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Theory of Biomathematics and Its Applications VII

November 16 (Tue.) — 19 (Fri.), 2010
Research Institute for Mathematical Sciences (Room No. 111), Kyoto University

Chair: Hiromi SENO (Hiroshima University)
Academic Partner: The Japanese Society for Mathematical Biology

Program

November 16 (Tue.)

12:30  Opening Address

[Contributed Talks]

12:40-13:05  Toru SASAKI, Tsuyoshi KAJIWARA, and Toru INOUE (Okayama Univ.)

“Mathematical analysis of multi-strain infections and superinfection”

13:10-13:35  Tomohiko AKITYAMA and Tsuyoshi KAJIWARA (Okayama Univ.)

“Mathematical model for infection of multiple pathogens”

13:40-14:05  Toshiaki OKAMUNE and Tsuyoshi KAJIWARA (Okayama Univ.)

“Virus mutation and multi strain virus model in HIV”

14:10-14:35  Takayuki TOMIDA (Shizuoka Univ.)

“Dynamics of dendritic cells in HIV infection”

14:35-14:50 Short Break

14:50-15:15  Isamu DOKU (Saitama Univ.)

“On a random model for immune response”

15:20-15:45  Kei SATO (IVR, Kyoto Univ.)

“DNA labeling system by peripheral blood of humanized mouse
— Animal model —”

15:50-16:15  Shingo IWAMI (JST PRESTO)

“DNA labeling system by peripheral blood of humanized mouse
— Mathematical model —”

16:20-16:45  Youko OKADA and Osamu SUZUKI (Nihon Univ.)

“Generations of butter y wing design patterns by iteration dynamical
systems of discrete Laplacians”



November 17 (Wed.)

[Contributed Talks]

09:30-09:55  Hisashi INABA (Univ. Tokyo)

“On a new de nition of the basic reproduction number for infectious diseases
in heterogeneous environments”

10:00-10:25  Masaki KISHIDA (Univ. Tokyo)

“A subclinical infection model with waning of immunity, boosting immunity”

10:30-10:55  Toshikazu KUNIYA (Univ. Tokyo)

“Global stability analysis with a discretization method for age-structured
epitdemic models”

11:00-11:25  Nariyuki NAKAGIRI (Univ. Hyogo)

“Effects of habitat destruction on model ecosystems: Effectiveness of habitat
fragmentation”

11:25-13:00  {Break for Lunch)

13:00-13:25  Yasumasa SAISHO (Hiroshima Univ.)

“Probabilistic considerations on eclosion and copulation of cicadas”

13:30-13:55  Tsuyoshi KAJIWARA, Satoshi NAKAYAMA, Takahisa MIYATAKE,
and Toru SASAKI (Okayama Univ.)

“Mathematical study for tonic immobility of tribolium castaneum”

14:00-14:25  Keiichi UEDA (RIMS, Kyoto Univ.)

“A mathematical model of adaptive behavior in the true slime mold”
14:25-14:45 Short Break

[Invited Organized Session] Mathematical and Statistical Modeling Based on Experimental
Data of Biological Systems (14:45-17:00)

(Organized by Ikkyu ATHARA and Atsushi J. NAGANO)

Ikkyu ATHARA (Kyoto Univ.)

“Fxperiments and modeling on frustration of calling frogs”

Atsushi J. NAGANO (National Institute of Agrobiological Sciences)

“Modeling of rice transcriptome in a paddy eld”

Natsumaro KUTSUNA (Univ. Tokyo)

“Microscopic image analysis and simulation for cytoskeletal patterns”

Masato YAMAMICHI (The Graduate University for Advanced Studies)

“Chemostat experiments and mathematical models”



November 18 (Thu.)

[Contributed Talks]

09:30-09:55  Hiromi SENO (Hiroshima Univ.)

“On dynamical consistency between time-discrete and time-continuous SIR
models”

10:00-10:25  Naomi FUJITA (Shizuoka Univ.)

“Mathematical analysis of Swine—Human in uenza epidemic models”

10:30-10:55  Koujiro TANAKA (Shizuoka Univ.)

“Fvaluation on e ciency of BCG vaccination for the prevention of
tuberculosis epidemics”

11:00-11:25  Kei-ichi TAINAKA (Shizuoka Univ.)

“Mathematical model for batch culture of budding yeast: Paradoxes of
declining birthrate”

11:25-13:00  {Break for Lunch)

[Invited Talk]
13:00-14:00  Masayasu MIMURA (MIMS, Meiji University)

“Self-organization and modeling”

14:00-14:20 Short Break

[Contributed Talks]

14:20-14:45  Gang Huang (Shizuoka Univ.)

“Global stability for a class of delay differential equations in single species
dynamac”

14:50-15:15  Kazunori SATO and Atsushi YAMAZAKI (Shizuoka Univ.)

“Predator—prey dynamics in chemostat model”
15:20-15:45  Zu Jian (Meiji Univ.)
“Coevolution in a predator—prey system subject to Allee effect”

15:50-16:15  Hiro-Sato NIWA (National Research Institute of Fisheries Science)

“Student’s t-statistics for population time-series”

16:20-16:45  Takuya SEKIGUCHI (Tokyo Institute of Technology)

“How intergenerational interaction affects attitude—behavior inconsistency”



November 19 (Fri.)

[Invited Talk]
09:30-10:30

10:30-10:45

Yasumasa NISHIURA (RIES, Hokkaido Univ.)

“Inhomogeneities produce spontaneous rhythms and spatial structures”

Short Break

[Contributed Talks]

10:45-11:10

11:15-11:40

11:40-13:00

13:00-13:25

13:30-13:55

14:00-14:25

14:30-14:55

S. Seirin LEE (Univ. Tokyo) and Eamonn A. GAFFNEY (Oxford Univ.)

“The sensitivity of Turing self-organisation to biological feedback delays:
2D models of zebra sh pigmentation”

Hideo IKEDA (Univ. Toyama)

“Responses of traveling front waves in some heterogeneous diffusive media”

{Break for Lunch)

Artibano MICALI (Montpellier Univ. IT) and Osamu SUZUKI (Nihon Univ.)

