[artz

An inCroduction to
mobile yobetics

Seeén 'thwush the 6363
of distribvted compuling

EHC Groubavlt Bevnavdo Hummes

Suhe '15) ZQZZ



Robotics ¢ad distriboted com poling models
Ega{wc(ence betuween modlek

Distrboted consensvs and 9a‘fhevfnﬂ

(So me) cuvent results

Robot Tasks

EXPlondﬁfon as o Task



Oulline

° Ro{)offcs and distriboted com poling models
- Eczc,c{va:(ence betueen todels

o Distrboted consensvs and gm‘hevfnﬂ

o (Some) curent results

¢ QO EJC fccs s

o Ex[;lond‘,fon as o Task



LooK - COM PUT E- MOVE

e Chepvelizdl FrameworK Jor sTud ﬂi“ﬂ
different Fobolic sceravios in qa
nified View

petce P‘Cion Vi LCM Y e decsion based on the
ﬂLe e'nvukonmen'f PveVlbUS obsecyation

=~ LOOK COMPUTE ~

L\ MO\/EJ/ execilon of The

"""""" clecisio h



[RoboTics model

LooK - COMPUT E- MOVE

Agenfs

‘ Move meht
random or deterministic

'Ideht(fj

labeled or anonymo vs
. Khow[edge
mop and afherccgehts

‘Commuynication
lime apd distence

‘#(Clmnj ma_ny other classifialions 4



[RoboTics model

LooK - COMPUT E- MOVE

Agenfs Ernvironment
‘Movemeht * World
randpm or determinist;c gy‘apk or evclidea n sSpace
'Ideht(‘fg - Lebeling
labeled or anonymo vs local oy global [sense oF directivn
. Khow[ed9e . Time
mop and other agents synchorays ov gsynchonos
‘COMmunication - Storege
Cime and distance Colens and megsaa es

#(Cmmj ma_ny other classifialions 4



[RoboTics model

ExXTENDED ASYNCHRoMous
LUMINOUVS ROROTS (EALR)

LCM model with dnony mous Yobots
W a Knoun 9Va,Pb ’Cl’La,f ove GZSSg nch ro-
novsly th idertica | detormmatic d:(9or1Thms

elelPed (,6([_([1 lig‘—:‘(s ‘fov iml>|'lclT commwnication . > ({07, MOVING
with
go¥ oo
Ko\
A Looking



[RobaTics model

EXTENDED ASYNCHRoMoOUS
LUMINOUS ROBOTS (EALR) L
SOFD’)OVIhg

Fvesevv'thﬁ light
LCM model wih dnohy mous vobots
W a Knoun gVaP"L that ove @ssy nch ro-
novsly curth idertica | determmatic a@orf(‘hms
eeszed wiTh lig‘a‘ts for itha“t commvnication
with

> ({fb MOVING

o

o

N\

A Looking



[RobaTics model

EXTENDED ASYNCHROMOUS
LUMINOUVS RoBOTS (EALR)

sfoF movin 9
preser v':h:g light

LCM model with Aoy mous Yobots
b @ Knoun graph {hat move assynchro-
novsly curth idertica | detormmatic a(9orfﬂums
ecZUlPed w (Th lighfs for imFl'laﬂ communica'f.’io'r;’,"
with avbilTvary sTarTling Times .

> @’b MOVING

0 o

V, A Looking

ho common clock, actione
heppen of Uaned(C'ta[:le
M Omenls



RobaTics model

EXTENDED ASYNCHROMOUS
LUMINOUVS RoBOTS (EALR)

s‘foF movin 9
Fvese VV'.Ihﬁ ["9 h-&

LCM Wdel with dnohy mous Yo bots
W a Cnown cﬁmP"L ‘(.l’La,f Move G‘.SSg nch ro-
hovs|3 with idertica | detormmatic ¢l9owT|nms '

