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Sublinear Graph Algorithms

@i
2l - — It(ings*‘ y
5' Vauxhall [
1
AS6Y S ¥
kS x" %
= & |
T eedsSI %
o Street 3
NS, A%038 Y 3 Ishrl'gto
- 2 == CAIo e
AR ¢4, CharcmnSway e
% hill'W:
w72 R
RN
\ - >
\ DA
\ ~Moorfields
25 A
: LR\ leerpuol fule T
Yo SN G A Lime street [ KnO\
S N 7 > T Ryaes " L T
N ' S Q
. ~ B 24 7z
7 S = =7 —Liverpool & 2 Bldasam
, James Ropewa\kS\ o
Y S"ee‘q_—-'ﬂ 3
0 o E Oy, o=
3"*‘ = 3 St A B
& Y Y S =
ISR IERN =3

V7 * 2 S { Gegrgic
‘Map data © OpenStreetMap coﬁ’gibuiors |

classic / global algorithm
see everything
complexity Q(n)
output solution



Sublinear Graph Algorithms

@S I
&l \\ [ wings®
. al| Vauxhallf
| A5G4 S °
\ 5 3 E
by Loeds SUEE ®
g Street N o
\eE L As038 ' §_Islinato
) 3 { O g
AS052 |- %7, Chtrehjiay i
°
S
Moorfields 2
A A =
Liverpool | S5k
L. Lime street | KNO
- 5
=
5 c 7 QL
Liverpool o\ tpreassn
James RopewalkSn 5 jame
street /| £ SO
- : x XSS
o = B SR S %
. \ A w5 = =
K 2 s"‘( it
\ AS036 |~ %, oy
) {|. Gegrgic

Map data © OpenStreetMap coributors

classic / global algorithm
see everything
complexity Q(n)
output solution

sublinear algorithm
see only small parts
complexity o(n)
estimate solution’s value



Property Testing

Given a graph G = (V, E), decide with prob. > 2/3

C3-free e-close to C3-free e-far from C3-free

accept don't care reject

distance “e-far from” = need to modify more than €|E| edges
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- input graph G = (V, E)
- each vertex has id € poly(n)

- processor on each vertex v € V
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Distributed Property Testing in the CONGEST model

- input graph G = (V, E)

- each vertex has id € poly(n)

- processor on each vertex v € V
- synchronized rounds

one round for vertex v € V:

1. unlimited local computation
2. Yu € T(v): send O(logn) bits to u
3. Yu € I'(v): receive message from u

- after last round
- every vertex votes accept or reject
- tester rejects iff at least one vertex

votes reject

- complexity measure: #rounds
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Conductance More Formally

E(S,V\9) @
orscve, o = EVISIe.
P(G) = g*nc ®(9)
C
|E(SS)I<IESS)

d(sr="2
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Testing of Conductance

Theorem
There is a tester for conductance ¢ in the CONGEST model

with round complexity O(";%), and a lower bound of Q(logn).

- tester works also for connected graphs of unknown size

- votes can be made all accept / all reject
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Lazy Random Walks

- random walker startsons € V

- goes u — v, v € I'(u) with probability

1 ]c
p(v,u){ aw ! u#v

Nl= N

ifu=v
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Lazy Random Walks

- random walker starts on s € V
- goes u — v, v € ['(u) with probability

— ifu#v
2

fu=v
- stationary distribution
#, = d(v)/(2m)
- walk mixes, that is, converges to @

lim ||P's — %] = 0
t—o0
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idea test for vertices with large mixing time

algorithm 1. sample ©(1/¢) vertices S @ ®
2. perform poly(n) random walks from S

3. check if walks for some v € S mixed poorly
after ©(logn) steps
..but keeping all traces is costly: > poly(n) bits
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Reducing Congestion

1. attempt: transmit full traces
can approximate ||P'Ts — || Vs € S
but log n - poly(n) = Q(n) rounds

2. attempt: transmit only tokens
requires only O(log n) rounds
but approx. ||Pt|%‘ > ees Ls — || only

3. attempt: transmit start vertices
can approximate ||P'Ts — 7| Vs € S
requires only O(log n) rounds




Theorem
There is a tester for conductance ¢ in the CONGEST model

with round complexity O("ggz”), and a lower bound of Q(log n).

- lower bound is based on high girth expander graphs

10



Theorem
There is a tester for conductance ¢ in the CONGEST model

with round complexity O("ggz”), and a lower bound of Q(log n).

- lower bound is based on high girth expander graphs
- first two-sided error distributed tester

- voting rule taken from one-sided error testing
- power of other rules?

10



Theorem
There is a tester for conductance ¢ in the CONGEST model

with round complexity O("ggz”), and a lower bound of Q(log n).

- lower bound is based on high girth expander graphs
- first two-sided error distributed tester

- voting rule taken from one-sided error testing
- power of other rules?

- lower bound for one-sided error tester of conductance?
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