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We wossidsirdtés inklanr of el mtdfrbatupttdle rennthpra mallialisiesalive fyom rettmictfsnite line by

Sthatitignfighfn chendtriwin othisgroh bt ek odjoitedan éndeagraree dit enfiménewtalngxitrat an unkno wnlocation.
Theeratenbroits crame witd vieaximitin speeckil nawd mas penendudimtedwiralpasdo amonmnicate wirelessly a mong
theenmalseel Vieosrevet o amengetheannriching ttéhdri ewre ja reblfies t shath achigix hibidnbipz antin e

famdits A Mflawltypoiodao tiadlatn fejictd e plemgtit et afigreteechiey iaf te itresaching it, or it can

mikk enancalivei duisichbiom duermp otubdatlientgrfol vrmdntin datait diest nh@imdm flazc tit has not. Given the
preecsiezncd auofi dandth fabaltsy the bratd) filr alsalangethcho wily drt angréilobwhemly be concluded when
theenore fvilawktioto baort sitifaclest suldfireie ritae vid eargee e dstrh Batialr 3'éctahmm s been found. We ai m

tio chlelgsii guhreatithons thammihhdde tiet nianizé $4(e, ¥9) ihe eftiGhefind fi ndpattdmget at a

(wrckervon jwlins)adics tdfrerentit: hoei g gy e brghinie: t:ssmanm ovhigh v éninehfifityl (e We give

seewvrel nhiffidicffiie sle ot higsoarhbhe misningh ose depamdineg ttharetid € pre the deositt e ratio f/n, the density of
faanlilt yohods: oatrs] s ghralvs brvper dentle. Werrabrorithidsar©Ooprimmbl foristimmisnaitiesop ti malforso me densities
of faalift yobhoib ot s.

K eyowvdyr @sw p@lo proplertibh puradlbl ecmiclp amdillel releas; cdirelm:=ohimnnal:dis;; wireless co m munication;
by ziainti: T:eulfia ul t s.

1. [nttreldatietio n

Seerahtmpiin geigrd emtmait areneah gprapetas =ofewcre inmcpdirer diti etmo-emies,.cl uding data structur
cronpmitibatilospahayre, o etrtifjcahidtditpfircizal Thet Bilegrespacdy (Aldn &nime ar search (also kno
as thh eswe-patk)pprabhlgnpizorbhesmsdd eithnacrebnte damiihi aa the brotinstlastting at the origin,lookin
fror saatdrarg plapid tend atlawwu hokationwon 4o anditivivenliom Hhe roHfiniteine. The robot mov
with wnififrar (Io(ctomstpat] spleedelaang: digeatiorh(aritlghet dine letizon {imdthout anylossinti me)
Theerltithancatenlgotal fisd ohdi mekdthie drahgadt time dDHti Hisalritathyesjblkindist oric ally speaking,
theepmpihé:bl evam fivwt gsncfinbtinp 1662 i BeliB:61 318 yind edlapeadehifl?@mdinld ependently consid
im 1191614 Blyck Bre dik {hejr Farrthleitofionbm ulatio wast plectédmgetdiwsasnplaced according to
kmyenwsnolpetdl ba didlitrdistri bautile: nesldirideid ehal donlewasntd firhlelg e:akew as to find the targe
i minininm woprce:R piected ti me.

I thispppaip e cwneide:o risi geblidmespporbliel, meofppraialbedaticdo gie t btiev e
ififiimit Enli hee b i il echerb otsmatt ffnafsiiinhcAre dneltfa it kefohs biefrorie a tar g et
is jakaccl et natoanthonciatkogwi toktheorvmist Altdh i@bmosheotst aT the snenb ofsiest art at the sa me ti n
arnldd@dati oand @n dyeenieaenimluspicatkinwinekesshyla:a dinslisat@n eously at any distan
Dutiing ghit=hr eicascé ahe hobhte mebotspama:yhe braperdhe boyssbpe:atlleasting messages. Th
scerah iy Mcaiyeéed yptediedib yolidte widdityiarocklidtst Wyhieitne fualys e x hibit byzantine fa
imcildidi fiaglibailin g pioot hewprertrdadwvilnlge tergec hrenchltihentdicgrat onim:aking malicious clai m:
hsarivignfgifrol uln: d-riee tdieg et famthle:n havizawet tTle: yilfiraa epmbis 14 mie@iultiem ate goalisto mini
thhea idivenii etk dsankl esrathoi e ndtaisdtiy Inodoatdit ohixehe ertrain bhatohhéilecorrectlocation ofthe
tianpgtetiah Bseb el fo u n d.

1.1.. Metiiom @mldmonuiniciaioen saodelzd el s

Twohbztngive dweild-adiciidhetthlecombidts, Lotk aum ofinvienf@diioe mald-ompadm unication models 1
I axeseldnbebriahgiorit h m.

R oHnost snd nldetrhtehjcltarjiesc RdiBetsranevassiutaiied b0 stafuatiale:e m monloc a-
tionn coneidaicd @6 éd tle: briggihhetlorilgian Dhéh@edi meve hthweaytieand spadvwe=at maxi mu mspeed
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Searhah o hiac biynléyduytiBey Zduatin 8 Robots

eitleenlahg thg pdeigiye ekitevtiendjdenctiol ms(derimgtegdt Asr Mooyithgnegptity or along the negati
dire=Gtio b of endvas: lafid Vimygrdleft) cal\ahynze Bivtctiamashitaaridyenftlime cti o n ar bitr arily oft e n
(Mo ytatreeampi) negthowtitdne ltssain yihessfim afigmithmAor phopbet keanrhopedralhel search specifies ¢
tmgjeotofny ehoh b Hhmod i gtivteln dty istaginreingbpyiits:. taurdchithegspeeilits,tand the speed(s) to
fdlber hethretwteraingt prinin Gipreisntsh Shniclewsesalishined blettityast andistilmctid e ntity, it may als ¢
fdlber wddstdisti brefettaje Blodmys aR-ubsotsedrnte lassauemle dlto'skmg=akomea,c h ot h er's tr aj e ct ori es
aml dnmreore eanervamneetamwith tenaile atler witrbleeshycandotristemt wireldssity andinstantane o usl
any yidishaen BieceSiohote ety afisoltneachy caledsutrgja-tohicet hhersnly djietiéries, the only kind of
meassge Yreadresa dycaastbbty Raisr whishditrheemor in bidtfhvad ftbeutnigret vestiareg et at so me
leargtatholfi IfdRa-y sikihe mhilwhiienyisitive dosoim aeheiaglicnadseptimpthaifeass u mption made
bwy thk etletrhrehato b olsitiR tdidtmotia ettethbt thrge=t drqget ThueR fdlbbrwiss its
preelebiediinteadedtajeottdlr yithantiit efihlenlit fiaygs, tih evlfiah gete inanwdiied: case it announces
timatiit Huaschod thed thhget t ar g étzaor ifnlne @fserstobat d7'oamenoiehioe R Hhatit h as

frorach tchet thegdtarmg ethiah pwibhi cfh npgiyntciRe: ritg erdfectraf ectrarticiietp artiscip ate in a

vegififitiati prtprdtio calsird trethamdhtonddmenannounce ment.

Fraulit4 suradnchmoomunintctactiio Alll n rdbieténkwm ohat §fraatnfe nigemhses dmadre fa ulty

bt ttie ¢ dhot. thobwk im cudvaine avdhivia mrocee whirine hra famloyn & thweimlar e faulty. In p artic ul ar,
noufddtyltrybno et da dsirwothienio w itdmdinittis Inoad alulrymhsisideatifvthey must identify
franlilt yohotb btsufrremadanlornefiesultayed nresobffstercduedinicmonndlisetrifiestohutio n and verification o
miesspagrescived dinvegtiotibribe gomeuhithterc awianges nibld@ti place dioimganges taking place ¢
tieeeonaeutf aln: efdrhlepsiérant Rophot exel otobbte hhis:geipded orbilotdiséimete quipp ed with distin
idbetititteshivhhile-h dalueoy :dtama ehvaltier: alnandditibomte tHencard-ditidentite, the correctid e ntity,
tieenatel ptdtooa alf @ moleft as hatbabiscdlyt mchdibil dalhyni bicladchetdrisazp y broadcast messag
scainbb thet fobot oBoakeqGeatis e duubnttybod faullyes ady dbllchratt=d:a=gsnedot follo w its assigned
tt @jeetelroropncla: nmbredimbeln dditafiel yd dealbti Hetdheasli-a byt ¥ ith-Bootd er rob ots, if it ch o os e
to hnedrdc asta giolmipoitinbm 0t apidis-dhesig-rnerd map8 etbey whpsallkdther ways, faulty
rahbtetarariadisndisiishghlis habledftouln nubotf.acttaptr thbiotdie dxmerptabh at the for mer can
medk loo th gidsitpresitid eogati: debegtadnveerd eiefollom. drmofsfadfiollroralisdlbhen o n-fa ulty or
rabbtolience li@rfles W lwe tuitdnfgnt or dawp filicraxbtedee piythchtergsxist esue:e of the target at so
lorgtatino BonGwinthastrithis: fwitlhy avbaiulby! Fraeh ofad Bidtnt Rvenyudt-a yi silsetnt even when it visit:
theautraet gref @dydalsindayrmahsabcthailymhomibhei goasllyifehtatyit lca fidand the target when
Rt fo@adnid Tthuk, huuslizble elilacbleaioth ob-nse-@ysisuatriby dunvsicame@nlmo unce ment th at
thetdrgrig leisbasnbie.ad (hotudveh (11 ofwe wedh ianouwranswt £ hoa fan dtubec e ment) nor can it b
ceethai nhib atladioa ali:d rhdshlath asited alenilisibe dusitleentkybbty daesaidter rob ot, does not
coanfiaithet gt abig @bhdmwot dsethavsenids, ibhetsgrarab feommatangletafiarn ter minate only afte
at lewdsto:=nrehio thet tshpabisbfy reliuBldhys vélitablie hagevigidesddduad-arigpet and announcedth:
It haashdee feunnflo Thistreqhibisoeatd Uit Bidml @nhiboartilg@atitlomall ifoaursahg Britdh) ms: if atso meti me,
mulltipk echoth elskenaRietiamn mdflicethbegnantsme b heidm elnis dieackald@tion then the resultin
voote samnudnihy: Reeohed af een@:tifiisg0 isnkeihin ghisitkihe mimbarb« utlidhle nu mber of reliable
rhbtetehiah edublopulticipart i phat-etn theinvoliee, F dir-astbancetif thdetes ob ots vote anditis
kivenwimt e dftlo:afdrh e-llabar; elalithdhe ohig n-dth eouhlajenitily ot ¢hew ould provably be t|
te-with.
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1.2. Prdiminatie smalndimiotati o n

