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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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Ç�:�qMQ b QoR�8/e&:<RxV L Q	:/V L QSR$V L RUQ)QZH):(9�Q)1)8<H�P/;f;(c/RdP<N L N`RUQ)H)E>1TE>:I6 L P<1�P
1TE>c<6
Er4�H�P/6JV�QS{|QSHSVZ:I6}V L Q-6`B�F}=�QSR$:<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�B
1TQ)1�c<Q)6
QSRdP/;	e�RdP<F+QSq�:<RU7�;>Ef=`RdP/RUE>Q)1
VU:�9�E>1TN�P2VUH L RUQ ¾ B
Q)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`B
H)E>6
c
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<6
Er4�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
:+=�QS6
QS4�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/6
1ia
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>:<6
1xVUQ)6�9`Q�9�VU:CF�P<7IQZV L QM=
E>cIc<Q)1iVZ9�Er{|QSRUQS6
H)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:¦=�:<B
6�9§V L QO6(B
F}=�QoR�:<e�e¥P/;f1TQwRUQ)N�:/RTVU1�e�:/R+V L QnF+:<1iV
N`RUQ)H)E>1TQ�P<6
P<;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�B
6�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(B
Fm=�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+B
1TE>6
c�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):<6
H);>B�9`Q)1�V L P/VMV L Qv[�Q�P/6 V5?`N�Q)1-P/RUQ��|�&%<�o�	B
N|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>4
H�P<6JVU;r?GF+:/RUQ�:IN�N�:<RTVUB
6�ErVUEfQS1ue&:<RCRUQ)PI9`ag:<6
;r?nHS:I6�4
cIB`RdP/VUE>:I6
V L P/6W=�Q�P<6W1THS:IN�QI8CP<6
9hVTRdP<6
1UP/HSVUE>:I6¹1TH):IN�Q®:<{|QoRU1OQ b Q)6WF+:<RUQ
:IN�N�:<RTVUB�6
ErVUE>Q)1)D KML E>1�1TB
N�N�:<RTVU1�j�Q)=�©(N L QoRUQIÁ 1�9�Q)H)E>1TE>:I6¯VU:�:<e�a
e�QoR�VTRdP/6
1UP<HoVUEf:<6�ag1TH):<N�Q�9wH):I6`4�cIB`RdP/VUE>:I6 ¶ V L Q�4
6
QSRTagc/RdP<E>6GH):<6(VTRU:<;
N�P)?`1-:<{®E>6wP/;f;>:�qtE>6
c�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+N
P/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>6
H)Qxq�Q	1UP)q§N`RUQ b Ef:<B
1T;r?CV L P/V�V L Q
;>Q)1T1�N�RUQ)H)E>1TQ�P/;fc<:<RUErV L F+1�RUQ)N�:/RTVmPn1TE>cI6
Er4
H�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>4
H�P<6JV�6(B
Fm=�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�4
cIB�RdP2VUE>:I6h1TQoVTVUEf6�cI1)D ��Qoa
H�P/;f;�V L P/VtP�N�P/RTVUEfP/;>a�RUQ�P<9OH):<6�4
cIB�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<6
F+Q)6JVuQ);>E>F+Ef6
P/VUE>:I6�D

K P/=
;>Qm­}1 L :�qt1uV L Q�N�QSRUH)Q)6JVdP/cIQ�:<e�4
Q);f9�1-V L P2VuV L Q�P<6
P<;r?`1TEf1�9�Qoa
VUQSRUF+E>6
QS1������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<6
P<;r?`1TE>1O9`QSVUQSRUF+E>6
QS1�V L P/V P®4�Q);f9¯FmB
1iV+6�:<V�=�Q
RUQ�P<9GEf6GP�N�P/RTVUE>H)B�;fP/Rv1THS:IN�QI8�V L Q)6nV L QvVU:J:I;$H�P/6G1TB
c<cIQ)1iVvP�N�P2RTa
VUEfP<;$RUQ�P<9wH):I6`4�cIB`RdP/VUE>:I6wVU:OP b :IEf9Ge�QSVUH L E>6�c 1UP/Ef9w4
Q);f9Ge&RU:IF V L Q
9
P2VdP<=
P<1TQID ² 6�:/Rd9�QSRvVU:OF�P<7\Q�V L Q}6(B
Fm=�QSRU1�F+:/RUQmHS:IF+N�P2RdP<=�;fQ
P<HoRU:I1T1�H�P/;>;>agc/RdP<N L H):<6
1iVTRUB�HSVUE>:I6zP<;>c<:<RUErV L F+1)8�qMQ L P b Q�4
;rVUQSRUQ�9
V L QSF =J?GHS:IB
6JVUE>6
c�:<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 Qv9
P/VdP�E>6�9`EfH)P/VUQ)1MV L P/VMV L QCF+:<RUQu4�6�QSagc<RdP<E>6�Q�9 HS:I6�4
cIB`RdP/VUE>:I6
:IN`VUE>:I6
1tQSy`N�:<1TQ�F}B
H L c<RUQ�P2VUQSRu:IN�N�:<RTVUB
6�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�1iVTRUB
HSVUE>:I6lP<;ra
cI:/RUErV L F+1CHS:IF+N
B`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>6
c
VTRdP<6�1UP<HSVUE>:<6WH):I6`4�cIB`RdP/VUE>:I6�8uEf6hF+:I1iV�H�P/1TQ)1OV L QwP<6
P<;r?`1TEf1O1TB
c/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>6
c
RU:IB�c L ;>?�­����W:<e(V L Q	N�QSRU1TE>1iVUQ)6JV�4�Q);f9�1)8/P/1T1TB
F+E>6
ctQ�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 B
Q)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:<6
1xqtErV L RUQ)1TN�Q)HoV
VU:+9(?�6
P<F+E>HCN`RU:Ic/RdP<Fs=�Q L P b E>:<R�D

