() : float
- +getCoins() : Collection
:zm::?g}ﬁfm +getCoins(in reqdAmt : float, inout coins : Collection) : bool
f#nextLargestCoin(in currAmt : float) : float
creafes b string = rdlear)
< has acqin vahdator1 outOfOrder - string = "Out of Order” +addMoney(in coins : Collection)
-nilStock : string = "Nil Stock” has a balance »
1 " 1

- L] L]
. I e I y I g p a e r S |-zeroFomat : string = "0.00" 4
-selectionPad : KeyPad containd coins »

-products : Collection
-machineBalance : Balance
-amountDueDisplay : Display

]
- 1 -selectionDisplay : Display .
— 4 has a keypad -transactionManager : TransactionController 0
«uses»

-cancelButton : CancelButton

I-coinValidator : CoinValidator Y Coin
- +moneyReceived(in cashinput : Coin) “~~<_{amount : float= 0
1 1 +productSelected(in selection : ProductLocation) A O
— O e n I reC I I I a e O tvalidProduct(in selectedProduct : Product) : bool RS2 e 0 o mount  float = 0
+dispatchProduct(in selectedProduct : Product) setAmount(in newAmount : float = 0)
KeyPad +purchaseProduct(in change : float, in coins : Collection)
" q +update()
-alphaButtons : Collection .
l ' M L St r u Ct u res -numericButtons : Collection :ge:go:/vs() Ui " \
-selectedRow : char +get o’\;lmns()v UIC in - Coi 1
-selectedColumn : uint #returnMoney(_ln G 2:no’t OT)C lect
-machine : VendingMachine et oney(l[\oc:es() utput : Collection)
+KeyPad(in parent : VendingMachine) #d\s;Ia;lDefau\t()
+update(!n val: C.har) fdisplaySelectionInformation(in message : string)
+update(in val : uint) #cancelTransaction()
+clear() ~ % has a cancel button »
fvalidSelection() : bool So ——_————
fcreateSelection() : ProductLocation S - - SO 1 displays »
pbuildButtons() ,~ Observer Pattern™s
\ Refer Appendix C and )
1 N Appendix D e
1 S~ <
=" ~o 2 Display
contains nureric buttons » = 5
Button -message : string
+getMessage() : string
i : string)
+press() +clear()
10 %
( 1
NumericButton C 1
-buttonValue : unsigned int -buttonValue : char
+NumericButton(in newValue : uint) +AlphaButton(in newValue : char)
+updateObserver() +updateObserver()

contains alpha buttons »
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Process - IV

e (lass diagram

< has a location

Product

ProductLocation

N 1

cre teq

containg numeric buttons »

80

0-4 hasa product 1

20202020

contains groducts »p4q A transactio

«uses»

-
-

.
.
_ has a coin validator 1
.

TransactionController |

Balance

-
-

has a balance » /

has displays »

| NumericButton |

| AlphaButton |

| CancelButton |

cont:iﬂs alpha buttons »

/ 8
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Process - V 202602020

e Use case diagram

System

Select product
Purchase product
m
Actor1
ctor Pay for product
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Process - VI 2026020206

e State diagram

[Nil stock or not enough change]
Out of order More coins inserted]
[More coins inserted] m
~ i ini i
@ [More coins inserted] m [Second digit entered]/a't for remaining com%

Wait for further coins

[First digit entered]

Wait for coins

[Cancelled]

[Cancelled] [Cancelled or nil stock or not enough change]

[Enough money collected]

[No Change]

Dispense product

) [Need to give back change]
Dispense change
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Process - VI

e Collaboration diagrams

— mapping state diagram to OO
structure

— several diagrams !

IemouDesticaiaz]
. - [amountDueDisolay |

e

apostconditions
{customerBalance, Amount < selectedProduct Price
[Refer to Appendix J or altemate scenario]}

1.4: checkPurch|

«precondition»
{coinValidator validate(cashinput) == true
[Refer to Appendix F for altemate scenario])

«postcondiion»
feustomerBalance Amount >= selectedProduct Price}

1.0 checkPurchase() —»

«1.6: clear()

«procondifon
{purchaseProduci(change,coins) == true}

1.4 retumMoney(cashOutput)

«precondition»
{getCains{reqdAmt, coins)

1.1; updateObserver) —

alphaBufion

1.1; updateObserver) —

Customer

1.5:valdProduct valdProduc(selectedProduct) 5, A™

19: setMessaga(newhlessage) —b

postcondition
{customerBalance. Amount < selectedProduct Price
[Refer to Appendix J for altemate scenario]}
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Process - VI

e Sequence diagram

— emphasize temporal

relationships
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Implementation

e done in C#

e to test robustness of our design

VendingMachine Class

uging Jystem;
using f¥stem.Lollections:
%Q%&&HQBS YendinoMaching
public class VendinoMashing @ Observer
{
FORSt uint numberBowss= 87
gonst uint numberColunnsg = 10;

Gonst string readydtats = "Ready”;
gongt string zereFormat = "0.007;

congh string gutlflrder = "Out of Order™;

congh string pilitocgk = "Nil Stock™:
somat float maxBalance = 1000.00£;

Haghtable products = new Hashpahlel) ;
Balance machineBalance = new Balance();

Display amounthueDisplay = new Displayl);
Digpdavll ?

Display gelechionbisplay = new

=HNEw

GancelButton cancelButton Canes lButton ()
CoinValidator coin¥alidator = new Coin¥alidatoril:

i
A
A
i
i
i
A

A
A
A
i

TransactionController transactionManager:

EeyPad selectinnPad:

44 default constructor
public VendinoMachine ()
i
seierbimmbad = new KeyPad(this);

mumber of rows

nunher of columns
Feady nessage

0.00 message

Out of order message
il stock message
Maximum machine balance

holding products
machine balance
display for amount dus
display for selection messages
/7 button for cancel transaction
/4 coin walidation
/4 for transactions
/7 for user selections

LrangactionManager = new TransactionController (this);

displaylefaulel);
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UML Critique - I (1 (24 (3 (5

e UML is not the customer’s language !
— UML is a mix of several notations

e too many structural details
— and no consistent level of detail (use cases vs. class diagram)

e no unique algorithm to design UML diagrams
— hundreds of possibilities to model a problem with UML

e hard to draw diagrams without software (Visio)
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UML Critique - II (1 (24 (35 (a (5

e UML violates basic rules of visualization
— human perception
— Bertin’s variables

e no way to verify and validate requirements

- try to take a look at competing modelling languages !
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Conclusion (2 (3 (a5

o all three team members have different background
— ... but UML helped to speak the same language !

e initial effort to learn UML
— but the last meetings were quite efficient and effective
- time initially spent paid off

o software tools seem to get better and better

e developer community accepts UML
— now essential skill of advanced developers
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