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Abstract

Interface problems have always been the most challenging research area because of the low global
regularity of the solution caused by the discontinuity and the high curvature of the interface exhibited
by the interface’s shape. The classical analysis of singularly perturbed interface problems is not yet
developed and challenging to implement. The analysis and numerical solution of interface problems
deservedly attract substantial attention. This thesis design and analyze numerical techniques for some

singularly perturbed interface problems.

A two-dimensional singularly perturbed convection-reaction-diffusion problem that has discontinu-
ities, along lines parallel to x- and y-axes, in the source term as well as in the convection and reaction
coefficients is considered. The coefficient of the highest-order term is a small positive parameter.
We propose a decomposition of the solution that yields sharp bounds on its derivatives. A particular
finite difference scheme is constructed on an appropriate Shishkin mesh, and it is established that
the computed solution is almost first-order parameter-uniformly convergent. For the same problem,
a local discontinuous Galerkin (LDG) method is constructed on an appropriate Shishkin mesh. The
test functions in the LDG method are piecewise polynomials that lie in the space 2, of piecewise
polynomials of degree at most r in each variable, where r is a positive integer. We established that the

error in the computed solution converges at the rate of r + % in a DG-norm.

We next design and analyze a parameters-uniform numerical method for a time-dependent weakly
coupled system of two convection-diffusion equations that has a discontinuity, along the line x =
d, in the source term. The second-order term of each equation is multiplied by a small singular
perturbation parameter of different magnitude. The convergence analysis of the numerical method is
given using the decomposition of the solution into regular and singular components. The numerical
approximations produced by the numerical method are uniformly convergent of first-order in time

and almost first-order in space with respect to both perturbation parameters.

v



vi ABSTRACT

A finite difference method for a system of m(> 2) singularly perturbed parabolic semilinear reaction-
diffusion equations with a discontinuous source term having discontinuities along I'y = {(x,#) : x =
d, 0 <t < T} is constructed. The semilinear operator is linearized, and a maximum principle is
proved for the linearized operator. A Green’s function is introduced for the semilinear operator using
the linearized operator. Certain bounds on the Green’s function and its derivatives are obtained. Using

these bounds, we give computable parameter-uniform error estimates in maximum norm.

Next, we construct and analyze a numerical method for a time-dependent weakly coupled system of
two singularly perturbed semilinear reaction-diffusion equations. The source terms in both equations
have discontinuities in the spatial variables along x = d, d € Q := (0,1). The highest order spatial
derivatives in the first and second equations are multiplied by positive perturbation parameters £; and
&, respectively, which could be arbitrarily small. The domain is discretized using an appropriate
Shishkin mesh. Using the decomposition of the solution, we obtain (€}, & )-uniform error estimates in
“maximum norm.” We prove that the method is a (&1, &)-uniformly convergent of first-order in time

and almost second-order in space.

Numerical experiments are conducted on some test problems for all the developed numerical methods

to validate the theoretical results.



SRt T THEIT 9T 980 AUl IFHIT & &1 & ST DHRUT IR 3R Rl b
SNMBHR GRT USRI SRt Bl ITd aehall P DHROT FHIEM Dl B 19D FRHIGedT &l feret
RTES STRIBED FHEITSN BT URFARS fA9wor onft de i 8l gaT 8 3R 36 dBrIfaa ol
FAIIQUT &1 SRThetds FHRIT3 T fA2eiuT 3R HEITHSD THIEH I B I UATH €T JATehiod
IR E| T8 MY Y99 P [HeRel! IREeS RITeD TARINSH & foly TeaTeHe daial ol e
31k fageryur et &1

