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�+FMQrH2/;2K2Mib

�Hi?Qm;? A �K i?2 �mi?Q` Q7 i?Bb i?2bBb- i?2`2 �`2 K�Mv T2QTH2 r?Q /B`2+iHv
Q` BM/B`2+iHv +QMi`B#mi2/ iQ Bi �M/ ?2HT2/ K2 � HQi #v /QBM; bQX h?Bb Bb i?2
TH�+2 r?2`2 i?2v /2b2`p2 iQ #2 K2MiBQM2/X Jv bBM+2`2bi i?�MFb ;Q iQ,

Ç AM;X w/2MÿF JmxBF�ü- *a+X- 7Q` bmKK�`BxBM; i?2 b2i Q7 `2[mB`2K2Mib 7Q`
i?2 bvbi2K- 7Q` ?Bb iBK2 bT2Mi rBi? bmT2`pBbBM; i?Bb i?2bBb- 7Q` H2iiBM;
K2 i2�+? i?2 S`Q;`�KKBM; BM a?2HH +Qm`b2 UbQ A +QmH/ ;2i KQ`2 BMiQ i?2
�miQK�i2/ i2biBM; Q7 bim/2MibV �M/ 7Q` K�`p2HHQmb Tbv+?B+�H bmTTQ`i-

Ç AM;X JB+?�H �Q+?- S?X .X- 7Q` ?Bb iBK2 bT2Mi rBi? `2pB2rBM; i?Bb i?2bBb
�M/ 7Q` ?Bb BM+`2/B#H2 T�iB2M+2 rBi? K2-

Ç AM;X G�/BbH�p o�;M2`- S?X .X- 7Q` T`QpB/BM; K2 � HQi Q7 mb27mH BM7Q`K�@
iBQM �#Qmi S`Q;h2bi- � bBKBH�` bvbi2K iQ i?Bb QM2 mb2/ �i 6Ah *hl BM
S`�;m2-

Ç AM;X J�`iBM E�Í2`- S?X .X- 7Q` T`QpB/BM; K2 � HQi Q7 mb27mH BM7Q`K�iBQM
�#Qmi QMHBM2 Dm/;2b mb2/ BM rQ`H/Hv `2+Q;MBx2/ T`Q;`�KKBM; +QMi2bib-

Ç AM;X CBüQ �T�Í2F- 7Q` ?2HTBM; K2 rBi? BMbi�HH�iBQM Q7 i?2 b2`p2`- K�BMHv
rBi? i?2 mb2` �mi?2MiB+�iBQM KQ/mH2-

Ç AM;X _�/QKQ` SQH�+?- 7Q` ?2HTBM; K2 rBi? i?2 T`BM+BTH2b Q7 #mBH/BM; �M
�#bi`�+i bvMi�t i`22-

Ç C�M "BiiM2`- Kv b+?QQHK�i2- 7Q` r`BiBM; >hJG i2KTH�i2b bQ i?�i i?2
T`QD2+i HQQFb HBF2 7`QK i?Bb +2Mim`v-

Ç JBFmH�� SQmH- Kv b+?QQHK�i2- 7Q` ?2HTBM; K2 rBi? }M/BM; i?2 +Q``2+i
+QM};m`�iBQM Q7 *2H2`v-

Ç GmF�� >Qx/�- Kv 7`B2M/- 7Q` K�BMi�BMBM; KBMBHBMmt7b(R)- � ;2M2`�iQ`
Q7 i?2 +?`QQi D�BH mb2/ BM i?2 T`QD2+i �b � b�M/#Qt 7Q` i2biBM; i?2 b+`BTib-



Ç �HH i2�+?2`b Q7 i?2 S`Q;`�KKBM; BM a?2HH +Qm`b2- 7Q` i?2B` T�iB2M+2 rBi?
mbBM; i?2 M2r bvbi2K- 7Q` K�Mv bm;;2bi2/ �`2�b 7Q` BKT`Qp2K2Mi- �M/
7Q` i?2B` Tbv+?B+�H bmTTQ`i-

Ç �HH bim/2Mib Q7 i?2 S`Q;`�KKBM; BM a?2HH +Qm`b2 r?Q r2`2 7Q`+2/ iQ mb2
i?Bb bvbi2K- 7Q` i?2B` mM/2`bi�M/BM; �M/ T�iB2M+2-

Ç �HH i2�+?2`b �i 6Ah *hl BM S`�;m2- 7Q` T`QpB/BM; K2 K�DQ`Biv Q7 i?2
FMQrH2/;2 M2+2bb�`v iQ r`Bi2 i?Bb i?2bBb �M/ 7Q` H2iiBM; K2 i?`Qm;? �HH
i?2 2t�Kb-

�M/ H�biHv- #mi MQi H2�biHv- iQ Kv 7`B2M/b �M/ 7�KBHv- 7Q` i?2B` bmTTQ`i MQi QMHv
/m`BM; i?2 iBK2 A r�b r`BiBM; i?Bb i?2bBb- #mi �HbQ /m`BM; Kv r?QH2 HB72X
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.2+H�`�iBQM

A ?2`2#v /2+H�`2 i?�i i?2 T`2b2Mi2/ i?2bBb Bb Kv QrM rQ`F �M/ i?�i A ?�p2
+Bi2/ �HH bQm`+2b Q7 BM7Q`K�iBQM BM �++Q`/�M+2 rBi? i?2 :mB/2HBM2 7Q` �/?2`BM;
iQ 2i?B+�H T`BM+BTH2b r?2M 2H�#Q`�iBM; �M �+�/2KB+ }M�H i?2bBbX

A �+FMQrH2/;2 i?�i Kv i?2bBb Bb bm#D2+i iQ i?2 `B;?ib �M/ Q#HB;�iBQMb biBT@
mH�i2/ #v i?2 �+i LQX RkRfkyyy *QHHX- i?2 *QTv`B;?i �+i- �b �K2M/2/X AM
�++Q`/�M+2 rBi? �`iB+H2 9eUeV Q7 i?2 �+i- A ?2`2#v ;`�Mi � MQM2t+HmbBp2 �m@
i?Q`Bx�iBQM UHB+2Mb2V iQ miBHBx2 i?Bb i?2bBb- BM+Hm/BM; �Mv �M/ �HH +QKTmi2` T`Q@
;`�Kb BM+Q`TQ`�i2/ i?2`2BM Q` �ii�+?2/ i?2`2iQ �M/ �HH +Q``2bTQM/BM; /Q+m@
K2Mi�iBQM U?2`2BM�7i2` +QHH2+iBp2Hv `272``2/ iQ �b i?2 óqQ`FôV- iQ �Mv �M/ �HH
T2`bQMb i?�i rBb? iQ miBHBx2 i?2 qQ`FX am+? T2`bQMb �`2 2MiBiH2/ iQ mb2 i?2
qQ`F BM �Mv r�v UBM+Hm/BM; 7Q`@T`Q}i Tm`TQb2bV i?�i /Q2b MQi /2i`�+i 7`QK Bib
p�Hm2X h?Bb �mi?Q`Bx�iBQM Bb MQi HBKBi2/ BM i2`Kb Q7 iBK2- HQ+�iBQM �M/ [m�M@
iBivX >Qr2p2`- �HH T2`bQMb i?�i K�F2b mb2 Q7 i?2 �#Qp2 HB+2Mb2 b?�HH #2 Q#HB;2/
iQ ;`�Mi � HB+2Mb2 �i H2�bi BM i?2 b�K2 b+QT2 �b /2}M2/ �#Qp2 rBi? `2bT2+i iQ
2�+? �M/ 2p2`v rQ`F i?�i Bb +`2�i2/ Ur?QHHv Q` BM T�`iV #�b2/ QM i?2 qQ`F- #v
KQ/B7vBM; i?2 qQ`F- #v +QK#BMBM; i?2 qQ`F rBi? �MQi?2` rQ`F- #v BM+Hm/BM;
i?2 qQ`F BM � +QHH2+iBQM Q7 rQ`Fb Q` #v �/�TiBM; i?2 qQ`F UBM+Hm/BM; i`�Mb@
H�iBQMV- �M/ �i i?2 b�K2 iBK2 K�F2 �p�BH�#H2 i?2 bQm`+2 +Q/2 Q7 bm+? rQ`F �i
H2�bi BM � r�v �M/ b+QT2 i?�i �`2 +QKT�`�#H2 iQ i?2 r�v �M/ b+QT2 BM r?B+?
i?2 bQm`+2 +Q/2 Q7 i?2 qQ`F Bb K�/2 �p�BH�#H2X

AM S`�;m2 QM J�v N- kyR3 �������



*x2+? h2+?MB+�H lMBp2`bBiv BM S`�;m2
6�+mHiv Q7 AM7Q`K�iBQM h2+?MQHQ;v
Ü kyR3 E�`2H CQH2FX �HH `B;?ib `2b2`p2/X
h?Bb i?2bBb Bb b+?QQH rQ`F �b /2}M2/ #v *QTv`B;?i �+i Q7 i?2 *x2+? _2Tm#HB+X
Ai ?�b #22M bm#KBii2/ �i *x2+? h2+?MB+�H lMBp2`bBiv BM S`�;m2- 6�+mHiv Q7
AM7Q`K�iBQM h2+?MQHQ;vX h?2 i?2bBb Bb T`Qi2+i2/ #v i?2 *QTv`B;?i �+i �M/ Bib
mb�;2 rBi?Qmi �mi?Q`öb T2`KBbbBQM Bb T`Q?B#Bi2/ UrBi? 2t+2TiBQMb /2}M2/ #v i?2
*QTv`B;?i �+iVX

*Bi�iBQM Q7 i?Bb i?2bBb

CQH2F- E�`2HX *QKK�M/ �M/ a+`BTi h2biBM; avbi2K 7Q` "�b? G�M;m�;2X "�+?@
2HQ`öb i?2bBbX *x2+? h2+?MB+�H lMBp2`bBiv BM S`�;m2- 6�+mHiv Q7 AM7Q`K�iBQM
h2+?MQHQ;v- kyR3X



�#bi`�Fi

S`�+2 b2 x�#wp� FQKTH2iMQ ipQ`#Qm bvbiûKm M� FQMi`QHm bF`BTii p D�xv+2
"�b? UQMHBM2 Dm/;2V � Q/ �M�Hwxv � b#ÿ`m TQ��/�pFi- Tü2b M�p`?- BKTH2@
K2Mi�+B T`QiQivTm- D2?Q i2biQp�MQ- �� TQ TüQT�/Mû M�b�x2MQ /Q T`Q/mF+2X
�bB M2Dpÿi�QK T`Q#HûK2K- Fi2`w D2 m i�FQpû?Q bvbiûKm TQiü2#� pvü2�Bi- D2
KQ�MQbi bTmbiBi i2biQp�Mw bF`BTi i�F- �#v M2xMBÍBH ��/MQm bQmÍ�bi bvbiûKmX
�M�Hwx� b2 x�#wp� MÿFQHBF� KQ�MwKB TüQbimTvX .�H�Q /iH2�BiQm pH�biMQbiQ D2
D2/MQ/m+?û � `v+?Hû x�/�p�MQ 9HQ?- +Q� Ki�2 #wi Q#Í�b i�Fv TQMÿFm/ FQKT@
HBFQp�MûX o T`�+B D2 M�p`�2M � BKTH2K2MiQp�M D�xvF- Fi2`w bHQm�Q F +Q KQ�M�
M2DD2/MQ/m��QKm TQTBbm pbimTMQ+? /�iX *2HFQpÿ #v T`�+2 KÿH� TQbHQm�Bi D�FQ
M�pQ/- D�F TQ/Q#Mw bvbiûK UM2VpvpQD2iX

EHQÍQp� bHQp� PMHBM2 Dm/;2- owmF� "�b?2- �miQK�iB+F� FQMi`QH� bF`BTii-
GBMmt- Svi?QM- .D�M;Q
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�#bi`�+i

h?Bb i?2bBb +Qp2`b +QKTH2i2 /2p2HQTK2Mi Q7 � bvbi2K 7Q` �miQK�i2/ "�b?
b+`BTib +?2+FBM; UQMHBM2 Dm/;2V � bi�`iBM; 7`QK i?2 �M�HvbBb �M/ +QHH2+iBQM Q7
`2[mB`2K2Mib- +QMiBMmBM; rBi? /2bB;M- BKTH2K2Mi�iBQM- i2biBM; �M/ /2THQvBM;
i?2 bvbi2K BMiQ T`Q/m+iBQM 2MpB`QMK2MiX h?2 ;`2�i2bi +QM+2`M Q7 bm+? � bvb@
i2K Bb iQ `mM i?2 i2bi2/ b+`BTi b�72Hv bQ i?�i Bi M2p2` /�K�;2b �Mv T�`i Q7
i?2 bvbi2KX h?2 �M�HvbBb K2MiBQMb b2p2`�H �TT`Q�+?2b iQ /Q i?BbX � M2ti BK@
TQ`i�Mi 72�im`2 Bb bBKTH2 �M/ 7�bi +`2�iBQM Q7 M2r �bbB;MK2Mib- r?B+? KB;?i
bQK2iBK2b #2 [mBi2 +QKTHB+�i2/X h?Bb i?2bBb +QMi�BMb /2bB;M �M/ BKTH2K2M@
i�iBQM Q7 +mbiQK H�M;m�;2 7Q` ;2M2`�iBM; BMTmi /�i�X �b � r?QH2- i?Bb i?2bBb
b?�HH b2`p2 �b � ;mB/2 ?Qr UMQiV iQ /2p2HQT bm+? � bvbi2KX

E2vrQ`/b PMHBM2 Dm/;2- hmBiBQM Q7 "�b?- �miQK�i2/ b+`BTi +?2+FBM;- GBMmt-
Svi?QM- .D�M;Q
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*QMi2Mib

AMi`Q/m+iBQM R

R �M�HvbBb j

RXR 1tBbiBM; PMHBM2 Cm/;2b X X X X X X X X X X X X X X X X X X X X X X X j

RXk _2[mB`2K2Mib X X X X X X X X X X X X X X X X X X X X X X X X X X X X e

RXj 6mH}HHBM; i?2 _2[mB`2K2Mib X X X X X X X X X X X X X X X X X X X X d

RX9 qQ`F~Qrb X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X Rj

k .2bB;M R8

kXR AMTmi :2M2`�iQ` X X X X X X X X X X X X X X X X X X X X X X X X X X R8

kXk *Q``2+iBQM a2`pB+2 X X X X X X X X X X X X X X X X X X X X X X X X X kk

kXj q2# �TTHB+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X kk

kX9 h2+?MQHQ;v +?QB+2b X X X X X X X X X X X X X X X X X X X X X X X X X ke

j AKTH2K2Mi�iBQM kN

jXR h?2 *QKTBH2` X X X X X X X X X X X X X X X X X X X X X X X X X X X X kN

jXk GA@.G 6`�K2rQ`F X X X X X X X X X X X X X X X X X X X X X X X X X j3

jXj q2# �TTHB+�iBQM X X X X X X X X X X X X X X X X X X X X X X X X X X jN

jX9 *?2+FBM; a+`BTi X X X X X X X X X X X X X X X X X X X X X X X X X X X 9R

9 h2biBM; �M/ .2THQvK2Mi 9j

9XR h2biBM; X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 9j

9Xk .2THQvK2Mi X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 99

*QM+HmbBQM 9d

"B#HBQ;`�T?v 9N

� GBbi Q7 �##`2pB�iBQMb 8j
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" GA@.G *QKTBH2` .B�;`�Kb 88

"XR G2tB+�H �M�Hvx2` Q7 GA@.G X X X X X X X X X X X X X X X X X X X X X 88
"Xk GGURV :`�KK�` Q7 GA@.G X X X X X X X X X X X X X X X X X X X X X 8N

* a+`22Mb?Qib Q7 i?2 �TTHB+�iBQM eR

. *QMi2Mib Q7 i?2 *. e8
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GBbi Q7 6B;m`2b

RXR *Q/26Q`+2b QMHBM2 Dm/;2 X X X X X X X X X X X X X X X X X X X X X X X X j
RXk E�iiBb QMHBM2 Dm/;2 X X X X X X X X X X X X X X X X X X X X X X X X X X X 9
RXj .PJCm/;2 QMHBM2 Dm/;2 X X X X X X X X X X X X X X X X X X X X X X X X 8
RX9 S`Q;h2bi QMHBM2 Dm/;2 X X X X X X X X X X X X X X X X X X X X X X X X X e
RX8 Pp2`r`BiBM; /�i�- #�bB+ b+2M�`BQ X X X X X X X X X X X X X X X X X X X Ry
RXe Pp2`r`BiBM; /�i�- BM+Q``2+i HQ+FBM; X X X X X X X X X X X X X X X X X X Ry
RXd qQ`F~Qr Q7 i2biBM; � b+`BTi X X X X X X X X X X X X X X X X X X X X X X R9

kXR a+?2K� Q7 i?2 BMTmi ;2M2`�iQ` X X X X X X X X X X X X X X X X X X X X R8
kXk *H�bb /B�;`�K Q7 GA@.G 7`�K2rQ`F X X X X X X X X X X X X X X X X X X kR
kXj .�i�#�b2 b+?2K� Q7 i?2 r2# �TTHB+�iBQM X X X X X X X X X X X X X X X k8
kX9 .2THQvK2Mi /B�;`�K Q7 H2�`Mb?2HH X X X X X X X X X X X X X X X X X X X kd

jXR G2tB+�H �M�Hvx2` 7Q` �`Bi?K2iB+b X X X X X X X X X X X X X X X X X X X X jR
jXk �M �#bi`�+i bvMi�t i`22 7Q` �`Bi?K2iB+b X X X X X X X X X X X X X X X j8
jXj a+?2K� Q7 i?2 .D�M;Q 7`�K2rQ`F X X X X X X X X X X X X X X X X X X X jN

"XR S�`i Q7 H2t2` ?�M/HBM; MmK#2`b BM GA@.G X X X X X X X X X X X X X X X 8e
"Xk S�`i Q7 H2t2` ?�M/HBM; bi`BM;b BM GA@.G X X X X X X X X X X X X X X X X 8d
"Xj S�`i Q7 H2t2` ?�M/HBM; B/2MiB}2`b BM GA@.G X X X X X X X X X X X X X X 83
"X9 S�`i Q7 H2t2` ?�M/HBM; HBM2#`2�Fb BM GA@.G X X X X X X X X X X X X X X 83

*XR h2�+?2`öb pB2r- 2Mi2`BM; � M2r T`Q#H2K X X X X X X X X X X X X X X X eR
*Xk h2�+?2`öb pB2r- K�M�;BM; i2bi +�b2b Q7 � T`Q#H2K X X X X X X X X X X eR
*Xj h2�+?2`öb pB2r- 2/BiBM; i2bi +�b2 X X X X X X X X X X X X X X X X X X X ek
*X9 h2�+?2`öb pB2r- 2/BiBM; GA@.G ;2M2`�iQ` U+QMiBMm�iBQM Q7 i?2 7Q`K

7`QK i?2 T`2pBQmb b+`22Mb?QiV X X X X X X X X X X X X X X X X X X X X X ek
*X8 aim/2Miöb pB2r- bQHpBM; � T`Q#H2K X X X X X X X X X X X X X X X X X X X ej
*Xe aim/2Miöb pB2r- `2bmHib Q7 i2biBM; X X X X X X X X X X X X X X X X X X X ej
*Xd aim/2Miöb pB2r- `2p2�H2/ �HH ?BMib X X X X X X X X X X X X X X X X X X X e9
*X3 aim/2Miöb pB2r- +Q``2+i b+`BTi X X X X X X X X X X X X X X X X X X X X X e9
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GBbi Q7 h�#H2b

kXR aQK2 `2;mH�` 2tT`2bbBQMb �M/ i?2B` GA@.G 2[mBp�H2Mib X X X X X X X Rd

jXR GGURV T�`bBM; i�#H2 Q7 � bBKTHB}2/ H�M;m�;2 Q7 �`Bi?K2iB+b X X X X X jj

9XR _2bmHib Q7 b2+m`Biv i2biBM; X X X X X X X X X X X X X X X X X X X X X X X 99

tp





AMi`Q/m+iBQM

hrQ T`Q;`�KK2`b r2Mi iQ;2i?2` iQ � Tm#X �7i2` � 72r #22`b- i?2v bi�`i2/ iQ
�`;m2 r?Q Bb �+im�HHv #2ii2`, óA +�M +`2�i2 � KQ#BH2 �TT- r?BH2 vQm +�Möi5ô b�vb
QM2 Q7 i?2KX ó"mi Bi rBHH #2 iQQ bHQr- #2+�mb2 vQm /QMöi ?�p2 i?2 mM/2`HvBM;
FMQrH2/;25ô `2THB2b i?2 Qi?2`X h?2v +QMiBMm2 7Q` ?Qm`b �M/ ?Qm`b- /�vb �M/
/�vb- �M/ i?2v rBHH KQbi T`Q#�#Hv M2p2` �;`22 QM r?Q Bb �+im�HHv #2ii2`X

A7 QMHv i?2v FM2r i?2`2 Bb �+im�HHv � r�v iQ Q#D2+iBp2Hv }M/ QmiX G2iöb ;Bp2
i?2K #Qi? i?2 b�K2 i�bF �M/ b22 r?Q T2`7Q`Kb #2ii2`X "2ii2`X q?�i /Q2b
Bi �+im�HHv K2�M iQ T2`7Q`K #2ii2`\ 6Q` bm`2- i?2 T`Q;`�K Kmbi /Q r?�i Bi
Bb 2tT2+i2/ iQ /Q U2X ;X ?�p2 i?2 +Q``2+i QmiTmi- /Q MQi +`�b?- /Q MQi HQQT
BM}MBi2Hv- �VX "mi #2bB/2b i?�i- i?2`2 �`2 HQib Q7 Qi?2` K2i`B+bX Ab Bi KQ`2
BKTQ`i�Mi iQ #2 7�bi �i r`B`BM; i?2 +Q/2\ P` iQ +QMbmK2 H2bb *Sl iBK2 r?2M
i?2 T`Q;`�K Bb `mM\ P` Bb Bi i?2 K2KQ`v +QMbmKTiBQM r?B+? #Qi?2`b mb KQbi\
q2HH- �HH Q7 i?2b2 +`Bi2`B� �`2 UQ` KB;?i #2V p2`v BKTQ`i�MiX h?2`27Q`2- r2 M22/
iQ #�H�M+2 i?2K bQK2?Qr �M/ +QKTmi2 i?2 `2bmHibX h?2M- r2 +�M }M�HHv Dm/;2
i?Qb2 irQ T`Q;`�KK2`bX q2 mb2 �M QMHBM2 Dm/;2X

6`QK i?2 mb2`öb TQBMi Q7 pB2r- �M QMHBM2 Dm/;2 Bb � r2#bBi2 r?B+? /BbTH�vb
T`Q#H2Kb iQ bQHp2X h?2 T`Q;`�KK2` bQHp2b i?2 T`Q#H2K- bm#KBib i?2 +Q/2
UB/2�HHv r`Bii2M BM � H�M;m�;2 ?2 Q` b?2 T`272`b- QMHBM2 Dm/;2b mbm�HHv Qz2`
� rB/2 `�M;2 Q7 H�M;m�;2bV �M/ r�Bib r?BH2 ?Bb Q` ?2` +Q/2 Bb +QKTBH2/ �M/
2t2+mi2/X h?2M i?2 Dm/;2 b?Qrb i?2 `2bmHi Umbm�HHv �++2Ti2/f7�BH2/- #mi K�v
�HbQ T`QpB/2 bQK2 ?BMib BM +�b2 Q7 7�BHm`2VX

h?Bb +QM+2Ti Qz2`b � TQbbB#BHBiv iQ Q`;�MBx2 T`Q;`�KKBM; +QKT2iBiBQMb-
mbm�HHv +�HH2/ +QMi2bibX �HH r?�i M22/b iQ #2 /QM2 Bb �//BM; bQK2 b+Q`BM;
UbQK2?Qr #�H�M+BM; i?2 K2i`B+b /2b+`B#2/ �#Qp2V �M/ r2 �`2 `2�/v iQ bi�`i
QM2X

*QMi2bib �`2 MQi i?2 QMHv TH�+2 r?2`2 QMHBM2 Dm/;2b �`2 mb27mHX h?2v KB;?i
�HbQ #2 mb2/ #v +QKT�MB2b r?2M ?B`BM; M2r T`Q;`�KK2`b Q` #v mMBp2`bBiB2b
iQ i2bi bim/2Mibö FMQrH2/;2 �M/ bFBHHbX

aim/2Mib �i 6Ah *hl BM S`�;m2 �`2 `2[mB`2/ iQ i�F2 S`Q;`�KKBM; BM a?2HH
+Qm`b2 BM i?2B` }`bi b2K2bi2` Q7 bim/B2bX h?2v Q7i2M +QKTH�BM i?�i i?2`2 Bb MQ

