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Chapter 21

Collections
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Chapter aims

Need to handle collections of objects quite common
— previously seen array used o stfore things in indexed list.

Here explore Java’s collections framework

— group of classes and interfaces

— provide various mechanisms for storing collections
- more convenient to use than arrays.

E.g. ArraylLi st

- essentially wrapped up array with automatic array extension.

We look af Li sts, Set s and Maps
- specified as interfaces

- Implemented by
ArraylList, Li nkedLi st, TreeSet , HashSet , Tr eeMap and HashMap

March 4, 2019 Java Just in Time - John Latham Page 3(0/0)



Section 2

Example:

Reversing a text file

March 4, 2019 Java Just in Time - John Latham Page 4(0/0)



Aim

AIM: To intfroduce the Java collections framework, and in
particular the idea of list collections, the Li st interface

and the ArraylLi st class.
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Reversing a text file

Program reads lines of text file

— outputs in reverse order to second text file.

E.g. file of examination results in ascending order of merit

- want them in descending order.

Read data line by line
- store it all

- output lines in reverse order.

Could use array

- but don’t know in advance how many lines

— use ArraylLi st rather than array extension.
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e Collections API

e Common need to store collections of data

- Java API provides collections framework.

e Group of classes and interfaces designed o store collections

- In various different ways.

e Typically allow elements to be added
without worrying about memory allocation

— automatically grow big enough.
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Collections API: Lists

e One kind of collection in collections framework

- list collection

e Collections of data which are lists or sequences.
- Duplicate elements are permitted

- elements stored in some order

— each occurs at parficular list index, starting at zero.

e Lists similar to arrays.
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SRn Collections API: Lists: Li st interface

e [he interface java. util.Li st part of collections framework

- specifies instance methods needed to support list collection.

Method definitions in inferface Li st (some of them).

Return | Arguments | Description

i nt Returns the size of this Li st, that is, the
number of elements in it.

bool ean Appends the given (bj ect tfo the end
of the Li st. Refurns tr ue.
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Collections API: Lists: Li st inferface

Method

Method definitions in interface Li st (some of them).

Return

Arguments

Description

get

o] ect

I nt

Returns the Object at the speci-
fled list index, which must be legal
(0 <= index < size()) fto avoid an
| ndexQut OF BoundsExcept i on.

int, (oject

Overwrites an existing element with @
new one: i.e. It replaces the (bj ect
at the given int list index with the
given other (bject. Returns the origi-
nal Mj ect. The index must be legal to
avoid an | ndexQut Of BoundsExcept i on.
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Collections API: Lists: Li st inferface

e Since Java 5.0, Li st is generic interface

- one type parameter - type of objects that can be stored.

e \When use parameterized type of Li st

— all occurrences of (bj ect In above table replaced by type argument.
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Collections API: Lists: ArrayLi st

e [he classjava.util.ArrayList is part of collections framework
- one implementation of list collection

— implements j ava. util . Li st interface.

e Kind of list implemented using private instance variable

— array of type j ava. | ang. Cbj ect[].

- Array grown automatically
* by array extension.
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Collections API: Lists: ArrayLi st

e Since Java 5.0, ArrayLi st , and other classes in collections framework
are generic classes

public class ArrayLi st<E> inplenments List<BE>

(...

e [he type parameter is type of objects in list.
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Reversing a text file

. i nport
. import
. i nport
. i nport
. import

j ava
j ava
j ava
j ava

j ava

.1 0.
.1 0.
.1 0.
.1 0.
.1 0.

. inport java.

. inport java.

Buf f er edReader ;
Fi | eReader ;
FileWiter;

| CExcept i on;
PrintWiter:

util.ArraylList;
util.List;

. [/ Programto read lines of a file, line by line, and wite themin reverse

. /] order to another. Input file is the first argument, output is the second.

. public class Reverse

-
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it Reve rSi n g q Illexlll fi Ie

public static void main(String[] args)
{
Buf f eredReader input = null;
PrintWiter output = null;

try

{
if (args.length !'= 2)
t hrow new | |1 egal Argument Exception
("There nmust be exactly two arguments: infile outfile");

I nput = new BufferedReader (new Fi | eReader(args[0]));
output = new PrintWiter(new FileWiter(args[1]));

[l The List for storing the |ines.

Li st<String> lineList = new ArrayList<String>();

March 4, 2019 Java Just in Time - John Latham Page 15(0/0)



it Reve rSi n g q Illexlll fi Ie

/| Read the lines into |ineList.

String currentlLine;
while ((currentLine = input.readLine()) != null)

| i neLi st.add(currentLine);

[l Now output themin reverse.

for (int index = lineList.size() - 1; index >= 0; index--)

out put. println(lineList.get(index));

YL otry
catch (Exception exception)

{

Systemerr.println(exception);
} /1 catch
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it Reve rSi n g q Illexlll fi Ie

042: finally

043: {

044: try { if (input !'= null) input.close(); }

045: catch (1 CException exception)

046: { Systemerr.printIn("Could not close input " + exception); }
047: if (output !'= null)

048: {

049: out put. cl ose();

050: i f (output.checkError())

051: Systemerr. println("Sonething went wong with the output");
052: YOO

053: Y /1 finally

054: Y /1 main

055:

056: } // class Reverse
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Reversing a text file

e Note type of | i neLi st variable
- interface is a type

- also any kind of Li st would work.

Coffee  Why does the add() instance method of Li st always re-
fime: turn true”? You can find the answer to this by looking at
the APl on-line documentation for Li st and observe that

@ it extends the Col | ecti on interface.
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Console Input / Output

$ cat input.txt
Bear, Rupert 13. 7%
Sm th, Janes 51. 5%
Brown, Margaret 68. 2%
Jones, Stephen  87. 9%
Jackson, Helen  100%
$ java Reverse input.txt output.txt
$ cat output.txt
Jackson, Hel en  100%
Jones, Stephen  87. 9%
Brown, Margaret 68. 2%
Sm th, Janes 51. 5%
Bear, Rupert 13. 7%
$ java Reverse /dev/null output.txt
$1s -1 output.txt
1jtl jtl 0 Jul 01 19:12 output.txt
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Coursework: Sorting election ledflets

(Summary only)

Write a program to sort election information leaflefs into delivery order.
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Section 3

Example:

Sorfing a text file using an
ArraylLl st
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Aim

AIM: To reinforce the use of ArraylLi st , in parficular, showing
uses of the set () instance method of a List. We also
note that an array can be created from a Li st, and

vice versa. Finally, we look atf the Col | ecti ons class and
observe that it has a sort () generic method.
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Sorting a text file using an Ar r ayLi st

e Revisit program to sort lines of text file
- previously used array with array extension

— here use Arrayli st.

e Could develop separate class to sort any Li st of Conpar abl e items

- as we nearly did for Conpar abl e (Sort abl e) array.. ..
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The Sort Li st class?

