
� ����� ���
	������� ��������	�������� ��!"� # �%$��&��(')� ����� ���+*,����-
# �.�/*,�10324�/�&� � �5*6�7��	8�9�����;:<�/� =>

?�@BADCFEB@HGJIDKML1N1OPERQ
SJT ? T+THU OVQHKJOPQROWCXEZYB[]\^OV_�@ROPEW`DabLFc9OV@R@edgfhOVikj9`�\ T�lXm/npo1qsrVtWnpn1n `1uH? T
dvihL1ERfkCX_waxOV_�@BOVE
GyihL1EBOV@Jz{_�QB@Rfh@RA�@BO1`D?|A�_�_�}�~1CFihO1`�\ T
� CFA�i T ID��A�EB��fh_
\^OV_�@ROPEJ��LpEJ��A�ER��A�ihOV_�Y�O�KJOVQBOWCFE�YR[v`�?|@ZCF_|��L1E�j"uJ_�f�~pOVERQBfh@{}
S CXN1f S IDa�CX_�QRLpA�E
SJT ? T+THU OVQHKJOPQROWCXEZYB[]\^OV_�@ROPEW`DabLFc9OV@R@edgfhOVikj9`�\ T�lXm/npo1qsrVtWnpn1n `1uH? T

T z T�T�� CF��OVE lXmFrRn1�1l�t



T \^L U �DCXERfhQRLp_��M���yA�ER��A�ihOV_DY�O8abL|j|OVihQJz{_b\^L U ��A�@Rfh_�N8axA�i�@Bf r GyihO U OV_�@ T fhE ��L1fhigdvihL��JQ
?�@BADCFEB@HGJIDKML1N1OPERQ��

SMT ? T.THU OVQ KMOVQROsCFEZYB[]\^OP_/@BOVEW`9axLXc�OP@R@HdvfhOVikj9`�\ T
dvi�LpERfkCF_xaxOV_�@ROPE��

GyihL1EROP@Hz{_�QB@Rfh@RA�@BO1`D?|A�_�_�}�~1CFihO1`�\ T
� CFA�i T ID��A�EB��fh_��

\^OV_�@ROVEM��L1EJ�yA�EB��A�ihOV_DY�O�KJOVQBOWCFE�YR[v`D?�@�CF_���LpEZjxuJ_�f�~pOVERQBfh@{}

S CFNpf S I�a�CX_�QRLpA�E
	
SMT ? T.THU OVQ KMOVQROsCFEZYB[]\^OP_/@BOVEW`9axLXc�OP@R@HdvfhOVikj9`�\ T

T ��QR@BEZCpY�@

d�L1A�E8j|f c9OVEBOV_�@8@BA�ER��A�i�OP_DY�O U L�j�OVihQ�CFEBO"A�QBOWj
@BL]Y�L U ��A�@BO
@R[�O��DL��.LF~1OVEeC @R[�EBOVO r OVihO U OV_�@�CFfhE ��L1fhi�Y L1_�DNpA�EZCX@RfhL1_vIe�J[�OVQRO
U L�j�OPi�Q�CXERO
@R[�O
L1_�O r O��pADCX@RfhL1_�� CXikj��Jfh_ r �^CFEB@R[ U L|j|OVi{`J@R[�O
L1_�O r O��1A�CF@RfhLp_)?|�DCFikCFEB@ r{T ihi U CXEZCFQ U L�j�OPi `VCM@�� L r O��1A�CF@RfhLp_������
U L�j�OPi `^CF_Dj�C _�O
��Lp_�O r O��pADCF@Bf�Lp_5�HA�ER��fh_ r a�CF_�QRL1A�E U L�j�OVi{I
�J[�O���L�� fhQ"Y�L U ��A�@ROsj A�QRfh_�N
@R[�Owz S ? � � @�� L r j|f U OV_�QBf�Lp_DCFi
fh_DY�L U ��EBOVQRQBf���i�O S Cs~�fhOVE r ?�@RL��1OVQeQBL1ih~1OVEsI T _
LF~1OVEBQROV@�\^[�f U OPEZC
N1EBfkj CX����EBL/C1YB[�fhQ A�@Rfhihf��VOWj9I! eERfkj EROVQBL1ihA�@RfhLp_ @BOVQR@BQ�CFEROx��EBO r
QROP_/@BOWj9`�CX_Dj U CX_�ADCFiJQBL1ihA�@RfhLp_ r Cpj�CF��@ZCF@BfhL1_ LX��@R[�O N1EBf j"� CXQ
��OVE{��LpE U OWj9Iv�J[�OH��OVE{� L1E U CF_DY OJLF�gOWCpYR[ LF�9@R[�O U L�j�OVihQ3fhQ3OP~1CFi r
ADCX@ROWj ��LpE�@ROPQR@
YVCFQBOVQ]fh_�~1Lpih~/fh_�N�j�f c�OPEROV_�@]CX_�N1ihOVQ r LX� r CX@R@�C1Y#�9`
KJOP}/_�L1ikj�Qg_�A U ��OVEBQW`FCF_Dj���CF��EBfhN1N1fh_�NpQWI��J[�O^EROVQBA�ih@Rfh_�N�QRA�E � C1Y�O
��EBOVQRQBA�EROHY�L�O%$wY f�OP_/@BQW`FQ#��f�_���EBfkY�@RfhL1_v`V~1OPi�L�Y�fh@{}���ERL&DihOVQW`FCF_�jeihf � @W`
j�E�CFND`vCF_Dj U L U OV_�@JY�L�O%$wY�fhOV_�@RQ8CXERO Y�L U �DCFEBOWj'�Jf�@B[�O%(���OVERf r
U OP_/@�CFi3j�CX@ZC�I��J[�O U L�j�OVihQH��EBL�j�ADY�O ~pOVER} QRf U fhikCFEJEBOVQRA�i�@BQ�fh_
U LpQR@8YPCFQROPQWI G)(DY�OPi�ihOV_�@ CFNpEROVO U OV_�@���OV@�� OPOV_5Y�L U ��A�@ZCX@RfhL1_�CFi
CF_�j�O%(��DOVEBf U OV_�@ZCXi�QRA�E{� CpY�OH��EBOVQRQBA�EROPQ*�JCFQyL1��QBOVER~pOWj9`���A�@3Lp_�ih}
U L�j�OPEZCF@BOVih}eN1L�L�j�CFNpEROVO U OV_�@+� CXQ�QBOVOV_ fh_�@B[�OJ~1OVihL�Y�fh@{}e��ERL&DihO
j�CX@ZC�Iyz{_ N1OV_�OVEZCXi `�@R[�O�j�f c9OVEROP_DY�O���OV@��^OVOV_�@B[�Oe��EROWj|f Y @RfhL1_�Q�LF�
@R[�O"j�f c�OVEBOV_�@ U L�j�OPi�Q,� CXQei�OPQRQ�@B[DCF_ @R[�O"j|f c9OVEBOV_DY�O �DOV@��^OVOV_
@R[�O)Y L U ��A�@ZCX@RfhL1_DCXi�CX_Dj O%(��DOPERf U OV_�@�CFigj�CX@ZC�I

z{_�@BERL�j�ADY�@BfhL1_

- fhNp[ r ihf ��@eCFOVEBL|j|}/_�C U fkY�Q�[DCFQ,EROWY�OPf�~pOWj U A�YR[ CF@R@BOV_�@RfhL1_ fh_
@R[�O�ikCFQR@^� O
� }pOWCFEBQWI T QROsCFEZYB[x� L1EJ��OV@R@BOVE�Y�L U ��A�@ZCF@BfhL1_DCXi�CX_Dj
O%(���OVERf U OP_/@�CFi�@RL�L1ihQ^[DCFQ^ihOWj @BL C)_/A U �DOVE LF� Y L1_���OPEROV_DY OVQ�CX_Dj
�^L1E.��QB[�L1��Q ��L�Y�A�QBfh_�N8Lp_ [�fhN1[ r ihf ��@y��ERLp��ihO U QsI T ikCFERNpOH_�A U ��OVE
LF���DCX�DOPERQgLp_8Y�L U ��A�@�CF@Bf�Lp_DCFiFCF_�jHO/(|��OVEBf U OV_�@ZCXiF[�fhN1[ r ihf � @��^OVERO
��EBOVQROV_�@BOWj]CX@J@R[�O tsl1l1�,T  T KH�+dvihA�fkj"��}�_DC U f Y Q � CF_�OVi
� T OVERLpQR�DCpY�O8Gy_�Npfh_�OVOVEs`�?|OV_�fhL1EHaxO U �DOVE T z T�T I
�HKMOVQROsCFEZYB[]?�Y�fhOV_�@RfhQR@s`DaxO U ��OVE T z THT I
�H?|OV_�fhL1EHd�OVihihL���I
	 T OVEBL1QR��C1Y�O Gy_�Npf�_�OVOVEW` T QBQRL�Y�fkCF@BO8d�OPi�ihL�� T z THT I
0)1�2�3�4#576�8�9;:<>=
?�?A@�B 3�9�8�C*DFE,C�4#5 :%G
H�IJHLK 9�5M9�NL9�CO1
PQDFC%4#1 H�G NL9�5 :�K

G
H�R D K 9�4.1 HLG N�9�5 :%K%STIJHL:�UWV 1 : 1�2�3�4#576�8�9F5 K�G
K�K C%4#9�C R 5 H 9�8LC�X H 579�C R
Y�9 G 9�C K N HLR C%4[ZQ5M9�\7C =/] S X U Y U 0)1 R C U ZQ8�C^X U Y U�_ 1
`�C%4 H E,C H 9�8 G
K
G 4#1
3 G \79a3�bcPc4.C%C�\75 : C H�K C*9�1dC�e�C%4 : 5 K C G \M\Q4#576�8�9 K N H�R C%4�9�8LC : 1�2�3�4#576�8�9
: \ G 5ME*C R 8�C�4#C%5 H Pc1�4 _ 1A`�C%4 H E*C H 9 G \f2LN�4.2�1 K C K%U DF\M\g1�9�8�C%4F4.5M6�8�9 K)G 4.C
4.C K C%4.`�C R B 3[9�8LC : 1�2�3�4.576�8�9h1
i H C%4 U

?�} U ��L1QBfhA Ukj CF_Dj�CX@8@B[�O�dgf ��@B[ ?�} U �DLpQRfhA U L1_ S A U OVERfkYVCXi
CF_�j � [�}/QBfkYVCFi T QR��OWY�@BQ
LF� T OVEBL|j|}/_�C U fkY�dvihL��JQWIml - f�Np[ r i�f ��@
�^L1E.��QB[�L1��Q [DCs~1O^�DOPOV_ QR��L1_�QBL1EBOWj ��} SMT ? T fh_ tWlpl�t CX@ THU OPQ
KJOPQROWCXEZYB[5\^OV_�@ROVEs` CX_Dj
fh_ tWl1lpo CF@WngCX_�N1ihOV}
KJOPQROWCXEZYB[ \^OV_ r
@ROPEWI
z{@�[DCFQ���OWY�L U OwY�ihOWCXE8@B[DCF@�@R[�OVEROxfhQ8QB@Rfhihi EBL�L U ��L1E�f U r
��EBLF~1O U OV_�@9f�_,�DLp@R[8Y�L U ��A�@ZCF@BfhL1_DCXi U OV@B[�L�j�QgCF_Dj)O%(��DOVEBf U OV_ r
@ZCXigj�CF@�CF�DCXQROVQM��L1EHCX_DCFih}��Vfh_�N U A�ih@Rf r OVihO U OV_�@ CFfhE ��L1fhi9CF_Djo�Jfh_�N
�DL��>�OVikj�QWI3\^L U ��A�@�CF@Bf�Lp_DCFi�EBOVQRA�ih@BQH[DCs~pOHQR[�L��J_"@R[�CF@J@RA�ER��A r
ihOV_DY�OJO c�OWY @RQJj�L U f�_�CF@RO @R[�OVQBO��DL��JQ3CX_Dj�@B[DCF@yQBL1ihA�@RfhLp_�Qy@RLe@R[�O
p KMOV}�_�L1ikj�Q r Cs~pOVEZCXN1OWjrq S Cs~�f�OPE r ?�@RL��1OVQyO��pADCX@RfhL1_�Q3CXERO^ERO��pA�fhEROsj9I
� OWYVCFA�QROxLF�H@B[�fhQW`v@RA�EB��A�ihOV_DY�O U L|j|OVihf�_�N"fhQ8Cx�DCpY�fh_�N�fh@RO U fh_
@R[�O&Y�L U ��A�@ZCF@BfhL1_�LF�8@B[�O'�DL���LF~1OVE U A�ih@Bf r OVihO U OV_�@ CFfhE{� L1fhihQWI
KJOsY�OV_�@ �DCF��OVEBQ.s�t u�[DCs~pO"QR[�L��J_ QRL U O"Y�L U �DCXERfhQRLp_�Q��DOV@��^OVOV_
j�f c9OVEROV_�@ @BA�ER��A�i�OP_DY�O U L�j�OVihQs`g��A�@8@B[�OVQROxQB@RADj�fhOVQ [�Cs~1O"��OVOV_
� CXEH� ERL U Y�L U ��ihOV@RO�j�A�O @RLx@B[�O ikC1Y#��LF�Hj�OV@�CFfhihOWj O%(��DOVEBf U OV_ r
@ZCXi U OWCXQRA�EBO U OV_�@BQWIeKJOWY�OP_/@,O%(��DOVEBf U OV_�@ZCXiQ�^L1E#�/Qs`mv�[�L��^OV~pOVEW`
[DCs~pO3��ERLF~�fkj�OWj�C U L1EBO j|OV@ZCXf�ihOWj,QROP@�LX��j�CX@ZC^� L1E U A�i�@Bf r OVihO U OP_/@
CFfhE ��L1fhih��L��JQWIe�J[�fhQHfh_DY i�A�j�OVQeQRA�E � C1Y O ��EROVQBQRA�EBO1`yQ.��fh_x��EBfkY�@RfhL1_v`
CF_�jx~1OVihL�Y�fh@{}"��ERL��i�OPQW`9CFQ,� OVihiyCFQJ@R[�O8QBOWY�@RfhLp_]YB[DCFE�C1Y�@BOVERfhQR@BfkY�Q
LF�yihf � @W`�j�E�CFND`�CX_Dj ��f�@�YB[�fh_�N U L U OV_�@WI
�J[�O Y A�EREBOV_�@w�^L1E#�e�DOVE ��L1E U QgCJj�OP@ZCFfhihOWj�Y L U ��CFERfhQBL1_HLX��QROV~ r

