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EHYATFLAOREBIIML, chbidy A7 LTI
LA [HMGESR] &V BHTELOR TV S, F0O1H
WFREICH L CRRZHRER b 0 %\, FFFRTIE,
HEMOETEBRTE D O W ICHRE & A o R
P T AL REELLTVS,

FA, EHIEHCER (HCER) MREBRREL
TEHRTEDEELTVD, LT, HOTHoTHD
DEBTH BV 2B ERT 5 BENERE, o
L LToHTDL 22T 5 BCOIER—EOBH
POMBTEEELTV S,

MEOHRE HLI»H»HBELMEST DI, &£
GUATLADOEBRD—2IZ % BILERICEHBLTY
5o EBROLERIBOTHMELRTHY, £ TITR
bR TWAELBEICINET 2 LiItAEETHL, £
T, BRIEBHEFCBT L —D0DBEFLTH L
SEEMIRERAVCTMBILERSREMEL (1)
Fhix [XFEOBEEE]| % 0oh o THRILFERS
FAME LA (ARMS), 2% 0, ALEREE [XF
DEEWZ] ERE2THLIITHE, [XF0BEWRE
HA] »EERIG I, {LEYHREXF (B5F) 5, ¥—
=3 (HR) TV F Ly P ERERAIET B,
ﬁ%mwmﬁwm<§ﬁﬁ§ﬁgﬁ%mﬁ%m$v
LIz EZ TR,
Fi%ﬁbﬂﬂﬁémKEMJ%ﬁofﬁémxbf
Hwﬁbfﬁﬂ&#1$5auf

2 ET EE%L_’)L\’C

&miumﬁmﬂﬁm/ 1v—v3/#6 Ko
mﬁfééﬁﬁ&ﬁﬁﬁm%ﬁMHT6 EEHL IS
L7:s % #2, ~Brusselator € 7 L % F\V"C B-Z BUS#
OALE BRH L RRFMBT 52 & (B 1), T7
ﬁmﬁm1&6h5rﬂ%ﬁ&JfE@mﬂﬁﬁﬁfé
B LR (2, 8510 Z OROMIBMEEH
‘ﬂ»ﬂg‘?"éﬂfﬁ’.%ﬂ‘&‘/" ﬁﬁﬁ‘%&?ﬁ%ﬂ-%ﬁﬂ%#
WLy ﬁ@)@fﬂmjﬁfﬁk ﬁ'ﬂ'kﬂgﬁj‘%/\?} ¥ %
RRE U7, %70, 'x_V)M7)( % 1& ‘Wolfram. Lang-
ton HICE > THRIBERTVWBELVS « +— v I Dk
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EAE Y (FUSIEE) & V72 B
P A YN EE T Fr U e R
SRR A T A G R W T 45— 5 7 1 g
it BT

MERTOXFINBEOERFERZBHL L)L, INFTIZETFNVRTOMEI KL &N
TE, LELEDS, Z0ELIMEAD= 2 — 0y OB BERET LT b ERBIZAN
TWhERER RV, 25, EROMBHILIZRL THZ b 0TI v, o THIEER
DEDRAEFBE L TEFMETENIE T, 29 PT = DEREL TWAHIETOHRE
AHEZONTL T o TV D 5, Lz, BMEEZBICEAZHRLEET VO
#h HIEL . MBI 2 BB L EEM LRV IZEB L,
AR TR BB LT @ FitzHugh-FEFBRELIRL DO TRABL TV 5,
TOu/8t = —v{ku(u—a)(v—B)+v}+ D, Viu
{ Gv/Ot = ~u

EAR TR LA AN FET 5, LR TR SN D BEY (FUSLES, y=1) &
Mo e L TEZ, HREIENHRICL THESE (=022 v =0) AL TEREL . Z03F
MR EZ, B LBADFKISEDERORT % A/,

BSOS ILESH D u OGRS, BEROTIKR BEROETRIE D & 9 I[TKFF
THEDPEFARER, BRTOMEEZ S LICL o THREYRIZED u DILET 2 Y
BITEXaZedbhol, TORFEEHWTHALTEIREZZ, YIalb—Yar&{Thko
2o ABFEPIZERELADDIZ, ¥ 144 —F, 7 VWREMFZEEEYERRTH b0, AHD
BHZERETZ2D50, ZL THR (BER) 0EHR - WO HBELET2b005H %,

SEEI NS OBKE FHIZ & o THEEIC R 2 BHRLBIZOVWTHE T 5, UTI—flE L
T, HHREE -WOBLEERNELABRICIOWTOY I ab—Ya vk &ifb,

R iR 3 v ll S 3 l l

B . Memory like device. EHI M (RUCILEIS), IKEIZILES . BOESIIBBREY KT,
REEIIEICATCICREo TREAL . BRI TETHETOFIOEIHC, ETHRPLE/ETHIASE
L RRCEE L TEE/EVANSNIITRESN D, TP LBEE/EIEL L S 1
SVYITTANERB L, A, £ ERMOUAEOWTRAMICHD S WD (ROBEIER),

ZE UM . K.Yoshikawa, I.Motoike and K.Kajiya, IEICE Trans. Electron., E80-C, 931-934 (1997).
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FA—=HFIA AR Ewirar
[ R A L 7 ORI BEAEOEH |

F=TFAF— HER  OUNERRY: - HFEE)

DTFEWFNFEODSE LWRRIZEY, 0 F LV TOEIZET 4 DT —
IMEEIIND L D220, b OWA WAl Z BB #S F (DNA) Ok s
LCERMICIRTTED LD IZRoTE Tz, £/-, ThbDOF—ZIIMREINT, &E&
FRBENONITEA TN £ D10k olz, &I, LD EMMToZ &2 BE T
HEMELRFETIE, TRHOERMNT —F AT 5701, Fri=2EFASETL T
5y ZIZTH, UTOLI RBENBA—NTFA XK -y ra rk4e@liLis

DNA L~V OEABEFEDRIEDFERON T, THE TOEHEYF L VR T LT
HEVIRY LT SN do7=5888T, o, EMFNNCEEL BOh3NEZEIT D,
FREIT TR OMEORZ D bR R, £z, FEE L LT, ThvE TOEFIAY
F VIRV Y ATHEE LTUWRVAL & LIS, BHEVEWFRREDOERBE TRVAZ L
WCABR L, ShFEE L EEAMERRE DB L OGO REMICEE T 5,

TOX) AL, FEBEL Ul HB3CE GEKF). Rk (EY
O F TR O 3 ADOFICHEE (RE L=, SHEIAZE, SEREFIROEIZE
T HEIEET V& AVTZAFRIC DUV T iR 2 BFEV Lz, HIE X ALZX, DNA b~
DF— 5\ LI BT T B IR T RIS & AV 7 IFFeo (A 2 I35 7=
DOFERIZ OV TOFRFEEZEE LTz, I 52, DNA VL OEABEFEEIET D
T. DNA OBESFIT DT —Z BEE L 2505, T ORFIRATRO 0 TR FAHERICEDNE L
T= BT DBENE DV TR S ANZGE L TV =2 Z kit L,

