
 

today
Polynomial Method CSS 205.7

Toolkit in TCS
RayChaudhuri Wilson Lecture 31

Frankl Wilson Theorem CO June 2i

VC dimension Instructor Prahladh

Sauer ShelahLemma Harsha

Easy Nollstellensatz

F field S Sn EE
f E FA xD deg Cf Ed
19 9 xq

O Cas a function

I
f Ige hi where ge.CH Zs xi

degchi Sd Isil
za ITA s

SES

ice Functions on grad
F ICQ E Sn

Ef Ix E XS EJ
I F vector space of d.me Se



Cii Polynomials af bold individual
degree

Fz PCE n 15,1 El 191

p polynomial over invariable
s f deg P s Isil

n

Fa E rector space of d.me Se

funciFz F

p f

To show Fe when viewed as a function
nor the natural

mapping fine

Claim fame is bijective

d.rs Q d.mfE sofff to

show fame is coyedere Cor ingecke

Surjective Sufff to show for f fanchone

on 8 52 XSn
IE S X asn

f E 7 if E a

0 otherwise
n

pa.cat TIaixi 3 IycsyecZseyae Cai SES



6 deg E Isil 1

Ra E I

f RACE o where F a

Pa Sa

Roof g Easy Nellstellensatz

Gren f s 1 cisdeg Ed

Ciel fgx xsn

Apply the univariate d vision algorithm

fCX Xn Zs G h Ae xn TR Cx Xn

deg Ed
degh c d Is.TT

degCR191
3 a h T Zsa hot Rdx xn

deghas d 1811
degas a d

degx.lk I

degyCE 1st

Egg.ae he RnCx Xn

degCR s d
ti degxe.IR else I



x sn
0 2 Zs Is O

RnIs xsn
O

Bcf Cg observation 12 0

Hence FI
e
Zs Ca fi

It arbitrary set
A E En

dMCE Em

IAI a m

Method Bound the sizeof
a set A

Application 7

Frankl Wilson Theorem

F familyof subsetsof Ent Ee B
F E In L EE G

k non negative integer



g

F is L intersecting
Ce f destino 1 A B EF IAN BIEL

I s

IFI Ens ICH
e o

7 L 0,1 S B
s

F CE late.EC l

If D Ef F 21123

I R vector space of d m IFI

x.gs Epage x.ge R

S T E ET Is I indicator vectors

Is It WH

F is L intersecting
f distinct A B EF CIA Ig E L

For each A E F

DICH E RA xD
I i.IE xS ee



F Ai Aa Ana
In non decreasing orderof eye

II CA o

sets

seise e.ec j oFEoaI
E PI if linearly independent

Suppose not

f d Paa t Pay t t Hepa o

G ez er

a Ito

HIA L nonzero 4 0

Contrary I o

Fae I linearly independent
when veered an Ins

TECH ITCH D E
i 4441

PI not multilinear
Candinalady each car c 1



g

p Multikneorgakon Fa
Mclhkneaag.mg does not affect
the value of

at Eo vectors

Hence Pal AEF linearly independent

Pa Ig nonzero if e j
0 of j e

OIS Any monomial in P is of
deg af most s

So in particular
p can Ce coneffen as a linear

Combinato

g set where
xI ITxeCEI

for all files

span Pa IAE E span XI THE s

IFI e c
0 LE

Applicators 2

VC dimension Sauer Shelah Lemmal



U universe of pointsknife infinite

family of
subsetsof O

eg c U R

fk 2

La b la.be R aebf

G C Rn
sets described

g G
gqqe.am3

X E U X fate

LG Exosl SEE Ez

De fn A knife set X E U is shattered

6g set system if

CX I

Igcm max 113



Vapn k Cherroneiskis VC dimension

CCL max d aged El

Jet systems w Bdd VC dimension

Iscm growth pogey
exponential

Sauer Shelah Lemma

4S VC dim d

Fm Iscm E Id

Tight f family of subsetsof s.ge Ed

eg 0 1122

setof holfspaces
VC 3

Slm E molt 7 7 f 01ms

Us Rd
S set of convex bodies

X del vertices
of a simplex

X shattered 6g S



VCI 3 del

Radons Theorem B Pd dt2

distinct pfs in Bed then 3 subset
S CCITY of

Gnr Pikes n Gnr Pikes fof


