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AN EVALUATION OF EFFICIENCY OF SOME ESTIMATORS
FOR THE FIRST ORDER AUTOREGRESSIVE MODELS

1. Introduction

A Monte-Carlo study wes done in response to calls © of
Chands [6],, Hendry, Tiedvads (8] CALigs
ner [2], end Dent, Min (8] to compere end eve-

luate the efficiencies of the propoced estimators of unknown pa-
rameters using:

1) ordinary least equares (OLS),

2) modified lesst squares (MOOD. L5), :

3) epproximste maximum likelihood (APR. ML).

4) exact maximum likelihood (EXACT ML),
for the stationary Markov model.

Monte Carlo experiments were conducted for N = 100, 200 and
1000 samples, - The results ore pro‘entod in 10 Tebles and 16 Fi=
gures and the corresponding comments.

2. Eatination Procedurcs

The nutorogroaatvo scheme nond in this peper in - tho dtlc(a- .
, ‘te, time~-stationary, first ordor nutorcgroeotvo proclto '%_!tgb
_‘.rQ mean, i.0. . R P o SR
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(2,1) Z(t) = ¢,z(c=1) + a(t),

where a(t) is a random shock with mean zero end varianco_d§ and
the paraneter &, setisfiss the stationarity condition (=-1<g, < 1),
Given T observations on Z(t), it 42 very well known that

(1) the ordinery least squarees estimate &i of the parameter

¢y cen be determined by minimizing iéé 82(t) so that
t

4
:E:z(!) Z(t=1)
A tw2

(2,2) @, =
T
Z 22 (t=1)
t=2

(11) The modified lesst squares estimate ¢ can be determin-
ed by dividing a time series into two halves, and estimating the
autoroqroc.tvo parsmeter for the whole uortot (3 )} for the first
helf (, ¢,) and for the second half (, &) eeparately snd so

: P 2 e S

(seé¢ Quenoutlle [14] A ,

(411) When a(t) is distributed normally, then the process
(2.1) is called a Gnu.ntan, and it ie possible to consider maxie
mum 1likelihood of the parameter ¢’. where the exact ltkolthood
L can be written as

| T 1 | :
"2 (i.42)4 2y ,2 i : ¥ -
(2.4) L= (290 © (1-¢7) é-;-{-;f[(z-fl) z (;):_z(z(tyﬁz(:-f))zj},

Differentiating log L with respect to ¢ lnd setting the ro=

sults equal to zero gives a cubic cquation in ¢ « Therefore,
a) the exact maximum likelihood osttuator of ¢1 ie  the 8o~

lution of the cubic equation: ) ’

(2.5) o gl . “’; . ‘.‘2""5 ~ugby + Uy =0,



__An Evaluat ion of Bfficlency of Some Estimators 141

where
T hiky 2
ZZ(t)Z(t-i) ZZ (t)
T2 tu2 1 ;
! Shalh 5 B R By Yoot Tales = | ot i S '
?Z (t=1) _ Z%(t=1)
tn3 tul &

and

T
Z z(t)z(r=1)

e ! t=2

7% (v=1)
t=3

%0, g(#,) in equation (2.5) can bs r,owrtﬁen es
| : paid 53 R RGN Y 3
g £ : oo e 8!
ae (3o @) ales -5l (3 o wia) - o
T R AR 1 ' : ’
N Z & (t). Ky = =2 Z z(t)z(t-a) and l<2 Zzz(c-i)
T | t-2 ~ . t-3 o

(see Abdol-Razok E1)N

The three roots of the polynonul g(cp‘) é O nny be . locntad'

by considering
(t) g(cn)- Q,‘. g
- (11) gboo)= -ja:(, :
. (111) g(O)e = —-,3;(1 'y ) e
s Wl i 2 2 T-1 Z[z“) 5 z('_1)12
(1v) g(1) = = ; s L e & 0. and
Sy L R R (1-1) Z Zz(t—l)

t=3

; ‘_.'
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i[zc:) - Z(t=1)]?
(v) g(-1) = 122 >0,

(T=1) Z 2% (t-1)
t=3

80, thare is one zero root if K1 = 0, one root between -1 and ze~
ro if K!. is positive, end ons root between zero and 1 Aif K‘
is negetive. Thus g(¢1) = 0 has three roots, namely 31_. 31
and 30 such that

(2.7) 3:. < -1 <@ 1< ¥,

g <
and the exact maximum likelihood estimetor of ¢‘ is 31‘. the
unique root between -1 and +1;

b) for large velues of T, equation (2.5) converges to

T | T
Z Z(t)Z(tw1) Z Z(e)Z(e=1)
-~ - . 2 tw2 "
§(8,) = 0] - 152 ¢5 - 0, “0
IR B ({5 b S g: 2% (-1)
te3 : ’ t-i
or
% .
S Zz(:)z(c-z)
T (#2.1 6 L1 «0.
z’(z-a) '
- - ‘.' ) !

