0000 080
00 (000000

OO0 og
okamotoy@uec.ac.jp

oooooo

20120 60 120

oboobo20120 60 140 23:56

00 00 (ooo) oooo (8) 20120 60 12 O 1/ 54



» JO00000000O0DOOODOOOoO0bOOo0oDo
» 0000000 ooono

FEIEENGEED) oooo (8) 20120 60 12 O 2/ 54



oo

oLl 0b0O0Db 0 O0oOobd

(> QNN

eun

oULonoogn

euuunoog

FEIEENGEED) oooo (8) 20120 60 12 O 3/ 54



00000000 0 00000

ooooooooogoog

ogoogn

00 00 (ooo) oooo (8) 20120 60 12 O 4 /54



00000000 0 00000

ooooood

ogooog

00 00 (oao) oooo (8) 20120 60 120 5 /54



(> QNN

Ooo0 oo

(0Do0)

oooo (8)

20120 60 120

6 /54



00 ABOOOf:A— B

fO0O0O0OO0OOOOO00OOODOOOO

0000 beBOOOOOUO ae ADUODOO b=1(a)

D00000000OVbeB(3acA(b=1(a))O

A——B

FEIEENGEED) oooo (8) 20120 60 12 O 754



00 ABOOOf:A— B

fO0O0O0OO0OOOOO00OOODOOOO

0000 beBOOOOOUO ae ADUODOO b=1(a)

D00000000OVbeB(3acA(b=1(a))O

A——B

gbooaoo

FEIEENGEED) oooo (8) 20120 60 12 O 754



00 ABOOOf:A— B

fO0O0O0OO0OOOOO00OOODOOOO

0000 beBOOOOOUO ae ADUODOO b=1(a)

D00000000OVbeB(3acA(b=1(a))O

A——B

gbooaoo gbooond

FEIEENGEED) oooo (8) 20120 60 12 O 754



0000 f-R->ROODDOOCOOOOODOOOOO

000 acRODOOO f(a)=3a+1

2 b=3a+1

FEIEENGEED) oooo (8) 20120 60 12 O 8 /54



ob1o0o0o

0000 f-R->ROODDOOCOOOOODOOOOO

000 acRODOOO f(a)=3a+1

obooooooooon
OO000 peRODDODOOOO aeROODDODDODOObL=3a+1

FEIEENGEED) oooo (8) 20120 60 12 O 9 /54



gooon

| 0000

00 oo (oog)

|[VbeR(FacR (b=3a+1))

oooo (8) 20120 60 120

10 / 54



o0 1o0g0ogo

ooooOovoOooooooooboooo

000 beRODOODO
00000 | 0000

beR iR =—3g=)
JaeR (b=3a+1)

00 oo (oog) oooo (8) 20120 60 120 11 / 54



o0 1o0g0ogo

ugbooooog

000 beROOODO

00000 | 0000
beR VbhbeR(FaeR (b=3a+1))
bl eR JaeR (b=3a+1)

00 oo (oog)

oooo (8)

20120 6 O

120

12 / 54



o0 1o0g0ogo

o000 Joooooooooboooo

000 beROOODO

a=5%10000

ooooo | 0000

beR YpreR(FgeR(b="371))

bl eR FgreRe{r=3z=1)
b=3(b1)+1

00 oo (oog) oooo (8) 20120 60 120 13 / 54



o0 1o0g0ogo

ugbooooboobon

000 beROOOO
azé%DDDD

ooooo | 0000
beR VheR(FaeR(b="3a=1))
b—1
bl er FreR-(b="3=+1)
H(.h?l.)_,_l.
b=bh

00 00 (ooo)

oooo (8)

20120 6 0

120

14 / 54



E—
ob1noo0o0gnog

OO000O00DO0ODODOO0 beROODOOODO acROOODDOO
b=3a+100000000000000O0

000 beROOOO

0000000052 ero
a=2100000acRO000b=325L+1=3a+10

OoopDooooobD peROODODOOOO aeROODOOODO
b=3a+100000

OO0o0oO0OofO0OO000O0O L]

