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1 Bk

(Z/47, ¥ Z,/571% (WEBE Y LC) AR 2 | WS BEAEZ 2. ZiUzd b2 AR
BT, (T 205 & ZJ/AZ & 4 DDTEh bR BEET, Z/571& 5 DDtk bk
BDEEGTENS, DEDZHZHEENES (=RHHPN) 2o, FAAIZRD 277 0v. Z
REHPLEELL S 212

LTl =% LB (REXFACEES5 2%, HRATIHEK)

EVIMEDNMEEEZTNS I LITR5.

IV LEELWHIEZH T, MHZEMICE TEARE 2 WO BEEDH 5. (iAHZER X
WAL THEABEITEIN 8 7(X) PRI NS, (D TEL LD WTHEEDLES
B, RIS LBENZ TS, ) 20 TEARRE 1IREHT.
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NTEFIX
X=2Y =7X)=n)

LS DD D 2 BB, HURAIZERIASEMD S pIN 21013, FFHARE
BRI . EABDSFACRIIUL. TEOMAEZEEAETIEAV. )
COWIE LT OREHRTH B, LTI

HezRELLTHS

FiEREENN

i
op
e
=

HEAREZNS

e 2

WD 2ODHITH 20, Zhe—RkbLzd0d TH] & T k3.

o
|

BT

|

E#&. B (category) C £ld 2200 (BRELIFRSLWV)EX D Ob(C),Mor(C) DFTH o
T, UTOFRMFZATTHDENVS. 72BIT a € Ob(C) ZHRE (object), f € Mor(C)
% 5f (morphism) & FEA.

(1) % f € Mor(C) 12X LT, FXA ¥ (domain) & MEEN 2 MR dom(f) € Ob(C)
£a FX A Y (codomain) &I 2R cod(f) € Ob(C) BED SN TS,
dom(f) =a, cod(f) =bTHBIL%E fra—bPalsbrBOTET. T8
KR a,b e Ob(C) X LT Home(a,b) :={f € Mor(C) | f: a — b} £FEL.

(2) 2 004t f,g € Mor(C) 2 cod(f) = dom(g) Zifi7z=F & %=, f & g DAES LI
BN 28t go f BEDHNTWVWT, dom(go f) = dom(f), cod(go f) = cod(g) %
73, (2D fra—b, g:bocDEZFgofia—mcTH5. )

(3) oA EHREZM . BB, fra = b, g:b— ¢, hic— dITHNLT
(hog)of=holgo f) Do,

(4) & a € Ob(C)ITHLT, EHEHNEMIINSH id,: a — a PFFEL T, FOERIC
B3 28t R5. BB f:a—bIIZNLT foid, = f, idyof=fTH5.



XD S 272358, a € Ob(C), feMor(C) ZHiCacC, feCrHELI D
Hb. Flid, 2 1, RELELI LS D 5.

ERTRL L, Bld EELFR 2EMLTERSNTWL IR gh2el5. 7
DT—HERANLHNIRICH S TRELEROLTE) TH2.

Bl 1. £EENR, BE2HE TIIENICKRS. ZOE%Z Set TET. IOFELLIETIZ
MTFDX512hk5.

o Ob(Set) := 2TOEADEED ] LEDS.

e Mor(Set) :={f|f3D2EEX »ob2ERY ~DEHR ) LED .

o X 2B Y ANDEM FITHLTdom(f):=X, cod(f) =Y LEDS.

o HDEGW go fITEFEDERDEHTED L. Vi Z DEHIIHEEHREM2F.

o A X ITHWLTIEFES idy 2EFEHR X - X TEDS. Wi foid = f,
idog =g ZHi77.

PLEC & D& Set 31§ 5N 7. O
AT ESCLT, UTD LS RENELNS.

Bl 2. BEENR, HERAEZS TIUIEICKR S, ZOE% Grp TERT. ([EEEHIIE
R THZ e, BEREOERPEEREICKR 2 Z e, ICHEETX LWV, ) O

Bl 3. (IAHZERZ R, EGEEGE S THUEIEICKR S, ZDE% Top THRT. O
RICEFEZERT 2. THIED HERARL] Y THEOIRNEDHDTH 5.