R



AMi`Q/m+iBQM

T`QT2` r�v iQ T`�+iB+2 r`BiBM; b?2HH b+`BTib �i ?QK2X am`2- QM2 +�M r`Bi2 �
b+`BTi- +`2�i2 bQK2 bBKTH2 i2bi /�i� �M/ i`v 2t2+miBM; BiX Ai b22Kb iQ rQ`FX
"mi Bb Bi �+im�HHv +Q``2+i\ h?2v rQMöi T`Q#�#Hv FMQrX aim/2Mib Q7i2M �bF K2
pB� 6�+2#QQF UA ?2HT rBi? i2�+?BM; i?2 +Qm`b2 �M/ ?�p2 bQK2 FMQrH2/;2 Q7
GBMmtV 7Q` i?BbX Ai i�F2b � HQi Q7 iBK2 iQ +?2+F �HH i?Qb2 b+`BTib K�Mm�HHv- �M/
#2bB/2b 2�iBM; i?2 iBK2- i?2`2 Bb � TQbbB#BHBiv i?�i � ?mK�M KBbb2b bQK2i?BM;X

h?�i Bb i?2 `2�bQM r?v i?Bb T`QD2+i Q`B;BM�i2/X LQi QMHv i?2 bim/2Mib
;2i i?2B` �Mbr2` BMbi�MiHv- #mi i?2 �Mbr2` Bb �HbQ KQ`2 �++m`�i2X aBM+2 i?2
T`QD2+i ?2HTb bim/2Mib rBi? H2�`MBM; i?2 b?2HH- Bi r�b ;Bp2M � `2�HHv #Q`BM;
M�K2, H2�`Mb?2HHX

h?Bb i?2bBb +Qp2`b �M�HvbBb �M/ /2bB;M Q7 i?2 bvbi2K- /2b+`B#2b i?2 BKTH2@
K2Mi�iBQM Q7 b2p2`�H +QKTQM2Mib- b?Qrb ?Qr bm+? � T`QD2+i +�M #2 i2bi2/- �M/
BM +QM+HmbBQM /Bb+mbb2b i?2 2tT2`B2M+2 ;�BM2/ i?`Qm;?Qmi i?2 +`2�iBQM Q7 i?2
T`QiQivT2X

k



*?�Ti2` R

�M�HvbBb

RXR 1tBbiBM; PMHBM2 Cm/;2b

"27Q`2 2M;BM22`BM; � M2r bvbi2K- Bi Bb ;2M2`�HHv � ;QQ/ B/2� iQ #`Qrb2 2tBbiBM;
bQHmiBQMb }`biX Ai KB;?i ?�TT2M i?�i bQK2 Q7 i?2K Bb bm{+B2Mi U�M/ i?2`27Q`2
i?2`2 Bb MQi `2�bQM iQ /2p2HQT � M2r QM2VX �M/ B7 MQi- r2 +�M �i H2�bi H2�`M
bQK2 T`�+iB+2b �M/ T�ii2`Mb 7`QK i?2KX

RXRXR *Q/26Q`+2b

6B;m`2 RXR, *Q/26Q`+2b QMHBM2 Dm/;2(k)

j



RX �M�HvbBb

*Q/26Q`+2b Bb � ivTB+�H QMHBM2 Dm/;2 �b /2b+`B#2/ BM i?2 BMi`Q/m+iBQMX 1�+?
T`Q;`�KK2` ?�b �M �++QmMi �M/ K�v rQ`F �b �M BM/BpB/m�H Q` #�M/ BM � i2�K
rBi? Qi?2` T`Q;`�KK2`bX h?2`2 �`2 T`Q#H2Kb iQ T`�+iB+2 �b r2HH �b +QMi2bibX
� ivTB+�H *Q/26Q`+2b +QMi2bi +QMbBbib Q7 �#Qmi 8 iQ R8 b2H2+i2/ T`Q#H2Kb �M/
H�bib 7Q` � 72r ?Qm`bX h?2 ;Q�H Bb iQ bQHp2 �b K�Mv T`Q#H2Kb �b TQbbB#H2X A7 irQ
T`Q;`�KK2`b UQ` i2�KbV ?�p2 i?2 b�K2 MmK#2` Q7 T`Q#H2Kb bQHp2/- bmK Q7
iBK2b 2H�Tb2/ bBM+2 i?2 #2;BMMBM; Q7 i?2 +QMi2bi Q7 2�+? bm++2bb7mH bm#KBbbBQM
Bb mb2/ �b i?2 iB2#`2�F2`X h?2 bvbi2K �HbQ i`�+Fb i?2 ?BbiQ`v Q7 bm#KBbbBQMb
�M/ +QMi2bib Q7 2�+? mb2` �M/ +�H+mH�i2b i?2 `�MF Q7 2�+? T`Q;`�KK2` bQ i?2v
+�M b22 ?Qr ;QQ/ i?2v �`2 +QKT�`2/ iQ i?2 Qi?2`bX

RXRXk E�iiBb

6B;m`2 RXk, E�iiBb QMHBM2 Dm/;2(j)

E�iiBb Bb p2`v bBKBH�` iQ *Q/26Q`+2b K2MiBQM2/ BM RXRXRX h?2 K�BM /Bz2`@
2M+2 Bb i?�i r?BH2 *Q/26Q`+2b K�BMHv Qz2`b T`Q;`�KKBM; T`�+iB+2 �M/ +QM@
i2bib- E�iiBb �BKb iQ T`QpB/2 � bQHmiBQM 7Q` +QKT�MB2b �M/ mMBp2`bBiB2b iQ ?2HT
i?2K ?B`2 i?2 #2bi T`Q;`�KK2`b �M/ i2bi bim/2Mi bFBHHb `2bT2+iBp2HvX h?Bb
QMHBM2 Dm/;2 Bb +m``2MiHv mb2/ �b i?2 K�BM bvbi2K BM i?2 qQ`H/ 6BM�Hb Q7 �*J
A*S*- QM2 Q7 i?2 KQbi `2+Q;MBx2/ T`Q;`�KKBM; +QMi2bib rQ`H/rB/2X
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RXRX 1tBbiBM; PMHBM2 Cm/;2b

RXRXj .PJCm/;2

6B;m`2 RXj, .PJCm/;2 QMHBM2 Dm/;2(9)

.PJCm/;2 Bb +QKTH2i2Hv QT2M@bQm`+2- ?�pBM; Bib bQm`+2 +Q/2 �++2bbB#H2 iQ
2p2`vQM2 QM :Bi>m#X Aib r2#bBi2 /Q2b MQi +QMi�BM i?2 �+im�H Dm/;2- i?2`2 Bb
QMHv i?2 /Q+mK2Mi�iBQM �M/ BMbi�HH�iBQM ;mB/2X h?2`27Q`2- .PJCm/;2 /Q2b
MQi `mM Bib QrM +QMi2bibX aQ r?Q2p2` M22/b iQ [mB+FHv b2i mT �M QMHBM2 Dm/;2
7Q` 7`22 ?�b � TQbbB#BHBiv- �b .PJCm/;2 Qz2`b � GBMmt BMbi�HH�iBQM T�+F�;2
�M/ � .Q+F2` BK�;2X h?Bb bvbi2K Bb +m``2MiHv mb2/ �b � #�+FmT 7Q` i?2 qQ`H/
6BM�Hb Q7 �*J A*S* +QMi2bi K2MiBQM2/ #27Q`2X

RXRX9 S`Q;h2bi

S`Q;h2bi- �M QMHBM2 Dm/;2 mb2/ iQ i2bi bim/2Mibö FMQrH2/;2 BM b2p2`�H +Qm`b2b
�i 6Ah *hl BM S`�;m2- /2}MBi2Hv /2b2`p2b � ?QMQ`�#H2 K2MiBQM ?2`2X h?2
+Q`2 Bb r`Bii2M �M/ K�BMi�BM2/ #v QM2 T2`bQM- AM;X G�/BbH�p o�;M2`- S?X .X
�Hi?Qm;? Bi Bb p2`v /2K�M/BM; iQ K�BMi�BM bm+? � bvbi2K BM QM2 T2`bQM-
S`Q;h2bi T2`7Q`Kb bm`T`BbBM;Hv r2HHX

�H#2Bi S`Q;h2bi +�M �HbQ #2 +QMbB/2`2/ �M QMHBM2 Dm/;2- i?2`2 �`2 bQK2
bB;MB}+�Mi /Bz2`2M+2bX 6B`biHv- Bi Bb � T`Bp�i2 T`QD2+i Q7 6Ah *hl BM S`�;m2
�M/ i?2`27Q`2 Bi Bb MQi �++2bbB#H2 7Q` 2p2`vQM2X a2+QM/Hv- Bi Bb MQi K2�Mi iQ `mM
+QMi2bib- Bi `mMb 2t�Kb BMbi2�/X �M/ i?B`/Hv- i?2`2 Bb � bQT?BbiB+�i2/ bvbi2K
Q7 b+Q`BM;- ?BMib- �M/ ;2M2`�iBM; Q7 BMTmi /�i�X
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RXjX 6mH}HHBM; i?2 _2[mB`2K2Mib

r?2M i?2v 7�BH BiV Q` i?2v b?Qr mT H�i2` �b � i2�+?2`X

kX � i2�+?2` rBHH #2 �HHQr2/ iQ +`2�i2 � M2r T`Q#H2K 7Q` U�M/ QMHv 7Q`V
� +Qm`b2 ?2 Q` b?2 i2�+?2bX h?�i Bb- ?2 Q` b?2 r`Bi2b i?2 /2b+`BTiBQM-
bQHmiBQM �M/ /2b+`B#2b i2bi /�i�X

jX � bim/2Mi rBHH #2 �HHQr2/ iQ bm#KBi bQHmiBQMb 7Q` U�M/ QMHv 7Q`V � T`Q#H2K
i?�i #2HQM;b iQ � +Qm`b2 ?2 Q` b?2 i�F2bX h?2 b�K2 Bb i`m2 7Q` i2�+?2`bX

9X "2bB/2b +`2�iBM; mb2` �++QmMib- �M �/KBM ?�b � TQbbB#BHBiv iQ �+i �b �
bim/2Mi Q` � i2�+?2` BM �Mv +Qm`b2 BM i?2 bvbi2KX

8X h?2 bim/2Mi rBHH ;2i iQ FMQr B7 i?2B` bQHmiBQM Bb T�`iB�HHv +Q``2+iX h?�i
Bb- /Q MQi QmiTmi Dmbi óv2bô Q` óMQôX 6Q` �M BM+Q``2+i Q` T�`iB�HHv +Q``2+i
bm#KBbbBQM- i?2 bim/2Mi b?�HH #2 Qz2`2/ � TQbbB#BHBiv iQ `2p2�H � ?BMi
r?B+? +QmH/ ?2HT i?2K }M/ i?2 KBbi�F2X

RXkXk LQM@7mM+iBQM�H _2[mB`2K2Mib

ó� MQM@7mM+iBQM�H `2[mB`2K2Mi (�) 2bb2MiB�HHv bT2+B}2b ?Qr i?2 bvbi2K b?QmH/
#2?�p2 �M/ (�) Bb � +QMbi`�BMi mTQM i?2 bvbi2Kb #2?�pBQm`X PM2 +QmH/ �HbQ
i?BMF Q7 MQM@7mM+iBQM�H `2[mB`2K2Mib �b [m�HBiv �ii`B#mi2b 7Q` Q7 � bvbi2KXô(e)

G2iöb ?�p2 Qm` #QiiH2 �;�BMX Ai r�b �H`2�/v bT2+B}2/ i?�i Bi ?�b iQ #2
+�T�#H2 Q7 +QMi�BMBM; ~mB/- #mi i?�i b�vb MQi?BM; �#Qmi Bib b?�T2- K�i2`B�H-
pQHmK2- /m`�#BHBiv- 2i+X h?2b2 �HH +QmH/ #2 +QMbB/2`2b MQM@7mM+iBQM�H `2[mB`2@
K2MibX

h?2 HBbi Q7 MQM@7mM+iBQM�H `2[mB`2K2Mib 7Q` H2�`Mb?2HH HQQFb �b 7QHHQrb,

RX h?2 2MpB`QMK2Mi r?2`2 i?2 bim/2Mibö b+`BTib �`2 `mM Kmbi #2 +QKTH2i2Hv
BbQH�i2/ 7`QK i?2 `2bi Q7 i?2 bvbi2KX LQi QMHv �HH i?2 }H2b Kmbi #2
b�72- #mi �HbQ 2t+2bbBp2 +QMbmKTiBQM Q7 *Slf_�Jf/BbF bT�+2 Kmbi #2
T`2p2Mi2/X

kX JQ`2 +Q``2+iBQM i?`2�/b b?QmH/ #2 bT�rM2/ BM Q`/2` iQ bT22/ mT i?2
T`Q+2bbX

jX h?2 bvbi2K b?QmH/ /Q Bib #2bi iQ T`2p2Mi i2�+?2`b 7`QK Qp2`r`BiBM; i?2
rQ`F Q7 2�+? Qi?2`X

9X h?2 +`2�iBQM Q7 � M2r T`Q#H2K b?QmH/ #2 �b 7�bi �M/ bBKTH2 �b TQbbB#H2X

RXj 6mH}HHBM; i?2 _2[mB`2K2Mib

PM+2 i?2 `2[mB`2K2Mib �`2 +QHH2+i2/- Bi Bb iBK2 7Q` i?2B` 7m`i?2` �M�HvbBb-
M�K2Hv /2+BbBQMb ?Qr iQ 7mH}HH �HH Q7 i?Qb2X

d



RX �M�HvbBb

� /QK�BM KQ/2H /`Bp2M #v 7mM+iBQM�H `2[mB`2K2Mib 7Q` i?2 bvbi2K rBHH
+�mb2 i?Qb2 iQ #2 7mH}HH2/X h?2 KQ/2H Bb b?QrM �M/ /2b+`B#2/ BM kXjXRX G2iöb
MQr 7Q+mb QM MQM@7mM+iBQM�H `2[mB`2K2Mib- QM2 #v QM2X

RXjXR a�72 1MpB`QMK2Mi 7Q` _mMMBM; i?2 a+`BTib

h?Bb Bb �+im�HHv � i?BM; iQ #2 +QM+2`M2/ �#Qmi- bBM+2 i?2 b2`p2` bB/2 `mMb
TQi2MiB�HHv /�M;2`Qmb b+`BTib 7`QK i?2 mb2`bX

�HH BM �HH- i?2`2 �`2 irQ K�BM r�vb Q7 +`2�iBM; �M BbQH�i2/ 2MpB`QMK2Mi,
`mMMBM; � pB`im�H K�+?BM2 Q` +`2�iBM; � +?`QQi D�BH QM i?2 ?Qbi K�+?BM2X G2iöb
/Bb+mbb i?2K #Qi?X

� pB`im�H K�+?BM2 Bb HBF2 � +QKTmi2` BMbB/2 � +QKTmi2`X Ai ?�b Bib QrM
UpB`im�HV ?�`/r�`2- Bib QrM QT2`�iBM; bvbi2K U�M/ i?2`27Q`2 Bib QrM F2`M2HV-
/BbF pQHmK2b- 2i+X h?2 �/p�Mi�;2 Qp2` � +?`QQi D�BH Bb �HKQbi +QKTH2i2 BbQ@
H�iBQM- r?BH2 i?2 /Bb�/p�Mi�;2 Bb i?�i bm+? � pB`im�HBx�iBQM +QMbmK2b bQK2
+QKTmi�iBQM TQr2` �M/ i?2`27Q`2 Bi rBHH #2 bHQr2` i?�M � +?`QQi D�BHX

� +?`QQi D�BH Bb #�bB+�HHv � /B`2+iQ`v +QMi�BMBM; 2t2+mi�#H2 }H2b rBi? i?2B`
/2T2M/2M+B2bX h?2 bvbi2K +�M #2 HQ+F2/ BM i?2 D�BH mbBM; +?`QQi +QKK�M/X
�i i?Bb KQK2Mi- i?2 F2`M2H �M/ bvbi2K `2bQm`+2b �`2 b?�`2/ rBi? i?2 Q`B;BM�H
bvbi2K �M/ i?2 `QQi /B`2+iQ`v f Bb `2TH�+2/ rBi? i?2 T�i? Q7 i?2 D�BH- K�FBM; Bi
mM�#H2 iQ /�K�;2 �Mv }H2b T`2b2Mi BM i?2 Qmi2` bvbi2KRX 6Q` bm`2- � K�HB+BQmb
b+`BTi +QmH/ biBHH bTQBH i?2 +QMi2Mib Q7 i?2 D�BH- #mi �HH r?�i Bi i�F2b Bb iQ `2T�B`
i?Bb Bb iQ `2biQ`2 � #�+FmT- bBM+2 i?2 /B`2+iQ`v ?�b � bBx2 Q7 � 72r K2;�#vi2bX

lMHBF2 i?2 pB`im�H K�+?BM2- bBM+2 i?2 F2`M2H �M/ bvbi2K `2bQm`+2b �`2
b?�`2/ rBi? i?2 ?Qbi- bQK2 KQ`2 b2imT ?�b iQ #2 /QM2 iQ K�F2 i?2 +?`QQi
D�BH b�72X Pi?2`rBb2- i?2 b+`BTi `mM BM i?2 D�BH KB;?i +QMbmK2 iQQ Km+? K2K@
Q`v �M/fQ` +QKTmi�iBQM TQr2`X PM GBMmt- f2i+fb2+m`BivfHBKBibX+QM7 Bb
Qm` 7`B2M/X AM i?Bb }H2- K�tBKmK MmK#2` Q7 T`Q+2bb2b T2` mb2` UiQ T`2p2Mi
7Q`F #QK# �ii�+FbV �M/ K�tBKmK *Slf_�J mb�;2 UiQ T`2p2Mi Qp2`HQ�/BM;
Q7 i?2 bvbi2KV +�M #2 ?�M/H2/X �b 7Q` i?2 HBKBi�iBQM Q7 /BbF bT�+2 mb�;2- Bi
Bb 2�bB2bi iQ +`2�i2 � bK�HH T�`iBiBQM �M/ mb2 Bi 7Q` i?2 D�BHX q?2M �HH Q7 i?2b2
�`2 /QM2- i?2 +?`QQi D�BH b?QmH/ #2 b�72 2MQm;? iQ mb2X

h?2 �/p�Mi�;2b �M/ /Bb�/p�Mi�;2b Q7 � +?`QQi D�BH �`2 2t�+iHv pB+2 p2`b�,
Bi Bb 7�bi2`- #mi Bi Bb b?�`BM; i?2 F2`M2H �M/ bvbi2K `2bQm`+2b- �M/ i?2`27Q`2
Bi M22/b �//BiBQM�H b2imT �M/ KB;?i Qz2` H2bb TQbbB#BHBiB2b- �b 7Q` 2t�KTH2
rQ`FBM; rBi? i?2 T`Q+2bb i`22 Ur?B+? Bb �HbQ b?�`2/V Bb TQi2MiB�HHv /�M;2`Qmb
�M/ i?2`27Q`2 Bi Kmbi #2 #�MM2/ BM i?2 D�BHX

PM2 H�bi +QM+2`M Q7 #Qi? QTiBQMb /2b+`B#2/ �#Qp2 Bb BM}MBi2 HQQTBM; Q7 i?2
b+`BTiX h?Bb Bb [mBi2 2�bv iQ bQHp2- Dmbi �// �M 2ti2`M�H iBK2` �M/ b2M/ � FBHH
bB;M�H iQ i?2 b+`BTi �7i2` n b2+QM/b BM +�b2 Bi Bb biBHH `mMMBM;X

H2�`Mb?2HH mb2b i?2 +?`QQi D�BH �TT`Q�+?X h?2 F2v 7�+iQ` Q7 i?Bb /2+BbBQM Bb
Bib HB;?ir2B;?iM2bb UbQ i?�i Bi +�M `mM r2HH 2p2M QM bHQr2` K�+?BM2bVX

RCmbi K�F2 bm`2 i?2`2 �`2 MQ ?�`/HBMFb iQ }H2b 7`QK i?2 Qmi2` bvbi2K BM i?2 D�BH- �b i?Bb
Bb � r�v iQ /�K�;2 i?Qb25
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RXjX 6mH}HHBM; i?2 _2[mB`2K2Mib

RXjXk S�`�HH2HBbK BM *Q``2+iBQM Q7 am#KBbbBQMb

uQm ?�p2 T`Q#�#Hv K�Mv iBK2b ?2�`/ T?`�b2b HBF2 ó.Q Bi T�`�HH2H- Bi rBHH #2
7�bi2`Xô "mi ?Qr iQ �+im�HHv �+?B2p2 Bi\

AK�;BM2 � TQbi Q{+2 rBi? 2t�+iHv QM2 +QmMi2` QT2M2/Xk h?2`2 rBHH #2
KQbi T`Q#�#Hv � p2`v HQM; HBM2 Q7 �M;`v T2QTH2X a�v vQm �`2 i?2 ?2�/ Q7 bm+?
� TQbi Q{+2 �M/ vQm r�Mi iQ K�F2 i?2 T2QTH2 MQi r�Bi bQ HQM;X q?�i rQmH/
vQm /Q\ uQm QT2M KQ`2 +QmMi2`bXj

�b KQ`2 +QmMi2`b �`2 QT2M2/- � M2r T`Q#H2K �`Bb2b, ?Qr iQ /Bbi`B#mi2 i?2
Q`B;BM�H [m2m2 #2ir22M i?2 M2rHv QT2M2/ +QmMi2`b\ 1Bi?2` vQm H2i i?2 T2QTH2
/2+B/2 r?2`2 i?2v rBHH #2 b2`p2/- bQ � b?Q`i2` HBM2 rBHH #2 K�/2 BM 7`QMi Q7
2�+? +QmMi2`- Q` vQm /Bbi`B#mi2 MmK#2`b iQ i?2 T2QTH2 �M/ r?2M2p2` � +QmMi2`
Bb 7`22- i?2 T2`bQM rBi? i?2 +m``2MiHv HQr2bi MmK#2` ;Q2b i?2`2X

�i i?2 TQbi Q{+2- i?2 b2+QM/ �TT`Q�+? Bb KQ`2 2tT2MbBp2 iQ BMi`Q/m+2-
#mi Bi Bb KQ`2 +QK7Q`i�#H2 7Q` i?2 +mbiQK2`bX Ai KB;?i ?�TT2M i?�i � T2`bQM
M22/b � p�bi �KQmMi Q7 iBK2 �i i?2 +QmMi2` �M/ i?2`27Q`2 i?2 r?QH2 [m2m2 Q7
i?�i +QmMi2` Bb /2H�v2/X AM bm+? � +�b2- � T2`bQM i?�i +QK2b H�i2` �M/ +?QQb2b
� /Bz2`2Mi +QmMi2` KB;?i ?�p2 i?2B` `2[m2bi }MBb?2/ bQQM2` i?�M � T2`bQM
�H`2�/v bi�M/BM; BM i?2 bim+F [m2m2- r?B+? Bb mM7�B`X

:QBM; #�+F iQ i?2 rQ`H/ Q7 +QKTmi2`b �M/ H2�`Mb?2HH- i?2 +mbiQK2`b �`2
bm#KBii2/ b+`BTib r�BiBM; iQ #2 +Q``2+i2/ �M/ i?2 +QmMi2`b �`2 b2`pB+2b r?B+?
+?2+F i?2 +Q``2+iM2bb Q7 i?2 b+`BTibX AM i?2 TQbi@Q{+2@HBF2 /2b+`BTiBQM- r2
�H`2�/v 7QmM/ Qmi i?�i ?�pBM; QM2 [m2m2 Bb KQ`2 7�B`- i?2`27Q`2 i?Bb �TT`Q�+?
Bb mb2/ BM i?2 T`QD2+iX

�HH r?�i M22/b iQ #2 /QM2 MQr Bb iQ ?�p2 � bm#bvbi2K 7Q` /Bbi`B#miBM; i?2
+mbiQK2`b #2ir22M i?2 rQ`F2`b �M/ +QHH2+iBM; #�+F i?2 `2bmHibX am+? � i?BM;
Bb +�HH2/ � /Bbi`B#mi2/ i�bF [m2m2X

kAi b?QmH/ �+im�Hv MQi #2 ?�`/ iQ /Q- i?Bb Bb bQK2i?BM; r?�i vQm 2M+QmMi2` i?2 M2ti
iBK2 vQm rBHH M22/ iQ b2M/ � `2;Bbi2`2/ H2ii2`X

jA ?QT2 i?�i i?Bb rBHH #2 `2�/ #v �b K�Mv TQbiK2M �b TQbbB#H2X

N



RX �M�HvbBb

RXjXj S`Qi2+iBM; .�i� 7`QK "2BM; Pp2`r`Bii2M

hrQ i2�+?2`b �`2 2/BiBM; i?2 b�K2 T`Q#H2K �i � iBK2X h?2 7QHHQrBM; /B�;`�K
/2b+`B#2b r?�i KB;?i ?�TT2M,

6B;m`2 RX8, Pp2`r`BiBM; /�i�- #�bB+ b+2M�`BQ

lb2` A +HB+Fb
ó1/Biô

lb2` A rQ`FBM;

lb2` A +HB+Fb
óa�p2ô

Aöb p2`bBQM QM /BbF Böb p2`bBQM
QM /BbF

lb2` B rQ`FBM;

lb2` B +HB+Fb
ó1/Biô

lb2` B +HB+Fb
óa�p2ô

AM i?2 2M/- mb2` Aöb rQ`F r�b Qp2`r`Bii2M �M/ i?mb ?Bb Q` ?2` iBK2 bT2Mi
rBi? i?�i r�b r�bi2/X h?2 bvbi2K b?QmH/ iQ Bib #2bi /Q T`2p2Mi i?Bb 7`QK
?�TT2MBM;X h?2 }`bi B/2� Bb iQ BMi`Q/m+2 � /�i�#�b2 }2H/ +QMi�BMBM; i?2
BM7Q`K�iBQM r?Q Bb +m``2MiHv 2/BiBM; i?2 Q#D2+i UB7 �MvQM2VX q?2M2p2` � mb2`
i?2M r�Mib iQ 2/Bi- i?2 bvbi2K +?2+Fb r?2i?2` i?2 Q#D2+i Bb +m``2MiHv ó7`22ô

�M/ B7 MQi- i?2 `2[m2bi iQ 2/Bi Bb `2D2+i2/ �M/ i?2 mb2` ?�b iQ r�BiX

Ai b22Kb HBF2 � ;QQ/ bQHmiBQM Q7 i?2 T`Q#H2K- #mi Bi Bb �+im�HHv BM+Q``2+i � Bi
Dmbi bB;MB}+�MiHv /2+`2�b2b i?2 T`Q#�#BHBiv Q7 � +QHHBbBQMX q?�i KB;?i ?�TT2M
Bb b?QrM QM i?2 /B�;`�K #2HQr,

