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ENTER foo

CALL lookup

CALL begin

RETURN FROM
lookup

RETURN FROM
begin

EXIT foo

ENTER

EXIT
UserTransaction.commit

UserTransaction.commit
ENTER

UserTransaction.begin

EXIT
UserTransaction.begin

ENTER
requiresNew

CALL required

EXIT requiresNew

RETURN FROM
required

CALL
notSupported

ENTER
required

EXIT required

RETURN FROM
notSupported

ENTER
notSupported

...

EXIT
notSupported

e4

CALL requiresNew

ENTER main

CALL foo

RETURN FROM
requiresNew

RETURN FROM
foo

EXIT main

RETURN FROM
commit

CALL commit

CALL required

RETURN FROM
required
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P<N�N;>E>H�P/VUE>:<6 :/e|V L Q��¦�)� �f�U�I´ �f��E>6�e&QSRUQ)6�H)Que&:<RZV L Q)1TQuP/;fc<:<RUErV L F+1	E>1
VU:J:�E>F+N�RUQ)H)E>1TQ ¶ E>6�� K ± 8�Q�P<H L :I=(3iQ)HoV�p:2qt1uVU:�Q�P/H L H L Q)Hd7\H�P/1iV�8
q L E>H L qtE>6�9`1ZB�N}1TB�Ho7(E>6c�Ef6 b P/1iVxRUQ)cIE>:I6�1	:/e�V L QMHS;�P/1T1 L E>QSRdP/RUH L ?
q L E>H L P/RUQ�:/V L QSRTqtE>1TQ�B6`RUQ�P<H L P/=;>QID

K : L P/6�9�;>QtRUQSp�QSHSVUE>:I6+e�:/RMV L Q)1TQ�E>F+N�RUQ)H)E>1TQ�P<;>cI:/RUErV L F+1)8(qMQ L P b Q
E>F+N;>Q)F+Q)6JVUQ�9kP<6hE>VUQoRdP/VUE b Q®9`RUE b QSR+V L P/V 1TQ)NP/RdP/VUQS1OH�P/;>;Cc<RdP/N L
H):<61iVTRUBHoVUEf:<6®e�RU:IF¸V5?`N�QmE>6�e&QSRUQ)6�H)Qme&:<R�:INP ¾ BQ�:I=(3iQSHSVU1)D ± e&VUQSR
=B�E>;�9`E>6cnV L Q+Ef6�ErVUE�P/;�H�P/;>;�c<RdP/N L 8�qMQ�H):<61iVTRUB�HSV�9�QSe�agB1TQ+H L P<E>6�1
VU:+VTRdP<Hd7nQ�P/H L :<N�P ¾ B�Q�:I=(3iQ)HSVvEf6JVUQSRTagN`RU:JH)Q�9�B`RdP<;>;r?nV L RU:IBc L V L Q
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���������	��
������������������������� �"!$#&%('��)%�*��+���,-*$���),)./�&�$��,)%

N`RU:Ic/RdP<FG82=�P/1TQ�9�:I6vV L QZE>6�E>VUEfP/;JH�P<;>;\c/RdP<N L D�j�Q�RUQSH):<Rd9vQ�P/H L H�P/1TQ
q L QSRUQ�P/6�:I=(3iQ)HSVCp�:�qt1�VU:OP+H L Q)Ho7IH�P<1iV�D KML Q)6wqMQ�QSy`N�P/6�9nV L Q
:/RUE>cIE>6�P/;�H�P/;f;Zc<RdP/N L =�P/1TQ�9¦:<6¦V L E>1�E>6�e&:<RUF�P2VUEf:<6�D KML Q�N`RU:JH)Q)1T1
RUQSN�Q�P/VU1uB6JVUE>;|E>V�9`Ef1THS: b QSRU1t6:�6�QSqª:INP ¾ BQ�:<=`3¤Q)HSVU1)D

ÅCB`RCHSB�RTRUQ)6JV�EfF+N�;>Q)F+Q)6JVdP/VUE>:I6G9�:JQ)1v6�:<VuVTRdP<Hd7n:<N�P ¾ B�Qm:<=`3¤Q)HSVU1
V L RU:IB�c L V L Q L Q�P/N ¶ ErVw:<6;r?»VTRdP<Hd7(1OV L Q¦B�1TQ¦:/e}Q�P/H L :<N�P ¾ B�Q
:<=`3¤Q)HSV�V L RU:IB�c L ;>:JH�P<; b P/RUEfP<=�;>Q)1+P<69§H�P<;>;��2RUQSVUB`RU61)D ± ;rV L :<Bc L
V L E>1-;fE>F+ErVdP/VUE>:<6nE>1-B6�1UP/e�Q<8E>6GP/;>;�H)P<1TQ)1)8�qMQ L P b Q�e�:<B69OP2Vt;fQ)P<1iV
:<6QMH L QSHo7\H)P<1iV$e&:<R�Q�P/H L :IN�P ¾ BQ�:<=`3¤Q)HSV�DZ[MP/1TQ�9m:<6�V L E>1$e¥P<HoVZP<6�9
V L Q�:I=�1TQSR b P/VUE>:I6�V L P/V�V L Q}:<RUE>cIE>6�P/;MP/1T1TBF+N�VUE>:<6�E>1�VUQ)H L 6E>H�P/;f;r?
B�61UP2e�Q�P<6J?(q-P)?J8Iq�Q L P b Qt9�Q)Q)F+Q)9mV L QtH)B`RTRUQ)6JV	E>F+N�;fQSF+Q)6JVdP/VUE>:I6
P<9�Q ¾ BP/VUQve�:/RuN�RdP<HoVUEfH)P<;�B�1TQID

j�QC9`:�6:/VMH)B`RTRUQ)6JVU;>?}F+:(9�Q);�F+QSV L :(9mEf6 b :JH)P/VUE>:I6 b E�PCRUQop�Q)HSVUE>:<6
� 7)��%/�

	
�>�<�J�

	
�U� � �T�S�

	
�¦�o� + ��� 	 ��� %/� #\� � ¶ e&:<R�V L Q$RUQ)1TB;rVU1�RUQ)N�:<RTVUQ�9 L QSRUQI8E>c<6:<RUE>6�c�V L Q)1TQ-H�P/;f;>1	9�:JQ)1Z6:/VZH L P<6c<QMV L QMVTRdP/61UP<HoVUEf:<6+H):I6`4�c<B�a

RdP2VUE>:I6�RUQ)1TB;rVU1)D ± F+:/RUQ	H):<F+N;>QSVUQ	P<6P<;r?`1TEf1�qM:IB�;f9 L P b QZVU:-VTRdP<Hd7
�¦�o� + ���-:I=(3iQ)HSV�9�Qoe&agB1TQ-H L P/Ef6�1xVU:�P<N�N�RU:�y`EfF�P2VUQ�V L QS1TQMRUQSp�Q)HoVUE b Q
E>6 b :JH�P2VUE>:I61)D

6. EXPERIMENTAL RESULTSKML E>1 1TQSHSVUE>:I6»N`RUQ)1TQ)6JVU1�P<6¯Q)F+NErRUE>H�P<;tQ b P<;>BP/VUE>:I6hq L E>H L H L P/RTa
P/HSVUQSRUE>~)Q)1 V L QGVU:J:<;�Á 1O:IB�VUN�B�V�8-HS:IF+N�P2RUQ)1�H�P<;>;vc/RdP<N L N�RUQ)HSEf1TE>:<6
H L :<E>H)Q)1-e�:/RuV L E>1t9�:IF�P/E>6�8�P<69OQ b P<;>B�P2VUQ)1Mq L QoV L QSR-VTRdP/61UP<HoVUEf:<6�a
1THS:IN�Q�9§H):<6�4�c<B�RdP2VUEf:<6zEf1}1TB=1iVdP/6JVUE�P/;>;>?lF+:<RUQ�B1TQSe&B;�V L P<6lV L Q
1TE>F+N�;fQoR�=�Q)P<6�a	P/6�9OF+QoV L :(9`ag1TH):<N�Q�9OF+:(9`Q);>1)D

6.1 Benchmarks¼�:<Rm:IB�R�Q b P<;>BP/VUE>:I6�8$qMQ+H):<;>;fQSHSVUQ�9zPn1TQSVm:<e-N�B=�;fE>H);r?(a5P b P/Ef;fP/=;>Q
=�QS6H L F�P/RU7uN�RU:<c<RdP/F+1�P/6�9v:I6�QxRUQ�P<;ra�qM:/RU;�9 ² [ ¢ H)B�1iVU:IF+QSR�H):(9`QID

