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Fuzzy Regression Input &output data are fuzzy
FUZZY LEAST SQUARES METHOD
When input and output data are fuzzy, we will use fuzzy
least squares method to estimate the parameters of the
fuzzy regressing .
Triangular fuzzy numbers is defined as x =q,,m,,r,),where
M, is modal value of X,l, is left spreads and I, is right
spreads. For fuzzy least squares method, when
x=(,m.,r)x, y=0,,m,r,), triangular fuzzy number is taken,
following model will be considered

Yi :A0+A1X1t T &
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Fuzzy Regression Input &output data are fuzzy
FUZZY LEAST SQUARES METHOD

where a, b are crisp numbers. When parameters are crisp,
least squares optimization problem is defined as:

In this case d Is defined as Z 1t» Jt
d(Ag + Ay V) =[Ag + Ay =Y, — (AL _|y)]2 FIA + A, — Y, + (AT, — 1) (A + Ax, — Y,)

Solving

ad
W:(BAO +3A X —3y, — Al 1, + AR —1,) =0

% = 2Ry + At =Yy~ AL+ )0 —1 )+ 2R+ A =Y, + AL =)0 1) (A + Ak —Y,)%,]=0
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Fuzzy Regression Input &output data are fuzzy
FUZZY LEAST SQUARES METHOD

We get

[ZX +Z(X -1,)° +Z(X +1y) ][Zyt +Z(yt -1 )+Z(yt +1,)]-
3n[Zx +Z(x ~1)° +Z(x +1.)°]- [Zx +Z(x -1) +Z(x +r)]

Ay =

D% A0 = 1) A0 41) T %Y + 206 1) =) +3 (% +1)(y, +1,) ]
1
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Fuzzy Regression Input &output data are fuzzy
FUZZY LEAST SQUARES METHOD

We get
Y% Y, + Y 0% )0 1) A0 4 E) 1) 1D % Y% 1) £y (% +1) ]
al = : nt n nt n n : : n t X
3n[ZXt2 +Z(Xt _Ix)2 +Z(Xt +rx)2]_[zxt +Z(Xt _Ix) +Z(Xt +rx) ]
>y Y0 1)+ )]
1



Fuzzy Regression Input &output data are fuzzy
FUZZY LEAST SQUARES METHOD

For multi linear regression the model has been
Vi = Ag + AXy + A Xy oo+ A Xy + &

least squares optimization problem is defined as:
min(S) — Zd(Ao + A1X1t =+ A2X2t i Akat’ yt)2

d(Ao + A Xy + AKXy et Akat’yt)z :[Ao + A X + A Xy A — yt _('A‘1lx1 "'Azlx2 T Akka _|y)]2 T

[Ao + A1X1t + A2X2t e Akxkt — Y +(A1rx1 + Azrx2 e Aerk _ry)]2 +
(Ao + A1)(1t + A2X2t et Akxkt - yt)2
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Fuzzy Regression Input &output data are fuzzy

FUZZY LEAST SQUARES METHOD
When P problem is minimized,$ is obtained as

f=(XX+CC+DD) (X Y+C E+D F)

Where

Y =

1 X,

1 X,

1 X,

Y1

Yn

Xlk
X2 k

Xnk

B =

yl_ly1

yn _Iyn

yl + r)’l

yn + ryn
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Fuzzy Regression Input &output data are fuzzy
FUZZY LEAST SQUARES METHOD

1 (Xll B IX11) o (Xlk B lxlk) I (Xll T rxll) (Xlk T rxlk)
1 (X21 N Ix21) (sz - Ix2k) I (X21 u rx21) (sz T rx2k)
C=]. . . . ,D=].
_l (an - lxnl) Y (Xnk - lxnk)_ _1 (an u rxm) o (Xnk T rxnk)_
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Fuzzy Robust Regression Input &output data are fuzzy

In regression solution, many studies were done about
parameter estimation in the event that outlier and were

defined the Robust estimators.
We will found estimator by using the weighted fuzzy least

squares method :
B = (XWX +CWC+DWD) ™ (XWY+CWE+DW F))
Where W can found as follows:
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Fuzzy Robust Regression Input &output data are fuzzy

Step 1: Estimation of regression parameters is obtained from
above eguation.

Step 2: y, are estimated and residuals (e, ) are determined.
Step 3. According to absolute residual value, median Is
determined and distances are calculated d, =| |e, |-Median |e,]|
Where || is Euclide Distance .

Step 4: According to distance, membership function has been

defined 1 d <Median(d)
max(d) —|e] .
Mg =+ : Median(d) <d < max(d)
max(d) — Median(d)
0 0.W
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Fuzzy Robust Regression Input &output data are fuzzy

Step 5. From above equation has been defined membership
function, membership values are determined and weighted
matrix (W) Is constituted. Weighted matrix is diagonal matrix
which diagonal elements are consist of membership value.
weighted fuzzy least squares parameters coefficient is defined
as
f=(XWX +CWC+DWD)*(XWY+CW E+DW F))

As this parameters coefficient is used, regression parameters
will be estimated.
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Fuzzy Robust Regression Input &output data are fuzzy

Step 6: If |f**1 — B¥| < & then stop. Otherwise is go to Step 2.

Where £ is estimates of regression model coefficients, k is
iteration number and ¢ > 01is a small number.

Dr.Mohammed Jasim 13

2019 <l 21 fppt.com



Fuzzy Robust Regression Input &output data are fuzzy

To comparison between models, we use mean square error.

MSE = 2 d*(Y;, ;)
%i ((lyl — Ly)” + (myi — )" + (uyi — ”yl)z)
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