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ALTSthe

keguesoarcetudag.

stream of: A , 182, . . . . At....
data

one datapoint arrives at
each

timet

Goal: Macritain some
_

function of his seen up to time
+

Ex: dis are integers
Maintain the sum.

Ideas maintain a "Sum" variable.
_

Add de at time step t to

the Current sum.



Algo
一 SumE

atte to

Sum< sum+at

Let's analyze how good this algorithm
is

Key resource : Space !

Assumes each at is an integer
in (1)

Then each an can be written in

logcN] bits.
How large a space do I need to

Store "Sum" ?



All integers are [1 . ...N]

need [log ,N] bits
At time T , Sum T. N

[log=TRY - (0g + 10gN]
SpaceUsuge :loguto(
zs "Mavimin. spacensge?
_

alg :
max 0

at time t pirarmif maxatmax
->at

else discard at
~

Median ??? Butthank about
et



Sunce we need /log2NT space to even

write down an element in the stream,

OClog
,
N) is the

"best" case space

Usage
.

A trivial upper
bound wouldb0 log N)

Cstore the entire stream !)

Our goal : feed algorithms
that do

Tlog,

h

& in fact are close to OClog, I+ logN)



"IeavyHitters" Flxxe.
Given d

, - . . . -

;9t ,
E [I

At all times t,
maintain a list of

all elements that have occurred

xEt times,

↓

Voter do not need a lest of

size F/E-1.
Why ? Exercise : prove that

there cannotde

more than (17-1 heavy
eeypronicuples hitters .

D Approximation is okay & important,

2) Hashing/vandamus is crucial.



4

eCuntを
(
e)= { EE{t、-t3|

ate 로
Falphabetof stream

↳

Def : Elemente is am

E-heary hitter at timet if
Count(e) > E .t.

Relaxation o the guarantee
_

"think of this

False positives as the relaxation
approximation we

False negative X choose
"

So
, if there is

a heavy hitter,
it will be

outs need not beheavyoutput. But al out
hitters.



Findinga Majority element EE-heavyhittern

memory
= 上

Counter= O

When element at arrives

if (counter= 0) ,
set memory

= 9t) Counter=

else

if At E = memory ,

counter-counter+ /

else
Counter- Counter - 1

discard at

Creturn the element in the
memory)



nalysis.f theary hitters [1 . atall times
T

.

If : if not, there
are
I destruct elements

that each occur >t
times. But since

total stream length is <T
.
Contradiction.

□

Claimiz8 At all times T>O , memory
-

contains the majority element if
itexists.

Pf : (Note : we make no claims if thereis

no Majority element)

Key: When we discard an
element at

from the memory ,
we also throw away

another (different) element
as well.

Decrementing the counter throwing
away

one copy
o element

_

in memory
So each time we discard the true majority
wemust have thrown away another diffelement



If majority element is not in the
then # elements thumm

memory

y,
away is > T/TT/rST

. Contradictin

D

Space Usage : 0 (log.N + logzT-> counter
d

memory = singleelement

Let's now go figure outa-heavy hitters.

Alg :



Let K= [화 - 그

K
I

' CI
1
-

.

K] = 」

CCI1- k ] = ok

When element at arrives

if J je { i- k }s ' t . at=Tg) ,
then (Sjj ++

else if some
Counter ([j)==0

.

then T(j)
4 at

((j] x 1
else : decrementall countersby I

Land discord at)

Exs check why this algo is same as_

before if E=Y2 .



est)={ Cg
] ife=tgg
o 이wn

↓emma 1s "Our
estimated the true count

are somewhatclose"

O counte)- este)
_

Corollary : ≤ Et

Therefore if Countie) > It
them este) > o

Profi the Sum of the counters cannot
ー

be more that
_

Wherever I decrement it goes
down by K+

1.

Therefore no counter is dealy more



than , "

TristratElements

"

Tuputstream : a ,, 92, . .

.., at

Goal : Keepa count of number
of distinct

elements seen so far,

Not hard to show that exact count

requires memoryT.
urgoal : Keepa est-count

st-

est

t true-count< Count < C . true-
Count

for some constant (30.
"Constantfactor approx"



It turns outthe every
deterministic

algorithm provably needs
&(T)

memory even for
the approx.

guarantag
But
,
there is a simplerandomized

agoratam !

Edea : Hashing.

the min h(ai)
iミ七

min = I

at temi temet,

Compute h(at)
switch if hLays is tinienthamir



통 ]
그

#nalysisof Idealized Algorithm

Temmal : Let k be the number of
distinct elements.

Theprobability that themin host
value is larger them E is at

mostYou (for large enough
Constant (J0).

→0했



의
chance that all k numbers

are assigned ii[E)
Kis ≤ ( 나원

= Ec
Lemme2"

ー与長“型


