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The evaluation of interventions such as active labor market policies or medical programs by 
means of a randomized controlled trial is often considered the gold standard. However, 
randomized experiments might face severe shortcomings especially if performed at the group 
level. One such problem is caused by small sample size which might prevent the experiment 
from developing its fundamental virtue in balancing all relevant covariates. This paper 
investigates the potential and limits of experimental and non-experimental approaches to the 
evaluation problem, in particular the use of instrumental variables, in a numerical simulation 
study, against the particular background of community-based interventions. In our simulations, 
we emphasize the trade-off between bias and precision by imposing a smaller number of 
communities whenever we model a randomized experiment, and by allowing for a 
correspondingly larger number of communities in all cases where selection into the program is 
not controlled completely by the analyst.  
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�MPS`bZ�´¤T�PS`_PS��UoL_YkJÀL_T���Z¬�MJM^M�[�BPSJoU�k`vYkaMT{U�k�S`_P½Z«Y[R³U � P½P�N²�k`_�M��ULbY[J�Y[Z��%Yk`_Lb��W¹LbJUPSR@N<PSJoULbY[JMT�¥£egJ-U � P
�S`b�[T�T�Lb�o�k`Q�S�[T�P�YkZ%�[JBL_JM^MLON%L_^M�M�k`_`VW·´¤aM�[T�PS^	�MR4Y[ckR��k�Bd<Z«YkR L_JMT{U�kJM�SP��6NQY[`b�MJU�kR{W)UR4�[LbJML_JMc½�MR�Ykc[R4�[�
Z¬Y[R¡�MJMPS�-�M`_Y¤W<PS^ ¦¨Y[R4�[PSR4T�d3�qY�UPSJUoL_�k`�UR4�[LbJMPSPST�¦�Lb`_`³LbJ¼�[`b`³`_Lb�[PS`bL � Y±Y·^¹aM�kT�P¨U � PSL_R£�M�[R@ULb�SL_�M��UoL_YkJ
^MPS�SLbT�L_YkJ|Y[J|� �SY[�-�M�[R4L_T�YkJ|Y[Z"U � PSL_R¨�qPSR��SPSLVN<PS^|�qY[T{U4´¤L_JUoPSR{NQPSJULbY[J|Yk��U�SYk�BPST¯¦½LOU � U � P'�SYkT{UBYkZ
�MJM^MPSR4c[YkL_JMc�UoR�PS��U�BPSJoU¥¯e U³¦�Lb`_`MYkZ�UPSJ-a%P�U � P6�S�[JM^MLb^M��UoPST,¦½LOU � aqP�U�UoPSR³T�� � Y·Y[`bL_JMckdQ�[JM^¨U � P6�BY[R4P
Uo�[`bPSJUPS^¼Y[R¡�BY�ULVN²��UPS^¹LbJM^MLON%L_^M�M�[`bT6¦ � Y'UoPSJM^¸UY�PSJUPSR�U � PB�MR�Ykc[R4�[�-¥�hKT½���SY[JMT�P
&·�MPSJM�SPBYkZ
T��M� � T�PS`_Zç´¤T¤PS`bPS��ULbY[JMdª�kJM�[`VW�T{UT½�S�[JMJMY�U�aM�[T�P£U � PB�[T�T�PST�T��BPSJU�YkZ¯�MR�Ykc[R��k� Lb�B�M�[��U	Y[J¹��T�L_�B�M`bP
�SYk�B�M�kR�LbT�Y[J Y[Z��-PS�[J Yk��U�SYk�BPST�a%P�Ug¦¨PSPSJ �M�[R@ULb�SL_�M�kJU¡�kJM^¸JMYkJ�´¤�M�[R@ULb�SL_�M�kJU¡ckR�Yk�M�MT¤¥(' � PSR4PS�[T
LVU¸L_T)T{UR4�[Lbc � UoZ«Y[R@¦¨�[R4^ � Y¤¦ UY�Uo�[�¶�±`_P�T�PS`_PS��ULbY[J»Y[J»Y[aMT�PSR@N²�kaM`_PST*)¿T�� � Y·Y[`bL_JMc�LbJ�U � P P�©%�[�-�Q`bP
YkZ*U � P¡UR4�[LbJML_JMc��MR�Ykc[R4�[�+)Qd¯T�PS`bPS��ULbY[J¾YkJ¾�MJMY[aMT�PSR@N²�kaM`_PST,)�Uo�[`bPSJUdª�-Y�UoLON���UoL_YkJ-) �QR4Y¤N�L_^MPST��
T�PSR4L_Yk�MT�LbJUPS`b`_PS��Uo�M�[`,� � �[`b`_PSJMckPS¥

