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e R OMEEE (330) : In this research, we have established the stochastic vaccination
model which describes the spread of infection taking account of random fluctuations in
the infection or the death rates caused by the environmental change and have clarified
the influence of the random noise on the spread of infection. Moreover, we have
constructed the stochastic optimal vaccination system which minimizes the side—effect
and the cost of vaccination and the infected population. The efficiency of the proposed

optimal vaccination strategy is verified by the numerical simulations.

PR
(@A : D)
ELBERER R & @
2010 78 1, 300, 000 390, 000 1, 690, 000
2011 48 900, 000 270, 000 1,170, 000
2012 4 1, 000, 000 300, 000 1, 300, 000
EE
L
% EF 3, 200, 000 960, 000 4, 160, 000

WFFES - T

BfE 058 - HH - EBRE LY, T

U | BRIET L, RS AT A, D2 W, HERRGEE, RO,
B, I al—g



1. WFEBHAE Y WO 5

21 HAIREYHE DR & b S b, 2R
JEYSIE D TR« AN T R 2 iRD T EH S
o TG, ek, BIYERFHRESY 7 F
> PETEERIE (B U CHGERY - AW RO I 2
DIERIZENITOITNDEN, N0
FRAIBIFZE D R TP E TR E 7 LN H D22
WHBEZ B0 LT VIC K DR TH -
7o 6T, BYYWEREMEIC WX 7
F BN O ET VIS S LT
Mmol=. FDi=h, NOOZERIBE), B -
RIEZED AT U7 ek - SR RED
FFRAREL XL 7 F oA O EEE L
ToREYERIRET VAL, ERRICAIL -
BLE D O R GEARRR WL 0O BRER AOARHT 23 202
THolz.

2. WO B
ANODOZERBE), BREE - RiEEo2 bicid

K U2 GR « S REOR AR IED &0
U0 F oA N EBE LR E R T
VARG L, EREZA U8R b IEYYER
BB ORI 2175, I Bbig, VI F
VERERAEGIEAT LB X, RV AT A
HEGRE AT, U7 T oo R NSO
F N A D DR S5 TR A B/ M2 T 5
ISR 2 5RE L, MRS AT LI B
DL 7 & EGEAS R R O AT « i Fs X
OV IO IR 2 O TR & 4TV, 2R
AR Ei L S VA S =Y Ny A R = B O]
23 5.

3. Wik
LFOKHEBEIZOWTHIEER T2, £DF
HEEVIFET 5.
(1) BRYYERE O 7= DT LV OHMEAL « B

BT O R OR L EPRAD D
2SI B & 5 58 L T2 1R D IRYSER R T
TIMIT 7 F oA EZEEL, K112
RENTZ X D R EBMRICKR LT, BRBE
ZAVEITPE O YR EDFR L ELPAH D

ZEBEZEANL, U7 TR
@%f%ﬁﬁ@@t@@ﬁ%%Tw%%
TS

E%{?»

&E fﬁEt mi¢$§E
(*ﬁ“*sfé%] ﬁ’i%%‘]

§d$¥§"\§65% __________ 55?)5% ............
IR ] BECLDER i

29F
EEE ;ﬁ_u;l_

B 1 A EAHE R O FH L BALR

<2>ﬂﬂ@mmrm%~®%@&@%%@
EMEDOBAMEI - IREBET MITEEDEK
%$,%%$ L HROFE D & DOJEYE
ERFERE~DOFBE I 2L —T a3
LVELNIT D, £, FYHRANIC
T 1T ANDNEPET D 2 I $k (R
FAEZEMEIN D) 1 L REL 72
% L EYE N EET DIRENLEICRD
D, FEARFAEEN 1 Lo/ hEL] ik
JEE 0 OFHRIRIENZEIC /R Y, Y
FEDFATIZHNE] - BHIETE S, LnL
T 7 F BRI X D EYSESIENIC B8 )T
EIEAFAFERA 1 L0 /&< Th kY
BHWNEET DIRENLE LR DGEND
L. T, AW CIIMESRZ EVEH R
Ze VN CRRGLFE OO SRR BE 0D 22 78 14 % B
9 %.
YL+ SRR E BT TR & RYSE
HRERFHEDO WML « MR U 72 i s
BETLVEHAWEZY I 2L—v g itk
2 Y - Y ik s S O YeE $k D
FHIFEEZHLNCT S, &b, U7
F U AR D), R, AR
FlEONAZIREBEK LS %, (1) Tht
S LT HESRTE T VAT HESE S AT I AEER
Ay (e R fpe KRR & 72 | AR SR B AR B [T )
ZISHA L, EYECRRRFL IR 2 R

(3

~



HlHH s 2T DA RE T 2 FEZ ML T 5.