K P<=;>Qt�-;>E>1iVU1$V L QZ=�Q)6H L F�P2RU7`1�B1TQ)9�e&:<RxV L E>1$1iVUB9`?JD KML Q �(�������
7 �M�\� �|�o�'%<�o��H):(9�Q)1�P2RUQ+Ef69�B�1iVTRT?¦=�QS6H L F�P/RU7(1CV L P/V�Q)FmB;fP/VUQ�P
F�P/6(B�e¥P/HSVUB�RUE>6�c�821TBN�N;r?�H L P<E>6�F�P<6P<cIQSF+Q)6JV�82P<69v:<Rd9�QoRo�/E>6 b Q)6JVU:<RT?
1i?`1iVUQ)F � �I2��D KML QuV L RUQ)Q b QSRU1TE>:I6�1-P/RUQ�1TE>F+Ef;fP2R�8P/;>;�9`QSRUE b Q�9�e&RU:<F
V L Q}1UP/F+Q}:<RUE>c<Ef6P<;�H):(9`Q�=�P/1TQI8�=B�VCQSy`QSRUH)E>1TQ+9`E>{|QoRUQ)6JV b QSRU1TE>:<61
P/6�9�e&Q�P/VUB`RUQ)1m:/etV L Q�YJ�/X	X³1TN�Q)HSE>4H�P/VUE>:<6�D ��i�\�J��� Ef1}P<6 ² [ ¢
j�Q)=�©(N L QSRUQ�1UP<F+N;>Q¦P<N�N;>E>H�P/VUE>:I6·F+:(9�Q);>E>6ckP/6¹:<6�ag;>E>6Q�1iVU:JHd7
=`RU:I7\QoRdP<cIQMP<NN�;>EfH)P/VUE>:I6�1u�r���2��D	���o�����g�<�U�xE>1�P�1UP/F+N;>Q-P<N�N;>E>H�P/VUE>:<6
e�RU:IF�©`B6mV L P/V	F+:(9�QS;f1�P<6+:<6�ag;>Ef6�Q�1iVU:/RUQm� �I��D ± 6:<6J?�F+:<B1xH):(9`Q
� E>1�P}9�Q)F�P/6�9�E>6�c�8(e&RdP/F+QSqM:/RU7(agE>6JVUQ)61TE b QvP<NN�;>EfH)P/VUE>:I6ne�RU:IF P<6
² [ ¢ H)B1iVU:<F+QSR�D

KML QmVdP/=;>Q}1 L :2qt1�V L Q�6`B�F}=�QSR�:<e	H);fP<1T1TQS1�P<6�9wF+QSV L :(9�1uq L E>H L
P2RUQ�Q);>E>cIE>=;>Q�e&:<R�P/6�P<;r?`1TE>1�e&RU:IF¸=(?(VUQ)HS:(9�Q�1T:IB�RUHSQID KML Q)1TQ�6(B�F�a
=�QoRU1xQSy`H);>B�9�QZV L :<1TQ�H);fP<1T1TQS1�q L E>H L P/RUQMF+:(9`Q);>Q�9�P/RTVUEr4�H)EfP/;f;r?J8\P<6�9
1T:�RUQSN�RUQ)1TQ)6JVuP}1TB�=1TQSVu:/e$V L Q�Y\�<XZX»P<69GYJ�I©`X¯;>E>=�RdP2RUEfQS1)D

6.2 Call Graph Construction Algorithmsj�Q�Q b P/;>B�P/VUQxV L Q�e&:I;>;>:�qtEf6�cCH�P/;>;\c<RdP/N L H):<61iVTRUBHoVUEf:<6�P<;>cI:/RUE>V L F+1)�

� ���G� ��H);fP<1T1 L E>QSRdP/RUH L ?OP<6�P/;r?�1TE>1�� �/��8

� � �-� �(RdP<NEf9�V¤?`N�Q�P<6P<;r?`1TE>1m� 
/��8

� �C� � w � ��H):I6JVUQSy(VTagE>61TQ)6�1TErVUE b Q}H):<6(VTRU:<;ragp:�q P<6�P/;r?�1TE>1�� �<¿2�g8
9�E>1UP/F}=E>c<B�P/VUE>6�c-=�QSV¤q�Q)Q)6 L Q�P/Nv:I=(3iQSHSVU1xP<HSH):<Rd9`Ef6�c-VU:-H):I6`a
HSRUQSVUQvV5?`N�QI8

� �C�!y�� � w � �)H):I6JVUQSy(VTagE>61TQ)6�1TE>VUE b Q�H):<6JVTRU:I;ra�p�:�q§P/6�P<;r?`1TE>1)8<9�E>1ia
P<Fm=E>cIBP/VUE>6cw=�QoV¤qMQSQ)6 L Q)P<N§:I=(3iQSHSVU1�P/H)H):<Rd9`E>6cwVU:�P<;>;>:<a
H�P2VUEf:<6w1TErVUQ+�>���2����P<1tE>6 ± 69�QSRU1T:<6�Á 1tP<6P<;r?`1TEf1�� �2� � P<6�9

� �C�!y�� � � � w � ���2ad�oa ¡ ¼ ± Q)6 L P<6�H)Q�9vqtErV L Qoy`VTRdPtH):<6(VUQoy`V�e�:/R
Ã H):<6(VdP/E>6QSRUÄ+:<=`3¤Q)HSVU1)8�P/1u9�Q)1THSRUE>=�Q�9O=�Q);>:2q�D

�/aU�oa ¡ a ¡ ¼ ± E>1}F+:/VUE b P/VUQ)9¦=J?¦V L Q+:I=�1TQSR b P2VUE>:I6§V L P2VmHS:I6JVdP<E>6QoR
:<R H):<;>;fQSHSVUE>:I6ª:I=(3iQ)HoVU1O:/e&VUQ)6W;>Q�P<9¯VU:l;fP/RUc<Q¦N�:<;f;>B`VUEf:<6»E>6hV¤?`N�Q
Q)1iVUE>F�P/VUQS1)D»©(:�8 �/aU�Sa ¡ a ¡ ¼ ± PI9�9�1+P/6¯Qoy`VTRdP�;>Q b Q);t:/evH):<6(VUQoy`VTa
1TQ)6�1TE>VUE b ErV¤?�e�:/RtH):I6JVdP/Ef6�QSRt:I=(3iQSHSVU1)8�q L E>H L qMQ�9`QS4�6�QvP/1tP<6J?�:I=`a
3iQSHSV�V L P2V��	�<�5�o��� � 7���%/�

	
µ`�¥� �
	
�Z�)� �f�T�S�¥���<��D�¼:/R�Q�P<H L F+QSV L :(9�9�Qoa

4�6�Q�9¦:<6lPnHS:I6JVdP<E>6QoRm:<=`3¤Q)HSV�8$q�Q�P<6P<;r?`~)Q+Q�P<H L E>6 b :JH�P2VUE>:I6�VU:
V L QCF+QSV L :(9 Ef6nP}H):<6(VUQoy`Vu9`QS4�6�Q�9O=J?+V L QvRUQ)H)Q)E b QSRu:<=`3¤Q)HSV���V L Q
H):<6(VdP/E>6QSR � DZ¼B`RTV L QSRUF+:/RUQI8Iq�QC9`E>1UP<F}=�E>cIB�P2VUQt:I=(3iQ)HSVU1MP<;>;>:JH�P/VUQ�9
E>61TEf9�Q�1TB�H L F+QSV L :(9`1-=(? 6P<F+E>6c�V L Q�E>61iVdP/6H)Q�P/H)H):<Rd9`E>6c�VU:+P
�¥H):<6(VdP/E>6QSR�:I=(3iQSHSV�8xP/;f;>:JH�P2VUE>:I6§1TErVUQ � N�P/E>R�D KML E>1�QSy(VTRdPOH):<6(VUQoy`V
cIE b QS1 �2aU�Sa ¡ a ¡ ¼ ± V L QMN�:�qMQoRZVU:v9�E>1UP<Fm=E>cIBP/VUQM=�QSV5qMQ)QS6}:I=(3iQSHSVU1
1iVU:<RUQ)9�E>6l1iVdP<69P/Rd9¦H):I;>;>Q)HSVUE>:I6�1)8�q L E>H L qM:IB�;f9�:<V L QSRTqtE>1TQ�p:�q
VU:+P/;f;�B1TQ)1t:/e$V L QvHS:I6JVdP<E>6QoRuV5?`N�QID

6.3 Methodology¼:/R�Q�P<H L =�Q)6�H L F�P/RU7zP/6�9zQ�P<H L P<N�N;>E>H�P/VUE>:<6�8Mq�Q�P<6�P/;r?�~SQ�9hP
N�RU:<c<RdP/F½V L P2VMH):<61TE>1iVUQ�9�:<e�V L Q�P<NN�;>EfH)P/VUE>:I6 H):(9�Q�ErVU1TQ);rexP<69�P<;>;
V L ErRd9(a5NP/RTV5?O;>E>=�RdP2RUE>Q)1�V L P/V�H�P<F+Q�=�B6�9`;>Q�9OqtErV L ErV�D K :�V L Ef1tqMQ
PI9�9�Q�9}V L QCY\�I©�Xh�<D À�D ��;>E>=�RdP2RUEfQS1�e&RU:<FÆ©`B�6�8\qtErV L 1T:IF+QtE>6JVUQSRU6�P/;
E>F+N;>Q)F+Q)6JVdP2VUEf:<6¦NP<Hd7IP/cIQ)1+�¥Q<D c`D�F+:I1iV��U�<�

	 � µ(��P<69¯�U�<� 	 ��´S�N�P/Ho7<P<c<Q)1 � QSy`H);>B�9`Q�9k�+��o���/�o�$e�RU:IFÈP/6�P<;r?`1TE>1)D ± 69G4�6�P/;>;>?J8�qMQ
E>6H);>B9�Q�9wV L Q}YJ�<XZX¹;>E>=�RdP2RUE>Q)1�e&RU:IF ² [ ¢ j�Q)=�©(N L QSRUQ ² 6JVUQ)c<RdP2a
VUE>:I6 ©(QSR b QSR �(D>�<8(P<cIP<E>6�QSy`H);>B�9�E>6�cvF+:I1iVZE>6JVUQSRU6�P/;�RUB6JVUE>F+Q�NP<Hd7Ja
P<c<Q)1)D

± ;>;\Qoy�N�QoRUEfF+QS6(VU1�RUQ)N�:/RTVUQ�9vqMQSRUQZRUB6v:<6�Pt1TE>6�cI;>QSagN�RU:JH)QS1T1T:<R ² [ ¢
"CQoV � E>1iVdP�qM:/RU7`1iVdP2VUE>:I6�qtErV L PC�<D � � L ~ ² 6JVUQ); £ Q)6JVUE>BF ² � 8I�ID � �v[
:<e � ± ¢ D ± ;>;�RUB�61�B�1TQ�V L Qv©(B6w�ID À�D ��Y)�CXzP/6�9�
� ����������
 D�¼:/R
N�QSRTe&:<RUF�P<6�H)QORUB�61)8	Q�P<H L QSy`N�QSRUE>F+Q)6JV}q-P/1}RUB6kE>6kP¦1TQ)NP/RdP/VUQ
Y �v¢ E>6�1iVdP<6HSQID