6B;m`2 RXe, Pp2`r`BiBM; /�i�- BM+Q``2+i HQ+FBM;

lb2` A +?2+Fb
B7 i?2 Q#D2+i

Bb 7`22 U�M/ Bi BbV

lb2` A HQ+Fb i?2 Q#D2+i
7Q` i?2Kb2Hp2b-

MQi FMQrBM; �#Qmi mb2` B

lb2` A 2/BiBM;

lb2` B 2/BiBM;

lb2` B +?2+Fb
B7 i?2 Q#D2+i

Bb 7`22 U�M/ Bi BbV

lb2` B HQ+Fb i?2 Q#D2+i
7Q` i?2Kb2Hp2b-

MQi FMQrBM; �#Qmi mb2` A

h?2 T`Q#H2K Bb MQr +H2�`, �i KQbi QM2 `2[m2bi QT2`�iBM; rBi? i?2 ~�;
K�v #2 �HHQr2/ �i � iBK2X h?Bb +�M #2 �+?B2p2/ rBi? � +QM+2Ti +�HH2/ �iQKB+
HQ+FbX h?2 QT2`�iBM; bvbi2K 2Mbm`2b i?�i QMHv QM2 i?`2�/ +�M ?QH/ i?2 HQ+F
�i i?2 b�K2 iBK2- bQ i?2 bQHmiBQM Bb iQ HQ+F i?2 HQ+F �i i?2 bi�`i Q7 i?2 `2[m2bi

Ry



RXjX 6mH}HHBM; i?2 _2[mB`2K2Mib

�M/ `2H2�b2 Bi �i i?2 2M/X h?Bb r�v- i?2 HQ+FBM; T`Q+2bb rBHH #2 b�72- �M/ i?mb
+Q``2+iX

RXjX9 6�bi �M/ aBKTH2 *`2�iBQM Q7 S`Q#H2Kb

� T`Q#H2K �Hr�vb M22/b � bQHmiBQM- � /2b+`BTiBQM- �M/ � #mM+? Q7 i2bi +�b2b
�HQM; rBi? bQK2 ?BMibX h?2`27Q`2- Bib +`2�iBQM +�MMQi #2 K�/2 2�bB2` #v `2@
/m+BM; i?2 �KQmMi Q7 BM7Q`K�iBQMX h?2 F2v Bb iQ bBKTHB7v ?Qr i?2 BM7Q`K�iBQM
Bb 2Mi2`2/X

h?2 QMHv i?BM; r?B+? ?�b iQ bi�v �b Bb Bb i?2 bQHmiBQM b+`BTiX Cmbi ;Q �?2�/
�M/ r`Bi2 � "�b? b+`BTi r?B+? bQHp2b i?2 T`Q#H2KX Ai b?QmH/ MQi i�F2 KQ`2
i?�M � 72r KBMmi2b U�M/ BM bQK2 +�b2b- 2p2M � 72r b2+QM/bVX

q?2M Bi +QK2b iQ r`BiBM; i?2 /2b+`BTiBQM- Bi rQmH/ #2 MB+2 iQ ?�p2 Bi
7Q`K�ii2/X Ai Bb MQi M2+2bb�`v iQ r`Bi2 Bi BM Tm`2 >hJGX h?2`2 �`2 iQQHb iQ
K�F2 Bi � #Bi 2�bB2` iQ `2�/ �M/ r`Bi2 7Q` � ?mK�MX "2HQr Bb �M 2t�KTH2 Q7
QM2- +�HH2/ J�`F/QrM(d)X h?2 +Q/2 b?QmH/ #2 b2H7@2tTH�M�iQ`v,

�M ?R ?2�/2`
444444444444

S�`�;`�T?b �`2 b2T�`�i2/ #v � #H�MF HBM2X

kM/ T�`�;`�T?X  Ai�HB+ -   #QH/  - �M/ <KQMQbT�+2<X Ai2KBx2/ HBbib
HQQF HBF2,

 i?Bb QM2
 i?�i QM2
 i?2 Qi?2` QM2

�M/ MQr i?2 ;`2�i2bi +QM+2`M- i?2 BMTmi /�i�X *QKT2iBiBp2 QMHBM2 Dm/;2b
i2bi 2�+? bm#KBbbBQM rBi? i?2 b�K2 /�i� iQ bi�v 7�B` iQ �HH i?2 +QKT2iBiQ`bX
h?Bb Bb `2�HHv 2�bv iQ T`2T�`2- �HH r?�i M22/b iQ #2 /QM2 Bb iQ +`2�i2 � i2ti }H2
rBi? i?2 /2bB`2/ +QMi2MiX �i i2biBM; iBK2- i?Bb }H2 Bb �miQK�iB+�HHv `2/B`2+i2/
iQ bi/BM #v i?2 Dm/;2X

lM7Q`imM�i2Hv- i?Bb 2�bv �TT`Q�+? +�MMQi #2 mb2/ ?2`2X aBM+2 r2 r�Mi iQ
T`QpB/2 i?2 BMTmi /�i� iQ i?2 bim/2Mib iQ ?2HT i?2K /2#m; i?2B` b+`BTib- i?2v
M22/ iQ #2 ;2M2`�i2/ `�M/QKHvX S`Q;h2bi bQHp2b i?Bb #v mTHQ�/BM; � b+`BTi
r?B+? ;2M2`�i2b �HH M2+2bb�`v BMTmi bi`m+im`2bX h?Bb rQ`Fb MB+2Hv- #mi Bi i�F2b
� ?m;2 �KQmMi Q7 iBK2 iQ r`Bi2 bm+? � b+`BTi- i?2 T`Q#�#BHBiv Q7 K�FBM; �
KBbi�F2 i?2`2 +QMp2`;2b iQ Ryy W �M/ bBM+2 Bi Bb � b+`BTi r`Bii2M #v � mb2`- Bi
+�M #2 TQi2MiB�HHv K�HB+BQmb- �M/ i?2`27Q`2 Bi Kmbi #2 `mM BM � b�M/#QtX

h?2`2 �`2 T`Q#�#Hv MQ #2ii2` r�vb i?�M iQ r`Bi2 � b+`BTi@HBF2 TB2+2 Q7 i2tiX
"mi Bi /Q2b MQi M2+2bb�`BHv M22/ iQ #2 i?2 �+im�H b+`BTiX AK�;BM2 � 7`�K2rQ`F
U� b2i Q7 +H�bb2b �M/ 7mM+iBQMbV r?B+? i�F2b +�`2 Q7 vB2H/BM; `�M/QK p�Hm2b �M/
;2M2`�iBM; i?2 �+im�H b+`BTi 7`QK BiX h?2 mb�;2 Q7 bm+? � 7`�K2rQ`F rBHH biBHH
+QMbBbi Q7 r`BiBM; � TB2+2 Q7 +Q/2X J�v#2 Bi rQmH/ #2 � #Bi 7�bi2` iQ r`Bi2 �M/
i?2 +?�M+2 Q7 r`BiBM; � +Q``2+i b+`BTi rQmH/ #2 � #Bi ?B;?2`- #mi i?2 #QQbi BM
i?2 iBK2 bT2Mi rQmH/ MQi T`Q#�#Hv #2 i?�i bB;MB}+�MiX

RR



RX �M�HvbBb

q?2M2p2` vQm M22/ iQ K�F2 bQK2i?BM; #2ii2`- Bi Bb � ;QQ/ B/2� iQ B/2MiB7v
i?2 rQ`bi T�`i Q7 i?2 T`Q+2bb �M/ i`v iQ BKT`Qp2 BiX AM i?Bb +�b2- Bi Bb r`BiBM;
i?2 +Q/2 7Q` i?2 7`�K2rQ`FX G2iöb ;2i BMbTB`2/ #v �MQi?2` i2``B#H2 H�M;m�;2-
M�K2Hv C�p�a+`BTi- �M/ /Q i?2 b�K2 r?�i T2QTH2 /B/ i?2`2 � � K2i� H�M;m�;2X

� K2i� H�M;m�;2 Q7 � T`Q;`�KKBM; H�M;m�;2 Bb bQK2i?BM; r?�i b?�HH #2
2�bB2` iQ r`Bi2 i?�M i?2 Q`B;BM�H H�M;m�;2X q?2M i?2 K2i� H�M;m�;2 +Q/2 Bb
r`Bii2M- � +QKTBH2` +QMp2`ib Bi iQ � +Q``2bTQM/BM; `2T`2b2Mi�iBQM BM i?2 i�`;2i
H�M;m�;2X � K2i� H�M;m�;2 +QmH/ #2 � sJG@Bb? Q` CaPL@Bb? i2ti }H2- Q` �
+QKTH2i2Hv +mbiQK H�M;m�;2X �M �/p�Mi�;2 Q7 mbBM; sJG Q` CaPL Bb i?�i
i?2`2 �`2 �H`2�/v T�`b2`b r`Bii2M- �M/ i?2`27Q`2 i?2`2 Bb MQ M22/ iQ r`Bi2 QM2X
� /Bb�/p�Mi�;2 Bb i?�i i?2 bvMi�t Q7 i?2 K2i� H�M;m�;2 rQmH/ i?2M #2 #QmM/
rBi? i?2 CaPL bvMi�t- r?B+? K�v MQi �Hr�vb #2 MB+2X �M/ � /Bb�/p�Mi�;2
Q7 K2i� H�M;m�;2b BM ;2M2`�H Bb i?�i i?2v KB;?i MQi Qz2` i?2 b�K2 `�M;2 Q7
QTiBQMb �b i?2 Q`B;BM�H H�M;m�;2X AM Qm` +�b2- i?Bb KB;?i #2 [mBi2 bB;MB}+�Mi-
#mi Bi Bb biBHH rQ`i? B7 Bi b�p2b i?2 T`Q#H2K +`2�iQ`b 2MQm;? iBK2X

"2HQr Bb �M 2t�KTH2 ?Qr bm+? � CaPL@Bb? K2i� H�M;m�;2 +QmH/ HQQF HBF2X
Ai Tmib � `�M/QK p�HB/ uuuu@JJ@.. /�i2 BMiQ � }H2,

]+Q/2], &
]Q#D2+ib], (

&
]ivT2], ]`2;mH�`n7BH2]-
]+QMi2Mi], (

&
]ivT2], ]`�M/QKnBMi2;2`]-
]`�M;2n7`QK], RNyy-
]`�M;2niQ], ky8y

'-
&

]ivT2], ]bi`BM;]-
]p�Hm2], ]@]

'-
&

]ivT2], ]`�M/QKnBMi2;2`]-
]`�M;2n7`QK], R-
]`�M;2niQ], Rk

'-
&

]ivT2], ]bi`BM;]-
]p�Hm2], ]@]

'-
&

]ivT2], ]`�M/QKnBMi2;2`]-
]`�M;2n7`QK], R-
]`�M;2niQ], k3

'-
)

'
)

'

GQQFb [mBi2 mM/2`bi�M/�#H2 �M/ bBKTH2X "mi /Q vQm b22 �HH i?Qb2 #`�+F2ib\
J�v#2 Bi Bb bBKTH2 iQ `2�/- #mi i2``B#H2 iQ r`Bi2X aQ � #2ii2` bQHmiBQM rBHH
#2 iQ ?�p2 � +mbiQK K2i� H�M;m�;2 7Q` i?Bb Tm`TQb2- MQi +QMi�BMBM; i?�i
K�Mv `2/mM/�Mi #`�+F2ibX Ai Bb i?2 KQbi /2K�M/BM; QTiBQM BM i2`Kb Q7 iBK2
+QMbmK2/ #v +`2�iBQM Q7 i?2 H�M;m�;2- #mi S`Q;h2bi r2�FM2bb2b b?Qr i?�i Bi

Rk



RX9X qQ`F~Qrb

rBHH #2 T`Q#�#Hv rQ`i? BiX

RX9 qQ`F~Qrb

aQK2 Q7 i?2 rQ`F~Qrb BM i?2 bvbi2K �`2 � #Bi KQ`2 +QKTHB+�i2/ �M/ i?mb
`2[mB`2 7m`i?2` �M�HvbBbX

RX9XR h2biBM; � a+`BTi

� 7mM+iBQM�H `2[mB`2K2Mi 7Q` H2�`Mb?2HH b�vb i?�i i?2 bvbi2K b?�HH #2 �#H2 iQ
`2+Q;MBx2 � T�`iB�HHv +Q``2+i b+`BTiX h?2 �M�HvbBb ?�b �H`2�/v `2p2�H2/ i?�i
� T`Q#H2K M22/b � bQHmiBQM- � /2b+`BTiBQM- �M/ � #mM+? Q7 i2bi +�b2b- 2�+?
+QMbBbiBM; Q7 �M BMTmi /�i� ;2M2`�iQ`X S`Q;h2bi �HHQrb /Bz2`2Mi i2bi +�b2b
iQ +?2+F /Bz2`2Mi i?BM;b � 7Q` BMbi�M+2- QM2 i2bi +�b2 KB;?i +QM+2`M �#Qmi
i?2 +QMi2Mib Q7 bi/Qmi- r?BH2 �MQi?2` QM2 MQiX H2�`Mb?2HH rBHH mb2 i?2 b�K2
�TT`Q�+? � #2bB/2b i?2 ;2M2`�iQ`- 2�+? i2bi +�b2 rBHH +QMi�BM � b2i Q7 [m�HBiB2b
iQ #2 p2`B}2/X �M/ �HbQ- � i2bi +�b2 +QmH/ #2 `2T2�i2/ b2p2`�H iBK2b iQ i2bi
rBi? KQ`2 `�M/QK /�i�X

h?2 F2v B/2� Bb i?�i i?2 KQ`2 i2bi +�b2b � b+`BTi T�bb2b- i?2 #2ii2` Bi BbX
aQ i?2 i2bi +�b2b b?QmH/ ?�p2 BM+`2�bBM; /B{+mHiB2bX hQ #2 KQ`2 bT2+B}+- H2iöb
BMi`Q/m+2 � `2�H 2t�KTH2X a�v i?2 i�bF Bb iQ r`Bi2 � b?2HH b+`BTi �++2TiBM; irQ
TQbBiBQM�H T�`�K2i2`b � }H2 T�i?b �M/ Bi b?�HH +QTv i?2 }H2 bT2+B}2/ #v i?2
}`bi BMiQ i?2 HQ+�iBQM bT2+B}2/ #v i?2 b2+QM/X h?2`2 +QmH/ #2 i?`22 H2p2Hb Q7
i2biBM;,

Ç }H2M�K2b 7QHHQrBM; mMBt +QMp2MiBQMb U2X ;X 7BH2nQH/ �M/ 7BH2nM2rV-

Ç }H2M�K2b +QMi�BMBM; r?Bi2bT�+2 +?�`�+i2`b U2X ;X 7BH2 QH/ �M/ 7BH2 M2rV-
i2biBM; i?2 [mQi�iBQM

Ç }H2M�K2b `2b2K#HBM; QTiBQMb U2X ;X @` �M/ @TV- i2biBM; i?2 mb�;2 Q7 @@X

A7 i?2 i2bi +�b2b �`2 2t2+mi2/ BM i?Bb Q`/2`- � b+`BTi 72�im`BM; +T 0R 0k

b?QmH/ T�bb QMHv i?2 }`bi QM2- r?BH2 +T @@ ]0R] ]0k] b?QmH/ T�bb �HH i?`22X
aQ 7�` bQ ;QQ/X h?2 [m2biBQM MQr Bb- ?Qr iQ ;2i i?2 +Q``2+i QmiTmib �M/

?Qr iQ /2+B/2 r?2i?2` i?2 i2bi2/ b+`BTi Bb +Q``2+iX h?Bb Bb r?2`2 i?2 bQHmiBQM
+QK2b BMiQ TH�vX Ai M22/b iQ #2 `mM BM T�`�HH2H rBi? i?2 b�K2 BMTmi /�i� �b i?2
i2bi2/ b+`BTi BM �MQi?2` +?`QQi D�BHX �7i2` #Qi? b+`BTib �`2 }MBb?2/- Bi Bb iBK2
iQ +QKT�`2 i?2 `2bmHibX 6Q` 2�+? i2bi +�b2- i?2`2 Bb � ;Bp2M b2i Q7 [m�HBiB2b iQ
#2 +?2+F2/- bQ i?2 #2bi B/2� b22Kb iQ #2 iQ ?�p2 � b+`BTi r?B+? �++2Tib i?Qb2
�b T�`�K2i2`b- T2`7Q`Kb i?2 +?2+F- �M/ i2HHb i?2 `2bmHiX

AM +�b2 i?2 i2bi2/ b+`BTi Bb BM+Q``2+i- BMbi2�/ Q7 QmiTmiiBM; TH�BM óMQô- �
HQ; Q7 2``Q`b KB;?i #2 `2im`M2/ �M/ b2`p2 �b � ?BMi 7Q` i?2 bim/2MiX aQ K�v /Q
i?2 BMTmi /�i�- bQ r?v MQi iQ T`QpB/2 i?2K �b r2HHX �M/ 7Q` 2�+? i2bi +�b2- �
/2b+`BTiBQM Q7 r?�i Bb i2bi2/ r`Bii2M #v � ?mK�M KB;?i TQi2MiB�HHv �HbQ ?2HT

Rj







kX .2bB;M

ó_2;mH�` 2tT`2bbBQMb �`2 � MQi�iBQM i?�i H2ib vQm b2�`+? 7Q` i2ti i?�i }ib �
T�`iB+mH�` +`Bi2`BQM- bm+? �b õbi�`ib rBi? H2ii2` �öX h?2 MQi�iBQM H2ib vQm r`Bi2
� bBM;H2 2tT`2bbBQM i?�i +�M b2H2+i- Q` K�i+?- KmHiBTH2 /�i� bi`BM;bô(3- TX jj)

6Q` 2t�KTH2- � `2;mH�` 2tT`2bbBQM U(+*)�iV%U(/.)Q;V K�i+?2b ó+�iô-
ó*�iô- ó/Q;ô �M/ ó.Q;ôX(N)

GA@.G �+im�HHv M22/b iQ /Q i?2 b�K2- #mi pB+2 p2`b�, 7Q` � ;Bp2M ó`2;mH�`
2tT`2bbBQMô- Bi M22/b iQ ;2M2`�i2 � K�i+?BM; bi`BM;X h?Bb r�v- i?BM;b �`2
mM7Q`imM�i2Hv MQi i?�i 2�bvX 6Q` BMbi�M+2- i?BMF Q7 � `2;mH�` 2tT`2bbBQM X �

Bi /2b+`B#2b �M �`#Bi`�`v bi`BM;X "mi i?2 Qi?2` r�v `QmM/- r?�i rQmH/ Bi K2�M
iQ ;2M2`�i2 �M �`#Bi`�`v bi`BM;\ � +QKTmi2` +QKTH2i2Hv H�+Fb +`2�iBpBiv9 bQ
7m`i?2` bT2+B}+�iBQM Bb M22/2/, H2M;i? Q7 i?2 bi`BM; �M/ � b2i Q7 +?�`�+i2`b iQ
+QKTQb2 i?2 bi`BM; 7`QKX h?2 H2M;i? KB;?i #2 � `�M/QK BMi2;2` 7`QK � ;Bp2M
`�M;2X am+? � bi`BM; Bb `�M/QK 2MQm;? iQ #2 � ;QQ/ `2T`2b2Mi�iBQM Q7 X X

h?2 `2T`2b2Mi�iBQM Q7 (�#+) �M/ &j-8' b?QmH/ #2 T`2iiv bi`�B;?i7Q`r�`/-
�b i?Qb2 �H`2�/v bT2+B7v � b2i Q7 +?�`�+i2`b �M/ � H2M;i?X h?2 +QM+2Ti 7`QK i?2
T`2pBQmb T�`�;`�T? rBHH #2 `2mb�#H2 ?2`2X PM i?2 Qi?2` ?�M/- +QKTH2K2Mi�`v
b2ib HBF2 (��#+) �`2 mMi`�Mb7Q`K�#H2- bBM+2 r2 M22/ iQ bT2+B7v r?B+? +?�`�+i2`b
iQ mb2 U�M/ MQi r?B+? +?�`�+i2`b MQi iQ mb2VX

q?2M Bi +QK2b iQ i?2 P_ bvK#QH � +�i%/Q; � i?BM;b b22K iQ #2 +H2�` �i
i?2 }`bi bB;?i, Dmbi `�M/QKHv i�F2 QM2 Q7 i?Qb2 irQX "mi r?�i /Q2b Bi K2�M
ó`�M/QKHvô\ h?�iöb i?2 TQBMi- i?2 T`Q#�#BHBiv Q7 2�+? 2H2K2Mi M22/b iQ #2
bT2+B}2/X PM2 KB;?i r�Mi iQ ?�p2 `Qm;?Hv 2[m�H �KQmMi Q7 +�ib �M/ /Q;b-
r?BH2 bQK2QM2 2Hb2 rBb?2b QMHv 8 W Q7 /Q;bX 6Q` bBKTHB+Biv- Bi KB;?i #2 mb27mH
iQ ?�p2 � /27�mHi p�Hm2 � i?2 2[m�H T`Q#�#BHBiv � 7Q` i?BbX "Qi? b2ib Q7 +�ib
�M/ /Q;b �`2 /2b+`B#2/ #v i?2 b�K2 `2;mH�` 2tT`2bbBQM- #mi i?�i 2tT`2bbBQM Bi
Bb BMbm{+B2Mi r?2M i�F2M pB+2 p2`b�X

�b 7Q` i?2 +�Tim`BM; ;`QmTb- i?Bb +QM+2Ti +�M T`2iiv Km+? bi�v i?2 b�K2,
Dmbi ;2M2`�i2 � `�M/QK bi`BM;- b�p2 Bi- �M/ mb2 Bi H�i2` �;�BMX h?Bb +�M #2 /QM2
2p2M #2ii2` i?�M BM i?2 Q`B;BM�H `2;mH�` 2tT`2bbBQMb- �b i?2 2t+2bbBp2 mb�;2 Q7
T�`2Mi?2b2b iQ /2MQi2 � +�Tim`BM; ;`QmT �M/ #�+F`272`2M+BM; Bi #v $R Bb MQi
p2`v MB+2X AMi`Q/m+BM; � +QM+2Ti Q7 7mHHv ~2/;2/ p�`B�#H2b �b FMQrM 7`QK
T`Q;`�KKBM; H�M;m�;2b U�bbB;MBM; #v 4 �M/ `2�/BM; #v i?2 p�`B�#H2 M�K2V
rQmH/ HQQF #2ii2`X

LQr Bi Bb iBK2 iQ /2bB;M � bvMi�t 7Q` i?BbX h?Bb Bb � p2`v BKTQ`i�Mi TQBMi
BM i?2 ;2M2bBb Q7 �Mv T`Q;`�KKBM; H�M;m�;2- bBM+2 Bi Bb i?2 bvMi�t r?B+? +�M
K�F2 � H�M;m�;2 p2`v mb27mH Q` p2`v mb2H2bbX �M 2t�KTH2 Q7 � ;`2�i bvMi�t
Bb Svi?QM, óSvi?QM Bb � T`Q;`�KKBM; H�M;m�;2 i?�i FMQrb ?Qr iQ bi�v Qmi
Q7 vQm` r�v r?2M vQm r`Bi2 vQm` T`Q;`�KbX Ai 2M�#H2b vQm iQ BKTH2K2Mi i?2
7mM+iBQM�HBiv rBi?Qmi �Mv ?�bbH2- �M/ H2ib vQm r`Bi2 T`Q;`�K i?�i �`2 +H2�`
�M/ `2�/�#H2Xô(Ry- TX ttBt)X h?2`27Q`2- Svi?QM +�M r2HH b2`p2 7Q` BMbTB`BM;
Tm`TQb2bX

9aQ /Q AX
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kXRX AMTmi :2M2`�iQ`

� `�M/QK bi`BM; Bb ;2M2`�i2/ #v � ;2M2`�iQ`- r?B+? rBHH #2 /2MQi2/ #v
b[m�`2 #`�+F2ib ( �M/ )X � b2i Q7 +?�`�+i2`b Bb #�bB+�HHv � b2i- r?B+? mb2b
BM Svi?QM +m`Hv #`�+F2ib & �M/ ' �M/ bQ Bi /Q2b BM GA@.GX _�M;2b USvi?QM
2[mBp�H2Mi rQmH/ #2 bHB+2bV �`2 bT2+B}2/ #v BMi2;2`b b2T�`�i2/ #v � +QHQM ,X
h?2 b2T�`�iQ` +�M #2 � +QKK� - �M/ bi`BM;- BMi2;2`- ~Q�i- �M/ p�`B�#H2 bvMi�t
+�M #2 Dmbi +QTB2/ 7`QK Svi?QM �b BbX G2i i?2 QT2`�iQ` 7Q` +QM+�i2M�iBM;
bi`BM;b #2 YX

>�pBM; i?2 bvMi�t /2bB;M2/- Bi Bb iBK2 7Q` bQK2 2t�KTH2bX h?2 i�#H2 #2HQr
b?Qrb bQK2 `2;mH�` 2tT`2bbBQMb �M/ i?2B` +Q``2bTQM/BM; GA@.G `2T`2b2Mi�iBQMb
/Bb+mbb2/ #27Q`2,

h�#H2 kXR, aQK2 `2;mH�` 2tT`2bbBQMb �M/ i?2B` GA@.G 2[mBp�H2Mib

_2;1t GA@.G

(�@+) (R- &]�]- ]#]- ]+]')

(>?)2HHQ (R- &]>]- ]?]') Y ]2HHQ]

�&j-8' (j,8- ]�])

+�i%/Q; (yX8- ]+�i] % yX8- ]/Q;])