“Nonassociative algebras generated by Mendel’s laws in genetics”

Masanori SUGIURA and Kei TOKITA (Osaka Univ.)

“Species abundance of an ecosystem with adaptive changes in interactions”

Yosuke HORIUCHI, Tsuyoshi MIZUGUCHI (Osaka Pref. Univ.),
and Satoru MORITA (Shizuoka Univ.)

“Structural analysis of genealogical networks”

Yuuki YOSHINO and Tsuyoshi KAJIWARA (Okayama Univ.)

“Models of infectious disease on networks”

14:55  Closing Address
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[1] M. A. Nowak, R. M. May, Surperinfection and the evolution of parasite virulence, Proc. R.
Soc. Lond. B, 255 (1994) 81-89.



Juogdootdbodguod

Mathematical model for infection of multiple
pathogens

oood ooo
Tomohiko Akiyama Tsuyoshi Kajiwara

gogbboboogobobod

Graduate School of Environmental Science, Okayama University

gogobobobobbooooooobobobbodoooooboboobboood
gogobobbbbobuoooooobbbbbuooooooobbobboago
gogobobbobboooooooobbbbuooooooobobobboogd
gogobbbbbobuoooooobbbbbouooooooobbbobbogoo
OO0ljooooOoOoOoOoOoOoOOOOOOODOOOODOOOOOOOOOOOO
gogobbbbbboooooobbbbbouooooobbobbboboago
gogobobbobboudgoooobobbbodooogobobobbouogd
ggboouoodgooo

gogobbobboooooobobbobbbodoooooboobboogd
gbbooobogbuodgboobboobbbobobuooboobboobbbo
goggooobobboobbbbbodoooooooobbooboobbooood
ggobbbbbbudooooobobbbbboooooooobboboobbodao
gogobobbobbbuooooobbobbbodooooobbobboogad
ggboboobogogboo

gobbooggbbobuooobbbooobobobuoooon

good
[1] Julien Arino, Fred Brauer, P.van den Driessche, James Watmough, Jianhong

Wu, A model for influenza with vaccination and antiviral treatment, Journal of
Theoretical Biology 253 (2008) 118-130
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Virus mutation and multi strain virus model
in HIV
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Graduate School of Environmental Sciences, Okayama University
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[1] Martin A. Nowak, [tk ¥ 43I 7 2y i 10 = H7 A, 2008.

[2] Shingo Iwami, Shinji Nakaoka, and Yasuhiro Tkeuchi, Viral diversity limits

immune diversity in asymptomatic phase of HIV infection, Theoretical Population Biology
73 (2008) 332-341.

[3] Yoh Iwasa, Franziska Michor, Martin A. Nowak, Virus evolution within patients
increases pathogenicity, Journal of Theoretical Biology, 232(2005) 17-26.

1 .
okamune@ns . ems . okayama—u. ac. jp
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*T.Tomida® ! ,Y.Takeuchi’
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*Graduate School of Engineering, Shizuoka University
®Graduate School of Science and Technology, Shizuoka University.

Dendritic cells (DCs) are most important antigen-presenting cells (APCs)
which take antigens, recognize them, are activated, and stimulate our im-
mune responses. On the other hand, results of several studies show that
some DC populations are susceptible to HIV. Modulation of DCs by HIV
infection, in particular interference of the antigen-presenting function of
DCs, is a key aspect in viral pathogenesis and has an effect on increasing
of viral in CD4 cells. Because the activation of the DC function engenders
some important effects for a proliferation of CTL responses, while DC carry
HIV and promote infection in CD4 cells. As described herein, we use a
mathematical model and examine effects of increasing of HIV loads by HIV
infection to DCs.

V' o= kI—uV
D' = 6—aD - BDV

¥ = pBDV —(a+p)x (1)
T = AN—eT —pTV — axT
I' = pTV — fI —qZI 4+ axT

7' = 62TZ —dZ

References

[1] S. Iwami et al. (2009) Immune impairment thresholds in HIV infection, Immunology Letters, 123,
ppl149-154.

[2] S. Iwami et al. (2009) Immune impairment effect in HIV infection: Existence of risky and immun-
odeficiency thresholds, Journal of Theoretical Biology, 260, 4,pp490-501.

[3] V. Piguet et al. (2007) The interaction of HIV with dendritic cells: outcomes and pathways, science
direct, TRENDS in Immunology, 28, 11, pp503-510.

[4] H. Donaghy et al. (2006) HIV interactions with dendritic cells: has our focus been too narrow?,
Journal of Leukocyte Biology , 80, pp1001-1012.

1 £0930254@ipc.shizuoka.ac.jp
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On a Random Model for Immune Response

BT 5 lsamu Doku,  HERARSEHEEECAHE
Department of Mathematics, Faculty of Education, Saitama University

Email: idoku@math.edu.saitama-u.ac.jp

(W72 ) DA 2 fE RS2 BRI E 7 U LT % 2 & 2 HIET. MR Eiz
ks X U2 MDA O ERL P HARHIC 351 2 BB IR Z S T, NK Mg, +5— TH
fi, <7077 =Yk EDLT =7 Z—IC KD AR TS 2 Mfaks o) & Zidid 3
BHERTTIVEMEEL, BEIICHNTS % C LIk b, syEfEMIC b 2 S0 etk a
BEORERBIRICNT 5 € 7 )Vaai s a00H 2 #iBhIc it 4 5.

