
Sampling And Streaming

↳ Input is too large to store/ access
Plan

1) Sampling
2) Streaming Model

3) Reservoir Sampling

4) Distinct Elements



Sampling :

Poll :
"

Do yoyu daylight savings ?
"

YES =\ NO -_ 0

Goal : Estimate the fraction of population not YES

Algo . Sample K - people at random

collect their answers X
, . . Xie C- 10,1$

☒

Output ⇒ ¥
,

Xi Es § = estimate

of faritiou
of His



Pick k large enough /

With pros .
d- or (0-999)

estimate / § - true value / f Exo -001

Suppose for 300 people , 1K$ samples are needed

to get 0.01 approuimate estimate w•§ . 0^999 .

How many samples for 300 million people ?

1) K samples 2) 100K samples

2) 10k 3) 1000k samples



Chernoff Bound ] i. i. d ( independents identically
Suppose ✗

,
. . ✗t are random variables distributed

that take 20,13 values

so that each Pr / ✗ i -- 1)=p Prlxi-03=1 - p

É Ze
-20€

Pr# Éxi - E) I
i=l

-
w euponenfidlyt

average of eupecfai.io,
in decaying

samples douser

of samples

To get : Pvldeviation >E) for you pick
* = Kai l•9ef%Ñ



answer of it" person
C- {QB

Prfxi : 1) = fraction 4- YES votes in population
=

"

p
"



Streaming :

Atendofday
it at fraction of cars are red ?

2) How
many cars travelled ?

3) How many
distinct cons travelled ?

Data : 1) Too large to store

2) Comes in a stream
,

3) No ✓wind .



Streaningmodd
numbers

Inptt : ia stream of S
,
. . . Sm . . - .

Si E Ll - . NS

G)read the stream only once, from left
to right ]

2) don't know how long the stream is .

↳

Algorithm running using space

poly ( log IN , logn )



Sampling froma-stre.us
INPUT : A stream S

,
. . . .

. -41 . . N }

GOAL : Pick one random element from it .

If A- length of stream is known
=

d) Pick a random Inder i c- di . .
n$

B) Output si



Reservoir Sampling
- -

.

"

Reservoir " r ⇒ ☒
•

for each element Si

wop.
Throw away whats in reservoir b)

sick random number replace with Si

geht . it

£É*¥i
Ignore Si -

Whenever stream stops
, Output

-

=



Claire At end of ith step , H jfi
-

Prf reservoir = Sj) = 11;

Root : Induction :
=

Base case = I i. True .

Assure claim true for i -1 steps .

After ith step
,

Consider j= I Y - d

Pr s;) ⇒ Pr / reservoirs; not thrownatieri-w-eisl.PH?.?..?..j)
=

✗ ( induction

hypothesis)
• ( A-%) __ f-En



Pr / reservoir = S ;) = Pr fireplace reservoir

with Si in the
last)step

= %



Distinctness :
INPUT : A stream &

,
. .
S

. .

C- { 1- .
N }

aoai : Estimate the number of distinct
elements in stream

.



ALGORITHM ( IDEAL )

-⇒ At the beginning , pick a random hash

function

( th :{ 1
. . NB → co

,
i]

Idn umber]☒
=

→ Compute ( as the stream goesby)
minimum / this , )

,
h.l.si . . hlsn ) )

Tby remembering only one number ! I ]

→ Output = µ months ,) . .
his



Intuition: Si
, Se . - . Sn

Suppose there are -k distinct elements in stream

→ " "

→ minimum ( hls ,) . . hard)

= minimum / r, . . Va )
T
k different hash values .

[ Every hash valve is uniformly radon i. i.d
in 10,13 ]



random numbers r
, . . the

↳
2. YKH

y k

idmiaimonlri .vn)
Lennox :

ick r
,
. . Vu, oviform} at random from [0,1 ]

IE / mink , . .

rn )) = %+p

Proof : notes .



" "

Pseudorandom Hash Function
"

-

WANT : - For each Si
,

hfsi) a uniformly random
=

from CoD

INXPOSSBK.ci '

looks
•

E✗Pt hfi) ✗ uniformly random in 10,1 )
h.lu

.

"

pairwise independent
"
: If i,j

hfi }
, hfj ) I same distribution uniformly

random

as pair 10,1)