So, we may write for large vol.uu of T the .pproxtuto -palm
i ltkou.hood nttutor 2 . ;

A .
, CEE e L )
#(2,8) . SREDNES S LU L —

lron (2,2) and (2.0) it 1s olur tlut tho two - nuutou cro ”yh |
qnounuy tho seme, : - e
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3. Low Order Moments

The least squares estimator 61, in (2,2) can be  rewritten
as

¢! - g:/ go'
where

g8, #2C,Z2 and g, = z'cz

3, =2c2/2°Cz, 2w {Zy0 vees L4

0%...00 104,400

%0...00 01..009
c, = . "‘"cou::,

. . o * o -

00 30 004,040

oo...qo

Veing thearem 6.7,3, of Anderson [3], 4t cen ba
shown that the joint moment generating function of £,, 5, 19
(3.1) S oM .ty) = ]; - 2(t C, + t1 1)SJI

where I 1is the covorionco'-atrtx of Z with (1.1)-th ele-
- Went given by

¢1 <
i,e, - ; g
Bhe 4 g leiens $1 "
e T-2
e (PR A B
‘ 1-% ; e
Y T
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S —— ey e e e 8 e 2 e -yt e~

Assuming cf = 1 we obtain

1 1
Mt t) = (1 - ¢§)-i C;i’ A
where:
1= 2t ~(pg + ti) 0
(g ¢ ty) 12t e 92 - (B, 4 ),

2
0 -(¢>1 + ti) 1= 2, ¢ o3

LR R LN LA B LA v LA R

2 ’ ,
-(¢1 +t) 1. 2t + ¢y -(¢1n1)

0 -(¢a¢t1) b

Therefore

(3.2)

and

a%m (e w1 Vi - ¢ ,
O rn BRI S s o
1 t,=0 ;

Y 1
t1-0 ‘ t, =0

(3.3)

14

g "‘(at' t-O)]"
t1-0 S % Bl Y

Using equations (3.2) end (3,3), the lower order moments of &, .
are P i : G

. am(t_,t,) : 3 Mt et )
(3.4) E(3) -‘5 g = dt, and !i('bf) -f{ P ey dt _pdws

2
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4, Simulation

Monte-Carlo experiments were designed to compere and avalu=
ate the efficiencies of the estimotors proposed in section 2,
The experiments were conducted (on CORA-1304 computer with the
use of 4 MAR 2 own program), for N = 100, 200 and 1000 sam-
ples for the following valuee of sample size

T = 15, 20, 25, 30, 50 and 100
and autocorrelation coefficient values

¢4 = 0.0, 20.5 and +0.9,

. Parsmeter choices are made in an attempt to provide representa-
tion throughout stationarity regions and the variance of noise
ts fixed at unity, Our findings ore reported in 10 Tables (4,1~
=4,10) and 16 Figures (4,1-4,16), A

5, Results and Conclusions

GCenerally, we can moke the following observations from the-
tables and figures,

8, With respect to the bias of the estimate: ‘

(1) ordinary least squares estimator clearly exhibite least
lboolute bias even for samples as smell as 15 (except whentﬁl
«0,0),

(11) The modified least nquaree estimate based on Quenouil-
le’s formula [14] will improve the situation significently (ex=
Cept when ¢, « 0.0 and 0.5), e

(111) Tho approximate maximum likelihood and exact maximum
11kolthood estimators exhibit approximetely the same bias espe=
Clally for intermediate and large values of 7. :

(4v) For $, = 0.0 ‘and large velues of T = 100, the OLS, ap=
Proximate and exact maximum ltkolthood estimators oxhtbtt the
Same bies. e

(v) The absolute biss for the ordinary least squares, modifi-
"d least squares, aepproximate and q.xtnun ltkolthood o'tinatoro
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decreases and increases with |¢1| and decresses as T increases;
or we can say that the estimate 31 has & bias which increeses .
linearly with the parameters ¢, and % (cf. Tebles 4.1, 4.3,
4,5, 4,7, 4.9 and Figuree 4.1, 4.2, 4,3, 4,7, 4,8, 4.9, 4,10,
4.11), '

b. With respect to the mean squere egrror of the estimete:

(1) The mean square errors (MSE) for the OLS estimates are
considerably swaller than those for the madified ones.