001: inport java.util.List;

002:

003: // Provides a class method for sorting a List of any Conparabl e objects.
004: public class SortList

005: {

006: public static <ListType extends Conparabl e<Li st Type>>

007: voi d sort (List<ListType> |ist)
008:

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

010: int unsortedLength = |ist.size();

011: Il If no change is made on a pass, the nmain | oop can stop
012: bool ean changedOnThi sPass;

013: do

014: {

015: changedOnThi sPass = fal se;
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The Sort Li st class?

for (int pairLeftlndex = O;
017: pairLeftlndex < unsortedLength - 1; pairLeftl|ndex++)
018: {

019: if (list.get(pairLeftlndex).conpareTo(list.get(pairLeftindex + 1)) > 0)

020: {

021: Li st Type that WasAt Pai rLeftlndex = |ist.get(pairLeftlndex);
022: |ist.set(pairLeftindex, list.get(pairLeftindex + 1));

023: list.set(pairLeftindex + 1, thatWasAtPairLeftlndex);

024: changedOnThi sPass = true;
025: YIIOif

026: Y Il for

027: unsortedLengt h- - ;

028: } while (changedOnThi sPass);
029: Y Il sort

030:

031: } // class SortList
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The Sort Li st class?

e Could do above, or another way:

- turn Li st info array
- sort with Arrays. sort ()
- turn back info Li st .

- Java API contains methods for such conversions.

e But don’t even need do that! ...
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Collections API: Col | ecti ons class

e java. util. Collections provides class methods
tfo perform manipulations of collections.

e One called sort
takes Li st of bj ects

sorts info natural ordering.

ltems in Li st must all be type j ava. | ang. Conpar abl e

and be mutually comparable.

or exception thrown.

e Uses merge sort

- far more efficient than bubble sort (but less simple).
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Collections API: Col | ecti ons class

e At Java 5.0 many methods in Col | ect i ons became generic methods.

e Collections.sort() hassingle type parameter
- type of itfems in given Li st

— must e Conpar abl e with themselves.

e \Would expect heading:

public static <T extends Conparabl e<T>>
void sort(List<T> |ist)
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Collections API: Col | ecti ons class

In fact heading is:

public static <T extends Conparabl e<? super T>>
void sort(List<T> list)

<? super T>medadns

- “any type that is T or a superclass (or superinterface) of it”.

l.e. any type argument must implement Conpar abl e with itself

— or superclass of ifself.

Many type parameters in APl expressed like tThat

- leads fo more flexibility and convenience.
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The Sort Li st class?

Warning — this one is subfle stuff. If a class, A, imple-
ments Conpar abl e<A>, and a class B extends A, then B
also implements Conpar abl e<A>. But, does it implement
Conpar abl e<B> as well? You might think it does, because
any B can be compared with any other B, via the in-
stance method defined in A. However, perhaps surpris-

ingly, Java regards that it does not: Conpar abl e<B> is not
‘implied” from Conpar abl e<A> in the same way that int
conpareTo(B ot her) would not override int conpareTo(A
other) — it would be an overloaded method instead.
This has surprising implications. The code <T extends
Conpar abl e<? super T>> gets around this problem.
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it The SO I t Clqss

001: inport java.io.BufferedReader
002: inport java.io.FileReader;
003: inport java.io.FileWiter;
004: inport java.io.|OException;
005: inport java.io.PrintWiter;
006: inport java.util.ArrayList;

007: inport java.util.Collections;

008: inport java.util.List;
009:

010: // Programto sort lines of a file, line by line, and wite to another.

011: // Input file is the first argunent, output is the second.
012: public class Sort
013: {
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it The SO I t Clqss

014: public static void main(String[] args)

015: {

016: Buf f eredReader input = null;

017: PrintWiter output = null;

018: try

019: {

020: if (args.length !'= 2)

021: t hrow new ||| egal Argument Excepti on

022: ("There must be exactly two argunments: infile outfile");
023:

024: I nput = new BufferedReader (new Fi | eReader(args[0]));
025: output = new PrintWiter(new FileWiter(args[1]));
026:

027: Il The List for storing the |ines.

028: Li st<String> [ineList = new ArrayList<String>();
029:
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I/ Read the lines into |ineList.
String currentlLine;
while ((currentLine = input.readLine()) !'= null)

|'i neLi st.add(currentLine);

[ Sort |ineList.

Col | ections.sort(lineList);

[/ Now out put them
for (int index = 0; index < lineList.size(); index++)

out put. println(lineList.get(index));

Y otry
catch (Exception exception)

{

Systemerr.println(exception);
} /1 catch
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it .[1"I€59155()|' t (:1‘:1!555

046: finally
047: {
048: try { if (input !'= null) input.close(); }

049: catch (1 CException exception)

050: { Systemerr.printIn("Could not close input " + exception); }
051: if (output !'= null)

052: {

053: out put. cl ose();

054: i f (output.checkError())

055: Systemerr. println("Sonething went wong with the output");
056: YOO

057: Y/l finally

058: Y /1 main

059:

060: } // class Sort

March 4, 2019 Java Just in Time - John Latham Page 34(0/0)



Coursework: Sorfing election leaflets, with
conmpar eTo()

(Summary only)

Write a program fo sort election information leaflets intfo delivery order, using a
conpar eTo() instance method.
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Section 4

Example:

Prime numbers
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Aim

AIM: To intfroduce the idea of set collections, the Set inter-
face and the HashSet class. For this we explore hash

tables and meet hashCode() from bj ect. We also see
that the class | nt eger implements Conpar abl e<I nt eger >.
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Prime numbers

e A prime number is posifive infeger which can be divided without
remainder by only itself and one.

- their pursuit and understanding has been holy grail for many
mathematicians.

e Program outputs all prime numbers less than or equal o
given command line argument.

e Simple and fast approach
- maintain set of all multiples of prime numbers found so far.

- Consider all numbers from two up to given maximum.

- If number is not multiple of prime number previously found
* print it
+x add all multiples, up to maximum, to set.

e Based on Sieve of Eratosthenes.
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SRS Collections API: Sets

e Another kind of collection in collections framework
- set collection.

e Collections of data which are sets
- adding element already present has no effect

- order added noft preserved.

e [0 determine if (bj ect s are equivalent

- uses equal s() instance method of elements.
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Collections API: Sets: Set interface

e The interface java. util. Set part of collections framework

- specifies instance methods needed to support set collection.

e INncluding...
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A Collections API: Sets: Set interface

Method definitions in inferface Set (some of them).

Method | Return | Arguments | Description

sl ze i nt Returns the size of this Set, that is, the
number of elements in it.

add Inserts the given hject info the Set,
unless an equivalent one is already
present. Returns true if it gets added,
f al se otherwise.

contai ns | bool ean Returnt rue if the Set contains an oj ect
which is equivalent to the given one,
f al se otherwise.
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Collections API: Sets: Set interface

e Since Java 5.0 Set is generic interface

- type parameter is type of objects that can be stored.

e \When use parameterized type of Set rather than raw type

- all the occurrences of (hj ect in above table
replaced by type argument.
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Prime numbers

e \We use HashSet

- iImplementation based on hash table.
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Design: Storing data

Collections of data need stored in computer memory af run time

- placed in data structure.

E.g. obvious example: array.

Common requirement to find data using some kind of
search algorithm

- e.g. linear search

- binary search

May need data sorted in parficular order

- sort algorithm
x e.g. bubble sort.
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Design: Storing data: hash table

A hash table is data structure

- stores data so can be retrieved quickly.

