310 a coheguy C couss of

(1) a g&Lm_oJ cbes , ool Oblc) (o fuob ).

(2) fa aumy pawe X,V € Oblc), o gb C(X.Y), olld

szl’«dwrp_h}_u_w fre X Y ; feC(x.Y) 2 W%

Aeralid x E5 v
(3) ?a.a,...JLWQ XY & & ob(C), a“couapwc-'t'o-. 7

c(7,2)x CLKY) = Cx,2) Lg,R) P o f (a 3)
S.q_cL U :

(2) Tle eowu }wh'{,‘aq o agoealiR

(6) For auy X € O4(C), Ko eril on chuadt

4, € c(¥,X) wneakol ﬁ; Ue cowpontion (aﬂ'aMW),

Called Ue idetily of X
3.2 Rowcak + Y OL(C) 4y a seh, we say Uk C
haM cetegxna
3.3 Examply : (o) Set | K cabegory will

= Ob(St) : Ue clamw of s

= S (X Y) =: Map (X.Y) : Wetd of wape XY

= A : XX, x X ; ued cou«/ww(.'o\.
(b) Top, He Cata&()(a ?7" Lopéar'cpé Shacso :

Ob (Top) : le o ol/ ﬁa/oeo/,'q,a.é Haceo -

Top (Xx,7) = {36 Sl (x.v) (fcom‘.'m)%
(e) gl,b . Ke @ﬁg««q rj Frurga and] AR bousts plostas.
(d) Rwé , Ua &ﬁ'ﬁ»vq %Mu, amocs aliwa /U—M/Aaw-(

uing boundtd rplijuo .

(C)(Kq,wlé; R-JOA (JA-R) , e alizny D




of %W— [h‘é'/U) R - senodletles .
NMotiw Ual noee ofl(l ampls ahor 0o Sul.
Tle ﬁawom% ae  &vau plos 7 Swol Cnb.;,au'wz
() Jg G 4 « gurp defice @ cwtzazouo G wil
QR st s oojed * Ob(&) = 143 omd wnplisua
Elk ) s G (undelyciy g o ¢),  Fopelles My
1 = € (ueul—wQéQ&ua—LréG-)
- Ouwporlon & (k¥) % G (d,%) D 6(+.%) 4
labp,ad,ucLoJ’G,. 308 = 3.
(3) Fare | Hamt-_;ou:) w L Olnb:ect'
Ob (¥i) = I XePW); Suemw, X- w3
wleew = JaelN; 4¢a¢ il

Fin (m,u) = Seb (wm,un), ad wewl cowpgnls,

(L) We caw oboo blee Swolle ghs ‘jf urplesus
X: o (X)= Ob(¥Fi)

L lwm,u) = { e ’E)f«'u(u:,a);ok:‘%r(-'«?
Z : Ob(zZ)= 0Ob ()

Tlw,u) = | oteFilw,n); oLk.)ccCT-«}

34 Ofiwbon . b C he a abrgoy . A wapliuc
fecony) b callled an srovapliiw @ 3 g € CCY,x)
fog cidy & §of= idy (Hew uaigue! Notid £77)
B qroopoid o a SundW cafe()'—o‘g C wlee ol naple rueo
are  Asouuthlusuo .

3.9 ¢xawmps : Ju 3.3, G ol T ow Grepoide.
3.6 Defrimtio. : d C e & abgoy . We defrue Ue e




aposibe abesowy C% by o OW(( ")z OL(C) , ad
for vy x.y € Ob(c°"),

C®(x.Y) := CCY¥. X)), logelhen wiH

CPLY,2) x C,°p(x,>f) — C (X.2)
Gzop ’ Souo) _ _Popo 8cut: - (3 °£)°P

“ Roved ol avows . T
22 Defiwbion Ll C, D he algoues. 1% fy_&_@:
F: 2D %

ta) B «elation m,(‘aw"a G eackk X € Ob(C) a uwpe Enc/€ OLR)
(o) Fu ol X.Y € Ob(c), F=E_: C(X,Y])~ D(Fex),Fcv)
sk Mol F Ay ) = Ageyy , Por B ¥ € ObCC),
ad  F(3) o FlL) = F(gef) for ol coupsil
bau (3,2) 4 waplisun a0 C.

