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We have developed the verification methods for existence of a solution of the
ordinary differential equation which equivalent to integral equation of a target. We succeeded in
improvement of the necessary the verification method of invertibility for linear elliptic operator and
its estimates. Moreover, we have developed the method to add a perturbation to the elliptic operator and
seggential!y estimates inverse operators. However, even this perturbation method couldn™t reach the
ordinary differential operator with singularity which was a target. Furthermore, the verification method
based on shooting method, solving a boundary value problem by reducing it to the solution of an initial
value problem, was also tried. We succeeded in development of new verification method of initial value
problem necessary to the case.



Bk A C-19. F-19. Z-19(HLid)

1. ARFEBEDOESR
BUEIMREETR & I XETRRE TR D 7Bl %
TCIZUTC, T OB R R D
FAEZHAT 2 FETH D, BUHNMRGEEE
12 &) BB DOFIEDGE T E 254101k
AL & Ji B A OD B E INFEAT T X B 728D,
BUEAIRREETE D 5 % R FE ARGEA S Ul
EIERNZ LEH D, BUERMEEELTIE T4
RS D R\ LUR % > 721858, #Z21E
RO JE YD) TORIEAL RN T 54
FDOEWREZE TS0, FEET
BRIZAEZRVE D RERE HEEZ2 v
THETEZGENHD. TDOIXLRBRLH0
ZeD - DI IFBAEIMEREZ EHTE 5 /5
FEADOHHZ P THIMSEEN, £<
DWFEHIZE > TEVFBE LS OFILE B
HTDIENEETHD. HibGHITHEHE
5% A R Z 069 2 Ui FORRGETE D B %,
W ISR DB LR 2 0D JE SN 73 B &
TE A2 S R RO RBGEEED IR E %
OB EDHERE HIFTND ((1) 2 E). K
FHENIBEIMEEIED X 52 2 FED 720
2, RREMZ RO IEIEE S RIS
LIFOMAEEZHAETLIEDTHS.

2. AROBH
BUEIMGEEEOH R %2 RS 2 720121308
PURIZE FNDFR%E% 2T 2 HNH
HWThHhD. INODIWRAIFIRD &S IZHEE
2T 2 HEN RS,

1. VIal—yavzirongrindy
REAR P 2BARZ LR T HHFE
TN, EEOHHLEZELSRHTE
BNZ LT & BEE (ETIVIERRE).

2. FAHEBTHZET TN E MBI Z
EMHER N 2D, BMFEETIVEE
Bl D BRI U SR (BEEERRE).

3. EIEBEN TR Z D BUENABEHT TH
27T B % (FLHiExE).

5 Dk TRABMIMRGEIRIZ S\ TRHM

MILEE L 72 % B DIFHERALEAE & ALDFAE
Thd. HFEHE DVHFEL T BUERIR
Al TR CII BB RA S 2 PR G A (3 (ST
Ak A 2470, DFREIZ DWW TR
TR 2 F O s A B RG22 IREE 9 D
X ZFHRE L TWE. KT, ROFRAEIZD
WTIREHRRE TR 2 Z L R 3%
BOT, KEMEND > TERKROBGEEH R
THIGTI DAL RD. — 75, MR
AFHE LRI L > TRZY, TG
Ui HliAnE L 25, £oT, Aif
FUS & il AN E PRI

(P1) REM2 R OMD HREATHIGU /2
BERA L AR D R

(P2) Hr U < 3Reb 72 32 GEAM % 7012 MRaEE
o R

(P3) #r L \WHGEE R OA RN % HEE 9 &
7= I HARM 25 FaME % R D JERE
M TR ADRDORGELZ 1T D

D3 ERD. KT, KK TIIED
M log AT —IVTHRTIHEMERED
MRS AR L, TOMDELE
MGEET S HmOMELZHEYT. 40
%, Fréchet M50 FIREARIERRIZBIEL f(u) 12
XU,

(01) ufx) = / log | — y| f (u(y)) dy

& ATY u OMGESRM 2 RO DENV & D
DGR S, (0.1) OREARFRS HfEIE,
Bl Z IR E e AR o BB G RER A 5 E A
NZMEHBERTENS. flIcE 2 <DL
AP TE 5.

3. MERDAE

ARFFEFHE T, DHSE D E — KT H b
LR 2R ik, HELTE
DEE, ML DR, FLDFEEDE)
SRR 5% = AR AGDES Z
LIZ&Y, KRN ROIERIERD HEA



DBUERIREEIR O GREE 2 D S5, Fhf
WA & FEHNRRNIEELTORRIZ R S

2011 & WIFEHWTZE T 723E (P1)
W5 (P3) %FRT 2 72D,
EEREITD.

