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gbooboobooboobobooboobobolb oboobobobooboao
gbobobooobooobboobobooboobooboobooboooooboboboooooo
gbobooboboooboobobobooboobobooboobobobonDgoo
googlooobooboobsobbboobobobooboboobooooboon
gobodgbooobouoobbooobooobobooon

ubobobooobobobobooboboooobooboooboboobobooboonooo
gboobobooboboooobobooboboobboooboboobobobobo
goboobooooboobobooboboobooboboboboboobboobobo
goooboboooboobobooooboboooboboooooobobooooobooon
gboobobooboboobobobooobobooboooboboboobobo
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gobobtoodooboboooubooobbuooouoboboooobbuooboboboa
gooobboooogoobobuoooobbbooooubobbooooubboboooog
googboobooooboooboobooboooboboooboobooboobooo
gogobbbododooooooobooobbbdbdouuouoooobooa
DDD(category)DDDDD (object)DDDD(arrow, morphism) 0 0000000000000
goooon
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a%;b 9160392 (6.1)

@0aelbobLennOD FODOD ¢OOOODODODOOODN £,g00000
(composable) 0000000000000 f,¢g0000O (composite)a&cDDDDD
oooooooooooooooda aLb&cDDDDDDDDDDDDDDDD fgOO
000000000000 0o00obO0bOO0oDoooooDooo00Oge fO0DODODO

0Dg¢f0000000D00C0

a —>f b (6-2)

N

(3)300000000 aLb0b-Le0e5d00000000 (associativity) ho (go f) =
(hog)ofOOOODDOO

a—> b (6.3)

(4000000000 (identity arrow) b2 0000000000000 0 a5 0
b-LeO0000 Lof=f0gol,=¢g00000000

(6.4)

00%,20000000000000%0000000000O0ObY0000000%
0000«0000b00000000000000 %(e,b) 0000 Homg(a,b) 0000
00000000000000e00 000000 (hom-set) 000000

0000000000000000 (diagram)J0000000000000000000
000 (fi, -, f)00000f, fis1 (i=1,---,n—1)00000000000(f1,--- , fa)
000 =00 (path)00000000000000000000 fyo---0f400000002
000 (f, -, fa), (91, ,gm) 00000/ 0 00000000 f,0g¢,000000
0000000000000000000 fu,o---0f10 gmo-+-0g; 00000000000
00000000000000002000 (fi,--, /), (g1, ,gm)0n>2000 m > 2
000000AO0¢ 0000000 £,0¢,000000000 fyo---0fi=gmo---0g1
00000000000000 (commutative)00000000000000000000
00 (6.2), (6.3), (64)0000000000000000000O0O0OOOO0OOOOO
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gboobooobooboobobobooboobuoebgoboboboobobo
goboboboboboboob

fi g1

a] —— a9 e—eo (66)
fsl O J{fz 73 © lg2
as T a4 [

(6.6) 0000000000000 0O0O0OOfLofi=fofs0000000000O00OOODO
obooobddbbgog=gs0ooooboonoboobboooboonobo
goooboboooboobbobooooboooobooboobobooooboboboobooon
goboobooooboobooooaoo

(6.7)

000000000 hpohy =h,ohy 000000000000O000000O0O0O000OO
00000000000000000000000000000000000000000
00(6.6) 00000000000 foof40000000a;1#a 0000 fiof,0000
0000000000000 000000000000000 frofi=fiof;00000
000 (66)000000000000000 (6.7)000000000000

Mg (6.8)

000000000000000 heoh1 #heohy 000000000000 O00C0OO

00000000000000000 Set00000000000000000O00O0
00000000000000000000000000000000000000000
000000000000

00000000000000000 Vet0ODOOOOOO0OO0O0O0000000000
0000000 U,V,W,.--0000000000000000000U0S3 v, vAwao
D0oDoo0oooo v wooonooooooo0oDo00000D000000000oo0
0000000000000000000000000000000000000000

0000000000000000000000000000000000000000
0000000000000000006, b000000000000 a<b00 a—b0



O0ooooooooooboooooooooooon
1-2—-53—=24—>5—--- (6.9)

ooooboooboobooboobooobooboboob1—-1,2=201—=3,1—4,2—-4
ooooboboboooboboooboboobuo e bbb ODODODOOD
gooobgoooooon ai>b|] f00000000D0O0C0000OD000000Oa <,
b<cOOOa<cOOOOa—bb—c000a—»c00000000O0O00OOO0O(6.90
ooboooboobooOoboO0ob0obode—bd0debOODMODOODOOOOODOOOO
O00«000000000DCODOO00DDOe—b0O000DODOOeO0ODOMOOOO
gobooboobbooboobobooobooboobbooo
0000000000000 00o00O0 (6900000000 DO0OO0bBO «OO0OODO
ooboodbde—=b000D000O0OOODOO