eXJ U � P¾Y¤N<PSR{¦ � PS`_�-L_JMc �B�/.�YkR�LVUgW Y[Z'�k�M�M`_Lb�S��UoL_YkJMT	U � P10-243657298:24;�<>=@?A<CB6243D<C0-2E5F<G=
57<CHI2
<CB6243D<924JSd*U � ��U L_T�U � P��qY[�M�M`b��UoL_YkJ»�¤N<PSR4�[ckP�Y¤NQPSR�U � P�L_JM^MLVN�L_^M�M�k`ªc[�kL_JMT�Z«R�Yk�#UR4PS��Uo�BPSJU�Z«Y[R��k`_`
LbJM^MLON�Lb^M�M�[`bT��M�[R@ULb�SL_�M��ULbJMc£LbJKU � P��MR�Ykc[R4�[�-dML_T%U � P��MR�LbJM�SL_�M�k`�Y[aK.�PS��U6Y[Z<LbJUoPSR�PST{U¥ª¡JQP¯�S�[J'PS�kT�L_`VW
�SYkJMT{UR4�Q��U��kJBPST{UoL_�B��UP6Y[ZGU � P6�BPS�kJBYk��U�SY[�-P/�kZ�UoPoR�UoR�PS��U�-PSJU�Z«YkR �MR4Y[ckR��k� �Q�kR{UoL_�SLb�M�[JoUT Z¬R�Yk�
YkaMT�PSR{NQPS^ ^Q��U�k¥ML�P�Uod3UoY¹�qPSR�Z¬Y[R�� �[J �k�M�MR�Yk�MR�Lb��UoP��SY[�B�M�kR�LbT�Y[JMdKYkJMP � �[TB�k`_T�Y¸UoY¹�SYkJMT{UR��M��U
U � P£�¤NQPSR��kc[P%;4=
NK5O<�2PB�?
3D;�<CNQ3SR[Y[��Uo�SY[�BPªU � ��U�UoR��kL_JMPSPST*¦£Yk�M`_^ � �¤N<P¨�[� � L_P�NQPS^ � �k^)U � P�W�JMY�U¡aqPSPSJ
UoR��kL_JMPS^Md,�B�MR�YkaM`_PS�tY[ZvL_^MPSJUoL�TM�S��UL_YkJM¥

¡aQT�PSR@N²�kaM`_P)^M��Uo�¸�k`_YkJMPK¦�Lb`_`�JMY�U-T��VUB�SPKUoY �SY[JMT{UR4�M��U£U � L_T£PSJoULVUXWG¥	��PST�PS�kR�� � PSR4T � �§NQP'�MR�Y�´
�qYkT¤PS^ÀT¤P�NQPSR��k`v�[`VUPSR4JQ��ULVN<P�T{UR���UPSckL_PST3UoY�Y¤N<PSR��SYk�BP/U � L_T*W@JD2P5F<CWYXZ;43D<CW@=65\[]B6=D^�R_2E0'd*PSLVU � PSR]aW¹L_J�´
NQY[�±L_JMc`3a[]B�W@=
B�WvLbJQZ¬Y[R4�B��ULbY[J¸YkJ'U � P£�MR�Y±�SPST¤T6YkZvT�PS`_PS��UoL_YkJ¸L_JUoY¨UoR�PS��U�-PSJU¡Y[R6Y�U � PSR��[T��qPS��UT6YkZ
U � P)�QR4Y[ckR��k�cb�d%egfQhji�kFlnmporqjstsvu�wyxgzg{qd(|}lO~v��������m �G�t�OeI~jeI��u�wyxgxgx]�¨L_J�� T�Y�´¤�S�[`b`_PS^
YkaMT�PSR{N���UoL_YkJM�[`³T{U�M^�WGd Y[R¡aW8^MPST�L_ckJML_JMc��kJ¹�k�M�MR�Yk�MR�Lb��UoPBP�©��qPSR4L_�BPSJoU¥�egJ¼�[J¹P�©%�%PSR4L_�-PSJU�b U � P
�S`b�[T�T�Lb�o�k`<R4PSZ«PSR�PSJM�SP�LbT��,�����OeI�vd 7�� Ê È ��dq�M�kR{UoL_�SLb�M��UoL_YkJ	L_T3T{UL_`b`[NQY[`b�MJU�kR{WGd<aM��UKT�Y[�-P�Y[Z·U � P��[�M�M`_LV´
�S�kJUTv�[R4P�¦½LOU �M� PS`b^�U � P�UoR�PS��U�-PSJU¥O' � Y]R�PS�SPSLVN<PST<UoR�PS��U�-PSJU¯�[JM^/¦ � Y]^MY·PSTvJQY�U¯L_Tv� � Y[T�PSJ�aW	�
R4�[JM^MYk� �BPS� � �[JML_T��-d��k`_`bY¤¦�LbJMc]U � PK�SY[JMT{UoR��M��ULbY[J�YkZ²U � PK^MPST¤LbR�PS^��SYk�MJUPSR4Z«�[��Uo�M�[`q�[TvU � PKT�L_�B�M`bP
�¤NQPSR��kc[P½Y¤N<PSR�R4�[JM^MYk�BLb¢SPS^k´¤Yk��U��SYkJUR4Y[`bT�¥KegJ-U � P½JM��Uo�MR��k`�T��SLbPSJQ�SPST³U � L_T�B
365FJD=
0�W���24J\;4=
5F<CB6=DR�R_2�J
<CB�W@3DR]b{��} � � � �[T/a%PS�SYk�BP�U � P¡�BP�U � Y·^�Y[Z*� � Y[Lb�SP¡Z«Y[R�U � P¡P�N��[`b�M��UoL_YkJ�Y[Z*LbJUPSR@N<PSJoUL_YkJMT�¥



