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Nonlinear parabolic partial differential equations are used in
mathematical models to describe taxis phenomena arising from physics, chemistry, biology and other
fields of natural scences. Since analytic solutions can not be obtained in general, it is an
important research theme to get highly accurate numerical solutions which contribute to the
development of those fields of natural scences. In this research project, the representative
investigates Keller-Segel type problems on unbounded domains and, by successfully obtaining the
approximate problems on bounded domains, develops validate methods to solve numerically blow-up
solutions. By applying the proposed numerical technique, the representative develops high order
numerical methods to elliptic partial differential equations with singular solutions, and Rosshy
solitary waves excited by the unstable topography in weak shear flow.



B X C—19. F—19—1, Z—19.

1. WHEBHAR SO 5

BT AL, AEWFEEO BRBIG OB
ETNAOHTEL DL OPMEKY HFENXT
Lk En g, EMBELE2EI ¥ FHET L
T & D IR AR oy 5 #2208 OGPk
AR L LRI, EOMFIEIE, B4R
DO EBEOMBEE OEREETE L HKE
SNTETCWAD, ZDL D MEOMRICITE
FRIFRE] CAFAE LRV B 5, 1B iR %
by TR EZFHRD Z L3R ICE
L PRERANE & IS AME A &2, 4 F TE%
fif 7 b DREEIZ X~ 5 EPEM 72 T 51T
IR TEOER 2o EEZFIA Li-on
FRETHD, N TH, L OHEIIX LT,
BARH) 7 (B R 2 B R S OB A &k
ETDHZEIIREETH D, BEIEREIL Y D45
REEDOMWE 2D Z L NERAIC TR
DETHDH, L, BARBZONRTEFIC
BT R BT A RBEIC R LT, T
BGCid, BRI EBRENI RO T
b, £ LT, MEMLICATzaryEa—%
WX DHERBMEFHEEN RO BN TWD,

2. WHEOHEM

AW I, BMEBEKICE T D
Keller-Segel Mo A7 A& G EMR S %
KT HILE T L O &0k BB AL 2 B3
%o ZOFT I TREE b O RGER TR
KO—FETH Y, THEEFN LY S0 5
HEOMRET-LOEREZEDTND, ZDX
DI B AT DRI TR DR ITEE ek
FHEEZ D, AMTEERETEO BIRBIS
EERITHEBET AT TR RS HER
DEEFRIEAT . BT E DI R TH B 5.
Keller-Segel Mo 27 A& G e BB LD
BHE T IS D EEMNFIE S AT LD
FEEEZ R L TITH) 2 e TERN, —
AXE 72 AT L CIT R AOBFZE 3 8 L >
el D, FOEOHIZ, ATEEEDOK
EFRYE & REIS 3 D BB REHT O FEAm 23 5K 8 5
5, 5 F TV ODOHIEMIENRZ S
e, BRI B OB EINGHE TR L
TRBEICITEEE-> TRy, KiFZEIE
Keller-Segel A+ 27 AZx L CTHEZTH
Ko ORAEREZ BT 5, 1o, BRET D
BB AR IR R U CUL AR AT & I SR AT
FAZEMENT 24T 5, S BIT. 1R BVERE
XLl oSBT 7 = 7 215 H
LC. Ml OREMRIEEZ R T 5 2 & bAT
R

3. WD Ik

AV <ol = O i - WAE SRR AR = MG
sy HREAL BUEMENT S L OV O By B
To D BEHRNT . BEREARE, B 2 =
L—ya R PO ERREL T, 4 FTH
LN R EEHA L, EERE RS

CK—19 (Jtm)

BEE TV OBEBEMOMBIZITH LT
ZBFE L. BREDa Ly NERESHUE
AF—NERET D, HFRAFRE T, WIRH
WIZB T 2 =R O KIGIEB T FERRIC
% U CAHTRMERIZ 31T 5 IT LA 722 f RE &8
AL, EfEEOEMEMRIEZR¥ET 5, LLTO
2 AT T CEAERERALII T O, ET. 2=
EHOBERALIZ X0 FERRIE F oy iR
OMMEMEZS5, TOWwIC, ReEZEIC
R DBEBALE ATV, IR E O AR
ZRAERIAE < o REZZRFAM O UL H AT BT D 6
CRNEZITT DO, A HEE N o B E
WELITHBINL, HEHOFEMFE-H & O
BWREITI Z LI Lo THLWT AT 47T
AT, 2. XoEttiei Ny ok
AL, X0 REREBMEHRERED Ny r—
CROBEEE T F 2T A ES Ik,
HLWEBEOKMET VT XAz EEL
THIET 5, F72. IR L8R EORIET
N Y X hZERAWT, ARRECUE )R Y
D5y B HN D ERE T L D EAEH) 72 5 5%