Uses array

— array index based on hash code provided by each item.

Data items which are equivalent musf have same hash code

- and if not equivalent fry to have different hash codes.

To insert itfem
- take hash code
- divide by size of array, take remainder

- place item at that array index.

To find item, compute array index and check array.
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Design: Storing data: hash table

nul | | nul | nul | | nul |

HC =22 HC =38 HC =119
22%11=0 38%11=5 119%11=9

HC =223 HC =30
223%11=3 30%11=38
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Design: Storing data: hash table

e May get clashes
- two items not equivalent but same array index

— various strategies for coping
x e.9. find next available free slot — leads to partial linear search.

e For best efficiency must minimize clash occurrence

- make size of array prime number

— design hash function
so fend to geft different hash codes for non-equivalent items.

March 4, 2019 Java Just in Time - John Latham Page 47(0/0)



ShE Standard API: Obj ect : hashCode()

Every object has instance method hashCode
— defined inj ava. | ang. Qbj ect

— designed to help classes that use hash table
x ©.g.]ava. util.HashSet.

Definition in Ooj ect gives distinct objects distinct hash code
- (usually) based on memory address of reference.

Classes that override equal s()

- should also override hashCode()

x SO equivalent objects get same hash code
* put non-equivalent tend to have different one.

So will work properly if need to be used as elements of
— HashSet , etc..
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ShE Standard API: Obj ect : hashCode()

MyCl ass vl = new MyC ass(...);
M/ C ass v2 = new Wd ass(...);

if (vl.equals(v2) && v1.hashCode() != v2. hashCode())
Systemout. println("Your hash tables will not work!");
else if (! vl.equals(v2) && v1.hashCode() == v2. hashCode())

Systemout. println("Your hash tables nay operate slowy.");
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ERS Collections API: Sets: HashSet

java. util.HashSet part of collections framework

- one implementation of set collection.
It implements j ava. util. Set interface.

Uses hash table

- hash codes obtained from hashCode() instance method of elements.

To work, any objects which are equivalent

- must have same hash code
+ otherwise multiple copies of equivalent items will be allowed!

To be efficient non-equivalent objects
should tfend to have different hash codes.
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ERS Collections API: Sets: HashSet

e Since Java 5.0 HashSet is generic class

- type parameter is type of objects that can be stored,

public class HashSet <E> i npl enents Set <E>

{0}
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gtqndard APIL: | nt eger: as a box for | nt : works with
collections

e java.l ang. I nteger implements | ava. | ang. Conpar abl e<I nt eger >
— provides conpar eTo( )
— overrides equal s()
— hashCode()

so that | nt eger objects behave properly as

— Conpar abl es
- In hash tables, etc..
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it Pr i m e n u m be rs

. inport java.util.HashSet;
002: inport java.util. Set;
003:
004: // List all the prime nunbers |ess than or equal to the conmand |ine argunent.
005: // (Warning: this program does not catch RuntinmeExceptions.)

006: public class Prines
007: {

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

009: {

010: [l The maxi mum nunber we need to consi der.

011: i nt maxPossi bl ePrime = Integer.parselnt(args[0]);

012:

013: [l The set of all nultiples of prime numbers found so far.
014: || These are therefore not prime nunbers.

015: Set<lnteger> nmultiplesOPrimesFound = new HashSet <I nt eger>();

.I.U.
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I

it Pr i m e n u m be rs

[l Consider every nunber from2 up to maxi num
[l 1t is a possible prine, output and count it if it is.
int noOX PrimesFoundSoFar = O;
for (int possiblePrimeNunber = 2;
possi bl ePri meNunber <= maxPossi bl ePrime; possi bl ePrineNunmber ++)
if (! nultiplesOPrinesFound. contains(possiblePrimeNunber))

{

Il possiblePrineNunber really is a prine nunber.
noCOf Pri mesFoundSoFar ++;

Systemout. println(noO PrimesFoundSoFar + " : " + possi bl ePri meNunber);

/1 Now add nultiples of possiblePrimeNunber to nultiplesO PrinesFound.

for (int primeMiultiple = possiblePrineNumber * 2;
primeMil tiple <= maxPossi bl ePri ne;
primeMil tiple += possibl ePri meNunber)

mul tipl esOf PrimesFound. add(primeMiltiple);
I Oif
} /Il main
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Prime numbers

Coffee

Did you nofice the fwo places where autoboxing wraps
anint inside an I nt eger ?

Coffee

What do you imagine is the hash code for an | nt eger ob-
ject containing the number n?

Coffee
fime:

=

Suppose the implementers of the | nt eger class had for-
gotten to override hashCode(), so that every | nt eger ob-
ject had a uniqgue hash code. What would be the effect
of our Pri mes program?
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Prime numbers

Find all tThe places where we previously wrote an equal s()
insfance method and devise a suitfable hashCode() iIn-

sfance method to go with each one.

March 4, 2019 Java Just in Time - John Latham Page 56(0/0)



it
M

THE UNIVERSITY
of MANCHESTER

Trying it

Console Input / Output

$ java Prines 1000

(Qutput shown using multiple
D2 22 .
;&8 23
© 5 24
7 25
11 26
13 27
17 28
19 29 :
© 23 30 :

1
2
3
4
5
6 :
7.
8 :
9

. 29 31
K 32 .
. 37 33
» 41 34 .
. 43 35
.47 36 :
. b3 37 :
. 59 38 :
. 61 39 :
.67 40 :
71 41
. 73 42

79
83
89
97

colums to save space.)

43
44
45
46
47 .
48
49
50 :
51 :
52 .
53 :
54
55 :
56 :
57 :
58
59 .
60 :
61 :
62 :
63 :

191
193
197
199
211
223
227
229
233
239
241
251
257
263
269
271
277
281
283
293
307

64 .

65 :
66 :
67 :
68
69 :
70 .
71 .
72 .
73 .
74 .
75 .
76 .
7 .
78 .
79 .
80 :
81 :
82 .
83 :
84 .

311
353
317
331
337
347
349
353
359
367
373
379
383
389
397
401
409
419
421
431
433
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e How fast?

Console Input / Output
$ time java Prines 1000000 > prines.txt

real Onb. 175s
user OnB. 800s
Sys Oml. 217s
$ cat prines.txt
1: 2

2 . 3

(... lines renoved to save space.)
78496 . 999961
78497 . 999979
78498 : 999983

$
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Trying it

e But does need lot of space....

Console Input / Output
$ tine java Primes 10000000 > prines.txt
Exception in thread "main" java.lang. Qut Of MenoryError: Java heap space
at java.util.HashMap. addEnt ry( HashMap. j ava: 753)
at java.util.HashMp. put (HashMap. | ava: 385)
at java.util.HashSet.add(HashSet.java: 200)
at Prinmes. main(Prines.java: 31)

r eal Onb9. 125s
user Onb5. 945s
Sys Ont. 110s
$ cat prines.txt
1: 2

2 . 3

$
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Trying it

The Primes program has been a suitable infroduction to
the use of set collections, but actually, there may be a
pbetter way o implement the same algorithm. Consider
this: the set contains all the non-prime numbers up to
the maximum, and as the maximum gets bigger, the dif-

ference between this set and all the numbers up to the
maximum, gets proportionally smaller. With this in mind,
what even simpler way could we use tfo implement the
set of non-primes?