E&. C,D 2Bl 35. C»o DNOBEF (functor) F: C — D &id a € Ob(C) IZ
F(a) € Ob(D) %, f € Mor(C)IZ F(f) € Mor(D) ZHIibE €5 TH->T, UT%
WeTbDTH 2.

(1) fra=bDe & F(f): F(a) > F(b) TH 5.

(A% dom(F(f)) = F(dom(f)), cod(F(f)) = F(cod(f)) &75. )
(2) cod(f) =dom(g) D& % F(go f)=F(g)o F(f) TH5.
(3) a € CIHLT F(id,) = idp() TH3.



CDEBRBEZRTELLERD LI ITR .

F(ida):idp(a)

™

F(f)/F(a)
(

F(gof)=F(g)oF(f)

F(b)
NN
(9) 7o)

F(a), F(f) DMz &AL T Fa, Ff &2 dDH 5.
Bl 4. U: Grp — Set ZU TD XS ITEFRT 5.

e BE(G,-) € Grp IMNLTUWG,")) =G rEDRE. HIb, BEGIIHLTZOD
MERZz SN BEG 2525,

o BEERAE f: G — G ITRLTU(f) :=f LEDS. (BHERERIIEHRTHE L
WIEET 5. )

ZOXSCEDIUIHL I U BEFTHS. ZOX>BMHELEhLBF U 2—HKkic
SHIBTF (forgetful functor) & LS. O

BONCHERI L7 & 512 f € Mor(Grp) HDORAERZ 513 U(f) € Mor(Set) 235
AOFRBEG (AE2HS) 22D TH L0, EXZOWEIE—MHOEFITHLTHD
D, ENERT D, —ROBE C B ISR ERT 5.

E&. C ZHE, a,bc CENRE T 5.

(1) C Dt f: a — b HFEZG
— H2Hg: b= aDPFELCgo f=id,, fog=idy, &2 5.
(2) a2 bDFEH (a2 bTRY) < HAFEH f:a— bDPFET 5.

Lz TRIEFEME () ZHoTRLTWS. 2FDHEVIORES G L - OfllE-o725, Zh
TG, ) eENTWS. JEHEMIE (a,b) DX (,) 2ES AL 0WH, ZOH A D PDF
TE—ELT(,) 2 (a,b) DX Si1cEL.



fra— bR TZE, g:b—aTgof=id,, fog=1idy, Zi/=FTdDIIME 1
DULDPBRVWIEDEZIZHHD 2 (FHCBWTHEILS—EROLFAILTHS). £2ZTIDg
% f OWE e, 7L TRT.

5 5. 8 Set IZBIIZFEES f:a—> b EIERHEFOITHE. $IDL X f OWG

f~lib—=ald f OMESRTH 3. O
Bl 6. B Grp 128 2 AES X, BEAANEROZLTHS. O
B 7. & Top \2BIT 2[FAAG L 1X, FHEEERDOZTH 3. O

& 8. C,D%E, F:C - D%ZMEFLTE. 20X fra— b2 C OREENKS
X, F(f): Fa) —» F(b) d D OB TH2 (R F(f) ' =F(f~') &%) #t-T
a=2bRHIXFla) XF(b) TH5.

A, fra — b ERABSETZE flof =id, 2D fofl=id, TH2. b
BFFZBEATHEF(f) o F(f) =idpw & F(f) o F(f7!) =idrp) 2155, I
F(f): F(a) —» F(b) @AMHTH D, F(f)~'=F(f') i3, O

9. G,G' %%, U: Grp — Set 5HBEFL T2 &, BHOFE G =G 2D TT
EUG) 2 UG TH 3. O

) 10. FIFHZEM X iz e X Off (X, x) 2t S AAHZEM & RS, JE T = frHE2E
OB Top, ZUTDO XS ITED 5.

o FLSfTEMMEEMENGRETS.

o G (X, z) > (Vo) BEHEEHR f: X Y THoT, f(z)=y %2ilETHDOT
H5.

o FDER go fITHEEDEHRDEKTED 5.

