
*?�Ti2` 8

: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` 9 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`bQMǶb 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 8XR 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 8XR ?�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 #2@
ir22M 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 U9X8V- r2 /2}M2/ i?2 p�`B�M+2@
+Qp�`B�M+2 K�i`Bt Q7 i?2 `�M/QK 2z2+ib Ԥ iQ #2 Ӽ Ub22 2[m�iBQM U9XdVVX q?2M
T`2/B+iBM; #`22/BM; p�Hm2b rBi? i?2 �MBK�H KQ/2H- i?2 p�`B�M+2@+Qp�`B�M+2 K�@
i`Bt Q7 �HH +QKTQM2Mib BM i?2 p2+iQ` Ԥ Bb /2}M2/ �bԥԐԡ	Ԥ
 � Ӽ � Ӷ  ᅼϵ U8XRV

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

8XR 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
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6B;m`2 8XR, :2M2iB+ *Qp�`B�M+2 "2ir22M �MBK�Hb



8XRX aAJAG�_Ahu "1hq11L AL.AoA.l�Ga 8d

kX A/2MiBiv #v bi�i2

6B;m`2 8Xk, A/2MiBiv #v ai�i2 o2`bmb A/2MiBiv #v .2b+2Mi

6B;m`2 8Xk 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 8Xk 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 Ӷφ@�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
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8Xk 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-
RNNeV)X 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 ӶX h?2
K�i`Bt Ӷ Bb bvKK2i`B+ �M/ Bib /B�;QM�H 2H2K2Mib 	Ӷ
քք �`2 2[m�H iQ ��ӻք r?2`2ӻք Bb i?2 +Q2{+B2Mi Q7 BM#`22/BM; Q7 �MBK�H ԘX h?2 +Q2{+B2Mi Q7 BM#`22/BM;ӻք BM/B+�i2b r?2i?2` �M �MBK�H Ԙ Bb BM#`2/ Q` MQiX ӻք Bb /2}M2/ iQ #2 ?�H7
i?2 �//BiBp2 ;2M2iB+ `2H�iBQMb?BT #2ir22M i?2 T�`2Mib Q7 ԘX >2M+2 i?2 /B�;QM�H
2H2K2Mi 	Ӷ
քք Q7 K�i`Bt Ӷ +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 Ԙ rBHH +�``v A".@�HH2H2bX

h?2 Qz@/B�;QM�H 2H2K2Mib 	Ӷ
քօ 2[m�Hb i?2 MmK2`�iQ` Q7 i?2 +Q2{+B2Mi Q7 `2@
H�iBQMb?BT #2ir22M �MBK�Hb Ԙ �M/ ԙX JmHiBTHvBM; i?2 K�i`Bt Ӷ #v i?2 �//BiBp2
;2M2iB+ p�`B�M+2 ᅼϵ H2�/b iQ i?2 +Qp�`B�M+2 �KQM; #`22/BM; p�Hm2bX h?mb B7 Ԥք
Bb i?2 #`22/BM; p�Hm2 Q7 �MBK�H Ԙ i?2M

ԥԐԡ	Ԥք
 � 	Ӷ
քքᅼϵ � 	� � ӻք
ᅼϵ U8XkV

8XkXR �H;Q`Bi?K hQ *QKTmi2 Ӷ
h?2 K�i`Bt Ӷ +�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 Q7Ӷ Bb /2b+`B#2/ MQrX AMBiB�HHv- �MBK�Hb BM � T2/B;`22 �`2 MmK#2`2/ 7`QK � iQ ԝ
�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 ӶX

Ç A7 #Qi? T�`2Mib Ԣ �M/ ԓ Q7 �MBK�H Ԙ �`2 FMQrM i?2M
Ĝ i?2 /B�;QM�H 2H2K2Mi 	Ӷ
քք +Q``2bTQM/b iQ, 	Ӷ
քք � ��ӻք � �� φϵ 	Ӷ
֎տ

�M/
Ĝ i?2 Qz@/B�;QM�H 2H2K2Mi 	Ӷ
օք Bb +QKTmi2/ �b, 	Ӷ
օք � φϵ 		Ӷ
օ֎ �	Ӷ
օտ

Ĝ #2+�mb2 Ӷ Bb bvKK2i`B+ 	Ӷ
օք � 	Ӷ
քօ

Ç A7 QMHv QM2 T�`2Mi Ԣ Bb FMQrM �M/ �bbmK2/ mM`2H�i2/ iQ i?2 K�i2
Ĝ 	Ӷ
քք � �
Ĝ 	Ӷ
քօ � 	Ӷ
օք � φϵ 		Ӷ
օ֎

