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ogood 1-1
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X = {cat, rat, pig, dog, elephant, mouse, horse, cow, panda, zebra, bear, tiger}
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A0000O (a,e,i,o,n)0000000
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(1) ANB (2) AnC 3) BNC (4) AUB
(5) AUC (6) BUC (7) C\ A (8) A
9) Ce (10) A°UCe (11) (ANC)e (12) A°NCe
(13) (AUC)
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y=f(z)=2020006000000

0goog2-2 0d0000o0ooooodoooooooooodooooon
(1) f:X=N-—->Y =2N y=f(z)=2x+10
2) f:X=N—Y=1{0,1,2,3,4,56,7,8,0}
y=f(z)=20 10000000
(3) f:X=1{0,1,2,3,4,5,6,7,8,9} —Y ={0,1,2,3,4,5,6,7,8,9}
y=f(x)=203000 10000000
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00dooooobooooooooyoooooooooooooooooooooad
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00210 fX —-Y, 1Y -Z0000
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3)0 Z=X0OOgof000O0ODO fodODOO = fO0¢g00D00

obooo23 0020000 f:X—=Y |, ¢g:Y—-Z00000g¢gofO0D00O0ODOO

(1) X=R , Y=R , Z=R , y=f(x)=ad" , z=9gy) =

(2) X ={cat, dog, panda , zebra , puma}
Y:Ooooooo 2600
Z =N
y=fx)=20300000 , z=9(y)=y0aec0DOO0O000O
go f(cat) , go f(dog), go f(panda) , go f(zebra), go f(puma) DO 00O
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00 f0000
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f(l)zchz 0. a1 a2 a13 arg ag5 -+
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f(3) =a3= 0. a3 as ass ass ass - -
f(4):@4= 0. a41 Q42 43 Qgq Qg5 -
f(5) =as= 0. as asy as3 ass ass - -

000002=0.1999999.---000000000000000 20000000000
000000000000000000d
0000000000000 ;0000000000 00000
b:{laﬁDDDDD
‘ 2 100000
b= 0.bbybsbbs ---00000b000 f(n)DDDODODOOO0fOO00ODDOO
0Do0(0o)o
00000000 /0000R%000000000000/000000000 RO
D00D00000000R, < #] =4#RO0O0O0O0O0 RO0O0OODOOOOOO OO
0oNOOXN, 00000

gobooobooobooog
00 X000ODO00000000 X00000000O0 Xo00oooooo2X00
god

030 X={1,23}00000000000000002%0

0 «—— 000 {1,2} «— 110
{1} «— 100 {1,3} «— 101
{2} «— 010 {2,3}  «— 011
{3} «—— 001 {1,2,3} «— 111

0000 #(2%) =23
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ob25000 XO00000
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goog
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D000000D00000#X <4#RYM00000
D000 #X A4 00000000#X =#N00000X002X0000
0D¢000000000D00000 X0O0000 AOOODOO
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¢g00000D0000X00e00g(e)=A0000000000000 0 ADD
D0000000000000000000
O00e€c ADDDDODODOOOaeA=9g(a)0000ag ADDODODO
O00a¢ ADDDDOO000DOag¢g A=g(a)0000ac AODDDOD
DD0DD0#X ##2N0000#X <#(N0000000000 (ooo)
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000000 (G.Cantor) 00O 190 0000000000000 DO0OOOOOOO
0000002000 00000000000000 (Kurt Godel) DODDOOOOOOO (Paul
Cohen) 00000 ODOOOOOU0ODODODOOOOOUOOOD(COODOOOODODOO
000000 194000000)000000000CC0O0O000000(DOOoOoOoO
0000000019630 00on)oDooooogd

oboog2-s500020000 X,YQOooooobooXooydooooooooo
goo

= (0,
0,

)={z|0<z<1l} , Y=(-11)={y| —1<y<1}

1
={z|0<z<1} , Y=[0,2)={y|0<y <2}

I
S N
h<
I
2

(2)
(3)
4) X=[0,1) , Y=[0,00)={y|0<y} (hint:0000 3-4(1)00)
(5)
(6)
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4.1 0O0OO0OO

00000 (True)D0O0O0O 0O (False) DO O0OO0O0O0O0O0OOOOODODOOOO
gbobobobooboobooboobo

