
 

Pseudorandomness Lecture 14
Instructor

Ramprasad

Date 2021 10 07
Agenda Intro to pseudorandom

Lecturegenerators

Hybrid argument

What is a pseudorandom object distribution

An object thatexhibitssomeproperty that makes an observer think
it was picketdaomly

The stupid algo for max cut pairwise its independence

if Ri E biased distributions

Emperical avgof samples expander walk

Any randomised algo
running in time 062

computational indistinguishability
Two RVs X Y taking values in 0.13m is e e i

for a class C T aims E1,13 of test functions
90,13

I ELT x IE Ty E E for all tee

That is as far as tests from C are concerned

they behave roughly similarly whether they are fed X
or Y



PRG for a class C
Cush iz sie to aus Ualess outer

A map G 0,13 013 is an e PRGfor e
if the RVs Um and G Ua are E campand

for C ie

I E LTA IELTCG Y EE
XuUm Y Ua

for all Tee

Often C corresponds to size m2 circuits

or subclasses of efficient computation

Again we often care for families Gm 0,13dL air
Desire8 Wait d as small as possible

Wait Gacy to be efficiently computable

Defn Gm 0.13dm a is tem computable

if there is an algorithm M s t

M IM R GmCa
M In dem

and M runs in time
t

Thin Suppose for all m there is tan comp Yo PRG

Ga 0,13dm's 0.13 for Cm where emare

boolean firs computed by circuits of size em



Then BPP E U DTIME 2dL netting
GO

Pfe A is a raid algo running in time E nee m
A uses s m random bits

KEL PrLAG r I 43
24L Pr LAG D E 43

Alg B input se

I Build a circuit T 0,13 on

Tlr AG r

D Run over all ye o 3dL

compute Z G y
count y A z l

17 Ace of this I 2dm

PRG guarantee B is correct
D

Define Gm adds aim is

a mildly explicit if it is poly m 29 computable

is fully explicit if it is poly m computable

outputthewholetruth tableinpoyTcomputing G on a
specific seed

Do PRG's exist at all Always check if a random
object work



Them For any men and e o there ait PRG not explicit

G on out for size m circuits with seedlength

d Ollogmtlogt

Pf Pick G Each 10,13 uniformly at random
Fix a circuit T of size m

IELTIGLY La Tezel
m

É ELT U Chernoff says you are

within a w.pe 1 expfe
2d

If G is not a PRG then

Pr FT ECT Ia Tail e

G
PgagEn oexp

e 2d

20cmlogin

o If 29 E 100mlogm
de Ollogmt logle is suff D

Can we find hay in a haystack

Aspirational goal Find an explicit PRG G 91351013 for
size m circuits with Ollogmt logYe seed length

we will take anything de olm



A simpler requirement from a PRG

Defn Next bit unpredictable X v.v on faith is

Ct e WBU if there is no circuit p size It
and no ie m with

Pr P Xi Xo Xi Ete

Given a piefix guessing the next bit is hard

Lemmas If X tse pseudorandom then X is t OCD e
NBU

Conversely X is Ct e NBU then X is
tem pseudorandom

Pfe G X was pseudorandom but nextbit predictable
There is a circuit P and an index i

St P LP Xo Xo Xi Ite

Algo on input Z Em
Q Accept of Ze Plan Za

IELOCUM 42 ELOG Etc
I

diff by E

E Given that X is toe NBU
Wait to show that X item Um
Hybridiargument



Ym X I an

Ym
y'm

2

Yo U

X me U

Suppose Yo time Ym there is a p

s t ELP Yo ELP Ym me

If IELPLY Elias me

Fe ELP Ya ELPai y e

ftpPH
ce no abs value

likely to ace
Yi x xixo e.ua I yi

Define a circuit P which gets input Xi Xii

Pick Zi Zm at random

be P Xi Xin Zi s Zm

If bet return Ec else return Zi



What is the prob that P is right

d Po P Xi Xie Xi Niels Um D
x Po PCXp Xin Fi Vito Um

PolP Xi Xia Ui Viti Um I at21
at E

217 At 2E

Po P is correct if ziti boo
or Zi X b l

f 1 2 L L It 241 2 Ite
y

Howdo we use thisto build PRGs

Toy case stretchof 1
G add gift

BlumMicali Gla se g
bi HardFunction a
hard to guess

Later in the course

suppose we have access to reallyhard functions
then we can use that to build PRGs

If you can find hay in one haystack you canfind one inanother



LImpagliazzo Wigderson If E DTIME 204 has a language

that requires circuits of size 214 then P BPP


