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(3/2d,,1/2d,) left-turned robot

-
-
-
.-

straight-moved Tobot
00 (4,00 (2d.,0) (3d.,0) (4d.0)

B1 7adV R ASelect TO r OFEK
Fig.1 Locus of robot r in algorithm A_Select.

A Select() |
watch;
Actiony seject ()
do |
Waity Select ()

Actiong Select
} while (flagy Select)'

{(a) Main Program

Waity select () |
prefMR.:=MR,; MR.:=ir};
do |
watch;
update MRy; /* Append the robots which have
moved after T(ct;) to MR, */
| while (MR,CpreMR,V IMR.|<n- k)

(b) Procedure Waitp geject

Actiong gelect O |
switch (ctr) |
case 0 :
dr2==(distance between r and the nearest
robot on P,(1))/16;
move to (dy,0); ctpi=1;
case 1 :
move to (2d,,0); ctpi=2;
case 2 :
move to (3d,,0); ctpi=3;
case 3 :
if (E!pEMR [ct,=51) then !
move to 8) ctyi=4;
/* straight-moved robot */
flagA Select: =false;
| else y
move to (3dy, dr) ctyi=4;
/* left-turned robot */
case 4
move to (3d,/2,d,/2); ct,i=5;
watch;
=Iplp is left-turned robot} ;
flagp gelect:=false;

(c) Procedure Actionp gelect

K2 7nral) Xh A-Select (WK b r)
Fig.2 Algorithm A_Select (for robot 7).
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SPFET . |
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3, o
(B 2] FREOuRy M rel; B (= 3) ixt
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(B3] EEO=2DuRy b rp € C, EED
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Tt +1) YLD, 7z, To(t) < T (t) 20
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B D,
(FEEH) Tr(t+1) F oo OBEFIWCDOWT, FEET
B9 5, (Tr(t+1) = co OFH S FRRICIEATE 3.)
Ir, v’ €C, 3t (2 2) (Tr(t) < T (ENA(T(t+1) F
) A(Tr(t+1) 2 T (t' +1))] SEE D ILD LARET 3,

(a) Tv(1) £ T(t) & (M3(a) : Tx(t) <

To(t') &0 rix [T(1), T (') BB A N> 2K
TLTWE, To(t+1) F oo, Lr(t +1) £ Th(t + 1)
EDT (' +1)F00 THS., #>T, HE2ED r

%\_li

&[T (), T, (t’+1)) CREEN A N D REFTT S, 2

T+ D) ST+ 1) KFET 5. ‘
(b) To(t) < Tw(1l) ®E & (M3(b) = [Tn(1),
T (1), [T (1), T () BB A > b EBETL
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1 1
' t \ o
r -
1 t t+1 \
(a) Case : Tr.(l)éTr(t) time
T l m ——— t3l -
o T la It el
P e fy N T W
1 t t'+1

(b) Case : T(H<T,(1)

M3 #E3OMEHICBIT BHEST

Fig.3 Cases considered in the proof of Lemma3.

‘ruRy bOEEER, ThEh, C, C2 LT 5,
HE1XD |Gl 2 n—FklC| 2n—-Fk Ths.
k < (n/Z} ] |Cl mCzl % 1 f%%. ‘ﬁEOT, H
5 qeCiNC BEEL, 5 ab(1<a<b)izxflL
Tr(1) £ Ty(a) < Tr(t), T (1) < Ty(b) < T (t') 23
BEDIID, £ME2ED q & [T (), Tt + 1))
WEBEIA Y NERETTS, DD, 52 c(>b) I
U T (') € Ty(e) < T (t' +1) BERD LD, 7
3 [Ty(a), T,(b)) CBEA XV FEETLTWEO
T, B2 ¢ 13 [T,0), Ty(c) WBEIA <> b
BETTS, bbb, Th(t+1) < Ty(c) TH 3.
Te(e) < Tu(t' +1) &0 To(t+1) < T (¢’ +1) 28
BDIos, il Tt +1) LT (t+1) TFET
3, o

HRE3 LD ROFR 1,255 DD,
[(%1] EEO=Z>DuRy b rr'c CEED
(t=23,t' 23) DT, Th(t) < T (') SV IID
o, FED u(l £ u < min{t -2, —2}) k>
WC Tn(t —u) £ Tt —u) YLD, O
[%2] EEOZ2OuRy b ry € CEED ¢,
(t=3,t' 23) 2WT, T.(t) = T (t')(F co) BE
DDk 51F, EED u(l £ ul min{t—2,t' —2})
WOWTT(t—u) =T (' —u) BSKVILD, O
(#ifE4] 7NV XA ASelect DEBEDETIZH
W, AUV ct DED 5 R B0Ry bIZEE
5. ‘
(GEBH) WHLETHEHT 5. b5ETEBVT, 5%
HTIEZ] T 2B CTRTOURY DAYV F ct
DfEDS 4 LTFTHY; TUEEDOTRY O ct bE
DERL BB ERET 5.

