40 4Ooouotd

gboooobooooboboooobobooobooboooooboan
obooooboooobOoboooobobobooboobooboobooon
gboooboobooboooboboooobobooobooboooon

000000000000 200000000000000000 EFETO
gbobooooobobooboobooboobOoobooooooboooon
00000 @Fd2000000000000000000DO0oOOoooooOo
000o00oo0o0ooooUod3doooonoooooooooooon
gboooboooboooooboo

0000000000000 0U00O00O00000o00DENooOO B 20
obooooboooobobooooboboobooboboooobooon
oboooooobooooobobooooboobooboboooobooo
gboooobooooboboooobooooboboooboobooon
ooog

4.1 O0O0O0O0OO0OOOOOO0O0OOd

oobooooboooo1l1oo0oooooobobooobooobbooooooon
0000 B4A00000000000000000000000000OO0O0
gbooooobooooo

oboooooobooobooobooooboboooolboobowobooobooon
goloocoooboooooboooooobooooooo

gboobooboooobobooooboooooboobooooobaon
gbooooboooobobooooboooobobooboobooon
obooooobooooogo

4.1.1 DUOOOOOOOOO

0 L3210 00 Oweight=104.00 00 BMIOO OO0 O Oweight=104.0%0.9
oo0ooooO00o100000o0O0o BMIODOOOOODOOO
gobobooaoboobooboobobbooboaboo

1 [irb(main) :003:0> weight=104.0
2 [=> 104.0
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irb(main) :004:0> weight=weight-10
=> 94.0

irb(main) :005:0> weight

=> 94.0

irb(main) :006:0> weight=weight-10
=> 84.0

BO000000MMO0O0 weight 00 10000000000 weight 00O
gbobobooooboobobOoboobobooobooobbo0o00bD0weightd OO
oo0o0o0oooobooog

0000000000000 000000 MOO0)000000 weightO
gboo0100b00oboobooboouobweight DOOOOOOODOO
gooon

4.1.2 0OO00O00O0OOO0OO0OO0

obob100nd00b0bO0b0ob0obo0oboobooboooooonoo
U0 sdibodmMmsOib0ogboodoodgbiel...n0000000OO
O000B420000000 for 0D0OO0UOOOUODOUODOOOOODOO
ooooog

# sum of the numbers from 1 to n
def sum_loop(n)
s =0
for i in 1..n
s = s+i
end
s

end

googd 4.1: sum_loop

000000000000000000000000000000000
0000000000000000 loop0000000
(000D0D000: Eo)

4.1.3 0ODO0O0O0OO0O0O0O0O0DOOO0DOO

0100 00000000000 kOO0 gdk,n)DO0OOOODOOO
gobobooboobooboobooboaoboobooobobooabo
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(0@Z30)000n, n—1,n—2,...000 kOOODODOOOOOOOO
00000000000000000
000000000000000000000000000000000
00000000000 for 00100 nO00000000000000C
000000000000 0000000000000000000000
00000000000 00000000

Ruby 0000O0OO0O0O0O00C 1000000000000000000
00000000000000000000000000000 gd(k,n)O
0000000000000

# the greatest divisor of k in between 1 to n
load ("./divisible.rb")

def gd_loop(k,n)
while !divisible(k,n)
n = n-1
end
n

end

oboogd 4.2: gd_loop

BO0000M@O00 whileOO end0000000000000O0Owhile
gbbooboobooboobooboobobodbb end000O0OO0ODOOOO
ooo0oo0oboOo0o0oo0oO0kOnODOOODOODOOOnRDO1DOOOO
00000000000 00D00OO00 gd_loop(6,5) 00ODO0O

e k=6, n=500000k0On 0000000000

en(l 10000

e k=6, n=40000k 0n 0000000000

en(l 10000

e k=6, n=30000k 0n0000000000O0000O0COO0

0000000000000 0RO000D000—000k0000000
00-—n000000000000000000000000000000
(0000D000: ER)
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4.2 OJOO0OO0OOOOOOOO