4—>8—>16 (6.10)
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NN
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24

7 25

00000000000000000000000000000000000000000
0000000000000 (6900000 (610)00000000000000000
00000(6.10)0000000010000000000000000000020000
0D0000000000000020000000000000000000000000
00000000000000000000

0000000 (directed graph) 0000 00000000000000000O0000O
00000000000000000000000000000000000000000
0000000000000000000000000000 «%000000000
00000000000000000000000«0b00000000 0000000
000000e0 ¢c0000000000000000000 «00b00000b600 O
000000000000 c000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000000

0elvooooosLan flof=1,00 fof/ =1,00000000000f00
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O (invertible) D 0000 OO (isomorphism) 0000000

(6.11)

00 f/0 f000 (inverse) 0000 f/ = "' 00000000000 ,b0000000
00000000 000 (isomorphic) 0000e~b000000
00000000000000000000000000 «0000000000000
020001, 1,000000001,=1,000000000000000000 f0
00000000000 f00000000O0000O02000 f, /00000000
f=f00000000000000000000000000000000000

7 U

O0dddoooooooodbooooooooooooooooooooooooon
gbdoboootooobotdoodoobooboooooouoounooooooood
gbdboooootuoooououooooobooooooobooouoobooouooa

0o0o00ooODObOO000ddod2000 ¢£,20000000¢000 «,b0 2000
F(a), F®)000000%900 a500 200 F) XY Fe)oooooo Fooo

F(go f)=F(g)oF(f), (7.1)
F(la) = 1p() (7.2)

oooooo

ooo
O0000O000FO %00 200 0 000 (covariant functor) 000000000
(functor) DO0OOF: ¢ ~ 2 000000F(e)0 FeOOOOF(f)0 FfOOO0OO00OO
ooooo

F
@ a—toy A Fa—1> b 7 (7.3)
QON J{g F(QOf)=FgOM ng
C F\/E/\> Fe

000000000000000%000e00 2000 FeOOOODOOOOOOOOO
%0000 9200 F@) XY Fp) 00000000000 ODODOOOOODO% 000
00000000000 FOOOOOOOO FO 200000000000000000
F(gof)=FgoFf0000D00000 FOO 00000 200000000000
ooo
00000«0000000000000 0 FeOOOOOO0O0O000 a~ FaOOO
0000000000000
0000000000000000000000000000000 %000 6,600

2000 Ga),GH)000000%00 aLb0 200 6») Y6 nooooo G
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oooo

00000000GO 00 2000000 (contravariant functor) 000000000
000000G:9~2000000000000 560000 GeEavoooon
0000000000 gof0000 GfoGeO0O00000D0000000O00D00O0
0ooo

G
¢  a—tayp L Gl 9 (7.6)
g;>\\\i9 G%mdU=Gf;z§\\\ TGQ
C 'vg/\> GC

00000000000000000 X0000ooooooo £X)oo000xo0
000 (powerset) 00000000 XOOUOOYOOOD f:X—-YOOOOOX0OO
000 ADOOCOOOYOOoooo

f(A) :={f(a)|a e A} (7.7)

00000000000 fO0OD0 ADD (image)DODODOODOOODODOOXOODOOO
obyooooooooo

P(f): P(X)— 2(Y), A— f(A) (7.8)

0000000000000 00D0 Set0 00 XOOOOOO £(X)0000oo Xi>Y

noooo 2x) 2% 2(v) 0000000000000 000000 ¢g:Y — 2000
002v) 2% 22y 00000 P(g) 0 P(f) = P(go f) D0ODOOOOO0O0O0O0
000000000 1x: X »>X0000 2(1y): 2(X)—» 2(X) 000000000
00000000000000000000000000000000 & :Set ~ SetO
000000000000

0000

X ={a,b,c} (7.9)
gobodboboooboobobooon
2(X) ={{ }.{a}, {0}, {c},{a, b}, {a, c},{b, ¢}, {a, b, c}} (7.10)
000{}jo00o00000O0ooOoOoOoOoOoOooDOoOoOYd
Y = {u,v,w,z,y, z} (7.11)
oooboboobo f: X—-Y0O

fla)=u, f0) =z, flc)=u (7.12)
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00000000000000000 2(f): 2(X)—2(Y)000000

Z(H{ay) ={uy,  2(H{a,0}) ={u,z},  Z(H{bc}) = {z} (7.13)

00o000000000000 0000 X0O0OO X)0o00oooOooOOoOOoOOOX
000000 X)00000000000000000LDDODZ0 X ->2(X)0000
gbobobobo

oooooooboooooobon fX—-YOOOououoooooyooooo sgood
Xooooo

fHS):={z e X|f(zx) €S} (7.14)

00000000000 f000 SO000 (inverseimage) 100000000 f1:Y - X
0000000 f~4%S)000000000000000000000£2(X)0 £2(X)00
000000000000000000000000Y 0000000 X0000000
0o

