
 

Shortest Paths
Assumption Unweightedgraph arrivals only
Algorithm

Ht 9
For N in stream do

If dula v x then
H c H U E U v

return H

Shortest path distances in H vs true distances
Space

Lemmas da t E da s t E x da set
G graphof all edges

Proof 1st H E G
2nd If u not included 7 path of length h between a dir

yea
so uTTt

H that satisfies this is called d spanner

girth lengthof shortest cycle
Lumina H has girth at least Lt 2
Proof by contradiction suppose H had a cycleof length E htt

consider last edge Cu v added to cycle
dula v f L Cen would not be added

Tim A graph withgirth 2ttL has 0 htt edges

Pf M edges d 2mm averagedegree

core of graph iteratively
remove nodesof degree Lolz



Claim Resulting graph is non empty

If we removed all vertices we remove Cmn h m
edges

Consider any of remaining nodesconstruct depth t thee by performing t steps of BFS

Every node wehm depth t has uniquepathof length Et
ft to root

r.TW.ir anEt
Every node has degree 3yd At E L

Tree has at least Cdg Dt nodes n

Cha 1
t e n

m f n't'T n o htt
ht 2 2ft I
t at edges 0 n't Fse

Note We ignored update time
can achieve OCD update tune by more sophisticatedmethods

Lower bound for shortest paths between all pairs of vertices

Exact distances need 1 n bits

24 labeledgraphs on n vertices

must have distinct representation for each
Why For any pair F cu v in onegraph I not in otherdicey L for one

dCa v I for other
So we need lag 2cal 2 bus



Lower bound for approximate distances
fait 7 graph with Ntt edges and no cycles of

length E cktL for some constant C
Endo's girthconjecture F graphs wah r Cn'tE edges and

girth 2kt I

zn't't subgraphs
for every pairof subgraphs 7 Dst dcu.D L in one

d an Ck in other

In order to get Ck approximation
we need lag 2M bus n th bus

Lower Bounds Via Communication Complexity

Setup Alice has strung a CEo If
Bob has strung ye o Lyb
They need to compute fcu y

Communication over many rounds
Forstreaming algorithms we consider one way

communication

Deterministic Randomized publicrandomness
Error probability Ect Gay f

Connection to Streaming
Small space streaming algo imply low communications
1 way protocol

Such a protocoldoes not exist fromcommunication
complexity



Stream X y

suBpdh deniy

Disjointness Problem
Given 2 binary strings n y C 0,13

DIST Ca g a L y F i ne y I
0 otherwise

Lemmani Every deterministic protocol for DIST Bg KayC 0,13
needs n buts of communication

Proof 2h strings cEo Ly
If we use ten than n bits of communication

F 2 strings that are mapped to same menage
n not differ in some bit say I

kill L NY O

ya L y 0 J F L

Thon Randomized protocol for DISTCrecy wth success
prob 72g merit me ICn bug of communication

Corollary Any randomized algorithm to eseimate Fos
within II 2 must we 1cal bits

Pfe If we can approximate Fa we would be able to
computedisjointness

Given RE o ly y C20,13



Sa i see I Sy l ye Iy
San Sy of FosC o I

Sun Syfy Fo 2

Lemma Yao If there exists a distribution D over all possible
inputstrings Cxg E goLyax 0,13

b
St forany

determinate one way protocol
P meh

Pr
y e

P returnswronganswer onGay E E

the communication cost is 7 K Cpublic random bits
then any randomized one way protocol with error fee
0h every input has communication cost 7 K

Any randomized protocol w purk.berandomness
is destubn over deterministicprotocols