©`E>6�H)QGqMQwB�1TQwF}B;rVUE>N;>QGH)P<;>;Cc/RdP<N L H):I6�1iVTRUBHSVUE>:<6ªP<;>cI:/RUE>V L F+1)8
V L QO1TE>~)Qw:<e�V L QGP/6�P/;>?`~)Q)9¯H):(9`Q b P2RUE>Q)1�9�Q)N�QS6�9�E>6�c¦B�N�:I6kH�P<;>;ra
c<RdP/N L N`RUQ)H)E>1TE>:I6�D KML Qz1TE>~)Q¯1iVdP2VUE>1iVUEfHS1¦e&RU:<F K P<=;>Q¯�»P/RUQkP
;>:J:I1TQlB�NN�QSRO=�:IB�6�9|8C1TE>6HSQ¦F�P/6(?hF+QSV L :(9`1nP2RUQ¦B�6�RUQ�P/H L P<=�;fQ
P<69k6�Q b QSR�HS:I61TEf9`QSRUQ�9ke&:<R P/6�P<;r?`1TE>1)D K P/=;>Q�
¦1 L :�qt1OP®F+:<RUQ
P<HSH)B�RdP2VUQ}F+QSVTRUE>HI�tV L Qm1TE>~)Q}:/e	V L Q}N�RU:<c<RdP/F_P<HoVUB�P<;>;r?®P<6P<;r?`~)Q�9
e�:/R�Q�P<H L QSy`N�QSRUE>F+Q)6JV�D KML Q �º%(,�����*$� H):IB�6(VmRUQ)N�RUQS1TQ)6JVU1}V L Q
6(BFm=�QSR�:<e-9�E>1iVUE>6HSV�1T:IB`RUH)Q+F+QSV L :(9�1vV L P2V�P<N�N�Q�P/RmE>6¦V L Q}H�P<;>;
c<RdP/N L D ± 1u9�E>1TH)B�1T1TQ�9wQ�P/RU;>E>QSR�8�V L Q�E>F+N�;fQSF+Q)6JVdP/VUE>:I6GF+:(9`Q);>1uRUQoa
p�QSHSVUE b Q�e¥P/HSVU:<RT?§F+QoV L :(9�1vqtErV L PG;>Q b QS;�:<etH)P<;>;>Ef6�c�H):I6JVUQSy(V�8x1T:
Q b QS6lH):I6JVUQSy(VTagE>61TQ)6�1TErVUE b Q H)P<;>;Mc<RdP/N L 1 L P b Q+F+:/RUQ�6:(9�QS1�V L P<6
9�E>1iVUE>6HoVmF+QoV L :(9�1)D KML Q�VdP<=�;fQ+1 L :�qt1�V L P/V�: b QSRdP/;f;¥8�� K ± N�RU:/a
9�B�H)Q)1	F}BH L F+:<RUQuN�RUQSH)E>1TQCH�P/;f;|c/RdP<N L 1�V L P/6 ¡ Ç ± 8JP<6�9 �2a ¡ ¼ ±
N�RU:(9`BH)QS1x1TEfc<6Er4�H)P<6JVU;r?}F+:/RUQMN�RUQ)HSEf1TQ�H�P<;>;c/RdP<N L 1$V L P/6 � K ± D ² 6
VUQSRUF+1	:<e�9�E>1iVUE>6HSV�F+QSV L :(9`1�9`Ef1THS: b QSRUQ�9�8JV L Q�F+:/RUQ�N`RUQ)H)E>1TQ ¡ ¼ ±
b P/RUEfP<6JVU1tE>F+N�RU: b QCN`RUQ)H)E>1TE>:I6w1T;>E>c L VU;r?n: b QoR �2a ¡ ¼ ± D

6.4 ResultsjlQZN�RUQS1TQ)6JV$e�:<B�RxH�P2VUQ)cI:/RUE>Q)1�:<e`RUQ)1TB;rVU1)D�¼$ErRU1iV�8/qMQ	RUQSN�:<RTV$RUQ)1TB�;rVU1
V L P2VuH L P/RdP<HoVUQSRUE>~)QvV L QvRUQ)N�:/RTVU1tcIQ)6�QSRdP/VUQ�9O=(?�V L QCVU:J:I;¥8RUQSc\P/Rd9(a
E>6c�9�E>1iVUE>6HSV�VTRdP/61UP/HSVUE>:I61�P/6�9zQ)6JVUErV¤?§Q)6�;>Ef1iVUF+QS6(VU1}E�9`Q)6JVUEr4�Q�9|D
©`QSH):I69�;r?J8MqMQGRUQSN�:<RTV L :�q QS{|Q)HSVUE b QS;>?zV L Q�P<6�P/;r?�1TE>1 Ef9�Q)6JVUEr4�Q)1
:IN�N�:<RTVUB�6ErVUE>Q)1-e�:<RuRUQ�P<9`ag:I6�;>?OH):<6�4�c<B�RdP2VUEf:<6w:IN`VUEf:<61)D "CQSy(V�8(qMQ
Q b P<;>B�P2VUQ�:INN�:/RTVUB6�E>VUE>Q)1�e�:/RnNP/RTVUEfP<;ra�RUQ�P<9ªHS:I6�4cIB`RdP/VUE>:I6�D ¼:/R
=�:<V L RUQ�P<9`ag:I6�;>?¹P/6�9ªN�P2RTVUE�P/;ragRUQ)PI9·HS:I6�4cIB`RdP/VUE>:I6¹RUQ)1TB;rVU1)8�qMQ
Q b P<;>B�P2VUQCQ�P/H L :/e�V L QuV L RUQ)Q�HS:I6�4cIB`RdP/VUE>:I6 F+:(9�Q);>1�9�E>1TH)B1T1TQ)9 E>6
©`QSHSVUE>:I6 
`�m´d�U�/��� � �U�o���T�+H):<6�4�c<B�RdP2VUEf:<6�8����o� + ���I� � �U�o���T�+H):I6`4�c/a
B�RdP2VUE>:I6�8�P/6�9l�¥�T�<� � �\�S�¥���<�� � �U�o���T�OH):<6�4cIB�RdP2VUE>:I6�D����uQ)H�P/;>;$V L P/V
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���������	��
������������������������� �"!$#&%('��)%�*��+���,-*$���),)./�&�$��,)%

V L Q)1TQ¦V L RUQ)Q�HS:I6�4cIB`RdP/VUE>:I6·F+:(9�Q);>1G:/{|QSRwN�RU:<c<RUQ)1T1TE b QS;>?¹F+:/RUQ
46QSagc/RdP<E>6Q�9�H):<6(VTRU:<;(: b QSR�VTRdP/61UP<HoVUEf:<6}H):<6�4cIB�RdP2VUE>:I6�D � jlQ	P<;>1T:
RUQSN�:<RTVC9�Er{|QSRUQ)6�H)Q)1tE>6wH):I6`4�cIB`RdP/VUE>:I6ORUQ)1TB;rVU1�9�Q)N�Q)69�E>6c}:I6nV L Q
H)P<;>;�c/RdP<N L H):I6�1iVTRUBHSVUE>:I6GP<;>cI:/RUE>V L FGD

¼$E>6P<;>;r?J8�1TE>6�H)QmV L Ef1uVU:J:I;$RUB�61CE>6JVUQSRdP/HSVUE b Q);r?�E>6¦P/6 ²¤° X-8�qMQ�RUQSa
N�:/RTV�P<6�P/;r?�1TE>1tRUB6JVUE>F+Q)1�e&:<RuV L Q�9`E>{|QoRUQ)6JVuP<;>cI:/RUE>V L F+1)D

6.4.1 Transactions and EntitiesK P<=;>QuÀ�1 L :�qt1	V L Q-6(BF}=�QoR�:<e|VTRdP<6�1UP<HSVUE>:I6�1�Ef9�QS6(VUEr4Q�9me�:/RMQ�P/H L
HS:(9�QI8�B�1TE>6chQ)P<H L H):<61TEf9�QoRUQ�9¹H)P<;>;ra5c/RdP<N L H):<61iVTRUBHoVUEf:<6³P/;fc<:<a
RUErV L FGD ¢ :<RUQnN`RUQ)H)E>1TQ H�P<;>;Mc/RdP<N L P/;fc<:<RUErV L F+1mH�P<6§RUQ�9`BH)Q+V L Q
6(B�F}=�QSRm:<e !)�)� � ��VTRdP/61UP<HoVUEf:<61}RUQSN�:<RTVUQ�9|8�1TE>6HSQOe¥P/;>1TQnVTRdP<6�1UP<HSa
VUE>:<61uP/RUE>1TQ�e&RU:<Fse�P<;>1TQ�N�P2V L 1-E>6nV L QCH�P<;>;�c/RdP<N L D