OVE�CFig@BA�ER��A�ihOV_DY�O U L�j�OVihQ A�QRfh_�N�@R[�OVQBO�O%(���OVERf U OP_/@�CFi U OWCFQBA�ERO r
U OP_/@BQ�CX_Dj�CW�^OVihiyOVQR@�CF��ihfhQR[�OWj���L���QRLpih~1OVEeCF_DjxNpERfkjxNpOV_�OVE�C r
@RfhLp_bCX����EBL/C1YB[gIM�J[�O���L�� QBL1ih~1OVE�fhQH@R[�O�z S ? � ��Y�L�j�O1I�z{@H[DCXQ
��OVOV_
A�@Bf�ihf��VOWjx�Jf�@B[�QRA�YVY�OVQBQ f�_ QRL1ih~�fh_�N U A�ih@Rf r OVihO U OP_/@JCFfhE ��L1fhi
�DL��JQvf�_,��EROV~�fhL1A�Q�QB@RADj|f�OPQWI s�t y T Q�fh_�@B[�OVQBOJ��EROV~�fhL1A�Qw�^L1E#��QW`s@R[�O
\^[�f U OPEZC^LF~1OPERikCFfkj�N1EBf j,CF����EBL/CpYR[,f�QyA�@Bfhi�f��VOsje[�OVEBO1I3��A�O3@RL�@R[�O
Y�L U ��ihO%(g` U A�ih@Rf r ��L�j�}eN1OVL U OV@BERfhOVQ^LF�yf�_�@BOVEROVQB@Jfh_"[�fhN1[ r ihf ��@W`pCFi r
N1OP��EZCXf Y^@BA�ER��A�ihOV_DY�O U L�j�OVihQ3CFEBOJf�_�C1j�O��pADCX@RO1Iv�J[�OJ@BA�ER��A�i�OP_DY�O
U L�j�OPi�Q,f U ��ihO U OV_�@ROsj�[�OPEROxA�@Rfhihf��VO"Lp_�O"LpE U LpEROdDOPi j O��pADC r
@RfhLp_�QF�J[�fkYB["YVCF_ ��OJQRLpih~1OWj�fh_ @R[�OJQZC U O U CF_�_�OVE CFQ @R[�O U OWCF_
�DL��.O��pADCF@Bf�Lp_�QWI�z{_
@B[�O�� L1ihihL��Jf�_�N QROWY�@BfhL1_�Qs`3C"��ERfhO��Hj�OVQZY ERfh� r
@RfhLp_ LF�9@R[�Oz�DL���QRL1ih~pOVE3fhQ3N1fh~pOV_g`s��Lpihi�L��^OWj,��} C�j|OVQZY�EBfh��@RfhL1_ LF�
@R[�O @RA�EB��A�ihOV_DY�O U L�j�OVihQ�f�_�Y�ihADj�OWj fh_]@B[�fhQ�QR@BADj�}�I \^L U ��A�@ROWj
EROPQRA�ih@RQ���L1E�@R[�O��DL�� LF~pOVE"C @R[�EBOVO r OVihO U OP_/@"CXfhE{��Lpf�iJCFEBOx@R[�OV_
��EBOVQROV_�@BOWj9I

dgihL�� ?|L1ih~1OVE

�J[�O'�DL�� YVCXi Y A�ikCF@RfhLp_�QwCXERO �DOVE ��L1E U OWj"�Jf�@B[5@R[�O]z S ? � �
�DL�� Y�L�j�O1Im{At | �J[�fhQ8Y�L�j�O QBL1ih~1OPQ�@R[�O fh_DY�L U ��EROPQRQRfh��ihO S Cs~�fhOVE r
?�@BLL�1OPQ3O��pADCF@BfhL1_�Q+�Jfh@R["CX_ CXER@RfM�Y f CXi�Y�L U ��EROVQBQRfh��fhihfh@{} U OV@R[�L|j I
�J[�O"Y�Lp_�~1OWY�@Bfh~1Od�DA�(�OVQ�CFERO j�f c9OVEROV_�Y�OWj A�QRfh_�N�C @R[�f�E�j r L1EZj|OVEW`



A����Jfh_Dj r ��fkCFQBOWj9`��DAT( r j�f c9OVEROV_�Y�OeQR��ihfh@R@Bf�_�N�Q�YB[�O U OpIy�J[�OJO��pADC r
@RfhLp_�Q"CFEBO�QRLpi�~pOWj ��} f U ��ihfkY�fh@eihf�_�O r EBOVikC�(DCF@BfhL1_ Q#� OPOV��QWI �J[�O
D_�fh@BO r j|f c9OVEBOV_DY�O
Y�L�j�O
C1YVY�OP��@RQxQR@BERADY @RA�EBOWj5NpERfkj�QW�J[�fkYB[ YVCX_
[DCs~pO OVfh@R[�OVE QBfh_�N1ihO L1E U A�ih@Rfh��ihO��VLp_�OVQ fh_
N1OV_�OVEZCXi�f��VOsj Y�A�EB~�f r
ihfh_�OWCFEeY�L�L1E�j�fh_DCF@BOVQWI�d�L1EeY�L1_�_�OWY�@Rfh~�fh@{}/`�@B[�O �PL1_�OVQ U A�QR@J[DCs~pO
QRL U O�@{}���O8LX� LF~1OPERikCF�g` OVfh@R[�OVEe��L1fh_�@��JfhQRO Y�L1_�@Rfh_�A�LpA�QHLpE�E�CF_ r
j�L U I��J[�O�ihfh_�O r EROPi C (DCF@RfhLp_ Q.�^OVOV��QbCXERO���OVE ��L1E U OWj QRO��1A�OV_ r
@RfkCXi�ih}�@R[�EBL1A�Np[xOWC1YB[��VL1_�O�QRADYB[x@R[�CF@HY�Lp_Dj�fh@RfhL1_�Q CX@J@R[�O[�VLp_DCFi
��L1A�_Dj�CFERfhOVQyCFEBO3A��9j�CF@BOWjef U ��ihfkY�fh@Rih}Jj�A�EBf�_�NJ@R[�O3Q#� OPOV��fh_�NH��ERL r
Y�OVQBQWI �J[�O8EBOVQRA�ih@�fhQ�C EBL1��A�QR@8CX_DjxO%$wY�fhOV_�@[��L��+QRL1ih~pOVE[�Jf�@B[
� CXQR@HY�Lp_/~pOVERNpOV_DY�OpI

�yA�ER��A�i�OP_DY�O8axL�j�OPi�Q
d�L1A�E�j�f c9OVEROV_�@�@RA�EB��A�ihOV_DY O U L�j�OPi�QeCFEBO A�QROWj fh_]@B[�O"Y�L U�r

��A�@�CF@Bf�Lp_xLF��@B[�O[�DL��%LF~1OPEHC�@R[�EBOVO r OVihO U OV_�@eCFfhE{��Lpfhi Iv�J[�O�@BA�E r
��A�ihOV_�Y�O U L�j�OVihQvf�_�Y�ihADj�OWj,fh_8@B[�fhQ�QB@RADj|} CXERO^@R[�OJLp_�O r O��pADCF@Bf�Lp_
U L�j�OPi�Q LF�k� CXikj��Jfh_ CX_Dj �^CFEB@R[ � p �O�OqV`�LX�]?��DCFikCXER@
CF_Dj
T ihi U CXEZCXQ j�� p ? T qP`�CF_Dj�LF����A�EB��fh_����	��
��� t1t p ��a'qV`�CFQO�^OVihi�CXQ
C�@��^L r O��pADCF@Bf�Lp_ �d� ��QR[�OWCXE r QR@BEROVQBQ�@RE�CF_�QB�DLpER@ p ?�?��*q U L�j�OVi{I
�J[�fhQ U L|j|OVi+� CXQ)j|OV~1OVihLp�DOWj ��}]axOV_�@ROPEW` j s�� j v��DCFQBOWj L1_ @R[�O
�o� � U L|j|OVi3LF��� f�ikY�L�( j l CF_�j @R[�O QR@ZCX_Dj�CXEZj �o��� U L�j�OVi{I
�J[�OVQBO U L�j�OPi�Q^CFEROef U ��i�O U OV_�@ROsj�fh_x@R[�O,�DL��%Y�L�j�Oef�_xC U L�j r
A�ikCFEs`�A�_�Y�L1A���i�Osj � CFQB[�fhL1_g`�CX_DjxCFEBO8CFihigYVCX�DCF��ihO�LX� Y�L U ��A�@Rfh_�N
�DL��JQ^L1_ U A�ih@Rfh��ihO r �VL1_�O^N1EBfkj�QWIv�J[�OeO��pADCF@BfhL1_�Q ��L1E @R[�Oe@RA�ER��A r
ihOV_DY�O U L�j�OVihQ�CFERO ��EROVQBOV_�@ROWj fh_]@B[�fhQeQROWY�@BfhL1_
� L1Ee@R[�O"YPCFQRO LF�
fh_DY�L U ��EBOVQRQBf���i�Op`�Y�L1_�QB@ZCX_/@Hj|OV_�QRfh@{} �DL���I
�^CFikj��Jfh_ r � CXER@R[�axL�j�OPi
�J[�O �O� U L�j�OPi9f�QHj|OVERfh~1Osjx��EBL U C�QRf U ��i�fMDOsj���LpE U LF�3@R[�O

QR@�CF_Dj�CFEZj ����� U L�j�OViJO��pADCX@RfhL1_�QsI%�J[�O U L�j�OPiJQRL1ih~pOVQ"Lp_�O
@RE�CF_�QB�DLpER@3O��1A�CF@RfhLp_e��L1Ey@B[�O @BA�ER��A�ihOV_�@ KMOV}�_�L1ikj�Qy_�A U ��OVE����� `
�J[�fkYB[�fhQHEBOVikCF@ROsjx@RL @R[�O�Osj�j�}�~�fhQZY�LpQRfh@{}����IJ�yEZCX_�QRfh@RfhLp_"� ERL U
ikC U f�_�CFEg@BL8@BA�ER��A�ihOV_�@F�DL���fhQ^f�_�@BERL�j�ADY�Osj"��} U A�ih@Rfh��ih}�fh_�NJ@R[�O
@RA�ER��A�ihOV_�Y�O ��ERL�j�A�Y�@RfhL1_ @ROPE U�� f�_ @R[�O�O��pADCF@BfhL1_���}]C ��A�_DY r
@RfhLp_��J[�LpQROeEZCX_�N1O�f�Q^� ERL U �VOPERL"@BL8Lp_�O1Iy�J[�O���A�_DY�@RfhLp_"fhQ �POVERL
A���QB@REBOWC U LF��C�A�QBOVE r j�O%�_�OWj @RE�CF_�QBf�@BfhL1_��DLpf�_�@sI T @3@B[DCF@ �DLpf�_�@s`
@R[�O ��A�_�Y�@RfhL1_ fhQ8O%(���L1_�OP_/@BfkCFihih}]fh_DY�EBOWCFQBOWj @RL
Cx~1CFihA�O LX��Lp_�O
LF~1OPE�@��^LeL1E3@B[�EROPOHN1EBfkj���L1fh_�@RQsIg�J[�OJ@BEZCX_�QR��L1EB@3O��pADCF@BfhL1_�A�QROWj
��}"@B[�O�� � U L�j�OVi�fhQJN1fh~1OP_"��}

 p �!���� q !" # p	$&%('*) l � $&%,+ q*- �!����.�
/ p � / � �0 % q�1 l p �!�� � q)� t0 % p 12� � q43*1 p �!�� � q p t q

�J[�OVEBO5��fhQ3@B[�O���f�_�O U CX@RfkYy~�fhQZY�LpQRfh@{}/`  267 !" fhQ3@B[�OJQRA���QR@ZCX_�@RfkCFi
j�OVEBfh~1CF@Rfh~pO1`�CF_Dj

t0 % # p	$&%(' � $&%,+ q�8 $*9 67: l
�� # $;9gp � ���� q  j  l j # t �=<�>@? p ��A7B 6*C Bwq l # t �=<�>@? p ��A7B 6*C Bl q

� # � � pDFEHGD >7I / DFE ID > G q DJEHGD >7I
) l p A7BFq # $ % +$ % ' / p t � $ % +$ % ' q p t: A B /  j  l q pLK  j  l

/ A B8  j  l p tC B <&>7? p ��A7B 6*C B+q  l / tC B <�>@? p ��A7B 6*C Bl q  j q.q
�J[�OVEBO5> G # (g`F}/`�CF_�j EHG #�MONQP p @B[�OHYVCFEB@ROVQBfkCF_"~pOVihL�Y�fh@{}8Y�L U�r��L1_�OV_�@BQ�q ��L1E3f # t ` � `FEROVQB�DOsY�@Rfh~1OPi�}�Iy�J[�O�A B �JCFihiDY�L�L1E�j�fh_DCF@BOJfhQN1fh~pOV_"��}

A B # K RQST6U� A
�J[�OVEBO RQS f�Q�@R[�OeQB[�OWCFE�QR@BEROVQBQ)CX@H@B[�Oe_�OWCFEBOVQR@[�JCFihi9N1EBfkj ��L1fh_�@
CF_�jVA�fhQJ@R[�O�j�fhQB@ZCF_�Y�Oe@RL�@R[DCX@J�DLpf�_�@sIg�J[�O�Y�Lp_�QR@�CF_�@RQJA�QROWj fh_
@R[�O U L�j�OVigCFEBOeN1fh~1OV_x��}

: # nXW m�t N $ % + # t@W �$&%Y' # �XW n N $*9 # nZW n1lC B # �7[ N C Bl # tsn
T @ Cx_�L r QRihfh� �JCFihi3��L1A�_Dj�CFEB}/`\���� fhQ�QROV@ @BL;�POVERL�I T @ CX_

L1A�@��DL��%�DLpA�_Dj�CXER}xCF_DjxCF@^QRihfh� r � CXihiD��L1A�_�j�CFEBf�OPQW`�@B[�O�_�LpE U CFi
j�OVEBfh~1CF@Rfh~pOHLF�]���� f�QJQBOV@H@BL �POVERL�I
?��DCXikCFER@ r T ihi U CFE�CFQ3axL�j�OVi
�J[�O�? T+U L|j|OViDQBL1ih~1OPQ Lp_�Oe@REZCX_�QR��L1EB@HO��pADCX@RfhL1_���L1EJC,_�L1_ r

j�f U OP_�QRfhL1_�CFi�OWj�j�} ~�fhQZY L1QRfh@{} ~1CXERfkCF��ihO_^ Iy�J[�Oe? T O��pADCF@Bf�Lp_ fhQ
~1OPER}�QBf U fhi CXE @BLx@R[DCX@HLF�J@R[�O^�O� U L�j�OVi{`�@R[�O ��EBf U CFEB}wj�f c9OVE r
OV_DY O8��OVfh_�N @R[�O8C1j�j|f�@BfhL1_"LX� C�_�L1_ r ~�fhQZY�LpA�QHj�OVQB@RERA�Y�@RfhL1_ @ROPE U
@R[�CF@�j|OV�DOP_Dj�QeL1_�@B[�O8j�fhQB@ZCF_�Y�O�@RL @R[�O � CXi�i{I^z{@HCFihQBL f�_�Y�ihADj�OVQ
C U L1EBOwQBL1��[�f�QB@RfkYVCX@ROWj%@BEZCF_�QRfh@RfhL1_ U L|j|OVi*�J[�fkYB[%��ERLF~�fkj�OVQxC
Q U L�L1@R[ ikC U fh_DCFE @RL�@RA�EB��A�ihOV_�@J@RE�CF_�QBf�@BfhL1_wCX@J�DLpfh_/@BQ QB�DOsY�fMDOWj
��}"@B[�OeA�QROVEsI3�J[�O,OWj�j�} ~/fhQ�Y�L1QBf�@{} fhQ Npf�~pOV_x��}

� � # �X^ )&` j
) ` j # ^Qs^ s / $ s` j

�J[�Oe@RE�CF_�QB�DLpER@�O��pADCF@Bf�Lp_ ��L1E_^
fhQJN1fh~1OV_ ��}
 ^ !" # $*a j&b t � ) � l�c �dO^ / �0fe 1g3 p.p t / ^+q�1h^wq / $*a l p 1h^wq l;i

�j��k $ S j ) S � $ a j: l ) � lQlhm ^ nTo l / ) � j�qp E l p � q
�J[�OVEBOr1�fhQJ@R[�O�N1E�C1j�fhOV_�@^L1��OVEZCX@RL1EeCF_Dj

�d]s�d / �X^: l n l )&` l) ` l # t � ^
t / ^ ) ` j



CF_�jd�J[�OVERO�d fhQ @B[�O U CXN1_�fh@RA�j�O LX�g@R[�OJ~pL1EB@RfkY�fh@{}/`pCF_Dj n fhQ3@R[�O
j�fhQR@�CF_DY O @RLx@R[�O"Y i�LpQROVQB@��JCFihi{I��J[�O,��A�_DY @RfhL1_ ) S fh_�~1Lpih~1OWj fh_
@R[�O)j|OVQR@BERADY�@BfhL1_ @ROVE U fhQJN1fh~pOV_"��}

) S #�� � t / $ sS s� y / $ yS s�� j�� y� #�� / $ S l p � y � � q� s �X^�d : l n l
�J[�O���A�_�Y�@RfhL1_�Q ) � j CF_�j ) � l fh_�~1Lpih~1OWj�f�_ @R[�O,@REZCX_�QRfh@Bf�Lp_"@BOVE U QCFEBOeN1fh~1OV_x��}