Crawigicd ar parpllat all:el-ls €arcthualfgrositthrpet florased ant gdéttdore dt rduatliiseance
origion Th rwhwthidtdvoll evensstive onestriattiomtoail g ntilom tletalg enilbame:th at are guaranteed
to cecwimnlly Blld thintdrih ectmnget wherent dit gncwd vertkdtlisepla petdodariheline. I n parti c ul ar,
weenassnd ifmae theat eoiigrgn plei hbednetrhrédinile isstaddntat alhyt LjSit- @ dolboysatleast 2 f+ 1robots
scotlit at paopeoideetifd€ it fof @it aargef shoerthar goebisue. drirat wid defire:clur. First we define the
scarah dimdi ofnae ofz@inhal glortib tppecofudthiss tyrpeepamldiits-cerpretésy eaiiding co mp etitive ratio.

Deffiuiiion d (S¢:8duFinbe)TiLet G(n, {7) ddeteabe tbi@mminiver ullpoesibér all p ossibl e

scarah colpalitharit, hising, usicdlg-taic ofl e ctidcbmsteft ainogh Fsoff wivitli cabe dreltfa ult y,

of it evowiorstcctasie ftir mhe #lporithie, abg=adittinmallce:asihd-drich:g-iatk plodsible behaviors of the
bwearainti roéot0 bodfisydtio fanadlilntlp doalteintdf e kergatidancdfat ot disguatepfa ce d at a distance
urckowa w nht acbbie fraib idisifr@omndih ditrtio: moshiom shartin tiepasitirodd, na mely, the origin
tlnedilin e.

Deffuniiibo N2 2 Co@peaitiitie dRatlicd ). Thee coespesdinen conmip etiti wéio risti o
dedifier edS@@®, ¥ )/ | whivhicthisrttieaf atioalpfttlensl g-anifihtimisané dreclbwterm e andthelo wer
bowchdlod thun tirheettkem By taank elpotitina fay tlat grositlaem for th e proble m.

Foorlhareg enlvealdf esaal ¢, fit; itilWile meremmorenied noveepi@nbhorexlpress ourresultsin
tetnmst ofiet feesdie B sit%, «fif fraluit yolicob Glsis [#aklis drethd $ollowtihzed-Glhiviomi n g d e fi niti o n.

Deiffiiiibo 8 @A ¢yvAngpyboiti €Cobhge iti ity Be:5ehalt stho )R B-ter)h thé Heirdtesfi niti o n
of Sy(n, ff) bvwe te tee-moepei nt=thg=erniv al bnesepifphiacim gith [n| wikilethd e
panacmeterchaies inainsli hire gr-all. Thing

S((B))= v ff (8 |ochetemsigasizic thathvat % 1) Sa9//B + ez, Pl ad}} (1)

deevmiat ese blhven psayicmophplitétic-oscmr-phetiti v ef sisvanlgdritathovof asayhatignerith m with search i
Sd (ﬁ‘;_. ﬁ-})'

Nwotalikt af if = 4 f+2 thbwein iny aacithadiithardidie etoth-oterbnbe #mto groups each
of $iz € Btake BEH-2A f whe hyillvbvawillhal-ewe lysshfaw ¢ retikiBlbéeho: patspes. gr o u p.
Theeffefor:e; dAgaralgootifdt mnlih de s:erpedgohliier cdroesip on divwgroep aisin the two groupsi|
o psdisitlerdiv encti:omaisgeudbtaiie idd togefiiriditive 4 angeetwheh theet:dgedince whenthetarge
is wisit-d by bayea:htaofidups gr arnpdtbostratgihtieitwwatdinnthajority vetfieis the groupcon fir ms
its jpreeamedrelableli Hdloy, S5(¢the® (3= @ whichiie bpsineaptiomidle otharttvedot her hand,
itm = 2f, thbrenens d@ralgotib komplaeche meptdi:alich e fadlbpedols bieyf may
alwwya ysigpdeta phetelrye distA gicereliallt: viid: eni:lharbik eropmeshlenoebiki egdin m p ossibleto becerte
of it éot@t@atud thotfarh-e Takgpire, Tub Greef@fiel, Wt thagnsie thu alteseirgxa mine the interesti
c:a8 ehwdigt e R f 44 #11.

1.8. Owir reerdiilt s

D SSce[gl @5 avwevakeed mesehnveid upostihyuwithSupipdl. T @tnbld$eStection 2.1 establishes f
guiddin gripeiplei pheshé atedibieod est glpoeftlony. g loritih ms. stolle dfeigberour study of upper
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Tabbt d. 1. Uppereand hodeo hanenddmmuhedssaoch the search
timees g m, f)) o & givginvemmihar mb € ditnbdso t s
amidfsfidtal f s=f172.1 |, 2.

n, Uprpe BoBoolu n d Losw ouBd u n d
3.1 94 5.28d

4.1 3d 34

5,11 241 24

6,11 d d

5.2 o 4.48d

6.2 (2++/5))d 3

Teahbt €.2. U@mremnd ficavdio bwierlzbanuthid sssyampitdhie asnpatigto tic co mpetitive
sra@h ¢t indSt OB fof eurivasrirangssrd nlg:elsneft:t e Mhemtdidtylify. Note that for
Bg= % theesgierh pedblpmaobliepmd=stilintp odvsible to solve.

Ranpgd Bf Umppere RoBnolu n d Liowar ddonBad u n
(@ 4] 1 1
i3 2 2
(7% 5] 3 2
(35l 3 3
(fg 30) 4 3
@2 5 g

@3 & e ;

(o 253 ' g

(£, & 8 3
(30 3] 0 3

boauich ds Bac. E&ldv 2sLaldiyhiest bdlisdhifingSh(n, i) HerfsepRcciifidl sabaallofal u es of n
amldf fThdsh esdts es:ulisnameiscd im Talde[d &'drivmpbarbba. fe mdndzdumlp arison, weincludeir
tebbl &kerWwemb-ofurnids:f ensth 85%.e lovas éaunlhied thawveteb @ ulin ¢ fomidh e cases (4,1),(5,1) «
(66,22)ifbthvo fwifii @caalte és Gie. [ Bhe dovdr Hohielk dowthe buect (Bos)faidtiielcases (3,1) and (5,2
fdlber fvofn ahmldvee bouwderibtbaidrdd: Fanult hiewdbrd dddadrébull balend ehdwehesicribed belo w) sho w
[ZZB]ThE hvedohaned o ind fsorhg €ridjaik1dvee Huwidl | o wer bound.

Frarlhafg eilwabl esmof frwa txgrfssweerx-piteds temuis eSthltslensiigr@nes Eeft he density
L SSce L] 2 Ihawehsdh oo wethrol wit algoxithmn:dioo sidl gabuithoinsHfol § tmidllsv alues ofn and f tot
scettin. glafleBlen2nstizan oirarziés bun Bes fnoSeo. [3 eve. Rudisd e c. 3, we discuss [0 v
baudy.di: pariicaitic wkahow s ha whiltatrotie resuitél, i) mel 44 P ese0
tighlot.

1.4. Relatd doowio rk

A s-grali @ioldee b @smisy uscu all yhe @@ blcas difieapig bl Bidicofthoeatising a hidden target usin
scaraherh efpat R pladbl-en@f innao afiviigiimeatn [ei8 ¥if optimientdija-aim plu-mization question, us
ally satterpripti b gnirdmn nhantiidie debddlitan-entpk i@ dle-dehorlc Ahmphettet he search. The quc
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h:ashbea etmdstd di endimienonsusatiiere us dwettizrsgdidc mv olosing tstatic @re 'mmoving targets, one o
m:ain yesrehar< foersn kon onvrvor ennikonoewtn enaoir@numoe ntsynshraneiy onous or asynchron
tiroing, gliftlirfrér@ntd sipreiies dasavgell ntsynasy whlelir asrishians yefof F8Er v ari ations ( cf. [ 2 3]).

