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LeE C—l loe an abe]ian group
Dei The n-cochains wibh coefficients in G 15 +the group A"(X,G) = Hom(An(X), G)

M J:ov‘ A,B abehan \grouPS, Hom(A,B) & For‘ X above, AI(X;Z)%Z"ZXZ: ZX/;
is the group of  homomorphisms $:A-B. with %e A((X;Z) determined by
Growp struckure* For §,3€HOM(A,B), we have L@, v, fc) €2,

($4q): A=B by ($+qda)= $)+g(a) Vaed, Indeed, $(17a-3c) = 17 5)-25(),



We lhave a  cochain complex

AOGREANO LT SN (G A(x B L0X:6)— O
where the ;Qboutndac_g Moy SN G)”AM(XZG) :

is defined, for $elN'(X:0), by &%=50.
(Sng':‘g’avm) AYH'\(X) _—aﬁAn(X) X ? 6

oy 55:=§2
Ex  X= C@b

W o v
Lk Se(X2) with $()=3 S()=2 $(w)=-
Then 8%e A )(/2) satisfies ®
85(a) = 52(0) = Slv-w)= £()-$)=2-3 =4, d b
55(b) = £2(b) = &(W v)— -2-2 =-9. A

S‘S:(C)-——'- —?3((_)= ‘§(u—w)= 2—(—2)=S. W o v



More, 5@6\(0&”57, Sor -§€An(>()6> ond AM—%X

an (ml)—simplex in the A-cOmplex X, we have

§5(s) = $3(0) = $(30% (0 olpa, .. % wo)
= z’:\:o (_ DL §(¢)EV0, vee, &, .on, Vn+|j).

Nobe S5 =0 since 900=0,
More exp)ichl,ly, Lor FeN(X:6), we have
gnﬂ g“ § = g“ﬂ ’.§ Bnﬂ = S'Qnﬂ 9n+7_ = O

De,_§ The (Simplicml) Cohomo(ou oup HH(X;G)

gr
of X with coeflicents n G s Kerls ")/Iw(g )

]row 7\ COc,lfmm S'EA"()(; 6) Lo l)a a C,ocyc/é means
8= 52 =0, ie. & vanishes on bouno?am‘es,



H(X;2)= 2% = ker 527
Sine ¥ Fel(X:Z) wth 65=0 then
0=5%a = $9a = g(V)—:C(M) = $()= 5:(01)
0=5%bL= $b = S() -5v) = 5w = £
0-55¢c =52¢ = Ho) - $w) = H)= $w)
So £ (with FW=F0)=$)=0c)

is  determined loy a Sinj)e, ce/.

MOYE aewe,m”q For X [N A-Compl@;

ofv. SX (4 omected omponests of %)
Eo((.é}%’g :%x(ﬂ— Comecteld ompovents of X)
) .

52 s §° 10 g
"AZ(IX,G)*— AI(>"(;G>'~"A Q’(; 6)<= 0O
Hom{42(x,6)  Hom(4,(X,6) Hom (45(x), &)

s s 0]

Hom (“0, &) Hom( “Z:Pz, 6) anu“(szef G))

D) Zx'& Zx?

(Se@n Spanning éree)
(/Voi: K New Consémmé‘.)

(Cons—lawl’ on eaL}) Cowne,cwéeﬂ Covnponenﬁ)



B X- Z K0S LGS 06605 0
O Z Z“q’

W o v
H(X,2)- b 88 = 7 %
C b Spanning
To wnderstaud Lhis aouoé(evn': A Lree
Chosse @ Spanning tree for X. W o v
l_d: E-A\(X Z)

We Can Lind {eA (X;2) with 8°%(b)= 909) and 8 KHc)= g(c)

B clwogmg (), £Iv), 50w) 50 bt Hw)-S0)=g(b), §()- SH)=4(0).
These choices  debermine  8°§(x)= Hv) - £(w),

which need nok  be equs| to 9(41)62.

S pavmmg

More a@ne,m”q For X @« graph with —Foreszé

\Q eﬁges not n . Spanniag forest,
H'(%2) = Z**

H' (% &) = G**,

H(X:2)= 7"



Lors |

FZ)Y‘ X a \grapli, H‘(X}Z) 15 30)@(&&'2 X"‘
by the tocycles  assigning

e l to a simgle oriente edge not in a spanning forest

*0 t every other edge.