Ç A7 #Qi? T�`2Mib �`2 mMFMQrM
Ĝ 	Ӷ
քք � �
Ĝ 	Ӷ
քօ � 	Ӷ
օք � �



8XkX LlJ1_�hP_ _1G�hAPLa>AS J�h_As 8N

8XkXk LmK2`B+ 1t�KTH2
q2 �`2 ;Bp2M i?2 7QHHQrBM; T2/B;`22 �M/ r2 r�Mi iQ +QKTmi2 i?2 K�i`Bt Ӷ mbBM;
i?2 `2+m`bBp2 K2i?Q/ /2b+`B#2/ BM 8XkXRX

h�#H2 8XR, 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

h?2 }`bi bi2T Q7 i?2 +QKTmi�iBQMb Q7 Ӷ �`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 8XRX h?2
+QKTQM2Mib Q7 Ӷ �`2 +QKTmi2/ `Qr@#v@`Qr bi�`iBM; rBi? 	Ӷ
φφX

	Ӷ
φφ � � � ӻφ � � � � � �	Ӷ
φϵ � � � 	Ӷ
ϵφ	Ӷ
φϯ � ��		Ӷ
φφ � 	Ӷ
φϵ
 � ��� � 	Ӷ
ϯφ	Ӷ
φΚ � ��	Ӷ
φφ � ��� � 	Ӷ
φΚ	Ӷ
φΘ � ��	Ӷ
φΚ � 	Ӷ
φϯ
 � ��� � 	Ӷ
Θφ	Ӷ
φϩ � ��	Ӷ
φΘ � 	Ӷ
φϵ
 � ����
h?2 b�K2 +QKTmi�iBQMb �`2 �HbQ /QM2 7Q` �HH i?2 Qi?2` +QKTQM2Mib Q7 i?2 K�i`BtӶX h?2 }M�H `2bmHi 7Q` i?2 K�i`Bt HQQFb �b 7QHHQrb

Ӷ � ৡৠৠৠৠয়
� � ��� ��� ��� ����� � ��� � ���� �������� ��� � ���� ����� ��������� � ���� � ����� ��������� ���� ����� ����� ����� ���������� ����� ������ ������ ������ �����

ৣৣৣ
ৣৢ

�b � `2bmHi- r2 +�M b22 7`QK i?2 +QKTQM2Mib Q7 i?2 �#Qp2 b?QrM K�i`Bt Ӷ i?�i
�MBK�Hb � �M/ � �`2 MQi `2H�i2/ iQ 2�+? Qi?2`X 6m`i?2`KQ`2 7`QK i?2 /B�;QM�H
2H2K2Mib Q7 Ӷ- Bi 7QHHQrb i?�i �MBK�Hb � �M/ � �`2 BM#`2/ r?BH2 �MBK�Hb � iQ �
�`2 MQi BM#`2/X
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8Xj h?2 AMp2`b2 LmK2`�iQ` _2H�iBQMb?BT J�i`Bt
h?2 ;2M2`�H 7Q`K Q7 >2M/2`bQMǶb KBt2/ KQ/2H 2[m�iBQMb �b b?QrM BM U9XRyV
/2T2M/ QM 7Qm` K�i`B+2b

RX .2bB;M K�i`Bt ԍ 7Q` i?2 }t2/ 2z2+ib
kX .2bB;M K�i`Bt ԏ 7Q` i?2 `�M/QK 2z2+ib
jX h?2 BMp2`b2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt ԇφ 7Q` i?2 `2bB/m�Hb Ԕ �M/
9X h?2 BMp2`b2 p�`B�M+2@+Qp�`B�M+2 K�i`Bt Ӽφ 7Q` i?2 `�M/QK #`22/BM; p�H@

m2b ԐX
q?2M mbBM; i?2 �MBK�H KQ/2H �b /2b+`B#2/ BM b2+iBQM !`27UO�MBK�HKQ/2HV-
r2 ?�p2 b22M BM U8XRV i?�i Ӽ +Q``2bTQM/b iQ i?2 T`Q/m+i Q7 i?2 MmK2`�iQ`
`2H�iBQMb?BT K�i`Bt Ӷ �M/ i?2 ;2M2iB+ �//BiBp2 p�`B�M+2 ᅼϵX "mi i?2 KBt2/
KQ/2H 2[m�iBQMb /2T2M/ QM i?2 BMp2`b2 Ӽφ Q7 Ӽ r?B+? K2�Mb