(11) On the basis of MSE the OLS aestimator is best only for
¢, = 20:9, while for other values of @, ‘the likelihood esti-
mote has emaller MSE than the least squares,

(111) For intermediate and large values of T the MSE for the
approximate and exact likelihood estimetes are aspproximately the
sane, 3 : )

(4v) Ordinary, modified least squares, approximate and exect
moximum likelihood obttnotoro, each has @ MSE which ie smaller
for lerge velues of ¢, and T, i.e. WMSE is decreesing as LR
end T are increasing, (cf, Tables 4.2, 4.4, 4.6, 4,8, 4,10 and
Figures 4,4, 4,5, 4.6, 4,12, 4.13, 4.14, 4.15, 4,16), :

c. The experiment is re-conducted for N » 100 end N = 200
replications, We notice thet new information . was elicited, with
no changes in relestive performance of the estimetors on the cri-
teria examined, snd 80 the ranking of estimators never vortod (cﬂ
Tables 4,1, 4.2, 4,3, 4,4, 4.5 and 4,6),



Relationship between the absolute vaolue of the biss end values of @

for_s-o}l;values of T for different replications

Teble 4,1

T = 15 (emell)

| ezas |
#y oLs . " MOD., OLS ~ APR, ML. EXACT ML.
; ropltcct@ons replications replications replications
200 | 200 | 12000 | 200 | 200 | 12000 | 200 | 200 | 1000 | 100 | 200 1000

{-0.9 70.10_49. 0.1341|0.1151|0.0174[0.0251 [0.0034 [0.1617{0,1888 | 0,1712|0.1704 0. 1943 | 0. 2013
0.5 | 0.0733]0.0554]0.0186/0.0424 |0.0301 |0.0793|0.0759|0.0872 | 0.0530 |0.0763 [0.0861 | 0.0613
0,0 | '0.0477[0.0254|0.0131|0.0750 {0.0415]0.0168 0.0443{0.0236 | 0.0122|0.04380.0237 | 0.0119
0.5 | 0.0439 0.0207}0.0357/0. 1706 0.0738 0.0554 00051 0.0550 | 0.0689 [0.0023 [0.0760 | 0.0802
1 0.9 o.0724]0.1298]0.1228|0.04e5|0.0198] 0.0215 0. 331501715 | 0.1784]0.2015|0.1926 | 0.1967
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Relationship between the mean equares error and the velues of ¢,
for swmall values of T for different replicastions

Table 4.2

T = 15 (small)

MSE
%1
CLS 'MOD, OLS APR, ML, EXACT ML,
replications replications replications replications
100 (200 31000 (100 200 1000 (100 200 1000 100 200 |1000

~0.9 0.1369/0.1621{0,1542/0.1663{0,1930{0.1892|0.1679|0.19470.1862|0,1743 |0,20160.2068
-0.5 0.1929/0,2189|0,2071{0.2376{0,2683|0.28550,1861 |0,2071:0.1945/0,1864 |0.2080[0.1934
0.0 0.2129 0.2549 0.2261/0.2680|0.3158/|0,28750.1977 0.2367 5.2099 0.1970/0,23640,2092
0.5 'o_.’-zoso 0.2270/0.2070/0,2991|0,3083)|0.2816!0,1853 0.213710.1961 0.1842|0,2128(0.1953
0.9 0;1415, 0.1519{0.1539{0,2075/0,1740|0.1872 /C.1606{0.1799/0.1€8750.2110(0.19890.2019
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Table 4.3

tween the absoclute value of the bias and values of ¢,
mediste values of T for different replications

T = 30 (intermediate)

| s1AS |
*1 oLs MOD, OLS APR, ML, EXACT ML.
replications replications replications replications
|- 100 200 1000 | 100 200 | 1000 | 100 200 1000 | 100 200 1000

