Lecture 6

Arrays
If a program has a | arge nunber of variables then, in order to

get a handle on them it is usually necessary to index them by neans of
arrays.

A pair of square brackets, [], is the java notation for an array.
For exanple, if a programwere to deal with 10 states, say

California, Oregon, Washi ngton, Mntana, |daho,
Wom ng, Col orado, Arizona, Nevada, U ah

then the nane of the array nmight be state and the individual array

el ements mght be state[0], state[1l], .. , state[9] where
state[0] = California, state[l] = O egon,
state[2] = Washington, state[0] = Mntana,
state[4] = I|daho, state[5] = Wom ng,
state[ 6] = Col orado, state[7] = Arizona,
state[ 8] = Nevada, state[9] = Utah

The termnolgy here is state[] is an array (of strings) of 10
el enents. Note that the index runs from O to 9, and not from 1 to 10.
This is a java convention: the index of an array of n elenments runs
fromO to n-1.

There are several ways to declare and allocate space for an array
in java. One nmight give the instructions:

String state[]; // decl are
String state[] = new String[10]; /1 allocate

These two instructions can be witten on one line as:
String state[] = new String[10];

Al ternatively, the pair of brackets can be added to the type nane:
String[] state = new String[10];

Strings can be of any type, but all elenents of a String nust be
of the sane type.

The next exanple shows one way of declaring, allocating, and
defining an array and its el ements.

Note that all the individual elenents of the String array state
bel ow nust be encl osed in double quote narks (//1). In addition
state.length is the nunber of elenents of the array (//2).



public class States

{

public static void nmain(String args[])

{
String state[] = {"California", "Oregon", "Wshington"
"Mont ana", "ldaho", "Wom ng",
"Col orado", "Arizona", "Nevada","Utah"}; //1

int prine[] ={2,3,5,7,11, 13,17, 19};

Systemout.printlin("/n");
for (int i =0; I < state.length; i++) /12
{

Systemout.print("state["+i+"] = "+state[i]+ " ")
if (i9%2 == 1) Systemout.println();
}

System exit(0);

}

The output is:

"% Command Prompt =] 3
A.I
Z:\11Pic20\Lecture_g\States>java States
|

state[0]
state[2]
state[4]
state[6]
state[8]

California state[1] = Oregon
Washington state[3] = HMontana
Idaho state[5] = Wyoming
Colorado state[T] = Arizona
Nevada state[9] = Utah

Z:\11Pic20\Lecture_g\States>_ -
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Testing for Primality

Recal | that a positive integer 2 2 is said to be a prime if it is
divisible only by 1 and itself. (By definition, the integer 1 is not
considered to be a prine). Thus the first few primes are 2, 3, 5, 7,

11, 13,

The sinplest way to determ ne whether a given integer nis to
test to see if it is divisible by any integer < vn. The reasoni ng behind
the test is sinple: If nis not a prine it nust be divisible by a prine

that is vn; it can't have two prine factors that are both greater than

vn.

The next application is based on this idea.
public class Prines

public static void nmain(String args[])

{
for (int n =3; n<30; n=n +2)
if (isPrime(n))
Systemout.println( n + " is a prime");
}
public static boolean isPrinme(int n)
{

bool ean isprine = true;

int N= (int)Math.sqrt(n);

for (int i =2; i <= N; i++)
if (n% == 0)
{
isprine = fal se
br eak;
}
Systemout.println("n =" +n+ " i =" +1i);
}/ ! end for

return isprine;
} // end class Prines

Not e that we have added a nethod isPrine(int n) to the
application main(String args[]) here.



The output for this application shows how the "for" |loop and the
break work together
int N= (int)Math.sqrt(n);
for (int i =2; i <= N; i+t)
if (n% == 0)
{
i sprinme = fal se;
br eak;
}
Systemout.printin("n =" +n+ " = +i);
}/ 1 end for
% Command Prompt =] B3
Z:\11Pic20\Lecture_B\Primes>java Primes -]
3 is a prime
nh=5 1i3=2
5 is a prime
nh=7 1= 2
T is a prime
nh=9 i3=2
n=11 1i= 2
n=11 1i= 3
11 is a prime
nh=13 i = 2
n=13 i =3
13 is a prime
h =15 1 = 2
nh =17 i = 2
h =17 1 = 3
n =17 i =4
17 is a prime
h=19 i = 2
n=19 1i = 3
h=139 i =4
19 is a prime
nh=21 1i3=2
h =23 1= 2
h =23 i=3
h =23 1= 4
23 is a prime
h =25 1= 2
nh =25 1i=3
h =25 1= 4
h =27 1i= 2
h =29 i=2
h =29 i=3
h =29 1i:=4%
h=29 i=75 —
29 is a prime -
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Vari ati ons on "static"

Havi ng checked that isPrinme(int n) is working we erase the print
lines inside it. In addition, to see what will happen, we erase the
words "static" formthe first line of its definition. The result is:

public class Prines

{

public static void main(String args[])
{

for (int n =3; n<30; n=n +2)

if (isPrime(n))

Systemout.printin( n +" is a prime");

