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n R R(2) R(3) R(1) R(2) R(3) R(1) R(2) R(3)
15 0.86710 | 0.76970 | 0.8860 | 0.52030 | 0.62050 | 0.34380 | 0.71050 | 0.42890 | 0.61030
25 0.05830 | 0.61780 | 0.82260 | 0.51200 | 0.20620 | 0.05660 | 0.36110 | 0.25730 | 0.41300
35 0.93440 | 0.72070 | 0.62360 | 0.70360 | 0.67350 | 0.33580 | 0.90700 | 0.38390 | 0.50130
50 0.56760 | 0.54640 | 0.79680 | 0.88290 | 0.79630 | 0.65270 | 0.93690 | 0.82420 | 0.11840
75 0.47180 | 0.39990 | 0.80130 | 0.76820 | 0.21500 | 0.16060 | 0.92310 | 0.73930 | 0.98300
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200 0.10580 | 0.03630 | 0.36340 | 0.12410 | 0.04780 | 0.76140 | 0.39070 | 0.50730 | 0.97460
500 0.05730 | 0.10550 | 0.06630 | 0.08290 | 0.30630 | 0.28420 | 0.23430 | 0.69550 | 0.77730
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25 0.34350 | 0.77320 | 0.97170 | 0.03760 | 0.19510 | 0.33480 | 0.17180 | 0.22780 0.54180
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Method ML LS Sh
MSE MSE MSE MSE MSE MSE MSE MSE MSE
n R R(2) R(3) R(1) R(2) R(3) R(1) R(2) R(3)
15 0.58540 | 0.66500 | 0.5320 | 0.05450 | 0.39240 | 0.02420 | 0.44420 | 0.41200 | 0.25660
25 0.83750 | 0.97450 | 0.67780 | 0.78260 | 0.86150 | 0.56400 | 0.79460 | 0.62480 | 0.595020
35 0.74810 | 0.78230 | 0.58080 | 0.16600 | 0.30450 | 0.14700 | 0.00890 | 0.34870 | 0.34590
50 0.98020 | 0.90330 | 0.91860 | 0.00300 | 0.72110 | 0.83670 | 0.55410 | 0.86300 | 0.91350
75 0.58830 | 0.00310 | 0.11030 | 0.96310 | 0.87960 | 0.25030 | 0.42700 | 0.43890 | 0.21440
100 0.54610 | 0.99620 | 0.94680 | 0.94360 | 0.21930 | 0.15890 | 0.69700 | 0.42790 | 0.34210
150 0.88290 | 0.69980 | 0.31490 | 0.49840 | 0.99070 | 0.76790 | 0.55740 | 0.03310 | 0.70010
200 0.55530 | 0.32730 | 0.10650 | 0.73640 | 0.93710 | 0.70020 | 0.62040 | 0.66540 | 0.43310
500 0.06480 | 0.29700 | 0.30120 | 0.42790 | 0.93940 | 0.39660 | 0.14530 | 0.89660 | 0.34260
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N X N X Tp Xp N X X Np Xp N Np X Np Xp N Xp NP NP X Np X 3 X X NP X N X X X X N X X X 0 X 0 X NP X
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2;A=2.5;0=2)

Method ML LS Sh
MSE MSE MSE MSE MSE MSE MSE MSE MSE
n R(1) R(2) R(3) R(1) R(2) R(3) R(1) R(2) R(3)
15 0.8476 | 0.8116 | 0.9922 | 0.5636 | 0.70777 | 0.9867 | 0.4374 | 0.6455 0.9822
25 0.4128 | 0.5775 | 0.7039 | 0.2074 | 0.2751 | 0.4521 | 0.3776 | 0.3184 0.5256
35 0.9289 | 0.8299 0.862 0.5219 | 0.6058 | 0.0884 | 0.7855 | 0.0648 0.1765
50 0.5903 | 0.4355 0.133 0.8672 | 0.6893 | 0.5247 | 0.1137 | 0.2893 0.5148
75 0.0931 | 0.2592 0.376 0.6458 | 0.8119 | 0.7949 | 0.4629 | 0.5104 0.4614
100 0.0908 | 0.5444 | 0.1839 | 0.5977 | 0.6708 | 0.5346 | 0.1133 | 0.3824 0.4847
150 0.5887 | 0.0055 | 0.0316 | 0.4753 | 0.9641 | 0.8045 | 0.5162 | 0.3238 0.7302
200 0.0746 0.381 0.9322 | 0.3235 | 0.4385 | 0.3411 | 0.3224 | 0.4096 0.5373
500 0.1471 0.137 0.66 0.2725 | 0.5196 | 0.9784 | 0.1906 | 0.3609 0.7736
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n R(1) R(2) R(3) R(1) R(2) R(3) R(1) R(2) R(3)
15 0.8948 0.7305 0.40002 0.3066 0.5716 0.1914 0.7085 0.5971 0.2047
25 0.6715 0.7619 0.6967 0.375 0.7599 0.5245 0.3944 0.5584 0.5411
35 0.9939 0.8454 0.9829 0.4437 0.3874 0.9001 0.5904 0.4347 0.9602
50 0.2282 0.7839 0.5737 0.8925 0.0855 0.5858 0.7445 0.1618 0.4716
75 0.3035 0.2647 0.2379 0.864 0.7592 0.1475 0.6563 0.4538 0.2141
100 0.056 0.4578 0.4727 0.8579 0.5962 0.5944 0.4284 0.2291 0.5799
150 0.7375 0.4625 0.245 0.1434 0.5253 0.8443 0.3968 0.4834 0.6957
200 0.3718 0.1593 0.2971 0.6262 0.5498 0.1536 0.1494 0.2541 0.1639
500 0.158 0.7157 0.3354 0.5902 0.7871 0.9753 0.5157 0.7394 0.6505
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Smirnov
X1 0.08686
X, 0.07686
Y, 0.7693
Y, 0.10677
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Variables Chi-Squared
X1 6.7076
X2 3.0401
Y1 3.3483
Y, 5.9351
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Gl R(1D) R(2) R,
1 0.499243 0.138302 | 0.637545
2 0.497034 0.13772 | 0.634754
3 0.494682 0.137026 | 0.631708
4 0.493744 0.134168 | 0.627912
5 0.493056 0.132907 | 0.625963
6 0.488619 0.132488 | 0.621107
7 0.485982 0.131451 | 0.617432
8 0.483216 0.12926 | 0.612476
9 0.482026 0.128002 | 0.610028
10 0.480682 0.123184 | 0.603866
11 0.478822 0.122604 | 0.601426
12 0.476907 0.120411 | 0.597318
13 0.476607 0.120103 | 0.59671
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o gl el 3141 Sl
i 14 0.476018 | 0.117309 | 0.593327
b 15 0.475128 0.115062 | 0.590191
. 16 0.475113 0.114119 | 0.589232
. 17 0.473657 0.108559 | 0.582216
. 18 0.473129 0.107453 | 0.580582
% 19 0.471476 0.107069 | 0.578545
i 20 0.469612 0.105102 | 0.574714
i 21 0.46875 0.103756 | 0.572506
i 22 0.467804 0.102985 | 0.570789
i 23 0.467312 0.101629 | 0.568941
i 24 0.465956 0.10001 | 0.565966
i 25 0.465937 0.099743 | 0.56568
i 26 0.463177 0.099596 | 0.562773
i 27 0.462971 0.099351 | 0.562322
i 28 0.46224 0.098434 | 0.560674
i 29 0.460889 0.096105 | 0.556994
i 30 0.455794 0.095441 | 0.551235
i 31 0.450493 0.094407 | 0.5449
i 32 0.450384 0.093972 | 0.544356
i 33 0.448584 0.09396 | 0.542545
i 34 0.44792 0.093251 | 0.54117
i 35 0.447526 0.089535 | 0.537061
i 36 0.447194 0.088887 | 0.536081
i 37 0.442282 0.084625 | 0.526907
i 38 0.441507 0.084327 | 0.525834
i 39 0.436904 0.083972 | 0.520876
i 40 0.435993 0.083368 | 0.519361
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i 1 0.435978 0.081705 | 0.517683
i 42 0.435415 0.081603 | 0.517017
i 43 0.434058 0.076452 | 0.51051
i 44 0.433174 0.071124 | 0.504297
i 45 0.429993 0.069643 | 0.499636
% 46 0.428705 0.068829 | 0.497534
i 47 0.428357 0.068598 | 0.496955
i 48 0.428147 0.065431 | 0.493579
i 49 0.427765 0.065409 | 0.493174
i 50 0.425411 0.0638 | 0.489211
i 51 0.423381 0.063208 | 0.486589
i 52 0.422204 0.062057 | 0.484261
i 53 0.420106 0.060991 | 0.481097
i 54 0.416936 0.058633 | 0.475569
i 55 0.416302 0.056475 | 0.472777
i 56 0.414446 0.055774 | 0.470219
i 57 0.404374 0.053801 | 0.458175
i 58 0.402524 0.05378 | 0.456304
i 59 0.397925 0.052547 | 0.450472
i 60 0.391768 0.051719 | 0.443488
i 61 0.391057 0.051294 | 0.442351
i 62 0.385764 0.048517 | 0.434281
i 63 0.384293 0.045712 | 0.430005
i 64 0.370585 0.043611 | 0.414197
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i 66 0.35839 0.037012 | 0.395402
i 67 0.354096 0.032194 | 0.38629
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68 0.352248 0.023007 | 0.375255
69 0.346196 0.021414 | 0.367611
70 0.327452 0.019145 | 0.346597
71 0.311254 0.012755 0.324009
72 0.277531 0.004875 | 0.282406
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(A)gal
(BlSlaall) g i) ailad) zals

