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Recal G : (VE) bipartite : V= LuR

k) = IR) = n -

Af = matrix with =SirMi
Def

persA)= ) (Valia : #andis
5: [n]+ (n]

↓
(1)
# transpositions in s

det(A) : [ (poly-time)
permutationso ,re
0 : (n] ->[]

per(Aa) = # perfect matchings or G

det (A) = parltg) mod 2

=> In poly-time we can decide

Whether G has an even or

odd # of perfect matchings .

Computing nxm determinant takes

OG) arithmetic operations

where w = "exponent of matrix multiplication"

= inf$0 : J matric mult alg
running in time ocurs3 -



We know w < 2 . 373..

Huge open question : wE2,

LoramusAlgorithm : Let By be the matrix

obtained from to by substituting
random numbers

fij when
anj
=
1,

O when
aj
=0.

↳ # be any field le .g, rational

numbers) and SEF be a

get of at least In distinct elements

of #
.

Exij] will be independent
, uniformly

radow elements of S.

Algorithm: if det (By #0 output Yes

↑ det (Bay = O output PROBABLY NO .

Note .

Runs is O(n) -

orectness.? Will show that if also outputs YES
O must have a perfect matching.
If Go has a perfect marching the

Pr (output PROBABLY No)<

i
.e . false positive rate =0

,

fulse negative rate



dat (B)= squa
~
This can only be O

if &CuisVoi)] is a part matching.

Bounding the fase negative rate...

Schwartz-Zippel Lemma : if PKX
...,
xm) is a

nonzerom-variate polynomia with coficients

in a field #F
,

and

d = max exponent of any
variable

in any
monomia of P

and if we sample X1
..
-- ,Xm

independently at random from distributions

st max max Pr(xi =y) > S,
yel ic [m]

then 8) P(xse- ,Xm) =0) - md8.

& Coruse algorithm m = #E(G) * *,
s = 15)
d= 1

Pr(de Bo) =0)1n 1 .2
... as long as G has a

perfect matching.



Schwartz-Zipper. Induction
on in

m = 0 => P is a non-zero scalar

P(p =0) = 0 = mdS

m>1=) Consider & as a polynomia
in Xm whose coeffs are

poly's in Or
, ...,Xml

Pkx
, ...,

xm)= Qu- -, mi).

P#0 = at least one QiF0 .

How could & evaluate to 0 ?

Garet .

We sample N , iryXma and

find that Qi(Xx--,Xm) = 0 Vi .

IND HYP= Probability & (m-1d8.

&2 .

Qikx ...., Xm+)#O but

O evaluates to zero.

At most of distinctEm
values carse P(x

...., xm)=0 .

Each of them has Prim=y) <S.
=>

Probability> &S.
Sum

op the I cases, QED .