A c_o_&ﬁgéok ot~ wwuhayetant fucr caD.

o & ﬁ..»dbk c°?P> D (Sl il oul!)

3.8 Exompla: (a) I C, D e abigoum, avd BeOb)
defice Yo Couobanl fu_‘_g_(m ¢y : €D by calx)=2
g-apaee x ¢ Ob (C), oud c%q&) = -4_2 o&,o@ weph b \JC.

(o) We lawe le ?%LM fsailobs
F: Top = Sek | F:%p—%%, T.-R-Nod » 8

FX) = wndolyag sk of X, BR) = vmdaclisiy app
{4
(e) 'J@ C o a m&m ad X e Oblc), we lace _
«uﬁmcfow F . C — S, %lmh;
PXY) - ccv.x ) o L ve Oolc), aud
Pr Va2 e, B : Gz = Covr), g3t (B




I iy colled Mo C:_b_-ﬁMACtOIr a/.,waabd Iﬂua X .
&!'M'GM%,Q}QM&PJAGGJL Fe : € = &
called Ue Pl-«tbl co-repedad by x : T o (Y) = Clx,v),
ad Ty lf): CXY) = clxz) . fa aumy PrY+2

ol = R ox

(d) 3! C w a C“t"'a"“]’ we hace o (Leu (G ﬁw«cb‘\
Ue: C=C 5 Tde(x)=X ad T4, R)=§.

3.9 Defiuibon : b Che a caleigoy. R b -abigny
o C ia caha«obg(l) will

() Ob(D) «¢ Ob(lc)

4) Yxvea (p) , D(x. € C(X.7)

(it) Te feceron D =3 C & o fruncte .

We Sagy Hal 'DJ.OAM Subca&;o'ﬂﬁclfﬁn,

auy X,Y € Ob(D), D(X)Y) =C(x.Y).
3.40 Exawpllo : (a) Fiu o & Pl mkw&ma"fc&
2. o oa Cu,ouw) &Joac:ﬁxm v\f T, okl a
(m:.-M)chg&wog P .
(b) Gp iomL«ﬁJocaft?O?g S4 !
Top 4 ol a Julauie_gao % Jt !

(c) b, K Mhécw&ywj # 6o cotmétiyool
ahelian gunfs .
(d) ‘Jf D .2 a leo('.aﬁ-s—d.-‘(%c, we loea a ﬁuca

€:D D C, Lx)=x , £Q)=L, by Lpu;-

b 3!« Foo catlegons -

@



3.4 defruiton o P CED ad D€ an fcluo,
Le (o dzﬂ.'cq'& We c.oIM/r»oH(xow ﬁw(ém GofF : CaC
by (GoF)ex) = G(F(x)) fu amy X € 0b(c),
ad (6oF)P) = C(FR) o am P:X2Y iC.
341 Rowack : e cauu.}«whh‘w vjﬁu«o@w i amocialiie
awdd mleu(i-t-‘] ﬁa«oﬁw e Leuhil 1Qun chm}wh'[»'ov\.

345 Z&&‘B . R lace oet-guea’ U volion af / ,uwluc/-,
oprduck, pll- back | peol -wil of spacsa by Sllly unes

K. ML‘wa/a. &'E?u.}, Cou Ao L(AJM ﬁpcu-j @.G?auf
Chal Moy Ls Lol vee. exch!)

VB We ui& ILL'QAMQ_ Kedle Cgfi.a'ﬂ)ucpg woh'own u’teM ue.o.a(ﬂd{ '
We mowr oteoduce Ul homt.aﬁy wlisouy y.:/:acm

F)Salpooeéw.d as o ¢haplle. J.J,we dowsl hy Top Ue
'Gafis,‘&a #’ t':o/w&/a'co-a Jhato aud couliinnso houp .
344 Def For 72,3 € Top (%X\Y), a 1@“‘-065&3_ puf t g
o wap H xxT 2 Y, T:-Lo,3 c B, fual lo]-
X e X2I &y commobis ; bew €1 XS xxT

\*b;l;“ 2 L b (xt)
We devobr Hun lvg ﬁ_‘t‘;%, We. Sa-v ka«L ﬁa.uo(é il
Lb‘j.‘i."ﬂ"l" (deroled oee!a) ‘If 3, f."-‘sg
We detob Hp :=2 Hooo : X Y.