00000O00000000000%i 000000
000000000000000000000000

00 OO0 (oog) oooo (8) 20120 60 120 15 / 54



0000 f:R->ROODDOOCOOOOODOOOOO

000 acROOOO f(a) = a°

00 OO0 (oog) oooo (8) 20120 60 120 16 / 54



ob2000

0000 f:R—-ROOOOOOOOOOOOOO

000 acROOOO f(a) = a°

obooooooooon
O0000 bcROODOOOOD acROOOOODObL=2200000

ooooooooooog
OO0 bcROODDODOOOOO acROOOOOOb #a°

00 (OvOoOoOoooo3ooon)

~(Yx 3y (P(x,5)) < Ix(=@y (P(x,5))
< Ix(Vy (=P(x,y)))

00 OO0 (oog) oooo (8) 20120 60 120 17 / 54



gooon

| 0000

00 oo (oog)

‘EIbER(VaER(b;éf))

oooo (8)

20120 6 O

120

18 / 54



00200000
ooooooo
00000 | 0000
-1€eR | 3beR (VacR (b+#a%)

00 oo (oog) oooo (8) 20120 60 120 19 / 54



00200000

o000 Joooooooooboooo

b=-1000
ooooo | 0000
-1€eR JbeR(VacR (b#2%)

VacR (—1#a%)

00 oo (oog) oooo (8) 20120 60 120

20 / 54



00200000

ooooOovoOooooooooboooo

b=-1000
000 acROOOO
ooooo | 0000
—1€eR FbeR (VacR (b#£2?))
aceR VacR(—1+#2a%)

—1# a?

00 oo (oog) oooo (8) 20120 60 120

21/ 54



00200000
OOoooooon
b=-1000
D00 acROOOO
ooooo | 0000
-1eR W!R(b’””
aelR Vg R(=12%)
3220 —17532

00 00 (ooo)

oooo (8)

20120 6 O

120

22 / 54



00200000
Doooooo
b=-1000
000 acRODODO
ooooo | 0000
—1€eR FbeR (VacR (b#£2?))
aceR VacR(—1+#2a%)
a2>0 —1#a°
—1+#a?

00 oo (oog) oooo (8) 20120 60 120 23 / 54



ob2000000

OO000O0O0DO0OD0OD peROOOODOODODO acROOODO
b#2°000000000000000

b=-100000beRO

00 acROOOODO

0000000042 >00000000 -1 # a°0

000000000 acRO0OOO0O —1 #2200

00000000 beROODOOOOOO0OacROOODODO
b#2°00000

oooooofhOOoOO0DOOODO L

oooooooooooooooo-10000o0a0
gbobobobobobobobobooboooo

00 OO0 (oog) oooo (8) 20120 60 120 24 / 54



0O 2(00)
0000 f:R—-RO0OOOO0DO0O0O0ODOOO0

000 acROOOO f(a) = a°

0000000000000 000 (00)
OO0 hecROODODODODODODOO acROOOOOOM # a2

» 0000bLp=-100000000
» p=-1000200000000000000000
» Ob=-10000000p=-20000000

00 OO0 (oog) oooo (8) 20120 60 120 25 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» f1: R — RO fi(a) =a
» f,: R—[0,00)0 f(a) = a2
> f3: [0,00) = [0,00)0  f(a) = a?
> fz:[0,1] — [0, 00)0 fa(a) = a°
oo (o)
Do00oooooooooo (000D00D000000000O0)

00 OO0 (oog) oooo (8) 20120 60 120 26 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» fi: R = RO fi(a) = a° ooooog
» f,: R—[0,00)0 f(a) = a2
> f3: [0,00) = [0,00)0  f(a) = a?
> fz:[0,1] — [0, 00)0 fa(a) = a°

oo (00)
0000000000000 (000D0O0DO00DOO0O0DO00)

00 OO0 (oog) oooo (8) 20120 60 120 26 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» fi: R = RO fi(a) = a° ooooog
> f,: R —[0,00)0 f(a) = a2 Doooog
> f3: [0,00) = [0,00)0  f(a) = a?
> fz:[0,1] — [0, 00)0 fa(a) = a°

oo (00)
0000000000000 (000D0O0DO00DOO0O0DO00)