) � j # $ � j � � O/(|�
	f� $ � l � l�p E l b
n
l / � l� n l� c��

) � l # $ � s O%(�� p � $ � u ^ l q� �.s U fh_ p nXWht N p E 6 � � p >X��q
�J[�OVEBO

n � f�Q�@R[�Obj|f�QB@ZCX_DY�O ��ERL U @R[�OoDOVikj �DLpf�_�@�@RL @R[�Ox@BERfh�
��L1fh_�@ p �J[�fkYB[]fhQeL1_
Co� CXi�icq�f� � f�Qe@B[�OW� CXihi�~pL1EB@RfkY�fh@{}�CF@e@R[�O
@REBfh�� p E fhQ^@R[�O�j�f c9OVEROV_�Y�O���OV@�� OPOV_x@R[�Oe~1OPi�L�Y�fh@{}"CX@ @B[�O,DOVikj��L1fh_�@ CX_Dj @R[DCX@"CF@�@R[�O�@BERfh��JCF_�j p >Z��fhQ�@R[�O�NpERfkj
QB�DC1Y f�_�NCFihLp_�N8@B[�O[� CXihigCF@^@R[�O�@BERfh�gI
�J[�O�Y�Lp_�QR@�CF_�@RQ�f�_ @R[�O U L�j�OVi9CFEBO�N1fh~1OP_"��}

0 # �76po N : # nZW m�t$ a j # nXWhtso1q1q N $ a l # nZW [p�1�$ S j # $ a j 6@: l / p t / $ a l q 6 0$ S l # nXW o N $ S s # �ZW n$�` j #�� Wht N $ � j # t7W n$ � l # �XW n N $ � s # t7W �$ � u # nXW q
T @�CM_�L r QRihfh���JCFihi1��L1A�_Dj�CFEB}/`&^ # n I T @�CF_,L1A�@ �DL��
�DLpA�_Dj�CXER}CF_�j�CF@�QRihfh�k� CXihig��L1A�_Dj�CFERfhOVQs`9@R[�O8_�LpE U CFigj�OVEBfh~1CF@Rfh~pO�LF� ^ fhQ
QROP@H@RLW�POVERL�I

� � ��?�?��+axL�j�OVi
�J[�O�?�?�� U L�j�OVi�fhQHC�@��^L r O��pADCF@BfhL1_ � �k� U L�j�OVi�EROWY OV_�@Rih}

j�OV~pOVihL1��OWj ��} axOP_/@BOVE j s���LpE CXOVERL�j�}�_DC U fkY CX����ihfkYVCF@BfhL1_�QsIgz{@^fhQ
�DCXQROWj Lp_�@R[�O OsCFERihfhOVE�� � � U L�j�OPigLF� �5fhikY�L�(g` j l,�J[�fkYB[ � CXQ
��LpA�_Djx@BL"��OVE{��LpE U �1A�f�@BO��^OVihi�fh_]C�QR@BADj�}�LX� ~1CFEBf�LpA�Q�Cpj�~1OPERQRO
��EBOVQRQBA�ERO N1EZCpj�fhOV_�@,�DL��JQH��OVE{� L1E U OWj �/}�axOP_/@BOVEWI j u - L��^OV~pOVEW`
axOV_�@BOVE j v CFihQBL"QR[�L�� OWj @R[�CF@H@B[�fhQ U L�j�OVivf�Q�~1OVEB}�QROP_�QRfh@Rfh~pO8@BL
@R[�O"QR��OWY�fM�YPCF@RfhLp_ LF�^��EBOVOVQR@BEROWC U ~1CFihA�OPQe��L1E �MIx�J[�O"Y�A�EREBOV_�@
��LpE U A�ikCF@BfhL1_�LX��@R[�O U L�j�OVi j sJERO U LF~1OVQ3@B[�O���EROPOVQR@BEROWC U j�OV��OV_ r
j�OV_�Y�}W�Jfh@R[ C[�VL1_�CFiDCX����ERL�C1YB[W�J[�fkYB[ CXA�@RL U CX@RfkYVCFihih}HQ#�Jfh@ZYB[�OVQ
��EBL U @B[�O �5fhikY�L�( U L�j�OVi�fh_ @R[�OJ_�OWCFE � CXi�i�EBOVN1fhL1_�@RL�CF_�O��pA�fh~ r
CFihOV_�@�LF�3@R[�Od�d�j� U L�j�OPi j yeC��JCs} ��EBL U @R[�O��JCFihigCX_Djxfh_ ��EROVO
QR[�OWCFExikCs}1OVEBQWI%z{_5LpEZj�OVEx@BL
f U ��ERLF~pO"@B[�O]QBOV_�QBf�@Bfh~/fh@{} LF��@R[�O
U L�j�OPi9@RL"C1j|~1OVEBQRO���EROVQBQRA�EBO8NpEZCpj�fhOV_�@RQW`�axOV_�@ROPE j s8fh_�@REBL�j�ADY�OWj
C U L�j�fM�YPCF@RfhLp_"@RL @R[�O�j�O%D_�fh@Bf�Lp_xLF� @B[�O�OWj�j|} r ~�fhQZY�LpQRfh@{}x@R[DCX@
C1YPY�L1A�_�@BQ^��L1E3@B[�OH@BEZCX_�QR��L1EB@JLF�g@R[�O���ERfh_DY�fh�DCXiD@BA�ER��A�i�OP_/@^QR[�OWCFE

QR@BEROVQBQWI,�J[�O U L�j�fM�YVCF@BfhL1_"fhQ��DCFQBOWj�Lp_;� EZC1j|QR[DC���� Q�CFQBQRA U � r
@RfhLp_�@R[DCX@e@R[�O ��EBfh_DY�fh�DCFiyQB[�OWCFE,QR@REBOVQRQ�fhQe��ERLp�DLpER@RfhLp_DCFiy@RL @R[�O
@RA�ER��A�ihOV_�@,�/fh_�OP@RfkY�OV_�OVEBN1}�LF~pOVE U LpQR@JLF�y@R[�O,�DLpA�_Dj�CXER}xikCs}1OVEsI
�yEZCX_�QRfh@RfhLp_"� ERL U ikC U f�_�CFE3@BL @RA�EB��A�ihOV_�@��DL��+fhQJf U ��i�O U OV_�@ROsj
fh_"@B[�O�QZC U O U CF_�_�OVEJCFQJ@R[�O �O� U L�j�OVi{I
�J[�Oe@RE�CF_�QB�DLpER@�O��pADCF@Bf�Lp_�Q^��LpE �xCF_�jW�5CFEBO�Npfh~1OV_x��}

 � !" # ��� ��� � � � / 1 3 b p t / 0 � � � q 1W� c p o q

 � !" #�� ��� ���f� l / � p t ��� j q 0 � l � �� 1W�h3*1 �/ 1 3 b p t / 0 � � � q 1 � c p m q

��� # � � � l� � # � l
�J[�OVEBO � fhQH@R[�O U CXN1_�fh@RA�j�OeLF� @B[�O�~1LpER@Bf Y f�@{}�IJ�J[�O Y�Lp_�QR@�CF_�@RQ
fh_ @R[�O U L�j�OVi�CFERO���ihOV_Dj�Osj A�QBf�_�N�@R[�OM��L1ihihL��Jfh_�ND`��J[�OPERO"! EBOV� r
EROPQROV_�@RQeLp_�OeLF��@B[�O8Y�Lp_�QR@�CF_�@RQ! # � j ! j / p t �#� j q$! l
�J[�OVEBO�@R[�O%! j Y�Lp_�QR@�CF_�@RQeCFERO���EBL U @R[�O!�5fhi Y L�( �d�'� U L�j�OVi{`�Jfh@R[�CF_xC1j'& A�QR@ U OV_�@^@RL 0 � j)(0 � j # nXW+*1q N 0 � j # nXW q� j # nXW n � q N � � # nXW npl: # nXW mDt N,� j # � j 6 � � � 0 � j : l 6 K � �
CF_�j @B[�O�! l Y�Lp_�QR@�CF_�@RQxCFEROb��ERL U @R[�O.-1L1_�OVQ r ngCXA�_Dj�OVE������
U L�j�OPi ( 0 � l # t7W n N 0 � l # nZW *pq7[� j # nXW n/*p�/* N � � # nZW n1l: # nXW mDt N,� l # � l 6 � � � 0 � l : l 6 K � �
�J[�Oe��ihOV_Dj|f�_�N���A�_DY�@BfhL1_0� j fhQHj�O%D_�OWj�CFQ� j # @ZCX_�[ p 1 �)� u j q1 �)� j # U fh_02 U C (02 8 �

nXW n1l � A N qpn1n �A l �,3 N m 0 � l �4  �5� A l 3
�J[�OVEBO8}xfhQH@B[�O j�fhQR@ZCX_DY�O�@RL @R[�O Y�ihL1QBOVQR@e_�L r QBi�fh�xQRA�E{� CpY�O1`gCX_Dj4  6�5� fhQg@B[�OJ�DLpQRfh@Rfh~pO Y�L U �DLp_�OV_�@gLX�D@R[�O Y�EBL1QBQ r j�f c�A�QBfhL1_ @ROPE U
fh_wGF��I p m q (4  %�7� # U C�(8	 � 0 � l t� 1W�h3*1 � N t:9
tsn � l � �
�J[�OeOWj�j|} r ~�fhQZY�LpQRfh@{}"fhQHj�O%�_�OWj�CXQ

� � # 1 j �U C ( p 1 j � N � � l q
�J[�OVEBO 1 j # n I o�t CX_Dj;� l fhQJN1fh~pOV_"��}� l # @ZCX_�[ p 1 �)� ll q



1 �)� l # U C�( 2 � 8 �
nXW n1l � A N qpn1n �A l � 3

T @HC�_�L r QBi�fh�o� CXi�i{`p@R[�Oe��L1A�_�j�CFEB}wY�Lp_Dj�fh@RfhL1_�QHCFERO�� # n CF_�j
� # tsn [ �� j p p ALq l

�J[�OVEBO p A�fhQ^@R[�Oej�fhQR@ZCX_DY�O�@RL�@R[�O�_�O%(�@JN1EBf j���L1fh_�@ C��JCs}�� ERL UCd�JCFihi{I T @JL1A�@ �DL��%�DLpA�_Dj�CXERfhOVQHCd�VOVEBL N1E�C1j�fhOV_�@JfhQJQR��OWY�fMDOWj I
��A�ER��f�_ r a�CX_�QRLpA�EHaxL�j�OVi
�J[�O��ea U L�j�OVi^QRLpi�~pOVQ L1_�Ow@BEZCX_�QR��L1EB@"O��pADCX@RfhL1_ ��L1E�@R[�O

OWj�j|}�~�f�Q�Y�L1QBfh@{}/Iez{@efhQHQBf U fhi CXE @BLx@R[�OW� � U L�j�OVivO%(DY�OV��@,@R[DCX@
fh@ A�QROPQwCF_�OVihihfh��@RfkY�EROVikC�(DCX@RfhL1_�O��pADCX@RfhL1_ @RL Cs~1Lpfkj
@R[�O�_�OVOWj
��LpE j�C U ��fh_�N^��A�_�Y�@RfhL1_�QW`�CF_Dj CXi�QBL8j�L�OVQ3_�L1@3_�OPOWj @BL���EROPQZY�EBf���O
@R[�O"j�fhQR@ZCX_DY�O @BLw@B[�O"Y�ihL1QBOVQR@ � CXi�i{I,��E�CF_�QBfh@RfhL1_x� ERL U ikC U fh_DCXE
@RL @RA�ER��A�ihOV_�@d�DL�� f�Q�f U ��ihO U OP_/@BOWj fh_
@R[�OxQ�C U O��{CFQR[�f�Lp_ CXQ
@R[�O �O� U L�j�OVi{I
�J[�O @BEZCF_�QR��L1ER@�O��pADCX@RfhL1_ ��L1Ee@B[�O OWj�j�} ~�fhQZY�LpQRfh@{}]fhQeN1fh~pOV_

��} (  �� !" # 1 p � / � � q 12�� / ��� � $ l � d � � �Q� $ u ��l�� l� p q q

CF_�jH@B[�O^OVihi�fh��@BfkY9EROPi C (DCF@RfhLp_�O��1A�CF@RfhLp_H� L1Eg@B[�O3��EBL�j�ADY�@Bf�Lp_�@ROPE U
fhQJN1fh~1OP_"��}

� l� 1 l � � � � � # $ s � 12� � � l � � d � � � p [ q
�J[�OVEBO

� d � l # t� pDFE GD >@I / DJE ID > G q pDFE GD >@I / DJE ID > G q
z{_�QB@ROWCpj LF�gQBL1ih~�fh_�Ne��LpE3@R[�O�ihOV_�N1@B["Q�YVCFihOVQJCFQJC���A�_�Y�@RfhL1_ LX�g@R[�O
j�fhQR@�CF_DY O"� ERL U @B[�Ox_�OWCFEBOVQR@ QBA�E{�{C1Y�O�CFQ fh_
��EBOV~�fhL1A�Q U L|j|OVihQW`
@R[�OV} CXERO ��L1E U OWj���ERL U i�L�YVCXi�N1EZCpj�fhOV_�@RQyLF�9@R[�OF�DL�� ��ERLp�DOPER@RfhOVQ (

� l� # � d � l
� 12d � l / $�� � 12� � � l

� d � l
� l� # $Al� U f�_ p � � N U C ( p � � N $
l� �fq 6 � d � q

�J[�O�Y�Lp_�QR@�CF_�@RQ�A�QROWjbf�_ @R[�O U L�j�OVi9CFEBO�N1fh~1OP_"��}
$ l # nXW+*1� N $ u # nZW �$ � # oXW o1q N $ � # t7W �1q$�� # t7W n N : # nZW m�n1q

$ s # t � $ l: l / t � $ ut / : u $��
�J[�Ox��L1A�_Dj�CFER}�Y�L1_�j�fh@RfhL1_�Q�A�QBOWj L1_5C�_�L r QRihfh� QRA�E{� CpY�O��Jf�@B[
A�_�fh@J_�LpE U CFi	�
 CFEBO

� � # �
 3�12� � # n
CF_�jwCX@ CX_xL1A�@ �DL�� ��L1A�_Dj�CFEB}"Cd�VOVEBL"N1E�C1j�fhOV_�@JfhQ^QR��OWY�fMDOWj9I

 )OVL U OV@REB}"CF_Dj� eEBf j
�J[�Oe@R[�EROVO r OVihO U OV_�@�Y�Lp_�DN1A�EZCF@BfhL1_xA�QROsjxfh_w@B[�fhQJQR@BADj�}xfhQHC

a�YV��Lp_�_�OVihi r ��LpA�N1ikCFQ�CFfhE{��Lpfhi��J[�fkYR[>�JCFQ A�QBOWj5CX@ @R[�OxEROsY�OV_�@
[�fhN1[ r ihf ��@+� LpE.��QR[�L1�w\Jdy�+YB[DCXi�ihOV_�N1O�CX@ SMT ? T ngCX_�N1ihOV}�Iv�J[�fhQ
Y�Lp_�DN1A�EZCF@BfhL1_!� CXQ"@R[�O
QRA��/&�OsY�@�LF�"CF_ O%(��DOVEBf U OV_�@ZCXieQR@RA�j�}
��OVE{��LpE U OWje��}8\^[�fh_ ��� 
 ���7v �J[�OJO%(���OVERf U OP_/@�CFi U OsCFQRA�ERO U OV_�@RQ
fh_DY�ihADj�O QRA�E � C1Y�OJ��EROVQBQRA�EBO1`1Q#��f�_)��ERfkY�@Bf�Lp_g`FCF_Dj)~1OVihL�Y�fh@{}e��ERL&DihOVQ 
@R[�f�Q3Y�L U ��EBOV[�OV_�QRfh~1OJj�CF@�CJ�DCXQRO U C&�1OVQv@R[�O^��EROPQROV_�@^QR@RA�j�}���L1Q r
QRfh��ihO1I^���^LwY�Lp_�DNpA�EZCX@RfhL1_�Qs` T CF_Dj���`��^OVEBO8A�QBOWj9`�OWCpYR['�Jf�@B[
C o1n j�OVNpEROVO,QRikCF@Hj�O/�DOWY�@Bf�Lp_]CF_�j"C o1n j�OVNpEROVO ��CX�bj|O%�DOWY�@BfhL1_gI
�J[�O�N1OVL U OV@BERfhOVQJj�f c�OVEBOWj L1_�ih}�fh_"@R[�OVfhEF��CX�"EBf�NpN1fh_�N ( Y�L1_TDN1A rEZCX@RfhL1_ T [DCXQHCeQRihfhN1[�@Rih}�Q U CFihihOVE)��CF� N/CF� @B[DCF_xY�L1_TDN1A�E�CF@Bf�Lp_
��I��3OVihL�Y�fh@{}"��ERL��i�OPQ*�^OVERO U OWCFQBA�EROsj"fh_x@R[�O�O%(��DOPERf U OV_�@HCX@ l
j�f c9OVEROV_�@JQBA�ER~pOV}xQR@ZCX@RfhL1_�Q CXi�Lp_�N�@B[�Oe@RL1�xQBA�E{� CpY�OeLF�y@R[�O U CXfh_
OVihO U OV_�@ CX_Dj,@R[�OO��CX�gIydgfhNpA�ERO t QR[�L��JQ3@R[�OJihL�YVCX@RfhL1_�QyLX��@B[�OVQRO
QR@�CF@Bf�Lp_�QW`yCFQ � OVihi CXQe@R[�O @��^L]j�f c9OVEROV_�@[�9CF�
��L1QRfh@Bf�Lp_�QeLF�JN1O r
L U OV@REB} T CF_Dj NpOVL U OV@REB}��HI

