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Abstract : This simulation illustrates the Newton's Divided
Difference 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
Inf1o541= X = {10, 0, 20, 15, 30, 22.5};

Array of y data
inf10s5:= Y = {227.04, 0, 517. 35, 362.78, 901.67, 602. 97};

Value of x at whichy isdesired

inf10s6]:= Xdesired: =16

In[1057):= Nn : = Abs [Di nmensi ons [x]]
Inf10s8= N :=nNN[[1]]

info59:= XYy = Tabl e[0, {i, n}, {j, 2}1;

inoeol= Do [xy [[i, 111 =x[[i11; xy[[i, 211 =y[[i 11, {i, 1, n}]
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info61:= dat a = 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.

In[1062:= conp : = Abs [x - xdesi red]

Inf1063:= C : = M n[conp]

infloe4:= Do [l f [conp[[i]] ==¢c, ci =i1], {i, 1, n}]
inpoes)= R = Tabl e[0, {i, 1, n}];

infzoeel= | f [X[[ci ]] < xdesired, q =1;
Do[lf [X[[i]]>xdesired, R[[q]]=X[[I1]; g=q+1], {i, 1, n}];
RR=Tabl e[RR[[i 1] =R[[i 1], {i, 1, 9-1}1;
b=Mn[RR]; Do[If[X[[i]]=b, bi =i], {i, 1, n}]]

infzo671:= | f [X[[ci ]] > xdesired, q =1;
Do[lf [X[[i]]<xdesired, R[[q]]1=x[[i]1]1; a=q+1], {i, 1, n}];
RR=Tabl e[RR[[i]] =R[[i 1], {i, 1, q-1}1;
b=Mx[RR]; Do[If [X[[i1]=Db, bi =i], {i, 1, n}1]

infoeg)= 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.

info69:= A = Tabl e [0, {i, n}, {j, 3}1;
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mo7oy=" DO[A[[i, 2]1] =i; A[[i, 1]] =conp[[i]], {i, 1, n}]
inpo71):= A = Sort [A];

mo72z= DO [A[[i, 311 =1, {i, 1, n}]

inpo73= T = A[[Al, 1]1;

mro74}= DO[A[[i, 111 = A[[i, 211; A[li, 211 =T[[i 1], {i, 1, n}]
info75):= A = Sort [A];

inpozel= d = A[[A I, 3]1;

info77= I f [A[[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

inf1078:= dat apoi nts = 2;

inf1079;:= XDat a = Tabl e[0, {i, 1, datapoints}];
yData = Tabl e[0, {i, 1, datapoints}];

infog1:= p =1; Do[lf [d[[i]] < datapoints,
xData[[p]] =x[[i]1; yData[[p]l]l =y[[i1]; p=p+1], {i, 1, n}]

inf10821:= XData // Matri xForm
Out[1082]//MatrixForm=
20
(15
inf1083:= yData // Matri xForm

Out[1083]//MatrixForm=
( 517. 35 )

362.78

inf1084:= b0 = yData[[1]]
out1084]= 517. 35
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inf1ogs:= bl = ((yData[[2]] -yData[[1]]) / (xData[[2]] -xData[[1]]))
out1o85]= 30. 914

infogel:= f1[X ] :=b0+blx (x-xData[[1]])

inpo87):= f 1[xdesired]
outf1087]= 393. 694

inf1o88]:= f prev = %

inpos9l= | in=Plot [f1[x], {Xx, Mn[xData], Max[xData]}];
=

inflooo:= desire = Li st Pl ot [{{xdesired, fl[xdesired]}}, PlotStyle - PointSize[0.03]];

in[o91):= Show[desire, lin];
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inf10921= Show[data, |in, desire, PlotRange » AllJ];
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Quadratic Interpolation

Pick two data points

In[1093:= dat apoi nts = 3;

in[1o94;:= XDat a = Tabl e[0, {i, 1, datapoints}];
yDat a = Tabl e[0, {i, 1, datapoints}];

