Arraysand Strings

- Arrays- homogeneous indexed collections

. Selection sort asarray example
— Introduction to complexity analysis

. String class, revisited
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Arrays

- Homogeneous collections of elements of
same type

- Indexed by integers

— Element O, Element 1, Element 2, etc.
- Used to storevaluesrelated to one another
- Number of elements specified at creation
time
- Can alsoinitializeentirearray with values
- AgQgregate data type
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BNF

<array-decl> »><type> <id>[ ] = new
<type> [<limit>];
<array-decl> —»><type> <id> [ | = {<values>},

Array haslimit elements, O through limit-1

Note: [ | areterminalsin thelanguage here, not [ | which
mean optional construct.

char grades [ ]={'A,'B,'C,'D,'E};
Int nonths [ ] = newint [12];
| f (grades[2]=="C)
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Array Properties
- Array sizeisfixed at creation time

- Equivalent declarations:
1. int AJ] = newint [4];
2. Int A[]; A =newint[4],;

- Array assignment does not copy values

int B[] = A Will associatethe samearray
with referencesA and B

- Can usean array element whereever the
sametype variable could be used
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Array Properties

. Accessto elementsischecked for staying
within the declared array bounds, O - (Iimit-1)

— ArraylndexOutOf BoundsException can be raised

. | engt h property stores declared length of an

array
— A lengthis4

- Arrayscan be used as argumentsto methods,
like variables

- Arrayscan beinstance variables of a class
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Example
/[/finds |argest elenent I n an

/] 1 nteger array
public static 1nt arraymax(int[]x){
int |largest = x[0];
for (int 1=1; i1<x.length; i++){
| f(x[1]>largest)| argest=x[1];

}

return | argest;

}
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Histogram Program Fragment

static final 1 nt nunof Students = 10;
static final Int points = 150;

public static void main (String[] args)
t hrows | OExcepti on{

Int score [|] = new int [nunofStudents];
Int bins [] = newint [(points/10+1)];
Int 1, S;

[/read I n test scores for class

for (1=0; 1I<nunofStudents; | ++){
s = score[1]/10;//cal cul ate bi n#
bl ns[ s| ++; }

see examples hist.java, hist.output
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Histogram Program Fragment

[/ print histogram
for (i=1; i<points/10+1; i++){
Systemout.print(i*10 + ":");
for (s=0; s<bins[i]; s++){
Systemout.print("*");

}
System out.println();

}

}//end of main
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Sorting Algorithms

. Sortsalgorithmsused to produce order ed
data, either numerically or

lexacographically ordered

. Often dataisstored in arrayswhose
elements are moved around until they arein
(ascending or descending) order

- Many different methods of varying
complexity
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First Approach

- Havearray of integers. 8910357 41to sort.

new array original array
89103574
3 8910 574
34 8910 57 _
345 8910 7
3457 8910
34578 ~ 910
345789 10

34578910
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Second Approach

- Canwedothiswith only 1array?

original array
89103574
39108574
34108579
34581079
34571089
34578109

34578910
34578910
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yes, by building the partially
sorted entries at the front of the
array and exchanging the
smallest entry with the one at the
boundary of this area each time
the unsorted values ar e searched

Selection sort
Not very efficient asre-examine
all remaining numbers each time.
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Selection Sort - Exerpt

[/to sort descendi ng exchange > for <
void selection Sort(int [] a){
Il nt tnp, chosen;
for(int left=0; left<a.length-1; left++){
chosen = left;//first unsorted nunber
for (int j=left+l; j<a.length; |++){
[/find smal | est unsorted el enent
| f (a[]]<a[chosen]) chosen=j; }
/| | exchange aJchosen] wth a[left]
tnp = aJ chosen];
alchosen] = a[left];
alleft] = tnp;
1
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How to interchange values?

Int x=0, y=1; X=V;
Int z

0 1 X y
X

Z=X; Yy~ 4

Barbara G. Ryder © Spring 1998 Arrays;Strings(13)) 13



Analysis

iteration number of comparisons
1 6 n-1
2 5 n-2
3 4 n-3
4 3 n-4
6 1 n-(n-1)=1
I none

How many comparisonsin all?
- - - — _ ~ N2
(n-1)+(n-2)+(n-3)+...+ 3+2 +1=(n)(n-1)/2 ~n
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How slow isn??

. Population of USis~250 million
— 2.5e8 * 2.5e8 = 6.25 €16 comparison operations!
. Suppose we can execute 100 million
operations per second (optimistic)
—6.25el16/ 1.0 e8 = 6.25 e8 seconds

— 8.54 ed seconds in aday, 3.16 €7 secondsin a
year

— Takes 10 yearsto perform sort!
— 1 year per line of code!
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Multidimensional Arrays

- Userestricted case 0,0/ 0,1
— Only 2D arrays 1,0 1,1
— Only reference elements 20|21
- Declaration 30|31
int tnp[ ][ ] = newint [4]]2]
- Refer toan array element ;}mber of columns

trp[2][1] = tnp[O0][1] + 5;

number of rows
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String Class

A Javatypethat isnot primitive
Special constructor - no new

String bigOne = “hi ppopot anus”;
|mmutable values

Standard interface:

— length, char At, equals, compareT o, indexOf,
substring, toCharArray

— allows lexacogr aphic comparison of String
obj ects, substring extraction
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String Class I nterface

int length();//length in chars

char charAt(int i1ndex);//returns

[/ char at position index In string,
[/first position is O.

String s = “Barbara Ryder”,;

char c s.charAt(0);//c i1s ‘B

char c s.charAt (3);//c i1s ‘Db

int 1 = s.length();//1 1s 13(not 12!)
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String Class | nterface

//use instead of == for String

bool ean equal s (Obj ect obj);

/ /| exacographi c conparison; (-1,0,1)
|l nt conpareTo(String s)

String s = “abc”,t = “abdc”,w = “ab”;
nt 1;

| = s.conpareTo(t);//1 1s -1

| = s.conpareTo(w);//1 1s 1

| = s.conpareTo(“abc”);//1 1s O

| f ('(s equal s(“abc”)))i =5;//1 1s O
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String Class | nterface

Int 1 ndexOr(String s);
String substring(int begin,int end);
char [] toCharArray();//a class
/ | met hod
String s = “abc”,t = “abdc”,v;int I;
| = s.indexOr(“ab”);//1 1s O
| = s.indexO(“def”);//1 1s -1 as
[/ substring isnt in string s
v=s.substring(0,1) + "e”;//v Is “abe”
char [] c; ¢ = toCharArray(t);// nmakes
c contain ‘a ,’'b,’d,’c’
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Selection Sort for Strings

- What changes necessary to previous codeto
handle strings instead of integer s?
— String a[ ] parameter
— use of compareTo() in if statement

- Would be niceto defineone sort routineto
use with Object al | aslong as proper
comparison operation isavailable - idea
behind generics or templates in OOPLs
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