n=[15,25,35,50,75,100,150,200,5001;
a=[.511.52.5122.53 .51.52 2.5];
b=[.51 1.5 2.5 .51.52 2.512 2.5 3];
c=[0.511.52.5122.53 .51.52 2.5];
d=[.511.52.5.51.522.51 2 2.5 3];
S++++++++++++++++
for i=1:12

for 3=1:9

R=@ (x,y) ((a(i) / b(i)) ~ (a(i) - 1)) * x./ b(i).* exp(-((x./
b(i)).” a(i))).* ((c(i) / d(i)).” (c(i) - 1)).* y./ d(i).* exp(-
((y./ d(i)).” c(i)));

_~ o~
~ ~

wl=random('weibull',a(i),b(i),n(3),1);
w2=random ('weibull',c(i),d(i),n(3),1);
ESR=integral2 (R,0,inf, 0, inf)

end
end
S+++++++++++++++++ A+
%  the program for estimate parameter by Maximum Likelihood
estimation method

clc

o

o

fl =Q@(a) (x./a(2)).%a(l).* log(

x./a(2))./ exp((x./a(2)).” a(l)).*
(n +1).* m-1/ (n - 1) / (m -1) * (x./a(2)).” a(l).*
log(x./a(2))./ exp((x./a(2)).%a(l)) *m ~ 2 * ((n + 1) ~ 2)./
0.4el 41/ (n - 1) / (m -1) * (x./a(2)).%a(l) .
* log(x./a(2))./ exp((x./a(2)).”a(l)).* m.~ 2 *(n + 1)./ 0.4el -
1/ (n - 1) / (m - 1) * (x./a(2)).%a(l).*...
log(x./a(2))./ exp((x./a(2)).%a(l)).* m.* ((n + 1) ~ 2)./ 0.4el +
1./ (n - 1) / (m - 1).* (x /a(2)).”a(l).*...
log(x./a(2))./ exp((x./a(2)).%a(l)).* m.* (n + 1)./ 0.4el -
(x./a(2)).%a(l).* log(x./a(2))./...
exp((x./a(2)).%a(l)).~2 * (n+1).*m +1/ (n - 1)./ (m -1).%
(x./a(2)).”a(l).* log(x /a(2))./ exp((x./a(2)).”a(l))./...
exp((x./a(4)).”a(3)).* m.” 2.* ((n + 1) ~ 2)./ 0.4el -1/ (n - 1)./
(m - 1).* (x./a(2)).%a(l).*...
log(x./a(2))./ exp((x./a(2)).%a(l))./ exp((x./a(4)).”a(3)).* m.” 2
* (n + 1)./ 0.4el +1./ (n - 1)...
/ (m =1).* (x./a(2)).%a(l)* log(x./a(2))./ exp((x./a(2)).”a(l))./
exp((x./ a(4)).”a(3)).* m.* ((n + 1).n~ 2)./ 0.4el - 0.lel...
/ (n - 1) / (m - 1) * (x./a(2)).”a(l).* log(x./a(2))./

)

exp((x./a(2)).%a(l))./ exp((x./ a(4)).%a(3)).* m.* (n + 1) / 0.4el

2 * (x./a(2)).%a(l).* log(x./a(2))./ exp((x./a(2)).%a(l))./
exp((x./ a(4)).%a(3)).* (n + 1) *m+ (x./a(2)).%a(l)*
log(x./a(2))./.
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exp((x./a(2)).%a(l)) ./ exp((x./ a(4)).” a(3)).~ 2 * (n + 1) * m
+2* (x./a(2)).%a(l).* log(x./a(2))./ exp((x./a(2)).”a(l)).” 2 /.
exp((x./a(4)).”a(3)) * (n + 1) *m - (x./a(2)).%a(l).*
log(x./a(2))./ exp((x./a(2)).%a(l)).” 2 / exp((x./a(4)).%a(3))."
2.%...

