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We discussed the reliability of parallel execution of numerical schemes. The
main target in numerical computations is solving systems of linear equations, and we treated the
Gauss-Seidel iteration in the current research. The results are (1) construction of a mathematical
model of parallel execution status, (2) proving a sufficient condition for convergence, and (3)
constructing a counter example where
the serial computation converges and the parallel execution diverges. Practicality of the proposed
criteria is also shown by applying it to computation appeared in science and technology.
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1. WFZEBES D 5

BFF  H BRI, L CREERMOMFETCOLE BN HN TS b TR, Fx DBL
HEEXZHEMEHRTHY, WFTICBWTHHEN & LZE@EEnRo o s, [HEiRK AT
Mre) & XiEn s 08 i, SEfREOEENEZ BB ICH T, BUROBEFEOF H 2 RIEKTX
Z TS, BEEDE L & &) EERMIT, EF3HE~EOBE LR & O BIEfEE DR
RLEFFICEZ > TE72b0THY, A% —20 (KEMRE) ORE, ZEMMAT, mEfire
DTN, SRERBCEGR L BREICEE LN SRB L TE . —HEETIE, Wbl - &
=0 B AT T < RERED LR E, RIEBBOHK, BUEffiE0EA - HHHk, v 7 o=
T e TA T T URN— R T OEMERE R ERHER L, BUEFHEA~OHIE L kA —EE o
TWD. FFIZY 7 N7 - 9477 V0= Ry THERIIARE LS, =2 R —¥FRFFC
RO EESRE T bE AT~ ARG E D L), TRARENRTWS. ZD X
IR TH > T, WERDFUEMRIEDRSINIF N TEE LTRHHINTOW DR, ZDEHE
PEFRMT TR R GHE DN STEIC B CRFRIER 2 BB I E L2 & TO A% — AD(FHEMEN iR
Coid Z Eb 20, RFTOWHIGEEOEE O IRBE LGOS H 55, Fix OWFIGHE
WEREEZ R TREICEE, I E CTERHE TR INTEHAEOEEMZ, BEimEEfiirFo
PR DR IZH U2 0, FUEHBERREO A EZBET 5 LIEHENTHS. ZHfRx T
BERFHENELWOT, WHFHELELWY) T2 MNIETHELEZEZA, RENSELWE
ITHD] EWV), BREBIORFAENLUINFHEMTONL TWDEIONERETHS, LR,
WHIFFRIBRICBIT2BERELIDBEREHE 5O, FHEFEEOHENLOAREZHIE LTI
B LT=3d, SHE O ONCEER RN R 720, FERAICIE L & DR S 72O EE RS £
HA &, BEEE L WD FEICKHT A2 EEEOIR TRBRAINS. —FH T, (RO ED(E
FEMEICE T 2 HEY, BEFOWHIFEERRE DN T + —~ U A ZIEHTE 2T X, MEOBEME
(LSRR A R T 2 FE N 72 <, BHF - I OER &S, £DONT v A% L 587724l
EEIRD BN TN D,

2. MO HB

ARFZED B L, FEAx OWHIFHE S 2T LBV, fHEEMBENRLR->TH, TORE/BENE
LWWE & B RGET DA L HRIDOBRICH D, HREES AT AOEMLICHE, BETIE, %
EHETZAT T VSLEEHET A 7TV, N—FRuxT L W\olzbA YEIZ TFHEEENFE—T
D GIHERBEO—BM)) ZLE2EELLGHERNELWE SN TER. —J, BB -
WaERGE LT HEMEHEDO —FRNIEL LTWA DL, i/ 53 EEE T, 0 k5 hAam
RETHELTH FEBR—-THDHZ &) TiEe<, MK REMEOREIZBWT, RN
ELY, HAVFELWIEEFERASEON TS ZEThHhr EEZLND. WHIFHEIZBWT
%, RO ER O 72 DI FATREO B AR BT BINETF O/ ERREBEZ HND.
Z DX IR EN R BRELD O b, FRCEFEIEFNEIICERE SNAEA, I AEY
HEHETOHAIREE (race condition) (IVES OHHEMEN— R o7 CITHEBEICEZ 5 EE 2D
N5, ZnbExtgel LB biosh 3 25 SMMmT I, BUast R o e & LTl
DTEELEZEZLND.

