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TWO l&ey AL«'A[er‘eﬂczs be'éween l’\omo/ogy aw& (_ol'loyno/oyy are

hd Homo{ogg S Q@ COVarian{- fuwd—or wlﬂ}e Cohoma/ow is Confmvarl'ané.

A Conéinuous Lunction §: X"’ y induces
S H(X)— H. (Y)  on %omo/oﬂ, but
$*H (Y)_’ H* (X) on COL!DMo/oﬂy.

et C_ol\ornologj_ Ms a_,na%ural prozluc/:, Lthe Cup proo?uc{-
Hi(X) x HI(X) =2 HH(X)  defined a5 o Compos.'éfon

HE(X) x H(x) 7 HA (X X) —\> H(X).

IY\ baH'l Colqoma[ogy and, holmo}o\gy, 59 Contmyar:ance y the diagoWa‘ map X’—’ X XX
Ofle Can Cons%mq’:_ natural maps via X —> (’x, 74) nduces  this map on Cohomn/cy)é
H“(@ x HJ(W) —> H™ (?: XW) and] /\/o nice awalogme, for homa/oqy, in geneml.

Hi ()~ H; (W) = Hiﬁj (ZXW).
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HowdagY cant Eel Mg'o(z%@@m/g Dedveen
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Follnus from, m/xw&z H.(x)e Hy(Y)

/ﬂﬂ& (0 gmﬂu& sthructnire.  on  cohsmoloay  Cuw
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gacfz'ah 23 The ‘rformn, Vie,wpaivré

Considar Hw le;cgary of CW Compla.xes ava Cowéinuoms maps.

A reduced homolpgy theory s o Lunctor assigniag .

® 1o eud nonempty (W Complex X a Sequence of alaelmn ﬁrou; %(X) ond

d 4:0 each map £X=Y a Sequence of L)omnmorpLSmS X)”el'l (Y)
(‘g'l/\wm{:of Means (‘S' );\e = ﬁsg* amQ ﬂ_* )

Sa{—(sn[rjmg the ﬁo”owmg three  axioms :

(N Tf " $=g, then Fx=9x.

(2) There e hxkum\ boundar_zj l‘\omoworpl‘l ms 9 lq,,(X/A') Dl'm(A')
Y (W pairs (XA; 1[114:) info an  exact Seguence

--_ﬁh() LM(X/A)_—QL)n|(A)f. ~ 5
<A/ajcura\\ means :§: (X A) (Y ) mcﬂacmﬁ £ Xh— Yo gives hnf%r) E—
T N
(Te) —5—

(%) F;)r X VXN Wl‘“‘l InC’MSIDHS Lo* XWL’X 'l'.'l'le Wlﬂp
O Lo+ Dy h(X«)—éh(X) IS an isomorphism Vn,
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® Tn the case of finite weoqse Sums,
63) con be  deduced Lrom (1) and (2),

¢ Caw deduce  the Mager—\/ieforfs LES, for &Xmmple.

® Could give axioms instesd Lor unreduced howslogy (Ei]ewberj 2 Steenrad qu%).

® The original ,dimension axioml (Wn(sn)'—'hn(P?&):O ‘For n+=0 is no lon\pr 'mr,|mp€ecQ./
b In He bordism homlogy H’Ieory, E(S"):hn(p{')#’O for ]n‘fimkly many .

® Any sequence of (oefficient groups Wa(59=haled) s possible,
for example via  ha(X)= B, Ho- (G 6. Negative n s Line.

° A gu\am\ homo]v\gy ‘H’leory is  not uniﬁme’j ident 1 fied loj
its  Coefficient  groups, though singulay " Womology 15 (The 4.59),



0.Teqories vs

Dot A Q@.L_eg@ C  conmsisks of
(\) A collection Ob(C) of oL\jeLéf.
(7,) Sets Mor (Y,Y) of Mor\ohiSmS VX, Ye D})(C),
inclmding & diskingushed  dentity' L e Mor(X %) VX,
(2) A Compssition O Mor(S(,Y)X/Wor(\/,Z-)—%/Ww(X,%) YXY2,
(£ g) — gf
Sadictying  $1=%, 15=%, and (Egh=F(gh).

Ih the Ca%egorg of Sets, groups,  spaces, He Wlorphismf (e ‘!fuwml.ions,
per}mps With extra S%rm{—we (group L’lomomorphﬁmf/ Con‘[:'rnuoui VMPS).

Consio!er alSo poseﬁS, a QW“P G, 7N \ﬂorwo-Lopj Cawl:egofy, C,l'lain Covnp/exej.

¢ 3
S XLy Coa > o2
|o><o><l e h Compasition Well-defmed sce l 5 ] 5 l
\L/ RSg\r\ Sq=85g' o £=4 anl g=g, CI’H’\ = (, % Cn—:



Def A (covariont) functr F:C—TD

QSSignS to each Xe O\O(C) Some. F(X)é ObCP) ond
’lfo each ‘)CEMOP()(,Y) Sowme. ]:(S’)E-/Mor(F(X), i"_[Y))
Such  tht F(D=1 and Fldg)= FIF.

5( Howa)ogy, j]—*= jl_ and (’E'ﬂ)ak = ’.gk 9x .
A conbravariandt  Lundor  inskead assigns

to ea $e Mor (XY)  some  HS) € Mor (F(Y), HX))
with  F()=1 ad  F(f9 = Fle F3),

& The dul vector space jcumméor F(v)=V*
assigning  the vedor space V o V¥
‘Hﬂ& Space of linear maps V—QJR

VW s VW
_-"--3\-!]2

X2 v =2
HX) ™ HY) % H2)
~_

F(49)= F(5)Fly)

X2 v 252
FX) T (y) L2LF(2)
A

F($9)= Fl9)F(5)
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