
25 Apr 2022 Streaming Distinct Elements

Sketching Frequencies

Announcements ① Homework 6 to be released Weds
,

due one week later (plus 2-day grace period)
② Quiz 4 will be in class

, Monday , May 9 ,

]

Recaps h(✗) = axtb and M) M≥m
, prime

⇔) e- [MJ uniformly random .

Storing a representation of h requires
only 2 login) space to store

coefficients a and b.

① th hw is unifdistnb in [M] ,

② -Vx≠y then hlxl
, hey ? are independent

random variables
.

if hlia ;) ≤ KLet ✗
ik

= { to if hcai) > K

I

¥ = Kik = # of distinct elements in stream

that hash to {b. . -1k} .

We proved ① E- [Xik ] - hi
② E- [%] =
③ Var [Yk ] < ¥ .



AlgorithmforD.is/-inctElements-

Sample random hash function h as above .

let t --1%-1%7 .

Initialize ft , , . . . ,Z+)=tᵗ
" Zi

, .
- > Zt will store the t smallest distinct

values in the set {hcai) / e'=L, - - in}
in increasing order

.

for i'=L
, - - yni

Observe token ai

compute z - Kai)
if 2- <Zt :

update 2-1
, .
.
- ,Z+ to preserve the

invariant in the comment above ,

endit

ondfor
E. ≈ Fe E≈¥

, .
. ,¥≈¥

Output
ᵗM_
7- '

,↓↓↓↓↓↓t
Andysisofthedgorithm

Zt=k = Yk=t and Yµ , <t .

So
,
we resort to analyzing ¥ for

various Values of K .



Two ways the alge could fail :

- outputs answer < 4-e) d.
Since answer = Éz¥ this

corresponds to 2-+7 É¥d
⇒ Yet for k=La¥↑-a)

- outputs answer > Ate)d
Corresponds to 2-

+
< ¥d

⇒ Ye≥t for l=l¥%/
e-He] = ¥ , Varlye ] < ,

Hye≥tµᵈ¥F→
,

- dgÉÉL¥ . F) ≤ ¥e

,
t - ≥ t - E. = 9¥

.

i It -¥5 ≥ É¥→ .

t.IE#7'
'
→ ≤ ¥¥→= :# ≤ £

.

Similar calculation using Chebyshev shows
the probability of answer < a-e)d is also ≤ § .



Sketching Model of computation

stream oh
, a - -

,
an

Tokens belong to [m]

Also has storage space s=0(potyogn , login)) -
After processing stream

, the stored representation
is used to answer queries from some set Q

of potential queries .

6,8 )- PAC property : -VfEQ A /answer is eaccurate≥ts.
?_?

Wedskctwei Estimating frequencies of tokens
.

Query q(x) for token × asks
,

" How
many

times did ✗ appear in the strain
? "

E- accurate might mean
,
for example,

answer to glx) has additive error ≤ En .