(n + 1) *m - (x./a(2)).%a(l)* log(x./a(2))./ exp((x./a(2)).%a(l))
*m+ (x./a(2)).”a(l)* log(x./a(2))./ exp((x./a(2)).%a(l)).”...

2 * m +2* (x. /a( ))."a(l)* log(x./a(2))./ exp((x./ a(2)).%a(l))./
exp((x./a(4)).%a(3)) *m - (x./ a(2)).%a(l)* log(x./a(2))./ ...
exp((x /a(2)).%a(l))./ exp((x./a(4)).”a(3)).” 2 * m - 2%
(x./a(2)). a(l)* log(x./a(2))./ exp((x./a(2)).%a(l)).n 2 /...
exp((x./a(4)).”a(3)).* m + (x. /a(2))-Aa(l)* log(x./a(2))./
exp((x./a(2)).”a(l)).” 2./ exp((x./ a(4)).”a(3)).n 2 *

m;alphalS=2.731;alpha=...
@(a) n / a(l) *sum(fl / £2);

f2=0@(a) 2* (x./a(2)).” a(l).* a(l)./ exp((x./a(2)).%a(l))./a(2)./
exp((x./a(4)).” a(3)).* (n + 1).* m - (x./a(2)).%a(l).* a(l)./
exp((x./a(2)).%a(l))./a(2)./ exp((x./a(4)).” a(3)).” 2 * (n + 1)
m -2* (x./a(2)).”a(l).*a(l)./ exp((x./a(2)).%a(l)).”...

2./a(2)./ exp((x./a(4)).” a(3)).* (n + 1) *m + (x./a(2)).%a(l).*
a./ exp((x./a(2)).%a(l)).” 2./a(2)./ exp((x./a(4)).” a(3))."..
2.* (n + 1).*m - (x./a(2)).%a(l).*a(l)./
exp((x./a(2)).%a(l))./a(2).* (n + 1).* m + (x./a(2)).%a(l).*a(l)
exp((x./a(2)).” a(l)).”...

2./a(2).* n + 1).*m -1/ (n - 1)./ (m -1).* (x./a(2)).”
a(l).*a(l)./ exp((x./a(2)).%a(l))./a(2)./ exp((x./ a(4)).” a(3))
m." ...

2.%* ((n + 1) ~ 2)./4+1/ (n - 1) / (m -1) * (x./a(2)).%a(l).*a(l)
exp((x./a(2)).%a(l))./a(2)./ exp((x./a(4)).” a(3)).*

m.~2* (n+1)./4 -1/ (n - 1) / (m -1) * (x./a(2)).%a(l).*a(l)/
exp((x./a(2)).” a(l))./a(2)./ exp((x./a(4)).” a(3)).*.

m.* ((n +1).~2) /4+1/ (n - 1) / (m -1) * (x ./a(2)).%a(l)*a(l)/
exp((x./a(2)).%a(l))./a(2)./ exp((x./a(4)).” a(3)).*..

m.* (n +1) /4 +1/ (n - 1) / (m -1) * (x./a(2)).%a(l)*a(l)/
exp((x./a(2)).%a(l))./a(2).* m.” 2.* ((n + 1) ~ 2) /..

0.4el - 1/ (n - 1) / (m -1).* (x./a(2)).”a(l).*a(1l)./
exp((x./a(2)).” (I))./a((2).* m.” 2.* (n + 1)./4 +1./

(n - 1) ./ (m -1).* (x./a(2)).%a(l).*a(l)./
exp((x./a(2)).”a(l))./a(2).* m.* ((n + 1) ~ 2)./4-1/ (n - 1)./ (m
-1).*%...

(x./a(2)).”a(l).*a(l)./ exp((x./a(2)).%a(l))./a(2).* m.* (n +

1) ./4-2*% (x./a(2)).%a(l).*a(l)./ exp((x./a(2)).%a(l))./a2)./..
exp((x./a(4)).” a(3)).* m + (x./a(2)).”a(l).*a(l)/
exp((x./a(2)).”a(l))./a(2)./ exp((x./a(4)).” a(3)).” 2. m +2*
(x./a(2)).n...

a(l).* a(l)./ exp((x./a(2)).” a(l)).” 2./a(2)./ exp((x./a(4)).”
a(3)) *m - (x./a(2)) ~ a(l).* a(l)./ exp((x./a(2)).” a(l)).”
2./a2)./...

exp((x./a(4)).” a(3)).” 2 *m + (x./a(2)).%a(l).*a(l)./
exp((x./a(2)).”a(l))./a(2).* m - (x./a(2)).%a(l)*a(l)./
exp((x./a(2)).” a(l)).”
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ARAS AR IS A IS A ASASASASASLEADASASASASASIEAS LS A A S AS A AGAGAEAG LS A i S AR ASASASASASASARASAGAS A AS

N e Ne X N Xp X X X Np X X X X Xp Xp X Xp X Ne X Xp Xp X Xp X Np X N Xp X Xp X NP X X Xp X X X NP Xp X X Xe X X Np e Xp 0 X X 2P e NP % X P

(n +1) *m- 0.1lel / (n - 1) / (m - 0.1lel) * (x / a(4)) ~ a(3) *
a(3) / exp((x / a(4)) ~ a(3)) / a(4) / exp((x / b) »~ a(l)) *...
m” 2 * ((n+ 1) ~2) / 0.4el + 0.1el / (n - 1) / (m - 0.lel) * (x
/ a(4)) ~ a(3) * a(3) / exp((x / a(4)) ~ a(3d)) / a(4) /...

exp((x / b) ~a(l)) *m 2 * (n+ 1) / 0.4el - 0.1el / (n - 1) /
(m - 0.1lel) * (x / a(4)) "~ a(3) * a(3) / exp((x / a(4)) ~ a(3))
/...

a(4) / exp((x / b) ~a(l)) *m™* ((n + 1) ~ 2) / 0.4el + 0.1lel /
(n - 1) / (m - 0.1lel) * (x / a(4)) »~ a(3) * a(3) /

exp((x / a(4)) ~ a(3)) / a(4) / exp((x / b) ~ a(l)) *m * (n + 1)
/ 0.4el + 0.1el / (n - 1) / (m - 0.1lel) * (x / a(4)) ~ a(3) *..
a(3) / exp((x / a(4)) ~ a(3)) / a(4) *m ~ 2 * ((n + 1) ~ 2) /
0.4el - 0.1lel / (n - 1) / (m - 0.1lel) * (x / a(4)) ~ a(3) * a(3)
/...

