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Working Space and Execution Time of the Sorting
Problem for Mobile Robots

Abstract: In this study, we consider a distributed coordination problem for a group
of autonomous mobile robots, called the sorting problem in which the robots are re-
quired to form a line in the order of their unique keys. We focus on the execution time
required to solve the sorting problem and the workspace in which the robots move.
Assuming that each robot can observe the positions and keys of all robots, we propose
five algorithms with different execution times and workspace requirements. Further-
more, we establish a lower bound on the execution time concerning the workspace

size.

Keywords: Parallel and Distributed Algorithms, Distributed Algorithms, Robot Sys-

tems

1. XL®IC

SECT LY X AT, BEENICEE)
TEHRENANLORY MR X B2 INE— VTR

tOBE, JUNKRY AR
Presently with School of Engineering, Kyushu
University

120 BIE, JUNKRFERERE S R T L IEREERI ST
Presently with Faculty of Information Science
and Electrical Engineering, Kyushu University

) shimizu.takahiro.602@s.kyushu-u.ac.jp

) yamauchi@inf.kyushu-u.ac.jp

© 1959 Information Processing Society of Japan

FIRE (1], 2] *EEM&E (3], 4] »HFEINT
/-, BEFEMREOZ L T, BEf GRAITEE)
THEO D7 LY XL 52FETLRPLH
RICBET 20Ky FEEEHEEL TV,
X5, HuARy FMEIATYRHEBEOMEESR,
BEFEEF VD, fior Ry bOfI
EERBHT 2 2 L TRRBIfEr EBTE 20
CO DM INTE .

Ry NI, BAFERBHTIIILE



BRI RATTRE
IPSJ SIG Technical Report

MOBLETTBZTEMET . &Ll
t=0,1,2,... XE&ToOuaRy FHBEEALTH
A INVEFITT 2 REFERETIERET 5.
B 7 = — X TEZ Ry MIHE O
ERTHoa Ry FOMEL F—28T 5.
HE7 2 —-XTli, Bl z—XTEohi
BHFEREZD 2, SRy FOAEHEOHN
HWEFHETZ. 20X, BUERDAD
LEIEZITO u Ry P 2EEELRrRY b
W, BEI7 2 — XTI, FoRy MIEEL
7-HAB AT TREIT 5. AR TIE, &
TORRY PRERMNH A 7 LDKT = —
&AL TETT2EBETIVERET 5.
AWFZEO HINE, —MAR 713V X LG,
il TH 2 RITEM e BENC K D ET 21F
EEE L WOBE,S, EANMLBKRY MEE
D EHTATFIEOH L WiHiiEE R IRR T %
ZrThB. EEERE I, TEOVHARE
POBEBZT7ALTY RLDEFTIZBWT, 1
Ry MEPBET2HEBDOS 5, DV A X
BREVWHDDZ L THD. BEFOZL D
R—YRT LTI X LRESBET LY
LT, v Ry MEZUHEREORNEE
Motz nwize, EEFEBIESEE SN T
kot (1, [2], 8. £, AEMEICOW
TO@FRMNZ L, EFTR-IZ OV T DHFERIX
HEDINTIRD o7 [4]. RHRTIE, B
Ry MR X2Y — MEBEHZICIRET 3.
V—MEEEIZ, BEHEOF—%2fou Ry b
DEEEZZDF—DIEHICESNT 2METDH
3. AfETix, Y— MEEEREL 2D DFEST
Ref & EAThica Ry N HBBEIT 2HPHTH
ZVEEFEROBERE R

RIFFETIE, »Ry VAEHDX— 2D
TARTORRY FOMEL F—%2BHlITE 3
LGErEZL. FREBORR 2 5 DDRE
7Y X LDFETRRZHHNS Z 2T,
HEEBD Y A XK EWIFE EEITRER 23/
KRB ERT. EBIZ, nADORKRY
FEDY — MIZBT AEEMEBOY 4 XH
hxn(2<h<n)Dr=%, vRy FDY—
MZBIT 2 EITRE D TR logyn TH B Z
LEIRT.

© 1959 Information Processing Society of Japan

2. &

BHEOF—%2 b DO n BORRy FEEZ
5. ACEOF—%RKouKRy MIvnine
T5. 7272L, F—P1r6nTHBLIERES
B, F=hiFHINZVWaERY b
T5. aRy FOEER R={r,re,...,7}
&35,

ZoRy MIER1OMEBETHY, EDT
BEZET 5. vRy by OMBOHFLORERE
2, or PRETIMNEETS. aRy MOl
FIZERTHY, fiooRy FOfiEYL ¥ —
PEETZA 95, £z, vRy MIED
Ry FORA TRV, Bt o 20
KRIBFEEZRZICBIT22Ry POMNEBEL F—D

& C={(xi,yi, ki) | ri € R} ZOKRY bD
BEr V.