0000000000000000000000000000000000000000
000000000000000000(0O0000000000000000)
M300000000
Mioooooooo
MO0000000000000
MOo00000000000
MOo0000000
MOo0000000
MOoo0000000
MOoO00000000
MO0000000000000000000

gbb pqubbboooubbobbooooobooboogd

(1)000 (00000)0 (00 -) 00ooo0o
p=0000000000000 PP

oooood T F
~p=00000000000000 FJ T

(2)0000 (=000000)0 (00 V)
p=0000000000
¢=00000000000

gboboobod
pVg=00000000000000O0O0000O0O0O0O0

gbooon
ggooood
P|lq|prPVyg
T|T T
T|F T
F|T T
F|F F
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(3)0000 (=00000)0 (00 A)
0oooooo

p=00000000000 1 alphg
¢=00000000000 TITI T
gooobod TIF F
pA¢=0000000000000000000000 |fF|T| F
0Doooo FIF| F
(4)000 (000)0 (00 =)

Doooon
p=000000 pla|p=q
¢=00000000 T,)T) T

Doooog T F| F
p=¢=0000000000000 LN
0oooo FIF] T

Op=¢000(-p)v¢dOOOODDODO000000O0OODO0O000O

N
RIS
<

()

SIS
IR I
H 3= md

Op=¢00000000000000000000000000000O 4.2(de Morgan
O00)0000oooooooood

(5)0000 (00 <)
p=0A000000000
¢=0A0000000000
Dooooo
pe¢=0A00000000000AO00O0O0D0OOOOOOOOOOOOOO
ooooo

gogooo
Plq|P=4
T|T T
T|F F
F|T F
F|F T
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gbbobouoood -bvinNd=U0s«000000400b0b bbobodb

0 —=(—p)0 00 pO
Op=¢000(—p)VqO

goboboooobbbuoooobboboooobb bbb oobobbooon
gobobod=000000n

=(=p)
p=q

p
(=p) V¢

gbo30b0o00oaobon

(1B ~(-p)=p

(2)0pVvp=p0O0O0pADP=Dp

3)0 pVg=qVvpOOOpAgq=qgApO0 (0O0ODO)

40 (pVgVr=pV(gvr)OOO (pAgAr=pA(gAr)0(0000O)
G)OpA(-p)=FO0 (00000 pV(-p)=T0 (000O)

)0 pANT=p000pvT=T

(MO pANF=F0O00pVF=p

00 4.2(de Morgan 0 0 0)
(8)0 ~(pVq) = (—p) A (—q)
980 ~(pAgq) = (-p)V(~9)

00 4.3(0000)

(10)O pA(gVvr)=(@AgV(pAT)
(1) 8 pV(gAr)=(@VgA(pVr)

U0 p=qUo0o0oooooonon

Op=¢000000p0000 (0000000000000 =(p=q) = (pA(~qg))00
00D00000000-(p= q)=-(pA(~¢)00000 Ode Morgan 0000000
O0p=qg=-(pA(~q) =(-p)veqDOOODODOODOOOp=4¢0 000000 (—p)VeO
O000oo0000ooo(@Cobop=¢00O0O0000O00OODODOODO)
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0oooon
O000p=4¢000000
Dg=p00 0 (g=p=(q)Vp )
O(=p)=(~q)0 DO O ( (=p)= (=) =pV(=q) )
O(—¢)= (—p)00 00O ( (=g)=(-p)=qV(-p) )

O000p=q¢=(—p)veOOO
gdodooododououoouoodgo
gdooooouoouoouod

odoooooood

00004-10p=0000, ¢=0000, r=0000
00000000000 p,qr00000

1) 00000000000000000000
2) 0000000000

3) 0000000000000

4) 00000000000000000000
5 00000000000

6) 00000000000000O000

7) 000000

8) 000000000000 O0O00

9) 0000000000000O000

10) 0000000000000000000

o~~~ o~ o~ o~ o~ o~ o~ o~

00004-20 p=000000000¢=00000000000
()0000p=¢00000000000p=¢000000000
(2)000¢=p00000000000¢g=p000000000
(3)000(-p)= (~q) 00000000000 (—p) = (~)000000000
(4)0000(~q) = (-p) 00000000000 (~g) = (-p)000000000
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4.2 0OO00ODOO0OOOO(@MOOO)

Urxz0U0000000000000000000000DLDO0OO0ODLOOOLOOO
O000000000000000000000000000DOp(z) 000000000
00000000030 0000000000000z:0000(0O0ODOO)0DDOOOO
gobobooogn

p(r)=0:00000000000000p(7)=07000000000p(r)=0700
gbobbouoogagn

0000 (V)OODOO0O (3)000
plx) 00000

Vep(z) =00000 200000 p(x)0
googo

Jep(z) =0p(z) 000000 x000000=000200000 p(z)0

(z) =

0000p(x)=0200000000000000

Vop(z) =00000 200000000
()

Jep(x) =0000000000 000000

00 4.4(de Morgan ?)
(12) 0 ~(vVap(z)) = Fz(-p(r))
(13) 0 =~(3ap(x)) = Va(=p(z))