Ӽφ � 	Ӷ  ᅼϵ
φ � Ӷφ  �ᅼϵ U8XjV

6`QK U8XjV r2 +�M b22 i?�i BM Q`/2` iQ #2 �#H2 iQ b2i mT i?2 KBt2/ KQ/2H 2[m�@
iBQMb 7Q` �M �MBK�H KQ/2H- r2 M22/ i?2 BMp2`b2 MmK2`�iQ` `2H�iBQMb?BT K�i`BtӶφX "2+�mb2 BM T`�+iB+�H `QmiBM2 T`2/B+iBQMb Q7 #`22/BM; p�Hm2b- r2 ?�p2 bQK2@
i?BM; BM i?2 Q`/2` Q7 Ry KBHHBQM �MBK�Hb i?�i r2 T`2/B+i #`22/BM; p�Hm2b 7Q`X
>2M+2 i?2 K�i`Bt Ӷ ?�b Ry KBHHBQM `Qrb �M/ Ry KBHHBQM +QHmKMbX � K�i`Bt Q7
i?�i bBx2 +�MMQi #2 BMp2`i2/ 2tTHB+BiHv rBi? +QKKQMHv FMQrM K2i?Q/b bm+? �b
/2b+`B#2/ mM/2` ?iiTb,ff2MXrBFBT2/B�XQ`;frBFBfAMp2`iB#H2nK�i`BtX h?Bb rQmH/
?�p2 #22M i?2 2M/ Q7 i?2 "GlS �MBK�H KQ/2H- B7 MQi >2M/2`bQM Tm#HBb?2/ BM
(U>2M/2`bQM- RNdeV) � b2i Q7 bBKTH2 `mH2b iQ /B`2+iHv +QMbi`m+i i?2 K�i`Bt Ӷφ
rBi?Qmi b2iiBM; mT i?2 MmK2`�iQ` `2H�iBQMb?BT K�i`BtX

8X9 ai`m+im`2 Q7 Ӷ�
q?2M HQQFBM; �i � +QM+`2i2 2t�KTH2 Q7 �M BMp2`b2 Q7 � MmK2`�iQ` `2H�iBQMb?BT
K�i`Bt �b b?QrM #2HQr- r2 +�M /Bb+Qp2` bQK2 BKTQ`i�Mi 7�+ibX G2i mb �bbmK2
i?2 7QHHQrBM; T2/B;`22X

h�#H2 8Xk, S2/B;`22 lb2/ hQ *QKTmi2 AMp2`b2 LmK2`�iQ` _2H�@
iBQMb?BT J�i`Bt

*�H7 aB`2 .�K
R L� L�
k L� L�
j L� L�
9 R k
8 j k

https://en.wikipedia.org/wiki/Invertible_matrix


8X8X >1L.1_aPLǶa _lG1 hP a1h lS Ӷφ eR

h?2 MmK2`�iQ` `2H�iBQMb?BT K�i`Bt Ӷ 7Q` i?2 T2/B;`22 b?QrM BM h�#H2 \\ Bb
b?QrM BM U8X9VX

Ӷ � ৡৠৠৠয়
� � � ��� �� � � ��� ���� � � � ������ ��� � � ����� ��� ��� ���� �

ৣৣৣ
ৢ U8X9V

h?2 K�i`Bt Ӷφ b?QrM #2HQr +Q``2bTQM/b iQ i?2 BMp2`b2 Q7 i?2 K�i`Bt Ӷ 7`QK
U8X9VX

Ӷφ � ৡৠৠৠয়
��� ��� � � ���� � ��� � �� ��� ��� � �� � � � �� � � � �

ৣৣৣ
ৢ

6`QK i?2 �#Qp2 b?QrM BMp2`b2 Ӷφ- r2 `2+Q;MBx2 i?�i Ӷφ ?�b � bBKTH2` bi`m+@
im`2 i?�M Ӷ Bib2H7X h?2 `2�bQM 7Q` i?Bb Bb i?�i MQM@x2`Q 2H2K2Mib Q++m` QMHv
�i K�i`Bt 2H2K2Mib Q7 Ӷφ +Q``2bTQM/BM; iQ T�`2Mib �M/ T`Q;2Mv Q` iQ K�i2bX
6m`i?2`KQ`2 Qz@/B�;QM�H 2H2K2Mib +Q``2bTQM/BM; iQ K�i2b �`2 TQbBiBp2 �M/ 2H2@
K2Mib +Q``2bTQM/BM; iQ T�`2Mib �M/ T`Q;2Mv �`2 M2;�iBp2X h?2b2 Q#b2`p�iBQMb
r2`2 mb2/ #v >2M/2`bQM BM U>2M/2`bQM- RNdeV iQ +QK2 mT rBi? i?2 `mH2b /2@
b+`B#2/ #2HQrX

8X8 >2M/2`bQMǶb _mH2 hQ a2i lT Ӷ�
q2 /2MQi2 i?2 `Qr Q` +QHmKM BM/2t +Q``2bTQM/BM; iQ �M �MBK�H Q7 BMi2`2bi �b Ԙ
�M/ i?2 `Qr Q` +QHmKM BM/2t #2HQM;BM; iQ i?2 �MBK�Hb 7�i?2` �b Ԣ �M/ i?2 `Qr Q`
+QHmKM BM/2t +Q``2bTQM/BM; iQ �MBK�H ԘǶb KQi?2` �b ԓX h?2 `mH2b /Bz2`2MiB�i2
i?2 7QHHQrBM; i?`22 +�b2b

RX #Qi? T�`2Mib Q7 �MBK�H Ԙ �`2 FMQrM
kX QMHv QM2 T�`2Mi Q7 �MBK�H Ԙ Bb FMQrM
jX #Qi? T�`2Mib Q7 �MBK�H Ԙ �`2 mMFMQrM