exp((x / a(4)) ~ a(3)) / a(4) *m "~ 2 * (n + 1) / 0.4el + 0.1lel /
(n - 1) / (m - 0.1lel) * (x / a(4)) ~ a(3) * a(3) / exp((x / a(4))
a(3)) / a(4) *m* ((n+ 1) ~2) / 0.4el - 0.1el1 / (n - 1) / (m -
0.1lel) * (x / a(4)) ~ a(3) * a(3) / exp((x / a(4)) ~ a(3)) /...
a(4) *m * (n + 1) / 0.4el - (x / a(4)) ~ a(3) * a(3) / exp((x /
a(4)) ~ a(3)) / a(4) * (n+ 1) *m+ (x / a(4)) ~ a(3) * a(3) /..
exp((x / a(4)) ~ a(3)) ~2 / a(4) * (n +1) *m + 0.2e1 * (x /
a(4)) ~ a(3) * a(3) / exp((x / a(4)) ~ a(3)) ~ 2 / a(4) / exp((x /
b) ~ a(l)) *...

m - 0.2el * (x / a(4)) ~ a(3) * a(3) / exp((x / a(4)) ~ a(3)) /
a(4) / exp((x / b) ~ a(l)) *m+ (x / a(4)) "~ a(3) * a(3) / exp((x
/ a(4)) ~ a(3)) /...

a(4) / exp((x / b) ~a(l)) ~ 2 *m- (x/ a(4)) ~ a(3) * a(3) /
exp((x / a(4)) ~ a(3)) ~ 2/ a(4) / exp((x / b) ~ a(l)) ~ 2 *m
+...

(x / (4)) 7~ a(3) * a(3) / exp((x / a(4)) ~ a(3)) / a(4) *m - (x /
a(4)) ~ a(3) * a(3) / exp((x / a(4)) ~ a(3)) "...

2 / a(4) * m;BetalLSy=4.292;Betay=@Q(a) -n/a(2)*sum(£f3/f4);

ffl =Q(aaa) (xl./aaa(2)).”aaa(l).* log(xl./aaa(
exp((x1l./aaa(2)).” aaa(l)).* (n + 1).* m -1/ (n
(x1./aaa(2)).” aaa(l).*...

2)) ./
-1) / (m-1) *

log(xl./aaa(2))./ exp((xl./aaa(2)).%aaa(l)) *m ~ 2 * ((n + 1) *
2./ 0.4el 41/ (n - 1) / (m -1) * (x1./aaa(2)).%aaa(l) .

* log(xl./aaa(2))./ exp((x1l./aaa(2)).”aaa(l)).* m.~ 2 *(n + 1)./
0.4el - 1/ (n - 1) / (m - 1) * (x1./aaa(2)).”aaa(l).*...
log(xl./aaa(2))./ exp((xl./aaa(2)).%aaa(l)).* m.* ((n + 1) ~ 2)./
0.4el + 1./ (n - 1) / (m - 1).* (x1 /aaa(2)).”aaa(l).*...
log(xl./aaa(2))./ exp((xl./aaa(2)).%aaa(l)).* m.* (n + 1)./ 0.4el
- (x1./aaa(2)).%aaa(l).* log(xl./aaa(2))./.
exp((x1./aaa(2)).%aaa(l)).” 2 * (n + 1).* m +l/ (n - 1)./ (m -1).*
(x1./aaa(2)) .”aaa(l) .* log(xl /aaa(2)) ./
exp((x1./aaa(2)).%aaa(l))./.

exp((x1./aaa(4)).%aaa(3)).* m.~ 2.* ((n + 1) ~ 2)./ 0.4el -1/ (n -
1)./ (m - 1).* (x1./aaa(2)).”aaa(l).*
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log(x1l./aaa(2))./ exp((x1l./aaa(2)).%aaa(l))./
exp((x1./aaa(4)).%aaa(3)).* m.~ 2 * (n + 1)./ 0.4el +1./ (n -

1) ...

/ (m -1).* (x1./aaa(2)).%aaa(l)* log(xl./aaa(2))./
exp((x1./aaa(2)).%aaa(l))./ exp((x1l./ aaa(4)).”aaa(3)).* m.* ((n +

1).~ 2)./ 0.4el - 0.lel...
/ (n - 1) / (m - 1) * (x1./aaa(2)).%aaa(l).* log(xl./aaa(2))./
(

exp((x1./aaa(2)).%aaa(l))./ exp((x1l./ aaa(4)).”aaa(3)).* m.* (n +
1) / 0.4el -...

2 * (x1./aaa(2)) .%aaa(l).* log(xl./aaa(2))./
exp((x1./aaa(2)).%aaa(l))./ exp((x1l./ aaa(4)).”aaa(3)).* (n + 1) *
m + (x1./aaa(2)).%aaa(l)* log(xl./aaa(2))./...
exp((x1./aaa(2)).%aaa(l))./ exp((x1l./ aaa(4)).” aaa(3)).” 2 * (n +
1) * m +2* (x1./aaa(2)).”aaa(l).* log(xl./aaa(2))./
exp((x1./aaa(2)).%aaa(l)).” 2 /...

exp((x1l./aaa(4)).%aaa(3)) * (n + 1) * m - (x1./aaa(2)).”aaa(l).*
log(xl./aaa(2))./ exp((x1l./aaa(2)).%aaa(l)).” 2 /
exp((x1./aaa(4)).%aaa(3)).” 2.*...

(n + 1) *m - (x1./aaa(2)).%aaa(l)* log(xl./aaa(2))./
exp((x1./aaa(2)).%aaa(l)) * m + (x1./aaa(2)).”aaa(l)~*
log(xl./aaa(2))./ exp((xl./aaa(2)).%aaa(l)).”

2 *m +2* (x1./aaa(2)).%aaa(l)* log(xl./aaa(2))./ exp((x1./
aaa(2)).%aaa(l))./ exp((xl./aaa(4)).”aaa(3)) * m - (x1./
aaa(2)).%aaa(l)* log(xl./aaa(2))./ ...

exp((x1 /aaa(2)).%aaa(l))./ exp((xl./aaa(4)).”aaa(3)).” 2 * m - 2%

(x1./aaa(2)) .%aaa(l)* log(xl./aaa(2))./
exp((x1./aaa(2)).%aaa(l)).” 2 /...
exp((x1./aaa(4)).%aaa(3)).* m + (x1./aaa(2)).”aaa(l)*
log(xl./aaa(2))./ exp((x1l./aaa(2)).%aaa(l)).”

2./ exp((x1./ aaa(4)).%aaa(3)).” 2 * m;ALphalS2=4.292;ALph2=Q (a) -
n/a(2)*sum(£3/£f4) ;

Q.

o

ff2=Q (aaa) 2* (xl./aaa(2)).” aaa(l).* aaa(l)./
exp((xl./aaa(2)).%aaa(l))./aaa(2)./ exp((xl./aaa(4)).” aaa(3)).*
(n +1).*m - (x1./aaa(2)).%aaa(l).* aaa(l)./...

exp((x1l./aaa(2)) .%aaa(l))./aaa(2)./ exp((xl./aaa(4)).
* (n + 1) *m -2* (x1./aaa(2)).%aaa(l).*aaa(l)./
)

A

aaa(3)).” 2

exp((x1l./aaa(2)).%aaa(l)).

