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Mathematical Model of Caste Expression in Living Beings
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Abstract— Self-organization of hierarchy of system has been focused in task allocation of distributed
autonomous systems and network analysis. It is important to realize the mechanism of hierarchy generation
for implementation to artificial systems. In order to know the principle, we try to model caste differentiations
control of termite. Equations of evolution are created, using both of biological data and some assumptions
obtained by mathematical analysis. In addition, the model is validated by computer simulations. In this
study, we propose that probability migration of units and modulations of fluctuation are operated as a

differentiation control strategy.

Key Words: Caste differentiation control, Self-organization, Loose-coupling, Fluctuation, termite

1. (FC®IC

BEABORY b X7 4 [1] TR D EEREIHHE
2y NT—=ZIZBITDHINTOED L THERE, &
AT LAREOEEBREEFRREE LR T2 I EF X
FLDBEINEEEZEZD L TIHEICEERFETHS.

RS ORBERESY 271260 THDHEER
2 AT LERBRT 2 2 SEEOEES L E LTI
ABTEMTES. BWEEN LT ORI ERICBT
LGB ITIREEN S RIE I IRENDER THD, T
hovr—#ERkEWnSBREAERFEOTO R ZREE
%, INETICEERIIBIT DD TRRFORSEN
WFahEEP O oERINTERD, JIEFEBEK
ZIIERFERBRIEIN TN, EEHERTIIHENT
FNFPHAIRNTOLD AR T > v IV E
EFIVICEZBZENTERWZD, BaBRRLER
F—INOHMEET I EBETIDEELTNWT E—
HTH5. LERIIBITHEEMEDET VRIS
WT, BL2RBESOERICHIEROENZHREL, X
D—MEDOHDEBET I EMEN R EITD 2 &
NEEMALEZOLEMEAICIETH S EHL1TE
ZTW3B., ENWEZ DL, EWERDEDRRHHIH
R RO ERE S I 2L —2 a3 EHRELE
R DHEEOBEENEETHD [2), TImno—ikE
EETARDODEERAEBREZEDD ZENEATHD &
EZ5N5.

EYFRICEH EZRITIUIERE U TEE LERDOKEE
EEORBHAMEL A OTUNEITENS.
FF o7 VIEI— A R EIEIXN S Worker, Soldier,
Queen DR ZHFHEM (20 =—) ATENZTNNHE
B REZ L DHEERETHS. HERER
HZEFABMDOLD ICEERFEMBEREELZ A L Tz
2, BREMNRTIHEBITEVD AEBERHEEE
DL NI AT, BEENMLEZADS ETIEFEICEAR
EFIHETHDIEELZSNS.

ZZTAETIIA A O7 ) DH—A M LEITEO
HIBET ) ABETHIEEEHNET S, £5IZ Worker

) N
Soldier

Pseudergate  Presoldier
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Fig.2 Landscape by f(u;) at <u > —d = 0.
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Fig.3 Simulation view at N = 100, wu, = 0.1,
us = 0.9 and b = 0.4. White circle objects and
black circle objects mean positions of worker and
soldier, respectively. Triangle objects mean en-
emy aliens that are put into at ¢ = 200. (a) at
t =0. (b) at t = 205. (c) at t = 205.
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Fig.4 Interactions between units. Circle objects
means worker and soldier unit. Dot arrowed lines
mean a velocity of units. (a) Each unit give the
value of u at one interaction. (b)Interactions be-
tween units and enemy aliens.
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Fig.5 Simulation result at N = 100, u,, = 0.1,
ue = 0.9, b = 0.4 and Iteration size, At = 0.05.
The number of enemy aliens, Ne = 0 at 0 <
t < 200), Ne = 20 at 200 < ¢t < 400. (a)Time
evolution of u; and < w >. The distribution
of u; and < u > are shown by gray scale color
map and continuous line, respectively. (b)The
distribution of w at t=150. (c)The distribution
of u at t=205. (d)The distribution of u at t=400.
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