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TITLE OF PROPOSED RESEARCH:

1. CATALOG OF FEDERAL DOMESTIC ASSISTANCE #

2. CONGRESSIONAL DISTRICT:
     Applicant Organization’s District:
     Project Site’s District:

3. I.R.S. ENTITY IDENTIFICATION OR SSN:

4. AREA OF RESEARCH OR ANNOUNCEMENT TITLE/#:

5. HAS THIS RESEARCH PROPOSAL BEEN SUBMITTED 
     TO ANY OTHER FEDERAL AGENCY?
                  YES                 NO

PLEASE LIST

6. DOE/OER PROGRAM STAFF CONTACT (if known):

7. TYPE OF APPLICATION:
         New                                 Renewal
         Continuation                    Revision
         Supplement

NOTICE FOR HANDLING PROPOSALS
This submission is to be used only for DOE evaluation purposes and this notice shall be affixed to any reproduction or abstract thereof. All Government and non-Government personnel handling this 
submission shall exercise extreme care to ensure that the information contained herein is not duplicated, used, or disclosed in whole or in part for any purpose other than evaluation without written 
permission except that if an award is made based on this submission, the terms of the award shall control disclosure and use. This notice does not limit the Government’s right to use information contained 
in the submission if it is obtainable from another source without restriction. This is a Government notice, and shall not itself be construed to impose any liability upon the Government or Government 
personnel for any disclosure or use of data contained in this submission. 

PRIVACY ACT STATEMENT
If applicable, you are requested, in accordance with 5 U.S.C., Sec. 562A, to voluntarily provide your Social Security Number (SSN). However, you will not be denied any right, benefit, or privilege 
provided by law because of a refusal to disclose your SSN. We request your SSN to aid in accurate identification, re erral and review of applications for research/training support for efficient management
of Office of Science grant/contract programs.
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      NAME

      TITLE
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      PHONE NUMBER

SIGNATURE OF PRINCIPAL INVESTIGATOR/ PROGRAM DIRECTOR
(please type in full name if electronically submitted)                                    

Date

PI/PD ASSURANCE: I agree to accept responsibility for the scientific conduct of the project and
to provide the required progress reports if an award is made as a result of this submission. Willful 
provision of false information is a criminal offense.  (U.S. Code, Title 18, Section 1001).
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           Indian Tribal Govt.           
           Other                              
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               Small Business          
                Women-Owned          

9. CURRENT DOE AWARD # (IF APPLICABLE):

10.WILL THIS RESEARCH INVOLVE:
      10A.Human Subjects                         No              If yes        
             Exemption No.                                                                            or
             IRB Approval Date
             Assurance of Compliance No:
      10A.Vertebrate Animals                      No              If yes
              IACUC Approval Date                                                                or
              Animal Welfare Assurance No:

11. AMOUNT REQUESTED FROM DOE FOR ENTIRE 
      PROJECT PERIOD $

12. DURATION OF ENTIRE PROJECT PERIOD:
                                       to
            MM/DD/YY                   MM/DD/YY

13. REQUESTED AWARD START DATE
                                                                   
            MM/DD/YY

14. IS APPLICANT DELINQUENT ON ANY FEDERAL DEBT?
           Yes (attach an explanation)           No

16.ORGANIZATION’S NAME
     ADDRESS

     CERTIFYING REPRESENTATIVE’S  
     NAME 
     TITLE
     PHONE NUMBER

SIGNATURE OF ORGANIZATION’S CERTIFYING REPRESENTATIVE
                                     

Date

State Govt.
Hospital
Individual
Inst. of Higher Educ.

Disadvan. Business
8(a)

81.049

(please type in full name if electronically submitted)

CERTIFICATION and ACCEPTANCE: I certify that the statements herein are true and complete
to the best of my knowledge, and accept the obligation to comply with DOE terms and conditions
if an award is made as the result of this submission. A willfully false certification is a criminal offense.
(U.S. Code, Title 18, Section 1001).
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QSR6T�R6UWVXR6TZY/[STZ\6T�]/V_^a`�b_Ydc�Ue`*]df&^gYZh6[iR6T*c#bXY@[ST�\OT�]dV_TZ[iUW`	j8f_]@[iUW`�keTZYlUe\#[iR6T<m�\6UWn_T�]dY/T_h6R6fon_Tpf_\abX]dUWVXUe\
q R6UW`rRs]/T�c#f_Ue\OYtf q UeuOTvbXjwT�\yx2z6T�Y@[iUeb_\6Y Ue\{j6f_]/[dUe`�kWTvf_Y@[i]/bXj6R|^NYdUe`ZY�}{~gUe\6`ZT
�o�X�|�Nh q R6T�\y[iROT��8]dY@[
`�b_Ydc�Ue`���]if&^�TZnXTZ\|[ q U�[iRyf_\yT�\OT�]dV�^Gf_j6jO]db|f_`rROUe\6Vy�o�_����T�� q f_Y�bX�OYdT�]@nXTZuKf�[ �Db_ke`&f�\6b
��f_\6`rRL���&��h
bX\6k�^�f�R6f_\6uO��z6k�b_��YdUec�Uekef_]dk�^pT�\6TZ]dVXT�[iUe`�TZn_T�\|[iYSR6fon_T*�wT�TZ\vu6TZ[dT�`�[iT�u q bX]/keug� q Ueu6T�h|[iR6T�c�f��gUWctz6c�[db
u8f�[dT ]dTZj�bX]@[iTZu�f�[p O¡¢�#£y�o� ��� TZ�)¤/�¥���¦���¨§©�«ª�}�¤¬QSR6f�[&­¨Ypf_��b_zO[p§_�a®_b_z6keTZY°¯±fvuOT�`�TZ\|[p[dT�\6\OUeY�YdTZ]/n_T�b_]
jwT�]dY/bX\ q f_kW²NUW\6V�¯³��bX]�f�Y/Ue\6V_keTSj8f_]@[iUW`�keT�}´ªµ~gz6�6Y@[rf_\|[iUef_k8j6]/bXVX]dTZYdY.R8f_Y.��TZT�\#c�f_uOT�UW\�z6\6u6TZ]dY/[if_\6u6UW\6V
[iROT	\8f�[dz6]dT�b_�L`�bXY/c#UW`*]dfo^NYlb��¶]dTZk«f�[dUWnXTZkW^�c�bgu6TZY/[4T�\6TZ]dV_^�¤¬�wTZ^_bX\6u�f_�wbXzO[*�o�N·¬¸lT��<ªAkWT&f_u6UW\6V�[dbµ[iROT
jwbXYdY/Ue�6UWkeUW[�^�[dR8f�[¹[dR6TSR6UWVXR6T�Y@[�T�\OT�]dV�^ j6]dUWc�f�]/^pj8f_]@[iUe`ZkeTZYS¤¬�wTZ^_bX\6u�f_�wbXzO[S�&�N·¬ºDTZ�<ªIR8f&nXT�f_\ T�\|[dUe]dTZkW^
u6U�»>TZ]dT�\|[*j6R|^gY/Ue`�f_k�b_]dUeV_Ue\�}AQSR6Tµ\8f�[iz6]/Tµb_�¹[dR6T�Y/TµR6UWVXR6TZY/[	TZ\6T�]/V_^+j8f_]@[iUe`ZkeTZY�hwf_\6u+[iR6T�c#TZ`rR8f_\6UWYdc�Y
�|^ q ROUe`rR¼[dR6TZ^½f_`ZxNzOUe]dTZu�YdzO`rR�[i]dTZc#TZ\6u6bXzOY	T�\6TZ]dV_^_h>]/T�c#f_Ue\½f_Y*c�^gY@[iTZ]dUeb_z6Y�[dbgu8f&^+f_Y q R6T�\�[dR6TZ^
q T�]dT<�8]/Y/[�bX�6Y/T�]/n_T�u�}
QSR6T	¾8zg�vb_�L`�b_Ydc�Ue`*]df&^gYlf_��bon_T �o� ·¬º TZ��UeY4T¿�N[i]dTZc#TZkW^#keb q ¯Àb_\�[iR6T*bX]du6TZ]lb_�LbX\OT	j8f_]@[iUe`ZkeT�j�TZ]

