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gbooboobobooooboboo—-o0ooobobooooobooboooon
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oboooobooooboboooobobobooboboooobooo
oboooooobooooobobooooboobooboboooobooo
goboooboooboooboooboooobooooobooo 2000000
gobooO0o0ooobooooooobooooooooobooooooooogono
oboooobooooboboooobooboobooboboooboobooon
gbooooboooobooboooobobooooooboo

O00D0O0000000D000 FibonacciDOOOODOOOODDOO
obooooboobooobobooooboobooobooboobooobooon
goboooooboooobobooogoobooooboboooboobooo
gbooooboo20b00000

5.1 FibonacciOOOOOOOOOOO

gbooboobooooboboooobooooboobooooobaon
gbobobobobobobobobOooooboooobo 1oooooon
oboboooobooboool1oooboooooboobooooooobooon
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ot oopoobooboobooon O
10mooooooo O
200000000000 oo

sumooooooi1oboboo0oooooboon | 0oDbo
oooooooooogo
40RO0O0O0OO0OOOOOCOOOOCDOOO0O |O0OoDbo
obooooOoooooobooon
sU0BB0000obDb0ooobooobooboDb (ooboobobo
gb200000000000000A0
eUbbOO0OoooO0oooooooboooDb (oboobooboao
obo30oooobooooooobooon oono

0000000000000 0000000000000000
1,1,2,3,5,8,13,...

00000000000000 FibonacciDOOODOO0000O0000 2
00000000000000000000000000000 (00000
0000000)200000 fib(p) 0000000 0fb(R)D0000D00
0000000000000000

5.1.1 0O00O0O0ogog

FibonacciOOO A0 0000000 OO0OOOODOOOOOOOODOOO
goog

ﬁN@—{]' (k=0000 k=1) 5.1)
fib(k — 1) + fib(k —2) (k> 2)

gboooobooooboboooobooooboboooobooon
oboboooboobobooobooboooobooboooooboooon
00000000000 fib4)00oooooooooooooo

fib(4) = fib(3) + fib(2) (5.2)

000000000000fb(3),6k(2)00000000 (0)000000
fib(3)0000000
fib(3) = fib(2) + fib(1) (5.3)

000000000 fib(2),ib(1)00000000 (0)000000fb(2)
0oooooooon

fib(2) = fib(1) + fib(0) = 1+ 1 = 2 (5.4)
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O0000000000000 fib(l) O
fib(1) =1
Oooooooo B300OOO
fib(3) = fib(2) +fib(1) = 2+1=3 (5.5)

goog
000000000 fib(2)DO0OO00O0D0D0O00D0ooo0o BE4doooon
goooogo

fib(2) = fib(1) + fib(0) = 1+ 1 = 2 (5.6)

good
00000000 B2000000BAOO0EBEOOOOOOO

fib(4) = fib(3) + fib(2) = 3+ 2= 5

ooog

oooooooooooboboooooooo0 byoooooooooo
o0o0o0o00o0o00o0o0o0oo0oOooooooooDbOOOOOO0ODOfibr(k)
oboooooobooooobooooooon

def fibr (k)
if k==0 || k==1
1
else
fibr(k-1) + fibr(k-2)
end

end

0000 5.1: fib.rb (00 1000000O0OOO)

00 51 (000000000000) fibr 0000 fib(k) > 100000 O O

0000 k000000 (Control]c00DD00ODO00DDON)

5.1.2 0000O0o0Oogon

0000000000O0Fibonacci00000 2000000000000
0000000 fib(0),fib(1) 0000 fib(2) O O fib(1),£ib(2) 0000 fib(3)
000..0000000000200000000000000000000
0000000000
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OO0 k00D FibonacciOO £, 00 100000 p1,00 1000 p20
goboboo3sgbooboobobbooboobooboo

012345 6 7 8 9 10 11 12
fib(k): £ 1 1 2 3 5 8 13 21 34 55 89 144 233
NONCNCNNY NN N N N NN
100:pt |- 1 1 2 3 5 8 13 21 34 55 89 144
NN NN N N N N N NN
200:p2 |- - 1 1 2 3 5 8 13 21 34 55 89

000 k00D FibonacciDOOOODOOOOOOO £,p1 01,1000
ooo

1. 00 p2,pl 000000000 pt, 000000
2. 00 f000 00pi+p2000

000000 k—-1000000000GK-1000000000 £,p10
00 k=1000000000000000)

