NEFF 5 & Tt Kan #E5R ARG

hora-algebra

2021 4F 11 A 19 H

Bz —VIRER S, IHFEEEHICEBT % Kan 5k Z# - THHENZSEED AT Kan 55RO 7
ATFTEIRZD. BRARDTHEIOLDRELZLVLDFIEBENL, BdE2D LI R ZRRIHHETZZ
THRLTH5S. side LT, BEiddbA2ABRBEDIZFHOAVWE I RERERZZITD, HLA
TNBIRF I 7l 2 R DT W3 Kan IKEEBEE FTRSEELTWA.

BHR

1 A . BABHERE (Z[H ? 3
2 IBFFEEmES 3
3 Kan iR D EH 5
4 SZLOBEHES 6
5 HLoLBHL® 11
6 Kan ILERDFTEATR 13
7 AEARORKRVEE 16
8 FRADEHE» 20
9 EERORBN : Kan #iiRIZH > &9 TV 23

ES:TD, BEHTH
HE A S ORI A DETRO Y pCil - THE S L 281 5.

1. £EEREREHSBVA D FEHD O EBADEEE E TS 14 BEBD THEHKQEHED S 22 T
3. LErLMOZL 0o %FH I3 TERY. RICTERBAAMELZZHL I L 28D 5.

2. EEXERKIFH > TVWBIDHFIFIZFHSBVARZ ZOXEEZ —HOHI LRV TR TR Z LA TE
3. ZOXEOHREL R EFESHT 2ETHRETE 20, L) TELMEHZ S LD TFHLARE
kD 2 2 BB AN TR LWV, 5.8 BEIZH S EOMET, 7HIFEFN— a3 YORETHRIX



LTHER.

3. (BSMRFPERBROBEICEADLST) HFEEMEL TVWAARZIOXEELETHOIENTES. 2HDIHE
FFREGHROEE L, SECHEOMRRE TRIEL THEDR .

4. Kan iR ZBUCHI D TVBADEGETH 5. dLAARTERD I LN TE S, Kan fRIHES
WK 7B WL OB L TH 3.

BEOKFERBUATO L5170 TW2. AMBIEPLEMEH - T, MALPEG - F2RT. BOR
FNEGRERA R RI R 2, RRRHNZEF R— a v LOREFMGRERS.

®

2
3

4 o

7,_}_ 5; 8

BEOBAE T 2. 1,9 IBaE— 1T, 2,3,6 HIHERH - — +T, 4,5,7,8 HIFEMAKFI - FickoTW»
%. BRBI = (4,578 ) D3I OXETEMLALELD, FARICHE DHFPEFN—Ya vickoTiE
HYNCFHRARIEENZ Z e ZRELEZETHH 5.

1 ETR 2RI THEBEER IR ZHIC, HRRMEICREIEFES GRS 20285035, 1 &I
D, 2ELUBEOREMDEFN— 2 VEHAMKEICT 2. 2BETRIEFESEZH S RVFHE AT TIDOXFEDH
ez 2HFEGHRZEETS. 3ETIEIREBCAITITIOXEDAL Y My 7 THS (HFESITBY
%)Kan EERDERE RN S, 4 BTEREICHNT TEICEED & FHADOBED & 5 I @A 72 ) % 14
ML, Kan IRROEANE ICHN S, 5 ETEIRAZMIRL TV 2HE AT T, (AHZERHIEZER R 0
BARPEGTH S KO R ZENT 2. 2562 BLT Kan LR WA AR E ZAKHATWVWS Z & B HK
LTHHWVW. 6 ETIREBRIAITT Kan IHROHEAAKXZHEN T 2. 5 HE TORM Kan R Z H—HY
WETHE T 2 /72185, 7 BT Kan RO R MEEICOWTOEE 22T 5. BEEmICBIT % Kan Lk
TR T 2 EHZIEFESICE L LAALDDRRT, ~ROBE L AKOIAEZ 5 % %. Kan 5k



BHEEICE > TR RWERIC, SBEHO Kan L2 ME T 2BEOH 35EF I o TRBWTFE Ik 5 &
ELTW3. SETIRE£BIZAIT, 6 EOFTEAREH > TW2E Z L ZHHEICH x o £ Eb o 72 Kan fER %
BT 3. 9FETIRERICBIT 2 Kan #ERICOWTELFANL, ZORENOVWTENRT 3.

1 BA : BABHRE Z@H ?

ERMNTEFR SN EIR LW e id &L H 5. I idEREEE T, AERETER I N-HEEE
B2 Q- REEHLEOBM 2 RS> RIIETZ I 2EX. MATEFERO SRS Z 212kt
033, ZITLIRHR2EDAABHRTH 3.

Q2—q>R
\ N
R.

EBEDOPLRIZFER r 12OV, 7 WKIRTA2EREI q1,q0,- - — 7 ZED 27 = lim,, 0, 29" EEDHD. Z
TEOYIIRI, TTRER 72— D DIRTIF R W BITER L2V, EEE,

0— 2 g
».*(
N
R

ZAHRCT 2 (D% D 29 2INRT 2) B f BB COMZHFZ LB L THHUEFZMEL, Lo TE
DX 57 fIMERICHEES 5. HEOILR 27 13D RO —DITRE LWV, KR0S, BROBALBIL
RISTFELBVL L,

@D 27 BWEHARBILRTH 2 Z e 2 FRLZTUE, QR ZHICEELARTLEI TR A TITH
5. —ODMREKIE, QR ZRNEBEVIIEFHES ZDTEZXLILTHS. fELTEFZROHD
([LFRBFNL D D) DAERFFEE, HBOILIR 27 1ZME— DILRIRICIR 2 *2.

ZD &I, BARAZINRZFR LS LI HNIZBWTE, HIZEELEREEZEZ2DTEANTITHE. &
BOTLOM DB TEETIUL, BRABILRIEON D LAk,

BARINRZ R T HEOMEAR, EFEE LIEFZ2ROFBROMHNI SO LZ 57, IEFOERTIIE
RABHIRIIFET 5D LhBL!

Remark 1.1 (). REOTOMOBEFRIEE UTIEF & D EhufiEz vz, EFEEO—&L
LLTHEEWS BOEEZ LN, Kan ILRIGEFROMAHATESN 200 (A< 2 2021/11 DFADH]
D) HETHZ. FHLAFIEEZHD L X,

2 |EFSERER

NEFF2E SR DEAN R ERZ BN S.

1Ry 72 39813 Kan SBOERORITITS

R EMRE D LN 27 DEHFELSDRBEIND LS5, fICHEEZET L —DDRRETHS. LirL, HFEEZE
ZRNCENZ 12— UEDIEFRICE VWS XY v b 235 5. REWMROMRFEL WO FEI XY, ®RICR 2 Kan IHIROFTHEAR
DERWNRT A T 712 5!



