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Flajolet - Martin Estimator -or #Distinct Elements

Let #p = 50
, 4-- ; P-14

Draw h : #p+ # unit random from a

2-universal hish family
. This calculation

Calculate = minGh(i)3S requires only
O(1) space

Output the estimate
1
.

⑭time : If# distinct clements is &,

Prestinate is > (c) < E . (Markov']

Sneed to show

Pr(estimate < ) sto Chebyshers) -
We defined

Xi = Ethi
Y = X

,
+ - + Xd

and observed that--

·

estimate% when Y= 0.

· E(Xi] = & Var(xi) < E(X : ]
· eCY] = G=d



· Var(Y) = Var(i) <k] = 6.
-

The variance of the sum of pairwise
indep rand vars is the sum

of their variances.

Pr(y = 0) => Pr((Y-EY) = 6)
= Pr)(YDY(36) Chabysher's

(Markov's Tres
=..
]

... so Pr(t estimate (d) >

To improve accuracy , ler + >
1
.

Let ZE...It be the

distinct
- smallestA values among
EEG) , -e- , hEvaldyy bash range

estimated

Estimate is dete
[to t a
K

land in [02n] P



Recapi Assume O , -wid are the & distinct

Again Let d = distinct elements·
elements.

X
:

= [1h()aitotherwise

Y = N +
- - + Xa

Observe
Yst precisely when

Zitti
E(Xi] = Mt
· (y) = d. E(X: ) = ( 1 +a)+

Var (Y) = d. Var(X: ) < d . E(i) =(Ira)t-

(a)t
P(X- ey) > Pine

Can make RtS as large as we want

by making to large.

To make Prestimate>i)
solve F



-unES I

For this value of -, similar

Chebysher Jueg calculation =>

Pr(estima F) > E-

MraGriesAlghm for fina

- Processes a stream of n

Crot necessarily distinct elements

- Uses O(k) storage
- Reports a list of lat most) k
elements that includes every
element occurring> times

in the stream.

00 plus false positives.



Maintain list of pairs

(v
, c)

↑ ↑
element positive integer
seen in
stream "number of uncancelled occurrences

or I of to in the stream
.

"