000000000 RbyOOOODOOOOOODOODOSE, p1,p20000
gobobooboabooboobooboaoboaobooobooooabo
googoboood

def fibl (k)

f=1

pl=1

for i in 2..k
p2 = pi #£fib(i-2)
pl = £ #fib(i-1)
f = pl + p2 #fib (i)

end

£ #fib (k)

end

0000 5.2: fib.xb (00 200000000000)

00000000000p2 = pi@0O0)0pt = £@@00)00000
OO0pl= t000000000p1 0000 p1i00000000000000
p2 = p1 00000000 pi 0000 pi0000000000000O0O
00000@O0O0M@O0000000000000000000

00000000000 £00 fib(k) 0000000000000000
000000000@@O000000
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00 5.2(000000) O0000 AO0D000OOfibr(k) O £fibl(k) OO
goooooooopoooooopoooOooooooOoOooooD koOoOoo
gboobooboooobobooooobooooboooooboooboo

00 5.3(0000000) 000 %5 =-¢000000fib(k) 0

¢k+1

fib(k) = ==

0000000000000 0o0oENoo0o fibk)DOOODOOOOO
U0 fiba(k) DO0O00ODDO0O0O0O0 kODO0OO fibr(k) DOODODOOOO

(5.7)

00 54 (00000) D000 BR2A00M@RIOODOMIOOOOOODOOO
gbooooboooobooboooobobooooooboo

5.2 JUUUUObooogda

5.2.1 0O00OO0OOO

OO0OOFibonacciDOODOODODOOOOOO 2000000000000
gboboobooboobobobobbobobobbobobooobobon
Ubob000o00ob0d0bO0ob0 vench.rpOOOOODOOOOOOOOODO
OO0 bench.rb 00000000 O0O0DO0OO0OOO run OO0ODO Fibonacci
gobooboobooon

O0: 0000O000O0000000000000 bench.rbO00O0
oooooobooooooo

irb(main) :004:0> load("./fib.rb") # fibrd OO OO
=> true

irb(main) :005:0> load("./bench.rb")# runl OO

=> true

irb(main) :006:0> run("fibr", 10) # fibr(10) 0 O O
fibr (10)...finished in 0.000000 seconds.

=> 89

irb(main) :007:0> run("fibl", 10) # fibl(10)0O O O
fibl (10)...finished in 0.000000 seconds.

=> 89

00000 run("fibr",10) 000 fibr(10) 00000000000
gboooobooobooboboooobooooboboooboobooon
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0000000000000000fibr, fibl00000000000000
000000000000

000 k=10,11,...,24000000 fibr(k), fibl(k) 000000000
000000000000 000000000 for000000000O0O
00o0oo0o0ooo

irb(main):009:0> for k in 10..24
irb(main):010:1> run("fibr", k)
irb(main):011:1> run("fibl", k)
irb(main):012:1> end

fibr (10)...finished in 0.000000 seconds.
fibl (10)...finished in 0.000000 seconds.
fibr(11)...finished in 0.000000 seconds.
oad

fibl(23)...finished in 0.000000 seconds.
fibr(24)...finished in 0.420000 seconds.
fibl(24)...finished in 0.000000 seconds.
=> 10..24

k=240000000000000000000000 ren00000O
000000000000 RI00O00O00000O00Uooooooooo
OO0 c0000000C0OO0O0O00O00000O0OfiprO0DODOOD KOO
ooooobooooboooboooboobooobbooDoOogoOtinlO
obooooboooooobooo

kO0000000O0O0fibr(k) 000000 fivl(k) OO0OO
goo

gooooao

5.2.2 U0O0OO0OOOOOO0ODLODOOO

000000 £ibr(100) 0000000000000000000000
0000000000 fibr(k)000000 ¢.(k) 000000000

0BEA00K0000000 fibr (k) 0000000000000000
00000k0000000000000000000000000000

OO0k =24000000
fibr 0000000000
ooODOooOoooomaoao
0240000000000
ooboooooo

0000 BAO (p. B) O

000000000000 00000000000000000oogon BHduuuoooooon

gboooooao
fibr(k) DO00OO0OO0 KODOOODODOOOOO

000 A, BOOOOOO¢t(k)=A-B*0000000000O0OO0
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02 | / 1
//
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/
01 / 1
0 | L ,/’///n i L L L