gobooobooooil1booooboooboooboooboboooooon
0000B4000000000000000000000O0OO0OOOO
obooooooboooooon

oooooooooobooboooboboooolbbwoboooboogoo
ghiloocoboboooooboboooooboooooan

obooooboooooboobobooobooboooooboooooon
goboooooobooooobobooobooboobooobooboo

4.2.1 OUO00O0OOO0OOOO

00000100 n0000000000 sum(n)DO0O00O0OOOOOOO
00000000 sum(n)000O0O00OOOO

sum(n) =14+2+4+---+mn (4.1)

oooooopoobob0 by OOODOoOoobDOoOOODOODOOOOD

nO0000000O00000O000O00000d
00000000000000000 sum(n—1) 0000000000

gobobo0Orn>2000000000000

sum(n —1)=1+2+---+(n—1) (000 n>2) (4.2)
goo
sum(n)=1 (n=1000) (4.3)

oooo

0EI00EI0000EN0000 sum(n—1)+n00000 (000
n>2000)0000000r,=1000000000 sum(n)00000
000000000000

sum(n) = { sum(n —1) +n (n i i; (4.4)

D40 0sum 00000000000 0O00 sumO00000000OO0O
00000000000000000000000000000 sum(3)00
000000000000000000000000 sum(3) = sum(2)+3
gbooooboooooo

sum(3) = sum(2) + 3 = (sum(l) +2)+3=(1+2) +3

gobobogob1ob3goboobboobooboond
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# sum of the numbers from 1 to n
def sum(n)
if n >= 2
sum(n-1) + n
else
1
end

end

o000 4.3: sum.rb

0000000000000 0000 RubyOOOOOOOOOOO
obobooobobOoobooooboobooooboooobbooooooonn

0000000000000 000000 sum0O00000 @OO)0O0OO
UOsumO00000000DO0O0O0CODOOOOOOOODOOOOO0OO0O00O0
gbooooog

oboooooboobooobOoboooobobooooobooon

irb(main) :004:0> sum(3)

=> 6

irb(main) :005:0> sum(10)

=> b5b

irb(main) :006:0> 1+2+3+4+5+6+7+8+9+10
=> b5

gboooobooooooobobooooobooon

n000000000000000000 f(n)00f(n)0 f(n—1)
0000000000000 Ruby0ODOOO0O0OOO0O0ODO
0Doooo0o

(0000000 : ZIEI0)

4.2.2 0000

000100-00000000k00000000000 00 sod(k,n)0 000 sod O sum of divi-
0000000000000 00000000 sumO000000oogon ses(@000)000
00 k0000000000000000000000000Osod(k,n)O
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sod(k,n—1)00000000000O00OOO

sod(k,n—1)4+n (n>200n0 k0O0O0O)
sod(k,n) =< sod(k,n—1)+0 (n>200n0 k00000O0O)
1 (n=1)
(4.5)
0400000000 k000000 OCO0OO0OOOOOOOOOOO
000000 RebyOODOOOODOOOOOODOODOO

# sum of divisors of k in between 1 and n

load("./divisible.rb")

def sod(k,n)
if n >= 2
if divisible(k,n)
sod(k,n-1)+n
else
sod(k,n-1)
end
else
1
end

end

0000 44: sod.rb (0000 OO0 BTaAOO0O000O divisible(k,n) O
000 n0k0000000DO0OO0OODOOO)

irb(main) :004:0> sod(10,9)
=> 8

irb(main) :005:0> 5+2+1

=> 8

irb(main) :006:0> sod (28,27)
=> 28

irb(main) :007:0> 14+7+4+2+1
=> 28

00 41 (00000) 000001000000000000000000
0000000000 sod0000200000 0000000000 true,
00000000 falseJ0O0O0O0000 prime(n) 000000 (O 10
000000000000000prine(1) 000 true00 false 0000
oooo)
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irb(main) :007:0> prime (6)
=> false

irb(main) :008:0> prime (7)
=> true

irb(main) :009:0> prime (107)
=> true

irb(main):010:0> prime (961)
=> false

00 4.2 (000000) n 000 KOOOOOOOOOO ,C,OOOO
combination(n,k) O O0O0OOODOOCO ., 0O00C0OCOOOOOOODODO