FERU = AAHZEM (X, ) LT, BEARRE (BRE ME—8) EMIIN 8 (X, 2) DER
INBE, o FEGEER f: X - YV ISR U TERE m (f): (X, 2) — m (Y, f(2))
DBEZED,

mi(go f) =mi(g) omi(f), m(idx) =id (x.a)

/=T DTHo7z. BB m: Top, — Grp ZEFLRE e300 5. Lo THHEE

2 EARBEOERICOWTHID Wi Ed THl: BoARHRE) o PDF 22,
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B f: X = Y BEETUEAE © (X, ) 2 0 (Y, f(z)) DR D 7. 0

WD T8 D BRI A= FAE»E S 025 2 BEZ2 525D TH 5
B, ZOME G M o@D BEFOMEDLHRKRTVS. o TEARBICRS T, Moo
C BF F: Top — C ZHKT 22N TEIUX, ZO F %o CTAAMHZER 2R
NS EHWT 2 e TE 2B, 75 Zud Top IR S, FHl21E Grp IR LTH
[ARD BN R B, Z2ZTED—RIZ, BREFIZOVWTONHEZHFHANL S L5 DB
EiTH 5.

2 Eofl

ST, TETCHTELEZETHRY EECHENA-bD]) T, 4 5 T
Hole. LHL, BEZOLS5 0D B3ROV, BOERZMA LTS ZWUT LW
MHOTHS.

ffl 11. Ob(C) =Mor(C) :=0 &EDZ L, ZD CIIHL»ICEDOFEGEZMZT. ZD
P& % 248 (empty category) &\ 0 TXKT . O

B 12, MREMEL D« 2T L, HBEES i, 2T ThE, ChsHoricEe &
%. Zh% 1 KA (one-point category) b L < IZ#&ME (terminal category) & W\ 1 T

T LR TEHEIE
id..

()

*

DEIHIITRSB. O

B 13. #5% 20 a,b £ LT, SHIMEZEE (id, ¥ idy) MONE f1a — bHEL DR T

5. BIsieTtEITR
idg idp,
ot

DESIThB. TNBELRAZENGNS. Zhr 2 THRITHE, O

B EBEZD LS RMTRMET 272DICRERY —RaRER T —HHELRLDNEZ SN TN,
*4 = DX interval category % walking arrow EIHEN 2 Z e HH B L 57,
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ffl 14. X5 % 3D a,b,c & LT, SHIEFEH (id,, idy,id.) BANE f:a — b, g: b — ¢
EZDEWM go fra— e T 5. RTHEFIX

idy,

W
idaC / \4 Qidc

a—¢
gof

DEIWTIRD., INBEELRZIEHRTHPE. Ik 3 TRT. O

Bl 15. dIBRMPHIETHIC Z iz ud

idg f idy,
E=11
g

S
idy,
idaC Q Qidc
a—— h<—c¢C
f g
bELRS. ZNODEIFESTENENR = - - «— - ERTILDDH 5. O

Bl 16. M 2/ 4 FBr 33 ZOLELITOLIIWCEDZ L CIEBICHRZZ e
5.

FRIIME 1L D« BT 35,

o Home(*,%x):=M &£ 5%. DD M OILLHFTH 5.
SoBEREE/ A KM OETEDS.

TEHES id, d M OHAITTDOZ e T 5.

5 HOERD LWILOFEERVZDDEE/ 4 F (monoid) 2115,
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TOLTE/ A RO NRIME L DDOBEREZZ LN TES. WITHRIMEL D« DAD
CIZTHLT M :=Homg(*,%) £ LT, M O2HERZHOEKTERTNX, €/
A EB™ELNSE. ZORFT, /A4 FIEHNRHIMEL SDOBE R —HT 2N TE 3.