10 12 14 16 18 20 22 24

051:10<k<240000 £fivr(k) O fibl(k) OO DOOO

100 : : : .
fibor —+—
fibl

10 E

1 i

01 ¢ E

001 1 1 1 1

10 15 20 25 30 35

052 10<k<320000 fibr(k) 00000 (0000000000
ooooo)
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0000000000000 A BODOOOOOOOD £ibr(100) 00
00000000000000000000 ¢,(25) =0.8600¢,(32) = 35.26
000000000000000000000 A=15%x10"% B=170
ooooooo

tr(k) ~ 1.5 x107% x 1.7"

0000000000000 fibr(100) 00000000 1.5x1076x1.7100 ~

1.7x10'(0)~530 (0)000D0

00 fibl(k) 0000000000000 D00000O000000 fibl

0000000000 000000000000 AOO0O0O0O0DOO0OOOD
0000000000 £ibl 00000 FibonacciDOOD 6000000 0000000000000
Ofibl6e 00000000000000O0000O00O0 ooooooooooon

ooogk0D0D0OOO0 Fi-
00 £ib160000000000000 £ib1000 (0000B2)0M0  popaeei 00000000

0o 000000000000
000000000000

£ =pl + p2 000000000000

006000000000

0 000000000000

00000000
f = (p1 + p2) % 1000000

obooboooooobooo
fible 0000000000 OOODOOOOODOOO0O kO 100020
go...iopoobobooobooboooobao

irb(main) :026:0> reset ()

=> []

irb(main):027:0> for m in 1..10

irb(main) :028:1> run("fibl6", 100000%*m)
irb(main):029:1> end

fibl1l6 (100000)...finished in 0.390000 seconds.
fib1l6 (200000)...finished in 0.770000 seconds.
0o

fib16 (900000)...finished in 3.440000 seconds.
fibl6 (1000000)...finished in 3.820000 seconds.
=> 1..10

RGIO0OO reset() 00000000000 OOOOOOOODOOOOOO
00000000000 o0o0o0oU0o0o0Dooooo0 (O E3)0OoDO00
0000 (k) 000000000000 (ODO0O0UDDO0ODO0ODOOO0OO
O00o0ooooO0)ooooo

fible(k) OOOODODO AkOOOODOCOOODO
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8 T T T T T _I T
fible
7t /1
//
6 /]

0 1 1 1 1 1 1 1 1

10000(20000B0000BG40000C0000M60000070000(BOO00MO0000 1e+06

053100 <k<1000 0000 fivle(k) DOODO

000 CUO00000 #k)=ck00000000D0OOOO
00000000 C~78000 t(k)~78x10-°k0000

00 55 (0000000) 00 fibr(k), £fiblé(k) 00000 DO0DOO
tr(k)~A-B* t)(k)~CkODDODODO0 A, B,COO0O0O0O

5.2.3 U000OOOOOOOODODOOO

oboooooobooooobooboooogbooooobooboooooboo
gbooboobooooboboooobooooboboooobooon
gboooobooooboboooobooooboboooobooon
oboooooooboooooobooDbo

ooboooooobobobooooboobooooobobooooooboo
gboooobooooboboooobooooboboooboobooon
obooooboooobOoboooobobooobooboooOobooon
obooooobooboobobooooboboooboobooon

gobobooobooboon

0000 Fibonacci 000000000000 (a) k0100000000
000000000 ((b) fib(k) 00000 fib(k—1)+fib(k—2) 00000
0000(c) fib(k—1)0 fib(k—2) 00000000000000000
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00 fib(5) 0000000000000 00O00O@ O fib(h)DOOoOoO
U0ecDO00D0O0O0OO0O0OO0ODOOUOOOOODOOODOOODOODOOO

0000000000000000() 000000000000 ((b)0 (¢)
00000e0000000000D000000O000 A000000O0
00 fib(k) 0000000 0000 fib(k)—10000000000 t.(k)
00 (a),(b),(c)0 1000000000000 T,,T,,7, 0000

te(k) = Tu(26ib(k) — 1) + (Tp + T.) (fib(k) — 1) (5.8)