Definition 2.1 (JHF£ER). IHFES L IIEA X ¥ ZHBE < 0l (X, <) T, UTO=205%M4 %173
HDEWVD.

e TEDzc X IZOoWT o<y
e TEDz,y,2e XITOWTaz<yh2oy<z:ibzr<z
e FTEDz,yc X IZOoWTa<yhoy<zhbr=y

Example 2.2 (8%, HHE, EK). BROES Z, FHBOEA Q, EROEA R IFEHEOK/NEGR <
TIEFEEICRS.

Example 2.3 (BEH). £8 A5V T, A DRES (MBoEELEDOESR) P(A) 3E &% C TIEF
548,
Example 2.4 (BHARIEF). CAREA X I2WVWTH, FED z,ye X TOWTr <y < z=y &7
5 Z e CIEFESICRS. CheERARIEF WS,
Exercise 2.5 (RIREAMR). IFEBHOES N IZHEIREG | CIHFESICR 2 2 L 2R X.

EFRES (P,<) %, SHRETHEGRERL TP 2 EWTLE S, ZHUIET XK B 2 @F72 1R 72
BETH 5.

Definition 2.6 (JEFRFER). IHFHEA P,Q I22WT, PH» 5 QADE/R f: P — Q DIEFRFEMSRT
Hprik, FED z,y € PIToWVWT
v<y = [f(x) < fy)

BBILEND.
Example 2.7 (ZEToH). G f: R - RPEFREGHRTH 2 2 L L ILERFABMBEKTH 2 2 i

FETH 5. f(x)=a% f(x)=0% f(z) = 2" BIEFREERED f(x) = —z % f(x) = 277 ZIEFRTF
BB TR,

Definition 2.8 (EFFREEROKN). IEFES P,Q & P 1 Q ~OIEFREES f,9: P — Q 1204

T, f<g%
E5ED p e PizowVT f(p) < g(p)

LEDD.

Example 2.9 (B TOH)). f(z)=2+2, g(r)=2+3%K5 f<gTH3H, f(r)=2% g(z)=3"%5
f<gTbg< fTBRL.

Exercise 2.10 (JEFREFESHREEOIEFES). IEFES P,Q 22V T, P 25 Q NDIEFREGHEK
DEE QY BIHFRIFEBROKN < TIHFEEITR S 2 L 2HEDD XK.
Definition 2.11 (f&/Nt, &ATL). HFEE P OJtp € PIZDOWT, ph P DER/PMTTH 5 i
FED ge PIZoWTp<gq
ERBZZEEWVD, pB P ORKITTH S i

FED ge PIZoWTqg<p



EiRBITWVI.
Example 2.12 (ZETOH]). RICIEHRAITLHRINTDIFELR.
Example 2.13 JEAEHTOH]). N TZ 0 PFRINTTHS. RATTIFE LRV,

RNTEERATTIETAEVOHEDOMETH 5. DO XIICHWICHIZR > TV AR Z A REZ e WS .
(ZOXFEIZBITZ) WIS FEICOVWTHHIALF HIHHLTEL. HFES (P, <) T2\ T, JE
izl (P,>) bEFESICKRS. ZOHFZYIIEREFESICBI MR CEPIIBIS COD
R TH B e Ebh 3.

CZETORBTOL O DEGKFIZRNT S EEZTL 9EERHDS. 6,7,8 BEHGLITITROHGEHE
1272 %.

Definition 2.14 (L5, TH). JEFEAE P L ZOWIEE S C PIZO2WVWT, pe P SOLFTH2 i
TEDsc SIZOVWTs<p
REZEZWVD. pe PHRSOTRTHZLIE
FEDsc SITOoWVWTp<s
BRHEZEZWNWI.
FRETHRJIINTH 5. EROTIEESO LRTHHD, TRTHDH S Z LITER.

Definition 2.15 (sup,inf). JHFHEE P L ZOHMIEE S C PIZ2oWT, S Dsup( LR) id S o Lo
SHERNDHDEVS. SO Inf(TR) 2IZSOTROIERRKDDDEVS.

sup & inf HINTH 5. ERDS B, TROIBHERREWD 7A 77 BRIVNALTREE > T s.

Example 2.16 (/M5 BANE). IFEEE L BRBROIERFRES (N, |) 22w T, {12,18,30} ®
sup X180 TH D, inf 36 TH3. —fRIZS C N D sup & S DILTH DRNAMEET inf 1 ZHRANIET
H5.

Example 2.17 (EHTOH). R DHEHEAE {r € Q|22 <2} D LRIZ V2 THY FTRIZ V2 TH3. —
77, QDMHEAL LTAL {rcQ|2? <2} ITFLRD TRBEFELR.

3 Kan IhRDES
COBETRET Kan HROEHT DA S,

Definition 3.1 (Kan #53R). HFEE P,Q, R LIEFREGS f: P > R, g: P> QIZOWT, fD gl

ol Kan iR & X, f < hg

p—.L R

NNA

Q



BBIEFAREFEEBR h:Q > RDOIBERNDBDTHS. f D gilifhol/ Kan #iiE% Lan,f: Q - R &
. fDgihoif Kan E5R 21X, f > hg

BABMEFRFER L : Q - RDOIBERRKDBDTH 5. fDgllinoiti Kan #hik%E Ran,f : Q - R &
<.

EREHZMANI, D giZino 7/ Kan Rk & I3EFRTFER Lan, f : Q = R TH - T,

p—7 R

\/\I/
Lang f

ZigizzL, 2 OEROMIEFRIFER h: Q — RIZOWT

p— R p—"1 R
x Al / = R A@j‘y
Q Q h
BBELDEND.

Kan fERIGRATEE L UL LTERSN TV A2 SFETUI BN TH 2. LidoT, T~&
FE~D~Zih o7 Kan TR E ED 51 D & 5 RERSFIEIAE 2 TAUIBIR X R R 5.

Kan fEIRDEFRICB VTR AL DILRICZ S Z & f = (Lan, f) o g BERSINTWARWV. RICHS X512,
Kan fERIE—HIIEA L OIERICIE R 5720, ZOBKTAES f < (Lan, f) o g G FRAEAREERL T
W3EHHEZLNSE. REFAE, ARYDIENFELRWVE 2 TH Kan HERISILROREALZIFL TS
ns.

F7z, BN O D4R (0% D /£ Kan Rk & 4 Kan #55R) 3B 2 605 T IHEREL T bWV,
RDHiH B Hl % R T L.

Remark 3.2 (E&EwO Kan #5ik & ORR). HFES D Kan #55RIE, BEERO Kan 5RO H2 2 LT <
FilissaTcdh .

4 ZHLOBEDBE

COETIE, FICEBCHBERMZf - MR CERNLA 28 L TERZMHZIICL, Kan 5RO 7 A4 77
PHEHIEABELATH SV, Kan LR TH 5 2 2 OMEERIF T EAUI L TRL WA, B LT AUTS kS
HIZi Y T E BRIV, 8 BELHOED Kan #L3RIF 6 ETHZ M5 Kan IHROFHEAKN TR TESIC
Fxy I TES.