Ydx2z8f�]dT���²2Uekeb_c#T�[iT�]:jwT�]:^XT�f_] q U�[iR�[iR6T�YdjwT�`Z[d]dz6cÁ�¬f_kWkeUW\6V q UW[dR¼f_�wbXzO[�[iRO]dT�T�j�b q T�]/Y*b_�¹[dR6TpT�\6TZ]dV_^_}
QSR6UWY*UeY�UekWkez6Y@[i]df�[iTZu+UW\�Â%UWVXz6]/T#�Xh�Y/R6b q Ue\6Vaf�`�bXc�j6UWk«f�[dUebX\ab_�DT¿�gj�TZ]dUec�T�\|[if_kLc#T�f_Ydz6]/T�c�T�\|[iY�b_��[iROT
`�b_Ydc�Ue`���]if&^<u6U�»>TZ]dT�\|[dU«f_k2T�\OT�]dV�^�Y/j�TZ`Z[d]dz6cÃ�¨����}¹Ä�\OkW^<u6T�[iT�`�[ibX]/Y¹b_�8T¿�N[i]dTZc#TZkW^pk«f�]dVXTDYdUWÅ�T�h_[iR6b_z6Yif_\Ou6Y
b_�¶Y/x2z8f_]dT¿��²2UekWbXc�TZ[iTZ]dYZhg`�f_\vf_`Zx2z6Ue]/T	f�Y/UeVX\OUW�8`�f_\|[4\2z6ct�wT�]Ab_�¶T�nXT�\|[dY:f�[A[dR6T*ROUeVXR6TZY/[AT�\6TZ]dVXUWT�YZ}�QSR6T
j6]/bXj�TZ]/[dUeT�Y%f_\6utUW\6u6TZ\2[dUW�8`�f�[iUWbX\pb_�6[iROT4j6]/Uec#f_]/^<j8f�]/[iUW`�kWT�YIctz6Y/[%��TAUe\O��TZ]d]/T�u���]/bXcÆj6]db_j�TZ]/[iUWT�YIb_�8[iROT
f_UW]SYdR6b q T�]dY�[iR6T�^�Ue\6U�[iUef�[iT�}¹QSR6T�]/Tµf�]dT�[ q b�[iTZ`rR6\6UWxNzOT�Y q ROUe`rR�f�]dT�[�^Nj6Ue`�f_kek�^�z6Y/T�u�ÇAYdz6]@�¬f_`�Tpf_]/]if&^NY
b_��u6TZ[dT�`�[ibX]/Y�Ydf_c#jOkeT*[dR6T<k«f�[dT�]if�k�u6T�\OYdUW[�^vj6]db_�6keT�b_�I[iR6T<ctzObX\+f_\6u�T�kWT�`Z[d]dbXc#f_VX\OTZ[iUW`	`�b_c#jwbX\6TZ\2[dY
b_�w[iR6T�f_UW]@��Y/R6b q TZ]���]dbX\|[Af_YDUW[D`Z]dbXY/YdT�YD[iROT�VX]/bXz6\6u#f_\6u#f�[dc#bXY/j6R6TZ]dUe`l¾6z6bX]dTZYd`ZT�\6`ZT*u6T�[iT�`�[ibX]/Y q ROUe`rR
bX�6Y/T�]@nXT	[iROT*TZn_bXkezg[iUeb_\vb_�Lf_UW]AY/R6b q TZ]dY�¯È[iROT�Ue]SV_]db q [iRaf�\6uvYdzO�6YdTZxNzOT�\|[	f�[d[iTZ\2z8f�[iUWbX\N¯Àf_Y.[dR6TZ^#u6T¿�
nXTZkebXj>}aQSR6T�bX]/TZ[dUe`&f�kAz6\Ou6T�]/Y/[rf�\6u6Ue\OV¼b_�l[dR6T�j6]dbNu6z6`�[iUeb_\{f_\6u�j6]db_j8f_V|f�[dUebX\�b_�	�o� ��� T��Éj6]/Uec#f_]dUWT�Y
UeY*j6]dbX�OkeT�c#f�[dUe`tf�Y q TZkek�}�Êl[�[iR6TZYdT�T�\OT�]dV_UeT�YZh�[iR6T�`ZbXYdc�Ue`t]df&^gY<R8f&n_T#fvc�T&f�\���]/T�T j8f�[iR�keTZYdY	[iR6f_\
§_�#Ë½jw`	¯Àf�Y/R6bX]@[�uOUeY/[if_\6`ZT�bX\½f�`�bXY/c#bXkWbXVXUW`&f_k�Yd`&f�keT_}4Ì4bXY/c#UW`p]df&^gY�keb_YdT<T�\6TZ]dV_^�uOz6Tp[db#UW\|[iT�]df_`��
[iUWbX\6Y q UW[iRt[dR6T��g}¢Í_ÎÈ`�bXY/c#UW`4c�Ue`Z]db q f&n_TS�8f_`r²2VX]db_z6\6u�]if_uOU«f�[dUebX\µf_\6ut[iROTlÏ°�Ð�8f�`r²NV_]dbXz6\Ou�Ç¹j6]/b_[ibX\OY
j6R6b�[ib���j6]dbNu6z6`ZT j6UebX\OY�h�\2z6`ZkeT�U%j6R6b_[dbgu6UWYdUW\2[dT�VX]df�[iT�ngUef#[iROT VXU«f_\|[�uOUejwbXkeT�]dT�Y/bX\8f_\O`�T_hLj6ROb_[ibX\OY�j8f_Ue]
j6]/bgu6zO`�T�ÑoÒ�Ñ�ÓLhwf_\6u+bX\6k�^a\6T�zg[i]dUW\6bXY:j6]/bXj8f_V|f�[iT���]dTZT�kW^_}AQSR2z6YZh�U���[dR6T<R6UeV_R6T�Y@[�TZ\6T�]/V_^+`�bXY/c#UW`�]if&^NY
f_]/T�`ZbXYdc�bXkWbXVXUe`�f_k%UW\�b_]dUeV_Ue\�h�[dR6T�UW]pb_�6YdTZ]/nXTZu{T�\OT�]dV�^�YdjwT�`Z[d]dz6cÔUWYpT¿�gj�TZ`Z[iTZuÕ[ib½T��gR6UW�6UW[pf�`�zO[@��b_»
f_]/bXz6\6u�§�£{�o�2·¬º*TZ�µh>f�\¼TZ»�T�`�[	²2\6b q \
f_Y:[iROTtÖ�]dTZUeYdTZ\g�@×�f�[iYdTZj6Ue\N�°Î�z6Å_­¨c�Ue\�¤�Öp×�ÎpªS`ZzO[/��b_»Ð�¨ÍghwØ���}
Ì4bX\6Y/T�x2z6TZ\2[dkW^_h6[iR6T	Y/bXz6]/`�T�bX]AYdbXz6]/`�TZY�b��If_\|^�bX�OYdT�]@nXTZu��o� ��� TZ�Ù`ZbXYdc�Ue`�]if&^NY<¤¬b_[dR6T�]A[iR8f_\a\OT�zO[d]dU��
\6bXYiª:cµz6Y/[���T�]dTZk«f�[dUWnXTZkW^a\OT&f_]/�2^_h q U�[iR6UW\�§������o�X�#Ë½jw`_}SÚÕT�­¥kWk¶YdTZTµ[iR8f�[�[dR6T�]/Ttf_]/Tp��T q j�b�[iT�\|[dU«f_k
Ydb_z6]d`ZT�Y q UW[iROUe\a[iR8f�[:u6UeY@[rf_\6`ZT_}
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Ë½bNu6T�kWY:b_��[dR6Tpf_`�`ZT�kWT�]if�[iUeb_\ab_�¹j6]/b_[ib_\6YSbX]:\2z6`�kWT�U�[ib��o� ��� T���R6fon_T�jO]dbonXTZ\½nXTZ]/^�u6U�à�`�z6k�[S[ib�`�bX\N�
Y/[d]dz6`�[&}DÂ8T q Y/zOà�`�UWT�\|[ik�^#TZ\6T�]/VXTZ[dUe`�f_Y/[d]dbXjOR2^NY/Ue`&f�k�TZ\2nNUW]dbX\6c�T�\|[dY4keUWT q UW[iROUe\�[iR6T*f_kekWb q T�u#u6UeY@[rf_\O`�T_}
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Ï���j8f_]@[iUe`ZkeT#f_`�`ZT�kWT�]if�[iUeb_\{j6]dbN`�TZT�u6Y �|^�[iR6TaÂ8TZ]dc�UAY/R6bg`r²X��f_`�`ZT�keTZ]if�[dUebX\Gc�T�`rR6f_\6UeY/c � ���èh�U�}¨T_}�h�R6UeV_R
T�\OT�]dV_UeT�Ylf_]dT*f_`rR6UeT�nXTZu�[dR6]db_z6VXRa]dTZj�T�f�[iTZuaT�\6`ZbXz6\|[iTZ]dY q U�[iRvc�bongUW\6Vµc#f_VX\OTZ[iUWÅ�TZuvj6k«f�Ydc#f_Y�h2[iR6TZ\�f
c#f��gUectz6c f�[/[rf_UW\8f_�6kWT	T�\6TZ]dV_^�UWYSVXUWn_T�\��|^wÇ

ú
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Ï�\�[iR6UWY�T�x2z8f�[dUebX\�h����4UWY¹[iR6Tln_T�kWbg`ZUW[�^ b_�w[iROTSYdR6bN`r²�f_YdY/bg`ZU«f�[dT�u q UW[dR [iR6T:c�b©nNUW\6V�j6k«f�Ydc#fOh��*Ñ�UeY¹[iROT
`rR8f_]/VXT�b_�4[dR6T�f�`�`�TZkeTZ]if�[dT�u j8f_]/[dUe`ZkeT_h�� UeY	[iROT�f&nXTZ]if_V_T�c#f_VX\6T�[iUe`t�6T�keu Y/[d]dTZ\6V_[iR�Ue\
[iROT#j6kef_Ydc#fOh
f_\6u��KUWYl[iR6T�`rR6f_]if_`�[iTZ]dUeY@[iUW`�Yd`&f�keT�YdUWÅ�T<b_�I[iR6T<f�`�`�TZkeTZ]if�[dUe\6V ]/T�VXUWbX\�}DÂ%UWVXz6]dT�� UWkekWz6Y/[d]if�[dT�Y4[dR6T	�8T�kWu
Y/[d]dTZ\6V_[iR��Àn_T�]dY/z6Y�f_`Z`�TZkeT�]df�[iUW\6V�]dT�V_UebX\pYdUWÅ�T��¼��bX]LYdbXc�TAjwb_[dT�\|[iUef_k2f_Y/[d]dbXjOR2^NY/Ue`&f�kgf�`�`�TZkeTZ]if�[dbX]dY4�¦�&����}
Ä	� �/T�`�[iY���TZkeb q [iR6T�u6Uef_VXbX\6f_k>kWUe\6TZY�h6u6TZ]dU�nXT�u���]db_c"!�x�}¶�Xh8`&f_\O\6b_[�f_`Z`�T�kWT�]df�[iT<j8f_]@[iUW`�keTZY4[ib��o������T��
�|^aYdRObg`r²�f_`Z`�TZkeT�]df�[iUWbX\�}¹QSROT�u8f�YdR6TZu½kWUe\6T�UWY4��bX]SUe]/bX\�\2z6`�kWT�ULf_\6ua[dR6T<YdbXkWUeuakeUW\6T*��bX]SjO]db_[dbX\6Y�h8T�f_`rR
`&f�YdT ��bX]#�%$Ã��YdRObg`r²2Y�}µÊ n_f�kez6Ttb����%$Ã��UWY	z6\6]/T&f_kWUeY/[dUe`�f_kek�^aT��N[i]/T�c�T_}tQSROTt[ibXj�b_�D[iROT YdR8f_uOT�u
]dTZVXUeb_\�UWYL��b_]�j6]/b_[ib_\6Y%f�YdYdzOc#UW\6V&�'$��)(_ _�X�Oh�f�c�bX]dT�[�^Nj6UW`&f_k|n�f_kezOTD��b_]�c#f_\|^<f_Y@[i]db_j6R|^gY/Ue`�f_kgY/R6bN`r²NYZ}
Ä	\6kW^µf	��T q b_�w[iR6TSbX���/T�`Z[dYDUe\�Â%UWVXz6]dTS�	f_j6jwT&f_]Df_�OkeT4[dbpV_T�\6TZ]if�[dTSj8f_]/[dUe`ZkeT4TZ\6T�]/VXUeTZY.f_��bon_T��o� ��� TZ�µ}
Ö�T�\6TZ]if_kWkW^Xh8b_\6kW^akef_]dV_T�Y/[i]/z6`Z[dz6]dTZY�f_Y/YdbN`�U«f�[iT�u q UW[dR¼V|f�k«f��gUeTZYSbX]�VX]dbXzOj6Y�b��¹V|f_kef��gUeTZYSYdT�TZcÁ[ib�R6fon_T
Ydzgà#`ZUeTZ\2[�YdUWÅ�Tpf_\6ua�8TZkeu+Y/[d]dT�\OV_[iR�[ib�c�T�]dU�[S`�b_\6YdUWu6T�]df�[iUWbX\+f_Y�f_Y/[d]dbXj6R|^NYdUW`&f_kLf�`�`�TZkeTZ]if�[dUebX\�YdU�[iTZY�}
Ä*[iR6TZ] j�bXY/YdUW�6UekWUW[iUWT�Y���bX]p[iR6TabX]/UeVXUW\Õb_�S[dR6TaR6UWVXR6T�Y@[ T�\OT�]dV�^{`�b_Ydc�Ue`v]dfo^NY kWUeT�Ue\{[iROTvu6Ue]/T�`�[iUeb_\