SMREITL, £ WROEAMAR STV T, ERICM LTV . 20
T, BOOREZBENALTWZE X ICERLTWD, KEEIZEY, DNA LUL
DEMBEF & ORI D EE RO —mINEN &, EFEEFEICRT 2 Bk
DMLD 3 EF OWFFTE LD > TN Z & 2 /FT 5,

7k, EHEEFORRDORER & EHABERE L2 RERROVIIELIERIITON T
VB, SHUCHI LTI, SR  RERTITAEIC DR R BRI 5 R AR
Brl EWOHRIEESN 1 1B 48056 BT THEESE DT, Bkodhs HixEh
5HBEIZENIZV,
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Z BT HEILIZE Y 5 RHEEERDIE
HEHZEM UMK - BIER - ARl

7 LE ) OFSRIZTHuE, HHIMGAEM T T, Y avlagnNsh & Tidl - 275, b M Tl
1OFEMMLTWAD, ZIULHET HEIEATEERIETIROERIZ L2250k Ew, $HE
BIZFIROGIE LT, Al it - THRBLZ L2 % Hox SRILTHER . ZEEFHAE > TRAD AL v T~
ORI BAT U VBETRE (o, $%) SHHFONL, SEEETIULHETEHEE 2hUCE <
b (BREDOEHIL) FAETIEONTELEEXLNDLD, JOL ) ZBRAED L) IRIEN/ ST £ -

DEBHSIADEWSNIITHI LI, BIEYSF L LTRIRDOSH B8 TH S, ZOMiFE Ik, F
BAKEYMTOLSEB(ZTIRDEILET VORI DOWTEH T, R & gtk cR L, defafk 123
WHOBREFENSH D ETHo B MICERLAF CRIGT 2o o8tk BERIN G, kIl
TRELBIEEFORIET 2L (R ORABEIMILL T A2 EZ D, j

RGLBEEEHSTRIZTFOIE - % 2% D Allele M8, —IHCIZZ2RER, B - K%, Wik -7
S LD T IR o T L. SRIZTEL SOBMABRLOT, $THRMATEEHEINY
THh ., FIIKEDOERIFHE A LREL TN I 78I EIT o700 JefoikiZZNDE2R% 2 Allele
D, FNEFID Allele D2 ¥ -, BRIZT GEALSEIET) HTREND, v 780 BHRFRITHE
FH A4 X (N), BRERE (u) REDIST— A=Y EFioTREND, B, UM F->7-—>
® Allele class DELEE 2 5, ¥ —$%E m TERT &, m OMEESMBEON 18 X VHINED S % K
OBETEHNRE, Ytk D &b —D2DRIZFICTOBIEER ROULEI A H EIRE L TV B,
COBEEEO A -%FO TR (URE 7 TA) 6 LT LW 2 5o 70RIZFIIHET I vy,
BEFILENERT m OFPHEM, 2 Ko, B LI 0BG FAEE T L 2 Ra T IR
5 EMMRI, —HIURR Y 7 AN HIRSEATSEIEF b INTL b0 M, 2l THRIET- AR THR
LHEBOREZEMNERI, TNOEOEMK L[ & FohY/oh L 28T % TE2aE -5,
BRIZFROEICEFET LI EATELD, BEMKELOT LI TIPS I2ab -2 a DR ES
NHEDEPMEIZ LKA T EDhhorz,

RISTN T 7R UAE DR, BEMLIRE L 2N R EAELDE TV (Wright-Fisher simulation)
2T B LTI, FREND LI, EEAY A ZH/NEWE Zid L Y ERITERUAL R 2o
H BEADKEL HBLEEBIITNTL By —ARIS, BV A IATKE 2 b L BIEFHEIE< VT 7858
BeFMshafiiL h KEL AN, FHIBECFERIIANTINE 25, LOLIDOZLERETLD
TEEMIEEBBUORRVELELY 525 Z LA o7z,

IR E M > TEERETHRELICHET A O00DER LT 72,

1. I¢—BOIMEED TR FATHRVIEA, — Ao/ 89 X — & —HTa L ThiuT kX VWEFO A
BIZFHOEMIRECRI S, L2L, IANZEISARLTLEFD) TIER L, 4 o
o TR 2 RETBOMNFABI T 2B H 20> 72,

2. BLGHBIZTFOBIMENT 2 OIZES LR Z, EEEIZD av Ja v 2 ETllE Sh-EEER
(y) RFRERE (u) Mo TE Lo I E—BIIIMIZHED 2 A AR ERET D &
BYAMMIZ L AL 1 0D A — 5 —Th b & TSN/, EORZFEEIMIZ LY
HBVOT, SREFBIEIIZEE) 2 A MAH 5 2 LA,

3. BIETFIROBIETHILRBRFTH % ) OBALA A D, T AU A (BT B ADAELAS, FRI
HAEBRE (DBOKEV) TEMTELAIEDSHMENS,
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D N AZTI DO kB £ OHERF 12 B8 3 4 BEmAIHT 72
MBS (REUAS: - REBEHAERIIFR - LR 3HE)

CEEMERSED L) R L o TERINICHFEA TR 205, L
f«%ﬂﬁ@@ié&%ﬁtiOTQWLTm<®#JH%Eﬁﬁiwiﬁ&
MENVEDTH D, 1960 FEHH, S 1980 FRXOFEE Tid, BEHERITTL
L CERIKINERIMBIEREE I L s TR N TE L, BETIE, EEWE
£13 DNA umvﬁﬂ/\‘% ZEMNT ?é% £912% ), DNA L-UVOEEHER
(DNA %) 12f¥ 2 57— ZIFBER LTV D, | | 4

DNA S B DRSS & 1 5 721213 § THRFAP IS ST 5 DNA £ 7
DREERY — 2 RHIS RIS 5%\ DNA SEOR I THERAARERS
ﬂ%%ﬁﬁ&EKIOTM%:tﬁfééo$%&Ti\:n%m%w%ﬁ@
%\uTw%?mef%if&éOM)mm%u¢i &WE%TW (2)
BB TR RERE L. (3) BRI BABRE L, £, KEOK
e RESHVEL “A’@%Eﬂﬁf’\%ﬁlﬂ: LTWABIBEIZDOVWTLEET S,

IWA&“@E@Nﬁ MER ¢4%%@ THDILFIATE S, 1282
X, FERRSE TN D L, SR S, PR AERIIAE <

Bo —H. A ELERETEITLETINERA Fa AR X255, %Ci’:ﬁ;;ﬁ#ﬁi’:ifc
TIFLAEEE»E 2z v, F7-, %Emﬁw&k%é#*wtt% &
FASEFIL L TWABESDEEIIONTHEET 5,
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VEHEBHE TV DINT X — FHEE & 5F B OVER
HERFEER
é%‘%I%Mn% Mﬁﬁﬁﬂ%ﬁﬁ

EREBREIL, 5 FELFOMEICBWTHEEICEELRETT, ¥
o, WEBREBUIL., BEFLEWEORHEE OVER, ﬁﬁ%%@%m\
SFECDOBEOMHFEICH LN L NE T,

AFEETIE, UTOEEBICHE - T, HERY T — &%%vtmﬁﬁ@
PERCICBALTBELLET,

(1) HEEFTF— 7 256 R 2 BT AREN R HE (T
. BAE. BREHE) LTS, FIC, HEBRIIERNE
£THY, WEBROKFEFVIZESO THEHICELBRNE #E
THLEMZ BT T,