[ AURIARLOD SEGEEFE] 30 A N AMA] S I D BRI TR U A AL L7256, DY AR
HOWMF 20K T T eicks. —/5, NK iSO eEilafto 7 = 7 2 —Ic
KXOHE - HHEINZDTS. D EZEBICANT, 85 (02D ESMlRCeics X Lk
RFfEIRE > 7o & SIS TNZ NN D, 70638 n (A > 0) 28 DIdEEME 2 ET 5.
[N A DZE RSB ISR RFTHNCBR S N AHFRN T ORI EORLRICIRE T N B
DT, EAFK D C R (d =3) £ %. EHHIILTH 2 M AMBIZ IO BRI 1
FEAEBEN G BRL T TERCIEREIIE 2 D7 LA TET XD ITHEBL TN S T
EMBE, INEVIRT A=K ¢ ZfES LR 2 & DILECEBI T 55D 95, LI HICH
IS AE S ZE B E D 728, D AMIREOHERIC IS BEFR OISR ZI D AN Tadikd %
LIcd%.

[T7 =7 Z—OfilaGEHE] =7 72— LT, giiagtoro NK fil, +5—T
Ml <707 7—YEMEL, TNHIT 7 Z—0Oh A3 % MfakE 2 £ &
ICANS. DEfERERERO S T, deterministic emigration rate & LT ¢(> 0) ZEAL,
I 7 2= X BM MBI 2l HIEOME ZRKTEDET 5.

(BRI KB HERETIV] LRORED T, ARBAMIEOERET IV E LT, RRERIIE
X{ = 3y 5 ) BRET B TTT 2" () WHn BREEOTON i HEHOMA
HHIORL] ¢t TORBAEET. i =1,2,..., No(t) T No(t) &I t TOEED /IO
Be&d . MR R O FHERRE COM A X 0 n — oo TOMMERE LToOM
W X, DNZDOHERETNVOEMEMIMEZKML TN EEZLNZDT, LIF X IZDW0»
TN zttd %2 &ICd 5.

fER] X = (X5t > 0) DWW, (i) fFEM, (i) —2M, i) ERIE, Gv) R, & Eic
DVTHES 5. & D DIFEERF[FERMEIC DN TN 5.

SE
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parameters”, Far East J. Math. Sci. Vol. 38, No. 1, 2010, pp. 1-38.
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DNA labeling system by peripheral blood of humanized mouse
-Humanized mouse model-
SEINEE Y, HARE *"°, ERNF°, T °, MIBRX®
*K. Sato®, S. Iwami®’®'°, N. Misawa®, M. Ito®, Y. Koyanagi®
A IANNARTE,PIST SERT,CEKX - BB, RRBYPRFRMR
2IVR, Kyoto University, ® JST, ¢ The University of Tokyo, ¢ CIEA

(B & ER] Fx O/RFREOTIZIE, b MMuEARETY A LA TR (HIV-1) R EB vV
ANAEIZLOE Lic, ZOFENRE NIREINDITVANABNDL RN THIET H, =
NHDTANAE, & NUSNAOBWITITREI L, b L <UD AAL L T H 2 D% i
PR LW Z 06, AERRNIZBIT 22050 T A L ADKRIAERE A2 BT+ 2 D13 &
POTHETHD, ZOBEEFREELVOIMBERZERTL20LS>DOHEL LT, B M
i &V 538 L 72 CD34 Bt apiiiaz . SERMEEERE RN R~ 7 A THDH NOG v 7 X
BT D52 LIk, b hEMRBEAET DS~V A (B Mhv T Z) - NOG-hCD34 <7 &
EER LTz, 2O~ AT Lz MiERRIZ, LBy =7 A KNT 1 4R
PLEMERF &7z, F72, NOG-hCD34 v 7 A%, LD X 5 7ek MEERA Y A LRI T 5
A RS FREURYLE THERE STV D R & BELL L 7/ Rk o e 2 b 2 R 3 2
EVHERINT WD, Foxid, 7 A VARG K 2 A AN I ER G AE o B BE o ek = 4 i
452 LZ2HME LT, b Me~ v XITBIT DA e 3258 217 - 7=,

(Bkk& 5] RO ETHER L e MEv v 2 (NOG-hCD34 v 7 2) O E b
DENREFREMT 21T 5 T2 DI, HIEAIIL T ~ L3 TH 5 5-bromo-2-deoxy-uridine (BrdU)
—EWIEER RS Lz, £ LT, #5172 0 V& G%OEEOR ST T 5 KA M $
8175 BrdU BPEMIEEZ, 7o —H 1 b A MU — & Bk ER I L0 BRI
LT,

[ e58] hnETvrv A, ¥, B b THESRTWDDOEFRERIC, B MEv TR
IZBWTH BrdU BB EMIE 2 25 2 E N T 72, RKBFZEDORE & L T4 =& s,
t Mb~ o AR iM% > CR—EEDO v MiLERD - M0 X A F I XANRE
HARETH D ETH D, £, BoNET—F 2 KHETAMHT5 Z LIk, AR
BT 5 MBS A TREL D, S%IE. VA NVRERIC L - TEEELZIT S
b hMERHIIE OB EEDFRFTIC L 0 . 7 A L R R G E A PN 0D H i B BE o0 K ER A R AR 28 7T
BEEDEEZ, BUEMEAIT> TV 5,

1 ksato@virus.kyoto-u.ac.jp
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DNA labeling system by peripheral blood of humanized mouse
-Mathematical model-

*AREE "', {k#{E °, Rob J. de Boer ¢, /MilE&Xk ©
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[ B & EF] 5-bromo-2-deoxy-uridine (BrdU) %1%, DNA &5 (S#1) (o EHMN
DOYEEIRDNAIZE Y I VO 7 a7 Thsd Brdl ZVIAENES DNA FXY U FET
b MRROWEIHE L ERET 5 HMFETH D, TFE, BrdU (+) Milnfo s 137
ADHIET NVRITICL Y . MO X — o A — " —DOBEL B REIC /e > TX 72, T2
H, b DOFERK - BERHIRFIEIC LV | BRx 2Ma o RO fE IR 2 HEE 9 5 5
DAREE o CT&E T, F£T0, %ﬁ@?4WXﬁ%f%ﬁﬁr$’ié Al 7 o— 1
FESP B TR M L HHIMFE (Activation induced cell death: AICD) 25D 2k & x 72
PR oA NI [ D R HT A 521 %BMU%ﬂﬂﬁéﬂT%ﬁo_ﬂ%@%WﬁE@%r%f
Bag| S IR Z A T I XLEFORHABRNZEATHWD, Lo, BrdU i, £
NWHEDFFOBEMED I FA~DOFEGIIES TIERv, D0 B EFROFIH AT
KCThHD, BIFEET, Ty U~ BrdU &5 EBROMITNHLE I THDN, 2
D DO EBREN W 2 HREE AT D5, R T ED v D 2 EBROT-DOEH -