�

' � L_`bP]PS�-� � �[T�L_T3L_J	�BP�U � Y·^MYk`_Ykc[Lb�S�[`[¦¨Y[R4�'L_T3Y[J¡U � P�L_JM^MLVN�L_^M�M�k`_dq�MR4�[��UoL_�S�k`<�[�M�M`bL_�S��ULbY[JMT3Z«R�P�´
&·�MPSJUo`OW �SYkJM�SPSR�J�U � P)�S�[T�P)YkZ c[R4Y[�M��´¤`bP�N<PS`*Y[RK�SY[�-�)�MJMLVUXW±´§aM�kT�PS^�L_JUoPSR{NQPSJUoL_YkJQT�¥'eg�B�M`bPS�BPSJUo��´
ULbY[J�Y[Z*�qY[`bL_��W|�BPS�kT��MR�PST���U/U � P¡�SY[�-�)�MJMLVUgW·´¤`_P�NQPS`"L_T/Y[Z�UoPSJ��B�-��U4UPSR/YkZ�JMPS�SPST�T�LVUXW�)B¦ � PSJMP�NQPSR
LOU'¦¨Y[�M`b^¿a%P ^QL�UB�S�M`VU-UoY�UR�PS��U�T¤Yk�BP L_JM^MLON%L_^M�M�k`_T-LbJ¿�¼�SYk�B���MJMLOUgW ¦ � L_`bP¸P�©��S`b�M^ML_JMc|Y�U � PSR�T�d
P�N²�k`_�M��ULbY[J � �[T��k`bT¤Y]UoY)a%PK��U�U � P¨�SYk�B���MJMLOUgW·´¤`bP�N<PS`b¥6�<YkR¯L_JMT{Uo�[JM�SPSd±U � P¨P�N��k`_�M��ULbY[J�Y[Z"�[J��[JUoLO´
T��BYk�·L_JMc¹LbJMZ«Y[R4�B��ULbY[J �S�[�-�M�[Lbc[J ��UÀT�� � Y·Yk`_T£¦£Yk�M`_^ R�P
&±�ML_R4P-U � ��UÀT�Y[�-P�T�� � Y±Y[`bT	�[TB�¸¦ � Yk`_P
a%PB�[T�T�L_ckJMPS^�UY-UR4PS��Uo�BPSJUo¥�¡aN%L_Yk�QT�`VWGdªLOU½¦£Yk�M`_^¹a%P>&±�MLOUoP	�S�M�)aqPSR4T¤Yk�BPSdªLbZ�JMY�U�Lb�B�qY[T�T�L_aM`bPSd
UY��M`b�[J�U � P�L_JoUPSR{NQPSJUoL_YkJ»�kJM^»LVUT�P�N²�k`_�M��ULbY[J ��U�U � P�T{Uo�Q^MPSJoU `_P�NQPS`_¥¾�Q�MLb`_`V´¤Y¤N<PSR�PSºqPS��UT�Z«R�Yk�
U � P�UoR�PS��UPS^'UoY¨U � P¡�SYkJUR4Y[`,T{U�M^MPSJUoT�¦¨Y[�M`b^�PS�[T�L_`VW|�SYkJU�k�BLbJM��UoP�U � P£P�©��qPoR4L_�-PSJUo¥/\KPSJM�SPSd�U � P
�MJMLOUoT�YkZ¯L_JUoPSR�PST{U�T � Yk�M`_^¹a%PBckR�Yk�M�MT¤¥���Y[R4PSY¤N<PSR4dª�[JM�k`OW%TµUoT��-L_c � U�� � Y±Y[T�PB���SY[�-���QJMLVUgW·´¤`_P�NQPS`
�[�M�MR4Y[�k� � UoY¡P�N²�k`_�M��ULbY[J-Z«Y[R³R4PS�[T�YkJMT Y[Zq�SYkTµUoT�¥�egJ-c[PSJMPSR��k`_dQLbJUPSR@N<PSJUoL_YkJMT R4PS`_P�N��[JU³UoY�U � P6T�Y·�SL_�k`
T��SL_PSJM�SPST/Y[Z�UoPSJ � �§NQP¡�B�SYk�B���MJMLOUgW·´¤aM�kT�PS^�� � �[R4�[��UoPSR�¥