(2) F CIEBRENLEEBROET N EEEBRBOEEEHE

AL ET, FIT, BEIRE (EEABMEAERRIKS T —%) DO
ﬁTﬁm(ﬂfﬁ%ﬁﬁ«@ﬁﬁtﬁE#%ﬁf«@@ﬁﬁﬁ%&)%
T)I/buﬁg L’C{‘n?/\[/ij—o

(3) EEBREFVONRT A — 7 HE L RSB OMERICHT %
PRRALET, EEBBREFTIVONRG A—FOHEFEETZBNLTT,
WERBRETNVONI A 2HEEL, £OFERT AW EEBERLE
HELESEFOBHRYAVEWCHEEBRE S HE LB E L T,
ELWRAHBIEONAE &2 B LERERLET, ,

(4) ETRReDpo/-EELMELHROPBNLET, HEBHRD
ETOVER, %ﬁﬂ%ﬂmﬂﬁff%ﬁﬁﬁ#~mfﬁw%AkiL%
fiE, IEEEBEERNT A PTLICELRLGEICELAME, 1 2L
DEFEBRAIMNT THEWEESIZEUAME, IOV THEICHI L T
R
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mHEAOETILD Persistent Solutions IZDOWNT
frzE F CGERKFEEERIEVITTRD

NEALO DK ST FHERR R T TERRZ B Tix > TRIMREBAET 5 ADEHIC
FHLUTIE —D0M (KIKIZZMEAOTH 20 I/ L TOARETILEB TS BEE
F)V TR REENH 5 Z 213t < 1 9 3 0 FERDSHEHE N TEL, HlIAIE +—
7 - O ADEFIVTNE S TRIVH AN S AT 25t H T 558, BRHIZEBRESS
DANOER=ZIZUTHEERETH B2, SRS HERIT—EHET, Y ADDOHE
FENIDNTE<Eo 7 a5 X TLEIREbH S, THUIEEOBEERE LD
BEEZNLICEAD &, &2 DBEEREDIIFHIICAE TH 5 LW DIEENENITIE
SRR TN EZEBERLTNWEA, £ E LB L OHAFERZEAL THWD Z &R
KTHBD, MPEDmating ZHEICANZTEADETIVE. AQFITBWTEI NS
ERENTOEA, FiiEE b OWERMIAIEA D ETIVIMERE I NDIR 7 0 FHRIT
2o TMSETHO (1], LNHEORERNMEEILI 0 FRICNWEEETIEEAEMAETNT
Zizinolz. UM LIBE 1 0FEORIZ, A XEOMRIEHE D A DZEHE T IVITELN
H£FE2EEDITHERBEOUIRBERILL T, LIPS DIONDOBREPRENDXI DI
720 TETWA([3],14])s

FMEETIVICET 5 —DDBLE. TNABETINOX D e LR IE AR
18 (persistent solutions) ZH DM EINEND T ETH B, BMBETIVCLDEEADI
WEEHFICH DHIICB N TIIBRIATRETH 2N 6. —EDOEHEDD & TIEmMEET IV
MERRIRIRDFENERT EEZDDIIRETHAS L. IFRHETIVICBIT 2 AOBLEE
HEEZEZDERITSH, 5 UEMBENNDITRS LIS, FikEarEE L 255,
mtE A OET VIR EMD AR AT ATEREINDD, EOBREIIEEREED—KIE]
KT HIULLZTETS persistent solutions 3dH D T EATRINTND 2], A¥E TIXFERMEE
EFEFOMMEET VBN TS, IR —RER THIULEL/RED H & T persistent
solutions WFET 5 Z & &R,

SE 3

(1] A. G. Fredrickson (1971), A mathematical theory of age structure in sexual populations:
random mating and monogamous marriage models, Math. Biosci.,"10, 117-143.

[2] K. P. Hadeler, R. Waldstéter, A. Wérz-Busekros (1988), Models for pair formation in
bisexual populations, J. Math. Biol. 26, 635-649.

[3] H. Inaba (1993), An age-structured two-sex model for human population reproduction
by first marriage, Working Paper Series No.15, Institute of Population Problems, Tokyo.

[4] J. Priiss, W. Schappacher (1994), Persistent age-distributions for a pair formation
model, J. Math. Biol. 33, 17-33.
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A Probabilistic Population Model in Polluted

Environments
RIEFXEOHLHEEBETETIL

mrEdh AR (RIRKFEPEBRAEE)

—AEFEO MY OB E AN EREN L RIICOIZ D EFHVRROBDORRELR XD
BRI RN — SO B LR EEEFNSEOERE {Z,: n=0,1,2,.. .} KX > TR
BanDZ EMRENE (1], [2])s L, ZTHEERMERECONTOa Y Ea—F
a2 lb—vaVilEKDBILDTH> T, MBFENRITCEBOT —FNbDNRFTA—FD
HEER SIS DBEETH DN, TITOWBED AN = A LI THHMTH D, —HRA
ICHEDLNES EEDRIDT, WHENWSREEREOEEYEZX 5 FTO—oDHE%E L
LTHEDTHA D LIS D,

ZITIEIOMRET NVEROSUIE L TILET 5, » #HRXBOSFBEEKIFREROfO
BE L M FU A AT THOER, 2otk (M 13556t =0,1,2,... D%
EEFEE p) (1), pi (i), ph (1), ... TRV, ZHbOEESMIFEEROME KL i = Z, ISR
T 5 (BEKRE TR, CHRATOVA X =2, 4 bikFETHEEXD, 0%k
DEFEOLF I ¢ ERATOEERIC L 2BRBEFRER LT TROLEIRZBDET D, B
BUNES K 1Z2WT K = (i) BV ILL, (i) id i OBREFIZED FBER) 5,

ZOESICEBFICL DREDIFRT ¢ HREORBINANEETER LEXL L&,
ZAULEEREC L o TED R I REBEREEEXDIZAH D hy,
BRI, BERPECEVGEDOREINA S Ko 12720 LT,

Ko | (' < I)
(i) =4 Ko—(i' — Ko)/d (Ko < i < Ko(d+1))
0 (i' > Ko(d + 1))

EBH, TIT, d>0 B REZERLT, d BD/NINESWIEEFERBEENEEZXD (d=
IX{EGLEE L), , -

CDBE, B AR IELEE d ko TED LD REEEBLZ T 3R L
IZHONWT, YIalb—Ya Ry EETS,

[1] T.Fujimagari : A simple probabilistic model of a population with a sigmoidal growth
and an eventual extinction, IEAMFERESHE, 1996
[2] BRh RS : FERBAET T/ FI1T DHEBIFR], §7RIEEAEMES VR T L, 1997
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)Xy FIRBE T2 O o THEFT % 2 MOMHEZEOLFTRIEIZONWT
ek A - ABA AREE (ORISR