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

in[10971:= XData // Matri xForm
Out[1097]//MatrixForm=

10

20

15
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inf098:= yData // Matri xForm
Out[1098]//MatrixForm=

227.04

517. 35

362.78

inf1099):= b0 =yData[[1l]]
out[1099]= 227. 04

in1oop= bl = ((yDataf[[2]] -yData[[1]]) / (xData[[2]] -xData[[1]]))
outf1100]= 29. 031

ni1101:= b2 = (((yData[[3]] -yData[[2]1]) / (xData[[3]] - xData[[2]])) -
((yData[[2]] -yData[[1]]) / (xData[[2]] -xData[[1]]))) /
(xData[[3]] -xData[[1]])

ou1101]= 0. 3766
inf1102):= f2[X_]1:=b0+blx (x -xData[[1]]) +b2* (x -xData[[1l]]) » (x -xData[[2]])

inp103)= f 2 [xdesired]
outf1103]= 392. 188

in[11041:= f new = %

inf11051:= €a = Abs [ (f new-fprev) /fnews100]
outi1105]= 0. 384102

inf1106:= Si gdi g = Fl oor [2 -Log[10, (ea/0.5)1]

out[1106]= 2

inf1107:= f prev = %984

impiogl= lin=Plot [f2[x], {X, Mn[xData], Max[xData]}];
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infi110p= Show[desire, lin];
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inf11111:= Show[data, lin, desire, PlotRange » All];
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Cubic Interpolation

Pick four data points

inf11121= dat apoi nts = 4;
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in1113;= XDat a = Tabl e[0, {i, 1, datapoints}];
yDat a = Tabl e[0, {i, 1, datapoints}];

inf11151:= p = 1; Do[If [d[[i ]1] < dat apoi nts,
xData[[pl] =x[[i1]; yData[[pl] =y [[i]]l; p=p+1], {i, 1, n}]

inf1116]= XData // Matri xForm

Out[1116])//MatrixForm=
10

20
15
22.5

inf11171:= yData // Matri xForm

Out[1117]//MatrixForm=
227.04

517. 35
362. 78
602. 97

inf11181:= b0 = yData[[1]]
ou1118]= 227. 04

inf11191= bl = ((yData[[2]] -yData[[1]]) / (xData[[2]] -xData[[1]]))
ouf1119]= 29. 031

inf11201:= b2 = (((yData[[3]] -yData[[2]]) / (xData[[3]] -xData[[2]])) -
((yData[[2]] -yData[[1]]) / (xData[[2]] -xData[[1]]))) /
(xData[[3]] -xData[[1]1])

ou1120]= 0. 3766

inr121:= b3 = ((((yData[[4]] -yData[[3]]) / (xData[[4]] -xData[[3]])) -
((yData[[3]] -yData[[2]]) / (xData[[3]] -xData[[2]]))) /
(xData[[4]] -xData[[2]]) -b2) / (xData[[4]] -xData[[1]])

ou1121)= 0. 00543467

inp122)= f3[X_1:=b0+blx (x-xData[[1]]) +b2* (x -xData[[1]]) = (x -xData[[2]]) +
b3 % (x -xData[[1]]) = (x -xData[[2]]) » (x -xData[[3]])

inp123)= f 3[xdesired]
ou1123]= 392. 057

inf1124:= f new= %

inf1125)= €a = Abs [ (fnew-fprev) /fnewx 100]
outf1125]= 0. 0332686



nbm_gen_inp_sim ndd.nb

in1126:= Si gdi g = Fl oor [2 - Log[10, (ea/0.5)1]

out[1126]= 3

np127)= lin=Plot [f3[x], {X, Mn[xData], Max[xData]}];
\5%

inf1128:= desire = Li st Pl ot [{{xdesired, f3[xdesired]}}, PlotStyle - PointSize[0.03]];

in[11291:= Show[desire, lin];
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inf1130:= Show[data, lin, desire, PlotRange » Al J;
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