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BRIZBWCEY v vy VOB HBEEEOR A WHE CfThhb, v vi Vicokditik
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2. FHBTLHREFE

BEEE LR FAHEIEREY LT3 1RTTOKRT (B8 owTikFE (1978) X 530
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IDBAEWS LT A, 2r+1EORE, r=0,1,2,,s, BXboicd LT, FhFho@En
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@3, —%P;P{%Rﬁjgﬂﬁ>

ZRIEDOWT, s=3 DB IBCRNIERVBEHINS, s=4 OFA,
) 9
E_l P: Pivs Pirs=3 (P1P4P7+P2P5P8+P3P6P9)
PREFE LS,

BEFEC I 2BOBMANAERICI VALt IRL Y, BREEOCHLEY, RENCHEE
ToHZETES (FRE EH (1975, 1981). KRD20DFEEHEFITI W CTHIHIEL & b
(0.1, 0.2,0.3,0.2,02) TH5, FlleBTs=20FEE%E2%. N1FxTisrwzo
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T KR LD RRDOAERRTH S,

L p=p 05P, +P. —P, —P;)
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CENTER OF PNT ¢ ( 0.18 , 0.19 , 0.27 )
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PLANE : 0.017 X+0.017 Y+0.017 7Z=1.0

X 2. (43)K@§iﬂgﬂg (P1, P2, Psizo\~T)



FHRBTOREE LEFRFORORER o

Kbz DEELREENIEDIAHZENTFHEINS, 2s+HIHOEHK D » % Lotka-
Volterra R CHREEN s+HIEIB E WS Z Lkl ) —BHREHETE 2 5D Tt E
'EE\%/)%LZ).

E i
HEM S v 75 ADERICHB VR WEEERTF S AT 5,

2 £ X ®

Flashka, H. (1974). The Toda lattice I, Phys. Rev. Sect., B9, 1924-1925.

Henon, M. (1974). Integrals of the Toda lattice, Phys. Rev. Sect., B9, 1921-1923.

Hirota, R. and Suzuki, M. (1973). Theoretical and experimental studies of lattice solitons in non-
linear lumped networks, Proc. IEEE, 61, 1483-1491.

Hirota, R. and Satsuma, J. (1976). A variety of nonlinear network equations generated from the
Bicklund transformation for the Toda lattice, Prog. Theor. Phys. (Suppl.), 59, 64-100.

INHBEE (1984). #X4H (REDUCE3) o, REDUCE v 73 3 v 7&ERE—4, 9-70 ([ #4018
DEBRRIIGA~ OB ERITIE) D).

ITtoh, Y. (1971). Boltzmann equation on some algebraic structure concerning struggle for existence,
Proc. Japan Acad., 47, 854-858. .

Itoh, Y. (1973). On a ruin problem with interaction, Ann. Inst. Statist. Math., 25, 635-641.

Itoh, Y. (1975). An H-theorem for a system of competing species, Proc. Japan Acad., 51, 374-379.

RS (1977). BHEADET N EEDME, Seminar on Probability, 44, 141-146.

Itoh, Y. (1979). Random collision models in oriented graphs, J. Appl. Prob., 16, 36-44.

Itoh, Y. (1981). Non-associative algebra and Lotka-Volterra equation with ternary interaction,
Nonlinear Anal., 5, 53-56.

Itoh, Y. (1987). Integrals of a Lotka-Volterra system of odd number of variables, Prog. Theor. Phys.,
78, 507-510.

FEESEEE « EAEIL (1975). EHFBEOEFALEY 2L —2 a v, HEBEHEHRER, 23, 94-104.

PREESCET « R (198D). A o#ERAM, HMEtEEPIerizER, 28, 55-59.

Sawada K. and Kotera, T. (1976). Toda lattice as an integrable system and the uniqueness of Toda’s
potential, Prog. Theor. Phys. (Suppl.), 59, 101-106.

Toda, M. (1967). Vibration of a chain with nonlinear interaction, J. Phys. Soc. Japan, 22, 431-436.

Toda, M. (1967). Wave propagation in anharmonic lattices, J. Phys. Soc. Japan, 23, 501-506.

Toda, M. (1976). Development of the theory of a nonlinear lattice, Prog. Theor. Phys. (Suppl.), 59,
1-35.

PHBEFM (1978). EHEKT, BHEE.

Wadati, M. (1976). Transformation theories for nonlinear discrete systems, Prog. Theor. Phys.
(Suppl.), 59, 36-63.



80 Proceedings of the Institute of Statistical Mathematics Vol. 35, No. 1 (1987)

Toda Lattice and a Dynamical System on Competition

Yoshiaki Itoh
(The Institute of Statistical Mathematics)

We introduce a Lotka-Volterra system with s+1 conserved quantities of 2s+1
variables. In our system, each species interact with the other 2s species as

dp_p(sp_ . —S >
dtP;-P:(J;]Pz—; E]Pz-}v 3

where' P; is the relative abundance of species ;. Define ¢g,; by
25+1 S S
Zaiij:ZPi—j_ZPi+j~
J=1 J=1 J=1

We say i dominates j if g;;=1. If g;;=—1, we say ¢ is dominated by ;. Consider 2»
+1 species out of the 2s+1 species. If each of the 2»+1 species dominates the other »
species and is dominated by the other remained #» species, then we say the 27 +1 species are
equivalent. Obviously the 2541 species of our system are equivalent. Take 271 indi-
viduals at random from the system. Let 7, be the probability that the species of the 2741
individuals are different with each other, and the 2»+1 species are equivalent. Then the
I, »=0,1, 2,---,s are time invariant constant. The conserved quantities for the case s=
2, are

P1+P2+P3+P4+P5:[o,

P1P2P4+P2P3P5+P3P4P1+P4P5P2+P5P1P3=[1,
and

P1P2P3P4P5212.

We discuss conserved quantities for related Lotka-Volterra systems by using
REDUCE and stereo-pair drawings.

There are m conserved quantities for the general cyclic Toda lattice of 2 variables.
Our system may be another typical system which has conserved quantities as Toda lattice.