U(�@+)V$R Ut4(R- &]�]- ]#]- ]+]')V Y t

PM+2 GA@.G +�M ;2M2`�i2 � `�M/QK bi`BM;- Bi Bb iBK2 iQ /2bB;M i?2 7Q`K
Q7 /2b+`B#BM; i?2 �+im�H BMTmi bi`m+im`2b HBF2 }H2b Q` TQbBiBQM�H T�`�K2i2`bX
G2iöb +QMbB/2` � `2;mH�` }H2X Ai �Hr�vb ?�b � M�K2 �M/ � b2i Q7 T2`KBbbBQMb-
bQK2iBK2b Bi ?�b bQK2 +QMi2MiX � TQbBiBQM�H T�`�K2i2` �Hr�vb ?�b � p�Hm2X
a?2HH p�`B�#H2 ?�b � M�K2 �M/ � p�Hm2- �M/ bQ QMX h?Bb T`2iiv r2HH `2b2K#H2b
Q#D2+ib �M/ i?2B` �ii`B#mi2bX aQ H2iöb BMi`Q/m+2 bQK2i?BM; bBKBH�`X

�M Q#D2+i M22/b iQ ?�p2 bT2+B}2/ r?�i FBM/ Q7 Q#D2+i Bi Bb- � b2i Q7 �i@
i`B#mi2b- �M/ TQbbB#Hv � b2i Q7 �MQi?2` Q#D2+ib +QMi�BM2/ U7Q` 2t�KTH2- � /B`2+@
iQ`v +�M +QMi�BM }H2bVX G2iöb MQr #`2�F � K�Mi`� Q7 Svi?QM i?�i MQ #`�+F2ib
rBHH 2p2` #2 mb2/ iQ K�`F Qz � #HQ+F8- bBM+2 i?2 BM/2Mi�iBQM +�M #2 bQK2@
iBK2b � #Bi T�BM7mH r?2M MQi mbBM; �M A.1- �M/ mb2 +m`Hv #`�+F2ib 7Q` i?BbX
h?2`27Q`2- � GA@.G Q#D2+i +QmH/ ?�p2 i?2 7QHHQrBM; bvMi�t-

6BH2 &
M�K2 4 ]?2HHQ]
+QMi2Mi 4 ]?2HHQ rQ`H/]

'

r?2`2 6BH2 Bb i?2 Q#D2+i ivT2- M�K2 Bb �M �ii`B#mi2 UBM GA@.G +�HH2/ T`QT@
2`iv- �b Bi KB;?i ?�p2 �M mM/2`HvBM; T`Q+2/m`2 r?2M ?�pBM; � p�Hm2 �bbB;M2/V
�M/ ]?2HHQ] Bb Bib p�Hm2X

6Q` KQ`2 BM7Q`K�iBQM �#Qmi ?Qr GA@.G rQ`Fb- b22 Bib /Q+mK2Mi�iBQM(RR)X

8h`v ivTBM; 7`QK nn7mim`2nn BKTQ`i #`�+2b BMiQ vQm` Svi?QM +QMbQH2X

Rd



kX .2bB;M

kXRXk h?2 6`�K2rQ`F

h?2 +QKTBH2` vB2H/b � TB2+2 Q7 +Q/2X G2iöb /2bB;M � 7`�K2rQ`F r?B+? +�M ?�M/H2
BiX h?�i K2�Mb MQi QMHv iQ BKTH2K2Mi i?2 �+im�H bimz i?2 GA@.G T`Q;`�KK2`
mb2b- #mi �HbQ �// bQK2 �mtBHB�`v iQQHb M22/2/ iQ `mM �M/ +QMi`QH i?2 ~Qr Q7
i?2 T`Q;`�KX

h?2 B/2� Bb iQ ?�p2 � S`Q;`�K Q#D2+i r?2`2 �HH i?2 bi�i2K2Mib �`2 biQ`2/ BM-
�M/ r?B+? +QMi�BMb � `mMUV K2i?Q/ r?B+? b2`p2b 7Q` 2t2+miBM; i?2 T`Q;`�KX
lTQM 2t2+miBQM- i?Qb2 bi�i2K2Mib �`2 2p�Hm�i2/ QM2 #v QM2 BM i?2 Q`/2` i?2v
r2`2 biQ`2/- i?2 "�b? +Q/2 i?2v ;2M2`�i2 Bb biB+F2/ iQ;2i?2` �M/- �i i?2 2M/
Q7 i?2 /�v- `2im`M2/ �b � +QKTH2i2 "�b? b+`BTiX

� p2`v BKTQ`i�Mi i?BM; Bb i?�i i?2 7`�K2rQ`F b?�HH M2p2` ;2M2`�i2 �M
BMp�HB/ b+`BTiX A7 Bi Bb 7Q`+2/ iQ /Q bQ U7Q` 2t�KTH2 #v +`2�iBM; irQ }H2b rBi?
i?2 b�K2 M�K2 BM i?2 b�K2 /B`2+iQ`vV- Bi i?`Qrb �M 2t+2TiBQM �M/ BM7Q`Kb i?2
mb2`X h?2 QMHv 2t+2TiBQM Bb r?2M � +mbiQK TB2+2 Q7 b+`BTi Bb BM+Hm/2/ Ur?B+?
Bb �HHQr2/ BM Q`/2` iQ K�F2 i?2 bvbi2K KQ`2 p�`B�#H2V- bBM+2 i?2`2 Bb MQ 2�bv
r�v iQ p2`B7v i?2 p�HB/Biv Q7 i?2 bMBTT2iX h?2`27Q`2- i?2 mb2` Kmbi ?�M/H2 i?Bb
rBi? +�`2X

�MQi?2` ?m;2 TQBMi Bb T`QT2` 2b+�TBM; Q7 +?�`�+i2`bX 1p2`vQM2 r?Q ?�b
2p2` rQ`F2/ BM "�b? FMQrb ?Qr T�BM7mH i?Bb bQK2iBK2b KB;?i #2X � GA@
.G T`Q;`�KK2` /2}MBi2Hv /Q2b MQi r�Mi iQ rQM/2` r?v ?Bb �K2`B+�M bBM;2`
E20?� 2M/2/ mT �b E2 #2+�mb2 0?� 2tT�M/2/ �b �M mM/2}M2/ U�M/ i?mb 2KTivV
p�`B�#H2X aBM+2 � HQi Q7 +?�`�+i2`b KB;?i TQi2MiB�HHv ?�p2 � bT2+B�H K2�MBM;
BM "�b?- i?2 bQHmiBQM Bb iQ `2T`2b2Mi i?Qb2 mbBM; i?2B` ?2t�/2+BK�H p�Hm2bX
h2``B#H2 iQ `2�/- #mi "�b? }M�HHv mM/2`bi�M/b r?�i i?2 BMi2M/2/ K2�MBM;
r�bX

�HbQ- T`BMi7 Bb T`272``2/ iQ 2+?Q- bBM+2 2+?Q /Q2b MQi mM/2`bi�M/ i?2
K2�MBM; Q7 @@- r?B+? Bb BKTQ`i�Mi 7Q` 2b+�TBM; bi`BM;b i?�i `2b2K#H2 QTiBQMb
U2X ;X @MVX(Rk)

�b K2MiBQM2/ #27Q`2- � GA@.G T`Q;`�K Bb `2bTQMbB#H2 7Q` ;2M2`�iBM; � "�b?
b+`BTi #v +QKTBHBM; i?2 Q#D2+ib BM i?2 T`Q;`�KX "mi MQi �HH Q#D2+ib �`2 K2�Mi
iQ #2 +QKTBH2/- ?Qr2p2` i?Qb2 r?B+? �`2 BKTH2K2Mi � bBKBH�` HQ;B+X SH�BM
BM?2`Bi�M+2 +�MMQi #2 mb2/ ?2`2- bBM+2 i?2 BM?2`Bi�M+2 b?�HH KQ`2 7Q+mb QM
i?2 ;2M2`�H HQ;B+ Q7 i?2 Q#D2+ib- �M/ i?2 �#BHBiv iQ #2 +QKTBH2/ Q++m`b `�i?2`
`�M/QKHvX h?Bb Bb i?2 TH�+2 r?2`2 i?2 KBtBM /2bB;M T�ii2`M KB;?i +QK2 BM
?�M/vX

� KBtBM Bb � +H�bb r?B+? ?�b MQ K2�MBM; QM Bib QrMX Ai Dmbi +QMi�BM K2i?Q/b
iQ #2 mb2/ #v Qi?2` +H�bb2b rBi?Qmi #2BM; � T�`2Mi +H�bb Q7 i?Qb2X h?2 ;Q�H Bb
iQ KmHiBTH2@BM?2`Bi i?2 KBtBM +H�bb �M/ �MQi?2` +H�bb- r?B+? `2bmHi BM � +H�bb
2M`B+?2/ #v i?2 7mM+iBQM�HBiB2b Q7 i?2 KBtBMX(Rj) AM Qm` +�b2- i?2 Q#D2+ib iQ #2
+QKTBH2/ BM?2`Bi 7`QK � KBtBM *QKTBH�#H2X

h?2 `2bTQMbB#BHBiv Q7 +H�bb2b BM i?2 7`�K2rQ`F +QmH/ #2 #`QF2M /QrM BMiQ
i?2 7QHHQrBM; +�i2;Q`B2b,

Ç +QHH2+i `�r /�i� �M/ �bb2K#H2 � ?B;?2` `2T`2b2Mi�iBQM 7`QK i?2K-
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kXRX AMTmi :2M2`�iQ`

Ç `2T`2b2Mi � ;2M2`�iQ` i?�i vB2H/b �M Bi2K mTQM `2[m2bi-

Ç `2T`2b2Mi � T`BKBiBp2 ivT2 �M/ +QMi�BM i?2 HQ;B+ Q7 +QKTBHBM; Bi BMiQ
"�b?-

Ç `2T`2b2Mi � ?B;?2` Q#D2+i U2X ;X � `2;mH�` }H2V �M/ +QMi�BM i?2 HQ;B+ Q7
+QKTBHBM; Bi BMiQ "�b?X

G2iöb /2bB;M �M �TT`QT`B�i2 BM?2`Bi�M+2 ?B2`�`+?v 7Q` i?Qb2X .2bTBi2 �
7�+iQ`v ?�b ?�`/Hv �Mvi?BM; BM +QKKQM rBi? ?B;?2` Q#D2+ib- Bi Bb MQi i?�i #�/
B/2� iQ H2i ?B;?2` Q#D2+ib BM?2`Bi 7`QK � 7�+iQ`vX h?2 `2�bQM Bb i?�i r2 r�Mi
i?2 +QMbi`m+iBQMb BM GA@.G iQ #2 �b +QKKmi�#H2 rBi? 2�+? Qi?2` �b TQbbB#H2 iQ
T`QpB/2 KQ`2 7`22/QK iQ i?2 T`Q;`�KK2`bX "2HQr Bb i?2 2tTH�M�iBQM Q7 i?`22
KQbi BKTQ`i�Mi K2i?Q/b,

Ç 2t2+mi2UV �bb2K#H2b �M Q#D2+iX h?�i K2�Mb 2Bi?2` +`2�i2 QM2 7`QK �
7�+iQ`v Q` #v óK2`;BM;ô irQ QT2`�M/b Q7 �M QT2`�iQ`X A7 +�HH2/ QM �M
�bb2K#H2/ Q#D2+i- /Q2b MQi?BM;X

Ç ;2iUV 7Q`+2b � ;2M2`�iQ` iQ vB2H/ �M Bi2KX A7 +�HH2/ QM bQK2i?BM; r?B+?
Bb MQi � ;2M2`�iQ`- /Q2b MQi?BM;X

Ç +QKTBH2UV ;2M2`�i2b � "�b? +Q/2 7`QK i?2 Q#D2+iX

q?2`2 /Q2b i?2 7`22/QK +QK2 7`QK\ 6Q` 2t�KTH2- r?2M2p2` � T`BKBiBp2
ivT2 Bb M22/2/- Bi bm{+2b iQ +�HH X2t2+mi2UVX;2iUV QM i?2 bQm`+2 Q#D2+iX A7
Bi Bb � 7�+iQ`v- b�v 2t2+mi2UV �bb2K#H2b � ;2M2`�iQ` �M/ ;2iUV +�mb2b i?Bb
;2M2`�iQ` iQ T`QpB/2 � p�Hm2X P`- B7 i?2 bQm`+2 Bb �H`2�/v � T`BKBiBp2 ivT2-
#Qi? 2t2+mi2UV �M/ ;2iUV bBKTHv `2im`M i?2 b�K2 Q#D2+iX a�K2 TB2+2 Q7 i?2
+Q/2- MQ +QKTHB+�i2/ #`�M+?BM;- �M/ i?2 T`Q;`�KK2` ?�b i?2B` 7`22/QKX

LQr Bi Bb iBK2 iQ /2}M2 i?2 +H�bb2b �HQM;bB/2 rBi? i?2B` 7mM+iBQM�HBiB2bX

Ç 6�+iQ`v Bib2H7 ?�b MQ K2�MBM;X Ai Bb Dmbi `2bTQMbB#H2 7Q` /Bbi`B#miBM;
i?2 bvK#QH i�#H2 iQ �HH Q#D2+ib- �b i?2v KB;?i M22/ Bi 7Q` i?2B` BMM2`
#2?�pBQ`X

Ç P#D2+i6�+iQ`v- :2M2`�iQ`6�+iQ`v �M/ �HT?�#2i6�+iQ`v �`2 `2bTQM@
bB#H2 7Q` +`2�iBM; +Q``2bTQM/BM; Q#D2+ibX 6�+iQ`B2b �`2 r`Bii2M /B`2+iHv
iQ i?2 +Q/2 /m`BM; +QKTBH�iBQM iBK2 �M/ Kmbi #2 }`bi +QMp2`i2/ iQ �
?B;?2` `2T`2b2Mi�iBQMX

Ç o�`B�#H2 Bb �M �mtBHB�`v iQQH iQ ;2i i?2 +Q``2bTQM/BM; p�Hm2 7`QK i?2
bvK#QH i�#H2X

Ç PT2`�iQ` bi�M/b �Hr�vb 7Q` � #BM�`v QT2`�iQ`- i?2`27Q`2 i�F2b irQ �`@
;mK2Mib- H27i �M/ `B;?i QT2`�M/bX *`2�i2b �M Q#D2+i 7`QK i?Qb2 mTQM
2t2+miBQMX *Qp2`b 8 /BbiBM+i QT2`�iQ`bX

RN



kX .2bB;M

Ç S`BKBiBp2hvT2 +Qp2`b bi`BM;b- BMi2;2`b �M/ ~Q�ibX h?Qb2 KB;?i ;2i
i`�MbH�i2/ iQ "�b? �b � T`QT2`iv Q7 �M P#D2+i � 7Q` 2t�KTH2- bi`BM;
+QmH/ `2T`2b2Mi � }H2M�K2X

Ç �/p�M+2/hvT2 +Qp2`b ivT2b r?B+? �`2 +�T�#H2 Q7 ;2M2`�iBM; T`BKBiBp2
ivT2bX a22 i?2 GA@.G /Q+mK2Mi�iBQM(RR) 7Q` KQ`2 BM7Q`K�iBQM ?Qr i?Qb2
rQ`FX

Ç P#D2+i +QMi�BMb bQK2 �mtBHB�`v K2i?Q/b iQ ?2HT rBi? +QKTBHBM; GA@.G
Q#D2+ib iQ "�b?X

Ç 6BH2 +Qp2`b b2p2`�H mMBt }H2 ivT2bX �HH Q7 i?2K ?�p2 � M�K2- bQK2 Q7
i?2K KB;?i ?�p2 bQK2 +QMi2Mi Q` T2`KBbbBQMbX GBMFb +QMi�BM � i�`;2iX

Ç �`;mK2Mi- a?2HHo�`B�#H2 �M/ ai/BM b2`p2 7Q` /2b+`B#BM; i?2 +QMi2Mib
Q7 i?2 +Q``2bTQM/BM; BMTmi bi`m+im`2bX

Ç a+`BTi �HHQrb iQ BMb2`i � TB2+2 Q7 +mbiQK "�b? +Q/2 /B`2+iHv BMiQ i?2
QmiTmi b+`BTiX Ai +�M #2 2t2+mi2/ 2Bi?2` "27Q`2 Q` �7i2` i?2 bim/2Miöb
b+`BTi Bb `mMX A7 QM2 r�Mib iQ +?2+F r?2i?2` i?2 bim/2Mi +Q``2+iHv /2}M2/
�M �HB�b- i?2 *?2+F�HB�b +�M #2 mb2/X

h?Qb2 �`2 bmKK�`Bx2/ BM � /B�;`�K QM i?2 M2ti T�;2- BM+Hm/BM; i?2B`
BM?2`Bi�M+2 `2H�iBQMb?BTb �M/ KQbi BKTQ`i�Mi K2i?Q/b �M/ �ii`B#mi2bX 1p@
2`vi?BM; r?�i +QMi�BMb i?2 +QKTBH2UV K2i?Q/ BM?2`Bib 7`QK i?2 *QKTBH�#H2

KBtBM r?B+? Bb QKBii2/ /m2 iQ H�+F Q7 bT�+2X

ky



kXRX AMTmi :2M2`�iQ`

6B;m`2 kXk, *H�bb /B�;`�K Q7 GA@.G 7`�K2rQ`F

6�+iQ`v

bvK#QHni�#H2

2t2+mi2UV

P#D2+i6�+iQ`v

2t2+mi2UV, P#D2+i

o�`B�#H2

2t2+mi2UV, S`BKBiBp2hvT2

PT2`�iQ`

H27inQT2`�M/
`B;?inQT2`�M/

�HT?�#2i6�+iQ`v

2t2+mi2UV, �HT?�#2i

:2M2`�iQ`6�+iQ`v

2t2+mi2UV, :2M2`�iQ`

hvT2

;2iUV
2t2+mi2UV, i?Bb

SHmb

2t2+mi2UV,
hvT2

JBMmb

2t2+mi2UV,
hvT2

ai�`

2t2+mi2UV,
hvT2

*QHQM

2t2+mi2UV,
hvT2

1[m�H

2t2+mi2UV,
hvT2

S`BKBiBp2hvT2

+QKTBH2UV
;2iUV, i?Bb

P#D2+i

+QKTBH2UV
;2iUV, i?Bb

�/p�M+2/hvT2

ai`BM;

+QKTBH2UV

AMi2;2`

+QKTBH2UV

6HQ�i

+QKTBH2UV

�HT?�#2i

;2iUV, S`BKBiBp2hvT2

:2M2`�iQ`

;2iUV, ai`BM;

*?QB+2

;2iUV, S`BKBiBp2hvT2

_�M;2

AMi2;2`_�M;2

;2iUV, AMi2;2`

6HQ�i_�M;2

;2iUV, 6HQ�i

6BH2

M�K2

GBMF

i�`;2i

>�`/GBMF

+QKTBH2UV

avKGBMF

+QKTBH2UV

aim/2Mi

+QKTBH2UV

S2`KBbbBQMb6BH2

T2`KBbbBQMb
_2;mH�`6BH2

+QKTBH2UV

.B`2+iQ`v

+QKTBH2UV

L�K2/SBT2

+QKTBH2UV

a+`BTi �7i2`

+QKTBH2UV

*?2+F�HB�b

+QKTBH2UV

"27Q`2

+QKTBH2UV

�`;mK2Mi

+QKTBH2UV

ai/BM

+QKTBH2UV

a?2HHo�`B�#H2

+QKTBH2UV
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kX .2bB;M

kXk *Q``2+iBQM a2`pB+2

AM RXjXk- Bi r�b 7QmM/ Qmi i?�i � /Bbi`B#mi2/ i�bF [m2m2 rQmH/ #2 mb27mH ?2`2X
JQ`2Qp2`- Bi +�M �HbQ #2 mb2/ r?2M +QKTBHBM; � GA@.G +Q/2- bBM+2 i?Bb `2[m2bi
KB;?i TQi2MiB�HHv i�F2 [mBi2 bQK2 iBK2 �M/ BM bQK2 `�`2 +�b2b- Bi +QmH/ `2bmHi
BM � iBK2QmiX

h?2`2 �`2 bQK2 i�bFb r?B+? �`2 2t2+mi2/ Qp2` �M/ Qp2` �;�BM,

Ç +QKTBH2 � GA@.G +Q/2-

Ç `mM i?2 BMTmi ;2M2`�iQ`-

Ç /Q i?2 �+im�H +?2+F UBM+Hm/BM; `mMMBM; i?2 bQHmiBQM �M/ i2bi2/ b+`BTi
�M/ +QKT�`2 i?2B` QmiTmibVX

Ai K�F2b b2Mb2 iQ /BpB/2 i?2 i�bFb HBF2 i?Bb- bBM+2 i?2 BMTmi ;2M2`�iQ` M22/b
iQ #2 `mM iQ #Qi? p2`B7v i?2 +Q``2+iM2bb Q7 i?2 GA@.G +Q/2 UMQi 2p2`vi?BM;
Bb p2`B}�#H2 �i i?2 +QKTBH2 iBK2V �M/ iQ ;2M2`�i2 i?2 �+im�H BMTmi 7Q` i2biBM;
� b+`BTiX h?2 �+im�H +?2+F rBHH i?2M +QMbBbi Q7 +?�BM Q7 irQ i�bFb- r?2`2 i?2
BMTmi ;2M2`�iQ` T�bb2b bQK2 QmiTmi iQ i?2 +?2+F i�bFX

�b 7Q` i?2 +QKT�`BbQM Q7 i?2 QmiTmib- i?2 B/2� Bb iQ ?�p2 irQ b2T�`�i2
+?`QQi D�BHbX PM2 Q7 i?2K Bb mb2/ iQ ;2M2`�i2 i?2 +Q``2+i QmiTmi #v i?2 bQHmiBQM
b+`BTi- r?BH2 i?2 Qi?2` b2`p2b 7Q` i?2 QmiTmib Q7 i?2 i2bi2/ b+`BTiX h?2M- #Qi?
+?`QQi D�BHb �`2 2b+�T2/ �M/ � b+`BTi +QKT�`2b i?2 QmiTmibX

"2bB/2b i?2 +QMi2Mib Q7 bi/Qmi �M/ bi/2``- Bi b?QmH/ �HbQ #2 �#H2 iQ p2`B7v
b2p2`�H �ii`B#mi2b Q7 }H2b UT`2b2M+2- T2`KBbbBQMb- +QMi2Mi- ?�`/HBMFb- �V �M/
#2 +�T�#H2 Q7 +?2+FBM; i?2 `2im`M +Q/2X

AM Qi?2` rQ`/b- i?2 }H2 i`22 ;2M2`�i2/ #v `272`2M+2 bQHmiBQM b2`p2b �b �
ói2KTH�i2ô �M/ Bb +QKT�`2/ rBi? i?2 }H2 i`22 ;2M2`�i2/ #v i?2 bm#KBii2/
b+`BTiX hQ +QKT�`2 K2�Mb iQ Bi2`�i2 Qp2` �HH i?2 }H2b- /2b+2M/BM; `2+m`bBp2Hv
BMiQ /B`2+iQ`B2b UB7 �Mv �`2 T`2b2MiV- �M/ +?2+F i?2 `2[mB`2/ T`QT2`iB2b rBi?
i?2 +Q``2TbQM/BM; }H2 BM i?2 Qi?2` i`22X

h?2 +QMi2Mib Q7 bi/Qmi �M/ bi/2`` �M/ i?2 `2im`M +Q/2 b?�HH #2 `2/B`2+i2/
iQ �mtBHB�`v }H2b bQ i?�i i?2 +?2+FBM; b+`BTi Bb �#H2 iQ ;2i iQ FMQr i?Qb2X

kXj q2# �TTHB+�iBQM

� KQ/2`M r2# �TTHB+�iBQM +QMbBbib Q7 i?`22 H�v2`b, i?2 /�i� H�v2` UQ7i2M +�HH2/
KQ/2HV `2bTQMbB#H2 7Q` K�M�;BM; i?2 /�i� �M/ HQ;B+ Q7 i?2 �TTHB+�iBQM- i?2
T`Q+2bbBM; H�v2` UQ7i2M +�HH2/ +QMi`QHH2`V b2`pBM; 7Q` i�FBM; i?2 mb2` BMTmi �M/
T`Q+2bbBM; Bi 7Q` i?2 KQ/2H- �M/ i?2 T`2b2Mi�iBQM H�v2` UQ7i2M +�HH2/ pB2rV i?�i
`2M/2`b i?2 /�i� 7Q` i?2 mb2`X(R9) SmiiBM; i?2 BMBiB�H H2ii2`b iQ;2i?2`- r2 ;2i �
b?Q`i+mi Jo* � � +QKKQMHv mb2/ /2bB;M T�ii2`M(R8)X

kk



kXjX q2# �TTHB+�iBQM

q?2M /2bB;MBM; � M2r �TTHB+�iBQM- i?2 p2`v }`bi bi2T Bb iQ +QHH2+i i?2
`2[mB`2K2Mib �M/ K�F2 bm`2 i?2v �`2 +H2�`X h?Bb r�b �H`2�/v /QM2 BM RXkX
h?2v �`2 BM+Hm/2/ ?2`2 QM+2 �;�BM �M/ iQ T`2p2Mi i?2 M22/ iQ HBbi #�+F,