8X8XR "Qi? S�`2Mib EMQrM
Ç �// � iQ i?2 /B�;QM�H@2H2K2Mi 	Ԙ Ԙ

Ç �// � iQ Qz@/B�;QM�H 2H2K2Mib 	Ԣ Ԙ
- 	Ԙ Ԣ
- 	ԓ Ԙ
 �M/ 	Ԙ ԓ

Ç �// φϵ iQ 2H2K2Mib 	Ԣ Ԣ
- 	ԓ ԓ
- 	Ԣ ԓ
- 	ԓ Ԣ
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8X8Xk PMHv PM2 S�`2Mi EMQrM
q2 �bbmK2 i?�i bB`2 Ԣ Bb FMQrM

Ç �// Κϯ iQ /B�;QM�H@2H2K2Mi 	Ԙ Ԙ

Ç �//  ϵϯ iQ Qz@/B�;QM�H 2H2K2Mib 	Ԣ Ԙ
- 	Ԙ Ԣ

Ç �// φϯ iQ 2H2K2Mi 	Ԣ Ԣ


8X8Xj "Qi? S�`2Mib lMFMQrM
Ç �// � iQ /B�;QM�H@2H2K2Mi 	Ԙ Ԙ


h?2 �TTHB+�iBQM Q7 >2M/2`bQMǶb `mH2b iQ +QMbi`m+i Ӷφ /B`2+iHv rBHH #2 � T`Q#H2K
BM QM2 Q7 i?2 +QKBM; 2t2`+Bb2bX q?2M �TTHvBM; i?2 �#Qp2 /2b+`B#2/ `mH2b- Bi ?�b
iQ #2 MQi2/ r2HH i?�i i?Bb bBKTH2 p2`bBQM Q7 i?2 `mH2b �`2 QMHv p�HB/ 7Q` � T2/B;`22
rBi?Qmi BM#`22/BM;X q2 rBHH b22 BM b2+iBQM !`27UO/2`Bp�iBQMQ7?2M/2`bQMb`mH2bV
?Qr iQ 2ti2M/ i?2 bBKTH2 `mH2b bm+? i?�i i?2v +�M #2 mb2/ 7Q` � ;2M2`�H T2/B;`22
rBi? BM#`22/BM;X

8Xe .2`Bp�iBQM Q7 >2M/2`bQMǶb _mH2b
>2M/2`bQMǶb `mH2b +�M #2 `2H�i2/ iQ i?2 bQ@+�HH2/ G.G@/2+QKTQbBiBQM Q7 i?2 Mm@
K2`�iQ` `2H�iBQMb?BT K�i`Bt ӶX h?2 `2bmHi Q7 i?Bb /2+QKTQbBiBQM +QMbBbib Q7 i?2
2[mBp�H2M+2 #2ir22M K�i`Bt Ӷ �M/ i?2 T`Q/m+i Q7 i?`22 K�i`B+2b ԁ- ӹ �M/ ԁյ X
h?2 K�i`Bt ԁ Bb � HQr2` i`B�M;mH�` K�i`Bt �M/ i?2 K�i`Bt ӹ Bb � /B�;QM�H K�i`BtX
h?2 `2�bQM 7Q` r?v r2 �`2 /QBM; i?Bb /2+QKTQbBiBQM Q7 Ӷ Bb i?�i i?2 K�i`B+2b ԁ
�M/ ӹ +�M Km+? 2�bB2` #2 BMp2`i2/ i?�M i?2 K�i`Bt ӶX h?2 G.G@/2+QKTQbBiBQM
Bb � ;2M2`�H T`Q+2/m`2 BM HBM2�` �H;2#`� �M/ Bi +�M #2 �TTHB2/ iQ �Mv bvKK2i`B+
�M/ TQbBiBp2@/2}MBi2 K�i`Bt MQi QMHv iQ MmK2`�iQ` `2H�iBQMb?BT K�i`B+2bX "mi
r?2M i?2 G.G@/2+QKTQbBiBQM Bb �TTHB2/ iQ � MmK2`�iQ` `2H�iBQMb?BT K�i`Bt- i?2
K�i`B+2b ԁ �M/ ӹ /Q �HbQ ?�p2 � bT2+B�H ;2M2iB+ K2�MBM;X h?Bb K2�MBM; Bb
`2p2�H2/ BM i?2 7QHHQrBM; /2`Bp�iBQMX

8XeXR .2+QKTQbBiBQM Q7 h`m2 "`22/BM; o�Hm2 �M/ Bib o�`B@
�M+2

h?2 i`m2 #`22/BM; p�Hm2 UԤքV Q7 �MBK�H Ԙ +�M #2 /2+QKTQb2/ BMiQ i?2 i`m2 #`22/@
BM; p�Hm2b Q7 �MBK�H ԘǶb T�`2Mib Ԣ �M/ ԓ �M/ i?2 K2M/2HB�M b�KTHBM; i2`K ԜքԤք � ��Ԥ֎ � ��Ԥտ � Ԝք U8X8V