P(f): P(Y) - P(X), S — f749) (7.15)

0000000000 (78)0 2(f)0000000000D0O0g:Y 20000000
0007TcZOOOO (gof)™(T)=fYg X(T))00DOODOO0DOO0DOOOOO0O
0000 1x: X - X0000 Z(1x): (X)) —»2(X)00000000000000
0000000000000 Set0D0 XO0ODOO0D #£(X)000000 X-Lyoo
ooo @(Y)@@(X)DDDDDD@:SethetDDDDDDDDDDDDD
00000000000000000(7.12)000000 f0000

), e, ), T {ew)) (7.16)

gopbodobooobooboooboon

gboooooobogbobooooboboboooboboboboooboooboboboo
DDDDDDDDDDDDDDDDDDD(oppositecategory)DD@DDDDDDDDDD
Ub0b00eUa:=a000000000O00O00O0O0O0O0O a—f—>bD diEDDDDDDDDD
gboobooooobobooboobobooboboboooboboobooboo
0000000000000O0O0gof=fogO000000000000O00DOO0OOO
gboooobobooobooboboobooobobuoobouooboboobobooobobo
ooboobooooboooon

8 Uogu

gboooboboobobooboooboboooboobooooobooboobooaon
gobooboogobboooboooo

09000 2002000000 F:9~92000F:9~2000000F00F
0000007 0000000000000000007T:F3FO0090000ae0 2
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0000000 FO000 Fe Fvoooooooooooao

F
% Fa—t-my 9 (8.1)
e
! Ta Ty
b |
\ Yoopp )
Fa—>Fb
gboooboboobobooobo TboFf:FfoTaDDDDDDDDDTD FOOFO
00000 (natural transformation) 00007 : F-5F 000000
0000TO0¥000«002000000000000000200 FalsFa0O
0000000000000 0000O00O00000000 (e~ Fe)DDOOOOOODODO
O((f~Ff))OOODODODODODOOODDOOODOOOODO0OO0O0O0 (a—>1,)0
gboooboboboooboobobooobooboboobobobooboboooon
Y s]slals

Fa—21 b (8:2)

Tai J/Tb

- Ff

Fa—>Fb
0000000000000 0000000000000000000/000 T, T, 0
0000000000000 0000000000000000000000000000
00007, 7,0000000000000000000000 f000000 (8.2)00
00000000000000000000f0000007,,7,000000000000
(8.2)000000000000000 000000 T, 7,0000000000000
00000000000000000000000000000000000000000
0000000000000 MO00000MO000MO0000000000000
0000000000000000000000000000
000000000000 0000000000000000000000000000
00000000 %000 2002000000G:%~2000G: 9~ 20000
00GO0GO00000S0090000¢0 200 Ge25G00000000%0
D000 eLbooocooon 200 b Genoooooo Goooo G Ga
000000000000

G
@ ca<<lqr 9 (8.3)
o
a—f>b N Sa Sy
N
\ . af !

14



0000000000000000 S,oGf=GfoS,000000000S0GOO GO
000D000000S:G>G 000000
gobooboooooooboooooobooooobooboooooobooboooooboo
gbooboooobooboobobuooboboobooobooboboobobo
gooobooogooboboooboooobooooobbboboboooboooobooon
gobooon
gboobooboooboobobooobobobobuooboboobooobobooooboon
gobobooobbooboboooboooboboobboobobooobboboooboo
gbobobobobooboooboooobooooooboboooobooboobooooo
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gooooboobbobooobuoobuooboobobobuobobobboooobooboo
gogobobboooobooboooooooboobobooobbbooobbooouoboba
gogoobobboooubobobdoobbboooobobboooouobLbboooono
ddoodobooooooooooooo

0¢,2000F:%¢ ~2002000 0000000009000 r0200
e Fr00000¥ 000000 s0 200000 a-LFs00000(Fep)ou=f
o000 w00 TﬁSDDDDDDDDDDDDDDDa—U—)FTD 00 FOODODOO
(universal arrow) D 0 0000

4 a 9 (9.1)
| N
r > S NN Fr-->Fs
¢f Foy

F
gboooo TEQSD FrngDDDDDDDDDDDDDDDDDSD fOooooood
gbooboboooobobooboboooboobobooooboboobboobobo
000000000000000000030000002zX3z00000

Z (9.2)
N
R/

00000000000000000000000002zZ000000000000

zZ (9.3)

15



gboobobobooboboobobooboobobooooboboobobobo
0O000000000000000000000000z28z0000000000

a a (9.4)
v
bo>c b—>¢

000000000000000000000b%¢0e¢5b00000000 fooo
000o0ooobognog f=goul f=vohO0U0000ODO0DUOOOODOODODOOODO
gboobouooboboobobooooboobobobobooboboobobo
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