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#$ (1)

Fibonacci;<1, 1, 2, 3, 5, 8, 13, … =>?@AB

1 1,2
( )

( 1) ( 2) 3
n

f n
f n f n n

=ì
= í - + - ³î

•CDE'F=>GB
!"f(n)#$%
if (n=1) or (n=2) then

return 1
else

return f(n-1)+f(n-2)
end If

•HI=JKB
( )
( 1) ( 2)
2 ( 2) ( 3
3 ( 3) 2 ( 4)
5( 4) 3 ( 5)

f n
f n f n
f n f n
f n f n
f f n

= - + -
= - + -
= - + -
= - + -
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-!"#$%&J

-'()*+,-L

-*+,-./01L

- T(n)2n34.

-56783!"9

LMNO(E'BPf(1)QRSTUEVWf(n)X



#$ (2)

:;1<-f(n)=>Fibonacci.?@AnB.3CD
:;2<

:;3<EFGHI3J"K!

:;4<L.M@NOPQRST3U

1 1,2
( )

( 1) ( 2) 3
n

f n
f n f n n

=ì
= í - + - ³î

n 0 1 2 3 4 5 6 7 8 9 10
f(n) 0 1 1 2 3 5 8 13 21 34 55

"&%
A[0] ← 0; A[1] ← 1
for i← 2 to n do
A[i] ← A[i-1]+A[i-2]

return A[n]

VW+XY<
O(n)
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#$%&'FDynamic ProgrammingG
ZN["\]^_`abcd6efgUSTNUhijBkST

n

T(n/2) T(n/2) T(n/2) T(n/2)

T(n) =

%&'()*+,-. (1)



w lNUmn3kSToo56pqrs3

w 5tkST3.uvvw7xyz./{

w L-N["gUV^7|kST}*+K!&~x�

n
T(n)

=

n/2

T(n/4)T(n/4)T(n/4)T(n/4)

n/2

T(n/4)T(n/4)T(n/4)T(n/4)

n/2

T(n/4)T(n/4)T(n/4)T(n/4)

n/2

T(n/4)T(n/4)T(n/4)T(n/4)

%&'()*+,-. (2)



w �=�U�3kST3��^L��V��R�gm3��

w �-�mn3���ST3��PQfgU31��ST3��

w �E��1/*+K!^��mnxyzVW!"

Those who cannot remember the past are doomed to repeat it. 
——George Santayana, 

The life of Reason, 
Book I: Introduction and 

Reason in Common 
Sense (1905)

%&'()*+,-. (3)
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%&'(*/012 (1)

1YZ[\:]
® ST3¯°U±²&_kST3¯°U³x´µ�¶·

® ¯°k¸P6ST¹-º»�¼!"gU3�½

® �-ST3¯°k¸P¾¿^EFGHI3JzÀÁÂ�kST

3¯°CÃ:PQRÄBST3¯°C³FÅHÆmn¯°U·

® t�BST�E7xÇJzÈ¼�3¯°k¸P

2Y^_\56
® É�ÊË3kSTÌ5Í6ÎST^7|kST}Ï+K!x�

® 'É�BkSTwU��^FGHIÀÁgC^ÌÐ@W¸Ñ=

>ÒÓEÔEÕ-ÓK!Ö��3U

® ×v5t3kSTB.ØST31�ÙxyzÚÛ³xyzVW·



%&'()*/012 (2)

Fibonacci(6)

Fibonacci(5) Fibonacci(4)

Fibonacci(4) Fibonacci(3)

Fibonacci(3) Fibonacci(2) Fibonacci(2) Fibonacci(1)

Fibonacci(2) Fibonacci(1)

Fibonacci(3) Fibonacci(2)

Fibonacci(2) Fibonacci(1)

º»�¼"'~xMÜ°
ÝSTÞß789J
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56789: (1)

w !"
�-àá3âãä"K!âãM1(2´10), M2(10´2), M3 (2´10)3äå
(1) (M1M2)M3: 2´10´2+2´2´10=80 �ä"
(2) M1(M2M3): 2´10´10+10´2´10=400 �ä"

¸æ<5t3ä"çèéê^ä"�.qëì19

w 123456

íînBâã{A1, A2, …, An}^_@AiïAi+1�ä, i=1, 2, …, n-1, ðîñn
Bâãäå3K!�ê^òmÖ�ä"�.¯ó

ô%<

-âãä"õö¸Ü÷^øä3K!�ê�ùúûüJzðî
-K!�êýþðî——ýþúûü——ÿ!�ê"è2Bâãqä



56789: (2)

w vwxy'

1 2 1 2( ) ( )k k k nA A A A A A+ +´! !

