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1) Loprodudts.
2) Aog'omf Fancors.
RONUS : Ao(/j’uhwf/on un't A coun't.

E@fs: [E:{, Section 4 //' [HS]/Seﬂltbhj _/[/5) 1.7

’/) [0/0}’09&4%5.
Z&f Z {t a Cdejog.

j)c?ﬂim'f;on-‘ Let A/,AQE () Theiv a}w’ooéwf et we denote
K} XK 15 the /)Vw@a?f 5 E7 Te

(I) F;(*K.L :’=>F);1><FX2 7w[an 741/ XeQL(C) we write /—; 74)/
‘f[c //om /uny‘fa}' /7/0/145 //Y’) at ‘ﬁSOZ‘S
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¥ velue) & X ﬂey, i=12, 4 P: f*X —a}’/% - g,
i egu[va[wce of (D& (M) follows Fom Lemma in Sec T of
ZCC 73 [WAeV{ we Vﬁ)aﬂzée f w. fa'ap).

(L) €9uivdwf§/ f{em are mwpﬁums X ﬁe}gﬂ;,b{z/ 5.t

Emm/oész 1) Lt C=Sets. Thy X)X =X 1K (and ¢
/s ‘flz patured  inclusion ) () /s mzzjy/'/cs‘f_
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2) Let C=A-mod Then Kxk-X@K: for ang A-module ¥
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howve a netarad /somo7a/zfm
2, //on%//t’,@);,ﬂ é/%mA[X;,V)X///omA//z,V)
see Sec 17 of Lee 4 To check (v,) (5 & %/h&fw/ Mo/;a/lw s

an

Za;tft:r on we witl o/r,saf/'o/c {Zc 4'0/)’004«% 7 7%, c’dfjpr}
0/ commutative 4—&/;65}%5 (s wll be Yo Ztensor //o@m‘)\

2) Aagomf Fanctors.

Let CD be categories. E@iné @z%’a/uf " s £ most /mportant
l’&(ﬂ/’(flohsélla thet a /imofol/ E—D con fave with a ﬂmﬁfor
D —L.

Z 7 ) _@«%[/n/f/on
Z&f //:f—’@/é\mﬂéf /e;’émw‘ﬁ)r;.

Dedmition: F 15 GH aoﬁ'omz‘ % ( lond [ is //jéz‘ zzojomf ‘o

F)if:
¥ Ye0sle) Yels(o) 4 5/’6%/0;4 Gy %%/F/)(ZY) =
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(1) K1'eoile) Yed@) X T x (~ Fio) 2 r))

flg /a/%winj, s commutative:
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Hom [ F14)Y) —2— Hom, (K ()

l?o Fly) ] l,a’g)
Homgy (FIX)7) ——> Hom, (X! C(y)

(2) ¥ reoiin) ¥ 55 yeose) the Allowns i comm've
Homy (FIR) ) —25— Hom, (¢ C07)

|’ |
/L/aﬂ(D (Flx) ) By s /%”%06 ()

For us e moin reason 4o Consider Qa//b/nf Fuitors 15 that
we Can 505 mieresfm} Fanctors  as aogomf; £ afomg fej. f@fjvr/z‘-

fl) Functors.

Z-Z) EXM/)K&S.
E)(Mﬂpfu 1:
Lt A be a commive g Let (§ be for : A- Mod — Sets
oI
Fielree: Seds — A-Mood (see Sec? of Lec 72), Free ()= A
£ For I -7 [mtef a/s&fs)-’ Free(f)(e;) = €4z

Z/&um Lo Coft mfa/m‘ A

B@Z)W we Wy/—fg /'/pfs jgl’ /%mj'e/fs (X HOI% 7@' /L/DMA_%O{)
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© Check commive a/%)’@m /7) %Mﬁw P I —J

0
Té/%mA (4@,3/14) = 9//&}0}/3,/14)
l?" Free[ja) l.?o?
Hong (A% 1) ——22——> Maps (1, 4)

l s Tv—>umpu T A" st r’/q)-ffﬂffp/,))}

!
[[f-—-'?f(eﬁa(g)\)}j
—
l; r H[jﬁ—e’[(ej)jl

QL”CK (Z)" 75” ;VE /%MA //‘/, /1/), the /D»Z/dh///g_ /5 Commutetive

e /Z/om/d KAQ/I/U) ?I:/ —=> //0705 /Z;ZZ)
2 o’ Whte now Vig
l? . r Viewed as ”’“f of seits

