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$TextStyle = 8FontFamily -> "Times", FontSize Ø 12<;
Off@General::"spell", General::"spell1"D

Traffic2@InitBoundDataU_, InitBoundDataQ_, Nodes_, h_, Type_D := ModuleA8<,
H*** INITIAL CONDITION ***L
jU@x_D := InitBoundDataU@@2DD;
jQ@x_D := InitBoundDataQ@@2DD;
hh =

1
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
Nodes - 1

;

WhichAType === Sinc, x1i_ := Hi - 1L* hh,

Type === Lagrange, x1i_ := -
1

ÅÅÅÅÅÅÅ
2.

 JCosAHi - 1L*
p

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
Nodes - 1

E - 1NE;

IfAType === Lagrange, Lagr@j_, x_D := Â
p=1

Nodes

i
k
jjjIfAp ! j,

x - x1p
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
x1j - x1p

, 1Ey{
zzz;

InitValueU@x_D := ‚
k=1

Nodes

HjU@xD ê. x Ø x1kL * Lagr@k, xD;

InitValueQ@x_D := ‚
k=1

Nodes

HjQ@xD ê. x Ø x1kL * Lagr@k, xDE;

IfAType === Sinc, Sinc@j_, x_D := WhichA0 § x § 1 && x ! Hj - 1L* hh,

SinA p * Hx - Hj - 1L* hhL
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

hh
E ì i

k
jjj p * Hx - Hj - 1L* hhL

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
hh

y
{
zzz, x == Hj - 1L*hh, 1E;

InitValueU@x_D := ‚
k=1

Nodes

 HjU@xD ê. x -> x1kL * Sinc@k, xD;

InitValueQ@x_D := ‚
k=1

Nodes

 HjQ@xD ê. x -> x1kL * Sinc@k, xDE;

Print@"Initial condition interpolation:"D;
Plot@Evaluate@8jU@xD, InitValueU@xD<D,
8x, 0, 1<, PlotStyle Ø 8GrayLevel@0D, Dashing@80.15, 0.05<D<,
AxesLabel Ø 8x, u@x, 0D<, PlotRange Ø 8Automatic, 80, 1<<D;

Plot@Evaluate@8jQ@xD, InitValueQ@xD<D,
8x, 0, 1<, PlotStyle Ø 8GrayLevel@0D, Dashing@80.15, 0.05<D<,
AxesLabel Ø 8x, q@x, 0D<, PlotRange Ø 8Automatic, 80, 1<<D;

Print@"Don't worry! I'm working"D;
H*** DERIVATIVE MATRICES ***L
IfAType === Lagrange,

FDM@j_, i_D := WhichAi == j, ‚
k=1

Nodes

IfAk == i, 0,
1

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
x1i - x1k

E, i != j,

i
k
jjjjjj ‰

p=1

Nodes

HIf@p ã i, 1, x1i - x1pDL
y
{
zzzzzz ì

i
k
jjjjjjHx1i - x1jL ‰

p=1

Nodes

HIf@p ã j, 1, x1j - x1pDL
y
{
zzzzzzE;

;
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FirstDer = Table@FDM@j, iD, 8j, 1, Nodes<, 8i, 1, Nodes<D;
SecondDer =

TableAIfAi ! j, 2 
i
k
jjjFirstDer@@j, iDD* FirstDer@@i, iDD -

FirstDer@@j, iDD
ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

x1i - x1j

y
{
zzz, 0E,

8j, 1, Nodes<, 8i, 1, Nodes<E;

DoASecondDer@@i, iDD = - ‚
k=1

Nodes

SecondDer@@k, iDD, 8i, 1, Nodes<EE;

IfAType === Sinc,

FDM@j_, i_D := WhichAi != j,
H-1Li-j

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
hh* Hi - jL , i == j, 0E;

SDM@j_, i_D := WhichAi != j,
2 * H-1Li-j+1

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
hh2 * Hi - jL2

, i == j, -
p2

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ
3* hh2

E;

FirstDer = Table@FDM@j, iD, 8j, 1, Nodes<, 8i, 1, Nodes<D;
SecondDer = Table@SDM@j, iD, 8j, 1, Nodes<, 8i, 1, Nodes<DE;