¼�:<R�P/;f;xHS:(9�Q)1)8|V L Q�VU:J:I;$RUQSN�:<RTVU1�P�RUQ);fP/VUE b QS;>?�1TF�P/;>;x6`B�F}=�QSRu:/e
VTRdP/61UP/HSVUE>:I61)8u1TB�E>VdP/=;>Qwe�:/Rn=`RU:2qt1TE>6�c§Ef6»P(� � ² VU:J:<;¥D KML Q)1TQ
HS:(9�Q)1ZB1TQ ¡-¢GK 1 L Q�P b Ef;r?}P<69�[ ¢GK 1	RdP2RUQ);r?JD�¼:/R	V L Q�
 �(�������
7 �M�\� �|�o�'%<�o��H):(9`Q)1)8JV L Qu6(BFm=�QSRZ:<e�VTRdP<61UP/HSVUE>:I6�1-9�:JQ)1�6:<V b P2RT?
P/H)H):/Rd9�E>6c}VU:}H�P<;>;�c<RdP<N L N`RUQ)H)E>1TE>:I6�D ¡ P/;f;�c<RdP/N L N`RUQ)H)E>1TE>:I6w9`:JQ)1
L P b QuP�1T;>E>c L V�EfF+NP<HSVZ:<6 ���T�\�J����P<69 � 8JP<1 � K ± N�RUB6�Q)1 ��P<6�9

GVTRdP/61UP<HoVUEf:<61�RUQ)1TN�Q)HSVUE b Q);r?¦e&RU:IF ¡ Ç ± Dx¼�:<R ��T�\�\���I8 �/a ¡ ¼ ±
N`RUB6�Q)1CP/6:/V L QSR 
�VTRdP<61UP/HSVUE>:I6�1Ce&RU:<F � K ± D��u�o����g�<�T��E>1CE>6JVUQSRTa
QS1iVUEf6�cnE>6�V L P/VCRUQ ¾ BErRUQ)1�P2V�;>Q�P<1iV �2a ¡ ¼ ± N�RUQ)HSEf1TE>:<6 ¶ :/V L QSRTqtE>1TQI8
V L QvVU:J:I;|RUQ)N�:<RTVU1�P/Vt;>Q�P/1iVCÀ ��e¥P/;>1TQ�VTRdP/61UP<HoVUEf:<61)D

j�Q�9`:-6:/V$7(6:�q�V L Q�6`B�F}=�QSR�:/e�e�P<;>1TQ	VTRdP/61UP<HoVUEf:<61�RUQSN�:<RTVUQ�9�=J?
V L QmF+:<1iVCN`RUQ)H)E>1TQ�P/6�P/;>?`1TE>1)8�P<;rV L :<Bc L F�P/6(B�P<;�E>61TN�Q)HSVUE>:<6¦1TB�c<a
c<Q)1iVU1vV L P2VCe&QSq e¥P/;f1TQmVTRdP<61UP/HSVUE>:I6�1vRUQ)F�P<E>6�D�ÅC6Q�H):IB�;�9�=�:IB�6�9
V L Q�RUQS1TB;rVU1�=J?GE>61iVTRUB�F+Q)6JVUEf6�c�V L Q�H):I6JVdP/Ef6�QSRvVU:�RUQ)H):/Rd9�VTRdP/61ia
P/HSVUE>:I6�1C9(?�6P<F+E>H�P/;f;r? ¶ V L E>1-RUQ)F�P<E>6�1tPmVdP<1T7�e�:/R�e&B�VUB�RUQ�qM:<RU7�D

¼�:<RZQ�P<H L VTRdP/61UP/HSVUE>:I6�8<V L Q�VU:J:<;`RUQSN�:<RTVU1xV L QMQS6(VUErV5?�=�Q�P<6mH);fP<1T1TQ)1
q L E>H L V L Q�VTRdP<6�1UP<HSVUE>:<6�F�P)?�Q)6;>E>1iV�D K P/=;>Q ��1 L :�qt1xV L Q�6`B�F}=�QSR
:/eQS6;>E>1iVUQ�9vQ)6JVUErVUEfQS1�RUQ)N�:/RTVUQ�9�8<9�QSN�Q)6�9`Ef6�c-:I6�P/6�P<;r?`1TE>1$N�RUQSH)E>1TEf:<6�D
¬�Q)1T1MN`RUQ)H)E>1TQvP/6�P<;r?`1TQ)1�qtE>;>;�RUQ)N�:<RTV�F+:<RUQ !)�)� � �ZQS6;>E>1iVUQ�9 QS6(VUErVUE>Q)1)D

KML Q K P/=;>QG1 L :2qt1�V L P/Vme�:<R+V L Q �J� �v�27 ���\� �|�o�'%<�o�mH):(9�Q)1)8�E>6�a
HoRUQ�P<1TQ�9�N�RUQ)HSEf1TE>:<6�9�:JQS1$6:/V�RUQ�9`BH)QZV L QZ6`B�F}=�QSR�:<e�RUQ)N�:<RTVUQ)9�QS6�a
;>E>1iVUQ�9 Q)6JVUE>VUE>Q)1)D ² 61TN�Q)HSVUE>6�cmV L QuRUQ)1TB;rVU1)8(qMQC=�Q);>EfQ b QCV L Q �(�������
7 �M�\� �|�o�'%<�o�MRUQ)N�:<RTVU1-E>6�H);>B�9�Q�e�QSq¹Ere�P<6J?+e�P<;>1TQ�Q)6;>E>1iVUQ�9OQS6(VUErVUE>Q)1)8
Q b Q)6OqtErV L�¡ Ç ± H�P/;>;�c<RdP/N L HS:I61iVTRUB�HSVUE>:I6�D

Ç�:�qMQ b QoR�8/e&:<RxV L Q	:/V L QSR$V L RUQ)QZH):(9�Q)1)8<H�P/;f;(c/RdP<N L N`RUQ)H)E>1TE>:I6 L P<1�P
1TE>c<6Er4�H�P/6JV�QS{|QSHSVZ:I6}V L Q-6`B�F}=�QSR$:<e�RUQ)N�:/RTVUQ�9}Q)6JVUErVUE>Q)1	QS6;>E>1iVUQ�9�D
XZP<H L :/eMV L Q)1TQ�V L RUQ)Q�H):(9`Q)1�B1TQ)1�c<Q)6QSRdP/;	e�RdP<F+QSq�:<RU7�;>Ef=`RdP/RUE>Q)1
VU:�9�E>1TN�P2VUH L RUQ ¾ BQ)1iVU1-VU:�XZY\[�1)D ¢ :<RUQ�N`RUQ)H)E>1TQ�H�P<;>;�c<RdP/N L P/;fc<:<a
RUErV L F+1 L Q);>N�RUQS4�6�QMH):<6(VTRU:<;Jp�:�qzE>6�V L Q)1TQ�e&RdP/F+QSqM:/RU7(1)8IRUQ�9`BH)E>6c
V L Q�6`B�F}=�QSR�:/eue�P<;>1TQnQS6;>E>1iVUQ�9lQ)6JVUErVUEfQS1)D�¼�:<R�Q)P<H L H):(9�QI8�� K ±
1TE>c<6Er4�H�P/6JVU;>?hE>F+N�RU: b Q)1�: b QSR ¡ Ç ± 8-P/6�9 �2a ¡ ¼ ± 1TE>cI6�Er4�H�P/6(VU;r?
E>F+N`RU: b Q)1t: b QSR � K ± D�j�Q�:I=1TQoR b Q�9G6:+=�QS6QS4�Vue�RU:IFsV L Q�F+:/RUQ
N`RUQ)H)E>1TQ ¡ ¼ ± b P/RUEfP/6(VU1)D KML Q)1TQ	RUQ)1TB;rVU1xH):/RTRUQ);fP/VUQMqtErV L V L Q	VTRdP/61ia
P/HSVUE>:I6nRUQS1TB;rVU1-E>6OV L P2VuP<;>cI:/RUErV L F+1MV L P2VtE>F+N�RU: b Q�9�V L QC6`B�F}=�QSR
:/e�VTRdP<6�1UP<HSVUE>:<61xVUQ)6�9`Q�9�VU:CF�P<7IQZV L QM=E>cIc<Q)1iVZ9�Er{|QSRUQS6H)Q)1x:<6mV L Q
6(B�F}=�QSRU1M:/e�Q)6;>E>1iVUQ�9nQS6(VUErVUE>Q)1uP<1-q�Q);>;�D

± 1�=�QSe�:/RUQI8te�B�VUB`RUQGqM:/RU7kqtE>;>;CE>6 b Q)1iVUE>c\P2VUQ®9`?`6�P/F+EfHnF+Q�P<1TB`RUQSa
F+QS6(VU1mVU:¦=�:<B6�9§V L QO6(BF}=�QoR�:<e�e¥P/;f1TQwRUQ)N�:/RTVU1�e�:/R+V L QnF+:<1iV
N`RUQ)H)E>1TQ�P<6P<;r?`1TEf1)D

6.4.2 Read-only enlistments² 6 K P/=;>Q+¿(8�qMQ}N�RUQ)1TQ)6JVvV L Qn�U�T�\�<�¤�<� � �+H):<6�4�c<B�RdP2VUEf:<6�1TQSVTVUE>6�cI1
V L QMP/6�P<;r?`1TE>1�H�P<6�E>6�e�QoR�B6�9`QSR$Q)P<H L :<e�V L Q)1TQZV L RUQ)Q	H):I6`4�c<B�RdP/VUE>:<6

