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HLIFLIEH D, Lurie iT & % quasi category Yoneda's lemma DFFBH L V) HDiZ, 2D X
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Toén-Vezzosi it Homotopical Algebraic Ge-

ometry

Grotherndieck D REBADEEMINRTH % scheme 13, AJBBHSEFIEZ 7774
CAX-LAEYIIEHYEOETHRL-LD o7,

Grothendieck @ functor-of-points; DEHIC LB L, AF—LOBMEF< 3701,
TI774 AX L0 Aff 2KREOMEL AT Set [HATMOE Pr(Aff) iCiEo
AATEZD I ENTES !

Aff — Pr(Aff) := Sets/ 1™

L Lo, AX—LP6RYy 70DLS%HE (= colimit) B ZITEHI LT3
&, Set ARTATi37% { Groupoid BIE2BRILS. Li3vyH & DD Groupoid H Fizik
WIZ VA, BRERBE TEOEOIAHRDT

Nerv
Sets — (small) Groupoids — (small) Categories € SSets

DBHBENT, FEFE—REMOTHERSE 2 L5HFKS SSets D X 5 H{ERE SSet {HAT
BOB SPr(Aff) #AVWTEZL 23, FEE ZOBFEH S (Laumon-Moret-Bailly
DETHE DN T2 3) Grothendieck D 2 ¥ v 7 DMEMNERLEEK S,

S CHEEEE, MBOLIREE /4 VLM (Z — mod. &) DRESHIN OB ATITAY:
TRE /A FRRTHLLICERETE L, Lo b—RROWFHFE/ A S LBITHLTYH,
+E3RD Grothendieck AOMREBA E FELLOBEUTELARICL-TL 3,

—RDFE@HORFEM L EMOBED—LE LT, Quillen DEFLEE V) HHBAYKRE
FE—HA2MRILLABE3H 5. EFLEC O—>DOFMAEIZZ D weak equivalence
EVIAIRD IS AWICHT AR C(W ] 2 MARYCREER LISIT) C LAtk
ZItichh, ZoBRMLiiEFLVEC O RENE—B Ho(C) L Widh 5,

Toén-Vezzosi i&, TF VEDFELGBREUBEL T, BOT—RIOVLHFRE/ A5
LB (C.g) Ic%t L Ty, Grothendieck DVEEM L FARL L ONMETEZ L AET
L, ##1%, Homotopical Algebraic Geometry &MA 77

ZITI, HEOBLRHE/ ASLEFLVEE, 2 I TORSHD DB T LT
E/AFNRPOLIBM(INE TITAVAF—L OLTHEERY) 2HERLLT,
FITETALYA b (EFVE (HARTE FE—#) OBAH 5D Grothendieck 44 +
EHBLAGD) LD 25 v 7 OB (=€ FLFEA, THIRRERC—BTH3) Kk
FTEZ, KIZ, TOBETED “SAREMICEROD Z" RAMIAY v 7 O TEs
ERT .

KO RY v ViZ, A9y 7O (FEFEC-ETHH) DERDEV: Groupoid W$
DEAT v 7DEHI e L TRBAVNCERL T DM, A2 FPE—BETHILE
HAVHIR S LI A 22D THREFE—BICOKBOEFLEDOL UKL BT
&MEENS, 22T Segal groupoid WRE VLI RXDERZ W THENEHT S ¢

Definition 2.1 (HAG2. p.64. Definition 1-3-1-6). 0 < Vi < Vn % L, RERGHE A
DH o € O[], [n])) EUTTER:

o (1] — [n]
Or1

l—aa41

T2, EFLE N IIEIT5 Segal groupoid JR L%, N ITHIT 3 BEANE

X.: A% - N

T, ROZODEREERWMLTLOEZTES ¢
1. ¥n> 0. ROBERL2HIZ Ho(N) IZBIT 2 RIES :

Ly = - h h ]
H 0;: Xn — X1 X3, X1 Xy, "X Y

Xo X1
0<i<n d

n times

2. OB HAEIE Ho(N) BT 2 BRI :

. ~ + _h .
do x dy : X2 — X1 Xg, x,.do X1

22



23

Remark. EDEHE» ST 2B LI, EFLE N IIBITS Segal groupoid ®RIE, H
T FE—B Ho(N) 2B 3 groupoid MK % 5K T 5,

-
I T,

srothendieck D AT (Algebraic Geometry over Z-modules) & .

Toén-

Vezzosi IZ & > TR I 1L FE F E—REEM (Algebraic Geometry over a model category

C) BRILTHETBE, UTDEI IR 3,

T2 FILKEEDAR ) ICOLTHICERS

sy (MUTFO&EIZ [AGMC, pT LOER) CETHELAZLOTHD)

Algebraic Geometry over Z-mod

Algebraic Geometry over a model category C

ERE /4 YLE (Z — mod. ®)

TEBT / ATLEFLE (C.5)

alg ‘= (Z - mod.g) DHUBE / 1 FN&E

Alg = (C.%) DANRTE / { FHR

Aff = alg®® = (Z — mod. %) E® Affine Scheme DM
(BEEAZEFAUEENA-STVBE EED & L)

C — Aff = Alg°® = (C,®) ED Affine Stack DM
(C DEFLEES ALTEFLEEI A S [SchwedeShipley])

Aff" = SPr(Aff) = SSetsAfTT
(SSets DETFLVBELRAOCTETLVEERS)

C—AffN:= TF VB C - Aff SSets DET L&
ERBL €T VE SPr(C — Aff) = SSetsCAff™
D Bousfield @PL (EFLEERB)

KEBEDAA Aff — HolAff™)

T )LEBREDHAH Ho(C — Aff) — Ho(C - Aff™)

7 Aff ED Grothendieck ZTH

T C - Aff FOEF LM (sub-canonical ZIRE)

AffoT AZ v P DETLE
= ETULE AFFN D ARBRL
% Bousfield BFT{l (£ T LB E R 3)

CoAfJ 7. EF VA v 7 DET L [Rezk)
= EFLVEC - AffN D ERBRL
% Bousfield FATL (£ F LB L% 3)

Ho(Aff~7): X¥ v 7 DM,
T = fiqc, faithfully flat and quasi-compact D&,
= KHEDHARD R
Aff < Ho(Aff~Fa¢) — Ho(Aff")

Ho(C— Aff~7): £EF VAT v 7 DE (Rezk)
sub-canonical ==> & FNLKMOAEHDIAADGTHE :
Ho(C — Aff) — Ho(C — Aff~T) «s Ho(C — Aff)

