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Chapter aims

e An array is list of items
- store collection of values in one place
— arbifrary order or specific order.

e Explore definition and use of arrays
array creation
array element access
sorting items
partially filled arrays
array extension
two-dimensional arrays.

e Also reinforce references

- have several arrays containing references to same objects.
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Section 2

Example:

Salary analysis
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Aim

AIM: To infroduce the basic concepts of arrays, including ar-
ray type, array variables, array creation, array element
access, array length and empty arrays. We also meet

Mat h. round() and revisit System out. printf() and divi-
sion by zero.
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it S q I q ry q n q Iys i s

001: inport java.util.Scanner;

002:

003: /* This program anal yses integer salaries entered by the user.
004: |t outputs each salary together with its difference fromthe
005: mean of the salaries. There nust be at |east one salary.

006: */

007: public class Sal aryAnal ysis

008: {
009: public static void main(String[] args)
010: {

011: [l A Scanner for getting data fromthe user.

012: Scanner sal ari esScanner = new Scanner (Systemin);
013:
014: Systemout. print("Enter the nunber of salaries: ");

015: int nunber O Sal ari es = sal ari esScanner. nextint();
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Salary analysis

e Problem: need to have all salaries before compute average

- but need average before output analysis of each one.

e How can we store them all?
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Array

e An array is ordered collection (list) of items
- of some parficular type

- fixed size.

e [fems stored in adjacent computer memory locations at run time.

e E.g. an array of 8i nt values.
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Array

Each array element contains a value
- can be changed

- l.e. each element is separate variable.

But array as a whole is single entity.

Similar fo idea of objects having instance variables

- but elements of array must all be same type.

Indeed, arrays in Java are objects.

Novernber 27, 2018 Java Just in Time - John Latham Page 9(0/0)



Type: array type

Java arrays are objects

- but freated differently from instances of classes.

To denote array type write type of array elements followed by [] .

Type of elements known as array base type.

E.g.int[] —arrays with i nt as base type

- each elementis ani nt variable.

E.g. String[]

— each element can confain reference to a Stri ng object.
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Salary analysis

You have actuadlly met arrays before in this book, in fact
we have been using them frequently since the very be-

ginning! Where, and what for?
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Variable: of an array type

e Can have variables of array type.
e £.Q.
int[] salaries;

e As arrays are objects, are accessed via references
- variable of array type af run time holds reference 1o an array
- or null reference.

e £.Q.

Int[] salaries
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Array: array creation

Create arrays using reserved word new

- Just like for other objects.

Give array base type then array size in square brackets.

E.Q.
new doubl e[ 10]

At run fime creates new array and yields reference 1o it.

E.Q.
doubl e[] myFi ngerLengths = new doubl e[ 10] ;
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Array: array creation

e Thanks fo references, size of array does not need to be known
at compile time

— compiler does not need to allocate memory for it

— can create array of right size for actual data being processed.

e £.Q.

int noOf Enpl oyees = Integer.parselnt(args[0]);

String[] enployeeNames = new String[ noCf Enpl oyees];
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Salary analysis

e Have already asked user how many salaries there are,

017: [l Salaries are ints, stored in an array.

018: int[] salaries = new int[nunberC Sal aries];
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Array: element access

e [he array elements are accessed via array index
- whole number greater than or equal o zero

- first element indexed by 0, second by 1,....

e [0 Access element, use reference o array
followed by index in square brackets.

e £.Q.

doubl e[] myFi ngerLengths = new doubl e[ 10] ;

somehow get lengths of my fingers and thumios in array, then:;

doubl e nyTot al Fi ngerLength = 0;
for (int index = 0; index < 10; index++)

myTot al Fi nger Lengt h += nmyFi nger Lengt hs[ i ndex] ;
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Array: element access

e Arrays are like ordinary objects
- array elements are like instance variables
but number of them chosen when array created
and all same type

and 'named’ by index rather than names

and accessed via different syntax.

e Not much difference then! ;-)
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it S G I q ry q n q Iys i s

e Obtain salaries one by one in for loop.

020: [/ Qotain the salaries fromthe input.

021: for (int index = 0; index < nunberO Sal aries; index++)
022: {

023: Systemout.print("Enter salary # " + (index + 1) + ":
024. sal ari es[index] = salariesScanner.nextint();

025: } I for

Then loop through o get sum.

[l Now conpute the sumof the salaries.
int sunX Sal aries = 0;
for (int index = 0; index < nunberOf Sal aries; index++)

sunf Sal ari es += sal ari es[index];
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Salary analysis

Coffee Could we have combined the above tfwo for loops into
one”? Would that make the program clearer? Faster?

e \Want mean average salary rounded to nearest pound. . ..

November 27,2018 Java Just in Time - John Latham Page 19(0/0)



A Standard API: Mat h: r ound()

e [he classj ava. | ang. Mat h has class method r ound()
- fakes doubl e method argument
— refurns | ong

- nearest whole number to given one.

e Often want to turn result into i nt

- Via cast.

e £.Q.

int myPennies = ... Ootain this somehow.
int nyNearlyPounds = (int) Math. round(nmyPennies / 100.0);
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it S q I q ry q n q Iys i s

[l Compute the mean, which is a double, not an integer.

doubl e neanSal ary = sunOf Sal aries / (doubl e)nunber O Sal ari es;

[/ But we also want to round it to sinplify the results.

int neanSal aryRounded = (int) Mth. round(neanSal ary);

/| Produce the results.
Systemout.println();

Systemout. println("The mean salary is:\t" + nmeanSal ary);

(
Systemout. println("which rounds to:\t" + neanSal ar yRounded);
Systemout.println();
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(it
~$tandard API: Syst em out . pri nt f () : string item

e Systemout.printf() canprintaString

- use s as conversion character in format specifier.

e £.Q.

Systemout. println("123456789012345");
Systemout. printf("%5s%", "Hello Wrld");

produces:

123456789012345
Hel | o Worl d
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(it
~$tandard API: Syst em out . pri nt f () : string item

e If Ifem is reference to some other object (i.e. not a strinQg)

— toString() is used.

e £E.g. assume Poi nt class is defined as expected:

Systemout. println("123456789012345");
Systemout. printf("9%d5s%", new Point(3, 4));

produces:

123456789012345
(3.0, 4.0)
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. dtandard API: Syst em out . printf () : fixed text

e Systemout. printf() can have format string with
- more than one format specifier
- more than one value to be printed
- ofher text not part of a formaft specifier.

e Also, if no width given in format specifier then natural width is used.

e £.Q.

Point pl = new Point(3, 4);

Poi nt p2 = new Poi nt (45, 60);

Systemout. printf("The distance between % and % is %. 2f. %",
pl, p2, pl.distanceFronPoint(p2));

produces:
The di stance between (3.0,4.0) and (45.0,60.0) is 70.00.
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it S q I q ry q n q Iys i s

for (int index = 0; index < nunber(f Sal aries; index++)
045: {
046: int differenceFromvean = sal aries[index] - meanSal ar yRounded;
047: String conparisonToMean = differenceFronvean ==
048: ? "zero difference front
049: . (differenceFromvean < 0
050: ? "less than" : "greater than");
051: Systemout.printf("Person %2d earns %d, which is %d % the nmean%",
052: (index + 1), salaries[index],
053: Mat h. abs(di fferenceFrom\Vean), conpari sonToMean);
054: } I for
055: } // main
056:

057: } /] class Sal aryAnal ysis
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Salary analysis

Notice the nested conditional expressions in the code
above. Do you think that is an acceptable style, or is it
pushing the boundaries of code clarity?

Before reading on, predict what the results will look like for
the following input salaries. 15049, 49959, 25750, 24627,
12523, 19852
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(it
N

£ MANCITTER Tr y i n g i t

o Carefully ensured one salary exactly equal fo rounded mean.

Console Input / Output

$ java Sal aryAnal ysis

Enter the number of salaries: 6
Enter salary # 1. 15049

Enter salary # 2: 49959

Enter salary # 3: 25750

Enter salary # 4: 24627

Enter salary # 5: 12523

Enter salary # 6: 19852

The nean salary is: 24626. 666666666668
whi ch rounds to: 24627

Person 15049, which is 9578 less than the nean

Person 49959, which is 25332 greater than the nean

Person 25750, which is 1123 greater than the nean

Person 24627, which is 0 zero difference fromthe nmean
Person 12523, which is 12104 less than the nean

Person 19852, which is 4775 less than the nean

$
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Trying it

e WO salaries.

Console Input / Output

$ java Sal aryAnal ysis

Enter the nunmber of salaries: 2
Enter salary # 1. 15000

Enter salary # 2. 25000

The nean salary is: 20000.0
whi ch rounds to: 20000

Person 1 earns 15000, which is 5000 |ess than the nean
Person 2 earns 25000, which is 5000 greater than the mean
$
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e Odd, but works with just one salary.

Console Input / Output

$ java Sal aryAnal ysis
Enter the nunmber of salaries: 1
Enter salary # 1. 15000

The nean salary is: 15000. 0
whi ch rounds to: 15000

Person 1 earns 15000, which is 0 zero difference fromthe nean
$
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Trying it

e \What if no salaries?

Console Input / Output

$ java Sal aryAnal ysis
Enter the nunber of salaries: 0

The nean salary is: NaN
whi ch rounds to: 0
$

e Program has evaluated 0 / (doubl e)0

- does nof produce exception!