F+:(9�QS;f1)D

©`:<F+QSq L P2V�1TB�RUN`RUEf1TE>6�cI;r?J8tP�1TE>cI6�Er4�H�P/6(V 6(BFm=�QSR�:/e�Q)6JVUErV¤?zQ)6`a
;>E>1iVUF+Q)6JVU1�H�P/6 =�QuF�P/RU7IQ�9�P<1	RUQ�PI9(a5:<6;r?J8JQ b Q)6+B1TE>6c�V L Q�1TE>F+N;>Q
[�Q�P/6+©(H):IN�Q	H):I6`4�cIB`RdP/VUE>:I6�F+:(9�QS;�D ² 6�V L QS1TQ�H�P/1TQ)1)8IV L Q�P/6�P<;r?`1TE>1
H):<6H);>B�9`Q)1�V L P/VMV L Qv[�Q�P/6 V5?`N�Q)1-P/RUQ��|�&%<�o�	BN|9�P/VUQ�9 P/e�VUQSRMV L Qo?
P/RUQ}HSRUQ�P/VUQ)9�D�©`Q)H):<6�9`;>?J8|q�Q�6:/VUQmV L P2V�F+QSV L :(9w1TH):<N�Q�QSy`N�:I1TQS1
1TE>cI6�E>4H�P<6JVU;r?GF+:/RUQ�:IN�N�:<RTVUB6�ErVUEfQS1ue&:<RCRUQ)PI9`ag:<6;r?nHS:I6�4cIB`RdP/VUE>:I6
V L P/6W=�Q�P<6W1THS:IN�QI8CP<69hVTRdP<61UP/HSVUE>:I6¹1TH):IN�Q®:<{|QoRU1OQ b Q)6WF+:<RUQ
:IN�N�:<RTVUB�6ErVUE>Q)1)D KML E>1�1TBN�N�:<RTVU1�j�Q)=�©(N L QoRUQIÁ 1�9�Q)H)E>1TE>:I6¯VU:�:<e�a
e�QoR�VTRdP/61UP<HoVUEf:<6�ag1TH):<N�Q�9wH):I6`4�cIB`RdP/VUE>:I6 ¶ V L Q�46QSRTagc/RdP<E>6GH):<6(VTRU:<;
N�P)?`1-:<{®E>6wP/;f;>:�qtE>6c�F+:<RUQvP<cIc/RUQ)1T1TE b Q�H):I6`4�c<B�RdP/VUE>:<6�D

"C:/VUQ}V L P2VvqMQ}H�P<6�6:<V�9`ErRUQ)HSVU;r?®H):IF+NP/RUQmRUQS1TB;rVU1�=�QSV¤q�Q)Q)6®H�P<;>;
c<RdP/N L P<;>c<:<RUErV L F+1�Ef6 K P<=;>Q	¿`8/1TE>6H)Qxq�Q	1UP)q§N`RUQ b Ef:<B1T;r?CV L P/V�V L Q
;>Q)1T1�N�RUQ)H)E>1TQ�P/;fc<:<RUErV L F+1�RUQ)N�:/RTVmPn1TE>cI6Er4H�P<6JVm6`B�F}=�QSRC:<e�!)��� � �
Q)6�;fE>1iVUQ�9®Q)6JVUErVUEfQS1)D K P/=;>Q+¿OP<;>1T:nRUQ)N�:/RTVU1�PO1TE>cI6�E>4H�P<6JV�6(BFm=�QSR
:<e !S�)� � ��Q)6;>E>1iVUQ�9nQ)6JVUErVUE>Q)1)D

6.4.3 Partial-read enlistments"CQoy`V�8ZqMQnH):I6�1TE�9`QSR+�`�<�d�¥���)�r���U�T�\�GH):<6�4cIB�RdP2VUE>:I6h1TQoVTVUEf6�cI1)D ��Qoa
H�P/;f;�V L P/VtP�N�P/RTVUEfP/;>a�RUQ�P<9OH):<6�4cIB�RdP2VUE>:I6 1TN�Q)H)Er4�Q)1-:<6;r? PmN`RU:IN�QSR
1TB=�1TQSV�:<euPG=�Q�P/6�Á 1�4�Q);f9�1�6�Q)Q�9�=�Q�RUQ�P<9�8x1TE>6�H)Q+V L Q�9�Q b Q);>:IN�QSR
P<1T1TQoRTVU1	V L P2V�:/V L QSR	=�Q�P/6�4�Q);f9�1�qtE>;>;�6:<V	=�QMRUQ�P<9�D ² 6}QS{|Q)HSV�8\V L E>1
N�RU: b Ef9�Q)1uPme&:<RUFÆ:/eZ9�Q�P<9nP<1T1TE>c<6F+Q)6JVuQ);>E>F+Ef6P/VUE>:I6�D

K P/=;>Qm}1 L :�qt1uV L Q�N�QSRUH)Q)6JVdP/cIQ�:<e�4Q);f9�1-V L P2VuV L Q�P<6P<;r?`1TEf1�9�Qoa
VUQSRUF+E>6QS1������k´d���T�U�I�®B�6�9�QoROQ)P<H L H):I6`4�c<B�RdP/VUE>:<6¹1THS:IN�Q�:IN`a
VUE>:I6�D ² eCV L QwP<6P<;r?`1TE>1O9`QSVUQSRUF+E>6QS1�V L P/V P®4�Q);f9¯FmB1iV+6�:<V�=�Q
RUQ�P<9GEf6GP�N�P/RTVUE>H)B�;fP/Rv1THS:IN�QI8�V L Q)6nV L QvVU:J:I;$H�P/6G1TBc<cIQ)1iVvP�N�P2RTa
VUEfP<;$RUQ�P<9wH):I6`4�cIB`RdP/VUE>:I6wVU:OP b :IEf9Ge�QSVUH L E>6�c 1UP/Ef9w4Q);f9Ge&RU:IF V L Q
9P2VdP<=P<1TQID ² 6�:/Rd9�QSRvVU:OF�P<7\Q�V L Q}6(BFm=�QSRU1�F+:/RUQmHS:IF+N�P2RdP<=�;fQ
P<HoRU:I1T1�H�P/;>;>agc/RdP<N L H):<61iVTRUB�HSVUE>:I6zP<;>c<:<RUErV L F+1)8�qMQ L P b Q�4;rVUQSRUQ�9
V L QSF =J?GHS:IB6JVUE>6c�:<6;r?Ge�:/RvV L :<1TQmQS6;>E>1iVUF+Q)6JVU1uV L P/VCq�QSRUQ�9`E>1ia
H): b QSRUQ)9n=J?+V L QvF+:<1iVTa5N`RUQ)H)E>1TQ�P<;>c<:<RUErV L FÈ�¥E¥D QID �/aU�Sa ¡ a ¡ ¼ ±v� D

KML Qv9P/VdP�E>6�9`EfH)P/VUQ)1MV L P/VMV L QCF+:<RUQu4�6�QSagc<RdP<E>6�Q�9 HS:I6�4cIB`RdP/VUE>:I6
:IN`VUE>:I61tQSy`N�:<1TQ�F}BH L c<RUQ�P2VUQSRu:IN�N�:<RTVUB6�ErVUEfQS1te&:<Ru:IN`VUE>F+Ef~)P/VUE>:I6
b EfPnN�P2RTVUE�P/;ZRUQ)PI9�1)D KML Q+9�Er{|QSRUQ)6JV�H�P/;>;>agc/RdP<N L H):I6�1iVTRUBHSVUE>:I6lP<;ra
cI:/RUErV L F+1CHS:IF+NB`VUQ�Q)1T1TQ)6JVUEfP<;>;r?¦Ef9`Q)6JVUEfH)P<;$RUQ)1TB�;>VU1�e�:<RCV L :I1TQ�Q)6`a
;>E>1iVUF+Q)6JVU1m9`E>1TH): b QSRUQ�9l=J?�V L Q+F+:<1iVmN`RUQ)H)E>1TQSa5P<;>c<:<RUErV L FGD��C1TE>6c
VTRdP<6�1UP<HSVUE>:<6WH):I6`4�cIB`RdP/VUE>:I6�8uEf6hF+:I1iV�H�P/1TQ)1OV L QwP<6P<;r?`1TEf1O1TBc/a
cIQS1iVU1CP�N�P/RTVUEfP/;�RUQ�P<9nH):I6`4�c<B�RdP/VUE>:<6nV L P2V-qM:IB�;f9GP b :IEf9 e&QSVUH L E>6c
RU:IB�c L ;>?�����W:<e(V L Q	N�QSRU1TE>1iVUQ)6JV�4�Q);f9�1)8/P/1T1TBF+E>6ctQ�P/H L Q)6JVUErV¤?�Q)6`a
;>E>1iVUF+Q)6JVM:JH)H)B`RTRUQ�9+V L Qu1UP<F+Qu6`B�F}=�QSR	:<e�VUE>F+Q)1)DZÅ�e�H):IB`RU1TQI8(V L Q
P<HoVUB�P<;-RUB�6�a�VUE>F+QOE>F+N�RU: b QSF+Q)6JV�9`Q)N�Q)6�9`1�:I6kV L Q RUQ);fP/VUE b Qne�RUQSa
¾ BQ)6�HS?G:/eME>6�9`E b Ef9`B�P<;xQS6(VUErV5?GQ)6�;fE>1iVUF+Q)6JVU1)D ² VvRUQ)F�P/Ef6�1vP+VU:IN�EfH
e�:/R	e&B�VUB`RUQ�qM:/RU7�VU:�Q b P/;>B�P/VUQMV L Q)1TQ-H):<6�4�c<B�RdP2VUEf:<61xqtErV L RUQ)1TN�Q)HoV
VU:+9(?�6P<F+E>HCN`RU:Ic/RdP<Fs=�Q L P b E>:<R�D

6.4.4 Tool performance¼$E>6�P/;f;r?J8�qMQvRUQ)N�:/RTVC:<6nV L Q�N�QSRTe&:<RUF�P/6H)Q�:/exV L QvVU:J:I;¥D�¼$E>cIB�RUQm
1 L :�qt1�V L Q�VU:J:<;�RUB�66E>6�cCVUE>F+Q�e�:/R�Q�P/H L H):I6`4�cIB`RdP/VUE>:I6mRUQ)N�:<RTVUQ�9|D
KML Q�4�c<B�RUQ�1 L :�qt1�V L Qxq-P<;>;JH);>:JHd7CVUE>F+Qxe�:<R�RUB6�6E>6cMV L Q	P/6�P/;>?`1TE>1)8
=�RU:<7\Q)6OEf6JVU:}4 b QvH�P2VUQ)cI:/RUE>Q)1)�

� �S�$�&, � ��Q�P<9�E>6c�HS;�P/1T1�4�;>Q)1	P<69�=B�Ef;f9`Ef6�c�PvH);fP<1T1 L E>QSRdP/RUH L ?
1iVTRUBHSVUB`RUQID ± ;fF+:<1iV�P<;>;(V L E>1�VUE>F+Q�E>1Z9�B�Q	VU:te�:/RUF�P/VTVUQ�9 ² �IÅ
P<6�9O9�QSp�P/VUE>6c}H):IF+N`RUQ)1T1TQ�9�3iP/Ru4�;>Q)1)D

� ��'�#�#�� .2'!�� � ¡ P<;>;$c/RdP<N L H):<61iVTRUBHoVUEf:<6�D
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� �M.2'��$�)' (I,��&���$� � £ QSRTe&:<RUF 9�P/VdP/p:�q P<6�P/;r?�1TE>1�VU: E�9`Q)6JVUEre&?
VTRdP<6�1UP<HSVUE>:<61�P<6�9 ;fP<=�Q);�V L QvH�P/;>;�c<RdP/N L D

� �M'�#&#p� � K RdP b QSRU1TQMV L Q�H�P/;>;�c/RdP<N L P<69mH):<;>;fQSHSVZB1UP<c<QM1iVdP/VUE>1ia
VUE>H)1-e�:/RCQ�P/H L �¥Q)6JVUE>V5?J8 VTRdP<61UP/HSVUE>:I6 � N�P<ErR�D

� �},���%(. � ¢ E>1TH)Q);>;fP<6QS:IB1t: b QSR L Q�PI9+1TB�H L P<1�N�P<Hd7<P<cIE>6�c�V L Q
P<6P<;r?`1TE>1uRUQ)1TB�;rVU1te&:<R�H):I6�1TBF+N`VUEf:<6O=J?OP�� � ² H);>E>Q)6JV�D

KML QO4cIB�RUQ�1 L :2qt1mV L Q QSy`N�Q)HSVUQ�9�RUQ);fP2VUE b QnH):<1iVU1�:<e�H�P<;>;-c/RdP<N L
HS:I61iVTRUB�HSVUE>:I6§P/;>cI:<RUErV L F+1)D ¡ Ç ± HS:I1iVU1�F+:<RUQ}V L P<6.� K ± 1TE>6�H)Q
V L Q�H)P<;>;�c<RdP/N L 1�P/RUQtRU:IB�c L ;r?�Pve�P<HSVU:/Rt:<e�����=E>cIc<QSR�DxjlQuH�P/66:/V
P2RUcIB�QvV L P/V ¡ Ç ± H)P<;>;�c/RdP<N L H):<61iVTRUBHoVUEf:<6G1 L :<B;f9O=�Q�e&RUQ)QI8�E>F�a
N�;>EfHSE>VU;r?nH):IF+N�;fQoVUQCq L Q)6OV L QvH);fP/1T1 L E>QSRdP2RUH L ? E>1�=�BE>;rV ¶ q�Q�F}B�1iV
Qoy�N�;>EfHSE>VU;r?lVTRdP b QoRU1TQ V L QOc/RdP<N L VU:®9�QoVUQSRUF+E>6Q+q L E>H L HS;�P/1T1�E>6Era
VUEfP/;fE>~)QoRU1MQSy`Q)H)B`VUQI8(P<69}VU:�P<;>;>:�qhV L QtE>F+N;>Q)F+QS6(VdP2VUE>:I6}VU: L P<6�9`;>Q
RUQop�Q)HSVUE>:<6wP<1�9�Q)1THoRUEf=�Q)9OQ�P2RU;fE>QSR�D

² 6®P<;>;�H�P<1TQ)1)8�P<6P<;r?`1TE>1vqtE>V L �/a ¡ ¼ ± :<R � K ± H):<F+N;>QSVUQ)1�Ef6®;>Q)1T1
V L P<6nV L RUQ)Q�F+E>6(B�VUQ)1)8(qtErV L � K ± :/e&VUQ)6�P2RU:IB�6�9GPme�P<HSVU:/RC:/exV¤q�:
e�P<1iVUQSRmV L P/6 �/a ¡ ¼ ± D ¡ P/;>;Mc<RdP/N L H):<61iVTRUBHoVUEf:<6z9�:<F+Ef6P/VUQ)1�V L Q
: b QoRdP<;>;-N�QSRTe�:/RUF�P<6�H)Q ¶ qMQ N;fP<6§VU:wE>6 b Q)1iVUE>c\P2VUQOF+:/RUQ 1T:<N L Ef1iVUEra
H)P/VUQ�9hHS:I61iVTRdP/E>6(V 1T:<; b QSR�VUQ)H L 6E ¾ BQ)1w�r� 
`8��S�uVU:lF+ErVUE>c\P2VUQGV L E>1
: b QoR L Q�P<9�D�¼:/R�1TF�P<;>;>QSR�H):(9�QS1)8$E>6ErVUEfP<;	Ef6�NB`V�H�P<6¦=�Q+Pn1TE>cI6�Er4a
H)P<6JV�H):I1iV ¶ qMQ+HS:IB;f9�N�:/VUQ)6JVUEfP<;>;r?�N`RUQSagN�RU:JH)Q)1T1�;>E>=�RdP/RUE>Q)1�VU:GH)B`V
9`:�qt6nV L E>1t: b QSR L Q)PI9�D

7. RELATED WORKKML E>1®q�:<RU7·e&:I;>;>:�qt1ia5:<6 VU:ªP<6³Q�P2RU;>EfQoR ² [ ¢ j�Q)=�©(N L QoRUQ�VU:J:I;
H)P<;>;>Q�9 ¡ F+N�Å £	K �r�)À<��D ¡ F+N�Å £	K N�QSRTe&:<RUF+Q�9�PMq L :<;fQoa5N`RU:Ic/RdP<F
P/6�P/;>?`1TE>1�VU:GEf9�Q)6JVUEre&? ¡-¢G£ X�6(VUErV5?�[	Q�P<6�1�V L P/V�qMQoRUQOP/H)H)Q)1T1TQ)9
RUQ)PI9`ag:<6;r?J8-P/6�9§qM:IB�;f9hcIQ)6�QSRdP/VUQGP®RUQ)N�:/RTV P<H)H):/Rd9�E>6c<;r?JD ¡ F�a
N�Å £	K 9�Ef9l6:/V+P<6P<;r?`~)QOVTRdP/61UP/HSVUE>:I6k=�:IB69P2RUEfQS1�:<R}H):I6�1TE�9`QSR
1THS:IN�Q�9lB�6ErVU1�:<e-qM:/RU7�D KML Q�P/6�P/;>?`1TE>1�9`Ef9�6:/VmF+:(9`Q);ZQ)6:<Bc L
P/1TN�Q)HSVU1$:/e�V L Q�Y\�<XZX®P/6�9�XZY\[¦F+:(9`Q);>1�VU:uH):I6�1TE�9`QSR�q L :I;>QMY\�<XZX

P<N�N;>E>H�P/VUE>:<61)8P<6�9+q-P/1-E>61iVUQ�P<9O;>E>F+E>VUQ)9+VU:mE>6�9�E b Ef9�BP<;|XZY\[»Y\P2R
4�;>Q)1)D ¡ F+N�Å £	K RUQS;fE>Q�9¦:I6lP e¥P<ErRU;r?¦N�RUQ)H)E>1TQI8$H):I6JVUQSy(VTag1TQ)61TErVUE b Q
H�P/;f;�c/RdP<N L H):I6�1iVTRUBHSVUE>:I6¹P/;fc<:<RUErV L F 9�Q)1THoRUEf=�Q)9ªE>6 �r���2�gD KML Q
RUQ)1TB�;>VdP/6JV}N�QSRTe&:<RUF�P/6H)Q�qMP<1}FmBH L 1T;>:�qMQoR}V L P/6�V L Q+F+:<1iV�QSy(a
N�Q)6�1TE b Q�P<6�P/;r?�1TE>1-RUQ)N�:/RTVUQ�9 L QoRUQID KML Q ¡ F+N�Å £ZK P<6P<;r?`1TE>1�Q)F�a
N;>:�?JQ�9 P<6 QSy(VTRdP�;fQ b Q);�:<e�H):I6JVUQSy(V�1TQ)61TErVUE b E>V5?�e�:<RMH):I6JVdP<E>6�QSRt:I=`a
3iQSHSVU1)8q L EfH L F+:/VUE b P/VUQ)9 :<B�RuH):I6�1TEf9�QSRdP2VUEf:<6w:<e �2aU�Sa ¡ a ¡ ¼ ± D