/ MOVING
eer[Ped w(l"(l'c lig\q'(& for imFl’laﬂ comvnvnicctﬁat;' 0 D@o’b
with P '
'; ” OOA' 0———o
, Lo\
é A Lookine

s o common clock, actione
ccnj infor mation heppeh ol UanedtﬂfaEle
can be encoded, N O mehls

heecds to be een
To transmiC data S
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EQUIVALENCE BETwEEN
EALR AND WFSM

Theovgm,:

A vobot task 7Y oh d 3?@(3['\. is sdvable n the
EALR wmodel wilh N7 2 robots fofcva:fiu) f failures
1T and oy 1f Y s solvable in the WFSM model
with N7Z processes fO{eVa,tfhﬁ o Co £ faliures.

¥ me— Alc ¢n‘fara, ef a{/ Tl'tc t"t""aﬂj of \wk-—camra‘te—mave

vobot wgit- §re ¢ corcthms with hard termination.



E’qylvalehce betweer.

EALR and WESM
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EALR and WESM
SIMULATING W FSM iN EALR
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10



Equwvalence betuesh,
EALR and WESM
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BINARY AND APPROXIMATE
CONSENSyS PROBLEM

We L(,LiSh j’OV N7/ 2 hameless Y?‘(OcéSseS/ with
of possible ones

Co y VeSPeCCIn9 tThe fo[lawtha
PmFeVﬁieS:
’Termlnafion:everj carrec,f oncess decides aNaduwe .
* Validi Ty : The dedded value must be proposed by
at (east One Process.
. Agreemenf-. ol decided values are the same.

O |1 &, — 1 L1 | V‘D'hdxﬁ cOn Sehsys

L2 |0 —» | 0| Z|17]|~pK-setagreement
(K=2)

12



Distvibyted @hnsenses

VERTEX AND APPROXIMATE e gehering
GATHERING: [PIRORLEM

We wish for N7 2 (/hdsf(hy/fsl?aue robots exewém9

iderCial Cd90ﬂ'“’1m3 To decide on OL Vertex To

WWQTO, "esl')fcfm9 The 'S'O I oa,an9 PmPeV'CieS:
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bovnded number of LEM cyeles. 1-¢ dihe"iw)
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TMPOSSIBILITY oF
R ATHERING WITH TERMINATION

Theovgm,

The 9&".'(’\Cfih9 problem with Termalion s unsolvable |>3

ang cdgarﬂfhm in the ALR model even if vobols have Fomer]'ul
CCL() &bihtief, hamelw ‘H')ej are ngn—o[:l‘wr'oas' a,rcdaUe
To detect mulli P\fo'(ief/ shave the same [¢l)6[l'h9 of &

and have an unbounded number of lights.
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Distviboted @nsensus

TMPOSSIBILITY oF and gathoring
G ATHERING WITH TERMINATION

Tdew of the prooS

Algovifhm A in E ALR That !reSPec‘Ifs TermmnoTion end
V&lidl’lﬁj w,(w’t’(& }ol\(l'hg f)a,ﬁ'?cr'mg.
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Distviboted @nsensus

TMPOsSIBILITY OF o et

(nAT HERING WITH TERMINATION

Tdew of the prooS

A|90Vi'ﬂ1m A in E ALR That reSPec‘Ifs Teronwolion gnd
V&lidl’lﬁj w,(wi’e }ol\(l'hg 9&,'6"76?1(:»9_

/A‘ljow'-aﬂm B ih WFSM ﬁ'lafrso[ves bfna—l’ﬂ cohsehsve con be
built using Sim uloTed A
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Distviboted @nsensus

[T MPOSSIBILITY oF Ea
(nAT HERING WITH TERMINATION

Tdew of the prooS

A|90H'fl1m A in E ALR That reSPec‘Ifs TeronnoTion gnd
Vd,lidlfj w,(wile 50'\([&19 ff)CCﬁ’?CV'lhg,