RX �M �/KBM +�M +`2�i2 mb2` �++QmMib 7Q` bim/2Mib �M/ i2�+?2`bX Ai KB;?i
?�TT2M i?�i � bim/2Mi i�F2b i?2 S`Q;`�KKBM; BM a?2HH +Qm`b2 �;�BM U2X ;X
r?2M i?2v 7�BH BiV Q` i?2v b?Qr mT H�i2` �b � i2�+?2`X

kX � i2�+?2` rBHH #2 �HHQr2/ iQ +`2�i2 � M2r T`Q#H2K 7Q` U�M/ QMHv 7Q`V
� +Qm`b2 ?2 Q` b?2 i2�+?2bX h?�i Bb- ?2 Q` b?2 r`Bi2b i?2 /2b+`BTiBQM-
bQHmiBQM �M/ /2b+`B#2b i2bi /�i�X

jX � bim/2Mi rBHH #2 �HHQr2/ iQ bm#KBi bQHmiBQMb 7Q` U�M/ QMHv 7Q`V � T`Q#H2K
i?�i #2HQM;b iQ � +Qm`b2 ?2 Q` b?2 i�F2bX h?2 b�K2 Bb i`m2 7Q` i2�+?2`bX

9X "2bB/2b +`2�iBM; mb2` �++QmMib- �M �/KBM ?�b � TQbbB#BHBiv iQ �+i �b �
bim/2Mi Q` � i2�+?2` BM �Mv +Qm`b2 BM i?2 bvbi2KX

8X h?2 bim/2Mi rBHH ;2i iQ FMQr B7 i?2B` bQHmiBQM Bb T�`iB�HHv +Q``2+iX h?�i
Bb- /Q MQi QmiTmi Dmbi óv2bô Q` óMQôX 6Q` �M BM+Q``2+i Q` T�`iB�HHv +Q``2+i
bm#KBbbBQM- i?2 bim/2Mi b?�HH #2 Qz2`2/ � TQbbB#BHBiv iQ `2p2�H � ?BMi
r?B+? +QmH/ ?2HT i?2K }M/ i?2 KBbi�F2X

kXjXR h?2 JQ/2H

h?2 ;`2�i2bi +QM+2`M ?2`2 Bb i?2 /QK�BM KQ/2H- r?B+? +QMbBbib Q7 i?2 /�i�#�b2
�M/ i?2 #mbbBM2bb HQ;B+X

q?2M /2bB;MBM; � /�i�#�b2- HQQF �i i?2 b2i Q7 `2[mB`2K2Mib }`biX h?2M
/2}M2 � b2i Q7 i?BM;b +�HH2/ 2MiBiB2b � óQ#D2+i BM i?2 bvbi2K i?�i r2 r�Mi iQ
KQ/2H �M/ biQ`2 BM7Q`K�iBQM �#Qmiô(Re) � �M/ `2H�iBQMb?BTb #2ir22M i?2KX

_2[mB`2K2Mi R BKTHB2b i?�i r2 M22/ 2MiBiB2b lb2` �M/ *Qm`b2X � mb2` +�M
#2 `2H�i2/ iQ �`#Bi`�`v �KQmMi Q7 +Qm`b2b U� T2`bQM +�M i�F2 i?2 S`Q;`�KKBM;
BM a?2HH +Qm`b2 irB+2 Q` 2p2M KQ`2 iBK2bV �M/ � +Qm`b2 +�M #2 `2H�i2/ iQ
�`#Bi`�`v �KQmMi Q7 mb2`b Ui?2`2 Bb K�Mv bim/2Mib i�FBM; i?2 b�K2 +Qm`b2
2�+? v2�`VX h?Bb FBM/ Q7 `2H�iBQMb?BT Bb +�HH2/ K�Mv@iQ@K�MvX AM i?2 /�i�#�b2
Bib2H7- bm+? � FBM/ Q7 `2H�iBQMb?BT M22/b �M BMi2`K2/B�i2 i�#H2- r?2`2 2�+?
`2+Q`/ +QMi�BMb B/2MiB}2`b Q7 #Qi? 2MiBiB2b r?B+? �`2 `2H�i2/ iQ 2�+? Qi?2`- �M/
KB;?i +QMi�BM �//BiBQM�H BM7Q`K�iBQMX AM Qm` +�b2- i?Bb �//BiBQM�H BM7Q`K�iBQM
rBHH #2 i?2 FBM/ Q7 mb2`@+Qm`b2 `2H�iBQM- r?B+? Bb 2Bi?2` � bim/2Mi Q` � i2�+?2`
UH2iöb +�HH i?Bb i?2 �++2bb H2p2HVX

A7 � mb2` rBb?2b iQ bQHp2 T`Q#H2Kb Q7 � +Qm`b2- i?2v M22/ iQ �+iBp�i2 i?2
+Qm`b2 }`biX h?Bb Bb M22/2/ iQ /BbTH�v � +Q``2+i b2i Q7 T`Q#H2Kb �M/ b2i i?2
�++2bb H2p2H �TT`QT`B�i2HvX � mb2` +�M ?�p2 T`2+Bb2Hv QM2 +Qm`b2 �+iBp�i2/ �i �
iBK2- r?BH2 � +Qm`b2 +�M #2 �+iBp�i2/ #v �`#Bi`�`v �KQmMi Q7 mb2`bX h?Bb FBM/
Q7 `2H�iBQMb?BT Bb +�HH2/ QM2@iQ@K�Mv �M/ Bb `2T`2b2Mi2/ #v � 7Q`2B;M F2v U�

kj



kX .2bB;M

}2H/ +QMi�BMBM; i?2 B/2MiB}2` Q7 i?2 `2H�i2/ Q#D2+iV BM i?2 /�i�#�b2X h?2`27Q`2-
i?2 mb2` rBHH ?�p2 � }2H/ /2MQiBM; i?2B` +m``2MiHv �+iBp�i2/ +Qm`b2X

h?2 M2ti TB2+2 K2MiBQM2/ BM `2[mB`2K2Mi MmK#2` R Bb i?�i bQK2 mb2`b �`2
�/KBMbX "2BM; �M �/KBM Bb � T`QT2`iv Q7 � mb2`X � mb2` +�M #2+QK2 �M �/KBM
Q` +2�b2 iQ #2 �M �/KBM �MviBK2X h?Bb Bb � #Bi T`Q#H2K�iB+- bBM+2- #2BM; b�B/
BM i?2 `2[mB`2K2Mi MmK#2` 9- �/KBMb b?QmH/ ?�p2 �`#Bi`�`v �++2bb iQ 2�+?
+Qm`b2X h?2 bQHmiBQM Q7 i?Bb Bb iQ ?�p2 �MQi?2` T`QT2`iv 7Q` 2�+? mb2` U2p2M
MQM@�/KBMbV /2MQiBM; i?2B` +Qm`b2 i?2v ?�p2 +m``2MiHv �+iBp�i2/ �b �/KBM-
BM+Hm/BM; i?2B` �++2bb H2p2HX h?2b2 }2H/b rBHH #2 i�F2M BMiQ �++QmMi B7 �M/ QMHv
B7 i?2 mb2` Bb +m``2MiHv �M �/KBMX Pi?2`rBb2- i?2 �TT`Q�+? 7`QK i?2 T`2pBQmb
T�`�;`�T? rBHH #2 mb2/X

G2iöb KQp2 QM iQ i?2 b2+QM/ `2[mB`2K2MiX h?2 K2MiBQM2/ 2MiBiB2b �`2
S`Q#H2K U�HQM; rBi? Bib M�K2- /2b+`BTiBQM- bQHmiBQM- �M/ bQ QMV- +QMi�BMBM;
b2p2`�H h2bi*�b2bX JQ`2Qp2`- � T`Q#H2K b22Kb iQ +QMi�BM b2p2`�H b+`BTibX AM
;2M2`�H- Bi Bb MQi � ;QQ/ B/2� iQ biQ`2 }H2b iQ i?2 /�i�#�b2 �b i?2v �`2- bBM+2
i?2v KB;?i #2 TQi2MiB�HHv H�`;2 �M/ i?mb KB;?i bHQr /QrM i?2 r?QH2 /�i�#�b2X
h?2`27Q`2- � #2ii2` �TT`Q�+? Bb iQ biQ`2 i?2 }H2 bQK2r?2`2 2Hb2 QM i?2 /BbF �M/
biQ`2 QMHv Bib T�i? iQ i?2 /�i�#�b2X A7 bm+? �M �T`Q�+? Bb mb2/- Bi Bb `2�bQM�#H2
iQ ?�p2 � .Q+mK2Mi 2MiBiv r?B+? +�M �HbQ ?QH/ �MQi?2` BM7Q`K�iBQM �#Qmi i?2
}H2- bm+? �b Bib �mi?Q` Q` i?2 +`2�iBQM iBK2bi�KTX

q?2M � T`Q#H2K Bb }MBb?2/- Bi b?�HH #2 }`bi i2bi2/ #v i?2 i2�+?2`b iQ +?2+F
r?2i?2` Bi rQ`Fb +Q``2+iHvX h?Bb Bb r?�i i?2 Tm`TQb2 }2H/ Bb 7Q`, � T`Q#H2K +�M
2Bi?2` #2 BM i2biBM; bi�i2 UpBbB#H2 QMHv 7Q` i2�+?2`bV- Q` BM T`�+iB+2 bi�i2 UpBbB#H2
7Q` 2p2`vQM2 i�FBM; i?2 +Qm`b2VX AM +�b2 Bi `2p2�Hb i?2 T`Q#H2K Bb MQi +Q``2+i-
Bi Kmbi #2 TQbbB#H2 iQ 2/Bi BiX h?Bb Bb +Qp2`2/ BM i?2 bi�i2 }2H/, � T`Q#H2K Bb
2Bi?2` #2BM; 2/Bi2/- Q` Bb Tm#HBb?2/ U2Bi?2` 7Q` i2�+?2`b QMHv Q` 7Q` 2p2`vQM2VX
q?2M QM2 r�Mib iQ 2/Bi � T`Q#H2K- i?2`2 KB;?i ?�TT2M �MQi?2` +QHHBbBQM, Bi
Kmbi #2 2Mbm`2/ i?�i MQ bm#KBbbBQM Q7 i?�i T`Q#H2K Bb #2BM; +Q``2+i2/ �i i?�i
iBK2X h?�i K2�Mb iQ ?�p2 � ~�; r?2i?2` i?2 T`Q#H2K Bb +m``2MiHv �++2TiBM;
bQHmiBQMbX hQ 2/Bi � T`Q#H2K K2�Mb iQ b2i i?Bb ~�; iQ 7�Hb2- r�Bi mMiBH �HH
2M[m2m2/ bm#KBbbBQMb �`2 +Q``2+i2/- �M/ i?2M Bi Bb b�72 iQ 2/Bi BiX �HbQ- /Q MQi
7Q`;2i iQ r`�T i?Bb ~�; rBi? �M �iQKB+ HQ+F iQ T`2p2Mi TQbbB#H2 BM+QMbBbi2M+v
/2b+`B#2/ BM RXjXjX

�b 7Q` i?2 i2bi +�b2b- 2�+? ?�b � M�K2 �M/ � /2b+`BTiBQM U#Qi? +�M b2`p2 �b
?BMib- �b K2MiBQM2/ BM i?2 }7i? `2[mB`2K2MiV- MmK#2` Q7 `2T2iBiBQMb UbBM+2 i?2
/�i� �`2 `�M/QKHv ;2M2`�i2/- Bi ?�b b2Mb2 iQ H2i Bi `mM b2p2`�H iBK2bV- � b2i Q7
[m�HBiB2b i?�i b?QmH/ #2 +?2+F2/ U7Q` BMbi�M+2 T`2b2M+2 Q7 }H2b- i?2B` +QMi2Mib-
i?2 bi/Qmi- bi/2``- `2im`M +Q/2- �V �M/ � ;2M2`�iQ` BM GA@.G H�M;m�;2 BM@
i`Q/m+2/ BM kXR �HQM; rBi? Bib +QKTBH2/ 7Q`K UBM Svi?QMV iQ �pQB/ i?2 M22/ iQ
+QKTBH2 i?2 +Q/2 2�+? iBK2 �M BMTmi M22/b iQ #2 ;2M2`�i2/X

LQr Bi Bb iBK2 iQ 2tTH�BM ?Qr iQ ?�M/H2 � bm#KBbbBQM 7`QK � bim/2MiX 6Q`
i?Bb- �MQi?2` irQ 2MiBiB2b �`2 M22/2/, am#KBbbBQM �M/ h2biAMTmiX h?2 K2�M@
BM; Q7 i?2 bm#KBbbBQM 2MiBiv b?�HH #2 b2H7@2tTH�M�iQ`v, Bi ?QH/b BM7Q`K�iBQM HBF2
r?Q bm#KBii2/ i?2 b+`BTi- 7Q` r?B+? T`Q#H2K- �M/ i?2 �+im�H bm#KBii2/ b+`BTiX

k9





kX .2bB;M

i?2 mb2` �+im�HHv +�M QT2`�i2 rBi? bm+? � TB2+2 Q7 /�i� BM i2`Kb Q7 �iQKB+
HQ+FBM;X Ai +�M ?�TT2M i?�i i?2 /�i� 7Q`K�i Bb �H`B;?i- #mi i?2 F2v T�`i Q7 i?2
�TTHB+�iBQM Bb +m``2MiHv HQ+F2/ �M/ i?2`27Q`2 i?2 `2[m2bi +�MMQi #2 +QKTH2i2/X

a2p2`�H `2[m2bib BM H2�`Mb?2HH K�F2b mb2 Q7 i?2 b�K2 i?BM;- i?2 �iQKB+
HQ+FbX h?2`27Q`2- i?2 KBtBM T�ii2`M 7`QK kXRXk +�M #2 mb2/ iQ T`2p2Mi i?2
b�K2 TB2+2 Q7 HQ;B+ 7`QK #2BM; r`Bii2M KQ`2 i?�M QM+2X

kXjXj h?2 oB2r

h?2 pB2r Bb `2bTQMbB#H2 7Q` T`2b2MiBM; i?2 /�i� iQ i?2 mb2`X AM i2`Kb Q7 r2#
�TTHB+�iBQM- i?Bb K2�Mb iQ ;2M2`�i2 �TT`QT`B�i2 >hJGf*aafC�p�a+`BTi �M/
b2M/ Bi Qp2` >hhSX

aBM+2 Kv bFBHHb Q7 r2#/2bB;M +QmH/ #2 �TT`2+B�i2/ #�+F BM v2�` kyyy #mi
/2}MBi2Hv MQi iQ/�v- A �K ;H�/ i?�i C�M "BiiM2`- � 6Ah *hl bim/2Mi �M/ �
7`B2M/ Q7 KBM2- ?2HT2/ K2 rBi? i?BbX

kX9 h2+?MQHQ;v +?QB+2b

Ç h?2 r2# �TTHB+�iBQM rBHH #2 TQi2MiB�HHv mb2/ #v ?mM/`2/b Q7 mb2`bX
h?�i Bb biBHH 2MQm;? 7Q` � Svi?QM #�+F2M/X h?2 .D�M;Q 7`�K2rQ`F +QK@
#BM2b bBKTHB+Biv �M/ ?m;2 MmK#2` Q7 TQbbB#BHBiB2b- r?BH2 i?2 Svi?QM Bib2H7
Bb 2�bv iQ `2�/ �M/ 7�bi iQ r`Bi2X 6Q` i?2 mb�;2 Q7 .D�M;Q BM T`Q/m+iBQM-
� T`QT2` �TTHB+�iBQM b2`p2` Bb M22/2/X �M QTiBQM Bb mqa:AX

Ç h?2 GA@.G 7`�K2rQ`F rBHH #2 r`Bii2M 7`QK b+`�i+? �b A /B/ MQi }M/
� iQQH r?B+? +QmH/ ?2HTX h?2 +QKTBH2` Bib2H7 Bb �HbQ r`Bii2M BM Svi?QM
7`QK b+`�i+?X h?Bb KB;?i #2 � #Bi +QMi`Qp2`bB�H- �b i?2 +QKTBH2`b b?QmH/
#2 7�bi �M/ 7Q` bm`2- i?2`2 �`2 Km+? 7�bi2` H�M;m�;2b i?�M Svi?QMX PM
i?2 Qi?2` ?�M/- GA@.G Bb MQi � GBMmt F2`M2H �M/ i?2 +QKTBH�iBQM iBK2
rBHH ?�`/Hv 2t+22/ � 72r b2+QM/bX �b 7Q` i?2 Qi?2` TQBMi- i?2`2 �`2 7Q`
bm`2 K�Mv HB#`�`B2b iQ ?2HT rBi? T�`bBM;X h?2 `2�bQM 7Q` MQi mbBM; i?2K
Bb #2+�mb2 A rQmH/ Qi?2`rBb2 M2p2` H2�`M ?Qr � +QKTBH2` rQ`FbX aBM+2
i?2 7`�K2rQ`F Bb Tvi?QMB+- i?2 +QKTBH2` b?�HH T`Q/m+2 � Svi?QM bMBTT2i
7`QK � GA@.G +Q/2X

Ç �b QTTQb2/ iQ GA@.G- r?B+? r�b �HH r`Bii2M 7`QK b+`�i+?- *2H2`v r�b
+?Qb2M �b i?2 /Bbi`B#mi2/ i�bF [m2m2 mb2/ BM i?Bb T`QD2+iX "2BM;
r`Bii2M BM Svi?QM �M/ ?�pBM; #BM/BM;b iQ .D�M;Q- Bi rQmH/ #2 � bBM iQ
MQi mb2 BiX *2H2`v M22/b � K2bb�;2 #`QF2` iQ rQ`F- �M QTiBQM Q7 QM2 Bb
_2/BbX

Ç h?2 /Bbi`B#mi2/ HQ+F K�M�;2`X h?2 b�K2 _2/Bb K2MiBQM2/ �#Qp2
Qz2`b i?Bb BM +QQT2`�iBQM rBi? Tvi?QM@`2/Bb@HQ+F KQ/mH2X

ke







*?�Ti2` j

AKTH2K2Mi�iBQM

jXR h?2 *QKTBH2`

AM +�b2 i?2 BMTmi H�M;m�;2 Bb bBKTH2 2MQm;?- Bi KB;?i #2 2�bB2` iQ r`Bi2 �
+QKTBH2` BMimBiBp2Hv `�i?2` i?�M 7QHHQrBM; i?2b2 bi2TbX GA@.G Bb /2}MBi2Hv MQi
i?2 +�b2 Q7 � bBKTH2 H�M;m�;2- Bi Bb �+im�HHv p2`v +QKTHB+�i2/X "2+�mb2 Q7
i?�i- QMHv � T�`i Q7 i?2 GA@.G H�M;m�;2 rBHH #2 mb2/ 7Q` i?2 2tTH�M�iBQM Q7
i?2 T`BM+BTH2bX 6mHH@bBx2/ /B�;`�Kb +�M #2 7QmM/ BM �TT2M/Bt "X

G2iöb ?�p2 i?2 T`Q#H2K /2}M2/, b�v i?2 BMTmi H�M;m�;2 +QMbBbib Q7 MmK@
#2`b- �`Bi?K2iB+ QT2`�iQ`b + �M/ ∗ UrBi? i?2B` mbm�H K2�MBM; �M/ T`BQ`BivV
�M/ T�`2Mi?2b2b iQ Qp2``B/2 i?2 T`BQ`Biv `mH2bX G2i i?2 /2bB`2/ QmiTmi #2 �M
2[mBp�H2Mi 2tT`2bbBQM BM i?2 T`2}t 7Q`KX

A +QMbB/2` i?Bb �b � +2BHBM; Q7 r?�i +QmH/ biBHH #2 +QMp2`i2/ iQ i?2 /2bB`2/
7Q`K BMimBiBp2HvX "mi QMHv mMiBH bQK2 KQ`2 QT2`�iQ`b �M/fQ` T`BQ`Biv `mH2b
�TT2�`X �M BMimBiBp2Hv r`Bii2M +QKTBH2` rQmH/ #2 p2`v ?�`/ iQ K�BMi�BM-
�b i?2 +Q/2 rBHH T`Q#�#Hv #2 [mBi2 K2bbv �M/ i?2`2 rBHH #2 MQ +QMp2MiBQM�H
/B�;`�Kb /Q+mK2MiBM; BiX 6`QK MQr QM- H2iöb i�HF QMHv �#Qmi � óT`QT2`ô
+QKTBH2`X

h?Bb +QKTBH2` r�b r`Bii2M rBi? i?2 ?2HT Q7 *QKTBH2` .2bB;M hmiQ`B�H �i
hmiQ`B�HbSQBMiX(Rd) h?2 imiQ`B�H `2p2�H2/ iQ #2 [mBi2 +QKT`2?2MbBp2 7Q` i?2
M22/b Q7 i?Bb +QKTBH2`- i?2`27Q`2 i?Bb +?�Ti2` bmKK�`Bx2b i?2 i2+?MB[m2b �M/
T`BM+BTH2b �+im�HHv mb2/X

� +QKTBH2` +QMbBbib Q7 b2p2`�H T�`ibX aQK2 Q7 i?2K Kmbi #2 �Hr�vb T`2b2Mi,
� H2tB+�H �M�Hvx2` UQ7i2M +�HH2/ H2t2`V- � bvMi�t �M�Hvx2` UQ7i2M +�HH2/ T�`b2`V
�M/ � +Q/2 ;2M2`�iQ`X �KQM; i?2 Qi?2` T�`ib- i?2`2 KB;?i #2 b2p2`�H QTiB@
KBx2`b �M/fQ` BMi2`K2/B�i2 +Q/2 ;2M2`�iQ`bX

AM Qm` +�b2- r2 rBHH biB+F iQ i?2 i?`22 K�M/�iQ`v T�`ibX

kN



jX AKTH2K2Mi�iBQM

jXRXR G2tB+�H �M�Hvx2`

a�v r2 ?�p2 � TB2+2 Q7 i?2 bQm`+2 +Q/2 iQ +QKTBH2X h?2 }`bi i?BM; r?B+? M22/b
iQ #2 /QM2 Bb iQ bTHBi Bi BMiQ iQF2MbX � iQF2M KB;?i #2 7Q` 2t�KTH2 � F2vrQ`/-
� +QMbi�Mi- �M B/2MiB}2`- � MmK#2`- �M QT2`�iQ`- �M/ bQ QMX "2bB/2b Bib ivT2-
� iQF2M KB;?i M22/ iQ ?QH/ � p�Hm2 U7Q` 2t�KTH2- BM +�b2 Q7 �M BMi2;2`V �M/
K�v ?QH/ �Mv �//BiBQM�H �mtBHB�`v BM7Q`K�iBQM- 7Q` 2t�KTH2 HBM2 �M/ +QHmKM
MmK#2`b /2b+`B#BM; i?2 TQbBiBQM BM i?2 bQm`+2 +Q/2X h?Bb �HHQrb iQ `�Bb2 KQ`2
mb2`@7`B2M/Hv 2t+2TiBQMb +QMi�BMBM; i?Bb BM7Q`K�iBQMX

AM Qm` +�b2 Q7 bBKTH2 H�M;m�;2 Q7 �`Bi?K2iB+b- i?2`2 �`2 i?2 7QHHQrBM; iQF2Mb,

Ç AMi2;2`

Ç PT2`�iQ` +

Ç PT2`�iQ` ∗

Ç G27i T�`2Mi?2bBb

Ç _B;?i T�`2Mi?2bBb

PM+2 i?2 iQF2Mb �`2 B/2MiB}2/- Bi Bb iBK2 iQ /2bB;M � /2i2`KBMBbiB+ }MBi2
�miQK�iQM r?B+? rBHH `2+Q;MBx2 i?2 iQF2MbX h?2 BMTmi 7Q` i?2 �miQK�iQM Bb
i?2 bQm`+2 +Q/2- r?B+? rBHH #2 `2�/ +?�`�+i2` #v +?�`�+i2`X q?2M2p2` i?2`2 Bb
MQ TQbbB#H2 i`�MbBiBQM �M/ i?2 �miQK�iQM Bb BM � }M�H bi�i2- Bi K2�Mb � iQF2M
Bb }MBb?2/ �M/ Bi Bb iBK2 iQ `2�/ �MQi?2` QM2X AM Qi?2` +�b2b- Bi K2�Mb i?2
+m``2Mi iQF2M Bb BMp�HB/ �M/ � +QKTBH�iBQM 2``Q` ?�TT2MbX

jy



jXRX h?2 *QKTBH2`

G2iöb /2bB;M i?2 �miQK�iQM }`bi �M/ i?2M b?Qr ?Qr Bi rQ`Fb QM bQK2
b�KTH2 BMTmib Uws bi�M/b 7Q` r?Bi2bT�+2V,

6B;m`2 jXR, G2tB+�H �M�Hvx2` 7Q` �`Bi?K2iB+b

q0bi�`i q3

q4

q5

q2

q1

y@N

+

∗

(

)

ws

y@N

h?Bb H2tB+�H �M�Hvx2` �miQK�iB+�HHv bFBTb r?Bi2bT�+2b #2ir22M iQF2Mb �M/
7Q` bBKTHB+Biv- �++2Tib 7Q` 2t�KTH2 0012 �b � p�HB/ BMi2;2`X

G2iöb b?Qr ?Qr Bi rQ`Fb QM i?2 BMTmi 2 ∗ 34,

Ç 2 Bb `2�/- �miQK�iQM ;Q2b 7`QK q0 iQ q3-

Ç ∗ Bb `2�/- i?2`2 Bb MQ i`�MbBiBQM- bQ 2 Bb i�F2M �b � iQF2M �M/ i?2 �miQK�@
iQM Bb `2b2i- bQ Bi ;Q2b 7`QK q0 iQ q5-

Ç 3 Bb `2�/- MQ i`�MbBiBQM- ∗ Bb � iQF2M �M/ �miQK�iQM ;Q2b 7`QK q0 iQ q3-

Ç 4 Bb `2�/- �miQK�iQM ;Q2b 7`QK q3 iQ q3 �M/ 4 Bb �TT2M/2/ iQ i?2 +m``2Mi
iQF2M-