TOoDRyFIZBWT, fED o THNT S 2FOMAEDIFHETREN 2 R<5, iHHD
IRy T BLWEREEY N, HiREOEELEFNEN, P, @i, (i=12) T 5, HEHIL
aYAT 4y 7EEY L, #HAA-HALEOMIEI Holling @ L& (fafIll) TH S EIRES
o MHHODI O, HAFIL/ Sy FEEBEREY, MAELTVBEITLLEL, MAFORN)
W=Dy FTOFEEAIH T HIHEITH L EAET %o

dN; _ {7-(1 Ni) C,pPi Cqu }Ni

dt T Ki) 14 CohpNi 14 CyhgN;

ar, B,CpN;
S ) P — (P — P
di <1_+-c;hppw‘ d?) o i)

in BquNi L 0
di <1+qmm dJQ"M@ @5)

(i=1,2 j#i)

LR, Sy FRBES L WG, FERSE TS5 2 HOMAE, 23 1) Competing
Predators DEFI &4 ), SEEPRETIZ 2 fFETE b na erL {mshTnws, 72,
Hsu, Hubbell, and Waltman (1978) 5 DfffFEIZ & 0, fEFEEIMRWEELBHWEEL T, 2
O EOMFINNR A WL A7 H1F, 2HOMEEIIREPKETIIETE L2 L2990 0o> T
Wh,

I T, fEEEARVE ZEPOAIHERTHY, FBEESEVEZELQOANEFTH S
EINRT A=Y D% R, HEBEOBENLVWEE, B/ 3T A — 5 2EYLEICEET S
L, BEZBOBBINAEN KHWKE LR HIZON, QAHURL TP AE X8 A %% L FliikEE, Q
AHGR L TP AWK AD e W, 2 Mt FoLeFEmg, PAMRL TQAETVH: &KL K E
LEWIMABIN D, KAVNE 28y F1X, INLL TV A E X QATFHTERVOT, QIlEo
Tidsink &% Y, KAWKER/Ny F1X, Q& > Tidsource THAHAPIZE - Tsink &7 5,

Kz, ZOo08y T THAEFORBINENDVRL D L &1, 2THOMAEED/ Sy - dh % &
AL, FERIRGE & B & B AR o iR, Eug 9 £ CEIE, T2 LA ) 7
DI ERRL, E5IIAE -BEITO Lotka— Volterra RIDEEF DA L B L THT 5,

1. 78y F 1id, PIZ& o> Tsource, Q&> TsinkTH Y, /Xy F2IEFDHTHELEE, F
NENOREIZ & > THFN /8y FH 5 D rescue effect 12 & o T 2 FOIIEAT e TH 5,
2. Ny F 1Ly F2bEBIZPIZE > Tsource, QIZ& > Tsink TH-TdH, 2HNILTFEA®
RGN H %,
BE R
Hsu, S. B., Hubbell, S. P., and Waltman, P. 1978. Compering predators, SIAM J. Appl: Math.
35, 617-625.
Takeuchi, Y. 1989. Duffusion-mediated persistence in two-species competition Lotka—Volterra
model. Math. Biosci. 95, 65-83.
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SRERIEN 34T % BESICRRAE A OO RINIC B35 S AR

BRE W JUNBERRS - BUEHEE
B W JUNRERESS - RS LIFR

W BHRE NI IE L. 2%, BECANZENSETH o /2LEXD
hTnd, L OTEANL, EEOHIEZEEEMNDIRERH Y, £DID, NE
DIRTFRIES BIF TH D, Fiz. TOEELIT 2 SEOMFETEOREBEE L SETE
V. EROFEELES Th D, HESCRIRENIEDIREE B, & Hic, RRHH=Y
DR RN E WD R R R, —05, ERBVAENTER T L LIZR->& 2 L
THY, KEPHIRERESOE AR LIRVEE R > TV 5, FEADADEINIZRT 5
TBSCRIRAE N & TESE RV AN O BAERNZ B9 2 BERIRRT 21T o 7=,

HISCRIVE N & IERRIMEADBIER T2, Theh, A L A, &5, 2-50%H
FEX, B 1EMOTSCRIVEN A4 OBDBTFET LT 5, —F, B2k
THSRAIVEN LHSCRIME ARG BE 2R L CRBHER 2 BIE SE TV kit g
£2 5, HEFATIHEEREIN TN, MXRIEAN AiAr | BERFIEN Ards, TR
Btk Ad, DN, 7 CABRE FICHE LTz LTEVIEREN S
DET B, BHEDEDIZ, 2 >OEFBMOBEHRITLE MR OND LT 5, T
ADAT A= L LT, WNEE, BEHEORNRDUTO L ICRE L,

(1) FAERTEIRLAED, EIZHHFTEOE NEEADOFIZBT 5 BIRIEADLLE
. ARSI D MBI ORRR END, 10 ~ 20 % & T 5,

(2) FERILAENZIESE U T & 7o Ax O BIRENIRAEA, LEMSCRERICETT
<¢ﬁ?%ot&bf\:@ﬁ%@ﬂi%%iAKﬁf@ﬁ%%%gkwm$g
01~10% &35,
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Application of Cellular Automata to the Dispersal of the
Pine Needle Gall Midge, Thecodiplosis japonensis,
(Diptera: Cecidomyiidae) Population

Chon, Tae-Soo', Sang Dong Lee’, Young-Seuk Park’, and Ji Yoen An’.

! Department of Biology, Pusan National University, Pusan, Korea
2 Department of Physics, Pusan National University, Pusan, Korea
? Department of Physics, Ehwa Women's University, Seoul, Korea.

ABSTRACT

Investigating dispersal pattern of forest pests is essential in forest ecosystem
management (e.g., damage assessment, sustaining productivity, etc.). Due to
the problem of complexity embedded in the dispersal of pest populations,
however, few studies have been conducted in Korea. Pine Needle Gall Midge
(PNGM) has caused a serious problem in pine trees, a dominant species in
Korean forest. Since it has invaded in the beginning of 1920’s through sea
ports such as Mokpo, Pusan and Inchon, it became one of the most serious
pests and established all over the country through early 1990°s. We
investigated the spatio-temporal pattern of the dispersal of the insect, and the
coalescing colony model, which includes the neighborhood diffusion and
long-distance dispersal, was implied to pattern the field data of PNGM
dispersal. It appeared as the “Type 2” in the model proposed by Shigesada
and colleagues, biphasic expansion with an initial slow spread followed by
steep linear slope of dispersal velocity, and the jump distance was calculated
by this model. We incorporated the concept of Cellular Automata (CA) to
explain this dispersal pattern of the insect. Based on the additive rule in CA it
was tried to investigate the relationship with the diffusion process of the
insect dispersal. Through kernel analyses and simulations, we further
implemented CA to explain the short and long-distance dispersal of PNGM.
This model showed the possibility of representing the pattern of range
expansion including neighborhood diffusion and long-distance dispersal,
which could be associated with biological and environmental entities in
PNGM dispersal such as fecundity and wind effects.
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A neural model of visual system and control system of foraging trips of
honeybees

Haoling Liu, Osamu Hoshino, Yoshiki Kashimori, and Takeshi Kambara
The University of Electro-Communications
E-mail : liu@nerve.pc.uec.ac.jp

Bees of several genera make foraging trips on which they visit a series of plants in a fixed
order, because they do not find usually enough food for a full load at a single site. In order
to generate their sequential motion along the route, they remember sensory and motor
information, which allows them to reproduce the complex route.