/A<l otithm B i WPsM thatsolves B(’n&rﬂ coneehsve con be
built usin9 SimuloTed A

B]hawﬂ CohSehsus is (houbt'hjlj im[;oss(kle.
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— Distributed @nsenses

[ MPOSSIBILITY oF Ea
G‘zAT HERING WITH TERMINATION

Tdew of the prooS

A|90Vifl1m A in E ALR That reSPec‘Ifs TeronnoTion and
\/d,lich'tj w,(wile SOlVl'hg 966'6[76?1?\9,

/A<l otithm B in WPsM thatsolves B(’nmrﬂ coneehsvs con be
built usin9 SimuloTed A

B]hawj CohSehsus is (houbt'hjlj l'm[xyss(kle.

Alsoriﬂam A camndt exist.
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— Distributed @nsenses

TMPOSSIBILITY oF and gathoring
G ATHERING WITH TERMINATION

Tdew of the prooS

A|90Viﬂ1m A in E ALR That !reSPec‘Ifs TermnoTion end
V&lidl’lﬁj w,(w’t’(& }ol\(l'hg 9(1'.&76““_9-

/A‘ljow-a’)m ih WFSM thatsolues bfnml’ﬂ cohsehsus con be
built usm9 SimulaTed A

()"Gj:l'l thj with

B’ihawﬁ cohSehsus Is Khom'hjlj iml:ossikle, Cermination 1s

H’nPOSSIUc

Alsoriﬂam A camet exist. 4/ o
¥ main reason is the
Validity Property

18



Distriboted @nsenses

MPOSng[L[TY OF ED&,E_ and gatherng
(nATHEElN& ON cYeli¢ GRAPHS

Theovem,

Laf ( be a connected cﬂollc 3m[>iz T\qeve IS ho
C‘J orithm thal solves ec(ge 9&fhevmj on (n for N> 3
r060fs folemfth9 Two fatlvres in The STRONG version
of The EALR model.




Distriboted @nsenses

MPOSng[L[TY OF EDHE- ahd gathering
GRATHERING ON CYcliC GRAPHS

Tdew of the prooS

Al_c)o(ri—ﬁam Ain FALR That \respec‘és TermnoTion and
\/a_.lidl'tj while }ol\(l'ha 8d98—9&fbeﬂh9 Ooh & de‘c’ﬁm’Pl"'
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TMPOSSIBILITY OF EpgE-

(nATHEElN(n ON cYcllc GGRAPHS

0,‘(' most K differert
IAC(I/ og 'ﬂ'\e 'Prao'g valves are decided

d

-~
--------
~
~
N

’l

-
-
--------------------------------
-
de
.

Aljow-aﬂm ih WFSM 'ﬁ'\cpTSo[ves Z:.scﬁa_gtgpmeh'l 'S'OVB
processes and 2 Sailres using simolocted A
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TMPOSSIBILITY OF EpmE-

GRATHERING ON c¢Yelic GRAPHS

0,‘(' most K differert
IAC(I/ og 'ﬂ'\e 'Praa'g valves are decided

d

-~
--------
~
~
~

’l

-
-
--------------------------------
-
e
.

PYOC€$$€S and 2 Failvres us(n9 simolocted A l>

A[90Vthh C in WESM thef is similar To B) but with
NZ? l':voceSSfS usin9 Rvie R& simulation

14



TMPOSSIBILITY OF EpmE-

GRATHERING ON c¢Yelic GRAPHS

0,‘(' most K diffevert
IAC(I/ og 'ﬂ'\e 'Praa'g valves are decided

d

-~
--------
~
~
~

’l

-
-
--------------------------------
-
de
.

PYOC€$$€S and 2 Failvres us(n9 simolected A ‘>

Alaowfhh, C in WESM thef is similar To B) but with
(NZ? PvaceSSfS usin9 Rvie R& simulation
Y

2-S€C agree ment 1S
m Possckle Co solve 14



TMPOSSIBILITY OF EpmE-
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IAC(I/ og 'ﬂ'\e 'Praa'g valves are decided

d

-~
--------
~
~
~

’l

-
-
--------------------------------
-
e
.