}
publ i c bool ean isPrine(int n)
{

bool ean isprine = true;
int N= (int)Math.sqrt(n);

for (int i =2, i <= N; i+4)
{
if (n% == 0)
{

isprine = fal se
br eak;

}
}/ ! end for
return isprine;

} // end class Prines

Then we conpile and get an error nessage:

/% Command Prompt [_ (O]
Z:\11Pic20\Lecture_6>javac Primes.java Al
Primes.java:6: Can't make static reference to method boolean isPrime(int) in cla
ss Primes.

if (isPrime(n)) -
1 error
Z:\11Pic20\Lecture_6>_ =l

There is another way of getting the programto run. W will
return to this point later



An Array of Prines

Let us return to constructing an array of prines. W shall use
the method isPrine(int n) to produce an applet that counts and displ ays
the primes that are < n, where nis a given positive integer. W begin
by including isPrine(int n) in the first stage of our applet and
checking that it works. Note the absence of the word static in the
definition of isPrinme().

i mport javax.sw ng.*;

public class PrinmeArray extends JAppl et

{
public void init()
{
String w,
int n;

w = JOpti onPane. showl nput Di al og("Enter an integer n");
n = I nteger. parselnt(w);

int count = 1;
for (int j =3; J <=n; j=+2)
if (isPrime(j)) count++;

System out. print("\nnunber of prines <= " +n);
Systemout.printin(" is equal to " + count+ "\n");

} /1 end init()

public boolean isPrinme(int n)

{
bool ean isprine = true;
int N= (int)Math.sqrt(n);
for (int i =2; i <= N; i++)
if (n% == 0)
{
isprine = fal se
br eak;
}
}/ ! end for

return isprine;
}/ /1 end isPrinme(int n)

}/ 1 end class PrineArray

The output of this for n = 20 verifies that it is functioning:



"% Command Prompt

2:\11Pic20\Lecture_6\Primes>appletviewer Primefrray.html

—
number of primes <= 20 is equal to 8
2:\11Pic20\Lecture_6\Primes>_ -
1| | M 4

ESInput E

E Enter an integer n
20 |

| OK || Cancel ‘

[iarning: Applet Wincow

So, we go on
code is inb

i mport javax

public cl ass

{
public

{

to the problem of constructing the array. As before, old
lue; newis in red.

. SWi ng. *;

PrimeArray extends JAppl et

void init()
String w,
int n;

w = JOpti onPane. showl nput Di al og("Enter an integer n");
n = Integer. parselnt(w);

int count = 1;
for (int j =3; jJ <=n; jI+2)
if (isPrime(j)) count++

System out. print("\nnunber of prines <= " +n);
Systemout.println(" is equal to " + count+ "\n");

int[] pr = newint[count];

pr(0] = 2;

int newc = 1;

for (int j =3; ] <=n; j =j+2)
if (isPrinme(j))

{

prinewc] = j;

newc++;
}
for(int j = 0; j < count; j++)
{
Systemout.print(" pr["+j+"] =" + pr[j]);



if (jY® == 4) Systemout.println();
}// end for

} // end init()
publ i c bool ean isPrine(int n)

bool ean isprine = true;
int N= (int)Math.sqrt(n);

for (int i =2; i <= N; i++)
if (n% == 0)
{
isprine = fal se
br eak;
}
}/ ! end for

return isprine;
}// end isPrinme(int n)

}// end class PrineArray
In short, once the nunber of prines < n is determ ned we set up
the array to hold the prinmes by the line
int[] pr = newint[count];

The output for n = 200 is:

"% Command Prompt [_ (O] ]
r 4
2:\11Pic20\Lecture_6\Primes>appletviewer Primefrray.html

humber of primes <= 200 is equal to 46 .J
prie] = 2 pr{1] = 3 pr[2] = 5 pr[3] = 7 pr{4] = N

pri5] = 13 pr[6] = 17 pr[7] = 19 pr[8] = 23 pr[9] = 29

pri10] = 31 pr[11] = 37 pr[12] = 41 pr[13] = 43 pr[14] = 47

pri15] = 53 pr[16] = 59 pr[17] = 61 pr[18] = 67 pr[19] = T1

pri20] = 73 pr[21] = 79 pr[22] = 83 pr[23] = 89 pr[24] = 97

pri25] = 161 pr[26] = 103 pr[27] = 107 pr[28] = 109 pr[29] = 113

pri30] = 127 pr[31] = 131 pr[32] = 137 pr[33] = 139 pr[34] = 149

pri35] = 151 pr[36] = 157 pr[37] = 163 pr[38] = 167 pr[39] = 173

pr[40] = 179 pr[41] = 181 pr[42] = 191 pr[43] = 193 pr[44] = 197

pr[45] = 199

Z:\11Pic20\Lecture_B\Primes>_ ~
4 | o 4

An aesthetic problemrenains: the output |ooks sloppy. It can be
i mproved by addi ng appropriate blanks to the output Iines. The nethod
for doing this, blanks(int n) ,is at the end of the conplete program
for the applet below It is applied in the printout lines at the end of
the init() nethod.