�KY�U � LbJMc T�PSPS�BT �-Y[R4P�JM��Uo�MR��k`��kT � �BP�U � Y±^MY[`bY[ckL_�S�k`��k�M�QR4Y[�k� � UoYÐU � P�P�N��[`b�M��UoL_YkJtY[Z
�SY[�-�)�MJMLVUXW±´¤aM�[T�PS^¼L_JUoPSR{NQPSJULbY[JMT¡�[T�U � P¨UR4�[JMT�`_��ULbY[J¼Y[Z�U � P-��} � �M�[R4�[^MLbc[��UoY'U � P-�SY[�-�)��´
JMLOUgW `bP�N<PS`b¥�¡aK.�PS��UT³YkZqR��kJM^QYk�BLb¢SPS^-�[T�T�L_ckJM�BPSJU/L_JoUY�UoR�PS��U�-PSJU��kJM^-�SY[JUoR�Yk`MT��k�B�M`_PST³�kR�P�U � PSJ
PSJULbR�P	�SY[�-�)�MJMLVULbPST¤dv¦ � Lb`_P	Y[��Uo�SY[�-PST��[R4P½UgW��ML_�S�k`_`VW T{ULb`_`3�-PS�[T��MR�PS^¾��U�U � P	L_JM^MLVN�L_^M�M�k`ª`bP�N<PS`b¥
h �SY[�-�MR�P � PSJMT�LONQP�Y¤N<PSR@N�L_P�¦ Y[Z3U � P-U � PSYkR{WÐ�[JM^ �MR��k��ULb�SP�Y[ZKT¤�M� � c[R�Yk�M��´¤R��kJM^MY[�-L_¢SPS^¼UoR�Lb�[`bT
L_Tr���F����kV�+�
wyxgxgzF��¥¾e U � �kT�`_YkJMc�aqPSPSJ R�PS�SYkc[JMLb¢SPS^»LbJ�U � P�`bLOUoPSR���U�MR4P�L_J�N��[R4L_Yk�MT�TMPS`_^MT�d�Z«YkR
L_JMT{U�kJM�SP�L_JBU � P�PS�ML_^MPS�-L_Yk`_Ykc[Lb�S�[`v`_LVUPSR4��Uo�MR�P��SLOUoPS^�LbJ`���O����kV��b 7��[�k� �]�kJM^ÀL_JBU � P�PS�SY[JMYk�BLb�ST
`_LVUPSR4��Uo�MR�P�b{T�PSP�PS¥bc[¥�����qjeIh³d 7��[�Q7 d���qj�O���tqjl�d 7��[�y� d 7��[� �S�4d*U � ��U�U � P��qY[T�T�LbaM`_P	�SY[R4R�PS`_��ULbY[J
Y[ZªY[��Uo�SY[�-PST6¦½LOU � L_J¼�SY[�B���MJMLVUL_PST�d �S`_�MT{UPSR4T�d3YkR¡c[R4Y[�M�MT½�-L_c � U	T�PSR�LbY[�MT�`OW8^MLbTµUoY[R@U	�SY[JM�S`b�MT�L_YkJQT
R�PSck�[R4^ML_JMc£U � P¡T{U��ULbTµUoL_�S�k`"�MR4PS�SL_T�L_YkJ�Y[ZQU � P¡R�PST��M`VUT�¥

hK`VU � Yk�Mc � Y[JMP��-L_c � U)aqP��[aM`bP�UoY��SY[`b`bPo��U�^M��Uo��Y[JÀT�Lb¢oPS�kaM`_P�J·�M��aqPSR�T]Y[Z�LbJM^MLON�Lb^M�M�[`bT3¦½LOU � L_J
PS�[� � �SY[�B���MJMLVUXW¾�M�[R@ULb�SL_�M��UL_JMc�LbJ�U � P)T{Uo�M^�WGd%U � P)J·�M��a%PSRKYkZ �SYk�B���MJMLOUoL_PST¨LbTªUXW%�ML_�S�k`_`VW `_Lb�£´
LOUoPS^M¥¯egZk¦�LVU � LbJ�´¤�SY[�-�)�MJMLVUXW	�SY[R4R�PS`b��ULbYkJ'LbT�T¤�MaMT{Uo�[JUoL_�k`>U � P�PSºqPS��UoLONQP�J±�M�)aqPSR�YkZQY[aMT�PSR@N²��ULbY[JMT�L_T
�S`_YkT�PS`OW'UoL_PS^£UY6U � P�J±�M�)aqPSR Y[Z%L_JM�S`b�M^MPS^	�SY[�-�)�MJMLVULbPST�dqLbR�R4PST��%PS��UoLONQP�Y[Z±U � P/J·�M�)aqPSR Y[Z%L_JM^MLVN�L_^�´
�M�[`bT�¥ �/� �QT�d3�k`OU � Y[�Mc � ckR�Yk�Q��´¤R4�[JM^MYk�BLb¢SPS^¹P�©��qPSR�Lb�BPSJUoT½Lb�B�M`_PS�-PSJUPS^¼�[�M�MR4Y[�MR�Lb��UoPS`OW8�[`V¦¨�§W%T
�MR�Y·^M�M�SP¡�MJ·aMLb�[T�PS^�PST{ULb�B��UPST¡ od"LVU�LbT�^ML�UB�S�M`VU/UoYBLbJM�SR�PS�kT¤P¡�MR4PS�SL_T�L_YkJM¥