Ex WD is generatdd by %, 4o, Ker§'=2'(x:2),
wlne,r& &a,’ A, (X) —7 by ch\, (c.a.+ ...+C447.) = (
ond S AL (X7 by G, (car..+ia9)= ¢4

Here Dca(,(0~6>= i (SO 'Fﬂb(_aé>= —-7->'
\We Say acae s t):h& _&Aa\_cﬂam ‘l:o the ea?ge A -
Nokalion g’a(,f a?

FDW >( a A"Camplcx with k—simp}ex q,
be dual cochain o s a cocycle (e, i Ker 5%)
'\‘F a 15 l’VlaXiwml (}-é- |/|as no cofaces Q"‘—C-‘C>.



& X”' Z’Jimawgiono.\ A-(_omp’ex

H\(X; Z) s genexatell by the Cocycle f
assigning L to each blue edye and D obheise.

To see fekKers', note

g‘g(—]_): ]‘]+O"O £ T s a Z—s‘.mplex
bordering two blue efges
O‘Haerwise.

This 9enem£or ] for H'(X:2)
is dual to a generator ) for Hlb(;/Z).

Noke 3C(2)=1 even it we mp]ace Z with o
homologous  cycle, or q with o cohomlogous  cocycle.



M For Singu’an H\(X)Z) whera X 19 H’I&

antuls, & generaking coycle § assgns o each (o <
S]ngular eﬂge an Horiem':e& ch«mé“ of Hve # 0% Eumes ~

it crosses the  blue line.
S g =1
“H{jreevn e&.ﬂc)= 1-12=0

E_X X= %oms. & X=SZ*I.

Simplicid  H(GD)  genernted Simpliad H'(X:2)=2.
by cogycles & and

' Genemkm Coc o|e,
EOL(/L\ ‘(:ewl:ra%ec([ron T §a1l;'|s£es

SZS:(T)= %I—HO—O 'I'F T borders two

blue £riang les

0-0+0 -0 otherwise.



Example, Simp}icmf Col«om}adaj Compml,aéions

E_X A-Lomp)ex X is & éorus,

(ochmin  complex

v > v
v D U=b-c+a
a C a 9
' L=a-c+b
L
v b v
D ochwing 2-cochaing - cacknans O-cachpins

o BT AT < A% 2) & R GD— O

SV (Mot debryt) = v¥2 [ Marhbda )
= yv¥ (/\‘ (v—v) +)1(v-v) + /\3(v—v))= \/’k (0)= 0.
G 8°=0.

S'a OUedL)=a* 25 (O U Mgl )

= o* (A (b-c+a) + Asla-c+b) = A, +4,
so §'o¥=Ur+L*.

Sivilarly, &'b¥= U +1¥ anl §'c*= -Us-L¥,

§°=0 since  L(x%2)=0.

How(:{is,(x),z) I I
How-(-l:z, Z) Z Z
2)(7_

Gon, by LY Gen by dFBEF Gen by vF

W¥e R(XZ) defined by UFQAUsAL)= A, .
We Compube H(X:2)= Ker 5°=Z Cen. oy v
H%2)= 2% = Ker §' =7 G by a'c® Bt

Hz (XIZ) M = M = Z élen l’)y {[A”g ["cor exanp)e).

= Imp Im &'



Example, Simp}icmf CO’AOWm}anj Compml,aéions

E_X A-complex X is a Klein bottle.

(ochmin  complex

v v
U 2
4 . DU=b-c+a
¢ !
L 2'L=a
v b v
D cochinG 2-cochatng - cachranns O-cauins

o BT AT < A% 2) & R GD— O

SV (Mot debryt) = v¥2 [ Marhbda )
= yv¥ (/\‘ (v—v) +)1(v-v) + /\3(v—v))= \/’k (0)= 0.
G 8°=0.

§'a" (Mh+hl)=a* 3, (4, U Aol)

= ¥ (/\,(b—(_—\—a) + A (a )) = /\.*/\7_
so §a¥=Ur+l®,

Sivilarly, E'B¥= UF1* anl §'ck=-Us: | ¥,

§°=0 since A%X)ZF 0.