-0.9 | '0,0707|0.0791{0,0622 | 0.0094 6.0173‘0.0005 0.09920.1074{0.0911{0.0967 {0.1156 |0.0900
‘ -0.5' 0.0273/0.0381{0,0250 | 0.0192|0.0110|0,0248 |0.0436 [0.0541|0.041410.04340.0540 {0.0412
| 0.0 | 0.0211 b.pzoe 0.0066 | 0.02820,0269 |0.00630,0203 |0,0201 0.0064/0.0204{0,0201 |0,0064
0.5 | 0.0085/0.0097 0.0190 | 00679 0.9463 0.0356 10,0090 |0.0266|0.0356|0.0088|0.0265|0.0366
0.9 | 0.0575{0.0¢692|0.0720 0.0067(0.0017|0,0132|0.0865 |[0.0978|0. 1005|0.0843 0.0962|0.1034
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Table 4.4
Reletionship betwsen the mean squares error and the velues of &,
for intermediate values of T for different replications
T = 30 (intermediate)
MSE
o £ ‘oLs + MOD, OLS . APR. ML, EXACT ML.
-replicetions - | - replicetions replications replications

1200 - | 200 - | 2000 | 200 | 200 | 1000 | 100 200 1000 | 100 200 1000
-fﬁO.Q 00,0894 0.1025»0.0056 0.104510,1100/0.4005{0,.103410,1155!0.0986(0.,10290.1238(0.0929
~0.5 | ©.1303{0.1406{0.1327]0.1529|0.16682|0.1579 [0. 1278 |0.1389|0.1297|0.1278|0.1389|0.1299
0.0 | 0.1601 6.1551 6;1507 0.1854/0,.1809|0,17380.15450,1458|0.1455/0,154510.14970,1455
"0.5.{ 0.1380{0,1390/0,1344 |0.1716/0.1720 0,1645{0.1330{0,1346|0,1306]0.1335/0.1346{0.1306
0.9 | -0.0849/0.0895/0.0967|0.008710.0096 |0, 1050 {0.0954 [0. 1056 | 0. 1091 [0.0961 | 0. 1056|0. 1130

o0&t
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Table 4.5

Rolottonlhtp betmn the obnlutc value of the biss and values of by
- for lerge values of T for difforent replications

T -10_0 (largc)

Isxas | : - .
At i DR e g s V] APR. ML, EXACT ML,
ropllq:gti'cn_o © | ‘replications : replications replications

-

100 | 200 | 2000 | 200 | 200 | 1000 | 1200 | 200 | 2000 | 200 | 200 | 1000

=0.9 | -0.0196|0.0241|0.0235[0.0031 |0.0020|0.0023| 0.0285 |0.0320 [0.0323 |0.0283 |0. 0326 0.0320

~|=0.5 | -0.0074/0.0082(0.0034(0.0093|0.0081 | 0.0148|0.0123|0.0131 |0. 0084 |0.0223 0.0131!0.0084

0.0 | 0.0054/0.0000|0.0027(0.0063|0.0012|0,0022|0.0054|0.00000.0027|0.,0054|0.0000 | 0. 0027

0.5 | 0.0007/0.0025/0.0067|0.0158|0.0176|0.0107/0.0058 |0.0076 |0.01170.0058 |0.0075 |0, 0117

0.9 | 0.0227{0.0215(0.C199 0.0028|0.0020{0.0018}0.0315{0.0304{0.0288 [0.0314{0.0301 |0. 0285

gJ0PWTIBY Pwog JO AOUBTOTIIE FO UOTIVMITAE uy

18T




T.a ble 4,6
Relationship between the mean squares error and the values of ¢,
for lerge values of T for different replications. .
» T = 100 (large)
MSE.
¢1 oLs ' MOD.  OLS APR, ML, " EXACT ML.
replications replications replications replications
100 200 _ 1000 100 200 3000 100 200 1000 10C |200 1000
~0.9| 0,0364 0.0445/0,04820/0.040710.0484|0.04450.0393/0.0471 | 0,04360.0395/0.0472|0.0437
«0.5 0,0683 | 0.0766|0,.0896 0.0731;0.0‘00-3.0760 0,0679{0.07610.06%90|0.0680 |0.0761 [0.,0690
. + I =5 %
0.0 |-  0.0820 | 0.0841/0.0823|0.0862|0.0871(0,0864/0.0812{0,0832/0.0815!0.0812|0,0852{0.0815
0.5| 0.0732| 0.0749/0.07090,0798|0.0830|0.0766 |0.0727 [0.07370.0704 (0.0727 |0,0737 |0.0704
0.9 | .0,0995| 0.040%!0.03810,0413/0.0466|0.0408|0,0425|0.0430|0.0407/0,0426 {0.0430 |0. 0408

JITEBUN-TY Rzwey pifsy ‘Zojmézsnwol [ozapuy
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Al