2./aaa(2)./ exp((xl./aaa(4)).” aaa(3)).* (n + 1) * m +
(x1./aaa(2)) .%aaa(l) .* aaa./ exp((x1l./aaa(2)).%aaa(l)).”
2./aaa(2)./ exp((xl./aaa(4)).” aaa(3))."...
2.* (n + 1).*m - (x1./aaa(2)).”aaa(l).*aaa(l
exp((x1./aaa(2)).%aaa(l))./aaa(2).* (n + 1).*
(x1./aaa(2)) .%aaa(l) .*aaa(l) ./ exp((x1l. /aaa(2) aaa(l)).
2./aaa(2).* (n + 1).*m -1/ (n - 1)./ (m -1). (x1./aaa(2)).”
aaa(l) .*aaa(l) ./ exp( xl./aaa(2)).Aaaa(l))./aaa(Z)./ exp ((x1./
aaa(4)).” aaa(3)). A

2.%* ((n + 1) ~ 2). /4+1/ (n - 1) / (m -1) *

(x1./aaa(2)) . aaa(l) *aaa(l)./ exp((x1./aaa(2)).%aaa(l))./aaa(2)./
exp((x1./aaa(4)).” aaa(3)).*...

) ./
m +
) A
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m.~2* (n+ 1)./4 -1/ (n - 1) / (m -1) *
(x1./aaa(2)) .%aaa(l) .*aaa(l)/ exp((x1l./aaa(2)).” aaa(l))./aaa(2)./

exp((x1./aaa(4)).” aaa(3)).*...

m.* ((n + 1).~2) /4+1/ (n - 1) / (m -1) * (x1
./aaa(2)).%aaa(l)*aaa(l)/ exp((x1./aaa(2)).%aaa(l))./aaa(2)./
exp((x1./aaa(4)).” aaa(3)).*...

m.* (n + 1) /4 +1/ (n - 1) / (m -1) * (x1./aaa(2)).”aaa(l)*aaa(l)/
exp((x1./aaa(2)).%aaa(l))./aaa(2).* m.~ 2.* ((n + 1) ~2) /...
0.4el - 1/ (n - 1) / (m -1).* (x1./aaa(2)).”aaa(l).*aaa(l)./
exp((x1./aaa(2)).” aaa(l))./aaa(2).* m.~ 2.* (n + 1)./4 +1./...

(n - 1) ./ (m -1).* (x1./aaa(2)).”aaa(l).*aaa(l)./
exp((x1./aaa(2)).%aaa(l))./aaa(2).* m.* ((n + 1) ~ 2)./4-1/ (n -
1)./ (m -1).*...

(x1./aaa(2)) .%aaa(l) .*aaa(l) ./ exp((xl./aaa(2)).%aaa(l))./aaa(2).*
m.* (n + 1)./4-2* (x1./aaa(2)).%aaa(l).*aaa(l)./
exp((x1./aaa(2)).%aaa(l))./aaa(2)./...

exp((x1./aaa(4)).” aaa(3)).* m + (x1./aaa(2)).”aaa(l).*aaa(l)/
exp((x1./aaa(2)).%aaa(l))./aaa(2)./ exp((x1l./aaa(4)).” aaa(3)).”
2.* m +2* (x1./aaa(2)).”...

aaa(l).* aaa(l)./ exp((x1./aaa(2)).” aaa(l)).” 2./aaa(2)./
exp((x1./aaa(4)).” aaa(3)) * m - (x1./aaa(2)) » aaa(l).* aaa(l)./
exp((x1./aaa(2)).” aaa(l)).” 2./aaa(2)./...

exp((x1./aaa(4)).” aaa(3)).” 2 * m +

(x1./aaa(2)) .”aaa(l) .*aaa(l) ./ exp((xl./aaa(2)).%aaa(l))./aaa(2).*
m - (xl1./aaa(2)).%aaa(l)*aaa(l)./ exp((xl./aaa(2)).” aaa(l))."...

2./aaa(2).* m;BetalS2=4.292;Beta2=0@(a) -n/a(2)*sum(£3/£4);

Q.

o

ff3=QR(aaa) 1/ (n - 1) / (m - 1) * (x1./ aaa(
log(x1./ aaa(4))./ exp((x1./ aaa(4)).” aaa(3
aaa(2)).” aaa(l)).* (m.™ 2).*...

((n + 1).~2)./ 4- 1/ (n - 1) / (m - 1) * (x1./ aaa(4)) ~ aaa(3) *
log(xl / aaa(4)) / exp((x1l / aaa(4)) ~ aaa(3)) /...

—
>

Q

Q

@
w

)
exp((x1 / aaa(2)) »~ aaa(l)) * (m ~ 2) * (n + 1) / 0.4el + 0.lel /
(n - 1) / (m - 1) * (x1 / aaa(4)) ~ aaa(3) * log(xl / aaa(4)) /
exp((x1 / aaa(4)) » aaa(3)) / exp((xl / aaa(2)) ~ aaa(l)) * m *
((n + 1) ~2) / 0.4el - 0.1el1 / (n - 1) / (m - 1) * (x1 / aaa(4d))

A

aéé}B) * log(xl / aaa(4)) / exp((xl / aaa(4)) ~ aaa(3)) / exp((xl
/ aaa(2)) ”~ aaa(l)) *m * (n + 1) / 0.4el + 0.1lel / (n - 1) / (m -
1) *...

(x1 / aaa(4)) ~ aaa(3) * log(xl / aaa(4)) / exp((x1 / aaa(4)) "

aaa(3)) *m * (n+ 1) / 0.4el - 0.1lel / (n - 1) / (m - 1) * (x1 /
aaa(4)) ~...
aaa (3 )y N~ aaa(3)) *m * ((n

)
)
) log(xl / aaa(4)) / exp((xl / a )
(m 1) * (x1 / aaa(4)) *
)

+ 1) ~2) / 0.4el + 0.1el / (n - 1) /
aaa(3) *
log(xl / aaa(4)) / exp((xl / aaa(4
/ 0.4el - 0.1lel / (n - 1) / (m - 1
log(xl / aaa(4)) / exp((xl / aaa(4
1) ~ 2) / 0.4el + (x1 / aaa(4)) *
exp((x1 / aaa(4)) »~ aaa(3)) *...