*3 BN TIE, oSBT FRICIFE T ASEEN R AR 2 RV T—BNTH 5.
*4 KM DILIRIZ TR B 7= DER 725 H STV 5.



EFAR— 3 AR

Example 4.1 (f88EIBOILIR). 1 B TEAIAE - 7B BEAB OB A Y I Kan LR TH 2 Z & R L &
5. PREHEHEORTIEFESE QTHY, QREIRTHS. 29: Q- R % 1: Q - R(HEARZHDIAA) IT
o THRS 5.

BTSSR h: R - R THoT,

(D% D Vg eQ, 2¢ < h(q) K3bDDOHFTRND S D) Kan IHETH 2. ZHUIHED 27 R 5 R T
H5.

. ) o7

2:{14 23341 23I415"

(@—>R

\\m//Z
2"=Lan, 21

AR, A Kan 58RD 27 THH, ZODOMMMWRILERIZ—H L T3, 1 BETEHICEHRE UTRERL £
S ¥ 3 HARIRIBONRVWIEZHALL. £ErEHr V-2 = 0FE KL, IBFELAL
EFFARTEBSR e WS RS <(X5IIE—ROEICBIT 245 OSETHRZFHE R LGRS L Vo720 T
»H3!

EBD Kan ILERDAR—
RG22 D DILERD— L Wil LT, %< O IR RAFBEEH > T\W 3

Example 4.2 (JRBI% & KHBIE (FROBECAM)). SEE, idg:Z — Z 28DIAB L Z — RIiZik->
TIRL &S, %D, FEHHIBBEG2BRLRITEIMN? 2E X 5. EROBARBRBEGELUIMH»T
EoTH I

7z — 9 .7

b
L R

R

RBEND h, DFED 11T o7z idg O Kan HE5RIFRERK | | TH 5. ANV Kan fEERIGKFHBEL [ ]
TH5.
Vs
le
-1 0 1 2

| E—

e

-
we o TF
e



ZD XS ZEAD Kan RIS T LH—EL AL

Exercise 4.3 (EBHEMBORAILER). EB r e RIZOWT, HFREGS s, : Q>R %

_ )1 (g=7)
Sr(q) T {0 (q<7‘)

YEDD. DAL L Q = RIZIRo72 s, DEAD Kan J53E Lan, s, Ran, s, &% 5.

1. EED Kan IEBRDPFEET 5 Z & 2.
2. EAD Kan JERD—F % (Lan,s, = Ran,s,) 729D r € RIZOWTORBENZEEEZRD K.

Kan L3R D IETFTE
72, Kan ERIZZ D ZDEFEET 2 LIRS0, Kan EIEDTFEE LR WD WL ohZIF T L.

Example 4.4 (B0 BARILRIZGFELZWV). 1 BT BHROBARILRIFGFHE LRV 2 FRLE
DEENZHERIRD IS CERTES. EEX L ZOHMIEE S E2EZS. SOLESY ~NDEH
[:S =Y %X RCHERL-V. £EXEARIEF CIEHFEG L AT, HDAAL LS - X Ko7 fO
(/&) Kan #55R

BEHAZEGE (S =X 2 Y B—KO5E) ZBRWTHETE L.

Exercise 4.5 (EH 0 HRALAMBOELUIFTE LR V). Example 4.2 ZELIL T, idg : Q — Q DAL
1:Q > RIZH-o7 Kan HIREE X TAS. DF D, FEROBARREEBCELUIMP?EEZ S 21Tk 5.

1L FEHn>11220TC, hy,:R— Q% h,(z) = [zl vz 2 v h, BIEFREBETH D,

n

Q—= 0
N
R

BT O L BT
2. FHDEABEIECEL (1 123 - 7 idg D7 Kan 538 Lan,idg) 131FE LBV 2 & B RE.



IEFFHEEAN DIKTF

Kan JERDERTII YRR SIEFHESARENTDH 5. EFHENZED % & Kan IHENED 5 Z & Off
Bl z=8NT 5

Example 4.6 (74 V27 LOBE). Q225 0,1 ={z eR|0<z <1} \DIEFREEGH ¢1 : Q — [0, 1]
Zoeo(q) =1, 2D I NOELKERE LTEHRTS. ZOrE, HAL1:Q — RIZiHo7 ¢ DL Kan
LR

Q ——2——10,1]

\ Al /
L Lan,cq
R

ER 55 [0,1] AD 1 B EHEE (Lan,c1)(x) = 1 TH 5. —F, [0,1] OEFEMEDEET, QR D
&% HRHZ B ICEE L=54E, Lan,cy &7 4 V7 L OB

(Lan,c1)(x) = {

L%,
NEFPREEDKYITE & 5 o7, RIFNEFES D Kan IER T P OIEFIEAREICIEHE > T0iRn®s,

Exercise 4.7 (P DJEFANDIHMKRF). (EHFEED)Kan fh5k

p— 7 R

\\\NAI///
Lang f

WZOWT, P LOEF%E f,g BIEFRFEHRICR 2EHTERELTD Lan, f 13ED ST/ Kan LR TH %
ZrxnE. FHC, PIcEHBERIEFREZANTS A Kan R TH 5.

AHDILFRTIZE W

ZZETEIT Kan FERIZETARYDILRICHE > Tz, SV, FaREE 2RI AER
[ < (Langf) o g 3FATH o7, 2 TH 513 Kan FLRDA Y DILRITIER o TWARWHIZ BT\ L.

Example 4.8 (RILT). IHFHEE Q% Q = (& 5} R2EAOLETH < H VWS REBTERT 2. 4
BIE Y REEEEHE =( (251 ) BT 3IEFEG Y Lo TR L ThH 5. £E X ICHWRIETE
AL %, RTOEMH X - QEIEFREERTH 5. Lt - TIEFRETE X - Q & 55 5 H
B RIS EEZHIE) BN ST 3. CORSEb-T, BFRETRX - QOItE X LomE
PIERCZICT . A X,V IZOWT, X xY LOGEIR 2 ZROGE LA I N TES. T, mE

*5 D Kan IROGARBEETH 5. SEBIEFHEZEZ THE720, B LTRAUIERORRSAHUC K-> TED, HRAE
o BARMEDEHIIC I 5> TV 3



DEBOERZ RS THRLTEIFET 272550, 2% X xY LO@# ¢: X xY - Q052 6h
oo & B X XY — X 1o 7z Kan $5RIZTRET 2725 5 2.