/%m'd (Aﬁ,I/f/) Z,ILN A/L/z}oS/Z;/U)

gaﬂé/l ——1 & i/e Senp/ T o [c’H?U[f(c’)]-
The Qo{/'un ion 15 established
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Exam/o& L:fet A be a commulative g, Scd muliplicative
subset o ALST] w éomomDy/M/ym ¢ A—A[S"]. So we
j{/f functors F:=<[S7): A-Mod —ALS1-Mod aned (= %
A[Sﬁ]-/{'foo( __>4,/l/00/ 6014%6&6/:: /orjyf/wZ ﬁmgéoy). W cLain
ﬁuf E s ﬁ/zz on'om‘f 2o f

For Me(Db [K]—/‘/oo(), Ne w[/f[S"]-/VoO/), we have 2 1{//'{55/9}7
?M,AI: /L/OMA[S'CJ /U/M[S"]) /V> —’—V—>go/14,4 //‘{/V) (we omit- (* Fon £Le
W ! = notetion )
(Wéwc (M —MLS"T m ) this s an fyuiwe/eulz wey 4 stete
He wniversal propest of tocalization fam Sec 1.2 of Lec 9
Now we need g show  Thet ﬂ(/a(jnzmy (1) and [z)/ﬁ’om Sec 7.1

Ccommite. Let's checr (1): fov Te Homy (H, M,) need %o show
Hom, (ML) ) —Z > Hom, (M, ¥)

Mars
20 2[5 20r Commuctes
-1 To by,
/L{amA[S_,J (M, [s J)ﬂ/) > Hom, (/Z'/V)//—?/f/
—_ M, =N r___—'__~_1
b ques .7°‘(Mz°75', and J/__;jwcs 7 Z[S"]aé%,- for /246/’/1,

hawe 4, Tln)= L TS Ty bn)= TSN (=D So GeT=TlSTe,,

anl  Hhe aJa(jmm mdeed commutes.
j)/aj/am (2) becomes: for 56//0/144[5_,] ,1,):

=7
Homyg o MES), 1) 22225 Hom, (4,4)
lS"? 15"7 [¥<5)=5 4% s 747/’35117/«4[]
= 72,
HOMA[S"J //'/[S'lﬁg) Iuny= 7ol Hom, (4 1)

T commutes.
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Z. 3> U FUENESS,

/frp/ﬁos;f)om It /: /: E=D ove /y/zz A(/amlL t (: @—"f 7,40;
Fiar

Proof Sup/ﬂose we hove ZX /%m [F/A/)V ’—’7/%/14 (X 442)
Z[/wf meke //) gf[Z) comm’ve <
Gy~ {gxy) Z“ Hom (F0)y) ——’Hom (FxX]y) thet
mare the /oﬂamn} anekogs of (1) and (2) Cﬂ/hmafan‘/l/a ( )

(1) ¥ = ,
Hom, (FHc), V)~ Homy (F) ¥
Hom (FHK')7) > fom (FHX)Y)

() ¥ v Loy ,
Homy (F (X)) ———— Homy (F%))

lfﬁ . JWJ

Homy (F() ) > Hom, (1))

Fix X looe sl (1) . i s us ot g Is a functor
MoK hism (7 Mo/ Aence /;omo7j//m¢ ~6/c eadd f/ /5 {7&{7&‘(0}1 )
éf/fh/cw //om (/E(X) ) 46 /%M (F%() ) Joneola 5"‘””‘1,
have {ZL Miyu /Soma/f/{/m fé/%m (F ﬁ()/:/X)) ot

w_[gxy 74T, .




h/e /ow 540w ‘L%&]f C 5 a /fmmf)/ /770704/11/71 FZ—_?FJ ﬂwaf_ an

isomm bfe each T is an 150) we heed to show Y a’/'a;/am
File) s £

64 LF@) J/FJ/«]D)
F(x) o> 5 FX)

i commutetive.  Indeed, (1) is commitatie, 5o

$”°(fx° Fz(ﬁo))= 7J°(F7cf)ozx,) ¥ Yelb(), pe Hom (F'(X), ).
Tare Y= Flx) W= Terg 4 g¢t that Gk) i commutative. QO