�TTHvBM; i?2 /2+QKTQbBiBQM b?QrM BM U8XRyV 7Q` �HH �MBK�Hb BM i?2 T2/B;`22 �M/
+QK#BMBM; i?2 /2+QKTQbBiBQMb BMiQ � K�i`Bt@p2+iQ` MQi�iBQM- r2 ;2iԤ � ԅ ੁ Ԥ � Ԝ U8XeV
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r?2`2 Ԥ p2+iQ` Q7 i`m2 #`22/BM; p�Hm2b 7Q` �HH �MBK�Hbԅ K�i`Bt HBMFBM; �MBK�Hb iQ i?2B` T�`2MibԜ p2+iQ` Q7 K2M/2HB�M b�KTHBM; i2`Kb
1[m�iBQM U8XeV +�M #2 BMi2`T`2i2/ �b `2;`2bbBQM Q7 i?2 i`m2 #`22/BM; p�Hm2b QMiQ
T�`2Mi�H #`22/BM; p�Hm2bX AM bm+? � `2;`2bbBQM i?2 `�M/QK i2`K Ԝ Bb HBF2 �
`2bB/m�H i2`KX h?2 ;2M2iB+ K2�MBM; Q7 Ԝ +Q``2bTQM/b iQ i?2 /2pB�iBQM Q7 Ԥք
7`QK i?2 7mHH@bB# �p2`�;2 Q7 i?2 i`m2 #`22/BM; p�Hm2b rBi?BM i?2 Mm+H2�` 7�KBHv
rBi? T�`2Mib Ԣ �M/ ԓX h?2 i2`K Ԝ Bb +�HH2/ K2M/2HB�M b�KTHBM; i2`KX h?2
bQm`+2 Q7 Ԝ Bb i?2 7�+i i?�i /m`BM; K2BQbBb- T�`2Mi�H �HH2H2b �`2 `�M/QKHv �bbB;M2/
iQ 2�+? T`Q;2MvX "mHK2` (U"mHK2`- RNdRV) ?�b b?QrM i?�i Ԝք �`2 BM/2T2M/2Mi
7`QK i`m2 #`22/BM; p�Hm2b Q7 T�`2Mib Ԣ �M/ ԓX lbBM; i?Bb `2bmHi- r2 i�F2 i?2
p�`B�M+2 QM #Qi? bB/2b Q7 U8XRyV H2�/BM; iQ

ԥԐԡ	Ԥք
 � ԥԐԡ	��Ԥ֎ � ��Ԥտ � Ԝք
� ��ԥԐԡ	Ԥ֎
 � ��ԥԐԡ	Ԥտ
 � ��ԒԞԥ	Ԥ֎ Ԥտ
 � ԥԐԡ	Ԝք
 U8XdV

6`QK U8XRV iQ;2i?2` rBi? i?2 /2}MBiBQM Q7 i?2 MmK2`�iQ` `2H�iBQMb?BT K�i`Bt Ӷ-
r2 FMQr i?�i

ԥԐԡ	Ԥք
 � 	� � ӻք
ᅼϵԥԐԡ	Ԥ֎
 � 	� � ӻ֎
ᅼϵԥԐԡ	Ԥտ
 � 	� � ӻտ
ᅼϵԒԞԥ	Ԥ֎ Ԥտ
 � 	Ӷ
֎տᅼϵ � �ӻքᅼϵ U8X3V

8XeXk o�`B�M+2 Q7 J2M/2HB�M a�KTHBM; h2`Kb
AMb2`iBM; i?2 `2H�iBQMb 7`QK U8X3V BMiQ U8XdV �M/ bQHpBM; 7Q` ԥԐԡ	Ԝք
 ;Bp2b i?2
7QHHQrBM; `2bmHi

ԥԐԡ	Ԝք
 � ԥԐԡ	Ԥք
  ��ԥԐԡ	Ԥ֎
  ��ԥԐԡ	Ԥտ
  ��ԒԞԥ	Ԥ֎ Ԥտ
� 	� � ӻք
ᅼϵ  ��	� � ӻ֎
ᅼϵ  ��	� � ӻտ
ᅼϵ  ��  �  ӻք  ᅼϵ� গ��  ��	ӻ֎ � ӻտ
ঘ ᅼϵ U8XNV

AM +�b2 r?2`2 QMHv T�`2Mi Ԣ Q7 �MBK�H Ԙ Bb FMQrM i?2 i2`Kb BM U8XRyV �M/ U8XNV
+?�M;2 iQ
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Ԥք � ��Ԥ֎ � ��Ԥտ � Ԝք U8XRyV

Ԥք � ��Ԥ֎ � ԜքԥԐԡ	Ԝք
 � গ�  ��	� � ӻ֎
ঘ ᅼϵ� গ��  ��ӻ֎ঘ ᅼϵ U8XRRV

q?2M #Qi? T�`2Mib �`2 mMFMQrM- r2 ;2i

Ԥք � ԜքԥԐԡ	Ԝք
 � ᅼϵ U8XRkV

8XeXj .2+QKTQbBiBQM Q7 Ӷ
h?2 i`m2 #`22/BM; p�Hm2b Ԥ֎ Q7 bB`2 Ԣ �M/ Ԥտ Q7 /�K ԓ +�M #2 /2+QKTQb2/ BM �
bBKBH�` r�v �b b?QrM 7Q` i?2 i`m2 #`22/BM; p�Hm2 Ԥք BM U8XRyVX