Xxy —2% 0

A

z— Iy ey, ¢(z,y)

%3,

HE Kan L5E2 52 5. ZOE Kan$iik% Iy €Y, o(—,y) FEL. ey, é(z,y) & T3 yeY »’
(FHELT () DI L WS EHKTH B, FABARIRE ¢ < 3y € Y, d(—y))om I (zo,y0) € X xY &

D
¢(‘r07y0) = Ely €Y7 dj(man)

TH2. 2ITO = FHBENUEEFR (TR ) THE. ZOK Kan ILIRPA Y DOHLRICK 5
DEF 2 ERGE ¢ DEMBLE 2 ZRCKEFREITE 1 ZBOALC Lo TEEZ L ETHE. MIMIC,
= Vy €Y, ¢(x,y) 4 Kan JHRZ 5 2, RABZIRER (20,100) EX XY T2 D

Vy €Y, ¢(xo,y) = é(w0,y0)

ThH?. BEOERZROST2OOEABAEIFIILYTHS. ZOFIOFEL VIR [4] @ 9.5 Hixe [3] D 1.9
HizrzH2 2 X,

6 HLUIFTAREZEENZ R sup & inf B (—RICIZ) AL DIGRTRVEER L Kan LR TH 5.

Example 4.9 (sup & inf). 725 x5 ¥ 1 2FOIEFESEZ 1 tEL. 126 (HF) £ R~ (JHF
7)) BRIEEGBERZ2 2T RO —N—IMIbT 3. IHFERE R ZOWMIEESCREre RIZD
WTC, rHBSDsup TH2ZEIZ, riIHEd 2 (HFRF) B8 [r] : 1 — R HP—ER (HFRIT) 5144
108 5 1o EDiAAB L: S - ROEKan JEIRTHZ Z &

S—— R

NS

YEMETH 2. BN inf 1346 Kan LR L TERTE S, L=d-T, PREEISTEES 2 DDH
REBEE sup & inf THB. FAMAEEITIsc S TrDs<supS LinfS <sTH3. ZD Kan JEik
DAY DRI Z DX S HILEE A 1 DLW L ETH 3.

Example 4.10 (¥{%). Gffg: X — Y IZOWT, JEG%E & 2EFREES f(—) : P(X) = PY) &%
5. BZBIEFIUEEBRICEZ2DbDTHS.

dp(x)
X)

fN A'/

10



F T idpx) O f(=) @R o 7 Kan #RCH 5. FABRSEEAZSC X Jo
ScfHf9)

RBZAEHEGETHS. SVEINE, fTOEDENELVEISIR X O BRKATERLRILE ST
W3, IOk Kan EBESA Y OIEIRICAR 2 DI f BHE R S TH S,

5 HLOHBELE®
D URHEAIHA DB b 0 b —HOFHE AT THRITH . UTOHFCHY 2 Kan fERIE—ROBE%
ERTIZARWEERIMT 201D, EFEEOHTHHEROTZ LA TE 5.

fItEZE M

Example 5.1 (N#B). (iAHZEH X iI22oWT, X OBEEE P(X) & X OFEE2KROESE O(X) 25X 5.
P(X),0(X) 13HicHEHRATIHFRSG L ART. ZorE, HoiAd 2o 7 idox) DL Kan JRIRIE
M?OFED, HAREOMESICX 2 RELLUI»? ZEZ 5.

ido(x)

\ Al
L Int

P(X)

0(X) 0(X)

WIfH@E D, MEB (B%)Int : P(X) — O(X) 25K % Kan L3R TH 5.
A Kan #ERICOWTIEEEICLTHL.
Exercise 5.2 (HEABHEADF Kan $55R). Example 5.1 ORI TLL T ZRE.

1. G Kan IR DFHET 5 Z & 2Rt
2. KAED Kan BT 27D X 2T, 22 TH 2 e BB EFDTH B2 L 2mt.

BEE
S CTHAT B EATHOME, (6] 1 L B L OBIGSTNTH 3.

Exercise 5.3 (REOHTEHR). £8 X L Z0REE P(X) & P(X) OMAIEFELEEBEZEZ5. 0
&, HiAA L B— P(X) 1o 7 idg OF Kan ER%Z & 2 7206,

*6 —fRIIITFET B L IFR & 2w

11



1. X DRRBZER (B, £/ 4 F, K, R CMMOMBALET D K1) T B A HB#RAZERH (RS L T #R
SRETH L) 2EOEELRS, EORIEZER (G U T RE) 0AMHE Kan kR Z2E D 5 Z
LR

2. X B R? T BN EARKOESZ S, MEEISEIENS Kan JRREED 5 2 & 2Rt

3. X MMMHZEMT B 23 X OEE KL s, HAFHZRENE Kan Jiik2ED 5 2 L Z2RE.

Exercise 5.4 ((FERILTLIEE). £REX OMIEE S CX I X EomE xg: X - Q &
xs(@)=8 < z€8

WEoTHIGT 5. Example 4.8 BT 25 m : X XY - X 2—KDEH g: X - YV ICEZHEZ/2d0D
2EZD.

1. /& Kan fR5RIEHIE T 2D EEDEETHEITIIEBRICZ > TWd 2 & 2Rt K.

X —X 50

NN A

2. A Kan TRRICHIG ST 20 EE 2 E X T 8.

X —>X 50

\ A(S)

AR
WEFRIC B 2 oD OEERERE Kan RO SHETHRAI NS 2 L 20N T 3.

Example 5.5 (RIEZE22f EofEsy). RIEZER EoRy2E&RT 28, JFREEREK ORI & JEaErTH#l
BB DED N DILREAENIZRAT v TD—DTH o7z, ZOHRMES Kan ILROHFITH 5. HIEEZ2RH
(X, B, u) 1I22WTC, FEAMErTHIRIE & BI O R/ NERD R TIEFES Meax 252 5. F57 [ du: Meax —
[0,00] 1&, JFEEEHERIRL & BB O R/NERD L TIEFEE Simy 225 DMDIAAL 1 : Simy — Meax 10 -
7o BB DT [dp - Simx — [0, 00] D/ Kan #RIRTH 5.

Simyx f 4 [0, 00]
Al
\ 4u
Meax

IEFFREEMR f: P — RO Kan JEBREE X BRI AR g: P — Q Wih»> TIER T 200 % 25 5 TIRE
$5. FHZ Kan #65R Lang f : Q — R DERB Q BT B S THET 5. Lo T TAHERIR D LWEFRIR
ARER U720 &0 S BHOIRIRIE 2 3N EZ 512 5. LarLl, EGD Kan HiskMmAZFIA TS C
CTHRBERDEVEREZI/DI I dEA6N 5. BRNICEZIE, A0 Kan HR5R2S—203 2 #iFHI1

*7 nLab https://ncatlab.org/nlab/show/internal+logic Tl dual image X IHIN TV DD

12



RLEDDERAIEREEZZ2DTH 2. BABILREESIIANZ 2 DD Kan f55R7E23, 5 LT3 1
DOIEEBMLVE WS IBEZZFOIEL 2L B, LWSTATFTEHEZS.

Example 5.6 (HIEZ2MD5Em). HIEZEM (X, B, 1) 20T, u: B — [0, 0] ZIEFRTFEHRTHS. 1
Z X OFRES P(X) O3 bARERR D NN AEER L7\, 22T, £THDIAL 0 B— P(X) IZk-o
7z p DFEAD Kan LR E 2. 5.

B K [0, 0]
\ La%LM
P(X)

TZ).

IO E, (X,B,p) WER u(X) < oo 256X, B, i) FHEZER (X, B, u) DFEHICZ> TV 3.

