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Abstract: 

In this paper, we use the least absolute deviation and Newton Raphson 

methods, to estimate the parameters of inverse Weibull (IW) distribution, also we 

compare between these methods by using mean absolute percentage error of the 

reliability hnction. numerical example is given to clarify the use of these 

methods. 

Introduction: 

The two parameters inverse Weibull distribution 

is used as a model in the analysis of life testing data, it is also suitable model to 

describe mechanical degration phenomena. The probability of failure before 

time t is given by the inverse Weibull cornrnutative distribution function 

defined by: 
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In R. Calabria and Pulcini (1989) the statistical properties of the ML 

estimators of the parameters p and a, and the reliability hnction R(t) for a 

complete 1.W. sample have been investigated. Tables of lower confidence 

limits for R(t) have been provided. In P. Erto (1989) the estimators for j3, a and 

R(t) obtained by using the plotting positions technique. also the L. S. 

estimators and their statistical properties have been provided. R. Calabria and 

least squares methods to estimate the inverse Weibull distribution parameters. 

In Calabria and Pulcini (1994), Bayes prediction intervals are derived, both 

when no prior information is available and when prior information on the 

unreliability level at a fixed time is introduced. 

1. Least absolute deviation method, (LAD): 

The reliability function of (1) is given by: 

Taking the logarithm of both sides of (4) 

Ln 0 - B Ln t = Ln (- Ln [I- R(t)]) 

Or: 

And xi= Ln (-Ln [1- R(t)]), 0 = a.p 

Consider the linear regression problem in the form of n observations (yi, Xi). 

for i= 1, 2, ... ... . . .  n ,  the regression model is given by ( 5 ) .  where B,, and B I  



I are the parameters, the problem is to find B, and Dl estimations of Po and PI 

so that the dependent variables yi cause predicted as 

Also, the problem is to find the values of the parameters Po and P,, which will 

minimize the least absolute deviations (LAD) so that the problem is 

n 
~ i n . C l ~ i  -@,   PIX^] (7) 

i=l 

Problem (7) have been transferred to linear programming formulation by 

Charnes, Cooper and Ferguson (1955), so the problem (7) is equivalent to: 

I n 
I Minimize C(& + N ~ )  

id 

Subject to 

P o  + pixi + P; - ~i = yi, i=l, 2, . . . . . . .n. 

Pi 20, Ni 20, i=l, 2, ....., n. 

Where Pi, Ni, are the positive and negative errors and the problem is to find 

the values of Po and that minimize the errors. 

The standard tableau forin of this problem is shown in the table (1) 

Table (1): The LAD problem in tableau form 



2. Newton Raphson method (NR): 

The Newton Raphson method is one algorithm for minimizing the sum of the 

residuals between data and nonlinear equations Newton's method for system 

uses the nxn Jacobian matrix in the vector situation and substitute by the 

derivative with the inversion ofthe Jacobian matrix, this method for finding 

the solution 0 to the nonlinear system of equations represented by the vector 

equations. 

F(x) = 0, has the form 

Given the initial approximation 0(') to the solution 0, the initial.values of 0 can 

be assumed to be zero. Where J(t) is the first order derivative of R(t) in the 

matrix form given by: 

dR(t> . 
and - 1s the particle derivative of the hnction R(t) with respect to the K"' 

da, 

parameter evaluated at the id' data point. 

To compute the accuracy of estimates of parameters and reliability 

function we use the mean absolute percentage error (MAPE) defined by 



Where 

And 

R(t) is actual reliability function. %(t) is the estimated reliability hnction 

Numerical Example: 

Consider the following 10 simulated data from an inverse Weibull 

distribution with parameters a = 0.01 and P = 2 listed in the following table (4) 

A 

The maximum likelihood estimates are & = 0.01 02 and P = 2.152 

Table (1): 

The values of xi and yi in equation (6) are given by the table (2) 
q, 

Table (2) 

The corresponding tableau of the tableau ( I )  is given by 

87.0 112.5 55.3 118.4 66.9 
129.1 167.1 141.5 245.4 1 ' 335.5 



The values of Po and P I  are computed with the aid of the computer 
A 

program (I), then &and P can be obtained 

A 

The estimates &, P from Newton Raphson method are obtained after 4 

iteration by the computer program (2), as shown in table (4) 

The reliability estimates RI,  Rz, R3 and Rq, are computed from relation (3) 

at different values of the estimated parameters &and (I. while MAPE is 

computed from the relation (8), as shown in table ( 5 )  

Table (4) The Parameters Estimates 

Method 

LAD 

NR 

Outliers 

CI 

0.0101 

0. 1668 

No outliers 

P 
1.9952 

1.81 1 

ct 

0.0102 

0.1553 

P 
19912 

1.704 



Table (5) Reliability Estimates 

outliers. 