3. WHEDTTIE

B & ERT 272012, KEFSE N — R GO KB BUEf#E TH % Gauss—Seidel L% HIIZ,
FOWFEFHEDOIFELEE2H LS. T 0 Gauss-Seidel L1, BYTHITH bbb XN HE T — R FTTE
ROFEAR R ENEFRIETH D BB RBEREIZB W TE, AT VOfHELE ATV T 7 EA
DN EETHLN, ZOTNTY AL TIZAEY ~DEX AL « HIALD, ThbbHE
JE Py 28 8 (AR E S, RERNCBERFHE DN ER SN D . BREATAIRERR & 2 VX T2 H
IRIPRTED S & T, Gauss—Seidel JETHERR I NDFIHESL HREROFEMICINETHZ LT &
<HBNTEY, ZOFEREOES I L H- T, KEWMBEIZBWTHE D Bifiis: s LR &
nNTWs., —J, IWFEEL LTS HEE AE Y KIS O CTHIEZR S WIHRZ B 22 o728
BT, bLAFY TV B AOBAIREE (race condition) T B L, FHEO- RN R
0, BT OFEEENMETT 5. HEBREOBEEZHRLA7-DIC, EOXIICHAELTHHEA
REPFEILTHDZ L ERO—EM) AR CTHDINHE, MO THFEREHOTNLDOTHSD.
—7J7, BRHFBLEN — R GTRRANEN D 5E, TORBPMNELRIIEHESND Z & HE0.
DX BEMEAHEERAT L EG» 51 30T L H RO —EHIIMNE TRV, AFIETDH
Z OS> BRI B AT

WMIROKREIZUTDOERBY THD. HESER L TWAIE AT VRWHIFHAEE 2 5. HAIEF
DHEE SN bW, Wik XDEEE 2T ) PIChl 2 [T 50 Tliiel, [ AE
UNEICHRFET2FEEZEZD. HDHA Ly RABERIC LIz » THEB SNl & Gt A Te
72X, ZOBBAHLOFNZ, EHEN ATV ICETATA W ARTERS 0. LvL,
COEFEERIDO ALy RBFHE L TWDRN TEZALANENTZGE, EHfE20ELET5
ALy RIZEBRIOM Z2 GiaATe il GEMEN D U, BRI RERIEFFIC LR AR &N



eV, InEESTEDIL, —RIZIEZA Ly RERSCHMHEIEA L bW H DR, b s 2 H
THE, FHRO—EMHITHEIND b OO, FHEBOBEEEZ R KRIIEHT2 2N TER
W, EZT, AEOGEMEE, BEO—EBMEE WO BECIHMET 20 TR, B% - EilfEE
DL—FRENPSDOFZRB I/ ZEICEWRN S D EE X, TOMENLHIRIZEY f#HTe. %
DI, BREL%2H 5 b T BT T LVOREHE LB Z AW, Hohi-7 1L —A4U
— 7 DEBIMEMHEETS.

4. WFIERLE

WHIFHRIBFE DT VAR T DO OFEFITE, BHEET VO LT 2B 272> 7
FP ATV HLGRWHFHEEZ BT DI — R =T Th D~/ F a7 O R
4= (Central Processing Unit; CPU) & W{EALEEH 7" o &4 (Graphics Processing Unit; GPU) 2
L AWHFHEREOHEY B /2o, RIZ, ZOBELZ LB, WHKEHEOEFNZE L L
T, BEIR (RRE) IDOUERRICHN 2 Oy RO L CE b 28—k X%, F)I
() (XFEREICEN DY H RN OB L RIS K LT, e ol FEEiHEZ2 B2
RN, B EEAER. SHICENDORERICHESE, BARMARERNIEETH Y BREEN
it & SN T3 Gauss—Seidel HEZELY EIFC, (1) WHFEHRIBERZ TR T 2P T L 24
L, (2) TOWKMEDTZDDOH L0 ME2RL, (3) SR E LTEIREND, BRE
BRI R4 5 Gauss—Seidel ¥E%, SrEULEL 2 RS TWAFH R 21T o 2SI RN L
7o (R AR) % BAKHIIC KRR L7=. Gauss—Seidel 1EDEE FNELULHARNTIZ, BIREHE % Btz
ELTHMUDBND. 2O, BRFETERAMHEE L TEELEHEK 0 /T A2 WHIEEET
FATLTHIRRT 2 EIER 57, FITEICIH - BEONTNALNDHEENEID 55 2 &M
EBRIIZI b T WD, (2) OREIE, BIRFHHR ZAHE L 5 Gauss—Seidel IEMEFIEFH TH
BAGMETTCAED THAZ L2 TTHOD, (3) OFRERITESLIETCITNRARIETE RN &
EEKRLTWS., ZO/RE, (1) OT7L—2AU—27I1ZDoE0, (2) TRLEUSAND Gauss-
Seidel EDWHIFFEDINKSEAEDFENH, & SHIZIIMNET D200 TRV o 0RBENS
BOHEOONELHSL LTEITONSD. 17, ZO+55&ME2 v r a6 LTEE (bbb,
HEFIEEZ 70 7T A THER) LT, RO RFICHN D00 TR OBEHFE 25 2 72
STl T A, BRHEITHATEHERMIZ -8 S, CPU, GPU O DIEFRIZ BT 5
Bz AN L@l b N EBRESND Z L 2R L. 2o, (2) THENEHEDTZD
D+ EMEREGwm e DO TIE e, EBOBEHRIZBWTHLEHNTHLIZ LETRTHO
Thb.