ZDRIEZER OB EER S 21T L, FTEARXNEER LR 6 BLFRCHETS. 2 ZTIRERDER T 5 SHH
WKCHERR T E 32 Z e FEBIc L TEL.

Exercise 5.7 (Ml O & AILAIZ5EM). Example 5.6 TEZFE XNz (X,B,n) #FZx%. i(N) =07%%
N € Biz2oWT, N DIEROEMAEAR S C N IE S eBr»ou(s) =0 %ifil-3 2 & 2R,

6 KaniLERDEHELT

ZZFETIH L7 Kan IEIROAIZ 2 TED, ZOXEIIBIT 2 IFIFELTO Kan JLRIGAREWICHE U AL
Theorem 6.1 THKTE 3. ZDI L E2EHET 370, EHEKDOHE]

Q—>R

\m /
2"=Lan,29

8 EFHEH - TV AT TEROSETS XL, WE p 0%EMiE Lan,u ¥ Ran,u @, BEOE Cat 12815 (—MiXkb
noh, EFHEADE Poset READE Set TH W\ )equalizer THHLFR 5.

9 A ZERIAEIR TR L & 75V WEIHLIC A B O, 0o DY ZHTALHBES (MRFTES). i(S) = oo 55 S DK
TNER S C S IEoNTD A(S) = 0o LB, —RAMIER, B D o— MEESEDIS S LA,

13



WKALHIRS S, 27 W) BALYNR (A Kan #A5R) 13 1 ETHEE L7 X 51T r NS 2 HH S|
q1,q2, - =12 —DOWbh, 200 2%  OIREr LTERLL. r=nmDETELLL

3, 3.1, 3.14, 3.141, ... — 7
$
23, 23.17 23.147 2341417 97

RETHB. ZOEBETEIEINOMBOMEEAHEONTWEY, HFESOSETRD LS ICEXHZ LS.

2" :=sup2!(=sup{2?7€R|qgeQAg<T7})
q<m

CIZTqldn ATOREBETERES. » NIRRT 2HEEF| 2 —0BIRT 20Tk, n UTOREES
RTCEIDZDTH 5.
Z DR GIERIEFRE S I — L TE 5.

Theorem 6.1 (JHFEAEIZET 2 Kan LROFHELRN). HFESE P,Q,R L IEFREER f: P >R ¥
g:P—>Q%&EZX5.

Q
EED e QiZDOWT sup f(p) (€ R) BFET S L &,
9(p)<q
q+— sup f(p)
9(p)<q
W fDgIiZiRo7-E Kan 55k % 52 5.
p— 7t R
Al
R /sup f(»)
Q  9p=<-

Proof.

FIRNTERENTZER ¢ supy<, f(0) Z1:Q - REELZLITT 3.

57, I DIEFREFEGHRTHZ e 2mT. ¢<d %5 {f(p)|pePArglp) <q} C{f(p)|pePAg(p) <
¢} 2D THAD sup & UL 1(q) < I(¢) Db b,

Rz, f<lgZzmrd. EECpe P 5. BHZ (F) FXglp) <glp) &b,

fp) < sup  f(p') =1U(g(p))

9(p")<g(p)

L%,

®RIC f < hg BAZEBDIEFRFEBSRL:Q - RITOVWTI<hR3Zr%EnT. FRICqeQ %L 5.
sup DEBREZEZIUL, W) D {f(p) |[pe PAglp) <q} DLEREKZZEZREIEEV. g(p) < q 31T
BDpePIOWVWT, hiZBFZRODT hg(p) < h(q) £7%5. Fiz, IREXD f(p) < hg(p) %5, &b
BT f(p) <h(q) £7%25. O

14



Exercise 6.2 (i Kan #EIRDFHHEAR). BT, BEZ inf 2FE(E T HUEE Kan #55RIE inf TEHHETE
%2kt

COFENARTIE, THOUTOILAED LR (sup) 2 31 L WIARTHIUIHH OFREITK 2 531E
%, HREEEBORELTIT 2 ICX o THARARIBREB/ TWADTH 5. RO EHHERILRMEEZHIICZ
DI EBRERLTERL V.

Exercise 6.3 (XBMNFEIE). IBFES PI2owT, idp 107 idp ©Z% Kan #E4 idp TH2 2 &

% Theorem 6.1 % W\ THMEZEE X
p—¥ . p
\ Al /
idp idp
P

ROEEZ, (Exercise 8.5 LA T) ZONEHNTHRELEDHED—DOTH L. TOMWDMHATRLL.

Exercise 6.4 (Z ZETOfl). ZOXEIZINFTTHTEL Kan IBRIIETZORXTEHATE S, 2D
L2 ATRERIR D % < ofICHERSE &

COEETHAEARDOBNZ W PR CM-oTd oL EES. 9FETHNS X512, BEEmD Kan 55K
NG RFAUSFH E A0 B E X S 512 (AP 50 e!) KA1 %

Definition 6.5 (% Kan #5R). Theorem 6.1 Tt &% Kan i3k %4 Kan #1155k (pointwise Kan

extension) ¥\ 5.

Remark 6.6 (GtHEANXTEHETZ 40 Kan #25R). Example 8.1 TN T % & 512, &l Kan HEIR T2 W
Kan iR b FET 5.

LoLl, HEHDEBVCRZLED RV, ZZETORNETER Kan LR TH o722 026 b RMBE
% X512, EER Kan IERIGE R Kan #ERTH B & W0 5 #ERAI (£ BAWER) pHIsTw5. [1] @ 6.3.
HiClk

By the categorical community’s consensus, the important Kan extensions are pointwise Kan ex-

tensions.

EEIATVS. B ICE > TE (ZOXEIBIT 2 )Kan HEIRD Z & % weak Kan extension &FEL, (ZDX
BIZBI %) &l Kan Rk D A% Kan extension £FFATE BT

Our present choice of nomenclature is based on our failure to find a single instance where a weak

Kan extension plays any mathematical role whatsoever.
EETEoTWVS. ZORBRAIOEBIFERIE — AN — AW D THL .

Theorem 6.1 DIRFUZBWT, JHFEE RV EDZL DEMAEEITOWVWT sup ZF2IZ YL Kan E5R I
FELRITV. MmRBEPIRXDOEMETH 5.

Definition 6.7 (SEfE¥). HFEEG P 2R HKRTH 2 13, P OEBROTWHEED sup 2HDOZ % 8

15



5410,

Corollary 6.8 (Kan #LIEDFEEH). R PR EZ S, EEOIEFRESGHR f: P - R,g: P — QD
WTH R/ Kan 55k Lan, f HF(ET 5.

ZZETORITEZIXQ,P(X),0(X),[0,c0] R ICB 2 SEEALEHE (MAHZZM DL S E 7 I
RMELSRY) REDPEMATH 2. RIFEES e LICEERBRIBIESITOVTOA sup ZFZ720.
H£EPHPARIERECIEFES L AR L0 Q U, sup 2HRTROVESEEDLTZ XADH 2120 T Kan i
IROGTFELICL Do /eDTH S.