K] - NBIZR KRR b DIZ D, £ 2T, WA ZM CTFRE D006 I WEM) 8RR & i
NETHHENBRD BTN D

(BB E 7] Fexld, b Me~ v 22 BrdU Ofigifk 5 & 2 ORIE#%IC, RiginZ2 8%
ORERTERIL, 20 BrdU (+) MO 5 A F I 7 A2 RRHICEI L7z, 2 LT, &
HET LEHWT, BrdU (+) Ml ORSRYIT — & 2 fffr3 52F T, Milao ¥ —r 4 —
N—ZHEE Lz,

(RS & BR] HE SO 4 — 2 A — =%, BEE THES N TWD T I 7V,

YRS HRA B MBI OHEMIZE DD TRWVEEZIRD 2 &3 mhoT, Zh

%, & M~ 7 2AORMMH ZH 72 DNA 7Y U 7 RN+ %Y 8 EHRRTh 5

ZEEEHRLTWD, BUE, Fixid, & Mb~v U AKMIMmD DNA TV 0 7% & T,

SEIFERUANVAFEYE (B MEERETVA LA « TTAFA L IN—)L T A JLR) « 0IEH
B (HOSERR) ICBITDIEIFD A I = X LOERMIEEIT> T D,
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COMPUTER SIMULATIONS OF ITERATIONDYNAMICAL SYSTEMS
DEFINED BY DISCRETE LAPALCIANS (VI)
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1. ITERATION DYNAMICAL SYSTEM OF DISCRETE LAPLACIAN

We choose the lattice L on the real plane. Each lattice point is identified with the
corresponding cell A (p=(i, j)). We consider a function f on L whose value is taken in {0,1}.
The set of such functions constitute a commutative algebra F where we calculate sums and
products in mod 2 calculation rule. Next we introduce neighborhoods of a lattice point peL.
A set of cells which attach the referenced cell is called a neighbourhood of p which is denoted
by U . We give several basic neighborhoods below. Then we can define the Lapalcian
operation for an element f <F by

Aupf(|0)=qu,p(f(0|)— f(p))
Choosing an initial function f, e F ,we

define the dynamical system of the
Moor Neuman Diag Neuman  Hexagonal Sierpinski iteration of the LapIaCian([l]):

{f hf =A,f ,(n=12..)
2. REALIZATIONS OF BUTTERFLY WING DESIGN PATTERNS

Choosing suitable choices of neighborhoods and seeds, we realize design patterns of butterfly
wings and discuss their generations in the connections to genetic evolution theory and the
construction method of Turing patterns:

8. REFERENCES

[1]Aiba, Y., Maegaito, K., & Suzuki, O. (2006). Iteration dynamical systems of discrete
Laplacian on the plane lattice (1) (Basic properties and computer simulations). International
Conference on the Applications of Computer Science and Mathematics in Architecture and
Civil Engineering (Abstract is in proceedings CD-ROM (ISSN 1611-4085)).
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Probabilistic considerations on eclosion and copulation of cicadas
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1. Jist

1D S OPEH S BB TEI 288 TILE TRMERAER L L 5 2T,
(i) PULH DRERA~IERL AR

(i) Pt D AAE H B DESR S A ~ IR A

) DI FRIRF NG D= A ~ 48 B A

(iv) DRI DHEZR I3 ~Poisson 73 1fi

DFEANHES & L, BOMDOFY, JHeEDRAT A =% L, ZSIPLEBRAT 2
FCTOHE (€8 2E€05, "kIDSRIERELEET, RiFEL 1RRET
2 L) BRI WT, b —HIfTbh s ERHEkOREREE, L
DREREANZ: 12> T, ZOHIKEFL TS (L 72) Ak @ oz LR
LTk NG, TNSDOHHEZD LICHEKICE S I 2L —va vyE{T,

(iii

2. FER
(1) RREEED ¥ — 7137 DREERB DO E— 71— T 5,

(2) SORREHIE, JOPLE—=7BRDPULE =27 &b 9 1BEM~10 HF v E
SlImKNER 5,
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BTV ORER & /KO FH HUERTR 51T L > THEBEICRB T2 R4
Fk#e (Scenedesmus) DFULFEMEZIE L X 9 LA EBROMEEZBNT 5,
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BRB EERED SIR ETILD dynamical consistency

FLLSZ IS
INEVNE VN TR ST B €10 G e e R

In this work, we present some results on the dynamical consistent natures between a time-discrete and a time-
continuous SIR models. The time-discrete SIR model is built with a way making use of the Royama’s framework
(Royama 1992; MEF 2007, 2008), which is sometimes called the ¢ rst-principle’ modelling. Introducing a time
step size for the time-discrete model and taking its zero limit, we can derive a corresponding time-continuous
model with ordinary differential equations, which is a typical SIR model. As for our SIR model, we consider an
epidemic population dynamics of nonfatal disease transmission, assuming that the total population size can be
regarded as constant, say N, according to the epidemic time scale. The susceptible population on the kth day
is denoted by Sk, and the infective by Ij,. We assume the probability Py (i) that the number of contacts to other
individuals by an individual is ¢ in the kth day, and give the probability that the individual who contacts in
j times to some infectives in the kth day successfully escapes from the infection by (1 — ;)7 (0 < B < 1). The
parameter (§; corresponds to the probability that the susceptible is infected by a contact to an infective in the
kth day. Besides, we assume the recovery probability g for an infective in the kth day, additionally with the
probability m that the recovery successfully brings the immunity. The immune population on the kth day is
denoted by Ri. The immunity is waned with probability 6 per day. With these assumptions, we can derive the
following discrete epidemic dynamics model for the susceptible frequency vy = Sk /N, the infective ¢y, = I /N,
and the immune 7, = Ry /N:

V1 = Z(l — Bro) Pe(j)vr + (1 — m)qudr + Ong;
=0
o . 1
Prs1 22{1— (1= Bror)’ } Pr(G)tor + (1 — qr) s o
=0

Met1 = maedr + (1 — 0)ny,

where ¥y, + ¢ + 1, = 1 for any k. Especially, we consider the case that Py(j) follows a Poisson distribution.
With some additional appropriate assumptions, the corresponding time-continuous SIR model with zero time
step size limit for (1) exactly corresponds to Kermack-McKendrick SIR model. In this presentation, we show
the result from a comparison between these time-discrete and time-continuous SIR models from the viewpoint
of their dynamical (qualitative/quantitative) natures: the existence and the stability of equilibrium state, the
conserved quantity.

BINED LT E 2{BYIRD B HIEAERHC B T 2B A F 2 7 ZADFEFE TN & LT, Royama (1992) 12 X 53
BETY v 720 LT L 72 BB SIR € 7V GEEF 2007, 2008) & Z DREA T v 79 4 XDX 0k X
DEH XN 3R SIR 7V (FHMo HRER) OO N2ENREDO W%, (dynamical consistency) , HFiZ,
PERRE DAY, LM, B X, RERICBIT 2R Z2HET 5, EYLRKEZMAS I LITk>T, &E
13 Kermack-McKendrick SIR € 7))V & —T %, BZLERY A F I 7 AR A r — )L T, #WEEHEY A4 X
D (BYYHICEER T 2 DA O - L - BIBAIC X 2) B EEHTEZ 2 0L L, ZEXA T HEHOY A X
(%) 2 N (E%0) 3%, FkHE GG oY (B9REZE) BiEEZE S, B (BRIRA)
Etaz 1, ££T, b 2MEE 1T HIC HEX, B, flfElfk & il 2K %2 P.(i) THA 5%, $£7, Bk HHE
D 1 HOMNZ G U 7 fik & Bl U 22 JRE G A D& 5 L 2 1R % (1 - 6,)) THZ5% (0< B < 1),
NIRX=% B ld, BEHBEICEWT, 1 REGEA & Bl U 72 ISR DME RN G T 2R ICHMS T 5, &
I, JEGEGAEL 1 HoWIZHE L, B2 RIMERE g THR 5, 72721, BIEL ZMEEIC LT, e
BiEEEZm (0<m<1) &35, FrkHHEHICET 2 0EEGHEEEE R, £ R, £/, REESHEEN1HD
WIZHZZ R\, SR ISR 2 a2 dEGiER 2 0 (0<0<1) THALTEL, MEofEL#HEICKD,
JEQEHALE oy, = Si /N, EREHE ¢ = I, /N, FIZREEHE . = R /N OHZEB) % 5.2 %7255 /iR I
X ZEEHRL SIR £ 7L (1) #E L T ENTE S, FFIZ, Py(j) ¥ Poisson 7340 ICHE D By, OBRMY 7 T35 CIRFE A
Ty 7EEATLIEICEST, £ (1)1F, ZOMRIZE VT, Kermack-McKendrick 1 SIR €7V & —#T %,
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In general, vaccination is considered an effective policy to prevent diseases,
since by performing vaccination, when pathogens enter the human body,
the immune system quickly eliminates pathogens and the infection can be
prevented. Futher,effective vaccination program is to bring collective ac-
tion immunity, we can reduce the spread of infection. But vaccine policy
seems to be risky against vaccine-resistant virus. Several theoretical studies
have predict that vaccine policy increases the total number of infected hu-
man[1]. Around the world, the swine influenza virus spread from person to
person. This influenza virus is called ”Influenza A”. To prevent the spread
of infection of wild and mutant swine influenza, many countries executed
vaccination against influenza and anti-influenza medicine. In this study, to
consider the efficiency of anti-influenza medicine and vaccine, we proposed
and analyzed a mathematical model, described below;

S = A= (NJ +p2)S - (5wlw + Bm]m)s
T = pQS - UﬁmTIm - :uT

[1,1) = ﬁw[ws - (:u +d +p1+ Q)Iw (1)
Il = (6T +8)Bmlm — (u+d+q)In
R = (p1+ @)y +qlym — pR
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Tuberculosis(TB) is an infectious disease caused by Mycobacterium tu-
berculosis(MTB) to be the pathogen of TB. One third of the world’s popu-
lation is estimated that they are infected with MTB. Besides, the number of
TB patients increse about 9 million, and 2 million people are killed yearly.
Especially the situation in Asia and Africa are critical. As a way to prevent
TB, Bacillus Calmette-Guerin (BCG) vaccination has been used in many
places around the world. In this paper, we construct a mathematical model
of the dynamics of TB infection, and we evaluate the effectiveness of BCG
vaccination.
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Mathematical model for batch culture of budding yeast: Paradoxes of declining

birthrate.
g — (FRKT ALERHFHAIT R TP
A TE A

A —ANE (veast) I&, BERE (2 91F) & HIEHIN D HAMILEY T, Ro08H (B
—, UL 872 E) ZEABRICAVWLNAMAEM TH D, 4 —A MIWFFE ELETE
BT, 72 & 21X 2001 4F Hartwel L [T FBEREOMIZE T/ —_NAVEZZE L TWD, =
¢ T3] (budding) &1E. OFRHEASLHFEEZH L T, TOHENE L THET 5 2
EThDH, HFERHZIIB E FORXMNBEH L, A —A FEIZIZAADBNRNO T (fEYE
AGE) . B TR (mother) &FEIEHL. F1E ) (daughter) EFEIENTW5S, AEh
ToIE 0 OIE, FHCHARTETH/AE, LAl 1RSSOV T 2 &, #l&FH
CREIETHET D, BRI, HERBROSHDL L DOERE L, BREBROZRWE DZ IR
EEFRLTVD, BREBRITPSIT, 1o & 0 EXBITE 5, HENEE-ENLs L
— S =D XY B Zhgk THEHE] (bud scar) LIRS, HEFHENA Ml
NEETHY, NLONRETH D,

