CS 142

Lecture 13: static;file I/O; 2D arrays
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Thanks to Marty Stepp and Stuart Reges for parts of these slides.
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Exercise: BankAccount

How can we make sure that every bank account gets
a unique id?

pUbEEEY e s s e BankACCoRRE

private String name;
private int id;

public BankAccount (int accountNumber) ({
id = accountNumber; // give number to account

}

pubkEresintyget ) // return this account's id
return id;

}
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Static members

e static: Part of a class, rather than part of an object.
* Obiject classes can have static methods and fields.
* Not copied into each object; shared by all objects of that class.

class

state:
private static int staticFieldA

private static String staticFieldB

behavior:
public static void someStaticMethodC ()

public static void someStaticMethodD ()

object #1 object #2 object #3
state: state: state:
int field2 int fieldl int fieldl
double field?2 double field2 double field2
behavior: behavior: behavior:
public void method3 () public void method3 () public void method3 ()
public int method4 () public int method4 () public int method4 ()
public void methodb () public void methodb () public void methodb ()
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Static fields

private static type name;

or,
private static type name = value;

* Example:

private static int theAnswer = 42;

o static field: Stored in the class instead of each object.
* A "shared" global field that all objects can access and modify.
* Like a class constant, except that its value can be changed.
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Accessing static fields

® From inside the class where the field was declared:

fieldName // get the value
fieldName = value; // set the wvalue

®* From another class (if the field is public):

ClassName . fieldName // get the value
ClassName. fieldName = value; // set the wvalue

» generally static fields are not pubblic unless they are final

® Exercise: Write the working version of Giraffe.
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BankAccount solution

e e e e R O e s Hh el e e

// static count of how many accounts are created
// (only one count shared for the whole class)
private static int objectCount = 0;

// fields (replicated for each object)
private String name;
private int id;

public BankAccount () {
objectCount++; // advance the id, and
id = objectCount; // give number to account

public fnt iget D // return this account's id
return id;

}
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Static methods

// the same syntax you've already used for methods
public static type name (parameters) {
statements;

}

e static method: Stored in a class, not in an object.

* Shared by all objects of the class, not replicated.

* Does not have any implicit parameter, this;
therefore, cannot access any particular object's fields.

® Exercise: Make it so that clients can find out how many total
BankAccount objects have ever been created.
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BankAccount solution

public class BankAccount {

// static count of how many accounts are created
// (only one count shared for the whole class)
| Oh i s el s N M S A 0 Y A o) O g 4 SYeH s o Dhia N B O

// clients can call this to find out # accounts created
public static int getNumAccounts () ({

return objectCount;
}

// fields (replicated for each object)
Pl aEe S r R rrane:,
Pl e e R e

eribiEEeREenedel @ ornprEs ey
objectEountrf; // advance the id, and
id = objectCount; // give number to account

}

pubEle i Ent get T // return this account's id
Jee R eeclt

}
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Creating an array of arrays

int [10] [8] data creates an array of length 10 that stores
arrays of length 8

ST o o) BB A erA e o e
Output:

YR A e e e A D s T SR e s b A A e A, e s B A S et o
R R A S Ay ISR S e

S G b N e e E e AR S S e S T T oo BB 2y A S S ANS B R e e oo 10 11 12 13 14 15 16 17

8 e BT BN R R S a2 RS B o ety e Mo M R N X e
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}
System.out.println () ;
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Array of arrays mystery

7 @) 0 B (17N o = M o o (0 = K o P B 0 o oo o S F = D B 0 0 B Ry ) 0> o B B it 01 M
O R (T T B R AR A Qe e e A A e o3 Py 6 3 o
SRTE Nl G o N a%acy ettt § £ Aoy S ol gy A I L Y R
B S P A e T N S Y P S e P e S e