Z DOWARTRIZ BN DI FE oy HRRRITE KB E TH 5 7= OWHIGHR BRI K TH DD, i
<HIFH &1 GMRES TIEAE U AARRE L, BiCGSTAB Tl Bl aH A2 FATFTAI A3 143 T 72
<, DN AHFRRICH L TRRBAERICIEN +5/0 & Vo TREM E IR L T B
EWV ) FEHKRBAD, BRFHENELVOTHIFHAEDIELWE SN TW 2D THD. ikt
L CAMZEDORERIZ L 0, ZOFIEERFREROIE L S BNHEEICES b2 &, A
EHFDICEZEOEVLDTHD. £, ZOREND Z OBIEFHE I HS < EHERICET 5
WO AEEBRICERN A SN D /2 E, AFFFEOISHAGE BICBE Sz,

AR FE TR N, — R GO EMREDOW I 256G & L2y, AFZE Tl Ic B THFSE
RFWOP T, WEAEH ESND2T =R TYH, RC LD REEESRIEE 2> T3
ZEHBA L. BEMIZIE, U7 AT XATHR UCBERTH-TYH, B35 —F2k®y b
DESNIEANH Y, BIEFEOH L LTITRRDEENESNLN, Txk ED X 917
EST50, EWHMETHD. T7hbh, AR CITEREIEFRFEZ S E LSRG
TEMEE RS L722Y, A%, BIERIAPHEOREEZ X2 5T — 4% - T— 4 RZ LR NS 20
2L, THHWE T —XIRIE LR WY « HIEH R OBmBE) OFEEMZMGERL, 51%,
INLOEEEOIRENBRERLETHDL EEZLND



H. Fujiwara, N. Higashimori, and H. Imai 27
Numerical experiments on analyticity of solutions to fractional differential equations 2018
Advances in Mathematical Sciences and Applications 169-180
DOI
2094
2018
122-130
DOI
Fujiwara Hiroshi 36
Design and implementation of multiple-precision arithmetic environment in MATLAB for reliable 2019
numerical computations
Japan Journal of Industrial and Applied Mathematics 1089 1100
DOI
10.1007/s13160-019-00385-2
Alexandru Tamasan 19 19
Cauchy X 2019
1-6

DOl




Hiroshi Fujiwara, Alexandru Tamasan

28

Numerical Realization of a New Generation Tomography Algorithm Based on the Cauchy-type 2019

Integral Formula

Advances in Mathematical Sciences and Applications 413-424
DOl

Fujiwara Hiroshi Sadiq Kamran Tamasan Alexandru 36

A Fourier approach to the inverse source problem in an absorbing and anisotropic scattering 2019

medium

Inverse Problems

015005 015005

DOl
10.1088/1361-6420/ab4d98

Fujiwara Hiroshi Sadiq Kamran Tamasan Alexandru 13
Numerical Reconstruction of Radiative Sources in an Absorbing and Nondiffusing Scattering 2020
Medium in Two Dimensions

SIAM Journal on Imaging Sciences 535 555

DOl
10.1137/19M1282921

13 4 7

H.Fujiwara

Numerical Computation of the 2D Stationary Radiative Transport Equation on Graded Meshes

Japan-Taiwan Joint Workshop on Scientific Computing and Related Topics

2018




exflib

2018

2018

Hiroshi Fujiwara

Multiple-Precision Arithmetic on MATLAB and Related Software for Reliable Computations

China-Japan-Korea Conference 2018

2018

H. Fujiwara

Finite Volume Method for Photon Propagation in Biomedical Tissue

CoMFoS18

2018

25

2018




H.Fujiwara

Advantageous of the Finite Volume Method in Numerical Computation for Light Propagation in Biological Tissue

International Conference on Complex Medial Engineering 2018

2018

Galerkin

ODE-JP 2018

2018

H. Fujiwara

Numerical Computation of the Radiative Transport Equation on Nonconformal Meshes

East Asia Section of SIAM, 2018

2018

31

2018




21

2018

Hiroshi Fujiwara, Tamasan Alexandru

Numerical realizations of X-ray computerized tomography by Cauchy-type boundary integration

RIMS ( )

2020

22 , 65

2019

Makoto Shoji, Hitoshi Yoshikawa, Kazuo Kashiyama

Large Scale Traffic Noise Simulation by Time-Domain FMBEM

The 7th Asian Pacific Congress on Computational Mechanics

2019




(Yoshikawa Hitoshi)

(90359836)

(14301)




