
*?�Ti2` e

:2M2iB+ *Qp�`B�M+2b "2ir22M �MBK�Hb

h?2 T`2/B+iBQM Q7 #`22/BM; p�Hm2b mbBM; "GlS �b b?QrM BM +?�Ti2` 8 mb2b HBM2�` KBt2/ 2z2+ib KQ/2Hb r?2`2
i?2 #`22/BM; p�Hm2 Q7 2�+? �MBK�H Bb BM+Hm/2/ �b � `�M/QK 2z2+iX GBM2�` KBt2/ 2z2+i KQ/2Hb BM ;2M2`�H
�M/ bT2+B}+�HHv >2M/2`bQMb KBt2/ KQ/2H 2[m�iBQMb `2[mB`2 mb iQ #2 �#H2 iQ bT2+B7v i?2 p�`B�M+2@+Qp�`B�M+2
K�i`Bt Q7 �HH `�M/QK 2z2+ibX q?2M mbBM; i?2 �MBK�H KQ/2H- i?2 #`22/BM; p�Hm2 Q7 2�+? �MBK�H Bb BM+Hm/2/
�b � `�M/QK 2z2+i BM i?2 HBM2�` KBt2/ 2z2+ib KQ/2HX �b � +QMb2[m2M+2 Q7 i?�i r2 M22/ iQ /2i2`KBM2 i?2
+Qp�`B�M+2 #2ir22M i?2 i`m2 #`22/BM; p�Hm2b Q7 �HH �MBK�HbX 6B;m`2 eXR i`B2b iQ /BbTH�v i?2 bi`m+im`2 Q7 i?2
`2[mB`2/ p�`B�M+2@+Qp�`B�M+2 /B�;`�KK�iB+�HHvX

h?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt b?QrM �i i?2 #QiiQK Q7 6B;m`2 eXR ?�b i?2 p�`B�M+2b Q7 i?2 i`m2 #`22/BM;
p�Hm2b QM i?2 /B�;QM�H �M/ �HH i?2 +Qp�`B�M+2b #2ir22M i?2 i`m2 #`22/BM; p�Hm2b Q7 �HH �MBK�Hb �b Qz/B�;QM�H
2H2K2MibX 6`QK i?2 7Q`KmH�iBQM Q7 i?2 HBM2�` KBt2/ 2z2+i KQ/2H BM U8X8V- r2 /2}M2/ i?2 p�`B�M+2@+Qp�`B�M+2
K�i`Bt Q7 i?2 `�M/QK 2z2+ib u iQ #2 G Ub22 2[m�iBQM U8XdVVX q?2M T`2/B+iBM; #`22/BM; p�Hm2b rBi? i?2
�MBK�H KQ/2H- i?2 `�M/QK 2z2+ib �`2 MQr +�HH2/ a �M/ i?2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt Q7 �HH +QKTQM2Mib BM
i?2 p2+iQ` a Bb /2}M2/ �b

var(a) = G = A ∗ σ2
a UeXRV

r?2`2 i?2 K�i`Bt A Bb +�HH2/ MmK2`�iQ` `2H�iBQMb?BT K�i`BtX

eXR aBKBH�`Biv "2ir22M AM/BpB/m�Hb

�i i?2 ;2M2iB+ H2p2H i?2`2 �`2 irQ /Bz2`2Mi FBM/b Q7 bBKBH�`Biv

RX A/2MiBiv #v /2b+2Mi UA".V
kX A/2MiBiv #v bi�i2

6B;m`2 eXk BHHmbi`�i2b i?2 /Bz2`2M+2 #2ir22M i?2 irQ ivT2 Q7 B/2MiBiB2bX h?2 ivT2 Q7 ;`�T? b?QrM BM 6B;m`2
eXk Bb +�HH2/ � T2/B;`22 r?B+? Bb +QKKQMHv mb2/ iQ /BbTH�v i?2 `2H�iBQMb?BT #2ir22M �MBK�Hb BM � TQTmH�iBQMX
h?2 `2+i�M;H2 bvK#QHb /2MQi2 K�H2 �MBK�Hb �M/ i?2 `QmM/ bvK#QHb bi�M/ 7Q` 72K�H2 �MBK�HbX h?2 ?Q`BxQMi�H
+QMM2+iBQMb #2ir22M 72K�H2 �M/ K�H2 �MBK�Hb /2MQi2 � K�iBM;X �HH �MBK�Hb +QMM2+i2/ iQ � p2`iB+�H HBM2 �M/
7QHHQr #2HQr �`2 T`Q;2Mv Q7 i?2 +QMM2+i2/ T�`2MibX