[X.] = hocolim,, X, € Ho(Aff~-Fac). Artin 1<3KHY
A % v 7 with affine diagonal [Laumon-Moret-Bailly]
ST Xu: A% — Afffac GLUFRBAT
1. X. & Aff~fac ¢ Segal groupoid
2. & Xn D Ho(Aff~fac) T I affine schme D BEHT
3. 8 Xo = X (source, target) (& faithfully flat 2> affine

| X«| = hocolimn, X, € Ho(C — Aff™~7):
FHOUSAPIKBLT n-BANIXSFv T,
Xu: AP - C — Aff~7 i (n — 1) — P Segal groupoid:
1. Xo. X1 1 (n — 1)-8BfA8R % v 7 OREET
2. *jdoin"‘XO ¢ (ﬂ—l)—P&:E?%
(Z DIWIBIER O X D IEMAERMLCEL TRUT28H)

L,

F € Ob(C — Aff) d stack &if, 2D Ho(C — Aff ) BT HEA Ho(C -

AFF~T) 5 D essential image ICEEN DLV, stack DF ki, Ho(C— Aff)) B
T35, BOERU CEE Ho(C— AfFA) ICEIT 58, RGIERIL 2 & #2 Ho(C~ AFf™~T)

WKEBIHOIEEZED.

ST HOYS A PICET S n-BANX Yy 7OELIE. UTOL D ICRAMICIEREICE

Zons Lk S,

Definition 2.2 (HAG2, Definition 1.3.3.1).

1. n=-1DH\BE:

(a) stack i&, REAREOR (—1)— MEAR 15,
(b) stack P& f: F — G i3, (~1)-representable

&= V(-1) — geometric X = G. F x X : (1) — Sy
(c) stack PHF f: F— G, (-1)-P BT 3S

= V(1) - %A x - ¢,
Fxb X - X% (-1)- BAWAY v 7 OMD P-H
o (—1)~ P BT B stack DHIE, LR (—1)- BMAY.
2. n20NHEE (n— 1 OBEDERE R TREMAYC) : '
(a) stack F @ n-atlas & I SHOLEEEK {U; — Flier T,

i & U iE, (—=1)— ey,
i BHU, -Fi3, (n—-1)-PIET3,
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(b) stack F (3, REM/-TH n-8A0 LuEiFiL 3
i. WA F — F x" Fl, (n—1)representable.
ii. F % n-atlas 2§,

{c) stack D& f: F — G 4, n—representable

& VY (-1) - geometric X = G. F xB X i n— S
(d) stack D8 f. F— G, n—P ICRT2Z. 80\, n—- P OMREZD. v
iZ, n- P &
= V(-1) - %@ x L ¢ Komar
o F xh X 13 n— &IHy
¢ 3n-atlas {U; — F x% X},e1 sit.
Vie &R (U; - FxA X —-X)eP
o n—PICE¥ 5 stack DEIL, %R n—representable,
IS DY ERL /- Segal groupoid ¥ EZX 5 & LHES :

Definition 2.3 (HAG2. Definition 1.3.4.1). Ho(SPr(C - Aff~") ® Segal groupoid %t
R X3 RD2ODFKME%MIT L EZ, n— P Segal groupoid & WHiFi 3 :

1. Xo. X1 & n-8Bf09R ¥ v 7 OB
2. Bdo: X; — Xoltn-—-Pit&T 2
F5E, EAIFENCHEKDD 5" KA¥ 2 Y v i Segal groupoid DAY v 7 & LT
BHEINBZ I EHbnr 3.
/-——— n-#AHY stack I3 (n — 1) — P Segal groupoid O A & v » N

Proposition 2.4 (HAG2. Proposition 1.3.4.2). X% v 2 F ¢ Ho(SPr(C—Aff™7)
CIHEREHM A >0 LT, KILFEIME :

1. 2% v 7 F % n-B008Y.

2. H3 (n— 1) — P Segal groupoid X. : AP — C — Aff~7 HFEL T,
Ho(SPr(C — Aff~7) {25t 5 R

F ~ | X.| = hocolimn X,

LT B,

IDLEF %, (n-1)— P Segal groupoid X, OBRAY YT &5,
N y

Remark. CHNSLBBICHBTEL LIS, SALLNIF-A Ty 2Hn yOBREIERYR Sy 2 1C
unhi, BOTEBELMETH 2, KL, [HAG2] DEHR (D—2 ) 1. Bk Homotopical
Algebraic Geometry DWEIZ, SA S (BWHK) R Y v I DBBAIEHR S v 2 Iickh B -8
DB THRE 25 A . Lurie 12 & 3 Derived Artin Representability Criterion [HAG2,
Theorem C.0.9] T& 3,

3 Quasi Cateogory

3.1 Quasi Category DH R — Kan #fk & Category D
Nerve
Fact. (i) A& ScwL,

S H% Kan #&
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(il) MAEEE SITHL,

Y fi
A ——~ &
) _,,
S HYNE ¢ D nerve N(c) 12 = <= 0< Vi < n. .-Elnf

o’

3.2 Quasi Category &% TOERTHOESE

Definition 3.1. B#F$4& S 123 L,
vfi

A} ——~ &
[ ".‘f
S 7% quasi category £ < Vi< n, Elf

an

Remark. 5E# LD quasi category 1, Kan ¥fE S L/NB ¢ D nerve N(c) ®3tic—a b
5. RNWZA, quasi category M, BEOKEFE—#L (small) category %k FHiIZ—A%
LI 2BBEBR B,

Warning. L2 L74d6, BHEDOED small L3RS WL IS,
quasi category WY& D —MRIC Bk “EE” b, HTULD small EFBSHEVLDOEEITUL,

(————-——— quasi category T® object, morphism, equivalence ——-———\

Definition-Proposition 3.2 (Joval). quasi category C {Z¥f L,
e Co DTL% object &M,
e C; DIL% morphism &M,
e [BOOK, Proposition 1.2.2.3.] X,¥ € Co tc®f L,
Hom(X.Y)n = {0 € Cny1 | 0 DRBOOTESAI YV; 2 DONEIE X 1B }
TEE 2 HESES HomE (X, Y) ¥ Kan Mtk Lk 3,
o [BOOK, Remark 1.2.2.5] X.Y € Cg ic® L,
Hom{ (X, Y)n = {0 € Cnt1 | 0 OBRFODEAIX X; ZO%HEIR Y 1B }
TEESHELS HomE (X, Y) i3 Kan #EE 23,
e Hom#(X.Y) & Hom&(X,Y) i34 € b ¥ —[FfE
o LH>L72h56, HomE (X, Y). HomZ (X, Y) #ICARICBIL Tz EF CiR\H AL,
Definition 3.3 (BOOK. Proposition 1.2.4.1. DER/T). B OFEYUTHFL L, £D X
3 1T quasi category C @ morphism (f : X — Y) € C; # equivalence T® 3 & T3