315 loa - T “bou = ou Top(X.Y) 4o an epuiiolacs of.
Wer aelolion 4o oow'.}m.L'LZ, will wu./.oh‘l.'m ie U Sewre Ul
Top [l,z)xTolou(}x,v) —°—>Tobéx,2-) Fe ! and S*S'I
3.9 2.8 3o}, gof 9o f = 3l°f'@



poef: b L.k ¢ Top (uv).
By xxI Y, H(xbtlsfo) Vixe), we jo 2.
If ¢ ":9 , Hew 3'5(2 ,"2) L: XxT =Y, LioE)= k(x, «-¢)
.L\Eﬁ g = =h, MHew oek'”' wloew Kxl:XxI v 3

vew lelx, 26) o 0<Egl
& La kKel (a,b) ={ ' i ¢
L('ar 2¢-1 ) lf betet .

'le.o JAM %oa.eup&_ 40&/{-0\4 ou 10/) (X; Y)
Fo Mo counpalihodo§ will wm;,o,,t.h grom gef ad gz 29,
we we faenlul g f x 3 oP = 3 oP Ferv

cd ¢
k:)lse:[#f_}leg-'-)-Zl L: ng-F—-?Y;s—-VE-. B

3-46 We Af.w ke CTopl) , He L'suwtoh Callm of _Shelw

l'ag Ob (Lo (Tuo)) = Ob ('73’, ), hoT lop [x X) := L'x 7]):= Toﬁ(Y Y)/
ol

Tle char nf f & Tap oY) i C!.YJ <7 daclall E'Fj

upsrlon 4, deperad by L[f1e[3) = [fog] (well Loficed
by 218). Tle ide:l, f X € hoTop 4o Tu = [iely]
Rova ke « We lowe an sbiino Pusclen Top — boTop,
342Def : B wap foxAY i olled Lomtofa epuvaline f
(f) € heTop (. ¥) 20 ane a0 wtplivm.

We Say Kab Spaces XY oo lounCopy eqeicaliul ,(Aevstos!
X~y ), :[’”Za oo Lowaplic .ou lw'To,b. We Sy .l
X io wubah f X 2 141 (oe- psik gpace ).

3.(8 &M!‘&J (&) (vee X a }uca)wyfg')(——\ﬂe

m&pm\‘»p‘.: .F 9 wlbh K X»1 —7[2“ (o, t) = (1-8)f 10 +
+E5e).

Tleeo EX Ti‘“'.} Lo A uiffe e@&—eul'
Tu }Laa-Lmﬂm. {03 <o R" 4 & L;;mfo}y Gpw-ooéau.a.. Mo
R™ 40 obosck: llh. A

e (uerv)




(B) Su.mga;e J)-. X Su L Nk WJ:CC&LQ . P OPM
hmto,u'c G a Cowolawlt b .
fuof: Rstuwe ITw(f) c SN ivE. Ve N”s,:o'u. N

PoC.
We have a kowaeow,m_pl«aw EE‘*-E'J S"‘\{U? oS

W (Ffa.c(.oh';w @0 X -3402 2 g\ e

P ocy: X 2R 4 he uliunl oap b 0 € RY, we
kmw‘kg(a)MjH XxI = R gf’co.
MAJM:?{S’ ¢hH : X1 S \h\/} LI v
A~ e Law-of.‘a)xv )u[—wem 1Qa.w' cs

() Tle i oGt 12 \%D? &0 a L.:w.otoka
Gunvolute (W&afe).

d) [3S™ S“7 & uauJLaJ(:aJL..aﬂa.'

3.19 Dop‘__ug_g_g\; b X be a space ard a,be X,

Hp_g,ﬂp?uouatslo wn X oa couliuamd wap o 1T X

Wi otol=a ad oL(4):={ .

Devab hy L2(X,a.b) We to, a1 70| £y

Sd—jo&/nﬂof\mahla.wx,

We sa,oa Uod. o(,Pe (X, a,b) ave meto'pu.c_

htie o 3T = {0,43 ,f,f A H:IxT = X, sl

(i) Hys) = His,0) =ot¢S) awel H (8):= HESM) = [3¢s)
fr ol SeT;

(4é) Hélo) = H(0¢t)=a ad H Uz KHE) =
fdl €c L.

