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Abstract : This simulation illustrates the Lagrangian method
of interpolation. Given n data points of y versus X, you are
then required to find the value of y at a particular value of x
using first, second, and third order interpolation. So on has to
first pick the needed data point, and then use those points to
interpolate the data

m INPUTS: Enter the Following

Array of x data
ines:= X = {10, 0, 20, 15, 30, 22.5};

Array of y data
ingeel:= Yy = {227.04, 0, 517. 35, 362.78, 901.67, 602. 97};

Value of x at whichy isdesired

infee7;:= xdesired: =16

in6sl:= Nn : = Abs [Di mensi ons [X]]
mEedl:= N:=nn[[1]]

inp7ol= Xy = Table[O, {i, n}, {j, 2}1;

ino7ay= DO[Xy [[i, 111 =x[[i11; xy[[i, 211 =y[[i1], {i, 1, n}]
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ine72:= data = Li st Pl ot [xy, Pl otStyle - PointSize[0.02],
Pl ot Label ->"G ven y vs x data points", TextStyle -» {Font Size » 11}];
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m SOLUTION

The following considers the x and y data and selects the two closest data points that bracket the desired value of x.

Infe73:= conp : = Abs [x - xdesi red]

inE74:= € : = M n[conp]

inp7sl= Do [l f [conp[[i]] ==¢c, ci =i1], {i, 1, n}]
inp76l= R=Table[0, {i, 1, n}];

infe77:= | f [X[[ci ]] < xdesired, q=1;
Do[lf [X[[i]]>xdesired, R[[q]] =x[[i1]; a=q+1], {i, 1, n}I;
RR=Tabl e[RR[[i 1] =R[[i1l, {i, 1, g-1}1;
b=Mn[RR]; Do[lf [x[[i]]=Db, bi =i], {i, 1, n}]]

infe7el:= | f [X[[ci ]] > xdesired, q=1;
Do[lf [X[[i]] <xdesired, R[[9]] =X[[i]]; a=qg+1], {i, 1, n}];
RR=Tabl e[RR[[i ]1 =R[[i 1], {i, 1, g-1}];
b=Mx[RR]; Do[lf[x[[i]]=Dhb, bi =i, {i, 1, n}]]

inp7ol= firsttwo:= {ci, bi}

If more than two values are desired, the following selects the subsequent values and puts all the values into a matrix,
maintaining the original data order.

ineso:= A = Tabl e[0, {i, n}, {j, 3}1;
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mesl= DO[A[[i, 211 =i; A[[i, 111 =conp[[i]], {i, 1, n}]
Ins2:= A = Sort [A];

inps3l:= DO [A[[i, 311 =i, {i, 1, n}]

inps4l= T = A[[AIl, 1]1;

messi= Do [A[[i, 111 =A[[i, 2]11; AL, 211 =T[[i 11, {i, 1, n}]
infgsel:= A = Sort [A];

inps71:= d = A[[Al, 3]171;

inpsgl:= | f [d[[firsttwo[[2]]1]] #2, tenp=d[[firsttwo[[2]]1]]; d[[firsttwo[[2]]]] =1;
Do[lf[i #firsttwo[[2]] & & i #firsttwo[[1l]] && d[[i]] < tenp,
d[l[i]]=d[[i]]+1]; d[[firsttwo[[1]1]]1]1 =1, {i, 1, n}]]

Linear Interpolation

Pick two data points

infes9):= dat apoi nts = 2;

infeeo:= XDat a = Tabl e[0, {i, 1, datapoints}];
yData = Tabl e[0, {i, 1, datapoints}];

inEe2l= p=1; Do[lf [d[[i]] < datapoints,
xData[[p]] =x[[i]1; yData[[p]l]l =y[[i1]; p=p+1], {i, 1, n}]

inee3:= xData // Matri xForm
Out[993]//MatrixForm=
20
(15
inpo4:= yData // Matri xForm

Out[994]//MatrixForm=
( 517. 35 )

362.78

inosl:= LO[X_]:= (X -xData[[2]]) / (xData[[1]] -xData[[2]])
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inppgel:= LO[xdesired]

out[996]= 1
-5

ine7):= L1[Xx_]:= (X -xData[[1]]) / (xData[[2]] -xData[[1]])
inpposl:= L1[xdesired]

ouf9ssl= &
inp99l:= LO[xdesired] +L1[xdesired]

out[999]= 1

infrooo:= f [X_] :=LO[x] xyData[[1]] +L1[x] *xyData[[2]]
inpoo1)= f [xdesired]

out1001= 393. 694

info02:= f prev = %

inpoo3l= |in=Plot [f [X], {Xx, Mn[xData], Max[xData]}]l;

s

infloo4:= desire = Li stPl ot [{{xdesired, f [xdesired]}}, PlotStyle - PointSize[0.03]];
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inf100s):= Show[desire, lin];
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inf1oosl:= Show[data, |in, desire, PlotRange » All];
Gven y vs x data points
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Quadratic Interpolation