Hw(:{%m,z) I I
Hom(-l:z, Z) Z Z
2)(7_

Gen. by U¥.L* Gen. by a¥ b Gen. by v*

\I\/& Covam%e HO(X;Z)= Ker 5°2 7 G, by v¥
H‘(X',Z)= %‘% = Ker g\ = Z Gen, by b*waf

R

R

2 U
(D)= el o £55 =5 Gen. by U*



Tl‘\is 19 ‘l:l'le 1Cirs{- example we've  Seep wl')ere,
Cohomology 15 not isomorphic to l/)omOlogj, since. for

X=Klemn bottle we had /A T
HL(X}Z):gztﬁ’% i
O

\ |

o
=1

UZZ

_H)m'; ‘léor{iow l‘)ﬂS ’i')uwv;pei“ ‘\Crovm H.(Y/Z>
to H(X2Z) s relatd 4o Corollary 3,3,

W*e HY(X:2)
with 2U*=0,
More genem”y, for M o closed  connected
nonoriawéakfe h- W)an'n[o{c(, we lmve
n Z 'n£ M on'e,n":ﬂLla
iL)= 74
H (M ) L/Zl i£ M Ylovmriewiaue.



S'mgu« ar QQEQMO[ng

]:_or“ X o jcopolog}ca) Space, Y‘eca” Singu}M‘ hOMa/ogj‘
o= Gl G2 (L) — o — G002 (X5 GO—0,

leb G be an abelias grouf (Lhink G=27).
Dci The n-cochains with coefficients in G is +he group C"(X,é) = Hom(C,,(X), G)
\/\/@ \/mve o Cochin Complex

G ) GO ) — .. & COE (X6 6)— O

where the mm%mg SH’C“(XJG)’*C“(Xié)
15 &Q{W\&Q, for gé(_n(X;é), bj 'S = 5Dt

Note §:85=0 since D2=0.

Def The (Singular) Col/\omo[ogy group H'(X;¢)
of X with coetlicents m G s Ker(g”)/]:w(gnv.




The wmain fLeatures of Singu}ar‘ ondl Simp}icl'ocl hom’ogy extend

{'0 Cohomo’ogg, even Hfmugl’) maps  reverse directions.

’ Re&w;e& cohomology * Appl Hovm(—,é) ’\[LO the a Led) hain  comple
) omology PPy Vo (30 5 Cuf(::;”—g—azc__a 5 mplex
FOGE=H'(XE) fr 100,

g 20V MG
H'(X; @) xG = H'(X6).

Relaéim cohomo{ogy ond the LES of a pair (X,A) ’
Apply  Hom(=iG) Lo Hhe SES 0 —> (A -5 GO XN —0
to ge{- the SES

O — C"h6) = %6 CxA.6) — .

This is n fad a SES of cocham Cownp’exz.s (L* and \)* commante with 5),
The snake  lemma gives a  LES

. —HKADS S
k) 6o <= Hl k6
Mk, 6) e— ..




e Tnduced %omornorphismﬁ Is v ; ( ) ‘ C.y)
0 X) == (ol Y

A wap of spaces f£X-Y \\“\__ ™~
induces  §*: 6 — C"(X;6) s o

Hom(al3), 6) m‘ y

o G 25 (0 —
Since S C.OO—CY) s a  chan map (4*'&:9&#), [fe & 5

vee Cvm[Y) LR Cn (Y) — ..
, w0 E) S () — .
P CY)=C) s a codmn wap (55% = 5%5), I v 15
w LeMe) 2 (e~
So £* maps K@rgy to Kee §x ol T 5"; to 1w 32_(,
hence in&ucing g*‘ Hw( >/') G;) — Hn (XJ é)

COH%P&VM\'M% '(Cumcl:or -Fram Spaces 4:0 3}’0(/‘)5.



° Homojcopg invariance : L6 f=g:X—>Y
Ehen = *' H" (Y)— H" (X>

A’\

-
A = (&
A“KI v

\/\/6 CQQL(HZ& 19 C,,/lam MOMO‘LOP},
EMP + R. |9x = Ju - Lu

llV
\<

oP=g,- 5. - P2

boblom Sides

. ’Cnﬂ(x)‘g_m'l‘)C [X —*Cn N

%

..._’Cnﬂ(y) v Cn( ) _'y_% Cn-\ (Y)‘_’

e 2

X)— ...

