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X = Import["C:\\Users\\TOPCO\\Desktop\\\
andishe amaril\\mathematica and \

excell\\xu and lee.xlsx", {"Data", 1}];

A = {a0, al, a2, a3};
L = {10, 11, 12, 133};
R = {r0, r1, r2, r3};
n = 13;

p=3;

P = NMinimize[

Sum[(Sum[A[[j11*X[[i, j11, {j, 1, p + 1}] - X[[i, 5]1)72 +
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(Sum[A[[jI11*XC[i, j11, {j, 1, p + 1}] -
Sum[LL[j1]=X[[i, j11, {j, 1, p + 1}] - X[[i, 5]] +
X[[i, 611)°2 + (Sum[A[[j11*X[[i, j11, {j, 1, p + 1}] +
Sum[RL[j11*X[[i, jl11,
{j, 1, p + 1}] - X[[i, 5]1 - X[[4i, 6]1)"2, {i, 1,
n}], Join[A, L, R]]

Z = Table[f, {n}];

For[i = 1, i <= n, i++,

Z[[i11 = (P[[2, 1, 2]1*X[[i, 111 + P[[2, 2, 2]]1*X[[i, 2]1] +

P[[2, 3, 2]1*X[[i, 3]]1 + P[[2, 4, 21]1«X[[i, 411) - X[[i, 5]1]

DD1 = Table[d, {n}];

For[i = 1, i <= n, i++,

DD1[[il] = Norm[Abs[Z[[il]] - Median[Abs[Z]111; ]

ddl = Tableld, {n}];

For[i = 1, i <= n, i++, dd1[[i]] = Abs[Z[[i]] - Median[Z]]];

dddl = Median[dd1]/0.6745;

aal = Median[DD1];
bbl = Max[DD1] + dddi;
W = Tablelg, {n}];

For[i = 1, i <= n, i++, W[[i]] = Piecewise[{{1, Abs[Z[[i]]] <= aall},
{(bbl - Abs[Z[[i]]])/(bbl - aal),
aal < Abs[Z[[i]]] < bbl}, {0, Abs[Z[[i]]l] > bb1}}]]

WW = DiagonalMatrix[W];
XX =
Import [

"C:\\Users\\TOPCO\\Desktop\\andishe amaril\\mathematica and \
excell\\xu and lee.xlsx",

{"Data", 2}];

MatrixForm[XX] ;

TXX = Transpose[XX];
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betahatml = Inverse[TXX . WW . XX] . TXX . Ww . X[[All, 5]]

betahatsl = Inverse[TXX . WW . XX] . TXX . Ww . X[[All, 6]]

Z2 = Tablel[f, {n}];
For[i = 1, i <= n, i++,
Z2[[i]] = (betahatmi[[1]]1*X[[i, 1]] + betahatmi[[2]]*X[[i, 2]] +
betahatml [[3]]*X[[i, 3]] + betahatml[[4]]1*X[[i, 4]]) -
X[[i, 51]1]
DD2 = Tableld, {n}];
For[i =1, i <= n, i++,
DD2[[i]] = Norm[Abs[Z2[[i]]1] - Median[Abs[Z2]]1]1; 1]
dd2 = Table[d, {n}];
For[i = 1, i <= n, i++, dd2[[i]] = Abs[Z2[[i]] - Median[Z2]]1];
ddd2 = Median[dd2]/0.6745;
aa2 = Median[DD2];
bb2 = Max[DD2] + ddd2;
W2 = Table[g, {n}];
For[i = 1, i <= n, i++, W2[[i]] = Piecewise[{{1, Abs[Z2[[i]]] <= aa2},
{(bb2 - Abs[z2[[i]11)/(bb2 - aa2),
aa2 < Abs[z2[[i]]] < bb2}, {0, Abs[Z2[[il]] > bb2}}]]

WW2 = DiagonalMatrix[W2];
betahatm2 = Inverse[TXX . Ww2 . XX] . TXX . Ww2 . X[[All, 5]]

betahats2 = Inverse[TXX . WW2 . XX] . TXX . Ww2 . X[[All, 6]1]