h?2 MQi�iBQMb BMbB/2 Q7 i?2 bvK#QHb bi�M/ 7Q` i?2 /Bz2`2Mi ;2MQivT2b Q7 i?2 �MBK�Hb QM � ;Bp2M HQ+mbX h?2
`2/ �``Qrb /2MQi2 i?2 T�i? Q7 irQ A1@�HH2H2b r?B+? �`2 +QTB2b Q7 i?2 b�K2 �M+2bi`�H �HH2H2X h?2b2 irQ +QTB2b
�`2 +�HH2/ B/2MiB+�H #v /2b+2Mi UA".VX h?2 ;`22M �``Qrb b?Qr i?2 T�i? Q7 irQ �HH2H2b r?B+? �`2 B/2MiB+�H
#v bi�i2 r?B+? /Q MQi Q`B;BM�i2 7`QK i?2 b�K2 +QTv Q7 �Mv ;Bp2M �M+2bi`�H �HH2H2bX

8j



89 *>�Sh1_ eX :1L1hA* *Po�_A�L*1a "1hq11L �LAJ�Ga

6B;m`2 eXR, :2M2iB+ *Qp�`B�M+2 "2ir22M �MBK�Hb
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6B;m`2 eXk, A/2MiBiv #v ai�i2 o2`bmb A/2MiBiv #v .2b+2Mi
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eXk LmK2`�iQ` _2H�iBQMb?BT J�i`Bt

h?2 T`Q#�#BHBiv Q7 B/2MiB+�H ;2M2b #v /2b+2Mi UA".V Q++m``BM; BM irQ BM/BpB/m�Hb Bb i2`K2/ i?2 +Q�M+2bi`v
Q` i?2 +Q2{+B2Mi Q7 FBMb?BT U6�H+QM2` �M/ J�+F�v- RNNeVX h?2 �//BiBp2 ;2M2iB+ `2H�iBQMb?BT #2ir22M irQ
BM/BpB/m�Hb Bb irB+2 i?2B` +Q�M+2bi`vX h?2 K�i`Bt i?�i 2tT`2bb2b i?2 �//BiBp2 ;2M2iB+ `2H�iBQMb?BT �KQM;
�MBK�Hb BM � TQTmH�iBQM Bb +�HH2/ i?2 MmK2`�iQ` `2H�iBQMb?BT K�i`Bt AX h?2 K�i`Bt A Bb bvKK2i`B+ �M/
Bib /B�;QM�H 2H2K2Mib (A)ii �`2 2[m�H iQ 1 + Fi r?2`2 Fi Bb i?2 +Q2{+B2Mi Q7 BM#`22/BM; Q7 �MBK�H iX h?2
+Q2{+B2Mi Q7 BM#`22/BM; Fi BM/B+�i2b r?2i?2` �M �MBK�H i Bb BM#`2/ Q` MQiX Fi Bb /2}M2/ iQ #2 ?�H7 i?2 �//BiBp2
;2M2iB+ `2H�iBQMb?BT #2ir22M i?2 T�`2Mib Q7 iX >2M+2 i?2 /B�;QM�H 2H2K2Mi (A)ii Q7 K�i`Bt A +Q``2bTQM/b iQ
irB+2 i?2 T`Q#�#BHBiv i?�i irQ ;�K2i2b i�F2M �i `�M/QK 7`QK �M �MBK�H i rBHH +�``v A".@�HH2H2bX
h?2 Qz@/B�;QM�H 2H2K2Mib (A)ij 2[m�Hb i?2 MmK2`�iQ` Q7 i?2 +Q2{+2Mi Q7 `2H�iBQMb?BT #2ir22M �MBK�Hb i �M/
jX JmHiBTHvBM; i?2 K�i`Bt A #v i?2 �//BiBp2 ;2M2iB+ p�`B�M+2 σ2

a H2�/b iQ i?2 +Qp�`B�M+2 �KQM; #`22/BM;
p�Hm2bX h?mb B7 ai Bb i?2 #`22/BM; p�Hm2 Q7 �MBK�H i i?2M

var(ai) = (A)iiσ
2
a = (1 + Fi)σ2

a UeXkV

eXkXR �H;Q`Bi?K hQ *QKTmi2 A

h?2 K�i`Bt A +�M #2 +QKTmi2/ mbBM; 2Bi?2` i?2
RX T�i? +Q2{+B2Mi K2i?Q/ Q/
kX `2+m`bBp2 K2i?Q/X

h?2 b2+QM/ K2i?Q/ Bb 2bT2+B�HHv bmBi�#H2 7Q` �M BKTH2K2Mi�iBQM #v � bQ7ir�`2 T`Q;`�KX AM r?�i 7QHHQrb i?2
`2+m`bBp2 K2i?Q/ iQ +QKTmi2 i?2 +QKTQM2Mib Q7 A Bb /2b+`B#2/ MQrX AMBiB�HHv- �MBK�Hb BM � T2/B;`22 �`2
MmK#2`2/ 7`QK 1 iQ n �M/ Q`/2`2/ bm+? i?�i T�`2Mib T`2+2/2 i?2B` T`Q;2MvX h?2 7QHHQrBM; `mH2b �`2 i?2M
mb2/ iQ +QKTmi2 i?2 +QKTQM2Mib Q7 AX