Gk o cochin homrkopy

P8y + 80 P = g% 5*,

C066) < C166) S (7 (x6)
s

CU Y6 <& C1Y:6) < (Ve

On COCj(/‘eS 9& ad  §*

differ by o obowndary,
hence m&ucwg 3—;“‘



e EXC(SiOvl
b AXiomS '\£0f Col«oma}ogy

S\ngm|cu, Simplfdﬂk\, and cellular Colnowm\o%
° Ma(jer- Vieboris LES, Y= wi(4)vint()
— H" (X, 6)3 o

%&@ 2 W4 6) o H(b;6) - H"(m)jc”

mA“%;G) — ...

S
Ex XS A-DY 5D AB=S

n+|




T)ﬂe umverSaJ coedlcient -He,amm ({or cohOmoloﬁ)

° Co]nomo|ogy coups ore  determined a|gebrmmlly bg Llomoloyy growps.
e TL s Snge ! Derived  Lonckors  (Ext);
¢ R'\ﬂg (Cup) QPOoQac{‘ Sémuéwe Oon C,Ol’IOWlo’ij not &eée;rmiwe& }99 L)omo/agy.

& App)gmg Hom(‘, Z) 'l':O -Hw (_l'min Comp/ex C

O—21-">>72 2577 —0 HH(C)=5Z n=03
S A 252 n-
O 0.,
C,. 2= C
ives  the cochain  complex el
i p "‘SZ H'(C2)- (7  n-03%
O— 222727 — 0O 25z n=2
C e ¢ c° O 0. W.

IVI 36%8\(0\\, HH(C/Z)¢ Hn ((-> O.V\zQ H”(C,Z) % Hom [Hn(C>, Z).



quvn 3.2 unive,rﬂ}d Coe,-ﬁﬁici@n/c -He,amm (‘For cohowuola%)

l:or 78 Cl'min Cowp’ex C of -Free, abe,iam groups,

‘H’I@ C0|noma’ogj H“((—/él) O'F ‘H'\e CO(/'/min COmp)eK Ham(&,é)
is  determined by Lhe split SES

0—s ExtMol0), &) — H'(C,6) 2 Hom(Ha(0),6).

o (A G)=0 £ L s free.
I‘F Hn-|(C> 1S -\Eree, ‘Ifl'lew )’\ IS an ]SOVVIDV‘P}liSM.

e [f Group A s Ani‘[:e/y ge,ne,ra%eoQ, AQZV‘@(@:‘:I %Z>
then Hom(A,Z)g £ pamL of A Z;:
and. Ext(A L) = torsion part of A, givieg: or, nz

Cor‘ 33 I‘F 3 cl'lain Coynp}ex C of Afree ake/ian groups Las

-F'milelj 9&ner‘m§eﬂ homo,ogy Hy) and Hn-l, with 1l;orsi0n Sub\groupj
Tochs “and TucHu, then  HY(GD) = (Ho/To) @ T



l_d: %n':' K&Y‘ On QCn and Bai= Inm Onu & Cn .

Define hiH'(C;6)— Hom(Ha(0), Q) a5 follows.
let Lwle H'(C:G).
So w:Ca=G with 0=8p=y2, so @ vanishes on By

The restrickion 19, Za—6  induces ?}Z‘T/B,-""Q, ie. Zﬁ,éHom(Hn(C),G).

Ha(C)
If ¢eIns, sa9 (p=8y=y0, then ( is zew on Za, S0 B=0.
Hence  h: H'(C;6)— Hom(Hn(0),G) s well-defined.
Lyl — T,

(A‘So a hommr hiSW).>
p

(P: Cw_’ci
Bo: 20— G
% HdO— G

\) restrick

> q)uo{:i&m‘r



To see h s surjective,  hote the SES
O— 2v—(, "= Bp.— 0O
‘\E— R s
solits since Bt 15 free (abelan), as a subgroup of Cn,
Hence ! pro\jau’:ion pi Ch— %2 resérching Lo iJlemLh‘y on Zn.
Extend (20— G vanishing on By Lo gop:la—G vanishing on By,
This extends  horomorphisms HdO=6  to elements of  Ker O.

Get  Hom(H0), )= Ker 7 — B8 = (6.
0 — Kerh—H(;6) 2= Hom(1(0,6)—0

S
Note hs= 1 (exjcew& ond. then resér;mg,
Hewca l’l 15 Surjacjciu/e a_wﬂ the above SES sp/th,



EXL’(—, C?) 15 Hﬂe_ ({ircl-) Alen‘veaQ ‘vacl—or of HOM(“, (7)

Ld: C’; be an alodmn 3r0up.

