
Lecture 12
-

Testing distributions :

the case of uniformity
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A new model :

Probability distributions : get samples
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Examples : lottery data

Shopping choices

experimental outcomes
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What do we need to know ? is it uniform ?

high entropy ?
large support ? (many

distinct elts
with > o probability)

monotone increasing ,
K-modal ?

K - histogram ?



Methods ?

learn distribution
Xh- test

plug-in estimate
Max likelihood estimate

Goal i sample complexity sublinear in n

,
domain
size
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Distances
-
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Via
"

plug - in
"

Estimate :

• take on samples from
P

# times × occurs in sample
• estimate plx) tix via ptlxl ---m
• if § tph)

- tht > E reject

else accept
so
if p=U

Naive Analysis ; ( better analyses exist) f likely patos
pick m sit
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how big should m be ?

do you
need to see each X at least once ? login tones?

un) ? Ahle) ? rink)? rlnlogka) ?
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Lets consider La- distance ( squared) :

-

Hp - Ua, 11: =

i
? (Pi - tnt = E (pi -

''

Pitts)
cm

uniform on

iv. n
= Epi - z Epi t Eat-

w u

for p
-

-
U :

=L
In

uplift = Epi - In a

for ptu :
in
#collision prob otdiYfnt on -114,11,

collision prob of
we know this

Kpk;> th p : lipka -- Prs,+efs=t]
-

- EP!
since we known

= ftp.KI - Huangdi

Algonthmtoestimak :
① how big is

s ?

② how
to estimate

?
• take s samples of p
. let Ee

.

estimate of HpHf from sample
③ what should

or be

• if I et to pass
else fail



How well do we need to estimate Aptly ?
i.e

.

what should or be ?

Assumption * : IE - Hp " :/ so
I this is our parameter-

will take enough that determines
whether

samples sit .

our approximation
is good '

this holds with

prob 2314
recall :

What it 8 holds with a- Is ?
Hp -knife Kpk
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• if Hp - Ucnzll ,> E then Hp - Uan,HI > E-
but llpll: = Hp - hails + In > e
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so
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How to estimate Hplhi ?
-

Naive idea :
a. repeat several times :

• take two samples a set ya. ← { I
if two samples equal

• increment i O O
.
W

.

• output average of Xi's

Olk) samples of collisions from k samples ofp



How to estimate Hplhi ?
-

Naive idea :
a. repeat several times :

Okk) samples • take two samples a set ya. ← { I
if two samples equal

O O
.
W

.of collisions
• output average of Xi'sfrom K samples

ofp

Better idea :
"

recycle
"

use all pairs in sample

gives Elk') samples of collision prob from k samples
of p

• Take S samples from p : Xin . Xs

• For each leicj es

bij ← { ' if Xing. } big's are
not independent

⇒ calf case
Chernoff

O O .
W

.

° Output E ← Fight



Analysis i ECE ] = fgy.EC?qjboij)--zsyEg.EC6ij3=fsIIyECfijI=Prlfij--D
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Pr [ IE - 11pm:/ > p ] E tarps] Chebyshev 's t
recall Varlx]=EUx-EW)

Var [ E) = Igp Var ( §, big) by fact from before

{ Lemme Var [ §, bij) Elsalllplhi
t 4 ( lsdllplb.pk

so Hemmer ⇒ Vance ) is O ( "II t "III )
proof of lemma in next lecture