November 27,2018 Java Just in Time - John Latham Page 30(0/0)



(it
== Expression: arithmetic: doubl e division: by zero

e With double division, if denominator zero but numerator not zero
- get model of infinity

— represented by Systemout. printin() (etc)asinfinity.

e If both numerator and denominator zero
- get model of not a number

- represented by System out. println() (etc) as NaN.

e Observe difference from integer division

- produces exception if denominator zero.
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Double division by zero: not a number

By looking at the APl on-line documentation of the
Mat h. round() class method, figure out why NaN gefs

‘rounded’ o 0 in the Sal aryAnal ysi s program when it is
given no salaries.
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An empty array is still an array!

e RUNNINg with no salaries shows can have empty array

- No elements, array length zero.
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Array: length

e Every array has public instance variable called | engt h
- type i nt
— contfains array length

- final variable - we cannot change value.

e £.Q.

int[] myArray = new int[25];
int myArraylLength = nyArray. | ength;

variable nyAr rayLengt h has value 25.
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Array: empty array

When create array we give number of array elements
- can be zero!

An empty array may not seem much use?
— Buf still exists

- €.g. can access its array length.
E.g. This outputs zero:

int[] nyEmptyArray = new int[0];
Systemout. println(nyEnmptyArray. | ength);

But next code causes run time error (Nul | Poi nt er Except i on):

int[] myNonArray = null;
Systemout. println(nmyNonArray. | ength);

- there is no array, so cannot ask for ifs length!
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Coursework: Mark analysis

(Summary only)

Write a program that analyses student coursework marks.
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Section 3

Example:

Sorted salary analysis
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Aim

AIM: To reinforce arrays and introduce the idea of sorting,
together with one simple sorting algorithm. We also

infroduce the for-each loop, and have an array as a
method parameter to a method.
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e SaMe as last example, except report salaries in ascending order.

- Have separate class method to sort array.

i mport java.util.Scanner;

. [* This program anal yses integer salaries entered by the user.
|t outputs each salary together with its difference fromthe
mean of the salaries. There nust be at |east one salary.

The salaries are output in ascending order.
3
public class Sal aryAnal ysis

{

public static void main(String[] args)

{

Il A Scanner for getting data fromthe user.

Scanner sal ari esScanner = new Scanner(Systemin);
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AR SOr'l'ed Squry q anYSis

015: Systemout. print("Enter the nunber of salaries: ");
016: int nunber O Sal ari es = sal ari esScanner. nextInt();

017:

018: /] Salaries are ints, stored in an array.

019: int[] salaries = new int[nunberOSal aries];

020:

021: [l Obtain the salaries fromthe input.

022: for (int index = 0; index < nunber O Sal aries; index++)
023: {

024. Systemout.print("Enter salary # " + (index + 1) +"
025: sal aries[index] = salariesScanner.nextlnt();

026: Y Il for

e Code fo calculate sum of salaries is better expressed using
for-each loop. . ..
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Statement: for-each loop: on arrays

e Since Java 5.0: enhanced for statement

- commonly known as for-each loop.

e £.Q.

doubl e[] myFi ngerLengths = new doubl e[ 10] ;

. Code here to assign values to the array el enents.

find sum of them:

doubl e nyTot al Fi ngerLength = O;
for (double fingerLength : myFingerLengths)
nmyTot al Fi nger Length += fingerLength;
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Statement: for-each loop: on arrays

doubl e nyTot al Fi ngerLength = O;
for (double fingerLength : myFingerLengths)
nmyTot al Fi nger Length += fingerLength;
e Loop over all elements in array referenced by nyFi nger Lengt hs
— sfore each in turnin finger Length

— add to nyTot al Fi nger Lengt h.

e Foreach fingerLengthin nmyFi ngerLengt hs

— add fingerLength to nyTot al Fi ngerLength’.
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Statement: for-each loop: on arrays

doubl e nyTot al Fi ngerLength = 0;
for (double fingerLength : nyFingerLengths)
nmyTot al Fi nger Length += fingerLength;

e Shorthand for:

doubl e nyTot al Fi ngerLength = O;

for (int index = 0; index < nyFingerLengths.length; index++)

{

doubl e fingerLength = nyFi ngerLengt hs[i ndex];

nmyTot al Fi nger Length += fingerLength;
} Il for
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Statement: for-each loop: on arrays

e General case (assume SomeType[] anArray):

for (SomeType el ement Name : anArray)
. Statement using el enent Nane.

shorthand for:

for (int index = 0; index < anArray.length; index+t)
{
SomeType el ement Nane = anArray[index];
. Statenent using el enent Nane.
} Il for
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Statement: for-each loop: on arrays

e For-each can and should be used instead of for loop

- when wish To loop over adll elements of single array

- and array index is only used to access elements

x 1.e. where element values maftter
ut position in array not directly used

- and only one array.

e £.9. following cannot be replaced with for-each:

int wei ghtedSum = 0;
for (int index = 0; index < nunbers.length; index+t)
wei ght edSum += nunber s[index] * index;

e Nor this:

for (int index = 0; index < numbers.|ength; index++)
ot her Number s[ i ndex] = nunbers[i ndex];
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Statement: for-each loop: on arrays

e COommon error —
think that for-each can be used to change array elements.

e E£.g. following compiles without errors:

int[] nunbers = new int[100];
for (int nunmber : nunbers)
nunber = 10;
shorthand for:

for (int index = 0; index < nunbers.|length; index++)

{

i nt nunber = nunbers|[index];
nunber = 10;
Il for

which achieves nothing!
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Al Sorted salary analysis

/'l Now conpute the sumof the salaries

int sun Salaries = 0;

for (int salary : salaries)

sunf Sal ari es += sal ary;

/1 Conpute the mean, which is a double, not an integer
doubl e neanSal ary = sunQf Sal aries / (doubl e)nunber O Sal ari es;

/1 But we also want to round it to sinmplify the results.
int meanSal aryRounded = (int) Math.round(nmeanSal ary);

Il Sort the salaries into ascending order.

sort(salaries);
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AR SOr'l'ed Squry q anYSis

/] Produce the results.
Systemout.println();

Systemout.println("The nean salary is:\t" + neanSal ary);

‘which rounds to:\t" + neanSal ar yRounded);

(
System out . printl n(
(

Systemout. println();

for (int index = 0; index < nunber Sal aries; index++)
{
int differenceFronmvean = sal aries[index] - neanSal ar yRounded,;
String conparisonToMean = differenceFromvean ==
? "zero difference fron
(di fferenceFromvean < 0
? "less than" : "greater than");
Systemout. printf("Person %d earns %d, which is %d % the nean%",
(index + 1), salaries[index],
Mat h. abs(di f ferenceFromvean), conpari sonToMean);
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Sorted salary analysis

by

Coffee Why did we not replace the other two for loops with a for-each
fime: loop”? What do you think of the following code as an alternative
to the first for loop?

int salaryNo = 1;

for (int salary : salaries)

{
Systemout.print("Enter salary # " + salaryNo + ": ");
sal ary = sal ari esScanner. nextlnt();
sal ar yNo++;

} Il for
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Design: Sorting a list

A list e.g. array has items in some order

- perhaps arbitrary.

Often want to rearrange into specific order

— withouft losing or gaining any.

Known as sorting

- E.g. list of numbers may e sorted into ascending numerical order

- e.qg. list of names may be sorted alphabetically
- efc..

Many different sort algorithms: bubble sort, insertion sort, selection sort,
quick sort, merge sort, tree sort . . ..
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Design: Sorting a list: bubble sort

A sort algorithm - bubble sort.

Pass through list, look at adjacent items — swap if wrong order.

One pass not enough to ensure the list completely sorted

- more passes made unfil it is.

After first pass, "highest’ item must be at end of list.

E.Q.

45 | 78 | 12 | 79 | 60
— First pass, compare 45 with 78 — okay

- then 78 with 12 - swap
- then 78 with 79, etc.
- 79 moves to end of list.
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Design: Sorting a list: bubble sort

Start 45 /8 12 60
45 <=78 | okay | 45 <= /8 12 60
78> 12 swap 45 12 <= /8 60
78 <=79 | okay 45 12 60
79 > 60 swap 45 12 /8 /9
79> 17 swap 45 12 /8 17 <=

e 79isin place, preceding items still not sorted.

e Affer second pass, second highest itfem must lbe at penultimate place.

- If N items then N — 1 passes guarantee whole list sorted.

e First pass looks at N — 1 pairs
- next looks at N — 2 pairs
- |last pass looks at one pair.
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Design: Sorting a list: bubble sort

e Resulfs at end of next passes:

Pass
2 12145 |60 | 17 | 78
12145 | 17 | 60| /8

3
4 12 17|45 | 60 | /78
O 1217|145 | 60 | 78

e Pass 5 unnecessary — became sorted after pass 4.

November 27,2018 Java Just in Time - John Latham Page 53(0/0)



Design: Sorting a list: bubble sort

e Bubble sorf pseudo code:

for passCount = 1 to anArray length - 1
for pairLeftindex = 0 to anArray length - 1 - passCount
if items in anArray at pairLeftindex and pairlLeftindex + 1
are out of order
swap them over
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Design: Sorting a list: bubble sort

e Improvement - list may be sorfed before N — 1 passes
pernaps already sorted at starf!