R3 is reliability estimate from LAD in the presence of outliers 

% is reliability estimates from NR in the presence of outliers. 

Conclusion: 

From table (4) the parameters estimates from least absoh 

10 

lte deviation 

method are close to the true values and following table (5) the MAPE from least 

absolute deviation method are less than MAPE from Newton Raphson method. 

Also least absolute deviation method is easy to usq,and takes little time on 

computer, also it is more accurate as compared with Newton Raphson method, 

because the MAPE from it is less than MAPE from the ~ e & o n  Raphsorl method. 

0.08101 

MAPE 

0.08270 

RI is Reliability estimates from LAD in the absence of outliers 

R2 is the reliability estimates from Newton Raphson method in the absence of 

2.2423 

0.00119 

98.42947 

0.08387 0.00068 

1.1176 98.98219 
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Computer program (1) 
DIMENSION X(10), Y(10). B(10, 10). A (10.10) ELERR(10.10) 
OPEN (5, FILE = 'AM.DAT1) 
OPEN (6, FILE = 'AM.OUT') 
N=10 
READ (5, *), X(I), YO), I = W )  
DO 10 J = J+1,N 
IF (X(I).EQ X(J)) T E N  
B(I,J) = 100000.0 
ELSE 

A(1.J) = Y(1)-B(LJ)*X(I) 
SUM = 0.0 
DO 30 K = 1.N 

30 SUM = SUM + ABS(Y(K)-A(I,J)+B(I.J)*X(K))) 
ELERR(1.J) = SUM 

10 CONTINUE 
L =  l 
M= 2 



AMIN=ELERR(1,2) 
DO 401 = 1, N-1 
D040J = I+l,N 
IF ( A m .  LT. ELERR(1,J)) GO TO 40 
AMIN=ELERR(I, J) 
L=I 
M=J 

40 CONTINUE 
WRITE@,? A(LM), B(L,M) 

7 FORMAT(2X,2F10.4) 
STOP 
end 

Computer program (2) 
PARAMETER (N=10, NITAMAX=5) 
DOUBLE PRECISION T(N), VCN), VM(N), E(N), W(N), ER(N) 
DOUBLE PRECISION A!+ BETA, Z 
LOGICAL OUTERR 
OPEN (5, FILE = 'WU.DAT') 
OPEN (6, FILE = 'W13.0UT7) 
D O l i = l ,  10 

READ(% *) T(I), V(1) 
WRITE (6, *)'INPUT THE INITIAL VALUES I T V ' 
D O 2 I =  1,10 
WRITE (6, 202) I, T(I), V(1) 
WRITE (6, *) 'GAUSS NEWTON METHOD' 
D O 3 0 1 = 1 , N  
W(1) = 1.0 

CONTINUE 
CALL REGRES (W, T, V, AA, BETA, N) 
DO 40 NITER = 1, NITMAX 
CALL GAUSNW (AA, BETA, T,E,N) 
OUTERR = (NITER. EQ. NITMAX) 
CALL CALERR (AA, BETA, V, T, N, VM, W, E, 2. OUTERR) 
WRITE (6, 100) 'AA=' , AA, 'BETA=', BETA, 'Z=', Z 

CONTINUE 
STOP 'END OF THE PROGRAM' 

FORMAT (I, IX, 3(3X, A. G12.4)) 
FORMAT (2F 10 4) 
FORMAT (13.2~. 2F10.4) 
FORMAT (I1 X, 70(' ') NIX, A/) 
FORMAT (15, I1  0, F20.4) 
END 
DOUBLE PRECISION FUNCTION DEALPA (AA, BETA, T) 
DOUBLE PRECISION AA, BETA, T 
DEALPA=DEXP(-(AA*T)**(-BETA))*BETA(AA*(-BETA- I ) ) *  
(T**(-BETA)) 
RETURN 