Ԥ֎ � ��Ԥ֎֎ � ��Ԥտ֎ � Ԝ֎Ԥտ � ��Ԥ֎տ � ��Ԥտտ � Ԝտ U8XRjV

r?2`2 ԢԢ bB`2 Q7 ԢԓԢ /�K Q7 ԢԢԓ bB`2 Q7 ԓԓԓ /�K Q7 ԓ
lbBM; U8XRjV iQ;2i?2` rBi? U8XRyV H2�/b iQ i?2 7QHHQrBM; 2tT`2bbBQM 7Q` Ԥք

Ԥք � ��Ԥ֎ � ��Ԥտ � Ԝք� ��	��Ԥ֎֎ � ��Ԥտ֎ � Ԝ֎
 � ��	��Ԥ֎տ � ��Ԥտտ � Ԝտ
 � Ԝք� ��Ԥ֎֎ � ��Ԥտ֎ � ��Ԥ֎տ � ��Ԥտտ � ��Ԝ֎ � ��Ԝտ � Ԝք
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h?Bb ivT2 Q7 /2+QKTQbBiBQM +�M �HbQ #2 /QM2 7Q` i?2 ;`�M/@T�`2Mib Q7 �MBK�HԘ �M/ 7m`i?2` #�+F mMiBH r2 ;2i iQ i`m2 #`22/BM; p�Hm2b Q7 �MBK�Hb rBi? mM@
FMQrM T�`2MibX �MBK�Hb Q7 �M+2biQ` ;2M2`�iBQMb rBi? mMFMQrM T�`2Mib �`2
+�HH2/ 7QmM/2` TQTmH�iBQMX h?2 T`Q+2bb Q7 /2+QKTQbBM; i`m2 #`22/BM; p�Hm2b
#�+F i?`Qm;? �HH ;2M2`�iBQMb Q7 � T2/B;`22 Bb +�HH2/ `2+m`bBp2 /2+QKTQbBiBQM
Q7 �MBK�H ԘǶb i`m2 #`22/BM; p�Hm2X "2+�mb2 r2 FMQr 7`QK U8XRkV i?�i i?2 /2@
+QKTQbBiBQM Q7 i`m2 #`22/BM; p�Hm2b Ԥֆ 7Q` �M �MBK�H Ԛ rBi? mMFMQrM T�`2Mib BbԤֆ � Ԝֆ- i?2 `2bmHi Q7 i?2 `2+m`bBp2 /2+QKTQbBiBQM Q7 Ԥք Bb � bmK Q7 K2M/2HB�M
b�KTHBM; i2`Kb HBMFBM; i?2 �M+2biQ`b Q7 Ԙ #�+F iQ i?2 7QmM/2` TQTmH�iBQMX
P`/2`BM; �HH �MBK�Hb BM � T2/B;`22 �++Q`/BM; iQ i?2B` �;2 �M/ r`BiBM; i?2 `2bmHi Q7
i?2 `2+m`bBp2 /2+QKTQbBiBQM Q7 �HH i`m2 #`22/BM; p�Hm2b BM K�i`Bt@p2+iQ` MQi�iBQM
H2�/b iQ Ԑ � ԁ ੁ Ԝ U8XR9V

h?2 K�i`Bt ԁ Bb � HQr2` i`B�M;mH�` K�i`BtX h?2 `Qr +Q``2bTQM/BM; iQ �MBK�H Ԙ Bb
i?2 �p2`�;2 Q7 i?2 `Qrb BM ԁ +Q``2bTQM/BM; iQ T�`2Mib Ԣ �M/ ԓ Q7 ԘX h?2 K�i`Btԁ +QMi�BMb i?2 T�i? Q7 i?2 ;2M2 ~Qr 7`QK i?2 #�b2 TQTmH�iBQM iQ �HH �MBK�Hb
BM i?2 TQTmH�iBQMX 6`QK 2[m�iBQM U8XR9V- r2 �`2 +QKTmiBM; i?2 p�`B�M+2 Q7 �HH
i`m2 #`22/BM; p�Hm2b r?B+? H2�/b iQ

ԥԐԡ	Ԥ
 � ԥԐԡ	ԁ ੁ Ԝ
� ԁ ੁ ԥԐԡ	Ԝ
 ੁ ԁյ� ԁ ੁ 	ӹᅼϵ
 ੁ ԁյ� ԁ ੁ ӹ ੁ ԁյ ᅼϵ � Ӷᅼϵ
6`QK U\\V- i?2 G.G@/2+QKTQbBiBQM Q7 Ӷ 7QHHQrb /B`2+iHv �b Ӷ � ԁӹԁյ X h?2
bBM;H2 +QKTQM2Mib Ԝք �`2 BM/2T2M/2Mi Q7 2�+? Qi?2`X h?Bb �HbQ K2�Mb i?�iԒԞԥ	Ԝք Ԝօ
 � � 7Q` Ԙ ଈ ԙX >2M+2 i?2 K�i`Bt ӹ Bb � /B�;QM�H K�i`BtX AM
b2+iBQM !`27UOp�`B�M+2K2M/2HB�Mb�KTHBM;i2`KV r2 ?�p2 b22M i?�i ԥԐԡ	Ԝք