(4) FEYLIE R % O EFHEDO W « AT
TILT 7 F R A HIEA ), B,
RIEGE 72 EON D EIREE S L5 %,
(1) THESL LT=fERET WITHER S AT
I AR B Ry (e 3 e R B 5 72 Ve =R
FIFTENE) Z 0 U, YRR R (o
T DBl > AT N ERET D FiEE
[ AVAS R

(5 ) JERYLIE HIAE 5 D 2 4 PE D Bk & s -
(3) CHESL L 7 JEYLIEHIHE 5 O F 2hi: %
2l —ya Itk EET S, RN
(CHIBRAZE 2 5Tl U, IR RE 2 MRS
%, HIEPERE S WG AT EI O U
7 FUoERERIE T A RETT 5. S BIL,
YLD~ ORI REE] (iHusg) 2 B A
TEETNERERL, SlERSROUEE
179.

(6) BFZER R OIS O AL « Y Hl 115
O - S EMRICL, R

YR ~D IS LI 2 5 2M2 T 5.

(7) U bEZiedhid 2 L BEE T L OWFEHEA

CLEOFEFH2OLIICEEDOLND.

H22E /&

| RRFEEAR FiE

| CRRTTIER < - EEERER
i

|

|

I

B

- R 4—-%2%&@%
iy zne RS KEE
HERORXRE T exmmitE)
R 1 21 3;- 4 S
| BRESER 5% FR
[ Bt | - JEVZ2l—Yay
o BBAE e B BB HPIER
-t E R BT, TR
H - FRAASNOGH - EERETIER

X 2 AFFEEE &2 DOFE
4. BFIERRR
(1) BYYELIERROMERTT L ORERK © R
Y, R, R, U o T o
H OMEREECKT L THMELO S & (8
KRB O 2R A 5 58 L= B RER %

A e

Zx, AR OREZE I 2l 4 fe
RIFAT I FAD W TR UL B R &
LT, EF ML,
JEAIE SRR O EMMT © (1) THERR
L7zMEEREDOfERET V2 VT, 3
2 L— 3 T K VAL GE AR R
U 0 F AR DR A AT LT, e
AR PR LA T D 20 Y
B GEARFAEERE V) B1E D/ EL
IRIVTEGLE 0D FHRRRENN 2B /2 D,
JREGRE D FRAT I - Pl RS B 2 6
DM, T U F BRRIZ X 2GR fil
ICBWCITEARFAEHS 1L v /&<
THREREENEET DRENLE & 72D
Banbsb. 22T, ARV T U8
T O SR DL TEVE~ D BT 7 F
BERE T2 38\ TSRS 2 BHAL "l RE 72
FEA A PERUR AT L 7.
JECYLEFIE R O FEARGREE © U 7 F U
RAEGIENT], BERE, REYeE, BIE
FBLOT 7 Fogfig o Rieske L
T, BWYE BN L U 7 T B )
572 2 2L B 2 5E L, e R i KR
PR U, Bl il R oA T o 72,
JEIIERIEHAR DY I 2 L—3 3 o MR
U 72 ERIH R DA MEE VR = L —
vavIiZKVRERELT.. £, BRES
BaERNT, fil#EREEsblL, v
L—3 a3 VATV, HIEERZE A 54N L7z
(5) R DA : EROMEEFETREL,
fDOHEF L DERAMZIT, REL
ToEIYEREROL R Ramat Lz, B
REZIE B AIG SO P2, BARAERE L
e, ARRETLYS, BRI 2 L—
o3 VAT EREI B RBIT D [EES
DB LIOENSH ORREEER L

(2

~

(3

~

(4

~



5.

AR
(WFFEAREFE . WFFEor . K QNS 7E 3 12
ER Y

Udeitams) (B 15 14)

M. Ishikawa, Stochastic Optimal

@)

Vaccination Strategies in the SIRV
Model, Transactions of the Institute
of Systems, Control and Information
Engineers, Vol. 25, No. 12, pp. 343-348,
2012 (&HeA)
M. Ishikawa, Optimal Control Problems
for the Stochastic SIR Model under
Vaccination, ICIC Express Letters, An
International Journal of Research and
Surveys, Vol.6, No.8, pp.1-7, 2012
(EHA)
M. Ishikawa and Y. Takai, Simulation
Analysis of Spatio—temporal Patterns
in Stochastic Plankton—-fish Systems
International Journal of Innovative
Computing, Information and Control,
Vol. 8, No. 3, pp.2183-2191, 2012
(EHA)
M. Ishikawa, Simulation Analysis of
the Optimal Vaccination Strategy in
the Stochastic Infectious Model,
Proceedings of the 31st JSST Annual
Conference, pp.640-645 in USB Flush
Drive, JSST 2012 (&#HiA)
)1 B, W%é%%ﬁbfﬁﬁﬁm
{“%711/ B A&ET 7 F o BT
s, % %@ﬁﬁﬂﬁééﬁ@x AR,
W& 5 1018, in CD-ROM, 2012