END 
DOUBLE PRECISION FUNCTION DEBETA ( A 4  BETA, T) 
DOUBLE PRECISION A& BETA, T 
DEBETA=DEXP (-(AA*T)**(-BETA))*DLOG(AA*T)* (AA*T) ***(BETA) 
RETURN 
END 
SUBROUTINE GAUSNW (AA, BETA, T, E, N) 
DOUBLE PRECISION AA, BETA, T(N), EO\I) 
DOUBLE PRECISION DELTAA, DELTAB, DET 
DOUBLE PRECIS10 a(2,2), B(2) 
INTEGER N 
I = I + l  
D O l l J = l , 2  
B(J) = 0.0 
DO 11 K =  1.2 
A(J,K) = 0.0 
CONTINUE 
I = I +  1 
DO20 I = l , N  
A(1, 1) = A(1,l) + DEALPA (AA. BETA, T(I)) **2 
A(~,~)=A(~,~)+DEALPA(A~BETA,T(I))*DEBETA(AA,BETA,T(I)) 
A (2.2)=A(2.2)+DEBETA(AA,BETA, T(I))**2 , , ,  \ , ,  

B(1) = B(l)+DEALPA(AA, BETA, T(l))**EO) 
B(2)=B(2)+DEBETA(AA7 BETA, T(I))*E(I) 
C O N T ~  
~~TzA(l,l)*A(2,2)-A(1,2)*(1,3) 
DELTAA=-(A(I,2)*B(2)-A(2,Z)*B(l))/DET 
DELTAB=(A(l,l)*B(2)-A(1,2)*B(l))/DET 
AA = AA + DELTAA 
BETA = BETA+DELTAB 
RETURN 
END 
SUBROUTINE CALLERR (AA,BETA,V,T,N,V,M,W,E,Z,OUTERR) 
PARAMETER W A X  = 10) 
LOGICAL OUTERR 
N=10 
DOUBLE PRECISION AA, BETA, T(N), E(N) 
DOUBLE PRECISION V(N), WW), VM(N), ER(NMAX),Z 
INTEGER N,I 
IF (N.GT.NMAX) STOP 'CALERR: INCREASE NMAX VALUE' 
IF (OUTERR) WRITE (*, 100) 
z= 0.0 
DO 12 I =  l , N  
VM(1) = DEXP (-(AA T(I))*BETA) 
E(1) = V(1)-VM(1) 
ER(1) = E(I)/V(I) 
Z=Z+E(I)/V(I) 
Z=Z+E(l) **2 



IF (OUTERR) WRITE (6, 200) T(I), V(I), VM(I), E(I), ER(1) 
12 CONTINLTE 
100 FORMAT (IT11, 'T', T25, 'V', T39, 'VM', T10, 'E', T65, 'ER'/) 
200 FORMAT (3F14.4, 2E15.4) 

RETURN 
END 
SUBROUTINE REGRES (W, T, V, AA, BETA, N) 
PARAMETER (NMAX = 10) 
LOGICAL OUTERR 
N =  10 
DOUBLE PRECISION AA, BETA 
DOUBLE PRECISION V(N), T(N), W(N) 
DOUBLE PRECISION A(2,2), B(2), C(2). DET 
INTEGER N, 1 
A(1, 1) = 0.0 
A(1,2) = 0.0 
A(2,2)= 0.0 
B(1) = 0.0 
B(2) = 0.0 
DO 13 I = l ,  N 
A(1,l) =A( l , l )+  W(1) 
A(1.2) = A(1,2) + W(1) * DLOG(T(1)) 
A(2,2) = A(2,2) + W(1) * DLOG (T(I))**2 
B(l) = B(1) + W(I)*DLOG (DLOG(lN(1))) 
B(2)= B(2) + W(I)*DLOG(DLOG(lN(I)))*DLOG (T(1)) 

13 CONTINUE 
DET = A(l,l)*A(2,2) -A(1,2)*A(1,2) 
C(1) = (B(l)*A(2,2)-B(2)*A(1,2))/DET 
C(2) = (B(2)*A(1,1)-B(I)"A(l,Z))/DET 
BETA=C(2) 
AA=DExF' (C(l)IC(2)) 
RETURN 
END 