i mport java.awt.*;
i mport javax.sw ng.*;

public class PrineArray extends JAppl et

{
public void init()
{
String w,
int n;

w = JOpti onPane. showl nput Di al og("Enter an integer n");
n = I nteger. parselnt(w);

int count = 1;
for (int j =3; | <=n; j=j+2)
if (isPrime(j)) count++;

System out. print("\nnunber of prines <= " +n);
Systemout.printin(" is equal to " + count+ "\n");

int[] pr;

pr = new int[count];

pr(0] = 2;

int newc = 1;

for (int j =3; ] <=n; j =]+2)

if (isPrime(j))

prinewc] = j;

newc++;
}
for (int j =0; j < count; j++)
{
Systemout. print(blanks(j)+" pr["++"] =");
Systemout .print(blanks(pr[j])+ pr[jl);
if (j% == 4) Systemout.println();
}

} /1 end init()

public bool ean isPrime(int n)

{
bool ean isprine = true;
int N= (int)Math.sqrt(n);

for (int i =2; i <= N; i++)
if (n% == 0)
{
isprine = fal se;
br eak;

}
}/ ! end for

return isprine;



}/ /1 end isPrinme(int n)

public String blanks(int n)

{
String spaces = "";
if (0 <= n & n < 10) spaces =" ";
if (10 <= n && n < 100) spaces =" ";
return spaces;

}

}// end class PrineArray

& Command Prompt =] 3
Z:\11Pic20\Lecture_6\Primes>appletviewer PrimeArray.html |
humber of primes <= 680 is equal to 109
pr[o] = 2 pri1] = 3 pri2] = 5 pri3] = 7 pri4] = 11
pris] = 13 pri6] = 17 pri7] = 19 pri8] = 23 pri9] = 29
pri18] = 31 pr[11] = 37 pr[12] = 41 pr[13] = 43 pr[14] = 47
pri15]1 = 53 pr[16] = 59 pr[17] = 61 pr[18] = 67 pr[19] = 71
pri20] = 73 pr[21] = 79 pr[22] = 83 pr[23] = 89 pr[24] = 97
pri25] = 181 pr[26] = 103 pr[27] = 167 pr[28] = 189 pr[29] = 113
pri3e] = 127 pr[31] = 131  pr[32] = 137 pr[33] = 139 pr[34] = 149
pri3s] = 151 pri36] = 157 pr[37] = 1863 pr[38] = 167 pr[39] = 173
pri40] = 179 pr[41] = 181 pr[42] = 191 pr[43] = 193 pr[44] = 197
pri45] = 199 pr[46] = 211  pr[47] = 223 pr[48] = 227 pr[49] = 229
pri5e] = 233 pr[51] = 239 pr[52] = 241 pr[S3] = 251 pr[54] = 257
pri55] = 263 pr[56] = 269 pr[57] = 271 pr[S8] = 277 pr[59] = 281
pri6e] = 283 pr[61] = 293 pr[62] = 367 pr[63] = 311 pr[64] = 313
pri65] = 317 pr[66] = 331 pr[67] = 337 pr[68] = 347 pr[69] = 349
pri70] = 353 pr[71] = 359 pr[72] = 367 pr[73] = 373 pr[74] = 379
pri75] = 383 pr[76] = 389 pr[77] = 397 pr[78] = 481 pr[79] = 489
pri8e] = 419 pr[81] = 421 pr[82] = 431 pr[83] = 433 pr[84] = 439
pri85] = 443 pr[86] = 449 pr[87] = 457 pr[88] = 461 pr[89] = 463
pri96] = 467 pr[91] = 479 pr[S2] = 487 pr[93] = 491 pr[94] = 493
pri95] = 503 pr[96] = 569 pr[97] = 521 pr[98] = 523 pr[99] = 541
pri10e] = S47 pr[101] = 557 pr[1062] = 563 pr[103] = 569 pr[104] = 571
pri105] = S77 pr[106] = 587 pr[167] = 593 pr[108] = 599
Z:\11Pic20\Lecture_6\Primes> -
1] | By
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Honmewor k:

1) WII the nmethod isPrime(n) determine if nis aprimeif nis a
nunber | ess than 2 billion? Wiy? Wat if n is a nunber n whose size
is about 3 billion? Wy?

2) Suppose that for a given nunber n whose size is about 108 ,isPrine(n)

is true. How many eval uations of the type n% nust be nade to
determ ne that isPrine(n) is true?

3. Suppose that you wanted to set up an array of all the prlnEs <
10, 000, 000 wi t hout actually counting the number of prines < 10, 000, 000.
One way of doing this would be by the instruction

int[] prime = new int[10000000];
Comment on the sensibility of this.
3. Suppose you wote
int state[] = {California, Texas, Illinois};

in a syntactically correct program Wat then is California? Wat sense
is there, if any, in the commuands

California = ; /] define the value of California
Illinois = ; // define the value of Illinois
California*lllinois;

4. Gven tine, would your computer eventually carry out the instruction
int count = O;
for (int n = 3; n < 1000000000; n = n+2)
if isPrime(n) count++

(Assune you have at |least a PentiumIl nachine with 64 M of Ram
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