@-vamth. polqnovmaD "JOJCROROXOC, 3

let €£(n) = # ways o colav a %faek G using up & N (oot
£(n) 15 4 polymamial in n

G 15 g ving on X verticas: O0—0—0—=—=0

Fivse vevtesl can be any colovri  n cholces

Eadh followwmo vertex cant repart pveviaus glar: (-0 chotes
f )= (-0

G 15 a tee on X verics:

Same argumet
Gvaw e one vewtel ot a time

feinr = n (n-0"

G is a cycle on Kk vertices:
Tgnare bottam edge.
= 400 many colavings

Subhact M\Ith\ %lon\ﬂq_é
= VaW0 coVoM4S | ule cpllqpse edcbe,




Gtavt mdoctian :

AN

00 = (-1

0] @J}D @
= eAe
n (n-v) (n-2)

Qv vecurse, 562 what happens

£,0n)

—
—

—
—

Il

I\

ARIVANS S e)

n(h-0F = n(n=)

a0 ((-1)-1) = al-dm-D

[1-

nln-1)> —

n(n-1(w-2)
w(nh-u) [ (n-0%— (n-‘).))

n (-0 = Wi {0 - (n-D)
A (n-0) [ (0= ()2 () = 1]
—
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General constuchan :  Deletion /condachon
Grph G, edge &

(=TT

G\e G/e
£c <m = foe —f M

Exampie: Complete guaph on U vertices

V\(V\-O[(V\'\\z—(h-‘z‘)) —nm-N — n(n-1)(w-2)
= -0 (n-DT- (n=2) = (n-1) — (-2

e o~
W -5a+6 = (N-2)(W-2D
= N-ND-DIh-3) 65 expected
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@VU\QH (ﬂ\@ A G@gh H 15 a minor of a quaph G
& H caw e dstawved fvom G by deletion and conivachon.

thstory -
Kuratowgii's theorew (139) ¢ A quagh G 15 danar &
it does nat contam a ssbdivisian oF Kg ar Ky

Wagnex's theorem C1a37) ¢ A qagh G 15 danaw &
it does nsT contay  Kg or Ka} GS a m\noer

KS K 2 ,'5

Tnfevpretation : A pvopevty of amehs 15 Minav losed
\F (s presenved by takivg mmors,

A qeaph nat having tris ppevty s minor minimal
it ackh f 13 MwoG has the praperty.

O  Any mwvoyv o a p)qvwr queh \S al%o p\amq,v:
0 Ks and Kzz are the mior mwnmal nen glavnar geghs

So Kuratowsey / Nasw/ neom 5 o Fin'teness Theorem,



Hhibert mgs theprem (1890

TwK ¢fF ST as delehan/condandion
%o 15 oY closed

o (o
o0

T s maevr minmgl

Gruph minacs are sqme 1dea:
Robevtzay- Seqmove Meovern  (1933-2004; 500 pages)

Every mivor dosed propevty of g@phs can be charmdenzed
by g fuie 2k & forbidden miners,

T
EvoyMone has heavd of Bverest but K2 1s a bigger da\.

T
(Fove colov Treorew )
1976 Apge), HrXxen
(9Q7 Roverizan, Scwndens, Seywidv, Thawa s
2005 Gonwtwexr

OThev exampis
O If Gcan be dmwmoan a surface, then o can any mivor
_—~—
PIQ“e\ 59»\?)"6/ M/Il'
focbidden mve®  complicated /onkmausn

O If G 15 a fovest (uvwion of frees & 10 cycles)
em so 15 any mnaC

™me 'H‘\oms\e, IS UO‘\qve Lovbidden miner



(Four color Treoren )

D

KS K% 3
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gﬁ/\‘ng N- CO\OrQb‘e 1S V)Qt mMwov C\OSE& .
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2-co\ovable U- colovzl)e
Cﬁaé w\gx 'S Cof\dec:\'\’@ -—/‘> @U\f colov ’meoruv\j

TF G 15 loopless and costans vo K\, mivar,
‘\’V\@vx G s n-colorable.

Knguvw for L 4w <




(Matoid foeorsy )

lets Vi Vo ke vectss 1n the vector space W Quer the feld K

Let ;g e st af SUbSQtS B< §:V\ 1 VK’L
et ave lmeady depewent

How can we seot a valo & 7

Easily seen wles not quite eNnlgh. Exchange axiom :

f A,® independent iz and |A) > B)
they AVEAND g0 BV IVI s wdependent

An obstact matmd  (data fov B safisfme these les)
s repeseidble over e field K
& we can ‘ﬁw& Viy i Vi Vecters in the vectsr space. W

aver K, wimthis shoucture 2

0 Cawn « ﬁ‘Z&P\n G be daWwn on & gurfgee S 7
foviprddenm wivons ) cbpanc)wlg m S

0 Gan g mivoid R be represem‘ké over g feld K 7
Fovirdden wvows, cepemdmg an K,

Definions ave more technica),
but Theow 15 evih‘re(y pavallel.

Gvaphs are ac‘h)q\\l, a Speua\ case of mhaids:
A set of edaes 15 indepencedt & they don't contam & cyde.

Thexe 15 o C)(\‘(DMQJV\Q, po\\,woma\ 'F@" MQ"\YB\&S,



