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01: findMin1( A[1..n] ) 
02: { 
03:   m = A[1] 
04: 
05:   for ( i = 2 to n ) 
06:     if ( A[i] < m ) m = A[i] 
07:   return m 
08: } 

while

for

mn = min(mn–1 , An )  n > 1 ,  m1 = A1

n (mn)
n–1 (mn–1) n  (An)

09: findMin2( A[1..n] ) 
10: { 
11:   if ( n == 1 ) return A[1] 
12:   m = findMin2( A[1..n-1] ) 
13:   return ( A[n] < m ? A[n] : m ) 
14: } 

 (  ?)

15: findMin3( A[1..n] ) 
16: { 
17:   return findMin3R( A[1..n] ) 
18: } 
19:
20: findMin3R( A[a..b] ) 
21: { 
22:   if ( a == b ) return A[a] 
23:   mid = (a + b) / 2 
24:   m1 = findMin3R( A[a..mid] ) 
25:   m2 = findMin3R( A[mid+1..b] ) 
26:   return ( m1 < m2 ? m1 : m2 ) 
27: } 

?
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?

  ( )

?

+ +

k ( ) tk

n for n
for n–1   ( for

)

T1(n) = t3 + t5n + t6(n–1) + t7

T2(n) n–1
( t11)

T2(n) = T2(n–1) + t11 + t12 + t13 n > 1, T2(1) = t11

 = T2(n–2) + 2(t11 + t12 + t13)
 = T2(n–3) + 3(t11 + t12 + t13)
 … 
 = T2(n–(n–1)) + (n–1)(t11 + t12 + t13)
 = t11 + (n–1)(t11 + t12 + t13)
 = t11n + (t12 + t13)(n–1)

T3(n) = T3( n/2 ) + T3( n/2 ) + t22+t23+t24+t25+t26 n > 1, T3(1) = t22
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c = t22+t23+t24+t25+t26 n = 2k

T3(n) = 2T3(n/2) + c
 = 2( 2T3(n/22) + c ) + c = 22 T3(n/22) + 2c + c
 = 22( 2T3(n/23) + c ) + 2c + c = 23 T3(n/23) + 22c + 2c + c
 … 
 = 2k T3(n/2k) + 2k–1c + 2k–2c + … + 21c + 20c
 … 
 = 2lg n T3(n/2lg n) + 2lg n –1 c + 2lg n –2c + … + 21c + 20c
 = 2lg n t22 + 2lg n –1 c + 2lg n –2c + … + 21c + 20c
 = n t22 + c(n–1)
 = t22 n + (t22+t23+t24+t25+t26)(n–1)

 1 T1(n) = t5n + t6(n–1) + t3 + t7

 2 T2(n) = t11n + (t12 + t13)(n–1)

 3 T3(n) = t22n + (t22+t23+t24+t25+t26)(n–1)

12, 
24 25
stack frame 

n

 1  ( if for)
( )

 ( )

tk

 ( )



5

 100  100 

?

“ ”
  (

)

n – 2 -

 3 

 3 

1–1  3 

(6,7), (8,5), (6,5), (0,2), (3,1), (0,1) 
 (5,0)  0 

6    7    8    5    0    2    3    1
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 0 5, 1, 

 2 

?

log2 n
n n

+ log2 n  – 2 (n–1 log2 n  –1 
)

 ( )

 A n A (majority) 
 (

)

 ( ) A
n

n2

01: hasMajority( A[1..n] ) 
02: { 
03:   for (i = 1 to n) { 
04:     c = 0 
05:     for (j = 1 to n) 
06:       if (A[i] == A[j]) c++  
07:     if (c > n/2) return true    // 
08:   } 
09:   return false 
10: } 
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2  3  2  3  4  5  3  3  2  2  2  2  1  1  2  2  2  2  3  3  3  2  2  3  2 

1  1  2  2  2  2  2  2  2  2  2  2  2  2  2  3  3  3  3  3  3  3  3  4  5

01: hasMajority( A[1..n] )  
02: { 
03:   sort( A ) 
04:   c = 0; i = 1 
05:   for (j = 1 to n) 
06:     if (A[i] == A[j]) { 
07:       if (++c > n/2) return true 
08:     } else { 
09:       i = j; c = 1 
10:     } 
11:   return false 
12: } 

n  8 

n log2 n -

? ( )

