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� �
 ��
� ���� ��� ����� !!

� ��� �� ��

� �� �� (requirements)

Æ �� (analysis)

Æ �� (design)

Æ 	
 � �
 (refinement and coding)

Æ �� (verification)
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− ���� !" #$% &'( )*+ ���� , -./01 23 4+(5*)! 6� 	7 89

− :; <=! >� )*+ 5*� 89� 	?2" @./1 �A

� #$

� B
�� C
� AD E F� 	G� @H IJ�� KLA

� M ,N OP QR

− STU OP QR

: �
! #VW� X Y�Z� QR

− 2TU OP QR

: [\ 4+ ���]� AD E F� 	G� ���] IJ� �^ _

� %&

� ���]' `�� 23 &'( abc '� J!d Eef gh�� 6W!d ijk! OP

− lS &'( m) (abstract data type)

− no^p� ��c no^p �� 8R� oq

� �r23 ����s t$c3 uv'w� �x� J� 4	 ��H y� g8
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1.2.1 � �

8 �� : ����

�	� �� Ee23 ��$�� �� ���� A�� Z��� ��/1 �A

� )* : ��!d 
�23 ��, 0 v 'S

� 5* : �$G � ,N 'S� 4+� -.

� ��. : ��2o :�2N ��1 �A

� ��. : �	� E� I� y!3 ��i \�

� �}. : ����� \'c g`��� Ee� E FG� 8��'$1 �A

� ������ (��	 
��) 
���� ����� ��	�

: ����

� ��.� ��2N �3A

9 ���������	
��
�������	���



������ � ��

Data Structures� � By Hyun-Ju Park / Hanbat National University�

� ���� ��

� ��� ��

− ���	 
��


� ��� ���

9 � � � �����	
��
���

� ����� �� ��

− �� ��� �����  !" 
�

9 ��������������…�

9 ���
���

9 ���

�
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X ���������Æ��	
�����
���������������������������	����������

� n ≥ 1�� �� �� ��	 �
�� 
���� ��

� 1 �� :

− “�
�� �� ��� ��� �� �� �� � � �
! "#$ �% &"� '��”

Æ 2 �� : (� )* +,

− ���- ./, list� (�!�0 ��

for ( i = 0; i < n; i++ ) {

list[i]���� list[n - 1]��� �	 
� �
� ��

list[min]� �� �� 
�� ��;

list[i]� list[min]� �� ��;

}
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Æ 3 �� : 10"2 3�

− 45 ��� 67, �� 89 �: ;<

void sort ( int list[], int n )

{

int i, j, min, temp;

for ( i = 0; i < n – 1; i++ ) {

min = i;

for ( j = i + 1; j < n; j++)

if (list[j] < list[min])

min = j;

SWAP(list[i], list[min], temp);

/* temp = list[i]; list[i] = list[min]; list[min] = temp; */

}

}

Æ 4 �� : 
��� 3�

− =-� 7 ~ 8, 
��� 1.3 : >? �
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X ���������Æ��	
����
��������������������

� n ≥ 1�� �� �� ��� �
�@ ./ list� (��@ A� B searchnum- list� A�� CD�� 10"2

− EF�G list[i] = searchnumH HI# i	 J9�0 EF�� �KG -1� J9

� 1 �� : 10"2� LM

− left, right� NN 67�0& �� ./� OP, Q�P R �S� �"T B (UL�� left = 0, right = n - 1)

middle = (left + right) / 2� V�

searchnum < list[middle] ⇒ searchnum- list[left]W list[middle - 1] D-� AKX� right ← middle - 1

searchnum = list[middle] ⇒ middle� J9

searchnum > list[middle] ⇒ searchnum- list[middle + 1]Y list[right] D-� AKX� left ← middle + 1

