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HFEEOAREICEBFEZITANARELBZREZERHER. AMRARETHIARBBDOE
HRENBRTOBREICE YL M BRI, K YEBNGSEENSHEZBDIEINLNEDT KN
A R%H 5212128, BREEBOBRAEXICET IMEICRYBAL., F-ONHETHRERAIC
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BICxd HBMOEE RGT & TERMEFBZH—MICIRO RERETH D, LANIETERRH
NERTHDIEVWSEBRHICKYBESNTELHERETHSIN., BFEHEHOMEREMLEIZKY
REIh, HiF{EAS adaptive refinement & DB CEZICEHBBENRZ D LR EHAL
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DRATLEEXS ACA, H-matrix &FEIEN % 5ED space-time i Z~DIEAIZET 5T EHITL.
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1. Joint FWF/JSPS research proposal, ,Fast space-time BEM for wave equation “
submitted, Sep. 2017
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1. K. Niino, ,An eigenvalue analysis for periodic boundary value problems for
Helmholtz * equation in 3D with the Sakurai-Sugiura method and the BEM “, Graz, Mar.
2016.

2. K. Niino, ,A preconditioning for the electric field integral equation discretized
with the Hdiv inner product “, Soellerhaus workshop Hirschegg, Oct. 2016

3. K. Niino, 0. Steinbach, ,The boundary element method discretised with the space-
time method for the heat equation in 2D “, RICAM Workshop2, Linz, Nov. 2016

4. K. Niino, 0. Steinbach, ,Computation of discretised boundary integral operators in
the space-time method for the heat equation in 2D “, institute workshop, St.
Lambrecht, May 2017.
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5. K. Niino, 0. Steinbach, ,Computations of integral operators for the heat equation
in D in the space-time BEM “, Graz, Jul. 2017
FEUTOAEZERXZREERBPRUOERERPTH S,

1. 'S. Dohr, K. Niino, 0. Steinbach, ,Preconditioned space-time boundary element
methods for the heat equation “, Preprint 2017/6, TU Graz, 2017

2. FfmF0L. 0. Steinbach, ,BAAFERITH T % space-time IBRAERZ L TORMLIE(CDINT

submitted, JASCOME 2017
3. S. Dohr, K. Niino, 0. Steinbach, ,Space-time boundary element methods for the heat
equation “, in preparation

- ENAERERIC L > TEBLI-EELSE
X EMEKETHE-MROERMAZ. AREDEEARE. BEAH - AMERAEZF
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Y, ARRERCHRGCEDHEZMLT. BHRATREBROT A R Ahy a3 VERYURLITL.
MRZROHTLCEVSHEMBRONA TV, FALFEEOHAREDLYAIZE L., RiOHE
PEELHZLDTARAYYIVEBLTHREZED TV EVWS BN TE T2, XKEE
AWEMMNET AR Dy a DEENZRELBIETIENTELLIICES,
FLBREXOMEETIE, I LEMEIBOVTEREBEWVVT S LHHERITTHoTH Y.
CHELIZBVWTHERBEDT A ROy a3 VOBEEREDIZRY ., ZRRONBICOVWTERREL
HEFOEEEREHTI =, WL SEODBARTOMEIZENNT, COLSHEAEERY AL TL
AR
HEEMREZEIRFORRETH 2120, ZLDRELEARAREIT O TNV LEFENTH
2tz . SETULICREOCMOARREDHERMARICERY HOLEEZRER LI,

- ENARRBEBREENLI-SEDOER

ENMEEZEBELT. CNETITOTCELMRELEFELINTICELTERIENTE, HIC
COBEDPDOETHHETHHEEIBOMBEICXT S space-time ZIFCNETE - S
DEINS-HERETH 1212, BRDEMEZILFEIIENTERLLSICRE LS, COHIE
BEFFELFEFEZECOHRIRECENAE S TND=0, BIEHEEHAREToTLELL,

FrLETHRRIZ&S(2, SEDFEZEL THEZOHAREFHFOMREEELHEDEDHHF
ERICEAMNTOIBTHREBRTE-DE, FREICEELGRRTH o1z, SRIEIINETEREHAE
HThRBLTE -, HRY - IFNEHEOEDAIZHZ., BHEETREALERENLEHAE~ADT
TO—FEHAEHEEZET, PHEORICELONEZEDHVBEREMEEIT O TULNESLY
EEZD,
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B B 4 :Graduate School of Informatics
i 4 : Assistant Professor
K % : Kazuki Niino

