
�������

9. 2�	��������


��



�
��

n�	�

q2-1 �����
» 4. 2��
» 5. ��
��



����

n��

q
�������������"%�$#�
��'

�� !&�

150 	�

160 � �

210 
�

290 	�

380 ��



1. ���������

n���

q�
�������

q������

q
�����

q���

q���

q���	��k

2 4

3

5

8

7

leaf

root

node

k = 2

k = 1

k = 0



���
���	
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2��
� (binary search tree)
n 2��

qp (parent) 

qkey ��
qleft ����
qright����

n��

q1. key[left[x]] ≤ key[x]
�������	���(
)������

q2. key[x] ≤ key[right[x]]
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n Search (x, k)
1. If x = NIL or k = key[x]
2. then return x
3. If k < key[x]
4. then return Search(left[x], k)
5. else return  Search(right[x], k)

qNIL: ��������������
q�����: �	���
�
������
�recursive call�
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n Search(���1, ���4)
q 1. If 1 = NIL no
q 3. if 4 < key[1] (=5) yes
q 4. Search(left[1], 4)

n Search(2, 4)
q 1. If 2 = NIL no
q 3. if 4 < key[2] (=3) no
q 5. Search(right[2], 4)

n Search(5, 4)
q 1. if 5 = NIL or key[5] = 4 yes return 5
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n Search(���1, ���8)

qSearch(right[1], 8)
qSearch(right[3], 8)
qReturn 6

n Search(1, 3)
qSearch(         ,     )
qReturn 

n Search(1, 6)
qSearch(         ,     )
qReturn 
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n Insert(T, z)
1. x=root[T]
2. while x != NIL
3. y = x
4. if key[z] < key[x]
5. then x = left[x]
6. else x = right[x]
7. p[z] = y
8. If key[z] < key[y]
9. then left[y] = z
10. else right[y] = z
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Insert(1, 5)��
x = 1→2→5
z=7
p[7] = 5
right[5] = 7 
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n 1. ��2���	�&����"#! �
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qA. 8, 12, 5, 3, 10, 7, 6
qB. 10, 7, 6, 8, 12, 5, 3
qC. 3, 5, 6, 7, 8, 10, 12

n 2. ���
��������(
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n �
 z���
q (i) z�� ����→z ��"
q (ii) z�1��� ��→z ��"
q (iii) z�2��� ��→z�����!�����
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n 	�2�������
z����������

�z������������ 
q 1. key[z] = 5
q 2. key[z] = 7
q 3. key[z] = 2
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q���
 n = 2k+1 -1 (�
2��
�
)
q����: k = log(n+1)-1 = O(log(n))
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(hashing) 	��

n ���� n 
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0-*4

n hash
q [�] �"�!:���
��#

q [�] ��$��

q0-*42./

n 0-*4.715
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69
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n (��) ��
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*4�


q MD5, SHA1, 
SHA256
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n������

q�� h: U→{0,1,.., c-1}
q��x�������h(x)������h
»�� h(x) = 
��� (c = 3)

q�
�
h(x) = x mod c

q�) c = 10�	�
h(123) = 3, 
h(95) = 5 0 1 2 3 4 5 6 7 8 9

123 95

123
95

U
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n 0�$99 ��� '.&0�$19"� 
�� ,*(-��
��%/��$ 
,*(-�	�#��0

q1. h1(x) = (x mod 10) + (x/10 mod 10)
= 1
�+2
�

q2. h2(x) = x mod 20
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n�� (collision) 
q�����
��������	��h(x)=h(y)
���x ≠ y

qh(x) = x mod 4
qh(8) = 0
qh(6) = 2
qh(10) = 2
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n ��('	 (chaining)
q"��$��%� �
��
�*

n �(#'�!&�

q�"��$���

1. i = 0 (
���)

2. j = h(x, i)
3. If T[j] = NIL 
���. 

return
4. Else ++i
5. goto 2
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n�������	� h(x) = x mod 17��
����1��100���������h(x) 
= 3������x�

�������



������	�

n��

q����������
�

n O(1) ���




3. 2������ ���

n	


q����������!��#��#��"��
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qCollections Framework
Collection

List Set Map

ArrayList HashSet TreeSet HashMap TreeMap

http://java.sun.com/javase/ja/6/docs/ja/technotes/guides/collections/overview.html


Map���
n MapDic.pde

1. HashMap<String, Integer> dic = new HashMap<String, Integer>();
2. dic.put("one", 1);
3. dic.put("two", 2);
4. dic.put("three", 3);

5. println(dic);
6. String s[] = {"two", "one", "two", "three"};
7. for(int i = 0; i < s.length; ++i){
8. print(dic.get(s[i]));
9. } {two=2, one=1, three=3}

two one two three = 
2, 1, 2, 3,

���

http://www.isc.meiji.ac.jp/~kikn/PDE/MapDic.pde


Map	��

n Key, value	��

value 

key 

put(k,v) Map

key 

get() value 

Key value
One 1
Two 2
Three 3
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n���� p.102
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