/\2)

)
aa(3) * log(xl
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N e Ne X N Xp X X X Np X X X X Xp Xp X Xp X Ne X Xp Xp X Xp X Np X N Xp X Xp X NP X X Xp X X X NP Xp X X Xe X X Np e Xp 0 X X 2P e NP % X P

(n + 1) *m - (x1 / aaa(4)) ~ aaa(3) * log(xl / aaa(4)) / exp((xl
/ aaa(4)) ~ aaa(3)) ~2 * (n+ 1) *m - 0.2el * (x1 / aaa(4)) ~
aaa(3) *...

log(x1l / aaa(4)) / exp((x1l / aaa(4)) ~ aaa(3)) / exp((x1l / aaa(2))
~aaa(l)) * (n + 1) *m + 0.2el1 * (x1 / aaa(4)) ~ aaa(3) * log(xl
/ aaa(4)) /...

exp((x1 / aaa(4)) »~ aaa(3)) "~ 2 / exp((x1 / aaa(2)) » aaa(l)) * (n
+ 1) *m + (x1 / aaa(4)) » aaa(3) * log(xl / aaa(d)) / exp((x1l /
aaa(4)) ~ aaa(3)) /...

exp((x1 / aaa(2)) ”~ aaa(l)) ~ 2 * (n + 1) *m - (x1 / aaa(4)) *
aaa(3) * log(x1l / aaa(4)) / exp((x1l / aaa(4)) ~ aaa(3)) ~ 2 /
exp((x1 / aaa(2)) » aaa(l)) "~...

2 * (n+ 1) *m - (x1 / aaa(4)) »~ aaa(3) * log(xl / aaa(4)) /
exp((x1 / aaa(4)) »~ aaa(3)) *m + (x1 / aaa(4)) ~ aaa(3) * log(xl
/ aaa(4)) / exp((xl / aaa(4)) ~ aaa(3)) "...

2 *m+ 0.21 * (x1 / aaa(4)) aaa(3) * log(xl / aaa(4)) /
exp((x1 / aaa(4)) » aaa(3)) / exp((x1l / aaa(2)) » aaal(l)) *
0.2e1 * (x1 / aaa(4)) ~ aaa(3) *...

log(xl / aaa(4)) / exp((x1l / aaa(4

aaa(2)) ~ aaa(l)) *m - (x1 / aaa(
/ exp((x1l / aaa(4)) ~ aaa(3)) /...
exp((x1 / aaa(2)) »~ aaa(l)) ~ 2 *m + (x1 /
log(xl / aaa(4)) / exp((x1l / aaa(4)) "~ aaa(
aaa(2)) »~ aaa(l)) ~ 2 * m;

Q.

o

ff4=Q(aaa) -2* (x1 / aaa(4)) »~ aaa(3) * aaa(3) / exp((xl / aaa(4))
N~ aaa(3)) ~ 2 / aaa(4) / exp((xl / b) "~ aaa(l)) * (n + 1) * m +
0.2e1 * (x1 / aaa(4)) ~ aaa(3) *...

m -

) N~ 2/ exp((x1 /

) 7~ aaa (3)
3) * log(x1l / aaa(4))

) (3
4)) ~ aaa(
) 7~ aaa (3)

aaa (4)
)y) N2/ exp((x1 /

aaa(3) / exp((x1l / aaa(4)) ™~ aaa(3)) / aaa(4) / exp((xl / b) *
aaa(l)) * (n + 1) *m - (x1 / aaa(4)) » aaa(3) * aaa(3) / exp((x1
/ aaa(4)) » aaal(3)) / aaa(4) /...

exp((xl / b) ~ aaa(l)) ~ 2 * (n+ 1) *m+ (x1 / aaa(4)) ~ aaa(3)
* aaa(3) / exp((x1 / aaa(4)) » aaa(3)) ~ 2 / aaa(4) / exp((x1 / b)
~aaa(l)) N~ 2 *o..

(n + 1) * - 0.1lel / (n - 1) / (m - 0.1lel) * (x1 / aaa(4)) *
aaa(3) * (3) / exp((x1l / aaa(4)) ~ aaa(3)) / aaa(d) / exp((xl /

a
) *.o..

+ 1) ~2) / 0.4el + 0.1el / (n - 1) / (m - 0.lel)
) A

m A~ 2 * *
aaa(3) * aaa(3) / exp((x1l / aaa(4)) ~ aaa(3)) /

(x1 / aaa

aaa(4) /...
exp((x1l / b) ~ aaa(l)) *m ~ 2 * (n + 1) / 0.4el - 0.1el / (n - 1)
/ (m - 0.lel) * (x1 / aaa(4)) » aaa(3) * aaa(3) / exp((xl /
aaa(4)) ~ aaa(3)) /...
((x
)

m
aa
b) »~ aaa(l)
(n
(4

)

aaa(4) / exp 1/ b) " aaa(l)) *m * ((n + 1) ~ 2) / 0.4el +
0.lel / (n - 1) / (m - 0.1lel) * (x1 / aaa(4)) ~ aaa(3) * aaal(3) /
exp((x1 / aaa(4)) » aaa(3)) / aaa(4) / exp((x1l / b) ~ aaa(l)) * m
* (n + 1) / 0.4el + 0.1lel / (n - 1) / (m - 0.lel) * (x1 / aaa(4))
N~ aaa(3) *...

aaa(3) / exp((x1l / aaa(4)) »~ aaa(3)) / aaa(4) *m "~ 2 * ((n + 1) ~
2) / 0.4el - 0.1el / (n - 1) / (m - 0.1lel) * (x1 / aaa(4)) *
aaa(3) * aaa(3) /...
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exp((x1 / aaa(4)) ”~ aaa(3)) / aaa(4) * m ~ 2 * (n + 1) / 0.4el +

0.lel / (n - 1) / (m - 0.1lel) * (x1 / aaa(4)) ~ aaa(3) * aaa(3) /

exp((x1 / aaa(4)) *

aaa(3)) / aaa(4) *m * ((n + 1) ~ 2) / 0.4el - 0.1lel / (n - 1) /
)

(m - 0.1el) * (x1 / aaa(4)) " aaa(3) * aaa(3) / exp((xl / aaa(4))
~ aaa(3)) /...

aaa(4) *m * (n + 1) / 0.4el - (x1 / aaa(4)) ~ aaa(3) * aaa(3) /
exp((x1 / aaa(4)) »~ aaa(3)) / aaa(4) * (n + 1) *m + (x1 / aaa(4d))
~ aaa(3) * aaa(3) /...

exp((x1 / aaa(4)) "~ aaa(3)) ~ 2 / aaa(4) * (n + 1) *m + 0.2el *
(x1 / aaa(4)) ~ aaa(3) * aaa(3) / exp((x1l / aaa(4)) ~ aaa(3)) ~ 2
/ aaa(4) / exp((x1l / b) » aaa(l)) *...

m - 0.2el * (x1 / aaa(4)) ~ aaa(3) * aaa(3) / exp((x1 / aaa(4)) *
aaa(3)) / aaa(4) / exp((x1l / b) ”~ aaa(l)) * m + (x1 / aaa(4)) *
aaa(3) * aaa(3) / exp((xl / aaa(4)) ™~ aaa(3)) /...