24) Femarcs.
//) Fix X 4 considler compo sbon of %qyz‘om

Hom, (X -
D aef £ L&,{s

-Z_7£ /L— 5 5/{ Qfé'/ f ’éy 4 'me F/X ) /?OVKIMY/IS ‘L%r (’om/ﬂwc'-
Zion via /50;440}7;//5»1 Zx . ¢e @/a(jmm /’2) in Sec 2.1

2) We con pew //omf (+7) as a fnctor C%E — St
S/m/&y% for D 5 coz?yar/f/om EPxD — Sedts

o, (F(-)2), Hom, (-, £02)
:Dméyams (7)& (1) combin. o J/ow {M [F/: Gft ad; 't
%o []<@ o Do Aincors ebove are /Imo/;géc (via g;?)

~‘|3) Maﬂdbt (wfejonc&[ Helons ﬁmﬁm/m} a ‘/'mwffoﬂ / ﬂ/Mc prZ/fZS
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m Lnear 4{?%}/&. Led [F be a feld Thewers a oér{m(jm:/co/
vector speee, F Fo a %m‘?fe dmensional vecto Space V, we com
CQnS//e/’ i?ts A/wzf/ V* Have o vector J/"mae_ /0@4'7»15, < e I/*Xl/ ﬁﬂ‘:
<o¢l/7: :a([l/)_ 4#«»/ far Q Znea// Ma/g /4-‘ l/ﬁh/ we con CO/?S/}/{/
s ago/mf, e am'7u Onear Map A* Wy * st <A, Av? =
=< A"}@}v?

Heve ave Majajs p/ z//u 7{/ m;f{’jones. Ay MA’,Z(J} 0/ F s
Sefs. An /wa/o; a//ﬂ?ff/lfj, bom V£ UV is /@fﬂlg, Pom 2 cate-
L € o fhe cﬂieﬁorj ET Ay amz/og of lneas maps U=V
s 7{l}7ﬂ(0/’5 E —D. Ay MQ/ZOQ/ 0/ the /Oai/znj/ V ol — F s
%»é[',?): Ex € — Sets. Fm% w analos of <,<ffg, v =
< /S Av> /s Ouy 0/%}7[2[/0» o/ a?n//b/nz‘ ﬂmﬁfwx.

Theve are differences as well. birct, a fundter € =D us e
Seumt 1%;45, o5 a functor EV =DV byt Yerers mo h/ag:, % jﬁf
2 Onear ﬂ4070 y* =d * bow V=W A a&lma’t‘;an of Functors
s very sensitive to £l sifes (Yo left 4&0/# of  mey nt be
/somoy/o//c % {L //(7%1[ 42‘9'0/;41‘ ~Moreover éxwfg one of 402 ﬂm#
#it 4o eist) whts For Omear Maps his issuc dbesn't anse.



BO/VMS 43&?,{/;%-(/0/: unct XCoum‘f,
Led & —D be G4 4ojb/n’f b (- D—=>E W cLuim
et s f/yq nie to finctor mp7o//f/n;: A dﬁ'clnﬁfc‘on wunrt
E: _2-0/6*2' CF K coumt i F[’==>]o{?b

We construkt & and Coawe Y 4s an exerage.

/ﬂﬂS/ﬂ/er /g,/gégmf) 71. we /Mc {«/:. ?/ZVL!/D/I

Dy k) tom (FU) FR)) —=> o, (&, ALK
Note o FJWq nse 1o & map /%MC/{,/Q)—’/%?@ /Fﬂ,’j F/Jz/])
/M/w/fg s mep A @wﬁm %ﬁ,F//z) we got

€ Pom, (1K) —> tom, (X, (FIK))

Now  we an gL 45 in 4. /afoo/ of ﬁ’y;ay;{/o/; 712 4 seo Hhot
=y L = ([F st & (;u)seyze;a.

A nefturel /qerﬁon 7,[0 ask (s 7ér '5/:/0 jghﬂ{aﬁ ,f c —m@/
[." Z) ~>F & %mﬂfar ﬂfoyﬂ//m_r E: _7}{2 = KF, Z Ff@-[t{@
wiew /5 /C &/lz A(/a/n‘[” “o 5) /éf E/Z 't Zcoun/f)_

M@/'Og /Q’ﬂmfam 5(6/01:& N WAE

2) Fis bt %’wﬂ‘ Yo [ w oyt € 4 Cow;[zlf
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