#�kBâã7P(k)ÇúûüJz^'É�Bk^7P(k)P(n-k)ÇúûüJz
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1

1
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P n

P k P n k n
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=

ì
=ï= í - >ïî

å
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21 1.5

1 (2 2)! 4( )
(( 1)!) 4

n
n

n

nP n
n n n nC p

-

-

-
= = »

-

1,1,2,5,14,42,132,429,1430,4862,16796, …
P(n)ØnÙ4.ÚÛ9L



56789: (3)

w =Jz{K
$2A[i: j], ¯óä"�.$2m(i, j), Ai3%.2pi-1´pi

K!�ê<
jii AAA ...1+

1 1 2( ... ) ( ... )i i k k k jA A A A A A+ + +´

-K!/

K!A[i: k]3&' + K!A[k+1: j]3&' + A[i: k]äA[k+1: j]3&'

-¯°k¸P¾¿
K!A[i: j]3¯°�êÖ±²3K!âãk(A[i:k]ïA[k+1:j]3�êd
6¯°3

-*)kST¾¿*



56789: (4)

•=Jz{K

m[i, j]3À+,-z:

ïî

ï
í
ì

<+++
=

=
-<£

jipppjkmkim
ji

jim
jki }],1[],[{min

0
],[

1jki

01 k
[1, ] min{ [1, ] [ 1, ] }k nn
m n m k m k n p p p

£ <
= + + +

kST<

i, j35tMÜ: 
¯xQ(n2)B



56789: (5)

w ./<in=6, m(2,5)2EÆ0B&'3¯�C<
- m(2,2)+m(3,5)+p1´p2´p5
- m(2,3)+m(4,5)+p1´p3´p5
- m(2,4)+m(5,5)+p1´p4´p5

•123BJH<
- m(i, i)     à m(i, j-1)
- m(i+1, j) à m(j, j)

•K!<
- m(i, i), m(i+1, j)  à
m(i, j-1), m(j, j) 

•�¶<
min{m(i, j)}, i £ k < j

m(1,6)m(1,5)m(1,4)m(1,3)m(1,2)m(1,1)
m(2,6)m(2,5)m(2,4)m(2,3)m(2,2)
m(3,6)m(3,5)m(3,4)m(3,3)
m(4,6)m(4,5)m(4,4)
m(5,6)m(5,5)
m(6,6)



56789: (6)

w 45_ÀÁzEFGHI3Jz"èK!³¯°C·
matrixChain (p[1..n+1], m[1..n][1..n], s[1..n][1..n])
n←p.length-1
for i=1 to n do
m[i][i]←0

end for
for r=2 to n do
for i=1 to n-r+1 do
j←i+r-1
m[i][j]←m[i+1][j]+p[i-1]*p[i]*p[j]
s[i][j]←i
for k=i+1 to j do
t←m[i][k]+m[k+1][j]+p[i-1]*p[k]*p[j]
if t<m[i][j] then
m[i][j]←t
s[i][j]←k

end if
end for

end for
end for

Ai(Ai+1…Aj)

(Ai…Ak)(Ak+1…Aj), i<k<j



56789: (7)

{m(i, j)}

•K!VW< #��ä"3672c. 8£
1 1

3

2 1 1
( ) ( )

n n r r

r i k
T n c n

- - -

= = =

= =Qå å å

•Ö�9W< 2( )nQ

15´535´1530´35

A3A2A1

20´2510´205´10

A6A5A4
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0-1;<9: (1)

• 56
-íînÇ:;ï�<±=:; i3*/6wi^_7C2vi^<±>/2C=
S?/@ABCD<±3:;^òmCD<±@:;3Í7C¯1?

