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Linked Lists



Linked Lists

Thisisavisual representation of alinked list using i nt values
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Linked Listsvs Arrays

Thisisavisual representation of alinked list using i nt values

[yl

Node Node Node Node Node

Why would we want to useit instead of an Array?
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Operationswith LinkedLists
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e A Li nkedLi st allows us to add or remove elements without hatangppy the whole data structure
e In aLi nkedLi st with n elements, all operations ( search, insertion,teletake at most comparisons
o In the worst case you'll want to reach the endheflist. This is only possible by following thext pointer of every node.

In big O notation

Operationsin a LinkedList have a running time of == O (n)



Operationswith Arrays
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¢ |In a array witm elements, yogannot change the size of the array without creating a new one and copytisicontents ( recall treeddVer t ex of thePol ygon
class, or thaddFri end method of thd?er son class)
e But if you know what you are looking for, accessargelement from the array requires ohlyperation
o To get then-th element of &1 nkedLi st we need to follow theext pointern times
o To get then-th element of an array we just need to typeAr r ay[ n]

How can we get both fast access and variable size?

|f accessisfast on an array, can we do something ssimilar for search, insertion and deletion?



Hash tables



Hash tables

You can think of hash tables asdoing the inverse operation that you do with an array.



Ty

“Anita”

“Bastien”

“Charles”

“Zoltan”

In an array you use an value (e.g. an i nt number) and you get akey (eg.aStri ng)



In aHashTableyou useakey (eg.aStri ng)toget an value (e.g. ani nt number)



Hash tables

Hash tables will allow usto combine some good things about arrays, with some good things
about LinkedLists



Ty

“Anita”

“Bastien”

“Charles”

“Zoltan”

In aHashTableyou useakey (eg.aStri ng)toget an value (e.g. an i nt number)



To do thiswe will use a hashing function



Hashing function

A hashing function maps input data of arbitrary sizeto output data of fixed size

llPh'I” :
' function f

aApplen

function f

We call theinput a key. We call the output a Hash Value

We can usethe hasvalue asan index to find data, e.g., in an array



Hashing function

A hashing function maps input data of arbitrary sizeto output data of fixed size

llPh'I” :
' function f

function f

function f

Arbitrary size: Person namesin English, Fixed Size: Groups of names by their first letter

¢ In our example, we only have 26 possible values.tBere are more than 26 possible person names
¢ Inevitably, multiple elements will have the sammes&hash value.



| mplementing a HashTable

A hash table will consist of a collection of entries, ahashi ng functi on, and methodsto
insert and remove data from it



Ty

“Anita”

“Bastien”

“Charles”

“Zoltan”

Wewill use an array to storetheentriesin our data structure



| mplementing a HashTable

A hash table will consist of an collection of entries, ahashi ng functi on, and methodsto
insert and remove data from it

Weusean array to storetheentriesin our data structure

1 public class Hasht abl e{

2 | *

3 * the entries could be of any type

4 * here, we use the String entries, for exanple.
5 */

6 private String[] entries;

-

8 /'l add a constructor here

9

10 /1 add Insertion, search and del eti on net hods here
11

12 /*

13 * The hashing function an index in the entries
14 * array for the given el enent

15 */

16 public int hashFunction( String nanme ){

17 /1 calculate an int ( the hash val ues)

18 /1l for the String nane

19 }
20 }



Collison in Hash Tables

When two elements have the same has value, we will haveto put them in the same entry



Ty

“Anita”

“Bastien”

“Charles”

“Zoltan”

We call this situation a collision



How do we deal with collisions

e Option 1: Change the hash function so that we have morelpessmsh values? (E.g. Use the first two lettérs vame to compute its hash value. )
o If the input data is larger than the output data,will always have collisions
e Option 2: Replace each entry in the hash table with akedLi st



Hash tableswith multiple elements per entry

Replace each entry in the hash tablewith aLi nkedLi st
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Hash tables with multiple elements per entry

Replace each entry in the hash tablewith aLi nkedLi st
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publ
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/

* % % X O

*

*/

cl ass Hasht abl eL{

the entries could be of any type.
here, we use a LinkedList to keep
mul tiple entries in each poistion
of the array.

private LinkedList[] entries;

/1
/11
/~k

*
*

*/

add a constructor here

add I nsertion, search and del eti on net hods here

The hashing function an index in the entries
array for the given el enent

public int hashFunction( String name ){

/1 calculate an int ( the hash val ues)
/[l for the String nane



Hash tableswith multiple elements per entry

Replace each entry in the hash tablewith aLi nkedLi st
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Some remarks about Hash tables

e A Hasht abl e allows us to add or remove elements quickly byinmkise of éhash function
¢ To deal with multiple elements in a single locatiorthe dictionary, we combine the hashing functioth aLi nkedLi st

In big O notation

Operationsin a Hash Table with n elements have arunning time of ==> () (k)

e k is size of the longesti nkedLi st in the HashTable.

Operationsin a Hash Tablewith n elements have a running time of ==> () ( 1 )

e Whenk is considerably smaller tham



You can view a HashTable asa Dictionary

We map names ( keys) to Nodesin the HashTable ( values)

“u - - ” HaSh
Cristiano - function f

But you could usethisdata structureto map arbitrary types of data

e Names to phone numbers

e Phone numbers to names

e English words to their definitions

e English words to words in French

e Musical note letters to their pitch frequency



HashTablesin Java

Java has a generic implementation of a HashTable

Hasht abl e<key, val ue> dictionary = new Hasht abl e<key, val ue>();
/1 This creates a hash table that will be

/i ndexed by variables of type key and

/'l contain values of type val ue.

/I W can add entries using the .put() nethod.

nane. put (key, val ue);

/' /W can obtain values using .get() nethod.

name. get (key) ;

CoOoO~NOOITRhWNE



Totry for yourself

Try toimplement an English to French dictionary using a HashTable<String,String> object

Hasht abl e<String, String> englishToFrench = new Hashtabl e<String, String>();
/1 This creates a hash table that wll be

/i ndexed by variables of type key and

/'l contain values of type val ue.

/I W can add entries using the .put() nethod.

engl i shToFrench. put (" Good norni ng”, "Bonjour");

/' /W can obtain values using .get() nethod.

engl i shToFrench. get (" Good norni ng");

CoOoO~NOOITRhWNE



Resour ces

e http://en.wikipedia.org/wiki/Hash table
e http://www.tutorialspoint.com/java/java hashtabl@ss.htm
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