6.4.4 Tool performance¼$E>6�P/;f;r?J8�qMQvRUQ)N�:/RTVC:<6nV L Q�N�QSRTe&:<RUF�P/6
H)Q�:/exV L QvVU:J:I;¥D�¼$E>cIB�RUQm­
1 L :�qt1�V L Q�VU:J:<;�RUB�6
6
E>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�RUB
6�6
E>6
cMV 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>6
c�HS;�P/1T1�4�;>Q)1	P<6
9�=
B�Ef;f9`Ef6�c�PvH);fP<1T1 L E>QSRdP/RUH L ?
1iVTRUB
HSVUB`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>6
c}H):IF+N`RUQ)1T1TQ�9�3iP/Ru4�;>Q)1)D

� ��'�#�#�� .2'
!�� � ¡ P<;>;$c/RdP<N L H):<6
1iVTRUB
HoVUEf:<6�D
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cIB�RUQ�1 L :2qt1mV L Q QSy`N�Q)HSVUQ�9�RUQ);fP2VUE b QnH):<1iVU1�:<e�H�P<;>;-c/RdP<N L
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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
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H L 1T;>:�qMQoR}V L P/6�V L Q+F+:<1iV�QSy(a
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8. CONCLUSION AND FUTURE WORKKML E>1tVU:J:<;�RUQ)N`RUQ)1TQ)6JVU1-:IB`R-4
RU1iV�P/VTVUQSF+N�VMVU:}P<N
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b Q)6JV�9�Q�P<9�;>:JHd7|8�B
6�6
Q)H)QS1T1UP/RT?�RU:I;>;>=�P/Ho7(1)8xP/6�9®B
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H L P<1 � ¢ ¬kF�P<6�EfN�B
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F+E>6�c}F+:(9�QS;f1-q L EfH L qtE>;>;�B�6�9�:<B
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9. REFERENCES�>�o� ± ;>QSy�P/6�9�QoR ± E>7\Q)6�8 ¢ P/6(B
Q);�¼�P L 6�9(RUEfH L 8�YIQo{|QSRT?w©�D�¼�:I1iVUQSR�8
P<6
9 ��L Q)6
9�:<6
c�©(B�D £ P/RTVUEfP<;�:I6�;fE>6�Q�HS?`H);>Q�Q);>EfF+E>6
P/VUE>:I6GE>6
E>6
H);>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<6
9 £ QSVUQSR�¼�D�©(q�Q)Q)6
Qo?JD
¼
P<1iVu1iVdP/VUE>H
P<6
P<;r?`1TE>1�:/e ¡ � � b ErRTVUB
P<;|e�B
6�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/6
1)�	9�QSN
;>:�?�F+QS6(VTa�VUE>F+Q
H):I6`4�6
QSF+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�N
P<c<Q)1 
I­/À!# 
)�I­(D
± ¡-¢ £ RUQ)1T1)8|� �)��
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� ¿2� �CQ)6
6
P/RU: ¡ B�:IF+:+P/6�9 ¡ P2V L QSRUE>6�Q ° E>Q)N�D KML Q�9(?�6
P<F+E>H
H�P<H L E>6
c}1TQSR b EfHSQ)1)�ZQ);>EfF+E>6
P/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
¼
Q)=�RUB
P/RT?n�����)
(D