00 (1)00000000 0000 2220000000000000
p(r) =02%* =00
ogoooo
0000000 20000 22 2 00 = Vap()
ogoooo
=(Vap(z)) = Jz(-p(z)) =00000 20000022 200
=0222000000 2000000

(2)0 p(z) =0 (1)0000C00D0D0DO0 20000 222000000
0000020000 222 00=3xp(z)
goggg
=(Jzp(z)) =Vz(-p(z))=0000000 z000002* 200
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0000 4-30 p(xr) =02000000,¢(x)=020000000000000000
p(x), ¢(x) 00000000

(1) OoDoooOoOooooooo

(2) 00000000000

(3) 0000000000

(4) D0ODDOOODOOOOOOOOOO

() DODDOOODODODOOOOOODODOOO

0000 4-40 p(r) =0200000,¢(x) =0:0000000000000000
px), ¢(x) 00000000
(1) 000000
(2) 00O0DO0D0O0OO
(3) D0DoOoOoOoOoUoooooo
(4) DO00D0D0OO0ODODODOOOOOOO0
(5) DODODOOODODOOOOOOODODOO
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4.3 2000000000000

plr,y)=0z>y0000000
VaVyp(z,y) = Vo (Vyp(z,y)) = VyVap(z,y) = Vy(Vap(z, y))
—0000000000y0000 z>y0000
Jz3yp(z,y) = Fx(yp(z,y)) = Fy3ap(z,y) = Iy(Fzp(z, y))
—0002000y00000 z>y0000
Va3yp(z,y) = Ve (Jyp(z, y))
—000000000000y00000 2z>y0000
(00000y02z0000000)
yVap(z,y) = Jy(Vep(z,y))
—000y000000000020000 z>y0000
—MO00000000 x>y 0000000 y000000
(00000y020000000000)

00004500 yO0OOO0O0OO0OOO0O0O0Z(OOOO)00O0p(z,y)=0z>y000
0000000000000000 (0)0ooooo (O)oooooooooooooo
gooboooobbooad

(1) VaVyp(z,y) (2)  Fz3yp(z,y) (3) VaIyp(z,y) (4) FyVap(z,y)

Ve Vy OUDDOOODOOOODOOODOO32z0 O00O00O0O0OOOO0O0ODOO
O0b00Ove O JyO0OOO0OOoOOoOOOOooooogn

2000000000000000

0000000000 44000000
~(VaVyp(z,y)) = (Ve (Vyp(z, y)))

= 3w (=(Yyp(z,y)) = Iz(Fy(-p(z,y))) = FzIy(—p(z,y))
0000000000000 00000O0n

~(VaVyp(z,y)) = 3z3y(—p(z, y))
—(3z3yp(z,y)) = VaVy(-p(z,y))
= (Vo3yp(z,y)) = JVy(=p(z,y))
—(32Vyp(z,y)) = VaIy(-p(z,y))

00000 (-)000 (00)0000000000()00000 (3000000
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00004-6000004500000(1),(2),3),4)0000000000000000
0000000000000000000000 (0)00000(0)00000000
00000000000000000000

O00004-7 (2000 0000000)0 p(z,n)=0 x<n0000020000000
O0000o0o0o0O0.00000000000C0DOOOO0O0DOOOOOOOO (V)OO
000 (3)0 p(x,n) 00000000000 0O0OODODOODODOODOOODOOOOOOO
gooo

gbbbouoooidbs00000xz<nb0Db0000R000000

0000490 :00000000000000O0D0OOp(z)=0z0000000000
O0¢q(x)=02000000000000000000000000O0DOCOCO

gbbob4-100000000b0b000bbuooobbbooobbooobboon
gboogobobbodgboboobooobuogbbogbboboouobbooboon
gobobodgo

(1) OO00D0O0O0ODODO0O0O00000 - DODODOoOoooooooo( )

(2) O0D0ODOODO0OO0OO0OO0OO0O - 0000000000 0OODOoOoOo( )

00004-11000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000
(0000000000000000000000000)

1) 00000000000000(False) : 0000000000000( )
2) 00000000000000000(Te) : 00000000O0O0O0O( )
3) 0000000000000 (False) : 0000000000000000( )
)

(
(
(
(4) D0ODDO0ODODO0OOOO(True) : OOODDODOOODODOOOOOOOO( )
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5 b—00

o100
(357.062--)10=3-10*+5-10" +7-10°4+0-10"' +6- 1072 +2-1073 + - - -

0200
(357.062-- )y =3-2245-21 +7-204 0271 46-27242.273 4 ...

