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Problem

o Take n samples from an unknown
distribution (L.id.)

o kskimate the @Mﬁropv

o kstimalke the su,ppor%



Mamv Incarnations

o Grood-Turing estimator



Lowg His &;}rj

o Recent:
o [Valtank-Valiant 10]
o [Acharya-dafarpour-Oriitsiey-Suresh-Wu 13, 15]

o [Jilao-Venkat-Han-Weissman 15]



The F?mobtem

PX Mav never see the kail




The usual
assumpﬁmm
o Recent worlk

@ Em&ropjz assume a bound on the
support size ()

o Suppar%: ASSUMEe . YMUALMuUm

probabiiiﬁv mass (1/5)

S
log §

o Sample aamptexi%jz n



Dealh by
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What can we do
with no assumg%&ov\?



Perhaps nothing

o Cannok retiabtj decide Ehak entropy
or support is finite.

o Reason: Every diskribution has an
=00 neighbor (in total variation)



Yilkes

o After one million samples of seeing
cw\iv one outcome, can we not say
amv&hiv\g\?



Two Changes

1. Eskimake smookhed em&ropj/suppoﬁ

Px) = j
Ss(Px) die i _ g|Support{Q)

2. Confidence bounds: Estimabor can
fail as long as ik khnows when it fails
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Ss5(X™) Ss(X™)



AlLL Samgms Fhe

Same.

o Cownclude: H=0, Support=1

® Error prob. <e if n> 1

o 489 samptes (for d=c=0.01)

~H Worsk
diskribubkion |




AlL SamFLes
Different

@ No upper bound possibt&

o Lower bound: Support = s2(n?)



S*AﬁkEQVEMS

SI;PIP’(Sa(P) ¢ [S5(X™),Ss(X™)]) < e



Si;mtpte esktimator

o Build estimalor based on a simple
skaktiskic:

o R = fraction of unique so\m[ptes



Claim
o Choose ¢>3:;

@ c-achieving (for large enough n):

logn = logn
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Best bounds

3 SMO\LL Q: § 25 ( n
i logn
o Large K: S5 =0 (n3/ 2)



Proof - 2 Steps

1. Cownhnect ko Poilsson Apyroximaﬁwn

2 . Anatja@. Poisson Apprax&maﬁom



Sﬁep 1
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S%@.Fa 2

o Define ﬂfmserprm&: X ~ Px
Y = Px(X) = e x(%)

o Py is fingerprint of Px

S (Py) =M SUY > Fy (5))
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Sampte CQMPL@&X&%

o Choose ¢ » e

o If n > ¢5/8 and 1 large enough:

ok TR



Bobttom Line

o With 11 million sam[pt@.s, start to
have quarantees

o With 100 million samptes, quarantee
for § < 1,797,000