FuRy b BRBEER Z 2H 573,
HE D BFEER Z; THooRy ki@
BT 5. r; ORFEBERIIGFROER
FERER e L, ZORAIE r; OBEDONETH
D, v BEOHALAZONIMEETH D L
T3, BHURIZoRy hOBERET3.

ARIFFETIE, &Rt =0,1,2,... IT2T
ouRy FAEIAL T RAHE-BHY Y
WEFETT 2 TeABEFIEEET S, #
MW7 2 —ZXTEZErRy MIEE D JRFTEZE
RTMoRKRy bONEL F—2BHT 5.
FHE7 2T, BHll7 = —-XTfHEohik
BREREZ D 22, Boky F2REHSOHK
WEEtHE T 5. BRI E T 2703 Y X
LFeTouRy bCHE—THD, A T 5.
BEN7 = — XTI, Sufy MIETELEH
FIHNC T TBEIS 2. =Ry MEEFTIE
FOLTRHTHIPBMCERET S, v Ry b O
Bt coRsicftioa Ry + r; 270235
ABTH, r; BRICKZNIBE L T r; DR
BV 725 L BIIFEZE LR,

oRy MENF—DFNED L < IZREIEIC—
BRI ARREEBEZ VYV — EEDOKIEE
B, Bl t oftE% C; 2 RL, 9
BiE Co 250 FE 2EEDRY Cy, Cy,... &
TNTYVZX A ADRITEMER., Ry MR



BRI RATTRE
IPSJ SIG Technical Report

Y — FMEEOKIRAIEICEREL - &, A DFE
T L2 wS . EEOYIHRE Cy »
SLEMRT A7 Y XN A DET Cy, Cy, ...
A RRFREIANC Y — b R ORI AL i 1 ElE
TAHE, ZOFTIRY - FREIEEZRCLES.
Bz o 7-0EE Cy 2 ohE 3 71T YR
LA DEBOETHY — FEERMEIR, A
BOHAELE Cy 225 Y — FEEEREL LS.
TATY XL A D KRITHRE 2TEO
BlE»SHMFEZEITOSE, ROBERVWETOD
EXr35. 12720, V— FEERIET W
BEX, ETRMEZERRE S5, 71
U X5 A ORI X, [TEOYIHARE D
SIAE 2FETICBWT, B Ry FEEABEIT
ZHEEBDIE, BB T AXDPRKEVHDDZ
G, TE¥EEROY A X 2 EEEROEE L
T35, BEFALTY LTI, FEEEIE
HBIC 2D TEE h THIE w OEREHE,
hxw&35.
AT, vRy VEMEEDIRET—
AR B A IR E O AR FET 5.

3. ORybrDY—F7ILIVXLs

ARF TR & EITRR OB R Z FHN
72, FEEBPRLZ 5007103V X
LEIRRT 5.

BREFETIE, TRTOTRY P OB—EH
LIRS AR BEDOAEE X 5.
Z 2T, RENREER 7 #E X 5. IR
BIZBWT ry OALEDS r, DALEIZHED S
Bz Z*Dy=0, 2FH c®hEZ, r H
5 ry, NAPD HHEZ o BHOEDMRE Y T 5.
F7, FBEEROBMERHEZ Ry FOBERT
HB1r35. 7¢O x FEEZIIAREICE W
T, BRY bPWBNEE o BEI/NZ W
5 1,2,..n 255 FREFNLIY LT
X, PIHIRCEICBWTER L 2 OF S
DAIEDPAELIRD X SITIR>TWNW5.

Ry bDX—% Z* D x PEEEIN/PNZI VD
O BRI E, F—2EIAIZY —bENT
W3t E BRy MEIKEICY—FEINT
W3 rWws. ARk, vy BRI L ik, BE
IcV—rEINTWB WS,

© 1959 Information Processing Society of Japan

1 ABEORHRE RS, BE7LVIYX
LTI, TEEEBOY 4 XPKEWVIFEFELT
BEANEL BB WS SHEFGEBRTENS.
FFiZ 3.6 BICIIMEETFIDS h x n D& ZDE
TR O FARZRT.

3.1 EEMEE (n — 1) x n ONAFY — k
FILIdV XL
ZD7NTY XLTIX, FTF—-2HRND
2Ry b ERARKOBRY b r, RV
IANTOuARY PEEBEIZY—ML, o2 5H
1 DKFHENMD TR Y kAW WELE
W23 5. 20%, vRy b r & 28 O x B
Wi D EKERCBEIL, KFEI
V— b INEBICEGET 5. 20K, ro b
Brp_1 B Z* D il EFECBENL T—ERIC
WRZETY—EWETT 5.

n
Vi — y
n—1-+ @
- T3\ A\ Ts A\ T2 )% \rl Ts/ X
t=1
y
HEEEEE
t=3

1 n=5DrTOMNAWY — b7 ATV XLDE
1741
Fig. 1 Execution Example of the Diagonal Sort
Algorithm for n =5
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Algorithm for n =5
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Algorithm for n =5
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