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CSE1303 Part A Overview
Data Structures and Algorithms « Hash Tables
Summer Semester 2003 « Collisions
* Linear Probing
Lecture Al5 - Hash Tables; * Problemswith Linear Probing
Collision Resolution * Chaining
Kymberly Fergusson
Hash|ng Example;
hash table hash table
0 0
1 1
key |:> hash |:> pos 2 “Kruse” |:> hash |:>D 2
function 3 function 3
4
5 Kiise—
TABLESI ZE - 1 6

Hashing

« Eachitem hasauniquekey.
* Usealargearray called aHash Table.
» Use aHash Function.

Initidize

Operations

— al locations in Hash Table are empty.

Insert
Search
Delete
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Hash Function

» Maps keysto positionsin the Hash Table.

Example: Hash Function #3
value = (s[i] + 3*value) % 7;

Hash

» Beeasyto calculate. Ke/‘;ho Va(')”e
» Usedl of the key. Kruse 5
. Standish 1 [collisions”
* Spread the keysuniformly. Horowitz :
Langsam 5
Sedgewick 2
Knuth 1
7 8
Collision Birthdays
NumberofPeople——Probability—
* When two keys are mapped to the same 10 0.1169
posmc_)n. 20 0.4114
* Very likely. 30 0.7063
40 0.8912
50 0.9704
60 0.9941
70 0.9992

Collision Resolution

* Linear Probing.
» Chaining
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Linear Probing

* Linear search in the array from the position
where collision occurred.
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I nsert
» Apply hash function to get a position.

» Try toinsert key at this position.
* Deal with collision.
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Example: Insert with Linear Probing

Aho, Kruse, Standish, Horowiz, Langsam, Sedgewick, Knuth
hash table
0 Aho

Aho |:> Hash |:>E|

Function

Example: Insert with Linear Probing

Aho, Kruse, Standish, Horowiz, Langsam, Sedgewick, Knuth

hash table
0 Aho
1
Kruse |:> Hash |:>|Z| 2
Function 3
4
5 Kruse
6
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Example: Insert with Linear Probing

Aho, Kruse, Standish, Horowiz, Langsam, Sedgewick, Knuth

hash table

0 Aho

1 Standish
Standish |:> Hash |:>E| 2
Function 3
4

5 Kruse

Example: Insert with Linear Probing

Aho, Kruse, Standish, Horowiz, Langsam, Sedgewick, Knuth

ach +ohl
aSHtapnTte

oo

Horowitz |:> Hash |:>|;|
Function
e —

6 Horowiiz

w N B O
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Example: Insert with Linear Probing

Aho, Kruse, Standish, Horowiz, Langsam, Sedgewick, Knuth

h chtahl
Staptt

terrensTT

Langsam |:> Hash |:>

Function

Tangsam

0
3
4
! 5 terer
HoTrowitz
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module linearProbe(item)

position = hash(key of item)
count=0

loop {
if (count ==hashTableSize) then {

output “Table is full”
exit loop

}
if (hashTable[position] is empty) then {
hashTable[position] = item
exit loop
}
position = (position + 1) % hashTableSize
count++
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Search

» Apply hash function to get a position.
 Look in that position.
* Deal with collision.
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Example: Search with Linear Probing

Aho, Kruse, Standis| m, Sedgewick, Knuth

found. ash table

Aho

Standish
Langsam |:> Hash |::>5—_| 2 DN o

Function 3

5 Kruse
Horowit:
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Example: Search with Linear Probing

Aho, Kruse, Standish, Horowiz, Langsam, Sedgewick, Knuth
hash table

0 Aho

Standish

Knuth |:> Hash |:>D -

Function

—

5 Kruse

not found. 6 |_torouit
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module search(target)

count=0
position = hash(key of target)
loop {
if (count ==hashTableSize) then {
output “Target is not in Hash Table”
return -1.

}

else if (hashTable[position] is empty) then {
output “Item is not in Hash Table”
return -1.

}

else if (hashTable[position].key == target) then {
return position.

}
position = (position + 1) % hashTableSize

count++
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Delete

» Usethesearch function to find theitem

« |f found check that items after that also
don’t hash to the item’ s position

« If items after do hash to that position, move
them back in the hash table and del ete the

item.

24
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Linear Probing: Problems

* Speed.
» Tendency for clustering to occur asthetable
becomes hdlf full.

 Deletion of recordsisvery difficult.
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Chaining

» Usesalinked List at each position inthe
Hash Table.
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hash table

0 11

INE ANESNEY
11

2

== [T
11
I
T
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Example: Chaining

Aho, Kruse, Standish, Horowiz, Langsam, Sedgwick, Knuth

Q, 5 1 5, 5, 2, 1
B P s o S i
L= | Standish | J: | Knuth |
> L bedscuice |
— v

fal _l
3 v
4 o 1
5 3 > | Kruse | i Horowitz i Langsam

v

6 Lol 11
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Hashtablewith Chaining

« At each positioninthearray you have alist:

List hashTable[MAXTABLE];
mg
g
g

o

1

2 1
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I nsert with Chaining

» Apply hash function to get aposition in the
array.

* Insert key into the Linked List at this
position in the array.

30
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module InsertChaining (item)
posHash = hash(key of item)

insert (hashTable[posHash], item);

T[]

0 1

1 2| - | Standish | —bl Knuthl —|_J
2 11 3 Sedgewick =
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Search with Chaining

» Apply hash function to get a position in the
array.

» SearchtheLinked List at this positionin the
array.
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/* module returns NULL if not found, or the address of the
* node if found */

module SearchChaining (item)

posHash = hash(key of item)
Node* found,;

foun: List (hashTable[posHash], item);

return found;

THl wlT
Al

;|_< 2 Igm-| _Standish | -|;| Knuthl

2 L

v
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Deletewith Chaining

» Apply hash function to get a position in the
array.

» DeletethenodeintheLinked List at this
position in the array.

/* module uses the Linked list delete function to delete an item
*inside that list, it does nothing if that item isn’t there. */

module DeleteChaining (item)
posHash = hash(key of item)

deleteList (hashTablgposHash], item);
}

v

\ArA
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Disadvantages of Chaining

* Uses more space.

* More complex to implement.
— A linked list at every element in the array

36
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Revision
» Hash Tables
— Hash Functions
— Insert, Search
* Collision Resolution
— Linear Probing, Chaining

Advantages of Chaining

* Insertions and Deletions are easy and quick.
« Allowsmorerecordsto be stored.

» Naturaly resizable, alows avarying
number of recordsto be stored.
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Revison: Reading
* Kruse8
» Standish 11
Langsam 7.4
» Sedgewick 16

Preparation

Next | ecture: Advanced Sorting
» Read Chapter 7.6-7.8in Kruse et a.
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