00000000000 E300000000000EBR0O0O0O0O
2T, + Ty +To)o

7 o — (T, + Ty, +T.) (5.9)

tr(k) ~

googobood
T.,,T,, 7. 000000000000 0DOO00DODOOO0bOOoOobOoOoooOg
gbooooboooooooboboooboobooon

000000000000 Fibonaccil fib(k)0OOOO0O ¢k
ooocooobooooon

ooooooooo
0E2Z2000000000000000000 #,.(k) ~1.5x107% x 1.7%

0000000000 k0000 RBAOD KOO0 ¢~1.61800000000

obooooboooooooboooo

goboboooboooboood

000000000000000000000000000000000
000000()O000000010002000000000000(e) 00
00000000000000 (f)0000100020000000000
(9) 0000000 (000)0k-1000000000000000000
000 (k)0 (d), (e), (f), ()0 1000000000000 Ty, T, Ty, T,
0oooooo

ti(k) = Ty+ (T, + Ty + Ty) (k — 1) (5.10)
0oooooooo
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0000000000000 FibonacciO fib(k) DOOOODO
kOO0O0ODOOOOoODoo

0000000000000 B2200000000000 fibled 000
o000 k0000000 00O0DDOOOODOOOODOOOODO

5.2.4 00O

0000000000000000000 B900 BI00 7,7, 0000
000 1000000000000000000FibonacciDOOO0O 20
00000000000000000000 ¢.(k),qk)D0000000O0

cr(k) ~ %aj’c—:& (0o0)
alk) = bk+2 (0ooo)

gobogobooboobooobon
e JOOOOODOODOOODO
e J0DOODODODODDOODLOODLOODLOODOODOODO

gboooobooooboboooobooooboboooboOobooon
oboooobooooobOoboooooboboooboobooboobooon
DDDDDDDDFibonacciDDDDDDDDDDDDDDDDqﬁkDDD%
ubob0 -30bobobooboobooboobooboboosboobo 200

oo

c(k)0DOO0O0 ¢F
a(k)000000 k

good
00000000000000000000 k0000000 k0000
gboooobooooboboooobooooboboooboobooon
000000000000000000(0O0000 £)000000000
gbobobooaobooboobobboobooboobooboboab
EJDDDI:II:JDEJ[II:II:II:IDODDDDDDDDDDFibonacciDDDDDDD
gobobooboobooboobon

(k) = O(¢")
a(k)

gbooboobooooboobooooboooooboobooooobaon
boooobooooboobooooboboooobooboooOobooon
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0.25 . . . —
| fiblg
fibmé

02 r i

0.15

0.1 1

0.05 |- ]

1let50 1e+100 1et+150 1e+200 1e+250 1e+300

054 k£<10°°0000 fibmé(k) 00O OO

00" 00Kk O000000(¢)0D0D0000000000000000
00000000000000000000 O(k)000 100000000
00000000000D000 O(¢*)00000000000000000
000
00000000000000000000000000000 k0O ¢*
000000D00000000k0D000000¢*00000000000
O00000000000000000000000000000000

k1] 10 | 10 | 1000 | 10000
of | 1.6 1.2 10% | 7.9 x 1020 | 9.7 x 102 | 7.5 x 1020

5.3 000000 FibonacciDOOOOOOO

FibonacciOO O OUOOOO0OODO0OOO0OD0OUOO O(ogk)DOOODO
00000000 fib(k)DOO0OO0OD kO0O0O0DODOOODODOOOOOOO
gooooao

oboooboooooobooboobboobooDo fieme 000000
0400000000000 000000o0Uo0DooUooooUo
0000000000000 0000D legkODO0O0OODOOOODODOO
000 fivleO0OO0O00OO0O0O0O0O0O00OD0O0Ofibme 00000000000
opooooog
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5.3.1 0O0OO0OO0O0OO0OOO

00000000000000 200 FibonacciDOOOODO vy, = b

0000000000 fib(k) 00000 v 0 v 00000000 Q =

ﬁuk+1)>

11
<1 O)DDDD 41 =Qu, 0000000000 v, 0v0 QO n

oooooogooof0 v, =Q™ 000000

00 5.6 (000000000000) w1 =Qup, 000000

5.3.2 UU00O0OOOOOOO0OO0

00000 QOO0D000000000000000000000000
n0000Q"0D00000000000D0000O(nDDOODODO0OOO
00D0000OO00DO000O0O0DD

0000000000000 000000000000000000 Q'S
000000QY™ =(Q"H™D0000 Q%= ((R**»*»?00000000
00000 1000000000000QY04000000000000
0000000000000 D000D0160000000000000000
0000D00O000O0O0oo