-ÞE3Ä.�¼ST<g�BnF0-1H/{x1, x2, …, xn}

å
=

n

i
ii xv

1
max

ïî

ï
í
ì

££Î

£å
=

nix

Cxw

i

n

i
ii

1},1,0{
1

uà<

GHIJ<



0-1;<9: (2)

w Z[\:]Mc
-#m(i, j)2<±KL>/2jV12CD1~iÇ:;3¯17C

- m(i, j)6ÆM3B/3¯1C (12:; i)<
(1) m(i–1, j): L>/2j3<±@CD1~i–13:;^5CD:; i7C¯1

(2) m(i–1, j–wi)+vi :�CD:; i^L>/2j–wi3<±@CD1~i–13:;
3¯17C^�úI:; i37Cvi (j³wi)

max{ ( 1, ), ( 1, ) }
0( , ) ( 1, )

0 0 0

i i i

i

m i j m i j w v j w
j wm i j m i j

i j

- - - + ³ì
ï £ <= -í
ï = =î 或

w =JK



0-1;<9: (3)

w -�B(n+1)´(C+1)3âã(N)
ÓK!m(i, j), ÃèON

w !": knapsack
'(: 
n)*+,-./01: 
{w1, w2, …, wn}, 
{v1, v2, …, vn}; 
234.C
'5%m(n, C)

!"<
for  i=0 to n do
m[i, 0]←0

end for
for  j=0 to C do
m[0, j]←0

end for
for i=1 to n do 
for j=1 to C do
m[i, j]←m[i-1, j]

if wi£j then
m[i, j]←max{m[i, j], m[i-1, j-wi]+vi}

end if
end for 

end for
return m[n, C]K!VW<O(nC)

PxyzVW9



0-1;<9: (4)

w ./<i<±>/C=9, 4Ç:;3*/ï7CNß2{2,3,4,5}ï
{3,4,5,7}, Q�¹e:;CD<±^ÌòÍ7C¯1=
5´103N<

0 1 2 3 4 5 6 7 8 9
0 0 0 0 0 0 0 0 0 0 0

1 0 0 3 3 3 3 3 3 3 3
2 0 0 3 4 4 7 7 7 7 7
3 0 0 3 4 5 7 8 9 9 12
4 0 0 3 4 5 7 8 10 11 12

¯°C<¯17C2 12
¯°U<CD:;1,2,3; CD:;3,4

m(i, j)3K!wZ
m(i–1,0)~m(i–1, j)3Cq,



0-1;<9: (5)
w |}WB
-gUíîSTV^7|R�kST3U×vÌ5��
³ONV^iïjSE1ÀÚ·

-FGHI<w7<±>/Úún¹CD�B:;V^7CTÚú³UV·
FÅHÆ<ÀÁgU^kST*+^8WX

-Y$Z[¹<FÅHÆÀÁgU+FGHIN\
MFKnapsack(i, j)  //!"MFKnapsack(n, C)

// #$w[1..n]%v[1..n]%&m[0..n, 0..C]'()*+
,-. m[0..n, 0..C]←-1/ m[0, 0]←0

if  m[i, j] < 0 then // 01234512m[i, j]/6738&9m[i, j]
if j<wi then m[i, j]←MFKnapsack(i-1, j)
else  
m[i, j]←max(MFKnapsack(i-1, j), vi+MFKnapsack(i-1,  j-wi) )

return m[i,  j] // :;<=>?@>=0,8&AB12>?(<0)



0-1;<9: (6)

w ~�

-Y$Z[¹!"38WZFGHI!"8W\]��^½^8W5
_`(�Bv.ak

-ON39WbcR1^/@°Ý*

- O(nC)Pd¾VW+XY^ef5gh+XYZC7,^/@ij*
-12k]gU^/@#K!"³lm!"·*
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w #$%&()*+,Y-./0d�b�56(��hi

w #$%&m'b�56(��m'���Y�����5
6(hi�Z[���

w #$%&(^�E'�"B

-âãøäST3º»�¼!"

- 0-1<±ST3º»Á¼!"
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