













































































Randomly testing Boolean Functions
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A language L is in
P if there is a det polytimedecision algpolytime

NP if there is a polytime verifier that tak
PCP theorem 90 s as input xe 0,13 and ye 0,23 and

if XEL answers Xel for some y
if Xel answers x4E for all y

PCP r 9 nonadaptive probabilisticallycheckableproof
w r random bitsandq queries

random Oraclemodel query ith bit of proof y
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NP PCP Ology 04

Given XE 0,13 and oracle access to ye 0,15
I select01g queries based on X Ocr random 6

If XEL for some y always accept Xeads to

Theorem Hasta d 19977
if XEL for all y accept x w prob E 2
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g ary constraint satisfaction problems

Graph CSP on variables V finite alphabet A m clause

a clause consists of g variables v m KEV
and satisfying set SEA

2 ary CSP T1 VA satisfies clause if Tcu m TV E

variables vertices

clause over u rev a edge between u and V

V vertices

A red blue green
clauses edges
















































































g ary constraint satisfactionproblems
n variables V finitealphabet A mclaus

a clauseconsists of g variables Vi m Viet
and satisfying set SEA

given graph sp G it is NP Hard

to distinguish
UNS AT G O TI VA satisfies clause is Calvin Tindle

UNSAT 6 Z Im GraphCSP 2arycs
variables vertices
clauseover uVEV

Goal amplify taconstant
Three transformations

1 Expander ification make 6 a constant degree expander

2 Powering raises UNSATCG but also increases IAI

3 Alphabet reduction

V vertices
A red bluegreen
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3 Alphabet reduction

goal decrease alphabet size to constant

step 1 reduce to A 0,1 w error correcting codes
I replaces each edge w general constraint over OC variables

step 2 replace each constraint w graph CSP

use techniques as black box
















































































step 1 reduce to A 0,1 w error correcting codes
T replaces each edge w general constraint over OU variables

let e A 0,18 be code w bollog Al and
relative distance pet0,1 HammingCeca clap pl ta ta

split each vertex u into l vertices Va vi n ve

replace edge e u u w Formula Fe 0,25 ux 0,13 s.t

Fe xu a
l if Xu clad Xr clad Ca adele
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step 2 replace each constraint w graph CSP

µ

Lemma for ee E one can construct graph CSP Ge VeEe Ao s.t

a Vu V E Ve 6 Eel IVel IA OCD and same te

c completeness if felxuxp l then one can extend

Gurr to 6 Ve 7A that satisfies all of Ge
d Soundness if Fela xr 0 then t extensions 6 of Cair
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Boolean function as a black box

XE

OIL

IYER

f

e.g is f a linear function
















































































Boolean function as a blackbox

Property testing
XING IYERgiven Test via queries 61

if f has certain properties like f

a linearity FCxty felt fly
x ye 0,13 e.g is f a linear function

6 dictatorship fix Mi
for some index ie In

goal test f w as few queries as possible

Impossible to be exact w out querying all 2 inputs

allow for randomization and approximations
















































































Universal Tester today's main result

et Le 0,13 and p 22
randomized algo AL 0,15 0,13 40,1 that given oracle
access to xe 0,13 ye 0,13 queries 3 bits of x or y and

If XEL I ye 0,13 sit Alex y I always

If X L K ye O I P

P ALG 1 032.001 LILITH
















































































Comparing to PCP
PCPGM nonadaptive probabilisticallycheckableproof
w r randombitsandqqueries

Oraclemodelqueryith bitofproofy

c0,13 andoracleaccessto ye0,25
I select01gqueriesbasedon X Ocr random
2makeOlg queriesto oracle

Very large proof 3acceptor rejectx
if XEL forsomey alwaysaccept x

ok for n 0 D ifXELforall yacceptx w prob I 12

I
Universal Tester
let Le 0,13 and p 22
randomized algo AL 0,15 0,13 40,1 that given oracle
access to XE 0,13 ye 0,1 queries 3 bits of x or y and

If XEL I ye 0,13 sit Alexy I always

If X L K ye O I P

P ALG 1 032.001 YET YH T
rejection probability proportional
to Hamming distance from L
















































