Os—00
(dk—ldk—Q ceodyd_qd_g-- .)b — dk_l'bk‘1+dk_2~b"f‘2+- . ~+d0'b°+d_1'b‘1 +d_2-b‘2+~ ..
b:base(DD )OO0 d; : digit(OO)
200 (binary system) 0 0 O bit: binary digit 0 0000000 0or 1

11<p<260000025000000 A0Z00000000000
11<p<360000090000000000100350000 A0Z0000000
0000000 16000
0,1,2,3,4,5,6,7,8,9,A(10),B(11), C(12) , D(13) , E(14) , F(15)
ooooo

010 (1) (11001001)y =1-274+1-2641-23 +1=128+64+8+ 1 =201
(2) (BAD)g =1-26%+0-26'+3-26° =676 + 3 = 679
(B.AAD)yg =1-26°+0-26"" +3-2672 =1 +

0201600 1990 vOO0oOoOooOov0ooboooDOon

316
7) 160 6 7) 199 3 (316)r
% (403)-
7) 22 1 7) 28 0 AR e
7) 3 3 7) 4 4 (1254)7
; ; (1603)-
(161554);

160 =7x224+6=T7(Tx3+1)+6=3xT72+1x7+6=(316);
199 =7x28+3=T(Tx44+0)+3=4xT724+0x7+3=(403);
(316)7 x (403); = (161554);

030 123450 2600 (A=007Z=25)00000

26) 12345 --- 21(V)

26) 474 - 6(G)

26) 18 --- 18(9)
0

12345 = 26 x 474 4+ 21 = 26(26 X 18+ 6) +6 = 18 x 262+ 6 x 26 + 21 = (SGV)g
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040 7=3.1415926---0 700000000 40000000
3.1415926 - =do+d_ - T +d o T2+d 3 - T3+d 4y - T+
3=d, , 0000003=d,0000
0.1415926 - - - =d_1 - T ' +d_o -T2 4+d_5-T34+d_y - T4+
70000
0991148 - =d_y4+d_y- T +d_g- T2 4+d_y - T3+
0=d, , 00000=d,000070000
6.93804 - =d g+d g T +d s -T2+
6=d., , 00006=d.000070000
6.5662 - =dg+dy- 7' +d5 T4
6=ds , 00006=d ;000070000
3963 =dy+d5- T 4+dg- T+
3=d_4
00000 7 =3.1415926 - - - = (3.0663 - - )7

0000410000 100000000
(1)0 (471)s (2) 0 (11011011), (3)0 (165)7

00004-20000000000000016000000 100 A00110 BOO12
0CO0130D0O0140EODD150F0000

(1) 10000 20000000 (2) 10000 160000000

(3)10.250 20000000 (4) 12350 80000000

0000430002600 (A=00Z=25)00000000 100000000
(1) 0 (KOBE)ag (2)0 (YAMA)g

00004-400000200 (A=002Z=2500000
(1) 0 176332 (2) O 3687172

U000 4-50000000 e=27182818---050000000040000000



6. 0000 (QOO0) 26

6 OD0OOD0(@MODOO)

6.1 0007000000000 2004/09/140000)

001 (00000oooooooon)

00 Fermat 00000 (Fermat 0 0)

Oz"+y"=2"0n=230000000 (00000000)000000000OO
O000=00 (00000000000 =Andrew John WilesO 199400000000)
g3co0bgooooo
n=200000000000000000000000000000

(x,y,2) = (3,4,5), (5,12,13) , ---

00000000 (Dooooo1000oo0)oo00oooooo

r=m?>—n? , y=2mn , z=m?+n?
zr0y0000000000000m,n0000000000000000

gobooo

gbbboogoobbbuoooobbbouooooboo

0 6=14+24+3 , 28=1+2+4+7+14

28000000000496, 8128, 33550336, --- (0 O0DO0O460000000)
gobodbbogbobooobobbuoobbooobboooogboeb sgbnog
O0000000000000000000000 (WikipedialO O)

00000000
000200000000000000
0oooo
00 (3,5),(5,7),(11,13),-- -

0 0 Goldbach O O
040000000000 2000000000000
deddddOdOooooODO20000000O0OooOooOoOn
ooooo
Od04=2+2,6=34+3,8=3+5,10=5+5=34+7,12=5+4+7, ---

002(00000000000000000)
000000000000000000000300000000000000000
00001000

000 11,13,17,19
000000000000000000 160000000 100000
(200000000000000000100000)
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003 (000000 RiemannOOOOO)