We present a neural model of bee's brain to clarify the neural mechanism by which bees
learn the route and find correctly each food source on the route.

First, we present the network model corresponding
to the route map by which the bee can know the order

of visiting of food sources along the trip route. Each = s sea
food source is represented by a point attractor of the womm  O—0  TTe &
network. The order is memorized in the network as . mo'; =
cyclically associated attractors of the network. When LT

the bee is going to one food source, the dynamical state ".‘ ons
of the network corresponding to the route map stays in g O
the point attractor state relevant to the food source.The ' i L
bee reaches the source using the direction map and The foraging processes.
collect honey. When the bee leaves the source, the ELm : mth primary landmarik.

dynamical state of the route map network is turned into  Pa-i: nth source pattern.
the point attractor state relevant to the next food source.

This state transition is induced by applying noise stimuli

to the network.

Second, we present the neural network model by which the bee at every position can find
the direction of the source landmark based on its own position relative to the primary land-
mark. This network corresponds to a direction map which begins working after the point
attractor relevant to the present food source appears in the route map network. We adopted
a_back propagation network with three layers as the direction map. We assumed that the * -
bees use a few primary landmarks to make the map. The input layer receives the
information about the dircction towards the primary landmarks at bee's eurrent position.
The output neuron indicates the direction of the source landmark at each site in the
environment.

Third, when the “bee approaches some source landmark, it anticipates the local
environmental pattern around the source, which is memorized in its brain. The neural
model of the pattern recognition system was constructed based on the structure and the
function of fly visual system. The model consists of the [our nctwork layers: lamina,
medulla, labula, and brain layers.

Fourth, when the bee reaches the source landmark, it can identify the source by
recognizing the matching of the pattern anticipated with the pattern appearcd. We made a
nctwork model making this process based on the model of working memory which can
accomplish the pair association task.
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A Mathematical Modelling for Handedness of Fiddler Crab (H. Seno & M. Shigemoto) An
enoumously developed giant cheliped with another small one characterizes the adult male fiddler crab. Some
researches about the handedness, with the experiments to remove the cheliped and observe the size of regenerated
one, imply that the determination of handedness would be controlled with some unknown physiological system.
With two hypothesized factors relevant to the regeneration of removed cheliped, we construct a mathematical
model to describe the experimental results about the handedness of fiddler crab, and analyze it to show that the
model could describe the other type of regeneration results, which might correspond to the case of another species
of crab.
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A Modified Logistic Model of Populations Exposed to Environmental Hormones

Bo Feng , Azusa Tominaga , Rinko Miyazaki ,
Kazunori Sato ,Yasuhiro Takeuchi , Jin Yoshimura
Department of Systems Engineering

Faculty of Engineering,Shizuoka University
r5645009Qipch.shizuoka.ac.jp

A great disaster is befalling to the animals world, especially to human being before we
know it unconsciously because of environmental hormones. We hope to know the damage of
environmental hormones to the birth rate and to the number of populations. Basing on the
general logistic model , we introduce the damage function D(t), which is a non-decreasing
function with time ¢t and its value belongs to [0, 1], to the birth process of population and
get the modified logistic model as follows:

(B) 452 = {{bx + (bo — bx) (1 = (1 = D(¥)) = [mo + (mx — mo) TN (2)

For a system without the damage (i,e, (E) with D(t) = 0), bo(mo) expresses the birth
(death) rate when the number of population is near 0, bx(mg) is the birth(death) rate at
the time when the number of populations gets K.It is trivial to assume that by > b =
mg > my.

For (E) with the damage the first term of the right hand side describes the birth process
of populations under the damage of environmental hormones, and the second one describes
the death process of populations .We assume that the damage of environmental hormones
to the death process is relatively smaller than the damage to the birth process, and here we
ignore the damage to the death process.

The solution of (E) is obtained as follows:

N(t) — KboN(0)I(t)
KC+(bo-bx )N (0)I(t)+bx (5o~mo)N(0) [ I(s)ds

Here

I(t) = efo‘lbo(l—D(E))-moldf,O = bo(1 — ﬁ}ﬁ(f_))) + bKE}((Ql_

We found that:

If lim¢,o D(t) = D*, here D*€ [0,1] and 0 < N(0) < K

. bo(1—D#)—mg] K .

then (1)When D*< 1 — 2, limy,eo N (t) = (bo—lb(;s)(l—D)*)+g£<—mo’

(2)When D*> 1 — 32, limg o N(t) = 0.

This showed that if the damage is not too big(D*< 1—F2), the population will decrease
to the much lower value than K but can survive; conversely if the damage is too big(D*>

1 — 22) the population will be doomed to extinction.
0
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typedef struct individual
{

struct individual *next; /* the pointer to next person */
struct individual *spouse[MAXNUMSPOUSE]; /* the pointer to the spouse */
unsigned long idnumber; /* idnumber */
unsigned long pspouseid; /* primary spouse's idnumber */
unsigned int generation; /* generation */
unsigned int numchild; /* number of children */
unsigned int clan; /* clan */
unsigned int numspouse; /* number of ‘spouses */
unsigned int gender; /* male or female */
unsigned int age; /* age */
unsigned int region; /* region, risk of mosquito bites */
unsigned int allele[2]; /* now population */

. unsigned int marriage; ~/* marrige status */
unsigned int infect; - /* infected by malaria or not */

} idvg
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YERBERETHIENTED, NP R TIL, S8 D HHDENLTA T IVSERH
FVBRBIEBZD, SIal—ar THAHEEDOHTE L TLENDT, [E
FIAEAE) (722 70E, Coale and Demeny, 1983) b A< AV BNB,

VONBTEBRDEHD | /3T A2 % 5 2 TEBBILEHEE (R —MCRIVZERF
RER] 0 A7) 2 R DD TZDICIE, Fo Y e EEHL<D BN AN AREISN T
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CHEDE X T BHENTHD, 7205Th, WEDAH =X b5 +DIZEBLI-ET IV
i%, Siler 5 RFA—FEF VLIS TEN, Siler 7/, HehRIET A
CrE AL THBIEREILICTE YRS B ER o T 5 EELILOThE
(Mode and Salsberg, 1993), F#n5 (IEFEZ2EEZ] 1 IZBITR) FET AT —R b, D3R OR;
TREND.

h =ae™ +a, +a,e™

FDE—IEL, $hIREOM, EeibiZBid THTRERL TS, ZDiHD
SREL, DB R THEI LN LB DRESER T/ RTA—F ay b,
MR DB DUAT A R RTA—H by 2 o TR ES, 8 I, i LBIFERS
U H MBI 2B Makeham DEH o, ThD, 5T, MENFEIFE
CDEINERT I~V S THD, as 1XHEDBREIZRED DR HHLBDIE
COFHMEDOREIZIRL, by ITMERZESHRIFET DEMEBOREEERT, T
VYRS, BT EVIL0R, EfEEERTIEHORSNIEREN T, b
DRREMENI-EST LIATIERIALE X NITHE TEB, Siler TF /LTI -Dh>
DEL AL DA RFICH L THTIRDET o TRBNI T A—FLERSN TS
DT, Yial i ar OR—ATA BB DOIE S ThB,