00 OO0 (oog) oooo (8) 20120 60 120 26 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» fi: R = RO fi(a) = a° ooooog
> f,: R —[0,00)0 f(a) = a2 Doooog
> f3: [0,00) = [0,00)0  f(a) = a? DoooO
> fz:[0,1] — [0, 00)0 fa(a) = a°

oo (00)
0000000000000 (000D0O0DO00DOO0O0DO00)

00 OO0 (oog) oooo (8) 20120 60 120 26 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» fi: R = RO fi(a) = a° ooooog
> f,: R —[0,00)0 f(a) = a2 Doooog
> f3: [0,00) = [0,00)0  f(a) = a? DoooO
» f4:[0,1] — [0,00)0 fa(a) = a° ooooog
oo (oo)
oo0ooobOooooooo (0ODOO0OODDOO0OODOOO00)

00 OO0 (oog) oooo (8) 20120 60 120 26 / 54



eun

Ooo0 oo

(0Do0)

oooo (8)

20120 6 O

120

27 / 54



00 ABOOOf:A— B

f0O00DO0OOOCOO0OOOO0ODOOO

0000 a,d eA0D0O0OO f(a)=f(4)000 a=4

000000000V a,deA((f(a)=1(a)) — (a=2))0
O000000000VaeA(NWa eA((((fla)=1(a))— (a=4a")))O

A——B

00 OO0 (oog) oooo (8) 20120 60 120 28 / 54



00 ABOOOf:A— B

f0O00DO0OOOCOO0OOOO0ODOOO

0000 a,d eA0D0O0OO f(a)=f(4)000 a=4

000000000V a,deA((f(a)=1(a)) — (a=2))0
O000000000VaeA(NWa eA((((fla)=1(a))— (a=4a")))O

A——B

googoo

00 OO0 (oog) oooo (8) 20120 60 120 28 / 54



00 ABOOOf:A— B

f0O00DO0OOOCOO0OOOO0ODOOO

0000 a,d eA0D0O0OO f(a)=f(4)000 a=4

000000000V a,deA((f(a)=1(a)) — (a=2))0
O000000000VaeA(NWa eA((((fla)=1(a))— (a=4a")))O

A——B

googoo gooond

00 OO0 (oog) oooo (8) 20120 60 120 28 / 54



0000 f-R->ROODDOOCOOOOODOOOOO

000 acRODOOO f(a)=3a+1

obooooooobood
0000 a,d eROODO0OO3a+1=34+1000 a=4

00 OO0 (oog) oooo (8) 20120 60 120 29 / 54



gooon

| 0000

00 oo (oog)

|VadeR(Ba+t1=3d+1)—(a=4))

oooo (8) 2012 0 6 O

120

30 / 54



oo3000ogn

ooooOovoOooooooooboooo

000 a,d eRODODODO
ooooo | 0000

Vadem ((3a-1=37 1) (a=a))
(Ba+1=3d+1)— (a=24)

00 oo (oog) oooo (8) 20120 60 120

31/ 54



oo3000ogn

uboboo0 -000000b0b00ooan

000 a4 eROOOO
ooood |oooo

3a+1=34d+1 | Vara-eR((3a+1=3+1)=(a=12"))
G s o e y e e

a=2a

00 00 (oao) oooo (8) 20120 60 120

32 /54



oo3000ogn

ugbooooog

000 a,d eROOOO

ooood |oooo
3a+1=3d+1 | Vara-eR((3a+1=3a+1)=(a=12"))
a:a/ &Tl—ﬁl—rl)—/( —

a=4a

00 00 (ooo) oooo (8)

20120 6 0

120

33 /54



oo30o0o0gnog

000000000000 a,d eROOD0OO0O3a+1=344+1000
a=3000000000000000

000 a,d eROOOOO

3a+1=3a+100000000

O0000000a=240

0000003a+1=34+1000a=200000

0000000000 a,d eROOO0OO3a+1=32+1000
a=200000

OO0o0oO0OofO0OO000O0O L]