� ­�� ��:<6 ¡ ?(VTRU:I6�8�YIQ)P<6
6�Q�¼
QSRTRdP/6(VUQ<8�[MP2RTRT? � D��u:I1TQ)6�8
¢ P/RU7 "mD(jlQ)c<F�P<6�8
P/6�9G¼�D � Q)6�6
QSV L�� P<9�Q)Hd7�D�XxÂ+H)E>Q)6JVU;r?
H):IF+N�B�VUE>6
cm1iVdP/VUE>H�1TE>6
cI;>Q�P<1T1TE>c<6
F+Q)6JV-e�:/RUF P<6�9�V L Q
H):I6JVTRU:I;�9�QSN�Q)6�9`Q)6
H)QCc<RdP<N L D������ �
�T�<� � �\�S�¥���<� � �/�
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� �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+1tB
1TE>6
c}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�N
P<c<Q)1v­<­�#
���`�<8
± B
c<B
1iV���� � �JD

� �2� KML Q ± N
P<H L Q�©(:<e�V¤q-P2RUQ�¼
:IB�6�9
P2VUE>:I6�D KML Q ± N�P/H L Q�©(VTRUB`VU1
jlQ)= ± N
N�;>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
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9
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 ± 9
9`Ef1T:<6�a�jlQS1T;fQo?
£ RU:/e�Q)1T1TE>:I6
P<; ¡ :<F+N
B�VUE>6�c+©`QoRUEfQS1)D ± 9�9�E>1T:I6`a�jlQ)1T;>QS?
£ B�=
;>E>1 L E>6
c ¡ :<F+N�P/6(?J8 "�QSq���:/RU7�8 "��}8|��� � �(D
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�)�J� � D £ZL�° V L Q)1TE>1)8��C6�E b QSRU1TErV¤? :<e
j§P<1 L E>6
c<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):<6
1iVTRUB
HoVUEf:<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>6
c
P<6
P<;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>6
QSRTagF�P/6�P<c<Q�9
N�QSRU1TE>1iVUQ)6�H)Q�X	Y\[»QS6(VUErV5?O=�Q)P<6
1)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�
}=�QS6
H 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<N
N�1TQSR b ��=�Q)6�H L F�P/RU7'
`D L VUF+;¥D

�r�)¿/� ² [ ¢ D
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L VTVUN�� �I��q-q-q�D Ef=�FGD H):IF ��qMQ)=�1TN L QoRUQID

�r��­2� ± F+QoRUEfH)P<6 "CP/VUE>:I6
P<;$©(VdP<6
9
P2Rd9�1 ² 6JVUErVUB�VUQ<D ���<�g�\´U� � �
���<�J�<µ����J� � � ��D���� �I�(D ± "�© ² � 
`D>��
)�2aU��� �\�(D

�r� �/��¬�P2RTRT? � : b Q)9�8 ¢ P/RUH): £ E>1iVU:IEfP`8�P<6�9 ± P2RU:I6
� QSRU1 L Q)6(=�P<B�FGD ± H)HSQ)1T1uRUE>c L VU1uP/6�P<;r?`1TE>1-e�:<RCY\P b P`D������
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 � ��# 
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N�:IE>6JVU1ia�VU:+P<6
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N
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� � �/� ° :<6
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1TErVUE b Q
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1TErVUE b Q�N�:IE>6JVU1ia�VU:�P/6�P<;r?`1TQ)1te�:/RCYIP b P`D ² 6
± ¡-¢ 8
Q)9�ErVU:<R�8 ����� � ���Z� � ����� � ����� �	��� �	�<�,# �,+ �o�
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N
;>Q)F+QS6(V	VU: ± ¡-¢ © ² � £ ¬ ± " "�:<VUE>H)Q)1)D

� �J�S�m©`B�6 ¢ E>HSRU:<1i?�1iVUQSF+1)D��M�
�5�o�g���d� � � �(��%/� �C�T�<� �
�I���T�S� �	�U�<�¥���<� ���
�o� � ���/�.� 	 
/D "C: b Q)Fm=�QSRu�����)
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� �<�2� ° P2RTRUQ);>; �uQ)E>F+QSR�8�X	9`E>V L ©`H L :<6`=�QoRUc�8 � P b ErV L P}©(RUE>6
E b P<1)8
ÇvP2RUE>6
E�©(RUE>6
E b P<1UP<6�8�Y<B
;>EfP<6 ° :<;f=J?J8 ± P/RU:I6 � QSRU1 L Q)6(=
P<B
FG8
P<6
9n¬�P/RTRT? � : b Q�9�D � P/;>E�9�P/VUE>6
c ©JVTRUB
HSVUB`RdP<; £ RU:IN�QSRTVUE>Q)1u:<e
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/� KML :<F�P<1��uQ)N
1)8�©`B�1UP<6nÇ�:<RTqtErVU~I8�P<6�9 ¢ :J:I;r?�©`P<c<E b D
£ RUQ)H)E>1TQ�Ef6JVUQSRUN`RU:JH)Q�9`B�RdP<;�9
P2VdP/p
:2qºP<6
P<;r?`1TE>1 b EfP}c/RdP<N L
RUQ�P/H L P<=
E>;>ErV¤?JD ² 6 ± ¡-¢ 8�Q�9`E>VU:/R�8��Z�<� !��o�U�o���d���U�T�U�<�T�O��!
���Z� � � �
����� �\��� ����� � ���Z� � ���v� � ��� ��� �
� �/�C�`� � �&µ`� �<�n�M�o�&���S� ���f� � ��!��-�i�U�<�T�<�m�}���J� ���<�J�<µ����J� � �
�`�o���o� � ���U� � �o���5�U�w�/��� + � � �/�C�`� � ��µ(� � ���<�����i�<���S� � �U���
�Z�)� � !S�<�o������� �(�<��µ��<�%� � �
�)����� 
 � �
�/8�N�P/cIQ)1uÀ ��#(¿(�I8 "�QSq
�	:<RU7�8 "	�}8'�v© ± 8|��� � �JD ± ¡-¢_£ RUQS1T1)D ± ¡-¢ :<Rd9�QoR
6(B
Fm=�QSR����/À � �)���`D