March 4, 2019 Java Just in Time - John Latham Page 60(0/0)



Coursework: Finding duplicate voters

(Summary only)

Write a program to detect people voting more than once in voting records.
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Section 5

Example:

Sorfing a fext file using o
Tr eeSet
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Aim

AIM: To infroduce the TreeSet class, for which we explore
ordered binary frees and tree sort. We also meet the

|terator interface, together with how it is used on @
Li st and a Set , especially a Tr eeSet .
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Sorting a text file using a Tr ee Set

e Seen two ways of sorting text file

- using array

— using ArraylLi st

e Here use Tr eeSet

— causes interesting Twist:
multiple copies of line in input produce only one copy in output.
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Design: Storing data: ordered binary tree

e An ordered binary tree (OBT)

— data structure for quick sforage / refrieval of data.

e Data stored in tree

— each branch having possible left subfree

— and/or right subtree (binary)

— data kept in some total order from left to right across free.

x For every item in tree
all items in left subbfree are less than
all items in right subtree are greater than.
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Design: Storing data: ordered binary tree
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Design: Storing data: ordered binary tree

e Do not have to search entire tree to find item
- start at top

- if not yet found

x Qo left if search item less than item here
x else right.

e OBT searching similar efficiency to binary search

- (essentidlly) halve search space each stage as proceed down free.

e Not as fast as hash table with good (and quick) hash code function
- but OBT useful when wish to retrieve data in order.
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A Collections API: Sets: Tr eeSet

e java. util. TreeSet part of collections framework
— another implementation of set collection

— implements j ava. util. Set interface.

e Uses ordered binary tree
- has to be possible to order elements stfored Iin if.

- Simplest way: ensure class of elements implements
j ava. | ang. Conpar abl e.

e Since Java 5.0, TreeSet is generic class

- type parameter is type of objects that can be stored.

public class TreeSet<E> i npl enents Set<BE>

(...
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Sorting a text file using a Tr ee Set

e Program will

- insert lines into Tr eeSet

- use lterator To access in order,
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SR Collections API: | t er at or interface

e [he interface java. util.lterator part of collections framework

- specifies instance methods for

x accessing elements in collection
* one by one.

Method definitions in interface | t er at or (some of them).

Method | Return | Arguments | Description

hasNext bool ean Returns t rue if the iteration has more ele-
ments, f al se otherwise.,

next oj ect Returns the next element in the iteration,
and moves the iteration on fo the element

following that one.
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Collections API: | t er at or infterface

When new |t erat or object obtained from collection

— hasNext () will return t r ue, unless collection is empty.

First call to next () gefs first element from iteration if is one

- second call gets second, and so on.

Sooner or later hasNext () will return f al se

- because next () been called as many fimes as are elements.

Typically use hasNext () to control loop

— next () inside loop.
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Collections API: | t er at or infterface

All list collections and set collections have instance methoditerator()

- returns object, instance of some class that implements | t er at or .

Supports iteration through elements of collection

— order depends on kind of collection.

Since Java 5.0, | t er at or is generic interface

- type parameter is type of objects stored in collection.

l.e. If collection was given type argument

- next () returns object of that type.
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(it
~*Collections API: Lists: Li st interface: i t er at or ()

e he instance method iterator() specified in interface java. util. Li st

- returns object that implements | ava. util.lterator
x supports iteration of elements in ascending order of list index.

e £.9. print elements of Li st :

public static <ListType> void printList(List<ListType> |ist)
{
|terator<ListType> iterator = list.iterator();
while (iterator.hasNext())
{
Li st Type item= iterator.next();
Systemout.println(item;
} Il while
} Il printList

March 4, 2019 Java Just in Time - John Latham Page 73(0/0)



(it
~*Collections API: Lists: Li st interface: i t er at or ()

e For ArraylLi st this way of scanning just as efficient as using list index of
each element.

e For some kinds of Li st s accessing by index not efficient

— but scanning using I t er at or always will be
x Pecause designed for that purpose.

e Rule of thumb:

- whenever need to scan through elements of list in

x arbitrary order
+x or from first to last

use |t er at or rather than indices.
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Sorting a text file using a Tr ee Set

ldentify all the places in this chapter before this point,
where we used indices to scan through the elements of a

Li st , and devise the changes needed to make them use
an |l terator instfead.

March 4, 2019 Java Just in Time - John Latham Page 75(0/0)



(it
~=Collections API: Sets: Set interface: i t er at or ()

e he instance method iterator() specified in interface j ava. util . Set

- returns object that implements java. util.lterator

- supports iteration of elements:

x order depends on kind of set
x May be arbifrary order.
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Collections API: Sets: TreeSet:iterator ()

e [Neiterator() instance method of java. util. TreeSet

- returns object that implements java. util.lterator

x supports iteration of elements in order they appear in free,
from left to right.

e With simplest use of Tr eeSet

— geft natural ordering of elements.
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Collections API: Sets: TreeSet:iterator ()

e Rule of thumib: java. util. HashSet should be used in preference to Tr eeSet

- when not desired to obtain values from set collection in specific order.

e [flitfle or no hash code clashing

- HashSet operates in nearly constant time per addition
and membership test

x TreeSet operates in fime proportional to logarithm of size of set.
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Design: Sorting a list: tfree sort

e Another algorithm for sorting - tree sort
- itfems from list inserted info ordered binary tree
- free scanned from left to right.

e |f data to be sorted has no duplicates
(or desired o exclude multiple elements in result)

- free sort can be achieved in Java using instance of j ava. uti| . Tr eeSet

x iterator() produceslterator giving access fo elements
in order from smallest to largest.

e Duplicate items removed because set has no duplicates.
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Sorting a text file using a Tr eeSet

i nport java.io. Buf feredReader;
i nport java.io.FileReader;
inport java.io.FileWiter;

i mport java.io.|OException;
inport java.io.PrintWiter;

import java.util.lterator;

import java.util.TreeSet;

Il Programto sort lines of a file, line by line, and wite to another.
Il Input file is the first argument, output is the second.

. /] Duplicate |ines are renoved.

public class Sort

{
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Sorting a text file using a Tr eeSet

public static void main(String[] args)
{
Buf f er edReader input = null;
PrintWiter output = null;

try

{
if (args.length != 2)
throw new ||| egal Argument Excepti on
("There must be exactly two arguments: infile outfile");

I nput = new BufferedReader (new Fil eReader(args[0]));
output = new PrintWiter(new FileWiter(args[1]));

[l The Set for storing the lines: TreeSet so it has an ordered |terator.

TreeSet<String> lineSet = new TreeSet<String>();
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o Sorting a text file using a Tr ee Set

Il Read the lines into |ineSet.
String currentlLine;
while ((currentLine = input.readLine()) != null)

| i neSet . add( currentLine);

[l Now output themin natural ordering.

