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Locally Checkable Problems

Locally Checkable:

s Output correctness is defined via
local (= O(1)-hop) constraints.

Sinkless Orientation:

Orient the edges such that no node
of degree at least 3 is a sink.

A-Coloring:

Compute a proper node coloring
with colors {1, 2, ..., A}.
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Relaxations Fixed point: problem II satisfying R(I1) = I1

Relaxation of IT: problem II' that can be
solved in 0 rounds given a solution to II

R
HO R > Hl R > HZ R > > Hk

T, T, =T, — 1 T, =T, — 1 T, > 0

|s every problem of
complexity Q(logn)
relaxable to a non-
l trivial fixed point?
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Any algorithm solving Sinkless Orientation
requires 2(logn) rounds.
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37 A B A
38 A A

Solution: ID graph
(high-girth, node set = ID set,)
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111 72
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Can Alice win all of (35, red),
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Let's play Alice's strategies against each other!
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:Hl R :HZ R
T1:TO_1 T2:T1_1
P1 = Po D2 = D1

prove a lower bound in the
randomized LOCAL model

lift the lower bound to the
deterministic LOCAL model

T, > 0

Pk
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Is there a meaningful Solution: ID graph

randomized version
of Marks' technique? - Solution 2: randomness

Different advantages
and disadvantages!



Generalization of Marks' Technique

[Brandt, Chang, Grebik, Grunau, Rozhon, Vidnyanszky, 2022]
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Whether (this generalization of)
Marks' Technique works can be
characterized by a simple criterion.

One game for each pair (ID, color).
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One game for each pair (ID, color).




Marks' Technique

LCL problem
[1=(WN,¢)

8 | Game (35,red) | #

winning
v € condition v €

One game for each pair (ID, color).




Marks' Technique

LCL problem
[1=(WN,¢)

88 | Game (35, red)

42

winning
v € condition

One game for each triple
(ID, color, label subset S).




Marks' Technique

LCL problem
[1=(WN,¢)

88 | Game (35, red)

42

winning

[
Y, ( € condition

One game for each triple
(ID, color, label subset S).




Marks' Technique

LCL problem
[1=(WN,¢)

88 | Game (35, red)

42

winning

[
Y, ( € condition

Alice

One game for each triple
(ID, color, label subset S).

o S ={0}
P\ es




Marks' Technique

LCL problem
[1=(WN,E)

8 | Game (35,red) | #

winning

9.2 S condition 9.:2 S

One game for each triple
(ID, color, label subset S).




Marks' Technique

88

LCL problem
= (V,€)

Game (35,red) | *

°
v \es

winning

[
condition v: K ¢ S

There are neighboring nodes in the
ID graph that behave exactly the
same w.r.t. who wins for which S.

One game for each pair
(8, color, label subset S).




- : LCL problem
Marks' Technique 0=V, €)

red green blue

88 | Game (35,red) | %

° winning °
v ( € condition v: K ¢ S

One game for each pair
(8, color, label subset S).




I . LCL prob|em red green blue
Marks' Technique 1= (N, &) 5
S,
8 | Game (35,red) | % >3

Does there exist an assignment of winning

strategies such that

«* if Alice wins (red, S;), (green, S;), and
(blue, Sy ), then 3 s; € Sy, s; € Sj, S & S
such that s; s; s, € V', and

¢ if Bob wins (color, S;) and (color, S;),
then3s; € §5;,5; € §j, suchthats; s; € £?

° winning °
Y, ( € condition v ( ¢S
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Marks' Technique 1= (N, &) 5 -
S,
8 | Game (35,red) | 2 3 A

Does there exist an assignment of winning

strategies such that

«* if Alice wins (red, S;), (green, S;), and
(blue, Sy ), then 3 s; € Sy, s; € Sj, S & S
such that s; s; s, € V', and

¢ if Bob wins (color, S;) and (color, S;),
then3s; € §5;,5; € §j, suchthats; s; € £?