Norm[betahatm2 - betahatmil]

Norm[betahats2 - betahatsi]
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yhatfls = Arrayl[sd, {n, 3}];
For[i =1, i <= n, i++,
yhatfls[[i, 111 = P[[2, 1, 2]] + P[[2, 2, 2]1*X[[i, 2]] +
P[[2, 3, 2]1*X[[i, 311 + P[[2, 4, 2]11«X[[i, 411;
yhatfls[[i, 2]] =
P[[2, 5, 2]]1 + P[[2, 6, 21]1*X[[i, 2]] +
P[[2, 7, 2]1*X[[i, 3]1] + P[[2, 8, 2]1*X[[i, 41];
yhatfls[[i, 3]] =
P[[2, 9, 2]]1 + P[[2, 10, 2]1*X[[i, 2]]1 + P[[2, 11, 2]1*X[[i, 3]] +

PL[2, 12, 2]1*X[[i, 41]; 1;

d = Array[k, {n, 1}];
For[i =1, i <= n, i++,
afli, 111 =
Abs[X[[i, 5]] - yhatfls[[i, 111] +
Abs[X[[i, 6]] - yhatfls[[i, 2]]1] + Abs[X[[i, 6]] - yhatfls[[i, 2]]]

1;

MPEfls = (1/n)*Sum[d[[i, 111, {i, 1, n}]

yhatprop = Array[f, {n, 2}];
For[i = 1, i <= n, i++,
yhatprop[[i, 1]] = betahatm3[[1]] + betahatm4[[2]]1*X[[i, 2]] +
betahatm4 [[3]1*#X[[i, 3]] + betahatm4[[4]]1*X[[i, 41];
yhatprop[[i, 2]] =
betahats4[[1]] + betahats4[[2]]1*X[[i, 2]] +
betahats4 [[3]]*X[[i, 3]] +
betahats4[[4]]*X[[i, 4]1]; ]

dd = Arrayl(k, {n, 1}];
For[i = 1, i <= n, i++,
dd[[i, 1]] = Abs[X[[i, 5]] - yhatpropl[[i, 1]11] +
Abs[X[[i, 61] - yhatprop[[i, 2]1] +
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Abs[X[[i, 6]] - yhatpropl[[i, 2]1111;

MPEprop = (1/n)*Sum[dd2[[i, 111, {i, 1, n}]

Y.YF idu by, g4l p

X = Import["C:\\Users\\TOPCO\\Desktop\\\
andishe amaril\\mathematica and \

excell\\xu and lee.xlsx", {"Data", 1}];

A = {a0, al, a2, a3};
L = {10, 11, 12, 133};
R = {r0, r1, r2, r3};
n = 13;
P=3;

P1 = NMinimize[

Sum[Abs [Sum[A[[jI11*X[[i, j11, {j, 1, p + 1}] - X[[i, 5111 +
Abs[Sum[L[[jI11*X[[i, j11, {j, 1, p + 1}] - X[[i, 6111 +
Abs[Sum[R[[j11*X[[i, j11, {j, 1, p + 1}] - X[[i, 6111, {i,

1, n}], Join[A, L, R]]

Z = Table[f, {n}];
For[i = 1, i <= n, i++,

Z[[i1] = (P[[2, 1, 2]11*X[[i, 111 + P[[2, 2, 2]]*X[[i, 2]1] +

P[[2, 3, 2]1*X[[i, 311 + P[[2, 4, 21]1*X[[i, 411) - X[[i, 51]1]

DD1 = Tablel[d, {n}];
For[i = 1, i <= n, i++,

DD1[[i]] = Norm[Abs[Z[[i]]] - Median[Abs([Z]1]; ]
dd1l = Tableld, {n}];
For[i = 1, i <= n, i++, dd1[[i]] = Abs[Z[[i]] - Median[Z]]];

dddl = Median[dd1]/0.6745;

aal Median[DD1];

bb1l

Max [DD1] + dddi;
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W = Tablel[g, {n}];
For[i = 1, i <= n, i++, W[[i]] = Piecewise[{{1, Abs[Z[[i]]] <= aal},
{(bb1l - Abs[Z[[i1]11)/(bbl - aal),
aal < Abs[Z[[i]]] < bbi1}, {0, Abs[Z[[i]]l] > bb1}}]]