¡aMT�PSR{N���UoL_YkJM�[`²T{Uo�M^ML_PST�dMaW��SY[JUoR��kT{Ud�UXW%�ML_�S�k`_`VW LbJM�S`_�M^MP��£R4PST¤�qPS��Uo�[aM`bP6J·�M��aqPSR�Y[Z<�SYk�B���MJMLO´
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R4�[JM^MYk�BLb¢SPS^ P�©��qPSR�Lb�BPSJUoT�¦ � L_� � �[R4P��qPSR�Z«YkR��-PS^ ��U�U � P�LbJM^MLON�Lb^M�M�[`3�kJM^ ��U�U � P�ckR�Yk�M� `bP�N<PS`b¥
�6� R�Yk�Mc � Yk��Ud�U � PST�P	P�©%�%PSR4L_�-PSJUT��kR�PB�[T�T��M�BPS^¾JMY�U½UY�a%PB�SY[JUo�[�-L_JM��UPS^¹aW ��U�UoR�LVULbY[J¾YkR�aoW
R4�[JM^MYk�BLb¢S��UoL_YkJ8aML_�kT'�kJM^Md�U � R4Y[�Mc � Y[��Ud�U � P�WÏR�PS�SR4�MLOU)U � PSL_R]NQY[`b�MJUPSPSR4T'Z«R4Y[� U � P��qY·Y[`¯YkZ/L_J�´
^MLVN�Lb^Q�M�k`_TGb@Y[R¡c[R4Y[�M�MTP��¦ � Y��[R4P£¦�Lb`_`bL_JMc'UY��M�[R@ULb�SL_�M��UPSd3L_¥bPS¥�U � Y[T�P£¦½LOU � ���qYkT�LOULVN<PBJMP�U	ck�[LbJQ¥
egR4R�PST��qPS��ULONQP¡Y[Z<U � P¡`bP�N<PS`"YkZ�Lb�B�M`bPS�BPSJUo��UoL_YkJMd²U � PST�P¡P�©��qPSR�Lb�BPSJUoT�Lb^MPSJULbZ�W�U � P¡�BPS�kJ�PSºqPS��U�YkZ
UoR�PS��U�-PSJU�YkJ'U � P�UoR�PS��UPS^��MJM^MPSR/�k`_`,�SY[��aML_JM��ULbY[JMT/Y[Zv�M�[R��k�BP�UoPSR�T�¥

\KY¤¦£P�NQPSR�d¯T�LbJM�SP�R4�[JM^MYk�BLb¢SPS^ P�©��qPSR4L_�-PSJUT�d¯LbJ �M�kR{UoL_�S�M`b�[R/U � Y[T�P	�SY[JM^M�M��UoPS^ YkJ�U � P	c[R4Y[�M�
`bP�N<PS`bdQ�MT��M�[`b`OW�T��Mº%PSR�Z«R4Y[� T��B�k`_`²T��[�-�M`_P6T�Lb¢SPSdkU � P��SY[R�R4PST��%YkJM^ML_JMc£Lb�B�M�[��U/PST{ULb�B��UPST³�-L_c � U/^ML_T{´
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5n3½1É2PB63
éÉ2�dªLVU��-L_c � U�^QR4�[T{UoL_�S�k`_`VW Z«�kL_`,UY
^MY¼T�Y¼L_J¿�¼�M�[R@ULb�S�M`_�kRBT��-�[`b`6T¤�k�B�M`bPS¥ � Y¼�[`b`_P�N%L_��UP'U � L_TB�MR4Y[aM`bPS�Bd]Yk�QR-T�Lb�)�M`b��UoPS^ R4�[JM^MY[�¨´
Lb¢SPS^¼P�©��qPoR4L_�-PSJUoT½Z«Yk`_`bY¤¦ U � P-R�PS�SYk�B�-PSJM^M��UoL_YkJ¸UoY�T{UR4��UoL_ZçW8T¤�k�B�M`bPST½�MR4L_YkR�UoY�R��kJM^MY[�-L_¢S��ULbY[J
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�KP�N<PSR@U � PS`bPST¤T�d"U � PBT��k�B�M`_P-T�L_¢SPBYkZ¯R4�[JM^MYk�BLb¢SPS^¸UR4L_�k`_T½LbT½�SY[�-�M�[R4��UoLONQPS`OW8T��B�[`b`b¥ �/� �MT¤d,U � P
J±�Q��aqPSRKY[Z³c[R4Y[�M�MT¨LbJ�R��kJM^MY[�-L_¢SPS^�P�©%�%PSR4L_�-PSJUT¨LbT¨T�P�U'Pæ&±�M�[`<UY��k��¦ � L_`bP]U � P��SY[R4R�PST��qY[JM^ML_JMc
J±�Q��aqPSR)L_J»Y[aMT�PSR@N²��ULbY[JM�k`¯TµUo�M^ML_PST]N²�kR�LbPST'aqP�UX¦¨PSPSJ»��U¸`bPo�kT{U¸É[���kJM^8�M��UoY�Ê[�k�[¥ �6� L_T)R��[JMckP
LbTB�MT�PS^|UY¼L_JNQPST{ULbc[��UP'U � P¸R�PS`_��ULVN<P��qPSR4Z«Y[R4�B�kJM�SP�Y[Z]PoT{UoL_�-��UoPSTB�MR�Y·^M�M�SPS^ aW Y[aMT�PSR{N���ULbY[JM�[`
T{Uo�M^ML_PSTK�[JM^�R��kJM^MY[�-L_¢SPS^�P�©��qPSR�Lb�BPSJUoT�¥�egJ�aqY�U � P�©��qPSR�Lb�BPSJUo�[`v�[JM^�Y[aMT�PSR@N²��ULbY[JM�k`*T��SPSJM�[R4L_YkT¤d
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&·�M��UoL_YkJM¥�eXJ��M�[R@ULb�S�M`_�kR�d"T�PS`_PS��UoL_YkJ�^MPS�qPSJQ^MT
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¸��[�¥� �   �æ�3Z¬R�Yk���M�[R@ULb�SL_�M��UoL_YkJM¥�hK`VU � Yk�Qc �
U � P��[T�T��M�B��UoL_YkJ�L_TKT{UoR�YkJMc[d*LOU)�BLbc � U'aqP�Z«�M`�TM`_`bPS^�L_Z%U � P�T�P�U�M��YkZ�U � P��MR�Ykc[R4�[� L_T3UoR��kJMT¤�M�kR�PSJU
UoY6U � P��M�MaM`bL_���kJM^	�qPSY[�M`bP��[R4P��kaM`_P³UoYa.��M^Mc[P³¦¨PS`b` � Y¤¦ U � P�W¸T¤�M�S�SPSPS^BL_J¡U � P³UR4PS��Uo�BPSJUo¥�egJ¡U � L_T
�S�kT�PSd�YkJQ`VW¾U � P �-Y[T{U�T��M�S�SPST�T¤Z¬�M`�L_JM^MLVN�L_^M�M�k`_T'�MJM^MPSR�ckY�UR4PS��Uo�BPSJU¸�[JM^Md³U � PSR�PSZ¬Y[R4Pod�U � P �BPS�kJ
PSºqPS��U�YkJ'U � P�UoR�PS��UPS^�LbJM�oR4PS�[T�PST/Z«R4Y[� 7 UoY 7 ¥_É � ¥
IKJM^MPSR U � LbTKYk��ULb�BLb¢S��UoL_YkJ�aqP � �§N%L_YkR]e¥ý aMR4PS�[�·T]^MY¤¦�J ¸ Í�ë*LVU)^MY·PSTKJMY�U)�[JoW��BYkR�P�L_^MPSJUoL_ZçW¸U � P