I nt unsortedLength = anArray length
bool ean changedOnThi sPass
do
changedOnThi sPass = fal se
for pairLeftindex = 0 to unsortedLength - 2
if items in anArray at pairlLeftindex and pairlLeftindex + 1
are out of order
swap them over
changedOnThi sPass = true
end- i f
end-f or
unsort edLengt h- -
whi | e changedOnThi sPass
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Sorted salary analysis

Use the bubble sort algorithm (on paper) to sort the
following numbers info descending order rather than
ascending order which has already been explored.

45 | 78 | 12 | 79 | 60 | 17
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(it
~*Method: accepting parameters: of an array type

e The method parameters of a method can be any type.

e |f array type then method argument will be
- reference to array of that type

- or null reference.

e £.g. main method is given reference 1o String[]
command line argument array.
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AR SOr'l'ed Squry q anYSis

[l Sort a given array of int into ascending order.
private static void sort(int[] anArray)
{

/| Each pass of the sort reduces unsortedLength by one.

int unsortedLength = anArray. |l ength;

/1l 1f no change is nmade on a pass, the main |oop can stop.

bool ean changedOnThi sPass;
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AR SOr'l'ed Squry q anYSis

) do
070: {
071: changedOnThi sPass = fal se;
072: for (int pairLeftlndex = O;
073: pai rLeftlndex < unsortedLength - 1; pairLeftlndex++)
074: if (anArray[pairLeftindex] > anArray[pairlLeftlndex + 1])
075: {
076: int thatWasAt PairLeftlndex = anArray| pairLeftlndex];
077: anArray[ pairLeftlndex] = anArray[pairLeftlndex + 1];
078: anArray|[ pai rLeftlndex + 1] = thatWasAt PairLeft | ndex;
079: changedOnThi sPass = true;
080: FILOif
081.: unsortedLengt h- -;
082: } while (changedOnThi sPass);

083: } /] sort

084:
085: } // class SalaryAnalysis
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Sorted salary analysis

Suppose we decided we wanted the outfput to be sorted
iIn descending order of salary. What change would we
need to make to our program?

Sorting an array is quite a common thing we wish to do

in our programs. Clearly it is good for you to see how we
can write our own code for sorfing, but do you fthink it is
likely that there is in fact some code in a standard class
somewhere? See if you can find it! Does it allow us to
choose which order to sort intfo?
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Console Input / Output

$ java Sal aryAnal ysis

Enter the nunber of salaries: 6
Enter salary # 1. 15049

Enter salary # 2: 49959

Enter salary # 3: 25750

Enter salary # 4: 24627

Enter salary # 5: 12523

Enter salary # 6: 19852

The nean salary is: 24626. 666666666668
whi ch rounds to: 24627

Per son 12523, which is 12104 | ess than the mean

Per son 15049, which is 9578 | ess than the mean

Per son 19852, which is 4775 | ess than the mean

Person 24627, which is 0 zero difference fromthe nean
Person 25750, which is 1123 greater than the nean

Person 49959, which is 25332 greater than the nean

$
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Trying it

Does the output still make sense? For example, what
is the meaning of Person 1? While they are only num-
ers, pernaps it does not matter that the output numbers
bear no correspondence to the input ones. Or pernaps

It should! How could we modify our program so that the
person numbers produced in the oufput were the posi-
tion of that salary in the input list?
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Coursework: Mark analysis with sorfing

(Summary only)

Write a program that analyses student coursework marks, and presents the
results in a sorted order.
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Section 4

Example:

Get a good job
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AIM: To examine arrays in which the array elements are ref-
erences to objects. In particular, we see how this im-
pacts on sorfing with the use of a conpareTo() instance

method. We also revisit System out . printf() and meet
String.format ().
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Get a good job

e \Variation of previous program:

— input is list of pairs;: name of firm, typical salary.

e Analysis as before

- but keep name of firm and salary fogether while sorting.
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e WO classes:

Class list for JobAnalysis

Class Description

JobAnal ysi s | The main class confaining the main method. [T will read the
input data, and make instances of Job.

Job An instance of this will represent a firm’s name together with
their typical salary.
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Get a good job

Public method interfaces for class JobAnal ysi s.

Method | Return | Arguments | Description

mai n String[] The main method for the program.

e Also private class method to sort Jobs.
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Public method interfaces for class Job.

Method Return | Arguments | Description

Constfructor String, int | Constructs a job with the given em-
ployer and salary.

get Enpl oyer Gives the employer.

get Sal ary ' Gives the salary.

conpar eTo ' Compare this job with the given other,
to support ordering by ascending
salary.

toString Returns a string representation of the
job.
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Tl The \] 0 b Clqss

001: // A class for representing a Job,

002: // conprising a firnis nane and their typical salary.
003: public class Job

004: {

005: // The nane of the firmfor this instance.

006: private final String enployer;

007:

008: // Their typical salary.

009: private final int salary;

010:

011:

012: // The constructor method.

013:  public Job(String requiredEnpl oyer, int requiredSal ary)
014: {

015: enpl oyer = requiredEnpl oyer;

016: salary = requiredSal ary;

017: } /1 Job
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Tl The \] 0 b Clqss

Il Get the enployer.

public String getEnpl oyer ()
{

return enpl oyer;
} 11 get Enpl oyer

[l Get the salary.
public int getSalary()

{

return sal ary;

} Il getSalary
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Tl The \] 0 b Clqss

[l Conpare this Job with a given other,

[l basing the conparison on the salaries, then the enployers.

[l Returns -ve(<), 0(=) or +ve(>) int. -ve neans this one is the snallest.
public int conpareTo(Job other)
{
if (salary == other.salary)
return enpl oyer. conpareTo( ot her. enpl oyer);
el se
return salary - other.salary,;
} 11 conpareTo
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Standard APIl: System out . printf(): left
justification

e Systemout.printf() can print things left justified rather than right

— just place hyphen in front of format specifier width.

e £.Q.

Systemout. println("123456789012345X");
Systemout. printf ("% 15sX%", "Hello World");

produces:

123456789012345X
Hell o Worl d X
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SRn Standard API: St ri ng: f or nat ()

e java.lang. String has class method called f or mat
- infroduced in Java 5.0
— works with format specifiers just like System out. printf()

— but returns formatted string rather than prints if.

e £.Q.

Systemout.printlin(String.format("The distance between % and % is %. 2f.",
pl, p2, pl.distanceFronPoint(p2)));

e precisely same effect as (observe %):

Systemout.printf("The di stance between % and % is %. 2f. %",
pl, p2, pl.distanceFronPoint(p2));
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Tl The \] 0 b Clqss

[l Return a string representation.

public String toString()

{

return String.format ("% 15s pays %d", enployer, salary);

} Il toString

. } 11 class Job
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i JobAnal ysi s class

e The main method

- takes input data in pairs

x creates Job objects
x stores in array

- sorts array

— outputs results.
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Array: of objects

e An array base type can be any type

- Including a class

- if so, array elements confain references tfo objects
x or null reference.
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Array: of objects

e £.g. command line arguments for JobAnal ysi s
(if were not using standard input):

public static void main(String[] args)

String[] args String object
0

"Qui ck Hackers™

ring object

*15049"

ring object

"Top Soft"

ring object

" 49959"

ring object

"M ddl e Ware"

ring object

" 27750"
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it J O bAn al y S I S Class

001: inport java.util.Scanner;
002:

003: /* Programto anal yse Job information supplied by the user. Each Job conprises

004: a firmnane and their typical salary. Qutput is nean salary and ascending

005: sorted |ist of jobs. There nmust be at |east one job.
006: */

007: public class JobAnalysis

008: {

009: public static void main(String[] args)
010: {

011: Il A Scanner for getting data fromthe user.

012: Scanner i nput Scanner = new Scanner (Systemin);
013:
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it J O bAﬂ al y S I S Class

Systemout. print("Enter the nunber of jobs: ");

int noOf Jobs = input Scanner.nextInt();
[l Skip past the end of that |ine.

| nput Scanner. next Li ne();

[l W keep the jobs in an array.
Job[] jobs = new Job[noOf Jobs];
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it J O bAﬂ al y S I S Class

Il Read the data in pairs,
023: Il build Job objects and store themin jobs array.
024: for (int jobCount = 1; jobCount <= noCf Jobs; jobCount ++)
025: {
026: Systemout.print("Enter the nane of enployer " + jobCount + ": ");
027: String enployer = inputScanner.nextLine();
028: Systemout.print("Enter the salary for ‘" + enployer + "": ");
029: int salary = i1nputScanner.nextInt();
030: [l Skip past the end of that |ine.
031: | nput Scanner . next Li ne();
032: jobs[jobCount - 1] = new Job(enpl oyer, salary);
033: } Il for

e Diagram ....

November 27,2018 Java Just in Time - John Latham Page 81(0/0)



JobAnal ysi s class

Job[] jobs Job object String object

I
Al .Og‘ "Qui ck Hackers"

sal ary
15049

Job object String object
enpl oyer

./ "Top Soft™

sal ary
49959

Job object String object

enpl oyer
- "M ddl e Ware"
o

sal ary
27750
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it J O bAﬂ al y S I S Class

/'l Now conpute the sum of the salaries.
int sunCf Sal aries = 0;

for (Job job : |obs)
sunX Sal aries += job.getSalary();

/1 Compute the nean, which is a double, not an integer.
doubl e neanSal ary = sunOf Sal aries / (doubl e)noC Jobs;

/1 But we also want to round it to sinplify the results.
i nt meanSal aryRounded = (int) Math.round(meanSal ary);

[l Sort the jobs by salary into ascending order.
sort(jobs);

/'l Produce the results.

