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Mathematica—Based Design of Dynamic Visualization in Numerical Analysis
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Abstract: Using the Mathematica software programming, the visualization of the compound Simpson
formula for numerical integration is realized, and the dynamic calculation process of an example is
presented. The interaction process to solve linear equations by the successive over—relaxation iteration
method is designed, and the effect of the relaxation factor changes on the approximate solution is
analyzed. A visual display of the special Newton iterative method for nonlinear equation roots is given,
and the method of solving process through a numerical example is demonstrated. Using the Mathematica
software in the course of numerical analysis, the intuitive and interactive of teaching content are
enhanced, and the students’ interests and motivation in learning are stimulated.
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Manipulate [

a=0; b=3; n=t; h=(b-a)/(2n);
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flx_J]:=1-Exp[—x]*Sin[3x];
2s=N[, " +,10];

nl n
fa 2 kh fa 2k 1h
skl #k1

js=N[1/3#h*(f[a]+f[ b ]+2 +4 ),10];
w=Abs[js—zs] ;

Q= Table[{a+i h ,fla+i h]} , {1,0,2n, 1}] ;
For[i=1;m=1,i<2n,i=i+2 ; m++, u[m]=Q[ [i;3142]];
fig[m]=Plot[Evaluate[Fit[u[m] ,{1,x,x72}, {X}] ]

,{x, (m—1)2h, 2h*m)
, PlotRange—{{0, 3.1}, {0, 3.1}}
s FﬂlingStyle—'Hue[0.2m+0.051 ,1,1,0.6]
s Filling—'Axis] s s
d1=Plot[ f[x ], {x,0,3}
, PlotStyle = Opacity [09]
, PlotRange— {{-0.1, 3.3}, {0, 2}}
, Epilog— {Text [ Style [Grid[{
{Style ["E5CZ{H", Blue, Bold, 15 ], zs}
,{Style [ "IZIE ", Blue, Bold, 151, js}
,{Style[ "R 2{&", Blue, Bold, 15 ], w}
,{Style[ "X [E] 44", Blue, Bold, 15 ], t}}
,Frame—All],17], (2.4, 17}]}] ;
d2=ListPlot[ Q, PlotStyle  {Hue [0.2t ], PointSize[ 0.025 ] } 1;
Show[{dl ,d2,Table[fig[s] s {s,n}]}
, ImageSize— 600, AxesStyle— Arrowheads [ 0.02 ] ]
J{t, 1, Style[ "X 0] 4~%4", Red, Bold, 151}, 1,6, 1
, Appearance —"Labeled"}

, ControlPlacement— Bottom |
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Fig. 1 Dynamic simulation of complex Simpson formula
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Fig. 2 Dynamic simulation of SOR method for solving equations
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23 wIEXY|
Manipulate [
A={{5,2,1},{-1,4,2},{2,-3,10}};
b={-12,20,3}; T=300; w=p; epi=0.0001;
B=Table[ A[[i,i]],{i,1,3}];
B=DiagonalMatrix [B]; h=Inverse[B].b;
B=IdentityMatrix [ 3 ]-Inverse[ B ] A
U=Table[1[i<j, B[ [i,j17,07,{i,3},{j, 3}
L=Table[ If[i>j,B[[i,j]],0],(i,3},{.3)];
Lw=Inverse[ IdentityMatrix[ 3 ]—w*L ]. (w*U+ ( 1-w ) *IdentityMatrix[ 3] ) ;
p =Max[ Abs| Eigenvalues [Lw]]];
m=w*Inverse [ IdentityMatrix [3]-w*L].h;
XO0=Table[ 1,{i,1,3}];
For[i=1,3[3, i++, X=Lw.X0+m//N;
If[ Apply[Plus Sqrt[Abs[(X X0)2]]] < <epi, Break[ | ];
t=i; X0=X; J;
Column[ {
Style [ Row[ { MatrixForm [A],"X=",MatrixForm[ b ] } 1,151, ,
, Style [ Row[ {Style [ "SOR B EACHEF%E . ", Blue, Bold, 15 |, MatrixForm [ Lw | } ]
5],
s Framed[Style[Row[ { Style[ "R AE p =", Blue, Bold, 15 1, p} 1,1511,
, Framed [ Style [ Row[ {Sty]e[ "EACUE ", Blue, Bold, 15 ], t} 1,14]]
, Style[ Row[ { Style [ "¥T{Rlf# : ", Blue,Bold, 15],N[X ]} ], 15]}]
,{{p,0.85, Row|[ {Style[ " #AGtHF",Red,Bold, 15]}]},0.01,1.43,0.02
, Appearance — "Labeled"}
, ControlPlacement— Bottom ]
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Fig. 3 Dynamic simulation of special Newton iteration for solving roots of nonlinear equation
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Manipulate [

f[x_]:=8%x2-Sin[ x]-0.25;

cishu=150 ; wucha=0.000001 ; jingdu=0.000001 ;

x0=0.61; z=10; x2={0.61};

For[j=1, j<cishu, j++,

x1=x0—f[ x0 |/z;
x2=Append[X2,x1] ;
If[ Abs[ x0—x1 ]>jingdu,
x0=x1, Break[ ] ]; ];
p=Plot[f[x],{x,0.15,0.65}
, PlotStyle—Thickness [ 0.003 |
, PlotLabel—>Style [
Grid[ {{"x","f(x)","n"}
Jx2[[t]],f[x2[[t]]], Row[ {Graphics[ {Hue[ 0.1t ]
R Rectangle[ ]} , ImageSize — 13], t} J}
}, Frame— All , Background— LightBlue | , 14 ]
, AxesStyle— Arrowheads [0.03]];
fig=Table [ Graphics [ {
{Thickness[0.004] s Hue[O.lSj] s Line[{{xZ[ [J] ]
A0x2l[i110) 2l [+110.01 1)
,{Red, Dashed, Thickness| 0.004 |, Line| {{XZ[ [J] ]
A2l 2Ll o))
, {Hue[ 0.1j ], PointSize[ 0.015 ], Point[ {x2[ [j]],0} ]}
,{Hue[0.1j ], PointSize[ 0.015 ], Point [ {(x2[ [j]],f[x2[[j1]11}])
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VLG, 1,15} 5
Show[ {p, Table[ fig[ [s]],{s,1,t}]}
, ImageSize— 600, PlotRange— {{c , d} , {-0.9, e}} |
{1, Style[ "iEACAEHLC: ", Blue, Bold, 151} ,1,15, 1)
, Style[ "WEZLIHEE ", Blue, Bold, 15 ]
e, 2.2, Style[ "SI JEH%E ", Blue, Bold, 151}, 1,2.2,0.1}
,{{c,0.16, Style[ "1 #5 J&%% " Blue, Bold, 15]},0.16,0.61,0.04}
,{{d,0.61,Style[ "] £ 1% " Blue, Bold, 15]},0.16,0.61 ,0.04}
, ControlPlacement— Bottom |
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