EFEaRY NI 1EEOBEA R bkl E
TT207T, TUINCTRTOEFe Ry b
&b 1EEBEHANYMEETLTVS, EER
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TrT(4) Tril<(5)

* } } -
LT C* (CH2n-k)
(@) 1 1 — ) [left-turned robot]
LT3+ T@
®) 1 :f — - [straight-moved robot]
© E E,—r—-T 3) [robot which

does not terminate]

M4 EEuRy VESCH
Fig.4 Set C* of non—faulty robots.
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(K4)., UTFTlE, C* BPRDIZEFT Ry MEEST
HdIEERT,
(5] Tr(6) ST (5) < T-(i+1) (AL, i < 4) %
WroTERDOEETRY b r @2WT T (i+1) F oo
Ea DA RvVASR
(GEBH) BEETHHT S, T.(6) £ T (5) < T-(i+
1) (HL, i<4), »D, To(i+1) =00 &% r €C
PEETDERET S, COXIREFETRY PO
ERC L3, EECRY MiZ1EHEOBEH A~
MERECEITT S, 22T, O O BRBOR
B N> b BET USRS RN TH B 2Ry b
ZpEl, Z2OREE T,H)1LiL4) &5 (D
£0, p BBEIA VMR EERTETLRZET ),
Tp(i) £ Tre(5) & D p BREET Ry FTIRZW, p D
EFEY Tp() BT X TOEER R v M 3fEgh 1
Ny M EDEEH 1EETT S, €>T Tp(i) &b
Biz, WORF MRy 2n—k »D MR,DpreMR,
BED LB, pid i+ 1 BHEOBEA > 2ETT
3, ZhiE T(i+1) =00 WFET 3, 0
T ) XA ASelect TiX, Ry b r 3D
TRy b plZDOWT, p WEFTRY v THED, %
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DB TH() < T (i) 27z e, o i3 {r(f)L £
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TE15.

(b—2) % i3 <4 <5) oW TTw(i—1) <
To(i) < T i)y 22, Tn(2) <Tw(2) DEE, r' &
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4} BHIB,
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%
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ZoWwT To(4) =00 TH5 (HF4). 0
[(HE9] IC*|2n—k BEYIID.
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[E#H2] 74T XA ASelect DIFEDETCS
W, QTR bbleniZe s ELUNEEA XV
EBEITLA W, O

4. BEMENFHOTILITY X LEH

4.1 PLTYXLER

HBEET Ry N BEEL R WRCRE P 2L 7
NIVALR A ETE, 22T, 7VIVAAA
PRI STHIE P 2L 7 VT Y RAAY 1
EHT HFEIEDWTHRNG, A T, £F701d
VA, ASelect ZRTLTEE2 Ry bES M 2
BHL, MIcA ZETI¥SZ, MIZX5 A DEFT
DAHREB LIz &, ZhANETCHET 24407 %
Wiz L TwaixdiX, A" 38 P 2 LART.

fHHEDID, VIV AL ATOEARY b r D
7T AR5 OBRTE LN LIRET 5. D
¥, uRy MrTREEBFFCEEL, FhUBED
BERETRTOuRy NOBE2RERL TroBEH
9%, HL, MolBWT r BEATI3EH flaga,
MR, G 7nNT Y XA ASelect LFREICHERSI S,
F7z, Actiona TiX r DNEBRE W OFuRy b
T 2 ZNLRNCRE Y v h o B BBR 2SS
tr) DOROBEEZREL, ETT3, 2%h, B&
B Actiona RBOH B LI E>TT7NT Y XA
WE B,
[Ty Xn A (HaRy b r OBEIE) |
r HMERT 3 REHIT TN TY X5 A_Select & [HEE

(a) ctr £4 D& E . A Select LEIRRICENET 5.

(b) ctr=5DLE Ry NOESE L, BXK
DTN, L 2R3, ¥/, MR 2L, »
D, FEOURY b ge L, DWW Tty 25 (ridgq
DRIBIBIEN S, ctqg 25 HEIrRHETES (&
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D Ly DA u Ry P REHRLT A 2ETY
5. ‘ O

FVTYRA AY (r D707 IL) OFEMENG
WIRT, Waita_setect; Actiona_seiect,Waita 13 ZH
T2, MBZRLEFHRETHS,

ATrE ct OEN 4 UTDOEED A* OFHER
A_Select ERICTH 5, fiIEL LD T Y ct DfE
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AQ |

watch;

Actiony )

do |
WaltAW ;
Action

[ while ‘?flagA

(a) Main Program

update MR,;
| while (MR, CG);

(b) Procedure Waity

K5 7TV Xs ARy br)
Fig.5 Algorithm A (for robot 7).

20 |
watch;

Actiony geject ()
do |

Waity Select ()
Actiony Seject

| while (1 lagy Se]ect)
if (ct,=5) then |
whlle —(Vq€EL, [ctq%5])
watch;
set r's state to an initial state of A:
Actiony (L) ;
do |
Waity(Ly);
Actiong(L,);
} while (flagA)

Ee 7aIdYAXh A*(aRy br)
Fig.6 Algorithm A™ (for robot r).
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H

Actiony, reement (G> {
swi tcﬁ

case 0 :
d,:=(distance between r and the nearest
robot on P.(1))/16;
move to (dy,0); ctpi=1;
case 1 :
move to (2d;,0);
case 2 .
if (I;,=0) then
move to (2d,,d.);
else
move to {(2dy,-dp);
ctyi=3;
case 3
if (The number of left-turned robot
>|Gl/2) then O:=0;
else 0:=1;
flagy: =false;

ctyi=2;

K7 FHE Actionagreemens(TRY b 7)
Fig.7 Procedure Action agreement(for robot r).
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