0000000000000000000000000000

E (n=0)
Q=< (Q?? (nD200000) (5.11)
Qx Qnt (nOODO)

(000 FO00ODDD)0000Q"0D n0D0D0D0000 Q200000
0000000000000 0Q'0QoOO0000000000Oa0

gooooooooooOoOpOOOOOOODODODOOOOO QOO
00000000000 ®0o00n

Q* = (@)= (@)= (@ xQ")*)?=((Qx(@*)*)?*)?=
(@ x (@))% = (@ x (@ x Q")) = (@ x (@ x E)*)?)?)?
00000000000000000 xO0O000000006000000

gbooooogooboo

00 5.7(00000) D0 AODDOD A"000000O0 matpower(a,n) O
g0odooooboooobooon 2x20000000000000020
gooboooooooooo

0000 2009 000@©@O0O0O0 75



050 0000000000 (vl.29,2009/01/25 04:25:51)

a) 00 a,b000000 matmul(a,b) 00O000000O: OO0 2x2
gboooboooboobooboobobbooboo

ago  ap1 boo bo1 ) _ [ @ooboo + aoibio  aoobor + ao1bin
aip a11 bio b1 a10boo + a11b10  aiobor + a11b11
b) 00 a0000000 matsquare(a) D matmul DO 0000000

¢) OBRINOO0O0O000 a0 n00000 matpower(a,n) 000000

000 (matrix) OO0
(multiply)DO OO QOGO
00 matmul OO O OO
0000000 matsquare,
matpower O OO OOOMO
gooooooo

00 5.8 (000000 FibonacciOOOO) 00 BEAODOD DU matpower (a,n)

0000 fib(k)D00D000 £fibm(x) 00000000 Ofibm(k) O £ibl (k)
gboooobobooooobox0oboobooooon

5.3.3 UU0OUbObObOoOoooobbbodgo

ggodoobobobbobdooooobobobobboooooooboooboo
0QFO000000000000D0000000000000000000
gooad

Q00 EIUODODO0N 1000000000000 000 10000kDO
(000DU00)l1O0UO0 (Doo0OO0)ooooUooOOoooUooOooooooo
kO00DO0O0DDOO0O0DDOO0oDDOODoOOoDO kD000 o0oooooooo
obo0o0o00ok00O0O0OC0O0bOO0ODbO0OO0O0l1Oob0bOOoboOoDoDOobD o
0=00=00=00=..-000000000000000k=2m-1
000000000000 000000000 2mO0000 2logy(k+1)0
gogbobooboboobboobboo2zx20boobobo1boooobo
00000 (00oo0U00o0UOo0UO0O0)0o0OoO0DOoDO0ODOOooOoooO
goboboooboobooboobuobboobouooboobooboooboo
em (k) O

em/(k) = O(logk)

gbooooooooon

00 5.9 (000000 FibonacciOOOO (0 60)) 00 EROOODO
00000000Fibonacci D000 60000000 fibmé 000000
000000000000000000000 k0000 £ibm6é(k) 000
000lgk000000000000000

54 O0OOOOOOOO

000000000000 D0O00O000O0O((sorting) 00OOOOOOO
gbooooboooobOobooooboboooobooboooOoboon
gbooooobooobooboboooobooo
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obooooooooon
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gboooooobooooobobooobooboon

5.4.1 0O00O0OO

oooo oonooo
e fsfol2) [I-[-[-[--]-]
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O ™

s|Gllel-Telofe) DT[] [
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Gl-Jaf-sfo]-) DD I-[-]-]-]
e fol-) D260 -]