X ZTHREEIZIETHZ. 2WVWIDDHRISHRDMEL D« DADE C 25 X7
£ %, Home(x, %) BEA LR LRV LTHS.

—f%iZ, EED a,b € C LT Home(a,b) BES & 7% 2B % locally small 7
B w5 (locally small ZEDERICANSMEDH2). TOSEZMLRAR, £/ 4
R EENRDME 1T DD locally small REDZ &, W5 ZeIiZikd. £ ZATHY
4 +® PDF NTE X 2BIIFEE M locally small TH 5. 72 TLUR, K50
R b & locally small TH 2 &3 5.

CORATE/ANMZEC eRRETE, COH fHRAMTHL I f 23 (E/A4
FMOILeE L) HLrFoZeThHb. [EoT, HLITHRIME 1 DO TR TOHDHFE
Y 2B THLIEEI LN TES. O

Bl 17. X #8EA LT 5. ZOL = Ob(C) = X THIMESHO AL T, C I3
PCE LR E. CHEMEE L WS, B, EARIOHETEE AL

Bl 18. (X, <) ZHEFHEELT2. ZOL =

« Ob(C):=X £¥ 5.

e abeEX D a<bEMETLE, ZACHLT fo EWVIEEEHLHET 3.
{fw} (a<bOEF)

0 (ZhLULD ¥ %)

CEFRTDE CIRENCRS. Zhermdd, HOEGHREEERNZERL LS.

FITEEHRTH D, ac X IR LTa<aZZhbd, EEIDH a— o lZME 1 OTFE
LT, 2R fo THB. EoTidy = fon LERT D LHR.

RIZERZEERT D720, fra—bE g:b—ckHtedT5. ERPO, FPFET S
72012l a<b, b<cTRINIZSRD. 27050 f = far, 9= foe THDB. ZDL
Za<clhEDSanb e NOHFIIMEL D fooia — cPFETS. T fire 0 fab i= fac
CERTD.

ZOERDVBEDORN 2T I IIERH NS, T LTHFEGRELART L
MTE5.

W C DR =T33 5.

'%bEXWCﬁLTThmcmﬁy:{



e Ob(C) IFEATH 5.
o a,be CITXLT|Homg(a,b)| <1 TH5.

ZDrEEA X :=0b(0) I 2HEERER %
aRb <= |[Hom¢(a,b)| =1

CERDIUZ, (X, R) ZAEFEATIC R 5. FEFESIZAFES LR LD/ CHEy
AiEshn, NEFESE (Ob(C) BHEAT, |Home(a,b)| <1 £72ZHE ¥ A—i
FBILMTES. 0

Bl 19. 5F TECEEF) dEERT. DFD,

o« EENRET 2.
e BICHOHE DANDHFHEIEFEC DD T5.
e M FF:C—-D, G:D—->ECHLTAERETFGoF:C - EZRXRCERT 5.
(GoF #Hiz GF L& e 9%, )
x a € CITHLTGoF(a) :=G(F(a)) 5 5.
x*x COH fra—bIINLTGoF(f):=G(F(f)) 3 5.
e B CITHLUTESEMNide: C — C ZXTERTS. (de ZHEFHFLIER. )
x a € CITXLTide(a) :=a &F 5.
*x COHt fra—blZHLTide(f) :=f T 5.

CEFERTDHE, CNIBE R RE. ZoE%E CAT e EL. chzflisze
TEOFRAIZE CAT KB 2R LTERT DI TES. 2 HEC EDW®
AR (GBTC=2D r#EL)

