Anonymous Networks:
Randomization = 2-Hop Coloring

Sy

Yuval Emek'  Christoph Pfister>  Jochen Seidel>  Roger Wattenhofer?

Technion - Faculty of Industrial Engineering and Management — ie.technion.ac.il

2ETH Zurich - Distributed Computing Group — www.disco.ethz.ch



Anonymous Networks



Anonymous Networks




Maximal Independent Set




Coloring




Coloring — Maximal Independent Set

®<0<@®



Coloring — Maximal Independent Set

®<0<@®



Coloring — Maximal Independent Set

®<0<@®



Computability

Deterministic

Randomized

Impossible



Computability

%,
’/>>
Y
%
(oA
%
S
%, C
9 %, "o,
Q, 2, (o)
& fJ‘ [0/
% &

Deterministic

D. Angluin.
E g

Randomized

Impossible

Local and global properties in networks of processors (extended

abstract).
STOC, 1980.



Computability

%,
’/>>
Y
%
(oA
%
S
%, C
9 %, "o,
Q, 2, (o)
& fJ‘ [0/
% &

Deterministic

Randomized

Impossible



Computability

%,
’/>>
Y
%
(oA
%
S
%, C
9 %, "o,
Q, 2, (o)
& fJ‘ [0/
% &

Deterministic

Randomized

Impossible




2-Hop Coloring?!



Theorem

sitwist()

, e castaumneTypet®)) <€
ype 1o 2ok = ~upper_mask;

1 xtral U’\ m) % unroll_factor;

Wt 2 = (m-1) % unroll. factor;
e . - (0] p

xtral;
(x(j+11 & 1ower mask)

plit loop tO

a 5Cop
ask) |
*a);

P e g <
o & uppsr m
A ((xl3+1161)

for(std: 15t
-unroll_extral;
| xI3 =

1= xn.m Aly >
I ." omize
O — 1
:O]rxln . T
Jui r_nillk) ( S K k) 5
x[31 = (y i (! & 'm
n-1-unroll_ extra2; j < M-l je+) {
k) | (x[i+1) & Lower_mask)
* a);
I ' °
etel llllniSt.

((x[j+1161)

1
| IS
for(std:i:sl =
I (x[j) & upper. mas|
-t~y 2> 17
ask)

Y
r_nask) | (x(o] & lower
v a);

U3
< o) 1
] & lower. mask) ;

erati
xin-11 & uppe
] = xIm-11 ~ ty >> 1" ((x[0]&1)

‘endl;

xh\ 1
s
World:® << of

¥

1 .
Subject to Restrictions



Recipe 1.
Obtain
Local View

/\



Recipe 1.
Obtain
Local View

/\
2.
Canonical
Representation



Recipe 1.
Obtain

Local View
/\
2.
Canonical

Representation




Recipe 1.
Obtain

Local View
/\
2.
Canonical

Representation




Recipe 1.
Obtain

Local View
/\
2.
Canonical

Representation




Recipe 1.
Obtain

Local View
/\
2.
Canonical

Representation




Recipe 1.
Obtain
Local View

/\
2.
Canonical
Representation

-

Simulate Rand. Alg.




Recipe 1.
Obtain

Local View
/\ 2'
Canonical
Representation
000

-

000 000 Simulate Rand. Alg.




Recipe 1.
Obtain

Local View
/\ 2'
Canonical
Representation
001

-

000 000 Simulate Rand. Alg.




Recipe 1.
Obtain

Local View
/\ 2'
Canonical
Representation
000

-

001 000 Simulate Rand. Alg.




Recipe 1.
Obtain
Local View

/\
2.
Canonical
Representation

3.
110, 000... Simulate Rand. Alg.




Recipe 1.
Obtain
ocal View

2.
Canonical
Representation

3.
Simulate Rand. Alg.



Obstacles

1.
Obtain
Local View

e

r 00O




Obstacles

1.
Obtain
Local View

e

@ N. Norris.
Universal covers of graphs: Isomorphism to depth n — 1 implies
isomorphism to all depths.
Discrete Applied Mathematics, 56(1):61-74, 1995.



