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Low Congestion Shortcuts Lecture a
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part wise Aggregation
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Every vertex 4 cSj holds 0110gn bit Xi

and it is reqired for every vieSc to learn

the aggregate function of all Kk's for VeeSj

Low CongestionShortcuts LCS

IG V E and S Se each GCsi is connected

A collection of subgraphs FC Hi He is an CaB LCS if

Diam G Si UH Ex

Each edge ee G appears on at most B Hi subgraphs

theoremi Given a T roundalg for Computing CaB Shortcuts for Sy Se

then one can solve the partwiseaggregationproblem in OCT AIB
TheQualityof the
shortcut

Remark This also implies MST in OCT at B rounds

Graph Family Quality of LCS
General Graphs atB OCD Tn

Planar Graphs xtB 8 D

ExpanderGraphs 2109hm

Graphwith 130111 x p E n k 2



Approximate min cut

cut is a graphpartitioning into CS VIS

the value of the cut S VIS is

E s cu v lues VEVISH

mint is minersCS

0 login Approximation

Karger's edgesampling Givengraph G CV E with min cut X

Let G p be the subgraphobtainedbysamplingeachedgeEEG indep Wp
100logn

p Then W hP for SE V
go.gg S e 1 E Sacs P

x

0
Cori Gcp for p 1097 thenwhp G p is connected

on the onehand Gcp is connected w hp for p
10

on theotherhand GCPD is connected up SET for pity

Algorithm

For 1 1 to flogn fractionof connected
subgraphs

For j 1 to 1 0 login In go.aeIEEE

yaoi
a

p eaXji I connectivity canbesolved inOCD1in

j Max j St X i30 a l

Return z j't



FOCS 2020 Exact min cut in 8 Din HtE approximationwithshortcuts

LB for unweightedMincut I D Ip poly D
K sparse certificate

HEG is a Ksparsecertificate if

1 VS EV SH S min K ScCs

2 I E H E k n

Centralized construction

H 0 G G

For i 1 to k

Fi MSF in G

H HU Fi

G G't Fi

IDcorrectness

Focus on a specific cut 5

In everystep i collect at least one cut edgeCifexists

Distributed Implementation

Phasei edges in F U uFi haveweight a

edges in Gj F haveweight 1
Compute MST

Lemma Can compute K certificate in 8 K D Tn rounds

Nextstep assume X is known

providealg thatworks in 0 X Din rounds



High Level Idea Of Centralized Construction Matula's

Compute k certificate HEG for
y

LECH s a xn

Everymincut in it is amin cut in G and
K Itf X viceversa

Define G obtained by contracting alledges in GlH

fa'll FE

Avgdeg in G's 4 a s2 I e e a

3node possiblysupernode withdegE G E X defines a cut

Case 2 Iv calls HE
continuerecursively

Distributed Implementation

GIH to becontracted

Everysupernodein G correspondsto a connected comp of H

G
Computecertificate for G

assignweightof 0 to alledges inside supernode

Complexity E X Dtr rounds

Goal Gte approx in 8 Dtr rounds

idea Use Karger to sparsitythegraph G GEp for p
22,92

b SEV 8g S E Ite Sa s p

Apply Matula'salg on G in OCD1nF rounds

Omit assumption on X

Try X 1 as a guess for i t 2,3