Inssrevnbrialdty diles, thw hreindrivense msvino lmowe int dslvaete emoclwimphesa dvance, searchi m
explplratiati.onficoftrerolviingvrohyiping aml dogpepiirige ammud:heoscvalilzinnidiescerdrenh ers within the e nvirc
meeinfd] 213112241 204 52|6 H3wtf:veH ovom 8w dn; envcenhi £ bridvhire gagle ofrailonrocmin, si mpleenviron me
likeen &ilicn ehetchvere sweenbirg@widnglsdtntierestinigtsiy i eptiatiie: theptienght o opti mize the sear
tirne.€ThTsh esetest artrh dhewitderidndein delp eh Bedlntanw B ksodfBBlellTnian [12] and Beck [7]
wihil hht hielaitst &t orsiratide tonnpinénd zt o himimimt ziee trhtéo.cldhan prefitid idiatatio. They proved tl
tirme @Od is:eneletd ediutolg: diadaipte erfim dimga bamgetpsitui atrdcdoatila (a priori unkno wn)
distanncciefrdnfr idiecniridire SBrigiad.oGerwenkl ot Hisearseirkh foliolirade(arzs ecarchfollo wed (e.g., s
[B[T12]1. 2The Fehrehshe arscriplbsyaackicn lghels:enartadiet forasabedifestt diedd for many different 1
els, rar.g whanhtbnitim exctstromscroskidmad @i neildhertendi2 0y timchiésmibetonds on the distance
tih-aatrareigeet: Bnevk mowvimica (a4l waimciedrt dinonf onstnfuer:goge hiér al costfunctions[1 3].

Ree@e nbrinati acfitinefirlisnerdr searohlicd ler ecdlectidive difforllgholteictizo ns of collaborating
sceraherh gnshdrg . bots) authhne @ ufif]orsninlerdd6lire:ernsiehere:d-cinelan ghoup search, when tt
priove:ess dsngtol phketie the warenit beechat dretilis Inet achhie dshiygtin.elhast rob ot visiting it. Th
rahbtetsoltablbenb:dnat & cmyt atk eormptimige ttbe mionip miszé time. Huowvprs é&rchti me. Ho wever,
shives wWisatt heatirthz anvdimygrobhia alyes ods didpdsméshn ofpifiehpsennct time iopillmal search ti me is s
boded Baifrie:lmy brebd iw they f0:-d tivfat-h @frarcieitoifa eedelo Gaonpumirclation model. Group
usiny g pajr aif robate haafsishdisvimn g ndisfimattsperedsxivan aludipdeie @&, i asishudiedin[6],in which
teleigiicq presluypig: diptimalgscaupti el sewdehididne were designed.

Faalilttlobefia: heschdrastbhdied in shutdbeaidd nodigtithptie dad@sm-ptities giin varioussettingsin
thheeppiast.f.exg:,  HeB)]12(6). ZBe SubfjectTob ens:libiiktetvwals wahdl akiiidersdas mainly considere
frar seitati coEoimp00] elntenofrdimee fevir omvt wueknhodes gs lmetw ohklng«d es orlinks), which ar
scendtiekis medeled dd dhadulryild yvolaimai e@irynewiok vid. 18, 2Vii oMalfuemnts (cf. [15, 27]). M alf
tionpsadsisipnig imvbiln oobikie werb afseswmaited iforviéstijgdtleids fdrehtheripeobl e ms of gathering or
patieen Mfofinmin Q7] £21132] &Zabr2]liop Q8 bili[bd, C48ovlia: el @, liGapetio wic z
gaaté thd pebprno bl @caionfupethiotmearglin elar geate fiirpbblsenpries en ce of robots s ubje c
ermughstulta Wlsthisnsdthisz ssettivllg, ralfa ulixy Got=at nin doteor thn aayzarotldlete ct the target whil e
visitinggitifsldeai¢aiilou dhe idhe Yot Beport hatling phertfig-tia g Idneidangiet at a location not
coauntigimi nlg: tdreeit dreg elieir enad ely faih Bynointypdaind haniot fepdbrive g having found the
tangtetThfihwgipdt ppuardbva:tenldsvmerte sfhiaal iy foymeslaiptnd&@klbly2dK u pavs kii and Wel zl
whhvalals:ondd:pshdler faudh y:s awaltiph: eans. dn wtirpkelr deysinknvglefenatid e aling with Byzanti
8ggeNtsc Benmbie mcdrel] pyoking dlgoeithuib gdahidferithl rosdfatcibatifistandtorefutethe mo
maliche ushadaretshatialdue fr.a.veocuZfle. 9., see[22]).

2. ThpereloBwela nd s

As dirredydoysorbederiV @ & &f -+ 2 lilkiue afas:k aie begarfolnedpgfiaialivad opti mally in

tirt €, dindAmudalR@iidhg oritshs i e KA . ifhchcdnel afecomiidee badsidi@r: bseko w the case

witee Bf2- 1 £ h < 4f #11.Clehéanly; thbets oub alsro-anagltwvaerstasydroget her as a group,

aml hpferbothm dbhldig:als blih @ratgnzd Gedlihaheigd Bof-kBlelt b amiaad fhr Be ck thatis o pti mal
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a sirrlgl eho ol ehntdhtth atripasitoo ratip Btittve:riati oz1hhBimloeést ire slelkasbl erob ots are al way:s
i aamacajiority, am guarsaitged ao dinfl élezdateeffind the target.

Im thh eemeimmeaiod diés of:tidis fae oticopiyefist mmen givdénd ménaiplainisgdiiding principles usec
i thh dedmssiod nlofrishgiedith seascl dry sierahiotbtsd gfliwhhit mcaat fraostdidilt y,
amldhth dmcdles @nirbreio uppen bionnd$p p er bo unds.

2.1. Allgwriittm dergpg prpmiipbipl e s

Th-eegeaa émaldmarinfe wioalgfotlany iahglocit Averisiin pohviphsfinaenda@@i@rprin ciples, na mely
tithiorn bt @rgupe, WpramSiyy mf migetitinof Agduitdn m sonRds Shutibamoliconflicts, Si multane
armmoremergs MednCsyautudi 60 bin i talibe:mehily wehdesedHe dledow. which we describe belo w

Partittitoa imtn oogpo Degspreindion ghe mtin ef d:atiior off@ulty: pobidis, thw e p artition the
ridbistmintocateiertainhar uf mrgrs.ofwgr ofuths.grfumw deof thr exgloutipsiliead the explorationi
orprpstisitierdirienctionn fhe omgtohod tori e, blutthee, ivher phasiitlr,erachwoli Biasp ossible, each of th e
twmoangme:uwpsl lwilk hialveet at elasthfitx 40 tbad otsaseei thoatdahd angetnowloitil d be announcedif
theetat-getgietischeda c h e d.

Syymmeertyr yf oflgghig tdurindsb. Th-ealgbgidtit amsnan@st yicms faehd d-fasifidrrightl eft and rig ht
patt aifthh Boli fie-daceradl c@enkedefolV ey plrdheflorass ylpi Gallayidis @liskethe behaviour of th
algortiiln mtiwitdpocespeetside o nte Bhd enbf theline only.

Ressloltidioot afndloctsfli i tf . titiembert semesisnaincamieniodd f thegat, ¢lnt of atarget,the

rabbietsiittht beersle @ioais gop umpsd sho @ainnill tdedvelalumlis neswlive, dobbtshe meanti me, rob ots
fraumomo dther girbgf(-0radi-p(s) redvby ehd eldies dhice tih eldkaimmesQwd. e the clai m is resolv
eitlivethi-hterdearig felisd ond nld: aohdstdeg, e b otstshapmbrranicfenliai rolmts mb er of faulty rob ots
is idketifiif eldonF tlovtnpditt atinpt ok nfl perritlih elialkg:orit hum disee:g ards theay messagefro m thes
franlift yoteibs offpctiffedyatedhelivg ehd ehbeg bhiauitp robbietcofdraaltlywithb:aidto contend with, an
theargupsucpsticoertin e th 8ke afeh sudhiuspeectning exphsa o whthe ment exposes mor
fruli yobotb, aisiiluentihtealle, nto @lbyhe weet:da thadd @ @efbdin of bdtos: imajchrity of robotsin each
scarah Ghngs ary pelactde mali albl ecrddxd nkheurk duabaicgestdranadpleadn be correctly co mplete

Simmult sscone0an acanaonereieiViea trtdvoramnrensnce-medistate simad e atthesa me

timne ehi higoahtfrarddnlinmde-alsh ant yf Wikt stmeinfe tthesmm abiardiriin éifiesth os e n ar bitr aril y.  Aft er
tihersebiolauticd theffirht erfirst @-omeaiuin e mrel nhisscha:h e @msidibhressaetadc his p ossibly restart e ¢
tiewle:b: otslo eldtio thsein:oibs.env atienha ardithreatdnieisamppowl nifciecdndk ntisrepeatedif neec
tihwsdlarki mgrimteidoemsid erafitomith efsit ulatiresnlafier thilkeerfesiclutibamef th e firstannounce-
meeintWeMexs bhds dodshisitdotlesnnecotlinftau-einioe.the search ti me.

Computdiddios by thy tdbetso We t@sanicmiattthatith eptinhe: sfihtiod c al c ul ations
is muelighit@i: bh & bipesan pratisthantuwit fpddt en tindmiegys Plenntwo couet vinlgthd hus, we count only
tinit @code® 6 edvi-Andmte viehmelniss eintihideriadpatds Gontildt he targetisfound.

As inliti:0at eldna bhrnegidinalu-g-heouttdh o @ € ooufilonm: ofditiesatglénith msconflicts wil be
resloby &d vainy. olilorg. priione preleituel V,(xw e td bieriid &npoftghbfrilhces r o b ots
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albotupopicsiti @ mtxtinm &. {f If yohatb etseh:hiredcthitmle: datpeatist hter tadrgret is at x
bedfior Biticm evltilew hibe:zlhimnde gl aistiezdu(dhy-cyisiti silgng) nlditkie ie poh g sile nt) thatitis not at
X, thimeww eass B Ve (e Y, 2)).

