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The LOCAL model
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The LOCAL model

@ Set of V processors, |[V|=n

@ Operate in synchronous rounds

Maximum degree A
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The LOCAL model

@ Set of V processors, |[V|=n
@ Operate in synchronous rounds

One round :
@ Send messages to neighbors
@ Receive messages
@ Perform local computations

Maximum degree A

o Each processor is given some local input.
o Give an output after a certain number of rounds
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Problems in the LOC.AL model

@ Unbounded message sizes
@ Unbounded computation time

@ Nodes have unique identifiers
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Problems in the LOC.AL model

@ Unbounded message sizes
@ Unbounded computation time

@ Nodes have unique identifiers

Study the locality of distributed problems : maximum distance a node has
to communicate to in order to compute a solution.

Problems studied

Locally checkable tasks : a solution can be checked in a constant number
of rounds.
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Two Problems : Coloring and MIS

Problem Deterministic Randomized
¢O(Vlogn) pso2]  O(v/log A) + eOoglogn) 1eq14

(A + 1)-coloring
O(A3/4) =+ log* T [Barl5] Q(log* ’ﬂ/) for A constant [Lin92]

O (VIogn) psoz;  O(log A) + ¢O(loglogn) [BEPS12]
MIS

0 ( logn
O(A) + log™ n [BE09] Toglogn "
for A = 20(VIognloglogn)

[Linial 1992] [Panconesi, Srinivasan 1992] [Kuhn, Moscibroda, Wattenhoffer 2004] [Barenboim, Elkin 2009]
[Barenboim, Elkin, Pettie, Schneider 2012 | [Baremboim 2015] [Harris, Schneider, Su 2016]
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Two Problems : Coloring and MIS

Problem Deterministic Randomized
¢O(Vlogn) pso2]  O(v/log A) + eOoglogn) 1eq14

(A + 1)-coloring
O(A3/4) =+ log* T [Barl5] Q(log* ’ﬂ/) for A constant [Lin92]

O (Vlogn) [PS92] O(log A) + ¢O(loglogn) [BEPS12]
MIS

0 ( logn
O(A) + log™ n [BE09] Toglogn "
for A = 20(VIognloglogn)

@ Is (A + 1)-coloring easier than MIS?

@ Complexity of (A + 1)-coloring?

[Linial 1992] [Panconesi, Srinivasan 1992] [Kuhn, Moscibroda, Wattenhoffer 2004] [Barenboim, Elkin 2009]
[Barenboim, Elkin, Pettie, Schneider 2012 | [Baremboim 2015] [Harris, Schneider, Su 2016]
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Our Contribution
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Conflict Coloring Formulation

Input:
@ A list of [ available colors
@ For each edge, a list of pairs of conflicting colors

Output: A color in the list not conflicting with the neighbors.

(1,1);(1,2);
(2,1);(3,2);
(3.4)
A12,3} {124}
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Conflict Coloring Formulation

Input:
@ A list of [ available colors
@ For each edge, a list of pairs of conflicting colors

Output: A color in the list not conflicting with the neighbors.

(1,1);(1,2);
(2,1);(3,2);
(3,4)
~{1.2,3} {1,2;4}

Definition

Conflict parameter d: maximum number of times a color appears in the
conflict list of an edge.
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Conflict Coloring Formulation

—

Proposition

Any Local problem can be encoded as a conflict coloring problem.

Example : Coloring
@ Use the initial colors (all nodes have the same list).
@ Add conflicts of the form (¢, c) for every color c.

° é = number of colors
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Conflict Coloring Formulation

—

Proposition

Any Local problem can be encoded as a conflict coloring problem.

Example : MIS
o Colors set: {0,1} x {1,...A}.
@ (1,4) : central node in the MIS.
o (0,7) : i neighbor in the MIS.
Conflicts between incompatible assignments.

°
o L =2

U~
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Conflict Coloring Formulation

Proposition

—

Any Local problem can be encoded as a conflict coloring problem.

Example : MIS
o Colors set: {0,1} x {1,...A}.
@ (1,4) : central node in the MIS.
o (0,7) : i neighbor in the MIS.

Conflicts between incompatible assignments.

Proposition

Any formulation of MIS as a conflict coloring problem has a ratio é < 2.
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Algorithms for Conflict Coloring

Condition Run-time
L> KA?log A O(log* n)
LS A 0 (VA) +log®
e + log™ n
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Algorithms for Conflict Coloring

Condition Run-time
L> KA?log A O(log* n)
LS A 0 (VA) +log®
e + log™ n

Special cases:

o (KAZlog A)-list coloring can be solved in time O(log* n)

@ (A + 1)-coloring can be solved in time O (x/Z) +log"n
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Main ldeas
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Simplification mechanism

Conflict coloring with I/d > KA?log A J

(Problem Py, clT% )
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Simplification mechanism

Conflict coloring with I/d > KA?log A J

Problem P, ctht Solution S;

Problem Pj, (li—ll > Cll—% J Solution Sj 4
Problem Py, cll_% ) Solution Sy
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A? coloring (Linial's algorithm)

Theorem [Lin92]

There is an algorithm that computes a 5A2-coloring in log*n + O(1)
rounds.
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A? coloring (Linial's algorithm)

Theorem [Lin92]

There is an algorithm that computes a 5A2-coloring in log*n + O(1)
rounds.

( Problem P, )

( Problem P; 4 )

e Set of colors C

e Set of colors C’ C (2)

.Sl,SQEC,
= ’Slﬂ52| < %

1o
o |C'] > e5a2
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A? coloring (Linial's algorithm)

( Problem P, ) ( Problem Py, )
® Set of colors C' e Set of colors C" C (i)
° Sl, SQ el

= |51 N 52| < %
<]
° ‘C" > es5A2
@ Solution to P;41: vertex u has chosen a subset of color S,

@ Vertex u chooses a color in Sy \ U,en () Sv

[Linial 1992]
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Conflict coloring with (LI > KA%log A

( Problem P, ) ( Problem Pyy )

e List of colors L(v)
e Conflicts between colors

e Ratio (%
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Conflict coloring with (LI > KA%log A

( Problem P, ) ( Problem Pyy )
e List of colors L(v) o List of colors L/(v) ~ (Lgcv))
e Conflicts between colors S, € L'u),S, € L'(v)
o Ratio (% Conflict (S, Sy)

< 'many’ conflicts between
the two sets

c U

z+1 loaza;
e Ratio dis > xe
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Conflict coloring with é > KA%log A

( Problem P, ) ( Problem Pyy )
e List of colors L(v) o List of colors L/(v) ~ (Lgcv))
e Conflicts between colors S, € L'u),S, € L'(v)

Conflict (Sy, Sy)
< 'many’ conflicts between
the two sets

e Ratio (%

c U

z+1 loaza;
e Ratio dis > xe

@ Solution to P;11: vertex u has chosen a subset of color .S,

@ Choose color ¢ € S,, not conflicting with any color of S, v € N(u)
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Conclusion and Perspectives

@ New formulation for local problems : Conflict coloring.

Find other problems easily expressed using conflict coloring.

Find the complexity of (A + 1)-coloring.

Compare the complexities of MIS, (A + 1)-coloring, (A + 1)-list
coloring.
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Thanks
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