(Eﬁ@b)
)1l B, ﬁ4MW%7w BiF 5
WU F PR, 517 [EIEHE T

A R A SCER, %ﬁ%jc%é% 100016, in
CD-ROM, 2012 (&7 L)

) B, MESREGEET V& E DR
WA, 12 [AlFH ] A
YR T LimXE, wmLES
0005, in CD-ROM, 2012 (&ZHi7ze L)
) B, HesREYLEE T /L O i i)
0, 2 54 [8] B B AEHES G E S R

SCHE, in CD-ROM, 7@ 3C3E 5 100044,
2011(E§$Tiﬁl/)
)L BB, MNELEEE L Y E SRR

WO I 2 L—3 3 VR & e
M, AAISHBOE S 2011 R
FEFOCEE, pp. 237-238, 2011 4F
(Eﬁ@b)

Al BW, VTR ENELEERE
L7 B E AR EO Y I 2L — 3
RN, 5 55 [Bl AT A RS
WFZERE R R i Am SCEE, in CD-ROM
2011 & (&EFHi7z L)

)

M. Ishikawa, On the Simulation
Analysis for the Stochastic
Infectious Model with Vaccination,
International Journal of Innovative
Computing, Information and Control,
Vol. 7, No. 1, pp.3-12 2011 (&#HA)
M. Ishikawa, Stochastic Optimal
Control of an SIR Epidemic Model with
Vaccination, Proceedings of the 43rd
International Symposium on Stochastic
Systems Theory and Its Applications,
pp. 24-25, 2011 (&FHH)

M. Ishikawa, On the Spatio—temporal
Structure in the Stochastic Diffusive
SI Model, International Journal of
Innovative Computing, Information and
Control, Vol. 6, No. 1, pp.63-73, 2010
(EFEA)

L) BB, 887 U —3 R &1 O e B
YUEET L OZFERYT, 515 [BEFHET
FRE B 2 Gm U, Vol 15, No.l,
pp. 425-428, 2010 (72 L)

L) BB, 7V —2h R fife Rk
JEET VDY 2 bL—3 g VRN, F
54 [A]2 2 7 AHIEIG ST 7E R R i
TR GRCEE, in CD-ROM, 2010
(FFe7e L)

(FaRE] G114

)l E B, %%4%%@Ltﬁ < Y
JETTWVICEIT 2T 7 F

%,MSBEE%ﬁﬁ@
K=, HER, 2012.11.17
M. Ishikawa, Stochastic Optimal
Vaccination Problems for an SIR
Model with Saturated Treatment, The
44th International Symposium on
Stochastic Systems Theory and Its
Applications, Kokushikan University,
Tokyo, 2012.11.2

M. Ishikawa, Simulation Analysis of
the Optimal Vaccination Strategy in
the Stochastic Infectious Model, The

A, HUHD

31lst JSST Annual Conference,
Integrated Research Center, Kobe,
2012.9.28

L) B, FeRSIRVETF VST Dk

WY 7 T BRI, 5 17 mIEE T
AHE, REEE U 2 —, 5,
2012. 5. 30

Al BW, MERBEIYEET IV ELT DR
W, 212 [BIEHH B B EE e
M R Y Y L, REFSUEREE,
ZEE, 2012.3.15

Ll B, HESRRYIEE 7 /L O f i
W, % 54 [BlE EhHIEE TS, B
f&ﬁﬁﬁiﬁéjtﬁé, B, 2011.11.19



@ Al BW, SELEERE LR
WO I =2 L—3 3 VAT & el
M, AARISHEBLSS 2011 FEFS,
Hm?ij(:‘f, R, 2011.9.15

Al BH, VTR ENELEERE
L7 Y EE IR DY I =2 1 —3 3
RRAT, 5 55 Bl AT AHIEE RS
MR R, RIcRFa R v a v
& —, KBz, 2011.5.19

© @Il B, #R7TT77 bURICBT
LRICE DM ROREZEM/NNZ — 2 ~D
WA 53 [0 B Bl EE A TH S
RN — v, A, 2010.11.4

O [ EW, 87V —%hRE kD R
YUEE 7 L O SEENT, 515 [RIFHE T
TS, UM KPR E R, 8
[, 2010.5. 28

@ Il BB, 7V —2hF a2k D MR
FEETF LD I o b—3 g VT,
% 54 [A] T AT MG HRF SR
S, R Y —FR—7 B,
2010. 5. 21

6. WFITEARE

(D) WFgefFRE
)1 BPH (ISHIKAWA MASAAKI)
RS - KREEBEPE T 0788 - Hof%
WFgeE 5 30201916

(2) WFgesrfass
C )
e %

(3)3EHEATTEE

—~
~—