HHEFF:C—D, G: D—CHPFELTGF =ide, FG =idp

YRBIETHD. ZOEIRF & GPEETIUE, C DXRLE L D OFRLHIH 1
L ICHEBICHIETAZ2ICk%. XoTC e DALV DX TEE LTOEHNNFE
Ll 2wWs5ZeTh5s. O

6 EHRE WA RZT DO (D F DIEFOERD b KA ZRWZ3 D) ZHiIEF (preorder) ¥\
9.

T IR TOHREDEED ) 2EEFLARTEFELTLES L51C, 2ToOBEDEEY ) 2B ART
DY, BERNERVFARD D, BEICREEOFTIRDORVWEFFELTLES. 72, BB ERR
FHUR, BERERIRHCZ D VWO EEGHROFEMNIZ I 2ZRICLTH L EIDBRVWEES DT, Z0H4
OB D PDF TIREARINCZESI WS 223D E D EEHS BV LIZT 5.
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Bl 20. @, BEMTEERAE n Zn:={0,1,--- ,n—1} ICXDERT 2. BHEOIEF
W EoTEFRZ ANIUL, nZIEFEELRS. {toT, BIROAFIEICEY n 2B LR
RIZEMNTES. K2 0,1,2,3 1 kB ARES. ZhsBENX, BLich~7-E0,1,2,3
CAEBTH 5. 0

3 BFoh
Boflz A NAREDOT, SEIEFOMNETRTALS.

Bl 21. XY 284, [ X Y 25435, F(X):=PX)2REAEL LT, 5%
Ff:P(X)—=PY)% Mg TEDS. BIH, S XL T

Ff(S):={f(a)|acS}
ThHb. ZHZED F: Set — Set ZF L2 %. O

B 22. £E5 XY 2HfE L B3 (flr). 2ok &, X OFHIEFH L2015,
BFEX Y RBEBRX Y LRI—HTLEIEENTES. O

Bl 23. IHFEE (X, <x),(V,<y) ZBE AL (HIIR), F: (X,<x) = (Y, <y) &\
SBFEEZS. 52 a,be XITWHLT la<x bZbilX Fa <y Fb) 23D D,

a<xbtTBH ZOEEH fia—>bDEETS. KoTFf: Fa— FbT»
5. HIB Fa <y FbTRIFNUIR SR,

ko TZDHA, BFLIIEFEHEOEHBOZETHS.

FRcBAple LT, HFEE N, R (EFIZEEOKNEGRE 32) 2B AR LD
ZHIZNREEFEVWT, BFF:No>R%ZEZ%. ne NIZWNLTux, = F(n) £&<
Exi={z, )50, BEEINTH 205, FHREFELDLS 'n <mBolX v, < xpl DK
DAZo. BB z 13 R OBFEMANTD 5. #iZ {z,}22, »° R OHFHHE MY T HIIE,
Fn) =2, EThEZNEIEFF- NS REEDZ. 2FH ZOHEOEFIEIR OH
AEMA L [F—f15 5 Z e N TE 5. O

fl 24. €4 ¥ M,N B ARZTZE, BF M - N ZE/ A4 NEREDODZTH
3. O

Bl 25. E/ A F M 2BeARLEZ DZ C 235, T F:C - Set 2% % 5.
C OMRIZ 1 DI RDOTENE + 2T 5. DFD Ob(0) = {x} TH3. O %
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X = F(x) 3EETHS. C DEFRLD Home(x, %) = M Zh 6, m e M LT
Fm: X =F(x) > F(x) = X 3B&TH%. 2 € X AL Tmze:= Fm(z) £&HLZ
LWi2¥ 5. 5 F3EFLELS, mne MIZHLT F(mn)=FmoFnTd5%. 2

(mn)x = F(mn)(z) = (Fmo Fn)(x) = Fm(Fn(x)) = m(nx)

%, RBNITTe € M IR LT Fe =idp(,) = idx D5 ex = Fe(x) = idx (z) =
rTH5.

PlRizkD, SHEMx X3 m,z)—»mre X IZEDE/ A4 F MIZES X ITE,IS
ERHLTW2. g, £/4 F M PEES X ZE,rSFEHL TV, BT F: C — Set
EEDDIEB DS, THLTHFF:C — Set 2/ M-8 X LR35 Zen
TZE5. |

fAHZEM X 1S LT F(X) T TX EoBEEBEEGREREE 2 TREG) 2RI L
TR, CorE GEFES f X o Y ISHLTE&Ff: F(Y) = F(X) %, g€ F(Y)
WALTFf(g) :=gof TERTEZE3.