Ti:ddlbionwingstmapt: shanpliégoobsenyvedticatnssarb s idid peodfe heiowel yin the proofs belo

Lemmad 4. LetW\ax(x) B (y, 2 ) b Bl gth thetiveen of fadte itk dultry nabots beforeti me
t. Thhre n

(M) Af y=> f thee thd bueydiair gigtoiSiat p omsltitbznsexrainid cbheduded.arch is concluded.
(2) If z=> ff thee dhd bheeydiair get disperdicatopuodity oo xualiydropoiechwd Beulty robots have beer
ideeinli-fl aidtiaicti. m e t.

Lemm:aa 55 Assm=d e> x = 0.. Buprp4e ozt dinm ¢, tthidr ewre B feudlt yabothb ot s
renmrahn mgd, tAandath & rlena 24 ot 1l edibts @t=ipiorsition andd-<d dmidaiat

led $tf2 + 1| nabbtotas matsipiansitio-nisasidh o =4 ThEh emy Geryyt that gsefitthrat-is distance
d frow the tovigio sigile aml etife da ¢dinxf. met+( d -

Leenma il engresty thgtesdts hitatdting cnterestiwhgn gyamdst areani-hemazdro and
leess Halh anegnaé @  alThe: fmoflvhiss hetiollatas: defenftdlno win g d e fi niti o n:

Deffibifibn 6 6C(oHbo fli $Me .. yhite ek e iscafiifli @t pesiioa nc at timm d iff
V(@41 =y, 2)),wiklit th <Or<syif amid) @ < < ff.

Towsrar um ang laniid ibiwitidni, ntwitiern, winheristart alwitrh hgivifargtlal gredt h ms for the cases
of @n eramwbwWealfia wlibyts, abdtsta sldbwl dier soheewhhse wehoiqusetthres:e techniques to giv
aligdtitimsris freng:a nenal of al welsfof n and f.

2.2. Aligweriithms fie resuati §il andm
Notelidt dbf did baee= § a5 &, ww @nlo nkydneexkidraloensisd of 8 hieaads ecleftd ,4, and 5robots.

Prapp<sitinom $g(#,11)=34 .

Praoéf. Paftitiewnslaltobotb otso ithicosdavch grewgisclb, ghad &Syt tolaisria b ots in

esalc fragipo Hiph fobat inrld ot - @ vraditril g:fit rgseft alesppgdat spib & dindlsu ntil it fin ds
tih-aalrgeigoethekrh earsnamcananiotiun ale: muent H:b dbdvhfeuhdr Sugiphsasidve enfound. Suppose
timatthhrenieda amnoammoutme éom e fhbmatgbanienx: f o) 5 M ebitivodn (2 00) b vy

Lenmafd ald, ithheet tar getuhfasnt etexnafmdilivdéantigharitbrinint e Miupptes. Suppos e
timat W (6)x=F ((11)1)ThEthenn o fle ofbbhsanr B, :ats A, ntrhyels ay Atp ikadals ¢ o X

th-ecomflintflitefiiia kildigioa:d ditie #a) #rhikeeal? xthewrbih@saltiatmendtvhsets re main stationary.
At tiom €13 the tdhet rd bebA=hesIX (If Mr(x-=3&21 1) b Menknes Bl tha tdsgth e tar g et

haashi:e &afd) umldha dghiibben akgnoiibbeanlf asreid BY esdif)i wsfié 22 K (@:n 3bxy)

Lenma il ald, fidlie febult i fdedbiokis, iche atl fikheh @ifnds alnoth eifcied bisse an beinferred to be
£e@liblb) SlowN ihewschich Setane-h vaidnthe yreapwihbvinl éngipeusps dieetMim:g in op p osite dire ctic
with celnl phth@ineh adiha s lecnatsohselngl,aatilsild-aner-dt i fitiliih élbeergiéltis found. Noticethat
AfaBriin@ddrita0 et - e Hindhltnkosi wtultBan etarusyowlid vl Beabladdkst Mhe-ul:d beresolved atti me
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with rellitadol@ o biotsrefiirh, éf dioreift ik et tchrog-etljid hat tre: tiakhme tbdikein to find it
is £ 3uxt4d —x = 2 % & € 3dbsision d & @ Tty is il @lbes, aﬁjéﬂ,lS)fS‘J'fﬂ ; O

By imerneiasithg tbitnentoitalr niurdbdigrwefcio brbids; avbetiemsnaach hireev e a better search ti 1
as shdwa el el 0 w:

Prappesictiiofn 8¢(5,11)=<2d .

Praodf. Patiiti@intichrebotshiots iinto drionese tgrooad peerhwWo aokidiRy«ng ghth e

scarah @hogro Wpse drb ere rabet=t in . nwdbiblots dmolviesit eftcatl 3. praeditt,one rob o,
deesiganedt @ d1 dearAoo-envea dii, @ diitdy s rseativains ostidlk @rignyaatl thesetidin, and one search
gromp pf ofd wibot=0/b mis-dRess It gihbakd b Sepghote Gutpiheos & dih afnbluerre is an announce-
mentiatithenxefr@nnpapiositi o n=x0. If V(x4 )= (€200)tHeh én beynnkaddmtlm a 4, the

scarah arihemimi natias: idh 1fi imvtead VIfid,nst esd @V [hbh)elr tdbet rbjimbsAR

at jpoeBitio N, takim:kiddgiendlditihe:n-dbticasobx the doefiel vwdiilh ell @tndflidiptav hile all oth errob ots
renmrainidtatie. 1BV Vo lBY) 65 (2X 1) bblyenine @) the aadgdithest g ddsabe enfound, and
tieenlghgtdnih heritiertoni i atesadf Viist 8:8 &= Y1162) e beynnkaglmhefaidyt h e fa ulty
rebbtatiglidiéhint, faad albrdadliiersb@isnian e ab-ofsdcta bebiihfetievddsehb ereliable. No weac
groanp B Bl diRvith seBlilddbrehaie boisivhe: ntivvingdn oppovite glitactoopspagifie dir e ctions u ntil
tih-etdrgeigietiiantlo Natde tN:otixmeutivah@meatnan o-u nstmenlbae-nli=atvithXhasi multaneous with th
at X ,woulel Wedrdedveésiobine daatriihnedialle wibbty, di ehblierea bsois difat -édt,ar g etis at
theaithemgrehak 8miltio ifi 0 Bidsd = x = x #d < 2d=isica d & & Elussim adlll-o:as es,

Sa(B,11)<<24 . O

Feerthbh ea::ad & fofiltl fralwt yunoib:ct rabotg wgedujo-buotshaw ghectemnjegtrethatthe best wors
€36 ec:rehatianb ftirm eafon at tisigueteal Wisha mig-ead dh:dritlenzivgtlz augmahg orith m with running
timie eqesd whald 08 &) (sHueilb)): fSi il ety fiok f4ukyaas.esdf 2@yt demong 5robots,the b es
algatiim e ey lohie the afdsadd@paiigha avitlabguapttitine rwitddc'Ohin peefili ve ratio 9. Thisleac
us thacepdje«ctiuiieid featidl, goe thercakd of jt e «f 89 & dfrdbotutbein? fadltl,robots beingfaulty,
tiee:carpavitpretitibieis @ti o is 9.

Feerthdh @se af e o @d d = Gwweecpnesieniré: slgaditi al g-bfith unlitee which, unlike
owircohbredabdibrii) thsyidvendsm @frehm:eantiaiy thb eisigamardgrtin ecgie:upsinordertoresolve:
ccaufhifli 6t ib:lgvellgy-e thepasidinesadanng tin eamflitie Btuptimel¢ du firet1&=r prisin gly, t his provid
tih-erdetelshicken alpwritlahdarittis aafon Ahisnmds:@5¢ Rr blo=u-asd i0ft:bitk florithis caseis easily derive
usiry ght e tirgg@bs nlgahbsddeseriibe d belo w.)

N,
Th@oum 9. Sy(6.2)<2++/5)d .

Proodf. In thhissssia-Rrdduraigronitshpartiviee phartitilots tite twe zodsipsntbstzw 0 groups of size
tihree and v dwy ewbhseutcly grissgane-he gitospgpsl 1nfromd ehatosipie adodpdro m the origin in op|
gite ddlicioli:o AssuAsstliamehéh die whed rkick grawmpd: ferasd:rm eex0 = n

ammoeitemerg oh:£inkref 8 battghetis -sre Wifhal meedxto cMeidemily: n:eewhdéi0 considerthe case
tieevototie WS Vi, (o) x5XQ21 1 prof1( )., B). elteeithsertkeagreuphae idrorigpt atdth e right side