B % EE %8 & : Development of fast solution methods for periodic electromagnetic scattering

problems with non—-linear eigenvalue analysis
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= 4% : Austria

B 25 #% B8 4 : Graz University of Techinology
HFE=ERL S : Institute for Numerical Mathematics
ZABEES : Olaf Steinbach

OB A
X EMEOHRRE. ARBLOXRR. AREROKRRE., EMPOFERRICOVTERET2~3R
—CRETRRLTTEV, ZAMRELBE LE-EEORRERTHWV-RFIZDOLNT, AT§ER
HETAHRE LTRELTTELY,
- Overview of my research during the stay
Thanks to the economial support by the John Mung Program, | stayed in Graz University of
Technology in Austria from March 2016 to August 2017 to study computational mathematics. First,
just after I arrived at Graz, | had discussion with Professor Steinbach, who is a host professor of my
stay, and we decided to start working on time-domain heat equation in 2D instead of periodic
electromagnetic scattering problems since these electromagnetic problems are too complicated to
begin with. Recently, a numerical method called ,,space-time method* has been widely studied as a
new promising numerical method for time-domain problems. Many researchers have worked on the
space-time method with the finite element method but a combination of the space-time method with
the boundary element method was not yet studied well. Hence, during my stay, | mainly worked on
the space-time method with the boundary element method for the heat equation. | have especially
studied implementations of the space-time method and the boundary element method for the heat
equation in 2D. Consequently, | found that the computation of boundary integral operators would fail
if a conventional way for computing integral operators is naively applied to the space-time method.
Hence, | developed a new implementation to compute the integral operators accurately. Also, I studied
reduction of the computational time for the space-time method. This can be achieved with the help of
the method called ,,Caleron’s preconditioning®.

- Interaction with researchers
In the institute I worked in, their researches were proceeded mainly by discussion instead of making
presentations or having classess for reading a book. 1 also proceeded my research in the same way and
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had many discussions not only with the host professor but also with other researchers and students in
the institute. | was able to have communication with researchers and students in the institute in this
way. Also, this was helpful for me to improve my skill for having discussion about academic topics in
English.

I usually join many kinds of conferences such as electromagnetics, mechanics, numerical analysis and
mathematics. During the stay in Europe, however, | mainly joined mathematical conference and small
workshops. Hence | could meet and have a talk with many researchers, in particular, European
mathematicians | have never seen before.

- Research publications and applications to projects

We have published and are now preparing to publish the results of our joint work in the following
papers:

1. S. Dohr, K. Niino, O. Steinbach, ,,Preconditioned space-time boundary element methods for the
heat equation®, Preprint 2017/6, TU Graz, 2017.

2. K. Niino, O. Steinbach, ,, The space-time boundary element method for the heat equation and its
preconditioning®, submitted, JASCOME 2017.

3. S. Dohr, K. Niino, O. Steinbach, ,,Space-time boundary element methods for the heat equation®, in
preparation.

I have participated in some conferences and workshops and made some presentations as shown in the

following list.

1. K. Niino, ,An eigenvalue analysis for periodic boundary value problems for
Helmholtz * equation in 3D with the Sakurai-Sugiura method and the BEM “, Graz, Mar.
2016.

2. K. Niino, ,A preconditioning for the electric field integral equation discretized
with the Hdiv inner product “, Soellerhaus workshop Hirschegg, Oct. 2016

3. K. Niino, 0. Steinbach, ,The boundary element method discretised with the space-
time method for the heat equation in 2D “, RICAM Workshop2, Linz, Nov. 2016

4. K. Niino, 0. Steinbach, ,Computation of discretised boundary integral operators in
the space-time method for the heat equation in 2D “, institute workshop, St.
Lambrecht, May 2017.

5. K. Niino, 0. Steinbach, ,Computations of integral operators for the heat equation
in D in the space-time BEM “, Graz, Jul. 2017

Also, | and the host researcher have submitted the following application on a project of international
joint work:

1. Joint FWF/JSPS research proposal, ,Fast space-time BEM for wave equation “, submitted,
Sep. 2017