#E & LT, Corollary 6.8 O Z#EM L THL.

Exercise 6.9 (Kan {LiROFEEHOM). R ZIHFEREL T2, UTD 3 DO&EMEMFAMELRZ L 2R,
(k> b: Example 4.9)

1. RIESEHHTH 5.
2. ERDMEFRIEFFL f: P — R,g: P— QIZOWT, &/t Kan ik Lan, f DMFET 5.
3. EEDIEFRIFEEGE f: P — R,g: P — QZDW\WT, /& Kan #8k Lan, f 2FET 5.

7 HEAROEKRMEHE

Kan E5RDA 2 DILGRIC IR 5 72 D+ 0572 ¥ Kan R D BURZRNEE %2 6 EOFHRAX 2 AT ICH
T5. MOBICHARTHERRFENIZ WD, BIKZHT2HE DARFIT IV,

Z DEIFEFHD Kan RO ZEEFMBIS HWE LTW5. P THNAT 2 HEIIERICH T 2 Kan #E5RT—
RSN T 2 EHZIEFESICEE LIAAR S DTH 5. HEDETHNT 25 —RDBE L FkDO b D
TH5. LHL, TOXEDBED SN WK 5 ICEGRNE R (HH < THE TEENZHEBED 7912
HIFFICEHERORED) — SN 272 THIA L 72w, X3 2 Bamd € H 2 5 %MiE 3 2 NI fHHR5ET
TATF TN TE L iz, BUSHSR L 7 NIZFERZANC L 2 & RWEEZRD T, S L 2D 5.

Definition 7.1 (HFEADHDIAR). IFREGE [ P — Q PHIDAATHS L1, (LED p,y € P

12OV T
p<p <= f(p) < f(p)

BRBHEZEZWVWD.

KIS 3 % EEROMERIZ (1] @ Definition 1.5.7. (BdFo fully faithful) TH 2. I ETHDAALIFAT
WIEFREEBRIE, RTIOEKRTHDIAARIIKR > TS,

Exercise 7.2 (REDILKRE G Z 2 05 fM). EFREER g: P — Q DAL THZ2ET 5. TDL

*10 5213 P OB OEDESH inf 2O, L E-THENEICKS.
*L 226 50D sup I3/INEE LA TV
12 THEERIEFES Y Bk L b DR Z D THIS

16



%, EEDIEFRIFER f: P — RIZOWT f @ g 1l o7& mife Kan 55k Lan, f 13 f = (Langf) o g

p— 71 R

\ I Aan

Ziliifz3 2 2mt. BORAHTBER Kan ILRISAH DR TH S . 53 2B EHIE, (1) O
Corollary 6.3.9. TH 5.

8HET, BRIELVIIEDRERZ EDH B Z/HMNT 2.

Exercise 7.3 (FRMEDHER). JHFEE R 2D r IZOWT, HFREFFRr < - R—>Q%2EZX 5.
g:P— QKo7 f: P— RO Kan 45k Rang f 2% 2 5. £ Kan ik Ran, f 28R TH 5 Z i3,
FEED r € RIZOW\WT

ST 0 P / R’“S/‘Q
\\”Aj f = x\” R TS
g
Q/Rangf

HH O Kan JRIRIC72 5 2 & L AfER 2 & Z2ne. e 2 EEROEMIE, [1] @ Theorem 6.3.7. TH 5.
CORERZIHRINCHAA LT, Rtk o&fein

Exercise 7.4 (BN HAIUIEKR). £ Kan 55k
p— 7t R

\ VI /
Rang f

2EZ%. RHB&®IINT 0 Z2FD2%5, CDA Kan #i5& Ran, f IIBR Kan i3k THB Z L 2R LW,
Exercise 7.3 2{fi5 2 %2& 2 5. LB CreR%x ¥ 5.

P ! R =50 P / R = Q
\ VI / — \ VI R TS
g Rang f 9 /
Q Q Rang f

A Kan R TH 5 Z e Bt L. R LOREZH <D, r< - R—-QDZt%s.:R—- Q¢
=L, MBI, YREDIEFRTFEEGS L, Q> R%

LEDS.

17



1. t,o8, <idp 2 id, < sp0t, TH3B I L Zt*13,

RA——JQL——ﬁR
ty s
;\\Vb/f //Zw\\\
Q

2. 1 0fiIFZHWV, hg <s,o fRIEBDEFREFRL: Q - QITOWT t,hg < f725 I & ZRE.

SN N v

Q—F—— 0 Q—F—— 0

3. 2 4 Kan f3k Ran, f OFEFR LD t.h < Rang f 725 Z & ZRE.

Rdan
\\NVR//]

4. 1 0%¥r 3 kD h<sRan,f &% Zmnt.

5. LA k¥ Exercise 7.3 &1, Rangf 3% Kan IR TH % Z & ZfamO ) X.
ZOEEIE, [1] Tl Lemma 6.3.2. 12 & D Exercise 6.3.1. Zf#<{ Z 2 I1Z0h5 5.
T oo niEE 0%l & L TROIEFREFEGHRE ERL THL

Definition 7.5 (yp : P — D(P)). EFHEA P 12OV, IEFES D(P) LIEFAREEE yp : P — D(P)
EUTDOESIWTEDS.

e POHNEASCPHFHLTWR LI, TEDpec SIZOWVWTpTD P DILIFLET S DITIK
BRBEZEERWNWD.
e TICFALT: P 0N E 20 UKo TIHFESEZ D(P) v EL.

o EFRIFESR yp: P — D(P) %
yp(p) ={p' € P|p' <p}

TED 5.

5T 2 RO (yp PHEDAATHZ2 L WIEELED S L) [1] @ Corollary 2.2.8 (Hii/EE & KHE
DAB) TH 5.

13 ZhEIEFEGWR TS 1 7R, BRTIEREEE VS

18



Exercise 7.6 (HEEGOEEMN). £E5 X WHHREFZ ANTHEFEEL LA S, (HFRE) 5B
yx : X =2 D(X) =P(X)iZyx(z) = {z} £RoTW3. P(X) 35EHK (Remark 6.7 A k) THB. L
MR T 5. (EFHRE) 514 f: X — LI2oWT, JEFREEE f : P(X) — L % Theorem 6.1 TfF
TEDMRAE S N 5 /2 Kan #R3R

X ! L
R Al /f
P(X)

LEDS.

1. fIHMEED sup 2RET 27142 L 2Rt

2. MG f o f 13 (EFRTE) 5% X — L & sup 2 ROlEFREESR P(X) - L ofo—N—HiEE 5
2Bt LD CTEBERRESOEENLTRIL > TH 3.

3. EFMREFEEM/R f L - PX) %2 f() ={z e X | f(z) <1} TEDS. FED S e P(X),l € LIZD
WT

Scf(l) < f(5) <l

VIR 7
4. ZOFEEFICET 5 BAZIEFIC X 3 IHFHEES X 2 ROIEFES Pic—R{tL, D(P) i& P OEER
Bt THS Z L 2ifiamol) k.