H*** Nodal Equations ***L

NdEqU@i_D := Ui '@tD == -
i
k
jjjjj ‚

k=1

Nodes

FirstDer@@k, iDD* Qk@tD
y
{
zzzzz ê. x -> x1i;

NdEqQ@i_D :=

Qi '@tD ==
i
k
jjjjj
i
k
jjjjjH1 - 2 Ui@tDL + h HUi@tDL H2 - 3 Ui@tDL*

i
k
jjjjj ‚

k=1

Nodes

FirstDer@@k, iDD* Qk@tD
y
{
zzzzz
y
{
zzzzz 

i
k
jjjjj ‚

k=1

Nodes

FirstDer@@k, iDD* Qk@tD
y
{
zzzzz +

h HUi@tDL H1 - Ui@tDL 
i
k
jjjjj ‚

k=1

Nodes

SecondDer@@k, iDD* Qk@tD
y
{
zzzzz
y
{
zzzzz ê. x -> x1i;

Q1U@t_D := D@InitBoundDataU@@1DD, tD;
QMU@t_D := D@InitBoundDataU@@3DD, tD;

Q1Q@t_D := D@InitBoundDataQ@@1DD, tD;
QMQ@t_D := D@InitBoundDataQ@@3DD, tD;

Eq0Q = Q1 '@tD ã Q1Q@tD;
EqMQ = QNodes '@tD ã QMQ@tD;

EqsSysU = Flatten@Table@8NdEqU@iD, Ui@0D == HjU@xD ê. x Ø x1iL<, 8i, 1, Nodes<DD;
EqsSysQ = Flatten@Table@8NdEqQ@iD, Qi@0D == HjQ@xD ê. x Ø x1iL<, 8i, 2, Nodes - 1<DD;
NdEqsSys = Join@EqsSysU, EqsSysQ,

8Eq0Q, Q1@0D == HjQ@xD ê. x Ø x11L, EqMQ, QNodes@0D == HjQ@xD ê. x Ø x1NodesL<D;
UnKnown = Join@Table@Ui, 8i, 1, Nodes<D, Table@Qi, 8i, 1, Nodes<DD;
NumSol = NDSolve@NdEqsSys, UnKnown, 8t, 0, 1<, MaxSteps Ø 10000000D êê Flatten;

H*** Solution ***L

WhichAType === Sinc, TotSolU@x_, t_D := ‚
k=1

Nodes

NumSol@@k, 2DD@tD* Sinc@k, xD,

Type === Lagrange, TotSolU@x_, t_D := ‚
k=1

Nodes

NumSol@@k, 2DD@tD* Lagr@k, xDE;

WhichAType === Sinc, TotSolQ@x_, t_D := ‚
k=1

Nodes

NumSol@@k + Nodes, 2DD@tD* Sinc@k, xD,

Type === Lagrange, TotSolQ@x_, t_D := ‚
k=1

Nodes

NumSol@@k + Nodes, 2DD@tD* Lagr@k, xDE;

;
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Print@"Solution:"D;

Plot3D@Evaluate@TotSolU@x, tDD, 8x, 0, 1<, 8t, 0, 1<,
PlotRange Ø All, AxesLabel Ø TraditionalForm êü 8x, t, "uHx,tL"<,
Ticks Ø 880, 1<, 80, 1<, 80.2, 0.4<<, PlotPoints Ø 101D;
Plot3D@Evaluate@TotSolQ@x, tDD, 8x, 0, 1<, 8t, 0, 1<, PlotRange Ø

880, 1<, 80, 1<, 80, 0.3<<, AxesLabel Ø TraditionalForm êü 8x, t, "qHx,tL"<,
Ticks Ø 880, 1<, 80, 1<, 80.1, 0.3<<, PlotPoints Ø 101D;

E;

8Nodes, h< = 811, .1<;
8InitCondU, InitCondQ< = 80.2, 0.16<;
8Bound0CondU, Bound0CondQ< = 80, 0.16<;
8Bound1CondU, Bound1CondQ< = 80, 0.16 + 0.1 Sin@5 tD<;

IBDataU = 8Bound0CondU, InitCondU, Bound1CondU<;
IBDataQ = 8Bound0CondQ, InitCondQ, Bound1CondQ<;
Traffic2@IBDataU, IBDataQ, Nodes, h, LagrangeD;
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