Systemout. println();

Systemout.println("The nean salary is:\t" + neanSal ary);
Systemout. println("which rounds to:\t" + neanSal aryRounded);
Systemout. println();
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it J O bAﬂ al y S I S Class

e NO longer need array index appearing in output

- SO can use for-each loop.

/| Qutput each job.
for (Job job : |obs)
{
int differenceFromvean = job.getSalary() - meanSal ar yRounded,;

String conparisonToMean = differenceFromvean == 0
? "zero difference fron
. (differenceFromvean < 0
? "less than" : "greater than");

Systemout.printf ("%, which is %d % the nean%",
job, Math.abs(differenceFromvean), conparisonToMean);

Y /I for
Y /1 main
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it J O bAﬂ al y S I S Class

e Class method o sort array uses
conpar eTo() instance method of Job objects.

[l Sort the given array of Jobs using conpareTo on the Job objects.

private static void sort(Job[] anArray)
{

/| Each pass of the sort reduces unsortedLength by one.
int unsortedLength = anArray. | ength;

Il If no change is made on a pass, the nmain [ oop can stop.
bool ean changedOnThi sPass;
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it J O bAﬂ al y S I S Class

do
077: {
078: changedOnThi sPass = fal se;
079: for (int pairLeftlndex = O;
080: pairLeftlndex < unsortedLength - 1; pairLeftlndex++)

081.: if (anArray[pairLeftlndex].conpareTo(anArray[pairLeftlindex + 1]) > 0)

082: {
083: Job that WasAt PairLeftlIndex = anArray[ pairLeftlndex];

084: anArray[ pairlLeftlindex] = anArray[pairLeftlndex + 1];
085: anArray[ pairLeftlndex + 1] = that\WasAtPairLeftlndex;
086: changedOnThi sPass = true;

087: YILOif

088: unsortedLengt h- -;

0809: } while (changedOnThi sPass);

090: Y Il sort

091:

092: } // class JobAnalysis
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Console Input / Output

$ java JobAnal ysis

Enter the nunber of jobs: 6

Enter the name of enployer 1: Quick Hackers
Enter the salary for ‘Quick Hackers': 15049
Enter the name of enployer 2: Top Soft

Enter the salary for ‘Top Soft’': 49959

Enter the name of enployer 3: Mddle Wre
Enter the salary for ‘Mddle Ware': 25750
Enter the name of enployer 4: Mean Media
Enter the salary for ‘Mean Media': 24627
Enter the name of enployer 5. OK Cora

Enter the salary for *OK Coral': 12523

Enter the name of enployer 6: Cheaper Cheers
Enter the salary for ‘Cheaper Cheers’: 19852

The nean salary is: 24626. 666666666668
whi ch rounds to: 24627

K Cor al 12523, which is 12104 less than the nean

Qui ck Hackers 15049, which is 9578 less than the mean

Cheaper Cheers 19852, which is 4775 less than the nean

Mean Medi a 24627, which is 0 zero difference fromthe nean
M ddl e Ware 25750, which is 1123 greater than the nean

Top Sof t 49959, which is 25332 greater than the nean

$
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‘goursework: Mark analysis with student names and

(Summary only)

Write a program that analyses named student coursework marks, and
presents the results in a sorted order.
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Section 5

Example:

Sort out a job share”
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AIM: To intfroduce partially filled arrays with array extension,
array copying to make a shallow copy and returning
an array from a method. We also look at object sharing

as we have three arrays containing references to the
same objects. Along the way we meet the use of a
Scanner on a file, enum types and split() ona String.
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Sort out a job share?

e Elaboration of previous example

- each command line argument is name of text file
x containing employer and salary data for kind of job.

- Data presented twice:

x sorted by name of employer
*x Again by salary.
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1N Sort out a job share?

e [hree classes.

Class list for JobSurvey

Class Description

JobSurvey | The main class containing the main method. It will make an
instance of JobLi st for each command line argument.

JobLi st This holds a collection of Jobs, one for each dafa pair in the
associated data file.

Job An instance of this will represent a firm’s name together with
their typical salary.
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Sort out a job share?

Public method interfaces for class JobSur vey.

Return

Arguments

Description

String[]

The main method for the program.
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1N Sort out a job share?

Public method interfaces for class JoblLi st.

Method Return | Arguments | Description

Constructor Scanner Constructs a job list, reading the infor-
mation from the given Scanner .

toString Returns a string representation of the
job list including the jolos sorted by em-

ployer and again by salary.
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Sort out a job share?

Method

Public method interfaces for class Job.

Return

Arguments

Description

Constructor

String, int

Constructs a job with the given em-
ployer and salary.

get Enpl oyer

Gives the employer.

get Sal ary

Gives the salary.

conpar eTo

Job, Sort O der

Compare this job with the given
ofther, fo support ordering by em-
ployer or salary, as specified by the
second argument.

toString

Returns a string representation of
the job.
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The JobSur vey class

e The main method in JobSurvey: for each text file command line argument:

— create Scanner with access to file
x pass To JobLi st constructor method.
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Standard API: Scanner : for a file

e java.util.Scanner can be used to read file, e.g.

i nport java.io.File;
i nport java.util.Scanner;

Scanner input = new Scanner(new File("nmy-data.txt"));
e java.io. Fileisstandard class used fo represent file names.

e £.g. reading all lines of file, with help of hasNext Li ne() :

whi | e (input.hasNextLine())

{

String line = input.nextLine(),;

Y /1 while
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ez

The JobSur vey class

Creating Scanner for file could cause run time error

— more serious kind than so far met: Java won’t let us ignore it!

Handling exceptions is fopic of next chapter — here do minimum:;
— add throws Exception to main method heading.

. inport java.io.File;
. inport java.util.Scanner;

. [* Programto report jobs and their salaries.

Each command |ine argunment is the nane of a text file containing:
The first line is a nane or description of the jobs.
Subsequent |ines describe one job, in the format:

Enpl oyer (1including spaces but not tabs) <TAB> sal ary

Qutput Is a report for each file containing:
Nane or description of the jobs, average salary
Job details in nane order and again in salary order.

*/
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it The J O b SU v ey CIGSS

013: public class JobSurvey

014: {

015: public static void main(String[] args) throws Exception

016: {

017: for (String fileNane : args)

018: {

019: JobLi st jobList = new JobLi st(new Scanner(new File(fileNane)));

020: Systemout. println(jobList);
021: Systemout. println();

022: } I for
023: } // main

024:
025: } // class JobSurvey
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Il Aclass for representing a Job,

Il conprising a firms nanme and their typical salary.

public class Job

{

/| The name of the firmfor this instance.

private final String enployer;

Il Their typical salary.

private final int salary;

I/ The constructor method.
public Job(String requiredEnpl oyer, int requiredSalary)
{
enmpl oyer = requi redEnpl oyer;
salary = requiredSal ary;
Y /1 Job
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Tl The \] 0 b Clqss

020: Il Get the enpl oyer.
021: public String getEnpl oyer ()
022: {

023: return enployer

024: } /1 get Enpl oyer

025:

026:

027: Il Get the salary.
028: public int getSalary()
029: {

030: return salary;

031: } /] getSalary

e compareTo() needs to be able to order by employer or salary. . ..
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- Variable: final variables: class constant: a set of
J}‘E!‘\';}?l}": C h o i C e S

Can use class constants to define set of options for users of class

- don’t have to know what values are used to model each option.

E.Q. possible directions in game?

public static final int UP = O;

public static final int DOWN = 1;
public static final int LEFT = 2;
public static final int RICHI = 3;

Code more readable than if numbers are used directly.

Also more flexible for source code mainfainer — can change values.
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The Job class

e \Would have:

public static final int SORT BY EMPLOYER = 1,
public static final int SORT _BY SALARY = 2;

and

public int conpareTo(Job other, int sortOrder)

{

switch (sortOrder)
{
case SORT BY EMPLOYER:
case SORT _BY SALARY:
def aul t:
} /1 switch
} Il compareTo
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- Variable: final variables: class constant: a set of

e Use of i nt class constants fo model options has two dangers

— Constants could be used for other purposes
x e.g. could be used inappropriately in some arithmetic expression.

— Could accidentally use another i nt value, not one of constants,
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Type: enum type

Since 5.0 Java has enum types

- allows us to identify enumeratfion of named values as type.

E.g. four possible directions in some game:

private enum Direction { UP, DOMNN, LEFT, RIGHT }

A bit like defining class called Directi on

- with four variables
x each referring to a unigue instance of Di rect i on.

S0, e.g.:

private Direction currentDrection = Direction. UpP;

private Direction nextDirection = null;

Could declare as public if want to be available in other classes.
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Type: enum type

e Enum types can be used in switch statements.

switch (currentDirection)

{

case UP:
case DOM:
case LEFT:
case RI GHT:

def aul t:

} 11 switch
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Tl The \] 0 b Clqss

034: /] These are the possible sort orders.

035: // If nore are required, then add here and update conpareTo.

036: public enum Sort Order { BY _EMPLOYER, BY_SALARY }
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Il Conpare this Job with a given other

/'l basing the conparison on the given sort order.