TREPRICRD, Tk, TEET S 0 SSets — Catn 2T quasi category
C D&E € —M@% simplicial B 0[C] DHE bk & —H

hC := ho|[C]
& LTE#L ([BOOK, Definition 1.1.5.14.), BFE

ho[f] : {o L+ 8} = ha[AY] — ho[C] = hC
L&k 28 i DR
h2 [£)(3) € Morp, () (ho[8], ho[e])
#% isomorphism TH2 LD E L TEHET 5, quasi category C D2 O2DHR X.Y € G

7% equivalent TH B &L, H248 (f: X = Y) € C; MEEL T equivalence &7 %
L LERWLY,

/
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Definition 3.4 {BOOK. Definition 1.2.12.1. Remark 1.2.12.6). quasi category C {I%} L.
object X € C % initial &8

Vfo:9A" —C. sit. fol{0}) = X. 3f: A" —C.st. f laar = fo.
Theorem 3.5. C X% L, object X € C i% initial <= VY € C. Hom&(X.Y') {TJ#A.

Remark. ZDHHIL Lurie 2 X > T quasi category 2 FV>T “Derived Affine Schme™ %
RO AEDET “Derived Scheme™ MR T 2L ZICHEAINTV: 5, FMIZ Lurie D—ED
[DAG] 2V —X%2BHBE N7, TKICEZHHD L ITE (M) B,

3.3 Quasi Category OAIE L UMHE

Example 3.6 (B &7: quasi category DO ff).
(i) (rHE=H X DFRUGHRE S.(X).
(it) /B ¢ D nerve N(c).

Definition-Theorem 3.7 (Lurie). t 2/ \iZH@ (& > T& Hom L& HPBEICE>T
V3) ETBHLE, UTOLHVICERSNSHERS N (1) I%, quasi-category &7 5:
N(t)o = {t D objexts }
N (t)1 = {t D morphisms}
Y

Nz = {mmemenvm 7 N\
/X—

h
Nz, ROIBEOF—-IiIlk>THEASN 3!

(1) 4 5D objects:\WV. X. Y, Z € t.
fxy

R, Homi(X.Z)IZBITB hH6 go f ~Dil

z

X ~~ Fuwey 4 Iy 2
(2) 629 morphisms: fn',\‘\ A (FI$ LR S &V )
" fw.z Z
(3) 4DDM: fuy — fxyofwyx. fxz-—frzofxy.
fwz—frzofiwy. fuz—fxzofuwx

¥

fwv.z ————s fx.zo fiv.x

(4) Hom(3V. Z) (2 B+ 26 OB DOLH: l

fyr.zofuy —— fy.zo fxy o fivy
Ntn(n 24): UEE#RDIET.

Definition 3.8 (BOOK, Definition 1.1.4.1.). simplicial category & (3HES &M

SSets = Sets®'T MBI MO L &\, simplicial category D7 3 M (53 simpli-
cially BBRAF) # Catpy ¢ &T.

Theorem 3.9 (Cordier). (i) (BOOK, Definition 1.1.5.5) S #% simplicial NEBDFEL, A(t)
RO NV (S) BEEL., IMrEB ¢ L, S.(t) THRREGSHABF+HoLBEEM
ISHBIS TV 645 simplicial category &35 &, N(t) = N(S.(¥). L5,

(ii) (BOOK. Proposition 1.1.5.10) Bz, S DT R TOEREMI Kan EEL S, N(S) iF
quasi category &7 5,

Corollary 3.10 (Lurie). simplicial model category A XL, %D fibrant 2> cofibrant
% object > 5% 2E M E A% LB &, N(AQ) IF quasi category 275,

Remark. Toén-Vezzosi M Homotopical Algebraic Geometry DIEATHIL S €7 LEIZ
SBH simplicial €7 VETH 3, FHWZ LD Corollary i3, quasi category W E-T\s 7ol sk
BRI DMEE AR - FWT 2. EB2O LurieDPH22H3 L 4DTH S,



$EiZ, simplicial /B S (T 2R NV(S) 12, HAREEBIF L L TREIT S5,
BEONE C o B nerveN(C) i1,
Homgsets (A" . N(C)) = Homeaes([n}], C)
I X > TR#-DIF 5472, simplicial /MBS 12T % simplicial nerve A(S) 2.  DEED
HLEWE L THROETREENIT D TH S
Homgsgets (A" . N(S)) = Homear . (0{A"].8).

& 5T simplicial ME 2[AR) 2 XD LI EDLMERELE 45, JHIIRMEFFEES 2/ B L
BigL7: [n] D TEBEDS 5 simplicial ME~D TERfFIF) THERELH, EEANIER
DEIEBIAD
Definition 3.11 (BOOK, Definition 1.1.5.1.). #WMEFHEE J 272\ L T simplicial
AT ERD LI ICED B
e Ob(dA]) = J.
e i.jEJ IR,
' . ] ifj<t
M t.7) =
ap, [zb./;(z J) {N(Pi.j) ifi <3
CIT R B¥EFEE (ICJ:(i.je DHANke i<k <]}
e in<ip <. .. <in, WL, HOER
J\Iapa[‘/_\‘;](io‘i]) X ... X l\fiapt,[a‘/](in_l.i,.‘) — Map, [A.;](z'o.in)
BHEEFREL LTDER
Pin.t'l X ... X Pi,,_l,in i Piu«i-n,
(..., In)— LU... Ul,.