2012 £E 5l i SEEESLFIEOREE,
BUESEER % Mk U, MEUbREDE
BN 7R FEAM % MG 5.

2013 FE  Hr U < K7z 322 5 % oo
12, BEETFIEOFEZED S,
2014 FE BRI 2 ME0kE
Rz, MEZFZERTS.

/-, BT 075 ARMER, BiEER%Z
70, F USRI 72856 (T30 B i S
EEEL, EBRMEICRETS. BlosE
SCHER (2) IC&BLSDTAT T, T48b
B E RIS EERE ) & O 7 BUEET
IR EEZ R OB AR U TEA
MThHdDEHONTHY, ZOFHEETIZ
BUEIMGEE DGR Z R T 2 HIT I DO
TEYThd EEDLND.

4. HAEKR

MHIEHE LT 2 (2) ORI D < FEa
FRRRUT KT D DOREDIRGETED B S 1AM
DOHFEEEFEHLTHY, &2<FEUMHES
SO RERRPENOMEESTH > /.
Z ZCARWIZETIX (0.1) & FME AR R %
R oW AR RITH T & i % MGEEY 5 FiE
DFFEZITO FIEHHZEH U 2. Wn s
FE R DMREDIREE IF U T ORRALIE AR
DR FMELBFIH T LI EZ L 72 5.
U7223o T, $RIBALIER D WM % MRGE
TOENTERMIREE 25

(1) ELHR

O W5 fRERNOR R % B 5 72D12
S TR HRE R OB RYERRE % fif <
FiiEx AT, T OBBE L 72 2 IERRIEA]
HERTEDORIAL R DM AE R T
ZiHEDRF T o 72 [1]. F£72, A
ReFA U TR EREI N 5 fi#
DAFAEZIRGEES © FHEDORFEE M L T
% . AMGETFETIE Runge-Kutta E2 ¥

DEERREBGEIZ & BBl % FIFH T X % 5%
DT, ZEMEDERIERRFA %
A GIREZ S HNTE 5.

Q INFTIZHSNTWVDREREHEEAL
PEFZE DO FHMEDRREES & OW/EFHZED /
VA% FHIE 2 HikxBEE Lz, [4 Tk
RIPALSAEHZE DR % BETLHHT, /€
& O EREE R )V LAFHEASERE & 2o
Jo. &7z, [6] TIEAEMELEH RO Ak
DEMEL R M2 ZLETHHT 4] £V
EARE DA IRIL CHGEEE 2 BT 5 H
I U 7. ARGETEZ HE LD TR
RUPEF 2B % 0 2 T RA W0 % MREE
TE5FEEEZERL 2. EEEZ - 2 REE
FEIFSHRXTARTDITFETHD.

@ [2, 5, 7] TIEERIEHYELIE R DR
AT $ 2 ARREZELLE T DO HATRE
AL, F7z, TNEAWZBEREZ VA
DR % 17> 72, PFIHESAEREII N 2
FROMGEEIX E ZFEHNZEDONEL, &5
BOMELALT R ERD.

(2) SERORE

R I AE RIS 55 2 R D MRGE I [1]
DOIEREZFMHLU THETLIENTES. 4
BRI & D RFUEREDMGEZ 175 72012
XNz HOIEL VDY, AT S
U 7Rt 2 £y ol R AU oD — A3
FFEIZREIBRMEEIE2F>TNWDHDT, Zh
MRS 2 DEMNTIEAR.

EEhik % > 72 e MR E R D Al
PEIE, RREMED BN E TOEEI
LTI EFR<SEREL TS, ZOHENS
HHE AW SN OBEZE I IE AL TR
K& U0 HRERDBEBEAE LRV RE
MDD D, ZAUKINT B 23 ZIXE
AT BRI CTHEZ BT BENDH DN,
ZOZERIIEMNEERZOME G/ TITHK A
T, PERDOKEERGEAT S BUEFH R OB R A
HWHTE R, AL THESR L U mEk
W R EMEDS A o - R 24D /-
IR FEREEAT S BUB TR DB G D FLHE
IR N OREE U ETHRENH D & A
IND.



SEOFRREIT YA FAL Tz &
DEELWEDTHo/z. T/, BB THIZEH
HEOEBRZREZ LS INZN, JRELUZM
FATHEDODOISEER 2 LIS HNTE .
< 51 HCHR >
(1) Takehiko Kinoshita and Mitsuhiro T.
Nakao: On very accurate enclosure of the

optimal constant in the a priori error esti-
mates for HZ-projection, Journal of Com-
putational and Applied Mathematics 234
(2010), 526-537

(2) WL, IR, AEOES, 55— F
2 HRERITHT S Sine JEAIEDOWE &
T OMERAENT, HARABEL 25 GE, 20
(2010), 71-113.

