CSSE 220

Software Engineering Techniques
Design Principles
Encapsulation




Today’s Agenda

* How to submit your ImplementingDesignl

* Focus on more OO Design principles:
— Spread functionality throughout the system
— Encapsulation




Turning in UML for
ImplementingDesignl
 We have shown you a solution, but we want

you to learn how to use tools to generate
them

* http://www.plantuml.com/plantuml

— Free web generator
— Integration with Google Docs

* http://www.umlet.com/

— Install program (works offline)



http://www.plantuml.com/plantuml
http://www.umlet.com/

@startuml

skinparam style strictuml
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@enduml




Moving on....

 More Object-Oriented Principles for Design

* Learn about next set of principles
— What are they?
— Why are they useful?

— When are they most important?
— How can we apply them?




Major Goals of ALL Program Design

e Say someone has written a program that
works and it has no bugs, but it is poorly
designed.

— What does that mean?
— Why do we care?
* There are two major goals:

1. It would be good if it was easy to understand
2. It would be good if it was easy to make changes to it




Principles of Design (for CSSE220)

Make sure your design allows proper functionality

— Must be able to store required information (one/many to one/many
relationships)

— Must be able to access the required information to accomplish tasks
— Data should not be duplicated (id/identifiers are OK!)

Structure design around the data to be stored
— Nouns should become classes

— Classes should have intelligent behaviors (methods) that may operate on their

data
Functionality should be distributed efficiently

— No class/part should get too large

— Each class should have a single responsibility it accomplishes
Minimize dependencies between objects when it does not disrupt usability or extendability

— Tell don't ask
— Don't have message chains
Don't duplicate code
— Similar "chunks" of code should be unified into functions
— Classes with similar features should be given common interfaces
— Classes with similar internals should be simplified using inheritance




What are the principles?

3. Functionality should be distributed efficiently
a) No single part of the system should get too large

b) Each class should have a single responsibility it
accomplishes

Why do we want to spread things out?
Why is it good to have a single responsibility?
Why do we even have classes?




Think/Pair/Share on no String class

* |Instead, what if we just passed around arrays of
characters - char|]

* And every String function that exists now, would
instead be a function that operated on arrays of
characters

* E.g. char[] stringSubstring(char[] input, int start,
int end)

* Would things be any different? Think about this
for a minute then discuss it with the person next
to you.




Concatenate...

String stringNamel "jason";

String stringName2 = "yoder";

String stringConcat = stringNamel.concat( stringName2 );
System.out.println( stringConcat );

char[] charNamel = {
char[] charName2 = {
char[] charConcat =

new char[charNamel.length + charName2.length];

for (int i=0; i< charNamel.length; i++) {
charConcat[i] = charNamel[i];

}

for (int i=0; i< charName2.length; i++) {
charConcat[charNamel.length + i] = charName2[i];

}
System.out.println( Arrays.toString(charConcat) );




Class sizes

 Why not put all the Math utilities in the String
class?

— We could just get anything we need done with
one library!




Pizza Restaurant Scenario

A pizza restaurant needs to calculate the costs of
orders and record what pizzas need to be made. An
order consists of a number of pizzas which might
have toppings as well as a customer’s name and an
order date. Each pizza costs S8 with no

toppings. The first 2 toppings cost S2

apiece. Additional toppings beyond that cost S1. If
a pizza has just peppers, onions, and sausage -
that's "The special" and it costs S12.

Design a UML diagram to model this.




UML

1. What classes did you have?
2. Where did you put “costOfPizza()”?




Solution A

Order
FizzaMain Pizza
+ | erderMum *
» cust Dat 3 toppi
handleCreateNewOrdericustomerData) customertata b
handleAddPizzalorderNum, toppings) addPizzaToOrderitoppingList) getCost()
getCost()
Solution B
Order
PizzaMain . orderMum N Pizza
';' customerData o :
handleCreateNewOrder(customerData) addPizzaToOrder(toppingList) — > toppings
handleAddPizzalorderMum, toppings) computeCostForPizzalpiza) getToppings()

getCost()

Which is better?




Solution A

Order
FizzaMain Pizza
+ | erderMum *
» cust Dat 3 toppi
handleCreateNewOrdericustomerData) customertata b
handleAddPizzalorderNum, toppings) addPizzaToOrderitoppingList) getCost()
getCost()
Solution B
Order
PizzaMain . orderMum N Pizza
';' customerData o :
handleCreateNewOrder(customerData) addPizzaToOrder(toppingList) — > toppings
handleAddPizzalorderMum, toppings) computeCostForPizzalpiza) getToppings()

getCost()

Conceptually, calculating costs could belong in either order or
pizza. But order is doing a lot of stuff — Pizza is just a dumb data
holder. So by spreading the functionality into the pizza, we
improve the design.