LEhFERE NS,
simplicial B 2[AY] 2, MPBEFES J i U THFCR285

Definition 3.12 (BOOK. Definition 1.1.5.3.). MIEFRAOHOBHAER f.J — J i
% LT simplicial functor
o[f] : (A} — o [AY]

MWRDELIICEE S:
o BEXG e o[AT)INLT, o[fl(3) = F(i) € o[AY].
o i< jin JIZHLT fICk-oTHEINEER
I\'Iapa [AI]("’J) - I\«Iapa [AJ’](f(i)a £
i, FEFELEL L TOER
Pi; — Prooy s
I — f(I).
D nerve & L CHEWMINS,

Ihihr2Es:

27



(0.A) [ZREFEBIF 2 E D B
r : A

o Cata IXRFEM. D F DT XTD colimit NTFELE,

o TRTDHBES X (2, BAMBEES A" 15D colimit,

e simplicial /@ S ? simplicial nerve NV (S) &,
Homgsets (A N (S)) = Homgg, , (D[A"].S)

LB kHED LI
= TRTOHMEESE X L simplicial MBS LT
Homgsers(X. N(S)) = Homcar, (9(X]. S)

7 -3 S RN
0 : SSets — Cata

MEHLETE, (o, N) IIBEFEBEF2ED 3 :

0

SSets_ Cata.

e e e e
N

N\ J
Ll Zads, BRI TRbS W]
(0, M) 1E Quillen FIfEZEDH 3 ~

(

Bergner T7I/LEE: Catp 1213€ 7FIL#E (Bergner TTI/IUMEE) 2TA S,

Joyal EFILIBE: SSets ICIZBHWD Kan EFLEELIERL 2 F L&
(Joyal EFILIE) H*AD. (0.N) id Bergner £ 7 L& L Joyal 7L #E
2B L T Quillen FIfEZSESH 3 :

0

SSets Catp .

) N
Quasi Category D§#{IF: Joyal € FLEEICML T, quasi category i3 SSets D
fibrant object IZflli7e & %\,

J
KETINSE2LIP LEMIBAT I, ZORICLBELLR2FE FE-BOBRKRIIOLL
TEFLOHTEIS
(| = |.Sing) (HBEHD Kan TFLHEEE & o7 SSets & 2287 P EMMEEMOW® CG
DED Quillen EEXED I ¢

1=
SSets *CG,

Sing
S EFAEOREFE—ME H LHWL
H = Ho(SSets) = Ho(CG)

Z D &, simplicial B (= SSets BB CICH L TUTOXIICLTEE 5 H-BHE h(C)
% simplicial M C ORENC—B LM :

h: simplicial DM —————> H-BBEE O

Cats = Catgsets — Catyy = Caty,(s5ets)

Ct h(C)

2L TOERTS = SSets DBEEXH 5



Definition 3.13 (BOOK. Definition A.3.2.1.). £/ 4 YL EFLE S ICBL THL T, &
BEREE F . C — Cp »3 weak equivalence & (2. # DEBHFE
hF : hC — hCp 7% equivalence of hS-enriched categories 2% b, AWML T B L 2%
Voo
1. (fully faithful) &85 X.Y € C (S L, BAEEK
Mape(X.Y) — Mapg, (F(X). F(Y))

X' S @ weak equivalence.
2. (essencially surjective) R Y € Cp i3, FEFE—M Ay IcB\:THB X C
WIS T 3 F(X) & EE.

Definition 3.14 (BOOK, Definition 1.1.5.14.). ${x%& S ® homotopy category hS
¥, simplicial B 2[S] ® homotopy category hd[S] £ LTE®mENS. LiFLiL. hS & H-
BEELL2T. XD, FEHAY 2,y € STHL,

Mapp s(z, y) = [Map, (5] (%, )] (BHREMO € b -1,

BEE®R f: S — T » categorical equivalence & i3, FE¥ X117 H-BHEE LS — AT
M H-BREOREE 2B EEZR G,

Remark (BOOK, Remark 1.1.5.17.). TP oEHBIC,
f: 8 — T & categorical equivalence
<= 0[S] — 0[T] & simplicial MO FEHE
&= |0[S]] — |o[T}| (AfrEEORE
Proposition 8.15 (BOOK, Proposition 1.2.3.1.). &K

vle}

Forget
————

h
h : SSets - Cat o = Catssets — Catpo(ssets) = Caty Catger = Cat

P H-BEREEEEHLCERETS L. BEBHD nerve functor N : Cat — SSets & BEFERBIFE
(h,N) Bix7 :

h
SSetsZ; * Cat
N

Homggets (X, N(C)) = Homeat (R X, C)
Proof. BEfEREFE (o, inclusion)

0

SSets Set

i -
inclusion

Homggets(X. inclusion(FE)) = Homger (o X, E)
k. WG 2 BRWEOMOPEREEEF (b, i) 2FHT 2

h )
Catp = Catgsets = : * Catger = Cat
2

Homggers (X. inclusion(FE)) = Homge: (7o X, E)
BH D nerve functor N X, simplical nerve N Z AWV - &TROI NS

Cat é Catpa N SSets.
IS &k, BMEEFOAR (hN)= (hod[e|Noi) 1% :

o {e] ,
e Catp = Catggets
N i

h . SSets Catger = Cat : N

O

Remark (BOOK. Remark 1.2.3.4.). H{E$RE S/ L. Joyal 32D HE L E—H hS 2
BEEES S O fundamental category &RES, Z1Uid, S A Kan complex D& & hS 2%
BEOBEKRTD § D fundamental groupoid L% % 2 LIZHRT S,
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Kan complex & quasi category ~

Proposition 3.16 (BOOK. Proposition 1.2.5.1 (Joval)). B{E8 & C 1oL EME:
1. C X guasi-category T# D homotopy category hC & groupoid.
2. C {X Kan complex.
#® : quasi category € 9 morphism (f : X — Y) € C; #% equivalence TH 3% &
f2, quasi category C DFE FE—#% '
RC = hd[C)
I & > TE [BOOK. Definition 1.1.5.14.) L7 & &, BF

ho[f] - {o L o} = ho[Al] — ha[C] =: hC
k58 DR

ho[f]() € Mory, (¢} (h[8]. D[8])
A% isomorphism TH 3 LD & LTEH L # [BOOK. Definition 1.1.5.14.],
Proposition 3.17 (BOOK, Proposition 1.2.5.3 (Joval) ). quasi-category C {Z%f L,
C'CC%C DTRTD edge 7 C D equivalence [BOOK. Proposition 1.2.4.1. D&
HI) THB L) RBMROErHEME LT E. T5L C' 12 Kan complex Lia ), RDE
HOEHICL > TRETSITo N % '
EED Kan complez K WL . XROFBERINLBERISESHH L LB .