7T AR RIRE AL, TOHFTA — A NEEESE 5, T UDIFRNEL
FAIFWNHEIET 5 (FBEIEH), UL, 77 AaOFRA —A MNE T/ D
EPTEAMEI SN TL B BESR), 20X D724 —A FEOEIHIZOWT, 11k
NRTI Ry I A EWHIREERBGNHD 2 LRy o7= (Tainaka et al. 2006),

FoefEE<T Do) 25I< &, 20 OEERNL"H5H, FiL 6L, declining
birthrate (HALRDILT) & . children shortage (kD72 n2 L) THA,
W OEEEMICBNT, MHEIEFRFICEX 5, T72bb, HEROEK I, 7okt
Fh FiF5, LLA—ANEOHE, ZOFMITML LR, 4 —R NEAOYLAILH
2T, HAROK FIE O EE2 NI E50TH D,

Al FRT — 2 OfFTIC L > T, 2HEEOD T Ry 7 22WET 5, —DoH
L FREEIEIIC R O T, BRI ORBRIEAES Lzl & EHBIKOHEIEA v —
RMIZE T T2, SUE2ESED L, BOEFLENEZ T D, (ZZTEFRKLEL
X BRI L b 5T, IO LRI EEICHRIT 5, I OWIiE & E R R
EWD,)  THEREONT Ry AL, —EIOREELT T, BEENME & 28N
ST BENRNME < & & EHAREOHIEA L — NMHET T2, 20L& (0030,
MO NE 2 TE T, FRT —F 2T 5L, 2HEEONT Ny 7 A3, o721
BIRDBAN=ALTHREDZ ED o7, FFICZHFEBHDO/NT Ky 7 A TiL, Hartwell
D DETIVOMHE R FFEL T D,

- 23--



gobogn

BOEBIERREETI VT

=HER (ABRFEHHERFZAN AT 4T2—H)

BOMBEE VWS RENSHEBEHPORRTEEICE 2 =DIK. TAOZERT 2HFETILAH
CBENEENLTHAI, ETINER. RREFFOBEL LLIBENRBFTH LM, REIC
BEADBEZEBRAT. EEBNLGHESELLH>TVDII LN HD, SO EMD, ETIUE. BER
DEBOLEMADOIEAICH L CHBERALHLLERAAISEBAETELLVSAHEEEEL > TS
CEEFETHRALEL,

BOHBIELE WS ERF 1947 F, BFHAHETHY . YA N\RT 1V ADEBEETHS R Ashby
DRRAVEZONRINTHAIM., TOEZEEY DNEZHEETILA 1950 ERICENT-, 1952 F4
FUROHEEA Turing (T, THEBITFZEMIE—RILZRET D] EVWSHBBNT RV I REREN
BN LRL. BEREROCHEBEMMEGEEZEDNT Ry I ANSETEI LTSRS ERE LT,
Thbhb, BT LLEGEFRFTEND by TEIUMLEOYAEITTRELS,, BROMERFOH
BMEHEEEROBICEZ LGNS VARHNIE, BIYSDHEVWSKRMATY THGEEZEERLT
DTHAH, FolKELE. 1 XV ROHEEEFED A L Hodgkin & A Huxley (F#iEHERa
ROMEZHOMNITH0IC, FHEMEREST SN, 1A VEEREL, BIZ, 20
BMITEDWNT, MREEZHEANELILEDL S IC—EKY., —ERETHETT IEEMELRRT
DHFEETINEEHLfz, 25 LT, Turing IZHEWT. MERIERBE DY T U TFT BT B,
RERET D) EVWSE2DMLENS FVRDBEFENRT-OTHD., hblFFESLLLESHERBIE
MEEZATHD, COLIBEZIE 1950 FRTELUBHOEBERILDTH 1=, BHDHEHIC
BhBBEETH-TH, TOAREFRADETIANSBDD L. TIICEBMAELE D EY HE
MERWNZENE, TAEALSHCLEONETILTHY ., ThEXZALHUERNTHD, -
TARBELIEF 1950 FROIFEFRFHICELG LI\ RN 5 BEHBILRAKNETILERIZHZED
HRICENEZOEELGIBRTHAIH. HIVTHEEOR OXBLELBEEORRLELERTH
55h, 1950 ERICBhE-EHESMBEDEZ., ETILITLY. FLORHEZ TN, Z0H®. F
DEZFBBEDLELGCKRECREL, BRAMNFEOAL LT, BEF. IF., dSHZOKLALS
HTHEALECHBIEEROBRAICK L TERNIFL LTRECHRELTWS, BEETZOGO
WSOMDETILERNL. TOFRAKZERL:L,
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Global Stability for a Class of Delay Differential Equations in
Single Species Dynamic

Gang Huang*

Graduate School of Science and Technology, Shizuoka University

Abstract A class of single species dynamics with discrete delay and distribute delay are
considered, respectively. By constructing new Lyapunov functionals, the global stability
of equilibria was established. The conditions which nonlinear birth rate function B(z) and
death rate function D(x) need to satisfy is obtained. Application of the results to some
known population models, which shows the effectiveness of the methods applied here, is
also presented.