000
0 (k>n000)

nCr=1q 1 (k=0000) (4.6)
n-1Ck—1+n,-1Cr (0D ODO)
000000000 k000000000000 0000 100000
000000000000 »-1000%-100000000000000
000n»,-1000k00000000000000000000

(000O0O000: @I

423 0DUO00O0O0OO0OOOOO

0100 00000000000 k0000000000 gd(k,n) 00 00O gdO greatest divi-
000000000000 sod 0000000n0kO00O0C0OOOOOn sr(@0000)000
0000000000000000 .0 A000000000000000
gd(k,n) =n000000 n0 k00000000 D0000O0000 n—1
00000 gd(k,n) =gd(k,n—1) 000000000000000000
0oooooo

{n (nO kODOO) @

gd(k,n—1) (nD kKOODODODO)

(000000 r»=1000000000000001000 kKOOOOCOO
00 10000000000000)

O00 RubyOOUOOODOOOO0OO0DHEAIOOOODOODOOOOODOO
D00D0D0 gd0ODDO0OnO10000000000000 EODODOOOD
OoOoOoOOoOOoOOoooo gate,5)0ooooon

506000000 40 6000000 306000

gd(6,5 gd(6,4 gd(6,3 3

gobobooboooboob 3gbog
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# the greatest divisor of k in between 1 to n
load ("./divisible.rb")

def gd(k,n)
if divisible(k,n)
n
else
gd(k,n-1)
end

end

oo0o00 4.5: gd.rb

00 43 (00000000) 0O00D0O0OUOODUODOOUOOOOO 1000
O000O00D0O00000 ga00D00O0O0D0DOO0ODODOOO prime2(n)
00000000 FNO00OUD prime 01000000000 OOOOOOO

(0000D000: @12

4.3 UO0O0O0O0O0O0OO0OOOO

obooooboooobooboooooboboooobooboooooboon
obooooboooooboboooobooooboboooobooo
gbooboobooooboboooobooooboboooboobooon
gbooooooooo

4.3.1 ODUOO00oO0obOOOOoOoOobobObOoooOobn

00 gE2oo0o0o0o0ooog .6, 00000000o0ooooooo
gboooooobooooobobooooboobooboboooobooo
gboooooooboo

oboooobooooboobooooboboooooboooooan
oooooooooooo G, 00000000 (0 Emo

obooooooboooooboobooogbobooooobooogoooo
0O (k=000000 (k=n0000)0000 100000000000
00,Ck =pn-1Ck1+,:C, 000000000 0O0ODO 20000000
goooooog

gbooooooboboboooooboobooboooobobooooog
00 ,C, 000000000000 combination_loop(n,k) OO OO0
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k
Oj1(2 ]3| 4|5]|6
n
0 1
1 111
2 1121
3 113 1
4 14 4 11
) 1151010 5
6 1161520 |15|6 |1

041: 000000 ,C,00

0000000000000 000000000d (m+1)x(r+1)0000
00 @00)00oO00o000 00000 000000000 @UD)0D0
000 (Oo0)0 1000000000000 00U0oOoU0ooooooo
RU0000000O00000O00U0oo0ooooooooooooo
000000000000000a0k0000000000 M@0OO)o

load ("./make2d.rb")

def combination_loop(n,k)
c=make2d (n+1,n+1)
for i in O0..n
cfil o]l =1
for j in 1..(i-1)
cl[il ;] c[i-11[j-11 + cl[i-1]1[j]
end
c[il[i] = 1
end
c[n] [k]

end

OO0 4.6: combination_loop

00 44 (000000000C0O) U0 E200000 combinationd OO
00000 combination_loopU O UOOOONODNODOODOOOODOOn, k0O
oo0ooooO00DOn, x0000C000DODO0O0O0DOOOODODODOOOO
ooobooooooDo