2 2

 (

)  3 

01: hasMajority( A[1..n] )  
02: { 
03:   c = 0, m = findMedian( A ) 
04:   for ( i = 1 to n ) 
05:     if ( m == A[i] ) ++c 
06:   return ( c > n/2 ) ? TRUE : FALSE 
07: } 
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 “ ”  (

) 30 “ ”

30  (  !!!) 1 ( 2–30 ) +
“ + k ”

k 50

01: hasMajority( A[1..n], k )  
02: { 
03:   for ( j = 1 to k ) {  //  +  k 
04:     c = 0, m = A[ random(1, n) ] 
05:     for ( i = 1 to n ) 
06:       if ( m == A[i] ) ++c 
07:     if ( c > n/2 ) return TRUE 
08:   } 
09:   return FALSE 
10: } 

12

 ?

 (

) n 3n  (

n 3n )

50 350

1 350 / 
109 3 !!!
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3n

 (

)  (

k k ) n
C(n,4) = n(n–1)(n–2)(n–3) / 24 

3n  ( n = 50  2 
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(10, 1000, 
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 ( 1 1
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-

(divide and conquer) 
(dynamic programming)  (greedy algorithm) 

 (randomized algorithms)
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(state space search) (back-
tracking) (branch and bound) -

(local search) (approximation algo-
rithm) 

 (

brute force) 

 (

)

 (
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complete) 
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MMX Java
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   2 

(problem) (computa-
tional problem) 

:

: S = { a1 , a2 , …, an } 
: ak ak S ak aj j = 1, 2, …, n

:

: p, p > 1
: p , p



16

:

: G = (V, E ) k
: G k

          G k

1. (set sequence and string problems) 
(sorting) (searching) (selection)

(partitioning) 

2. (numerical problems) 
(primality testing) (factorization) (exponen-
tiation) (matrix multiplication) (random 
number generation) 

3. (graph problems) (connectivity) 
(minimum spanning tree) (shortest path) 

(network flow) (traveling salesperson) 
(graph coloring)

4. (computational geometry problems) 
(convex hull) (closest point) (triangulation) 

A P A
P P (input 

instance) (problem instance) 
(instance) 

{3, 4, 5, 7, 30, 0, 2, 3, 5, 6} 

13746687628251
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G = (V, E) V = {1,2,3,4,5,6}, E = { (1,2), (1,4), (1,5), (2,3), 
(2,4), (2,5), (3,4), (5,6) } 2–1 k = 3

1

2 3

4

56

 2–1 

fA(n) A n
A n

 {3, 4, 5, 7, 0, 2, 3, 5, 6} 9
9 13746286234876298251 20

64  ( 1 + log213746286234876298251  = 64 )

2–1 6 8

:
: S = { a1 , a2 , …, an }

: n

:
: p, p > 1 

: 1 + log2 p

:
: G = (V, E ) k

: |V | + |E | 
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S
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S
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p p

p ( pp 2log2 ) p 1
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 (

)
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01: MergeSort( A[], left, right ) 
02: { 
03:   if ( left < right ) { 
04:     m = (left + right) / 2 
05:     MergeSort( A, left, m    ) 
06:     MergeSort( A, m+1 , right ) 
07:     Merge( A, left, m, right ) 
08:   } 
09: } 

01: MergeSort( A[left..right] ) 
02: { 
03:   if ( left < right ) { 
04:     m  (left + right) / 2 
05:     MergeSort( A[left.. m]   ) 
06:     MergeSort( A[m+1..right] ) 
07:     A[left..right] Merge(A[left..m],A[m+1..right]) 
08:   } 
09: } 

C, C++ Java

MergeSort

A

“algorithm” 
Abu Ja'far Muhammad ibn Musa al-Khwarizmi  (

2–2 )

“Algoritmi de numero Indorum” (

) “Al-Khwarizmi on the Hindu Art of 
Reckoning” ( )

“algebra” “al-jabr”  2–2 Al-Khwarizmi
(780-850)
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1.
( )

) (traveling salesperson)

) (minimum spanning tree)

) (convex hull) 

) (triangulation) 

) (string matching) 

) (independent set) 

) (sum of subset) 

) (linear partition) 

2. 1

3. (bubble sort) 

4. 3

5. (binary search) 3

6.

) Satisfiability 
) Maximum 2-Satisfiability 
) Bin packing 
) Integer programming 

7.

) Halting problem
) 3x+1 problem
) Word correspondence problem
) Hilbert’s tenth problem 