P —

179,
4. WrIERLE

(1) JEEFRXE FD Keller-Segel Hs 25
I DIFEFR IR DEAESRIE B3 2 A58

g R IL, AERHRERFD Xiao-Yu
Zhang WEHFZ D)1 %215 C, B ASHIE AR
DG HF00 9 5 22/ 1 R D R X [
OB E T FE R ORI R O B A —
LR LT, HA 2 BRSO > & lif 722
il 2 O ARBE I & B 7 1 B A )8l e i
P EFREN D, BRSBTS DL
W8 O RE AL OB 1R 2 kD S L E
BRI, eI, & DA OIS FRE K
WZ Lo THIE S D, a2 B9 2 4
TTT7 T ADHRETZBIZE > THRIES
N7 IR X BB ik o5 =i L
T, T AEMERTZ L2k, Rk
PRI 72 IR R G th 2155 Z &N T
7o T OWIVRIBE R G E VT, A FRZER
Lo MEREE ST, I bIc, kL
TR TR DOBE A F— 2 % AV TR I RS
OIS I 2L — a3 v EfTo7-, WFIERE
X ELTEEDLN, FIiE
Information (ZFE L7, Gasx [5])

(2) F5 BN DR % Ff O KE M AUR Koy 7 R
Dt B ARE 2 B4 D BFSE

WFFEAREE L, LMK ERFD Xiao-Yu
Zhang WeZdsz & [E TR 2D Ruyun Wang
#Hix & OIFNFE T, MR R RO
Dirichlet HEFUERIEE D mks R O BAEAEE D
B & OEAEMAT DRRZEFAML 2 76 F L 7=,
BT O i 73 BRI 0D 855 5T DI R B S FE
TD LWV ) RFRMEDNH HEICH LT, ik
B %z 5 #& F R O FM oI L~ T



Shortley-Weller £ ks LM % 7~ 35 fE <
X — AOMENMIE G 2 7, HEREEKDZ
A—HEPHETDHZLICLVIFIE 2 REE
THEOMIZNKRT S Z L &FEH Lz, Zhb
T =X, BRBFEONE B ICE N
BRI Z S OMBEICET A MEAT—20
RERIZBRSE S iz, BFERRITEmSCE L TF
LB, i3 Numerical Functional
Analysis and Optimization Z3F L7, (&
X [41)

Q) WEBAEWEEHHATTLOLAF Iy
7 AN BT B TEEAE ) 72 B 4%

MR ERF T, ERARERFED Xiao-Yu
Zhang WEHFZDOW 1515 T, HEEWHEER
BETNLOZLAF I v 223 L TEEM
B8 % Lz, BARAIIZIL, Holling # A 7
11 ORE# % B> Rosenzweig-MacArthur
ETIVCK LT, BEENRT A —F LT
A—Z DIEE &P EHE OME/ER~D
RN R EBE LT, BREIIUA ) OB
FEALT, FRRTA—Z L E5bETEZ
Too BABRY 72 FEBR 21T 5 Z L12 X VD | Hopf 43
DA ¥ 7T K & OJE N 22258 % 15
Tro WRIERREITGACE LTE & O LI, il
2% International Journal of Automation

and Computing IZ%F L=, G [6])

(4) Rossby LI DOMEE K OEET I =
—a BT B0

FEREF L, HEHE RSO Ruyun Wang
BB L OO T — 7 & O HEHFSE
T, VW =T —OHHMEICEBNT, REL
E 7R 2T K o Tl 4172 Rossby 37
WoOMELZOHMy I —va il
T O AN EF L, MREHEZ S OH L
Kdv HREANEH &, PSR 1 & 2
DFANTH U TR L= IN5 3k o (L %2 3
NPz, I, BUARY OVEMEREEIC X
STINHEOKEY I 21— a v &f1o
Too BFZERREITGRCE LTE LD B, 2
%5 Nonlinear Dynamics IZRFRL7-, (GaX
[1])

5. E7pdEIam L
(WFFEIRFRAE . WFIE T M ONEEER SR (2
ES 7Y

(MERERR SO (BE 7 4F)