U - Smart RiTeRe wRees Hag--Ufifonar-TaR T, fOR sNd U & ar—ae Gaed 3iR
fcrfoRar et § 2— IR y—3Tel & FAFIR TR & AT AT 8, W AR fohar T B
3fadel R H ITadH-HH IS BT IUNId U BT gD RIS 81 89 FH1EH & RIS &1
TRET R & ofl 39 SRafed W) die—die THT Ffeed var &1 Uep Ay aRfAT 3i=aRTel deheteht
SR s 7 o= FHf0r 6t 78 8, 3R I8 Tt far w8 & sriefeld Jem T ueH-
o1 IRFICR-FFH™ 9 F ARFRT I 21 SH TR & folt, T Iugh S 99 IR T Al
feedhdi=gem Aafd (vardieh) fafa o femfor fomam mar 21 verdisht Rifg & e were @8 wel o
95U & St T Q,, S & U =R F aifdec™ » O1d & JgU< &, # T §, 98l U eAHD
qUITeh &1 &5 AT ot & fop arfrepferd e A FfE 7 + L 1 &r § Soi-Ares 5 S 8l
gl

3T &9 HHI TR ¥R R dTel &1 Hag--U-R FHIDRUN bl rvIR JFe {1 & foly b tRmfier-
gfroT HeeTeTes f3fE @t fFafor o ey a8l s 401 ug 5 X1 & = d & gy T S
1 U FHIPROT &b GER-THH P UG Pl T -3 URATI & T BIC e TResa IRFex | Jom
3 ST 81 TS 1 WeR 31 fHIeR Ted! 7 Ao o1 SN aRd Sercid fafd & arfiraRo
&1 fa9eyuT T T B | STt A8 GRT Scus SRS SIHM I H HeH - 9 SiReT®
TR H SR Y -351 ¥ 1 IR & He A Toedm ®U § ARRIRa g 2

vil



viil R

m(> Q)WWWWW$WW,WWWﬁFd ={(z,t): x =
d, 0 <t < T} & T IHaar &, & v e yRfIT sFcRTer qab-ichl a1 FHfor fosar mar 2|
AR SiTiReR @1 e fhar w1 2, iR ahdpa siiver & oy U aifdaad Rigia g
TR T 81 ARhepeT SITURER BT ST IR HHEH IR TR & oy Ueb H+ b1 tharerd UeT e
7 81 f19 & e 3R IHS SRaAfca iR 38 HHIG ure 6 78 81 37 el T ST Rd Y, 8
g -TFEe H ToMT A RTHIeR-JFAHT IS BT e I &l

3T &9 THY TR ¥R =1 dTett I U fehaT— TR IR el HASIR A (T b fofy Ueh Heaeren
fafer @1 fmfor ok ooy awa &1 Q91 THaRo S AT TR T 2 = d, d € Q := (0,1), & 3FRH
TN TR F AT 81 Ugel 3R TR el H§ SoaaH 9 & w1 SRafeed @l sHHen: et
TR IRFIER ¢, 31R &, T 0T {351 71297 B, S A9 &7 9 BT 81 9adl | Sugh fAfsh e
SR Ry S DI [IITSTIT fhdT T 81 18 & 3TTeeH &1 SUINT axds, &9 "Nfddhdd AFes |
T (e,,e,)~IFHH IS BT A WTH = & | &9 g a=cl € b e aver 7 ugel-o oiR e
TR H T TR H (&4, £,)-IFEH HU F FFERT Bt 2|

Sgifore aRore Bt YR o & o weft el Searcres fgal & oy 3o ueiemn gt w
TR AT Y 1Y €|



Certificate
Acknowledgments
Abstract

List of Figures
List of Tables

List of Symbols

1 Introduction

1.1 Singularly Perturbed Differential Equations . . . . . .. ... ..
1.2 Layers in One-Dimensional Reaction—Diffusion and Convection—Diffusion Problems
1.2.1 Boundary Layers . . . .. ... ... ...........
1.2.2 Imterior Layers . . . . .. .. .. .. ... ... ... .
1.2.3 Turning PointLayers . . . . . ... ... ... ......
1.2.4  Opverlapping or Interacting Layers . . . . . .. ... ...

1.3 Layers in Two-Dimensional Convection-Diffusion Problems

1.3.1 Regular Boundary Layers . . ... ... ... ......
1.3.2 Regular and Parabolic Boundary Layers . . . . . ... ..
1.3.3 Degenerate Parabolic Boundary Layers . . . .. ... ..
1.3.4 Parabolic Interior, Corner and Initial Layers . . . . . . . .