Homge: o (K. cy — Homget,, (K.C)

[BOOK. Proposition 1.2.5.3] & H BF C — C’ {4 Kan complex 73 SSets D FMER
578 Kan 75 quasi category D 7% F SSets DRMHETE QCat ~DAHMEFE i DH
PEAELE 53 ¢

i

Kan_ QCat

(=Y
Homikan (K. Q") 2 Homgcar(i(K). Q)
quasi category Q 2% L, Kan complex Q' DE4EE L THOAH Q' — Q I1ZEE M
h(Q') = Grouppoid (hQ)

2B, 72 LEC D Groupoid(C) 3 C DABKNI S L BB TH 5. Q' 1
quasi category Q IC2FEN S largest Kan complex & i3,

J

22T TEMD quasi-category) &I RO TEHBLBAICTHET 3,

2=l quasi-category S w

Definition 3.18 (BOOK. Definition 1.2.16.1.). $RXT?H Kan complex 95 7% %
SSets DRWGEH TME Kan TERL. Z4% simplicial BE &S,
Kan @ simplicial nerve N (Kan) 2 S T&L., £M® quasi-category &MW.5, .

Remark (BOOK. Remark 1.2.16.2.). WKW XY € Kan I L, HEHKE
Mapion(X.Y) =YX i Kan compler L5, ZDIEth S S i quasi-category
& 725 (Proposition 1.1.5.9).

Remark (BOOK, Remark 1.2.16.3.). § = A (Kan) i3, CW it Lt EHRE KD T
7158 D topological nerve & L TLEETE 308, KEEDAHRDOREKIZIE Kan % AL
TS =N(Kan) & LI=FHBED BT,
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3.4 Bergner ETI/LiBE
Notation 3.19. £/ A VL EFLES LZ2DOWH SITHL.
Catg := S-BEBOLTE. 5 S-BHBEF
hS =S DKEFE—E/ AL SVEFLE
0:=8S ODBENR
1g : =S DE/ 4 FULEEIZHET % unit ¥R
s = 220DKWR X.Y 27 S-BHME T,
1s fZ=2"=X

PR
Mappy (2.2 = {18 HZ=2'=)

S fZ=X.2'=Y
] fZ=Y Z' =X
(s := (11g
[lg = 2 POHR X.Y &H-7 S-BEET,

Mapyy (2. ZY=1s VYZ.Z ¢ {X.Y}
[O]s := 1 2DHRR X Lit2Fo S-BHEET,
Mapigg (X, X) = 15
Co:=MUTDHDS DHOETY :
(i) A%t 0 — [0]s
(i1)S D cofibration IZ X DEMEINBHD I T A D
HLERBEBT N S — 5 OFK S-BUKF
1)s — [1]s
Lo Lahs, BHROHIZERLETADIIBE/ AYLEFLE S I L TEAR ARG
S = SSets MW T LS L ru OMBALITIUIR SR, FOROORGFLERT S :

Definition 3.20 (BOOK, Definition A.2.4.1.). €7 1L# C »% left proper TH 2 & i, i
%% cofibration, j #% weak equivalence T % Xk 9 %, 9T pushout square

A—tsB

| ;
! Y

A/ PRSI SY Bl
i’

’

WWBWT, §' b £E7 weak equivalence £ 25 HDDIT EE V.
TR, € F L C »% right proper THh 3 L X, p »? fibration. g #3 weak equivalence
THB X%, TTOD pullback square

’

XI p._;, ‘y’/
qll lq
X =Y

IZHWT, ¢ b weak equivalence L2 L DD L&,

Proposition 3.21 (BOOK. Proposition A.2.4.2.). C £ F_RTDHRA cofibrant TH 5 &
AETLEETBE, C T left proper L2 5.

o, ~OBMCHET A EROTEAL NEOBARET 20EHLBMELBAT 5.
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—RDBICEAT 2 EROAAE JEDHEICMEL V. —

Definition 3.22 (BOOK. Definition A.1.1.1.). ~ % regular ¥ & 9 3. ¥IEFE
& I 7 r-filtered &1, TRTDFTESG o Ct THRED <k THELDIIHL. g
DERM . ICHFETHLEERL LS.

C 2 XTD (small) colimits xF2BEL. X # C. DHRLET 3.
r-filtered FMEFHLE | & CI2BWVT § IKL 2T index SNER {Yataer KHL.
Y TIDORRD colimit 28T, ¥2& 115 LEDBOERMHES:

¥ @ lim Home (X. Yo ) — Home (X, YY),

C. DHR X 13, TTD s-filtered FMEFHEE | & C.IZBVTj &k >Tindex ¥t
7B {Yolaecer ITFL ¢ BSEBHETH S L &, k-compact TH 5 LIF TN 5.

C. ORE X 3. 3 (small) regular ¥ « IS U T w-compact £ 7435 & ¥, small &
HiEhsd. ZOBE, TRTOFTZFICKREL regular B ~ ISH L, X 13 k-compact
&l s,

Definition 3.23 (BOOK. Definition A.1.1.2.). B C »% presentable T® % &3, X
DEREDSTE-IND L ELES (FMI2 [AddmekRosicky] 2 BH) .

(1) C TUFF T D (small) colimits MFET 5.

(2) CONFED 45 (small) L S BEEL T, C % colimits TEMT D LD

H5 EETIUL. C DETRTORFUE, SIEEFED (small) IR D colimit & L
TRoh 5.

(3) CHFTRTOMNKRIE small. ((2) ZIRET B L, JUE SICBT 32T RTOTRMN
small TH 3 Z LIZHEIME)

Definition 3.24 ((Smith), [BOOK. Definition A.2.6.1.]). €7 /L A (2B FA3HAL
9% & % combinatorial &\>5:

1. A 3 presentable.

2. generating cofibrations D& I MBEEL T. A 2B} 3 cofibrations DHEF D
I % EUHBID saturated [BOOK. Definition A.1.2.2] EN/-RfLEzH L2 5.

3. generating trivial cofibrations D& J MEEL T, A IZE T3 trivial cofibra-
tions D E O A3 J & EL RN D saturated [BOOK, Definition A.1.2.2] 3417
REDELRB.

J

N\

Catg E® left proper, combinatorial € 7L §%&
Proposition 3.25 (BOOK, Proposition A.3.2.4.). €/ 4 ¥ LEFILE S ICEL T
PT%IREST S :

e S (¥ combinatorial

o SDHDTRTDHONRIZ cofibrant

e S D weak equivalence {1 filtered colimits IZHA L T stable
¥ 5 &, Catg EICIRTHM- T 5413 left proper. combinatorial € FILEENAS :
(C) cofibration D237 7 Ak, LOHRDGRTHME Cy) XM T2|IDI 5 A

(W) weak equivalence i3, BF#R§FE F:C — Cy T. £ DFEMWBF
hF : hC — hCp %! equivalence of hS-enriched categories [BOOK, Defi-
nition A.3.2.1), 2 D,

1. (fully faithful) YR X. ¥ € C oL, FMERK
Mape (X, Y") — Mape, (F(X), F(¥)

i 8 O weak equivalence.

