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1 Easy to compute
x fees in poly n

2 Hand to invert 1 on average

A poly time alg A
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Existence of these fun PIMP

Provable crypto
Dont even know how to find

a function which cannot invented

holy time

Easy to compute 2h

Hand to invent 10am

Even this we don't know

how to do
the best lower bounds we
can prove 23h

Easy toenpute In

bland to invent 734

Almost



We know

f 0,13 0,13

can he computed by a circuit

i
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a

invent on ALL inputs
in fact you can invent on of the

inputs by a circuit of size ch

OIDesign same fuss but

Td to invent even on 2n inputs
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can compute in time a

cannontiarent in time 3
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EX X z X m

I only need n gates to compute

fix x A
Circuit C
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Size C 32

X X Xr

op
pre output

output
Psize outpu

operation that corresponds to output

even output can only be computed
in op but after output I still
have 7h I operations

circuit size 7324
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1 We heard the known

constructions
2 We show they are easy
to invent on K inputs 0

3 Optional Develop a function

which hand to invent on average
Aversion of matrix rigidity

O



I Data Structures
Rigidity

Linear DS
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Linean problem XE Fh
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Memory cells computes

I I for sane Aef
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Queries 13 BE Fms

ET
in every hour refB Et non Zeno

Bisspansey
3 Efficient linear BS form

B A

13 is sparse
A is small
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DS LB matrix Mt

f Spence small

Depth 2 circuits linear

n l

µ
ME

n

size circuit edges

M D.C
size of circuit

non zeros

in C and D

Circuit Cowen bound

M f C D for spanse C D



Tve know how to prove some

circuit Cowen hounds

1 Systematic DS
Matrix Rigidity

2 Several nice circuits Cowen

hounds some ane pneuen vie

matrix nigidity

3 Optional Lets see which

of these techniques can he used

Fen DS O



HI Random Algebraic Method

The probabilistic Method

Algebraic techniques

11

Random Alg Method

1 It proves results that

cannot u pub method

2 It works well fon
related problems



Tu nom Thun how many edge

can a graph without Kr have 7

Effy
inane

d free 14

ex n K 5 E

what instead of Kr I have
some other graph H
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a colouring the neighboring
vertices

have diff colons
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LZaaanhiewo.cz problem

exch Ks e n't
2

E h

60 years

Tight fan s t 2

sat 3

s t G

Prob amethod provably cannot

construct such graphs
Rukh constructed such graphs
with a simple eet of the method

random alg methods



We want to coastunch

shaphs with

m2
Ys
edges

that do not have

K
Pnobarrethod

not

edges
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A random graph with

DOEI Have Kgb

Ideal get

Random Alg
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Random poly p with 2s inputs

1 We look at a few
Random algebraic method
papers

2 toational Extend
to mature rigidity

Pash method

hlagy hits of
nandonness

to construct anigid mature

nlogh
DIEL
We want Diane 2100