1
2 3 4

5
6

7 8
9

������������������ �"!$#��&%'�"(����)(�!$����*+��,�� ����-.�0/���!"%+���1,2/�-43
5 � ,���6$���7#�879�! 5 ��#:87�"/��"�1��-:,���6$/��"���;-48<�

������>=��?!$�@3�8A/�!$��9�-43��"(B�C�"(�!$� ��*D� ,�������-��E/&�1!"%+���1,D�
dvfhN1A�EBO � QB[�L��JQe@R[�O�N1EBf j|Q�A�QROWj CFEBL1A�_Dj Y�L1_��N1A�E�CF@RfhLp_ T I

��_�ih}]OP~1OVEB}
L1@R[�OVE8NpERfkj i�fh_�O fh_
OWCpYB[ j�fhEROsY�@RfhL1_
fhQ�QB[�L��J_ ��LpE
Y�ikCFEBfh@{}/I T @RLp@ZCXi LX� [ * ` n1npn NpERfkj ��L1fh_�@RQ8CX_Dj QRfM( �VL1_�OPQ �^OVERO
A�QBOWj ( C tW��t ( mDt Y r N1EBfkj
CFERLpA�_Dj @B[�O"QBi CX@ p @RLp� LX�MdvfhNDI � q�3Co1��t ( tWn�t Y r NpERfkj"CXERLpA�_Dj @B[�O U CFfh_�OVihO U OV_�@ p _�OWCXEODOVikj QB[�L��J_
fh_ U fkj�j�ihOJLF� dvfhNDI � q'�C tVm�t ( q�t Y r NpERfkj�CFEBL1A�_�j"@B[�O[��CX� p @RLp�



LF��dvf�N�I � q'JC m�t ( o�t [ r NpERfkj
fh_ @R[�O��JC��1O LF�H@B[�Oo��CF� p ��L1@ r
@RL U LF� dvfhNDI � q�9C tso�t ( [�t [ r N1ERfkjxO/(|@BOV_Dj�fh_�N���ERL U @R[�O U CXfh_
OVihO U OV_�@RQ � ��CF�%Y�LF~1Ox@RL @R[�O j�L��J_�QR@BEROWC U � CFE r �OVikj p �DLp@R@BL U
LF�HdvfhNDI � q'3CX_Dj C tVm�t ( tWn�t O U ��OWj�j�Osj N1ERfkj
CX�DLF~pO @R[�Od��CX�
p U fkj�j�ihOeLF� dvfhNDI � qVIe�J[�O�_�L1E U CXih� CXi�iyQB�DC1Y�fh_�N���L1E�CXi�ivN1EBf j|Q
fhQ � 95tsn � y YB[�LpEZj�QsI
�J[�OxLF~1OPERikCFfkj YR[�f U OVEZCbQZYB[�O U OwCFihihL��JQ
fh_Dj�fh~�fkj�ADCFi N1ERfkj�Q,@RL �DO N1OV_�OPEZCF@BOWj ��L1E,OWC1YB[ CXfhE{��Lpf�i OVihO U OV_�@sI�5[�OP_ @R[�OJNpERfkje� L1E3Lp_�OJOVihO U OP_/@yfh_�@ROVEBQROWY @RQJCF_�Lp@R[�OVEJCFfhE ��L1fhi1OPi r
O U OV_�@W`�C,[�L1ihOefhQ Y�A�@H@RL�ERO U LF~1O�N1EBf j��DLpfh_/@BQJih}/fh_�N�fh_�QRfkj�O�@R[�O
OVihO U OV_�@WI��J[�fhQ8Y�EBOWCF@BOVQ C [�LpihO �DLpA�_Dj�CXER}�I8�J[�O���ERfh_�NpO r ��L1fh_�@
~1CFEBfkCF��ihOVQ�L1_ @R[�O [�LpihO��DLpA�_Dj�CXERfhOVQ8CXERO�A��9j�CF@BOWj ��}�fh_/@BOVER��L r
ikCF@Bf�_�N�@R[�O ~1CFihA�O LX�H@R[�O�j�OV��OV_Dj|OV_�@ ~1CFERfkCX��ihOVQe��EBL U fh_/@BOVERfhLpE
��L1fh_�@RQ"LX�8_�OVfhNp[/��L1EBfh_�N NpERfkj�QWI ?|f U fhi CXERih}1` @R[�O ~1CFEBf CX��ihOVQ"Lp_
@R[�O�L1A�@BOVEe�DLpA�_Dj�CXERfhOVQ�LF� CFihig��A�@H@B[�O U CXfh_ r OPi�O U OV_�@3NpERfkj�CFEBO
A��9j�CF@BOWj A�QRfh_�N fh_�@ROVEB�DLpi CX@RfhL1_ LF��j�OV��OV_Dj�OV_�@ ~1CFERfkCX��ihOVQ�� ERL U
_�OVfhNp[/��L1EBfh_�N8NpERfkj�QsI
�J[�O�@BL1�
CF_Djb�DLp@R@RL U �Jfh_Dj r @BA�_�_�OVi+�JCFihihQHCFEBO8fh_DY�ihADj|OWjxfh_

@R[�O NpOVL U OV@REB} X@R[�OJ@BOVQR@3QBOWY�@Bf�Lp_8fhQ m I npl YB[�L1E�j�Qyfh_8[�OPf�Np[�@WIv�J[�O
Y r N1EBf j �J[�fkYB[�OV_DY L U ��CFQRQBOVQ3@B[�O U CFfh_eOVihO U OP_/@vO%(�@ROV_�j�Q3@RL�CX_Dj
Y�Lp_���L1E U Q�@RLx@R[�OW�Jfh_Dj r @BA�_�_�OVi � CXi�ihQsI T QRihfh� r � CXi�iv�DLpA�_Dj�CXER}
Y�Lp_Dj�fh@RfhL1_ fhQHCF����ihfhOWj CF@^@R[�OVQBO��Jfh_Dj r @RA�_�_�OViQ�JCFihi�N1EBf j ��L1fh_�@RQsI
T Y�L U �DCXERfhQRLp_;�JCFQ U Cpj�O��DOV@��^OVOV_�Y�L U ��A�@�CF@RfhLp_�Q[�Jf�@B[
@R[�O
�Jfh_Dj r @RA�_�_�OVi��JCFihi ��L1A�_Dj�CFEBfhOVQ CX_Dj �Jfh@B[ Cb��EROVO r CXf�E,� CXE r DOVikj
��L1A�_Dj�CFER}�I �J[�fhQ�Y�L U �DCXERfhQRLp_;�JCFQ U Cpj�O�A�QRfh_�NxN1OPL U OP@RER} T
CF_�j C
KMOV}�_�L1ikj�Q _�A U ��OVE�LF� l U fhihihfhLF_g`�CX_Dj�@B[�O�Y�L U ��A�@ZC r
@RfhLp_�Q8A�QROWj�@B[�Ok� � U L�j�OVi{I
�J[�OxNpERfkj
A�QBOWj fh_ @B[�O ��EROPO r CXfhE
YVCXQROe[DCFQJCF_ LpA�@ROPEJ�DLpA�_Dj�CXER}"CF����ERL�(�f U CX@ROVih} tWq YB[�LpEZj�Q^� ERL U
@R[�OwCFfhE ��L1fhi{`gCF_�j A�QROVQ Cb��EROVO r CXf�E,�DLpA�_Dj�CXER}
Y�L1_Dj|f�@BfhL1_ �J[�fkYB[
U CX@ZYB[�OVQy@B[�O�Y�fhE�Y�A�ikCF@Bf�Lp_8@BLe@R[DCX@3LF�9@R[�OJ_�OWCFE r DOPi j Iy�J[�OJN1EBf j|Q
A�QBOWj [�OVERO�Y�L1_�QBfhQR@ROsjxLF�hD~pO[�VL1_�OPQHCF_Dj [DCpj"C,@RL1@�CFi9LX� *1o ` n1n1n
��L1fh_�@RQWIM�J[�O8j�f c9OVEROV_�Y�O8fh_�@B[�O�ihf ��@HY�L�O%$wY�fhOV_�@ p 4 � qM�DOV@��^OVOV_
@R[�O��Jfh_Dj r @BA�_�_�OVif�JCFihi�CX_Dj�� EROVO r CFfhE^�DLpA�_Dj�CXERfhOVQ^fhQ ��ihLp@R@ROsj���LpE
CF_�N1ihOVQeLF�HCF@B@ZC1Y#��LX� * ` t�[ `gCF_�j ��t j|OVN1EBOVOVQ�f�_
dvfhNDI o I��J[�fhQ
DNpA�ERO�QR[�L��JQ�C�i�fh_�OsCFEefh_DY�EROsCFQRO�fh_]@B[�O j�f c�OVEBOV_DY�O fh_�4 � �Jf�@B[
CF_�N1ihOHLX� CF@B@ZCpY.�9I T i�@B[�L1A�N1["_�L1@JQR[�L��J_"[�OVEBO1`�@R[�O�Cpj�j�fh@RfhL1_ LF�
@R[�O �Jfh_Dj r @RA�_�_�OVi��JCFihi1��L1A�_�j�CFEBf�OPQ�j�L�OVQy_�Lp@ YB[DCX_�N1O @R[�O^QR[DCX�DO
LF��@B[�O]Y�L U ��A�@BOWj ~1OVihL�Y�fh@{} ��ERL��i�OPQW`J��A�@wj�L�OVQ f�_�Y�EROWCXQRO @R[�O
OWj�NpO"~pOVihL|Y f�@{}�`9OVQB�DOsY�fkCFihih}&CX@�@R[�O A���QB@REROsC U ��ERL&DihO QR@�CF@RfhLp_�QWI
�J[�O�QR@�CF@RfhLp_�L1_�O�OWj�NpO8~pOVihL�Y�fh@{}wfh_DY EROWCXQROVQ���}�CF����ERL�(�f U CX@ROVih}
� I o �DOVE�Y�OV_�@e��LpE�CF_]CX_�N1ihO�LX�MCX@R@ZCpY#�wLX� ��t j�OPN1EROPOVQW`vN1fh~�fh_�N fh@
��OV@R@BOVE�CXN1EROPO U OV_�@��Jfh@R[x@B[�OeO%(��DOVEBf U OV_�@WI
z{_���EBOV~�fhL1A�Q+�^L1E.��sJCJNpERfkjeEROPQRL1ihA�@BfhL1_�QB@RADj�} � CXQg��OVE{��LpE U OWj

��LpE)C QBf U fhi CXEH@B[�EROVO r OVihO U OV_�@8CFfhE ��L1fhi�Y L1_�DNpA�EZCX@RfhL1_v`gA�QBfh_�NxA��
@RL * � ` npn1n N1EBf jb�DLpf�_�@BQWIJ�J[�fhQJ��EBOV~�fhL1A�QeQR@BADj�}�Y�L U �DCXEROWj QRA�E r� CpY�Ox��EROVQBQRA�EBO]Y�L�O%$wY�fhOV_�@ p 4 � q8CX_Dj fh_/@BOVN1E�CF@BOWj
ihf ��@�~1CFihA�OVQsI
d�L1E3@B[�OHY�A�EBEROV_�@JQR@BADj�}�`1QBOV~1OPEZCFi�ihOV~1OPi�Q LF�gN1EBfkj�EBOVQRLpi�A�@RfhL1_W�^OVERO
@ROPQR@ROsj�J~1OPi�L�Y�fh@{}
��EBL�DihOVQW�^OVEBObY L U ��CFEROsj ��L1E�QROV~pOVEZCXi�YVCXQROVQsI
�J[�fhQ�� CXQwj�Lp_�O ��L1ExN1OPL U OP@RER} T CF@ * I n CX_Dj ��t I n j�OPN1EROPOVQ
CF_�N1ihO r LF� r CF@B@ZC1Y#�9`pA�QRfh_�N @B[�O8? T.U L�j�OVi{I T D_�O�NpERfkjo� CXQJN1OV_ r
OVE�CF@ROsj5A�QBfh_�N ��tWo ` npn1n �DLpf�_�@BQwCF_�j �JCFihiJ_�LpE U CXiJQR�DCpY�fh_�N�LF�
t7W n69 tsn �hyFI T Y�L/CXERQRO�N1EBfkjxLF� qXm ` n1npn �DLpfh_/@BQ*�JCFQeN1OP_�OVEZCX@ROWj
��}�@ZC���fh_�N
OV~pOVER}�Lp@R[�OVExNpERfkj �DLpf�_�@���EBL U @B[�O�D_�O N1ERfkj9I T
U Osj�fhA U j�OP_�QRfh@{} N1EBfkjW�JCFQ^N1OV_�OPEZCF@BOWj ��} A�QRfh_�N�@B[�OeQZC U OHY�fhE r
Y�A U ��OVEBOV_�@RfkCFiyj�fhQR@REBfh��A�@RfhLp_wLX� N1EBfkjx�DLpfh_/@BQHCFQe@R[�O8Y�L/CXERQBO8NpERfkj
CF_�jx��}wfh_DY EROWCXQRfh_�Nx@R[�O,_/A U �DOVE�LF� ��L1fh_�@RQ�fh_�@R[�O,_�L1E U CFiyj�f r
EROsY�@RfhL1_x��} qpn ��OVE�Y�OV_�@WI^�J[�fhQJEROPQRA�ih@ROsjxfh_bC,N1EBfkj��Jfh@B[wC�@RLp@ZCXi

LF� *1o ` n1n1n ��L1fh_�@RQsI��J[�OVQRO @B[�EROPO"QROP@RQ�LX� NpERfkj�QeA�QROsj L1_�ih}�D~pO
�VLp_�OVQwCX_Dj�j�fkj _�L1@ fh_DY�ihADj|Ow@B[�O�O U ��OWj�j|OWj �VL1_�O QR[�L��J_�fh_
dvfhNDI � I5KMOVQRA�i�@BQ"LX�)Y�L U ��A�@�CF@Bf�Lp_�Q�L1_�@R[�OPQRO N1ERfkj�Q QB[�L��^OWj
@R[�CF@e@R[�OPERO��JCFQe_�Lp@ U ADYB[�NpERfkj]j|OV�DOP_Dj�OV_DY Owfh_ @R[�O�~1OPi�L�Y�fh@{}
��EBL�DihOVQM��L1EJ@B[�O * j�OVN1EBOVO CF_�Npi�OeLX� CF@B@ZCpY.��YVCXQRO1I T _wO/(�C U ��ihO
fhQ8QB[�L��J_�fh_ dvfhNDI m `+�J[�fkYR[�QB[�L��JQ8@B[�Ox~1OVihL�Y�fh@{}
��EBL�DihOVQ"CX@
QR@�CF@Bf�Lp_ * I

5 10 15 20 25

Alpha

0.00

0.05

0.10

0.15

0.20

D
el

ta
(C

_L
)

Total
Slat
Main
Flap

����������?��� ��!$��- 6<� ��- 4 ��� ���	� � ��-
� �1-43 *+�"9�-�-���,��>/�,�,
� ��9�- 3 /�!$����8?/�-43 / %+!$� ��*D/��1! �;9��"� ! � ��9�- 3 /�!$# %+��! ����*
����� �"!$#� /�-43��0����� ���1,�,1� �;-��

0.00 0.25 0.50 0.75 1.00 1.25

Velocity Magnitude

0.00

0.05

0.10

0.15

0.20

n 
/ c

Station 8, SA
Experiment
Coarse grid
Medium grid
Fine grid

����������A��,���6$���7#��B!$���4,1� /���87�"/��"�1��-���� � ,!��(�/"���.�$#"�
��� �������)!$#�%�&� �'��� ����,1,����;-(�;%+��!*)+� ����3 ��, 87(��,� �1-��
�-� ��6$� ��%A�;!$� 3�!$��8 �;,�9��)����-4�

T @8CX_ CF_�Npi�O r LX� r CX@R@�C1Y#��LF� ��t j�OVN1EBOVOVQs`3@R[�OwY�L U ��A�@�CF@Bf�Lp_�Q
j�fkj�QB[�L��;C N1EBf j j�OV��OV_Dj�OV_�Y�O1I �3OVihL�Y�fh@{} U CXN1_�fh@RA�j�OwCXi�Lp_�N
ihfh_�OVQ^_�L1E U CFi�@BL8@B[�OHihL�YVCFi�QRA�E{� CpY�O�CX@ QB@ZCF@BfhL1_�Q o ` q `�CF_Dj * CFEBO
��ihL1@B@ROWjbf�_xDN1QsI m C�` m �g`DCX_Dj m YF`�EROVQB�DOWY @Rfh~1OVih}�I T @HQB@ZCF@BfhL1_ o `
_�OWCXEg@B[�O3ihOWC1j|f�_�NJOWj�N1O LF��@R[�O ��CF�g`s@B[�O j�f c9OVEROV_�@vN1ERfkj�QRLpihA�@RfhL1_�Q
CFEBO��pA�fh@RO QRf U f�ikCXEW`���A�@e� A�ER@B[�OVE CFihL1_�Nx@B[�Od��CF� YB[�LpEZj fh@8YVCX_
��O QROVOV_
@B[DCF@e@B[�OdD_�O�N1EBf j QRLpihA�@RfhL1_ f�Qefh_ �DOV@B@ROVE�CFN1EBOVO U OV_�@
�Jfh@R[�@B[�O3O%(���OVERf U OV_�@ZCFi�j�CF@�CJfh_�@B[�O3QRikCX@Q�JC��1O EROVNpf�Lp_e@R[DCX_�@R[�O
Y�L�CFERQBOVE�N1ERfkj QRLpi�A�@RfhL1_�QsI�z{_
L1EZj|OVE�@RLxNpOV@�QR[�CFER��OVE�EROVQBL1ihA�@Bf�Lp_
LF�3@B[�O�~1OPi�L�Y�fh@{} ��ERL&DihOVQ*�Jfh@R[�L1A�@J�DCs}�fh_�N�@R[�O�Y�L1QB@HLF�3@B[�O[D_�O
N1EBfkj9`gCF_ O U ��OWj�j�Osj N1ERfkj'� CXQ8C1j�j�OWj f�_ @R[�O"CFEROsC�CF��LF~1O�@R[�O
��CX� p QBOVO dvf�N�I � qW�J[�OPERO
@R[�O]NpEROWCX@ROVQB@bj|f c9OVEBOV_DY�O �DOV@��^OVOV_
@R[�O"j�f c�OVEBOV_�@�N1EBfkj�QBL1ihA�@RfhLp_�Q[� CXQ�Lp��QROPER~1Osj9I �J[�O O U ��OWj�j|OWj
N1EBfkj�[DCXQ8C N1EBf j j�OV_�QRfh@{}]O��1A�f�~1CXihOV_�@H@RL @R[�OdD_�O N1ERfkj fh_]@B[�fhQ



CFEBOWC
CF��LF~1O @R[�Oo��CX�gI�uJQRfh_�N @R[�O�L1EBf�Npfh_DCFi Y L/CFEBQRO�NpERfkj
��i�A�Q
@R[�OJO U �DOsj�j�OWj�NpERfkj�EROVQBA�ih@ROWj�fh_8~pOVihL|Y f�@{}���EBL�DihOVQF�J[�f YB["Y�L U O
~1OPER} Y�ihL1QROJ@BL U CX@ZYB[�fh_�NJ@B[�L1QBOHLF�9@R[�OOD_�OJN1EBfkj9Ig�J[�f�Qy_�OA� QBfM( r
�VLp_�O N1EBf j A�QROWj C"@BL1@�CFi3LX� [ * ` n1npn N1EBfkj �DLpf�_�@BQW`vL1EeihOVQRQ�@R[DCX_
L1_�O r @B[�fhEZj�CFQ U CF_�} �DLpf�_�@BQ CXQ @R[�O��_�OxN1ERfkj9I �J[�Ox~1OPi�L�Y�fh@{}
��EBL�DihOVQ^LF�g@B[�OVQROe_�OA� O U ��OWj�j|OWj NpERfkj�EROVQBA�ih@RQHCXERO�CXihQRL�QB[�L��J_
fh_WDNpQWI m C�` m �v`DCF_�j m YXI

0.0 0.5 1.0 1.5 2.0 2.5

Velocity Magnitude

0.00

0.05

0.10

0.15

n 
/ c

Station 3, SA
Experiment
Coarse grid
Medium grid
Fine grid
Coarse + Embedded DC grid

0.0 0.5 1.0 1.5

Velocity Magnitude

0.00

0.05

0.10

0.15

0.20

0.25

n 
/ c

Station 5, SA
Experiment
Coarse grid
Medium grid
Fine grid
Coarse + Embedded DC grid

0.00 0.25 0.50 0.75 1.00 1.25

Velocity Magnitude

0.00

0.05

0.10

0.15

0.20

0.25

n 
/ c

Station 8, SA
Experiment
Coarse grid
Medium grid
Fine grid
Coarse + Embedded DC grid

�������� �A��,���6$���7#��B!$���4,1��8 /���8 �)/&�)���;-48 ��������/�-43 ���
�0, ��(�/"��=.��� #����;���������)!$# �%� �0����� ���1,�,��1��- �>%+��!
)+�
����3 ��,	8 (��,� ��-��C� ��� 6<�0��%E��!$� 3�!$��87��,�9B�"���;-��

T j�O�� OWY�@�Y�L1EBEROWY @RfhL1_ U OV@R[�L|j � CXQJA�@Rfhihf��VOWj fh_�Y�L1_ & A�_DY�@Bf�Lp_
�Jfh@R[ @R[�O O U �DOWj�j�OWj N1EBfkj9I��J[�fhQ U OV@R[�L|j [DCXQ���OVOV_ EROWY OV_�@Rih}
C1j�j�OWj @RL @R[�O z S ? � ��Y�L�j�O�CF_Dj fhQ j|OV@ZCXf�ihOWj fh_�C �DCX�DOVE ��}
KJLpN1OVEBQ"CF_Dj � A�ihihfkC Ukj {�CF_Dj �Jfhi�i^L1_�i�}
��Ox��ERfhO%��} j�OVQ�Y�ERfh��OWj
[�OVEBO1I3�^}���fkYVCFihih}�`FO U ��OWj�j�OWj�LF~1OVEBQROV@�N1EBf j�@ROWYB[�_�f �pA�OPQJ��ERL�Y�OVQBQ

CF_�je�DCFQBQyf�_|��L1E U CF@BfhL1_JL1_�i�}eCF@vN1ERfkje��L1A�_Dj�CFEBfhOVQWIvz{_�@R[�O j�O ��OWY�@
Y�LpEREROsY�@RfhL1_xCF����ERL/CpYB[g`1OPERERLpE Y L1EREBOWY�@Bf�Lp_�QJCF@ CXi�i�LF~1OVEBi CX����OWj�fh_ r
@ROPERfhL1E3��L1fh_�@RQ^CFEROJfh_ & OWY�@ROsj,��ERL U @R[�OOD_�OJN1EBfkj�L1_�@RLe@R[�OHY�L/CXERQRO
N1EBfkj9I �J[�fhQefh_ &�OWY�@BfhL1_
OV_�[�CF_DY�OPQ8@B[�O LF~1OVE�CFihi CpYVY�A�E�C1Y�} LF�J@R[�O
Y�L�CFERQBO�N1EBfkj QRLpihA�@RfhL1_vI

\^L U ��A�@ROsj"KJOPQRA�ih@RQ
G)(���OVERf U OP_/@�CFiJ��EBOVQRQBA�ERO
Y�L�O%$wY�fhOV_�@ p 4 � q j�CX@ZC�`3~1OPi�L�Y�fh@{}

��EBL�DihOVQs`�CF_Dj ihf U fh@ROWj Q.��fh_5��EBfkY�@RfhL1_%j�CF@�C CXERO Cs~1CXf�ikCX��ihO ��LpE
@R[�EROVO"CX_�N1ihOVQeLF�HCF@B@ZCpY.� ( * ` t&[ `9CF_�j ��t j|OVN1EBOVOVQWI T @�OsC1YB[
LF�
@R[�OVQRO8CX_�N1ihOVQs`/j�CF@ZC,fhQ Cs~1CXfhi CX��ihO3� L1E^N1OVL U OV@BER} T CF@JKJOV}�_�Lpi j|Q
_�A U ��OVERQ p KMO�q^LF� q CF_Dj l�U fhihihf L1_�CF_Dj�N1OVL U OV@BER}��5CX@ KMO # lU fhihihfhLF_gI+z{_ Cpj�j�fh@RfhL1_v`JO%(��DOPERf U OV_�@�CFi�4 � `ej�EZCXN Y�L�O%$wY�fhOV_�@
p 4��WqP`9CF_Djx��f�@�YB[�fh_�N U L U OP_/@JY�L�O%$wY�fhOV_�@ p 4 � q ��L1E�C E�CF_�NpO
LF��CF_�NpihOVQ8LX�)CX@R@ZCpY#�
A�� @BL U C�(�f U A U ihf ��@ CFEBOwCs~1CFfhikCF��i�O,��LpE
N1OPL U OP@RER}>� CF_�j KMO # l U fhi�ihfhL1_vI
�J[�Ox��EBOVOVQB@REROsC U a C1YB[_�A U ��OVE �JCFQ n I � ��LpE CXihi9O%(��DOVEBf U OV_�@ZCXigj�CF@�C�I
�J[�O]Y L U ��A�@ROWj CF_Dj�O/(|��OVEBf U OV_�@ZCXiHQRA�E{� CpY�O#4 � j�fhQR@BERfh��A r@RfhLp_�Q3� L1E^N1OVL U OV@BER} T CF_Dj KJO # l�U fhi�ihfhLF_ CFERO�QR[�L��J_xfh_wdvfhN[ I ��CX@ZC fhQeQR[�L��J_ ��LpEe@R[�O QBi CX@W` U CXf�_xOVihO U OV_�@W`gCX_Dj'��CX�&CX@

CF_�N1ihOVQeLF� CX@R@�C1Y#��LF� * ` t&[ `gCX_Dj ��t j�OPN1EROPOVQWI z{_ N1OP_�OVEZCXi{`9@R[�O
CFNpEROVO U OV_�@J��OV@�� OPOV_�@R[�O%4 � j�CX@ZC�LF�y@R[�O,O%(��DOVEBf U OV_�@HCF_�jwCXihi��LpA�EeLF� @B[�O @RA�EB��A�ihOV_DY O U L�j�OVihQHfhQ��pA�fh@RO�N1L�L�j9I��J[�O8��fhNpN1OVQB@
j�fhQZY EROV�DCX_DY�fhOVQ L�YVY�A�E���L1E�@B[�OxihL�� OVE�CF_�Npi�O LX��CF@B@ZC1Y#�9`y�DCXER@RfkY r
A�ikCFEBih}
L1_�@R[�OxQBi CX@"CF_Dj @R[�Ox��CF�gI��J[�f�Q j�fhEROsY�@Rih}5Y�L1EBEROVikCX@ROVQ
@RL @R[�O"C U L1A�_/@�LF�JQROV��CFEZCX@RfhL1_
Lp_
@R[�Od�9CF� ( @R[�O NpEROWCX@ROVE�@R[�OEROPN1fhL1_ LF� QBOV�DCXEZCF@BfhL1_ L1_ @R[�O ��CF�v`9@R[�O ihL��^OVEH@B[�O ihf ��@HLp_�@R[�O
��CX�bCX_Dj QRikCF@sIy�J[�O�?�?��+EBOVQRA�ih@BQHQR[�L�� @B[�OeN1EROsCF@ROPQR@eOV~�fkj�OV_DY�O
LF��QBOV�DCFE�CF@Bf�Lp_�L1_�@R[�Ox��CF� ( C'��CF@B@ROV_�f�_�N
LF��@R[�O \^��j|f�QB@REBf r��A�@BfhL1_�_�OsCFEe@R[�O�@RE�CFfhihfh_�N"OWj|N1O1I,�J[�O ?�?��+EROVQBA�ih@RQ8CXihQRL"QB[�L��
@R[�OH��OVQR@HCXN1EROPO U OV_�@3fh_ @B[�OH��EBOVQRQBA�ERO,L1_ @R[�O�A����DOPE QBA�E{� CpY�OeLF�
@R[�OJQRikCF@sIg�J[�OJLp_�ih}�L1@B[�OVE^_�L1@�CF��ihOJCFQB�DOWY @ LX��@B[�OVQRO:4 � ��ihLp@RQyfhQ@R[�CF@y@R[�OH�ea U L�j�OVip[DCFQ @RERLpA���ihO U CF@�YB[�fh_�NJ@R[�OJO/(|��OVEBf U OV_�@ZCXi
��EBOVQRQBA�EROVQeLp_w@B[�O[��CX�wCX@ ��t j�OVN1EBOVOVQ�CF_�N1ihOHLX� CX@R@�C1Y#�9I
dvfhN1A�EBOVQ � ` * `DCX_Dj l ��EROPQROV_�@e~1OVihL�Y�fh@{}"��ERL��i�O�j�CX@ZC,��LpEJ@R[�O eOVL U OV@BER} T `DKJO # l�U fhihi�f L1_ YVCFQBO8CF@HCX_�N1ihOVQJLX� CX@R@ZCpY#�"LF� * `

t�[ `DCX_Dj ��t j|OVN1EBOVOVQW` EROVQB�DOWY @Rfh~1OVih}�IJ�J[�OVQBO��N1A�EBOVQe��ihL1@J~1OPi�L�Y r
fh@{} U CXN1_�fh@RA�j�O CXihL1_�N�ihfh_�OVQ�_�LpE U CXi @BL]@B[�OxihL|YPCFi^QRA�E � C1Y�O�CX@
QR@�CF@Bf�Lp_�Q t ` o ` q `gCF_Dj * CFQeQB[�L��J_]fh_]dvfhN t Iez{_]NpOV_�OVE�CFi{`�@R[�O
CFNpEROVO U OV_�@ ��OV@�� OPOV_+@R[�O O%(��DOVEBf U OV_�@ZCXi�CX_Dj�Y�L U ��A�@ZCX@RfhL1_�CFi
~1OPi�L�Y�fh@{}���ERL��i�OPQ�fhQe� CFfhEBi�}xNpL/L�j9Io�H_�O"LF�J@R[�O ��fhN1N1OPQR@8j�f c9OVE r
OV_DY OVQ �DOP@�� OVOP_ @R[�O"Y�L U ��A�@ZCX@RfhL1_�Q�fhQeL1��QROVEB~1OWj CF@�@B[�O * j�O r
N1EBOVOwCX_�N1ihO�LF�HCF@B@ZC1Y#� ( @B[�O ~1OPi�L�Y�fh@{}]j|O���OWY�@�LF�J@R[�O"QRikCX@��JC��pOfhQ�~1OPER} Q U CXihi CX@�@R[�O"QR@�CF@Bf�Lp_ t ��ERL&DihO f�_
@B[�O"O/(|��OVEBf U OV_�@ZCXi
j�CX@ZC�`r�J[�OVEBOWCFQ8CXihi9@R[�O Y�L U ��A�@�CF@RfhLp_�QJ��EROsj�fkY�@�C U ADYB[wikCXERN1OPE
j�O�� OWY�@WIy�J[�f�Q f�Q3Ce��f�@yikCFEBN1OVE f�_�@R[�OH��a CF_�j ?�?�� EBOVQRA�i�@BQW`�CX_Dj
ihOVQRQ QBL
fh_
@R[�Ok�O� CX_Dj ? T YVCXi Y A�ikCF@RfhLp_�QWI
�J[�Ob?�?�� U L�j�OPi
QR[�L��JQH@R[�O U LpQR@JC U LpA�_�@ LX�Q��CX��QROP�DCFE�CF@RfhLp_bCX@J@R[�O * j�OVNpEROVO
YVCXQRO1`+�J[�fkYB[
fhQ�fh_ CF����CFEROP_/@�j�fhQZCFNpEROVO U OV_�@��Jfh@R[
@B[�O O%(���OVERf r
U OP_/@�CFi�~pOVihL�Y�fh@{}/IyKJO U O U ��OVEW`F[�L�� OV~pOVEW`�@B[DCF@J@B[�O�?�?�� U L�j�OPi
QR[�L�� OWjb@R[�O��DOPQR@�CFNpEROVO U OV_�@��Jfh@R[�@B[�O�O%(���OVERf U OP_/@�CFivQRA�E � C1Y�O
��EBOVQRQBA�EROVQ�CX@ @B[�fhQ CX_�N1ihOHLX� CX@R@ZCpY#��Iyz{@^fhQ j|f7$wY A�ih@ @BL Y�Lp_DY�ihADj�O
�J[�fkYB[ U L�j�OVi1fhQyN1fh~�fh_�NH@B[�O^�DOVQB@3EROPQRA�ih@RQ^LF~1OPEZCFihi{`VQBfh_DY�OJ_�Lp_�OJLF�
@R[�O U L|j|OVihQ�CFNpEROVOJY�L U ��ihOV@BOVih}��Jfh@B[�@R[�O^O%(���OVERf U OP_/@�CFi�EROPQRA�ih@RQs`
CF_�jwj|f c9OVEBOV_DY�OVQe��OV@��^OVOV_]j�f c9OVEROP_/@eY�L U ��A�@�CF@RfhLp_�Q CXEROeQ U CFihi{I