Riemann O O
ORiemann OO OOOO
a)—14-1+1+ Ll
§) = 18 25 35 ks

1
O000000doUooo(oooo)ooooooo Re(s):§DDDDDDDD
gbboboooobbbouoogoo

004 (00000000000000000=0000)
m(z)=200000000

(10) =40 (2,3,5,7)

m(100) =25 , w(1000) =168 , (10000) = 1229
m(100000) = 9592 ,  m(1000000) = 78498
(
(

7

T 10000000) = 664579 , (4 x 10*) = 7.83964159847056303858 x 10%°
()

x) ~

3

(lim =1)

T— 00 I
log x Tog 7

005 (0000000000000O0O0O)
224036583 _ 1 . 7930 57330000
(00=20080 8000000 243112609 _ 1 = 31647 x 1012978188 . 12970 81890 00 0O )
2" —-10000000000 (Mersenne) 0,0 0000000000000 O0O0O
gbobobooogbobuoooobobobogao
gbgboboboobuoobuoobobboboboobuoobobbobooobad

006 (1000000000000 3000000)
gboboboogobboobooon
oboboboobooboobooboobobbobon
oboobobobOobboEFFODOODOOn

ooobbobooO..10000b00 100000
10000d... 1500000 1500000
nooogob..2bbodgg 2500000

007(Q0000000)
0000000000000000000000000000000000
000000000000000000000000000000000
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6.2 U000 EucidO O OO

000 a,b:00 (integer) D000

Da0b000 (diviser) 100000000 b0 000 (multiple) 0000
def
e

Jd:000 st.0b=axd

0000 (proper diviser)D O OO OOOOOO

000000 (non-trivial diviser) D0 0000 100000

00 (prime number)J20000000100000000000000O000O0O0O
000 (composite number)D 00000 100000000000000

gooboggdn
.00 000000000000 =0bxcOaeb OO

2.0b0 000 00 ¢0b0000 = 0c¢0ae000
3.000c¢0e0000 =0 (b+c)0ab000O

0000000 (The Fundamental Theorem of Arithmetic)

0000000 (0000000000 0)000000000oooooooooo
obooboboooboooog

(00 4200 =23-3-5%-7)

000000000 (0o)
4.0p:000,0bxc:p000 = 0b:p00000000O cc:pO0O0O0
5. 0a:mUO00 ,a:n0O00

mDnDlDDDDDDDD(DDD)DDDDD
—

a:mxnd0O0O

Jodn00000000000

On=p"ps?---pe(00000O)
0o0o0b0O0pO0000O0D0OO dO

O d=pl'ps*pr (05 <)
O000000000n=p"py?---p-r000ooOoOO

0 (an+ )0z + 1) (g + 1)
godad

(00 4200=2%-3-52-7000000000 B+1D(1+1(2+1)(1+1)=480)
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Oo00o000dOo 20000« b00000c¢0 bO0O0O0ODODODOODODDODDOOO
000 (common diviser) 000000000000 O0O0OOO (greatest common diviser)
0000g.ed(a,b)0000

00 a=pyps®---pr
00 b=p)"py - p
ogoooo
00 g.cd.(a,b) =p'py*---prr 0000 v = min(ay, 5;)

a0 b000000000000000DO0O0O (common multiple) 000000000
00000000 (least common multiple) 000 O l.c.m.(a,b) 0000

lLem.(a,b) = plip%---pdr 0000 6 = max(ay, 3)
ja - b]

l.em.(a,b) = ————=
c.m-(a,b) g.c.d.(a,b)

(max(a, #) + min(a, ) = a + )

00 4200=2%-3".5%2.71 | 10780 =22-5' - 72
0000 g.c.d.(4200,10780) = 22 - 51 . 7!
0000 l.e.m.(4200,10780) = 23 - 3! . 5. 72

Euclid 0 00O (Euclidean algorithm)
O000000000000000000000002000«00b000000 g.c.d.(a,b)
gbooboooobobooogoboo

00
a2b0000e+b000¢0O0O0r000000000a=0bg+7r (0<r<b—1)
O00000g.cd(a,b) =g.cd.(byr) 0 (- d0a0b0000 <« dO0bO0r0000)
algorithm
a=b0000
()0 a+b00 000 ri(r; >0) a=bq +n g.cd.(a,b) = g.c.d.(b,r)
(2)0 b+mD00 000 ry(re > 0) b=riqs+ 19 g.c.d.(b,r) = g.c.d.(r1,72)
(3)0 ri=+r 00 ¢000 r3(rs > 0) r1=Toq3+713 g.c.d.(ry,re) = g.c.d.(ra,73)
(k) O rgo+rp,100 ¢O000 ri(ry > 0) Theo = TFe_1qr + Tk
g.cd.(rp_o,mr—1) = g.c.d.(Tk—1,7k)
(k+1)0 741 =700 @000 7440 =0 Trh—1 = TkQk41
r, = g.c.d.(rg_1,7%) = g.c.d.(a,0):00000
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010 g.ed.(1547,560) 000000
1547 = 560 - 2 4 427
260 =427 -1+ 133
427 =133 -3 4+ 28
133 =28-4+21
28=21-147
21=7-3
g.c.d.(1547,560) = 7