Ww

DiagonalMatrix[W];

XX

Import [
"C:\\Users\\TOPCO\\Desktop\\andishe amaril\\mathematica and \
excell\\xu and lee.xlsx",

{"Data", 2}];

MatrixForm[XX] ;
TXX = Transpose[XX];
betahatml = Inverse[TXX . WW . XX] . TXX . Ww . X[[All, 5]]

betahatsl = Inverse[TXX . WW . XX] . TXX . Ww . X[[All, 6]]

Z2 = Tablel[f, {n}];
For[i = 1, i <= n, i++,
z2[[i]] = (betahatmi[[1]]*X[[i, 1]] + betahatmi[[2]]*X[[i, 2]] +
betahatmi [[3]1*#X[[i, 3]] + betahatmi[[4]]*X[[i, 41]1) -
X[[i, 51]1]
DD2 = Tableld, {n}];
For[i = 1, i <= n, i++,
DD2[[i]] = Norm[Abs([Z2[[i]]] - Median[Abs[Z2]1]; ]
dd2 = Tableld, {n}];
For[i = 1, i <= n, i++, dd2[[i]] = Abs[Z2[[i]] - Median[Z2]]1];
ddd2 = Median[dd2]/0.6745;

aa2 = Median[DD2];

bb2

Max [DD2] + ddd2;

W2 = Tablel[g, {n}];

For[i = 1, i <= n, i++, W2[[i]] = Piecewise[{{1, Abs[z2[[i]]] <= aa2},
{(bb2 - Abs[Z2[[i]1])/(bb2 - aa2),
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aa2 < Abs[Z2[[i]]] < bb2}, {0, Abs[Z2[[i]]] > bb2}}]]

WW2 = DiagonalMatrix[W2];

betahatm?2 = Inverse[TXX . WWw2 . XX] . TXX . Ww2 . X[[All, 5]1]

betahats2 = Inverse[TXX . WW2 . XX] . TXX . WWw2 . X[[All, 6]]
Norm[betahatm2 - betahatmil]

Norm[betahats2 - betahatsi]

VY oo, oXdl 2 o5 yals 38ee U dal> (ganlol
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yhatfls = Arrayl[sd, {n, 3}];
For[i = 1, i <= n, i++,
yhatfls[[i, 111 = P[[2, 1, 2]]1 + P[[2, 2, 2]11*X[[i, 2]] +
P[[2, 3, 2]1=X[[i, 311 + P[[2, 4, 2]1=X[[i, 4]];
yhatfls[[i, 2]] =
P[[2, 5, 2]]1 + P[[2, 6, 2]]1*X[[i, 2]] +
PL[2, 7, 2]1=X[[i, 311 + PL[2, 8, 2]11*X[[i, 41];
yhatfls[[i, 3]] =
P[[2, 9, 211 + P[[2, 10, 2]1*X[[i, 211 + P[[2, 11, 2]1=*X[[i, 311 +
P[[2, 12, 2]11*X[[i, 411; 1;

d2 = Array(k, {n, 1}1;
For[i = 1, i <= n, i++, d2[[i, 1]] = (yhatfls[[i, 1]] - X[[i, 5]11)"2 +
(1/6)*(yhatfls[[i, 2]] - X[[i, 6]]1)72]

MPEfls = (1/n)*Sum[d2[[i, 111, {i, 1, n}]

yhatprop = Array[f, {n, 2}];
For[i = 1, i <= n, i++,
yhatprop[[i, 1]1] = betahatm3[[1]] + betahatm4 [[2]]1*X[[i, 2]1] +

betahatm4 [[3]]*X[[i, 3]] + betahatmd4[[4]]1*X[[i, 4]1];

yhatprop[[i, 2]]
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betahats4[[1]] + betahats4[[2]]1*X[[i, 2]] +
betahats4[[3]]1*X[[i, 3]] +

betahats4 [[4]1*X[[i, 4]1]1; 1

dd2 = Arraylk, {n, 13}];
For[i = 1, i <= n, i++,
dd2[[i, 1]] = (yhatprop[[i, 111 - X[[i, 5]1)"2 +
(1/6)*(yhatprop[[i, 211 - X[[i, 6]11)72];