PYOC€$$€S and 2 Failvres us(n9 simolected A ‘>

Alaowfhh, C in WESM thef is similar To B) but with
(NZ? PvaceSSfS usin9 Rvie R& simulation
Y

2-S€C agreement 1S Aloorithm A
tm Possckleﬁfo solve > car?na't exist 42



TMPOSSIBILITY OF EpmE-

GRATHERING ON c¢Yelic GRAPHS

0,‘(' most K differert
IACG/ O'S 'ﬂ'\e Prao'g valves are decided

d

-~
--------
~
~
~

'l

-
-
--------------------------------
-
e
.

PYOC€S$€S and 2 Failvres us(n9 simolocted A )

A[agwfhm C in WESM thatf is similar to B} but with
(NZ? processes using R vie B& simulation
Y

EA( e 9@‘6‘16?(’#\9 Oh
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POSSIBILITY OF EpmE-
CRATHERING ON TREES

Theowrgm,

The 60[98 gcd’hevihé l\lﬁwblem is solvable in

the EALR model for Nz 2 vobols on ahy Cree T
in daedt-1 yoynds using diam(T) -1 Jistinsd ligLf

colors an Tolerdling VLF o N\ -1 crash failures.

1



Distriboted @nsenses

POSnglLlT-Y OF EDO‘?E" and gatherfng
GRATHERING ON TREES

ECLA? VM Vi execules the same a,fgﬂhflom ‘fov c[l'dh’l (T} -1 rounds:

1- A Sfa,hnc'ha '(f'ree is consvucted a'f 'ch verlices

OC,Cu.Ffed Bj V0[>0fs ih ﬂ'te max (el VUUhC[ + Vi

L ¥i will etfher be ot ¢ leat of the tiee oF not
Z.i I'f i sth & |€(L'J:) it

7.1 theWuSe/ ri

* As '(Lefr ()osm'a ns are con<lromed b q the m[ﬁ'ol stWC’
ond They will ofwe ys 9el closet;, eonvergenee happensvp
To e edz e 14



Distriboted @nsenses

POSgl Bl LlT-Y 0 F ED&"IE" and gathering
G'ZATHEEl NG ON TR EES extreme case Sor

nge —ga‘ﬁh ehing ';
ECLA? V0{>(7t Vi C'%CCUTGS ﬁ'\e Same a,fgﬂhflom ‘fov c[l'dh’l (T) -1 Irouh-c—'f :

1- A 5?&hn£n9 Tree is consvucted a'f 'ch verlices

Oc,CuFied Bj V0[>0fs ih ﬂ'te max (el voond + Vi

L ¥i will etfher be ot ¢ leat of the tiee oF not
Z.i I'f i sth & |C(L'J:) it

7.1 Oihevwwe/ ri

o As Their Posf(’fo ns xre con<lroined b q the mitrel sobviee
ond They will olwe ys qel closet;, eonvergenee happensvp
To e edz e 19



Distriboted @nsenses

POSS‘ B[ LlT-Y 0 F ED&"IE" and gathering
GTATHEEIN(H ON TR EES extreme case Sor

nge —ga.‘ﬁh ehing ';
ECLA" V0{>(7t vi execiles the same a,fgﬂm‘lom ‘fov diam (1 -1 roURdS:
The voboTs ount’

. Thetr vound
1. A Sfa,hncnfj 'C_Vee is conslructed a'f 'ch verlices sbhow (::hif:d

06‘“[“34 53 vobots in Che masx(mel voond + ¢ 1‘:9“3

-
-----
-

----------------------

-y
~...
~
~
~
~

L ¥i will etfher be ot ¢ leat of the tiee oF not
Z.i I’f i sth & |ea,'f) it

>
vobots in the maamal vomd
2.1 Oﬂ'lé“"'se/ i gerve as |ea,de(/s, orienTlih g
Che others

v As Their Posf(’fo ns xre conslroined b q the mitrel sobviee
ond They will ofwe ys g€t closet, eonvergehee happens vp
U0 e €dg @ 19