00 6.10 d=g.cd(a,b) = Fu,v:00 s.t. d=au+bv
0000020000 eO 0000000 dO 00000000 10000O000O0O0OO

[DO0000|(0D0000000 Eucid00O00O0O0O0)0 EucdidODOOOOOOOOO
oooad

d=1r, =7 90— T 1@ OO0 1 1 =713 — T oqe 1 000000007, 9.7%_3,---0
0000000000 O0dO0 0000000 100000000

d="7"k ="k — Th_1qk

=Tk—2 — (Tk—s - Tk—2¢]k—1)¢]k = Tk—z(l + Qk—IQk) — T'k—3Gk

= (Tp—a—Th—3Gk—2) (L +qr—1qr) —Tk—3q% = Tk—a(1+qr-1qK) —Tk—3(Q—2+ @+ QU Qr—1Qr—2)
= 1p—a(1 + @ro1q) — (Pr—5 — Th—aQk—3)(Qh—2 + @ + GeQr—1qr—2) = - - -

01(00)
7=28—-21-1=28—(133—28-4)-1
—5.28—1-133=5-(427 —133-3) —1-133
— 5427 —16-133 = 5-427 — 16 - (560 — 427 - 1)
— 21427 — 16 - 560 = 21 - (1547 — 560 - 2) — 16 - 560
— 21 - 1547 — 58 - 560

000 a,b:00 (integer) D0 0O

a0 b00000O (relatively prime)
def

g.cd(a,b)=1 (ie. a0 b0 10000000000000)
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00 (Euler0 o O00O)
0 n:0 00 (natural number) 00 0 O
on) Y #{beZ|1<b<n 00 ged(bn) =1}
(#00000000000O0OOOO0O)
pn) 0000 A00000000CDOOO0O0O0OO
OO0 e()=#{1} =1, e@)=#{1} =1, »@)=#{1,2} =2,
P =#{13)=2 | o) =#{1,234) =4 . p(6) = #{1,5} =2
pO0000000¢(p) =+#{1,2,---,p—1t=p—1
ppt) =p" = p T == )
(- 10p*0000p*00000000{1L-p, 2-p, -+, p*t-p}0p*t0)

gbobbhe-1094500000000OO0OO0OLOODbDOO0OODO

00006-20 (1)0 200000000000 p00 (pX000000 kO
[n/p] + [n/p?] + [n/p°] + -+ (ODDDO)
000000000
(2)0100/0 200000000000
1000 300000000000
10000 500000000000
10000 700000000000
1000000000000

0000 6-30 d=g.c.d.(360,294)0 2000000000
()0 20000000000000000
(2)0 Euclid0 000

00006-4000020000000000 Eucid000000000000000
000020000100000000
()0 26,18  (2)0 187,34  (3)0 841,160  (4)0 2613, 2171

000065000000 r00000Eulerd ¢ 00 o(n) 0000000
()0 n=12 2)0n=20 (30 n=40 (40 n=100
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6.3 UQOUO

gd
a=b mod m <L (a—p)0 mOO0O
Oo0oo0o0OmOO0OO0O0O0 «O 00000000000

guooooooog

1.O )0 a=a mod m
O ()0 a=b mod m <= b=a mod m
O (iii))0 a=b mod mOOOb=c mod m=— a=c¢ mod m
00 ()0 @G)000000=000000000

2200000000000 ouuoboobbbboooooooL Lo ooog
gudddtmbbbboodooououobobbbbbboooooouoog
mO000000000000Z/mZ0O00O0O0O0OZ/mZ0O

ooooooooo00 {--, =2m, —m, 0, m, 2m, 3m, ---}
0010000000 {--, —2m+1, —m+1,1, m+1,2m+1, 3m+1, ---}
0020000000  {-, —2m+2, —m+2, 2, m+2, 2m+2, 3m+2, ---}
OO «eeveennn

00 (m—-1)0000000 {-, -2m—-1, -m—1, -1, m—-1,2m—1, -}

UmUdooooooobo

3.0a=b mod m OO c=d mod m

0= (atc¢)=(bxtd) mod m OO0 ac=bd mod m
4.04d0mO0000000O0a=b mod m= a=b mod d
5.0mO 0000000000 (g.cd.(m,n)=1)