�-PS�[J¾PSºqPS��U�Y[Z*UoR�PS��U�BPSJoU�Y[J�U � P¡UoR�PS��UPS^¾aM��U�U � P	T�Y�´¤�S�k`_`bPS^�R_=æ;43DR�3%1É2PB63
éÉ2Ë<CB6243D<C0Ë2P5F<:298:2�;�<
b@��h � ~�� ¦ � Lb� � LbTªU � P�PSº%PS��U)Y[Z�UoR�PS��U�-PSJU'YkJ�T�Y[�-PSY[JMP�¦ � Y��SY[�-�M`_LbPSTª¦½LOU � U � P�LbJMTµUoR��M�-PSJUd
Lb¥_PS¥M¦ � Y��M�kR{UoL_�SLb�M��UPST�dg¹Ê¿ 7 dvLbZF�n¿ 7 �kJM^B¦ � Y	^MY·PST]JMY�Udg¹Ê¿ �kdvLbZF�n¿ �k¥£egJÀ�k�S�SY[R4^M�[JM�SP
¦½LOU � |%lO~v�������ÊeI�ÊkO�²¥Àb 7��k�S� �'�[JM^A°�i�sªeIlO�Am |%lF~j������� b 7��[� ÉS�'Z«�MR@U � PSR'^MPSJMY�UP 3SR ��3%v��$-
<�3M�É2PBa�¯�kT3L_JM^MLVN�L_^M�M�k`_T"¦ � Y��k`O¦¨�¤W�T3�MJM^MPSR�ckY/UoR�PS��U�-PSJU]L_R4R�PST��qPS��ULVN<P�YkZ·U � P/R�PS�k`_Lb¢S��UoL_YkJ	Y[Z±U � PSL_R
� �[JM^Mdª`_Lb�[P�¦½L_T�PSd±5F2`1É2EB�-�<�3M�É2PBa�)�kT/U � YkT¤P£¦ � Y�JMP�N<PSR½�M�[R@ULb�SL_�M��UoPS¥ ¸ ù�~¨L_T�R4PSc[�kR�^ML_JMc-U � PBc[R4Y[�M�

ÑCÎEâ*Ü¶×µæ�ä�Ó�×{ÝxÔ¶×,×µÝ>Ó�Ý>Ó�×µÓ�ÕµÜ�Ö�Ó�ßxÓ�æç×«í/æ�è,ßxÜ¶×,ä4Ô¶ÙxèµÓ�óKâSí/Ü�â>èµÓ4Õ��¤Ô�â>Û�Ó�ä�Ü��¤Ô�Õµæ�Ô�×{Ó4è,ò"Ý>æ�äöÝKä�Ü�Ù>Û�óKâkÓ�ä�Ü�îkÓ4ó]ò"æç×µÝ�éoâ>Ù>×
âSí�Ý>æ�ó>óxÓ�ß¨äöÝ>Ô�ÕµÔ�ä�×µÓ�Õµæ�èµ×µæ�ä�è�Ü¶ßxÛçí�ìoß>Ü¤ò"ß¨×{Ü�×µÝxÓ�æ�ß>ó>æ��oæçóxÙ>Ô�Û¬ï
Ñ �4ð¹ØàÜ�Ù>Õµ×µÝ½ä�Ô�×µÓ�Ö�Ü�ÕµíSé�èûÜ¶÷ ä�Ô�ÛçÛ�Ó�ó NMei��e�O�Q ò"Ý>Ü]èµæ�å�î>Û�í¨ó>Ü]×µÝ>ÓªÜ�î>îkÜ�èµæ�×µÓªÜ�Ø<ò"Ý>Ô�×�×{ÝxÓ�æçÕ�>Àæ�ß>óxæçä4Ô¶×µÓ�è�Ô¶ÕµÓªÕûÙ>ÛçÓ4ó