KML Q ²i£ ± E>6`e&RdP<1iVTRUB�HSVUB�RUQ�:<e ¡ F+N�Å £	K q-P/1CRUQ)B�1TQ�9GE>6�P<6 ² [ ¢
VU:J:I;-H)P<;>;>Q�9h© ± [MX � � �I���g8Zq L E>H L VdP2RUcIQSVU1 b P/;fEf9�P/VUE>:I6z:<eCYJ�/X	X
Ã =�QS1iV$N�RdP/HSVUE>H)Q)1TÄ`D KML Q	© ± [MX ��VU:J:I;J9`:JQ)1�6:<V�P<6P<;r?`~)QZH):I6JVdP<E>6�QSRTa
F�P<6P<c<Q�9lN�QSRU1TE>1iVUQ)6HSQO:/R�YJ�/X	X³VTRdP/61UP<HoVUEf:<61)8	P<1mErV}H)B`RTRUQ)6JVU;r?
e�:JHSB1TQ)1ON�RUE>F�P/RUE>;r?»:<6»V L QGjlQS= ± N�N;>E>H�P/VUE>:I6W;fP)?JQSRO:<emYJ�/X	X-D
ÅC6QmP/RUQ)P�e&:<RCe&B�VUB`RUQ�q�:<RU7wE>1�VU: 9�QoVUQSRUF+E>6Q�q L QSV L QSRCV L Q�RUQS;�P2a
VUE b Q);r? ;>Q)1T1tN�RUQ)H)E>1TQ�=�B�VtF+:<RUQCQSÂ+H)E>Q)6JVtH�P/;f;�c<RdP/N L HS:I61iVTRUB�HSVUE>:I6
P<;>c<:<RUErV L F+1�q�Q L P b Q	Q b P<;>BP/VUQ�9�1TB�Â+HSQ	e�:/RZ© ± [MX �§H);>EfQS6(VU1)D ± 9`a
9�ErVUE>:I6P<;>;r?J8�qMQmN;fP<6wVU:�;>Q b QSRdP/cIQ}:<B�RvP<6�P/;r?�1TE>1CVU:�H):<61TEf9�QoR b P/;ra
Ef9P2VUEf:<6w:<exVTRdP/61UP<HoVUEf:<6�a�RUQ);fP/VUQ)9�N`RU:IN�QSRTVUE>Q)1)8�1TBH L P<1u;>Q)c\P/;fErV5?w:<e
E>1T:I;fP/VUE>:<6�;>Q b Q);$9�ErRUQ)HSVUE b Q)1)8�P/6�9nVU:�N�RUQ b Q)6JVv9`Q�PI9`;>:JHo7G:/RvQSy`H)QS1ia
1TE b QvRU:I;>;>=�P/Ho7(1)D

jlQnP/RUQG6�:<V�P)qMP/RUQG:/e�P<6J?z:/V L QSR+N�B=�;fE>1 L Q�9lRUQ)1TB;rVU1+:<eCE>6(VUQoRTa
N�RU:JHSQ�9�B`RdP<;�P<6P<;r?`1TEf1t:/e�V L QCYJ�<XZXke�RdP<F+QSq�:<RU7�D ¡ ;fP/RU7\QCQSVuP<;¥Df� �2�
N�RUQS1TQ)6JVUQ�9nP b QSRUEr4�H�P2VUE>:I6nVU:J:<;�e&:<RuH L Q)Hd7`E>6�c}H):<6�4�6�Q)F+Q)6JVMN`RU:IN`a
QSRTVUE>Q)1G:/e�XZY\[ EfF+N�;>Q)F+Q)6JVdP/VUE>:I6�1)D½¬�E>7\Q®:IB�ROqM:/RU7|8uV L E>1nVU:J:<;
P<6P<;r?`~)Q�9�H):IFm=E>6Q)9�N�RU:IN�QoRTVUEfQS1ME>6�e�QoRTRUQ�9�e&RU:IF½V L Qu9�Q)N�;>:2?`F+Q)6JV
9�QS1THSRUE>N�VU:<RGP<69»=(?(VUQ)HS:(9�Qw=B�1TE>6Q)1T1O;f:<cIE>HID KML Q�H):<6�46Q)F+Q)6JV
b QSRUEr4H�P/VUE>:I6¯N�RU:<=;>Q)F qMP<1�1T:I; b Q�9§qtErV L P®1TEfF+N�;>QI8M;>:JH�P/;CN�P/1T1)8
=B`Vu9�Ef9O6�:<VtRUQ ¾ BErRUQ�P/6J?n9`Q)Q)N p�:�q·P<6�P/;r?�1TE>1)D

ÅCB�R�H)P<;>;�c/RdP<N L H):I6�1iVTRUBHSVUE>:<6}E>F+N;>Q)F+Q)6JVdP2VUEf:<6�RUQS1TQ)F}=�;fQS1Z:/V L QSR
1TB=�1TQSVTag=�P/1TQ�9®N�:<E>6(VUQoR�P<6P<;r?`1TEf1d�2H�P<;>;Zc<RdP/N L H):I6�1iVTRUBHSVUE>:I6�P<;>cI:/a
RUErV L F+1�e�:/R�YIP b P`8�1TB�H L P<1 �>���/��8u� ���/��8u� �/À/�g8ZP/6�9»� ���2��D®ÅCB�Rm9�Qoa
1TE>cI6®q-P<1 L Q�P b Ef;r?�E>6�pBQ)6�H)Q�9w=J?���RU: b Q}QSV�P<;¥D>Á 1��r�2���	P<NN`RU:\P/H L
e�:/R�N�P2RdP<F+QSVUQoRUEf~SEf6�c P<;>cI:/RUE>V L F+1�e&:<R b P/RUE>Q�9GH):<6JVUQSy(VTa51TQS61TErVUE b ErV5?
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N�:<;>EfHSEfQS1)D

8. CONCLUSION AND FUTURE WORKKML E>1tVU:J:<;�RUQ)N`RUQ)1TQ)6JVU1-:IB`R-4RU1iV�P/VTVUQSF+N�VMVU:}P<NN�;r?O1iVdP2VUQSag:<e�agV L QSa
P2RTV�E>6JVUQSRTagN�RU:JH)Q�9`B�RdP/;xP<6P<;r?`1TEf1�VU:�RUQ)9�BHSQmH):<F+N;>QSy`ErV¤?nEf6�Y\�<XZX
HS:I6�4cIB`RdP/VUE>:I6�D KML Q�RUQ)1TB;rVU1+P/NN�Q�P2R+Q)6HS:IB�RdP/cIE>6c`8-P/1+9�Q)1TN�ErVUQ
ErVU1�;>E>F+E>VdP2VUE>:I61)8I1iVdP/VUE>HuP<6P<;r?`1TEf1�N`RU: b Ef9�QS1xB1TQSe&B;`1TBcIc<Q)1iVUE>:I6�1Ze&:<R
VTRdP/61UP/HSVUE>:I6®H):I6`4�cIB`RdP/VUE>:I6�DvÇ�:2q�Q b QSR�8�F}BH L q�:<RU7nRUQ)F�P/E>61�VU:
9`:�8xQ b Q)6¦e&:<R�V L Q+;>E>F+ErVUQ�9¦HS:I6�4cIB`RdP/VUE>:I6�VdP/1T7(1�V L Ef1�NP<N�QSRmP<9`a
9(RUQ)1T1TQ)1)D

² 6we�B�VUB`RUQ�qM:<RU7�8�q�Q}N;fP/6�VU:�E>6 b Q)1iVUE>c\P2VUQm:/V L QSRvYJ�<XZX»VTRdP<6�1UP<HSa
VUE>:<6�H):I6`4�c<B�RdP/VUE>:<6�7(6:I=�1)DZ©`N�QSH)Er4�H�P/;f;r?J8<qMQ-N;fP/6mVU:vE>6 b Q)1iVUE>c\P2VUQ
:<NN�:/RTVUB6ErVUE>Q)1�VU:l1TBc<cIQ)1iVON�RUQoage&QSVUH L P<69hH�P/H L Ef6�c§P/VTVTRUE>=�B�VUQ)1)8
N�QS1T1TEfF+E>1iVUE>H b 1)D�:<N�VUE>F+E>1iVUE>HmH):<6H)B`RTRUQ)6Ho?w:IN`VUEf:<61)8�P<69GVU: N`RUQSa
b Q)6JV�9�Q�P<9�;>:JHd7|8�B6�6Q)H)QS1T1UP/RT?�RU:I;>;>=�P/Ho7(1)8xP/6�9®B6E>6JVUQ)69�Q�9GRUB6`a
VUE>F+Q	QSy`H)Q)N�VUE>:<61$e&RU:<F b E>:I;fP/VUE>:I6�1�:<e�XZY\[lH):<6JVTRdP<HSVU1)D ¢ :/RUQMcIQS6�a
QoRdP<;>;r?J8JqMQt=�Q);>E>Q b QtV L P/V	1TE>F+E>;�P2R	VUQSH L 6E ¾ BQ)1ZF�P)?}P/NN�;>?me�:/RMH):<6�a
4cIB`RdP/VUE>:I6§:/et:<V L QoR L E>c L ag;>Q b QS;	N`RU:Ic<RdP/F+F+E>6cGF+:(9`Q);>1�QSF}=�Q�9(a
9`Q�9¦E>6§YIP b P`8$1TBH L P<1 � ¢ ¬kF�P<6�EfN�B;fP/VUE>:<6�e&RdP/F+QSqM:/RU7`1)8�jlQ)=
©(QSR b E>H)Q)1)8�P<6�9GV L Q Ã 6�QSy(Vvc<Q)6QSRdP2VUE>:I6Än:<e	Q)6JVUQSRUN�RUE>1TQ}N`RU:Ic/RdP<F�a
F+E>6�c}F+:(9�QS;f1-q L EfH L qtE>;>;�B�6�9�:<B=`VUQ�9�;r? P/RUE>1TQ�1T:J:<6�D

9. REFERENCES�>�o� ± ;>QSy�P/6�9�QoR ± E>7\Q)6�8 ¢ P/6(BQ);�¼�P L 6�9(RUEfH L 8�YIQo{|QSRT?w©�D�¼�:I1iVUQSR�8
P<69 ��L Q)69�:<6c�©(B�D £ P/RTVUEfP<;�:I6�;fE>6�Q�HS?`H);>Q�Q);>EfF+E>6P/VUE>:I6GE>6
E>6H);>B�1TEf:<6wH):I6�1iVTRdP<E>6JVuc<RdP<N L 1)D������ � ���Z� � �������/�¥���d� � 8