b_�I��z6\6u8f�c#TZ\2[if_k¶f_\Ou+j6f_]/[dUe`�kWT	j6R|^NYdUW`�Y�]if�[dR6T�]l[dR8f_\+f_Y/[d]dbXjOR2^NY/Ue`�YZ}l~Nz6`rR½jwbXY/YdUe�OkeT�Ydb_z6]d`ZT�Y�Ue\6`Zkez6u6T
[ib_j�bXkWbXVXUW`&f_k:u6T���T�`Z[dY+��b_]dc�T�uÈu6z6]/Ue\6Vyj6R6f_YdT
[i]df_\6Y/UW[iUWbX\6YvUW\³[iR6T�T�f_]dk�^Kz6\OUWnXTZ]dY/TÕf_YaU�[a`�bNbXkWT�u�h�f
j6]/bgu6zO`Z[¹b���YdjwbX\|[rf_\6TZbXz6Y¹Y@^Nc#c�TZ[d]/^|���6]/T&f_²2UW\6V	Uec�j6kWUe`�U�[¶Ue\µYdbXc�TSÖ�]if_\Ou m�\6U��8T�uµQSR6T�bX]/UeTZY:¤�Ö<m�QSYiª
���X�Xh:�©�©�è}À�:T�keUW`a[ibXjwbXkeb_VXUe`�f_klu6T���T�`Z[dY�hSY/z6`rRÀf_Y�bX]du6UW\8f_]@^yf_\6u³Y/z6jwT�]d`ZbX\6u6zO`Z[iUW\6V{`ZbXYdc�Ue`�Y/[d]dUW\6VXY�h
u6bXc#f_UW\ q f�kekeYZh>[iT¿�N[iz6]/T�Y�hLbX]*c�f_V_\6TZ[dUe`µc�bX\6b_j�bXkWT�YZh�f_]/T ]dT�kef�[iU�nXTZkW^+Y/[if_�6keTt[dbXjwbXkebXV_Ue`&f�kekW^_h8�6zO[<`�f_\
]dTZkeT�f_YdT�j8f_]/[�b_�¹[dR6T�UW]�TZ\6T�]/V_^½Ue\½[dR6T���b_]dcÁb_�+* j8f_]@[iUe`ZkeTZY�h�UW�¹[dR6TZ^+`ZbXkekef_j6YdTpbX]�f_\6\6UWR6Uekef�[iT�}lQSR6TZYdT
* j8f_]@[iUe`ZkeTZY�h q UW[iRG[�^Nj6UW`&f_k�Ö<m�Q Yd`&f�keT�c�f�YdYdTZY#b_\y[dR6T+bX]du6TZ]�b_�µ�&�_�-,�T��th q bXz6kWuÐY/z6�6YdTZx2z6T�\|[ik�^
u6TZ`&f&^
Ue\|[dbvkeTZjO[ibX\OY�f_\6u
x2z8f_]/²2Y�}µQSROT YdjwT�`Z[d]dz6c b_�D`�bXY/c#UW`t]if&^NY�VXTZ\6T�]df�[iTZu �|^½[iR6UWY	c#TZ`rR8f_\6UWYdc
`�b_z6keu{T¿�N[iT�\Ous[db�T��N[i]df_bX]/u6Ue\8f�]dUek�^�R6UeV_R{T�\6TZ]dVXUWT�YZh�j�TZ]dR8f_jOY f_YtctzO`rRÐf�Yv�o� �-, T��t}%Ê�kW[dT�]d\6f�[iU�nXT�k�^Xh
`�b_Ydc�bXkebXV_Ue`&f�kekW^�u6UWY/[if_\|[%Y/bXz6]d`ZT�Y¹b��6\6TZzO[i]/Ue\6bXYZh_Y/z6`rR�f_Y�f_`Z[dUWnXTAV|f_kef_`Z[dUe`�\2z6`�kWT�Uèh�R8f&n_Tl��TZT�\�j6]dbXjwbXY/T�u
f_Yt[dR6T�bX]dUWVXUe\À���o ©��}{QSROT½z6k�[i]df_R6UeV_Rg��TZ\6T�]/V_^ \6T�zO[d]dUW\6bXY q b_z6keuy]dTZYdbX\6f_\|[ikW^{f_\6\6UWR6Uekef�[iT q UW[dRsu6f_]d²
c#f�[d[dT�]t\6TZzO[i]/Ue\6b_YtUe\{[dR6Ta`�bXY/c#b_kebXVXUW`&f_kD\6TZUeVXR2�wbX]dRObgbNuÀ¤¬Uè}¥T�}�UW\{[iR6T+Ö<f_kef_`Z[dUe`�R8f_keb|ª�h�j6]/bgu6zO`�Ue\OV
�o�_����TZ� j6]db�[ibX\6YpjwbXUe\|[iUW\6V��8f_`r²�[db+[dR6T#Y/bXz6]/`�T_}aÏ�[�R8f_Yp�wT�T�\�j�b_Ue\|[iTZuÕbXzO[<[dR8f�[<[iR6T�R8f_\OuO��z6kDb_�
�o�_����TZ� T�nXT�\|[dY*c�UeVXR|[S�wT<u6Ue]/T�`Z[dUebX\6f_kek�^�`�bX\6Y/UeY@[iT�\|[ q UW[dR+]df_u6UWb���kWbXz6uvx2z8f_Ydf_]dYµ���/._�è}
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QSR6TST¿�OUWY/[dT�\6`ZT�f�\6u bX]dUWVXUe\�b_�8[iROTSR6UeVXROT�Y/[¹T�\6TZ]dV_^µ`�bXY/c#UW`l]if&^NYDf_]dTlf	j6z6Å�ÅZkeT�hX[iR6TlY/bXkezg[iUeb_\µ[ib q ROUe`rR
q UekWk|keT�f_u�[db*\6T q uOUeYd`ZbonXT�]/UeTZY¹Ue\�f_Y/[d]dbXjOR2^NY/Ue`�YZh|j8f_]@[iUe`ZkeTDj6R|^NYdUW`�Y�h|b_]��wb_[iR>}%QSR6TAÊ*z6VXTZ]�Ä	�6Y/T�]/n�f�[dbX]/^
UeYDz6\Ou6T�].`�bX\OY/[i]/z6`Z[dUebX\��¦�o§��wf_YAfpkef_]dVXT¿��Y/`&f_kWT_h|Ue\|[dT�]d\6f�[iUWbX\8f_k8T¿�OjwT�]/Uec�T�\|[ q R6bXY/T*j6]/Uec#f_]/^µVXb|f_k8UWYD[db
Ydb_kWnXT:[iROUeY.cµ^NY/[iTZ]/^_}�Q q btY/T�j8f�]if�[dT_hOTZYdY/T�\|[iUef_kek�^ Ueu6TZ\|[iUe`�f_k�u6TZ[dT�`�[ibX].Y/^NY/[dT�c�Y�h6b_\6T�UW\�[dR6T#C�bX]/[dR6T�]/\
D�TZc#UWYdj6ROT�]dT ¤�Ue\sË½UWkekef_]du{Ì4bXz6\|[�^Xh.YdbXzg[iR6TZ]d\Ðm�[rf�R�ªµf_\6uybX\OTaUe\{[iROT+~gbXzO[dR6T�]/\ED�T�c�UeY/j6R6T�]/T ¤¬UW\

 