° winning °
Y, ( € condition v ( ¢S



I . LCL prob|em red green blue
Marks' Technique 1= (N, &) 5 -
S,
8 | Game (35,red) | 2 3 A

Does there exist an assignment of winning

strategies such that

«* if Alice wins (red, S;), (green, S;), and
(blue, Sy ), then 3 s; € Sy, s; € Sj, S & S
such that s; s; s, € V', and

¢ if Bob wins (color, S;) and (color, S;),
then3s; € §5;,5; € §j, suchthats; s; € £?

° winning °
Y, ( € condition v ( ¢S



I . LCL prob|em red green blue
Marks' Technique 1= (N, &) 5 -
S,
8 | Game (35,red) | 2 3 A

Does there exist an assignment of winning

strategies such that

«* if Alice wins (red, S;), (green, S;), and
(blue, Sy ), then 3 s; € Sy, s; € Sj, S & S
such that s; s; s, € V', and

¢ if Bob wins (color, S;) and (color, S;),
then3s; € §5;,5; € §j, suchthats; s; € £?

° winning ®
O condition  $, No —— (log ) lower bound



	Folie 1: Proving Impossibility Results in Distributed Algorithms and Beyond
	Folie 2: Lower Bounds
	Folie 3: Lower Bounds
	Folie 4: Lower Bounds
	Folie 5: Lower Bounds
	Folie 6: Lower Bounds
	Folie 7: Lower Bounds
	Folie 8: Lower Bounds
	Folie 9
	Folie 10: The LOCAL Model
	Folie 11: The LOCAL Model
	Folie 12: The LOCAL Model
	Folie 13: The LOCAL Model
	Folie 14: The LOCAL Model
	Folie 15: The LOCAL Model
	Folie 16: The LOCAL Model
	Folie 17: Locality
	Folie 18: Locality
	Folie 19: Locality
	Folie 20: Locality
	Folie 21: Locality
	Folie 22: Locally Checkable Problems
	Folie 23: Locally Checkable Problems
	Folie 24
	Folie 25: Round Elimination
	Folie 26: The Round Elimination Theorem
	Folie 27: The Round Elimination Theorem
	Folie 28: Round Elimination
	Folie 29: Round Elimination
	Folie 30: Round Elimination
	Folie 31: Round Elimination
	Folie 32: Fixed Points
	Folie 33: Fixed Points
	Folie 34: Relaxations
	Folie 35: Relaxations
	Folie 36: Relaxations
	Folie 37
	Folie 38
	Folie 39
	Folie 40
	Folie 41
	Folie 42
	Folie 43
	Folie 44
	Folie 45
	Folie 46
	Folie 47
	Folie 48
	Folie 49
	Folie 50
	Folie 51
	Folie 52
	Folie 53
	Folie 54
	Folie 55
	Folie 56
	Folie 57
	Folie 58
	Folie 59
	Folie 60
	Folie 61
	Folie 62
	Folie 63
	Folie 64
	Folie 65
	Folie 66
	Folie 67
	Folie 68
	Folie 69
	Folie 70
	Folie 71
	Folie 72
	Folie 73
	Folie 74
	Folie 75
	Folie 76
	Folie 77
	Folie 78
	Folie 79
	Folie 80
	Folie 81
	Folie 82: A Technical Issue
	Folie 83: A Technical Issue
	Folie 84: A Technical Issue
	Folie 85: A Technical Issue
	Folie 86: A Technical Issue
	Folie 87: A Technical Issue
	Folie 88
	Folie 89
	Folie 90
	Folie 91
	Folie 92
	Folie 93
	Folie 94: Similarities
	Folie 95: Similarities
	Folie 96: Similarities
	Folie 97: Similarities
	Folie 98: Similarities
	Folie 99: Results
	Folie 100: Results
	Folie 101: Results
	Folie 102: Results
	Folie 103: Results
	Folie 104: Open Problems
	Folie 105: Open Problems
	Folie 106: Open Problems
	Folie 107: Open Problems
	Folie 108: Open Problems
	Folie 109: Open Problems
	Folie 110
	Folie 111
	Folie 112
	Folie 113
	Folie 114
	Folie 115
	Folie 116
	Folie 117
	Folie 118
	Folie 119
	Folie 120
	Folie 121
	Folie 122