1.4 Review of Research and Development in the Subject . . . . . . .

X

Contents

iii

xiii

xvii

w4
|k
5

0 00 N O O W =



CONTENTS

1.4.1 Linear Convection—Reaction—Diffusion Problems with Interior and Boundary
Layers. . . . . . . e 15

1.4.2  System of Time—Dependent Linear Convection—Diffusion Equations with In-
terior and Boundary Layers . . . . . ... ... ..o L. 17

1.4.3 System of Time-Dependent Semilinear Reaction—Diffusion Equations with
Same Perturbation Parameters . . . . . . .. ... ... Lo 18

1.4.4  System of Time—Dependent Semilinear Convection—Diffusion Equations with
Different Perturbation Parameters . . . . . . . .. ... ... .. ...... 19

1.4.5 Local Discontinuous Galerkin Method for Two Dimensional Scalar Singu-
larly Perturbed Convection-Reaction-Diffusion Problems . . . . . . .. . .. 21
1.5 Layoutofthe Thesis . . . .. .. ... . .. .. .. .. .. . 22

Two-Dimensional Singularly Perturbed Convection—Reaction-Diffusion Problem hav-

ing Discontinuities in Coefficients and Source Term 25
2.1 Introduction . . . . . . . . . .. e e e e 25
2.2 Properties of the Continuous Solution . . . . . .. ... ... ... ......... 30

2.2.1  Solution Decomposition and Bounds on Their Derivatives . . . . . . .. .. 33
2.3 Discretization of the Problem . . . . . . . . .. ... ... .. 0 0oL, 41

23.1 TheMesh . . . . . . . . e 41

2.3.2 TheDiscrete Problem . . . ... ... ... ... . . 42
2.4 Convergence AnalySis . . . . . . . . . . e e e 49
2.5 Numerical Experiments . . . . . . . . . . ... e 63
2.6 Conclusions . . . . . . . . .. e e e e e 70

System of Two Singularly Perturbed Parabolic Convection-Diffusion Equations having

Different Diffusion Parameters and Discontinuity in the Source Term 71
3.1 Introduction . . . . . . . . . L e 71
3.2 Properties of the Continuous Solution . . . . . . ... ... ... ... ....... 74
3.3 Discretization of the Problem . . . . . . . ... ... oo oL 92

33.1 TheMesh . . . . . . . . e 92

3.3.2 The Discrete Problem . . . . ... ... ... 93
34 Convergence Analysis . . . . . . ... e e 95
3.5 Numerical Experiments . . . . . . . . . ... Lo 106

3.6 Conclusions . . . . . . . . . e e e 118



CONTENTS Xi

4 System of m(> 2) Singularly Perturbed Parabolic Semilinear Reaction-Diffusion Equa-

tions having Same Diffusion Parameters and Discontinuity in the Source Term 119
4.1 Introduction . . . . . . . . ... e e 119
4.2 Properties of the Continuous Solution . . . . . . . ... ... ... ... .. ... 121
4.2.1 Linear Parabolic Reaction-Diffusion Equation . . . . . . ... ... .. ... 122
4.2.2 System of Semilinear Parabolic Reaction-Diffusion Equations . . . . . . . . 127
4.3 Discretization of the Problem . . . . . . . . . ... oo oo 144
43.1 TheMesh . . . . . . . e 144
4.3.2 The Discrete Problem . . . . .. ... ... .. .. ... L. 144
4.4 Convergence Analysis . . . . . . . . ... 146
4.5 Numerical Experiments . . . . . . . . . . .. ... 153
4.6 Conclusions . . . . . . . ... e e 164