WIS 2 EEROEHIX, Kan fERICE T2 o &  EIRFENVEBE D —>TH % Nerve and realization*!”
(nLab @ https://ncatlab.org/nlab/show/nerve+and+realization % [1] @ Remark 6.5.9. 72 ¥") T
H5.

Exercise 7.7 (B, HFHEEESR f: Q —» RSB TH B L1, idg 28 f O f 12 7=&&/E Kan fik

BICR2Z2Z2HRWVS.
o— R
\m/
f idr
R

FEEIICEWRAAUS, R OTEH Q OIEE OBIRHED A & - T (FHEART) BETE 32 LB LS.

L EFREER f: Q — RIZOWT, EFREER f: R —DQ) % f(r) ={¢e Q| flg) <r} TE
DB, CprE, fHARETHE IR fHEDAATHS L LRAERZ 2 TE. (ROITEQ
WHtkar LTRdTE3)
2. EBDIEFESE PIZOWVWT, yp: P — D(P) 3B 2RE.

WG 2 RO E I [1] D Theorem 6.5.8. R [2] D X E6HITH 5.

1 qup ZEO L IZ, EEDOEHEEITOVT sup DITEEMED sup =BT 2220V,

15 BRI RTE 213, KEREMLLVIRETHS.

16 Z R ERFESRTIRA o TR, BRTIRMEEVS

17 fiiz b Kan ORFERLHBRER S I3 22555 5 L.

*18 = :Ud Exercise 7.6 D D XLV, [EFHIVICIE restricted Yoneda embedding ¥ W5 b D22 ->TW3,
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HREPRVE ZFIZOWTIX, 8EEAD 2V, REBOFHEEOHE, SaEIHEOERICHTER
72T, HEERRWEEITREFR=—Va v BAETERE o0 LARKRW., 22T, FAEEICE L CH
L AFEWII 2T TE L.

Example 7.8 (BT 2WE ). R OWMOEE S C R OMHDIAL 1 : S > RAWETHZZiE, S
B R OEAEAL LT (MHEZEBINC) METHE L, DEVEEOMEERZFEROMr <r' I2O2VWTH3
SESHEELTCr<s<r &ik3Zt, LFAMBTHS. FiZ1: Q- RIIMHETH 3. Exercise 7.7 D 11T
b, i:R— DQ)IFHDIAARICKED, EEITICHALZ Q OFMAEEGL LT TE 2. Zhidvwbw3
TTH*YMITH 3

8 FEADHEHLE®

ZOETIEY LED -7 Kan ERDFIZ 4 O 5. BAIO _DFF R ThWw Kan kiR TH D, 7TETH
MR RE LR 2 DB OEREEN L ZGEDOKANC > TWb., DO D 2D13h Y b —LOEBEDREE
D Kan BB LToEhe 4V — « NIV P OEHD Kan 53R FWZEEEETH 3.

Example 8.1 (FA TRV Kan 55k 1). XD 3 2DEFEEZE X 5. P = {a,c} TEEBARIEFZ A
3. Q={a,bc} TFa>b<cR3BEFEZANS. R={a,a",b",cT,c}iClFa<at >b" <ct >ck
BlEFZ AN 3.

\\\Y/// //;k\\v//;\\\
b a b+ C
P Q R

WEFREFEER f: P > Rtg: P> Q%aldall, clIciBITZIETEDS. BHFRHFER
(5)T:Q—=R%aldat 1T, bIIOTIT, cld T BT ZLTEDS.
IOrE, f<(-)Toglhs.

p—7J R

NN

EBE, f<hogBRBIEFREEFSRh: Q — RIZ (—)T LAFELRWV. LEdoT (—)T X fDgiciho
7ol Kan #EIRTH 5. LA L, COK Kan IERIEE R Kan LR TIF AWV, 2518, ¢ 1IFJHDIALTH 31T
05T (-)T1E f DEDIERICKR > TWRW. L7d - T Exercise 7.2 ICH T2 ZRMDRE IIHBE
TH3.

RDOFNICLIEat D ICHZ TH 5 272D TH3. ADBEZXTEL TVWBDT, BEWVWEDHIUIFICELDL
H5.

Example 8.2 (FriTRW Kan 53k 2). XD 2 DDIEFEEEEZX 3. Q = {a, 1} WKIZHWARIERF % Ah
5. R={a,0,1} 1230 < 1 R3EFZ AN 3.

20



o
Oe——o—

R

ISR f:Q > REaldall, LIZLIKBTILTEDSE. 2O, idgid f O f Ko7k

Kan #L5RIC7 5.
Q % R
\ Al /
f idr
R

L2L, 0 € ROITEREZEZNZI DK Kan HERIZHZ M Kan fBEE TR W I bbb, LzdioT
Exercise 7.7 B} % HEEDEZTEZAMEZATLIHOBRICHE>TLES L, YA Exercise 7.7 O/NH
TEBOL L 5.

Example 8.3 (4> F— /L OEEDOREL). 7> b —LOBEBOREENZ, 3 HEEGHIEIIA - 72 2 EBFHED A
Kan 53R TH 2 Z L 23 5.

1 A b= OEREDORSE

ZODRE +, - DERITIILKY + > - X AHEREFIETFEES9Sq = {+, - 123} 2z
5. EBE m > 1122o0T, mERFHGE WS IHFREER evy, : Sq— [0,1] ZRO LS WCEDSZ. — %0
N, +Em - I ANBEERITm ERDRERE B o7 20fE, 0D
m—1
eV ((an)nzy) = Z

mn
n>1l,an,=4+

LEDD. PIZIF

evip(++++++...) =0.999999 .- =1
evy(+—+——+—...) = (0.202020...)5 = 0.75

195F D, (an)2; < (bn)32; ERZDEF_DOIISIFIIDHELVE & (an)S2; = (bn)3 2, BRZBHIDLE any # bng
WCOWT anyg =— P2 bpg =+%528T5.
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TH2. AV F—NVDEBDREE c:[0,1] = [0,1] i evs IZiH o7 evo O Kan R TH 5.

Sq ]

= [0,1
evg\‘ Vi /
(0,1]

Example 8.4 (74U — - NIV rOEH). C E*2OFRICTHAEM YV t HEHAGH f:V -V O
M (V, f) ZERIOCIIEEEEC% 5% (LUF, FLDD) MR Z 22T 5. MIEAREICE T 2 EATTHI O MR
FLDD Oo#imL sz o 5.

FLDD (V, f) DBNZHERK pv ) E1F, o(f) =0%2% C LE=y 72X p(X) € C[X] D5 bR/PIX
BObOTHol. INZHAOERIE &ML -TRINDODD) O TH Y EEEO—FETHE. ZDH
BEE sup DI THE, (Fm) £ Kan LR TH B Z e #BEL X S.

