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a ¢ A 0.5
WINUADIIND =
= 1O

AMSE

mownal MLE BAYES
NORMAL | nsdifi 11 ] nadin 12 [ nIdA 13 ] nadin 14 [miﬂu l nadin 16 I nadin 17 | nadin 1.8

n=10

SD(g,)
10 02441485 0250346 0256734 | 026457 0249934 0264154 02742163 0.2676425 0294213
30 0.2764517 0.258643 0262436 | 12584276 0268573 0271782 02734576 02746752
5.0 03705841 0.284372 0 . 0305427 0318795 03246875 0.34872
7.0 0.4395876 03064375 1678 " 0338461 03415267 0347852 03346795 0357842
9.0 06857653 0442136 ; 0. 7 4624357 0.478426 04724953 0487315

n=20 1

SD(S:') 7 . \ B, "
10 0.09871642 |  0.10003 116 ) 0.114251 0.1215483 0.1249753 0.131549
3.0 0.1212547 0.110083 0 0.1 0.1 157 0.117678 0.1186975 0.1194516
5.0 0.1882214 0.143 152830 [-0.157 0. 01642517 0.1697245 0.1649782 0.1742518
7.0 02132453 0.1587344 8 0.17018 6057 541 0177542 0.1761824 0.1876429
9.0 0.3648627 0.195 208887001, 042 01957, 02199887 02248752 0.2594825 0.265000

n =30 s \

SD(g,) . e \
10 008711464 |  0.0887245 00895726 |, 0.0900876 0.08868 100902543 | 009075428 0.091116 0.0924678
30 0.09121635 0.089954 24575090748 9974 0.0905428 0.0909687 0.0910094 0.0911042
5.0 0.1082451 0.0950241 095633951 725.69604¢ 1 00959415 | 0.09685753 | 0.09672484 0.100674
7.0 0.1442642 0.1037435 0.105057~-—0-1087: 58 0.109215 0.1127856 0.1101475 0.1152467
9.0 02422382 0.1824673 0.1835486 - £0.197582 0.189241, 0.198856 02013249 02024975

n=50 LA

-

SD(e,)
10 004119513 | 0044263 04542 o.ﬁ::s 00485126 | 00497425 | 0.0516497
30 005281246 | 00490248 | 00505678 | 005124973 0049073 0.0508437 00516652 005194872 | 0.0522254
5.0 006592315 |  0.0542156 k 0.0564595 0.05872463 | 0.0537246 0.0596214 0.0608526 00607284 | 0.06384521
7.0 0.1001145 bl 0065321 700683524y 0, 1 % 7849y [| P07035%, 00741258 007724816 | 0.0828426
9.0 o.mmcﬁ Ml odmfs ] 5 m'lr o.ﬂz J).oumz 0.0882466 0.0928451

L} L - L) L - " L -
n=170 m
SD(e,) ¢ o o/
o8 Ty 0 -

10 02 ‘ 288 0 0027876 ?D 0 00305795 00324553
30 03533 00286412 10304678 | 0.0 17 00297846 | Toonstsm | Tooshenn 003784259 | 0.04219753
50 004973168 |  0.0362518 0.037543 0.0401572 0.0382467 0.0411246 0.0445725 0.0447218 0.0464811
7.0 0.06717528 |  0.0457156 0.0471672 00524978 00464824 0.0525273 0.0583672 0.0572486 0.0634975
9.0 009831487 |  0.0734125 00747524 007549126 0073978 00773156 0.0803754 0.08264291 0.0864871

