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* Distributed setting

e Multiple agents (finite state automatons)
* Each agent runs the same algorithm (protocol)

* Given:
e Undirected graph G
* Input opinions € {4, B}

* Goal:
* Every node outputs majority opinion a.s.

* Asynchronous communication steps:

* Uniformly sample a directed edge (u, v)
* Endpoints update their states: X+ Y - X' + Y’
* Every node outputs depending on their state
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= Our focus: fast and space-efficient protocol for general graphs

(*) A(y) = minimum spectral gap of certain family of submatrices
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(**) ¢ = conductance



Cancellation & doubling



e.g. [Angluin et al., DISC'06]
[Berenbrink et al., DISC'18]
[Alistarh et al., OPODIS'21]

Cancellation & doubling Doty et al, FOCS'22

* All known fast protocols for exact majority rely on this framework



e.g. [Angluin et al., DISC’06]
[Berenbrink et al., DISC'18]
[Alistarh et al., OPODIS'21]

Cancellation & doubling Doty et al, FOCS'22

* All known fast protocols for exact majority rely on this framework
* Initially each node creates an opinion token



e.g. [Angluin et al., DISC’06]
[Berenbrink et al., DISC'18]
[Alistarh et al., OPODIS'21]

Cancellation & doubling Doty et al, FOCS'22

* All known fast protocols for exact majority rely on this framework
* Initially each node creates an opinion token
 Alternate two phases:



e.g. [Angluin et al., DISC’06]
[Berenbrink et al., DISC'18]
[Alistarh et al., OPODIS'21]

Cancellation & doubling Doty et al, FOCS'22

* All known fast protocols for exact majority rely on this framework
* Initially each node creates an opinion token

 Alternate two phases:
* Cancellation phase: +5->C+C



e.g. [Angluin et al., DISC’'06]
[Berenbrink et al., DISC'18]
[Alistarh et al., OPODIS’21]

Cancellation & doubling Doty et al, FOCS'22]

* All known fast protocols for exact majority rely on this framework
* Initially each node creates an opinion token
 Alternate two phases:

* Cancellation phase: +5->C+C

+C—-a+

* Doubling phase: B4+Cob+b



e.g. [Angluin et al., DISC’'06]
[Berenbrink et al., DISC'18]
[Alistarh et al., OPODIS’21]

Cancellation & doubling Doty et al, FOCS'22]

* All known fast protocols for exact majority rely on this framework
* Initially each node creates an opinion token

 Alternate two phases:

* Cancellation phase: +B8->C+C Otherwise swap:

+C - a+ X+Y->Y+X

* Doubling phase: B4+Cob+b



e.g. [Angluin et al., DISC’'06]
[Berenbrink et al., DISC'18]
[Alistarh et al., OPODIS’21]

Cancellation & doubling Doty et al, FOCS'22]

* All known fast protocols for exact majority rely on this framework
* Initially each node creates an opinion token

 Alternate two phases:

* Cancellation phase: +B8->C+C Otherwise swap:

+C - a+ X+Y->Y+X

* Doubling phase: B4+Cob+b

* Two key challenges:



e.g. [Angluin et al., DISC’'06]
[Berenbrink et al., DISC'18]
[Alistarh et al., OPODIS’21]

Cancellation & doubling Doty et al, FOCS'22]

* All known fast protocols for exact majority rely on this framework
* Initially each node creates an opinion token

 Alternate two phases:

* Cancellation phase: +B8->C+C Otherwise swap:

+C - a+ X+Y->Y+X

* Doubling phase: B4+Cob+b

* Two key challenges:
* 1) How to synchronize nodes in this asynchronous model? ( — phase clock)



e.g. [Angluin et al., DISC’'06]
[Berenbrink et al., DISC'18]
[Alistarh et al., OPODIS’21]

Cancellation & doubling Doty et al, FOCS'22]

* All known fast protocols for exact majority rely on this framework
* Initially each node creates an opinion token

 Alternate two phases:

* Cancellation phase: +B8->C+C Otherwise swap:

. +C - a+ X+Y->Y+X
* Doubling phase: B4+Cob+b
* Two key challenges:

* 1) How to synchronize nodes in this asynchronous model? ( — phase clock)
e 2) How long to run each phase? ( — annihilation dynamics)
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* Parameters:
* normalized biasy = |4, — By|/n
(normalized difference of initial tokens)
* relaxation time 7,,;
(lazy token random walk)
* We obtain that w.h.p. and in expectation:
* Extinction time in O(t,.; /v logn)
(no minority tokens left)
* e-clearing time in O(7,.;/€logn)

(e-fraction of A and B tokens left)
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Theorem (general version)
There exists a protocol that stabilizes in O(A/6t,.;lognlog1/y) steps w.h.p. and
\in expectation using O (logn (log(A/é6) + log(t,¢;/n))) states.
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Theorem

There is no protocol faster than Q(D - m) for solving exact majority on an
graph G, with m edges and diameter D.
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