
Welcome to CS 590 Sub linear Algorithms
Admin .

• Bright space ; Campus Wine jdass webs . on
- - myTpae .

. Grading : 4 - 5 Hw to Y.
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Research project 45%

Scribe not est peer grading HW
10%

class participation Ty. ✓

•
Need scribe for today ←

. Research : a max 2. people f
• See timeline : . by Feb 2 should

schedule-have atopic
meeting with me . Feb 16 * zparasbefore then

proposal
• March 23 5- 10

min present.

. April 29 outcome
• April so
written report .



Motivation for sub lin
. algs :

,-
c

internet of things
BIG DATA : sales transactions f

web pageshealth data

genomic data
space discovery date

etc etc

Need algorithm design in o (N )
• If data can be stored but no time

to read it → sub linear time

ET

• If data is too boy to fit in
memory → Subh ' near in space
-

if can throw some

away
→ subhuearication
if can store it on multiple

machines that communicate



-

isubliu-timeal#
v .

• approx algs : eg : diameter

# of connected comply .

avg degree of a graph
• property testing :

does an obj have a property or
is far from having the

property ?
leg .

is G connected or far . .
is G 3- colorable or fair

Model stems from Program checking
in PL

.

Blum Kannan

80's { Blum Luh y Rubinfldformalized by Rubinfeed Sudan 90
Leads to PCP thin

Also many other local models



• Locally de cod able / testable
codes

c ⇐
pox

poly ( N ) q. = ? if can only query
poly log CN) few posers
4 into word ?Type of research questions :

Can membership in specific code be
tested with of

.

many queues
can each entry he corrected whp ?
Best tradeoffs bet÷ µ{ locality¢

Leads to a general notion of Local
computation Algs .



Local Compnt Ngs CLI )
Rutnwfeld Tamir Vardy Xie

'
' I

-
- -

ee
queries ITE a d
E- 4th

probe Tid
t Yi d 6

of
eg : Maximal IS .

probe node is to see if it is in

the mis selected or not
.

• Based on diskib
. algs where each node

makes local decision s goal is to have a
consistent this



www.ar-spaualgs/Tsfeawiu#
Given a seg of dts appearing oneatatime
,
with limited

memory
can get eg

: statistics abt thestream
• m.at , iv. n , avg ,

me .de- am

a rand sample ? ¢
estimates of # distinct e Its

# heavy hitters ?

OR can get an approx #i2e of
max matching A

vertex cover a

# connect corrupts d

avg degree ? A

Defined by Alon Matias Szegedgigg
-



Sublieutenant-
⑦

m
.

③
Alice El → LT Bob

⇐

fa
c-

Eg fly , y)
= ITOI

f : EX Fz → if
2 bits

. deterministic

• randomized

Many natural problems are hued
ie require
almost free
disclosure

of inputs



Eg :

EQUALITY EQ :{ o, lynx {0,1 G. if
-

-

Ea Cx
, y) =g :O if x-g

O ow .

3¥ pave
INDEX iDX : go , 13N x LN] → fo , 13

.
- -

im C

Define
- war

Ci Dx ) 3¥
Raid
"-Tt ID x ) z DIN )

set Dis y Dis J : see 3N x 3N-390,13
'

Dis y CE , g- ) = 'fxnyn#
-

go
×
, y are clear outs of sets

.Rand (DIST ) =D CN )
-

-



Obs Data stream alys ⇒ comuni

protocol .

So lb for comunication⇒

lbs for streaming .

K

- d
we 'll probably see that
lbs for communication ⇒

tlbs for property testing
-

• Other egs : . connectivity ←
. bipartite ness
•

approx weight of
spanning tree

.
Recent i distributed learning of distributions



Some basic problems
• diam

. of a set of pts in IR
-

←

• testing if fue is constant
• uniform sampling of a stream
• deciding connectivity of a

graph in a stream .



Deterministic 2- approx of diameter

Det : D dist . metric R
"

D Dex , y ) >o ; DG, y
,

)= aft

2) Dex , y ) = Day , x)
"

Y

37 ④ Cx , y ) E Dex , 2) t Ny ,
2 )

Def : diam CS) = max Dexys
x. yes

Givens
, D .

Thur ( Indy k) : F det . alg that

outpts d St . dimanche de diam
in time o( IDI )

=

on

note : I input 1--041317=0417
-

1st
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or
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C-

b- x. y tt DC x.g) E DIX,t)t
- Dfat)

\
£2 ' maxfDCx.tl ,Z - approx Dcyetf

0cm nh) E
zmrax { Dlr.tk- EBAig : Take any TES

output d- = mrggfDCr.tl}
Diam E 2. d E diam CS )

Diaz ed e dDiam ✓



Property testing

property = a collection of obj that
all have a particular

property
In -- g all graph on n - uts

that are 3 - colorable}

Pu -- G all graphs on nuts

that are connected }

{ a-
that are D -free }

Pne g distrib .

that are

bimodal I



Egidio
#i

neettimisiiince : f. g : Rt

Sff , g) = ÷, 19 x
: f- Cx) xD)

Dist
. from f Io P is

dist Cf
,
P) = ngnfnp.EC fig)



Defy :
P is K - locally testable if

F raud alg t with black- box

access to input st .

① A makes k queries to

the input .

② o if f is in P then ←

Cone -sided) A accepts c- ( completeness)

• if f is E- far front

then Pr [ A accepts ] 213 !souadd④
f

←D
EYE

HEE
fcyiifgii

. . - fig, → L?



Pn = f f I fix7=1 , XE Cn]
-

f : End → 9913 }
f- i¥¥E¥¥¥
ist f E Pn or

f- is e- far from Pn .

( ie . f has at least
an E- front of o 's)

> En values of f are O's .
claim : Pn is Z - locally testable .

Destiny bet f E Pn
{fis E - far from Pn

using only If many queries .
for n →a ← O



• Test : pick ⑤ random x 's

ftp.7 texas - -
. fcxz)

l l ' Y

B t i t

if eversee o re j .

①W ACC .

Analysis
-

A- queries : Ze = A - w r f -
n

completeness : f E Pu then Prfreif ,
Saunders i f- is E -far from Pre

then

Pr [ace] = Pr [ no o is hit in Zetrialsf①
= e-

2
⇐ Ce - eJE e

%

✓ e-