Ç 2M/ Q7 BMTmi Bb `2�/- 34 Bb � iQF2MX

�M/ r2 �`2 ;Bp2M i?2 b2[m2M+2 Q7 iQF2Mb, �M BMi2;2` k- QT2`�iQ` ∗ �M/ �M
BMi2;2` 34X

G2iöb i`v BMTmi ))+- r?B+? Bb Q#pBQmbHv bvMi�+iB+�HHv BM+Q``2+i,

Ç ) Bb `2�/- �miQK�iQM ;Q2b 7`QK q0 iQ q1-

jR



jX AKTH2K2Mi�iBQM

Ç ) Bb `2�/- i?2`2 Bb MQ i`�MbBiBQM- bQ ) Bb i�F2M �b � iQF2M �M/ i?2 �miQK�iQM
Bb `2b2i- bQ Bi ;Q2b 7`QK q0 iQ q1-

Ç + Bb `2�/- i?2`2 Bb MQ i`�MbBiBQM- bQ ) Bb i�F2M �b � iQF2M �M/ i?2 �m@
iQK�iQM Bb `2b2i- bQ Bi ;Q2b 7`QK q0 iQ q4-

Ç 2M/ Q7 BMTmi Bb `2�/- + Bb � iQF2MX

�M/ r2 �`2 ;Bp2M i?2 b2[m2M+2 Q7 iQF2Mb, `B;?i T�`2Mi?2bBb- `B;?i T�`2Mi?2bBb
�M/ QT2`�iQ` +X �b vQm +�M b22- i?2 H2t2` FMQrb MQi?BM; �#Qmi i?2 bvMi�t-
�M/ i?2`27Q`2 T`Q+2bb2b i?Bb �b � p�HB/ TB2+2 Q7 +Q/2X �M 2t�KTH2 Q7 bQK2i?BM;
r?�i /Q2b MQi T�bb i?`Qm;? i?Bb H2t2` Bb �M BMTmi +QMi�BMBM; � HQr2`+�b2 H2ii2`-
H2iöb b�v +a,

Ç + Bb `2�/- �miQK�iQM ;Q2b 7`QK q0 iQ q4-

Ç a Bb `2�/- i?2`2 Bb MQ i`�MbBiBQM- bQ + Bb i�F2M �b � iQF2M �M/ i?2 �m@
iQK�iQM Bb `2b2i- #mi i?2`2 Bb MQ i`�MbBiBQM �M/ i?2 �miQK�iQM Bb MQi BM
� }M�H bi�i2- i?2`27Q`2 � +QKTBH�iBQM 2``Q` Q++m`bX

� b2[m2M+2 Q7 iQF2Mb Bb i?2 }M�H T`Q/m+i Q7 i?Bb T?�b2X

�b i?2 H2t2` Bb #�bB+�HHv � }MBi2 �miQK�iQM- i?2 r�v Q7 BKTH2K2Mi�iBQM
Bb i?2 b�K2X h?2`2 �`2 b2p2`�H r�vb iQ BKTH2K2Mi QM2- Kv T`272``2/ Bb iQ
?�p2 � +H�bb rBi? K2i?Q/b- QM2 7Q` 2�+? bi�i2X .2T2M/BM; QM i?2 BMTmi- i?Qb2
K2i?Q/b +�HH 2�+? Qi?2` UbQK2iBK2b `2+m`bBp2HvV �M/ #2bB/2b ?�M/HBM; +Q``2+i
i`�MbBiBQM Q7 i?2 �miQK�iQM- i?2v �HbQ #mBH/ mT i?2 iQF2M #v biB+FBM; i?2
+m``2Mi BMTmi +?�`�+i2` iQ Bib p�Hm2 �M/ T�bbBM; Bi iQ i?2 M2ti K2i?Q/X h?2
QMHv Tm#HB+ K2i?Q/ Bb getnnextntoken()X h?2 �/p�Mi�;2 Q7 i?Bb �TT`Q�+? Bb
i?�i MQ m;Hv ;QiQ +QKK�M/ Bb M22/2/ �M/ i?2 +Q/2 Bb 2�bBHv +QMp2`i�#H2 7`QK
�M/ iQ i?2 �miQK�iQM /B�;`�KX

jXRXk avMi�t �M�Hvx2`

h?Bb Bb r?2`2 i?BM;b bi�`i ;2iiBM; +QKTHB+�i2/X avMi�t �M�Hvx2` ?�b irQ i�bFb,
Bi /2+B/2b r?2i?2` i?2 BMTmi Bb bvMi�+iB+�HHv +Q``2+i �M/ B7 v2b- Bi QmiTmib �M
�#bi`�+i bvMi�t i`22X

G2iöb /Q i?2 TH�BM bvMi�t +?2+F }`biX avMi�t �M�Hvx2` M22/b irQ i?BM;b,
� b2[m2M+2 Q7 iQF2Mb �+[mB`2/ /m`BM; H2tB+�H �M�HvbBb- �M/ � b2i Q7 ;`�KK�`
`mH2bX h?2`2 �`2 K�Mv r�vb iQ /2}M2 i?Qb2 `mH2bX

G2iöb 2tTH�BM i?2 B/2� Q7 T�`bBM;X a�v r2 ?�p2 � +QMi2ti@7`22 ;`�KK�` Q7
i?2 H�M;m�;2- r?B+? ?�b � bi�`iBM; MQM@i2`KBM�H bvK#QHX h?2 ;`�KK�` rBHH
#2 K�/2 bQ i?�i i�FBM; i?2 +m``2Mi iQF2M 7`QK i?2 b2[m2M+2- i?2`2 rBHH #2
2Bi?2` MQ r�v iQ /2`Bp�i2 iQ Bi Ui?�i rBHH K2�M � bvMi�t 2``Q`V Q` i?2`2 rBHH #2
T`2+Bb2Hv QM2 r�vX �7i2` �TTHvBM; i?2 QMHv TQbbB#H2 `mH2- i?2 M2ti iQF2M rBHH #2
i�F2M �;�BM rBi? i?2 H27iKQbi MQM@i2`KBM�H bvK#QH Ur?B+? TQTb mT �7i2` ;QBM;
7Q` i?2 }`bi iQF2MV �M/ i?2 b�K2 T`Q+2bb rBHH #2 `2T2�i2/X A7 r2 K�M�;2 iQ

jk



jXRX h?2 *QKTBH2`

�+?B2p2 �HH i?2 iQF2Mb 7`QK i?2 BMTmi b2[m2M+2 r?BH2 ?�pBM; MQ MQM@i2`KBM�Hb
H27i- i?2 BMTmi rBHH #2 +QMbB/2`2/ bvMi�+iB+�HHv +Q``2+iX

LQr 7Q` i?2 ;`�KK�` Bib2H7X :Bp2M � iQF2M �M/ � MQM@i2`KBM�H bvK#QH-
i?2`2 Kmbi #2 �i KQbi QM2 TQbbB#H2 `mH2 iQ mb2- �b K2MiBQM2/ �#Qp2X aQ r?v
MQi iQ K�F2 � k. i�#H2 7Q` i?Bb\ am+? � i�#H2 Bb +�HH2/ � GGURV T�`bBM;
i�#H2(R3)X

� +QMi2ti@7`22 ;`�KK�` Bb +�HH2/ � GGURV ;`�KK�` B7 Bi ;2M2`�i2b �M mM@
�K#B;mQb GGURV T�`bBM; i�#H2 i�#H2 /2b+`B#2/ BM i?2 T`2pBQmb T�`�;`�T?X h?2
}`bi L K2�Mb i?�i i?2 BMTmi Bb `2�/ 7`QK H27i iQ `B;?i- i?2 b2+QM/ L K2�Mb
i?�i 2�+? iBK2- i?2 H27iKQbi MQM@i2`KBM�H bvK#QH Bb /2`Bp�i2/- �M/ }M�HHv i?2
1 K2�Mb i?�i �Hr�vb R iQF2M Bb `2�/ �i � iBK2X

G2iöb /2bB;M � GGURV ;`�KK�` 7Q` Qm` H�M;m�;2 Q7 �`Bi?K2iB+bX h?2 `mH2b
�`2 MmK#2`2/- �b r2 rBHH `272` iQ i?2K H�i2`X h2`KBM�H bvK#QHb �`2 #Hm2-
MQM@i2`KBM�H bvK#QHb �`2 #H�+F- �M/ i?2 bi�`iBM; bvK#QH Bb E0,

E0 → E1 E′

0 UjXRV

E′

0 → + E1 E′

0 UjXkV

E′

0 → ε UjXjV

E1 → E2 E′

1 UjX9V

E′

1 → ∗ E2 E′

1 UjX8V

E′

1 → ε UjXeV

E2 → ( E0 ) UjXdV

E2 → int UjX3V

h?Bb ;`�KK�` rBHH MQi QMHv +?2+F i?2 BMTmi 7Q` +Q``2+iM2bb- #mi rBHH �HbQ
?�M/H2 i?2 QT2`�iQ` T`BQ`Biv H�i2` r?2M Bi +QK2b iQ #mBH/BM; i?2 �#bi`�+i
bvMi�t i`22X

LQr Bi Bb iBK2 iQ +QK2 mT rBi? i?2 GGURV T�`bBM; i�#H2 i�#H2X h?2`2 �`2
b2p2`�H QMHBM2 iQQHb iQ ;2M2`�i2 QM2 7`QK i?2 ;`�KK�`(RN)- bQ i?2`2 Bb MQ M22/
iQ /Q Bi K�Mm�HHvX 1�+? +2HH Q7 i?2 i�#H2 K2�Mb óB7 i?2 H27iKQbi MQM@i2`KBM�H
Bb i?2 QM2 K2MiBQM2/ BM i?2 `Qr �M/ i?2 +m``2Mi iQF2M Bb i?2 QM2 K2MiBQM2/
BM i?2 +QHmKM- mb2 i?Bb `mH2ôX A7 i?2`2 Bb MQ `mH2- Bi K2�Mb � bvMi�t 2``Q`X

h�#H2 jXR, GGURV T�`bBM; i�#H2 Q7 � bBKTHB}2/ H�M;m�;2 Q7 �`Bi?K2iB+b

+ ∗ ( ) int ε

E0 jXR jXR

E′

0 jXk jXj jXj

E1 jX9 jX9

E′

1 jXe jX8 jXe jXe

E2 jXd jX3

jj



jX AKTH2K2Mi�iBQM

G2iöb /Q �M 2t�KTH2 Q7 ?Qr i?2 T�`bBM; rQ`FbX a�v r2 r�Mi iQ T�`b2 i?2
BMTmi 2 ∗ (3 + 4)X *QMp2`iBM; i?Bb BMiQ � b2[m2M+2 Q7 iQF2Mb- r2 ;2i BMi2;2`-
QT2`�iQ` ∗- H27i T�`2Mi?2bBb- BMi2;2`- QT2`�iQ` + �M/ `B;?i T�`2Mi?2bBbX _2@
K2K#2` i?2 bi�`iBM; bvK#QH Bb E0X aQ r2 bi�`i Qz rBi? H27iKQbi MQM@i2`KBM�H
E0 �M/ BMi2;2` Ui?2 kV �b i?2 +m``2Mi iQF2MX GQQFBM; BMiQ i?2 i�#H2- `mH2 jXR
?�b iQ #2 mb2/X q2 ;2i,

E0

jXR
=⇒ E1 E′

0

LQr- i?2 H27iKQbi MQM@i2`KBM�H Bb E1 �M/ i?2 +m``2Mi iQF2M bi�vb i?2 b�K2-
i?2 i�#H2 b�vb jX9,

E1 E′

0

jX9
=⇒ E2 E′

1 E′

0

"2BM; E2 i?2 H27iKQbi MQM@i2`KBM�H �M/ BMi2;2` i?2 +m``2Mi iQF2M- `mH2 jX3
Bb mb2/,

E2 E′

1 E′

0

jX3
=⇒ int E′

1 E′

0

q2 ;Qi � iQF2MX Ai +Q``2bTQM/b rBi? i?2 iQF2M QM i?2 BMTmi- bQ i?Bb Bb �
bm++2bb7mH K�i+? �M/ r2 +�M ;Q QM rBi? i?2 M2ti iQF2M �M/ i?2 M2r H27iKQbi
MQM@i2`KBM�H,

int E′

1 E′

0

jX8
=⇒ int ∗ E2 E′

1 E′

0

jXd
=⇒ int ∗ ( E0 ) E′

1 E′

0

jXR
=⇒

int ∗ ( E1 E′

0 ) E′

1 E′

0

jX9
=⇒ int ∗ ( E2 E′

1 E′

0 ) E′

1 E′

0

jX3
=⇒

int ∗ ( int E′

1 E′

0 ) E′

1 E′

0

jXe
=⇒ int ∗ ( int E′

0 ) E′

1 E′

0

jXk
=⇒

int ∗ ( int + E1 E′

0 ) E′

1 E′

0

jX9
=⇒

int ∗ ( int + E2 E′

1 E′

0 ) E′

1 E′

0

jX3
=⇒

int ∗ ( int + int E′

1 E′

0 ) E′

1 E′

0

jXe
=⇒

int ∗ ( int + int E′

0 ) E′

1 E′

0

jXj
=⇒ int ∗ ( int + int ) E′

1 E′

0

jXe
=⇒

int ∗ ( int + int ) E′

0

jXj
=⇒ int ∗ ( int + int )

q2 K�M�;2/ iQ /2`Bp�i2 �HH i?2 r�v iQ i?2 +Q``2bTQM/BM; iQF2M b2[m2M+2X
h?2`27Q`2- i?2 BMTmi r�b bvMi�+iB+�HHv +Q``2+iX

G2iöb b2 r?�i ?�TT2Mb r?2M i?2 BMTmi Bb bvMi�+iB+�HHv BM+Q``2+iX *QMbB/2`
� bBM;H2 ( �b i?2 BMTmi- H27i T�`2Mi?2bBb BM i2`Kb Q7 iQF2Mb,

E0

jXR
=⇒ E1 E′

0

jX9
=⇒ E2 E′

1 E′

0

jXd
=⇒ ( E0 ) E′

1 E′

0

h?2 H27i T�`2Mi?2bBb Bb bm+2bb7mHHv K�i+?2/X LQr- i?2 +m``2Mi iQF2M Bb ε

U2M/ Q7 BMTmiV �M/ i?2 H27iKQbi MQM@i2`KBM�H Bb E0- r?B+? Bb �M 2KTiv +2HH BM

j9



jXRX h?2 *QKTBH2`

i?2 i�#H2- �M/ i?2`27Q`2 � bvMi�t 2``Q`X UA7 i?2 iQF2Mb +QMi�BM i?2B` TQbBiBQM BM
i?2 Q`B;BM�H +Q/2- i?2 T�`b2` +�M 2p2M b�v óbvMi�t 2``Q` QM HBM2 x �M/ +?�`�+i2`
yô- bBM+2 Bi �Hr�vb FMQrb i?2 2``QM2Qmb iQF2M r?2M Bi +QK2b iQ �M 2``Q`XV

h?2 b2+QM/ i�bF Q7 � T�`b2` Bb iQ QmiTmi �M �#bi`�+i bvMi�t i`22X Ai `2T@
`2b2Mib i?2 bi`m+im`2 Q7 i?2 BMTmiX h?2 rQ`/ �#bi`�+i K2�Mb i?�i MQi �HH
bvMi�+iB+ 2H2K2Mib �`2 T`2b2Mi BM i?2 i`22X AM Qm` +�b2- Bi rQmH/ #2 i?2 T�`2M@
i?2b2b- �b i?2v b2`p2 QMHv 7Q` +?�M;BM; i?2 QT2`�iQ` T`BQ`Biv �M/ QM+2 i?2 i`22
Bb #mBHi- i?2v +2�b2 iQ #2 BKTQ`i�MiX

�#bi�+i bvMi�t i`22 7Q` i?2 BMTmi 2 ∗ (3 + 4) +QmH/ HQQF �b 7QHHQrb,

6B;m`2 jXk, �M �#bi`�+i bvMi�t i`22 7Q` �`Bi?K2iB+b

∗

k +

j 9

Ai b?QmH/ #2 BMimBiBp2 ?Qr i?2 i`22 r�b #mBHiX
G2iöb i�HF �#Qmi i?2 BKTH2K2Mi�iBQM MQrX � GGURV T�`b2` Bb #�b2/ QM �

Tmb?/QrM �miQK�iQM- �M/ i?2`27Q`2 M22/b � bi�+F BM Q`/2` iQ rQ`FX PM2 +�M
2Bi?2` BKTH2K2Mi i?2B` QrM- #mi Km+? 2�bB2` Bb iQ K�F2 mb2 Q7 i?2 bvbi2K
bi�+F #v +�HHBM; K2i?Q/b `2+m`bBp2HvX aQ i?2 T�`b2` rBHH #2 � +H�bb +QMi�BMBM;
� K2i?Q/ 7Q` 2�+? MQM@i2`KBM�H bvK#QH- � K2i?Q/ K�i+?UtV 7Q` +?2+FBM;
r?2i?2` i?2 +m``2Mi iQF2M K�i+?2b rBi? � iQF2M t- �M/ � p�`B�#H2 iQ biQ`2 i?2
+m``2Mi iQF2M iQX h?2 #Q/v Q7 2�+? K2i?Q/ +�M #2 2�bBHv i`�Mb7Q`K2/ 7`QK
i?2 GGURV ;`�KK�` T`Q/m+iBQM `mH2b �b 7QHHQrb,

Ç 6Q` � MQM@i2`KBM�H bvK#QH- +�HH i?2 +Q``2bTQM/BM; K2i?Q/X

Ç 6Q` � i2`KBM�H bvK#QH t- +�HH K�i+?UtV iQ b22 r?2i?2` i?2 +m``2Mi iQF2M
K�i+?2bX

6Q` 2t�KTH2- i?2 Tb2m/Q+Q/2 Q7 i?2 K2i?Q/ 7Q` T`Q/m+iBQM `mH2
E′

0 → + E1 E′

0 +QmH/ HQQF HBF2 i?Bb,

R, T`Q+2/m`2 E′

0

k, +?2+F 7Q` bvMi�t 2``Q` rBi? i?2 i�#H2
j, B7 +m``2Mi iQF2M 4 + i?2M

9, match(+)
8, E1()
e, E′

0()

d, XXX i`�Mb+`BTi Q7 Qi?2` `mH2b bi�`iBM; rBi? E′

0 → XXX

j8



jX AKTH2K2Mi�iBQM

�b 7Q` i?2 #mBH/BM; Q7 i?2 bvMi�t i`22- i?Bb Bb r?2`2 i?BM;b bi�`i ;2iiBM; � #Bi
KQ`2 +QKTHB+�i2/X 6B`bi- +H�bb2b 7Q` `2T`2b2MiBM; i?2 MQ/2b Kmbi #2 /2}M2/-
BM i?Bb +�b2 AMi2;2`LQ/2- SHmbLQ/2 �M/ hBK2bLQ/2X a2+QM/- K2i?Q/b BM
i?2 T�`b2` Kmbi bQK2?Qr #mBH/ i?2 i`22 7`QK i?2b2X E22T BM KBM/ i?�i i?2
K2i?Q/b +�M `2im`M � MQ/2 �M/fQ` �++2Ti � MQ/2 �b � T�`�K2i2`X

"2HQr �`2 Tb2m/Q+Q/2b 7Q` i?2 K2i?Q/b BM Qm` +�b2,

R, T`Q+2/m`2 Ex

k, +?2+F 7Q` bvMi�t 2``Q` rBi? i?2 i�#H2
j, tmp← Ex+1()
9, `2im`M E′

x
(tmp)

R, T`Q+2/m`2 E′

x
UnodeV

k, B7 MQi � bvMi�t 2``Q` �M/ +m``2Mi iQF2M Bb /Bz2`2Mi 7`QK i?2 QM2 i?Bb
`mH2 K�i+?2b i?2M

j, `2im`M node

9, B7 +m``2Mi iQF2M K�i+?2b i?2M

8, matchUiQF2MV
e, tmp← Ex+1()
d, n← M2r OperandNode(leftnchild = node, rightnchild = tmp)
3, `2im`M E′

x
(n)

N, i?`Qr bvMi�t 2``Q`

h?2 T`Q+2/m`2 7Q` ?�M/HBM; BMi2;2`b �M/ T�`2Mi?2b2b Bb � #Bi /Bz2`2Mi,

R, T`Q+2/m`2 E2

k, B7 +m``2Mi iQF2M 4 H27i T�`2Mi?2bBb i?2M

j, matchUH27i T�`2Mi?2bBbV
9, node← E0()
8, matchU`B;?i T�`2Mi?2bBbV
e, `2im`M node

d, B7 +m``2Mi iQF2M 4 BMi2;2` i?2M

3, node← M2r IntegerNode(token.value)
N, `2im`M node

Ry, i?`Qr bvMi�t 2``Q`

h?Qb2 K2i?Q/b T`Q/m+2 i?2 �#bi`�+i bvMi�t i`22 r?B+? Bb T�bb2/ /B`2+iHv
iQ i?2 M2ti TB2+2 Q7 i?2 +QKTBH2`- +Q/2 ;2M2`�iQ`X

jXRXj *Q/2 :2M2`�iQ`

h?2 ?�`/2bi rQ`F ?�b �H`2�/v #22M /QM2X h?2 bQm`+2 +Q/2 r2Mi �HH i?2 r�v
i?`Qm;? iQF2MBxBM; �M/ T�`bBM; iQ #2+QK2 �M �#bi`�+i bvMi�t i`22X Ai Bb +QK@

je



jXRX h?2 *QKTBH2`

TH2i2Hv mT iQ mb r?�i r2 /Q rBi? Bi �i i?2 KQK2MiX aBM+2 r2 ?�p2 i?2 H�M;m�;2
Q7 �`Bi?K2iB+b- r2 +QmH/ 7Q` 2t�KTH2 2p�Hm�i2 i?2 2tT`2bbBQM- T`BMi i?2 T`2}t
Q` TQbi}t 7Q`K Q7 i?2 BMTmi- Q` /Q �Mvi?BM; 2Hb2 r?�i +QK2b mT iQ Qm` KBM/X
AM jXR- A K2MiBQM2/ i?�i r2 rBHH i`v iQ +`2�i2 � T`2}t 7Q`K Q7 i?2 BMTmiX

hQ +`2�i2 T`2}t 7Q`K Q7 � #BM�`v i`22- T`Q+2bb i?2 MQ/2 Bib2H7 }`bi- i?2M Bib
H27i bm#i`22- �M/ i?2M Bib `B;?i bm#i`22X G2iöb ;Q bi`�B;?i 7Q` i?2 Tb2m/Q+Q/2,

R, T`Q+2/m`2 prefixUnodeV
k, T`BMi node.value

j, prefix(node.leftnchild)
9, prefix(node.rightnchild)

�M/ i?�iöb BiX �i i?2 2M/ Q7 i?2 /�v- r2 bm++2bb7mHHv +QMp2`i2/ i?2 bQm`+2
+Q/2 UBM}t 7Q`KV iQ i�`;2i +Q/2 UT`2}t 7Q`KVX h?2 +QKTBH2` Q7 GA@.G /Q2b
� #Bi KQ`2 /B{+mHi i?BM; BM +Q/2 ;2M2`�iBQM- Bi +QMp2`ib i?2 +Q/2 iQ Svi?QM
bvMi�t UbQ i?2 QmiTmi +QMi�BM HQ�/b Q7 T�`2Mi?2b2b �M/ i?2`2 �`2 bQK2 BKTQ`i
bi�i2K2Mib �i i?2 #2;BMMBM;V- #mi i?2 B/2� bi�vb i?2 b�K2X

� GA@.G bQm`+2 +Q/2 RYR rQmH/ #2 +QKTBH2/ BMiQ i?Bb UMQi2 i?2 iQF2M
TQbBiBQMb r?B+? #m##H2 �HH i?2 r�v iQ i?2 `mMiBK2V,

BKTQ`i XXX
S_P:_�J 4 S`Q;`�KUV
S_P:_�JX�//USHmbUUy- RV- AMi2;2`UUy- yV- RV- AMi2;2`UUy- kV- RVVV
XXX
S_P:_�JX`mMUV

"27Q`2 +Q/2 ;2M2`�iBQM Bib2H7- b2p2`�H QTiBKBx�iBQMb +QmH/ mbm�HHv #2 /QM2-
BM +�b2 Q7 �`Bi?K2iB+b- �//BM; � y Q` KmHiBTHvBM; #v y Q` R +QmH/ #2 r2HH
QTiBKBx2/X aBM+2 GA@.G /2T2M/b � HQi QM `mMiBK2- Bi /Q2b MQ QTiBKBx�iBQMb
?2`2X

aBM+2 i?2 +QKTBH�iBQM �M/ `mMMBM; i?2 GA@.G +Q/2 +QmH/ TQi2MiB�HHv i�F2
bQK2 iBK2- #Qi? �`2 BKTH2K2Mi2/ �b *2H2`v i�bFb- �b /2b+`B#2/ BM kXkX

jd



jX AKTH2K2Mi�iBQM

jXk GA@.G 6`�K2rQ`F

�Hi?Qm;? i?2 7`�K2rQ`F Bb [mBi2 � +QKTH2t bvbi2K- Bi +QMi�BMb QMHv �#Qmi
k8yy HBM2b Q7 bQm`+2 +Q/2 BM iQi�HX h?2 /B�;`�K QM T�;2 kR b?Qrb � bQT?Bb@
iB+�i2/ bvbi2K Q7 BM?2`Bi�M+2- r?B+? �HHQrb iQ bBKTHB7v i?2 +Q/2 � HQiX h?2
BKTH2K2Mi�iBQM Q7 �M Q#D2+i +QmH/ #2 i?2M �b bBKTH2 �b b?QrM #2HQrX h?2
+Q/2 b?QmH/ #2 b2H7@2tTH�M�iQ`v,