Relationship between the sbsolute velus of
end values of ¢, (1000 replicetions)

Table 4,7

the bias

¥ i |BxAS | (standard error) .
oLS MOD, OLS | APR, ML. | EXACT ML,
1 2 & 4 5 6
ieed 0.1151 0.0034 0.1712 0.2013
0.012 0.014 0,013 0,013
0.0186 | 0.0793 0.0530 0.0613
K 0.014 0.017 0.017 0.014
S 0,0131 0.0168 . 0,0122 070159
0.0158 0.017 0.015 0.015
0.0357 | 0,0554 0.0689 0.0802
b 0,014 0.017 0,014 0.014
0.1229 | 0.0219 0.1784 0.1967
30 0,012 0.014 0,013 0.013 .
0.0622 0.0006 0.0911 ~ 0.0900
R 0.009 0.010 0.010 0.010
0.0250 | 0.0248° . 0,0414 10,0412
Tor 0.012 0.013 0.011 0.011
" 10,0066 | 0,0063 0.0064 0.0064
- 0.012 0.013 0,013 . 0.012
0.0190 | 0.0356 0.0356  0.0366
o 0.012 | 0,013 0.011 ~ 0.011
0.0720 | 0.0432 10,1005 0.1034
W, 0.008 | 0.010 0,010 . | 0,010
0.0235 | 0,0023 0.0323 0.0320
i 0.006 . | 0,006 0.007 - 0,006
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Table 4,7,(contd.)
1 2 3 4 5. 6
0.0034 0.0148 0.0084 0.,0084
"O.S
" 0,008 0.009 0,008 0.008
0.0027 0,0022 0,0027 0.Q027
100 0.0
0,009 1 0,009 0.009 0,009
2 0,0067 0.0107 0,0117 . 0,0117
o. -
0.008 0,009 0.008 0.008
0.0199 0.0018 0.0288 0,0285
0,9
' 0,006 0,006 0,006 0,006
"Table 4.8
Relationship between the mesn squares error
and the velues of ¢! ( replications)
MSE
T #, : :
OLS MOD, OLS APR, ML, EXACT ML,
-0,9 | 0,1542 0.1892 0.1862 0.,2068
0,5 0.2071 0,2855 0.1945 0,1934
15 | ‘0.0 0.2261 ° 0.2875 0, 2099 0,2092
0.5 0.2070 0.2816 0.1961 0.1953
0.9 | 0.1539 " 0.1872 | 0.1875 0,2019
-0.9 0,0866 0.1005 0,0986 0,0999
-0,5 0.1327 0,1579 0.1297 0,1299
30 0.0 0,1507 0.,1738 0,1455 | 0,1455
0.5 0.1341 0.1645 0.1306 0,1306
0.9 0.0967 0.1050 0.1091 .. 0,1130
«0,9 | 0.0410 0.0445 0.0436 " 0,0437
«0.5 0.0696 0.0760 0.0690 0.0690
100 0.0 0,0823 0.0864 0,0015 | 0.0815
0.5 0.0709 0.0766 0,0704 0.0704
0.9 | 0,0381 0.0408 ' 0.0407 0.0408
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Table 4,9

Relationship betwaen the values of the ebsolute bias
and the values of T (10C0 replications)

| BXAS |
T
oLs ] MOD, OLS APR, ML, GXNCT ML,
15 0.1151 T 0,0034 0.1712 0.2013
20 | 0,0996 | 0.0156 0.1417 0.1488
25 0.0779 | 0,0103 0.,4121 0,1152
30 0.0622 0.0006 _ 0,0911 . | 0.,0%00
50 0.0423 0,0015 0.0598 0,0588 |
100 0,0235 0.0023 0,0323 0.0320
15 0.0186 0.0793 0.0530 0.0613
20 0.0260 0.0484 0,0510 0,0532
25 0,0183 0.0433 0.0384 0.0385
' 30 0,0250 0,0248 0.,0414 0.0412
50 0.0146 n.0184 0.0245 0,0244
"100 0.0034 0.0148 0.0084 | 0.0084
15 0.0131 0.0168 0.0122 0,019
20 0,0136 0.0153 0,012 | 0,0130
25 0,0003 0,0044 0.0003 0,0003
30 0,0066 0.0063 0.0064 0.0064
50 0.0012 0.,0025 0,0011 0.0011
100 0.0027 0.0022 0,0027 0.0027
15 0.0357 0.0554 6.0689 | 0.0802
20 0.0152 0.0577 0.0408 0,0452
25 0,0318 0,0262 | 0.,0513 ' 0.0512
30 0,0190 0.0356 0.0356 0.0366
50 10,0020 0.0329 0.0121 0.0121
100 0.0067 | 0,0107 0.0117 0,0117
15 0.1229 0.0219 | 0.1784 | '0,1967
. 20 0.,0898 0.0030 0.1324 0.1424
25 | 0.0844 0.0175 0.1183 0.1198
30 0.0720 0,0132 0,1005 0,1034
' 50 0,0435 0.0026 0.0610 0.0600
100 0.0199 | 0.0018 ~ 0.0288 0.0285