We dorote it by d~B ow ou‘ifg,

320 louwa N i ou eguial selahion ou SLIX.2,b). (2




pﬁoj s il o Mo fane ao Ue /"“””f GJ 3.13. 2
324D : b a,b,c € X . We dfia a map
2 (X,ab) x SLIX,bec) —m X(X, a,c)

(«,3) — oLk B

L Ve {o((?_l:) ¥ ostsi
whe @ B1CED - Rlae-1) if 4 e

(clled He coucabovation of patto) />°‘\b e

i 2C
We defre o wap K
L(X ,a,b) = R(K,b,Q) "

oA — o
lova a/a:\-b

Lty A4~ Vet
We ab%uz Ca € _Sz,()(.q,a.)
by Calb)za WEte T

2 22 lewwwna -
() Tle cowcalwabior o cowmpallle wih ~ .
Vo, 'e Ux,ab), B.pe Rixbic), owed 'f
A ~ k' ond FNP', ek ol ~ 4B,
(5) Civew e SUx,a,b),B e JULX, b)), e (X, cd),
we lace (A®xB)ae D ~ oEEHD) b Ux, a,d).
(¢) Gueu k€& JUX a,b), Cok ot ~ ot ~ oL¥C |
(d) Guex ote JUY, a,b) , Aol v Co add Aot ~Cy.
pwed 1 (&) Take o La' aned g AP
Dz&‘;z GxH : IxT - X | 6-*(((3,{—,)':}
Thear o(*p%“oc'-k[i'.
(b) - (d) We yuol andiale lua a pcline hnor Ue
kawbt\}'n‘lo coc bre o(:.pl'vea( , oud Ceave il a0 Gec (&,

G(s,24) kel
U(s 2~) ¢ 24



on ecacre ko wub Ao M peciie olefrustion of
He )«Dukots}udo MIL Q ﬁp—ma .

lr'& [ Cd(ze-l)
A

= 6
DX > X e [ s
“ Y’I £ ‘[ ?’QK
5 o0
o+ Clb C, ¥ X 3 o7!
A HC Co kot @ ok A+ ~ Ca
Td\‘-(‘?’"“) K
// A X
aep)l
k
(AXBIeN ~ oLk (BEu) @2

3-23 LZ_M + Dd : LJ— x hga S'/OA.Q— . D_‘;;'M a ca/feéol«?

T X hg Oblrx) = X (%3 Moél)(), ool |
/epa.«z, a,b e X, wTXCla,)= Rx,a,6) /- ,

~ ‘wed wa 3. 19,
ﬁ"’ 0‘% “ A Becrale

We o(%'c—e 1da = Lcal €& Tx(a,a) , act He «ecetled
ordec

(L), Ct)) b [ploluw] := [ kB
Theso iy el dapread, and X 4o a guopoid called
_é_kﬁ‘udauw mpofo( a&’ X .
prof B? 3.22 ca) , Ko cowjeonbo. & e Lof'cad :
¥ Bp’, otact!, Mo Lo %pd = Coc' % 1.
By 322 (b)), © & anocwalice , aud by 3R.Ca),
o 2o hewksl for coupontion on Ue &P [ upht. (3

0
WXCL,c) x TxCa,b) — Tx (a,c)




'F.'MZZ},A:, 3.2 ¢d) Quesy kot pbdaw L) € X (R, b)
o Qu pao e platin s Guwee  L[x]olo™') = Cot™sot)

chJ < 41,, aud (o] olol] = Coz*o}'J = L cQ) = 4o,
so Kok Lo™') = L] ™

Z

3.24 D@P\B"‘:'o»\ 309 G 4o a M/ﬁo.’_a{) bl Tol(g) :=
do[tt.‘)/z , oo = il ef-—--'ocZn..‘aa —:.z@t.-og)a»\
Ob(€) olefred hy amb <= Gla,b) # L .

We ol Tol Yo Gl of coumeclad couporank of & .

Fa a € 0blg) s Ko acksnployn fop of o,
Aul—-&lCaL? = 1%e gla,a) s L Ho 3 = € (2.

in alio dowstsd U (@ ,a). € a porpnn!
(60 T 4 o epur. welalbion bece B ir o purcpaol )

3,2504: '.)f X 4 a Space, My (x) := o (TTX)

Ao olled He St of et - co arected Owporess of X

Frn ae X, M (xX,a) := T (X, )= A‘ﬁx@)
& callled Ko.ﬁi«al«mbaﬁduué of Ue por sha
(X,a) .