− searchnum- � �� Z�0 C7[ ��� AKG middle� �\�] 67� �^

� 2 �� : searchnumY list[middle]� _8 `ab (cd-e #3)

while (there are more integers to check) {
middle = (left + right) / 2;
if (searchnum < list[middle])

right = middle – 1;
else if (searchnum == list[middle])

return middle;
else

left = middle + 1;

searchnum� list[middle]���

����	
 ��
�� ��
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� 3 �� : 10"2 `ab (cd-e #4)

int binsearch(int list[], int searchnum, int left, int right)
{

int middle;
while (left <= right) {

middle = (left + right) / 2;
switch (COMPARE(list[middle], searchnum)) {

case –1: left = middle + 1; break;
case 0: return middle;
case 1: right = middle – 1;

}
}
return -1;

}
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1.2.2 �� ����

� �� ��(recursive mechanism)

� �� ��

− ��� �	
� �
 �� ��� �� ��

� �� ��

− �� ��� �� ���� 
� �� �� ��� ��

Æ ��  !"# $%&� �'( )*+ � ��

� ��� �� � �	
� �
�

� ,- �./ ��012 %3
� 4�

9 ���������	
	n! = n × (n - 1)!	

� 5678� �9� �	 :;/ ��012 %3
� �� 4�

9 �����	
�����	�����	���	
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X ����������	�
��������
�������������

Æ������������������� !�"#$�%&�'()�*�+,-�

int binsearch(int list[], int searchnum, int left, int right)
{

int middle;
while (left <= right) {

middle = (left + right) / 2;
switch (COMPARE(list[middle], searchnum)) {

case –1: left = middle + 1; break;
case 0: return middle;
case 1: right = middle – 1;

}
}
return -1;

}
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X .�
/������	�
��������
�������������

Æ����������������0����1�%&2�34� 5�67�'()�*�+�-�

int binsearch(int list[], int searchnum, int left, int right)
{

int middle;
if (left <= right) {

middle = (left + right) / 2;
switch (COMPARE(list[middle], searchnum)) {

case –1: return binsearch(list, searchnum, middle + 1, right);
case 0: return middle;
case 1: return binsearch(list, searchnum, left, middle – 1);

}
}
return -1;

}
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���� �����	
�

� ��� �� & �� ��� ��

� ����� ���	
 �� 
� ��� ��� ��� � � �� ��� ��

8 ��� �� (data type)

� ��� � 
 !"#(objects)$ �# !"#% &� '(�� )*#(operations)� +,�-

9 ����

− { 0, +1, -1, +2, -2, …, INT_MAX, INT_MIN }� !"� �.

− /0 *1 )*� : +, -, *, /, %

9 �	
 �� 
�
 �� ?

− ���	 213% 45678 �9�: ;9� �< =>? �@�-

− !"� 45 67� ABC: �� �9�� DE< AB�F �-

8 �� ��� ��(abstract data type, ADT)

� GH ��� � 
 !"� IJ� �# !"% &� )*� IJK !"� 45$ )*� �5L�M� N�O 6PL�

�.O ��� � �-

9 ������	���
����
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X �����������	
�����
�������

Æ����������������������������������	
�����
���������� �!�"�

struct Natural_Number

objects : ‘0�� ���� ��� 	
 �� 
��(INT_MAX)��
���� 
�
 �� ����.

functions :

Nat_No
 �� �� x, y, � ! Boolean
 �� TRUE, FALSE�
��, "#�, +, –, <, � ! ==$ %&'( 
� )*��.

Nat_No Zero() ::= 0
Boolean Is_Zero() ::= if (x) return FALSE else return TRUE
Nat_No Add(x, y) ::= if ((x + y <= INT_MAX) return x + y

else return INT_MAX
Boolean Equal(x, y) ::= if (x == y) return TRUE

else return FALSE
Nat_No Successor(x) ::= if (x == INT_MAX) return x

else return x + 1
Nat_No Subtract(x, y) ::= if (x < y) return 0 else return x - y

end NaturalNumber
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���� ������

� �� ��� ��

� �� �� - �� �� (performance analysis)

− 	
�� 
��� ��� ��� ��

� �� �� - �� �� (performance measurement)

− 	
�� ����  ! ��

� �	
� �� �


� "#$%� &'� ()� *+,�-?

� �.,/ 01,�-?

� "#$%2 34/ �5,6, 7 34/ 8!,�9� 
: ;<=- "#$% >� ?3 @�-?