5 System of Two Singularly Perturbed Parabolic Semilinear Equations having Different

Diffusion Parameters and Discontinuity in the Source Term 167
5.1 Introduction . . . . . . . . . .. 167
5.2 Properties of the Continuous Solution . . . . .. ... ... .. ........... 169
5.2.1 Existence and Uniqueness of a Solution . . . . . .. ... ... ....... 170
5.2.2  Maximum Principle and the Decomposition of the Solution. . . . . . . . .. 177
5.3 Discretization of the Problem . . . . . . .. ... ... oo 199
53.1 TheMesh . . . . . . . .. 199
5.3.2 The Discrete Problem . . . . .. ... .. ... oo . 200
54 Convergence Analysis . . . . . . ... L e 201
5.5 Numerical Experiments . . . . . . . . . . . ... e 214
5.6 Conclusions . . . . . ... e e 226

6 Local Discontinuous Galerkin Method for a Two-Dimensional Singularly Perturbed

Convection—-Reaction—-Diffusion Problem having Discontinuities in Coefficients and Source

Term

6.1
6.2

6.3

229
Introduction . . . . . ... 229
The Local Discontinuous Galerkin Method . . . . . .. ... ... ... ...... 232
6.2.1 Themesh . . . . . . . . . . .. 232
6.2.2 Finite element spaces and weak formulation . . . . . .. ... ... ... .. 234
6.2.3 Projection Operators . . . . . . . . . . ... 239
Convergence Analysis . . . . . . . . . .. e 242



xii CONTENTS

6.4 Numerical Experiments . . . . . . . . . .. ... L 260
6.5 Conclusions . . . . . . . . 265
References 267

Bio-Data 279



1.1
1.2

1.3

1.4

L.5

2.1
22

2.3

24

3.1

List of Figures

Solution has the boundary layeratx=1.. . . . . . . .. ... ... ... ...... 3
(a) Characteristic of the convection-diffusion equation when b;(x,y) > f; >0 fori=1
and 2, (b) Parabolic boundary layer and corner layer (CL) of the convection-diffusion
equation when b;(x,y) > fB; >0fori=1land2. . ... ... ... ... ........ 11
(a) Characteristic of the convection-diffusion equation when b;(x,y) > B; > 0 and
by(x,y) = 0., (b) Regular and parabolic boundary layers, and corner layers (CL) of
the convection-diffusion equation when b;(x,y) > B; > 0 and bp(x,y) =0.. . . . . . 11
(a) Characteristics and velocity profile of the convection-diffusion, (b) Regular bound-
ary layer on the outflow boundary I'3, parabolic boundary layers on the characteristic
boundaries I, UI'y, and corner layers (CL). . . . . . . ... ... ... .. ..... 13
(a) Characteristics and velocity profile of the convection-diffusion equation when
bi(x,y) =y™(1 —y)" and by(x,y) = 0, (b) Degenerate parabolic boundary layers of
the convection-diffusion equation when by (x,y) = y"(1 —y)" and bp(x,y) =0.. . . . 14

Regions of interior layers, corner layers(CL) and boundary layers inside the domain Q. 28

Numerical solution profile for Example 2.5.2 with € = 107 and mesh parameters

N=M=128. . . . . e 67
The plots of —In(N~!'In(N)), —In(D") on y-axis versus In(N) on x-axis for Exam-
ple 2.5.1 using the data from Table 2.2. . . . . . . . .. ... ... ... ....... 68
The plots of —In(N~'In(N)), —In(D") on y-axis versus In(N) on x-axis for Exam-
ple 2.5.2 using the data from Table 2.3. . . . . . . . .. ... ... ... ... ..., 68

Figure 3.1(a) and Figure 3.1(b) display the boundary layers in the neighborhood of
the boundary x = 0 and interior layer in the right neighborhood of x =d with N = 128,
M =256,and e =y =2""2forExample 3.5.1. . . . ... ... ... ........ 112

Xiil



Xiv LIST OF FIGURES

3.2 The Figure 3.2(a) displays the plots of —In(N~!'InN+ M=), —InDVM on y-axis

versus InN on x-axis for spatial direction, and the Figure 3.2(b) displays the plots of

—In(N"'InN+M~1), —InDVM on y-axis versus InM on x-axis for time direction
using the data form the Tables 3.1 and 3.2 respectively. . . . . ... ... ... ... 113

