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�bbB;MK2Mi 9

.l1 .�h1, h?m`b/�v 20th- 62#`m�`v kykyX

A TH2/;2 iQ i?2 >QMQ` *Q/2 �M/ iQ Q#2v �HH `mH2b 7Q` i�FBM; �M/ T2`7Q`KBM; ?QK2rQ`F �bbB;MK2Mib �b
bT2+B}2/ #v i?2 +Qm`b2 BMbi`m+iQ`X

6mHH M�K2 aim/2Mi A.X

�HH /�i� �`2 /QrMHQ�/�#H2 7`QK "1 KQQ/H2

RXU9y TQBMibV *HBK�i2 +?�M;2 Bb � #B; +QM+2`M 7Q` K�MvX AM i?Bb T`Q#H2K- r2 �M�Hvx2 i?2 KQMi?Hv
;HQ#�H i2KT2`�im`2 �MQK�HB2b 7`QK C�Mm�`v R33y iQ .2+2K#2` kyR8 7Q` i?2 LQ`i?2`M >2KBbT?2`2X h?2 /�i�
+QMbBbi Q7 K2�bm`2K2Mib 7`QK H�M/ �M/ b2� bm`7�+2 �M/ �`2 BM yXyR*X h?2 Q`B;BM�H /�i� �`2 7`QK :Q//�`/
AMbiBimi2 7Q` aT�+2 aim/B2bX a22 ?iiT,ff/�i�X;BbbXM�b�X;Qpf;Bbi2KTX h?2 /�i� �`2 �p�BH�#H2 BM i?2 }H2 K@
;HQ#�Hi2KTXitiX hQ Q#i�BM i?2 b2`B2b- /Q i?2 7QHHQrBM; BM _,

/� I@ `2�/Xi�#H2ǭUK@;HQ#�Hi2KTXǮiti-?2�/2`4hV
// I@ /�(-k,Rj)
ti I@ +UiU//VV
xi I@ /B77UtiV

U�V SHQi #Qi? i?2 KQMi?Hv i2KT2`�im`2 �M/ Bib }`bi /Bz2`2M+2/ b2`B2b QM i?2 b�K2 T�;2X (uQm +�M
mb2 i?2 +QKK�M/ T�`UK7+QH4+Uk-RVV BM _X)

U#V G2i zt = xt − xt1 rBi? xt #2BM; i?2 ;HQ#�H i2KT2`�im`2X h2bi H0 : E(zt) = 0 p2`bmb Ha : E(zt) ̸= 0.
.`�r vQm` +QM+HmbBQMX

U+V *QKTmi2 �*6 �M/ S�*6 Q7 i?2 zt b2`B2bX SHQi i?2K QM i?2 b�K2 T�;2X

U/V *QMbB/2` i?2 zt b2`B2bX h2bi H0 : ρ1 = ... = ρ12 = 0 p2`bmb Ha : ρi ̸= 0 ∃1 ! i ! 12. .`�r i?2
+QM+HmbBQMX
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kX Ujy TQBMibV �;�BM- +QMbB/2` i?2 }`bi@/Bz2`2M+2/ b2`B2b zt Q7 S`Q#H2K RX

U�V lbBM; i?2 �*6 �M/ S�*6 iQ BM/2MiB7v i?2 QTiBK�H H�;b Q7 �_ KQ/2H 7Q` i?2 zt b2`B2bX

U#V lb2 i?2 �` +QKK�M/ iQ B/2MiB7v �M �_ KQ/2H 7Q` i?2 zt b2`B2bX 6Bi i?2 bT2+B}2/ �_ KQ/2H- �M/
r`Bi2 /QrM i?2 }ii2/ KQ/2HX

U+V "�b2/ QM i?2 KQ/2H vQm ;2i 7`QK U�V r?�i Bb i?2 mM+QM/BiBQM�HH K2�M Q7 zt X

jXUjy TQBMibV *QMbB/2` i?2 ;`Qri? `�i2b Q7 i?2 lXaX `2�H ;`Qbb /QK2biB+ T`Q/m+i U:.SV 7`QK
RN9dXA iQ kyRkXAoX h?2 Q`B;BM�H /�i�- 7`QK 62/2`�H _2b2`p2 "�MF Q7 ai GQmBb- �`2 BM i?2 }H2 [@;/TK+RXiti
Uv2�`- KQMi?- /�v- ;MTV- �M/ i?2 :.S �`2 BM KBHHBQMb Q7 kyy8 +?�BM2/ /QHH�`bX h?2 ;`Qri? `�i2 Bb i?2 }`bi
/Bz2`2M+2/ b2`B2b Q7 i?2 HQ;U:.SVX

U�V "mBH/ �M �_ KQ/2H 7Q` i?2 ;`Qri? `�i2 b2`B2bX (lb2 i?2 +QKK�M/ �` rBi? K2i?Q/ KH2 iQ }M/
i?2 Q`/2`X) S2`7Q`K KQ/2H +?2+FBM; iQ p�HB/�i2 i?2 }ii2/ KQ/2HX q`Bi2 /QrM i?2 KQ/2HX

U#V P#i�BM R@bi2T iQ 3@bi2T �?2�/ TQBMi �M/ N8 % BMi2`p�H 7Q`2+�bib 7Q` i?2 lXaX [m�`i2`Hv :.S
;`Qri? `�i2 �i i?2 7Q`2+�bi Q`B;BM P+iQ#2` R- kyRk Ui?2 H�bi /�i� TQBMiVX

9XU9y TQBMibV *QMbB/2`- �;�BM- i?2 [m�`i2`Hv lXaX `2�H :.S ;`Qri? `�i2b 7`QK RN9d iQ kyRk BM
S`Q#H2K RX

U�V 6Bi � bBKTH2 �_URV KQ/2H iQ i?2 b2`B2bX q`Bi2 /QrM i?2 KQ/2HX

U#V Ab i?2 KQ/2H �/2[m�i2\ q?v\

U+V *QKT�`2 i?2 �_URV KQ/2H rBi? i?2 �_ KQ/2H #mBHi BM S`Q#H2K kX AM i2`Kb Q7 BM@b�KTH2 }iiBM;-
r?B+? KQ/2H Bb T`272``2/\ q?v\

U/V lb2 #�+Fi2bi iQ +QKT�`2 i?2 irQ �_ KQ/2HbX uQm K�v mb2 i?2 /�i� BM kyy3@kyRk UBM+HmbBp2V
�b i?2 7Q`2+�biBM; T2`BQ/X q?B+? KQ/2H Bb T`272``2/\ q?v\
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