Ü¶Ùx×"èµæ�ß>ä�Ó���æ�è"å�Ü�ß>Ü�×µÜ�ß>æ�ä�æ�ß+>�ï
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N²�kR�Lb�[aM`bPST/Z«Y[R6T�L_�-�Q`bL_�SLVUgWÿ;4=
0*[jR W@2PBa�]�kR�P¡� � �kR��k��UPSR�Lb¢SPS^�aW�U � P¡T¤P�U
¼%�3� 7 �¼�`�gÅó¶��Y·±Å��
·8�(ô¼�5��� �kJM^ 7 �·�`�IÅÆ¶���·±Å��
·D���D¸u�(ô¼�íð�� ¾ È b � �

�ML_JM�SPKP�©��[��Uo`OW � �[`bZ"Y[Z²U � PKT¤�k�B�M`bP¨�MJM^MPSR�ckY·PSTvUR4Po��U�-PSJU£LVU£�S�[J aqPKT � Y¤¦½J�U � ��U¯U � PKL_JM^MLVN�L_^M�M�k`
UR4PS��Uo�BPSJU£PSºqPS��UT¯Y[Z"JMP4NQPSR{´µUo�[�kPSR�T�d%�SY[�B�M`bL_PSR4T�d��kJQ^��[`V¦¨�§W%Tµ´µUo�[�kPSR�T��kR�PKY[R4^MPSR�PS^ T{W��-�BP�UoR�Lb�S�[`b`OW
�[R4Y[�MJM^�U � P	�-PS�[J�N��k`_�MP	Y[Z¨�`�³¦�LVU � JMP�NQPSR{´µU�k�[PSR4T���U½U � P	aqY�U4UYk�Bdª�SY[�B�M`bL_PSR4T�L_J�U � P	�-L_^M^M`bPSd
�[JM^¼�k`O¦¨�¤W�T{´µU�k�[PSR4T¡��U£U � PKUYk�M¥ �6� �MT¤d³�MJM^MPSR�U � PST�P-T��%PS�SLb�[`��SLbR��S�M�-TµUo�[JM�SPST�d,U � P-�-PS�[J¼PSºqPS��U
Y[JÏ�SY[�-�M`_LbPSR�T��SYkL_JM�SLb^MPST�¦�LVU � U � PÀ�BPS�kJ�PSºqPS��U�Y[JÏ� R��kJM^MY[�B`VW � � Y[T�PSJÏ�%PSR4T�Y[JMd¡JM�k�BPS`VW 7 ¥
¡J¼U � P�Y�U � PSR � �kJM^Md3U � P��BPS�kJ PSºqPS��UÀYkJ¼U � P'UR�PS��UPS^Ü)¹U � P��k`O¦¨�¤W�T{´µU�k�[PSR4T	�kJM^ �SYk�B�M`bL_PSR�T
¦ � Y��M�[R@ULb�SL_�M��UP�)¿P�©%�oPSPS^MT 7 ¥ egZ�U � P T�PS`bPS��ULbY[J8�SR4LOUoPSR�LbY[J�¦¨PSR4P R�PS�M`b�[�SPS^»T¤�M� � U � ��U¸P�©��[��Uo`OW
É[�	� YkZ6U � P�T��k�B�M`bP��Q�kR{UoL_�SLb�M��UoPS^Md���h � ~j¦£Yk�M`_^ LbJM�SR�PS�kT¤P�UoY8�kaqY§NQP 7 d�LbZ � ��� �QJM^MPSR@¦¨PoJoU
UR4PS��Uo�BPSJUB��h � ~¿¦¨Yk�Q`b^¼Z¬�[`b`³aqPS`bY§¦ 7 ¥��vh � ~ �[JMT{¦¨PSR�T�U � P%&·�MPST{UoL_YkJ¼Y[Z � Y¤¦ `_�kR�ckP¨U � P'c[�kL_J
Z«R�Yk� UoR�PS��U�-PSJU/¦¨Yk�Q`b^�aqP¡L_Z<U � P¡�SY[T{UT � ���/¦¨PSR4P¡R�PS^M�M�SPS^�aW��D¸rb@Y[R��   LbJ��S�[T�P¡YkZ��   �4¥ ¸ �
hK`b�[T�dqU � P�Y�U � PSRKJMY[J�´¤P�©��qPSR4L_�BPSJoU�k`*PST{ULb�B��UYkR�TK^MY�L_�-�MR�Y¤N<P�LbJ�U � L_TKT��SPSJM�[R4L_Y�¦ � L_� � LbT¨^M�MP

�B�kL_JM`VW	UoY'�k^�N<PSR4T¤PKPSº%PS��UoT*¦ � Lb� � �S�kJM�SPS`�Yk��U¡T�Yk�BP¨aMLb�[T�PST�¥a�KY)ckPSJMPSR��[`%�M��U�UoPoR4J �MJM^MPSR�`bLbPoTvU � L_T
L_�-�MR�Y¤N<PS�-PSJU¥¯e U/LbT³�BPSR4PS`OW��[J'�[R@UPSZ«�k��U/Y[Z[U � P�T¤�qPS�SLb�[`²�BY±^MPS`²�MT¤PS^ � PSR�PS¥¯egJ¨U � L_T³`b�[T{U/T��SPSJM�[R4L_Ykd
T�Y[`bPS`OW�U � P¡R��kJQ^MYk�BLb¢SPS^�P�©��qPSR�Lb�BPSJU½L_T/T{ULb`_`,�[aM`bP�UY-L_^MPSJUoL_Z�W�U � P¡�M�[R4�[�-P�UPSR6Y[Z*LbJUPSR4PST{U¥

