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In order to understand phenomena in many fields such as Biochemistry,
Physics and Finance, we can utilize mathematical models and they are helpful for us to predict how a
phenomenon evolves as time goes. The mathematical models are usually described by differential
equations such as ordinary differential equations (ODEs). In the present research project, we have
derived new numerical methods for stochastic differential equations (SDEs), which are ODEs with
noise terms. They will help us to investigate the time evolutions of phenomena described by SDEs.

Exponential Runge
-Kutta



() * (SDE)

, , stiff . (ODE)
, stiff , s SDE
, stiff SDE
SDE . ) ,
; 2 , ;
SDE X() (0 t T) . T X(T)
. t. (0 n N) X(t)
Xn , , X(M) X
. , ELIXM-XDY . 1
’ E[ ] - max 1 n w (tn_tn—l) h
, ELIXM-XD¥*=0(h*) (h->0 , Xy  Strong
p X(M) . SDE
, Strong 1 Runge-Kutta (SRK)
, X(T) » X(T)
- f ’
[ECFCXC)]-ELFC)]I - f IELFCX(T)]-
E[FCX)]1=0(h") (h->0) , Xy Weak p
. SDE , Weak 2 SRK
. , ODE )
Orthogonal-Runge-Kutta-Chebyshev ( ROCK )
exponential Runge-Kutta (RK) ; ODE SDE
SDE , SRK
, ODE SRK
(@)) [Komori and Burrage (J. Comput. Appl. Math., 2012)] Strong
1 SRK ; SDE ,
(2) Weak 2 exponential RK , ;
[Komori, Cohen and Burrage (KIT Tech. Rep., 2015)] Weak
2 exponential RK . ,
, . referee ,
3) [Abdulle, Vilmart and Zygalakis (SIAM J. Sci. Compt., 2013)]
. , stiff
K. Burrage
29 30 ,
; @) , D.
Cohen , .
2 I I
K. Burrage ,
Y. Guoguo 3 Skype

1 - ’ 3 - 7



, A. Tocino , ,

3 K. Burrage Skype , 9
; , 3
, 2 . , A. Tocino
4 K. Burrage , 1
(€Y) ODE , exponential RK

exponential matrix
exponential RK
SDE
2 exponential RK
[Komori, Cohen and Burrage (SIAM J. Sci. Compt., 2017)]

) 29 A. Eremin academic
visitor SDE
(SDDE) , SDDE
[Komori, Eremin and Burrage (J. Comput. Appl. Math., 2019)] .
3) K. Burrage G. Yang Skype
SDE Magnus
[Yang, Burrage, Komori, Burrage and Ding (Numer. Algo., 2021)]
@® , A. Tocino )
0

[Tocino, Komori and Mitsui (Math.
Comput. Simul., 2022)]

(5) K. Burrage G. Yang
SDE exponential RK
ODE B-series
exponential RK
B-series
[Yang, Burrage, Komori and Ding (BIT Numer. Math., 2023)]
() ® , ,
stiff SDE . ,
, Strang splitting . ,
ROCK . , Weak 2 ,
exponential RK , exponential matrix
, Krylov . ,
, exponential RK

, SDE



Yang Guoguo Burrage Kevin Komori Yoshio Ding Xiaohua 62

A new class of structure-preserving stochastic exponential Runge-Kutta integrators for 2022

stochastic differential equations

BIT Numerical Mathematics 1591 1623
DOl

10.1007/s10543-022-00924-0

Tocino Angel Komori Yoshio Mitsui Taketomo 199

Integration of the stochastic underdamped harmonic oscillator by the 6 -method 2022

Mathematics and Computers in Simulation 217 230
DOl

10.1016/j .matcom.2022.03.012

Komori Yoshio Eremin Alexey Burrage Kevin 2293

Stability analysis of numerical methods using a linear test SDE with delay and non-delay in a 2020

diffusion term

AIP Conference Proceedings 100005-1 4
DOl

10.1063/5.0026922

Yang Guoguo Burrage Kevin Komori Yoshio Burrage Pamela Ding Xiaohua 88

A class of new Magnus-type methods for semi-linear non-commutative Ito stochastic differential 2021

equations

Numerical Algorithms 1641 1665

DOl
10.1007/s11075-021-01089-7




Komori Yoshio Eremin Alexey Burrage Kevin 353

S-ROCK methods for stochastic delay differential equations with one fixed delay 2019
Journal of Computational and Applied Mathematics 345 354
DOl

10.1016/j .cam.2018.12.042

Komori Yoshio Cohen David Burrage Kevin 39

Weak Second Order Explicit Exponential Runge--Kutta Methods for Stochastic Differential 2017

Equations

SIAM Journal on Scientific Computing A2857 A2878
DOl

10.1137/15M1041341

Komori Yoshio Burrage Kevin CSSE-45

Modified S-ROCK methods for weak second order approximations to the solution of Ito stochastic 2018
differential equations

Kyushu Institute of Technology Technical Report 1 19
DOl
2 0 2
Y. Komori

Explicit numerical methods for weak second order approximations to the solution of stiff Ito stochastic differential
equations

The 9th International Congress on Industrial and Applied Mathematics

2019




Y. Komori, A. Eremin and K. Burrage

Stability analysis of numerical methods using a linear test SDE with delay and non-delay in a diffusion term

International Conference on Numerical Analysis and Applied Mathematics 2019

2019

Yoshio Komori®s homepage
http://galois.ces.kyutech.ac. jp/~komori/index.html

(Burrage Kevin)

(Yang Guoguo)

(Cohen David)




(Tocino Angel)

(Mitsui Kaketomo)

(Eremin Alexey)