� "#$%�< AB�� CDE F�,G DH I8E J��K# �5,�-?

� "#$%� LM- NG OP-?
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� ��� �� ��

� "#$%� QGR ST� UVGRSTE JW�K# �5,�-?

� 0X� Y: "#$%�  ! ��Z [\]^ _:-?

8 �� ��� (space complexity)

� "#$%2  !�` ab,�c de: ��� f

8 �� ��� (time complexity)

� "#$%2  !�` ab,�c de: 	
� ��� f
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1.4.1 �� ���

� ����� ��� �	 
�

� �� ��, c

− ����	 
�� 
�(��� ��)� �� �� �� ��

− ��� ��,  ! "�, �� �� �#$ "�, %� �� &

� '" ��, Sp(I)

− ()	 
� *+,+(I)� 	-.� ��/ '0 �#$ "�12 3�� .� ��

: 
��	 ��, ��, 4 5

− !6 7�8 9 :;� ��<� =' �� >?

⇒ ���� P� � �� 	
, S(P)

� S(P) = c + SP(I)
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X ����Æ���������	
����
�����������������������

float abc(float a, float b, float c)

�

return (a + b + b * c + (a + b - c) / (a + b) + 4.00);

}

� 3�� �� ��� �	
� �
 ��� �� �� �	

Æ �� �� ���� ��

Æ Sabc(I) = 0
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X ����Æ���������	
����
�������������������������� ��!"#�$�%&'�

float sum(float list[], int n)

{

float tempsum = 0;

int i;

for (i = 0; i < n; i++)

tempsum += list[i];

return tempsum;

}

� ���� ��� �	

Æ ��
 ��� 
�� ������ �� ��

− Pascal� �� : call by value ���� ��� ��

: Ssum(I) = Ssum(n) = n

− C �
� �� : ��� � ! "#� $# �� → ��% &'�� ()

: Ssum(I) = Ssum(n) = 0
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X ����Æ���������	
���
�

������������������������ ��!"#�$�%
&'�

float rsum(float list[], int n)

{

if (n) return (rsum(list, n - 1) + list[n - 1]);

return 0;

}

� �� �� → �� ��, �	 ��, �� 
� �
 �� ��� ���� ��

Æ �� 
�� �� �� � 

− 2�� ���� ��� + �� �� � = (4byte(list) + 4byte(n) + 4byte(�� ��)) = 12byte

Æ 
� � × 
� ! �� � = n × 12byte
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1.4.2 �� ���

� ���� P� ���	 
�, T(P)

� T(P) = ��� �� + �� ��(TP)

� TP(n)� 	
, n : ��
� ��

� TP� 
� ��

� ��� �� �� 	


� ��� � �� 	


− ����� ���  !" #$� %&& '�(?
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8 ���� ��

� ���� #$) ��
� ��* +,�� �� ��� (-) ./�0�1 �2�0� 34" ����� 5�67!8

Æ ���� 5�67* �9 :;<) $�=> 8? 5�67* �9 :;<) $�=@ 8A8

Æ " #$� �B<) C DE/� ��F)G HI" ��! ��
� ��* +,�!�J "8

� ����� �� �� 
��	 � �� ��

� ����* countK) L�M N�O P�

� C /Q� � #$ �O 1RF) S!T� .�

� ����� 
� ���

� ����� UV� ��FU W9 ����! X" #$�� :;

� ��
� �� Y YI" ��Z� [\

Æ ]^ �� _(* `K ��! ab1 _(F)(

Æ �
" ]^� cU( _(d* `K �� ��! ab1 _(F)(

� /e* f" �g ��! hij '�(O 
kF� lmJ
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X ���������	
���
������������

���������	
���
�������������������������� !�"�#����#��$�

void add (int a[][MAX_SIZE], int b[][MAX_SIZE],

int c[][MAX_SIZE]), int rows, int cols)

{

int i, j;

for (i = 0; i < rows; i++)

for (j = 0; j < cols; j++)

c[i][j] = a[i][j] + b[i][j];