Â%UWVXz6]dTl�gÇ�F�GIHKJMLON�PRQSL/T)N�JKU�GWV+X J	YWP#Z[U[\�J	N�TOU�]#^O_a`b^)Z�Z�GIc YWJ�Z�GIU[J	Zd^O_a` L/\�U�GWVKYWJ+LOVKVeJ	YWJK\fL/U�GI^)NhgjiKk/lnmpoq]�J+P LOZ�]�J	P
YWGWN�J�GWZ�_r^O\siKk ��� JKt?GI\�^)N�N�u�VKYIJ	GaLON�P�U�]�J
Z[^)YWGWPv^)N�Js_w^O\M` \�^OU[^)N�ZKxy_r^O\+Zf]�^�Vfz�Z+{�GIU�]�|~}�iR��QR^)Z[UM^O`�U�G�QSGWZ[U�GWV
VKLOZ[J���mAoq]�J&U[^O`�^O_�U�]�J�Z�] LOP�J	Ph\fJKT)GI^)N�GWZ�_r^O\s`�\�^OU[^)N�Z�{�GWU�]h|�}�i��/�/kOk��r\�J	LOYWGWZ[U�G�VA�OJ	YI^yVKGIU���_w^O\s^Oc Z�JK\��OJ	P
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[iROTS�D]/bongUW\6`�T<b_�¹Ë½TZ\6u6bXÅ�fOh8Ê*]/VXT�\|[iUW\8fOh6UW\v[iR6T���bNb_[iROUekekWYDb_��[dR6T�Ê*\Ou6T�Yiª�h q UekWk>c�T&f_Y/z6]dT	[dR6T<f_]d]/UWn�f_k
u6UW]dT�`�[iUWbX\Õf�\6u�TZ\6T�]/V_^ b_�4[dR6T�R6UeVXROT�Y/[�T�\OT�]dV�^�j6]dUWc�f_]@^
j8f_]@[iUW`�keTZY�h¶[iROT#ctzObX\Õ`ZbX\|[iT�\|[�b_�l[dR6T#T¿�2�
[iTZ\6YdU�nXT<f_UW]4Y/R6b q TZ]dYS[iR6T�^vUW\6u6z6`ZT_h8f_\Ou�hg��bX]lfµYdz6�OYdTZ[�b_�LT�nXTZ\2[dY�h8[iROT	kebX\OVXUW[dz6u6Ue\6f_k�u6TZn_T�keb_j6c#TZ\|[Sb_�
[iROT#Y/R6b q TZ]dY Ue\�[iROT�f�[dc#b_Ydj6R6TZ]dT�}aÊ*\8f_k�^NYdUeY<b_�4[iR6TZYdT�Y/R6b q TZ]tj8f_]df_c�TZ[iTZ]dYZh�VXzOUeu6TZuÕ�|^ T��N[iTZ\6YdU�nXT
f_\6u�u6TZ[if_UekWT�u�Ë½bX\|[dTaÌlf_]/keb+YdUecµz6k«f�[dUebX\OY�h¶`&f�\��wT#zOYdT�u�[ib¼Y/T�kWT�`Z[�TZn_T�\|[tYdf_c�j6keTZY�TZ\6]dUW`rR6T�u�Ue\ T�U��
[iROT�]�keUWVXR|[ ¤�Ê��p�o�|ª*bX]*R6T&f&n2^s¤¬Êv���&�|ª�j6]/Uec#f_]dUWT�Y�}pÌ4b_]d]dTZk«f�[dUebX\OY	f_c�bX\6Vv[dR6Tµn�f_]dUWbXz6Y	j6f_]if_c�TZ[dT�]/Y
� TZ\6T�]/V_^Xh¹f_]d]/UWn�f_k�u6UW]dT�`�[iUWbX\�h�f_\6uÕc#f_Y/Y � c�f&^�]dT�nXT�f_kA[dR8f�[µf½\2z6ct�wT�]pb_�Su6U�»>TZ]dTZ\2[�`�b_c#jwbX\6TZ\2[dY`�b_\2[d]dUW�6zO[iTt[dba[iR6T [ib�[rf_k�bX�6YdTZ]/n_T�u{`ZbXYdc�Ue`¿��]if&^+¾8zg��}�Â8bX]�T��Of_c�j6kWT_h�U�[<UeY	jwbXYdY/Ue�6kWTt[iR8f�[pf�Y/UeVX\OUW�O�
`&f�\2[���]df_`Z[dUebX\
b��.[dR6T j6]/Uec#f_]dUWT�Y�f_]dbXzO\6uy�o� ·¬º TZ�"f_]/TtR6T�fon2^�\2z6`ZkeT�U%j6]dbNu6z6`ZT�u�Ue\
bXzO]<Öpf�k«f��N^X}pÏ��
YdbOh�[iROT�Ue]�f_]/]dUWn�f_k�uOUe]dTZ`Z[dUebX\6Y<bXzOVXR|[µ[ib+�wT�`�b_]d]dTZk«f�[dT�u q UW[iR�[iROTaÖ<f_k«f_`�[iUW` c�f_Y/Y�uOUeY/[d]dUW�6zO[iUWbX\�hLU�}¨T_}
[iROTZ^�YdRObXz6keu+f_jOj�T�f_]S[ib�`�bXc�T	��]dbXc [iR6T<u6UW]dT�`�[iUWbX\�b_��[dR6T<j6k«f�\6T_h�f_Y:bXjOj�bXY/T�u�[ib [iROT�jwbXkeTZY�h6b��%[iROT
Ö<f_k«f��N^_}¹QSR6UeYS`ZbXc�j�bX\OT�\|[&h6\OT&f_]/kW^#z6\8f�»�T�`�[iT�u+�|^�[dR6T�`�bXY/c#UW`	c�Ue`�]/b q f&nXT��6f_`r²2VX]dbXzO\6u½]df_u6Uef�[iUWbX\�h
q bXz6keu¼T��gR6Ue�OUW[�f�\
T�\6TZ]dV_^½YdjwT�`�[i]dzOc u6UW]dT�`�[ik�^½]/TZ¾8TZ`Z[dUe\6Vv[dR6Ttj6]/bgu6zO`Z[iUWbX\¼c�T�`rR6f_\6UeY/c q U�[iR6UW\¼[iROT
Ö<f_k«f_`�[iUW`tf_`Z`�T�kWT�]df�[ibX]/Y�}�Ï��.[iR6T�keUWVXR|[�j6]/Uec#f_]dUWT�Y�h>Ue\6`Zkez6u6UW\6Vvj6]/b_[ib_\6Y�hIf_]/T�UWYdb_[d]dbXjOUe` f_\Ou T¿�gR6Ue�6U�[pf
`�zg[/��b�»Ð\OT&f_]#�o�_���µT��thL[iR6T�^ q bXzOkeu{]/T�j6]/T�YdTZ\|[�f½z6\OUWnXTZ]dYdf_kAT¿�N[i]if�V|f_k«f�`Z[iUW`�`�bXc�j�b_\6T�\|[ q ROUe`rR{R8f�Y
Ydzg»>TZ]dT�u¼f�[d[dT�\2z8f�[dUebX\�u6zOT<[db�UW[iYSUW\|[iT�]df_`Z[dUebX\ q U�[iRa[iR6T<`ZbXYdc�Ue`�c�Ue`Z]db q f&n_Tp�6f_`r²2VX]dbXzO\6u�}
Ï�[pUeY	[iROT�b_]dUeV_Ue\�b_�.[iROTtnXT�]@^�R6UeV_R6T�Y@[�TZ\6T�]/V_^s¤�!��Ã�o������T��<ª*`�b_Ydc�Ue` ]if&^NY�[iR8f�[�UWY	c�bXY/[<jwT�]°�

j6kWT��gUe\6VOh¶f_\6u�[dR6T�]/T�UWY*nNUe]@[iz8f_kWkW^�\6b�UW\O��bX]dc#f�[dUebX\½f_Y	[ibv[dR6T�UW]*��z6\6u6f_c#TZ\|[rf_k¹\6f�[iz6]/T_}�Ï�[ q b_z6keu��wT
`�]/z6`�Uef_kD[ib�u6T�[iTZ]dc�Ue\6T q R6TZ[dR6T�]t[dR6TZ^Õf_]/T�j6]/b_[ibX\OY�h¹\2z6`ZkeT�Uèh%bX]�j�TZ]dR8f�j6YtT��gb_[dUe`#j8f_]/[dUe`ZkeT�YpYdzO`rRÐf�Y
c#f_VX\6T�[iUe`Sc�bX\6b_j�bXkWT�YZhgf�\6u#[db�u6T�[iTZ]dc�Ue\6T:R6b q f_\6u q R6T�]/T�[dR6TZ^�f_`Zx2z6Ue]/T�Y/z6`rRaT�\6b_]dc�bXz6YDT�\6TZ]dVXUWT�YZ}
QSR6TSY@[iz6uO^tb_��[iR6TZUe]�f_]/]dU�n_f�kgu6UW]dTZ`Z[iUWbX\6Y q bXz6kWu u6TZ[dT�]/c#UW\6T q R6T�[iR6TZ]D[dR6TZ^t`�kezOY/[iTZ]�f_�wbXzO[Df�\2^t²N\Ob q \>h
j8f_]@[iUW`�z6kef_]dk�^�TZ\6T�]/VXTZ[dUe`:f_Y@[i]/bXj6R|^NYdUe`�f_k6bX���/T�`Z[dY�h2bX]Df_�wbXzO[�f_\|^tT��N[dT�\6u6TZu�c#f_YdY�uOUeY/[d]dUW�6zO[iUWbX\tY/z6`rR�f�Y
[iROTµYdzOj�TZ]@��VXf_k«f_`�[iUW`pjOk«f_\6T�}SÏ��¹[iROTZ^+u6bv\6b�[*T¿�OROUe�6U�[*f�\2^+u6UW]dTZ`Z[iUWbX\8f_kIf_\OUeYdb�[i]db_j2^_h8[iR6TZ\¼[iR6T�^+`�bXz6kWu
�wT:f_c#b_\6V	[iR6TSjO]dbNu6z6`Z[dYD`�]dT�f�[iTZu#UW\t[iR6T:u6TZ`&f&^ b_�w[ib_j�bXkWbXVXUW`&f_k2u6T���T�`Z[dY�hNUe\ q R6UW`rR�`&f_Y/T:[dR6T�UW]�T�\6TZ]dV_^

.



u6UWY/[i]/Ue�6zg[iUeb_\vYdR6b_z6keu��wT�`rR8f_]if�`Z[iTZ]dUWY/[iUW`�b_�%f��@[ibXj�u6b q \b��Ydb_z6]d`ZT_Ç�[iR6T�jO]dbNu6z6`Z[�b_��f `&f�Yd`&f�u6T���]dbXc
Y/[dUekWk�R6UWVXR6TZ]lT�\6TZ]dVXUWT�YZ}�Ï�\�[dR6T�f_�OYdT�\O`�T<b_��ftVX]dT�f�[ik�^�Ue\6`Z]dT&f�YdT�u�Y@[rf�[dUeY/[dUe`�f_k�Ydf_c�j6keTZYlb_�IYdz6`rR+TZn_T�\|[iYZh
q T�R8f&n_T�kWUW[d[dkeT q UW[iR q R6UW`rR+[db�j6]dbN`�TZT�u�[iR6TZbX]dT�[iUe`�f_kek�^X}
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QSR6T+Ê*z6V_T�]#Ä	�6YdTZ]/n�f�[ib_]/^yUeY�f�R|^N�6]dUWuÐu6T�[iTZ`Z[ib_]�h4TZc#jOkebo^NUe\6V
[ q b�`ZbXc#jOkeT�c�T�\|[if_]/^yf�\6u q T�kWkST�Y°�
[rf��6keUWYdR6TZus[dT�`rR6\6UWx2z6T�Y�[db�b_�6YdTZ]/nXT¼T��N[iTZ\6YdU�nXT�f�Ue]�YdR6b q T�]/Y�}ÀÊ*\Kf_]d]dfo^yb���j8f_]@[iUe`ZkeTa`ZbXz6\|[iTZ]dY q UWkek
c�T&f_Y/z6]dTS[iROTSk«f�[dT�]if�k6f_\6u�[iTZc#jwbX]df_kOu6UWY/[d]dUe�OzO[iUWbX\tb_��YdR6b q T�].j8f_]@[iUe`ZkeTZY�f�[DVX]/bXz6\6u�keT�nXTZk�}%Ê�\#b_jO[iUW`&f_k
f_UW]@��¾6z6bX]dTZYd`ZT�\6`ZTtu6TZ[dT�`�[ibX] q UWkekLc�T&f_Y/z6]dTp[iR6T f�Ue]@��YdR6b q T�]�u6TZn_T�keb_j6c#TZ\|[�Ue\+[iR6T f�[ic�bXYdj6ROT�]dTµf_�wb©n_T
[iROT#Y/z6]/�¬f_`ZTvf_]/]if&^X}vÄ	j�TZ]if�[dUe\6V�[ibXV_TZ[iROT�]�hL[iROT#Y/z6]/�¬f_`ZTvf_]/]if&^�f_\Ou�¾8z6b_]dT�Y/`�TZ\6`�TvuOTZ[iTZ`Z[dbX]µ`rR8f�]if_`¿�
[iTZ]dUWÅ�TpYdR6b q T�]dY�[ib#f�VX]/T&f�[dT�]�u6T�V_]dT�Tp[iR8f�\½TZUW[iROT�]:[iT�`rRO\6Uex2z6Tµf_kebX\OT_}4QSROTµYdzO]/�¬f_`ZTµf_]/]if&^�]dTZYdTZct�6keTZY
[iROT*bX\6T:[iR6f�[ q f_YAYdz6`Z`�T�Y/Y/��z6kWkW^�T�c�j6kWb©^_T�uv�|^�[iROT�D�fon_T�]df_R¡�%f�]d²�VX]db_z6j#��bX].bonXTZ]A[ q T�\|[�^�^_T&f_]/Y��¨§���h
f_k�[iR6bXzOVXR�[iROT	Ê*z6V_T�]:f_]/]if&^�b��D�o�X�X��[if_\6²2YS`�bon_T�]dUW\6V� X�X�X��²Nc � Ue\�T&f_`rR�R6TZc#UWYdj6R6TZ]dT q UWkekw��T*ctz6`rR
k«f�]dVXTZ]�}�QSR6TvbXjg[iUe`�f_k�Y/^NY@[iT�c z6YdTZYµ[iROT�¾8z6bX]/T�Y/`�T�\O`�Tv[iTZ`rR6\6UWxNzOTvj6Ueb_\6T�TZ]dT�uÕ�2^ [iROTvm�\OUWnXTZ]dY/UW[�^ b_�
m�[if_R�­¨YSÂ%k�^�­¨Ys!¹^_T�u6TZ[dT�`Z[dbX]<���o���è}DË½T�f_Ydz6]/T�c�T�\|[:b_�If�[dc#b_Ydj6R6TZ]dUW`�¾8z6b_]dT�Y/`�TZ\6`�T<UeYAj�b_YdYdUW�6keT�bX\6k�^�bX\
`�kWT&f_]ZhOu8f�]d²�\6UeVXR|[dYSf�[4[dR6T�c�bXc#TZ\|[&hgf_kW[dR6bXz6VXRv�£¢¥¤ÙTZ»�bX]/[dYSf_]dT*z6\6u6TZ] q fo^�[ib c#f_²_T*[dR6T	Y@^gY@[iTZc
j8f_]@[ik�^
c#bNbX\g���6keUW\6u�}�Ê*�wbXzO[#�o��¦�¤�j�b_YdYdUW�6kW^�c�bX]/Toª	b_�Sf�kek�Ê*zOVXT�]�YdR6b q T�]dY q Uekek%��T#c#T�f_Ydz6]/T�u��2^
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q UekWkO`ZbXc#cµz6\6Ue`�f�[iTAngUef�f q Ue]dTZkeTZYdYDR6UeV_Rg��Y/j�TZT�u�c#bNu6TZc \6T�[ q bX]/²�}�Ï�\2[dT�]°��u6T�[iT�`�[ibX]D]/T�k«f�[iUWn_Tl[iUWc#UW\6V*UWY
f_`Z`�bXc�j6keUWYdR6TZu��2^�UW\6u6UWnNUWu6z8f_k6Ö<kWbX�8f_k»�IbXYdU�[iUWbX\6Ue\OVp~Of�[iTZkekWUW[iT�¤�ÖS�A~OªD]/T�`�TZUWn_T�]dYAf_\6uvÌ4T�\|[i]df_k�~N[rf�[iUeb_\
ÖS�A~a`�b_]d]dTZ`Z[dUebX\�u8f�[ifO}

