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Roboticsmode

LOOK COMPUTE MOVE

Theoretical framework for studying
different robotic scenarios in an

unified view

perception of LCM cycle
the environment

decisionbased on the
previousobservation

LOO COMPUTE

Moye
execution of the
decision
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Roboticsmode

LOOK COMPUTE MOVE

Agents

Movement

random or deterministic

Identity
labeledor anonymous
Knowledge

mopand otheragents
Communication
time and distance

amongmanyother classifications 4



Roboticsmode

LOOK COMPUTE MOVE

Agents Environment

Movement World

I lityor
deterministic

labeledor anonymous local or global sense of direction

mn

iiiiKnowledge Time

mopand otheragents synchronous or asynchronous

time and distance tokens and messages

amongmanyother classifications 4



Roboticsmode
EXTENDEDASYNCHRONOUS
LUMINOUS ROBOTS CEALR

stopmoving
preserving light

LCM modelwithanonymous robotscapable
of failing in a knowngraph that move as
synchronouslywith identical deterministicalgorithms

go

É moving
Ped Mit H m

with arbitrarystarting times 0

they keep t intheirlight Élookin
until activation not common clock actions

any information happen at unpredictable
can be encoded moments
needs to be seen
to transmit data s
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Distributed
WAIT FREE SHARED computingmode

MEMORY IN FSM

Pa Pa Pa
Distributed computing model write
where undistinguishable pro Snap

grams that can fail as synchro Write Write

hously execute atomic operations Snap Snap

Of SNAPSHOTCOMPUTE and WRITE
P BGR P.GR

in a shared memory space
with arbitrarystarting times

Resisters 588 19,5

P
I Ps

they cannot wait for others P Q R
to finish their operations 1 B B

a program writestoa singleregister
butreads all of them 6
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Equivalencebetmee

EQUIVALENCE BETWEEN EAR andWESM

EALR AND IN FSM

TEFFTasks on a graph is solvable in the
EALR model with 11172 robots tolerating f failures
if and only if T is solvable in the W FSM model

with 111712 processes tolerating up to f faliures

From Al antara et al Thetopology of look compote move
robot meit free e covithms with hard termination 8



Equivalencebetaee
EALRandWFSM

SIMULATING EALR IN IN FSM

global view of thegraph global view of allregisters
with the positions and lights and their contents I is

I lights are keptinvisible writerfor inactiverobots

LOOK D SNAPSHOT I
COMPUTE D COMPUTE
MOVE Yi Ci 17 WRITE ki Cil

robot i moves to the
vertex Yi and sets processwrites Vi il to
the color Ci the memory of its register

9
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global view of thegraph
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BINARY AND Approximate
Distributedionsens

andgatherin

CONSENSUS PROBLEM

We wish for N 2 namelessprocesses with
private inputs among a set of possibleones
to decide on a value respecting the following
properties
Termination every correct process decides a value
Validity the decided value must beproposedby
at least one process
Agreement all decided values are the same

O 1 O Do I 1 I binary consensus

21 2 0 18 O 2 2 K set agreement
K 2

12



VERTEX AND Approximate
Distributedionsens

andgatherin

GATHERING PROBLEM

We wish for V72 undistinguishable robot executing
identical algorithms to decide on a vertex to

move to respecting the followingproperties
Termination everyrobotdecides a vertex in a

boundednumber of LCMcycles 1 gathering

Validity the decided vertex cannotbe fixedinadvance
Agreement alldecidedvertices are the same

R2
Rz vet edge o o

o g
gathering

jpg
gathering

7 g 13



Distributedionsens

IMPOSSIBILITY OF andgatherin

GATHERING WITH TERMINATION

Thegathering problem with termination is unsolvableby
anyalgorithm in the ALRmodel even ifrobotshavepowerful
capabilities namely they are non oblivious andable
to detectmultiplicities share the same labeling of G
and have an unbounded number of lights

74
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IMPOSSIBILITY OF
andgatherin

GATHERING WITH TERMINATION

Ideaoftheproof

Algorithm A in EALR that respects terminationand

iAlgorithm B in WFSM that solves binaryconsensus ion be

Binary consensus is knowingly inpossible termination is

impossible
Algorithm t cannot

existing
validityproperty 15
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Distributedionsens

IMPOSSIBILITY OF EDGE
andsatherin

GATHERING ON CYCLIC GRAPHS

Let G be a connected cyclicgraph There is no
algorithm that solvesedgegathering on G for 1173
robots tolerating Tano failures in the STRONG version
of the EA LR model