2. (essencially surjective) &R Y € Cp 2. FE€ FE—M hCp ITBV:
TH3 X ettt s F(X) LFE.

J

Definition 3.26 (BOOK. Definition A.3.2.7.). ¥WHOMOMOMEFE F : ¢ — D

iz
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quasi—f;p_ration
=YX E€CLEDIRBILIRNTORAY [ F(X) —Y EHL, CUBHAREF: X -1

BEELTEFf =f 455, '

Remark (BOOK. Remark A.3.2.8.). Definition A.3.2.7 DBEBEMIZL. TOED : Cat
W weak equivalences MED equivalences. fibrations A quasi-fibrations &7 3 & 3 7 €7
VIBEE RO, iUl %8O [BOOK. Theorem A.3.2.24] D, S = Sets O trivial model
structure ( [BOOK, Example A.2.1.2]) 252 7 BE&0 . BULBETH 5,

Definition 3.27 (BOOK, Definition A.3.2.9). S # €./ 4 YL FLE. C % S-BHEE
' -
e ¥ fin C |3 equivalence
= f @ homotopy class [f] 12 hC THEL
s C iZ locally fibrant
= VX, VY € C, ER%EM Map.(X.Y) € S i fibrant object.
e S-BERIF F :C — Gy % local fibration
= ROFRMEMWLENS : v
1. VX.VY € C, 8§ TOHBEHEM Map.(X,Y) — Mape,, (FX, FY) (& fibration
2. FEHEBAFE hC — hCy I EBD quasi-fibration.
Definition 3.28 (BOOK, Definition A.3.2.12 (Invertibility Hypothesis).). €/ 4 ¥ 1L %
FUE S WL TUT2RET S -
e S i combinatorial
e SDTRTONRIL cofibrant
e S O weak equivalence I1 filtered colimits IZ4*A LT stable
E5ICRDEMMNHI-XNBRE,. S T invertibility hypothesis Z#i7-3 &5 ¢

(*) i:[l]ls — C &, FEFE—B AC THMAR C D8 f oG T 3 S-BH
B cofibration & L. pushout diagram %% % 3

(llg ——c(f1)

T5&, jidS-BEBD equivalence & 4 5,
MEY S L. invertibility hypothesis (3. f 25F€ F E—W¥A & 1F, f % S-SWE ¢ caly
WKLTLCOFREME—BRIATEZ VI LR, BT S
Definition 3.29 (BOOK, Definition A.3.2.16.). 7L S 7% excellent T%H 3 & £, %
DERGEZWITHHRE /A SVBEVNEIONTWBEEE S
(A1) E7LE S i3 combinatorial.

(A2) S IIBT 3T NTDORHIT cofibration T, cofibrations D E D3 products IS L T
stable

(A8) S ITEIT% weak equivalences DEF H (2 filtered colimits (B L T stable

(Ad) SIKBUIBE /4 VLillEixe FLMEL compatible, 2Fh, Fr VL BMBE < -
S x 8 — 812 left Quillen bifunctor (FNW X S IZFAE/ F F L L2 3).

(AB) & /A4 ¥ NLEFILE S IF invertibility hypothesis %7 3.

Remark (BOOK. Remark A.3.2.17.). [BOOK. Definition A.3.2.16] DX (A2) 12, S
DESXTDONERDS cofibrant + 25 2 ERBERT S, I, S & left proper.

Example 3.30 (BOOK, Example A.3.2.18 (Dwyer, Kan).). HE#E40OE SSets (2. Kan
ETFAMEIE L Cartesian MES 2 517 L& F, excellent EFNVHE L2, H—DOIEHBFLS 3
S8ets ¥ invertibility hypothesis 27z 9 2 L2 LTI &85 Zhdt [DwyerKan] OF
ERBE oz
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(——— excellent model category (ZEf X 21 7:BO fibrant object —-—ﬁ

Theorem 3.31 (BOOK, Theorem A.3.2.2:1.). S % excellent model category &4 %
&, Catg 1212 [BOOK, Proposition A.3.2.4] D& 7L @GP NS,

1. S-BHE C i3,
Catg D fibrant object <=> locally fibrant <=
VX.Y € C. Mape(X.Y) € S {3 fibrant.

2. D 3 Catg ? fibrant object £ ¥ % &, S-BHFE F.C — D I,
Catg D fibrantion <> local fibration <=
LVX.VY € C. S TOFTEHREM Maps(X.Y) — Mape (FX.FY) & fibration
2.5 MBAFE hC — hCo (MDD quasi-fibration.

excellent €7 )L S DT R TONEIL cofibrant DT, Sf =8°. k->THE2#B5:

Corollary 3.32. ezcellent € 7L S icxf L.
(Catg)’ = Catgs

N /
S = SSets DHBE. LLEDRE» SRE1B5 ¢
- Bergner € 7 L& w

Corollary 3.33. Catp := Catssets LISITRTEHEBTIT S5 left proper. combi-
natorial €7 LHHEEAMA S ¢

(C) cofibration DI ¥ 7 5 Ak, LOHDLRTHRE Co ZBUTIM|ND7 F A
(F)’ C— Sing|C| & Cata 9 Bergner ® 7 VMBS % fibrant replacement.

(W) (Dwyer-Kan equivalence) weak equivalence 3. BBBF F :C — Co T.
321 ES

hF : RC — hCp %% equivalence of hSSets-enriched categories. 2% b,
1. (fully faithful) #&d&EN X. Y eCc WL, FEHER
Map;(X.Y) — Mapg,, (F(X), F(Y))

13 SSets ® weak equivalence.

2. (essencially surjective) &% R Y € Co 1. FE P —M hCy 2BV
THs X cCitiEt 3 F(X) LRAE.

N )
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3.5 Joyal EF/LEE

Joval &7 LHE
( ova 7 =1 \

Theorem 3.34 (Theorem 2.2.5.1.). SSets I, left proper. combinatorial %€ F 1L
BE Joyal TEFILEE LWRITND ) A5, ROUEBER/R LI ICEET S :
(C) BEEBEH p: S — 9 1 cofibration <= p: 8§ — S' IFHE.
(W) BEER/ p: S — 5 IF categorical equivalence
<= B simplicial BIF d[S] — 0[S’] i3 simplicial D equivalence.
(F) BAE{& p: S — 8’ i categorical fibration
<= p RTXTD cofibration D> categorical equivalence TH 3 k 5 2t
L. right lifting property 3.