Os55: 000000000

0000000 BRI0O0O00O0O0O0O0O0UD 10000O0oOO0oOooO
obobooobobooboooboooobo@obooobooooboboooo0ooono
oooooooooooon

00000 BRAO0O0ODO0O0OO0O0O0OOU0DO0OOO0OD 200000000
oboboooboOoobOooooboooboboOoooboooooooooonn

oooooboboooooobobooobooobobooooboooobobooo
0000000000000 1000000000000 00D 000
000000000000 100000 100000 (Doooooo 20
000000)00000000 1000000000000 0OUOOoUoOO
gbooooobooooboboooooboooobobooobooobooo
gbl1oooooboboooobooboooooboaon
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00000000000 000U0o0oUo0oooUOooR3d000O0OOoO

def simplesort(a)

for i in 0..(a.length()-1)
k = min_index(a,i)
v = ali]
alil = alk]
alk] = v

end

a

end

0000 5.3: simplesort.rb (0 0O)

igogboooboooobooboobi-1000000000000000
id000000000000000000 @000 min_index(a,i)) O
0000kx000000i00000000v0OO0OD @UO0)0DkO0O0OOO
00000000i000000 @OO0)0o0i0000000 vO kO
00000 @UOO)00o0oooooooooo

00 5.10 (00000) 00 a0 (D00 O0O0O0O0O0OOOOO)iODOOOO
000000000000 0000000 min_index(a,i) OJO00O00O B3
oboooooobooooooobobooo

irb(main):004:0> a=[3,1,4,1,5,9,2,6,5,3,5,8,9,7,9,3]
=> [3, 1, 4, 1, 5, 9, 2, 6, 5, 3, 5, 8, 9, 7, 9, 3]
irb(main) :005:0> min_index(a,0)

=> 1

irb(main) :006:0> min_index(a,b4)

=> 6

irb(main) :007:0> simplesort(a)

=> [1, 1, 2, 3, 3, 3, 4, 5, 5, 5, 6, 7, 8, 9, 9, 9]

googoooooo

uboobood nO000OO00O0O0O0OO0OO0O0OOCOOOOOOOO0O0DOOOD0
ooooobon00000O0O000O00O0:000000000 n—200
ooooooboooobobooodbon—0O0bOO0bOOO0OOODOOO
goooooao
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5.4.2 0O0O0O0OO

0000000000 O0(R?)0000000010000000000000
gbodob 1woobobobooo woooboobooobooooboboobonn
oboooobooooobooobobboo 1000 1oooboboooooobo
gbooobloboooooboooboooobogoobo

[

ogod gogno
gs720000000000

obooooooboobooooo1gbooboooooobooboboogooboo
000000 BRACODO0O0DDOO0OO0O0DOO0O 20000000000
000000000000 1000000000 (merge) 000000000
ob2000000000000000D00000DO00 100000000
gbooooooooooboboboooobooo1obobobooooobooo
gboooobooooboboooobooooboboooboobooon
gboooobol1ooooboooooboobooooobooooobooon
oboooooog

oboooooobooogobD 200b000b00obooooboboooooon
gbooooboooobobooooboooobobooboobooon
0000000000o00o0oooUouoBElo0ooooooooon
gboboooooooooooboobooboo10oobooooooooD200
ooboo0o0o0200000000000D0000DO0O0 20000000 4
gboooobooooboboooooboooobooooboOooo 1o
oboooobooooobooboooobooon

goooobooooo

gbooboooboobobooboobobooobooboobooooooooboo
gbooooboooobOoboooobooooboobooooboon
goboooooooooooboboooooobooo
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058 0000000

oooooooOoooooo¢s0D0OOO0DOOOD 20000000020
ooo01000000000000O00000000O00oooOoOOOO 2¢
gboooooogooboo

oob0i1ooooooboo-000000000O000O0O0DOOnO0000O
oD 100bo0o0obo0obooooooboooogn0 n=22000
000D000(0001000000)y000000002° 00002000
002000000000 2¢00000000000000000000

02 000000000000000:00000000 20x27i=2¢=n
00000000000000000000000:0000e—1000
e000000000000 nxe=nlog,n00000000000000
0000000000 O(rlogn) 0000000000 O(R?)000000
0ooooo

000 10000000000000000000010000 x log,(1000 0
)~2030000 000000000000000000 O(r?)00000
10000000000000000000000000000000000
00000000000

gbooooogooboo

OO0o0o0oO00000oO0O0 RwbyOOOODODOOOODOODOOOO
ooooooo0oOoooo0oO0ooDooo00oD RbyOOOOOOO
googobooon