0.8 ™ ™ a1=05;b1=1.5; a2=0.01; a3=0.01; b3=0.06
—8—2a1=0.5; b1=1.5; a2=0.01; a3=0.02; b3=0.06
0.7 r - - < - -a1=0.5; b1=1.5; a2=0.09; a3=0.01; b3=0.06
—B—-2a1=0.5; b1=1.5; a2=0.01; a3=0.01; b3=0.07

c e o o
w A O O

Mortality at exact t

o
(V)

0.1

0 10 20 30 40 50 60
Figure. Siler's Mortality Model t (year)
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RAREPUST T p

Siler E7 ANLFLNDIET MBROFIE KR LT, ¢ (ot U TREIZ2DT280, =
VYR Gy DGR T A—E by DO HVREECIIHIE T MR SERIZ Bl T
%, Siler T WLIE, NIA—GEERLCLTEAODEE I ~DEEGEL LT3
T DEZ TNINANAIITETEY, 10737 A—4F D Mode-Jacobson &7 V72 E 7R
VHTITENT LA, Kilm, BHEL T E DDA DYz —i g
ZATONTIL AN TR,

BT Fa—FL LT, ZEMICBITHAEEEBRREDRT OEME, k8
EVRTFBEIEKFLE S TCMEDED LI D 12X - T ERIENBEEXTH
B9 2, [EHRET NV IHIREIN TV S(Gavrilov and Gavrilova, 1991), 20D % z 513,
AEINMEANR—ZADI 2L — 2 a iZBIRteb DO THY, FEMBIFEL AP —REN
TR, VBRI CEET VRIZEVZ LI LN TED, N T F AIEET
DIMNENRD/NTA—ZLL (Oibﬂiﬁ%ﬁ%iét&U:ﬁEt/\ﬂf—-F‘ﬂi‘)\o iz
D), M= 2oDHENLIE)DPFESNDOHRET D, ILIZ, WEDEIZL-> TR
ZBHIEE DY — RO ERIZ L FI T2 (-0FY, n{BDHFEEE SE A OV TDEE
C DN =R nuTHD) E9 201 THD, VRalb—va il dZOEEDOH TEA
TELOD, ZOHEDFEENAYF—FDREZZTAHL), t = 0 TOBEHD 0 THY,
BRI EIRAYRNET B, FEE ORI,

_ Ao {1 —exp[ —(A + w)t]}

{n+Nexp[ —(A + u)t]}

L12B, Z2 T »e wThHIUE, 2O Siler TFADHLIELEIER A bETD
DIZHERTHDT, LR EHNIBE ZEZTIE, ZOEF IV TELNBERA]
FEUNY =R o bbb LW D Z LI RIES D (TE: Wood ef al., 1992 121329
EZ)N TN, EFILEELEA TRV OTREFRORRIIL TN,

— 7, =7uig NAET AV TIH2 DLW D720 /T A—% T any population DEE
BUSECMESRZ KD Brass (1975)Duyy b X7 A I fEHITEY, ZhbE AL
NP RV 2N EUTHIBTES, MBICE 21T, EHEL2 5 EMIFET R
BRW, 2ODNTA=F a & B TEDFREREZDFIETHY, SHENMERILLNRT
A—=FDEWR(EEDPERIZHIIIO T LEDEEE L) B3 LA o TOBDNF R
THd, alZloTE2EDIETKE, BIZLoTHEHEMLAL THHLDIELE KL

h(1)
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DEARB T HIENTED, LiL, KRR ADDEMERLOEE K TRIELTZ
BRIz, Siler B VX Mode-Jacobson BT /WZEE B &, DveHTITEVIL
B LNDEDE AR, AOBIRICEDIBILEE DR, SR TR T
/W)Jlﬁ’fﬁ??"\:l»—'7‘7)‘54%%(‘:/%3\2’)?}150

T IERL D V— )b
BEAT Y72 BT VL TIEST AT E B ORISR L TERT AL EN DDA,
Va2l — v ar TIEEIWIRIZ RN EMER MR, RERDITZFVEL T
ET&ED, I2&xX

if(((sspouse->age)<=spouseage+SPOUSEAGEDIFHMAX) &&
((sspouse->age)>=spouseage- SPOUSEAGEDIFLMAX) &&
(sspouse->gender==MALE) &&
(sspouse->numspouse<nmaxnumspouse) &&
(qs->region==sspouse->region) &&
(gs->clan!=sspouse->clan)) {

Tist->next=lastlist;

lastlist=17st;

1ist>>pointer=sspouse;

}

EVHIDIZ, Eﬁ“%f‘fﬁﬂi(ﬁﬁf BpB7T7 2B TWT, BLBE T A LI &
o e Gl A T BB AR TRBE ) AN AR BN T ALY X 4
i, DEOEIT TR TES, " | o
—77, ﬁiﬂﬁlﬂ’]&:E‘T/l/ﬂ)f*l@ﬁ@#{%x#_t@ﬁwiiV) \_Téx_c‘:f‘b’\Tﬁ/ﬁE
TERBREND, FHERAEIL, 529, :Eiwﬁﬁifﬁ E@EJ%C'CX?)Z) Tz iE
Farlie-Morgenstefﬁ Bﬁiﬁt(Mode and Salsberg, 1993)0)f§J7§ H5, ;_0)=E7"/I/'C X, F
TREER S Tﬁ*fiot Fﬁﬁfﬁb}%*\@}]ﬂlj%%z Fﬁmfﬁf}%@wﬁ@ﬁ o7
o ﬁ)Farlle-Morgenstem BB L7223, &b‘OZExlib"O)—‘ETll/ﬂﬁéﬁo'Cb\é
INERMRUCEERADDITHEL 2D, STA—F DER-ST DL,

T DHAENDOBRTE
Wik, NTHATHENEZRDS, HEDERETIEROSEEL TIX
Bongaarts (1978) DT AL BRI T 7 VD3 4 THD, Zhi, tﬂim:dﬁ%é%ﬂ%%
Kz, Ba%ﬁ%%lﬁ(&ﬂ%%‘%ﬂé\), BB FEE A S HIFRE R BT R VA T
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N R GRS TR DS

i 0 P SO T T

WERAS), ROV BCE B KA S R L 4%, YRS B, I, FENE
SRIEC, FEARFTAEHIRD) LU C, PSRBT T DO BERLFIRAILTE XS
LD ThA, BHEEH A 22 Tid, Coale and Trussell (1974)DEF VAR
2— ADEF L ThHD, LHL, HENEEBTIEENEE 4 LERHHEERIE LA N
BOMET 2B 2 HOMBRIIVEELSTe0B5, DEoiL, TEIHR)HAEHE
VOBEREI D10 5 Th B, E#TZ T I DEEL B DA A IR
FAL, HERk—NC LB bHYIB (o2 HEE SR ARIE A0 RRERFIEAT,
1998)., {3 UE DRI AL, Stk ZoNTLA> %zbnmm,\&a*c&)zao Nk
BT — R TR EEN B D LENTEIZNS, BHRMDHE NS IATZT—VIC
Lo TEPBILIZVERHHTHE, | | |