}

void add (int a[][MAX_SIZE], int b[][MAX_SIZE],
int c[][MAX_SIZE]), int rows, int cols)

{
int i, j;
for (i = 0; i < rows; i++) {

count++;
for (j = 0; j < cols; j++) {

count++;
c[i][j] = a[i][j] + b[i][j];
count++;

}
count++;

}
count++;

}
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X �����%��
&��
'��������(�)*�+,-�.�/�� !�"�#�0$�

}

c[i][j] = a[i][j] + b[i][j];

for (j = 0; j < cols; j++)

for (i = 0; i < rows; i++)

int i, j;

{

void add (int a[][MAX_SIZE], …)

2rows ⋅ cols + 2rows + 1

000

rows ⋅ colsrows ⋅ cols1

rows⋅cols+rowsrows⋅(cols + 1)1

rows+1rows+11

000

000

000

�������s/e

}

c[i][j] = a[i][j] + b[i][j];

for (j = 0; j < cols; j++)

for (i = 0; i < rows; i++)

int i, j;

{

void add (int a[][MAX_SIZE], …)

2rows ⋅ cols + 2rows + 1

000

rows ⋅ colsrows ⋅ cols1

rows⋅cols+rowsrows⋅(cols + 1)1

rows+1rows+11

000

000

000

�������s/e
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� ���� ���� 	
� � 
��� �� �� ��� ����� � �� ��� ����


�� !" #	

� �� ���

− ��� 	
 ��� 
� ��� � �� ���� ��� ��

� �� ���

− ��� 	
 ��� 
� ��� � �� ���� �
� ��

� �� ���

− ��� 	
 ��� ��� ����� 
� �� � �� ���
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1.4.3 �� ���

� ��� �� �� ��

� �� �� ��� �	
��
 �� ��

9 (3n + 3) Vs. (100n + 10) 

� 	
 ��
 (break-even point)

9 (c1n2 + c2n) Vs. (c3n) 

− ���� c3n� ���	
 ���� c1n
2 + c2n� ���	�� 
� � �� ��
 �� n
 ��

� �� ���� (asymptotic notations)

� big oh : O(n)

� omega : Ω(n)

� theta : Θ(n)
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8 Big “oh”

� upper bound

� f(n) = O(g(n)) 

− �� n, n ≥ n0� �� f(n) ≤ cg(n)� ��	 
��
 � �� �� c� n0� �� 

Æ f(n) = amnm + ... + a1n + a0�� f(n) = O(nm) 

9 ��

� 3n + 2 = O(n) 

� 1000n2 + 100n – 5 = O(n2) 

� 6 × 2n + n2 = O(2n) 

� 10n2 + 4n – 5 = O(n4) 

9 O(1) O(logn) O(n) O(nlogn) O(n2) O(n3) O(2n)
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8 Omega

� lower bound

� f(n) = Ω(g(n)) 

− �� n, n ≥ n0� �� f(n) ≥ cg(n)� ��	 
��
 � �� �� c� n0� �� 

Æ f(n) = amnm + ... + a1n + a0, am > 0�� f(n) = Ω(nm) 

9 ��

� 3n + 2 = Ω(n) 

� 10n2 + 4n + 2 = Ω(n2) = Ω(n) = Ω(1) 

� 3n + 2 = Ω(n) 

� 6 × 2n + n2 = Ω(2n) = Ω(n100) = Ω(n50.2) = Ω(n2) = Ω(n) = Ω(1) 
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8 Theta

� f(n) = Θ(g(n)) 

− �� n, n ≥ n0� �� c1g(n) ≤ f(n) ≤ c2g(n)� ��	 
��
 � �� �� c1, c2� n0� �� 

Æ f(n) = amnm + ... + a1n + a0, am > 0�� f(n) = Θ(nm) 

9 ��

� 3n + 2 = Θ(n) ≠ Θ(1) 
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}

c[i][j] = a[i][j] + b[i][j];

for (j = 0; j < cols; j++)

for (i = 0; i < rows; i++)

int i, j;

{

void add (int a[][MAX_SIZE], …)

Θ(rows ⋅ cols)

0

Θ(rows ⋅ cols)