Alternate Pizza Restaurant

Consider now the ability to add a discount to an
order, such that a coupon can be added to an order
and then it changes how the cost is calculated. A
coupon may offer a discount percentage for
toppings (50% off all toppings) and/or a percentage
off of entire orders. In addition, there should be a
way to calculate how long it takes to create a pizza
based on its size and toppings.

Design a UML diagram to model this.




UML

1. What classes did you have?
2. Where did you put “getCost()”?




One Solution

3. Functionality should be distributed efficiently
a) No single part of the system should get too large

b) Each class should have a single responsibility it
accomplishes

#__,_,_,-'—"_ -\-\_\_\_q—-\-
e "‘“-..Hf:
-4
Order Coupon Pizza
customerMame ;. String w dizcountWholeOrder - double toppings: List<5tring=>
date : Date discountToppings : double B < e
getCostl) : double timeToCreatel) : int



http://www.plantuml.com/plantuml/img/LP31YW8n38RlVOhWIHTy0H4HPe-YmWfxhjCm1jjcQDB3phBllfsfEdXfoV__-KAo5xL9S_16xXHxcsm0qH-FvKtKJevflHM1Cms3XLy3eDpt53lPm854jryb6RiT54TeGDW0HHrZ5F32JKAhk5mzvBydxfGSfWdNPb4Ec8usZCqLLtHN-ahzMRvITQWDYquWn_dgSMOrd7kE8ykHj9oZVj_OOntnYi_kvR706yhK-7e7Yuz5tNQMwWHZzXZTU9D_
http://www.plantuml.com/plantuml/img/LP31YW8n38RlVOhWIHTy0H4HPe-YmWfxhjCm1jjcQDB3phBllfsfEdXfoV__-KAo5xL9S_16xXHxcsm0qH-FvKtKJevflHM1Cms3XLy3eDpt53lPm854jryb6RiT54TeGDW0HHrZ5F32JKAhk5mzvBydxfGSfWdNPb4Ec8usZCqLLtHN-ahzMRvITQWDYquWn_dgSMOrd7kE8ykHj9oZVj_OOntnYi_kvR706yhK-7e7Yuz5tNQMwWHZzXZTU9D_

Do we need Coupon or Topping?

* |t depends, do the classes do anything with
their data, or are they just data classes that
simply all you to get and set values?

Order
_ Fizza
customerName : String N
date ; Date '+'} toppings: List=5tring=
discountWholeQrder ; double size ;. int
discountToppings : double fimeToCreatel] - int
getCostl) : double



http://www.plantuml.com/plantuml/img/JK_B2i903BplLuIULF07YfH2FOeA5ZolRQZ1VPHDzc35VtVx47f9o4ncc2bPT91eZU8NkLu7RO7bRJ3DGCt4gCPePhZIC6ZuA03nVK-kunnEn7AufK_N5P0OfW4X1t8olf75sbS1jU1cky3Vlzqbj1WckoQoU8lXhEqedkqItYPTkezfZHTnuwEJ-zCRdCKvj3u-p9gjbsXhhaEfFCiKOG5JYjbYNq2so-PkIfNesh7n3m00
http://www.plantuml.com/plantuml/img/JK_B2i903BplLuIULF07YfH2FOeA5ZolRQZ1VPHDzc35VtVx47f9o4ncc2bPT91eZU8NkLu7RO7bRJ3DGCt4gCPePhZIC6ZuA03nVK-kunnEn7AufK_N5P0OfW4X1t8olf75sbS1jU1cky3Vlzqbj1WckoQoU8lXhEqedkqItYPTkezfZHTnuwEJ-zCRdCKvj3u-p9gjbsXhhaEfFCiKOG5JYjbYNq2so-PkIfNesh7n3m00

Rule of Thumb - Avoid Data Classes!

* A data class is a class that just contains getters
and setters

e Often, we think of Data Classes as violating a
principle of OOD called encapsulation
because they aren’t in control of their own
data — they are just dumb repositories for
other classes to use

e Usually you can improve a data class by
finding functionality to add to them




A particular program is designed to load constellations from
datafiles and draw them on the screen. The datafiles include
details about star location, size, and color, as well as which
stars ought to be connected to draw the constellation.

Depending on the star data, each star should be drawn
differently (e.g. right size, right color).

Explain the problem with the given solution and then propose
a UML solution of your own.

