
   3

 1 

 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)
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 10log n   10n n   10n

 0.5n   1   log n n  10n



28

 3-2  ln9 n n0.1
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 loga n nb b > 0 

 log  1   loga n nb

 3-3 n10  2n

 log an nb  lg10n n    lg n n n10   2n

(  lg  log  2 

)

na

bn b > 1  

logan nb, b > 0   polylogarithmic  polynomial

na bn , b > 1  polynomial  exponential
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 (asymptotic notations) 

f(n) n
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(g(n)) g(n)

 log1000n ( n0.00001 ) , n1000 ( (1.0001)n )

(g(n)) g(n)

(g(n)) = 
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nfnf

n

f(n) ( g(n)) g(n) ( f(n))
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(g(n)) = { f(n) | c1, c2 n0 c1g(n) f(n) c2g(n)

n n0 }

 3–2 

f(n) (g(n)) g(n) f(n)

n  ( n0 ) c1 c2

g(n) g(n)

 3–2 f(n) n n0

g(n) f(n)

n

f (n)

c1 g(n)

n0

c2 g(n)

 3–2 f(n) (g(n))

f(n) (g(n)) f(n)

g(n) (g(n)) = (g(n)) (g(n))

g(n)

(g(n)) = { f(n) | c n0 f(n) cg(n) n n0 }
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f(n) (g(n)) f(n)

g(n) c f(n) cg(n)

 3–3

n

f (n)

c g(n)

n0

 3–3 f(n) (g(n))

 ( )  ( )  ( )  ( )

f(n) (g(n)) f(n) g(n)

(g(n)) =  (g(n)) (g(n)) g(n)

(g(n)) = { f(n) |  c n0 cg(n) f(n) n n0 }

f(n) (g(n)) f(n)

g(n) c cg(n) f(n)

 3–4
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n

c g(n)

n0

f (n)

 3–4 f(n) (g(n))

Transitivity :

f(n) (g(n)) g(n) (h(n)) f(n) (h(n))

f(n) (g(n)) g(n) (h(n)) f(n) (h(n))

f(n) (g(n)) g(n) (h(n)) f(n) (h(n))

f(n) (g(n)) g(n) (h(n)) f(n) (h(n))

f(n) (g(n)) g(n) (h(n)) f(n) (h(n))

Reflexivity :

f(n) (f(n))

f(n) (f(n))

f(n) (f(n))

Symmetry :

f(n) (g(n)) g(n) (f(n))

Transpose symmetry :

f(n) (g(n)) g(n) (f(n))

f(n) (g(n)) g(n) (f(n))
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n n1+sin(n)  1+ 

sin(n)  0  2  n

  ( )

f1(n) = O(g1(n)) f2(n) = O(g2(n))

f1(n) + f2(n)   =  O(g1(n) + g1(n))

f1(n) + f2(n)   =  O( max( g1(n) , g1(n) ) )

f1(n) f2(n)   =  O(g1(n) g1(n))

f1(n)k    =  O( g1(n)k )
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 3-4  2n2 + 500n + 1000log n = O(n2)

c n0  2n2 + 500n + 1000log n cn2 n n0 c = 

1502 n  1

 3-5  2n2 + 500n + 1000log n = O(n200)

 3-4  2n2 + 500n + 1000log n = O(n2)

n2 n200 = O(n200)  2n2 + 500n + 1000log n = O(n200)

 ( )

 (loose bound)

 3-6  (n/2) lg (n/2) = (n lg n)

c n0  cn lg n  (n/2) lg (n/2) n n0
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 3-11    log n! = ( n log n )

 log n! = (n log n) n! = n  (n–1) … 2 1

n n! nn  log  log n! n log n = (n log n)

 log n! = (n log n) n! = n  (n–1) … 2 1

n, (n–1), …, (n/2)  (n/2)  (n/2–1), (n/2–2), …, 2, 1  1 

n!  (n/2)n/2  log  log n!  (n/2) log (n/2) = (n log n)  (  3-6)

 log n! = ( n log n )