+H�bb a?2HHo�`B�#H2UP#D2+iV,
�GGPq1.nS_PS1_hA1a 4 &

]M�K2], Uai`BM;- V-
]p�Hm2], Uai`BM;- AMi2;2`- 6HQ�iV-

'
_1ZlA_1.nS_PS1_hA1a 4 U]M�K2]- ]p�Hm2]V

/27 2p�Hm�i2Ub2H7- T`QTb-   Fr�`;bV,
Fr�`;b(]QmiTmi])X�//np�`B�#H2UT`QTb(]M�K2])- T`QTb(]p�Hm2])V

hQ /2KQMbi`�i2 ?Qr i?2 7`�K2rQ`F rQ`Fb iQ;2i?2` rBi? i?2 +QKTBH2`-
+QMbB/2` i?2 7QHHQrBM; GA@.G +Q/2,

6BH2 &
M�K2 4 ]?2HHQ]
+QMi2Mi 4 ]?2HHQ rQ`H/]

'
aim/2Mi &'

h?2 +QKTBH2` +QMp2`ib Bi BMiQ i?2 7QHHQrBM; Svi?QM `2T`2b2Mi�iBQM Ui?2
BKTQ`ib �`2 +QHH�Tb2/ �M/ i?2 HQM;2bi HBM2 Bb #`QF2M BM i?2 KB//H2 iQ }i �i
H2�bi � #Bi iQ i?Bb T�;2V,

O5fmb`f#BMf2Mp Tvi?QMj
O +QKTBH2/ rBi? GA@.G p2`bBQM R

BKTQ`i XXX
S_P:_�JX�//UP#D2+i6�+iQ`vUUy- yV- ]6BH2]VXb2inT`QT2`ivUUR- kV- ]M�K2]- ai`BM;UUR- dV-]$te3$te8$te+$te+$te7]VV
Xb2inT`QT2`ivUUk- kV- ]+QMi2Mi]- ai`BM;UUk- RyV-]$te3$te8$te+$te+$te7$tky$tdd$te7$tdk$te+$te9]VVV
S_P:_�JX�//UP#D2+i6�+iQ`vUU9- yV- ]aim/2Mi]VV
S_P:_�JX`mMUV

j3



jXjX q2# �TTHB+�iBQM

�M/ r?2M i?Bb b+`BTi Bb `mM- Bi T`Q/m+2b i?2 7QHHQrBM; "�b? b+`BTie,

O5f#BMf#�b?
b?QTi @b 2tT�M/n�HB�b2b
(( @x ]0R] )) �� 2+?Q ]JBbbBM; b+`BTi T�i?X] �� 2tBi R
B7 5 (( ]0R] 4� �f ))c i?2M a*_AShnS�h>4]0UTr/Vf0R]c 2Hb2 a*_AShnS�h>4]0R]c 7B
(( @M ]0k] )) �� +/ ]0k]
B7 (( ]0j] 54 ]MQi2bi] ))
i?2M
KF/B` i2bi
+/ i2bi
7B
b2i @@
`QQi40UTr/V
iQm+? @@ ]0UT`BMi7 @@ ^$te3$te8$te+$te+$te7^ V]
T`BMi7 @@ ^$te3$te8$te+$te+$te7$tky$tdd$te7$tdk$te+$te9^ = ]0UT`BMi7 @@ ^$te3$te8$te+$te+$te7^ V]
+T @@ ]0a*_AShnS�h>] ]0UT`BMi7 @@ ^$t8j$td9$td8$te9$te8$te2$td9^ V]
+?KQ/ @@ mYt ]0UT`BMi7 @@ ^Wb^ ]0&`QQi']V]
+?KQ/ @@ mYt ]0UT`BMi7 @@ ^Wb$tk7$t8j$td9$td8$te9$te8$te2$td9^ ]0&`QQi']V]
bQm`+2 ]0UT`BMi7 @@ ^Wb$tk7$t8j$td9$td8$te9$te8$te2$td9^ ]0&`QQi']V] III ]]

h?Bb b+`BTi 2tT2+ib i?2 T�i? iQ b+`BTi i?�i b?�HH #2 i2bi2/ �b � T�`�K2i2`X
Ai ?�M/H2b +QTvBM; Bi iQ i?2 +Q``2+i HQ+�iBQM- +`2�iBM; �HH M2+2bb�`v BMTmib- �M/
`mMMBM; i?2 b+`BTiX h?2 QmiTmib M�im`�HHv bi�v �i i?2B` /27�mHi HQ+�iBQMb- bQ
7m`i?2` `2/B`2+iBQM BM i?2 T`Q+2bb Q7 i2biBM; Bb M22/2/X

jXj q2# �TTHB+�iBQM

h?2 bi`m+im`2 Q7 i?2 r2# �TTHB+�iBQM Bb T`2iiv Km+? /2}M2/ #v i?2 mb2/ 7`�K2@
rQ`F .D�M;QX G2iöb ?�p2 � +HQb2` HQQF QM ?Qr Bi rQ`Fb,

6B;m`2 jXj, a+?2K� Q7 i?2 .D�M;Q 7`�K2rQ`F(ky)

eAi Bb MQi QM2 �KQM; i?2 MB+2bi QM2b- #mi iQ #2 ?QM2bi- ?�p2 vQm 2p2` b22M bQK2i?BM;
MB+2 BM "�b?\

jN



jX AKTH2K2Mi�iBQM

h?2 DQm`M2v Q7 � mb2`öb `2[m2bi bi�`ib �i l_G /BbT�i+?2`- r?B+? /2+B/2b
r?B+? pB2r rBHH ?�M/H2 BiX h?2 pB2r i?2M �bFb � KQ/2H iQ `2i`B2p2 bQK2 /�i�
7`QK i?2 /�i�#�b2- B7 �TTHB+�#H2X �7i2` i?2 pB2r ;2ib i?2 /�i�- i?2`2 Bb � bT�+2
7Q` �//BiBQM�H T`Q+2bbBM;- �M/ i?2M � `2bTQMb2 Bb ;2M2`�i2/- Q7i2M rBi? i?2 mb2
Q7 � i2KTH�i2dX h?Bb HQQT ;Q2b Qp2` �M/ Qp2` rBi? 2�+? `2[m2biX

h?2 ó`2[m2bi r?22Hô Q7 i?2 T`QD2+i +QMi�BMb � 72r KQ`2 bi2TbX 6Q` BMbi�M+2-
bBM+2 i?2`2 Bb � 7�B`Hv +QKTH2t bvbi2K Q7 `QH2b- i?2 pB2r Kmbi p2`B7v r?2i?2`
i?2 mb2` +�M �+im�HHv +�``v Qmi i?2 `2[m2bi i?2v b2M/X h?Bb Bb r?v i?2 T`QD2+i
+QMi�BMb � *mbiQKoB2rJBtBM r?B+? �//b i?Qb2 �//BiBQM�H 7mM+iBQM�HBiB2b iQ �
pB2rX Ai BM+Hm/2b,

Ç p2`B7vBM; r?2i?2` i?2 mb2` ?�b bm{+B2Mi H2p2H iQ +QKTH2i2 i?2 `2[m2bi-

Ç T�bbBM; � +Q``2+i b2i Q7 Q#D2+ib iQ i?2 HBbiBM; QM i?2 H27i UB7 �TTHB+�#H2V-

Ç T�bbBM; +Q``2+i i2tib iQ i?2 ?2�/BM; Q7 i?2 T�;2 �M/ i?2 bm#KBi #miiQM
UB7 �TTHB+�#H2V-

Ç T`QpB/BM; �M BMi2`7�+2 iQ T�bb +mbiQK /�i� iQ i?2 i2KTH�i2X

S`2p2MiBM; irQ Q` KQ`2 mb2`b 7`QK 2/BiBM; i?2 b�K2 Q#D2+i �i � iBK2 Bb
�HbQ � T`Q#H2K r?B+? M22/b iQ #2 i�F2M +�`2 Q7 `2T2�i2/HvX aQ H2iöb BMi`Q/m+2
�MQi?2` KBtBM- GQ+FJBtBM- r?B+? T`QpB/2b i?2 M22/2/ #2?�pBQ`X L�K2Hv,

Ç bT2+B7vBM; r?B+? �ii`B#mi2b 7`QK i?2 KQ/2H b?�HH #2 mb2/ iQ B/2MiB7v i?2
HQ+F-

Ç +?QQbBM; r?2i?2` i?2 HQ+F b?�HH #2 �miQK�iB+�HHv �+[mB`2/ /m`BM; i?2
`2[m2bi B7 mMHQ+F2/-

Ç +?QQbBM; r?2i?2` i?2 HQ+F b?�HH #2 �miQK�iB+�HHv `2H2�b2/ �i i?2 2M/ Q7
T`Q+2bbBM; i?2 `2[m2bi-

Ç T`QpB/BM; � r`�TT2` �`QmM/ i?2 +�HHb iQ i?2 HQ+F K�M�;2`- bBKTHB7vBM;
i?2 +Q/2 � #BiX

"2bB/2b i?Qb2 KBtBMb- i?2 BKTH2K2Mi�iBQM K�F2b mb2 Q7 +H�bb@#�b2/ .D�M;Q
;2M2`B+ pB2rb(kk) r?B+? BKTH2K2Mi bQK2 KQbi +QKKQM T�ii2`Mb- 2X ;X �miQ@
K�iB+�HHv `2i`B2pBM; �M Q#D2+i 7`QK i?2 /�i�#�b2 �M/ T�bbBM; Bi iQ � i2KTH�i2X
h?Bb r�v- bQK2 pB2rb +QmH/ #2 �b b?Q`i �b i?`22 HBM2b Q7 +Q/2X

dh?Bb /Bz2`b � #Bi 7`QK i?2 bi�M/�`/ Jo* �`+?Bi2+im`2- i?2 `2�bQMBM; Bb 2tTH�BM2/ BM
i?2 .D�M;Q /Q+mK2Mi�iBQM(kR)X
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jX9X *?2+FBM; a+`BTi

jX9 *?2+FBM; a+`BTi

h?2 +?2+FBM; b+`BTi �++2Tib TQbBiBQM�H T�`�K2i2`b iQ /2i2`KBM2 r?�i b?QmH/
#2 +?2+F2/X

h?2 Tvi?QMB+ T�i?HB# KQ/mH2 bBKTHB}2b i?2 }H2 QT2`�iBQMb � #Bi- �b Bi +QM@
i�BMb K2i?Q/b HBF2 Bi2`/B`UV iQ Bi2`�i2 Qp2` � /B`2+iQ`vöb +QMi2Mi Q` 2tBbibUV
iQ +?2+F r?2i?2` � }H2 2tBbibX
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*?�Ti2` 9

h2biBM; �M/ .2THQvK2Mi

9XR h2biBM;

h?2 i2biBM; Q7 bm+? � T`QD2+i ;Q2b 7�` #2vQM/ � bBKTH2 mMBii2biBM; Q7 � r2#
�TTHB+�iBQMX aBM+2 i?2 T`QD2+i +QMbBbib Q7 K�Mv +QKTQM2Mib- Bi Bb [mBi2 BK@
TQ`i�Mi iQ i2bi r?2i?2` i?Qb2 rQ`F iQ;2i?2` +Q``2+iHv @ bm+? i2bib �`2 +�HH2/
BMi2;`�iBQM i2bibX(kj) �M/ KQbi BKTQ`i�MiHv- b+`BTib r`Bii2M #v mb2`b �`2 `mM
QM Qm` b2`p2`X h?2`27Q`2- i?2v Kmbi MQi ?�`K i?2 bvbi2K BM �Mv r�vX

9XRXR aKQF2 h2biBM;

� bKQF2 i2bi +QMbBbib Q7 T2`7Q`KBM; bQK2 #�bB+ b+2M�`BQb iQ b22 B7 i?2 �TTHB@
+�iBQM bQK2?Qr rQ`FbX h?2 i2`K bKQF2 i2biBM; +QK2b 7`QK i2biBM; TB2+2b Q7
?�`/r�`2 � QM+2 i?2v �`2 THm;;2/ BMiQ 2H2+i`B+Biv �M/ bi�`i bKQFBM;- bQK2i?BM;
T`Q#�#Hv r2Mi r`QM;- 2p2M #27Q`2 i?2 �+im�H #2?�pBQ` bi�`i2/ iQ #2 i2bi2/X(k9)

AM +�b2 Q7 i?Bb T`QD2+i- bKQF2 i2biBM; +QMbBbib Q7 72�im`2b r?B+? i2bi �HH
i?2 +QKTQM2Mib �b � bB/2 2z2+iX h?2`27Q`2- Bi �HbQ b2`p2b r2HH �b BMi2;`�iBQM
i2biBM;X

aBM+2 i?2 r2# �TTHB+�iBQM K�F2b mb2 Q7 .D�M;Q 7`�K2rQ`F- i2biBM; Bb [mBi2
bBKTH2X h?2`2 Bb � *HB2Mi +H�bb r?B+? 2KmH�i2b i?2 mb2`X h?2 i2bi2` QMHv
bT2+B}2b r?B+? `2[m2bib i?2 mb2` b?�HH b2M/X _mMMBM; i?2 i2bib Bb i?2M �b 2�bv
�b r`BiBM; Tvi?QM K�M�;2XTv i2bi BMiQ i?2 +QMbQH2X

9XRXk a2+m`Biv h2biBM;

A7 i?2 KQbi BKTQ`i�Mi i?BM; Q7 �M QMHBM2 Dm/;2 b?�HH #2 TQBMi2/ Qmi- i?2M Bi
rQmH/ /2}MBi2Hv #2 i?2 i2biBM; r?2i?2` i?2 bvbi2K Bb `2�HHv b2+m`2X h?2 bi2Tb
K�/2 iQ 2Mbm`2 `mMMBM; � b+`BTi Bb b�72 r2`2 �H`2�/v /2b+`B#2/ BM RXjXRX

� /Bb�/p�Mi�;2 Q7 i?Bb FBM/ Q7 i2biBM; Bb i?�i Bi +�MMQi #2 �miQK�i2/X q2
M22/ � ?mK�M r?Q +�M i?BMF Q7 � bTQi r?2`2 i?2 bvbi2K +�M #2 #`QF2M- r`Bi2
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9X h2biBM; �M/ .2THQvK2Mi

�M 2tTHQBi- �M/ i?2M i2bi r?2i?2` i?2 bvbi2K Bb T`Qi2+i2/ �;�BMbi bm+? �M
�ii�+FX

h?2 TQi2MiB�HHv r2�F2bi TH�+2 Bb `mMMBM; � bm#KBii2/ b+`BTi 7`QK � mb2`X
aQK2 Q7 i?2 bvbi2K `2�+iBQMb iQ TQi2MiB�HHv K�HB+BQmb b+`BTib �`2 b?QrM BM i?2
i�#H2 #2HQr,

h�#H2 9XR, _2bmHib Q7 b2+m`Biv i2biBM;

�ii�+F /2b+`BTiBQM J�HB+BQmb b+`BTi avbi2K `2bTQMb2

�ii2KTi iQ /�K�;2
}H2b QM i?2 b2`p2` `K @`7 f?QK2f0la1_

`K @`7 X
`K @`7 @@MQ@T`2b2`p2@`QQi f

LQi?BM; ?�TT2Mb- i?2
+?`QQi D�BH +�MMQi #2
2b+�T2/ �M/ Bb `2biQ`2/
�7i2` 2�+? `mM

_mMMBM; � b+`BTi i?�i
M2p2` }MBb?2b r?BH2 i`m2c /Q ,c /QM2

EBHH2/ �miQK�iB+�HHv
�7i2` 8 b2+QM/b

_mMMBM; � b+`BTi i?�i
bT�rMb BM}MBi2 +QTB2b
Q7 Bib2H7 U7Q`F #QK#V

,UV& ,%, � 'c,

.Q2b MQi �HHQr iQ
bT�rM KQ`2 i?�M N

bm#T`Q+2bb2b

_mMMBM; � b+`BTi rBi?
?B;? /BbF mb�;2 // B74f/2pfx2`Q Q74t $

#b4Ryyyyyyyyy +QmMi4R

a�vb i?2 8y J" T�`iB@
iBQM Bb 7mHH

�ii2KTi iQ H2�F bQK2
TQi2MiB�HHv b2MbBiBp2
/�i�

mM�K2 @�

am+? +QKK�M/b �`2
MQi T`2b2Mi BM +?`QQi
D�BH �i �HH

9Xk .2THQvK2Mi

hQ bBKTHB7v i?2 T`Q+2bb �b Km+? �b TQbbB#H2- .Q+F2` Bb mb2/X hQ /2THQv �M
�TTHB+�iBQM i?�i mb2b .Q+F2`- BM ;2M2`�H �HH r?�i M22/b iQ #2 /QM2 iQ BMbi�HH
.Q+F2` �M/ `mM i?2 b2`pB+2X

.Q+F2`Bx2/ �TTHB+�iBQM +QMi�BMb � }H2 +�HH2/ .Q+F2`}H2X 6`QK � ?mK�Möb
TQBMi Q7 pB2r- Bi +QMi�BMb BMbi�HH�iBQM BMbi`m+iBQMbX "mi �+im�HHv- i?Qb2 �`2
BMbi`m+iBQMb iQ #mBH/ � i?BM; +�HH2/ .Q+F2` BK�;2X �M BK�;2 Bb � TB2+2 Q7
K2KQ`v T`2T�`2/ iQ #2 `mM �b � +QMi�BM2`X h?2 i2`K +QMi�BM2` +QK2b 7`QK
+�`;Q b?BTTBM; � i?Qb2 b?BTb �`2 i`�MbTQ`iBM; +QMi�BM2`b rBi?Qmi �Mv FMQrH@
2/;2 r?�i Bb BMbB/2X �M/ bQ /Q2b .Q+F2`, MQ K�ii2` r?B+? �TTHB+�iBQM Bb BMbB/2
i?2 +QMi�BM2`- MQ K�ii2` r?�i i2+?MQHQ;B2b �`2 mb2/- MQ K�ii2` r?B+? GBMmt
/Bbi`B#miBQM Bb mb2/ � Bi Dmbi `mMb BiX h?2 QMHv i?BM; b?�`2/ rBi? i?2 ?Qbi
bvbi2K Bb i?2 F2`M2H- 2p2`vi?BM; 2Hb2 Bb T�+F2/ BM i?2 +QMi�BM2` �M/ i?2`27Q`2
T`Bp�i2- BM+Hm/BM; 7Q` 2t�KTH2 i?2 T`Q+2bb i`22X
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9XkX .2THQvK2Mi

"2HQr Bb � b?Q`i 2t�KTH2 Q7 � .Q+F2`}H2 i?�i +`2�i2b � *2MiPa BK�;2
rBi? M;BMt r2# b2`p2` QM TQ`i 3y �M/ bmT2`pBbQ`/ iQ +QMi`QH Bi- �bbmKBM; i?2
+QM};m`�iBQM }H2b 7Q` #Qi? M;BMt �M/ bmT2`pBbQ`/ �`2 T`2T�`2/,

6_PJ +2MiQb,d
la1_ y
_lL vmK @v BMbi�HH M;BMt
_lL vmK @v BMbi�HH bmT2`pBbQ`
*PSu Xf7BH2bfM;BMtX+QM7 f2i+fM;BMtfM;BMtX+QM7
*PSu Xf7BH2bfbmT2`pBbQ`/X+QM7 f2i+fbmT2`pBbQ`/X+QM7
1sSPa1 3y
*J. bmT2`pBbQ`/ @+ f2i+fbmT2`pBbQ`/X+QM7 @M

G2iöb 2tTH�BM Bi HBM2 #v HBM2X

Ç 6_PJ +2MiQb,d K2�Mb i?�i r2 bi�`i mT rBi? �M BK�;2 +�HH2/ +2MiQb

p2`bBQM dX uQm K�v i?BMF Q7 i?Bb �b B7 i?2 K2MiBQM2/ .Q+F2`}H2 r�b
BM+Hm/2/ BM i?Bb QM2X

Ç la1_ y K�F2b i?2 #mBH/2` 2t2+mi2 7QHHQrBM; +QKK�M/b �b i?2 mb2` Q7
lA. y Ur?B+? Bb `QQiVX h?Bb +?�M;2 Q7 i?2 mb2` Bb p�HB/ mMiBH �MQi?2`
la1_ /B`2+iBp2 +?�M;2b Bi �;�BMX

Ç _lL vmK @v BMbi�HH M;BMt b?QmH/ MQi #2 ?�`/ iQ ;m2bbX Cmbi 2t2+mi2b
i?2 ;Bp2M b?2HH +QKK�M/X

Ç *PSu Xf7BH2bfM;BMtX+QM7 f2i+fM;BMtfM;BMtX+QM7 +QTB2b i?2 }H2 bT2+@
B}2/ #v i?2 }`bi �`;mK2Mi BMiQ i?2 BK�;2 iQ i?2 HQ+�iBQM ;Bp2M #v i?2
b2+QM/ �`;mK2MiX h?2 bQm`+2 }H2 Kmbi #2 HQ+�i2/ bQK2r?2`2 BM i?2
#mBH/BM; /B`2+iQ`v Q` Bib bm#/B`2+iQ`B2bX A7 Bi Bb HQ+�i2/ bQK2r?2`2 2Hb2-
i?2 i`B+F Bb iQ r`Bi2 � r`�TT2` b?2HH b+`BTi r?B+? +QTB2b �HH i?2 M2+2bb�`v
}H2b BMiQ i?2 #mBH/BM; /B`2+iQ`v �M/ i?2M Bi Bb MQ T`Q#H2K iQ *PSu i?2KX
AMBiB�HHv- i?2`2 r�b �M BMbi`m+iBQM �..- r?B+? /B/ i?2 b�K2 2t+2Ti Bi 7Q`
2t�KTH2 �HbQ i`B2/ iQ mMT�+F �M �`+?Bp2 r?2M �//BM; iQ i?2 +QMi�BM2`X
LQr�/�vb- Bi Bb +QMbB/2`2/ H2;�+v �M/ MQi `2+QKK2M/2/ iQ mb2- �M/ i?2
QMHv `2�bQM 7Q` T`2b2M+2 BM i?2 +m``2Mi p2`bBQM Q7 .Q+F2` Bb #�+Fr�`/
+QKT�iB#BHBivX(k8)

Ç 1sSPa1 3y QT2Mb i?2 TQ`i MmK#2` 3y Q7 i?2 +QMi�BM2` bQ i?�i Bi +�M
+QKKmMB+�i2 rBi? i?2 ?Qbi bvbi2KX

Ç *J. bmT2`pBbQ`/ @+ f2i+fbmT2`pBbQ`/X+QM7 @M `mMb i?2 bT2+B}2/ +QK@
K�M/ 2p2`v iBK2 i?2 +QMi�BM2` Bb bi�`i2/X aBM+2 i?2 +QMi�BM2` ?�b Bib
QrM T`Q+2bb i`22 �M/ #v /27�mHi- i?2`2 Bb MQ BMBi- Bi Bb mbm�HHv � ;QQ/
B/2� iQ `mM �M BMBi@HBF2 T`Q+2bbX bmT2`pBbQ`/ Bb +�T�#H2 Q7 `mMMBM; b2`@
pB+2b- `2bi�`iBM; i?2K B7 i?2v +`�b? Q` 2p2M b2M/BM; �M 2K�BH BM +�b2 Q7
� b2`BQmb Bbbm2X h?2`27Q`2- i?Bb Bb �M QTiBQM Q7 � *J. +QKK�M/X
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9X h2biBM; �M/ .2THQvK2Mi

hQ ?�p2 �M B/2� Q7 i?2 bBx2 Q7 � `2�H .Q+F2`}H2- i?2 QM2 Q7 H2�`Mb?2HH +QMi�BMb
M2�`Hv Ryy BMbi`m+iBQMbX

�7i2` � bm++2bb7mH #mBH/- iQ `mM i?2 +QMi�BM2` K2�Mb iQ r`Bi2 QM2 +QKK�M/
BMiQ i?2 +QMbQH2X h?2 /2THQvK2Mi +�M ?�`/Hv #2 �Mv bBKTH2`X

9e



*QM+HmbBQM

h?2 ;Q�H Q7 i?Bb i?2bBb r�b iQ /2bB;M �M/ BKTH2K2Mi � T`QiQivT2 Q7 �M QMHBM2
Dm/;2X h?Bb ;Q�H r�b /2}MBi2Hv 7mH}HH2/X

AM rBMi2` b2K2bi2` Q7 kyRdfkyR3- i?2 T`QiQivT2 r�b }`bi i2bi2/ #v �#Qmi
Ry mb2`b �i � iBK2 �M/ i?2M mb2/ #v M2�`Hv 3yy bim/2Mib BM i?2 S`Q;`�KKBM;
BM a?2HH +Qm`b2 �i 6Ah *hl BM S`�;m2X �HH BM �HH- #Qi? bim/2Mib �M/ i2�+?2`b
r2`2 b�iBb}2/ rBi? Bi3X h?Bb 7�+i +2`iB}2b i?�i i?2 +QM+2Ti r�b `B;?i �M/ bm+?
� bvbi2K +�M #2 /QM2 i?Bb r�vX >Qr2p2`- i?2 mb�;2 BM T`Q/m+iBQM `2p2�H2/
b2p2`�H �`2�b 7Q` BKT`Qp2K2MiX

h?2 /2+BbBQM +?`QQi D�BH � pB`im�H K�+?BM2 +QmH/ ?�p2 #22M /QM2 #2ii2`X
aim/2Mib Q7i2M bm#KBi b+`BTib rBi? /�i� `�+2b �M/ i?2 2�bB2bi K2i?Q/ iQ +?2+F
i?Qb2 Bb iQ BMb2`i bH22T BMiQ bQK2 bvbi2K +�HHb- r?B+? K2�Mb KQ/B7vBM; i?2
F2`M2H �M/ Bi Bb MQi p2`v bK�`i iQ bHQr /QrM i?2 b?�`2/ F2`M2H Q7 i?2 ?Qbi
K�+?BM2X h?2`27Q`2- � bQHmiBQM rQmH/ #2 iQ `mM � pB`im�H K�+?BM2 rBi? �
+mbiQK F2`M2HX