Iterator<String> iterator = lineSet.iterator();

while (iterator.hasNext())
output.printin(iterator.next());

Y1 otry
catch (Exception exception)

{

Systemerr.println(exception);
} /] catch
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I

Sorting a text file using a Tr eeSet

044. finally

045: {

046: try { if (input !'=null) input.close(); }

047: catch (| OException exception)

048: { Systemerr.printin("Could not close input " + exception); }
049: if (output !'= null)

050: {

051: out put . cl ose();

052: i f (output.checkError())

053: Systemerr.println("Sonething went wong with the output");
054: YILOif

055: Y/l finally

056: Y /1 main

057:

058: } // class Sort

Coffee  What do you think our Sort program would do, if we used
a HashSet instead of a TreeSet ?
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e Program sorts input and removes duplicate lines.

Console Input / Output

$ cat input.txt

Sm th, Janes 87. 9%
Jackson, Helen  100%
Jones, Stephen  51.5%
Jackson, Helen  100%
$ java Sort input.txt output.txt
$ cat output.txt
Jackson, Helen  100%
Jones, Stephen  51.5%
Sm th, Janes 87. 9%
$
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Coursework: Sorting election ledflets, using a
J;‘E!\';}‘::'J'L Tr e e Set

(Summary only)

Write a program to sort election information leaflets info delivery order, using a
TreeSet .
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Section 6

Summary of lists and sets

March 4, 2019 Java Just in Time - John Latham Page 86(0/0)



Aim

AIM: To summarize the collections framework explored so
far, and introduce the Col | ection interfface and the

Li nkedLi st class, for which we explore linked lists. We
also revisit Li st .
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Summary of lists and sets

e SO far met

— interface Li st
x with ArrayLi st implementation

- interface Set
x Implemented by HashSet and Tr eeSet .

e Also common type
of which all list collections and set collections are members.

March 4, 2019 Java Just in Time - John Latham Page 88(0/0)



Collections API: Col | ecti on interface

e [he interface java. util. Col | ection part of collections framework

- specifies instance methods to support collection
x such as list collection / set collection.

Method definitions in interface Col | ecti on (some of them).

Method | Return

Arguments

Description

S| ze

| nt

Returns the size of this Col | ecti on, That is,

the number of elements in it.
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RN Collections API: Col | ecti on interface

Method definitions in interface Col | ecti on (some of them).

Method | Return | Arguments | Description

add bool ean | (bj ect Ensures that this Col | ecti on contfains the
given (bj ect, or an equivalent one if ap-
propriate. It returns true if the Col | ection
was modified, f al se otherwise. For exam-
ple, a Li st always appends the element
on the end and returns true, whereas a
Set will do nothing if it already contains an
equivalent element.
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Collections API: Col | ecti on interface

Method definitions in interface Col | ecti on (some of them).

Method | Return | Arguments

Description

renove

bool ean | (bj ect

Removes one element equivalent to the
given hject, and returns true Iif the
Col | ection was changed (i.e. there was
at least one element mafching the given
one).

Col | ection

Adds all the elements of the given
Col | ection fo this one, and returns t rue if
this collection was changed. (E.g. the
given collection could be empty, or this
one could be a Set and already confain
the elements.)
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Collections API: Col | ecti on interface

Method definitions in interface Col | ecti on (some of them).

Method

Return

Arguments | Description

renoveAl |

bool ean

Col l ection | Removes dll the elements of the given

Col | ection from this one, and returns
t rue if this collection was changed.

ret ai nAl |

bool ean

Coll ection | Removes all elements of this collection

fion was changed.

which are nof contained in the given
Col | ecti on, andreturns t r ue if this collec-
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RN Collections API: Col | ecti on interface

Method definitions in interface Col | ecti on (some of them).

Method Return | Arguments | Description

cont ai ns bool ean | Obj ect Returnstrue if the Col | ecti on contfains
at least one bj ect which is equiva-
lent fo The given one, f al se otherwise.

contai nsAll | boolean | Collection | Refurns true if this Col | ection con-
tains at least one equivalent bj ect
for each element in the given collec-
fion, f al se otherwise.
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Collections API: Col | ecti on interface

Method definitions in interface Col | ecti on (some of them).

Method

Return

Arguments | Description

| terator

| t er at or

Returns an object that implements
java. util.lterator, Qivihg aQccess to
all the elements of the Col | ection. The
order depends on the kind of collection.

e Since Java 5.0, Col | ecti on is generic interface
- type parameter represents type of objects that can be stored.

e \When use parameterized type of Col | ecti on
— all occurrences of j ect above replaced by type argument.
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Collections API: Lists: LI st Interface: extends
it Col | ecti on

e The interface java. util.Li st is extension of java. util. Col | ection.

public interface List<E> extends Collection<BE>

{

} Il interface List
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Collections API: Sets: Set Interface: extends
it Col | ecti on

e [he interface java. util. Set is extension of java. util. Col | ecti on.

public interface Set<E> extends Col | ection<E>

{

} Il interface Set
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Summary of lists and sets

e So instance of ArraylLi st <T>

— Isan ArraylLi st <T>
— isalist<T>
— isa Col | ecti on<T>.

Coffee Consider the instance methods addAl I (), renoveAll ()
fime: and retai nAll () as they apply to Sets. What is the rela-
fionship between these and the notfions of set union, set

@ infersection and set difference”?

e Lists also have instance methods not specified in Col | ecti on

- based on use of list index
- dlready seen get () and set ().
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Collections API: Lists: add( 1 ndex) and
renove( | ndex)

e java. util.List specifies instance methods for adding / removing elements
at particular list index

- In addition to those defined injava. util. Col | ection

x for adding element (at the end)
x Or removing element equivalent fo given one.
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Collections API: Lists: add( 1 ndex) and
renove( | ndex)

Method definitions in interface Li st (some more of them).

Method | Return | Arguments | Description

add int, Qoject | Inserts the given (bject at the specified
list index, shiffing any elements after that
position up by one place. To avoid an
| ndexQut O BoundsExcept i on, the index must
be legal (0 <= index <= size()).

Removes the element at the given list
iIndex, shiffing elements after that posi-
fion down by one place. To avoid an
| ndexQut Of BoundsExcept i on, The index must
be legal (0 <= index < size()).
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Design: Storing data: linked list

e A linked list is data structure

- holds data in chain of link objects

x each containing (reference 10) one data element
x and reference 1o next link object.

e A doubly linked list has links in both directions.
0 1 2

data0

ll
SO

—
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Design: Storing data: linked list

e O access element af parficular list index
— chain must be followed from front, counting links until index reached

- or from back if nearer.
e Noft efficient if many random accesses of elements needed.

e Can be more efficient than array

- e.g. adding at back without needing array extension

- adding / removing af front / middle
without need o shuffle elements.
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A Collections API: Lists: Li nkedLi st

e java. util.LinkedLi st part of collections framework
- another implementation of list collection
— implements j ava. util . Li st interface

— uses doubly linked list.

e Since Java 5.0, Li nkedLi st , is generic class

- type parameter is type of objects that can be stored.

public class LinkedList<E> i nplenents List<E>

(...

March 4, 2019 Java Just in Time - John Latham Page 102(0/0)



Summary of lists and sets

Could we have used a LinkedLi st for our Reverse pro-
gram from Section [1T on page [14? How about if we
had added each line at the front of the list, using add( 0) ?
Would we sfill use a list index for printing the result?