}
}

Suppose that a variable called grid has been declared as follows:
I [ S A RO P i 6 et (0 KL ) P g g Y e M st o o et (kO N T oy A b A e o
T e o e i B S B Sl Ay Ford b e R
B T e G [ oot o P it P Re o sl Dt S Y

which means it will store the following 6-by-6 grid of values:

Function Call Contents of Array
Returned

mystery (grid, 2, 2)

NANUTHH
NNOCOWOWUIN
AN~ N
H O NN N 0
PNNWRADN
WWONNH

For each call at right, indicate what value
is returned. If the function call results in an
error, write error instead.

mystery (grid, 0, 2)

mystery(grid, 3, 3)
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Exercise

Write a function called max row that takes a list of lists as a parameter
and returns the index of the row that contains the maximum value.

To test this create an array as follows:

35 pa ) B B aliate e e S e e e e
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Exercise

® (To a student in the front row)

How many students total are directly behind you in your "column" of the
classroom?

* You have poor vision, so you can
see only the people right next to you.
So you can't just look back and count.

* But you are allowed to ask
guestions of the person next to you.

* How can we solve this problem?
(recursively )
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The idea

® Recursion is all about breaking a big problem into smaller occurrences of
that same problem.

* Each person can solve a small part of the problem.
o What is a small version of the problem that would be easy to answer?
« What information from a neighbor might help me?

Hey, neighbor, help me out!

p

Hey, neighbor, help me out!

& ;ey heighbor, help me out!
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Recursive algorithm

®* Number of people behind me:

e If there is someone behind me,
ask him/her how many people are behind him/her.

 When they respond with a value N, then | will answer N + 1.

o |f there is nobody behind me, | will answer 0.

;ow many people are behind me?
\ | ;ow many people are behind me?

1. How many people are behind me?

e/
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Recursion

® recursion: The definition of an operation in terms of itself.

* Solving a problem using recursion depends on solving
smaller occurrences of the same problem.

® recursive programming: Writing methods that call themselves to solve
problems recursively.

* An equally powerful substitute for iteration (loops)
e Particularly well-suited to solving certain types of problems
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a) Part of the Mandelbrot set.

b) Part of the North American coastline near Hudson Bay.
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Why learn recursion?

® "Cultural experience" — think differently about problems
® Solves some problems more naturally than iteration
® Can lead to elegant, simplistic, short code (when used well)

* Many programming languages ("functional" languages such as Scheme,
ML, and Haskell) use recursion exclusively (no loops)

* A key component of many of our assignments in CSE 143
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Getting down stairs

>
.y
A
. -

T = - * Need to know two things:
=1 » Getting down one stair
* Recognizing the bottom

® Most code will look like:

if (simplest case) {
compute and return solution
} else {
divide into similar subproblem(s)
solve each subproblem recursively

assemble the overall solution
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Recursion and cases

® Every recursive algorithm involves at least 2 cases:

* base case: A simple occurrence that can be answered directly.

* recursive case: A more complex occurrence of the problem that cannot be
directly answered, but can instead be described in terms of smaller
occurrences of the same problem.

* Some recursive algorithms have more than one base or recursive case, but all
have at least one of each.

* A crucial part of recursive programming is identifying these cases.
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Another recursive task

®* How can we remove exactly half of the M&M's in a large bowl, without
dumping them all out or being able to count them?

* What if multiple people help out with solving the problem?
Can each person do a small part of the work?

* What is a number of M&M's
that it is easy to double,
even if you can't count?

e (Whatis a "base case"?)
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Recursion in Java

® Consider the following method to print a line of * characters:

// Prints a line containing the given number of stars.
// Precondition: n >= 0
publterstaticveoldprint Stars tintmnyr=y
B 2 A B | o BT o oy S o Mot [ oy ) Mg
Sy stbemyout s pEERtERE N

}
Vi e RO e OYeal BHe s O s // end the line of output

* Write a recursive version of this method (that calls itself).

* Solve the problem without using any loops.
* Hint: Your solution should print just one star at a time.

. 24
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