n=90

SD(e,)
10 001916485 |  0.0212548 00224573 0.0234876 0.0214674 0.0232461 00247562 002543291 0.0275486
30 002135198 |  0.0234216 00246879 00264259 0.0229279 0.0267311 00294873 0.03164971 00344816
5.0 003923475 |  0.0254215 0.0275436 002948716 | 0.0254279 0.032578 00364274 0.0346794 0.0383671
7.0 004496357 |  0.0275158 0.0294572 0.0347851 00272495 00346725 0.0402657 00421267 0.0424676
9.0 007914752 |  0.04751265 0.050026 00567814 0.0475258 00605725 | 0.06724577 00634971 0.0748468
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a ¢4 0.5
WINUADIIND U 5
= 10
AMSE
w0ty MLE BAYES
el NORMAL | mdif21 | mdf22 | mif2s | mdiize | mafas | mdnze | man27 | manzs
n=10
SD(s,)
10 0.2441485 0.256423 02678424 | 0285342 | 03094375 | 0261573 02701529 0293464 0324573
30 02764517 0276276 0296751 03273456 | 0357846 | 02855437 0.302467 0.330264 0347842
50 03705841 030478 0324678 0352378 03124879 0332167 0.3452643 0.358462
70 0.4395876 0324578 03487694, (" ¢ 7 0334879 0.350249 0376534 0.4027653
90 06857653 | 0.4512786 0.46 04572849 | 04705925 | 05021223 | 05316795
n=20
SD(e,) L 4
10 009871642 |  0.107486: 1345 6 68 0.1174264 0.131259 0.167849
30 01212547 | 0.1225486 8 0.17. 0.1412564 0.145786 0.178645
50 0.1882214 0.1572 8 7 483 | 01662584 | 0.1721648 0.184584
70 02132453 | 0.165748 017049 18345 0. 01731576 | 0.1841673 | 0.2006485
90 03648627 0201454 187645 | 119236497 276 | 02203467 0231597 02876431
n=230 .
SD(g,) % (S84
10 008711464 | 0.089087 008967 00914375 414 00957842 7 | 0090547 | 00916749 0.099375
30 009121635 | 0091806 22846 4 b 98548 | 00926794 | 009240345 | 0.0941757 0.103548
50 0.1082451 | 00952876 | 0.0938246 | & ¥ 099486 5784 | 00969487 | 0.1001246 | 0.1070076
70 01442642 | 01105487 | o0.421465 = = 8 | Lo114275 | 01131576 | 0.1234185 | 0.1417643
9.0 0.2422382 0.185749 1189 = 0.1998487 © 0.188428 0.1903457 0.1961578 0.2067345
n=50 577
SD(gi) "1‘:& :
10 004119513 | 0.04500%¢ 00468167 | 00512642 | 006054312
30 005281246 | o0.053574: | 005 : 00562649 | 00575216 | 0.0625953
50 0.06592315 o.osusﬂ o.osﬁ 00597648 | 00612497 | 0.0640317
7.0 0.1001145 | 006715243 | 0084948 | 00804876 | 00894215 | 0.070: 0075729 0.0813156 0.092573
9.0 0.1416426 | 0.0831258 s|291 0088475 | 0peas | oomizs7 | o08ss7I6 | 00896472 | 01204573
- UE'WHW WEIT?
SD(e,)
10 002524762 | 00284529 | 00301529 | 09337846 | 0.03457326 ] 0.02945726 00324573 4| 003367219 | 00357348
30 0 71 09s8sa2py 0040785 1 03742 0426518 | 0.0554375
50 0497314 ] 81 00421 50 005578425 A 0041 0. 91245 0.0678434
70 i(m‘ns;s 00502476 | 00524169 | 00685437 | 00704551 | 00518416 | 00549127 0061574 0.0851345
90 0.09831487 | 00741024 | 007617429 | 00867543 | 00915473 | 00751472 | 00784276 | 00851627 | 0.0974536
n=90
SD(s,)
10 001916485 | 00220157 | 0.0231262 0.025761 00305487 | 002258716 | 0.0237248 0025268 0.0342516
30 002135198 | 00237518 | 00284761 | 00345726 | 00404562 | 00264672 | 00315729 | 00342387 | 004427856