Lt/boff«?’@tljit_ju&b\%@%%m@ otfocw;bm:, JDF‘:E% ZOWNTD
T e B 1250 o, R E T by 2l —var CZNEBRICLTK
VEDEET T2 HAENERET BT A—FELTWBLDNRE (72& 21, Mode
and Salsberg, 1993), —>DEELTiL, JEIZH 7= Bongaarts DAL EREE 7 /T
BHROEERL BMT2EbELbNEM, ThiEbALERILTBOIEHHT
#L<, 5% OEETHD,

ELE D A K
TETAGROH LI EE LSO, ZOFOEELEFI LI DT TER, FHE
MELE) LD EHDTEATHDE, HEMIIHBIZERTDILITEDD TEL
VY, Knuth (198112, TZOFEEICOWTEERZDSLT A 41T, 1FLAL LIS
“ELEC LD LW FZRIRERIZODVIAATLEY J EENNTVD, EDET,
Knuth X, ROIIZERELED TS, [T, HBEDEEZRE LW I DIIFFELRN,
T2z, 21 EETH A0, £ T T, bhvbiid, BABED D/ %2H D
CMALZRELB D RN R D, EDORIEOERIL, EHOIEIBRIZE-TRITN T
BY, RINFPOMOEH LI OREFELRL, EHIMEROXMIZELAEERNEE
T, EVWIOZETHD, |&BIZ, Lehmer DE [ ELEFI L IIEHRME S TH-TC, 3
HERDRWb DIZE> TR HEL FRIT DA RETHY, BHFIIFMEFEHIC
IRCAHDREDIS, FIA B NS TRATEWLDDDLDIZA L TWA L) $
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5| TH% | & Franklin OEZ 031 (1) 25, — 8BRS AICUTCSOHER IO LIS AEA
DEREFING > TNBT RTORMEL > TOBEALIE, ThbHTHBEN) | ZE
FHL'C; Franklin OO %% BAH 2@ A 3 DL ELES LN OB DIFFFFELRLIRH DT,
Lehmer DEHBEREEALT D, LWV o T, RO2ODEHZREHE XT3,

EH RS b EMII LY EAALES SR LY EEDHA BN T AT
RYENTTHOESE, 0 b EHFIEELI EEET D, [0,1)%
SIUPBDAEDNE b #HF (|pU, 1T N TOBHD 2 21THLT
“ELBBI" THALDIE UDE"ELBIIERET B,

EF R6: b EEIKXDIZI-WOLT, HELGLIEAEY s, DRBEHIIZE, n &
X, X, OMBELTEDSEROEMMMEEBALI-EEIS,
BONBES S (X ) MEE RS OBKRT ELUIN" THELEEIS,
HOERMAEEET B, [01) BIKUH BB ESBI(|bU, |
HERTORYD 2 2 12xLT, LOBEKT ELEKIN LSE USEEL
HIEEET . |

AL, ZOEBRZINITHEREESIE IS DITFFELRN DT, Knuth (31H

FRELEF DEHRDF ATV, TILIIRIEDEESEKFTHY, ERBTRY, ¥
7z, Wald #FID X572 DL FH RN TELDTERB TRV, LIZ)3oT,
Sy a— BT, TELEFIBLS 825 S5 BGOSR AL A BTy
DB TID,

LML, 22l —iar TRWDIZIE, RO4>DHEEEL TOIE, BLEEL
T+ THD, (1)ERTDECMICHEZOBEEIZY, QECHE T HH#F
fEDSEVIDEEEUZ DOV TELY, Q)Y EWVERDEIRLIZRGRV, 4)BIETAE
RSB, DFY, [HOERTERNRID | ZEEHobEIITE, #EFR 03 TER
ADEZBRD, 100000 BV I2b—a&2LTzEEIZ 30000+ 1500 BV A ASEE T

STNT, BIDDLEILBRWOPEEIZELIT>TOHIERNDOTHS (72721,
EREFLT, £HEZRICICLIZG S ICHERDPBR TERLITUINTRNDT, FEIT
Bz T B LD, FHERMEZEIEDVIDIIELE ThHD, HSET, EikThiT
A ERA VA AR

ZOERTISAWV DIV DELLELES AR T VT Y X AT Lehmer DFRE A RIET
HY(Park and Miller, 1988), 521XV TRIRRIIAR Y (HIZIINNEDS FBE ORI E
[@1£(L Ecuyer, 1997) BN D& 57 478+ F 5 (Mascagni et al., 1998)72L),
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32 By NCEEEITHIHEDOI LW ELHIZ 522 FEGRIEDT VAV L% C
ECa—FAr I LIEbDEUTIORT, g 32 Evhod—n"—To—FE%
PAR—IL TRV R THIELLEIET 5, B 2°'-1 12725 (Park and Miller,
1988) .

il

double frand()
{
unsigned long const a=16807L;
unsigned long const m=2147483647L;
unsigned lTong const q=127773L; /* mdiv a */
unsigned long const r=2836L; /* mmod a */

extern unsigned long rnd_seed;

unsigned Tong lo,hi;
signed long test;
double xf;

hi=rnd_seed/q; /* / equals to div for int operand */
To=rnd_seed%q;

test=a*lo - r*hi;

if (test>0) { rnd_seed=test; }

else { rnd_seed=test+m; }

xf=(double)rnd _seed/(double)m;
return xf;

2%, Knuth B &P REL TV DELELEIIE K 7 1) T b (http/Iwww-cs-

faculty.stanford.edu/~knuth/programs/rng.c)b AT #tE DS @\ O EEELELEG | R A 25
EENTWBA, b & iR TH S,

3zl —varOEST

DHALTHROEBREM AT, 2EDT TS TLEVEDDITEELN LTI, &<
WRATEENEADSB/UERROMOEB 72 RUILRTENOT, HEaE B &
I3RS ThHD,

D ETEETSMBEN 00395, TTRHBEIZRLDIL, MBARDRETH
5. BENOAETNVREZESHTHEL, 8T HILLLHLAATEL (TPLAED
THLENEDITHD), LL, EETIEFADOT —FEHMARLLTERHTL
EARECT BT, BT BICLTH, — B 77 AV EX T I T REThB,
Fio, RIAHFFEF B X THERELR LW EEZ, R—0FBAREZHFEIDED
T BDIh, A DT 7 AV bH AR LN, 2, AOREZR AT S
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MEVHIZEL, BRIZHbE TEEIZZEZDLEN DD, ILxid, TFR(GFHH A
Ry LT DO BMRE T T AT DI 2L — v ar EITO% AT, ADHUHEDY 500 A
KBTI, TFR OIREELCOREMNESEC, BIELDBIGEH5 L5 B I
fﬁé&:&’il‘tﬂz’)x73£<7t;:<7:co'cLii'(#bﬂi%ﬁf_ﬁ)o