coanfiai ns @bstloshlty fralult yutdbtheatlam dakhenefotte ff asliablmraperit.yimof reliable robots. In
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thiis ahtcgiohitrhtlm pihvep gt ocliprofit dhb ofshiatdiiiewi:gdtcpdonti thy Brtedhershptone thelinefurtherto
thheeriilg Hitf erdat dist-as e lecsldtorbieed dtter, mi mecdiliaters inleasd latargetislocated betwee
x amide % 8. AAtitieny aloegngme wp thm ldth ex1ldbft? sebmidsti? jrio bletsrbopjeiin the group on
thn=eripihg, hincooi eadf ecdicghtwpeti wigld wipténewehil & watetisng @ doldimdibotslfro m the
grioip pn ol trikiri g Hitd left pelpftNgmo wtgimiN B w 2atdt e Siflididhisnmndvravesu flicient nu mt
of mbd:ots: otm: kehi @ et dronichetvdricmicne ofting ¢wo grrepofvidh@rtaio agrloa ps was correct, and
leugstire: Azl fia taibwt merdd ob she mtgho pirtng 1k ghtighielu Phiss,i ek gimticfird: ZFhus, at ti me 3x + 2 s
thneenmmuhem bfersdiilus:efitd rembiotspren mhaimichigiso2n dthnecsi gint dd 2hielh ism ost one of which is
fraulialt. yT'hi imenlney ofirbten sofemoibiotg oe theedifiiia ggoah tohde hiefhisstelgpliahtadn 3, at most 1 of whicl
is fraulilt. yT'hilstlus drinep gnauedets hasheerheftrit asf aclimléj onbytofamdlisacbhéird b ots, and a conflict
thmatnneee dsne adiiémand] ditichuniah wes elridi axnlyc anntlarisigho rlde. Slhiet bwex right side. The two
groonpsps:snes: uhmiresdalnodir Moer aseihn: Mhat wi agst3m-e 2shtat atetniinfeeBoore curs +
omtlih églit guhipatitpoositi-o s1+xe with asglplitoviot & 10,1far19pfhere 00 MBisusid h e
lrastmeeaimaipnfanlyf aclibyie dobtbt: isiihn: toreeiri. gt sgnd urp. rolve $rem dholafemo botfro mtheleftto
thherighg. AiEheTab Bt iachditiioanraledizdrier thésendlield: f2or-1t dirs Ryiltite @n@wrt-ginteti m e
begiip g 5= B s+ 3c.50@ Bht hightigehhaw éldnéived ibeelnti ffeitiytilediastd aluity robot and the
scerahah i righiecsingafdo gra an alstbogtoa gurubWwitihferut taippoibl enmwfhde miwt his point on, while tt
ledft =i @reOint @imnsjaitmodjretibllofobelisa bl e r o b ots.
Theadiargetll wilheitiherbbaa vdenbiged ni deeintifi e diagtt nodle Bie+2 s+ d — x
or @t ddiatitinniie 53¢ + F 6 #-3ux- = -sex (Clelartlyet hestw:orstactas éefo mct-hre | eft o ccurs
witve d = x @nd dndln:-tiipdirighbted—=dx + st+e, asthb atiatiprovipro ddecemem es
latgerSibilmivanakiipdeEniwill maxiumi the ddie omathe Gehitt WMée sggihi-ate the
twa e eEpesdiosnedinpgticio: mdetitbvwleriatibs choati@tive the equation:
Jix+122 sHx+133 s
x X #8

Fraonmvhishine hiesive idherivaelrbtieequaddr sti€ sxg-udtieo ﬁ. mhdros@usiahluti o n is
s = (0B T ecnkmuliimgaionm pistitiv eprdtiotstefu al to 2 + O

2.3. Algwerithms fhe idas gue

We mve wineidarsild:-emdchcé leras @, afviahigdeffer eatticy af ulesdefisttty efdmhsity of faulty
rihbtetg frl.MWe AVetshateboyralieny ehalizintg frhe thegultsifne smbidrdopr eivio ussubsection,then
buditidreeicsinsi vcbitigie-hihiag wllestiks: ab alld witludat-gedde@sitiwithihattg eshdte nsities of fa ult y r o b ots,
wihikepgpranyin grie: priigerninof gicmsuoh the.search ti me.

O fifigstreses ultrgenzes &hzpesitiBnBlp osition 8.

Th@eam 100. S, (m;**‘ f) < 24, ppoim dieud ftzh 2t o d. 3 .

Prantf. Patiitnhhebabiats ithie:tfhoere lor Ruwmntetsized/F!, 4! amid

2+2 repqaeliy SlobotR miblo@naldiRarcane tduals gameshigianops lth atndmove left and
fighhthakaqe Edsheedple ahid eihyhia mdrsih gistidi@r anyil untih@nnadomaunce me nt

is matla Bap@stppes B i efevisicanentnan ouukh € at rpesitbatn tiend e.a ded et

Vixa® )= (.2 )wititsh ¥ 0. Thdveens: aha:ct boadlp ossibl i yw as s .thka by
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Swmechat 0 diae biyniéyduytiBey Zebmtin d1Ro b ot s

Lenmaifdlatl4; dchrehsie ane:hded do ticlkuxd = dl.i Hf tzma §, thk ¢at@rigiends mtot at
x,, aad g fafleyulbotohrotddem ienbfed. i diésntifice de Hivrthisdohese,rolwesdisregard these rob
frenmow onwirel nha reditinier eslmiaiini h grmioid Btk wevimeavithegri mrighreilr ori gi n al
dire:Gtho: nsitil atileange muilinveccoinsflict, dvetb wrsil 5rbloththaathdnandse | essthanthe nu mb ¢
of faulilt yohotb otsiaieinm) aimiln:g)yugriti éntiat.g etis fo u nd.
It reenaivai msctoside nbid-ese thhen araséy, wihe fi. (i dsdnnhei tinahy,\, 122
%. Iin thhis:seasthy theerighg arithesmthemrdowiesint ieim dibrote t@ l@aciati aon x .
Cuosigied envn W (& 22)x=F ((y, Z'). Shinccie gintt P dhiRer erar2d 2 fl +ollotzodd ats  at
eitheeritchseasch ar oindnded mcku d-esd idrzay = B5t ydbtstérflavuttopatobeots have
beee wldwt gindi firel dnaynte: disapardel.disr e garded.
Coonrigied €het eeaiging ailmitegthadbd ots; at here fAr e 4t — g’ oBtulilt yratois ots
armmn nlgteh hie a2t e lar ¢ 248 bidtsa(iaft die ttméif /Ul wlesdn ddntild:d)nti fi e d)
renardigi i g hisngtdue Gt axulpifg—“, radnbdetsén i rogpolu Bt lis. edsis te asryfit chaterify th at
with % s y' < ff, v BaheanV eaat P¢'astl Rbbietan hothdl lmmidi RThef:fver, ¢fier e, th e
rabbietii K drnl di Raan neogidmti: Reupéoe tigpl of atio linofnt theirlimiginad dipceiioad gi n al dir e ctio ns
amldHehtanti mg@ired qouirceddh tios tergee s hih endsarig:et (8 -ate) iE @t 2B Edv €
tiaata BltHeh@ag it antiti-asionad nti: drmeg okl an elintesgrtbhin £h2 e @ 3h ab f =

Usimy g lishfectf alelt (Sy@t’, f') £ Sg(n,. f) if " = n amldff £ {f wecsrmasdasil y
deeiiry €hd FoBdvalhe cwiailgre or oll ar y:

Corntlhey y11 Iff B < & thee 5((B)<2..

Proanéf. Letp = %, = ﬁ{- witeer £ is anniimiregeerl g r=dd maldl.30h@hs: ehvielot-h at f or
x =001, ty Br 2:

Sa([n] + 8 f))=<Sqa([n +88, F+((2-x))
= Sq ( LL AN s} FH(@- x;.)j

i [100Ff . 1002 x) +4 ; _
£ Sd( 3 + T1 ,f'H—({E‘-X}))

- s, ([IUERD 14 g )

< 24,

tiheld:astricyetjty dlitlywiol owi AgeftaufllMNue:dbatnf A @ =Nchte2t hmtdfd+3( 2
Taa:kimqgﬁ = 8 imtlidh &:fthaifimnitifSrwedhiva Sﬁ%@) £ 2 @i thd beeuhltessultfoiloww follo ws
feamohi fiaetf ehat SHBI<S(B) ¥ B <p’. O

Tiheflohonwirasglir @sathlg.e:Pengliszes: [fPro p osition 7.

Theoam 12.Sq (14, §) < 3dippowoisi ¢ e fima d. 5.
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Prandf. Patiitiounthh ehooshieis twb achwlo s-euge dhagtdii®Rpalc dordamihgi ﬁ%@g

rabbtetS hdrhlest=aib bisiimellefn anl eiloeft ia R thtdwosgfhfrvt=at-ecple &'dtHoulVith o ut | oss

of gre-métalispass e ie ivh eneisnameann o uintore: m baitlate xcbttifynza)x . LetV (x,x)

Tlhee if ifnasda x} {3y Z,} theenmnumorunnict és noeschteis wsaszolviadaldi Sgpplse m ma 4. Suppose
imstedattiat atc{m ajxfyf z Pisoéumni by y.}z2 2722 amiditalchetadt? rabbtetstat x

areffdtylthy s this, g8 %rdbbtetérdno Lnmiory Eofio-mto 1x amlnad @i threes a m e

tiime @-’?‘—2 rabbtetshth abtwdote: dmylegg# nihatvyvtotl eid sncosarn drsie nttfr o .mMtto - x.

tizne 8.3k, icdldt fal Ploatbisdibvetsobed utec ysatididt Byrhddneitiea theeittrarith e t ar g et is
itﬂ_ﬂitﬁbﬂ&rduoimhté{g‘é% franlilt yolob ate atcauiiiflcel nfi fi ¢ dndtrax ba digreyarayd b e disregarded
fraanmon @ow I wobdh easwoerstrcakee: me:ﬂlyré-%*ve e biethala-diieye blergifidd e ntifi e d

as fhalult Yddudi&ntif yiorg famdter ebdautindyr edpotecothleyritim pf avneluiltyeta atio of non-faulty to
frnith yoteite dis.thiv chis ceéis et hafterlidngrerkie bodznng e cbfioabioisobth«dfelilimi n ation ofthefaulty
rabbtetelirhearre He'd rabbtetini b dmnldii d? Rith 322 fraultlt yobotb oisineing g@iain g, i. e.,

a umjajosityf wfixldl adbles io beets daarblophnge dfle-hefgrooby gs:mmh[Brefocle by Le m ma 5, sea
fror aaslrgeigaet datt -dist & mneb@ nashetd & finis hue-dd n-1i 3t aelclaidniéd: N ote
timataBluténtithes iargriabtie Halif fnd 4. 5. O

As @bve vike fdiledfiolf eowilhugr &:onollaliytisi m me diate:
Carntithey y31 & B < 2, thee 5((B)<3..