[1] Bao—Jun Zhao, Ru-Yun Wang, Qing Fang,
Wen-Jin Sun and Tian-Ming Zhan, Rossby
solitary waves excited by the unstable
topography in weak shear flow, Nonlinear
Dynamics, vol.90, Issue 2, 889-897, 2017.
EHAH

[2] Ruyun Wang, Tian Wang, Xiaoyu Zhang,

Qing Fang, Chumin Wu and Bin Zhang, An
Artificial Neural Network Model for
Predicting Typhoon Intensity and Its
Application, Communications in Computer
and Information Science, vol. 763, 762-770,
2017. EieH

[3] Ruiwen Zheng, Qing Fang, Zhiyuan Liu,
Binghong Li and Xiao—Yu Zhang, A
Multivariate Wind Power Fitting Model
Based on Cluster Wavelet Neural Network,
Communications in Computer and
Information Science, vol. 763, 94-102,
2017. EieH

[4] Xiao—Yu Zhang, Ruyun Wang and Qing Fang,
Convergence Analysis of the Shortley—
Weller Method on Refinement Grids for
Elliptic Equations with Singularities,
Numer. Funct. Anal. Optimiz., vol.37,
Issue 6, 805-822, 2016. AHiA

[5] Xiao—Yu Zhang, Ruyun Wang and Qing Fang,
A Numerical Study on Blow—up Solutions of
a Reaction-Diffusion Model, Information,
vol.19, 1689-1696, 2016. A FiA

[6] Xiao—Yu Zhang and Qing Fang, Numerical
Evaluation of External Effects on
Interspecific Interacting Populations,
International Journal of Automation and
Computing, vol. 13, Issue 2, 133-141, 2016.
A

[7] Ru-yun Wang, Yin-xian Yu, Zhen-tao
Zang, Di Cao and Qing Fang, A Domain
Decomposition Method Based on the AD
Algorithm, Proceedings of International
Conference on Mechatronics, Electronic,
Industrial and Control Engineering,
Advances in Engineering Research Volume 5,
1619-1624, Atlantis Press, 2015. &FHif

(%) (GFH8)

(1) Ruyun Wang, Tian Wang, Xiaoyu Zhang,
Qing Fang, Chumin Wu and Bin Zhang, An
Artificial Neural Network Model for
Predicting Typhoon Intensity and Its
Application, International Conference on
Life System Modeling and Simulation 2017,
Nanjing  University of  Posts and
Telecommunications, September 24, 2017.

(2) Ruiwen Zheng, Qing Fang, Zhiyuan Liu,
Binghong Li and Xiao—Yu Zhang, A
Multivariate Wind Power Fitting Model
Based on Cluster Wavelet Neural Network,
International Conference on Life System
Modeling and Simulation 2017, Nanjing



University of Posts and
Telecommunications, September 23, 2017

(3) Qing Fang, A Numerical Method to
Blow-up Solutions of Phase Seperation
Models, Workshop on Numerical Analysis and
Scientific Computing, Zhengzhou
University, August 23, 2017

(4) Qing Fang, Superconvergence of
solution derivatives for parabolic
differential equations, Workshop on
Numerical Analysis and Scientific
Computing, Zhengzhou University, November
11, 2016.

(5) Ruyin Wang, Zhentao Zang, Qing Fang,
Jun Zhou, Dandan Qiang, Bin Zhang and Xin
Zhang, A high-precision and
high-resolution parallel numerical model
for storm surge based on GPU, 28th
International Conference on Parallel
Computational Fluid Dynamics, Kobe
International Conference Center, May 9,
2016.

(6) Qing Fang, Superconvergence of
solution derivatives for the FDM and FEM
approximation to elliptic boundary value
problems, Workshop on Numerical Analysis
and Scientific Computing, Beijing
Forestry University, March 19, 2016.

(7) Xiao-Yu Zhang and Qing Fang, A
Numerical Study on Blow—up Solutions of a
Reaction—-Diffusion Model, The Seventh
International Conference on Information,
GIS NTU Convention Center, National Taiwan
University, Taipei, November 26, 2015

(8) Qing Fang, Superconvergence of finite
difference methods to linear elliptic PDEs,
Joint Seminar on Numerical Analysis at
Niigata University, Niigata University,
September 2, 2015.

6. WFFER
(D) W RaERE
Ji & (FANG, Qing)
LK« BREEES - Bd%
WF7e& %S 10243544

(2) WFoeth 117
E BESE (ZHANG, Xiao-Yu)
F #mZE (WANG, Ruyun)