Ham(—,(:;) i lefk exack (Ha{doar Ex P4 M—ﬁj
If A-B—~(—0 is exact khen so s
O—Hom(€,6) — Hom(8,C) — Hom(4,C).

HOM(—‘, &;) is YIO{: e_xTagé-, l’powav&v‘.
Mdps SESs +o SESs.

& Applgmj Howz(—,Z) 270 O""Z—"*Z——>%Z—’O
xye,l&s O— 00— 715 Z—0 hidi is not exek

Howe\/ex, Hom (—, G) 1S eXact om Free abelian 3raup5’
T O—A—B—C—0 is a SES of free abelum growups,
then 5o is  O—=Hom(C,6)— Hom(8,C) — Hom(A,C) — O.



A ;écgg neggldzigg of an abelian Qroup A 5 a cl'min comp)ex
w— SRRk —0

of Afree groups with & map F— A such that
Lo B FR—oR—oA—0 s exad,

This rep}ace,s /8 (cOmp)fcMLLe@ abelian roup A
with Simp,er \gramps on whidf) How;—,é) 19 exact,

Lel: Hn(F}G) b& -H')é (,Ol'lomology of 1942 Coclaain cowp/ex
0— Hom(Fo,6) — Hom(F, 6) — Hom(F,, 6) —... :
LMM@\@Q_ H'(—6) s the n-th derived Functor of Howz(—, G). EX_erc_iSé H(Fj@g HDV”(A/[’!)

| emma 2]

(a) Given -(ree r‘eSolmzL{onS F ad F of A and /4', e T2 Fz - F, — E ? Aﬂ O
e,ve,ry homomorphl‘sm 0(=/|—%/4' exée,no{; 1‘:0 o l/ n l‘ n l, Q ]ﬁ‘
Chain map from F L F’. A ]:z - F/ — F:: — A’lﬁ

Any two Such chain moaps  Ave lelain hmeLapiC.
(b) For any dwo {ree resolubions F,F' of 4
there are canonical iSomorphISmS W'(F;6) =1 (Fi6) Y.



l l

Def For abelian groups A and G O—F' — F —F -
Ext(4,6)=H'(F;6) L 1} L

-For F Qny free feSa’méion of A O - FA F F

SO EXJC(—,G) is J:Le ‘QrS‘I' l l l

Azeriveoq ’(MVIC{’Df OF Hom(_,é>. O - EA F{ ]’I

PrapoSIchon JE O O O

TF O—=A—=p—(—0 is an exef

Sequence of  abelian  growps, then so 1 Ap|ym] Hom(=.) gives @ SES of  Chaim Complexes

Snake lemm gives a LES i cohomology
D= HlF6)— Kt 0) —HTF.0)
éH(rs@ —H(F,6— H(FLQ)
K Q= H(EO—Hie),

B The SES O—A—=B-(=0 C
extends to o SES of chain  omplees s

D") Hovn (C,G)“" How(B, 6) — HOW'M’JG)
C]::x%(ﬁ,é)——v Ext (86)— Ext (46)—0,




Now/ recall HO(FA}Q)—% HUW(A,@/

and  H'(F;6)= Ext(A6).

Mso,  H (F46)= O
Since eac)n ab@lmu graup l’)as Q —(ree
resolution Do5F—-F —A—0
with E = (. =

Iniwﬂ, ]eé F;HA be Sw\)ec—n’:‘\\/e. wLere
‘Free abelian 3roup F., has basis n Corre_spowﬂeme_
With  a genersding Set of A,

The herwd r:l of this map, as A Stnbjroup
of a free abelion Growp, s free  obefian.
Hame Oﬁ 11':. — Fz —>A IS exacné.



quvn 3.2 unive,rSQJ Coe:ﬁﬁici@né -He,amm (‘For cohowuola%)

l:or 78 Cl'min Cowp'ex C of -Free, abe,iam groups,

Jche Colnam,ogj H“((—}él) O-F ‘Hﬂe Ca/'rmin COmp)eK Ham(&,é)
is  defermined by +the ‘spit  SES

0—s ExtMol0), &) — H'(C,6) 2 Hom(Ha(0),6).
Ext(A,G)=0 € A is free.