POSSIBILITY OF EDHE-
RATHERING ON TREES

T

i @7* @% ‘fov Rj_

!]//1/1 Q1

R C &
R4

SPanninj Trees from T
+ divection 05 movement:

For 2

Rz 3
¥ unless fhcﬁ ave Pas‘t mq/J
Ra

round diam(T) -1

Distvibuted @nsensus
and gatherfng

fot’ Ez

20



Oulline

° Roéoiws and distriboted com poling models
* Bouivzlence betueen trodels

o Distrboted consensvs and 9a,l‘hevfnj

- (o me) cuvent resylls

o Robot Tasks

o ExPlomIfon as o Task



(60/% EY RESULTX

PmE[em # robots #[igkfs ﬁml)h, Sﬁ[Va[ﬂl‘ufﬂ

9&‘618 V('hg N7zZ unbovnded | comeled ImFassi hle
Cd9€ -Qaﬂwerig N7/ A dldhﬂ(‘l’) -1| Tvee POSSI Hg

. necled +
Cd9€ _94;(:1,3"9 N 2/3 O az»‘_aem;d; ImFasscLle C‘l%ue

cdae ‘Q&ﬁe"’ﬁ N 7732 unbovnded |with e cycle ImFasscue graph is

1- ga;fhevmg N 772 0 j%%g@ Possible a Tree
wque gl

19¢fhevm9 (\l 77 bovnded lsQa ?;:P: Possible &
wcfhc56|CS+no !

________ > C de and

Thahgle --------- > dornmai'mg
m\ verlexina
Tvee 22
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(Cobdt taske

ROROT TASKS

R obotic mssions can be ex(wessed and analyzed vsing
M.Sih,9 Sfmo'fu.res ‘fvom cOm l>m cchkfa, ‘(/ofaofogj . A raLof fasK

KL, Ay will be sdvable if it s possillete find he

SUL&( VIS0 cckt[ Sinlle'lat v &> E&“OUL/SVGLfbd.-t
S(Sbd (T ¢ (7

L ——0

Subd (1)

YA 2



(Cobot taske

ROROT TASKS

R obetic mssions can be ex(wessed end a:na,lﬂeed using
wsin9 structures ‘from combinaloriql (/oraofogﬁ. A whit task
<L,0 1> will be solvable if f possible % find the

Sdl)c( V(SI10 d.kd SimFllﬂat v e B&“OUL/SVGLfbd._t

Tnpvl co}'nP|0'>C S(Su(ﬂl (1)) ¢ (7
na,” sels g& j\[; (Y

verlices where
robots can start

Subd (1)

YA 4



ROROT TASKS

SoluTions ave down wavels inewsive,

all sobsolvtiors ave glso :oluz'wn.;
R obetic mssions can be exFressed end a:na,lﬂ%ed using
u.sin9 structures ‘f rom . A wlot €ask

<L,U A will be solvable of f possible 7o find he
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Oulline
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Exploration
as a task

MAP EXPLORATION
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REALISTic SCENARIOS

TOéiﬁwev wdith difSevent Cypes oF Tasks, ilis intevesting
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CONCLUSION

Zheoreﬁtcai ﬁ‘dmew.mks ave l’)dr‘f’u[ 1)
dealin9 wilt, different Fmb[ems wilh The same
point of view.

E{U«Va[ehciesbefmeen madels are vse‘)cul 'far
"Eorrowl‘nj“ Tools, svch as The qu[@icql aﬁ>raath
in obot Tasks

Cheve are mdt iple formalizations oF vobotie activities
To chose aceordli ng To cortexrt and level of pbstraction,

Tt s useful To EXF(WQ Those closev Tp The J.FPlfca,ﬁohg.
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