As iillhusstagteid ithetgreoforcd dsewofents A ond[I@iswhé am dnfo@pcwrirecnfan announce ment
a tharg &t isadn, adle:r ¢ltchiergthart be getfioa:d, betle:ainifibemd dpidrattfiedn u mber of unidentifi
feaanlilt yobotb otsi bamdae:d eidierde dreithlembeyombets bhiamg evofseaodhots between two se:
greoipsps ov oyvinm @ wioug & sgaidonprofstati oontbe paoterbietsitigrth Eoplotbantialtarget. For higher
deasisitisesf dfuflarutbyrot:o thotsidrhisoiie ehonbg weraad, e whipheatgdy fior which we pay an
ioreas elind-Arelstérar. Thili imtke nlohissisdinfer hecotésati-om fambhe:helowrrencefor mulas bel
timataar escubte dbteinosbiailnakerahab fat digfit-h dassfidrs bifgdhetsd e nsities of ro b ots.

Deffiuniiibvn 41 Assmnmee > x > 0. [ (I, s, r, f) beethh minimimni rawermllo v er all

algatiinsmsé the kdnecls erae edapdira eyritig wibetd th Yinkht@ertafyetsiten filmeé the target given th
iniiti-Alky] Fobdv=oise dsatelcat-erd sabhoks, srera bletsrane latthleserhgt At O£, robots are at +x,
ariil itatncmt gstobdte bretéudne fa ulty.

Theddlbltnwichgreabmerny attd adsemusveld ie xhe psiofebylon:the proofs belo w:
Lemmaa 165T (8,1, f) 2 T(l', s, r', f)) iffIl' = [ amids’ =z s amld’ = r amnd
' < f.
As ww:esif thenldvdilabg ocidniing sd és Chine &6y0 f@tc@ilreeadch ylubisal veoursearch proble

is tosseingd we:e girdkshe dighbatpst Ofll oppwisogid-alisnp e edit-or prasittonsx and - x where
a oldicicers, ddis, Flocinwaebi el fMlewget dpperflelbodwing upper bound.

Lemmm=a16.6Latd = x > (0aad dygakp o fret thrglifirsteoda filketzece ¢ yros at distance x fro m
theeoQgigi Thedl Fgbm Y < x + T(|RJ2,0,|y28 ). Funtbtheoremip e/ df 2
2f #+11thee B, |n /2,0 [ 0/2R f)) =4 —x.
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by ppasdnyi m grracephi derivg of enddiscofil s drditivoencah tiedue: iwte :caenw pextilarc e it to a ne w proble
with sassiathealhemhay oh bodt yofohatult Vhisochrots: elidhigad:anl netle:fdlawpsiwl atedin the follo win
lenmam a:

Lemmesa 17.7 Letk beecapnapce Virgmyeirntieely dinisfuze k th@t. Buprppdlscectihare is
coaufiifli et disidirstarnficoen xhi moigm.t Fhenorigin. Then

To(ff + K, O, fi+ K, ) S 20HT(F 4 k/20.07,F %/2 f-k).

Praodf. AssuunmtBetch:er df ar ke rabbteteaehasd h: atnid—r, xujtlwitthiratst fnfeestft y
rihbtetii fll allndathe hhvabfbeicienifl eit o ccolibtadt XY, X, Jy, Z))Iifiacalbia fli ct
haasoocaicadtrie dnitt hm ubt baectthia k 35 mittfijzE mmady, iy, =1F. MNwo Micth e
ridbieteom: @vfellasdf:oll o ws:

(1) AAIF # &k mbdots: ptepriositironnoe me-we. t o
(D) f+#kj2obthehrebnte btotsrahovextaxove to

Noteltd ahcbh esreemmmo vekartienntSt ake thicm er@nxy & r-d fB elcebate at oc w f +

amldf fi k /2 k rnbdbsots -ate.Sixce Sifnied: 2f ralBitk h2ve:oibvotsishialvire theovmievisite d x, the vote
V({x 3:8) Xs)daeiphoiu gdvhe rlesonflet. éwa:ovn flict.atO=bs eniv foyt hjataklel@stonsin {y, z }
areeiiamgifitidfi e duasf apulhyt stoerthrahsdih et enose fm-dt daciit gl Sgbftéenrndliathin atin g

k of it éafiudiyltybote btotsr ahat batdltat-hidaefbdk endcdremtifi € o, ki/Rentebrods m ain f +

at oob hr xnd Aat. — X . O

Lenmaniias [[Ebnd BThadoeg1withl Olnegrewi{i] cdnhle:orsedmao1oBteia Bldwver used to obtain slo w
aligidrituhsns flophbi glhrettidse Wsithase We have

Theoam 158 (1) S((B))=<5 fbo PR 1044 6 .
(2) S((B)=<7 foo HR=$H1464 6 .

Pranéf. Am ceatanmimmait oln: pfddi ef fhewefroflZshevenbatrit hi2vsh: ocfustl-atit may berefor mu
lat-d dsiugi nhg fohlefioll ohwinagicabs er v ati o ns:

(8) Fdr ar xds

(M55 g om, (U2 R0 122)),

(1b) SSpppe 0B 4 hatiatworndl et .0 € duihake x <

Th#22_ Tf#22 6f 11
m (M) s e (7

%

@GJ—HHS_{——Q
"85 ' §

() Fdr ar =xds

C(6f 11 BF#113F -2 _

T,( 5 N 5 ' 5 ) =d-=x
Pwoirts(«(jayud Nel ab)ve Bdlyve ffathoLwnfno I ak® poinm &)1 Bllawdipei nt (b) follo ws fro m

Leenma Mftakihg & kerf§2, Shocee @nodimtae-utneet drediteithasbaboecaurasit h er b efore or at
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Cansigied en i bimatiisaamiitiplté pifel Dfatidea n ¢ 14 #- £2. BB Yertheafiima 17 we
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T, (Qﬂf+ﬁué‘)—*iﬁf)£2 - (2‘E1ff £ 3.0, 1f Ef 6)

takkin kg -k 4 + 6. Olbsrorvikat At~ 6 =4 mvd a, Mz ~ 8 aud by y
Lenmaf& 15
21f ¥ G 2ff_ o 2T 15T
T( f+$,ﬂ&—+a ﬁ )gT"(1£ sm f fg-ﬁ)

yeqaefipd@ppe Acoessiaiticles.

hodtldsThiishatis=raftengd: shngheccanrm ovweheve mrlemt] owremtnlblane teectheitdietd our proble mto on e
ma yodvelvisid udicnagrirh-ehafippr Tlasoratt 02N Frdnh thoree marl @ndfnde thathis we can conclud
foor f @ rmltijtleoheé 16fahd ra-n %ﬁﬂ’.,iif conoficfi ctsno et xy 9t £ d medhdva v e

f
S4 (‘“H x mzf)fs Xo + Rrgct (4 — Xo) +22X + (1) < 54,

fraumvhivthitchlitfelkbaws (@h)at5 for P19 14 6.

TlDﬁbth'OéWB})‘ES7 fhordfs. 65 1464w6: amdyvat pephkyeitthe@icr exswurnern teeoitn e more ti me to
reldoe oahodibee: 6 $¢Pe)of 5 juustonsnbirderiedimAgsudiviable lsydl Vigitbtel 285 1 9«65 = 1235
amlddiet 5 25 "+ 7:8.B Bleulue [T] we andy7ecowcidethay if olren) is d &ich atifidter e is a firstc o n fli ct
at ssmemiendi:rnaad, xldne n

T, (7£f+ 880, %) + :&Sf)fﬁ 22x-4+T (— + 1990, %J# IIJQSW'f = 3&8)

tachngugJe H#—%O}@eb&eﬂme%é%ﬂ 8:idindiilii by @ band thatrd(CEb Bp)6+6 =
ﬂn{gﬁ +19.
T’Ilnmsf fcxmﬁmtﬂimtsl]macxurgem £ x=dweddrave

Imt JJFcfel uCnopu 6t:i. SBienlohdaldesdrmwewwwiddsdisGiie ntifirc. ¢ o

Sy (1;4;‘36 ﬁk ?EG_;F)fSC 29 4 2rxX+ Prx4-d <74

wihitk prpre viessténadspee ofibleplastrefnthe theore m. O

by RIITE ESRIBNNER R SY Fo H3/07B2 1. Rei14: sReé dissetarind isligtiith,

[ aasisiilmiliaannaas hermmas[TT ehmfoiiaviny letrhre feolhdliwlie g recmrima@ esta blishes a re curr
timateabn: bsed s exddnd 8'kteramd[I hstngribermhotifdsusimthechdiFnaddfEb m Theore ms12an
t© hhilgeh éendigensitites cpat @ cloghaf canhiginier \eooim p etiti v e ratio).

Lennina 19 A s:simie i és ddiviBicbl-e 39 yurdi%: a:n‘%. kSahpg als:e: the feifiscia ¢ o nflict
at dissbaca € gomfthe arghh derigin. Then

Tl + K 110, -+ 11 /) B@x 14T, (3*——1,,3‘“‘

?.:&k—-i,_,ﬁﬂk' —-1).



2ndReading

January 12, 202125 112-IJFCS 2150020

yeqaefipd@ppe Acoessiaiticles.