Θ(rows ⋅ cols)

Θ(rows)

0

0

0

������

}

c[i][j] = a[i][j] + b[i][j];

for (j = 0; j < cols; j++)

for (i = 0; i < rows; i++)

int i, j;

{

void add (int a[][MAX_SIZE], …)

Θ(rows ⋅ cols)

0

Θ(rows ⋅ cols)

Θ(rows ⋅ cols)

Θ(rows)

0

0

0

������
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int binsearch(int list[], int searchnum, int left, int right)
{

int middle;
while (left <= right) {

middle = (left + right) / 2;
switch (COMPARE(list[middle], searchnum)) {

case –1: left = middle + 1; break;
case 0: return middle;
case 1: right = middle – 1;

}
}
return -1;

}

� ���� �� = ��� �	
 � n

� while �


− � ��� Θ(1)
 ��

− �

 �� ��

: � ���� list
 ����� ��� ���

: 1 Æ n / 2 Æ n / 4 Æ n / 8 Æ … Æ 1

: 1 Æ n / (21) Æ n / (22) Æ n / (23) Æ … Æ n / (2i-1) = 1 Í i �� ��

: 2i-1 = n Æ i -1= log2n Æ i = log2n + 1
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11182529

101219213

46132022

23571416

17241815

11182529

101219213

46132022

23571416

17241815

� n� ��� � �� �	
 �� (by Coexter)

− 
�� �� ��� 1� ���

Æ �� ��� �� ! "#$%& ' ()� 1* + �, ���

Æ -. /�0 1 ! 2
3% /�0� 4�5 ()�& 678�

: 9:� 2
3% ;< =� >?: !, �� ! 2
3% ;< �� @� AB� ! �C8�

Æ �C?D� ()� E($ �F GHI J % K! L ! $& 678�
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for (i = 0; i < size; i++)
for (j = 0; j < size; j++)

square[i][j] = 0;
square[0][(size - 1) / 2] = 1; /* ��� �� ��� 1	 
�� */
i = 0; j = (size - 1) / 2;
for (count = 2; count <= size * size; count++) {

row = (i – 1 < 0) ? (size – 1) : (i – 1); /* 
� */
column = (j – 1 < 0) ? (size – 1) : (j – 1); /* ���� */
if (square[row][column]) i = (++i) % size; /* ��� */
else { i = row; j = (j – 1 < 0) ? (size – 1) : –– j ; }
square[i][j] = count;

}
/* �� */
printf(“Magic Square of size %d : \n\n”, size);
for (i = 0; i < size; i++) {

for (j = 0; j < size; j++) printf(“%5d”, square[i][j]);
printf(“\n”);

}

� MNO 6P

− 
�� for Q� MNO = Θ(n2) R�� for Q� MNO = Θ(n2)

S�� for Q� MNO = Θ(n2)

Æ T!UV� MNO = Θ(n2)
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26313 × 103320922789888000403262421���n!

4294967296655362561642���2n

3276840965126481���n3

1024256641641���n2

1606424820	
��nlogn

32168421��n

543210	
�log n

111111��1

3282 4 161
���

�������� ���� nn

26313 × 103320922789888000403262421���n!

4294967296655362561642���2n

3276840965126481���n3

1024256641641���n2

1606424820	
��nlogn

32168421��n

543210	
�log n

111111��1

3282 4 161
���

�������� ���� nn
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� �� ��

� ����� �� � 	� 
��
 ��� �

� �� ���, ����, ���� ��� � !"!

� ����	 
� �
� ����� ��� �

� 	� #$ (clocking function) %


9 ����������

: &�' 44, ���� 1.23 ()

� ��� ���	 ��

� ����* +,* -.
 /0�� 1�� 23
 4-�� �� 56 7'� 8!

� +,* -.
 9��: ;< = !> ?@A
 ��

− BC D� EFGF �- HI� JK LMN O PQ* RS; TFU 1��V 4-

Æ � TFU 1�� WW� JK XY 	�
 �<!

� XZ
 ;K 4-�[\ ] 1��V ^��: ;K ���� _`ab
 cdK\