Add the following instfance methods to a (copy of?) this
diagram. renove(), addAll (), renoveAll (), retainAll (),
contai nsAl | (), add(i ndex) and renove(i ndex).
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Summary of lists and sets

Collection

+ size(): int

+ add(o: Object): boolean

+ contains(o: Object): boolean
+ iterator( ): Iterator

I I

List

+ get(index: int): Object
+ set(index: int, element: Object): Object

@ I\

ArrayList

+ ArrayList()
+ size(): int

+ add(o: Object): boolean

+ contains(elem: Object): boolean

+ iterator( ): Iterator

+ get(index: int): Object

+ set(index: int, element: Object): Object

HashSet

+ HashSet()

+ size(): int

+ add(o: Object): boolean

+ contains(o: Object): boolean
+ iterator( ): Iterator

TreeSet

LinkedList

+ TreeSet()

+ LinkedList( )

+ size(): int

+ add(o: Object): boolean

+ contains(elem: Object): boolean

+ iterator( ): Iterator

+ get(index: int): Object

+ set(index: int, element: Object): Object

+ size(): int

+ add(o: Object): boolean

+ contains(o: Object): boolean
+ iterator( ): Iterator
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Summary of lists and sets

Coffee  Why do you think that Col | ection, Li st and Set are infer-

fime: faces, rather than abstract classes?
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Section 7/

Example:

Word frequency count
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Aim

AIM: To infroduce the idea of maps, the Map interface and
the TreeMap class. In particular we observe that a
TreeMap makes it easy to obtain the values from the

map in key order. We also see that the for-each loop
can be used with collections.
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Word frequency count

e Read text file

- produce alphabetically sorted list of words on standard output

- each with number of occurrences.

e Use map.
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Collections API: Maps

e Another kind of collection in collections framework
- map.

e Could view arrays and list collections as functions
from key to corresponding element

- key is array index / list index.

e Maps more generadl
- key can be any type of object.
- For every key in map there is associated value.

- Two different keys may map on o same value
x uf each possible key maps on to at most one value.
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Collections API: Maps

e Another view: set of pairs

- containing key and value

- keys unique within particular map

- values may be duplicated.

e Map is many-to-one association

- |.e. function.
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Word frequency count

e Program will

- Separate input into words

- build map from word on o
x pair conftaining word and frequency found so far.
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it The mr dW t h Fr eq uen Cy Clqss

001: // A pairing of a word with its frequency count so far.
002: public class WrdWthFrequency

003: {

004: // The word, occurrences of which are being counted.
005: private final String word;

006:

007: /] The frequency count of this word so far.

008: private int frequencySoFar;

009:

010:

011: /] Create a pairing wth the given word, and frequency of one.
012:  public WrdWthFrequency(String requiredWrd)

013: |

014: word = required\Wrd,

015: frequencySoFar = 1;

016: } // WordWt hFrequency
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it The mr dW t h Fr eq uen Cy Clqss

/[ Count another occurrence of this word.

public void increnentFrequency()

{

f requencySoFar ++;

} Il increnentFrequency

[l A String show ng the word and its frequency.

@verride
public String toString()

{

return word + " " + frequencySoFar;
} Il toString

.} /1 class WordWthFrequency
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Collections APIl: Maps: Map interface

e [he interface java. util. Map part of collections framework

- specifies instance methods needed to support map.

Method definitions in interface Map (some of them).

Return

Arguments Description

oj ect

oj ect, nject | Takes a key and a value, and adds that
association to the map. If the map pre-
viously confained a mapping for this key
(or an equivalent one), the old value is
replaced with the new one. Returns the
null reference, if this is a new key, or re-
turns the old value otherwise.
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ShS Collections APIl: Maps: Map interface

Method

Method definitions in interface Map (some of them).

Return

Arguments

Description

get

oj ect

oj ect

Takes a key and returns the value as-
sociated with it, or the null reference
if the map does not contain a map-

ping with a key which equivalent to the
given one.
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Collections APIl: Maps: Map interface

Method

Method definitions in interface Map (some of them).

Return

Arguments

Description

val ues

Col |l ection

Returns a Collection of the values
(not keys) in the map. The iterator()
instance method of fthe resulfing
Collection may support iterafing
through the values In a parficular
order, or not, depending on the kind of
Map.

Retfurns a Set of the keys (not values) in
the map.
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Collections APIl: Maps: Map interface

e Since Java 5.0, Map is generic interface

- fwo type parameters
x type of objects used as keys

x type of objects stored as values.
e \When use parameterized type of Map

— all occurrences of j ect in above table replaced by
corresponding type argument.
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Collections APIl: Maps: Tr eeMap

e java.util. TreeMap part of collections framework
- iImplementation of map

— implements j ava. uti | . Map interface.

e Uses ordered binary tree

- has to be possible to order keys.

- Simplest way: ensure class of keys implements | ava. | ang. Conpar abl e.

e val ues() gives Col | ecti on

— iterator() of this gives object

+ Implements java. util.lterator
x supports iteration over values of map in key order.
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Collections APIl: Maps: Tr eeMap

e Since Java 5.0, Tr eeMap is generic class

- type parameters are type of objects used as keys and values.

public class TreeMap<K, V> inplenments Map<K, V>

(...
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AR The \M r d Fr e q U e n C y I\/Hp Clqss

. inport java.util.Collection;
002: inport java.util.TreeMp;
003:
004: // A map fromword to WordWthFrequency.
005: public class WrdFrequencyMap
006: {
007: // The map uses a TreeMap, so that we can obtain the values in natural
008: // ordering of the keys. I.e., in order by word.
009: private final TreeMap<String, WordWthFrequency>
010: wor dMappedToWor dW t hFrequency = new TreeMap<String, WordWthFrequency>();
011:
012:

013: // Enpty constructor, nothing needs doing.
014:  public WrdFrequencyMap()

015: {

016: } // WordFrequencyNMap
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I

AR The \M r d Fr e q U e n C y I\/E-p Clqss

[/ Count an occurrence of the given word by either increnenting the

Il frequency of an existing WordWthFrequency or creating a new one |f
[l this is the first occurrence of the word.
public void countWrd(String word)
{
Wor dW t hFr equency wor dW t hFr equency
= wor dMappedToWor dW t hFrequency. get (wor d);
i f (wordWthFrequency != null)
wor dW t hFrequency. i ncrement Frequency() ;

el se
{
wor dW t hFrequency = new Wor dW t hFrequency(word);

wor dMappedToWor dW t hFr equency. put (word, wordW t hFrequency);
} Il else

} /1 countWrd
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The Wor dFr equencyMap class

e toString() exploits fact that

— val ues() of TreeMap yields Col | ecti on
x wWith | t erat or that presents elements in key order.

e |.e. |terator goes through values
INn lexicographic order of words used as keys.

e Use for-each loop rather than explicitly creating It erat or.
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Statement: for-each loop: on collections

e [he enhanced for statement
- infroduced in Java 5.0

- more commonly called for-each loop.

e Can be used with collections as well as arrays.

e £.9. Wish to process each element of some Col | ecti on:

Collection<T>c¢c = ...