3.26 Sxampleo : La) We lae Qb (rm"* ) = m"
(a0 nck ), ad o sy @, b € RY, TR (*,a)=7L 3

Lr o suglebon i £q, = (o) wlaa o: T ®RY,
AE) = (d€la a &b .

Judeed , 6Lcort= & avol «al-b,
s [e)e TR (a,t), adk po any feRR" 2 6)
ot B Sare acjucanl 20 4 3.8.G)).
kJua«Ao-a\-)-. el coeeen auOLuroaL)e.o& a ,b d'fT/E\,
bew 4 @ tun'fre wapliim @b (N fad @n Couplin, ),
Tews Wo(R" ) = {0013 (ke xdbw of 0 €2 acol
~_ _~ @



W, (x,a) = 243, e hia'l gurd .
(o) Lk X be a .r}aqa. wlL Mo dereeks /—0/4-‘:63% (_o-u? poa'ul-
fm«omo}@ gubted ). Ten Ob lmrX) = X (ao a set),

owdl Pa ol a,b e X, g aZb
7TX Ca,b) = {{,40_}, a b
We dedite WoX = X ak W (X,a) = 14al (ke

hu'm'ﬂ'-g M)
() We will see kot W (S a) = 2 Vaes
which 4o fotutive  had w0l obnowe & puoce !
3.2% Rowak (Fumikonal peopebliec): W P X DY 4 o
uwbiuguo map, W wun defir & ﬁwao»-
fo: TX = TV defred a0 Ao
() Ou ohperts, fy 4 Mo wcleilpuis wep of w5 of P

Ob¥X = X ;e'} 7 = ObY (Kee X,Y ae vewed asJels )

a l-——)-?(a)
(i) Ou M,7°L-JM , Tr¥ (a,b) — TTY(‘Pm),-F(b)J
Cot) 0?., (Cd) = CPoot ]
(hote fol Joo 2o el - defrcad give X ~wot! D Poot ~ foo)
I} i eany kb clecke Mol He d%wo a %&cfm—:
fu Ma) = Apa) ad P (BLRY) = PG Pl
C&%ﬂ-m o execte !).
2.28 Defruition: b F.6 :C 2D b hoo fuclors.
B webindd haugforialion if: F = ¢ Rou Fho G 4 a
Olect o aju.o.-pL.‘.rcuo oj’ D N, Fa) 6] wudiel
hy @ ¢ 0b(C), fud Mol fr cremy  Fl@) ") eh)

1 Y
MPL:J“-« ol : a—‘ib _,u;. C , HL&\'Q’@AA L &G-(d) bl’
Covn ba olEs . G (@) — G(b)@




3.25 Lxample : Wb P, : XY he osvlunnn nago,
and H:XxT oY ol P23

Thew H powctts o wabucol haueforimabion 4 :f, = §
affm-c('ow Tx DT, defiuedd a0 follocss:

ﬁpfr a,u.v a€X 7 (X)), Gl ‘[QZSEHa], wlee
Ha : T Y, tr HRE) o o pable 2t Y Po un .{i(o.)
Fo 4, (al. We uaol dowr Kol f Cwd e TX(a,b),
Hew He ﬁo&ocﬁ? deapai  couu b £ta) &flf(b)
Ju wmoe dabacl | e gl Sk Usd- %‘ifal:l“_c?_:ﬂ 312'0) |
Mew emit, o hpmta/'? Kk

(.@oe.)*l—lb 'lf/ Ha*(gool) (wL:cL :‘.M'-Q'ea
LU, [Roud = [gexd o (Mal) .

We aL:,FU..,K a0 o cau..y.,ant‘ou :

I’ILIxZ _02_;0( Xxii)Y NL&gbl’Ja

piececdiye O#H-L kap dsoce heol 17 W /of&g;# prcbae .