 3-12   loga n = ( logb n ) a, b > 1

 log  loga n = (logb n) / (logb a) = ( logb n )

 log 

 log1.1 n
log100 n

 3-13   log na = ( log n ) a

 log na = a log n = ( log n )

 log 

 log n1000  log n  (

n )

 3-14 alg n ( alog n )
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an bb na loglog alg n = nlg a alog n  = nlog a
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 =  (  A = B 

)

f(n) = (g(n)) f(n) g(n)  "="  " "

 ( )

f(n) = (g(n)) (g(n)) = f(n)

( )  = 

f(n) = 2n3 + 3n +7.5/n

f(n)  2n3

f(n) = 2n3 + (n) f(n)

= 2n3 + g(n) g(n) (n)  = 

f(n) f(n)  2n3

n
f(n) = (n3) + 3n +7.5/n

 3n +7.5/n n3

f(n) = (n3)

Hn

Hn = 
1
1 +

1
2  +…+

1
n

Hn

Hn = ln n +  + 
1
2n –

1
12n2 + n

120n4
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 0 < n < 1  0.5772156649…

Hn

Hn = ln n +  + (1/n)

 1/n
Hn = ln n + (1)

 ( )

Hn = (log n)

 (mergesort) 

t(n)

n

t(n) = 2t(n/2) + 

n–1 ? n ?  

n n–1

t(n) = 2t(n/2) + (n)

t(n)

 O 

f(n) = O(g(n)) g(n) = (f(n))
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"Insertion sort n  O(n2)"

n2

"Insertion sort n (n)"

Insertion sort 

" n
(n log n)"

O(n log n)

 ( )

 ( )

A (n2)

B  O(n5)

n5  ( )

(n2)

 O(n10)  ? 

 ( )

 (  6) 

 O(log n) n  O(n log n)

 (  O(n5) )

 3-15   O(n)  (

 O(n) )
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f(n) =  n2 = ( 5n2+ 3n + 3 )

 (  = ) 

g(n) = 5n2 + 3n +3 = (n2)

g(n) n2

1.  O(1) (1) (1)

2. f1(n) = ( g1(n) ) f2(n) = ( g2(n) ) f1(n) + f2(n) = ( min{ g1(n), g2(n) }  ) 

f1(n) + f2(n) = ( max{ g1(n), g2(n) }  )

3. t1(n) = O(f(n))  t2(n) = O(f(n))

) t1(n) + t2(n) = O(f(n))

) t1(n) – t2(n) = o(f(n))

) t1(n) / t2(n) = O(1)

) t1(n)  = O(t2(n))

4.

n 3n n2 + log n n0.01 log log n n!

n / log n (1.01)n 106 3–n nn (log n)10

5. f(n) g(n) f(n) = O(g(n)) g(n) = O(f(n))

) f(n) = (n2–n) / 7 g(n) = 0.5n
) f(n) = n0.03 g(n) = lg (n2+3n)

) f(n) = n log n g(n) = n n



42

) f(n) = 9( log n )3 g(n) = 9 log n3

6.

) n log n = O( n1.5)

) n + log n = O(n)

) 2n2 + n  = O( n + n n  + 20n)

) n log n = O(n)

) n + n  = O( n log n )

) 2n = ( 2n+1)

) n! = ( (n+1)! )

7.

) nlog n = O( (log n)n )

) nlog  log  log n = O( (log n)! )

) (n!)! = O( ((n–1)!)! ((n–1)!)n! )

8. f(n) g(n)

) f(n) = (f(n/2))

) f(n) = O( (f(n))2 )

) f(n) + o(f(n)) = (f(n))

) f(n) = O(g(n))  2f(n)  = O(2g(n) )

) f(n) = O(g(n))  log f(n)  = O( log g(n) )

9. k )log(lg 1

1
nnOii k

n

i

k

10. )()/lg(
1

nOin
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