Keyword Delay differential equation; Single species; Lyapunov functionals
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Predator-prey dynamics in chemostat model
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Yoshida et al. [1] &, MEd 27— 2MHT, FERAY v
FREEERICB T AHEE-HEET TV BT L 78GR, LE%
ISR 2t B sl 2t b &2 (e 9 2 Al HEIE 2 H & 2612
ZOLE, ifgE L HEEIRINNGS A+ 7RI Lt#of
W52, WEDOMAHBIRS Z OEELRERKTH L. I I T,
LDOEFNEZHMALLZETNICE ST, WZEOMHEERD S
TA =R E2EZ S,

&

[1] Yoshida T, Jones LE, Ellner SP, Fussmann GF, Hairston Jr NG. (2003).
Rapid evolution drives ecological dynamics in a predator—prey system.
Nature 424: 303-306.
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Coevolution in a predator-prey system subject to
Allee effect

Jian Zu® !
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Abstract

When individuals of two or more species interact, they may adjust their phenotypic traits
in response to their respective partners, be they antagonists or mutualists. In this talk, I will
discuss the coevolution of predator-prey interactions. We assume that prey species is subject to
Allee effect and separate the ecological and evolutionary timescales. The evolutionary model is
constructed from a deterministic approximation of the underlying stochastic ecological processes.
Firstly, I will discuss the ecological and evolutionary conditions that allow for continuously stable
strategy and evolutionary branching in prey phenotype. We find that if the Allee effect of prey is
not strong, then evolutionary branching in prey phenotype will occur, and the branching in prey
phenotype can induce the secondary branching in predator phenotype. Secondly, I will show
that evolutionary suicide is impossible for prey species when the intraspecific competition among
prey is symmetric. However, evolutionary suicide can occur deterministically on prey species if
prey individuals undergo strong asymmetric competition and are subject to Allee effect. Finally,
I will show that the evolutionary model with symmetric competition admits a stable limit cycle
if the Allee effect of prey is weak.

Keywords: Adaptive dynamics; Continuously stable strategy; Evolutionary branching;

Evolutionary suicide; Evolutionary cycle
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Student’s t-statistics for population time-series
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The nature of the negative feedback relationship between
population growth rate and density is at the heart of
population ecology. Although a priori density depen-
dence can be expected in real populations, when plot-
ting data on the form of the density-dependent rela-
tionship, ecologists have been confounded by consider-
able noise around each relationship. We anticipate, how-
ever, that the density-dependent relationships are statis-
tically visible on long runs of observation. I here estimate
the probability that the negative relationship between
mean growth rate and mean abundance, conditioned on
a current population size N(t) that is larger (or smaller)
than the equilibrium size N,, will be seen in the time-
series data. In the analysis, the population size is log-
transformed, and represented by n(t) [=InN(t)/N,] as
a deviation from equilibrium.

Consider the biological system under environmental
disturbances which is in the dynamical balance depart-
ing from and regressing toward an equilibrium population
size; the environmental stochastic forcing maintains the
agitation of the population with the amplitude measured
by the variance o2 in population size. When monitoring
a population for L years, if the sample mean of popu-
lation size, m = L~} ZtL:l n(t), falls outside the bounds

2/, it will be observed that the mean growth rate

+o,

["]per < 0 or [r],o- > 0 (conditional expectation in
growth-rate series r(t) [= n(t+1)—n(t)], given n(t) S m).
Density dependence will then be invisible with a proba-

bility of 1 — C',, where

Cp = Pr (|ﬁ| < an\/z/Tr) . (1)

Fluctuations in environmental variables may obscure
density effects and make it difficult to locate the positions
of equilibrium densities (i.e. density vagueness). The un-
certainty in locating the population equilibrium, Am, is
given by the standard deviation of the sample mean, i.e.
the square root of Var [n] = 02 L2 Zz‘L,j:1 p(i — j) with
the autocorrelation function p of series n(t) at lag (i —7)
years. If the conditional expectation [n]n>ﬁ or [n],, o 18
in the uncertain range of +£Amn, it is difficult to judge
whether the system is heading toward the equilibrium
point in the population time-series.

I analyze the original time-series at different resolu-
tions by constructing a coarse-grained time-series. Let
Ttq be the relaxation time of population fluctuations, de-
fined by

>

At=0

(2)

p(At) =1/ (1 e_l/Te‘l) .
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The coarse-grained time-series is built by taking the aver-
age inside a non-overlapping moving window with [Teq]
data points,

3 Teq]

Teal 2

nTeq (]) =
[ i=(—=1)[Teq]+1

(4 L/ [Teqll),

where the scale factor is the smallest integer not less than
Teq; [-] and |-] denote the ceil and the floor functions.
The coarse-grained time-series are considered to be seri-
ally independent. Accordingly, the uncertainty of pop-
ulation equilibrium reduces to the standard formula for
|L/[Teq]| independent data points,

n(i) (3)

_ SD[nTeq]
AT = LT 7 W
and the statistic
I iy (5)
An  SDlng, ]/ |L/[Teq] ]}/

has a standard Gaussian distribution where, disregard-
ing the effect of the truncation of |L/[ eqH the mean
value of all the coarse-grained series, nir,_, is . In reality,
we only have the sample standard deviation. So, replac-
ing SD[ng,,] in Eq.(5) by the square root of the sam-
1/2

ZLL/ ’—TeqH (])

((1L/[Teql) = 1) 2,

yields a statistic which has Student’s ¢-distribution with
|L/[Teq]| — 1 degrees of freedom (d.f.); we can use the
Student’s t-statistic to see how good the estimate of equi-
librium population size. Eq.(1) is equivalent to the prob-
ability that /A7m is bounded by

+v/2L/L. + O(L (6)
where L, = [1 +2/ (el/Teq - 1)] m. The value Cf,

i.e. the integral of Student’s t-PDF between ++/2L/ L.,
quantifies the ability to infer density dependence from a
given (long) observation time-series, and y/2L/L. is the
two-tailed 100 x (1 — Cp,) percentage point of Student’s
t-distribution with d.f. = [L/[Tcq|] — 1. Accordingly,
the following holds

VALJL: = ta-c, (L) [Tl = 1) (7)
After L years’ observation the negative relationship,
[r],,<7 > 0 and [r],,., < 0, will be visible with the degree
of certainty, Cf..
In this talk, I also apply the above theory to probe the
visibility of density-dependent relationship by using the
fish population time-series in the North Atlantic.

ple variance,

)