00 00 (ooo) oooo (8) 20120 60 12 0 34 / 54



0000 f:R->ROODDOOCOOOOODOOOOO

000 acROOOO f(a) = a°

DoOooooooooo
00000 a,d ceROOOODOA2=3%000a=400000

00 OO0 (oog) oooo (8) 20120 60 120 35/ 54



ob4000

DDO0OoO0ooOooooo (og)
00000 a,d ceROOOOD0A2=3%000a=400000

OOO0D0O0000O0OoOOoO
00 a,d eROODDOO0& =a%00 a#a

L
|
|
L

00 (3000000000000 0O0O00UoOooooon)

(Y x (Vy (P(x,y) = Q(x,¥)))) ﬂ(V y (P(x,y) = Q(x,¥))))
~(P(x,y) = Q(x,¥))))
~(=P(x,y) V Q(x,¥))))
—=P(x,y) A=Q(x,y)))

P(x,y) A =Q(x,¥))))

)
)

rr e

(
(
(
(

00 OO0 (oog) oooo (8) 20120 60 120 36 / 54



gooon

| 0000

00 oo (oog)

| Ja,d eR (P =a"Nna#d)

oooo (8)

20120 6 O

120

37 / 54



ob0400000

0000000
ooooo | 0000
leR Ja,ad eR (3> =3’ Na#d)
-1eR

00 oo (oog) oooo (8) 20120 60 120 38 / 54



ob0400000

o000 Joooooooooboooo

a=104a=-1000

ogoogad goon

1eR JadcR(FZ=a%ra#2d)
-1eR ?=a’Na#d

a=1

a=-1

00 oo (oog) oooo (8) 20120 60 120

39 / 54



ob0400000

ubooooA0boobooobboobooa

a=104ad=-1000

00000 | 0000
1eR Ja,d cR (P =a*rNa#d)
-1€eR @ =a’rna#ad
a=1 22 = 32
a=1
0
a=104d =-1000
00000 | 0000
1eR a#ad
—-1€R
a=1

ad=-1

00 oo (oog) oooo (8) 20120 60 120 40 / 54



00 4(00)00000

ugbooooog

a=104ad=-1000

oooon ooon

l1eR JadecR(a2=3a*rNa#d)
-1€eR gl lpg—i=g

a=1 a? = a”?

a=-1

=1

00 oo (oog) oooo (8) 20120 60 120 41 / 54



00 4(00)00000

ugbooooog

a=104ad=-1000

ogoogad goon

l1eR JadecR(a2=3a*rNa#d)
-1€eR gl lpg—i=g

a=1 a® = a?

a=-1

=1

a?=1

00 oo (oog) oooo (8) 20120 60 120 42 / 54



00 4(00)00000

ugbooooog

a=104ad=-1000

ooooo o000

1eR Fara-eR-(a>="a%ratd")
-1€eR gl lpg—i=g

a=1 22 = 3

a=-1

=1

a?=1

32 = 32

00 oo (oog)

oooo (8)

20120 6 O

120

43 / 54



00 4(00)00000

ugbooooog

a=104ad=-1000

gooono

goog

1eR
—-1eR
a=1
a=-1

a#tad

00 oo (oog)

a#ad

oooo (8)

20120 6 O

120

44 / 54



obo4000000

0000000000 a,d eROODODOO0a? =300 a#£a000
Oooooooooooon

a=1ad=-100000a,4d € RO

0000022 =400 a#4d0

D0000000 a,d eROODOOD0&=4?00a#a00000

oooooofOOoOO0DOOOD U

00 oo (oog) oooo (8) 20120 60 120 45 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» f1: R — RO fi(a) =a
» f,: R—[0,00)0 f(a) = a2
> f3: [0,00) = [0,00)0  f(a) = a?
> fz:[0,1] — [0, 00)0 fa(a) = a°
o0 (Qoo)
Do00oooooooooo (000D00D000000000O0)

00 OO0 (oog) oooo (8) 20120 60 120 46 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» fi: R = RO fi(a) = a° ooooog
» f,: R—[0,00)0 f(a) = a2
> f3: [0,00) = [0,00)0  f(a) = a?
> fz:[0,1] — [0, 00)0 fa(a) = a°

00 (0O0)
0000000000000 (000D0O0DO00DOO0O0DO00)