Iterator<T> 1 = c.iterator();
while (1.hasNext())
. Statenent with one use of i.next().
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Statement: for-each loop: on collections

e Could use for-each loop:

Col lection<T> ¢ = ...

for (T e : c)
. Statenent using e.

e Shorthand for:

Collection<T>c¢c = ...

for (lterator<T> 1 = c.iterator(); i.hasNext(); )
{
T e =1i.next();
. Statenent using e.
} Il for

e For-each loop suitable if processing all elements using one loop.
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AR The \M r d Fr e q U e n C y I\/Hp Clqss

[ Show the words and frequencies in word order.
037: @verride
038: public String toString()
039: {
040: [l Qotain the WrdWthFrequency val ues in word iterable order.
041.: Col | ecti on<Wor dW t hFr equency> wor dW t hFrequencyVal ues
042: = wor dMappedToWor dW t hFr equency. val ues();
043:
044: String result ="";

045: for (WrdWthFrequency wordWthFrequency : wordWthFrequencyVal ues)

046: result += String.format("%%", wordWthFrequency);
047:

048: return result;

049: } // toString

050:

051: } // class WordFrequencyNap
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The Wor dFr equencyMap class

e For-each loop shorter than long way of writing it.

| t erat or <Wor dWt hFrequency> iterator = wordWthFrequencyVal ues.iterator();
while (iterator.hasNext())

result += String.format("%%", iterator.next());

e Could have made even shorter.

for (WordWthFrequency wor dWt hFrequency
. wor dvappedToWor dW t hFrequency. val ues())
result += String.format("%%%", wordWthFrequency);
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o MANCHEoT The \M r d Fr e q u e n C y Clqss

e The main method reads input one character at fime

— builds info groups.

x either sequence of letters and/or apostrophe
* Or sequence of non-letters.

. inport java.io.FileReader;

. inport java.io.lCkxception,

. /] Read a text docunent fromthe file named by the first argunent,
. /] and report frequency count of each word on standard out put.
. public class WrdFrequency
i
public static void main(String[] args)

{
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o MANCHEoT The \M r d Fr e q u e n C y Clqss

/| W see the data as a character stream
Fi | eReader input = null;

try

{

if (args.length !'=1)
t hrow new ||| egal Argument Excepti on
("There nust be exactly one argunent: input-file");

i nput = new Fil eReader (args[0]);

Il A store of all the words found so far.
Wor dFr equencyMap wor dFrequencyMap = new Wor dFrequencyMap() ;

Il Remenber whether we are reading a word or characters between words.
bool ean current G oupl sAWrd = fal se;

[l The group of characters we are currently reading.
String currentGoup ="";
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o MANCHEoT The \M r d Fr e q u e n C y Clqss

i nt current Char Asl nt;
while ((currentCharAsint = input.read()) !'= -1)

{

char currentChar = (char)current CharAslnt;

/1 W change group if the kind of the current character

Il is not the sanme as the kind of the current group.

if ( (Character.isLetter(currentChar) || currentChar == "'\"")
I = current G oupl SAWrd )

{

/] \\& are starting a new group.
if (current G oupl SAWrd)
wor dFr equencyMap. count Wor d( cur rent G oup. t oLower Case() ) ;
currentGoup = "";
current G oupl sAWrd = !current G oupl sAWr d;
FILoif
Il \Whet her new or old group, add the current character to it.
current G oup += current Char;
} Il while
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o MANCHEoT The \M r d Fr e q u e n C y Clqss

; [l W\ have a trailing word if the |ast character was a letter or '.
050: if (currentGoupl sAWrd && ! current G oup. equal s(""))
051: wor dFr equencyMap. count Wor d(current G oup. t oLower Case() ) ;
052:
053: [l The toString of wordFrequencyMap already has a new |ine at the end.
054: System out . print (wor dFrequencyMap) ;

055: P otry

056: catch (Exception exception)

057: {

058: Systemerr.println(exception);
059: } /1 catch

060: finally

061 {

062: try { if (input !'= null) input.close(); }

063: catch (1 CException exception)

064: { Systemerr.printIn("Could not close input " + exception); }
065: Y /1 finally

066: } // main
067:
068: } // class WordFrequency
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The Wor dFr equency class

Are you happy with the condition of the first if statement
inside the while loop”? How would you have written that?

Also, for the if statement after the while loop, could we
replace the condition with just cur rent Groupl sAWr d?
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I

] u
THE UNIVERSITY I ry I n g It
o MANCHESTER

Console Input / Output

$ java WordFrequency RomeoAndJuliet. txt

(Qut put shown using nultiple colums to save space.)

"tis 1 be 1 eneny 1 it 1 not 2 thee 1 were 1
a4 bel onging 1 face 1 man 1 ol thou 1 what's 2
all 1 but 1 foot 1 mont ague 2 of 1 though 1 whi ch 3
and 1 by 1 for 1 m 1 other 3 thy 3 without 1
any 2 call 1 hand 1 mysel f 1 owes 1 thysel f 1 woul d 2
arm1l call'd 1 he 2 nanme 6 part 2 title 1
art 1 dear 1 inl no 1 perfection 1 to 1
as 1 doff 1 is 3 nor 5 retain 1 we 1
$

Coffee  Now that you know about Tr eeMap, can you think how we
fime: could have a tree sort that does not lose duplicate input
items?
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Section 8

Example:

Word frequency count sorted
oy frequency
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Aim

AIM: To infroduce the HashMap class, and the fact that a col-
lection can be built to initially contain the same val-
ues as some ofher collection. We also take a look at

how we can go about making a good override of the
hashCode() instance method of hj ect .
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it The mr dW t h Fr eq uen Cy Clqss

Il Apairing of a word with its frequency count so far.
public class WrdWthFrequency i npl ements Conpar abl e<Wor dW t hFrequency>
{

I/ The word, occurrences of which are being counted.

private final String word;

Il The frequency count of this word so far.

private int frequencySoFar;

Il Create a pairing with the given word, and frequency of one.
publ i c WordWt hFrequency(String requiredWrd)

{
word = requiredWrd;

frequencySoFar = 1;
} /1 \WrdW t hFrequency
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it The mr dW t h Fr eq uen Cy Clqss

/| Count another occurrence of this word.

public void increnmentFrequency()

{

f requencySoFar ++;

} /1 increment Frequency

Il A String showi ng the word and its frequency.
@verride
public String toString()
{
return word + " " + frequencySoFar;
Y /] toString
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I

it The mr dW t h Fr eq uen Cy Class

[/ Conpare this with the given other, returning negative, zero or positive.
[l Order first on descending frequency, then on ascendi ng word.
@verride
public int conpareTo(WrdWthFrequency ot her)
{
if (frequencySoFar != other.frequencySoFar)
return other.frequencySoFar - frequencySoFar;
el se
return word. conpareTo(ot her.word);
} Il conpareTo

How would we change this fo make it order by ascending
frequency?
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it The mr dW t h Fr eq uen Cy Clqss

046: // Return true if and only if the given object is equivalent to this one.
047: @verride

048: public bool ean equal s(Chj ect ot her)

049: {

050: if (other instanceof WordWthFrequency)

051: return conpareTo((WrdWthFrequency)other) == 0;

052: el se

053: return super.equal s(other);

054: } /] equals

e Also override hashCode()

- even though nof strictly needed for this program.
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srandard API: o) ect : hashCode( ) : making a good
== definition

THE U
o M

e Classes that override equal s() ought tfo also override hashCode()

- return same value for equivalent objects
- function based on
same instance variables used o define equivalence in equal s() .
e Good hash code function should tend to
give different hash codes for objects that are not equivalent
- ofherwise hash tables have oo many clashes.

e One way of achieving good spread

- turn instance variables info numbers
If not already number - e.g. use their hashCode()

- multiply each by different prime number
- add products.
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it The mr dW t h Fr eq uen Cy Clqss

[l A hash code for this object: equival ent ones have the sane hash code.