3.3 Figure 3.3(a) and Figure 3.3(b) display the boundary layers in the neighborhood of

the boundary x = 0 and interior layer in the right neighborhood of x = d with N = 64,
M=128ande=p =2""2forExample 3.52. . . .. .. ... ... ... ..... 114

3.4 The Figure 3.4(a) displays the plots of —In(N~'InN+M~!), —InDVM on y-axis

versus InN on x-axis for spatial direction and the Figure 3.4(b) displays the plots of

—In(N"'InN+M~1), —InDVM on y-axis versus InM on x-axis for time direction
using the data from the Tables 3.3 and 3.4 respectively. . . . ... ... ... .... 115

4.1 Boundary and interior layers in the numerical solution of Example 4.5.1 with N =
M=128,ande=107C. . . . ... .. ... ... 158

4.2 Numerical solution profile of Example 4.5.1 with € = 1076, N = M = 88 at time
Iqp—1@ndfapgq 1o« o oo 159

43 Plots of —In(N"2In>N +M~"), —InD¥M on y-axis versus InN on x-axis for the
Example 4.5.1 using the data from Table 4.1. . . . . .. ... .. ... ... .... 160

4.4 Plots of —In(N~2In*N +M~"), —InDV¥ on y-axis versus InM on x-axis for the
Example 4.5.1 using the data from Table4.2. . . . . .. ... ... ... ...... 160

4.5 Boundary and interior layers in the numerical solution of Example 4.5.2 with N =
M=128,ande=10"C. . . ... ... ... ... 161

4.6 Numerical solution profile of Example 4.5.2 with € = 107%, N = M = 128 at time
tM/2—1 and t3M/4—1 .................................... 162

4.7 Plots of —In(N"2In>N +M~"), —InD¥M on y-axis versus InN on x-axis for the
Example 4.5.2 using the data from Table4.3. . . . .. ... ... ... ... .... 163

4.8 Plots of —In(N~2In*N +M~"), —InDV¥ on y-axis versus InM on x-axis for the
Example 4.5.2 using the data from Table4.4. . . . ... ... .. ... ... ... 163

5.1 Boundary and interior layers in the numerical solution of Example 5.5.1 with N =
M=128,and e =107% & =10"% . . . . . . .. ... ..., 219

5.2 Numerical solution profile of Example 5.5.1 with & = 1076, 6 =10* N=M =288
attime fyyp and f3p/4 1+« - o oo 220

5.3 Plots of —In(N"2In*> N+M~"), —InDV'M on y-axis versus In N on x-axis for Example
5.5.1 using the data from Table 5.1.. . . . . .. .. .. ... ... ... ... 221



L1ST OF FIGURES XV

54

5.5

5.6

5.7

5.8

6.1
6.2
6.3
6.4
6.5
6.6

Plots of —In(N~2In>N+M "), —InD"M on y-axis versus InM on x-axis for Exam-

ple 5.5.1 using the data from Table 5.3. . . . . . . . .. ... ... ... ... .... 221
Boundary and interior layers in the numerical solution of Example 5.5.2 with & =

1070, 6 =10 N=M=128. . . . . 222
Numerical solution profile of Example 5.5.2 with &, =107%, &, = 1074, N=M = 128

atfixedtimefy;p g andizp/a 1. - o oo oo 223
Plots of —In(N"2In? N+M~"), —InD¥¥ on y-axis versus In N on x-axis for Example

5.5.2 using the data from Table 5.2. . . . . . . . .. ... ... L . 224
Plots of —In(N"2In? N +M~"), —InD"'M on y-axis versus InM on x-axis for Exam-

ple 5.5.2 using the data from Table 5.4. . . . . . . . .. ... ... ... ... .... 224
Sub-regions ®" and @~ in Q with a common boundary y. . . . ... ... ... .. 229
(a) Subdivision of Q, and (b) rectangular Shishkin mesh ¢ 8 232
Decomposition of the domain Qg, s =1,2,3,4. . . . .. .. .. ... .. ...... 233
Notations for the edges of a rectangular element x and the square Qo 240
Numerical solution profile for Example 6.4.1 with N = 128 and e =107° . . . . . . 263