Pick two data points

inf10071:= dat apoi nts = 3;
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infoog:= XDat a = Tabl e[0, {i, 1, datapoints}];
yDat a = Tabl e[0, {i, 1, datapoints}];

infro10}:= p =1; Do[If [d[[i]] < datapoints,
xData[[pl] =x[[i1]; yData[[pl] =y [[i]]l; p=p+1], {i, 1, n}]

inf1011)= XData // Matri xForm
Out[1011)//MatrixForm=

10

20

15

inf1012)= yData // Matri xForm
Out[1012])//MatrixForm=

227.04

517. 35

362.78

inf013}:= LO[X_]:= ((X -xData[[2]]) * (x -xData[[3]1])) /
((xData[[1]] -xData[[2]]) = (xData[[1]] -xData[[3]1]))

info14]:= LO[xdesired]

2

Out[1014]: - ﬁ

inpo1s)= L1[X_]1:= ((X -xData[[1]]) » (x -xDataf[[3]1])) /
((xData[[2]] -xData[[1]]) = (xData[[2]] -xData[[3]1]))

inpoiel= L1[xdesired]

3

ouf1016= 7=

inpo17)= L2[X_1:= ((Xx -xData[[1]]) » (x -xDataf[[2]])) /
((xData[[3]1] -xData[[1]]) = (xData[[3]] -xData[[2]]))
info18]:= L2 [xdesired]
24

oufiolel: e

inpo19]:= LO[xdesired] + L1[xdesired] +L2[xdesired]

ou1019]= 1
infro20;:= f [Xx_1:=LO[x] *xyData[[1]] +L1[x]*yData[[2]] +L2[x] xyData[[3]]

inpo21)= f [xdesired]
outf1021]= 392. 188

inf10221:= f new = %
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inf10231:= €a = Abs [ (fnew-fprev) /fnews100]
out[1023]= 0. 384102

inf10241:= si gdi g = Fl oor [2 - Log[10, (ea/0.5)]]

out[1024]= 2
inf1025]:= f prev = %984

inpozel= | in=Plot [f [X], {X, Mn[xData], Max[xData]}]l;
B

in[1o271:= desire = Li st Pl ot [{{xdesired, f [xdesired]}}, PlotStyle - PointSize[0.03]];
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infio28]:= Show[desire, lin];
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in[1o291:= Show[data, lin, desire, PlotRange -» All];

Gven y vs x data points

[
800 -
600 - L
400
200
-@ \
5 10 15 20 25 30

Cubic Interpolation

Pick four data points

in[1030:= dat apoi nts = 4;

in1o31:= XDat a = Tabl e[0, {i, 1, datapoints}];
yDat a = Tabl e[0, {i, 1, datapoints}];

info33;:= p =1; Do[If [d[[i]] < datapoints,
xData[[p]] =x[[i]1; yData[[pl]l =y[[i1]; p=p+11, {i, 1, n}]

in[1034:= XData // Matri xForm
Out[1034]//MatrixForm=
10
20
15
22.5
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inf1035:= yData // Matri xForm

Out[1035]//MatrixForm=

In[1036]:=

In[1037]:=

out[1037]=

In[1038]:=

In[1039]:=

out[1039]=

In[1040]:=

In[1041]:=

out[1041]=

In[1042]:=

In[1043]:=

out[1043]=

In[1044]:=

out[1044]=

In[1045]:=

In[1046]:=

Out[1046]=

In[1047]:=

227.04
517. 35
362. 78
602. 97

LO[X_1:= ((x -xData[[2]]) # (x -xData[[31]) » (x -xData[[4]1)) /
((xDataf[[11] -xData[[2]]) *
(xData[[1]] -xData[[3]]) = (xData[[1]] - xData[[4]]))

LO[xdesired]
-0. 0416

L1[x_]:= ((x-xData[[1]]) = (x -xData[[3]]) » (x -xData[[4]1])) /
((xData[[2]] -xData[[1]]) *
(xData[[2]] -xData[[3]]) » (xData[[2]] -xData[[4]1]))

L1l[xdesired]
0.312

L2[x_]:= ((x-xData[[1]]) = (x -xData[[2]]) » (x -xData[[4]1])) /
((xData[[3]] -xData[[1]]) =
(xData[[3]] -xData[[2]]) » (xData[[3]] -xData[[4]1]))

L2 [xdesired]
0. 832

L3[x_1:=((x-xData[[1]]) » (x -xData[[2]]) * (x -xData[[3]1])) /
((xData[[4]] -xDataf[[1]]) *
(xData[[4]] -xData[[2]]) = (xData[[4]] -xData[[3]1))

L3[xdesired]
-0. 1024

LO[xdesired] + L1[xdesired] +L2[xdesired] + L3 [xdesired]
1.

f[X_] L=

LO[x] *yData[[1]] +L1[x] *yData[[2]] +L2[x] *xyData[[3]] +L3[x] *xyData[[4]]

f [xdesi red]
392. 057

fnew=%
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10
inf1048:= €a = Abs [ (f new-fprev) /fnews100]
out1048]= 0. 0332686
inf1049:= si gdi g = Fl oor [2 -Log[10, (ea/0.5)]]
out[1049= 3
inposol= | in=Plot [f[x], {x, Mn[xData], Max[xData]}];
121416182022
inf1o51:= desire = Li st Pl ot [{{xdesired, f [xdesired]}}, PlotStyle - PointSize[0.03]];
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in[1052):= Show[desire, lin];
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11

inf1053;:= Show[data, |in, desire, PlotRange -» All];

Gven y vs x data points
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