Il Returns -ve(<), 0(=) or +ve(>) int. -ve neans this one is the smallest.
public int conpareTo(Job other, SortOrder sortOrder)

{
switch (sortOrder)

{
case BY EMPLOYER if (enployer.equal s(other.enployer))

return salary - other.salary,;

el se
return enpl oyer. conpareTo(ot her. enpl oyer);
case BY SALARY: if (salary == other.salary)
return enpl oyer. conpareTo(ot her. enpl oyer);
el se
return salary - other.salary;
def aul t: return O;

} Il switch
} /1 conpareTo
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The Job class

e sortOrder could be nul I .

e Plus other subtle reason why need to have default entry
even though both enumeratfion values are covered. . ..

Coffee Imagine that the enum type is defined in one class, and
fime: the switch statement appears in another. What would
happen if a third value was added to the enum type,

@ without the second class being recompiled?

If we wished fo alfer the sorting by salary so that it was
descending, insfead of ascending, what change would

we need to make to conpar eTo() ?
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The Job class

Il Return a string representation.

public String toString()

{
return String.format ("% 15s pays %d", enployer, salary);

Y /1 toString

} /1 class Job
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e First line of fext from Scanner is description of JobLi st .

001: inport java.util.Scanner;

002:

003: /* A JobList holds a list of Job objects, the data for which is read froma
004: Scanner passed to the constructor. It sorts these by enpl oyer and by
005: salary. The toString nmethod returns a String showi ng both |ists.

006: */

007: public class JobLi st

008: {

009: // The description of this JobList.

010: private final String description;
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The JobLi st class

e For convenience, do not require number of jobs stated up front

- program counts them as they are read.

e Buf how big should array be?

- Too big - waste memory

- too small — can’t process all jobs.
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Array: partially filled array

o A partially filled array — not all array elements used
- only leading portfion
- size of portion stored in another variable.

e £.Q.

private final int MAX NO OF | TEM5S = 100;
private int noOfltenslnArray = O;
private SoneType[] anArray = new SoneType[ MAX NO OF | TEMS];

add item into array — e.g. ignore if full:

if (noOfItenslnArray < MAX NO OF | TEMD)
{
anArray[ noOf I tenmsl nArray] = aNewl tem
noCF | t ensl nArray++;
L Oif
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Array: array extension

o What if partially filled array full, but more data to be added?

- Use array extension:

x Make new, bigger array
* COpY existing items fo If.

e £.Q.

private static final int | N TIAL ARRAY Sl ZE = 100;

private static final int ARRAY RESI ZE FACTOR = 2;

private int noOfltenslnArray = O;

private SoneType[] anArray = new SoneType[ | NI TI AL_ARRAY S| ZE];

adding item. ..
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Array: array extension

if (noOfItenslnArray == anArray. | ength)
{
SomeType[] biggerArray
= new SonmeType[ anArray. | ength * ARRAY_RES| ZE FACTOR];
for (int index = 0; index < noOfltenslnArray; index++)
bi gger Array[index] = anArray[i ndex];
anArray = biggerArray;
FILOif

anArray[ noCf I tenmsl nArray] = aNewltem
noCf | t ensl nArray++;

e New array need not be twice as big

— just bigger
- but only one bigger would e slow. . ..

November 27, 2018 Java Just in Time - John Latham Page 115(0/0)



it The \] O b LI St CIGSS

/[ The nunber of Jobs.
private int noCf Jobs;

[l The jobs in original order.
[l Only the first 0 to noOfJobs - 1 indices are used.
private Job[] jobslnOiginal Oder;

[l The jobs in ascending order by enployer nane.
private final Job[] |obsSortedByEnml oyer;

[l The jobs in ascending order by salary.
private final Job[] |obsSortedBySalary;

[l The nmean and rounded nean sal ary.

private final double nmeanSal ary;
private final int meanSal ar yRounded,;
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it The \J O b LI St Clqss

030: // The constructor is given a Scanner fromwhich to read
031: /] the description of the JobLi st

032: /1 and then the job data.

033:  public JobList(Scanner scanner)

034: |

035: description = scanner. nextLine();

036: readJobsl nOri gi nal Order(scanner);

e Next copy elements info two more arrays

— just big enough

- one for each of the other two array variables.

November 27, 2018 Java Just in Time - John Latham Page 117(0/0)



Method: returning a value: of an array type

e The return type of a method may be array type

- value will be reference to array

- or null reference.
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038: [ Copy the jobs into two arrays.
039: ] obsSor t edByEnmpl oyer = copyJobArray(jobslnOriginal Order, noCJobs);

040: j obsSortedBySal ary = copyJobArray(jobslnOrigi nal Order, noOfJobs);

e Next sort these arrays
- one by employer

- one by salary.
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Type: enum type: access from another class

e An enum type declared public can be used in other classes

— accessed using dof like other kinds of access.

e £E.g. if Direction defined in Movenent

Movement . Direction requestedDi rection = Myvenent. D rection. UP;
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it The \] O b LI St CIGSS

[l Sort each array into its correct order.

sort () obsSort edByEnpl oyer, Job. Sort Order.BY_EMPLOYER);
sort(j obsSortedBySal ary, Job. Sort Order. BY SALARY);

/'l Now conpute the sum of the salaries.
int sunOf Sal aries = O;

for (Job job : |obsSortedBySal ary)

sunCf Sal ari es += job.getSal ary();

/] Conpute the mean, which is a double, not an integer.
meanSal ary = sun®O Sal aries / (double)noC Jobs;

/] But we also want to round it to sinmplify the results.

meanSal ar yRounded = (int) Math.round(neanSal ary);
} /1 JoblLi st
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it The \J O b LI St Clqss

e When reading jolbs
- start array with initial size

- create new array for extension if/when required.

e For festing, set values small.

059: [/ Initial size of the jobsInOiginal Oder array.

060: private static final int | N TIAL ARRAY S| ZE = 2;

061:

062: // Wen jobsInOiginal Order is full, we extend it by this factor.
063: private static final int ARRAY RESI ZE FACTOR = 2;

e Have helper method to read one line from scanner and create Job. ...
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it The \] O b LI St CIGSS

Il Read job data fromthe given Scanner, count them using noO Jobs,

[l and store in jobslnOiginal Oder -- extending as required.
private voi d readJobsI nOi gi nal Order(Scanner scanner)

{

jobslI nOriginal Order = new Job[ | NI TI AL_ARRAY_SI ZE] ;
noCf Jobs = 0;

whi I e (scanner. hasNextLine())

{

[/ Obtain the next Job.
Job currentJob = readOneJob(scanner);

/| Extend the array if it is too small.
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if (noQfJobs == jobsInOiginal Oder.|ength)

{
Job[] biggerArray

= new Job[j obsInOriginal Order.length * ARRAY RESI ZE FACTCR];
for (int index = 0; index < jobslnOiginal Oder.length; index++)

bi gger Array[index] = jobslnOiginal Oder[index];
jobsInOriginal Order = biggerArray;

FILOif
[l Finally store the Job and update noOf Jobs.

jobsI nOrigi nal Order[ noOf Jobs] = currentJob;
noOX Jobs++;
} Il while
} Il readJobsl nOri gi nal O der

November 27,2018 Java Just in Time - John Latham Page 124(0/0)



SRn Standard API: St ring: split()

e [he instance method java.lang. String.split()
— returns array of Strings

— each array element is portion of the Stri ng

- split depending on method argument
x regular expression describing what separates the portions.
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SRn Standard API: St ring: split()

e £.Q.

String and regular expression Resulting array

"The-cat-sat-on-the-mat".split("-") { "The", "cat", "sat",
llonll’ nt hen, n n.at n }

"The--cat--sat--on--the--mat".split("-") { "The", "", "cat", "",

Sat", ||||’ non ’ ,
Ilt hen’ " II’ " I’THt " }

"The--cat--sat--on--the--mat".split("-+") { "The", "cat", "sat",
n Onll ’ nt hen ’ " n.at " }

"The-cat--sat---on----the--mat".split("-+") | { "The", "cat", "sat",
] Onll ’ nt hen ’ 1] n.at 1] }

e "-+" Means "one or more hyphens”.
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I

it The J O b LI St Clqss

Read the Java APl on-line documentation to find out

@ more about regular expressions.

092: // Read one line of text fromthe Scanner,

093: /] split it into enployer name <TAB> sal ary,

094: /] create a corresponding Job and return it.