Constellation

name

_ lines
SkyMain , | starPositions
. staGCInrs
handIeL:_:uadDatafiIeI:cunste_llatinnr'-]arnga. datafileMame] starsize
handleDisplayAllConstellations(graphics) loadFileifilename)

drawConstellation(graphics)
drawlLines(graphics)
drawStarigraphics, position, color, size)



http://www.plantuml.com/plantuml/img/PP1D2i8m48NtFSNWoagzWY0MLrM4dc18enqwJKec8bMykqbjfSLDXlbxtvj8GwP3Xos8xrc7rv7ozvQJH36AGDdq9oG3hwH6Kx4kB5OvUhmIwxMoHhncHa_MdB7L6LHZBsRfk9EJT8pzdlamNv3rpM5Nav8qUK-ynKIW0fYW50AJqHAYU7GNApGeZFd1idLJKj9pc0z6Zz5aT6C6Dm2LmyU2CBFmxHOHyrSjW-wlc44tyZDGaPo11EPmnFHTsnsiDglbDHy0
http://www.plantuml.com/plantuml/img/PP1D2i8m48NtFSNWoagzWY0MLrM4dc18enqwJKec8bMykqbjfSLDXlbxtvj8GwP3Xos8xrc7rv7ozvQJH36AGDdq9oG3hwH6Kx4kB5OvUhmIwxMoHhncHa_MdB7L6LHZBsRfk9EJT8pzdlamNv3rpM5Nav8qUK-ynKIW0fYW50AJqHAYU7GNApGeZFd1idLJKj9pc0z6Zz5aT6C6Dm2LmyU2CBFmxHOHyrSjW-wlc44tyZDGaPo11EPmnFHTsnsiDglbDHy0

Constellation

narme
_ lines
SkyMain .| starPositions
'+'} StaGCInrs
handIeLc_:nadDatafiIeI:cnnste_llatinnr'-]arnga. datafileMame) starsize
handleDisplayAllConstellations(graphics) loadFilelfilename])

drawConstellation(graphics)
drawlLinesigraphics)
drawStarigraphics, position, color, size)

3a. Constellation does everything (except maybe the parsing
done by main).



http://www.plantuml.com/plantuml/img/PP1D2i8m48NtFSNWoagzWY0MLrM4dc18enqwJKec8bMykqbjfSLDXlbxtvj8GwP3Xos8xrc7rv7ozvQJH36AGDdq9oG3hwH6Kx4kB5OvUhmIwxMoHhncHa_MdB7L6LHZBsRfk9EJT8pzdlamNv3rpM5Nav8qUK-ynKIW0fYW50AJqHAYU7GNApGeZFd1idLJKj9pc0z6Zz5aT6C6Dm2LmyU2CBFmxHOHyrSjW-wlc44tyZDGaPo11EPmnFHTsnsiDglbDHy0
http://www.plantuml.com/plantuml/img/PP1D2i8m48NtFSNWoagzWY0MLrM4dc18enqwJKec8bMykqbjfSLDXlbxtvj8GwP3Xos8xrc7rv7ozvQJH36AGDdq9oG3hwH6Kx4kB5OvUhmIwxMoHhncHa_MdB7L6LHZBsRfk9EJT8pzdlamNv3rpM5Nav8qUK-ynKIW0fYW50AJqHAYU7GNApGeZFd1idLJKj9pc0z6Zz5aT6C6Dm2LmyU2CBFmxHOHyrSjW-wlc44tyZDGaPo11EPmnFHTsnsiDglbDHy0

My solution

Constellation

SkyMain

. | name

> lines

handleLoadDatafilelconstellatio
handleDisplayAllConstellations|

nMame, datafileMame]

graphics) loadFilelfilename)

drawConstellationigraphics)

drawLines(graphics)

Often times you need to E
find and extract a new - star
class when things get g?zlgr

complex.

drawStarigraphics)



http://www.plantuml.com/plantuml/img/LP113i8W44Ntd6BIbJNs2YR6nbLrqnDCAEgaKsWOZAd6kmjQOzammCp_xuFqP4VqE824YKrSFUbm6rWfpIW2RJyTaImyrHLjnwPnsDKOy4niLjfP2OOP0pbxmi5ie9jxwLJEcffaP9nspFkbG5ONZ-ELj9JgzUDb4v4AOADJB4pMIAp0CS4XqHF6VZ00dSTx9bruVxjDqcUtVsWRq7zOenDAwhZLZfsFLUXXPeiqbcV-_KwrXM9TvE5L_fHgdaacRm00
http://www.plantuml.com/plantuml/img/LP113i8W44Ntd6BIbJNs2YR6nbLrqnDCAEgaKsWOZAd6kmjQOzammCp_xuFqP4VqE824YKrSFUbm6rWfpIW2RJyTaImyrHLjnwPnsDKOy4niLjfP2OOP0pbxmi5ie9jxwLJEcffaP9nspFkbG5ONZ-ELj9JgzUDb4v4AOADJB4pMIAp0CS4XqHF6VZ00dSTx9bruVxjDqcUtVsWRq7zOenDAwhZLZfsFLUXXPeiqbcV-_KwrXM9TvE5L_fHgdaacRm00

Your turn!