Bz, BEFERIE (0. W) 13 SSets(Joyal € FAMEHE) & Caty (Bergner €7 L) O
BID Quillen equivalence 25ED 5 :

)
SSets *Cat .
N

« T, Catpn = Catggers WETVHMELBEAT LDIZ SSets D Kan TF L&A
VLN LE MRS T Caty = Catggers & Quillen BIfEIZ % 2 DIE SSets D Joyal

EFLMETH ZRICEET 2, )
Joval E FVEEFEFMAOER TRNBZRD 2 DOEBELERIZ, 1T quasi-category
Yoneda’s lemma DEEBHTHLHv: 645 ¢

f categorical equivalence & % ™~

Corollary 3.35 (BOOK, Corollary 2.2.5.4. % 2R\ 3),
() f:A—=B.g: K — L #ICBHEEESOMD categorical equivalence £ ¥F 5 & .

fXg:AxK—-BxL

LEEREDMD categorical equivalence & 723,
(ii) hSSets T SSets D Joyal EFAEEICHTIFE FE—HE2B L, BEES A D
hSSets i3 BM% (A] ERTE. () HOELITSTOMGERE X,V I2H L.

[X x ¥] =~ [X] x [Y) (hSSets IKBVT)
o _ /
( (0. N) D counit ERDE {§ZH] ~N

Theorem 3.36 (BOOK, Theorem 2.2.0.1.). C % fibrant % simplicial category (-
0. TRTOEMREM Mape (x, y) 2% Kan complex &7 % & 5 % simplicial category).
rYECREZDUBRIET S, T5& counit Bift

w : Map, Aoy (2. y) — Mape (. y)

&, BEFRED weak homotopy equivalence 725, . J

SSets @ Joyal €T LKL Kan ©FLVIE#EAEH N3 &, cofibration 12 & & ICHERED
HETH 5793, fibration IZEV>TIE, H X categorical Abration, A% Kan fibration &35
KB4 5. [BOOK] T4 L BEER f: X — S cB¥ 2 “fibration” DS BE {1
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T30 ZNSOMEBRIRIIL TORIZERE L CH#H 5415 [BOOK. Remark 2.0.0.5] :

f X trivial fibration

!

v

f & Kan fibration

e S
=
‘_.;f/"
e
-
-
==

{Q.z
f 13 left fibration f & right fibration
f 1% coCartesian fibration f & Cartesian fibration
\ 4‘;;,_.4,

f 1% categorical fibration

f & inner fibration

AR TIL IS D “Abration” 2L H VL EEMEL 2\ A5 $C Kan fibration = categorical fibration
BB 5E, bbb

categorical equivalence == (Kan € 7)WL #:EICBIT 3) weak equivalence

3.6 Quasi Category DT 7

quasi category @ Joyval € 7 L& T DG ~

Theorem 3.37 (BOOK. Theorem 2.4.6.1.). H{E®EE C Iox L,
C & Joyal & FLWE T fibrant <= C i% quast category.

J

INERAGCTIHIREING ¢

quasi category 73¥ —4 2 F D & ED SSets TD "Bz, —————\
Notation 3.38 (BOOK. Notation 1.2.7.2.). HE#® & ¢, D 2% L. Fun(C, D)
TCHho DANDEGEERE AT AT 74 XTEHEESE Mapgg..(C.D) &7 5,
T DEEIE. D DY quasi category DEEEIFES

Fun(C.D) # C 75 D ~D BFDHL Y quasi category &ML

quasi category Fun(C, D) % morphisms z BRFOBRER. equivalences # BRFEE
L -

Proposition 3.39 (BOOK. Proposition 1.2.7.3.). K 2 EMDHGEEG L T 5,
(1) 3_TD quasi-category C X L, BEFERE Fun(A.C) i quasi-category &
b
(2) C — D H quasi-category D categorical equivalence 7& H1¥. HHE X 7- 8
Fun(RK.C) — Fun(K.D) b categorical equivalence & 7% 5.

(3) C 7% quasi-category T K — K’ HMH{EEREDMD categorical equivalence s 5
1F, BUENH Fun(K'.C) — Fun(K,C) L categorical equivalence & 7% 5.

\— Y,




4 Lurie @ quasi-category Yoneda’s Lemma

4.1 quasi-category Yoneda’s Lemma O ER b
BYICHEESD opposite 2 FERT 5 ¢

Definition 4.1 (BOOK, 1.2.1). B{5$%% S @ opposite S°P %X D & I o ERT 2
SRP = Sp. 727 L., S59P TD face & degeneracy 3R THEZ SN 5 ©
(d; : SpF — 52’11) = (dn—:i : Sn = Sn-1)

(s;: 8PP — S,ii]) = (Sp—i: Sn — Spt1)

/ quasi-category Yoneda's embedding
Definition 4.2 (BOOK, 5.1.3).
Step 1 BfE#EE& K WL, o[K] (X simplicial BX -7 :

0

SSets ™ Clata,
N

Step 2 simplicial B 2 [K] D EHREM € SSets ® Kan € 7FAH#EHICBIT 5 fibrant
replacement 2 & X % :

[K°P x K] — ?[K]°? x ?[K] — Kan
(X.Y) = Sing|Homy, (X, ¥)|
Step 3 ZDOREHER (o, V) KBIT A EE R S
K°P x K — N(Kan) =: S

Step 4 TP (small & FBSREW) SSets ICHE T BT/ £ S EICHA T EEEH 5
EEZ5:

{X quasi-category

5K — Mapggees (K°P.S) 7 Fun(K°P.S) =: P(K)

Z® j: K — P(K) # quasi-category Yoneda’s embedding & /..

J

RS ELSREDAL ANy FIUD Eere:

( Quasi Category Yoneda's Lemma

Proposition 4.3 (Proposition 5.1.3.1 (oc-Categorical Yoneda Lemma)).
BME®E A K 12X L. quasi-category Yoneda embedding j : K — P(K) I
BMKE®RE LT fully faithful, $4b b, WET 5 simplically BHEEF

aj] : o[K] — o[P(K)]
#% fully faithful. i.e. BREH X.Y € CIK] 2N L, BRER
Map, (x)(X.Y) — Map, oy (2 [71(X). 2[51(Y)

t& SSets O weak equivalence.