¥
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Table 4,10

Relationship between the mean aguares erpor
end the values of T (4000 replicetione)

& - , MSE
oLs MOD, OLS APR. ML, EXACT ML,

15 0.1542 0,1892 0.1862 0.2068

20 0.1239 0.1412 0.1477 0.1555

. 25 0.1043 0.1174 0.1211 ~0.1250

%% 1 30 0.0866 0.1005 0.0986 "0.0999
50 0.0622 0.0675 0.0693 0.0696

100 0.,0410 0,0445 0,0436 0,0437

15 0.2071 0,2855 0.1945 0,1934

20 0.1698 0.2194 0.1634 0.1631

25 0.1466 0.1829 0.1418 0.1420

=0.5 "3 0,1327 0.1579 0,1297 0.1299
50 0.1018 0,1151 0.1003 0.1004

100 0.0696 0.0760 2.0690 0.,0690

15 0.2261 0.287§ 0.2099 L 0,2092

2n 0.1878 0.2302 0.1780 0.1779

"~ 25 | 0.1658 0,1923 0.1568 0.1568

1 " x 0.1507 0.1738 0.1455 0.1455
50 0,1160 0,1282 0.1136 0.1136

100 0.0823 0.0864 0.0815 0,0016

15 0.2070 | 0.2816 0.1961 0.1953

20 0.1693 | 0.2214 0.1614 | 0,1613

25 0.1531 0.1868 0.1488 0.1489

0.3 1" 30 0.1341 0.1645 0.1306 0.1306
50 | 0.09e4 0.1151 0.0962 0.0962

100 0.0709 0.0766 0.0704 0.0704

15 0,1539 0.1872 0.1875 0.2019

20 0.1186 0.1415 0.1398 0.1503
" 25 0.1060 0.1167 0,1246 0.1276 .

LA 0.0967. 0.1050 0.1081 0.1130
50 0.0626 0.,0672 0.0695 | 0.0697

100 6.0381 0.04G8 0.0407 |  0.0408
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|BIAS|

0.2000

- - o MOD. OLS
sssnsnennene APR. ML, r
wimimeme EXACT ML,

Fig. 4.2. Relationship between the abeolute v-luo
of the bias end values of ¢ T = 30)
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Andrzej Tomlizowicz, Majid Hemza Al-Nossir

 OCENA EFEKTYWNOSCI PEWNYCH ESTYMATOROW
DLA MODELI AUTOREGRESJI PIERWSZEGQ RZEDU

- Artykul przedstaswis poréwnanie efektywnoéci nestegpujecych me-
sod estymacji dla parametréw modeli autoregresji pilerwszego rze«
usi > : '

1) zwykle metoda nejmniejezych kwadratéw (zmnk),

2) zmodyfikowana metoda najmniejszych kwedratéw (mad mnk),

3) przyblizona metods najwigkezej wiarygodnodci,

4) dokiadne metoda nngwtqkozui wiarygodnodci, ;

Rezultaty sksperymentow MontesCarlo, przedstawione w 10 te=
belach 1 na 16 wykressch, wskezuja, Ze . ‘

o) obciazenie rozwazenych estymatordw ioet podobne w przypad-
ky melych wartodci wspéiczynnikdw sutokorelacii #,: w przypadku
Y | > 0,5 zmodyfikowana metoda najmniejszy kwadratéw Quenou~
1110 a est lepsza; , ; '

b) bipd drodniokn.dratowz jest zwykle mniejszy dla zenk niz
dla mod mnk, Eetymatory zmnk i mod mnk majs jednakze mnisjezy
b2ad éredniokwedratowy niz sstywmatory przyblizonej metody naj-
wiqkszeg wiur¥godnoéoi i dokladnog metody najwigkszej wiarygodno«-
éci, ktérej efektymnodé jest podobna. ' " i