Imt JJFcfel uCnopu 6t:i. SBienlohdaldesdrmwewwwiddsdisGiie ntifirc. ¢ o

by RIITE ESRIBNNER R SY Fo H3/07B2 1. Rei14: sReé dissetarind isligtiith,
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Proondf. Assuunimteeth erdf arle+ 11mbdiotsck atodaad d-: with wit imoat fnfisostsf fa ulty
radhbtetsn iadl, allydath:d & heatflacicremifl ett o at sreuatiecti imleatiN ()t ((,22.).

Tlhee me wnest rhasst ke M€ miin{ . lz¥ mma .y, £ f.. NNothy: tdhets mbvetss mov e as
fidlbersws:

(1) f—k + 1Mrotoib otsviriiom e-fxobm. x .

(2) Zk+2roloobsatsrvenfennecfit@-m XThekdressst of dsist ofikrzithe yntbwabdtmie d
theeatrgrigietisratnd B d dmdrl ghameahag tiebidetuateivietierdat ke tar g etis not at

(B) ¥ mow kednoxnon 0.

Nwatalidt ahtdr esténa: dtile: s tade ead xt ti oheer thut dlitis ake frtthidtthfergtaref+ k+1 - (f- k+
1)+2R k22 4 A2 ) B+ Al 0 (h+ K + Dk +2) 2688 @) 27 F T = 18- Tk = 31k

rabbietatat -, ), mmd d-, xeespestpdctiVely theOfn-¢ ke -+ Mediarts disifr o-hawv e

rdboatal 8xdr t thee , vbteeYhyioteteslaH@inpviot ds: prddous=pf Hokth &l qire éados B +

tot=dlobf 2 & dhd thecifrenef eneflidh eae benrflichvelan be resolved.

Futthhrenone ot dealt heia$y, zhib A Mafdtultyboe hots heaw idechtéhed) id entified, so
tieanmiban &f érublfyf@llity thethrats:fih atat ensatal & -all. BBostdoring vi-n Yok + 1 of
tie-adehaiilfirelaite ab-ols at arexleftwretlanetethawiih —M onbidts atdda=nid - x
aml ) at ©aad it heenrhaefcibows &f dlkomus[IBly Le m ma 15. O

Using gira mdAopaho g oumsear ghuthmtenntd o Thatras B8 wa cahmpdydem-18 we can apply Le
m:@asi i ;ﬁ]fh@LIﬁlgTh:ﬂldﬂnm&Og:e: m 10 to get:

Theoem 200. (1) S((B))<4 fo PR=IB284 .
(2) $((B))<6 foo AR LTI 0 .
(:8) S((B)=<8 foo FR=LE T84 6 .

Proanéf. Examiningi theg pinef pf Qlofoofm [IH ewose 1hafl i covnes slevent tnahitwdigr mes do wn to sho w
thmatffiorf =2 mud d: 3:
() Fdr or < ds

'+ 4 1 2 1
Sd(lrl}';ti,f) i (4'#;1,21;2,4“#;1,1’);

(to) SSjpse oBe 4 bttt cioomifli et 0 € duifiee x: <

4fF #+112fF #224f 11 4f+11 _4f+112F =1
TX(F;IJT;I ﬁ;l)gx*]ﬂ&(.{; z@HﬁS ] 13 )»

(©) Fér ar xgs

I

Pcoibts a) ajnd - fg1o)w dtoen Wdrenaildl sednpaime (H)6ram the disabséibh fuabm the discussionin th
pradbhicTheanélih 1 0.

T, (4}1'#11@ 4f #11 2}——1) <dx
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Cuosidied en # diwisbbt &vbd) 308 a n:d}? +2. BryLemanunilfiva Habe fveayavefor any

x =d:
Sq (%f'hﬁf) <x #+ Ty (1Wf+]] ué_f-q-.]] f)

By Léneren[18] @e Mm@y wenclmla shat ofntberedeat frat dbitflicer-e dsna fired donflict at so me
thee n

1771 e, (121, OF 171 of _
(—+II{}91—+11._15)§2JX++T,¢(1B 1._,113 1B 1”3 1)

tddaim .g:k
91
Olbser: vth‘at Bt 1=2 maod, ¥ - 1= 4G5 M 2 aml B = i““]wzlﬂ
seercid nodfloeo odflicct o c«tﬂrd &b yaptah ) (abyae bm Weew e h ave

12 6f 19f 9f : 127 12’f .65
T (1;:3 Las s~ im 1)5X+T"( 10055~ bap )

Froonrhithis: mag condwydec onclude
Su (MH 2 1) < x +22 X (i(~0e) #2f + d —x' < 4,

whiik miphieplSé@) )< 4 for P<<IB1B 4.
Theeresels:Uits itanit & 2insnd 273 jafnlldw 3)floliosly @mgllo-gienadly tusimlgeeL e m ma 17 toredu
theeldidinsiicyci=es ¢ Heesl (), aspaci(2)lyrespectively. O

As wwsasermiceali exrlierd ecailiel at Wesime= Bf dt+ éhastlor thentwe: selVigimo nflictin g
cladinmst bfydaytima ntitmie: whib: otsirshiiile T8he brerhl pigen Tviblew bo2impde giie n belo w is si mple,
neo bbtettenppgy hrennd dsuyrid kisoyret Fmlmgvanbeficn dippg: Bobretteruptpérbound see ms to be
diffffindiult.
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Sirnecves hwe: dt anvee dtfanttestolichg tliyemodotsr bt & dlemdietitiatgetlissidenti iedinthatlocation
arnl d hehsewrsle i@t eihtter imiba ak dsri m sShdl@sdrofaalisi rughe non-faulty r ab ot.

As @ccorolletyary hwwe hav e:

Cornblhey 922 5((B))<9 fo PR=4/2 .

3. Iveaw BoumBleunds

Cledsl i it = 4 f#+2hinel 21frobdte odndis e-atninb-ad elittinoe aclhhdiresthon andthesearch
is @ophipletetthin diaml e ds asydira] iSVieangwiklerd. th\Wewnlo awy Sdwer wilthat with anyfe wer ro|
tiom €4d2d risquiie=d.uir e d.

Theoom 233.[ff n <4f #11%hee 580, ) = 24 .
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Prioodf. At tinm d — £ nooombeshastevisiter d-d Onmsider wGonshd efhosshereithe robots are at

this ttinm B. ritusmiusthb endchteat aseeoft thatimmenlof -t 8)i ot b vialksor(inis 0) or (0,d) contains at
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Olpsertkat MhtorFh EDrlews that §on § wstltihmtddra §(6B))=>2 and dlalo n g
with PRrepitosit® we Siaw ¢hhtSy@ ihat2d2 d .

Fimmdli ywewlers bhatvf thealeifsith of thelnsiiy gofafear dlian i§ Urecahepatippeetiti v e
raficoidsatatd-stasdt 3.

Theroemm 24. Iff n < 3f +11thee 5&n, ) = 3d.

Praoéf. Tioppra Yle: lhve:d doweer wb: aurn-dSqa(df -ailgife=3Haasolotve. WensiG:e nsi d er
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is wiisited dnbayp hhdiefast T mobbis.olieity Cletadyt tib eititenest A heTaberandy ers ary

arf:npeg &8 hofmaflieoat fietitatnplediNem thd nliket & + Bt tlidhkessHtgcbhite o b ots

visitinggthid tevd woaitprasitirmsshemlisstibt e adidjloimt;, alr dohftin eepdditenc pd flict at position +d
imvvloty &S rabst MfostdPhetpaptaipetipatim @ idieai v olerekcdvet tha esmdlivie ath e c o nflict, at
levastie netlof tdversr thbtotiitdi at disihet doovd m yst Infolloestihatttide. thtflollo ws that the total
tirne eeqergdized isaatd ¢ adtt 342. d 2 O

Olbser\teat AAtorth EDeeown Qudt §ch § wsllitBatdidra $(68))>>3 ad dlalo n g
with PRi@sgitosit{D we Tiaw ehbt Sy ih)at3d3 d .

4. ThksiesRisisi on

Lin thispiparpwer cowederechsi deeeatizatigre of ehalizbtkadofdh-paty piblkao wn co w-path pro bl
by bavaivi nlg: tbuecls daarecih houtl€ witlp @rzathed odithedbbgetowiiditlp wp ft of f

thheen e eibygubiing Buattn aVE gootbyntedVepiines ecatehdalppiitlmalfisresaredl al g orith ms for sevel
calicosn A f, fand padte uanv @i Agifieti and poprer lavands! o wieniybeasen devirul many cases. Sever
int-er=6sipnpgolpleaiblie tins duitinl eesielti nigu, ehmabal tpee-ptiih@nehostint eresting one being |
giw:eighg Wppup merlaverdbbani-ei ble: wikds:i-n Ahelcase n = 2 f + 1.

A copw]wlendgingd s

This wwelor kas woastiplartiappors:4 hp AEERCD GrabkS IR GSFGCaxnts Mihd NSF Grant AF-
158 3030 710 althesawihldide w oluhd:litkeahonauw kefdesdn may nphdrefereesfor many h
Sulk gL 61,0 ns.



2ndReading

January 12, 202125 112-IJFCS 2150020

yeqaefipd@ppe Acoessiaiticles.

Imt JJFcfel uCnopu 6t:i. SBienlohdaldesdrmwewwwiddsdisGiie ntifirc. ¢ o

by RIITE ESRIBNNER R SY Fo H3/07B2 1. Rei14: sReé dissetarind isligtiith,

18 J. Cpypziezwilcd. et al.

Refeemecnc e s

[1] MN.Aggimuodthla PdegD FaRleliolesaf gailtetioerlamnitras ioerkntgnahgiodtthohils for autono mous mo
raobtet §L8W A Nl adnp@. SE H1JRDE0 D6ED 6 - 8 2.