COHHOBIEE MBI L TEREKALD
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4.2 GERRBODOMIRE

FEBH O HBE

B

Step 1: ¢[K] 9 fibrant replacement Sing |C{R]] (X MM T 7 SSetsSmIC€nl 4o
projective model structure (K-<—I By ZWAT 75,

Step 2: C O fibrant replacement I RFEND L <L TITHALD T 2 iEZ L L LD i
HEET 2.

C[R"? x K] — ¢[K"P] x ¢[R) » SSets w» (SSets)” = Kan
(Sing |€[K][)"P x (Sing |€[K]]) > (SSets) = Kan
(Sing [€[K]P x (S.Sets‘s"'“ 'L'f"'“'““)': (SSets)® = Kan

Step 3: ZDBfEN (€AY KT ZEIFEZIND . AR D ¢

K"P x K e NV ((SSets)”) = N(Kan) = S

| |

A ((Sing |€[R]DF) x N ((Sing [€[K]|)) - N((SSets)®) = N(Kan) = S

|

N ((Sing |€[K])"P) x A ( (S'Sei.s‘Si"g EC““1“”") °) —— N((SSets)®) = A(Kan) = S

s

Step 4: TOHE /£ FURGEICINT DREMEZIRYD . MR % 82 -

Jooqee. R A R

IN Fun(K"" . N((SSets)®)) = Fun(K'". S) = P(K)
N ((Sing |€[K]])) > Fun(N ((Sing [€[K]])"P) . A ((SSets)®))
ia
Y

N ((,SSets‘SiM ‘CEKH‘UP) ?) — . Fun(N ((Sing |€[K]])°P), N'((SSets)°))

13

A ((ssetsclﬁ’(sw mmw'vn) ) s Fun(WV ((Sing [C[K]])"") . A ((SSets)®))

Step 5: j1: K — A ((Sing |€[K][)) {2 categorical equivalence. & - T fully faithful.

Step 6: j, : Fun(N ((Sing |C€[K])"P) . N ((SSets)®)) — Fun(K"" N ((SSets)®)) I3 cat-
egorical equivalence. £ - T fully faithful.

Step 7: (I I THENLGBMRIRKEBOWME (Kelly, p.33 (2.31)] £BuV3)
Ja t N ((Sing |€[K]|)) — N((ssef3‘5""=‘“i“’“""‘)°) i fully faithful.

Step 8: jy : N((ss«:m‘s“'»‘ '*fi""?""')°') - N((ssetsﬁv\"sms‘i~'““1““">1)°) iz cat-
egorical equivalence. X - T fully faithful.
Step 9: (Z ZHHIHDEMR. combinatorial EFILBOFERLEWS) FOTIMRIN D BN

Ja :N((SSetsL'(-\-"s“”"“'[K”"N)C) — Fun(WN ((Sing Je[K])"") . N ((SSets)®))

i3 categorical equivalence, X T fully faithful.
Step 10: Bl kY. quasi-category RHIFI&HAZ

j=jsojiojsojrojr1: K — Fun(R"", &)= P(K)

4 fully faithful 7%,

N\ /




(————' % : projective model structure & injdective model structure ——\

Notation 4.4 (BOOK. A.3.3).

S := excellent &7 /L4

A := combinatorial S- B 71L&
C =/ S-BHE

c

A =CH5 A~NDS-EBEFOLTHE
Pl S = 55et.C =Sing|d[K]|. A =S5Sets D& 2, AC = SSetsSing 12 [K]|

Definition 4.5 (BOOK. Definition A.3.3.1.). AC CBIT2ERAE R o F — G I3
e HC € CIIHL THEH F(C) — G(C) » A 125115 cofibration 45 & &
injective cofibration & MEiFIL %,

e B CecC izl THEYH F(C) — G(O) »* A (T&11 3 fibration 425 & &,
projective fibration &BEIIILS,

e HECeCItHL THUHT F(C) — G(C) 3 A ITB1F 5 weak equivalence & 7
%5t &, weak equivalence & MEI3L5,

o A€ O weak equivalence 77> injective cofibration TH 3 & 5 % &H 3 I L
T right lifting property 22 & 2. injective fibration & "iffh 3,

e A® O weak equivalence 72 projective fibration TH 5 & J H&H 3 1o L
T left lifting property 2> & ¥, projective cofibration &MEIFL 5,

Remark (BOOK, Remark A.3.3.5.). #HK CeC. A€ AicwL T, BF 7§ ¢
AC 2RTEZ 2

D — A @ Mape(C, D).
[BOOK, Proposition A.2.8.3] DFEHD & 3. AC I281F 2 projective cofibrations O
77 Rix, A D cofibration A — A’ 6B/ oND j: F{ — _7.-C DD cofibrations
Wk THERENSE, JH&EDH, TTD projective coﬁbratwn %i injective cofibration
L%, WHINZ, T XTD injective fibration (* projective fibration £72%,

Proposition 4.6 (BOOK, Proposition A.3.3.2.). A¢ Eic 22D combinatorial
model structures DFET S :

e projective cofibrations. weak equivalences. projective fibrations 2 X > THEE
% projective model structure.

e injective cofibrations, weak equivalences, injective fibrations I X > TEX 3%
injective model structure.

Remark. A€ LT projective model structure & injective model structure D EH &
£EZTH, [BOOK, A335] K HFfliERe: ARC - A ZR2FH RT3 :

e: (A ®C — A°
Proposition 4.7 (BOOK, Proposition A.3.3.7.). f:C — ¢’ %. / S-&BHEDOED

SEBRUEE, ;A0 S AC % FEDARICL>TEEL2LDET S,
TBHE, fr i EREM f. & EBEME f 2FDL. X561

(1) BEREX (fi, f*) 13, AC & A D projective model structures \ZT 2 Quillen
FEfE2ED 5,

(2) BEEEXS (f*. f.) 12, A€ & AS D injective model structures (=B % Quillen
P2 ED B,

Proposition 4.8 (BOOK, Proposition A.3.3.8.). f:C —C’' %, /) S-BEEOBD
S-BERMEEL 5L,

(1) Quillen BEEET (fi. f*) 12, AC & AC @ projective model structures \=B¥
% Quillen ABE2EDH S,

(2) Quillen FEEETE (F*. fa) 12, AC & AC" @ injective model structures i=¥ 3

k Quillen BE%2ED 3,
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