5. TRRKRMNF
(MERERm>C) (Rt 71F)

[1] Takehiko Kinoshita, Takuma Kimura
and Mitsuhiro T. Nakao: A posteri-
ori estimates of inverse operators for

initial value problems in linear or-
dinary differential equations, Journal
of Computational and Applied Mathe-
matics 236 (2011), no. 6, 1622-1636,
fiHi

DOI: 10.1016/j.cam.2011.09.026

[2] Mitsuhiro T.
Takehiko Kinoshita
Kimura: On a posteriori estimates of

Nakao,
and Takuma

inverse operators for linear parabolic
initial-boundary  value  problems,
Computing 94 (2012), no. 2, 151-162,
ez
H.gjt

DOI: 10.1007/s00607-011-0180-x

[3] Takehiko Kinoshita and Mitsuhiro T.
Nakao: Some remarks on the opti-
mal L? error estimates for the finite

element method on the L-shaped do-
main, Proceedings of the 2013 10th
ITNG (2013), 173-178, £t
DOI: 10.1109/ITNG.2013.30

[4] Yoshitaka Watanabe,
Takehiko Kinoshita and Mitsuhiro
T. Nakao: A posteriori estimates of

inverse operators for boundary value
problems in linear elliptic partial
differential equations, Mathematics of
Computation 82 (2013), 1543-1557,
et
DOLI:

02676-2

10.1090/S0025-5718-2013-

[5] Mitsuhiro T. Nakao, Takuma Kimura
and Takehiko Kinoshita:
tive a priori error estimates for a full

Construc-

discrete approximation of the heat
equation, SIAM Journal on Numer-
ical Analysis 51 (2013), no. 3, 1525—
1541, i

DOI: 10.1137/120875661

[6] Takehiko Kinoshita, Yoshitaka
Watanabe and Mitsuhiro T. Nakao:
An improvement of the theorem of

a posteriori estimates for inverse
elliptic operators, Nonlinear Theory
and Its Applications 5 (2014), no. 1,
47-52, HaihH

DOI: 10.1588/nolta.5.47

[7] Takehiko Kinoshita, Takuma Kimura
and Mitsuhiro T. Nakao: On the a
posteriori estimates for inverse opera-

tors of linear parabolic equations with
applications to the numerical enclo-
sure of solutions for nonlinear prob-
lems, Numerische Mathematik 126
(2014), 679-701, &t

DOI: 10.1007/s00211-013-0575-z

(FRFEXR) (F27H)

[1] Takehiko Kinoshita, Takuma Kimura
and Mitsuhiro T. Nakao: A poste-
riori estimates of inverse linear ordi-

nary differential operators, East Asia
SIAM Conference (Jun. 29, 2011) Ki-
takyushu, Japan



2] KTRE, EEHERE, hERE: WP

e PRI Ve FH R D A ZRI T3
2 A B R AR (Z DWW T, ARG
AR 24ES (2011459 A 16 H) [H
Y AN

ARIVRE, EBERE, FREAR: WF
Y& M BRI Ve FH R D WAE RIS
B FBAGETIZ OWT, HAKRS
MEREIRIE (2011 FE10 A 1H) E
AIPNES

SR, KTRE, mEARK: Orr-
Sommerfeld AN T D RAr—K
M S GRS AR, H AR S S
FiE Rl (2011410 H 1 H) /M
K

Takehiko Kinoshita: A numerical en-

closure method of solutions for ini-
tial value problems of nonlinear ordi-
nary differential equations, Workshop
on reliability in scientific computing
and related topics (Nov. 25, 2011) Na-
gasaki, Japan

ARNRE: $PALYERSRE AV 9E
KR HRR AR IS 2 R OMGE
G, GCOE tea time (2011 4£ 12 A
13 H) 5L RSSO AT I 58 Al

AKFRE, HEAE, ANHE: Y
TR A 2R S B SRR 12 D
WTC, IABFEARFEES (2011 4
12 H 15 H) EEAKY:

AWHE, RTFTRE, dREAK: FiR
FIHEES RS % i 2 7 B A RE AT
5 IRsfE 4T % AV 72 Galerkin JEfRLod
R SHRTRR A2 R, H ARG FAE
RBEDOWFEIRRES FER S (2012 4F 3
H8H) JuKR%

ARTRE, KNS, hRERZE: AR
FIAEE SRS % fif 2 7= R ) R A
FFRITX S Il fifE] Galerkin JEfEL
% O 7 AR, H AR S B =

[11]

[12]

[14]

[16]

[17]

BOWRBEMEFKS (2012 4 3 H
8 ) Jubl Kk

AKNRE, HEAR, KNG HF
T3 A SRR B AT 12 D
WTC, HARBZRF 2 (201243 H 29
H) SRR

Takehiko Kinoshita and Mitsuhiro T.

