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Which of the following sorting algorithms has the
best guarantee on its best-case asymptotic runtime
complexity?

Insertion Sort O (N)  adagtivity @

Merge Sort O (NlegN) (B)

Quicksort O(N log N) (C)
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Today's Learning Outcomes

29. Given the description of a class, identify its state and behaviors and use these
to sketch its fields and public method signatures.

30. Identify the invariant of a class and write code that maintains this invariant
and/or asserts that it is satisfied.

31. Write an instance method given its specifications that accesses and/or
modifies the values of its object's fields.

32. Draw memory diagrams that visualize the state of code involving instance
method calls.

33. Determine the scope and lifetime of a variable.

34. Explain the object-oriented principle of encapsulation and its benefits.
Evaluate the appropriateness of encapsulation in provided code.
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User-Defined Types

Recall: A type models a set of states (possible values) and behaviors
(ways to use its data).

We'll often want to define a type that is custom-built for our application.
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OOP and Abstraction

When we use objects in our programs, we can leverage their ability to
model complex states and behaviors without having to worry about how
this is done behind the scenes.
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Writing Larger Software with OOP

Object-Oriented Programming with many layers of abstraction offers a
principled way to write and maintain large software.
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State Representation: Fields

Fields (or instance variables) are variables that model part
of the state of an object.
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* Every field should have a Javadoc comment specifying how it should be
interpreted, any requirements on its value, etc.
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Construction

= the process of creating new instances of a class (i.e., objects)
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public class Counter {
int count;

Counter() {
this.count = 0;
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Variable Scope and Lifetime

Two properties that describe the semantics of variables in our programs.
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What can we say about the variable 1 immediately
before we return from frequencyOf()?

In Scope?
1 static int frequencyOf(int[] a, int v) {
_ quency Yes No
2 int count;
3 for (int i = 0; i < a.length; i++) { QB
4 if (alil == v) { count++; } S
— [
6 return count; fi
7 } k=
‘ £ 2| (©) | (D)
; Z




Variable Shadowing

We can sometimes have multiple variables with the same name in scope at
the same time (as long as they're scoped to different levels).
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Behaviors: Instance Methods

Non-static methods declared within a class are its
instance methods.
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Diagramming Instance Methods

Same rules as before, but instance methods have an extra this entry that
stores a reference to its target object.

public class Counter {
int count;

void increment() {
this.count++;
¥
I

.

-~

static void f() {
Counter ¢ = new Counter();
c.increment();

b
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What will be printed by the following code snippet?

Counter c1 = new Counter(); l\
cl.increment(); ( )
Counter c2 = cl;
cl.increment();

c2.increment(); 2 (Es)
int n = cl.count();

cl.increment(); 3 (::)

System.out.println(n);

s ~
O© 00O NO U & WIN =
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1 Counter c1 = new Counter(); Quatime  Stack Memory Heap
2 cl.increment();

3 Counter c2 = cl;

4 cl.increment(); cl’ Couater| | Counter

5 c2.increment();

6 int n = cl.count(); €2, Couater
7 cl.increment(); ..

8 n. int 3

9 System.out.println(n);




The Class Invariant

= a collection of properties of an object's fields that are
defined in the field declaration Javadoc comments.

When tue  class wmueriant g drag, the object
. in o clean (i-e., self—consisteat) state

Clieat sho=ld alurys  see  tuis

Tmplementer «vn'?lqi- tempenirily need to Upreak™ cless  mveriant
to catry oat requerfed belaviols

Cl1ss iavariant mast be due o9 the Wy into /out of
any insteace wethod cqlls, *
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Devious Client Code

What will happen when we execute the following code?

e \

violakon of class invariant).

1 Counter c = new Counter(); . \

2 c.count = -13; USM? fue cutleat implementation,
3 c.increment(); twis  code will f4n (in

4

5

System.out.println(c.count());

L] ( .
c connt i85 o field Wil class  Scope, So 1t'e allessidvle
eucr7w"\ef°- C «§. \We neeyd SomMme \—Jq7/ othec {1y Swpe,
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Visibility Modifiers

We can add visibility modifiers in front of variable/method declarations to
control from where (i.e., which class) they can be accessed.

public: visible from Withia  aay  class ( where they are in
5cope) -—jood for maay (a§taace methods

private: visivle onaly from Githin  clss \whee  Feld fmettod i
laied
declt _3005 foc fields / helpec wetuods
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Encapsulation

= a programming practice where we separate the concerns of the
implementer and client of a piece of code.

"s'rr-.'reju infocmatlon \II;AMJ“ - 55MPI;€7 view foc clieat o
Mhey cor't wmess  qaything  vp
clieat \g, implementer
-'.;:'
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2
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The class invariant will be true every time that we enter/exit a
non-private instance method of the class.
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Another Example: Hangman

Guess lettecs o uncover Seccet wocd
— o0 maay incorrect guesses ”'/Mf\g-‘» WEER

aad you lose

J a N a be ar
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& Coding Demo: Hangman Fields &

New Ideas:

 invariantSatisfied() method as a defensive programming measure
 final keyword to prohibit field reassignment
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Hangman Instance Methods

What behaviors should our Hangman class support?

Accessors: _ , . mypec of lives femeining

— f)(eu'co “S 3'44-’56-5

_ carteat Yuord stale’

- whether 3ame, \a)d ended

- seccet word

Mutators: ~ guess anotver letter
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2 Coding Demo: Hangman Behaviors £

Defensive Programming:
 assert method pre-conditions
 assert invariantSatisfied() at end of mutator methods
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