50 003923475 | 00261284 | 00342158 | 00426784 | 00504816 | 003024815 | 00375429 | 00427246 | 0.0674523
70 004496357 | 00291548 | 003721546 | 0055273 00614872 | 0.0342518 0.040572 00542375 | 0.0675543
90 007914752 | 00502134 | 00642548 | 00774567 | 008142757 | 005671548 | 0071573 00824514 | 0.08721561
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a odd 0.5
WIUINDIIND =
= [0
AMSE
tommsel MLE BAYES
NORMAL mans [ m@ds2 mdn3s | mddse
n=10
SD(gi)
10 02441485 0266484 02817223 0301247 03214876
30 02764517 02972186 0312468 03390124 03474864
50 03705841 0 382446 035024186 03561487
70 04395876 03814754 0.4017417
90 06857653 " 051467154 05317784
n=20 ‘ -
SD(e,) -
10 009871642 01394741 0.172182
30 2195 0.1787542
50 0.18 54 1784234 0.1826484
7.0 245 W 164 0.1991483
90 03 3 12361482 02812481
n=30 e ;&} J. : ,‘.
SD (gi ) o N‘-J
10 0.08711 0,08971461 0,991 204834 0.09814216
30 0.09121 0.0914644, 0.0931 0.09484741 00984214
50 0.1082451 g = 21 0.1034164 0.1060624
70 0.1442642 b . - 1 0.13042187 0.1437813
9.0 02422382 : 1648 0.1984147 02084227
n=50 LN
SD(e,) |&a .
10 31248 00618727
30 005281 584726 0.0628147
5.0 oyms 287 18474 0.0641942
70 0.1001145 00724175 007842716 0.08721424 00954215
90 014164265 [ 00850475 Ddlosraiss 0.0922475 0.1171246
=R IR VIIWE TS
SD(£4);
10 0.02524762 0.03043178 0.0347450%, 00351543 0, 00363764
A [ feoe ) | 3L
0 1/0.06124944
006717528 0.05224579 0.06721841 0.07847156
9.0 0.09831487 00774131 0.08254761 0.09947463 0.10514571
n=90
SD(e,)
10 001916485 002301723 00241789 002681424 0.0284742
30 002135198 0.02812472 0.0331794 0035412119 00421878
5.0 003923475 003571864 0.03824778 004304214 00542177
70 004496357 003842535 004247145 005817464 0.06871421
90 007914752 006214718 007741149 008412842 008711485
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a ¢ & 1.0
WINUIABDT 1D =
= 20
AMSE
trownal MLE BAYES
NORMAL @R | mdR12 | mER1l | marte | manis | mdis [ mddir | madis
N=10
SD(s,)
10 02441485 0257426 | 0262443 0284753 | 03014573 | 0257245 | 0266524 0303746 0324678
30 02764517 02642168 | 02694213 | 0271576 | 02743751 | 0264183 | 02735315 | 02744761 | 02752161
50 0.3705841 0295317 | 03142184 3 03457126 | 0292481 0324153 0336491 | 03598474
70 04395876 0326354 | 035847 1| 0332428 0378218 | 03814978 | 0401258
90 0.6857653 045896 | 0. 0461847 | 0483216 | 05029847 | 05364281
N=20
SD(s;) 9
10 009871642 | 0.10364 1245183 145 | 0124163 | 01381257 | 0151278
30 0.1212547 0.1084276 0119 S62 | 0115156 | 01181779 | 0.120852
50 0.1882214 0.1523 4 71 S0474 | 01742816 | 01786241 | 0.1864179
70 02132453 0.1681 0,784 18471 7 0. 01824173 | 01942536 | 02042731
90 0.3648627 02126234 [ 2721 87\ 4157 | 02435171 | 025174214 | 02724134
N=30 : 7"\ ‘
SD() NE AN
10 008711464 | 0.08962744| 009029 aooizia il 0094218 [N 008918 | 00912634 | 00938421 | 0.09541586
30 009121635 | 009006215 < 4] < 0bs04sas 2187 009004128 | 00507681 | 009509287 | 00911032