* Try to design UML for the following scenario




Rental Company

* Arental company has many vehicles that it rents.
Vehicles have a year, make, and model, and a stock photo
advertising the vehicle on file. There are multiple vehicles
that are the same year, make, model.

 However, additional information on the specific physical
vehicles is also required. For instance, each physical
vehicle has a vin (vehicle identification number unique to
each), a description of any damage to it, and the driver’s
license numbers of everyone who has rented it.

 The company also needs to be able to print out the
damage report of a vehicle given a VIN. The company
also has to be able to print out an advertisement using
the stock photo for a given year, make, and model.




Operable but poor solution

VehicleRentalMain

yearMakeModelToVehicleMap: Map<5String, Vehicle=

vinToVehicleMap: Map<String, Vehicle= —

printDamageReportl vin: String)
print&dvertisementiyvearMakeModel: String)

* What is wrong?

Vehicle

wear [ int

make ; String

model : String

stockPhoto: Photo

wvin . String

damageData: String
renterLicenseNumbers: List<lnteger=>

print&dvertisernenti)
printDamageReporti)




Better Solution

—

- .
i .
VehicleRentalMain Physicalvehicle CELIEAEOEGE
vehicleRecordMap: Map<5String, VehicleRecord:= % | win : String year . .int .
vinToVehicleMap: Map=<5String, Physicalvehicle= ——» damage_Data: String _ ™ mzsil.:sﬂt;?ngg
printDamageReportl vin: String) ey Tk L e B stockPhoto: Photo
printddvertisementivearMakeModel: String) printDamageReport() I L feey s

* There are two different things:
— Actual physical vehicle
— Records of specific vehicles
* Class has own behaviors (reports)
— Used for specific purposes, specific data




Design Principles

3. Functionality should be spread throughout the system
a) No single part of the system should get too large

b) Each class should have a single responsibility it

_'——'_'_'__'_'-'_'_'_'__'__ ___\_\-\-\_\-\-\"'-.
_F-'-'_'_‘_'_
e W
_— \
— VehicleRecord
VehicleRentalMain FPhysicalvehicle eniclenecor

wvehicleRecordMap: Map=5String, VehicleRecord== # | win : String }rjr?:IEE: 'mE“Etrin
vinTovehicleMap: Map=5tring, Physicalvehicle= —— damageData: String — mndel.' Stringg

renterLicenseNumbers: List<Integer= :
printDamageReportl win: String) g stockPhoto: Photo
print&dvertisementiyearMakeModel: String) printDamageReport() printAdvertisement)




Encapsulation

* Makes your program easier to understand by
— Grouping related stuff together

* Rather than passing around data, pass around
objects that:
— Provide a powerful set of operations on the data
— Protect the data from being used incorrectly




Encapsulation

* Makes your program easier to understand by...

— Saving you from having to think about how
complicated things might be

-



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=i4WVqDixXRt6hM&tbnid=zUYpDqTbbC0tvM:&ved=0CAUQjRw&url=http://blackbeltbartending.com/?p=31&ei=3VK3UuXUBYTfsAS2uoKwAg&bvm=bv.58187178,d.eW0&psig=AFQjCNHxM327zEzthDBxAv0ucKsLkfnX_g&ust=1387832401396704
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=i4WVqDixXRt6hM&tbnid=zUYpDqTbbC0tvM:&ved=0CAUQjRw&url=http://blackbeltbartending.com/?p=31&ei=3VK3UuXUBYTfsAS2uoKwAg&bvm=bv.58187178,d.eW0&psig=AFQjCNHxM327zEzthDBxAv0ucKsLkfnX_g&ust=1387832401396704
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=i4WVqDixXRt6hM&tbnid=zUYpDqTbbC0tvM:&ved=0CAUQjRw&url=http://blackbeltbartending.com/?p=31&ei=3VK3UuXUBYTfsAS2uoKwAg&bvm=bv.58187178,d.eW0&psig=AFQjCNHxM327zEzthDBxAv0ucKsLkfnX_g&ust=1387832401396704
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=i4WVqDixXRt6hM&tbnid=zUYpDqTbbC0tvM:&ved=0CAUQjRw&url=http://blackbeltbartending.com/?p=31&ei=3VK3UuXUBYTfsAS2uoKwAg&bvm=bv.58187178,d.eW0&psig=AFQjCNHxM327zEzthDBxAv0ucKsLkfnX_g&ust=1387832401396704

Encapsulation

Makes your program easier to change by...

* Allowing you to change how your data is
represented




Reminders

Design Problems2 are due at start of next class

ImplementingDesignl

Make sure to submit by THIS Friday night:
Code
UML
Reflection