® I Cxocye + wit oul a
/ﬂl forie & o

TS

3.%0 ﬁka.ual_.ﬁz;! e} g,g: X -—'«’kk he Koo eoed tud oo
Wﬁ'o. We kiser Mol 12':’3; ao houuaﬁp-a, e (o l?-xle
H: XxI - R" Hlsx,¢) = (4-€) Fex) + £ Gex),
Fov- e_\ca.u.'.&_, l.{ X = ﬂz“, 7?: l'd,ak ol G is I ooutedt
wop Wl vole O € RY, Mou Ko uakiud Famoforualion
yue.,.lf-a H . lzx: :)CE:‘:JQO (“ﬂ}ul—L EH(d—i-)-x)
Vol i Ml/v)ua.u-\l/@_ .:i Y = 1'2”, e walesoy 7':0..“/;90 ry
(et foe (v x .y & RY wh loou.zéa/v fow 2o ouby G

|




eue pah fau x toy ).

3Ulowak: W F.6,H: C3D ae funcbic , al
E: F=D6, Y :6=0U4 e natlie X (-Mf-m—u..al'ow,
How e lace o 0btiouo OupobTon of nalinal
fawfrwalioww : Yo £: F=)H , dofied hy

(Yofla = Y. oFa P all a € Oblc)

Tlao Oupohlios § anedialice, oud Mo cdewk by valical
l—wfa.wa,é'aq de : F = F, (de)a = A ey Vaedt)
i1 vee bl

3.32 Pa.opos{f.'oh :

(D U, : Top = Sebs 4o «}Q,.‘céu , ool )Qn_ Och:x—\y,
we lae f =8, Wox — WoVY. —

du pakeda , WMo fadbrpeo ao Top — haTop — Sef~ .

(2) U, : Topa =2 Gp 4o & fonchn fooun Ve cabagay of
posctid space to Wo wlegwy of gurcho.
B =5 (X, xe) = (¥, 9.) 4 < pointid houwsbipy
Cie. H (Xo,¢)=9. ¥V ¢eT), Ko

Fo =8+ @ W (X, %) — T (Y, 90). J
T patictae s Va Petoripes an  Topp = LaTope = Gp.
(3) b £,3 : (X,2) 2 (7, 95) be a poinGd wwpw,
o H:XrT = ¥ be a (Mlhﬂ.wna-u‘%/oo.‘u(zd)
howslyy hotown £ od 5. Dewsti by hy, o [ H(%,-)])
Ue &hcedl of Wyl¥, go) whapsudiv b le Caop
Mo, =) : TAY, £ K00,€). bb ¥, W, (79 O
he Ke Cou)m.dzat‘a, "3 hyo : Yy (Cx]) = b, Cat) - Lx:' X
Tlew 9, = Yy o fo: Walx, %) = Tl Yol as



pussf: ohnao . (b wo povds Jowe oalait,

() f: XY widico a fouils of Guupacds
‘2:11’)( S2TY . Ola.,:uw%,}f a xb u ObLTrx =X,
e Pla) = Plo) Hue f oL oo pall i X, fou .

o pobte £n ¥, So L aiduas £, : WoX D WY
La) &— (LR(x)]

2f gég:x—av, od a & Ob(x), Hue Ha i a pall
i V Poun Pla) b Bea), Meefue Pear % §ca) aue
$ llel) = L)) = [g@)] = 3u(2D), 1o Fo =8+
(2) L-}L Ao an exec'se

(3) By 3.2 H povide « whicd tawfuvation y: L3
Y paleta ﬁn_a.u-a Lt]) € X (xo,%0), e lawe o
toteancne ibiens a(,mfw.u of ho Pouc

. (643

$ (%) $G) £ txo) o )y,
'Z-x,ol 3‘,(0:(']) L ’(—xo = l h-xos i j hx.
3, (%) — 3, (X) yo 2 9o

Tho G4 (6) - hye = haxo-f03) implyy 3 =T fu.

72|
Note ( Depondec ce OJ w, on U hawpoicl ) . ¥® x.,%,

be an Yo Sara pell - coucecled commprsiel oél X (e (x)=
Cx) e W X), U W (X, %) and Ta (X, X¢) oue
(Mu—mm‘a%) powuplic : W i TAX 4 a
P“’M‘F“’““ xs b 2, o X, Hew

To : o 0t,%) — W lx, %), (x3s Cheap)
A o A .

RS a Cowefma, we oblawn . @y



3.33 Paoportion: W P XY 4l Tob i a howobopy
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