50 0.1082451 0.10126854 | 0.102874 1064176 | 0101268 0103517 | 01055186 | 0.1072481
70 0.1442642 0.1162498 | 04812874 —g1259358" 47 [ o1174164 | 0127314 | 01326562 | 0.1421753
9.0 02422382 0.1942531 12003450 =1="0207335' 01901254 | 02126322 | 02175318 | 02194712
N=50 7~ Tkl
SD(e,) "‘3’%5"-?3‘,‘ w -
10 0.04119513 0. { 00471304 | 467 51 00401864 | 00492583 | 00504572
30 005281246 | 0. | oossa 00518486 | 00522167 | 0.0526847
5.0 006592315 | 0.05534917) >4 ! 00602482 | 00621328 | 0.0634182
7.0 01001145 | 007936412l | oos192864 | 00874183 | 00902812 o.ob:ﬁ 00852176 | 00936725 | 0.0934846
90 0.1416426 00852148 |, 00874163 | 0.094316 0109486 | 00852418 | 0091253 | 0103428 | 01184725
N=70 -
SD(e,) ’] r i
10 002524762 |1 00277415 | 00297318 | 00314876 | 00342735 | 002821647 | 00314726 | 00334278 | 00354318
30 003533256 | 00379316 | 003941762 | 08424183 | o0o0a9127sEfn 00379246 00421748.| 004712486 | 00524867
50 0 0054185 0593 ﬁ%% go[osmss 00617423
70 0los7175 1% (1 070 7714281 ' olossa 0073 Loos1s82 | 00842173
9.0 009831487 | 007541974 | 00771486 | 008045313 | 00871264 | 00752413 | 00801437 | 00851264 | 00904127
N=90
SD(g,)
10 001916485 | 00234616 | 00242812 | 00262312 | 00302418 | 0023218 | 00263491 | 00284176 | 003124752
3.0 002135198 | 00244576 | 002734187 | 00324184 | 004018313 | 00242178 | 00314257 | 003821426 | 0.04315267
50 003923475 | 00263598 | 00403416 | 00421284 | 004428563 | 00262531 | 00451758 | 00487628 | 0.0522137
70 004496357 | 00324716 | 00486218 | 00483587 | 00564189 | 00346815 | 00478213 | 005324189 | 0.0592418
90 007914752 0058123 | 00808719 | 00894285 | 00985482 | 00571542 | 00845613 | 00932146 | 0.1054753
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a ¢ A 1.0
NWINUIABIIUD U=
=+ IN2i0
AMSE
romnsel MLE BAYES
NORMAL n3din 2.1 I nIdin 22 n3d@in23 ] n3din 24 l nadn 2.5 l n3din 2.6 nydin 27 l n3din 28
N=10
SD(s;)
10 0.2441485 0261573 0271458 0310267 03308542 0265725 0284156 03104264 03415842
30 02764517 02802413 0.294561 0.336426 0353164 02914218 0304847 03322147 03684921
5.0 0.3705841 0.2986421 0324168 0358161 03617422 0312487 03321687 03581472 0.3688642
70 04395876 0341782 03618794 406894 0352168 03741846 03914186 04127538
90 06857653 04694781 0. 0474123 0.4981568 0.539647 0.60021875
N=20 . /
SD(e,) ‘
10 0.09871642 0.1041729 0.14 12387 01364581 | 0.15124857 | 0.18475315
30 0.1212547 0.1250483 165 2 0.1341834 | 0.1421762 0.1601871 02024869
50 0.1882214 0.158 0 83 0.1 417 | 01762187 0.1832184 0.1878756
7.0 02132453 0.16941253 1 2 158 | 018841761 | 02003649 0.2083467
90 0.3648627 0.22 41 5 ‘151 2 . [, 0 02471486 0265162 0.3024786
N=30 = \\
SD (Ei) YOl E \ &
10 0.08711464 0.0899412 0.09085 0.065€ 0.0985723 2156 | 009175426 0.094175 0.1014786
3.0 0.09121635 0.09182 21485 | . 0,095 0, [\ 00924267 0.0934567 0.0954157 0.1148537
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N=10
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MARUIN A