·lf_Y/T�u�bX\ f	Y@[iz6uO^�b_��f*`ZbXct�6UW\8f�[iUWbX\pb_��`�bXY@[&h|Y/Uec�j6keUW`�UW[�^�f_\6u jwT�]/��b_]dc#f_\6`�T�hXf*ÚÕf�[iTZ]��Ì4TZ]dT�\O²_bon
¤	TZ[dT�`�[ibX]¼¤�Ú³Ìs¤<ª�uOT�YdUWVX\ q f_Y#YdT�kWT�`�[iT�uÐ��bX] [iR6T½Ydz6]@�¬f_`�T½Y/[rf�[iUeb_\6Y�}³QSROUeY�u6TZ[dT�`Z[dbX]�UWY�]dT�kef�[iU�nXTZkW^
YdUWc#jOkeT_h�`�bX\OYdUeY@[iUW\6V<b_��f	`Z^NkeUW\6u6]dUW`&f_k q f�[iT�]¹[if_\6²�b_�%�&�	c#�Df_]/T&f<f_\6u��X}¢�*c uOT�jO[dR q U�[iR�f_\�TZà�`ZUeT�\|[�h
u6U�»>z6Y/T�k�^G]dT�¾8T�`�[iUWn_T½kWUe\6UW\6V6}±¤�QSR6UeY�u6T�[iT�`�[ibX]�kebNbX²2Y�f�keb_[�kWUe²_Tv[dR6T+Y/[ibN`r²{[rf�\6²2Y#`ZbXc#c�bX\G[ib�[iROT
]if�\6`rR6Ue\OV
f_]dT�f_YtUW\ q R6UW`rRG��b_[dR C�bX]@[iR6TZ]d\Gf�\6us~gbXzO[dR6T�]/\ D�TZc#UWYdj6R6TZ]dTvY/UW[dT�Ytf�]dTvkWbg`�f�[iTZu�}´ª±QSR6T
�Ì4T�]/T�\6²�bon½kWUeVXR|[SjO]dbNu6z6`�TZu½�|^a[dR6T<YdR6b q T�]�j8f_]/[dUe`ZkeT�Y4UeYlnNUeT q TZu¼�|^a[iR6]/T�T<u6b q \ q f�]dug���¬f_`�UW\6V�Ø©��Ue\O`rR
j6R6b�[ibXctzOkW[iUWj6keUWT�]l[dz6��TZY�¤³�.Ë½QSYiª�}µÊ�ÚÈÌs¤th�UW\�`�b_c#j8f�]dUeY/bX\¼[dbafvYd`ZUe\|[iUWkek«f�[iUeb_\½u6T�[iTZ`Z[ib_]	bX]�fvV|f�Y
`rR8f_cµ��TZ]�h�UeYSY/Uec�j6keT�h6Y/[if_�6keT�h8Ue\6T¿�gj�TZ\6YdU�nXT_hwf_\Ou¼R8f_Y�f�YdUWVX\6UW�6`&f_\|[ik�^v�wTZ[/[iT�]:Y/T�\6Y/UW[iU�nNUW[�^v[db#Y/R6b q TZ]dY
f�[<kef_]dVXTµÅ�T�\OUW[iR�f_\6V_keT�YZ} Q q TZ\|[�^ ^_T&f_]/Y<b_�AÚ³Ìs¤ T¿�gj�TZ]dUeTZ\6`�T#f�[�[dR6ThD*f&nXTZ]if_R¿�%f_]/²�T��gjwT�]dUWc#TZ\|[
j6]/b©nNUWu6Tpf_\�Uec�j�bX]@[rf_\|[S`ZbX\O�8]/c�f�[iUeb_\ab_��[dR6T<YdTZ\6YdUW�6UekWUW[�^#b_�%[dR6T<u6T�Y/UeVX\�}
Ê*UW]pY/R6b q TZ]dY�f�[��o� ·¬º TZ� `�bX\|[if_Ue\Õf_��b_zO[��o� ·¬� `rR8f�]dVXTZu{j8f_]@[iUe`ZkeTZYpT¿�N[iT�\Ou6Ue\6V½bonXT�]tf_\{f_]/T&f�b_�

[ q T�\|[�^ Ydx2z8f_]/T#²2UekWbXc�TZ[iTZ]dYZ}Ð¤	z6T [iba[iR6T��X}¢§v²2c�u6TZ[dT�`Z[dbX]<YdTZj8f_]if�[iUeb_\ UW\�Ê*z6VXTZ]�hL[iR6T�j6]/bXjwT�]/[dUeTZY
b_��Y/R6b q TZ]dY�f�[�f�uOUeY/[if_\6`ZT¼b_�<f ²2Uekeb_c#T�[iT�]�bX]�c�bX]dT���]dbXc [dR6T¼`ZbX]dT+b_�	[dR6T�f_UW]#Y/R6b q TZ]af_]/T½[iROT
c�bXY/[*]dT�kWTZn�f_\|[	[dbv[iR6TtuOTZ[iTZ`Z[dbX]�u6T�Y/UeVX\>}�Êl[<Ydz6`rR�u6UWY/[rf�\6`�TZY	��]dbXcÁ[iROT `�bX]/T_h>[dR6Ttj8f_]@[iUW`�keT�u6T�\OYdUW[�^
R8f_Yµu6T�`Z]dT&f�YdT�uy[ib�f+��T q j�TZ]tYdx2z8f_]/Tac#T�[iTZ]�hDf_YtUWkekWz6Y/[d]if�[dT�uÕUW\GÂ%UWVXz6]dT�§g}�QSR6TvTZkeTZ`Z[i]/bXc#f_VX\6T�[iUe`
j8f_]@[iUW`�keTZYt¤�T�kWT�`Z[d]dbX\OY�h�jwbXYdU�[i]/bX\6Y�h>f_\6u�jOR6b_[ib_\6Yrª*f�]dT��&�X�#[iUWc#TZY�c�bX]/Tµ\2z6c�T�]db_z6Y*[iR6f_\¼[iROTtctz6bX\OY
f�[<[iROT�`�b_]dT_h%f_\6uÐ�o��[dUec�T�Y<c�bX]dT�\2z6c�T�]db_z6Yµf�[���²2c½}¡D�b q T�nXT�]Zh¹[iR6T�T�kWT�`�[i]db_\Õc�T&f_\�T�\6TZ]dV_^�UWY
bX\6k�^À�o�GË½T��th q R6UekWT+[dR8f�[�b_�	[iROT¼ctz6b_\6Y�UWYvf_�wbXzO[½��Ö�TZ�th.f_Y#UekWkez6Y@[i]if�[iT�usUe\KÂ%UeV_z6]dT½�O}±QSR6T
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[iROUe`r²2\6T�Y/Y:b_��[dR6T�YdROb q T�]S��]/bX\|[&h6c�T&f_Y/z6]dTZu+f_Yl[iR6T	[dUec�T*U�[l[rf_²�T�Yl[db�j6f_YdYl[dR6]dbXzOVXRa[iR6T�u6T�[iTZ`Z[ib_]�h6UWY
YdT�nXTZ]if_kwc#UW`�]/bXYdTZ`�bX\6uOY�}�QSR6T�T�kWT�`Z[d]dbX\OY4Ue\ [dR6T*Y/R6b q TZ]A��]db_\2[Aj6]/bgu6zO`�T�fpkef_]dVXT:\2z6ct�wT�].b_�>]dT�kef�[iU�nXTZkW^
Ydc#f_kWk �Ì4T�]/T�\6²�bon#jOz6keY/T�Y q R6TZ]dT&f�Y.[dR6T:ctz6bX\6Y�jO]dbNu6z6`�T�f�Ydc#f_kWkO\2z6ct�wT�]�b_��k«f�]dVXTljOz6keY/T�Y�}�Ö<U�nXT�\�[iROT
YdjO]dT&f�u�b��8[iR6T:f_]/]dU�n_f�kN[dUec�T�Y�h�UW[%UeY%��T�f_YdUW�6keT�h_z6Y/Ue\6V�bX\OkW^pc#bNu6TZ]if�[dTlYdjwT�TZu�¾8f_YdRg��Ê#¤<Ì4Y�¤n.|��Ë�D�Åoª�hX[db
T�Y@[iUWc�f�[dT�[iR6T.ctz6bX\OUe`Df_\6u�T�kWT�`Z[d]dbXc#f_VX\OTZ[iUW`�`�bXc�jwbX\6T�\|[dY�b_�g[iR6T.YdROb q T�]�Ue\6uOT�jwT�\6u6TZ\|[ikW^_}�~gUWc#UWk«f_]/kW^_h
[iROT¼]dUWYdT¿��[iUWc#Tab��	[iR6T+YdROb q T�]#��]dbX\|[#YdUeV_\8f_k:UeY�]dTZk«f�[dT�us[ib�[dR6T¼]/T�kef�[iU�nXT�j6]db_j�bX]@[iUWbX\Ðb��	ctz6b_\6Y�UW\
[iROT YdR6b q T�]�¤¬ctz6b_\6Y<f_]dTt[�^Nj6UW`&f_kWkW^?�/kWT&f_u6UW\6Vy�vj6f_]/[dUe`�kWT�Y q U�[iR6UW\�[iR6T Y/R6b q TZ]���]dbX\|[¿ª¿}µQSR6T�]df�[iUWbvb_�
ctz6b_\6Y4[ib�[iR6T	TZkeTZ`Z[i]/bXc#f_VX\6T�[iUe`�`�b_c#jwbX\6TZ\2[�¤�[dR6T��'&¹Ç¨T�ch�tj8f�]if_c�TZ[dT�]rªDUeYAYdT�\OYdUW[dUWn_T*[ibµ[dR6T	\2z6`ZkeT&f�]
[�^Nj�T�b_�D[dR6T j6]dUWc�f�]/^½`�bXY/c#UW`���]df&^¼j8f�]/[iUW`�kWT_h¶f_Y�UWY�f_j6j6f_]dTZ\2[<UW\ Â%UeVXzO]dT ÍNh¶YdR6b q Ue\OV�[dR6T YdUWctz6kef�[iTZu
u6UWY/[i]/Ue�6zg[iUeb_\ab_��[dR6T(&¹Ç¨T�cÉj8f�]if_c�TZ[dT�]l��bX]�§ £Õ�o� ·¬º T���jOR6b_[ib_\�h8j6]db�[ibX\�b|f_\Ou6Ue]/bX\�YdR6b q T�]dYZ}
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QSR6T Ê�z6VXT�]	¾6z6bX]dTZYd`ZT�\6`ZT#u6T�[iTZ`Z[ib_]dY�`�b_\6YdUWY/[<b_�.c�TZ[iTZ]@��YdUeÅZT�u
c�Ue]/]dbX]/Y�h>T�f_`rR�b_� q R6Ue`rR
UWY	T�x2z6UWj6jwT�u
q UW[dR�f�`�kWz6Y/[dT�]	b��4f���bXzg[�fvR2z6\6u6]/T�u j6R6b_[dbXctz6k�[iUWj6keUWT�]l[izO��TZY�}ý!Df_`rR
[iz6�wTµ��bX]/c#Y�f/.¢j6U¦�gT�k�­�bX\�[iROT
Yd²|^_}ÕQSR6Tv¾8zObX]dTZYd`�TZ\6`�T�u6T�[iTZ`Z[ib_]dY�c#UW\6VXkWT q U�[iR6UW\Õ[iR6T�Ydz6]@�¬f_`�T�f_]/]if&^Gf�Ytu6UeY/j6k«f&^_T�uyUe\GÂ�UeVXz6]/T~.6}
!Df_`rR{c�Ue]/]dbX]Zh q UW[iR�UW[dY�f�YdYdbN`�Uef�[iTZu �.Ë½Q `Zkez6Y@[iT�]Zh�nNUeT q YµU�[iY<b q \{YdTZVXc#TZ\|[µb_�4[iR6T�Yd²|^X}½Ä*nXTZ]if_kWk�h
[iROT#Y@^gY@[iTZc b_�lc#UW]d]db_]dY�bX�6Y/T�]@nXT�Yµc#bXY@[pb_�l[iROT#Y/²2^�f_�wbonXT�[iR6T�Ydz6]@�¬f_`�T�f_]d]df&^X}vQSR6T#j6z6kWYdT�R6T�UWVXR|[
b_�¹[dR6Tv�AË+Q Y/UeVX\6f_keYS^NUeTZkeu6YS[iROTµ\2z6ct�wT�]�b_�¹TZkeT�`�[i]/bXc�f�VX\6TZ[dUe`<j8f_]@[iUW`�keTZY:Ue\½[dR6TpYdR6b q T�]�f�[*f#V_UWnXTZ\
jwbXUe\|[�f�kebX\6V�[iR6Tt[d]if_`r²½f_`Z]dbXY/Y	[iR6TtY/²|^XhLf_\6u�[dR6TtUW\2[dT�VX]df_kIYdUeV_\8f_kL^gUWT�kWu6Y*[iROTtT�\6TZ]dV_^_}pÂwf�Y/[	[dUec�Ue\6V
b_�D[iROTtYdTZxNzOT�\6`ZT#b_�.Y/UeVX\8f�keY*V_UWnXTZY	[iR6T�[i]ifO�/T�`Z[dbX]/^¼b_�Af_Ue]�YdR6b q T�]/Ypj6f_YdY/Ue\6VaUW\�[iR6Tµ�6T�keu
b��.nNUWT q b_�
[iROTpuOTZ[iTZ`Z[dbX]�}DQSR6T<c�T&f_Y/z6]dTZc#TZ\2[�b_�L[dR6T<u6T�jO[dR½b��%Y/R6b q TZ]�c#f��gUectzOc Ò �µ�f�p^NUeTZkeu6YSY/T�\6Y/UW[iU�nNUW[�^�[db
[iROTµj6]/Uec#f_]/^�j8f�]/[iUW`�kWT�c#f_YdYZh�f_Y�UekWkez6Y@[i]if�[iT�u+Ue\¼Â%UeV_z6]dT�ØOh>Y/R6b q Ue\6V#[iR6TtY/UectzOk«f�[dT�u+u6UeY@[i]dUW�6zO[dUebX\+b_�
Ò �����p��bX]SUe]/bX\�h6`�f_]d�wbX\+f_\6u+j6]db�[ibX\�TZn_T�\|[iY�b_��T�\6TZ]dV_^�z6j�[ib� �£{�o� ·¬º T��t}
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¤	TZ[dT�`�[ibX].Y/^NY/[dT�c�YSf�[.[iR6T�YdbXzg[iR6TZ]d\vY/UW[iT�f_]/T*`�zO]d]dTZ\|[ikW^�z6\Ou6T�]A`�bX\6Y@[i]/z6`Z[dUebX\ q UW[iR#Uec�j�b_]/[rf�\2[.c�UekWT��
Y/[dbX\6TZY�]dT�f_`rR6TZu³Ue\³®_z6\6T½f_\6uÀ®_z6k�^s�_�X�g� q U�[iRÐ[dR6T��8]dY@[�¾8z6b_]dT�Y/`�TZ\6`�T�T�nXTZ\2[dY�f_\6us�8]dY@[�Y/z6]/�¬f_`ZT
u6T�[iT�`�[ibX]�`�bXUW\6`�UWu6T�\O`�T�Yµ]dT�`ZbX]duOT�u�}��D]/T�j6]/bguOz6`Z[dUebX\ [rf_\6²2Yµ[db_[rf�kekeUW\6V
�o�X�½f_]dT#`�z6]/]dTZ\2[dkW^ �wT�Ue\OV¼u6T¿�
j6kWb©^_T�upz6YdUW\6VS[iTZ`rR6\6Uex2z6TZY q R6UW`rR q UWkek_f_kekWb q ��bX]�[dR6TD]if_jOUeu<f_\6upTZà�`ZUeT�\|[Ij6kef_`�TZc#TZ\2[Lb��g[dR6TD]dT�c#f_UW\6Ue\6V
c#f_YdY�j6]dbNu6z6`ZT�u�u6T�[iTZ`Z[ib_]dY�}�Ê*u6uOUW[iUWbX\8f_k¶c�UekWT�Y@[ibX\6TZY:`&f_\��wTµY/T�TZ\�Ue\½Q%f_�OkeTµ��f_\6u+[iR6bXY/T f�»�T�`�[iUe\OV
[iROT�m�\6UWn_T�]/YdUW[�^vb_��Ë+Ue\6\6TZYdb_[if�V_]dbXz6j+f_]/T<u6TZ[if_UekWT�u�Ue\+~gTZ`Z[dUebX\½ O}
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Â8bX]S[iR6Tp��bXz6]:^XT�f_]dY	b��%[iROUeY�Ê q f_]du�hw[iR6Tp�8\8f_kWUeÅZT�u+u6T�Y/UeVX\½b_�¹[iROTµÊ*zOVXT�]	Ä��OYdT�]@n�f�[ibX]@^+j6]dbNu6z6`�[iUeb_\
Y/^NY@[iT�c�Y q Uekek���T�UWc#j6kWT�c�T�\|[iTZu±f_\6uÈ[iR6T�u6T�[iTZ`Z[ib_]dY+�6z6Uek�[�f_\6u±j6kef_`�TZu�UW\À[dR6T
�8T�kWuÀ�2^±fGkef_]dVXT
Ue\|[dT�]d\6f�[iUWbX\8f_kD`�b_kek«f���bX]df�[iUWbX\�}+QSR6T�~gb_zO[iR6TZ]d\yÊ*]/]if&^�Ue\{Ê�]dVXTZ\2[dUe\8f½R8f_Yt�wT�TZ\y��zO\6u6T�uG��bX]�Ue\6U�[iUef_k
`�b_\6Y/[d]dz6`�[iUeb_\ q UW[iR#[iR6T�j�bXY/YdUW�6UekWUW[�^�b_�If_uOu6UW[dUebX\8f�k6��z6\6u6UW\6Vµ[ibµ��T�]dT�x2z6TZY/[dT�u���bX]A[dR6TRC�b_]/[iROT�]d\a~gUW[dT
f�[pYdb_c#T jwbXUe\|[pu6z6]/Ue\6Va[dR6T#~gbXzO[dR6T�]/\G~gU�[iT `�b_\6Y/[d]dz6`�[iUeb_\{f_\6u T&f�]dkW^¼bXjwT�]if�[iUeb_\�}�Ê��ù[iTZ]���z6kek¹u6f�[rf��
[rf�²NUW\6V�R8f_Y:`�b_c#c�T�\6`ZT�u�h6[dR6T<T��gjwT�]dUWc#TZ\|[:UeYST��gjwT�`�[iT�uG¤èf_\6u�u6TZYdUWVX\6T�u8ªS[db�]/z6\���bX]l[ q b�u6TZ`&f_u6TZY�}
ÏSR8f&nXT���TZT�\
f�`�bXkWk«f_�wbX]if�[iUeb_\ac#TZct��TZ]���b_]�[dR6T�j6f_Y/[*YdU���^_T&f_]/Y q R6UWkeTpf�[�[iR6T���T�\O\ ~N[rf�[dTµm�\6U��

nXTZ]dY/UW[�^af�\6u�f�[�Ë½UW\6\6TZYdb_[ifO}�Êl[A��TZ\6\½~N[rf�[iT	Ï q bX]d²�T�u�j6]dUWc�f�]dUek�^ bX\aY/z6]/�¬f_`ZT	u6T�[iT�`�[ibX]STZkeTZ`Z[i]/bX\6UW`�Y�h
f_UW]�Y/R6b q TZ]�YdUecµz6k«f�[dUebX\OY�h�f_\6u¼T��gb_[iUW`µj8f�]/[iUW`�kWT�Y/UeVX\8f�[iz6]/T�Y*��bX]:[iROT f_]d]df&^X}*Êl[�[iR6T�C�bonXTZct��TZ]<�_�X�_�
Ê*zOVXT�]tÌ4bXkekef_��b_]if�[dUebX\
c�T�T�[iUe\OV¼Ï�jwTZ[iU�[iUWbX\6T�u�[iROTv`�bXkWk«f_�wbX]df�[iUWbX\
��bXf_]du ��bX]�c�T�cµ��TZ]dYdROUej���b_]�[iROT
m�\OUWnXTZ]dY/UW[�^
b_�lË½UW\6\6T�Y/b_[rfg}tQSR6T�`�bXkWk«f_�wbX]df�[iUWbX\¼R8f�Y�Ydz6j6jwbX]@[iT�u cµ^
c�T�cµ��TZ]dYdROUej�f_\6u�cµ^�YdT&f�]d`rR

�X�



Q�f_�6kWT��gÇ�Ê*z6V_T�]�Ä	�6YdTZ]/n�f�[ib_]/^�¤	TZYdUeV_\½f�\6u�Ì4b_\6Y/[d]dz6`�[iUeb_\¼~N`rR6T�u6zOkeT_}
���X�O� Þ ¶«Í¸ªOº�¬�­�¨ À/²ÁªO¬

!�\6V_Ue\6TZT�]dUW\6V�f_]d]df&^v`�b_\6Y/[d]dz6`�[iUeb_\�}
Â�kez6bX]/T�Y/`�T�\O`�T<u6TZ[dT�`�[ibX]�j6]db�[ib_[�^NjwT_}
Ì4b_c#j6kWTZ[dT�`�]dU�[iUW`&f_k�u6T�Y/UeVX\+]dT�ngUWT q Y:b_�%f_kek>u6TZ[dT�`Z[dbX]:Y/^NY/[dT�c�Y�}
Ì4b_c#j6kWTZ[dTpÌ4T�\|[i]df_kLÂ�f_`�UWkeUW[�^_}

���X�|� Þ ¶«Í¸ªOº�¬�­�¨ À/²ÁªO¬
¤ù��z6\6u6UW\6V Ì4b_c#j6kWTZ[dT�u6T�j6kWbo^gc�T�\|[�b_�l¤@�o�_�|ª4j6]dT¿��j6]/bguOz6`Z[dUebX\aY/z6]/�¬f_`ZT�Y@[rf�[dUebX\OY�}
>.T�f_]��©ª Ì4b_c#j6kWTZ[dT�`�bX\6Y@[i]/z6`Z[dUebX\�b_�0?Lb_Y@?LTZbX\6TZY�¾8zObX]dTZYd`�TZ\6`�T�u6TZ[dT�`�[ibX]Z}

¤	TZj6kebo^Nc�T�\|[:b_�I�8]dY@[�c#f_Y/Y�jO]dbNu6z6`Z[dUebX\�z6\OUW[iYZ}
A�¶Ê­)ªOº�¬�­�¨�À/²ÁªO¬
��]/bXj�b_Yif_k�Y@[rf_V_T_}

���X�X  Þ ¶«Í¸ªOº�¬�­�¨ À/²ÁªO¬
>.T�f_]�� Ì4b_c#j6kWTZ[dT�u6T�j6kWbo^gc�T�\|[�b_�µ.|�X���°§_�X�µY/z6]/�¬f�`�Tpu6TZ[dT�`Z[dbX]:Y/[if�[iUWbX\6Y�}

·AT�VXUW\+`ZbX\6Y@[i]dzO`Z[iUWbX\+b_��[ q b#f_u6u6U�[iUeb_\8f_k�¾6z6bX]dTZYd`ZT�\6`ZTµu6T�[iT�`�[ibX]/Y�}
A�¶Ê­)ªOº�¬�­�¨�À/²ÁªO¬
��]/T�j8f_]/T<YdUW[dT<Ydz6]@nXTZ^NYZ}
·AT�VXUW\¼Ì4TZ\|[i]if�kLÂwf�`�UekWUW[�^_}

���X��. Þ ¶«Í¸ªOº�¬�­�¨ À/²ÁªO¬
>.T�f_]:  Ì4b_c#j6kWTZ[dT�u6T�j6kWbo^gc�T�\|[�b_�µ.|�X���°§_�X�µY/z6]/�¬f�`�Tpu6TZ[dT�`Z[dbX]:Y/[if�[iUWbX\6Y�}

Ì4b_c#j6kWTZ[dT�`�bX\6Y@[i]/z6`Z[dUebX\+f_u6uOUW[iUWbX\8f_kw¾8z6bX]/T�Y/`�T�\O`�TµuOTZ[iTZ`Z[dbX]dYZ}
��f_]/[dU«f_k�f_]d]dfo^�u8f�[if�`ZbXkekWT�`�[iUeb_\aY/[rf�[iUeY@[iUW`�YST��g`ZT�T�u¼Ydz6cÉb��%j6]/TZnNUeb_z6Y:u6TZ[dT�`Z[dbX]dYZ}
A�¶Ê­)ªOº�¬�­�¨�À/²ÁªO¬
·AT�VXUW\+uOTZ[iTZ`Z[dbX]:u6T�j6kWbo^gc�T�\|[�}

���X�|§ Þ ¶«Í¸ªOº�¬�­�¨ À/²ÁªO¬
>.T�f_]
. Â8z6kWk�f_]/]if&^aUW\+jOk«f_`ZT¿¯È��zOkek>Y/`&f_kWT�u8f�[if�[if_²2Ue\6V bXjwT�]df�[iUWbX\6YZ}
���X�X� A�¶Ê­)ªOº�¬�­�¨�À/²ÁªO¬
>.T�f_]�§ Â8z6kWk�f_]/]if&^aUW\+jOk«f_`ZT¿¯È��zOkek>Y/`&f_kWT�u8f�[if�[if_²2Ue\6V bXjwT�]df�[iUWbX\6YZ}

�©�



��bX]�VX]/bXz6j�YdzOj6j�b_]/[&}%Ê³��bX]dc#f_k8Ë+T�c�bX]if_\Ou6z6c b_��m�\6u6T�]/Y/[if_\6u6UW\6V��wTZ[ q T�TZ\#[dR6T�m�\6U�nXT�]/YdU�[�^ b_��Ë½Ue\g�
\6TZYdb_[if�f_\6u+[iR6Tv��UeTZ]d]dTpÊ*zOVXT�]*Ì4bXkekef_�wbX]if�[dUebX\�R8f_Y���TZT�\¼jO]dbNu6z6`�TZu
f_\6u+UeY��wT�Ue\OV#Y/UeVX\6TZu½�|^½f_kWk�b_�
[iROTp]/T�kWTZn�f_\|[�j�TZbXj6keT�}
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Ï<j6]db_j�bXY/T�[ib¼j8f_]/[dUe`ZUej8f�[dT�UW\{YdT�nXT�]df_kSf_]/T&f_Y q UW[iROUe\Õ[dR6Tv`�b_kek«f���bX]df�[iUWbX\�}+QSR6T�Y/T�f_]dT�f_Yt]/TZ¾8TZ`Z[�cµ^
T��gjwT�]@[iUeY/Tvf_\Ou�UW\2[dT�]/T�Y/[µV|f_UW\6T�u Ue\ j6]dT�nNUebXz6Yp`�b_Ydc�Ue`�]if&^�T��gjwT�]/Uec�T�\|[iYZ}�Ë+^ Yd`ZUeT�\O`�T�UW\|[iT�]/T�Y@[iYpkeUeT
Ue\s[ q b{f_]dT�f_Y�Ç{�_h4[iR6T½`�bXc�jwbXYdU�[iUeb_\sb��*[iROT¼`�b_Ydc�Ue`+]if&^NYvf�[�[iR6T½R6UeV_R6T�Y@[�TZ\6T�]/VXUeTZY�h:f_\6u>h:�ghl[iROT
u6T�[iT�`�[iUWbX\vb_�¶ROUeVXR�T�\6TZ]dV_^#\6TZzO[i]/Ue\6bXYZhN[dR6]db_z6VXR�[dR6T�UW]Aj6]/bguOz6`Z[dUebX\#b_�¶R6bX]/UeÅZbX\|[rf_kwf_UW].Y/R6b q TZ]dYSUW\#[iROT
f�[dc#bXY/j6R6TZ]dT_h q UW[iR [iR6T�Ê*z6VXTZ] Ä	�6Y/T�]/n�f�[dbX]/^_}½QSROT���bX]dc�T�]pUeY�f¼\8f�[iz6]df_k���bXkekWb q bX\�[db�cµ^
[iROT�YdUWY
q bX]d²pUe\<[iR6T4`rR6T�c�Ue`�f_kNf_\6utUWYdb_[dbXj6Ue`D`ZbXc#jwbXY/UW[iUWbX\<b_�8[iROT4`�b_Ydc�Ue`.]if&^NYS���o���Of_ke�wT�U�[LUe\�n�f_Y@[ik�^�uOUW»�T�]dTZ\|[
T�\OT�]dV�^G]if_\OVXT�YZ}{Ï�\Kf�u6u6UW[dUebX\>h¹Ïr­¥cF`�z6]/]dT�\|[dkW^GUW\2n_bXkWn_T�u q UW[dRG[iR6T+Ìl�Õ!�Ê�Ë �8f_kekWbgb_\{T��gjwT�]dUWc#TZ\|[
q R6UW`rR�R8f_YAf_YDUW[dYDj6]dUWc�f_]@^tVXbXf_k6[iR6T:�8]/Y/[Au6Ue]/T�`Z[.c�T&f_Y/z6]dTZc#TZ\|[iY4b���`�b_Ydc�Ue`���]if&^t`ZbXc�j�bXY/UW[dUebX\�f�[.[iROT
.¥²N\OT�T_­gb_�¶[iROT*YdjwT�`�[i]/z6cC¤4C �o�N·¬¸lT��<ª¿}gQSR6T*k«f�[/[iT�]DR8f�Yl��TZT�\af�]dT�`ZT�\|[ik�^�TZnXb_kWnNUe\6V�Ue\|[iTZ]dTZY/[Sb_��c#UW\6T_}
QSR6T:f�[dc#b_Ydj6R6TZ]dTlbon_T�]¹[iROT:f_]d]dfo^�j6]/b©nNUWu6T�YDf_\ UW\|[iT�]df_`Z[dUebX\pnXbXkWz6c�T4��bX]%\OT�zO[d]dUe\ObXY�f�[S�&� ·�Ý ñ��o� ��� T��
T�x2z6U�n�f_keTZ\2[�[ibvY/TZn_T�]if�k¹²2Uekeb_c#T�[iT�]/Y:`�z6�wT�u
b_� q f�[dT�]�}*QSR6Tt]dTZYdz6k�[iUW\6Vvf_UW]�Y/R6b q TZ]dY�`�f_\
��T�bX�6Y/T�]/n_T�u
Ue\v[dR6T<VX]db_z6\6u+f_]d]df&^ q UW[dR+f�Y/b_�ù[ q f_]dT<\6TZzO[i]/Ue\6b [i]/UeVXV_T�]lkWbgbX²2UW\6Vµ��bX]l\OT�z6]df_k���\6TZ[:j8f�[d[iTZ]d\�c#f�[i`rR6TZY
q UW[dRK[iROT�YdUWctz6k«f�[iT�uÐ\6T�zg[i]dUW\6b{j6R|^NYdUW`�YZ}ÙÏ�c#j6kWT�c�T�\|[iUW\6V�[dR6UeY�[i]/UeVXVXTZ] q UWkek:\6b_[vf_uOn_T�]dY/T�k�^Èf�»�T�`�[
[iROT#j6]/Uec#f_]/^¼Yd`ZUeT�\O`�T�VXb|f_kWY�b_�4[dR6T#Ê�z6VXTZ]µÄ	�6Y/T�]@n_f�[ibX]@^��6zO[µf_]dT�bX\6T q fo^�UW\ q ROUe`rR�[dR6T�VXT�\6TZ]if_k
`&f�j8f_�6UWkeUW[dUeTZY4b_�I[iR6Tpf_]/]if&^a`�f_\½�wT�z6Y/T�u½��b_]Su6UW»�T�]/T�\|[�Yd`�UWT�\6`ZT�V_b|f_keYZ}