1/2



HAFRHEEERANBE LITRORMICER SEE

How intergenerational interaction affects attitude-behavior inconsistency
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B2 T 2ICH720 | EADREE LTE 2 LB T 5 2 LITREREREFFO,
AFZETIE, BIO - FHL(2009) (2 vy, EASEERE EATEVD 2 DOEREZ DL, T 5N
EAREE, RUTEE, KEBREE WD 3 DOUMREIC X - THEE 2T (b7 — LB
BIET VAR LT, AR, AL AR, . L) 3 2oMRICES, A i
DN E TR — 25175, FIFFIIBEAD & AITENC LV IRE S, BB LT8R —8 L
RUVMENDOFFHIEL 722 EIET D, £ 5 L TR SN EROFISIC G L THiER
DRESE LATE OMOBE PR IE T D (FEARE), FrERIIFICRET 2 THRAN S DL
bR A = T (RUTIRE). FIERAICRE T 218 TR O 77 B L2 ST 5 KPR
), 7B, YT K EBEOZTNENOHE T, M ADITE 2 R CHYOITEI 2 A ET 5
1TOYH Ob-BB, /KFEDHA Ho-BB & EL), MADREEZH > THZORBENEDD
(Ob-AA, Ho-AA), flit NDORERE % 1> CH 3 OITENINZ D % (0b-AB, Ho-AB), i A D1TH)
xR CHDOREENEDS(Ob-BA, Ho-BA)E W) 4FHOBEERELZZE L, Zhbo
BB & R EAERD, BB LTI OBE ORFEIZLIC G 2 5 B AR~

IFTORER, OETOMABFCEEZRFL, The B LETHEZHE->TH5, (2
B TOMAMNFE URBEE LITEIZER D23, BB LATEIAN TR L T\ D, ()R TOMRANEL
REFE 2 FFO0, HEOITEINEIE SN D, (WK LITEIO 2 TOMASDLENEGFT 5,
(5) BRI THRRHEENFET DM, R TOEANRE CITEIZE S &V 950Dk EE
PEZEORFITS U TEL D Z En¥adoie, BTG, ARBFZEAHTT-ITE A L7-0b-AA
RL0b-BA L W ) U TIRED BN RIZ L » TX L H TE L T-AERREETH 5,

AWFTEIX, REM TR DEENGFET 202 TOMEANFE CITEIZ 825 (LFE0B) &
W9 BEA - HHL(2009) D FL TS A o - RIR BB 2 R L. F DAL, £
NOME DREFE Ny -T120 |, B DITEN L EEEZZIT 720 LIz LThH, ThE1TH)
ELTRIELARWZ & (AA X BA) 2, AR/ M EEH ORI TiEEE TV 5555 (Ob-AA
& Ho-AA, Ob-AA & Ho-BA, Ob-BA & Ho-AA) THHZ L ZBLMMT LT, £7-. Ob-AA
& Ho-BA, Ob-BA & Ho-AA (T, BEEREDHMAEHEBIRIZFE CTH DM, &4 BFTIs
ECHILINVKBETHDLINENIENRDH Y, 20O & BFKTRERE L1TE) O N %
TE A RIS 72 DERMFITE N B LD Z LNy hoTe,
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Heterogeneities produce spontaneous rhythms and spatial structures

VAT BRE. (AR - EAE) . SFAEL (TRRAHEOR) . RE HEse (e - -0

WIEL TWD XA T X v 7 RARZEENPH LB TIHMEL I N D & ) BIRZHGRRIZEBIT 522
MANCRTE L L2 (LT, TR iR & K 5) ZFlicE Vg 5. M%%iWﬁ%*@wam%
RN AMER ACFOCRIZBIT D ARy N, £72 2 FHRAERICBIT 2 EH OB /LS 70 5T,
S HIZRADPOIEETM N RIEL, TUNMEHET 2 EZ 2 TEMBGIC b2 BlE SN 5. Sk
L LT, ZZ T T A2EEOI—HREICERT b DEE R 5. ZHUTEMRICEBONTITRE
DAY —PEE RTH L, ARZIT 2 SOREREZ bND, OLDIIBEO—HAEY LB ies &
L7cl &, ZITRAMENRSEOMND L XITMPERE 5002 LW, & 9 O & DILE—HRMEDAAE
HIRICE OFTICAERHENDZ A F 7 202 L WHIRIETH 5, FIEIZEEIC WA NA R B
MEIZB W THER SN TNDD, BEIEMEZOLORFH L EWZ D, L LIERIE - IEFE#Iz

I, BN — M, Bx BN R — U B AR NT I EIIR ML NTWND, ZOEERTIEIE<
THLWHEEE 2D, — ., AMRICBWTY A EWIHET, REY—ERRZTHEENTNAN
ARG Cilim SN CE 7z, RETIXZOHF MBI 2 H7RREEHSA R L2V, D DbIFR
V) — PN AT BRI U X LES) E N DAERIND LM F — 2O Tigim L2V,
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In this paper we introduce a method of genetics to non-associative
algebras and generate them by use of the mathematical formulations of
Mendel’s law systematically and classify them based on these laws. By
these discussions we can conclude that the theory of genetics will be
important for the theory of non-associative algebras.

Mendel algebra([1])

We introduce a concept of Mendel algebras following the separation law
of Mendel’s in genetics. We call the linear space M with generators
S,,S,,....S,, Mendel algebra, when generators satisfy the commutation

relations and the distributive law:
1
Si*S; =218, +5;}

We notice that the algebra is non-associative.
Jordan algebra and Flexible algebra([2])
We want to treat non-associative algebras including the following two non-
associative algebras: For any pair of elements " X,"Y of the algebra the following
commutations relations hold respectively:

flexible algebra: (XY )X = X(YX)
Jordan algebra: ((XX)Y)X) = (XX)(YX)

The main results:

(2)Mendel algebra is flexible algebra and Jordan algebra(Theorem I and I1).

(2)A family of flexible algebras and Jordan algeberas can be generated by
mathematical formulation of Mendel’s laws:Separation law, mating law and
independent law(Theorem III).

(3) We can give a classification of some class of non-associative algebras by use of
the genetic method systematically.
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Species abundance of an ecosystem with adaptive changes in interactions
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Models of infectious disease on network
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