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Cover Time in a Chemotactic Agent System with Repulsive

Interactions
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Abstract

We study cover time (CT)—an index of exploration performance in unknown environments
—using a mathematical model of agents that exhibit repulsive chemotaxis in a concentration
field formed by diffusion and decay of self-secreted molecules. On a two-dimensional lattice,
we evaluated how the number of agents affects CT, using random walkers (RW) as a baseline.
In both RW and chemotactic systems, CT decreases approximately in proportion to 1/N as
the number of agents IV increases. Moreover, owing to repulsion, the chemotactic system
suppresses redundant revisitations to already-visited sites and thus achieves a shorter CT than
RW.

1 FL®IC P HHEY LT LT %,

BRI (CT) GRRBSE RR LR T o (i ET)L

[1, 2] T, SO E BRI O, B -

IR D, RIS BR b hs, 1 DOEMEE LUTRIERERET 2 2D OB
I - SRR - 7 ) BRI S S e VT VB TORTER S [

FHp vz, IR - FATRETEIT 5 7% L) = (1-96) {(1 — )L (r)

b, WA REE -V P2 505 3], N
RBFZECI, E OIS TORE L s & Y e L] Y Al
REN BB LTEOENE (FF) TRVE N (1) o=
TEL—Yx y FORIRET VRN, SIOURT - ot () @t I2B B EE O RTE,
WZBFS CT okitkz., 7> X x—2 (RW) LB D o BIEECE, §I3BER, £, 3z—Y =



VSIS N A LEMEOR (f, > 0) ZR L.
A; j & Kronecker DT IWVRTH 5, r,(t) 1F. I
BIs2z—Yzr OfEZRL. NI, =—Y =
YMATH B, Ny(ra(t) iE t B2z —Yx v
MUE r,(t) D/ A< ViLELVEATH S, BEF)
MRplx, X2 IKWRT LI, Y7 b~y 7 A
Boe uwcadh s, BES L() & &k o
FITHAFT %,

exp[k I;(r") ]

Z explk I1(s)]
SEN4(rq(t))
772U 1t € Ni(ra(t) TH 3o k< 0T L(-)
LOFIMERA LD, k=0Tl& RW tXk3, iEto
T, RETFTATE, &RZIC () BESZ2K (1) C
B — (i) X (2) TEBHRZEIR — (i) VEZ
B35, WA 5. BES () ORZEZAL
DFERZL—Y =Y FEHEBED L. ZRUIGT
TZ— x ¥ FHHERINCHEET 2,

3 FEZEH

VIR 1) = 0 D L x L IFE/7HFDJE R %%
Zb, T—=Ix Y bOFIHMEIZT ¥ & LITEEL
Teo LR N ZZEZIZHN S, 100 FEIT L7, CT(&
TORFEAVNVTADLDIZ—T Y M koT1H
D EFMEN 2 ETORERT v 7)) ZEHAIL.
100 BlDEEMEE KDz, 727 Lz—Y = FEIC
X, BERATEIREZE R L2, X HIIEERICE,
a=05 6=01, f, =50, k= —-20.0&HL
7= [4]o

4 WHWRER

H—D RWIZ&L 2 L0325 CT OIIFHE E[rc]
. R3)TEZLNS (1], K1z, K (3) &XE
ERCELE L 2 N

4
Elr] = — L? (log L)’

p(r'st+1|rg;t) =

(2)

(L—=o00)  (3)

K212, CT @ NAKFHEEZTRT, RW « E{LHERD
WHT, T— = NN OB CT 13454
1/N ZEEBI U CHRfE U 7z AEMLERDIE S 25, L(Y)
Z R L CEEMOIFH$ 2 2 2T CT 2EHET
X370, CTZRW XD dEMHTE/, LoL,
L() I L TEDIROFIRKIGZERT NI XXy
b (an 6. fou k OMAEDE) TlE, RADZW0IE
B RATREZR 1, (1) OB CIADTIED R X 1. CT
MRt TE L o7z,

-
B

L2 3

3

CT(# &% &, Cover Time)
Q, D

2

3
3
2

1: B—RW IC X% CT O L RIFME: WL, it
h:CT. 77 FHERER (TR RE), 5 < L <
100, EEH: KX (3) oBFRE RS,

N
B

223

3,

o
=X

CT (4 B& [, Cover Time)
£

2

2

10" 107 10 10
N

2: CT DT —Y =¥ M N IKIFME. Bl N,
Hewn:CT. #%:RW (L BHERZE). & ELHR
(FEEFEHERZE). 1 < N <8000, L =100, &
FEf:oc 1/N ZRT,

ZoEH L TR, () Bty bD
BNV — T HER A iR # (HIB-KL % TR UIA
DRI Z A L OB RIS ) ZHEH T %,
(1) k WCZAREZF B 7= RICT B e EZ 6N 5,

SE Xk
[1] A. Dembo, Y. Peres, J. Rosen, and

O. Zeitouni, Annals of Mathematics, vol. 160,
no. 2, pp. 433-464 (2004).

[2] M. Chupeau, O. Bénichou, and R. Voituriez,
Nature Physics 11, 844-847 (2015).

[3] D. Chowdhury, V. Guttal, K. Nishinari, and
A. Schadschneider, Journal of Physics A 35,
L573-L577 (2002).

[4] C. Oosawa, Artificial Life and Robotics, 30,
458-464, (2025).