OO0 a=b mod m , a=b mod n = a=b mod m-n

00 6.20 Z/mZ000O00O
0e«0000000b=a?(ie. a-b=a-a'=1 mod m)000
0 <~

g.cd.(a,m) =1

proof 1 —- 0001
0000 ged(a,m)=d>10000
Oa—-10m0O00 = ab—10d000 = 104000 (00)
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~ggg
gcd(a,m)=100000wa+vm=1000 wv,o 000 (u,v € Z)0
u=b00000ab—-1=—-vmO00ab=1 mod mOO0O0O

Remark 0 g.cd.(a,m)=1 , ab=1 mod mO0O00O000e¢ ™0 "= (a)"00O0
guoododn

02084100000 160000 160°'000000

00 6-4(3)000

0000 841 =160-5 + 41

0000 160 =41 -3 4 37

000041 =37-1+4

000037=4-9+1

00004=1-440

000

00001=37-4-9=37—(41-37-1)-9

0000 =37-10—41-9=(160—41-3)-10—41-9
0000 =160-10—41-39=160-10 — (841 — 160 - 5) - 39
0000 =160-205— 841 -39
00000160-205=1 mod 84100000160~ =205 mod 841

oo 6.30
a=b mod m g.cd.(a,m)=1(= g.cd(bym)=1)00000
a'=b"" mod m

gooobood

proof
a=b mod mOOOOODOOO0OO e 'O00000a¢ v 'a=a"""" mod mO
O0b'=a"! mod mOOODOOO
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0064005, b<mI00O000OO00O0ODOO
ar =b mod m

guoooooog
(1)0 g.cd.(a,m)=10000000 20000000000 20 x2=20+mnO0

gaad
(2)0 g.ed(a,m)=d>10000dp000000000000

a=dadd , b=bd , m=md
O00000g.cd.(¢/,m)=10000

ar=b mod m & dx=bV mod m

00 6.5(Fermat 00 00)0 p000000«00000O0O0ODOODOOO
a’? =a mod p
dooooodooted pdooooooono
a’'=1 mod p
ogoooon
proof
alpOd0dooooooon
0Oa, la, 2:a, (p—1)-a
O00000000000000DDO0000¢-a=j-a mod p (0L4,j<p—1)00
O000G—j)-«a0p0000000e0 p0000000O0DOODOOOG—7)0p0O0O0O
godbogq.,<sp—1000:=45y00000000000
{1-a,2a,3a (p—1)-a}00000000p000000{1L, 2,3, (p—1)}00
gdoooooood
(1-a)-(2-a)-3-a)---((p—1)-a)=(p—1)! mod p
p—1D!-a”'=(p—-1) mod p
(p—1D'0Dp000O0DODOOOOOO
a’'=1 mod p
000000000 eO000000e?=a mod pO000O0O0DODO e pOddodoond
ogoooon

0065000 p000000«0 pOO0ODOOODOOODODODO
n=m mod p—1

gobooo

m

a” =a™ mod p

gooood



6. 0000 (QOO0) 35

proof 0l n=m mod p—100000000n=m+c(p—1)00000

a®=am- (a1 =a™ mod p (.a”'=1 mod p)

030200000 700000000000 1000000000 7000000
0ooo)
p="7000001000000 = (7—1) = 166666 ---4 d.e. 1000000 = 6 x 166666 + 4
1000000 =4 mod (7 —1)0 00O 210000 =21 =9 mod 7

00 6.6(0000000=Chinese Remainder Theorem)
goooooo
z=a; mod my

T =ay mod ms

nooo
i #7000 ged(my,m;) =1(00000 m0m00000)000000M =
mime---m, 0000000000000000

proof

MDODODODODODODODOO0OO0O0O0O0000
Z02'020000000
OO000:00000

/1

r=2—2"=0 mod my

U0m 000000000 bobooogbooogsggd

r=2 —2"=0 mod M =mims---m,

ooooon
M;=M/m; 0000 g.c.d.(M;;m;) =10003N; st. N;M; =1 mod m;
xr = ZaijNj

j=1

t#j0000M,0m;0000000000M;N; =1 mod m;000O

r=a;,M;N; =a; mod m,;
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400000000

r=2 mod 3
=3 mod 5
r=2 mod 7

D0000000D00000D0D0O000
M=3x5xT7T=105, My =M/3=35, My=M/5=21, Ms= M/7=15
35x2=70=1 mod 3000N,=M;'=2 mod 3