WIZFAREE 22 B DIE, TR DY I 2l —2ab BITHIREDNENHZETH D, ZHIE,
bbALBMICED, fexid, T—HDEREBHELTYIab—var 254
X, LEITHL 0BRSS D, Dheidicbieh, %1&?@ 1,000 IEli; -;3«35&:1 10,000
Els S al— sy SERSNG, Bk T 0D IELL RS 525, BRI

BTN TNALENIETH D, %E%’E&%%a)ﬁfﬁ&f@@kv&/v@A )=z

EEL 2l —ar DEARD, 10 FEds 100 EThENRIC BRI DS, Kk D
r—ZTILIEDV I 2b—va AZh BRI RV ZEA L, 10,000 EIbDVI=
L= A BT Z LIRS EMTHD, B ROTUERE, %I, ALEFIOHH
BAE XTI 0Y TN ERRET T8 — T2 EE, Sy FMELLCETSE
A E AN T ’

ceesi V3ialb—vas RO

IHUTRHERIIB/BONDDTIEN, EERELRERERFESTND, (31 TH D, 7F
D BNI2 05D, 12037 Bl ZADIELEDFET(Fa s ZALIZiEIN T H32&
DTHY, TNET v/ BZLITEIILETHD), bIHI1DITET VOFMTH
Do

BAR—ZRDAQBFLEEI2L—Lar TFOSSLADELSER AT 2240T, &
SMZEELV, C EREDHE, 707 7LD ERNZRHLRN DN lint DXV —
WEEZITF 2w TEBL, cflow DLV —NTralIaEExw H D3I,
BRULIEEIZR > TOE0EINNT005 (FE: EHHLDY— L unix ROEETH
B> port SLTND), TNVIIXLDF =v by, {4 OREEIZ OV TIEBEEN T A—
o AN THAFEREZAIVILE, LAsL, ENODELHA B DINIZDEIDNT,
100 AKBWDD AFTIRa2b—vab 1RV LERT v 7R THTRREHNE
W, B TR TENBLIDRWDAF o330, Bzl BoTEOLDLUTEIW TR
WD THD, 1EEIZEN Tl S0 T, BELILAT =X A)SIIFEET BT
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DIRNADNNED, FiE RIZ ID AYEIIRS IR -T2 NI A EEHD, 100 AT
ELLENN TS, ZNET T+ Tidlewn, A D% RELTEMTEATI T 0
T—2ar TR o TLEITEN DD, HERLIZATVEMER T D22 TN TS
£970 556 T 5. Checker (
#lEZIL C DATVLERIIT v/ a[RETHAH-®, — ISR EENEHR CEI &
P Checker 25T TABHEL,

OLTELEMET 270l L0 /0NT2ELT, RIZT REZETET VO
Tho. DFY, %A HEMRFE(validation) &R EE 434 (sensitivity analysis) TH5, b5
ZRWTH, REAEDEHTIHM T 20V O 2L LR, RELFIESHRRERD,
ANABAEEVI2L —Var TR R EL TIRITNDE T, AOHBNTED
VMR THD, BIIZE o TUTbo L RABELERA THLVD, Db 2
MERRFEIZ DWW TIE, RT3 0T VI EINRIRE#E L 25, RHFELL T,
FHLFERETHODLINDIENZVN, EET &0, —FITHLHBRED
DT ZENEINID)RBBEEIZENIZETHD, OFY, Tn&xid, R/ SFA—FTEL
YD EMEIZT N BB Iab—ar% 100 @%ﬁtﬁi}%%ca, 100 [E]57 99 [A]
IIAABEFREINMLIZEL TS, VD 1E TR T 57251E, D 1EIDORIT
(CIERERERN DD, THPZ, HROKRBRLL T, REDOLIal —a R
DT ZT7RBEBLRETHD,

EYMRFEIZ OV T, TTETHERAMELERIZ—KT5201E, BENRZDUI
2= ar TRELIE AN =X ADIBEVIRI o= A a2 B E TERLIRB 1 END
BYT, BRI 2T TA—FRHHE LA TRITEMET ONEETHD,
Dyke (1981)t, MacCluer (1980)%,, 2 &2l — a7 b TIIDZ Y HERFEI &L
THECKEFEL TV, LALEEILT, EFHEDENDT FZ7%ENT, BT —F D
EALLERTIIZNWINE o TS EV S TEEL TV BN L ALNDDIE, 77
2B ENTIONRHELNDDTHD (RA[I7Z2/ 3T A—F 2T IEE S T2A3,
FRTHERD?ZRN), REORELTIL, THEICEREREIELER LS O,
PRI ETEN— XAV ETOEE DT, TOEHEHNIZER T —FBRABE
BT DED, DA ZRE A ERETHEEL TN EIIW R0 | ZETHRH)
IR YMRRFEZITIZETHS.,
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RS &S, TTFANRYTHHENAZ LT, & ONRTA—FEEZTLED
GBI R R T HILETHD, [HHRMENT T T VA FELRW IR E MR EH
G DUIal—iar | EFNEEDBIIII S HEHENE, HFERHHILN
B 8725 LTINS, /T AL DB EMBIZDIZLHE N2 DT, BIZERED
PriEda2ELelB05.

FAR—ZD ANOBFLEEY Iz —ar DETH

Fxbilal—iary NARIZOWTIRARTERZD, BRICETHERT, /X77T
—a—X=TERMIZBETAET TEVIATZBIZ DN TDYIab—var Thd, 2
i, EAOEZRICIIEBEGR (—REEENHD) L TVTBYE, TN T DK
RMEOBIEFESH, v TVT HITEORRL2HIRM TOBELHOLDLL, JET
DIEHEZ DT Brass DEVYMNET VE AW, RT RO —MIHDEF R ZELL
NDIT HMEND—REEEFTHO T LATRERRITIZOWTIIHEREE),
NTOHE NIRRT SRR LMD HENZLTND, EIZFIITAU72H D
Thb, LHL, NEFTOERAMHEETFOURBIRELEZDHEITII T K
REDETIMITHIENEELRERELOL, HENDRIA—FZRETT 7D
B BRI 0, FIMA OBEAERT 200 EROYIal —va &
S>THEHILD, TFR(GEHAR) LK VT OBFRE Ty LIcb D% IR,

A O EAEDNENWEE D TFR DR R EMD T4 LD (P KK, 1997).
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®. TFREFZHE/NYTF OEFR(EE-FELKE RIF ) Ald ) x HE
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ek, 2o a0, hitp:/iwwwhumeco.m.u-tokyo. ac.jp/~~minato/demogsim.1zh &

..........

LTH 7 a—RA[EER D T(F s T LDA L A=V T HER EWFIZ DN TIEE
FEV=a 7 AL ATV, BL0Hd HitE S0t 2—4 CETTEE
LEBEDHLIZV,

HHEE
KRPEOHEET B EALIZEoT B BRAERDOICREL DRI RS
WoL £, F72, EREZGATHEZNZMEZEDOHKIE BEICHEHLET, 7
B, FROTRALTURBRANRHSTHOMIZWRIE, T_XTEEDORENTEND
BLDTHY, BLARRBWET, ARAFIZBITE Iz —varOBEEEMHD
LTHIRA TW T IEENTT,
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