Obstacles

1.
Obtain
Local View

e

t nunknown!

ﬁ N. Norris.
Universal covers of graphs: Isomorphism to depth n — 1 implies
isomorphism to all depths.
Discrete Applied Mathematics, 56(1):61-74, 1995.



Obstacles

1. 2.
Obtain Canonical
Local View Representation

/\/\\

t nunknown!

ﬁ N. Norris.
Universal covers of graphs: Isomorphism to depth n — 1 implies
isomorphism to all depths.
Discrete Applied Mathematics, 56(1):61-74, 1995.



Obstacles

1. 2.
Obtain Canonical
Local View Representation

/\/\\

t n unknown!
keep guessing
(converges)




Obstacles

1. 2.
Obtain Canonical
Local View Representation

¢ nunknown!

keep guessing
(converges)




Obstacles

1. 2.
Obtain Canonical
Local View Representation

/\/\\

t n unknown!
keep guessing
(converges)




Obstacles

1. 2.
Obtain Canonical
Local View Representation

/\/\\

t n unknown!
keep guessing
(converges)




Obstacles

2.
Canonical 3.
Representation Simulate
Guess Randomized Algorithm

e e

G “Lift” Output



Obstacles

2.
Canonical 3.
Representation Simulate
Guess Randomized Algorithm

— 4
/\ 4.
! Cj “Lift” Output

Educated



Obstacles

2.
Canonical 3.
Representation Simulate
Guess Randomized Algorithm
5 Cj “Lift” Output
Educated

Stick to previously used
random bits



Theorem

sitwist()

, e castaumneTypet®)) <€
ype 1o 2ok = ~upper_mask;

1 xtral U’\ m) % unroll_factor;

Wt 2 = (m-1) % unroll. factor;
e . - (0] p

xtral;
(x(j+11 & 1ower mask)

plit loop tO

a 5Cop
ask) |
*a);

P e g <
o & uppsr m
A ((xl3+1161)

for(std: 15t
-unroll_extral;
| xI3 =

1= xn.m Aly >
I ." omize
O — 1
:O]rxln . T
Jui r_nillk) ( S K k) 5
x[31 = (y i (! & 'm
n-1-unroll_ extra2; j < M-l je+) {
k) | (x[i+1) & Lower_mask)
* a);
I ' °
etel llllniSt.

((x[j+1161)

1
| IS
for(std:i:sl =
I (x[j) & upper. mas|
-t~y 2> 17
ask)

Y
r_nask) | (x(o] & lower
v a);

U3
< o) 1
] & lower. mask) ;

erati
xin-11 & uppe
] = xIm-11 ~ ty >> 1" ((x[0]&1)

‘endl;

xh\ 1
s
World:® << of

¥

1 .
Subject to Restrictions



Computability

%,
A
Y
%
(oA
%
)
%, C
20) %, "o
Q, 2, (o)
& /J‘ .
S & %

Deterministic

Randomized

< <
'5'0 6’«90,
o) o e,
(o) %
O/y . C‘(( .
%) )
& %

Impossible



Computability

%,
A
Y
%
(oA
%
)
%, C
20) %, "o
Q, 2, (o)
& /J‘ .
S & %

Deterministic

Randomized

Impossible



Leader Election



Leader Election



Leader Election



Leader Election



Leader Election

~%

» “Promise” must be decidable with anonymous algorithm



Recipe 1.
Obtain

Local View
/\
2.
Canonical

Representation

4.
“Lift” Output

3.
Simulate Rand. Alg.




Summary

2-Hop
oloring

Qc

Determijnistic
“Algorithm

o, World:® < s

2 ""/%
%,
% 2 ¢
%, % %
%% o % o %,
Q9 %, ‘o %, %
%, o %, .
() (VI 2 o,
© c ¥ K i

Deterministic Randomized Impossible




	Anonymous Networks
	Two Examples

	The Fine Print