-0.100 -0.075 -0.050 -0.025 0.000 0.025

x / c

1

0

-1

-2

-3
C

p
Slat

Exp
BB
SA
SST
DM

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

x / c

0

-2

-4

-6

-8

C
p

Main
Exp
BB
SA
SST
DM

0.90 0.95 1.00 1.05 1.10 1.15

x / c

1

0

-1

-2

-3

-4

C
p

Flap
Exp
BB
SA
SST
DM

��1� ���&/ � ,!��(�/"��� 3�����!$��� 8

-0.100 -0.075 -0.050 -0.025 0.000 0.025

x / c

0

-2

-4

-6

-8

-10

C
p

Slat
Exp
BB
SA
SST
DM

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

x / c

0

-2

-4

-6

-8

-10
C

p

Main
Exp
BB
SA
SST
DM

0.90 0.95 1.00 1.05 1.10 1.15

x / c

1

0

-1

-2

-3

-4

C
p

Flap
Exp
BB
SA
SST
DM

�������� � � ,!��(�/"�C��� 3 � ��!$����8

-0.100 -0.075 -0.050 -0.025 0.000 0.025

x / c

0

-2

-4

-6

-8

-10

-12

-14

C
p

Slat
Exp
BB
SA
SST
DM

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

x / c

0

-2

-4

-6

-8

-10

-12

C
p

Main
Exp
BB
SA
SST
DM

0.90 0.95 1.00 1.05 1.10 1.15

x / c

1

0

-1

-2

-3

-4

C
p

Flap
Exp
BB
SA
SST
DM

���� ���;6 � ,!��(�/"��=.� 3 ���;!$����8
��1� ��� 4 � 8 9B!"%+/�6$� 3 /��)/ %+��!C�����;�����"!$# �%� � �'��� ����,1,�����-



0.0 0.5 1.0 1.5 2.0

Velocity Magnitude

0.00

0.02

0.04

0.06

0.08

0.10

n 
/ c

Station 1
Experiment
BB
SA
SST
DM

0.0 0.5 1.0 1.5 2.0 2.5

Velocity Magnitude

0.00

0.02

0.04

0.06

0.08

0.10

n 
/ c

Station 3
Experiment
BB
SA
SST
DM

0.0 0.5 1.0 1.5

Velocity Magnitude

0.00

0.05

0.10

0.15

n 
/ c

Station 5
Experiment
BB
SA
SST
DM

0.00 0.25 0.50 0.75 1.00 1.25

Velocity Magnitude

0.00

0.05

0.10

0.15

0.20

n 
/ c

Station 8
Experiment
BB
SA
SST
DM

�������� �A��,���6$���7#��!$��� ,���8 %+�;!*� ,!��(�/"���:3 ���;!$����8 �E����*
����� �"!$#� � �0����� ����,1,��1�&-

0.0 0.5 1.0 1.5 2.0

Velocity Magnitude

0.00

0.02

0.04

0.06

0.08

0.10

n 
/ c

Station 1
Experiment
BB
SA
SST
DM

0.0 0.5 1.0 1.5 2.0 2.5

Velocity Magnitude

0.00

0.02

0.04

0.06

0.08

0.10

n 
/ c

Station 3
Experiment
BB
SA
SST
DM

0.0 0.5 1.0 1.5

Velocity Magnitude

0.00

0.05

0.10

0.15

n 
/ c

Station 5
Experiment
BB
SA
SST
DM

0.00 0.25 0.50 0.75 1.00 1.25

Velocity Magnitude

0.00

0.05

0.10

0.15

0.20

n 
/ c

Station 8
Experiment
BB
SA
SST
DM

������ �*�A��,���6$���7# ��!$���4,1��8 %+�;! �0, ��(�/"�C� � 3 ����!$� ��8 �4����*
����� �"!$#� � �0����� ����,1,��1�&-



0.0 0.5 1.0 1.5 2.0

Velocity Magnitude

0.00

0.02

0.04

0.06

0.08

0.10

n 
/ c

Station 1
Experiment
BB
SA
SST
DM

0.0 0.5 1.0 1.5 2.0 2.5

Velocity Magnitude

0.00

0.02

0.04

0.06

0.08

0.10

n 
/ c

Station 3
Experiment
BB
SA
SST
DM

0.0 0.5 1.0 1.5

Velocity Magnitude

0.00

0.05

0.10

0.15

0.20

0.25

n 
/ c

Station 5
Experiment
BB
SA
SST
DM

0.00 0.25 0.50 0.75 1.00 1.25

Velocity Magnitude

0.00

0.05

0.10

0.15

0.20

0.25

n 
/ c

Station 8
Experiment
BB
SA
SST
DM

������ �*�A��,���6$���7# ��!$���4,1��8 %+�;! �0, ��(�/"��=.� 3 ����!$� ��8 �4����*
����� �"!$#� � �0����� ����,1,��1�&-

�J[�O�O%(��DOVEBf U OV_�@ZCXi U OWCXQRA�EBO U OP_/@BQ3LF�y@R[�O�Q.��fh_ ��EBfkY�@RfhL1_xY�L r
O%$wY�fhOV_�@ p 4�� q�CFEBObCs~1CXfhi CX��ihO8Lp_ Lp_�ih}&Cb��O
� ��L1fh_�@RQ�L1_ @R[�O
A�����OVE�QRA�E � C1Y O"LF�H@B[�O U CFfh_�OVihO U OV_�@8CF_�j'��CF�gIx�J[�OVQROxj�CF@�C
��L1fh_�@RQJCFEROe��ihLp@R@ROsj"CFihLp_�N��Jfh@R[ @R[�O�Y�L U ��A�@�CF@Bf�Lp_DCFi�EROVQBA�ih@RQJfh_
dvfhNDI tWn ��L1E8CX_�N1ihOVQ,LF��CF@B@ZCpY.� LF� * ` t�[ `�CX_Dj ��t j|OVN1EBOVOVQ���LpE
N1OPL U OP@RER} T CF_�j"KJO # l�U fhi�ihfhLF_gI��J[�OeQ.��fh_ � ERfkY�@RfhLp_ f�Q � CXf�EBih}�^OVihi3��EROsj�fkY�@ROWj ��}]CXihi���A�@�@R[�O"��a U L�j�OPi I,�J[�O ?�?�� U L�j r
OVihQ Y�L1_�QBfhQR@ROP_/@Bih} ��EBOWj�fkY�@RQ @B[�Ox[�fhN1[�OPQR@�~1CFihA�OVQs`yN1fh~�f�_�N�fh@�@R[�O
��OVQR@"CXN1EROPO U OV_�@��Jfh@B[
@R[�O O%(��DOVEBf U OV_�@�Lp_
@R[�O ��CF� CX_Dj @R[�O
U CXfh_ r OPi�O U OV_�@y@RE�CFfhihf�_�N r OWj�N1OpI

0.4 0.6 0.8 1.0

x/c

0.00

0.01

0.02

C
f

Alpha = 8
Exp
BB
SA
SST
DM

0.4 0.6 0.8 1.0

x/c

0.00

0.01

0.02

C
f

Alpha = 16
Exp
BB
SA
SST
DM

0.4 0.6 0.8 1.0

x/c

0.00

0.01

0.02

C
f

Alpha = 21
Exp
BB
SA
SST
DM

������ �,# )��.�1- %+!$�@6<�)���;- 6$�.��� 6<�1��-�� %+�;! �����;�����"!$# �%�
�0����� ����,1,�� ��-



dvfhN1A�EBOVQ t1t ` ts� `eCF_Dj tWo ��ihLp@w@B[�O
ihf ��@wY�L�O%$wY f�OP_/@ p 4 � q
CF_�j�@B[�OH��fh@�YR[�f�_�N U L U OV_�@gY�L�O%$wY�fhOV_�@ p 4 � qy~1OVEBQRA�Q^CF_�Npi�O r LX� r
CF@B@ZCpY.�9`FCF_�je@R[�OJj�E�CFNHY�L�O%$wY�fhOV_�@ p 4��Oqv~1OVEBQRA�Q 4 � ��LpEg@R[�O Y�L U�r
��A�@�CF@Bf�Lp_�Q8CX_Dj @R[�O O%(��DOPERf U OV_�@e� L1E�NpOVL U OV@REB};��CF_Dj
KMO # lU fhihihfhLF_gI��J[�OJihf � @�~1CXihA�OVQ CXEROHCFihi��pA�fh@BOHY�ihL1QROJA�� @RL t&[ j�OVNpEROVOVQs`
CFQ^CF_�@RfkY�fh�DCX@ROWj���}�@R[�O 4 � EROVQBA�ih@RQWI S Lp_�OJLF�g@B[�O U L�j�OVihQ3CFNpEROVO�Jfh@R[�@R[�O�O%(��DOPERf U OV_�@�CFi�~1CFihA�O^LF� U C (|f U A U i�f ��@sI9�J[�fhQ3fhQ U LpQR@
ihf��1OVih} ��OWYVCFA�QRO @R[�O�O%(��DOPERf U OV_�@ej�L�OVQHQB@ZCFEB@H@BL"A�_Dj|OVERNpL"QRL U O
o � O�c9OWY�@RQ�CX@"@R[�O�~1OVEB}�[�fhN1[�~1CFihA�OVQ LX��i�f ��@sI5�J[�O ��fh@ZYB[�fh_�N
U L U OV_�@JY�L�O%$wY�fhOV_�@e��EROsj�fkY�@RfhL1_�Q�CFEBO8~pOVER} N1L�L�j � L1EH@B[�O ?�?��
U L�j�OPi CX@�@R[�O i�L��^OVE�CF_�N1ihOVQ�LX�MCX@R@ZCpY#��`yCFih@B[�L1A�Np[�@R[�OV}&j|f c9OVE
ihfh@R@RihO���EBL U �O� CX_Dj ? T Ig�J[�Ow@BEROV_�j LX��fh_DY�EBOWCFQBfh_�N]QBihL1��O"fh_4 � ��OV@��^OVOV_]CXih��[DC # tsn CF_Dj t�[ j|OVN1EBOVOVQefhQJ_�L1@J��EBOWj�fkY�@BOWj���}CF_�} U L�j�OVi{I�4 � fhQJ_�Lp@�� OPi�iv��EROsj�fkY�@ROWjb�/}xCF_�} U L�j�OPi Ivz{_x@R[�O
Y�L U ��A�@�CF@Bf�Lp_�Q�@R[�O j|EZCFNJfhQgY�L U ��A�@ROWj���}Hfh_�@ROVNpEZCX@Rfh_�NJ@R[�O3��EROPQ r
QRA�ERO CF_Dj Q.��fh_x��EBf Y @RfhL1_x� L1EZY OVQeL1_�@B[�O8QBA�E{�{C1Y�O1I,�J[�fhQ U OV@R[�L�j
[DCXQH��OVOV_ QR[�L��J_ j | @BL �DO�ihOVQRQeC1YVY A�EZCX@RO�@R[DCX_�L1@B[�OVE U OV@R[�L|j|Q
p QBADYB[ CXQ�� C&�1O fh_�@ROVNpEZCX@RfhL1_�qP`�CX_Dj U Cs}x��O"@B[�OwYVCXA�QRO LF�J@R[�O
ikCFEBN1OeOVEREBL1EBQHfh_"@B[�O8Y�L U ��A�@BOWj84���I

4 8 12 16 20 24

Alpha

2.5

3.0

3.5

4.0

4.5

5.0

L
if

t C
oe

ff
ic

ie
nt

Exp
BB
SA
SST
DM

��������;� 4 � 5 ��! 87948?/�-���,1���&%'/&�)�"/;6 � %+�;! �;���������)!$#��
/�-43��0����� ���1,�,��1��-

�J[�O�? T�U L|j|OViHj�L�OVQ ��EBOWj�fkY�@wC
j|EZC U CF@Bf Y�ihLpQRQ LF�eihf � @ CX@
�1o j�OVNpEROVOVQ�CF_�Npi�O,LF� CX@R@ZCpY#��I�dvfhN1A�ERO tPm QR[�L��JQ�~pOVihL�Y�fh@{}w��ERL r
DihOVQ���LpE8@B[�fhQ YPCFQRO�CX@ QR@ZCX@RfhL1_�Q o ` q `3CX_Dj * I
z{@�QR[�L��JQ @R[DCX@
@R[�O[�DL��5LF~pOVEH@B[�O,��CF�xfhQ^��A�ihih}"CF@B@ZC1YB[�Osj9`DCX_Dj @R[DCX@J@R[�O��JC��pO
LF�^@R[�O U CFfh_xOVihO U OV_�@�[DCFQeN1EBL��J_&j|EZC U CF@Bf YPCFihih} @RLx@R[�O���L1fh_�@
@R[�CF@ CxikCFERNpO EROVNpfhL1_
LF�H@B[�fhQ���L�� LXc5@R[�O �DL�j�} [DCFQ���OWY�L U O
_�OWCXERih} QR@�CFNp_DCF_�@WI3dvfhN1A�ERO tWq QR[�L��JQJ~pOVihL�Y�fh@{} U CFNp_�fh@RADj|OHY�L1_ r
@RLpA�ERQ,LF�J@R[�fhQ8YVCXikY�A�ikCF@Bf�Lp_&CX@�CF_�Npi�OPQ�LF�HCF@B@ZC1Y#� LF� ��t CF_�j �po
j�OVNpEROVOPQW`�QB[�L��Jfh_�N�@B[�O�j�f c9OVEROP_DY�Oe�DOP@�� OVOP_w@B[�OH��ERO r CF_Dj��DLpQR@ r
QR@�CFihi���L��JQWIv�J[�Oy� CpY�@g@B[DCF@v@R[�O ? T U L�j�OPi1��EBOWj�fkY�@RQyQB@ZCFihip�DO�� L1ERO
@R[�O8Lp@R[�OVE U L|j|OVihQ U Cs} ��O j�A�O�@RL @R[�O C1j�j|f�@BfhL1_DCXi9@REZCX_�QRfh@Bf�Lp_
@ROPE U QJfh_ @R[�O8? T+U L�j�OVi{I