095: private Job readOneJob( Scanner scanner)

096: {

097: String[] jobData = scanner.nextLine().split("\t");

098: return new Job(jobData[0], Integer.parselnt(jobData[l]));
099: } // readOnedob

e Next insfance method to make copy of original array. . ..
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Array: shallow copy

e When copy array containing references to objects

- can make shallow copy

x contains same references
SO objects end up shared by the two arrays

- or deep copy

x confains references to copies of original objects.
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I

it The J O b LI St Clqss

[l Return a shallow copy of given source,
[l but only the first datalLength el ements.
private Job[] copyJobArray(Job[] source, int datalLength)

{
Job[] result = new Job[ datalength];
for (int index = 0; index < datalLength; index++)
resul t[index] = source[index];
return result;

} Il copyJobArray

Coffee  Why can we not use a for-each loop in the above code?
fime:
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The JobLi st class

Job[ ]
jobsInOiginal Order O

Job objects sal ary sal ary sal ary sal ary sal ary
(showing salary only) 15049 49959 25750 24627 12523

Job[]
j obsSort edBySal ary
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it The \] O b LI St Clqss

Il Sort the given array of Jobs

/'l using conpareTo on the Job objects wth the given sortOder.
private void sort(Job[] anArray, Job. SortOrder sortOrder)
{

/| Each pass of the sort reduces unsortedLength by one.
int unsortedLength = anArray. | ength;

Il If no change is made on a pass, the nmain [ oop can stop.
bool ean changedOnThi sPass;
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it The \] O b LI St CIGSS

changedOnThi sPass = fal se;
for (int pairLeftlndex = O;
pairLeftlndex < unsortedLength - 1; pairLeftlndex++)
i f (anArray[ pairLeftlndex]

.conpareTo(anArray[ pai rLeftlndex + 1], sortQOrder) > 0)

{
Job that WAsAt Pai rLeftlndex = anArray[pairLeftl|ndex];

anArray[ pairLeftindex] = anArray[pairlLeftlindex + 1];
anArray[ pairLeftlndex + 1] = that\WasAtPairLeftlndex;
changedOnThi sPass = true;
YOO
unsortedLengt h- -;
} while (changedOnThi sPass);
} Il sort
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it The \] O b LI St CIGSS

Il Return job details sorted by enployer name and then sal ary.
public String toString()

{

return String.format("Job list: %\tAverage: % % %"

+ "Sorted by enpl oyer%%%Sorted by sal ary%",
description, meanSal ary,

| i st OneJobArray(j obsSortedByEnpl oyer),
| 1 st OneJobArray(j obsSortedBySal ary));

} Il toString
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The JobLi st class

151:
152:
153:
154
155:

156:
157:
158:
159:
160:

161:
162:
163:
164
165:
166:
167:

Il Hel per method for toString.
private String |istOneJobArray(Job[] |obArray)

{

String result ="";
for (Job job : jobArray)

{

int differenceFronMean = job.getSalary() - neanSal ar yRounded,;
String conparisonToMean = differenceFromvean == 0
? "zero difference fron
: (differenceFromvean < 0
? "less than" : "greater than");

result +=
String.format ("% %, which is %d % the nean",
job, Math.abs(differenceFromkan),
} Il for
return result;
} Il 1istOneJobArray

168: } // class JobLi st

conpari sonToMean);
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The JobLi st class

Coffee

Why did we not declare noOf Jobs and
jobsI nOri gi nal Order as being final variables?

Coffee
fime:

=

In a previous coffee time you were invited to find out
about Stri ngBuf fer. Do you think the t oSt ri ng() instfance
method above would be a good place to use one?
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Trying it

Console Input / Output

$ cat programers. txt

Progr anmer s
Qui ck Hackers
Top Soft

Mddl e Ware
Mean Medi a

X Coral
Cheaper Cheers

15049
49959
25750
24627
12523
19852

$ cat testers.txt

Testers

Qui ck Hackers
Top Soft
Mddle Ware
Mean Medi a

X Coral
Cheaper Cheers
$

13999
49059
24049
23316
10999
18474
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(it
N

£ MANCITTER 1r'””'i'-|!;’ iil

Console Input / Output

$ java JobSurvey programmers.txt testers.txt
Job list: Progranmers  Average: 24626.666667

Sorted by enpl oyer

Cheaper Cheers pays is 4775 less than the nean

Mean Medi a pays is 0 zero difference fromthe nmean
M ddl e Ware pays is 1123 greater than the nmean

X Coral pays is 12104 less than the nean

Qui ck Hackers  pays is 9578 less than the nean

Top Soft pays is 25332 greater than the nean

Sorted by salary

X Coral pays 12523, which is 12104 |ess than the nean

Qui ck Hackers  pays 15049, which is 9578 less than the nean

Cheaper Cheers pays 19852, which is 4775 | ess than the nean

Mean Medi a pays 24627, which is 0 zero difference fromthe nmean
M ddl e Ware pays 25750, which is 1123 greater than the nean

Top Soft pays 49959, which is 25332 greater than the nean

Job list: Testers Average: 23316.000000
Sorted by enpl oyer

Cheaper Cheers pays 18474, which is 4842 |ess than the nean
Mean Medi a pays 23316, which is 0 zero difference fromthe nean
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Trying it

Did you notice a % without a precision (hnumber of

decimal places) in the format specifier string in our
toString()”? Can you guess what the default number of

decimal places is?
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Coursework: Random order text puzzle

(Summary only)

Write a random order text line sorting puzzle program.
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Section 6

Example:

Diet moniforing
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AIM: To reinforce ideas met so far, and infroduce array ini-

tializer and array searching, for which we revisit the
logical operators.
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it [:’iGBi'|1FNC)'1i11C>rir1S;|

e Program fo aid people monitoring their diet

- record food name and how many grams eaten

— (tab character separated) in text file di et - di ary. t xt .

e £.Q.

Console Input / Output

$ cat diet-diary.txt
pi zza 400
garlic bread 200
cheesecake 260
bur ger 200
fries 180
m | kshake 400
fried chicken 360
wedges 270
$
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it [:’iGBi'|1FNC)'1i11C)ri'1!;|

e Program produces summary table
how much of each nutritional component was eafen:

— protein, carbohydrate, etc..

e Reqads file f ood- det ai | s. t xt containing various foods breakdown

- grams per kilogram.

Console Input / Output

$ cat food-details.txt

Food Protein Carb Fat Fibre  Sodium
bur ger 150 200 100 25 12
cheesecake 50 300 200 6 5
fried chicken 225 115 190 15 10
fries 35 400 150 50 12
garlic bread 130 420 95 25 5
m | kshake 28 202 32 1 2
pi zza 140 300 25 8
wedges 210 390 99 41 12
$
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Diet monitoring

e [hree classes.

Class list for Diet

Description

The main method makes an iInstance of FoodList from
food-details.txt. It then accumulates nutritional components
from food items listed in di et - di ary. t xt , and outfputs those totals.

FoodLi st | This will make an instance of Food for each item specified in the
text file, and store them in an array.

Food An instance of this will store a food name fogether with its nufri-
fional data.
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Diet monitoring

Public method interfaces for class Di et .

Arguments

Description

String[]

The main method for the program.
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SRS Diet monitoring

Public method interfaces for class FoodLi st .

Method Return | Arguments | Description

Constfructor Scanner Constructs a food list, reading from the
given Scanner .

fi ndFood String Return (a reference o) the Food object
corresponding fo the food named by
the given String, or nul | if it iIs NOt rec-
ognized.
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SRS Diet monitoring

Public method interfaces for class Food.

Method Return | Arguments | Description

Constructor String Constructs a Food with the details spec-
ified by the given String. This will be
a line of text from the f ood-detai | s. t xt
data ftext file.

Returns the food name.
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SRS Diet monitoring

Public method interfaces for class Food.

Method Return | Arguments | Description

component M I | i G ansFor Wei ght | int[] i nt Produces an array
of nutritional compo-

nent amounts corre-
sponding to a given
number of grams of
the food being con-
sumed.
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The Food class

e Have class constant array of nutritional component names.
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Array: array creation: initializer

e Can create actual array at same time as declaring array variable

— using array initializer
x list array elements, instead of stating length.
e £.Q.
int[] smallPrinmes = {2, 3, 5, 7, 11, 13, 17, 19},
e Shorthand for:

int[] smallPrines = newint[8];

smal | Primes[0]=2; smallPrimes[1]=3; smallPrines[2]=5;
smal | Primes[3]=7; smallPrinmes[4]=11; smallPrimes[5]=13;
smal | Primes[6]=17; smallPrimes[7]=19;
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it Th e F 010 d c I q ss

001: // Representation of a food, as a nane

002: // together with nutritional data in granms per kilogram

003: public class Food

004: {

005: // This defines the spelling and order of nutritional conponents.
006: public static final String[] NUTRI TI ONAL_ COVPONENTS

007: = { "Protein", "Carb", "Fat", "Fibre", "Sodium' }

008:

009: // The name of this food.

010: private final String nane;

011:

012: // Nutritional data in the same order as NUTRI TI ONAL_COVPONENTS.
013: private final int[] nutrientGamsPerKil ogram

014: = new i nt[ NUTRI TI ONAL_COMPONENTS. | engt h] ;
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it Th e F 010 d c I q ss

[l Constructor is given nane and data as tab separated parts of a string.
public Food(String details)
{

String[] detailParts = details.split("\t+");

name = detail Parts[0];

for (int index = 0; index < NUTRI TI ONAL_COVPONENTS. | engt h; | ndex++)

nutrient G amsPer Ki | ogranii ndex]
= Integer.parselnt(detailParts[index + 1]);

} Il Food

[l Accessor for name.
public String getNane()
{

return nang;
} Il get Name
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it Th e F 010 d c I q ss

[l Returns the number of mlligranms of each conponent

[l for the given nunber of granms consuned.

public int[] conponentMII|i G ansFor Wi ght (i nt grans)

{

int[] result = new int[ NUTRI TI ONAL_COVPONENTS. | engt h] ;
for (int index = 0; index < NUTRI TI ONAL_COVPONENTS. | engt h; | ndex++)

result[index] = nutrientGansPerKilogranfindex] * gramns;
return result;

} 11 conponentM I li G ansFor Vi ght

. } I/ class Food
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The Food class

By declaring the array NUTRI TI ONAL_COVPONENTS as a final
variable, have we made it impossible for code (inside or

outside of this class) to alter the order or spellings of the
components?
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it The FO 0) d L I S t CIGSS

001: inport java.util.Scanner;

002:

003: // Keeps a list of food items, and provides a search facility.

004: public class FoodLi st

005: {

006: // For array extension of foodList.