2O FEEFIEELRL. 20w 0b Tf: X Y IIHLTFf: F(Y)— F(X)J &,
HOMAMEPHIIRoTVWENLTHD. 7272, s ez, BFeliizk
SRR LTw5s. Alb

o [: XY, g:Y 5 ZITNULTF(gof)=F(f)oF(g9) TH5.
. Flidx) =idpx) TH3.

O XohMimEIciksd BT 2REEFLVS. ERICERETLIERD LIRS,

E&. C,D zEr55%5. CH»5 D NDORZMBF (contravariant functor) F': C — D &
¥ a € Ob(C) IZ F(a) € Ob(D) %, f € Mor(C) 2 F(f) € Mor(D) ZXISX ¥ 2B
THoT, UTZHMALTHDTH5.

(1) fra—bDr % F(f): F(b) — F(a) TH%.
(2) cod(f) = dom(g) PE & F(go f) = F(f) o F(g) TH 5.
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(3) a € CIM LT F(id,) = idpr) TH3.

R%

BAFTnf LT, #% DOBF 2 HZERIF (covariant functor) & FEA.

5 26. L TEFK L= F: Top — Set INEEFTH 3. O

B 27. XY 2885, [ X - Y 2F5KBL3T5. F(X) = PX) z2BESL LT,
Ff:P(Y) = P(X) % ) TEDS. B1b, SCYRXMLTFf(S):=f1S) =
{ae X | fla)e S} THB. ZHIZED F: Set — Set IRZF L5, O

ZO &K wEmIE THERTF) & TREMTF) O200H2507%, EZZn 2D
DEVWEFEBTIDEEDED V. LWVWHIDYH, KEMFRIEZEETFL AR 2056T

H5.

. CxELT2. ZOE2CP2LUTOEIICEDS.

HR a € CITHUTHLOMNGE o ZHEL, Ob(C°P) :={a°? |a € Ob(C)} &
ED 5.

B f € ClTH LU TH LG for ZHEL, Mor(C°P) := {f°P | f € Mor(C)} &
EDB.

dom(f°P) := cod(f)°P, cod(f°P) := dom(f)°P LEDS. BB fra—bDL X
FOPLBOP 3 P TH B,

fOP: aP — bOP, gOP: P — P ITHf L TH DA g°P o fOP: a? — P &
gP o foP 1= (fog)? TEDS.

idgor == id% ¥ 5 3.

ZDCP HREDEREMATIEEEZ oL, ZhEE C OKELE (opposite
category) R ¥ L MER. 2 THEINE, XD k512 HomMEr22 TR LZE TH 5.

cor

BEX, P, fPREL—AFENT, o ZHIZq, P ZHIZ f LKRT.
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ZDCP EEZIX, KEBEFC - D 3HZEEFCP s DD THb. DT
DI, RZEBEFL WS FEIIMFEOS, F-HALEFL2EICHET L ER.

B 28. HFEE (X, <) ZH MR OLSICLTEEARLIZDDE C tEL. 2O
CoP BIEFES (X, >) 2B ARLLDDLHEMUTHS. O

B 29. FIE3 LFEIBRICLTHEF F: NP 5 RE2E2 3L, ZhlE R oBEFABDY L E—
HTx 3. O

Bl 30. Bt G 2B AL LTC tEHESL CP 3G DHIRETH 5. O

Bl 31. /A ¥ M %EBErARLIZE, BIFE M — Set #E M-EGER—HLDL
FIRRIC LT, BIF M°P — Set 245 M-BEE LR —HTE2I 2N TE 3. O

Bl 32. F: C - D zMFr3se%, BF FP: CP — DP B TDXIICLTE
£5.

e 4% € Ob(CP) IZX LT FoP(a%P) := F(a)P L5 3.
e o € Mor(Co) 128 LT FOP(fP) := F(f)P ¥ ¥ 5.

BT FoP 2HICF ¢ EL 22\, O
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