@verride
public int hashCode()

{

return frequencySoFar * 31 + word. hashCode() * 37,
} 11 hashCode

.} /1 class WordWthFrequency
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The Wor dW t hFFr equency class

e Many professional Java programmers make every class have
— equal s() , mafching hashCode()

- and if class implements Conpar abl e
x matching conpar eTo() .

e Even if not infending to need them now
- In case are needed in future version of program
— or in another program that reuses class.

e Failing to implement these properly at initial implementation

- could lead to strange bugs at later time.

Coffee In some previous examples we had an equal s(), but no
fime: hashCode(). Are you tempted to go back and add one

="

March 4, 2019 Java Just in Time - John Latham Page 141(0/0)




The Wor dFr equencyMap class

e Still have map from words onto Wor dW t hFr equency objects

- but do not use natural ordering of keysintoString().

e SO (probably) more efficient to use HashMap than Tr eeMap.
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SN Collections APIl: Maps: HashMap

e java. util.HashMap part of collections framework
- another implementation of map

— implements j ava. uti | . Map interface.

e Uses hash table

— each key must have appropriate implementation of hashCode()
x for HashMap To work correctly.

e val ues() gives Col | ecti on containing values of map

— can yield object implementing java. util.lterator
* supports iteration over values in Nno specific order.
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SN Collections APIl: Maps: HashMap

e Rule of thumb: HashMap should be used in preference tojava. util. TreeMap
- when not desired to obtain values in key order.

- If liftfle or no hash code clashing

x HashMap operates in nearly constant time
x TreeMap operates in logarithmic time.

e Since Java 5.0, HashMap is generic class

- fwo type parameters for type of keys and values.

public class HashMap<K, V> inplenents Map<K, V>

(...
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AR The \M r d Fr e q U e n C y I\/Hp Clqss

: inport java.util.Collection;

. inport java.util.HashMap;
. inport java.util.Map;

. inport java.util.TreeSet;

. [/ A mp fromword to WrdWthFrequency.
. public class WrdFrequencyMap

A

[l The map uses a HashMap to efficiently store the WrdWthFrequency objects.
private final Map<String, WrdWthFrequency>

wor dMappedToWor dW t hFrequency = new HashMap<String, Wr dWthFrequency>();

/| Enpty constructor, nothing needs doing.
publ i ¢ Wor dFrequencyMap()

{
} [ \r dFrequencyMap
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AR The \M r d Fr e q U e n C y I\/Hp Clqss

/' Count an occurrence of the given word by either incrementing the

Il frequency of an existing WrdWthFrequency or creating a new one if
Il this is the first occurrence of the word.
public void countWord(String word)
{
Wor dW t hFrequency wor dWt hFrequency
= wor dMappedToWor dW t hFr equency. get (wor d) ;
if (wordWthFrequency !'= null)
wor dW t hFrequency. i ncrenent Frequency() ;

el se
{
wor dW t hFrequency = new Wor dW t hFrequency(wor d) ;

wor dMappedToWor dW t hFr equency. put (word, wor dWt hFrequency);
+ /1 else

} /1 countWrd
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The Wor dFr equencyMap class

e FortoString()

— build new TreeSet confaining values

- Iterate through in natural ordering of values

— l.e. use conpareTo() from Wor dW t hFr equency
x values covered in descending order of frequency.
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‘ﬁCoIIections APIl: Col | ect 1 on Interface: constructor
e taking a Col | ect i on

APl documentation for java. util. Col | ecti on interface stafes

- any class which implements it should provide fwo constructor methods

x one with no method arguments builds empty Col | ecti on
x Ofher takes existing Col | ecti on and builds new one containing same
elements.

No way for this to be enforced in Java

- inferfaces cannot specify constructor methods!

Arguably is deficiency in use of interfaces as means of contractual
obligation.

All standard implementations do satisfy requirement.
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AR The \M r d Fr e q U e n C y I\/Hp Clqss

[l Show the words and frequencies in frequency order.

@verride
public String toString()

{
[l Qbtain the WrdWthFrequency val ues in an unpredictable order,

Il and put theminto a TreeSet so we can extract themin frequency order.
TreeSet <Wor dW' t hFr equency> wor dW t hFr equencyVal ues

= new TreeSet <Wor dW t hFrequency>(wor dMappedToWor dW t hFrequency. val ues());

String result =""

for (WordWthFrequency wordWthFrequency : wordWthFrequencyVal ues)
result += String.format("%%", wordWthFrequency);

return result:
} /1 toString

.} /1 class WrdFrequencyMap
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The Wor dFr equency class

e Same as previous version!

Coffee  What would happen if Stri ng did not override hashCode()
fime: — would our program here work? What would it do in-

@ stead?
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Trying it

Console Input / Output

$ java WordFrequency input.txt

(Qutput shown using multiple colums to save space.)

nane 6
nor 5
that 5
a4

is 3
other 3
roneo 3
which 3
$

any 2

he 2

nont ague 2
not 2

part 2

thy 2
what's 2
woul d 2

"tis 1

all 1

and 1

arml

art 1

as 1

be 1

bel onging 1

but 1

by 1
call 1
call'd 1
dear 1
doff 1
eneny 1
face 1

no 1

ol

of 1

owes 1
perfection 1
retain 1
rose 1

smell 1

so 1

sonme 1
sweet 1
take 1
thee 1
thou 1

t hough 1
thysel f 1

title 1
to 1

we 1

were 1

wi thout 1

Now that you know about maps, are you tempted to
re-implement some of the program for franslating doc-
uments, perhaps in particular the way that Dictionary
works, in Section ?? on page ??7
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Coursework: Finding duplicate voters, using a
J;‘E!\';}‘::'J'L Ha.S h I\/B. p

(Summary only)

Write a program to detect people voting more than once in voting records,
using a HashMap.
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Section 9

Collections of collections
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Aim

AIM: To explore the idea that the elements of a collection
can themselves be collections, and so quite complex

data structures can be built.
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Collections of collections

No example here
- just idea
- and coursework.

ldea might be obvious

- collections can contain any kinds of object
x Including collections.

E.g. ArrayLi st of ArrayLi sts

- collections framework’s answer 1o two-dimensional arrays

E.g. TreeMap of Li nkedLi st s, if sQy

- making index of all occurrences of identifiers in directory of Java
source code files.

EfC..
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Coursework: Finding duplicate voters, using a
AE HashMap of Li nkedLi st's

(Summary only)

Write a program to detect people voting more than once in voting records,
using a HashMap of objects confaining a Li nkedLi st .
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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.
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