4 8 12 16 20 24

Alpha

-0.7

-0.6

-0.5

-0.4

-0.3

M
om

en
t c

oe
ff

ic
ie

nt

Exp
BB
SA
SST
DM

������ � = 4 � 5 ��! 87948 /�-��;,�� �&% /&�)�"/;6 � %+��!C�;������� �"!$#��
/�-43��0����� ���1,�,��1��-

0.00 0.02 0.04 0.06 0.08 0.1

Drag Coefficient

2.5

3.0

3.5

4.0

4.5

5.0

L
if

t C
oe

ff
ic

ie
nt

Exp
BB
SA
SST
DM

������ � � �?!$/�� �4�;,�/�! %+��! �����;�����"!$#�� /&- 3�� �'��� ����,1*
,��1��-



0.0 0.5 1.0 1.5 2.0

Velocity Magnitude

0.00

0.05

0.10

0.15

0.20

0.25

n/
c

Alpha = 23, SA
Station 3
Station 5
Station 8

�������� � ) �"/�,�,1��3 5 ��,1��6<�1� #���!$�,�4,�� 8 %+��! /�,!��(�/"��=�� 3 ��*
��!$� ��8 ����� �������)!$#�� ��/�-43 � ��� � ����,�,1����-

/�� �0, ��(B/ � =.� 3 ����!$� ��8

� � �0, �B(�/ � ='� 3 � ��!$����8
������A� ���A��,���6$���7#0��/���-B���"9 3 �>6$��-��"��9B! 8 %+��! )+� ����3 ��, �
��� �������)!$#�� ��/�-43 � ��� � ����,1,��1��-

 eOVL U OV@BER}"\^[DCX_�N1O
�J[�O CF��fhihfh@{}"LX� @B[�O"Y�L�j�O�@RL ��EROWj|f Y @�@R[�O j�f c9OVEROV_�Y�O fh_�@R[�O

�DL�� DOVikj�j�A�O�@RLxC YR[�CF_�NpO�fh_w@B[�O[��CX��ERfhNpN1fh_�N�f�Q�O%(DC U f�_�OWj9I
dvfhN1A�EBO t�[ QR[�L��JQ ��ihLp@RQ^LF�g@R[�O �pADCX_�@Rfh@{} p 4 � `�j�O%�_�OWjxCFQ^@R[�O4 � � L1EJN1OPL U OP@RER} T+U fh_/A�Q3@R[�O64 � ��LpE NpOVL U OV@REB}��HI��J[�fhQHj�f � r
��OVEBOV_DY�O � CXQ Y�L U ��A�@ROWj ��L1EJCF_�NpihOVQ LX� CX@R@ZCpY#� LF� * ` t�[ `/CX_Dj ��t
j�OVNpEROVOPQW`9CF_DjxC KMOV}�_�L1ikj�Q^_�A U �DOPE LX� l,U fhihihfhL1_gI��J[�OeO%(���OVERf r
U OP_/@�CFi�j�CF@�C*�JCFQ3Cs~1CXf�ikCX��ihOg� L1EgQBOV~1OPEZCFi�L1@B[�OVE CX_�N1ihOVQyLX��CF@B@ZC1Y#�
CFQ[�^OVihi{I S L1@BfkY�O8@B[DCF@e@B[�O8O/(|��OVEBf U OV_�@e[DCFQe@��^L"~1CFihA�OPQ)CX@ t&[

j�OVNpEROVOPQ ( @B[�O�O%(��DOVEBf U OV_�@ZCXiy@ROVQB@RQ,��L1E�N1OVL U OV@BER}k�+��EBL�j�ADY�OWj@��^Lwj�f c9OVEROV_�@�j�CX@ZC ��L1fh_�@RQsIJ�J[�O�@REBOV_Dj LF� @B[�O8Y�L U ��A�@�CF@Bf�Lp_�Q
fhQ fh_xCFN1EBOVO U OV_�@F�Jfh@R["@B[�OeO%(��DOPERf U OV_�@ ( ��L1@B[wQB[�L��5NpOVL U OV@REB}T ��ERL�j�ADY f�_�N U L1ERO ihf � @8CF@�@R[�O U L�j�OVE�CF@BOwCF_�N1ihOVQ�LF��CF@B@ZCpY.�9`
CF_�j
N1OPL U OP@RER} � ��ERL�j�ADY OVQ U L1ERO ihf ��@8CX@ @R[�Ox[�fhNp[�OVE CF_�Npi�OPQ
�J[�O]?�?��;CX_Dj�? T YVCXi Y A�ikCF@RfhLp_�Q ��ERL�j�A�Y�O�@R[�O��DOPQR@W�@W�Jf�@B[
@R[�O�O/(|��OVEBf U OV_�@ZCXi�j�CX@ZC�I

8 12 16 20 24

Alpha

-0.10

-0.05

0.00

0.05

0.10

0.15

D
el

ta
(L

if
t C

oe
ff

ic
ie

nt
)

Experiment
BB
SA
SST
DM

���� �>� ���,�/,� ��/,��6"(B/&-B����� 4 ��� ��� * 4 ��� ���
KJOP}/_�L1ikj�Q S A U �DOVEJGvc9OWY�@BQ
dvfhN1A�EBO t � QR[�L��JQ�C"��i�Lp@�LF�J@R[�O"j�f c�OVEBOV_DY�Oxfh_ @R[�O ihf ��@�Y�L rO%$wY�fhOV_�@e��OV@�� OPOV_]@B[�O KJOV}�_�Lpi j|QH_�A U ��OVEHLX� l�U fhihihf�Lp_"CF_Dj q

U fhihihfhLF_ ��LpEJN1OVL U OV@BER} T I��J[�O8Y L U ��A�@ZCX@RfhL1_�Q��^OVEBO U C1j�O���LpE&�A�QB@J@R[�O)��L1A�EHCX_�N1ihOVQJLX� CF@R@�C1Y#�"LX� * ` t�[ ` tsl `�CF_�j ��t j�OVNpEROVOVQsI
\^L U ��A�@�CF@RfhLp_�Q3CF_Dj�@B[�OHO%(���OVERf U OV_�@3QR[�L�� @R[DCX@3@R[�O leU fhihihfhL1_
YVCXQRO���EBL�j�ADY�OVQ U LpEROHihf ��@sI
\^L U ��A�@Bf�_�N��Jf U O
�J[�O"Y�L U ��A�@Rfh_�N"@Bf U O�A�@Bfhi�f��VOsj���} @R[�O"Y�L�j�O ~1CXERfhOVQ�QBL U O r

�J[DCX@���ERL U Lp_�Ox@RA�EB��A�ihOV_DY O U L�j�OVi^@RL
@B[�OxL1@B[�OVEWI��J[�Ox�O�
CF_�j"? T+U L|j|OVihQ3[DCs~1OeC�QBfh_�N1ihO�j|f c9OVEBOV_�@RfkCFi9O��pADCX@RfhL1_o�J[�OVEBOWCFQ
@R[�O&?�?|� CF_�j �ea�[DCs~pO]@��^L j|f c9OVEBOV_�@RfkCFi�O��1A�CF@RfhLp_�QWI �J[�O
?�?�� U L�j�OPigY�L1_�~1OPERN1OPQ���OVQB@*�J[�OV_ tWn ihfh_�O r EROVikC�(DCX@RfhL1_ Q#� OVOP��Q
CFEBO8A�QROWj
j�A�ERfh_�N"Lp_�O�f�@BOVEZCX@RfhL1_v`D@B[�O L1@B[�OVEBQ��^L1E#����OVQR@[�J[�OV_
L1_�i�} � Q.�^OVOV��Q CFEBO8A�QBOWj9I,�J[/A�Q�@B[�O"?�?�� U L�j�OViv@ZC&�1OVQ U LpERO
@Rf U O��DOPE8fh@ROPEZCF@BfhL1_gI"dvfhN1A�ERO t * QB[�L��JQ�@R[�O U C�(�f U A U EROPQRfkj r
ADCXi�LF�g@B[�O U OWCF_ �DL���O��pADCF@BfhL1_�Q3~pOVERQBA�Q^f�@BOVEZCX@RfhL1_ _�A U ��OVEv��LpE
N1OPL U OP@RER} T CX@ ��t j�OVNpEROVOVQ"CX_�N1ihO r LF� r CX@R@ZCpY#��I,�J[�OVEBO"CFERO _�A r
U OPERL1A�Q8LpQZY�fhihikCF@RfhLp_�Q8L�YVY A�EREBf�_�N
f�_ @R[�O EROVQBf j|ADCFi{I��J[�OVQBO]CFEBO
j�A�O,@RL @R[�O���OV[DCs~�fhL1EHCX@J@R[�O �VL1_DCXigfh_�@ROVE � C1Y OVQ�CXQJf�_|��L1E U CF@BfhL1_
@RE�Cs~1OVihQ �DOV@��^OVOV_!�VLp_�OVQW`eCFQo� OPi�ieCFQ @R[�Ox�{C1Y�@ @R[DCX@"@R[�O��DL��
@ROP_Dj�QJ@RL���O�A�_�QR@BOWC1j�}xCF@^@R[�Oe@B[�fkY.� @BEZCXf�ihfh_�NeOWj�NpOeLF��@B[�O,��CF�vI
�J[�fhQ3A�_�QR@ROsC1j�fh_�OVQBQ YPCFA�QBOVQJ@R[�OJ[�f�Np[ r ��ERO��pA�OP_DY�} L1Q�Y�fhihi CX@RfhL1_�Qgfh_
@R[�O�ihf � @HCFQJfh@�Y�Lp_�~1OVEBN1OVQ�@RLwC�QB@ROWCpj�} r QB@ZCX@RO CFQ�YPCF_x�DO�QROPOV_�fh_
dvfhNDI tWl Iy�J[�O�QBL1ihA�@Bf�Lp_�QJCFERO�Y�Lp_�QRfkj�OPEROWj Y�L1_�~pOVERNpOWjo�J[�OV_x@R[�O
U C (�f U A U EBOVQRfkj�A�CFi�[DCXQ3j�ERLp���DOsj�LF~1OVE q L1E�j�OVERQ LF� U CFNp_�fh@RADj|O



CF_�j�@B[�OJihf � @ Y L/O/$wY�fhOV_�@3[DCFQ3Y�Lp_�~1OVEBN1OWj�@RL m QRfhN1_�fM�YPCF_�@3j�fhN1fh@RQsI
�J[�O�� ��CF_�j
? T ERA�_�Q [DCs~1O U OV@e@R[�fhQ8Y ERfh@ROVE�C fh_ [pn1n fh@ROPEZC r
@RfhLp_�QW`h�J[�f YB[�EBO��pA�fhEROWj t&[ U f�_�A�@BOVQHLX� \ � u.@Rf U O�Lp_&C \^EZCs}
\ l1n p LpE � � U fh_�A�@ROPQ3L1_�C�\JK T���� a � qVI��J[�O�?�?��+CF_�j"�ea@ZC&�1O�ihL1_�NpOVEH@BLbj�C U �xLpA�@e@R[�O�L1Q�Y�fhi�ikCX@RfhL1_�Q�fh_�@R[�O�ihf ��@�Y�L�O%$ r
Y�fhOV_�@WI^�J[�OP}wOsC1YB[�@ZC&�1O lpn1n fh@ROVE�CF@RfhLp_�QH@BL EROWCpYR[ Y�L1_�~1OPERN1OP_DY�O
fh_ @R[�fhQJYVCFQBO1I3�J[�f�Q ERO��pA�fhEROsj op�eU fh_�A�@BOVQyL1_wC,\JK T�� \ lpn ��LpE
@R[�O ?�?|� U L�j�OPi `�CF_Djb@R[�O"�ea YVCXikY�A�ikCF@Bf�Lp_xA�QROWj � � U f�_�A�@BOVQLF�3\JK T�� \ l1n \ � u%@Rf U O1I

8 12 16 20 24

Alpha

-0.025

0.000

0.025

0.050

0.075

0.100

0.125

D
el

ta
(L

if
t C

oe
ff

ic
ie

nt
)

Experiment
BB
SA
SST
DM

�������� ���0��#.-��;, 3�80-�9�� � ��!��-� ��6$� � 4 � � �0����� 9 tsn y �
* 4 � � � �'� � 9JtWn y �

0 200 400 600 800 1000

Iteration Number

-3

-2

-1

0

1

2

3

4

5

6

10

10

10

10

10

10

10

10

10

10

M
ax

im
um

 R
es

id
ua

l

BB
SA
KO
DM

������ �,����/��.��� 9�� !$��87� 3 9B/&, 5 � ! 8 948?�1�"��!$/��)����- - 9B��*
� ��!��

0 200 400 600 800 1000

Iteration Number

3.6

4.0

4.4

4.8

C
l

BB
SA
KO
DM

��1� �>�,� 4 � 5 � ! 8 948>���"� !$/&�)���;- -�9�� � ��!��

?�A U"U CXER}8CX_Djx\^L1_DY i�A�QRfhL1_�Q

\^L U ��A�@�CF@RfhLp_�Q�LF��@B[�Oo�DL�� LF~pOVE"C @R[�EROVO r OVihO U OV_�@wCFfhE ��L1fhi
�^OVEROHYVCXEREBf�Osj�L1A�@+�Jfh@R[ CF_ fh_DY�L U ��EBOVQRQBfh��ihO3~�f�Q�Y�L1A�Q+�DL�� QBL1ih~1OPE
CF_�j�LF~pOVERQBOV@8NpERfkj�QsI d�L1A�E)j|f c9OVEBOV_�@8@BA�ER��A�i�OP_DY�O U L�j�OVihQ*�^OVERO
A�QBOWj ��LpE OWC1YB[5Y�L U ��A�@�CF@RfhLp_DCFiJYVCFQBO1I5�J[�OwQBA�E{�{C1Y�O�4 � j�CF@�CQR[�L��JQJ~1OVEB}wihfh@R@BihO�j�f c9OVEROV_�Y�O8fh_ @R[�O[��L��5QRLpi�A�@RfhL1_�QJLX��OWCpYB[�LF�
@R[�O U L�j�OVihQsI9�J[�O3~pOVihL|Y f�@{}e��EBL�DihOVQyj�LHEBOV~1OsCFi�QRL U O3j�f c�OPEROV_DY OVQ
fh_ @R[�O�Y�L U ��A�@ZCF@BfhL1_�Qs`F�DCFEB@RfkY�A�ikCXERih}8fh_ @R[�O�QR��EBOWC1j�fh_�N E�CF@BOVQJLF�
@R[�O;�JC��pO�EROVNpfhL1_�QxLF��@B[�O �DL���I.�J[�O&? T U L�j�OPi�CF���DOWCXEROWj
@RL
[�Cs~1O"@B[�O U L1QR@�C U LpA�_�@�LF� U fM(�fh_�Nxf�_ @R[�O'� C&�1OVQs`F�J[�fhihO
@R[�OH?�?�� U L�j�OVi�Y�Lp_�QRfhQB@ROV_�@Rih}�QR[�L��^OWj�@B[�OHNpEROWCX@ROVQB@ C U L1A�_/@vLF�
~1OPi�L�Y�fh@{}
j�O���OsY�@8fh_
@B[�O��JC��pOVQWI�d�L1Ee@R[�O U LpQR@e�DCXER@�@R[�O ��EBO r
j�fkY�@Bf�Lp_�QJLF�^@R[�O8? T `D?�?���`DCX_Djk�O� U L|j|OVihQHCFERO,QRf U fhikCFEsIy�J[�O
�ea U L�j�OVigfhQe@R[�O i�OsCFQR@ U CF@RA�ERO�LX� @B[�O U L�j�OVihQ�CX_Djk�JfhihigEBO r
�pA�fhERO���A�EB@R[�OPE�j�OV~pOVihL1� U OV_�@WIv�J[�O8Y�LpEREBOWY�@H@BEROV_�j�Qef�_ ihf � @ �^OVERO
��EBOWj�fkY�@ROsjx��LpEHYB[DCF_�NpOVQHfh_x@R[�O[��CF�xN�CF��CF_Dj fh_x@R[�O�KJOV}�_�Lpi j|Q
_�A U ��OVE���} CFihi^@R[�O U L�j�OPi�QsI �J[�Ow? T U L�j�OPi �JCFQ�@R[�OxLp_�ih}
L1_�O @RL�QB[�L�� CxQR@�CFihi3��OV[DCs~�fhL1E���OVihL�� CF_ CF_�N1ihO8LX��CF@B@ZC1Y#� LF�
�1q j�OVNpEROVOPQW`�@R[�fhQ U Cs}��DO�j�A�O�@BL8fh@BQJ@REROsCF@ U OV_�@ LX��@BEZCF_�QRfh@RfhL1_vI
z{_ NpOV_�OVE�CFi{`^@R[�O�j�f c9OVEROP_DY�O���OV@��^OVOV_5@B[�Ox��EROWj|f Y @RfhL1_�Q LX�H@R[�O
j�f c9OVEROV_�@ U L�j�OVihQ*�JCFQeihOVQRQ,@R[DCX_]@B[�O"j�f c�OPEROV_DY O"��OV@�� OPOV_
@R[�O
Y�L U ��A�@�CF@Bf�Lp_DCFi�CF_Dj O%(���OVERf U OP_/@�CFigj�CX@ZC�I
�J[�O U LpQR@�QBfhN1_�fM�YVCX_�@ j�f c9OVEROP_DY�O���OV@��^OVOV_5@B[�O�Y�L U ��A�@ZC r