MBIER o(f) D0 TH B Z L DERIITEEDOITLE 0 XEZ VWS o7, LT, SLveV
ZOWT o(f)(v) =0 tRBE=y ZZHR o(X) D5 BRATEDD D o,(X) ZHVIUE, BPZHER
o(X) E{py |veV} oI IMEZEA L FHT 3. BIAEZENEX CX] o=y 7 ZHEK L EREED
723 EFEA*22MPoly @ sup 2D T,

@(X) = sup @, (X)
veV

LbEIT 3.

CODFEE Kan IBIROBICHZ > TWB 2 #BIE L & 5. HEF%EA LDyn %, FLDD O RBIE23 %
T H B, HOMBEG ARz HERIEESR (W, 9) — (V,f) BEET L E (W,g9) < (V,f) €T3
EFEEr LTEDS. 2L T, IBEFES LDyn™° 2 —JtEmK*247% FLDD 2257 % LDyn Q5 IEHF %
B ¥ 5. ¥ FLDD o/ EHEA 2o R/NZHX 2 E D Y 2 O THR/NZER 2 W2 EF #1754
¢_: LDyn — MPoly: 2t %. ZdD LDyn®* AOflfRIZ®H ¢ : LDyn®® — MPolys & WS Rz W 5.
TR B RbD DI — TR EN R ERECI 2R e ZE AU, ZZETOERLD

LDyn®* MPoly

A

LDyn

FEEE Kan JETH 5 22 vbh 5. Z0 X3S, (V,f) OSERIE, V OeE BT 2 2HEALE
DV READHRRITIETH 5.

20 4 X RRICEZTH LW

21 BEXOFRED 1 oZHEAD Z b

22 BEREM o TWAAEZ, bDICCIX] D4 F7 AL EaBRORTIEFES (DREEFES) 2EX 528D 5. C[X]»
PID TH» 2 Z e ZHWIUR (0 ZE= v ZIZETHIOTBITHIFES 20 KEBEFFRAA{OND. 4 77 re A Tilam 34Ul (£
Sy 7R PEDTIIFL) HmAS MR D, ZHENO—BILICT 2, I OIEFES T 2~ (Bl L 35EmEc
BBZL)HEBIMERZHEDRY v b HibH 3.

*23 [ o4t e AR OFETER LTV S

AV, f) TR EH BTC v € V BFIEL {f*(v) | n €N} BV ZEAIZEH Y LTAERT A2 205, HELv eV IfF
L v 2BTRNOEIHIENFZDEV 2KTH B2 20> Th L.
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RNZEAR Kan IR TH 2 Z 1%, BEZ 75 AV — - N"IAFVOEHEERELTWS. —EKRER
RICKEBEROI 2R IOV TE, BANZEA L EAEZEAZ R L T0E* 20, FHZEAE L 2 IEFR
1#545*26® _ : LDyn — MPolyc WCBILT ¢ = ®_ o : LDyn”® — MPolye. %2515 5.

o =P_
LDyn®* MPoly
\\\\\II////}
L o
LDyn
i Kan HRROER (Fmtk) &b
o =D_ o =P_
LDyn®* MPoly LDyn* MPoly
@
\ " / - \ : y
D
LDyn LDyn

¢ <®_ :LDyn — MPoly. £7% 5. 2% b, {TE®D FLDD oW TRNZEXIEEZSEXNZEIDS.
ZHUIT =V — NI N DOEHTH 3.

ZOFMRIERFEEH & D IEVCEROVHHA TR L ABEP Ry X VT2, [TJICBF275 44U — 1
IV OEMOGEHIE, EENCZOMHEZEZTLEDBDICKR>TWVWA.

FRTHRAFD ARG TROBEE 2L THL.

Exercise 8.5. HR 7L L2 FOH D SIEFEAED Kan EEEZHEL, HHWS D% DU KEFA
(twitter: @hora_algebra) IZHZ T /Z& W .

9 BEEREOBN : KanikkiFH &30

T, EFESOHFET Kan RO ZHAL TE . HiE, Kan IHRIZEGROARCRA XN 3
bOTH 2. BT 2 Kan FBRICEED D 2 N3 [1] % [2] 2FHb L X,
JEFEEZTTOMICAK/NEGREEZE Z 2 D o724, BT (G, MR MER) O & b &2k RME
(HidE, HeR) 2EZ2 602 LS RIEFEGO LR TD 3. BRI L —D OB, BEANIER
ZOMOEBRE —DODEEAREDZZETHS. ZLT, ZOXREIZBYBIERFHEEFEEBIIHINT 2 8E&
(BATF) 1%, BEANNROMR L 52 e TES. ZOMRMICED, ZOXETRIEFFEEGOILRERT
H o 7z Kan HERISEI D S E TIIBFRBROMERIERICES. 2212, Kan IROEZEMHOARE (O—2) 23
H5.

F 7z, R ERR OIS S KR H OHEC K HE D A A LHERHR L€ - R & 0@l H 5 205,
Kan #E3RIZ 2N S ICERNTHR—IRHEEZ 52 5. BRI, TBF2ONRERZ 2 D0 BHRZFEL IR
CRMIRTH 2 R THB*. D k512, Kan HGRDERIGEANLERBRIOHF—ER/THDI 0D

*25 ERIE v IKOWTHEE {f*(v) | 0 < n < dimy } TOITFIERRER K.

*26 IHFEREBASTH 2 2 L IBICHERTE 2. % FLDD W ICEIL T, W OEERIEELZEEICOWTITHRREEZ RS L
W,

*27 EFE ST ONEYIE Exercise 4.9 TH 5.
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HABTEZ20THS. ZOMRICBI2HHREEDN 2 ToOMRIE Kan LR TH 2] TH5. 2] 65|
Ashd

The notion of Kan extensions subsumes all the other fundamental concepts of category theory.

TH5.

Bz 2sX )y FERKBEICHIZETZ2bDIC, ZZETOXETEUIMNS DS LR WERO—D D
HZ@EH L CIOXERKZ L. 2L, RADTHOEIZL LTOBEGRTH 5. BEImIBUAICHT 2 HAT
BRI HAAZIREL XS5 T2, DN, JVEHZENTRNMIT 2 X5 BRI TRITS, BED
RIYDEBMUBE@mEA VWS 22T YELWY AAEZHIZ 22N TE 200 Lky. JEZATFEZRED K
EFRHFENCHGR L 72w B2, EEOREEGOEHDNEEN...) tEZLNRLTY, JHFEED Kan fEEk%
o TV 2 HIRFAFATRE/RR D K & @R L2 Z D ¥ £ Kan RBROBERICHF 2 UL L. B
Kan LR %2 ¥R, EFESOHEAPOMUHB LT, HHORTE2MRIIERLIZWE £9, quasi-iso
DM 2B L BT 2GR L 2w e &b, HABIIN T 2 4 H{K% simplicial set DAAHZERFY 725
FUCHEBR L7z 23, B E % bundle ¥ A3 /5EZRIE % bundle & AR T HEIBRLIzVWE 23,
Kan #E5RIE “IEL W AMAEEZHZ TN S.

BE Xk
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