)
`� � � � � � # �<¿`8 ¢ P)?¦��� ���`D

� ����¬ZD�ÅmD ± 6�9`QSRU1T:I6�D�-�i�U�<�T�<� �u���)� � � � � �<��� �<���T�S���)� �����<�¥���/�
!)�<��� + ���l�-�i�U�<�T�<�m�}���J� ���<�J�<µ�)�J�oD £ZL�° V L QS1TEf1)8 °v² � �m8
�C6�E b QSRU1TErV¤? :<e ¡ :IN�Q)6 L P<c<Q)6�8 ¢ P)?¦��� �<À`D

� 
2� ° P b Ef9n¼�D[MP<H):<6�P<69 £ QSVUQSR�¼�D�©(q�Q)Q)6Qo?JD¼P<1iVu1iVdP/VUE>H
P<6P<;r?`1TE>1�:/e ¡ � � b ErRTVUBP<;|e�B6�HSVUE>:I6OH�P<;>;>1)D �����
� ����� � �	�����<�¥���d� � 8�
(�\�i��� � � 
\�/À!#�
�
I8�ÅCHSVU:I=�QSR���� �<¿`D

� À/��[MX ± D[MX ± ©(?`1iVUQ)F+1)D L VTVUN�� �I��q-q-q�D =�Q�P`D H):<FGD

� ��� ° P b Q ¡ ;fP/RU7\Q<8 ¢ E>H L P<Q); ��E>H L F+:<6�9�8`P/6�9OY\P<F+Q)1 "�:I=;>QID
©�P b Ef6�cmV L QvqM:<RU;f9Oe�RU:IFs=�P<9O=�Q�P/61)�	9�QSN;>:�?�F+QS6(VTa�VUE>F+Q
H):I6`4�6QSF+Q)6JV-H L Q)Hd7`E>6�c�D ² 6G�-�i���o�U�T�<���J� � ��!v� + ����I� + �����
� ���Z� � ���¨�U�<��!��o�T�o���d�}�<� �t´ 7��U�S���5�<�d�g�o��5�T�m��T�U�<�T�/�}���J���
� � � �5�o� � � �>�/�(�<µ����J� � �M�/��� �o�\��� ���U�<�¥�¥�<� � 8�NP<c<Q)1 
I/À!# 
)�I(D
± ¡-¢ £ RUQ)1T1)8|� �)��
`D

� ¿2� �CQ)66P/RU: ¡ B�:IF+:+P/6�9 ¡ P2V L QSRUE>6�Q ° E>Q)N�D KML Q�9(?�6P<F+E>H
H�P<H L E>6c}1TQSR b EfHSQ)1)�ZQ);>EfF+E>6P/VUQ�=�:<VTVU;>Q)6�Q)Hd7`1uP/6�9OE>F+N`RU: b Q
RUQ)1TN�:I6�1TQvVUEfF+Q<D	�G�)´ �I� + �o�U�����&%<�*�>�o���o��� � �(�<µ(�o���)� 8
¼Q)=�RUBP/RT?n�����)
(D

� �� ��:<6 ¡ ?(VTRU:I6�8�YIQ)P<66�Q�¼QSRTRdP/6(VUQ<8�[MP2RTRT? � D��u:I1TQ)6�8
¢ P/RU7 "mD(jlQ)c<F�P<6�8P/6�9G¼�D � Q)6�6QSV L�� P<9�Q)Hd7�D�XxÂ+H)E>Q)6JVU;r?
H):IF+N�B�VUE>6cm1iVdP/VUE>H�1TE>6cI;>Q�P<1T1TE>c<6F+Q)6JV-e�:/RUF P<6�9�V L Q
H):I6JVTRU:I;�9�QSN�Q)6�9`Q)6H)QCc<RdP<N L D������ ��T�<� � �\�S�¥���<� � �/�
�-�i�U�<�T�<�m�}���J� ���<�J�<µ����J� � �<���
� � � �5�o� � 8�� 
��¥À � � À �(�&#\À ���`8
ÅCHSVU:I=�QSR���� �`�<D

� �2��YIQS{�RUQS? ° Q�P/6�8 ° P b E�9���RU: b QI8�P/6�9 ¡ RdP<E>c ¡�L P/F}=�QSRU1)D
ÅCN�VUE>F+E>~�P/VUE>:I6O:<e�:<=`3¤Q)HSVTag:<RUE>Q)6JVUQ�9nN`RU:Ic/RdP<F+1tB1TE>6c}1iVdP/VUE>H
H);fP<1T1 L E>QSRdP/RUH L ?OP<6�P/;r?�1TE>1)D ² 6��/� + �Mµ`�i�o���T�<�k�Z�<��!��o�T�o���d�
�<� �t´ 72�T�S���'���o�g�o���5�T���M�T�U�<�T�/�}�}�&�(�<8�NP<c<Q)1v<�#���`�<8
± Bc<B1iV���� � �JD

� �2� KML Q ± NP<H L Q�©(:<e�V¤q-P2RUQ�¼:IB�6�9P2VUE>:I6�D KML Q ± N�P/H L Q�©(VTRUB`VU1
jlQ)= ± NN�;>EfH)P/VUE>:I6w¼`RdP<F+QSq�:<RU7�D
L VTVUN�� �I�U3iP<7<P/RTVdP(D P/N�P/H L QID :<RUcJ�JD

�r���2��X�RUE>H L �vP<F+F�P(8��uE>H L P/Rd9 ÇCQ);>FG8'�CP/;>N L Y<: L 6�1T:I6�8�P<69
YI: L 6 � ;>E>1T1TEf9�Q)1)D��m� � �f�<�n�u�/�¥�5�o�o� ��� � �f�o���o��� � ��!"3u�oµ � �\´ �f�
�t´ 72�T�S���'���o�g�o���5�T������!d�����/�U�oD ± 99`Ef1T:<6�a�jlQS1T;fQo?
£ RU:/e�Q)1T1TE>:I6P<; ¡ :<F+NB�VUE>6�c+©`QoRUEfQS1)D ± 9�9�E>1T:I6`a�jlQ)1T;>QS?
£ B�=;>E>1 L E>6c ¡ :<F+N�P/6(?J8 "�QSq���:/RU7�8 "��}8|��� � �(D

�r�I�o� ° P b Ef9%��RU: b QID������U�S�¥� %<� �d��5�o�g���T���d�T�<µ(�T�����$���¥���m�����<�¥���<�¦��!
�t´ 72�T�S���'���o�g�o���5�T�
���<�J�<µ�)�J� � D £ZL�° V L Q)1TE>1)8��C6�E b QSRU1TErV¤? :<e
j§P<1 L E>6c<VU:<6�8���� �)�`D

�r�2��� ° P b Ef9%��RU: b Q�P<6�9 ¡ RdP<E>c ¡�L P/F}=�QSRU1)D ± e�RdP<F+QSq�:<RU7�e�:/R
H�P<;>;�c/RdP<N L H):<61iVTRUBHoVUEf:<6�P<;>cI:/RUErV L F+1)D������ ���T�<� � �I�S�¥���<� �
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���������	��
������������������������� �"!$#&%('��)%�*��+���,-*$���),)./�&�$��,)%

�<�n�M�T�U�<�T�/�}�}�&�(� ���<�(�<µ����J� � �<��� ��� � �5�o� � 8
��
`��¿ � � ¿)�)��#(/À\¿(8 "C: b Q)Fm=�QSRu�����`�<D

�r� 
/� "CQ b E>6OÇCQ)E>6JVU~)Q�P/6�9wÅC;>E b EfQoR K P/Rd9�E>Q)B�D ��;rVTRdP/a�e¥P/1iVCP/;>E�P/1TE>6c
P<6P<;r?`1TE>1�B�1TEf6�c ¡ ¬ ± � ± F+E>;f;>E>:I6n;fE>6�Q)1t:<e ¡ H):(9�Q�E>6wP
1TQ)H):<6�9|D ����� � ���Z� � ��� ���<�¥���d� � 8�
<¿�� � � � ���/À #(�<¿�
`8 ¢ P)?
�����`�<D

�r�SÀ<� ¢ P/VTVuÇ�:IcI1iVTRU:<FGD�ÅCN`VUE>F+Ef~SEf6�c}H):<6JVdP<E>6QSRTagF�P/6�P<c<Q�9
N�QSRU1TE>1iVUQ)6�H)Q�X	Y\[»QS6(VUErV5?O=�Q)P<61)D �,�M� �m�&%<�*�>�d���o� �n�<�,# �
���&� � �f�o�¥�5�o�d8 "C: b QSF}=�QSRu� �)�(�ID L VTVUN�� �<�2q-q-q-a
���<¿`D E>=FGD H):<F �<9�Q b Q);>:IN�QSRTq�:<RU7(1d�/E>=�F �/;>E>=�RdP/RT?�2E>ag:<N�VUE>F+E>~)QID

�r���2� ² [ ¢ D K RdP<9�Q�
}=�QS6H L F�P/RU7�D
L VTVUN�� �I�2c<qMP/RUQ b E>QSq�D 1T:<e�V¤q-P2RUQID E>=FGD H):IF �+1T:<e�V¤qMP/RUQ2�
qMQS=1TQSR b QoRU1d��P<NN�1TQSR b ��=�Q)6�H L F�P/RU7'
`D L VUF+;¥D

�r�)¿/� ² [ ¢ DjlQS=�©`N L QSRUQv©`:/e&V¤qMP/RUQ £ ;�P2VTe�:/RUFGD
L VTVUN�� �I��q-q-q�D Ef=�FGD H):IF ��qMQ)=�1TN L QoRUQID

�r��2� ± F+QoRUEfH)P<6 "CP/VUE>:I6P<;$©(VdP<69P2Rd9�1 ² 6JVUErVUB�VUQ<D ���<�g�\´U� � �
���<�J�<µ����J� � � ��D���� �I�(D ± "�© ² � 
`D>��
)�2aU��� �\�(D
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