Contour of the numerical solution for Example 6.4.1 with N =128 and e = 107% . . 264



2.1
2.2

23

3.1

3.2

33

34

3.5

4.1

4.2

4.3

4.4

List of Tables

The order in which the bounds on the singular components are computed. . . . . . . 37
Maximum pointwise error DY, parameter-uniform error D, and the order of parameter-
uniform convergence PV for the finite difference approximation to Example 2.5.1. . . 66
Maximum pointwise error DY , parameter-uniform error D", and the order of parameter-

uniform convergence PV for the finite difference approximation to Example 2.5.2. . . 66

) M .
The pt-uniform errors DY™Y, (e, p)-uniform errors DV-M

, and spatial orders of con-
vergence pY for Example 3.5.1. . . . . . . ... ... 109
The -uniform errors DY ™, (&, t)-uniform errors DV, and temporal orders of con-
vergence NY for Example 3.5.1. . . . . . . . ... ... 110

. M .
The pt-uniform errors DY™Y, (e, p)-uniform errors DN-M

, and spatial orders of con-
vergence pVV for Example 3.5.2. . . . . . ... ... 110
The yt-uniform errors DY ™, (&, ut)-uniform errors DV, and temporal orders of con-
vergence NY for Example 3.5.2. . . . . . . .. ... 111

. M .
The p-uniform errors ngV’ , (€, 1)-uniform errors DVM

, and spatial orders of con-
vergence p" by using f—values in place of f in the definition of numerical scheme

for Example 3.5.2. . . . . .. 117

The errors DISVM, g-uniform errors DV'™ and spatial orders of convergence p" for

Example 4.5. 1 withN=M.. . . . . . . . . ... . e 156
The e-uniform errors D)"Y, e-uniform errors DV, and temporal orders of conver-
gence NM for Example 4.5.1 with fixed N =4096. . . . . . ... ... ........ 156
The errors DISV’M, g-uniform errors DV'™ and spatial orders of convergence p" for
Example 4.52withN=M.. . . . . . . . . . . e 157

The e-uniform errors Dg ", e-uniform errors D™ and temporal orders of conver-

gence N for Example 4.5.2 with fixed N =4096. . . . . . ... ... ........ 157

XVvii



Xviil LIST OF TABLES

5.1 The &-uniform errors DZ’M, (&1, & )-uniform errors DVM | and spatial orders of con-
vergence pY for Example 5.5.1. . . . . . . ... ... 216

5.2 The &-uniform errors Dg’M, (€1, & )-uniform errors DNM and spatial orders of con-
vergence pV for Example 5.5.2. . . . . . ... ... 217

5.3 The &-uniform errors DISVI’M, (&1, & )-uniform errors DVM | and temporal orders of
convergence N for Example 5.5.1 with fixed N=4096. . . . . ... ......... 218

5.4 The &-uniform errors Dlgvl’M, (€1, & )-uniform errors DV'M, and temporal orders of
convergence ™ for Example 5.5.2 with fixed N=4096. . . . . . ... ........ 218
6.1  Error |(ep,e,)| % and rate of convergence P with r = 1 for Example 6.4.1. . . . . . 261
6.2 Error [le,||o 4~ and rate of convergence va with r = 1 for Example 6.4.1. . . . . .. 262
6.3 Error |(ep,e,)| and rate of convergence PY with r = 2 for Example 6.4.1. . . . . . 262
6.4  Error ||e,||o_»~ and rate of convergence P’ with r = 2 for Example 6.4.1. . . . . . . 263