@RfhLp_DCFi�EROPQRA�ih@RQJCF_�j�@B[�OJO%(��DOPERf U OV_�@�CFiDj�CX@ZC�fhQ3fh_8@B[�OJQRikCX@w�JC��pO
CF@,@R[�OxihL�� OPE8CF_�NpihOVQ�LF��CX@R@�C1Y#�9I]�J[�O"N1EBfkj EROVQBL1ihA�@RfhLp_
QR@RA�j�}
QR[�L�� OWj�@B[DCF@y@B[�fhQ j�f c�OPEROV_DY O�j�fkj,_�L1@3j�OWY EROWCXQRO[�Jfh@R[�f�_�Y�EROWCXQROWj
N1EBfkj EROPQRL1ihA�@BfhL1_gI - L�� OV~pOVEW`�C�j�f c9OVEROV_�@JNpERfkj @BL1��L1ihL1Np} CXERL1A�_Dj
@R[�OJA�_Dj�OVEBQRfkj�OJLX��@B[�OJQRikCF@ U Cs}H[�OVih�"Y�Lp_DY�OV_�@BEZCF@BO U L1ERO �DLpf�_�@BQ
fh_"@B[�OeQR[�OWCXEHikCs}1OPE LX��@R[�O�QBOV�DCXEZCF@BOWjxEBOVN1fhL1_xLX��@R[�f�Q �DL���`�CX_Dj
U Cs} f U ��ERLF~pOH@R[�O�EROVQBA�ih@RQsI��5fh@B[w@B[�O�EBOVQRA�ih@BQ���EROVQBOV_�@ROWj @B[/A�Q
� CXEW`pf�@yfhQ3}pOV@ @BL���OHj�OV@ROPE U fh_�Osj�f �g@B[�OHj�fhQZY EROV�DCX_DY�} f�_�@R[�OHQRikCX@
�JC��1O fhQ Cx��EBL1��ihO U �Jfh@R[ @R[�O @RA�EB��A�ihOV_DY�O U L|j|OVihQW`)�Jf�@B[
@R[�O
N1EBfkj @RLp�DLpihL1N1}�`pL1EJQRL U O�L1@R[�OVEJ� CpY�@RLpEWI
 efh~1OP_8@B[�O�Y�L U ��ihO%(�fh@{}�LX��@B[�O U A�ih@Bf r OVihO U OV_�@gCFfhE{��Lpfhi�N1OVL U r

OV@BER}]CX_Djx@R[�O8QBA�EREBL1A�_Dj|f�_�NW�DL��!DOPi j `Dfh@,� LpA�ikj"��Od�Jf�QBOVQR@e@BL
��EBL|Y OVOWjd�Jfh@R[,��A�EB@R[�OVE3j�OP~1OVihL1� U OV_�@�CX_Dj,@RA�_�fh_�N�LF�D@B[�OJ@RA�ER��A r
ihOV_DY�O U L�j�OVihQg�DCXQROWj,A���L1_�QRf U ��i�OPEg��A�fhikj�fh_�N r ��ihL�Y#���DL�� �OVikj�QWI
�J[�fhQF�Jfhihi���OH@R[�OHj�fhEROWY�@BfhL1_"LX� �^L1E#�8fh_ @B[�OHf U"U Osj�fkCF@RO ��A�@RA�ERO1`
�J[�fkYB[ �Jfhihi3fh_DY�ihADj�O @BOVQR@Bfh_�N
@R[�OxY�A�EBEROV_�@ @RA�ER��A�ihOV_�Y�O U L�j�OVihQ
CFN�CFfh_�QB@8Lp_�N1Lpf�_�N�O%(��DOPERf U OV_�@BQ8fh_�~1Lpi�~�fh_�No�DL�� LF~pOVE C�QBf�_�N1ihO



CFfhE ��L1fhi9CF_Dj�@R[�O,�DL��5LX� Cd�JC��pOH@R[�ERL1A�N1[�CF_xC1j�~pOVERQBO���EROPQRQRA�ERO
N1E�C1j�fhOV_�@sI

T Y#��_�L��JihOWj�N1O U OV_�@RQ
�J[�O]CXA�@R[�L1ERQo� LpA�ikj i�f��pOw@BL CpY.��_�L��JihOWj|N1Ox@R[�O O%(�@ROP_�QRfh~1O

[�OVih�xN1fh~pOV_x�/}x��EWI � [�fhi�fh����O�?��DCXi CXER@Jfh_"@B[�O8CX����ihfkYVCF@Bf�Lp_wCX_Dj
@ROPQR@Rfh_�NeLX�|@B[�OJ? T @BA�ER��A�i�OP_DY�O U L�j�OPi I��J[DCX_g��Q�CXEROJCFihQRLHj�A�O @BL
��EWI^KJfkYB[DCFE�j�� OWC U CX_Djx�HEsI3�eCs~/fkj �HEBfh~1OVE^��LpEJ@R[�OPf�E�[�OVih����A�i
j�fhQZY A�QRQBf�Lp_�Q�CX_Dj EBOV~�fhO
�JQHLX� @B[�fhQJ�DCF��OVEsI

KJO���OPEROV_DY OVQ
j T  T K���\ �vr{mDtWq ( � ERL�Y�OPOWj�fh_�N1Q LF��@R[�O � t QB@ T  T K��dy� � ?|} U �DLpQRfhA U L1_ - fhN1[ r n f � @ ?�}�QB@RO U T OVEBL�j�}�_DC U f Y QW`

�^CF_�c3` T i���OVEB@ZC�`f�eY�@WI tWl1lp� I
l � ERL�Y�OVOsj�fh_�N1Q�LX�8@R[�O&dvf ��@R[%?�} U ��L1QRfhA U L1_ S A U OVERfkYVCXi

CF_�j � [�}�QRfkYVCXi T QR��OWY�@RQ�LF� T OVERL�j�}�_DC U fkYJdvi�L��JQs` n L1_�NW� OWC1YB[g`
\JCFihf ��LpER_�fkC�` -/CF_vI tWl1lp� I
s]KML1N1OPERQW`�?9I GJIh`�� � ERLpN1EBOVQRQxz{_ - f�Np[ r n9f ��@ T OVEBL|j|}/_�C U fkY

\JCFikY�A�i CX@RfhL1_�QW` � T z T�T�� CF��OVE lposrRn�tWlXm ` -/CX_gI tWlpl1o I
u T _Dj�OVEBQRLp_g`X��I���I�CF_Djo�3Lp_�[DCXA�QW`���I�n3Ih`�� S Cs~�fhOVE r ?�@BLL�1OPQ

\^L U ��A�@�CF@RfhLp_�Q�CX_Dj
G)(��DOPERf U OV_�@�CFi \^L U �DCXERfhQRLp_�Q���L1E8abA�ih@Rf r
OVihO U OV_�@ T f�E ��L1fhig\^Lp_�DN1A�EZCF@BfhL1_�Qs` � T z THT�� CF��OVE l1o r n@[Fm/q `-/CX_gI tWlpl1o I
v
\^[�fh_g`2�8Ih` � OP@ROVEBQW` ��I�`e?��DCXfkj9`�d^Ih`eCF_Dj+a�YA e[�OVO1`�K,Ih`

�ZdvihL��ODOVikj
axOsCFQRA�ERO U OV_�@RQ T ��L1A�@"C]axA�i�@Bf r GyihO U OV_�@ T fhE ��L1fhi
CF@ - f�Np[&KMOV}�_�L1ikj�Q S A U �DOPERQW` � T z T�T � CX�DOPE l1o r o�tWo � ` -1A�ih}�`tWlpl1o I
yHKML1NpOVERQs`/?9I�GMI�`@�5fhih@R��OVERNpOVEW` S Ign Ih`1CF_Dj��,� C&��`���Ih`���G)$ r

Y�fhOV_�@ ?�f U A�ikCX@RfhL1_eLF�9z{_DY�L U ��EBOVQRQBfh��ihO �HfhQZY�LpA�QJdgihL��>�H~pOVEJ?�fh_ r
N1ihO CX_Dj�axA�i�@Bf r GyihO U OV_�@ T fhE{� L1fhihQW` � T z THT � CF��OVE l1� r nXm/n1q `'-�CF_gI
tWlpl1� I T ihQRL�CF���DOWCXERQefh_��@�
	�����������Q
��Q�{`�� L1i{I opn ` S LDI q `����gI� o@[�� � m/o `/?|OV��@WI tsl1lpo I{JKJLpN1OVEBQW`1? I1GJI1CX_Dj��,�JC��9`1��Ih`�� T _"uM���Jf�_�j8��f c�OPEROV_DY f�_�N
?�YB[�O U O^��L1E @R[�Oe?�@ROWCpj�} r ?|@ZCF@BOHz{_DY L U ��EROVQBQRfh��ihO S Cs~�fhOVE r ?�@BLL�1OPQ
GF�pADCX@RfhL1_�Qs` ����	������ 
��	�� 
!"! �#� �%$'&(��)2�����*�L
 �
+ 
&�*, �-)2
&���.��/V`
�3Lpi I * ` tsl1l�t `p���gI m�o��X[Fm I

| KML1NpOVERQs`3?9I3GJIh`0�,� C&��`3��Ih`yCF_Dj1�HfhEBf�Qs`3\eIh`2� S A U OVERfkYVCXi
?�Lpi�A�@RfhL1_eLF��@R[�O^z{_DY�L U ��EBOVQRQBf���i�O S Cs~�fhOVE r ?�@RL��1OVQ3GF�pADCX@RfhL1_�Q9��LpE
?�@BOWC1j�} r ?�@ZCX@RO CF_Djb�Jf U O r �HOP�DOV_�j�OV_�@ � EBL1��ihO U QW` � T z T�T � C r
��OVE *plsrRnFm [1o ` -/CX_�ADCFEB}/` tWl *1l I�?|OVOwCXi�QBL324526�@�k`�� L1i{I �1l `
S L�I m ` tsl1l�t `1���gI [1npo�� [�tWn I� � CXikj��Jfh_g`g�HI�CF_Dj��^CFEB@R[g`���I�`7� T ��_�O r GF�pADCF@Bf�Lp_x��A�ER��A r
ihOV_DY�O �yEZCF_�QR��L1ER@ axL�j�OVi ��LpE - fhN1[ KMOV}�_�L1ikj�Q S A U ��OVE � CXi�i r
� L1A�_Dj|OWj�dvihL��JQW` � SJT ? T �Ha tsn1�/*Xm � ` T A�N�I tWlpl1n Ij�� ?��DCXi CXER@s` � I/K,I1CF_�j T ihi U CFE�CFQs`W?9I�K�Ih`8� T ��_�O r GF�pADCF@Bf�Lp_
�yA�ER��A�ihOV_DY�O axL�j�OViy� L1E T OVERL�j�}�_DC U fkYedvi�L��JQs` � T z T�T � CF��OVE
l1� r nXm/opl ` -/CF_vI tWl1lp� I
j%j ��A�EB��fh_g` � I T Ih`/a�CX_�QRLpA�EW` S I S Ih`�CF_Dj � CF_�N�`�9yIh`7��G3j�j�}

~�fhQZY�LpQRfh@{} �yEZCF_�QR��L1ER@JaxL�j�OVi ��L1E ��A�ER��A�ihOV_�@HdvihL���` ��@BL"CF����OWCXE
fh_;:0,�<�/��.��/�	��>=T�#���.$�/VI

j l �5fhi Y L�( `���I�\eIh`7�ZaxA�ih@Bf�Q�YVCFihOeaxL�j�OVi9� L1EJ�yA�ER��A�ihOV_�@
dvihL��JQW` �324526�@�k`�� L1i{I �@[ ` S L�I t1t ` S LF~pO U ��OVE tWl */* `9���gI
tWo�t1t?��tWop�1n I
j s"axOV_�@ROPEW`3d^IgK�Ih`
��9�L1_DCXi3���^LbG �1A�CF@RfhLp_ � � �+��A�ER��A r

ihOV_DY�O axL�j�OVihQ���L1E T OPERL�j�}�_DC U fkY"dvihL��JQW` � T z T�T � CX�DOPE l1o r
�1lpn7[ `/-pA�ih} tWlpl1o I
j u8axOV_�@BOVEW`gd^I9K�Ih`@� � OVE{� L1E U CF_DY O�LF� � L1��A�i CXEH�yA�EB��A�ihOV_DY�O

axL�j�OVihQyd�LpE T @R@ZCpYB[�OWj�CF_Dje?�OV��CFEZCX@ROWj T j|~1OVEBQRO � EROVQBQRA�EBO* eEZC r
j�fhOV_�@�dvi�L��JQs` � T z T�T � CX�DOPE l�t r t � *Fm ` -pA�_�O1` tsl1l�t I�?�OVO"CXihQRL2452A�@�k`��3Lpi{I opn ` S L�I * ` T A�NDI tsl1l1� `1���gI �pn7[7[B�|�pn � � Ij vxaxOV_�@ROVEs`Hd^I K,I�`��Bz{_��DA�OP_DY�O LF�)d�EROPOVQR@BEROWC U � CFihA�OVQ Lp_
�d� �5�yA�EB��A�ihOV_DY�O"abL|j|OVi � EROWj|f Y @RfhL1_�Qs` �C>4D>E�@�k`&�3L1i{I o1n `
S L�I [ Ih`�-1A�_�O tWl1lp� `����vI t�[1q � �9t�[1qpl Ij y -pL1_�OPQW`��I � IFCF_�j nvCFA�_Dj|OVEW`L��I1GJIh`��R�J[�O \JCXi Y A�ikCF@RfhLp_�LF�
n9L���KMOV}�_�L1ikj�Q S A U ��OVE � [�OV_�L U OV_�Cd�Jf�@B[]C ���^L r GF�pADCX@RfhL1_
axL�j�OVi9LX�g�yA�ER��A�i�OP_DY�O1` ��4�� � �(�@�GF �Q
&�7+ 
�/�/�HI�Q
J��/��*� `$�3L1i{I t�[ `
tWl � o `1���vI t1t1tslsrVt1tso1n Ij {�KJLpN1OVEBQW`e?9I GMI CX_Dj � A�i�ihfkC U `3��I - Ih`K� T YVY�A�E�C1Y�}+Gy_ r
[DCX_DY�O U OV_�@RQe��LpE ��~1OVEBQROV@� )ERfkj�Q8uMQRfh_�N]Cx��O���OWY @ \^LpEREROsY�@RfhL1_
T ����ERL�C1YB[g` � T z T�T�� CX�DOPE lFmFrRn1qp�1o `/-�CF_gI tsl1lFm I

j |J~1CF_"�eC U `1\eI � I1CF_Dj S f��p��OV@BEZCF@s`���Ih`G� T YPY�A�EZCX@RO � EBOWj�fkY r
@RfhLp_8LX����EZCFN�uMQRfh_�N�GyA�ihOVE3axOV@B[�L�j�QW` �L�@��	��M��������Q
��Q�{`7�3Lpi{I �1l `
S L�I o `�a�Cs} r -1A�_�O tsl1lp� `����gI q�t�[B�|q�tsl I