MPEprop = (1/n)*Sum[dd2[[i, 111, {i, 1, n}]

[¥] 29, sl

X = Importl[
"C:\\Users\\TOPCO\\Desktop\\andishe amari\\mathematica and \

excell\\xu and lee.xlsx",

{"Data", 1}]1;
A = {a0, al, a2, a3};
L = {10, 11, 12, 13};
R = {r0, r1, r2, r3};
n = 13;
p=3;
P = NMinimizel[

Sum[Abs [Sum[A[[j1]*X[[1i, j11, {j, 1, p + 1}] - X[[i, B]11] +
Abs[Sum[L[[j11*X[[i, j11, {j, 1, p + 1}] - X[[i, 6111 +
Abs[Sum[R[[j11*X[[1, j11, {j, 1, p + 1}] - X[[i, 6111, {i,

1, n}], Join[A, L, R]]

Z = Table[f, {n}];
For[i = 1, i <= n, i++,
Z[[i1]l = (P[[2, 1, 2]1*X[[i, 111 + P[[2, 2, 2]1]1*X[[i, 2]1] +
P[[2, 3, 2]1*X[[i, 3]]1 + P[[2, 4, 21]1«X[[i, 411) - X[[i, 5]1]
DD1 = Tableld, {n}];
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For[i = 1, i <= n, i++,

DD1[[i]] = Norm[Abs[Z[[il]] - Median[Abs([Z]1]; ]

dd1l = Tablel[d, {n}];

For[i = 1, i <= n, i++, dd1[[i]] = Abs[Z[[il] - Median[Z]1];
dddl = Median[dd1]/0.6745;

aal = Median[DD1];

bbl = Max[DD1] + dddi;

W = Tablel[g, {nl}];
For[i = 1, i <= n, i++, W[[i]] = Piecewise[{{1, Abs[Z[[i]]] <= aal},
{Exp[-((aal - Abs[Z[[i]1])/ddd1)"2], aal < Abs[Z[[i]]11}}]]
WW

DiagonalMatrix [W];

XX =
Import [
"C:\\Users\\TOPCO\\Desktop\\andishe amari\\mathematica and \

excell\\xu and lee.xlsx", {"Data", 23}];

MatrixForm[XX];

TXX = Transpose[XX];

Norm[betahatm2 - betahatmi]

Norm[betahats2 - betahatsi]
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f2[u_] = Piecewise[{{u"2/2, -1.5 <= u <= 1.5}, {1.5%Abs[u] - 1.572/2,

u< -1.5 & u > 1.5}}]

kaub;)éﬁti.ug
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e=1.7; £f=23.4; g =8.5;
f7[u_] = Piecewise[{{u"2/2, -e <= u <= e}, {exAbs[u] -
e”2/2, -f <= u <= -e &&
Inequality[e, Less, u, LessEqual,
1}, {ex((exAbs[u]l - u~2/2)/(g - £)) - (7T*e"2)/6,
Inequality[-g, LessEqual, u, Less, -f] &&
Inequality[f, Less, u, LessEqual, gl}, {ex(f + g - e),

u<gé&ku> g

55,5l p i

a=1.5; b=2.1;

f3[u_] = Piecewise[{{a*(1 - Cos[u/al), (-a)*Pi <= u <= a*Pi}, {2%*a,
u < (-a)*Pi && u > a*Pi}}]
f4[u_] = Piecewise[{{b*x(1 - Cos[u/al), (-b)*Pi <= u <= b*Pi}, {2xb,

u < (-b)*Pi && u > b*Pi}}]