(0000000 : EI3ETE)
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4.3.2 0000

obooooboooobOooboooooboboooooboooooaon
obooooboooobobooooboboobooboboooboobooon
oO0O0DNAOODOOOOODOOODOODOOOODOOO
O00OObalalaika0 000000 (sO000)0000alai00OOO0O
0O (p000)000000OOO0OO0OUCOOOUOOOOOOUOOOOOOO
o0bO00sO00000DO0p0DOO0O0O0O0ODOOOOOODOOOODOOODO
g2000boooboboooobooboobooboooobobooonog
gbooooobooooboooo

o 1 2 3 4 5 6 7

ssilblal|l]jall]la]il|lk]a

ooooooo
P a 1 a i 0
®HO|@] i 3
a | 1 a | i 0

.;.@@@@ 4

obdsOpO000000O0O0O0O0OO0OOOOOOOOOODOODOO
gbooboobooobooboboooobooooboboooobooon
UbpO000000ODOO0OO0pO 100000000 ODOOOCOOODOAO
oboooobppbOObOO0OO0OOOOO0OOOOODOOODOObOOOOODO
ooo

ubooo0oob0odsOoib0oooobopdbOoboooooboOobOobon
00000000000 submatch(s,i,p,w) OOO0O0OO0OO0OOOOOOOO
O0OwO pOOO0OO0OOOO

0 1 2 3 4 6 7 8

5
s:balal@ika

N

< ! — > Jy
) p:| a l@i
o 1 2 3
< e >

00 submatch OO OOO0OOO jO O0,1,2,... 000000 sO 1430
gogb p0 jOob0ooobooboobOoobbOoobbonobOoO obO
j—1000000000000000D000 jOoDbOOODOO0Oj0w00OO
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0000 000w-1000000000000000000000000
0000 j=w0000

000 j0wO00000000s0i4j0000 p0j0000000
000000000000000000000000000000000 j
00000O0O0O0OO0OO0ORuby 00000000 0000000000

def submatch(s,i,p,w)
j =20
while j < w && s[(i+j)..(i+3j)] == pl[j..]]
RS
end
N
end

0000 4.7: match.rb (0 0O)

BOoO000000000s0 i+j0000 p0 jOOU0OODOOOOODO
00000000 B30000000000RuyOO0O0O0O0O tO0x000O
Otk..x]0000000D0O0OO0O0OOOCOOODO

000 submatch("balalaika", 1, "alai", 4) 000 3, submatch("balalaika",

3, "alai", 4) 000 40000
00 match O00Oi1i0 0,1,2,...0 000000 submatch(s, i, p, w) 0O
wOOOOOooOooOoooOo iooooooooooooooooog

def match(s,p)
i=0
w=p.length ()
while submatch(s,i,p,w) < w
i=1i+1
end
i

end

0000 4.8 match.rb (00O)

000000 p.lengthO 00000 p0 0000000000 (0 B30
00)0

00 45 (RNAOOOOOOO) O0O0OO0OOO rna_sample.xrb0000
O seq0(),seq1O 0 RNAOOODOOOOOOOOOOOOO AUGOO
gobooooooooooooo
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(0000000: @I9)