�Hr�vb +QMi�BM ᅼϵ �b � 7�+iQ`X >2M+2 Bi Bb `2�bQM�#H2 iQ 2tT`2bb ԥԐԡ	Ԝ

�b � T`Q/m+i Q7 � /B�;QM�H K�i`Bt ӹ iBK2b i?2 ;2M2iB+ �//BiBp2 p�`B�M+2ᅼϵX h?2 /B�;QM�H 2H2K2Mib Q7 K�i`Bt ӹ �`2 +QKTmi2/ �b b?QrM BM b2+iBQM
!`27UOp�`B�M+2K2M/2HB�Mb�KTHBM;i2`KVX
h?2 KBt2/ KQ/2H 2[m�iBQMb `2[mB`2 i?2 BMp2`b2 MmK2`�iQ` `2H�iBQMb?BT K�i`BtӶφX h?�MFb iQ i?2 G.G@/2+QKTQbBiBQM Q7 Ӷ- r2 +�M +QKTmi2 Ӷφ �bӶφ � 	ԁ ੁ ӹ ੁ ԁյ 
φ � 	ԁյ 
φ ੁ ӹφ ੁ ԁφ U8XR8V

h?2 BMp2`b2 ӹφ Bb 2�bv iQ +QKTmi2- #2+�mb2 ӹ Bb � /B�;QM�H K�i`BtX �b �
+QMb2[m2M+2 Q7 i?�i ӹφ Bb �HbQ � /B�;QM�H K�i`Bt r?2`2 i?2 2H2K2Mib 	ӹφ
քք
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+Q``2bTQM/ iQ i?2 BMp2`b2 Q7 i?2 2H2K2Mib Q7 i?2 Q`B;BM�H K�i`Bt ӹ- BX2X 	ӹφ
քք ���	ӹ
քքX h?2 K�i`Bt ԁφ Bb �HbQ � HQr2` i`B�M;mH�` K�i`Bt �M/ +�M 2�bBHv +QK@
Tmi2/ #�b2/ QM i?2 irQ `2H�iBQMb 7Q` i?2 p2+iQ` ԜX "�b2/ QM U8XeV- r2 FMQr

Ԝ � Ԑ  ԅԐ � 	Ӿ  ԅ
Ԑ U8XReV

�M/ 7`QK U8XR9V- r2 ;2i

Ԝ � ԁφԐ U8XRdV

a2iiBM; #Qi? 2tT`2bbBQMb 7Q` Ԝ BM U8XReV �M/ U8XRdV 2[m�H +�M #2 mb2/ iQ Q#i�BMԁφ
Ԝ � 	Ӿ  ԅ
Ԑ � ԁφԐ U8XR3V

h?2`27Q`2-

ԁφ � Ӿ  ԅ U8XRNV

8XeX9 :2M2`�H o2`bBQM Q7 >2M/2`bQMǶb _mH2
"�b2/ QM i?2 /2+QKTQbBiBQM Q7 Ӷφ b?QrM BM U8XR8V- i?2 ;2M2`�H p2`bBQM Q7
>2M/2`bQMǶb `mH2 r?2`2 BM#`22/BM; Q7 �MBK�Hb +�M #2 �++QmMi2/ 7Q` +�M #2 bmK@
K�`Bx2/ �b

Ç ai�`i rBi? � K�i`Bt Ӷφ r?2`2 �HH 2H2K2Mib �`2 b2i iQ �X
Ç G2i ԓք #2 i?2 Ԙ@i? /B�;QM�H 2H2K2Mi Q7 ӹφ 7Q` �MBK�H Ԙ- �bbmKBM; Ԙ ?�b

T�`2Mib Ԣ �M/ ԓX
Ç h?2M �// i?2 7QHHQrBM; +QMi`B#miBQMb iQ Ӷφ

Ĝ ԓք iQ i?2 2H2K2Mi 	Ԙ Ԙ

Ĝ ԓք�� iQ i?2 2H2K2Mib 	Ԣ Ԙ
- 	Ԙ Ԣ
- 	ԓ Ԙ
- 	Ԙ ԓ

Ĝ ԓք�� iQ i?2 2H2K2Mib 	Ԣ Ԣ
- 	Ԣ ԓ
- 	ԓ Ԣ
- 	ԓ ԓ


h?2 +QMi`B#miBQMb iQ `Qrb �M/ +QHmKMb +Q``2bTQM/BM; iQ T�`2Mib Ԣ �M/ ԓ �`2
QMHv �//2/- B7 i?2v �`2 FMQrMX "2+�mb2 i?2 2H2K2Mib ԓք �`2 /2T2M/2Mi QM i?2
BM#`22/BM; +Q2{+B2Mib ӻ֎ �M/ ӻտ Q7 T�`2Mib Ԣ �M/ ԓ- r2 ?�p2 iQ }M/ �M 2{+B2Mi
r�v iQ +QKTmi2 BM#`22/BM; +Q2{+B2Mib 7Q` �HH �MBK�Hb BM � TQTmH�iBQMX