20000 a,b00000 100000000 merge(a,b) J0000O B4
oboooooooon
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def merge(a,b)
¢ = Array.new(a.length()+b.length())
ia=0
ib=0
ic=0
while ia < a.length() && ib < b.length()
if alial < bl[ib]

clic] = alial

ia = ia + 1

ic = ic + 1
else

clic]l = blib]
ib = ib + 1
ic = ic + 1
end
end
a,bd 0000000000000 cOOO (o)

C

end

0000 5.4: mergesort.rb (0 0O)

e N0 al00O0ODOOODOODOODODO ial
e U0 bUOUOODOODLOOODOODOOODOO ibO
e I cUbDUOODUOODLOODODLDDOODN ic

0ooooo

000000 b00000000000c0000000000000
00000000 @O0000ME00)00000 10000000000
00000 a0b0(000000000)ia, ib0000000 @OO)O
00000 cO0ic0000004a,ib0000000 ic00000 100
0@®0000M@MO0)o
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.
=

™
w
Ne)

0000000020 0000000000000 0COO0OCOO (ODDOO
000000000 a0bp000000000000ODOOOOOOON)
ooog

[Bo00000000000000000000 a000ObO0O0OOOO
gbooooboooobobooooboooobobooboobooon
000(@O000O0U00Ob»O0UOOODOOOUOOODaOOOOOO90OO
00)0000000000000000000O0000O0 cOooooo
000000000 BR4U00MMo00uoo00ooooooon

00000 c0O00000D0 @800)O

00 5.11(00) D000 EB4A00000000000000 merged OO
goog

irb(main) :004:0> merge([3,5,9]1,[1,4,6,7,8])

=> [1, 3, 4, 5, 6, 7, 8, 9]

irb(main):005:0> merge([0,0.5,1.0],[0,0.9,1.0])
=> [0, 0, 0.5, 0.9, 1.0, 1.0]

OooO0ODODOO00000000000000DDDO0O mergesort(a)
00000 BIODOOO0OOO

0000000 @ZU0O00)0iooo0 1o00o0ooooooooooon
Ubb0oodoboobb ab0000n0000n0 10000 fromO0O
OOfrom[:J[0] 0 al(1] 00000000 OORYIDDO OO [ (alil) 100
ob0ol1o0ooooobooooooboooon

U000from 00000000 n0O0000 2000 mergeO 0O
gbooboobooboobobooooboooooboooboooon

gboooooboobooboboooobooooa
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def mergesort (a)

n =

from =

for i in O.

from[i]

end

while n > 1
Array.new((n+1)/2)

to =

a.length ()
Array.new(n)
.(n-1)

[ (alil) ]

for i in 0..(n/2-1)

to[il]

end

merge (from [i*2],

if !'is_even(n)
to[(n+1)/2-1]=from[n-1]

from[i*2+1])

end
from=to
n=(n+1)/2

end

from[0]

end
0000 5.5: mergesort.rb (0 0O)
from to
o[ 0+ gy (L o
[ ]- AT =]
21 — - //
g

o[ T

e D00fromO00000O0OODODO toODOODOO (n+t1)/20 n0O0O0O
O000Oa02000000000000000O0a0000000

ooo)

e U0 fromO 2i000 2i+1000 merge 0000000 O0to O (O
00o0000)i000D000 @IO0)o00000i0n/2-1000
00000000000000 @00)00n0000000000
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OCO0000O0000O0fromn-2] 000000000 from[n-11 00O
oooooooooboo

e n00000000from000000O0 toO00OOOOODO B200)O

e« 000D000D000D0000000 te00000 from00 @I00)0
00n000 (00000)000 @00)0

O000n01,000100000000000 fromf01000000O
000000000000000 @o0)d

00 512 (00000000) 00BEMO00000 merge 00000 53
00000000000000000000000

irb(main):

=> [3,

irb(main):

=> [1,

1,

1,

007:0> a=[3,1,4,1,5,9,2,6,5,3,5,8,9,7,9,3]

4, 1, 5, 9, 2, 6, 5, 3, 5, 8, 9, 7, 9, 3]
008:0> mergesort (a)
2, 3, 3, 3, 4, 5, 5, 5, 6, 7,8, 9,9, 9]