aaa(4) / exp((x1 / b) ~ aaa(l)) ~ 2 *m - (x1 / aaa(4)) ~ aaa(3)
aaa(3) / exp((x1 / aaa(4)) ~ aaa(3)) ~ 2 / aaa(d) / exp((xl / b) »
aaa(l)) ~ 2 * m +

(x1 / (4)) »~ aaa(3) * aaa(3) / exp((xl / aaa(4)) ~ aaa(3)) /
aaa(4) *m - (x1 / aaa(4)) ~ aaa(3) * aaa(3) / exp((xl / aaa(4)) *
aaa(3)) ~ 2 / aaa(4) * m;

PARX=[alphalS betalS ALphalS2 BetalLS2 ALphalSy BetalSy];

al=PARX (1, 1) ;bl1=PARX(1,2);a2=PARX (1, 3) ;b2=PARX (1,4) ;c=PARX (1,5) ;d=
PARX (1,06);

RE1=Q@(x1l,y) al / bl * (x1./ bl).” (al - 1).* exp(-(x1./ bl).”
al).* c./ d.* (y./ d).” (¢ - 1).* exp(-(y./ d).” ¢);

RE2=Q (x1,x2,y) al / bl * (x1./ bl).” (al - 1).* exp(-(x1./ bl)."
al).* a2./ b2.* (x2./ b2).” (a2 - 1).* exp(-(x2./ b2).” al).* c./
d.* (y./ d).” (¢ = 1).* exp(-(y./ d).” ¢);

tl=xlsread ('Datall’', 'Sheet3');

Al cuilad) gald
for 1=1:72

MARI1 (i)=integral2(RE1l,0,inf,tl1 (i), inf) /2;
MAR2 (i)=integral3(RE2,0,inf,0,tl (i), tl(i),inf)/2;
end

Q

<

MARl=sort (MAR1l, 'descend');
MAR2=sort (MAR2, 'descend');

Q

MAR1=MAR1';MAR2=MAR2"';
ul=xlswrite('Datalll',MAR1,'LS', 'al');
u2=xlswrite('Datalll',MAR2,'LS', 'bl");

o©

o©

the program for estimate parameter by Least square
Method estimation method
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fl=Q@ (al) (x./ a(2)).” (al(l) - 1).* log(x./ al(2)).* exp(-(x./
al(2)).” al(l)) - (x./ al(2)).” (al(l) - 1).* (x./ al(2))."
al(l).* log(x./ al(2)).* exp(-(x./ al(2)).” al(l));

f2=Q(al) (x./ al(2)).” (al(l) - 1).* exp(-(x./ al(2)).”
al(l));alphax=1.98;alpha=@(a) n / al(l) *sum(fl / f2);

%

f3=@(al) -(x./al(2)).” (al(l) - 1).* ( 1(1)- 1).* exp(-
(x./al(2)).7al(1))./al(2)+ (x./al(2)). (al(l) 1).*
(x./al(2)).7al(l).*al(1l).* exp(-(x. /a1(2)) 1(1))./al(2);

o

fffl1=Q@ (a2) (x./ a2(2)).”~ (a2(l) - 1).* log(x./ a2(2)).* exp(-(x./
a2(2)).”~ a2(1)) - (x./ a2(2)).”~ (a2(1) - 1).* (x./ a2(2)).”
a2 (l).* log(x./ a2(2)).* exp(-(x./ a2(2)).” a2(1));

o

fff2=Q@(a2) (x./ a2(2)).” (a2(l) - 1).* exp(-(x./ a2(2))."
a2 (1)) ;alphaxl=1.98;alphal=Q@(a2) n / a2(l) *sum(fffl / fff2);

o

fff3=@(a2) -(x./a2(2)).” (a2(l) - 1).* (a2(1)- 1).* exp(
(x./a2(2)) .%a2(1l))./a2(2)+ (x./a2(2)).” (a2(l)- 1).
(x./a2(2)) .%a2(1l) .*a2 (1) .* exp(-(x./a2(2)).%a2(1l)). /a2( ) ;

o©

fffd=@ (a2) (x./a2(2)).” (a2(l)- 1).* exp(-
(x./a2(2)) .%a2 (1)) ;betaxl=3.82;betal=@(a2) -
n/a2(2)*sum(f££3/£££4);

%

ff1=Q(c) (y./c(2)).” (c(1l) - 1).* log(y./c(2)).* exp(-(y./c(2))."
c(l)) - (y./c(2)).” (c(l)- 1).* (y./c(2)).” c(1)* log(y./c(2)).*
exp (= (y./c(2)).%c(1));

Q.

o

£f£2=Q@(c) (y./c(2)).” (c(l)- 1).* exp(-(y./c(2))."
c(1l));alphay=2.78;alphayy=@(a) n / c(l) * f£fl1 / ff2;

Q.

o

¢}

ff3=@(c) -(y./c(2)).” (c(1) - 1).* (c(l)- 1).* exp(-
(y./c(2)).%c(l))./c(2)+ (y./c(2)).” (c(1)- 1).*
(y./c(2)).7c(l).*c(l).* exp(=(y./c(2)).%c(1))./c(2);

o©

ff4=Q(c) (y./c(2)).” (c(l)- 1).* exp(-

(y./c(2)).”c(l)) ;betay=3.82;betayy=0@(a) -n/c(2)*sum(£f£3/££4);
PARMAX=[alphax betax alphaxl betaxl alphay betay]

al=PARMAX (1,1) ;bl1=PARMAX (1,2);a2=PARMAX (1, 3) ;b2=PARMAX (1, 4) ;c=PARM
AX (1,5);d=PARMAX (1,06);

RE1=Q(x1l,y) al / bl * (x1./ bl).” (al - 1).* exp(-(x1./ bl).”
al).* c./ d.* (y./ d).” (¢ - 1).* exp(-(y./ d).” ¢);

RE2=Q@ (x1,x2,y) al / bl * (x1./ bl).” (al - 1).* exp(-(x1./ bl)."
al).* a2./ b2.* (x2./ b2).” (a2 - 1).* exp(-(x2./ b2).” al).* c./
d.* (y./ d).” (¢ = 1).* exp(-(y./ d).” c);
tl=xlsread('Datall', 'st');

o

for i=1:72
MAXR1 (i) =(integral2 (RE1,0,inf, tl (i), inf))/2;
MAXR2 (i) =(integral3 (RE2,0,inf,0,tl(i),tl(i),inf))/2;

K
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end

o
o

MAXRl=sort (MAXR1l, 'descend');
MAXR2=sort (MAXR2, 'descend');

MAXR1=MAXR1';MAXR2=MAXR2';

ul=xlswrite('Datalll',MAXR1l, '"MAXIM', 'al"')
u2=xlswrite('Datalll',MAXR2, '"MAXIM', 'bl")

o

¢}
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AR A i A A AL ASAGAS LS ARASAG A AS AR A AS A S AR AGASAGASASAGASASASASASAGASAGA G A A S AR ASAGAS A