8Xd *QKTmiBM; AM#`22/BM; *Q2{+B2Mib
AM#`22/BM; +Q2{+B2Mib +�M #2 +QKTmi2/ mbBM; /Bz2`2Mi K2i?Q/bX 6`QK �HH i?2b2
K2i?Q/b- r2 �`2 Dmbi b?QrBM; i?2 QM2 K2i?Q/ r?B+? r�b /2b+`B#2/ BM (UZm��b-
RNdeV)X h?Bb K2i?Q/ Bb #�b2/ QM i?2 T`QT2`iB2b Q7 � b2+QM/ /2+QKTQbBiBQM Q7 i?2
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MmK2`�iQ` `2H�iBQMb?BT K�i`Bt Ӷ r?B+? Bb +�HH2/ i?2 +?QH2bFv /2+QKTQbBiBQMX
h?2 +?QH2bFv /2+QKTQbBiBQM Q7 � K�i`Bt Ӷ +Q``2bTQM/b iQӶ � ԇԇյ U8XkyV

r?2`2 i?2 K�i`Bt ԇ Bb � HQr2` i`B�M;mH�` K�i`BtX �i i?Bb TQBMi r2 ?�p2 iQ
#2 +H2�` �#Qmi i?BbX AM T`�+iB+�H `QmiBM2 2p�Hm�iBQMb- r2 rBHH MQi 2tTHB+BiHv
+QKTmi2 i?Bb /2+QKTQbBiBQM- #2+�mb2 r2 /Q MQi r�Mi iQ +QMbi`m+i Ӷ 2tTHB+BiHvX
q2 �`2 Dmbi mbBM; i?2 T`QT2`iB2b Q7 U8XkyV iQ }M/ �M 2{+B2Mi r�v iQ +QKTmi2
i?2 /B�;QM�H 2H2K2Mib 	Ӷ
քք Q7 Ӷ rBi?Qmi +QMbi`m+iBM; i?2 +QKTH2i2 K�i`Bt ӶX
h?2 /B�;QM�H 2H2K2Mib 	Ӷ
քք �`2 BKTQ`i�Mi- #2+�mb2 i?2v +QMi�BM i?2 BM#`22/BM;
+Q2{+B2Mib UӻքV- �b 	Ӷ
քք � � � ӻքX "�b2/ QM U8XkyV- 	Ӷ
քք +�M #2 +QKTmi2/
7`QK i?2 +QKTQM2Mib Q7 ԇ �b

	Ӷ
քք � քంօ�φ	ԇ
ϵքօ U8XkRV

h?Bb +�M #2 b?QrM rBi? � bK�HH �  � K�i`Bt Ӷ
ৡৠয়	Ӷ
�� 	Ӷ
�� 	Ӷ
��	Ӷ
�� 	Ӷ
�� 	Ӷ
��	Ӷ
�� 	Ӷ
�� 	Ӷ
��ৢৣ � ৡৠয়	ԇ
�� � �	ԇ
�� 	ԇ
�� �	ԇ
�� 	ԇ
�� 	ԇ
��ৢৣৡৠয়	ԇ
�� 	ԇ
�� 	ԇ
��� 	ԇ
�� 	ԇ
��� � 	ԇ
��ৢৣ
6Q` i?2 �#Qp2 b?QrM 2t�KTH2- i?2 /B�;QM�H 2H2K2Mib 	Ӷ
քք �`2 +QKTmi2/ �b

	Ӷ
φφ � 	ԇ
ϵφφ	Ӷ
ϵϵ � 	ԇ
ϵϵφ � 	ԇ
ϵϵϵ	Ӷ
ϯϯ � 	ԇ
ϵϯφ � 	ԇ
ϵϯϵ � 	ԇ
ϵϯϯ
h?Bb b?Qrb i?�i /B�;QM�H 2H2K2Mib 	Ӷ
քք +�M #2 +QKTmi2/ mbBM; Dmbi �HH i?2
+QKTQM2Mib Q7 `Qr Ԙ BM ԇ mT iQ i?2 /B�;QM�HX L2ti- r2 ?�p2 iQ b?Qr ?Qr iQ
+QKTmi2 i?2 +QKTQM2Mib Q7 ԇX

8XdXR _2+m`bBp2 *QKTmi�iBQM Q7 ԇ
q2 �`2 b2iiBM; i?2 irQ /2+QKTQbBiBQMb Q7 Ӷ 2[m�H r?B+? H2�/b iQӶ � ԇ  ԇյ � ԁ  ӹ  ԁյ U8XkkV
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