00 5.13 (0000000000000 0) D0ODODOO0OO0O0OOO0OO0O0
gbooooboooobobooooboooobooboooobooon
o00o0b0O0o0Oo0obO0obOobO0o0c0o0obOo0o00n simplesort 0O OO
O000OOmergesort 00 O0D0O0OO0DOO0OOOOOODOOOODOOODOO
gboooooooboo

a) 000000000000 000D00000 randoms.xb00000
00 randoms(id,size,max) OO OO

b) 00000000000 BE2I0000000000000 bench.rb
000 run(f,x,v) 0000

c)2000000000000000O0 compare_sort(m,s) J0OOO
oooooooooooooonog s,2s,3s,...,m000000000O
Ub0ob0000 2000000 simplesort U mergesort 10000
oooooooooooooon

00O compare_sort(max,step) 000000 0O0O0O0OOOO0OODOODOOOO

5.5 UUUoon

O000000: (000000 bench.rb) 00 run 000000000
gbooooobooooobooobo
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load ("./randoms.rb") # randoms (id,size ,max)
load ("./bench.rb") # run(function_name, x, V)
load("./simplesort.rb") # simplesort(a)

load ("./mergesort.rb") # mergesort(a)

def compare_sort(max, step)
for i in 1..(max/step)
x=i*step
a=randoms (i,x,1)
run("simplesort", x, a)
a=randoms (i,x,1)
run ("mergesort", x, a)
end

end

0000 5.6: compare_sort

e run("fibr",n) DO O0OODOOOOO0OOfibr(n) OOOODO
O000o0oooOoOo0O00 XgodOnOooooooooo

e run("fibr",x,n) OO0 OOO0OO0O00000Ofibr(n) OOODOO
00000000000 XO0oOo xooooooooo

00000000 000: (0000000 bench.rb) command 00000
oooooobooooooooooooobooooooooooooon

e command("set logscale y") — U000 YOUOODOOOOO
O000yO x0OO0O00 XODOOOODOOOoooo
e command("unset logscale") — O 0OODOODOOODOO

e command("set xrange [a:b]") —XOOOOO «OO 00O
OD00Oxranged yrange 0000 YOODOOOOODOOO

e command("set autoscale") — O O0O00O0O0O00O0OO00O0OO
OgoooO " "0o0ooo0ob0O0o0ooOoooboog gNuPLOTO OO

O0000ogooooooooooDoCoboo0oO0ogOo GNupPLOTO
gbooooobooooooboon

OO0 resetQ DUOOOODOOODOOOOODOODOOOODOODO
obooobodb remn0000C0O0OO0O0OO0OOOODO

0000000000000: (0000000 randoms.rb) 00 randoms(id,size,max)
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O000Omax0 100000001 00000000000O0O000O0O
id0000000D00D004d, size,max U0 0O0O0O0000D0OODOO
gbobooboboboidboobooooobooooon

5.6 U0OOO

00 5.14 (0000000000) a) 000000000000 EAp.EY)
000000000000000000000000

b) 000000 E3N0000000000000000O0NoUoooDoo
ooo

00 5.15 (00000000) 000s00000p0000000000
0000000 @330 (p.BY)0000000000O0sOp000 n,m
0000000000000000000 n,mO00000

n—1 m—1
Ubd:0b0b0b0bo0o00dbdsd0aa---abldpldDaa---abldld
000o0o0ooboO0000 submatch 0 match OO O OOOOOOOOO

00 5.16 (00000000) 00D0D0O0U0OOD0DA00000000000
gboooobooooboboooobooooboboooboOoboooon
obooooboooobobooooboobooboobooooboon
000101000000 (@0ooo00s364000)000000O0O00O0O
gbooooooboooobn000v»00000000000000D0AO0
goooog

gbooboo 1. 0booboobouobboobobod0n0oobooboOoOonDn
gboobOOobOOooObOOobOobObOo 10000000000 0O
oobooboobooboooboogbooobooooobooooboron
obobooboobooooboo0onb100bbOO0OOOODODOD
gooooo

oboooo 2. 000000000000 0000nO00O000O0OO00ODOO
obooobOobooOooob»bOObOODOODOODOODOOOOD
ooboboooooboobooboooooboobobooDoboooboon
Ub0x00000x020000000000000000m0 x0O0
obooooboooobooooooon

oboooog 3. 0000000000 0b0b0obon0osesb0n cOn
goboobooooobobobooobobba010oobooobon
O000O00D cdlD 1000000000 0ODOOODOOODOO
obOb0O0cOO0OO0OO0OO0bOO20000000000000000
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