Cke (Q_)
€

T

a('v')
Nand M
TN7M

9

C

C

9lls
v< (>)w

List of Symbols

Meaning

non-negative integers

given space variable(s) domain
boundary of Q

subdomains of Q

given domains for non-stationary problems
subdomains of G

Lebesgue spaces, 1 < p < oo

Sobolev spaces, 1 < p < oo

Sobolev spaces, W!2(Q)

function spaces

Hoélder spaces with exponent 6 € (0, 1)
perturbation parameter

semilinear differential operator
reaction function

mesh parameters

semilinear discrete operator

Green’s function

generic positive constant, independent of perturbation and mesh
parameter(s)

generic positive constant vector
maximum norm of @

means v; < (>)wi, v=(vi, -+ ,vm) T, w= (wy,- - ,wy) T

Xix



LIST OF SYMBOLS

XX
|V|:<|V1|,---7|Vm|)T V:<V17"'avm)T
\% gradient operator
A Laplacian operator

[
{3
U(xi,yj)

jump operator
averaging operator

discrete solution at node point (x;,y;)



	Thesis of Abhay Kumar Chaturvedi.pdf
	Certificate
	Acknowledgments
	Abstract
	List of Figures
	List of Tables
	List of Symbols
	Introduction
	Singularly Perturbed Differential Equations
	Layers in One-Dimensional Reaction–Diffusion and Convection–Diffusion Problems
	Boundary Layers
	Interior Layers
	Turning Point Layers
	Overlapping or Interacting Layers

	Layers in Two-Dimensional Convection-Diffusion Problems
	Regular Boundary Layers
	Regular and Parabolic Boundary Layers
	Degenerate Parabolic Boundary Layers
	Parabolic Interior, Corner and Initial Layers

	Review of Research and Development in the Subject
	Linear Convection–Reaction–Diffusion Problems with Interior and Boundary Layers
	System of Time–Dependent Linear Convection–Diffusion Equations with Interior and Boundary Layers
	System of Time–Dependent Semilinear Reaction–Diffusion Equations with Same Perturbation Parameters
	System of Time–Dependent Semilinear Convection–Diffusion Equations with Different Perturbation Parameters
	Local Discontinuous Galerkin Method for Two Dimensional Scalar Singularly Perturbed Convection-Reaction-Diffusion Problems

	Layout of the Thesis

	Two–Dimensional Singularly Perturbed Convection–Reaction–Diffusion Problem having Discontinuities in Coefficients and Source Term
	Introduction
	Properties of the Continuous Solution
	Solution Decomposition and Bounds on Their Derivatives 

	Discretization of the Problem
	The Mesh
	The Discrete Problem

	Convergence Analysis
	Numerical Experiments
	Conclusions

	System of Two Singularly Perturbed Parabolic Convection-Diffusion Equations having Different Diffusion Parameters and Discontinuity in the Source Term
	Introduction
	Properties of the Continuous Solution
	Discretization of the Problem
	The Mesh
	The Discrete Problem

	Convergence Analysis
	Numerical Experiments
	Conclusions

	System of  m(2)  Singularly Perturbed Parabolic Semilinear Reaction-Diffusion Equations having Same Diffusion Parameters and Discontinuity in the Source Term
	Introduction
	Properties of the Continuous Solution
	Linear Parabolic Reaction-Diffusion Equation
	System of Semilinear Parabolic Reaction-Diffusion Equations

	Discretization of the Problem
	The Mesh
	The Discrete Problem

	Convergence Analysis
	Numerical Experiments
	Conclusions

	System of Two Singularly Perturbed Parabolic Semilinear Equations having Different Diffusion Parameters and Discontinuity in the Source Term
	Introduction
	Properties of the Continuous Solution
	Existence and Uniqueness of a Solution
	Maximum Principle and the Decomposition of the Solution.

	Discretization of the Problem
	The Mesh
	The Discrete Problem

	Convergence Analysis
	Numerical Experiments
	Conclusions

	Local Discontinuous Galerkin Method for a Two–Dimensional Singularly Perturbed Convection–Reaction–Diffusion Problem having Discontinuities in Coefficients and Source Term
	Introduction
	The Local Discontinuous Galerkin Method
	The mesh
	Finite element spaces and weak formulation
	Projection Operators

	Convergence Analysis
	Numerical Experiments
	Conclusions

	References
	Bio-Data