[2] SSAlbdits end & nid HvinziRge lénpkinng emkiEwplorinogmente nSdAn/ efovipain ments,SI AM J. Co m
29 (4) 2020 016)I-11156.4 -1 1 8 8.

[B] SSAIW . 6 SKusawé und 2 Swleniarerd FplSranly uindmeryn Eixphorbagswitk obatav ne nviron ments with c
clee, s Mg idwitdn BB H) 20220 022)- 1123 -1 4 3.

[4] SSAlpdpenn 3. el STHE Blelrp ef Jehrelo@ymet Snd Hrada:vGua, WMlDBE EikRiewedre zvous |,
Amdarer iiblifersligiErs, 200 2).

[B] R BBaeraas, Y aCadedonCGulibCersiewlimsn$kadhiriR &n Wlienpdans,efafehigén the plane, Infor m. C
puwit. 100]8)( QP53 2PL3}52.34-25 2.

[(6] EEBaBvpam p aSzydow@z Y.z Omnicaizy, . [Biaksise Hi ddpsiiy, ' cikokiawsakRandlasing, T. Kociu mak:
D. Rjajka kinddmsesachste ar pdir biyda: mairspfedisthniet-1s BERUOCGbMtQ;pknw, a p p e ar,
2(04. 6.

[71] 4A.BEtle dky 1@ hirthresdiance grashéear, clhmpl ddvlreaingf| ¥ riaehadtou bl BiiM athe matics 2(4) (19
22 122 2 8.

[8] #A. BeBle digre Mrotke dinehh eedirheaniserar bshndg todtaln, Nédibe-etadiasutfjal of Mathe matics 3 (-
(186 5)-61 - 7 0.

[9] AABRlexmi M Bt iSoB o clig lSeinsaiitch edbblemar Bealr Solrpal @bl&utksttael Journal of Mathe
48123 3)9F1018)1320 9 -1 2 2.

[10)0]4A.ERle eiid &n Henall &'w mueenyn Yet limer esvdh phobltin, and danehl pfroble m, Israel Journ
M athresm-aBid) (U119 A0)-4219-4 2 9.

[11[1]2A. BBie eikd &n'@aiRen, WiarrretmrnToh gher Ehuarreeefchinpeolilare, afssel afetngd o ble m, Israel Journ al
Matibreattcatl dig2) 107139 768)-1859-18 3.

[1ERIFR BBiefum aimnppAmabspdicn all 8 ¥ atahenSH{A] MoReMibsWH (3) (1963) 274-274.

[1EB]F. PiosB ansl & -d.n Ide J2alufid) & gamal élamAvwge: fer ahfelinmen w bnk, foiisidarching on aline, In W/
CQI MA lphtighoneit hnin SoaputhtiGo-—m pldtdihbmheiimmati hcalskgh APAITTHO M
204, Floualdhdm dviapchls, MdlrelipZal, 31 M2 1 1Pr2:9edBiilys 220166, pP. nax ei@dings (2016), pp. 143-15

[THA]P. PiosB ds-B, De CariXe aGdak ufeir@chad, BevBitinghb probRie visidbarghinly enper oble m of searching o
limee]th ol Aogriensith- MB1- 206 8- Al 2 01 hBuni 27hsipeArnTytghsi oy, fogthénadmtGylim posiu m, Sophia Anti
Frannee SepSeenphie 2ng bl 132 Mpc2:Did 3. (X0, g eMitny 6. (2013), pp. 205-216.

[16B]4A. CEizigtel Gt $loE:hifl, 676 olpimifrodibec@ walt Mo ShaiewhiTamedalNing gmpbro, Ti me-varying grap|
amididiymia waiorkef Iw dikisy, | Iohite hvad WiMlosbild;teonid, IWiTeles $5Networks, LN CS , Vol
(pimignrg 8] 12.0ph 1Y4p P33 4 6 -3 5 9.

[1EP]MMrak & Kirdlidkr Odaek, Ghsgesizce Khi@rassieonie opd Theeinld atiG okrynp segdreR us sell Martin, Group
omthh Buli e, irhatiexdl a@baferahceCanfemen doreln uwCThes g ntndl Peadids in Theory and Prac
of Imteriati-aty BSFEEND FSginddr) {8 rippgery 271 5), pp. 164-176.

[I7IR. CoGeohead B.nREled). Cdtvelrggice Qoperiérge nleepmriospiedilkeslpfrithie gra vitational algorith m i
asyyrhermoes rchutssyadmet S df ef. nsmBhi A4 M 1).(2006) mopiut1 52 (1) (2005) 1516-1528.

[1EB11.JCz Gz ol wiltsgjenles, &.aléiemiskic, . AlraKedssp T dbdizail. arkirld.nakis, D. Krizanc and N.
Wiee papalinel rocemns keompted bt urng e draph esiiofiolg sngb@agabbutsimgfaulty mobilerobots,
Aligheititrhs mngl 8'dhthuGBom-plubatidings oPIGthclelerdintgrsl ofydipthubptidingtional Sy mposiu m, |S
201 810020 fh0)340-0358.4 3-354.

[1R]kikrierkzc@riz-y, Zonwidiz Knwekirglehors Kriramralkiss MDupamyn o daeebyy Lata Narayanan and
Omatimn Yeadele an e Hieenwali fueliwithola it Pwe-bioesdidingis 200 6 18eAf GyM-Sy m-
poeisirtd 4N Brinchilin gl pheisbafaDrstmibhiute AWCGhH I8 Ytbp gi@5ALE. M, 2016), pp. 405-414.

[2P]E. H). Demdne, M.ai’'n BskSie &id Be Ket eDalind Sarckigt, widhnthme e ari&:hisn g with turn cost, The
Compup ule: BB 12) (R 0:018)38:4 2 -3 55.

[21]3X Dide, Mo KdmeHaauid €'dPagadicniCioul Honardi lentinrse wnkdovivehoilenatgntan unkno wn environ 1
Im F205 QUBEE,B,9919, i), 2pFp-2i29 8 - 3 0 3.



2ndReading

January 12, 202125 112-IJFCS 2150020

yeqaefipd@ppe Acoessiaiticles.

Imt JJFcfel uCnopu 6t:i. SBienlohdaldesdrmwewwwiddsdisGiie ntifirc. ¢ o

by RIITE ESRIBNNER R SY Fo H3/07B2 1. Rei14: sReé dissetarind isligtiith,

Swechat 0 diae biyniéyduytiBey Zebmtin d9R o b ot s

[ZR]¥Y . DBidandé AAP:R: elrel &in ldeld, (Riherige Ggtiteariincyid, es pif drmisicthief, A C M Transactions
o ARbgithritsh| Told.  JTLAL) GPI411K.1) (2014) 1.

[Z2B]F. A, Mmin eumii B. avh dl'hillkosMAn Rhilokeosd bibliographpt @t erdabittlkeigrapthy on guaranteed gra|
seerahimipi WYeofeheb Cetiedbr CosmpIPON) PLIB 0 B18)22:36 -2 4 5.

[RYIF. HoHmffnm™a behingC Rl &lkiin gndRE. KéigelaThd pélydémi exglebath prgbbhygon exploration probl e
SIAAM. SlorGpat nS{#R) 20210 B7T)-617.7 — 6 0 0.

[Z261]. JHrdthiovit, KR THhasi B gMoBien Mwinke Paum dDiRenPieiive, of Didsrenmionati o n of infor mation
im ifntrercrertioe otiteqorks dtwetdesifh Fomekipastinlg (Srgossiopia dyelhmr€ 0 mbinatorial Netwo
Theerg (Brpimicarg E3961,99.6) 259 p12125-21 2.

[Zp]J. KKl b@ndin:Quatich én seiangh polyaosi, bn @@DpldSLyMdh1I0aSaDEm 8. (SI A

[ZT]F. Bukau R .nl.yheh hnyinfc Kzsiman, RlisGibiteh @mpibisisnbiu demhmio meparkation in dyna mic net w
Im ProaclegsdihifesFoftj ¥ eoflaTtd Sengrosmdn A Chbr yf Goppsiing 0, Mheory of Co mputin
200 Opppi&5EEB -52 2.

[ZB] Mudredyr B ypa<akip anvdsikiioa\wedzl ELower HMeldd, fole eeavediing oabvnid, sufroe Belarching robots, so me f
In Progeaiengsdih s 20 & B €A CyddpSiyrm:p FSiucipes of Pisimleiipiearofuligtibuted Co mputing
(MO, ML) Opip8H4p-E5H 47 -4 5 3.

[ZPIL. Lankparm B.ofhosRik Sudost. akasen dhdvhy zRieiasenelals @rbhjenag atinle Ty erals proble m,A C M
a«tfi-an @ &' nogRumengayal.mngmigqrg atdaygara ¢ BEFaA & y)steEdsIf2ZTHO.PL AS) 4(3) (1982) 387

[BIPINN.A ALy bepp nidibtr-Biustdi HlgbedmAYiduitl dns aruf, r8.n, 199 6).

[BN]C.HHPapudima dinmitrril Wl Fand aldhkis YShor e patkis, w8 loart estgpatln SCWiEFout a map, In 1 C AL
(Gopimigarg 0. 58991 (p-F206 1 0-6 2 0.

[BR]s. SoSeivissiDekadaid M dydvhasYias mzasthitiag «Gyat-hrerioug rashyla mbaote wiolus mobile robots with
imecam teratepe:es:m Pransiplessg P nabpl el sSefl i (A0 8B 389/-s86t th s



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19