4.4 0O00O0O0O0O

DDDDDDDDDDDDD:@DDDDDD]DDl\DD]DDn\DDDD
0000000 whileOOOOODOOOO

while |O |

ao,

end

00000000 (0)0 poo0o00000000o0[0o,pa

DDDDDDDDDDDDDDDDDDDDDDD@DDDD

Ub0b0O00ead0OOO0OO0OOO

4.5 0000

00 46 (000000000C0OO0OO) DODODUOODUODOOOOOOOOO
0000 RubyOOOOODOOO

a) n000000 10020000 n!0000 factorial_loop(n).
b) 220000 power2_loop(n). 000000000 0ODO
c) x*0000 power_loop(x,n). D000 00000000000
d) 0000000000000 000 taylor_e_loop(x,n).
Lk
2
(n—oo00OO0O0O0O0OO 0 TaylorOOOODOOOOO)

00 47 (000000000O0O0OOO0OOOO) O0D0DDDOOOOO
ooo0ooooOo0oboO0 RubyOOooooooo

a) 100 n00000000kxk00000000D0O00OO OO0 (number
of divisors) 0 0 OO nod_loop(k,n). (0O0O: O EAODOOOOO
ooo)
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b) 100 n 0000000000000 OUOOOOOO (number of
primes) 0 0 0 0 nop_loop(n).

¢) 100 0000000000000 O0OO00DO0OOOOO0OOOOOO
00000000 (maximum sum of divisors) 0 O 0 0 msod_loop(n).

00 48 (00000000O0DO0OUDOOO0OOLD) O0OO0DOOOUDOOOO
Oo00oo0o0O000 RubyDOOOODOOO

a) n000000000000—0000000 (next prime number) —
0000 np_loop(n).

b) 00 p00000000000~000000000 nth_prime_loop(p,n).

¢) DB2000RBNp.BH 0000000 tnpo(n) 0 n 00000 1/2,
00003000 100000000000000000 Collatz O
00000 ,0000000000000000000000000
00000000 1000000000000 300000000 0000000000000
3210=5=16=8=4=2=10000000000000g 200000000000

gbobooooooooobodg
oooooooboooodg 100000

000,00000000000000 1000000000 collatz(n)
0000000 collatz(5) = 5, collatz(16) =40 0 0 0

collatz(n) D000 Ruby 000 collatz_loop(n) DO OO0

d) n00000000000000000 next_perfect_loop(n). OO
0000 k00 kOO0O00000ODOEROOODODOOOOOOOOOO
000 60000 (60000)3,2,1 0000000000600
00060000000 000Dn00DOO0OO0O0DOOOODODO
perfect_loop(n) OO OOODOODOODOO

00 49 (000000000) 0000000000000 OO RubyO
gobooboooboooboobooobooo

a)nDDDDDD 100 nO000 n!O0000O factorial(n).

b) 20000 power2(n). 0000000000 0OO(MODO: 2700
n>100002"=2x2""100000000)

¢) 2" 0000 power(x,n). DO000*«0000000000

d) 000000000000 00000 taylor_e(x,n).
D%
k=0

(n—oc00000000 e*0 Taylor 00D 0O0O0OOONO)
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00 410 (00000000) ODODBE3ODBOO0OO0010000 "1
00D000000O0suwm(n) 0000000000007

00 411 (00000000000 0OOO0OO0) DO0OUDOUOOOOOOOO
OO0 RebyODOOOOODOOOODOOOODOOOO

a) 100 n00000000x00000000O0O0OO OO0 (number of
divisors) 0000 nod(k,n). (0O0: 0 EIAOOODODOOOODNO)

b) 100 n 000000000000 UOUOODOOOO (number of
primes) 00 00O nop(n).

¢) 100 2000000000000 0O0O0OO0OODOOODOOOOO
000000000 (maximum sum of divisors) 0 O 0 O msod(n).

sod(k,k)=s,000000000000000 ;00 s, 00000
000000000 s, 00 s,0000000s,00 s,_;,000
0000 s, 000000000000000000000000000
0O00000O00000O0000

msod(n — 1) (msod(n —1) > s,)
msod(n) =< s, (msod(n — 1) < s,)
51 (n=1)