007: private static final int INITIAL ARRAY SIZE = 100, ARRAY RESIZE FACTOR = 2;
008:

009: // The food details are stored in a partially filled array

010: // with an associated count.
011: private final int noOf Foodltens;
012: private final Food[] foodList;
013:

014.
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it The FO 0) d L I S t CIGSS

Il The constructor reads the food details fromthe given scanner

[l and stores themin foodList, extending as necessary.

publ i ¢ FoodLi st (Scanner scanner)

{
[l The first lineis just titles.
scanner. next Li ne();

Food[] foodListSoFar = new Food[ | NI TI AL_ARRAY SI ZE] ;
int noOf Foodl tensSoFar = 0;
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it The FO 0) d L I S t Clqss

whi | e (scanner. hasNextLine())

{

/| Food constructor parses the whole |ine.
Food | at est Food = new Food(scanner. nextLine());
[l Extend the array if it is full.
i f (noOf Foodl temsSoFar == foodLi st SoFar. | engt h)
{
Food[] biggerArray
= new Food[ f oodLi st SoFar. | ength * ARRAY RESI ZE FACTOR];
for (int index = 0; index < foodListSoFar.|ength; index++)
bi gger Array[index] = foodLi st SoFar[index];
f oodLi st SoFar = bi ggerArray;
FILOif
[l Store the new itemand count it.
f oodLi st SoFar [ noOf Foodl t ensSoFar] = | at est Food,;
noOf Foodl t ensSoFar ++;
} Il while
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it The FO 0) d L I S t CIqss

noCf Foodl tens = noOf Foodl t enmsSoFar :
f oodLi st = foodLi st SoFar:

} Il FoodLi st
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(it
-Bxpression: boolean: logical operators: conditional

e [he logical operator && is conditional and
and | | is conditional or

- are lazy
x If result determined by left operand, don’t evaluate right one.

e |.e. If first disjunct of || iStrue
or if first conjunct of && is f al se.

e Can safely write, e.Q.:

data == null || data.length ==
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s Design: Searching a list: linear search

e Simplest way fo find item in list: linear search

- start at front, look at each item in furn.

e £.9. array search method:

private int posOfint(int[] anArray, int toFind)
{
int searchPos = 0;
whi |l e (searchPos < anArray.length & anArray[ searchPos] != toFind)
sear chPos++;
if (searchPos == anArray.length) return -1;

el se return searchPos;
} 11 posOrilnt
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Design: Searching a list: linear search

e Buf if swap conjuncts:

[l Definitely silly code.
whi Il e (anArray[searchPos] !'= toFind & searchPos < anArray. |l ength)
sear chPos++;

causes Arrayl ndexQut OF BoundsExcept i on.
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it The FO 0) d L I S t CIGSS

[l Find the Food object corresponding to foodNaneToFi nd

046: [/ or return null if not found.

047.  public Food findFood(String foodNaneToFi nd)

048: {

049: int foodlndex = 0;

050: whi I e (foodl ndex < noCOf Foodltens

051: && ! foodList[foodl ndex].get Name(). equal s(foodNaneToFi nd))

052: f oodl ndex++;

053: i f (foodlndex == noO Foodltens) return null;

054. el se return foodLi st[foodl ndex];
055: } // findFood

056:

057: } /1 class FoodLi st
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it Th e D e t C I q ss

001: inport java.io.File;
002: inport java.util.Scanner;

003:
004: /* This programreads food information fromfood-details.txt

005: and diet information fromdiet-diary.txt

006: and produces a table of how nmuch nutritional conponent was eaten.
007. */

008: public class Di et

009: {

010: // The FoodList to be obtained fromfood-details.txt.
011: private static FoodList foodList;

012:

013:

014: // The main nethod.

015: public static void main(String[] args) throws Exception

016: {

017: f oodLi st = new FoodLi st (new Scanner (new Fi |l e("food-details.txt")));
018: readDi et D ary(new Scanner (new File("diet-diary.txt")));
019: printDi et Tabl e();

020: } // main
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it Th e D e t C I q ss

[l An array of total nutritional conponent anounts:

[l Index is [conponent nunber ]

[l and data is accunul ated as nunber of mlligrams of that conponent.
private static int[] dietTable = new int[Food. NUTRI TI ONAL_COVPONENTS. | engt h] ;
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it Th e D e t C I q ss

Il Read the diet information fromthe given Scanner
[l accumulating nutritional conponents in dietTable.
private static void readD et D ary(Scanner scanner)
{
[l First initialize the amounts to zero.
for (int conponentlndex = O;
conponent I ndex < Food. NUTRI TI ONAL_COMPONENTS. | engt h; conponent | ndex++)
di et Tabl e[ conponent | ndex] = 0;
[l Now read each |ine.
whi | e (scanner. hasNextLine())

{

String[] portionDetails = scanner.nextLine().split("\t+");

[l Food nane is the first item
Food food = foodList.findFood(portionDetails[0]);
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it Th e D e t C I q ss

if (food == null)
Systemout . println("Unrecogni zed food name: " + portionDetails[0]);
el se
{
/'l Food amount is the second item
int amount = | nteger.parselnt(portionDetails[1]);
[l Cbtain nutritional conponents fromthat anount.
int[] foodConponents = food. conponentM || i G ansFor Wi ght (anount);
/1 And accunul ate themin dietTable.
for (int conponentlndex = O;
conponent | ndex < Food. NUTRI TI ONAL_COVMPONENTS. | engt h;
conponent | ndex++)

di et Tabl e[ conponent | ndex] += foodConponent s[ conponent | ndex] ;
} 11 else
} Il while
} Il readDietDiary
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[l Print the dietTable as grams (so divide by 1000).
private static void printD etTable()

{

for (int conponentlndex = O;

conponent I ndex < Food. NUTRI TI ONAL_COMPONENTS. | engt h; conponent | ndex++)

System out. println(Food. NUTRI TI ONAL_COMPONENTS[ conmponent | ndex] + "\t"
+ Mat h. round( di et Tabl e[ conponent | ndex] / 1000));

} Il printDietTable

. } Il class Diet

November 27,2018 Java Just in Time - John Latham Page 167(0/0)



Trying it

Console Input / Output

$ java Diet
Protein 280
Carb 621
Fat

Fibre 47

Sodi um 17

$

November 27, 2018
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Trying it

Find out about equal sl gnoreCase() from the String class,
and propose a change so that the user would not need
tfo have consistent capitalization in the names of the food
ifems.

Coffee  Suppose you wish to delete an element from an arbitrarily
fime: ordered partidlly filled array. How can you, using only
one assignment and one decrement?

Coffee  How could we add saturated fat to the program? What
fime: extra issue would we have for Kcals?
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Coursework: Viewing phone call details

(Summary only)

Write a program to allow the user to view certain phone call details.
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Section 7/

Example:

A weekly diet
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AIM: To infroduce two-dimensional arrays. I
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e Elaboratfion of previous:
dieter also records day of week when food consumed.

Console Input / Output

$ cat diet-diary.txt

pi zza

garlic bread
cheesecake
bur ger

fries

m | kshake
fried chicken
wedges

pi zza

bur ger

fries

fried chicken
wedges

garlic bread
cheesecake
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A weekly diet

e Program produces table of nufritional component amounts

- row for each day of week.

e Much is same as previous
— food-details.txt

— classes Food and FoodLi st .

e Have Weekl yDi et instead of Di et .
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inport java.io.File;
i mport java.util.Scanner;

[* This programreads food information from food-details.txt
and diet information fromdiet-diary.txt
and produces a table of how nuch nutritional conmponent was eaten

on each day of the week.
*/
public class Wekl yDi et

{

/| The FoodList to be obtained fromfood-details.txt.
private static FoodList foodList;

[/ The main nethod.

public static void main(String[] args) throws Exception

{
f oodLi st = new FoodLi st (new Scanner(new File("food-details.txt")));
readDi et Di ary(new Scanner(new File("diet-diary.txt")));
printDietTable();

Y /1 main
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it The \M e k I y D et Clqss

[ Days of the week -- this defines spelling for use in diet-diary.txt
[l and their order in dietTable.

private static final String[] DAY _NAMES
— { n Iwnll ’ n Tuell , n \Mdll ’ " Thull , n Fr i " , n Sat n ’ n Sunll };

[l Find the day index for the given day nanme, or -1 if not found.
private static int findDaylndex(String dayNane)

{
i nt dayl ndex = 0;
whi | e (dayl ndex < DAY _NAMES. | engt h
&& ! DAY _NAMES[ dayl ndex] . equal s(dayNane))
dayl ndex++;
i f (dayl ndex == DAY _NAMES. | engt h)
return -1;
el se
return dayl ndex;

} 11 findDayl ndex
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Array: array of arrays

e [he array elements of an array may be any type: including arrays.
e £.Q.
Int[][] nyArray

0 1 2 3 4 ( 1 2

17 |-999| 3 99 k256l 10 7 kZB I
0 1 2 0 1 2 3
-1 | 108 | 99 I 97 |-367 | 12 0 I
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Array: array of arrays

e Created (not populated) via:

int[][] myArray = new int[5][];
myArray[0] = new int[5];
myArray[ 1] new int[3];
myArray| 2] new i nt[4];
myArray| 3] nul | ;

myArray| 4] new i nt[3];
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(it
== Array: array of arrays: two-dimensional arrays

int[][] my2DArray

e Common situation
with array of arrays

- No array elements are
null reference

- all arrays referenced
are same length.