PARAMETERS ESTIMATION IN SIMPLE LINEAR REGRESSION

REAL NORMAL,X(100,2),E(100),TY(100),Y lO_O),YL(lOO) B(2),SIMA,BOLS1(2)
REAL R1,R11,R2,R22,R3,R33,R4,R44,R D(100),DD(100),U1(100),UU1(100),P,PP
REAL XTXXINV(2,2) XTXX(2,2)K I J’

REAL XTY(2),XTY1(2),BOLSQ).V2:2)INVV(2 ) @) Ni@2),U(2)

REAL INVNV(2,2),INU(2),; WOES(),WOLS 1 (2,0LL( m(z).moo)
REAL NVI(2,2),DET1,DE 2,0 XTX12,2)DET3,13,Q

REAL SQNOR(2),NORMIT000g SENO. \ SENORI
REAL SQNORI(2),SQME(), @M 40 )IMEEM(10000,2) MLET () MSEMLE(2)

REAL NORM1(10000,2),NQRT!1

COMMON/SEED/X,K

COUNT=500

SIL=1.0

1X=65539

DO 3 L=1,12
TOL3=0.0
TOL4=0.0

JMLET1(2),MSEMLEI(2)

ﬁwfmﬂmwmm

U(2)=0.0

wwﬁﬁimumqwmaﬂ

V(2,1)=-0.1
V(2,2)=1.0
B(1)=1.0
B(2)=1.0
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ENERATE Y FROM NORMAL AND LOGNORMAL THAT IS TRANSFORMED NORMAL DISTRIBUTION

DO 1I=1.M
X(L1)=1.0
CALL NORMALX(10.0,50.0,NORMAL,Z1)
X(1,2)=NOR

1 CONTINUE
DO 25 I=1.M

25
)*SQRT(LOG((SIL**2/UU(1)**2)+1))
30
KELIHOOD METHOD
e 3l
R1=0.0
l LM
D(l)‘Y(l)‘X(l.Z)
R3=R3+D(I)
U1(D=X(1,2)**2
R5=R5+U1(I)
40 CONTINUE
R4=R1*R2
R6=R2**2
P=(2*M*R5)-((4*M)*(R2**2))

IF(P.GT.0.1)THEN



45

50

55

BMLEQ)=((((4*M)*R3))-((4*M)*R4))/P
ELSE

BMLE)=(((4*M)*R3))-((4*M)*R4))/(P+0.1)
END IF
BMLE(1)=(((2*M)*R1)-((2*M)*(R2*BMLE(2))))/(2*M)
R11=0.0
R22=0.0
R33=0.0
R55=0.0
DO 45 I=1.M

RII=RII+YL( N
R22=R22+X(1,2)

ﬂuﬂﬁWﬁwWﬁTﬁi

99

ammmmumwmaﬂ

DO 50 J=I,N
XT(,D=X(L0)

CONTINUE

DO 55 I=1,M

CONTINUE

DO 60 I=1,N

DO 60 J=1,N
XTX(1,J)=0.0

DO 60 K=1,M



XTX(L)=XTX(LI)HXTLK)*X(K,J)
60 CONTINUE
XTXX(1,1)=XTX(1,1)/SIMA
XTXX(1,2)=XTX(1,2)/SIMA
XTXX(2,1)=XTX(2,1)/SIMA
XTXX(2,2)=XTX(2,2)/SIMA
DETI=(V(1,1)*V(2,2))-(V(2,1)*V(1,2))
VI(1,2)=-V(1,2)
VI(2,1)=-V(2,])
TI=V(1,1)
Q1=v(2,2)
VIQ,1D=QL*
VI, )i

m&;gzlgwﬂmwmm
QRAIANINENAE

INU(D=(INVV(1,1)*U(1))HINVV(1,2)*U(2))
INUQ)=(INVV(2,D)*U(1))HINVV(2,2)*U(2))
DO 75J=1,N

100



XTY(1)=0.0
DO 75 I=1,M

XTY()=XTY(DHXT(U,D*Y(1)