00 4.12 (0000000000000 D) D0ODODOO0OOOOOOOOO
ORubyOODOOOODOOOOODOODOOODOOOO

a) n000000000000—0000000 (next prime number) —
O000np(n). 00 n 000000000 np(n)=n0000000
O000O0OOnp(n)00n+100000000000000O0O00OOO

b) 00 p00OO000O0UDOUOOnO00O0O0OO0O00OOO nth_prime(p,n).
OO0 nth_prime(5,3) 0 500000000000 300000050
OoO0ooOr00O0O700000O0OCDOOOD 200000 nth_prime(7,2)
o0ooooooooooboro0o000 11oo0o0o00ooooDo 10
gbooooOob11oooobo 3obooooogobooon

¢) DB2000RBNp.BH 0000000 tnpo(n) 0 n 00000 1/2,
00003000 100000000000000000 Collatz O
00000 20000000000000000000000000
00000000 1000000000000 300000000 0000000000000
3210=5=>16=8=4=2=100000000000000g 200000000000

gbobooooooooobodg
oooooooboooodg 100000

O00n0000000000O0O0O00 1000000000 collatz(n)
0000000 collatz(5) =5, collatz(16) =40 000
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(a) collatz(n) O collatz(tnpo(n)) 00D 0000
(b) collatz(n) D000 Ruby 00O collatz(n) 00O OODO

d) n00000000000000000 next_perfect(n). JOOOO
OkO00kDODODOOOOODOEKOOOCOOOODOOOOODOOODODO
60000 (60000)3,2,10000000000600000 60
0000000000 n000000000000000 perfect(n)
ooooooobooboo

00 4.13 (Eratosthenes0 0 *) OD0O0O0000O00O0 100 Eratosthenes
ooo

gooobooobooboobooboboooobooooooobooooono
obooooboooobobooooboobooboobooboOoboon
goooog

00 2000000000000000
2,3, 4,5, 6, 7,8, 9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,
27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,4546,47,48,49,50,51,
52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,
77,78,79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,
000000 20000000000000000002000000200

ooooog
@, 3, 4, 5, 6, 7, 8, 910,11,42,13,14,15,16,17,18,19,20,21,22 23 24,25 26,
27,28,29,30,31,32,33,34,35,36,37,38,39,40,41 42,43 44,45 46,47 48,49,50,51,
52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73 74,75 76,
77,78,79,80,81,82,83 84,85 ,86,87,88,89,96,91,92,93,94,95,96,97,98,99,

0000000000 30000000300000030000000
2.3, 4, 5, 6, 7, 8, 9,10,11,42,13,14,15,16,17,18,19,20,2+,22 23 24 25 26,
27,28,29.30,31,32,33,34,35,36,37,38,39,40,41,42,43 44 45,4647 48,19 50,51,
52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71 72,73 74,7576,
77,78,79,80,81,82,83 84,85 86,87,88,89,90,01,92,93,94,95,96,97,98.99,

000 40000000000000000D000 50000000000

ooo0oD0OO0o0oOoooo
2,3, 4,0, 6, 7, 8, 930,11,12,13,14,15,16,17,18,19,20,21 22 23 24 25,26,
27,28,29.30,31,32,33,34,35,36,37,38,39,40,41,42,43 44 45 46,47 48,49 50,51,
52,53,54,55,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71 72,73 74,7576,
77,78,79,80,81,82,83 84,85.86.87.88.89,90,91,92,93,94,95,96,97,98.99,
0000000000000 00000O00D0O000000O0D
2,3, 4,0, 6,0, 8, 930,0012,(3,14,15,16,07,18,19,20,21,22 03 24,2526,
2_7’28’ @ 7397® 782,337347357367@7387397497@ 7427@ ’44,4—57467@748,4-976975%7
52,53,54,55,56,57,58,09,60,00,62,63,64,65,66,07,68,69,70,1),72,13 74,7576,
77,78,79,80,81,82 83 84,85,86,87,88,89,90,91,92,93.94.95.96,07,93,99,
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