® Exit (AQ/F, 6)= Exé(A,Qa Ext(A.6) D'\Y‘uj.: Sum of free rvesolbions — E’—’E" ——>E/§—>O
Ext (%hz, )= GAq ~E-L—-A'—>0D
e f Yrroup A s Ani‘[:efy ganem%eﬂ, A = Zr@(@::. %Z>
Lhen ~Hom(A D)= free pact of A Z;
&Vl& E)({:(A,Z) = {:orsiom Par‘[: O‘F A ) giviﬂg: @L=| Z/MLZ

Cor 33 I‘F 73 clﬁain Coyvnp}ex C of free a)oe/ian groups Las
-F'unilelj 9&ner‘m§eﬂ homo'ogy Hy) and Hn-l, with #;orsion Subgroupj
Tn ¢ Hn &nd ’ryH £ Hn-| , 'I:hen HA(CIZ) = (Hﬂ/T_VI) ® —E‘l—l o



Why is Ext (%2, )= Gha !

Free resolubion Ft 0— 2% 7 =%z —0 - .

Remove  A=%a ad  dualize: 0 <= Hom(2,6) - Hon(Z,6) — O
I I§ 5 I
O— G e——G «——0

Fol (%2,6)= H'(F:6)="r34, 50 = %6

o Free reshdion —F25F 2 R 24
Recall  H'(F:G) is +he cohomglogy of the (ochiin Complex

00— Hom(Fa,éw)—‘gL? How(ﬁ,é)ﬁ Howm (F;, é;)'4 LMMML n-th derived functor
Why i H(Fo)=Homl4&) 7

g'mce. Hovw(‘,(n) 1s ICH‘ Qfac@, Jclnc augmené&Q Secgue,wce,
00— Hom(ﬂ(,é)’% Hom(r‘_o,é)iP Hom (F,,6) is  exad, 3151&'(43

H'(F: 6) = Ker(§) = Hom(A,6)



Lemma 2]

(6() Given free resolutions F od F'lof A and A', e ]:z 3, F, 3, Ei"—) Aﬁ O
every howomorphism  «: A= A" extends to a s

cl/min Map —Frow; F to ?:’, ,,,—'-’]:Z ]
Any two such chain maps  are chain ho\m#apfc.

(b) For ay two free resolukions FF' of 4

there are caponical iSomorphiSmS HF;6) =W (Fi6)  Yn.

M (ﬂ) For each basis alemerrE 764:;, ;
ﬂe[;ne %['X)=’)6I *Caf Sovme ’)(’éRl with §,,’(x‘)= o('ﬁ,(«) [’S:v S“f\}@c‘ﬁ‘/@],

Inimcl:lv(,\y, for exh basis elewend xeF :
delne oi(x)=2' Lor some z'eB! with %;(96')= X &[x)/
whi(,lq e)(}s—lc Since Im ’&/ = Ke,r -§;,£: am( -§~,,I-, -1 'S'-L = K2 ﬁ—l 1C-l = D.



L emma 3.

(6() Given free P@SOJW!TOM F and F of A and /4', e —2 ]:z 3, F,
every homomorphism ~ «: A= A" extends to a ‘
Clnam map 'vCrow; F 'Il:o ?:’ ves ———)]:Z —1,-> F, —l,—v
Awy £wo such chain maps  Qare (Jﬂain “IOm#ﬂpic.

Eroo-ﬁ (a) Suppm we have two chain maps X, of; €X'Z'emqm
T heir  diftecence bi=oi-o; 15 a Chain me ex%end\nj p x -oc=(),
Q.Oﬂ_‘ D&C}n& )\1,: FL'_’ £+I| W«'H’I (} o - 0{ = 'g(,(—l)( + /\L— i

l_’or =0, P )(_,=0_ For each busis element %GFO/
define Ao(z)=2'c F' with £/(&)- By(a)
which exisls since Im&'= Kee & and 5, Gﬂ:B’C =0,

Inrﬁmojrively, for esch bosis eleweat xel

defme Alz)=2'eF with fula)= Pelo)-dati(a)

which exists  sine Tw 1614»1:\(4(‘&’ ond

S(b-hoak)= Bfi - Fhafis (Bor=fida) o = dea b £ =D

Biv = £ den # i Fin by induction