JQ`2Qp2`- r?2M i?2 T`QiQivT2 r�b mb2/ BM T`Q/m+iBQM- i?2 r?QH2 T`QD2+i
r�b `mMMBM; QM � bBM;H2 pB`im�H K�+?BM2X Ai `2p2�H2/ i?�i i?Bb r�b MQi � p2`v
bK�`i /2+BbBQM- bBM+2 i?2 2t2+miBQM iBK2 Q7 bm#KBii2/ b+`BTib Bb K2�bm`2/ UbQ
i?�i i?2v +�M #2 FBHH2/ B7 i?2v i�F2 iQQ HQM;V �M/ i?Bb +�M #2 BM~m2M+2/ #v i?2
pB`im�H K�+?BM2 K�M�;2` � HQi � B7 Bi /2+B/2b iQ /2Mv i?2 +QKTmi�iBQM TQr2`
7Q` � r?BH2- Bi KB;?i ?�TT2M U�M/ Bi ?�TT2M2/V i?�i 2p2M � b+`BTi +QMi�BMBM;
� bBM;H2 2+?Q +QKK�M/ KB;?i MQi }MBb? BM 8 b2+QM/bX h?2 bQHmiBQM 7Q` i?Bb
KB;?i #2 � T?vbB+�H K�+?BM2 rBi? b2p2`�H *Slb /2/B+�i2/ iQ `mM i?2 b+`BTi@
+Q``2+iBM; pB`im�H K�+?BM2bX

hQ 7QHHQr i?2 T`BM+BTH2 Q7 HQQb2 +QmTHBM;(R9)- i?2 +HB2Mi T�`i �M/ i?2 b2`p2`
T�`i b?QmH/ #2 +QKTH2i2Hv b2T�`�i2/- r?B+? Bb MQi i?2 +�b2 Q7 H2�`Mb?2HHX
.D�M;Q Qz2`b � .G* +�HH2/ .D�M;Q _2bi 6`�K2rQ`F r?B+? +�M #2 mb2/ iQ
2�bBHv BKTH2K2Mi � _1ah �SAX h?2 `2�bQM r?v i?Bb r�b MQi /QM2 BM i?Bb
T`QiQivT2 Bb i?�i MQ#Q/v ;Qi iBK2 iQ r`Bi2 � MB+2 +HB2Mi T�`iX

3Cm/;BM; #v i?2 Q{+B�H 6Ah *hl bm`p2v /QM2 �i i?2 2M/ Q7 2�+? b2K2bi2`X
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*QM+HmbBQM

PM i?2 Qi?2` ?�M/- GA@.G �b i?2 BMTmi ;2M2`�iQ` r�b � p2`v ;QQ/ B/2�-
bBM+2 Bi b�p2/ � bB;MB}+�Mi �KQmMi Q7 iBK2X

Ai Bb MB+2 iQ b22 i?�i i?2`2 Bb � r�v Q7 �miQK�i2/ i2biBM; i?�i Bb 7`B2M/Hv
#Qi? iQ i?2 bim/2Mib U#2+�mb2 Q7 `2p2�HBM; b2p2`�H ?BMib �M/ i?2 �#BHBiv iQ
`2+Q;MBx2 � T�`iB�HHv +Q``2+i b+`BTiV �M/ iQ i?2 i2�+?2`b U#2+�mb2 Bi b�p2b i?2B`
iBK2 #v +Q``2+iBM; i?2 b+`BTib �miQK�iB+�HHvVX �M/ i?Bb Bb r?�i H2�`Mb?2HH
T`QpB/2bX

6mim`2 qQ`Fb

H2�`Mb?2HH rBHH #2 mb2/ �b Bb �;�BM BM rBMi2` kyR3fkyRNX "mi #2+�mb2 Q7 bQK2
r2�FM2bb2b /2b+`B#2/ #27Q`2 �M/ �//BiBQM�H `2[mB`2K2Mib Q7 i2�+?2`b Q7 Qi?2`
+Qm`b2b r?Q b�r i?2 rQ`FBM; T`QiQivT2 �M/ rQmH/ HBF2 iQ mb2 Bi �b r2HH- � M2r
p2`bBQM M22/b iQ #2 K�/2X *m``2MiHv UJ�v kyR3V- � i2�K Q7 �#Qmi Ry T2QTH2
iQ rQ`F QM i?Bb Bb #2BM; �bb2K#H2/ U�b QTTQb2/ iQ i?2 +m``2Mi p2`bBQM- r?B+?
r�b r`Bii2M bQH2Hv #v K2- QMHv bQK2 Q7 i?2 7`QMi2M/ bimz #v � 7`B2M/ Q7 KBM2VX
Ai rBHH i�F2 �i H2�bi � v2�` �;�BM iQ +`2�i2 � T`QiQivT2 Q7 i?2 M2r p2`bBQMX
lMiBH i?�i iBK2- i?2 bvbi2K 7`QK i?Bb i?2bBb rBHH #2 mb2/X G2iöb #2HB2p2 i?2
M2r p2`bBQM +�M H2�`M 7`QK +m``2Mi H2�`Mb?2HH � HQi �M/ #2 2p2M #2ii2`X
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"B#HBQ;`�T?v

(R) GmF�� >Qx/�X GBMmt �HKQbi bm+FH2bb }H2bvbi2K ;2M2`�iQ`X �HbQ +QMi�BMb
#�b?X ai�iB+�HHv HBMF2/X (PMHBM2)X kyRd�kyR3X
m`H, ?iiTb,ff;Bi?m#X+QKfHm+BmbK�;MfKBMBHBMmt7b UpBbBi2/ QM
y8fykfkyR3VX

(k) JBF2 JB`x�v�MQpX *Q/27Q`+2bX (PMHBM2)X kyRy�kyR3X
m`H, ?iiT,ff+Q/27Q`+2bX+QKf UpBbBi2/ QM y8fykfkyR3VX

(j) E�iiBbX E�iiBbX (PMHBM2)X
m`H, ?iiTb,ffQT2MXF�iiBbX+QKf UpBbBi2/ QM y8fykfkyR3VX

(9) .PJCm/;2X (PMHBM2)X
m`H, ?iiTb,ffrrrX/QKDm/;2XQ`;f/2KQr2#fTm#HB+f UpBbBi2/ QM
y8fykfkyR3VX

(8) S`Q;h2biX (PMHBM2)X ULQi Tm#HB+Hv �p�BH�#H2VX
m`H, ?iiTb,ffT`Q;i2biX7BiX+pmiX+xf UpBbBi2/ QM y8fykfkyR3VX

(e) lH7 1`BFbbQMX
6mM+iBQM�H _2[mB`2K2Mib pb LQM 6mM+iBQM�H _2[mB`2K2MibX (PMHBM2)X
kyRkX m`H, ?iiTb,ff`2[i2biX+QKf`2[mB`2K2Mib@#HQ;f7mM+iBQM�H@
pb@MQM@7mM+iBQM�H@`2[mB`2K2Mibf UpBbBi2/ QM y8fykfkyR3VX

(d) CQ?M :�#`B2H2X ZmB+F J�`F/QrM 1t�KTH2X (PMHBM2)X kyR9�kyReX
m`H, ?iiT,ffrrrXmM2tT2+i2/@pQ`iB+2bX+QKfbrf`BTTH2/Q+f[mB+F@
K�`F/QrM@2t�KTH2X?iKH UpBbBi2/ QM y8fykfkyR3VX

(3) �`MQH/ _Q##BMb �M/ L2HbQM >X 6X "22#2X *H�bbB+ a?2HH a+`BTiBM;X
6B`bi 1/BiBQMX Pö_2BHHv- kyy8X Bb#M, y@8Ne@yy8N8@9X

(N) qBFB#QQFbX _2;mH�` 1tT`2bbBQMbfSPaAs@1ti2M/2/ _2;mH�` 1tT`2bbBQMb
� qBFB#QQFb- h?2 6`22 h2ti#QQF S`QD2+iX (PMHBM2)X kyRdX m`H, ?iiTb,
ff2MXrBFB#QQFbXQ`;frfBM/2tXT?T\iBiH24_2;mH�`n1tT`2bbBQMbf

SPaAs@1ti2M/2/n_2;mH�`n1tT`2bbBQMb�QH/B/4jjR8dkk UpBbBi2/ QM
y8fykfkyR3VX

9N



"B#HBQ;`�T?v

(Ry) J�;Mmb GB2 >2iH�M/X "2;BMMBM; Svi?QM, 6`QK LQpB+2 iQ S`Q72bbBQM�HX
a2+QM/ 1/BiBQMX �T`2bb- kyy3X Bb#M, Nd3@R@8Ny8N@N3k@kX

(RR) E�`2H CQH2FX GA@.G /Q+mK2Mi�iBQMX (PMHBM2)X kyR3X m`H,
?iiT,ffHB@/HX`2�/i?2/Q+bXBQf2MfH�i2bif UpBbBi2/ QM y8fykfkyR3VX

(Rk) GmF�� "�üBMF�X a?2HH 6�ZX *x2+?X (PMHBM2)X (oB/2Q)X kyReX m`H,
?iiTb,ffvQmimX#2fnyMqGt_#GqJ\i48Kjeb UpBbBi2/ QM y8fykfkyR3VX

(Rj) q�`/ *mMMBM;?�KX JBt AMX (PMHBM2)X kyRRX
m`H, ?iiT,ffrBFBX+kX+QKf\JBtAM UpBbBi2/ QM y8fykfkyR3VX

(R9) JB+`QbQ7iX *?�`�+i2`BbiB+b Q7 KQ/2`M r2# �TTHB+�iBQMbX (PMHBM2)X m`H,
?iiTb,ff/Q+bXKB+`QbQ7iX+QKf2M@mbf/QiM2ifbi�M/�`/fKQ/2`M@

r2#@�TTb@�xm`2@�`+?Bi2+im`2fKQ/2`M@r2#@�TTHB+�iBQMb@

+?�`�+i2`BbiB+b UpBbBi2/ QM y8fykfkyR3VX

(R8) hmiQ`B�Hbh2�+?2`X+QKX Jo* �`+?Bi2+im`2X (PMHBM2)X kyR3X
m`H, ?iiT,ffrrrXimiQ`B�Hbi2�+?2`X+QKfKp+fKp+@�`+?Bi2+im`2
UpBbBi2/ QM y8fykfkyR3VX

(Re) aZ�X 6mM/�K2Mi�Hb Q7 .�i�#�b2 .2bB;MX (PMHBM2)X kyydX
m`H, ?iiTb,ffrrrXb[�XQ`;XmFf2@H2�`MBM;fJ."ayR*.fT�;2nyeX?iK
UpBbBi2/ QM y8fykfkyR3VX

(Rd) *QKTBH2` .2bB;M hmiQ`B�HX (PMHBM2)X m`H,
?iiTb,ffrrrXimiQ`B�HbTQBMiX+QKf+QKTBH2`n/2bB;MfBM/2tX?iK

UpBbBi2/ QM y8fykfkyR3VX

(R3) �M/`2r "2;2HX GGURV S�`bBM;X (PMHBM2)X m`H,
?iiT,ff�M/`2r#2;2HX+QKf+bRe9fHHRX?iKH UpBbBi2/ QM y8fykfkyR3VX

(RN) G�/BbH�p o�;M2`X owTQÍ2i 6A_ah- 6PGGPq � `QxFH�/Qpû i�#mHFv
U*�H+mH�iBQM Q7 6A_ah- 6PGGPq �M/ T�`bBM; i�#H2VX *x2+?X (PMHBM2)X
m`H, ?iiTb,ffmb2`bX7BiX+pmiX+xf�i`�pMD�jf"A@SCSf UpBbBi2/ QM
y8fykfkyR3VX

(ky) C2z *`Q7iX ai�M/�`/ .D�M;Q �`+?Bi2+im`2X (PMHBM2)X (AK�;2)X kyRjX m`H,
?iiTb,ffKvi�`/BbX`2�/i?2/Q+bXBQf2MfjXyf�`+?Bi2+im`2X?iKH

UpBbBi2/ QM y8fykfkyR3VX

(kR) .D�M;Q aQ7ir�`2 6QmM/�iBQM �M/ BM/BpB/m�H +QMi`B#miQ`bX
6�Z, :2M2`�H % .D�M;Q /Q+mK2Mi�iBQMX (PMHBM2)X kyy8�kyR3X m`H,
?iiTb,ff/Q+bX/D�M;QT`QD2+iX+QKf2MfkXyf7�[f;2M2`�HfO/D�M;Q@

�TT2�`b@iQ@#2@�@Kp+@7`�K2rQ`F@#mi@vQm@+�HH@i?2@+QMi`QHH2`@

i?2@pB2r@�M/@i?2@pB2r@i?2@i2KTH�i2@?Qr@+QK2@vQm@/QM@i@mb2@

i?2@bi�M/�`/@M�K2b UpBbBi2/ QM y8fykfkyR3VX

8y



"B#HBQ;`�T?v

(kk) .D�M;Q aQ7ir�`2 6QmM/�iBQM �M/ BM/BpB/m�H +QMi`B#miQ`bX
AMi`Q/m+iBQM iQ +H�bb@#�b2/ pB2rb % .D�M;Q /Q+mK2Mi�iBQMX (PMHBM2)X
kyy8�kyR3X
m`H, ?iiTb,ff/Q+bX/D�M;QT`QD2+iX+QKf2MfkXyfiQTB+bf+H�bb@
#�b2/@pB2rbfBMi`Qf UpBbBi2/ QM y8fykfkyR3VX

(kj) ah6X AMi2;`�iBQM h2biBM; � aQ7ir�`2 h2biBM; 6mM/�K2Mi�HbX (PMHBM2)X
kyR3X m`H,
?iiT,ffbQ7ir�`2i2biBM;7mM/�K2Mi�HbX+QKfBMi2;`�iBQM@i2biBM;f

UpBbBi2/ QM y8fykfkyR3VX

(k9) ah6X aKQF2 h2biBM; � aQ7ir�`2 h2biBM; 6mM/�K2Mi�HbX (PMHBM2)X kyR3X
m`H, ?iiT,ffbQ7ir�`2i2biBM;7mM/�K2Mi�HbX+QKfbKQF2@i2biBM;f
UpBbBi2/ QM y8fykfkyR3VX

(k8) "`B�M .2>�K2`X .Q+F2`}H2, �.. pb *PSuX (PMHBM2)X kyR8X
m`H, ?iiTb,ffrrrX+iHXBQf/2p2HQT2`bf#HQ;fTQbif/Q+F2`7BH2@
�//@pb@+QTvf UpBbBi2/ QM y8fykfkyR3VX

8R





�TT2M/Bt �

GBbi Q7 �##`2pB�iBQMb

�*J �bbQ+B�iBQM 7Q` *QKTmiBM; J�+?BM2`v

�*J A*S* �*J AMi2`M�iBQM�H *QHH2;B�i2 S`Q;`�KKBM; *QMi2bi

�SA �TTHB+�iBQM S`Q;`�KKBM; AMi2`7�+2

*. *QKT�+i .Bb+

*Sl *2Mi`�H S`Q+2bbBM; lMBi

*hl *x2+? h2+?MB+�H lMBp2`bBiv

.G* .QrMGQ�/�#H2 *QMi2Mi

6Ah 6�+mHiv Q7 AM7Q`K�iBQM h2+?MQHQ;v

>hJG >vT2`h2ti J�`FmT G�M;m�;2

>hhS >vT2`h2ti h`�Mb72` S`QiQ+QH

A.1 AMi2;`�i2/ .2p2HQTK2Mi 1MpB`QMK2Mi

GA@.G G2�`Mb?2HH AMTmi@.2b+`B#BM; G�M;m�;2

Jo* JQ/2H@oB2r@*QMi`QHH2`

_1ah _1T`2b2Mi�iBQM�H ai�i2 h`�Mb72`

8j





�TT2M/Bt "

GA@.G *QKTBH2` .B�;`�Kb

"XR G2tB+�H �M�Hvx2` Q7 GA@.G

hQ K�F2 i?2 �miQK�iQM KQ`2 r2HH@�``�M;2/- Bi Bb b2T�`�i2/ BMiQ KQ`2 /B�;`�Kb
#v +2`i�BM 7mM+iBQM�HBiB2bX h?2 H2t2` K�F2b � i`�MbBiBQM #�b2/ QM i?2 +m``2Mi
BMTmi bvK#QH r?2M2p2` TQbbB#H2X A7 i?2`2 Bb MQ i`�MbBiBQM �M/ i?2 H2t2` Bb BM
� }M�H bi�i2- � iQF2M Bb `2im`M2/- i?2 �miQK�iQM Bb `2b2i iQ i?2 BMBiB�H bi�i2-
�M/ i?2M i?2 i`�MbBiBQM 7QHHQrBM; i?2b2 `mH2b Bb K�/2X �M/ B7 i?2`2 Bb MQ
i`�MbBiBQM rBi? i?2 �miQK�iQM MQi #2BM; BM � }M�H bi�i2- �M 2``Q` Q++m`bX PM
i?2 /B�;`�Kb- eol bi�M/b 7Q` ó2M/ Q7 HBM2ô UM2rHBM2- HBM2#`2�F- �V- � /�b? U@V
K2�Mb � `�M;2 Q7 +?�`�+i2`b- �M/ � % b2T�`�i2b b2p2`�H �Hi2`M�iBp2b 7Q` 2�+?
i`�MbBiBQMX

GA@.G ?�b b2p2`�H bBM;H2@+?�`�+i2` iQF2Mb r?B+? �`2 MQi b?QrM QM /B�@
;`�KbX h?2v �`2 ( ) { } [ ] | , = + − ∗ �M/ :X
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"X GA@.G *QKTBH2` .B�;`�Kb

h?Bb Bb ?Qr GA@.G `2+Q;MBx2b MmK#2`b,

6B;m`2 "XR, S�`i Q7 H2t2` ?�M/HBM; MmK#2`b BM GA@.G

q0

0 int .

float

space|tab

0

1 − 9

.

.

.

1 − 9

0 − 9

0 − 9
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"XRX G2tB+�H �M�Hvx2` Q7 GA@.G

h?Bb r�v- GA@.G `2+Q;MBx2b bi`BM;bX aBM+2 i?2`2 Bb MQ /Bz2`2M+2 BM K2�MBM;
Q7 ] �M/ ^ Ui?�i Bb- #Qi? +�M #2 mb2/ iQ /2MQi2 � bi`BM;- �b HQM; �b i?2 ivT2
Q7 i?2 bi�`iBM; [mQi2 Bb i?2 b�K2 �b i?2 ivT2 Q7 i?2 2M/BM; QM2V- Bi rQmH/ #2
`2/mM/�Mi iQ b?Qr #Qi? /B�;`�KbX uQm +�M BK�;BM2 i?2 Qi?2` #v `2TH�+BM; �HH
BMbi�M+2b Q7 ] QM i?2 7QHHQrBM; /B�;`�K #v ^X char bi�M/b 7Q` �Mv +?�`�+i2`
2t+2Ti ] UQ` ^V- 2M/ Q7 HBM2- �M/ $X

6B;m`2 "Xk, S�`i Q7 H2t2` ?�M/HBM; bi`BM;b BM GA@.G

q0

quot1

quot2 \ hex

tmp

space|tab

”

”
\

char

”|\|a|b|f |n|r|t|v

x

0 − 9|a − f

0 − 9|a − f
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"X GA@.G *QKTBH2` .B�;`�Kb

6Q` B/2MiB}2`b � p�`B�#H2 M�K2b �M/ Q#D2+i M�K2b � i?2 7QHHQrBM; �miQK�@
iQM Bb mb2/X �M Q#D2+i M�K2 bi�`ib rBi? � +�TBi�H H2ii2` �M/ +QMi�BMb �i H2�bi
QM2 HQr2`+�b2 H2ii2`X 1p2`vi?BM; 2Hb2 Bb � p�`B�#H2 M�K2X

6B;m`2 "Xj, S�`i Q7 H2t2` ?�M/HBM; B/2MiB}2`b BM GA@.G

q0

var1 o1

var2 obj

space|tab

A − Za − z

a − z|A − Z|0 − 9|n

A − Z|0 − 9|n a − z

a − z

A − Z|0 − 9|n a − z|A − Z|0 − 9|n

h?2 H�bi T�`i Q7 i?2 H2tB+�H �M�Hvx2` ?�M/H2b HBM2#`2�Fb- �b i?2v ?�p2 �
K2�MBM;, i?2 2M/ Q7 �M 2tT`2bbBQMX >Qr2p2`- KmHiBTH2 +QMb2+miBp2 HBM2#`2�Fb
?�p2 i?2 b�K2 K2�MBM; �b T`2+Bb2Hv QM2X h?Bb Bb bQK2i?BM; i?2 H2t2` +�M
?�M/H2X

6B;m`2 "X9, S�`i Q7 H2t2` ?�M/HBM; HBM2#`2�Fb BM GA@.G

q0

eol

space|tab

eol

space|tab|eol
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"XkX GGURV :`�KK�` Q7 GA@.G

"Xk GGURV :`�KK�` Q7 GA@.G

h2`KBM�H bv#KQHb �`2 #Hm2- MQM@i2`KBM�Hb �`2 #H�+F- eol bi�M/b 7Q` ó2M/ Q7
HBM2ôX

PROGRAM → EOL? STATGEN

STATGEN → STAT STATGEN

STATGEN → ε

STAT → STATBODY eol

EOL?→ eol

EOL?→ ε

STATBODY → ST 1

ST 1→ ST 2 ST 1′

ST 1′ → = EOL? ST 2 ST 1′

ST 1′ → ε

ST 2→ ST 3 ST 2′

ST 2′ → + EOL? ST 3 ST 2′

ST 2′ → − EOL? ST 3 ST 2′

ST 2′ → ε

ST 3→ ST 4 ST 3′

ST 3′ → ∗ EOL? ST 4 ST 3′

ST 3′ → ε

ST 4→ ST 5 ST 4′

ST 4′ → : EOL? ST 5 ST 4′

ST 4′ → ε

ST 5→ ( EOL? ST 1 EOL? )

ST 5→ OPERAND

OPERAND → variable

OPERAND → string

OPERAND → integer

OPERAND → float

OPERAND → ALPHABET

OPERAND → GENERATOR

OPERAND → OBJECT

8N



"X GA@.G *QKTBH2` .B�;`�Kb

ALPHABET → { EOL? ALPST1 EOL? }

ALPST1→ ALPST2 ALPST1′

ALPST1→ ε

ALPST1′ → , EOL? ALPST2 ALPST1′

ALPST1′ → ε

ALPST2→ ST 1

GENERATOR→ [ EOL? ST 1 NEXTGEN EOL? ]

NEXTGEN → ε

NEXTGEN → , EOL? ST 1 NEXTGEN

NEXTGEN → | EOL? ST 1 NEXTGEN

OBJECT → object EOL? { EOL? OBJBODY EOL? }

OBJBODY → PROPGEN

PROPGEN → PROP PROPGEN

PROPGEN → ε

PROP → PROPBODY eol

PROPBODY → variable = ST 1

PROPBODY → OBJECT

ey



�TT2M/Bt *

a+`22Mb?Qib Q7 i?2 �TTHB+�iBQM

6B;m`2 *XR, h2�+?2`öb pB2r- 2Mi2`BM; � M2r T`Q#H2K

6B;m`2 *Xk, h2�+?2`öb pB2r- K�M�;BM; i2bi +�b2b Q7 � T`Q#H2K

eR



*X a+`22Mb?Qib Q7 i?2 �TTHB+�iBQM

6B;m`2 *Xj, h2�+?2`öb pB2r- 2/BiBM; i2bi +�b2

6B;m`2 *X9, h2�+?2`öb pB2r- 2/BiBM; GA@.G ;2M2`�iQ` U+QMiBMm�iBQM Q7 i?2 7Q`K
7`QK i?2 T`2pBQmb b+`22Mb?QiV

ek



6B;m`2 *X8, aim/2Miöb pB2r- bQHpBM; � T`Q#H2K

6B;m`2 *Xe, aim/2Miöb pB2r- `2bmHib Q7 i2biBM;

ej



*X a+`22Mb?Qib Q7 i?2 �TTHB+�iBQM

6B;m`2 *Xd, aim/2Miöb pB2r- `2p2�H2/ �HH ?BMib

6B;m`2 *X3, aim/2Miöb pB2r- +Q``2+i b+`BTi

e9



�TT2M/Bt .

*QMi2Mib Q7 i?2 *.

`2�/K2Xiti XXXXXXXXXXXXXXXXXXXXXXXX/2b+`BTiBQM Q7 i?2 +QMi2Mib Q7 i?2 *.
HB/H@+QKTBH2`XXXXXXXXXXXXXXXX`2TQbBiQ`v +QMi�BMBM; i?2 GA@.G +QKTBH2`
�TTXXXXXXXXXXXXXXXXXXXXXXXXXXXX`2TQbBiQ`v +QMi�BMBM; i?2 r2# �TTHB+�iBQM
H2�`Mb?2HH@BMbi�HHXXXX`2TQbBiQ`v +QMi�BMBM; i?2 BMbi�HH2` mbBM; .Q+F2`

_1�.J1XK/ XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX BMbi�HH�iBQM BMbi`m+iBQMb
�bbB;MK2MiXT/7XXXXXXXXXXXXXXXXXXb+�M Q7 i?2 �bbB;MK2Mi BM S.6 7Q`K�i
i?2bBbXT/7XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX i?Bb i?2bBb BM S.6 7Q`K�i
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