







































































































Title Combinatorial Nullstellensatz and Applications
PeperbyNogeald

O f x E FCK degree t

f cen'there more then t zeroes

Given SCF with 151 s t I seS s t f s 0

Lemme OffE F Ki ka an
Alon's paper

deg of sci E ti
Six Six X S C FXFx x F ISit ti

t fess sn o

Then 1 2 in
TheoremCComb Null f e Fei x2 ok

Alon'spaper

deg f É ti
coffof atlatl Kath is nonzero

Sis i SuC F Isil ti
Then I sis Sn E Six XSh
s t f sigmas Sn O

Apolynomial of a certain degreecannotvanishover a largesetofnos

Apples to GraphTheory NumberTheory
EnumerativeCombinatorics

Then assertingsomething is true
Pf bycontradiction construct a polynomialof smaller degree

that vanishes over a largeenough set

Them guaranteeing existenceofsomething
constructa polyof smell degree our secret space corresponds to
looking at a largeenough setof values we are guaranteed altnotteenthing










































































































Then 3.2 in
CarchyDevenporttheisen Alon's paper

A B C Zp AtB atb I aeA beB
Then IAt131 I min p Alt 131 I

lattin tan be attainedby forg 1 2 pig
Proof TTA1731 p IA B p AtB Zp

FEET g Al Bl LAHIRI p

be g A n B 0 g a.LI

Soassume Alt Bl s p
Went AtB12 IA 1131 I

suppose AtB E 1A It 1131 2 IAI 1 IBI 1

Ct At B FY ETEty c vanishes ay E AXB

C E AtB
Kl AHN 2 deg 1C1 19 1 1831 1

Coffof x y lay 40in Ep
since AltPl 2C

so I non twopt in AxB Contradiction










































































































theorem Let Hi Hi Hm be hyperplanes in IR that Then63
in Alon's

cover all vertices of co i but one paper

Then m2 h

I É I condition is imp
becoveredwith2planes

oo
unit vector in thisdirection a

a x b x 24,22 een

Histhin Hm cover all but 10,0 o

x Cai xn Hi Cai x bi
suppose men

Will construct a polynomial of degree n that
vanishes on 90 13

CWITHIggy IIKai x bi

Wentpolythisportto Eachptliesontovanishat stiliontho some Hi
o o yotoe pts by

deg men

Coeff of xixi.e.sn t 0

Socannot vanish on 0,13 90,1x x80,1 contradiction










































































































Then 61 in Alan'spaper
Thringt hapless graph p pine
Arg degree 21 2
Max degree E 21 1
Then a hes a p regular subgraph

Read Erdeg u 2 El an
Hypothesis

2 El Rp2 NI
LEIS PDIVI

In Ip at I I modp if a to modp
O modp if a O

modp

Proof Existence proof So will construct polys will be interested in
when the polyvalveis non zero

El n
la la o en

subgraph us collection ofedges
Variables Ke Ker Ken Lookat values in 90,13

0,1390I x x o I

For an edgee Ke I if e esubgraph

o if edsubgraph

Restion If u isincident on an edge in the
subgraph then degv pinthe

subgraph

i e f VEV v is incident on exactly

0 or pof the edges
inthesubgraph

H v e e V E au e t l if u incidentone
O ofw










































































































Forfixed v Engage
0 or P

E annexe 0 modp
degra2p

Feld IFP

gearexe I if sumis nonzero

oitsumi Thisginthe we

flee oxen
Tl Efren ICI xe

rev Bgtitifthet
Doherty

Wentmanzerovalue

elleeerenot0

MINE FEI coeff of dede ten
t O

so 7 Si Sa Sn E go 13 s t f Si su su to