21x1=21=1 mod 5000N,=M;'=1 mod 5

15x1=15=1 mod 7000N;=M;'=1 mod 7
O00002=2x35x24+3x2lx1+2x15x1=233=23 mod 105

ggde.ettd
mOnO00000 (g.cd.(m,n) =1) = @(mn)=p(m)e(n)

proof(00000O0O)
00 (mn—1)0 mmO000000000000000 ¢(mn)
0<vYj<(mn—1)00 540;0mO000000000
0 0n000000000
O0066(0000000)000,0 (hh,j2)0 101000000
(-031j st. j=7 mod mODOOO j=j, mod n)

0o

jO0mn 000000 <=0 nn0m0d000000000 5000000
googn

emn)=(mnO000000 j000)

—(mOD0OO0OD00 4000)x (000000 5000)

= @(m)p(n)

0000660000000000000000 n=pp?---p> 00000
o(n) = o(pi'py®---per)
= w(p?l)w(zf?) 2k w(p?{)
:pal 1_7p0‘2 1 - — ...p?r 1 — —
T ( p)2( p) ( )

] 1 ] 2 ] DPr
:”(1—]31)(1—2912) (1—%) 1
@(n):”(l—];)ﬂ—pj)"(1—];):”X I1 (1—];)
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oo ¢(12):12-(1—;)-(1—§):4 | ¢(1oo):1oo-(1—;)-<1—;)):40

00 6.7(Euler) 0 a0 mO0O (g.cd.(a,m)=1)000000
a?™ =1 mod m
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proof(0 000 ODO)
(Om=p*p:00)0000e0000000000000
00 a=10000a%"™ =a#® =g?1 =1 mod p=m
00 o=k000000000000000 o?®) =a* 2?7 =1 mod p
00 a=k+100000 a0 = @' = @' =47 = (")
000000000000« * "' =14b-p"0000
000 a?@™) = (140 ph)P = ,Co+ ,C1b - p" + ,Ca(b - ") + -+, Cp(b - pF)P
000000000 1000000000000y 000000000
000 a?®"™) = ,Co =1 mod pht!
()0 m=p¥ps2-..p» 0000000400000
000 a?™ = g2 ewi 20" =1 mod p® (- a?@™) =1 mod p™)
00000000000 5000
000 @™ =1 mod m = p{*ps>---p2r
DooooQg

b e6.700
a0 mO0000 (ged.(a,m)=1)000n0¢(m)0000000»000000
mod m
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proof 0 n=n"+c-p(m) 0000000

a” =a" - (a‘p(m))c =a" mod m (. a*™ =1 mod m)

Remark

«0mO0000000000a™ =1 mod mOOOOOa* =1 mod mO0ODO
odooooozs00b00ooon

00 6.7(Euler) DO0000OmM=p"ps?---pr 000020000

o), (), -+, p(p) 00000000000 =1 mod mOOODO



6. 0000 (QOO0) 38

050m=105=3570«0 mOO0OOO000000000p3)=2, ¢5)=4, ¢(7) =6
000000 1200000a2=1 mod 1050 (¢(105) =2-4-6 = 48)

0 60 21000000 =? mod 77

00 1(00 RemarkOO O OOO)
=711, ,0(7) =6, ¢(11)=10 , 60 100000000 30
239 =1 mod 77 , 1000000 = 30 - 33333 + 10
91000000 _ (930)33333 . 910 — 910 — 1024 = 77 - 13 + 23 = 23 mod 77

O02006500000660000000)000000O)
91000000 =2 110d 7T
00 1000000 = (7 — 1) - 166666 + 4 O 0[O 21000000 =94 — 16 =2 mod 7
21000000 =2 mod 11
0 1000000 = (11 — 1) - 100000 + 0 0 0021000000 = 90 = | od 11
x=210000 =9 mod 7, 2=1 mod 11, 000000000000
117'=2 mod 7 , 77'=8 mod 11000
0 ¢ =21000000=9.9.11+1-8-7=100=23 mod 77

gbe-ennooggn

()0 3z =4 mod 7 (2)0 3z =4 mod 12
(3)0 92 =12 mod 21 (4)0 27z =25 mod 256
(5)0 272 = 72 mod 900 (6)0 1032 = 612 mod 676
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gbe-80U0000 2000000000 120000000000 100000000
gbobboooobboobuooobo

b e6-90 n0 10000000 ODOOOO0OODODOOOOO0
n03000 <« (nODODOODODOOO)O03000
n09000 <« (ODODOODODOOO)09000O

006-100 (n°—n)03000000000000000
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dbe-11000000000000DLOO0OO

=4 mod 7 =1 mod 11
(1) ¢ =4 mod 9 (2) ¢ =2 mod 12
=4 mod 11 =3 mod 13

00 6-120 ©(90) , ©(91), ©(92), --- , ¢(100)00000

mod 3
mod 5
mod 11
mod 16
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