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Array
» O(n)
Binary search tree
> X[ O] AL 9(n)
» H? O(logn)
Balanced binary search tree (RB Tree)
> X[ 22| B O(logn)
B-tree
> X[ 22| B O(logn)
» Balanced binary search tree 2 CI & = CI XIJF & Ch
Hash table
> & 0(1)
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o A| 2k (Hash Function)

212{ 2127} hash table0| T2 X & 0fOf S},
A AHO| ZHEHS|OF BHCH
Of2{7}X| BHE10| YO L} 74E ChER 01 242

division method 2} multiplication method O| C}.



Division Method
» h(x) =x mod m
» m: table AFO| . CHJH prime number&!

Multiplication Method
» h(x) =(xAmod 1) *

-

»A:0<A<1Ql At
@)

rm2 =0 2= EQ SILL UetH E= 2

(b= &)



m=65536

A=0.6180339887 (\/g —1)/2
x=1025390

xA=1025390 x 0.6180339887
=633725.871673093

65536 x 0.871673093 =57125.967 ...
h(x) = 57125

Multiplication method 2]
XHE Q|7
-1 O L=

Lm (xA mod 1)J

m-1



== (Collision)

>

Hash table2| &t ==
AMelE U&E= A
A

» Hashing= ol Al &f & otcd otLl O|0| ChE & 20t Atel S

S =10 S 0l&e &4}

Collision resolution &8 2 A A & JHA| JF UL,
» Chaining

» Open Addressing
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Collision2| O

2 =.25,13,16,15,7
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h(29) = 29 mod 13 = 3
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25 Hash function h(x) = x mod 13

[S—
[\

11



Open addressing

» Collision0| €HLIHZHE
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Chaining= O| &%t Collision Resolution2| Cff
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3F 2 (Open Addressing)

SIAte|OF A& LKl oH Al gt = Al = Bt= O H T
> hy(x), hy(x), hy(X), Ay(x), ..

S et MIJHAI 28
» Linear probing

» Quadratic probing

» Double hashing

14



M XA} (Linear Probing)

h(x) = (h(x) + i) mod m
off: 2= =AM 25,13, 16, 15,7, 28, 31, 20, 1, 38

13 0 13 0 13
1 1 1
2 15 2 15 2 15
3 16 B 3 16 3 16
4 28 4 28 4 28
5 5 31 5 31
6 6 6 38
7 7 7 7 7 7
8 8 20 ’ 8 20
9 9 9
10 10 10
1 11 11 h(x) = (h(x) + i) mod 13
12 25 12 25 12

25 D
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Linear Probing2 Primary Clustering0fl 5 25} C}

Primary clustering: S & S0 E ) =2l= &

0

1

2 15

3 16

4 28 <———  Primary clustering 2| 0
5 31

6 44
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8

9

10

11 37
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O|Xt& Z A} (Quadratic Probing)

hi(x) = (h(x) + ¢,i* + ¢,i) mod m

Ol: & =K 15, 18, 43, 37, 45, 30

0
1
2 15
3
4 43
5 18
6 45
7
8 30
9
10
11 37
12

h(x) = (h(x) +i2 ) mod 13

30%13 = 4
[(30%13)+12%13 = 5
[(30%13)+22]%13 = 8
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Quadratic Probing2 Secondary Clustering Hl | 2F5tCH

0
1
2 15
3 28
4
5 54
6 41
7
8 21
9
10
11 67
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Secondary clustering: ({2 JHC| &) =& st
ZTI| oAl S retsE d= 8 H

28%13 =2
[(28%13)+12]%13 = 3

«—  Secondary clustering2| 0l
41%13 =2
[(41%13)+121%13 = 3
[(41%13)+22]1%13 = 6

67%13 = 2
[(67%13)+12]%13 = 3
[(67%]13)+22]%13 = 6
[(67%13)+32%13 = 11



| = Sl (Double Hashing)

h() = (o +ifG) modm
0 &= =AM 15, 19, 28, 41, 67 fix) = (x mod 11) + 1
h,(x) = (h(x)+1f(x)) mod 13

0

1

2 15 hy(15) = hy(28) = hy(41) = hy(67) =2
3

4 67 h,(67) = 4

5

6 19 hy(19) =6

7

8

9 28 h,(28)=9
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