e KNnoOwn Qs
two-dimensional array

- essentially a grid.
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(it
== Array: array of arrays: two-dimensional arrays

e Could be be created (not populated) via:

int[][] nmy2DArray = new int[5][];
my 2DAr r ay|[ 0] new int[4];
my2DArray| 1] new i nt[4];
my 2DAr r ay| 2] new int[4];
my2DAr ray| 3] new i nt[4];
my 2DAr r ay| 4] new int[4];

e But Java has shorthand:

int[][] nmy2DArray = new int[5][4];
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[l A two dinensional array of nutritional conponent anounts:

[l Index is [day nunber][conponent nunber ]
[l and data is accunulated as nunber of mlligrans of that conponent
[l eaten on that day.
private static int[][] dietTable
= new i nt [ DAY _NAMES. | engt h] [ Food. NUTRI TI ONAL_COVPONENTS. | engt h] ;
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it

<Array: element access: in two-dimensional arrays

e Each grid element in two-dimensional array indexed by two indices

- first array index accesses row array

- second accesses array element within row.

e £.Q.

int[][] ny2DArray = new int[5][4];

— my2DAr ray|
— my2DAr r ay|
— my2DAr r ay|

0]
0]
4]

is reference 1o first row

[ 0] Is first element in first row

[ 3] Is last element in last row.
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it The \M e k I y D et Clqss

Il Read the diet information fromthe given Scanner
/'l accumulating nutritional conponents in dietTable.
private static void readD et D ary(Scanner scanner)

{

[/ First initialize the amounts to zero.

for (int daylndex = 0 ; daylndex < DAY NAMES. | ength; dayl ndex++)

for (int conponentlndex = O;

conponent | ndex < Food. NUTRI TI ONAL_COVPONENTS. | engt h;
conponent | ndex++)

di et Tabl e[ dayl ndex] [ conponent | ndex] = 0;
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[/ Now read each |ine.

whi | e (scanner. hasNext Li ne())

{

String[] portionDetails = scanner.nextLine().split("\t+");
[/ Day name is the first item
int daylndex = findDayl ndex(portionDetails[0]);
i f (daylndex == -1)
Systemout. println("Unrecogni zed day nane: " + portionDetails[0]);
[/ Food name is the second item
Food food = foodList.findFood(portionDetails[1]);

if (food == null)

Systemout. println("Unrecogni zed food nanme: " + portionDetails[1]);
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it The \M e k I y D et Clqss

if (daylndex '= -1 && food !'= null)
{

[/ Food anmount 1s the third item

int anount = | nteger. parselnt(portionDetails[2]);

[/ Obtain nutritional conponents fromthat amount.

int[] foodComponents = food. conponentM | |i G anmsFor Wi ght (amount);

/1 And accunul ate themin dietTabl e.
for (int conponentlndex = O;

conponent | ndex < Food. NUTRI TI ONAL_COMPONENTS. | engt h;
conponent | ndex++)

di et Tabl e[ dayl ndex] [ conponent | ndex]

+= f oodConponent s[ conponent | ndex] ;
[T

} Il owhile
} Il readDietDiary
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Il Print the dietTable as grams (so divide by 1000).
private static void printD etTable()

{
Il First print the colum headi ngs.

for (String conponent Nane : Food. NUTRI TI ONAL_COVPONENTS)
Systemout.print("\t" + conponent Name) ;

Systemout.println();
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099: Il Now print the rows, one for each day of the week.

100: for (int daylndex = 0; daylndex < DAY _NAMES. | ength; dayl ndex++)
101: {

102: System out . print ( DAY_NAMES[ dayl ndex] ) ;

103: for (int amunt Of Conponent Eaten : di et Tabl e[ dayl ndex])

104 System out. print (

105: "\t" + Math. round(anmunt O Conponent Eaten / 1000));

106: Systemout.println();
107: Il for

108: Y /1 printDietTable
109:

110: } // class Weekl yDi et
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Console Input / Output

$ java Weekl yDi et
Protein Carb Fibre  Sodi um
95 282 16
47 192 14
146 16
91 195 16
72 224 28
252 27
414 21

Coffee What would happen if we declared DAY_NAMES as follows?
fime:

private static final String[] DAY_NAMES
— { n Sunll ’ L] Ivbn" ’ n Tuell ’ n \Md" ’ n Thull ’ n Fr i n ’ L] Sat 1 };
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Coursework: Maze solver

(Summary only)

Write a program thaft finds the shortest path through a maze.
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Concepts covered in this chapter

e Each book chapter ends with a list of concepts covered in it.

e Each concept has with it
- a self-test question,

- and a page reference to where it was covered.

e Please use these to check your understanding before we start the next
chapter.

November 27, 2018 Java Just in Time - John Latham Page 190(0/0)



	Title
	Chapter 14: Arrays
	Chapter aims
	Section 2: Example:  Salary analysis
	Aim
	Salary analysis
	Salary analysis
	Array
	Array

	Type: array type
	Type: array type

	Salary analysis
	Variable: of an array type
	Variable: of an array type

	Array: array creation
	Array: array creation

	Salary analysis
	Array: element access
	Array: element access

	Salary analysis
	Salary analysis
	Standard API: Math: round()
	Standard API: Math: round()

	Salary analysis
	Standard API: System: out.printf(): string item
	Standard API: System: out.printf(): string item

	Standard API: System: out.printf(): fixed text and many items
	Standard API: System: out.printf(): fixed text and many items

	Salary analysis
	Salary analysis
	Trying it
	Trying it
	Trying it
	Trying it
	Expression: arithmetic: double division: by zero
	Expression: arithmetic: double division: by zero

	Double division by zero: not a number
	An empty array is still an array!
	Array: length
	Array: length

	Array: empty array
	Array: empty array

	Coursework: Mark analysis
	Section 3: Example:  Sorted salary analysis
	Aim
	Sorted salary analysis
	Statement: for-each loop: on arrays
	Statement: for-each loop: on arrays

	Sorted salary analysis
	Sorted salary analysis
	Design: Sorting a list
	Design: Sorting a list

	Design: Sorting a list: bubble sort
	Design: Sorting a list: bubble sort

	Sorted salary analysis
	Method: accepting parameters: of an array type
	Method: accepting parameters: of an array type

	Sorted salary analysis
	Sorted salary analysis
	Trying it
	Trying it
	Coursework: Mark analysis with sorting
	Section 4: Example:  Get a good job
	Aim
	Get a good job
	Get a good job
	Get a good job
	Get a good job
	The Job class
	The Job class
	The Job class
	Standard API: System: out.printf(): left justification
	Standard API: System: out.printf(): left justification

	Standard API: String: format()
	Standard API: String: format()

	The Job class
	JobAnalysis class
	Array: of objects
	Array: of objects

	JobAnalysis class
	JobAnalysis class
	JobAnalysis class
	JobAnalysis class
	JobAnalysis class
	JobAnalysis class
	Trying it
	Coursework: Mark analysis with student names and sorting
	Section 5: Example:  Sort out a job share?
	Aim
	Sort out a job share?
	Sort out a job share?
	Sort out a job share?
	Sort out a job share?
	Sort out a job share?
	The JobSurvey class
	Standard API: Scanner: for a file
	Standard API: Scanner: for a file

	The JobSurvey class
	The Job class
	Variable: final variables: class constant: a set of choices
	Variable: final variables: class constant: a set of choices

	The Job class
	Variable: final variables: class constant: a set of choices: dangerous
	Variable: final variables: class constant: a set of choices: dangerous

	Type: enum type
	Type: enum type

	The Job class
	The Job class
	The Job class
	The Job class
	The JobList class
	The JobList class
	Array: partially filled array
	Array: partially filled array

	Array: array extension
	Array: array extension

	The JobList class
	The JobList class
	Method: returning a value: of an array type
	Method: returning a value: of an array type

	The JobList class
	Type: enum type: access from another class
	Type: enum type: access from another class

	The JobList class
	The JobList class
	The JobList class
	Standard API: String: split()
	Standard API: String: split()

	The JobList class
	Array: shallow copy
	Array: shallow copy

	The JobList class
	The JobList class
	The JobList class
	The JobList class
	The JobList class
	Trying it
	Trying it
	Trying it
	Coursework: Random order text puzzle
	Section 6: Example:  Diet monitoring
	Aim
	Diet monitoring
	Diet monitoring
	Diet monitoring
	Diet monitoring
	Diet monitoring
	Diet monitoring
	The Food class
	Array: array creation: initializer
	Array: array creation: initializer

	The Food class
	The Food class
	The Food class
	The Food class
	The FoodList class
	Expression: boolean: logical operators: conditional
	Expression: boolean: logical operators: conditional

	Design: Searching a list: linear search
	Design: Searching a list: linear search

	The FoodList class
	The Diet class
	The Diet class
	The Diet class
	The Diet class
	Trying it
	Trying it
	Coursework: Viewing phone call details
	Section 7: Example:  A weekly diet
	Aim
	A weekly diet
	A weekly diet
	The WeeklyDiet class
	The WeeklyDiet class
	Array: array of arrays
	Array: array of arrays

	Array: array of arrays: two-dimensional arrays
	Array: array of arrays: two-dimensional arrays

	The WeeklyDiet class
	Array: element access: in two-dimensional arrays
	Array: element access: in two-dimensional arrays

	The WeeklyDiet class
	The WeeklyDiet class
	The WeeklyDiet class
	The WeeklyDiet class
	Trying it
	Coursework: Maze solver
	Concepts covered in this chapter