00 OO0 (oog) oooo (8) 20120 60 120 46 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» fi: R = RO fi(a) = a° ooooog
> f,: R —[0,00)0 f(a) = a2 oooooog
> f3: [0,00) = [0,00)0  f(a) = a?
> fz:[0,1] — [0, 00)0 fa(a) = a°

00 (0O0)
0000000000000 (000D0O0DO00DOO0O0DO00)

00 OO0 (oog) oooo (8) 20120 60 120 46 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» fi: R = RO fi(a) = a° ooooog
> f,: R —[0,00)0 f(a) = a2 oooooog
> f3: [0,00) = [0,00)0  f(a) = a? DoooO
> fz:[0,1] — [0, 00)0 fa(a) = a°

00 (0O0)
0000000000000 (000D0O0DO00DOO0O0DO00)

00 OO0 (oog) oooo (8) 20120 60 120 46 / 54



oooooooooooooooooo

ubobooobooboboobooboboobooboboobooo

ob4000000000

» fi: R = RO fi(a) = a° ooooog
> f,: R —[0,00)0 f(a) = a2 oooooog
> f3: [0,00) = [0,00)0  f(a) = a? DoooO
» f4:[0,1] — [0,00)0 fa(a) = a° DoooO
OO0 (oo0)
oo0o0o0ooooooooon (COODOO0DDOOOOO0OOOOO0)

00 OO0 (oog) oooo (8) 20120 60 120 46 / 54



oo

oULonoogn

00 OO0 (oog) oooo (8) 20120 60 120 47 / 54



oond

00 ABOOOf:A— B

oooooo
fO0O0O00OOO0O00O0O0OODOOOOOODOOCOOOO00

A——B A——B

1 1 1
T S

«3

00 OO0 (oog) oooo (8) 20120 60 120 48 / 54



oond

00 ABOOOf:A— B

oooooo
fO0O0O00OOO0O00O0O0OODOOOOOODOOCOOOO00

A——B A——B

1 1 1
ar S
[ ]

ugboooood

00 OO0 (oog) oooo (8) 20120 60 120 48 / 54



oond

00 ABOOOf:A— B

oooooo
fO0O0O00OOO0O00O0O0OODOOOOOODOOCOOOO00

A——B A——B

1 1 1
ar S
[ ]

ugboooood gooooo

00 OO0 (oog) oooo (8) 20120 60 120 48 / 54



oond

00 ABOOOOf:A—>B

ooooon
fOO00O0O0fFY: B> AOD

000 ac A beBOOOO a=f"Yb)0 b=f(a) 00O

oboooobooooon

DDDDDDDDDVaeANbeB@:fﬂwy+b:aanm

00 OO0 (oog) oooo (8) 20120 60 120 49 / 54




ooooo

[}
[}

oosb

0000 f:R—R
000 acROOOO f(a)=3a+1

O0000000 (0D 103) 000000 f1:R—RO

b—-1

D00 beRODOODO FYb) = 2

ooooobooooboooo

aooo
b—1
bzf@%»b:%+1ﬁa:—?—ﬁa:f4w)

00 OO0 (oog) oooo (8) 20120 60 120 50 / 54



oooooooon

00 f:A— B
» YCBOODODOOfFYY)O YyooOo
» f0000000000000000OOC

» be BOOOOFYb)O FOOODO 1000000
» fO000D00COO0ODOOOOODOO

N\

A——B

) » F1({1,2}) = {2,3}
1., > ({2} = {3}
-b‘ 3 » F1(2)=3

gooogoo
O00000oO0o0ooo (ooo)

00 OO0 (oog) oooo (8) 20120 60 120 51 / 54



oo

euuunoog

00 OO0 (oog) oooo (8) 20120 60 120 52 / 54



gooooo

ooooooooooog
» JO00O0o0oogon
» JO0O0O0Oooo

ogooooo
» 000000000 00O0O00O OO (boooooo)

00 OO0 (oog) oooo (8) 20120 60 120 53 / 54



oo

oLl 0b0O0Db 0 O0oOobd

(> QNN

eun

oULonoogn

euuunoog

00 OO0 (oog) oooo (8) 20120 60 120 54 / 54



	対応をつけること と 数えること
	全射
	単射
	全単射と逆関数
	今日のまとめ