Ç A7 #Qi? T�`2Mib s �M/ d Q7 �MBK�H i �`2 FMQrM i?2M
Ĝ i?2 /B�;QM�H 2H2K2Mi (A)ii +Q``2bTQM/b iQ, (A)ii = 1

2 (A)sd �M/
Ĝ i?2 Qz/B�;QM�H 2H2K2Mi (A)ji Bb +QKTmi2/ �b, (A)ji = 1

2 ((A)js + (A)jd)
Ĝ #2+�mb2 A Bb bvKK2i`B+ (A)ji = (A)ij

Ç A7 QMHv QM2 T�`2Mi s Bb FMQrM �M/ �bbmK2/ mM`2H�i2/ iQ i?2 K�i2
Ĝ (A)ii = 1
Ĝ (A)ij = (A)ji = 1

2 ((A)js

Ç A7 #Qi? T�`2Mib �`2 mMFMQrM
Ĝ (A)ii = 1
Ĝ (A)ij = (A)ji = 0

eXkXk LmK2`B+ 1t�KTH2

q2 �`2 ;Bp2M i?2 7QHHQrBM; T2/B;`22 �M/ r2 r�Mi iQ +QKTmi2 i?2 K�i`Bt A mbBM; i?2 `2+m`bBp2 K2i?Q/
/2b+`B#2/ BM eXkXRX

h�#H2 eXR, 1t�KTH2 S2/B;`22 hQ *QKTmi2 �//BiBp2 :2M2iB+ _2H�@
iBQMb?BT J�i`Bt

*�H7 aB`2 .�K
j R k
9 R L�
8 9 j
e 8 k
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h?2 }`bi bi2T Q7 i?2 +QKTmi�iBQMb Q7 A �`2 i?2 MmK#2`BM; �M/ i?2 Q`/2`BM; Q7 �HH i?2 �MBK�HbX h?Bb Bb
�H`2�/v /QM2 BM i?2 T2/B;`22 b?QrM BM h�#H2 eXRX h?2 +QKTQM2Mib Q7 A �`2 +QKTmi2/ `Qr@#v@`Qr bi�`iBM;
rBi? (A)11X

(A)11 = 1 + F1 = 1 + 0 = 1
(A)12 = 0 = (A)21

(A)13 = 1
2((A)11 + (A)12) = 0.5 = (A)31

(A)14 = 1
2(A)11 = 0.5 = (A)14

(A)15 = 1
2(A)14 + (A)13) = 0.5 = (A)51

(A)16 = 1
2(A)15 + (A)12) = 0.25

h?2 b�K2 +QKTmi�iBQMb �`2 �HbQ /QM2 7Q` �HH i?2 Qi?2` +QKTQM2Mib Q7 i?2 K�i`Bt AX h?2 }M�H `2bmHi 7Q` i?2
K�i`Bt HQQFb �b 7QHHQrb

A =

⎡

⎢⎢⎢⎢⎢⎢⎣

1.0000 0.0000 0.5000 0.5000 0.5000 0.2500
0.0000 1.0000 0.5000 0.0000 0.2500 0.6250
0.5000 0.5000 1.0000 0.2500 0.6250 0.5625
0.5000 0.0000 0.2500 1.0000 0.6250 0.3125
0.5000 0.2500 0.6250 0.6250 1.1250 0.6875
0.2500 0.6250 0.5625 0.3125 0.6875 1.1250

⎤

⎥⎥⎥⎥⎥⎥⎦

�b � `2bmHi- r2 +�M b22 7`QK i?2 +QKTQM2Mib Q7 i?2 �#Qp2 b?QrM K�i`Bt A i?�i �MBK�Hb 1 �M/ 2 �`2 MQi
`2H�i2/ iQ 2�+? Qi?2`X 6m`i?2`KQ`2 7`QK i?2 /B�;QM�H 2H2K2Mib Q7 A- Bi 7QHHQrb i?�i �MBK�Hb 5 �M/ 6 �`2
BM#`2/ r?BH2 �MBK�Hb 1 iQ 4 �`2 MQi BM#`2/X
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