Algo high level sketch
Universal Tester today'smain result
let Le 0,13 and p 22
randomized algo AL 0,15 0,1340,1 that givenoracle

et NI 2 identified w 0,13 access to xe 0,13 ye0,23 queries3 bitsof xory and
If XEL I ye0,13 sit Alexy I always

for ie IN def Xi 0,13N 7 1,13 Isaac Hye o.se
P ALG1 032.001TELYH

Xxx 1
i 1 if x O

dictator
1 if Xi I

let De Xi ie L

a boolean function 5 0,13N 71 1,13 is a 40 27 bit string
for XEL the proof y is Xx E 0,1

P

The test given XE 0,13 and ye 0,13

III test if ye DL
2 test if y p Ine

will learn how to do these














step2 replaceeach constraint w graphCSP

M Universal Tester today'smain result
let Le 0,13 and p 22
randomized algo AL 0,15 0,1340,1 that givenoracle

Lemma forEEE one can constructgraphCspGe veEeHo s.t
access to XE 0,13 ye0,2 queries3 bitsof x or yand

If XEL I ye0,13 sit Alexy I alwaysa VuVrEve 6 Eel IVel IA OCD and same te
c completeness if felxuxp l then one can extend
Gurr to O Ve7A thatsatisfies allofGe P Alex7072.001Ily If
d Soundness if felxuxr 0 then t extensions 6 ofGar

UNSAFE r minHamming stay i



UniversalTester today'smainresul

Theorem let LC 0,13 One can let Lease and p a
randomizedalgoAL0,150,1340,1 thatgivenorad
access to xe 0,13 ye0,133queries3bitsofx or y anconstruct graph CSP GECK Er sit If XEL I ye0,13 sit Alexy I always
IfXEL Hye0,13
PALG1072.001YETYHA 0,133 0,1 17

step2 replaceeachconstraint w graphCSP

n vertices v m Vn w labels in 0,13s.t A

if XEL then I 6 Vp 0,13 Sit
Lemma foreeE onecanconstructgraphCSPGeVeEeAo

G Vi x Yi and UN SAT 6 62 0 a VuVrEve 16 EelIvelAol OCDandsame te
c completeness if felxuxp l then one can extend
Gurr to 6Ve7A thatsatisfiesallofGe

If X L Then f 6 V25 0 I g T d soundness if felxu.ru o then t extensions 6oflax
unsATCol In min Minda Flynn I

G Vi Xi ti

UNSAT 61613.001min IIIYEL



700 Universal tester T for L UniversalTester today'smainresat
let Le 0,13 and p 22
randomizedalgoAL0,150,1340,1 thatgivenorad

T's input XE O I ye 0,1 p 22
access to 240.23 yea queries3bitsofxoryan
If XEL I ye0,23 sit Alexy I always
If x L Hye0,139
PALG1032.001YETYHT flips finite coins

Theorem let LC 0,13 One can
let A all possible outcomes construct graphCsp Geck East

A 0,133
for wed T queries 3 bits of X on vertices vim rneso.is sit

if XEL then I 6 Vp 0,13 Sit
or y and accepts rejects 6 Vi x ti and UNSAT 6164 0

if 4L then 46 Va 0,13s.t
we want to simulate this utaguph G Vi Xi ti

UNSAT 61643.001 1 7

Vertices Only take labels 0,13

Vi n Vn modeling bits of

Wi m Wp modeling bits of y
Z
w for each WER



UniversalTester today'smainresul

Edges for wed T queries 3 let Lease and p a
randomizedalgoAL0,150,1340,1 thatgivenorad
access to xe0,13 ye0,133queries3bitsofx or y anbits of X or y and accepts rejects Is xel years se Alexis I always
If x L Hye0,139

e.g T queries kith bit of X pianos on it

Kath bit of X Theorem let Lc 0,13 One can
construct graphCSP GECKEr sit

Kath bit of y A 0,133
n vertices v m V E 0,2 Sit

4 edges 0,1 if teh then I 6 Vp o.si sit
6 Vi x ti and UNSAT 6164 00,133 VK
if 4L then 46 Va 0,13s.t
G Vi Xi ti

9kW Gcv 0,1
UNSAT 61643.001 1 7V Kz
universal tester T for L

V

y
queries return T'sinput Xe 0,13 ye 0,13 p 2

0,12W 6212W 6312W T flips finite coins

v in modeling bits
Vertices Onlytakelabels o

Wi mWp modelingbits of yhe can verify this graph Csp Z w for each WER

satisfies the claims
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