� �2À<� ± VdP<6
P<1���:<B
6JVUQ b 8 ± 6
P ¢ E>;fP<6
: b P`8�P<6�9O[MP/RU=
P/RdP	�mD
�t?
9`QSR�D £ :IE>6JVU1ia�VU:+P<6
P<;r?`1TEf1te�:/R�Y\P b P}B�1TE>6
c+P/6
6
:/VdP/VUQ�9
H):<6
1iVTRdP<E>6JVU1)D ����� � ���Z� � �	�����<�¥���d� � 8�
<¿��i�<� � � À 
�#'�)�J8
"C: b QSF}=�QSRu� �)�(�ID £ RU:JH)Q)Q�9`E>6
cI1u:<e�V L Q�� �)�`� ± ¡-¢
© ² � £ ¬ ± " ¡ :I6�e&QSRUQ)6�H)Q�:I6wÅC=(3iQSHSVCÅ�RUEfQS6(VUQ)9
£ RU:Ic<RdP/F+F+E>6
c�8�©(?`1iVUQ)F+1)8�¬�P<6
c<B�P/cIQ)1�P<6
9 ± N�N
;>E>H�P/VUE>:<6
1
�gÅ�Å £ ©�¬ ± Á �`� � D

� �)��� ¢ D�© L P/RUErR�P<6
9 ± D £ 6
Q)B�;>E�D K qM:�P/N
N`RU:\P<H L QS1tVU:
Ef6JVUQSRUN`RU:JH)Q�9`B�RdP<;�9
P2VdPmp�:�q·P<6
P<;r?`1TE>1)D ² 6G©|D�©|D ¢ B
H L 6�E>Ho7
P<6�9 "mD ° D�YI:I6�Q)1)8�Q)9�ErVU:<RU1)8��-�i�U�<�T�<��� �>���-�u���)� � � � ���
� + �T�<�%�O�<��� ���\��� �¥�d�/�¥���<� � 8�N�P/cIQ)1���� �!#`�<��
(8�XZ6�cI;>QSqM:J:(9
¡ ;fEr{|1)8 "vY�8������`�ID £ RUQ)6JVUE>H)QSagÇCP<;>;¥D

� �<¿2�mÅmD�© L E b QSRU1)D ¡ :I6JVTRU:<;�p�:�q·P<6
P<;r?`1TE>1uE>6G1TH L QSF+QID	�����
� ���Z� � �������/�¥���d� � 8���
`�g­ � �>��¿/À #���­/À`8�Y<B
;r?����)���`D

� �I­�� KML Q�©(VdP/6�9�P/Rd9 £ QoRTe�:<RUF�P/6
H)Q�X b P<;>B�P2VUEf:<6 ¡ :<RUN�:/RdP/VUE>:I6�D
© £ X ¡ 3 ± N
N�©`QSR b QSR�D
L VTVUN�� �I�2q-q-q�D 1TN�Q)HS=�Q)6
H L D :<RUc\�U3 ± N
N�©`QSR b QSRo�(D

� ���2��YI: L 6nj L P/;>QS?OP<6�9 ¢ :I6
E>H�P�©�D�¬�P<FGD ± 6nQSÂ+HSEfQS6(V
Ef6�H);>B
1TE>:I6`ag=�P<1TQ)9nN�:IE>6JVU1ia�VU:+P<6
P<;r?`1TEf1te�:/Ru1iVTRUEfHoVU;>?(a�V¤?`N�Q�9
;�P/6
c<B�P<c<Q)1)D ² 6w�M�T���d�U�U�/���(� � ��!v� + � �<� + �d���5�o�o���<�¥���<���)�
�
�g�<�¥�����u���)� � � � � ���<���`� � ��µ(�}8�N
P<c<Q)1����)��#���� �(8�©(Q)N�VUQSF}=�QSR
���)�I�(D
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