¥ rb.2

f5[u_] = Piecewise[{{u"2/2 - u"2/(4%c"2), -c <= u <= c}, {c"2/4,
u < -c && u > c}}]
f6[u_] = Piecewise[{{u"2/2 - u"2/(4%d"2), -d <= u <= d}, {d"2/4,

u < -d && u > d}}]

préﬁb3L54AQfV“)L5¢°uﬂ

Plot[f1[ul, {u, O, 10}, PlotLegends -> "Expressions"]
Plot[f2[u], {u, 0, 10}, PlotLegends -> "Expressions"]
Plot [f3[ul, {u, O, 10}, PlotLegends -> "Expressions"]
Plot [£f5[ul, {u, O, 10}, PlotLegends -> "Expressions"]
Plot [f7[u], {u, 0, 10}, PlotLegends -> "Expressions"]

Plot[{f1[ul, f2[ul, f4[ul, £f5[ul, f6[ul}, {u, 0, 2.5},

PlotLegends -> "Expressions"]
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s2[z_] = Piecewise[{{-1.5, z < -1.5}, {z, Abs[z] <= 1.5}, {1.5,

z > 1.5}}]
o2 v b

a=1.7; b =3.4; c = 8.5;

s3[z_] = Piecewise[{{Abs[z],

Inequality[0, LessEqual, Abs[z], Less, all}, {a,

a <= Abs[z] <= b}, {a*x((c - Abs[z])/(c - b)),

b <= Abs[z] <= c}, {0, c <= Abs[z]}}]
59,90 ¥ bz

s4[z_ ] = Piecewise[{{Sin[z/k1], Abs[z] <= ki1*Pi}, {0, Abs[z] > k1*Pil}}]
s5[z_]

Piecewise[{{Sin[z/k2], Abs[z] <= k2%Pi}, {0,
Abs[z] > k2#Pi}}]

Se bl

k3 = 5; k4 = 6;

s6[z_] = Piecewise[{{z*x(1 -
TextCell[

RawBoxes [

Cell[BoxData[\(TraditionalForm\~ \(\((z \/ k3)\) \~
2\)\)1111)~2, Abs[z] <= k3}, {0, Abs[z] > k3}}]
s7[z_] = Piecewise[{{z*(1 -
TextCell[

RawBoxes [

Cell[BoxData[\(TraditionalForm\~ \(\((z \/ k4)\) \~
2\)\)1111)~2, Abs[z] <= k4}, {0, Abs[z] > k4}}]

yo2 1 L. YL ¢ olgs ded puoy (g0l

Plot[s1l[z_], {z, -2, 3}, PlotLegends -> "Expressions"]
Plot[s2[z_], {z, -2, 3}, PlotLegends -> "Expressions"]

Plot[s3[z_], {z, -2, 3}, PlotLegends -> "Expressions"]
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Plot[s5[z_], {z, -2, 3}, PlotLegends -> "Expressions"]
Plot[s7[z_], {z, -2, 3}, PlotLegends -> "Expressions"]
Plot[{s1l[z_]1, s2[z_1, s3[z_1, s5[z 1, s7(z_1}, {z, -2.5, 2.5},

PlotLegends -> "Expressions"]
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Aabstract

If the regularity assumptions of least squares method are satisfied, the estimates of this method
will be known as the best one. If outliers exist in data set, traditional methods won’t result in good
consequences and we should use the alternative robust regression. On the other hand, when we
have fuzzy observations,we can’t use the traditional methods to model them. So we should use the
alternative fuzzy regression. When we have both fuzzy observations and outliers in data set,we
should use the alternative fuzzy robust regression. After introducing the possiblistic fuzzylinear
regression, fuzzy regression analysis has been widely studied and applied in various areas. Also
the least square methods were genelalized in fuzzy environment. these methods are sensitive to
the present of outliers.

In this dissertation, two fuzzy regression analyses are proposed. When independent variables are
crisp, the dependent variable is a fuzzy number and outliers exist in data set. First method is a
modified fuzzy least squares regression analysis and second method is a modified fuzzy absolute
deviations regression analysis. Results demonstrate that the second method is better than the first.In
these two methods, the residuals are ranked and then the weight matrices are constructed by de-
fiened membership functions. Fuzzy least squares estimations and fuzzy least absolute deviations
are obtained by these weight matrices.

key words: Robust regression, outliers, fuzzy regression,Ranking of fuzzy sets.
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