Nakao: Some remarks on the optimal
L? error estimates for the finite ele-
ment method with nonconvex polygo-
nal domain, East Asia STAM Confer-
ence (Jun. 27, 2012) National Taiwan
University, Taiwan

Takehiko Kinoshita: A numerical ver-

ification method of solutions for
initial value problems of nonlin-
ear ODEs, China-Japan-Korea Con-
ference on Numerical Mathematics

(Aug. 25, 2012) Otsu City, Shiga

ARTNRE, AW, HERE: ¥
LR 32 % O 72 R Ry s
AR T D IEDMGE HIEIZDWWT,
HAG BB 2 4R 2 (2012 4£ 8 A 31
H) #ENEHZER TV

ATRE, KN, HREALR: #F
L e 35 % FO 72 JERI B i) 1578
R D PTG R RENZ S 2 R OMGE S
%, HARBFA MR G 7R (2012
9 H 21 H) M KZ

ARIVRE: EREEBD AR
T2 KEE RGN S BUBEEHE, FIRmsE
£ (2012412 A 4 H) mfd A AR
£ L

ARNEE: FEEE D SRR IS
T2 A IED RGN & BUEEHR,
H AR FHEEL A 2 3 0 S 486 s P 5
I —(20124E12 A 25 H) K

ARTRE: B EM D HRAR I
I BRGNS S BUEFTE DY — 1




[18]

[19]

[20]

[21]

[23]

, BOERRL: & G - pESE & DR
e — 2 ay 7 (201341 H 24 H)
HERR

ARTVHEZ, EiRERE, hRERERE: MH

R85 A PSR D W] M DRREEIZ DU
T, HAHF 22 (201343 H 22 H
) R

Takehiko Kinoshita and Mitsuhiro T.

Nakao:
mal L? error estimates for the finite

Some remarks on the opti-

element method on the L-shaped do-
main, [TNG (Apr. 15, 2013) Las Ve-
gas, Nevada, USA

ATRE, WSk, Rk EHY

R CaR (s E N S RSBV (2 E A
DXL, HAIGHBE 22 (2013
FIOHI0H) 77 10 AfER

MR, R NRE, HRERRE: WP
PEFHZR TN 2 v M D BGE & KGR
AEAT & OV AFEME O SR IZDOWT, H
ARECERES (20143 H 18 H) F#H
TUNES

Takehiko Kinoshita, Yoshitaka
Watanabe and Mitsuhiro T. Nakao:
An alternative approach of invertibil-

ity verifications and norm estimations
for linear elliptic operators, The 7th
CREST-SBM International Con-
ference INVA2014 (Mar. 20, 2014)
Kyoto University, Kyoto, Japan

Takehiko Kinoshita: A posteriori es-

timates for inverse elliptic operators,
Kyoto University-Chung-Ang Univer-
sity Symposium, On Nonlinear Par-
tial Differential equations (Mar. 21,
2014) Takayama,
Japan

Gifu Prefecture,

[24]

[25]

[27]

RTIHE: MEEAREERZOSE
R & 7 DS, I BREER e X
F— (2014 5 A 16 H) R K

MR, KRTRZ, dREARK: 25
FEHREAZIZE T DR Lapla-
cian / )V AFHil, HASHEE R AE
22 (2014 9 H 3 H) BUERIFFE Kb
RF

Takehiko Kinoshita, Yoshitaka
Watanabe and Mitsuhiro T. Nakao:
Some remarks on the rigorous es-

timation of inverse linear elliptic
operators, SCAN (Sep. 23, 2014)
University of Wiirzburg, Germany

IR, KTRE, hEAR: b
FEMRIMEFAZEIZN$ % Laplacian / )V
LNORERRREA, H AR 2 4E4% (2015
3 H 24 H) HEKRF

(M&E) (Gt o)

(2 M)
O HEIRTE (B0 14)

OHUFFIRTL (70 1F)

(Z DAfih)

6. FRZRAERE
(1) irFEREE

&_.

AN HZ (KINOSHITA, Takehiko)
FAERKY: - PR S B E MR
- IR E GE AT

BT S © 30546429

(2) WHoE