B (sl
alugY) dadlaal o) Janal) (g gt Adial) UL Jiay (1-B) Jsoa

Seadiil) X1 X Y1 Y>
1 1.7 1.0 2.3 2.9
2 1.0 1.2 1.4 2.5
3 2.7 1.4 2.4 2.0
4 1.3 1.8 0.7 1.5
5 2.9 1.3 1.6 3.0
6 1.3 0.7 1.7 2.2
7 1.5 0.7 2.6 0.9
8 1.2 1.1 2.8 4.0
9 1.4 0.8 2.3 2.4
10 1.5 1.0 1.1 2.8
11 0.7 2.5 0.9 3.1
12 0.3 1.3 1.5 3.2
13 0.2 1.7 1.4 1.9
14 1.3 2.7 2.4 0.5
15 0.8 2.3 1.7 3.4
1.0 2.1 1.2 1.8

17 0.8 0.9 2.0 3.4
18 1.2 1.4 0.5 0.6
19 1.7 0.9 2.8 1.8
20 0.9 1.9 2.2 2.8
21 1.4 3.9 1.8 2.0
22 2.1 1.2 3.0 2.6
23 0.2 1.8 1.4 1.7
24 0.9 0.3 1.7 2.9
25 0.2 0.4 1.8 4.0
26 0.5 1.5 1.2 2.3
27 2.4 3.5 1.1 1.3
28 0.6 0.9 1.3 3.4
29 0.6 0.6 2.2 2.7
30 0.6 0.2 1.9 1.9
31 0.8 3.0 1.4 4.3
32 1.3 1.4 2.8 1.1
33 0.5 1.1 2.8 1.9
34 1.3 0.9 2.3 2.4
35 1.0 0.8 1.8 3.5

N N X Np Xp X Xp e Np X N X X Xp Xp X Xp X Np X Xp Xp X Xe X Np X X Xp X Xp X Np X 2 Xp 0 X 0 N Xp X Xp 0P Xp 0 Ne X X NP Xp N X X X X X 0 X 0P X
[
o

YA g i dighi A A Ak A A Ak A A A A i @A i gk i A A AN A A G A A A A A S A A A A G A A A g A gk g

AR
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Pie

PAY

PAe

- 36 0.3 1.0 0.6 2.6
" 37 0.4 0.8 1.5 2.5
% 38 1.0 1.6 2.2 0.5
i 39 1.1 1.1 2.3 1.6
il 40 0.7 2.5 1.1 1.0
% 41 0.3 3.0 0.9 2.1
i 42 0.3 0.2 1.6 2.8
2 43 0.7 1.8 23 1.2
i 44 1.1 1.1 2.8 2.6
i 45 0.4 0.2 1.2 3.3
¥ 46 0.9 2.2 1.7 2.8
i 47 0.3 2.1 0.8 2.0
% 48 2.0 1.7 3.0 2.4
i 49 0.8 0.3 1.7 1.9
" 50 0.5 1.5 2.3 0.5
% 51 1.4 1.9 1.2 1.0
i 52 1.1 2.3 2.5 2.5
I 53 1.3 1.5 2.0 1.0
¥ 54 1.1 1.6 2.1 3.7
" 55 1.0 2.4 1.2 4.2
% 56 0.8 1.4 1.5 3.1
g 57 1.9 2.7 25 2.4
o 58 0.8 1.0 2.2 25
% 59 1.2 3.9 2.7 1.4
i 60 1.2 1.1 1.5 2.5
i 61 1.2 0.7 1.7 2.7
% 62 1.4 2.0 2.6 2.5
i 63 0.2 1.4 2.6 2.0
o 64 0.2 1.1 1.9 4.6
s 65 0.4 2.9 0.9 1.8
i 66 0.5 1.3 1.8 3.6
% 67 1.4 1.0 3.2 2.6
i 68 1.0 2.0 3.0 3.2
o 69 1.3 0.6 1.2 2.9
Yo 70 2.9 0.2 1.9 2.2
i 71 1.1 0.6 2.1 35
il 72 0.6 1.3 1.3 3.1
¥
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ABSTRACT

Many work systems in our world suffer from a problem when working in a
system of stress and durability, the failure of one of the components of the
system leads to the failure of the entire system and stops working, but in
the cascade system of stress and strength, the failure of one of the
components does not lead to the failure of the system to work, but the
system will improve the stress through the attenuation factor in order for
the system to continue to work, and because of modern technology and the
development of devices and equipment and the complexity of them and not
taking into account The accuracy of the data for these devices has a kind of
fuzzy, and since fuzzy logic began to be used in estimation, we will
estimate the reliability of the Cascade system to distribute Whipple if the
system is fuzzy.The theoretical aspect in this theisis included addressing
the most important terms of reliability, binding systems and blurring as
well as finding the reliability of the system for one component, two
components and three components, where each component has strength (X)
and is subjected to stress (), where stress is defined as the amount of force
exerted to occur the cessation of the component from work or the cessation
of the system, either strength is intended to resist the component to
accomplish the required work without stopping or malfunctioning, and one
of the hypotheses of this system contains n of components from which a
component works Only one is under the influence of stress while there is
(n-1) of the remaining components in standby mode, when the first
component stops as a result of the large stress exerted on it that exceeds the
strength of this component, one of the components that is waiting to work
in place of the broken component and works in the same conditions as the
first component failed, as the stress on this component is reduced through

the attenuation factor, which is symbolized by the symbol (K),Thanks to
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the presence of this factor, the cascade system makes a special case of the
reserve system, as well as finding the common cumulative distribution
function of the variables of stress and strength, and then finding the
reliability of the fuzzy cascade system for the Weibull distribution of each
of the ( R,, R3)for the distribution of Weibull by using three estimation
methods (the method of estimating the greatest possibility, the method of
least squares, and the method of contraction), and for the purpose of
making a trade-off between the three methods, the researcher used the
simulation method (Monte-Carlo) based on the statistical criterion average
error squares (mse), where he concluded The greatest probability estimator
method is best for medium (n=50,n=75,n=100) and large
(n=150,n=200,n=500), while the least squares method is shown to be
preferable at small sample sizes (n=15,n=25,n=35), the reliability behavior
of the fuzzy cascade system of Weibull distribution of ( R,, R3). As for the
applied aspect, As for the applied aspect, the researcher used data for two
linear accelerator devices in Babylon Center for Oncology, as there are two
linear accelerator devices in the center, as the data was blurred using the
exponential affiliation function for the purpose of estimating the reliability
of the fuzzy marginal R(1),R(2)) as well as estimating the reliability of
the fuzzy cascade system of stress and strength (R,) of the two devices
using the best method that we obtained in the experimental side, which is
(ML), as the study concluded that the fuzzy marginal dependencies
R(1),R(2) and the reliability of the fuzzy cascade system (R ;) gradually
decreases with time and this fits the statistical definition of the reliability

function
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