XTY10)=XTYUHXTU,D*YL(D)
75 CONTINUE
DET3=(XTX(1,1)*XTX(2,2))-(XTX(2,1)*XTX(1,2))
XTXI(1,2)=-XTX(1,2)
XTXI2,1)=-XTX(2,1)
T3=XTX(1,1)
Q3=XTX(2,2)
XTXI(1,1)=Q3

80

95
XTXX VT(l 1)=XTXXINV(1,1)*SIMA

f A NS

XTXXINV'I'(2.2)=XT¥(INV(2,2)‘SIMA

9 LTSN IR IR

WOLSI(1)=(XTXXINVT(1,1)*BOLS1(1))H{XTXXINVT(1,2)*BOLS1(2))
WOLS1(2)=(XTXXINVT(2,1)*BOLS1(1))+(XTXXINVT(2,2)*BOLS1(2))
OLL(I)=INU(1)+WOLS(1)

OLL(2)=INU(2)+WOLS(2)

OLLI(1)=INU(1)+WOLS1(1)

OLLI1(2)=INU(2)+WOLSI1(2)
BNOR(1)=(INVNV(1,1)*OLL(1))+INVNV(1,2)*OLL(2))
BNOR(2)=(INVNV(2,1)*OLL(1))+(INVNV(2,2)*OLL(2))
BNORI(1)=(INVNV(1,1)*OLL1(1))+INVNV(1,2)*OLL1(2))

101



115
120

125

130
132

BNOR1(2)=(INVNV(2,1)*OLL1(1))X{INVNV(2,2)*OLL1(2))
TOL3=TOL3+BNORI(1)
TOL4=TOL4+BNOR1(2)

102

CALCULUS AMSE

DO 115J=12
B(1))**2
‘/
SQ E(J ))-F 1))**2
SQNORI( 3NOR1(J)-B(J))**2
\" BU)**2

MLET1(J)=0.0

ﬂwﬂﬁmamswaﬂni

DO 130 J=1,2

amaﬂmz:tmmwmaﬂ

NORT1(J)=NORTI(J)}*NORM1(ROUND,J)
MLET1(J)=MLET1(J)*MLEM1(ROUND,J)

CONTINUE

CONTINUE

DO 135 J=1,2
MSENOR(J)=NORT(J)/COUNT
MSEMLE(J)=MLET(J)/COUNT
MSENORI1(J)=NORTI1(J)/COUNT
MSEMLEI(J)=MLET1(J)/COUNT
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CONTINUE

AMSENOR1=0.0

AMSEMLE=0.0

AMSENOR1=0.0

AMSEMLE1=0.0

DO 140 J=1,2
AMSENOR=AMSENOR+MSENOR())
AMSEMLE=AMSEMLE+MSEMLE()
AMSENOR=AMSENOR1+MSENOR1(J)
AMSEMLE EMLEI+MSEMLEI())

CONTINUE

AMSENOR=

AMSEME E
AMSENORI=AMSE

CONTINUE
END

SUBROUTINE RANDX(IX
IY=IX*16807 ;
IF(IY) 5,6,6

1Y=1Y+2147483647+1
YEL=IY
YEL=YEL/2147483647.
IX=1Y oA
RETURN |

~ AusIngnineIns
AEINOITOMIINg Y

coimomsssonx,xx

PI=3.1415926

IF(KK.EQ.1)GOTO 10
CALL RANDX(IX,IY,YEL)

RI=YEL
CALL RANDX(IX,IY,YEL)
R2=YEL
Z1=SQRT(-2*ALOG(R1))*COS(2*PI*R2)
Z2=SQRT(-2*ALOG(R1))*SIN(2*PI*R2)
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