¤	z6]dUW\6Vµ[dR6T	`�b_\6Y/[d]dz6`�[iUeb_\+b��¶[iR6T	Ê�z6VXTZ]�Ä��OYdT�]@n�f�[ibX]@^vÏDR8f&nXT�kef_]dV_T�kW^��wT�TZ\�Ue\|nXbXk�nXTZu q U�[iR�[ q b
u6T�[iT�`�[ibX]�`�bX\6Y@[i]/z6`Z[dUebX\K[if_Yd²2YZ}ÙQSR6T¼�8]/Y/[aUWY�Ydb��ù[ q f_]/T q bX]d²sbX\K[dR6T�Ì4T�\|[d]if_k�¤�f�[rf Ê*`�x2z6UWYdU�[iUeb_\
~N^NY/[dT�cF¤�Ìs¤:Ê�~6ª:f_\6u½[iR6TpYdTZ`�bX\6u
UWYS��z6\6`Z[dUebX\6f_k¶[iT�Y@[iUW\6V6h�x2z8f_keU�[�^�f_Y/Ydz6]df_\6`�T�h¶f_\6u½T�\|nNUe]/bX\6c�T�\|[rf_k
[iTZY/[dUe\6V½b_�ST�kWT�`�[i]db_\6Ue`ZY�`ZbXc#jwbX\6TZ\|[iYtf�\6uÕ�wb|f_]/u6Y�}�QSR6T���bX]dc�T�]<[rf_Y/²�UeYp�8f_YdTZuGf�[D?¸��C&D�!"¤èm�\6U��
nXTZ]dY/UW[�^sb_�S��f_]dUWY��*Ï@ª�f�\6uK`Zz6]d]/T�\|[ik�^s[dR6T�]/T¼UWY�\Ob{m	~yj8f_]@[iUe`ZUej8f�[iUeb_\yf�[vf�keklUW\Ð[iROT�Ìs¤:Ê�~yz6\|[iUek
ÏÕ�/bXUW\6T�us[iR6UWY�^_T&f_]Z}ÀÏ R8f&nXT��wT�TZ\³j8f_]@[iUe`Zz6k«f�]dkW^ÕUe\|[iTZ]dTZY/[iTZu³Ue\ q b_]d²2Ue\6V�bX\Ð[dR6T¼Y/b_�ù[ q f_]dT�!�n_T�\|[
·4z6UWkeu6TZ] q ROUe`rR
`�b_kekeTZ`Z[dY�[iROTµYd`ZUeTZ\6`�T u8f�[rf#��]/bXc Ue\6u6U�nNUeu6z8f�k�[rf_\6²2Y�¤¬f��ù[iTZ]	f#[d]dUWVXVXT�]iª�f�\6u
�6z6UWkeu6Y�f
��z6kWk¶TZnXTZ\|[	u8f�[if_�8f_Y/T_}<¤èË+^ q b_]d²aYdb��¬f_]:R8f_Y�`�bX\O`�T�\|[d]if�[dT�u�bX\½c#b_]dT<j�TZu6T�Y@[i]/U«f_\½f_YdjwT�`�[iY�b_�¹ctzObX\
c�bX\6UW[dbX]dUW\6V	b_��V|f_UW\�f_\6u�R6UeV_R�n_bXkW[if_VXTZY�}¢ª Ë+^�b q \#T¿�OjwT�]/UeTZ\6`�T q UW[dR#�8f�kekebNbX\tT¿�gj�TZ]dUec�T�\|[.Ydb��ù[ q f_]/T
TZn_T�\|[�`�bXkWkeTZ`Z[ib_]dY*¤¬Ue\O`�kezOu6Ue\6V�u6T�Y/UeVX\ q bX]/²���bX]lfµ\6T q Y/^NY@[iT�c q R6Ue`rRaUWYlz6\6uOT�] q f&^af�[4[iR6T	c�bXc�T�\|[¿ª
YdRObXz6keu
[d]if_\6Y/k«f�[dT ]dTZk«f�[dUWnXTZkW^ q TZkek¹[db�[dR6UeY�cµz6`rR�kef_]dV_T�]	`Zbgu6T�u6T�nXTZkebXj6c�T�\|[pj6]/b��/T�`�[&} Ï�[pUeY�UW\�[iR6UWY
f_]/T&f [iR8f�[�ÏAj6k«f_\�[ib�VXT�[	f jwbXY/[du6bN`Z[ib_]if_k¶Y@[iz6u6TZ\|[	Ue\|n_bXkWn_T�u q U�[iRa[iROT�Ê�z6VXT�]�Ä	�6Y/T�]/n�f�[dbX]/^_}4ÏlR6fon_T
R6UW]dT�uyf�jwbXY@[iu6bN` q UW[dR{YdUWVX\6U��8`&f_\|[ T¿�gj�TZ]dUeTZ\6`�TaUW\{�wb_[iRyf_`Zx2z6UeY/UW[iUWbX\{Y/b_�ù[ q f�]dT�f_\6uGR|^N�6]/UeuGTZn_T�\|[
]dTZ`�bX\OY/[i]/z6`Z[dUebX\>}
Ä	\{[iR6TaR8f�]du q f_]dTaY/Ueu6T�h�Ue\Gf�u6u6UW[dUebX\�[ib¼[dR6Tv[iTZY/[iUW\6V
b_�:`Zz6]d]/T�\|[�`�bXc�j�b_\6T�\|[iY q R6Ue`rR q UekWkDVXb

Ue\|[db [dR6T¼j6]/T���j6]dbNu6z6`�[iUeb_\Ð[rf�\6²2Y�f_\OuK[iR6T+YdkWUeVXR|[dkW^|�°f_k�[iTZ]dT�uyj6]/bguOz6`Z[dUebX\s[rf_\6²2YZh q T¼f_keY/b�\6TZT�uK[db
²_TZT�j
f ]/z6\6\6UW\6V/.¥keUW�6]if�]/^w­6b_��Ydj8f�]dT�YZh�]/T�j6kef_`�TZc#TZ\|[�j6f_]/[dY�h�f_\6u�[iTZY/[dUe\6V�j6]dbN`�TZu6z6]/T�Y���b_]l[iR6T���zO[dz6]dT�}
ÚÀUW[dR³f�[ q b�u6T�`�f_u6T�T¿�OjwT�]/Uec�T�\|[#]dz6\K[dUec�T_hD[iR6T½c�fO�/bX]dU�[�^Gb_��TZkeT�`�[i]/bX\6Ue`ZY#`ZbXc�j�bX\OT�\|[iY q Uekek4VXb
[iRO]dbXz6V_R�YdT�nXTZ]if_kwVXT�\OT�]if�[iUeb_\6YAb���\6T q j6]dbNu6z6`�[iY�}�Ï�[AUeYDkWUe²_TZkW^t[dR8f�[4f_\|^�]dTZj8f_Ue]/YAUW\�[dR6T:��zO[iz6]/T q ROUe`rR
q UekWk¶T��g`�TZT�u�[dR6TµUW\6UW[dU«f_kWkW^�j6]dbNu6z6`ZT�u�Y/j8f_]/T�Y*UW\|nXT�\|[dbX]/^ q UekWk¶\6T�TZu¼[ib#��Tpj�TZ]/��bX]/c#TZu q U�[iR¼uOUW»�T�]dTZ\|[

�o 



j8f_]@[iY�[iR8f�\ bX]/UeVXUW\8f_kek�^sz6YdTZu�}ÁQSR6T�[iT�Y@[iUW\6VÐ[dbÐTZ\6Ydz6]/T�[dR8f�[½Ydz6`rR�j6f_]/[dY q UWkek	c�T�T�[½[dR6T�Ê�z6VXTZ]
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Budget justifications 
 
Senior personnel: Michael DuVernois, summer salary support for the PI 
 
Graduate student: Recruiting a student to work on Auger is expected this year. 
 
Fringe benefits: Rates from the University of Minnesota Sponsored Projects (no overhead 
on graduate student fringe) 
 
Salaries: 4% per year COLA assumed 
 
Travel: Two domestic and four foreign (Argentina) trips per year assumed. Domestic 
trips for Auger collaboration meetings and working groups and Argentina travel for 
research, to work on the experiment on site. 
 
Materials and supplies: Telephone, copying, fax, and teleconference for working with an 
international collaboration. 
 
Equipment: None 
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