6



Distributedionsens

IMPOSSIBILITY OF EDGE
andgatherin

GATHERING ON CYCLIC GRAPHS
at most k different

Idecoftheproof values are decide

Algorithm A in EALR that respects terminationand
validity while solving edge gatheringonacydicgra

Algorithm B in WFSM that solves 2 setagreement for 3

processes and 2 failures using simulated A

2
Algorithm in WESM that is similar to B butwith
N 3 processes using B via BG simulation Edge gathering on

cyclic graphs is82 Set agreement is isAlgorithmA t
impossibleimpossible to solve cannot exist yy
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Distributedionsens

POSSIBILITY OF EDGE andgatherin

GATHERING ON TREES

The edgegathering problem is solvable in
the EALR model for N712 robots on any tree t
in diamett t rounds using diccinct 1 distinct light
colors an tolerating

up to N 1 crash failures

18



Distributedionsens

POSSIBILITY OF EDGE andgatherin

GATHERING ON TREES extreme case for
edge gathering

Eachrobot ri executes the same algorithm fordiamCT 1rounds

Theirwoundsand1 A spanning tree is constructed of thevertices show in their
lightsoccupied by robots in the maximal

rounding2 Vi willeitherbe at a leafof the tree

mm

2 1 It ri is in a leaf it moves deeperinto the tree
robots in themaximalround
serve as leaders orienting
the others

AsTheir positions are constrained bytheinitialsubtree
and Theywillalwaysgetcloset convergeheehappensupto an eace 19
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Distributedionsens

POSSIBILITY OF EDGE andoatherin

GATHERING ON TREES
Ti
Figg R

spanningtrees

for p

p
Y

direction of movement
Ift Rt

for Rs for Ra
R

iunlessthey are past
round diamet 1 RI
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SOME RESULTS

Problem robots lights graph solvability

gathering 111712 unbounded connected Impossible

edgegathering 111712 diamet 1 tree Possible

y
connected

Impossible cliqueedgegathering N213 diam 3

edgegathering N 713 unbounded with cycle Impossiblegraph is
1 gathering N 212 0 Tetteh Possible a tree
1 gathering N 212 a

1 gathering Na
bonded Yet Possible

unbounded fringes Impossible

triangle

bdomnot.ggat vertex in a1 tree
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Robot task
ROBOT TASKS

solutions are downwardsinclusive
allsubsolutions are also solutions

Robotic missions can be expressed and analyzedusing
usingstructures fromcombinatorialtopology A robot task
II 0,1 will besolvable if it is possibleto find the
subdivision and simplicial map bellow such that
Inputcomplex

I
A

y
8 Subd I EO

allsetsof
verticeswhere Outputcomplex

Ielhintificitorfiou
whererobots an endrationiscarriedto their

Subd I acceptablesolutions to satisfythe objectiveiii iii
decisionProtocolcomplex simplicialmap
decided vertex of

veil aftercycles eachrobot at the
of execution end of execution 2
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Exploration
as atask

MAP EXPLORATION

Terminating exploration each vertex is visitedby
at leastone robot eventually all robotsstop
Lao variations foraging pursuit chase

Exclusive perpetual exploration each robotvisits
each vertex infinitely many times no two robotstraverse
the same edge or vertex at the same time

Liar variations surveillance patrolling

Note not representable in the formalization
of robottasks above

26
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Exploration
as atask

REALISTIC SCENARIOS

Together with different types of tasks it is interesting
to explore their possiblescenarios prioritizing realistic ones

There are several
limitations to consider

Asynchronous operations
Limited visibility
Limited communication
Faulty movements
Heterogeneous environments
Imprecise localization

27



7

CONCLUSION

Theoretical frameworks are helpful in
dealingwithdifferent problems with the same

point of view

Equivalenciesbetweenmodels are useful for
borrowing Tools such as thetopologicalapproach
in robottasks

There are multipleformalizations of roboticactivities
to choseaccordingto context and levelofabstraction
It is useful to explore thosecloser to the applications

28



FUTURE WORK III gridgraph
Formalization of exploration tasks and how to extend
the current approach for them relating tounderwaterexploration

In the same context study variations of thecommunicationsmodel for robots with limited visibility

Study the usage of grid graphs for the representation
of the reachable area of a robot in an homogeneous environment

Explore the connectionwith temporal and epistemic
modal logics alreadystudied distributed computing

29



Further reading
The topology of look compute move algorithms with

hard termination by Alcantara Castaneda Flores
Perazola and Rajsbaum

Brief announcement variants ofapproximateagreement
on graphs and simplicial complexes by Ledent

Distributed computing bymobileentities current research
in moving and computing by Flocchini Prenupe and Santoro

Distributed computing through combinatorialtopology
by Herlihy Kozlov and Rajsbaum

30



thank you