egJUPSR4PST{ULbJMc[`VWGd]U � P¼T{UoR���UL�TMPS^�P�©��qPSR�Lb�BPSJUoT�LbJ��[`b`£T��SPSJQ�kR�LbY[T�^MY¿JMY�U¾^MY¿aqP�U�UoPSR)U � �kJ8U � P
�MJMTµUoR���UL�TMPS^ Y[JMPST�¥ �6� L_T�L_T�JMY�U��SY[�B�M`bP�UPS`VW �MJMP�©��qPS��UPS^Md�T�L_JM�SP½¦�LVU � ��T��[�-�M`_P�T�L_¢SP�YkZ 7 �[�k�
R��kJM^MY[�-L_¢S��UL_YkJ¼�k`_R4PS�[^�W»aM�[`b�[JM�SPST�U � PKUg¦£Y�´¤^ML_�-PSJQT�LbY[JM�k`�Y[aMT�PSR{N��kaM`_P-�SY¤N��[R4L_��UPST�b ¥ �6� L_T�¦½L_`b`
a%P¡^MPS�-Y[JMT{UR4��UoPS^'UY-a%P¡^MLbºqPSR�PSJU½L_J'U � P¡�SY[JUoP�©·U�YkZ*ckR�Yk�Q��R4�[JM^MYk�BLb¢S��UoL_YkJM¥

u Ì Ä Ì w nS=@:qÆÏ�Qn-n m Ì��À;>:<C*pÏÃªÌÏ^qÌ Ä

egZ[UoR�PS��U�-PSJU6Y±�S�S�QR4T���U�U � P�ckR�Yk�M�)`_P�NQPS`_dxU � P¯PSº%PS��UoLONQP¯T¤�k�B�M`bP¯T¤Lb¢SP¯T � R4L_JM�±T�aqPS�S�[�MT�PvU � P¯`_Lb�BLVUPS^
N²�kR�Lb�[aMLb`_LVUgW YkZªUR4PS��Uo�BPSJU�R4PS�SPSL_��U	¦½LOU � L_J c[R4Y[�M�MT��SYkJMZ«R�YkJUoT�T�L_�-L_`b�[R4`OW�`bL_�-LOUPS^¼N��[R4L_�kaML_`bLOUgW�Y[Z
Y[aMT�PSR{N��kaM`_P)�[JM^|�MJMYkaMT¤PSR@N��[aM`bP'� � �kR��k��UPSR4L_T{ULb�ST�¥BeXJ�Z«�k��Ud�R�PST��M`OUoT£�MR4PST¤PSJoUPS^�L_J�Uo�[aM`bP'Ê �S`bPS�[R4`OW
^MPS�BYkJMTµUoR���UP � Y¤¦ �����M~8�_T � �§NQP�L_JM�SR4PS�[T�PS^Md*�M�kR{UoL_�S�M`b�[R4`OW¹aqPS�S�[�MT�P/U � P�PST{ULb�B��UY[R/�_T N��[R4L_�kJM�SPST
Ñ
4E�¡Ü�ÕµÓ�Ü���Ó�Õ¤éM×µÝ>Ó]èûÓ�×¯Ü¶Øvä�Ü�å�î>Û�æçÓ4Õµè£ü � þvÜ��kÓ�Õµè�Ô¶ß	æçßo×{Ó4ÕµÓ�èµ×µæ�ß>Ö�æçßo×µÙ>æ�×{æ���Ó]æ�ßo×{Ó�Õûî>ÕµÓ�×µÔ�×{æ�Ü�ßBÜ�Ø�×µÝ>ÓKÕµÓ�Û�Ô¶×µæ�Ü¶ßxèµÝxæçî

âkÓ4×«ò%Ó�Ó�ß'æ�ß>èû×{ÕûÙ>å�Ó�ßo×{Ô�Û%ÕµÓ�Û�Ó@�¤Ô�ß>ä�Ó/å�Ó4Ô¶èûÙ>ÕµÓ�ó-âSí�ä4Ü¶ÕûÕµÓ�ÛçÔ�×µæ�Ü¶ß-âkÓ�×«ò%Ó�Ó4ß>¼Ô¶ßxóæ�8Ô¶ßxó'×µÝ>Ó,�¤Ô�ÕµæçÔ�ßxä�Ó/Ü�Ø,×µÝ>Ó,�nm
Ó4èµ×µæçå�Ô�×µÜ¶Õ¤ï�væ�Ö�Ý�ä�Ü�ÕµÕµÓ�Û�Ô¶×µæ�Ü�ß�æçßxó>Ù>ä4Ó�è�ÛçÔ�ÕµÖ�Ó�6 Ñ Ô¶ßxó�×{ÝoÙ>è�Ô]Û�Ô�ÕµÖ�Ó¯èµÓ�×�Ü�Øqä�Ü�å�î>Û�æ�Ó�Õµè�ò"Ý>æ�äöÝ²ékæ�ß�×{ÙxÕµß�ékæ�ß>ä4ÕµÓ�Ô�èµÓ�è×µÝ>Ó³ßSÙxå3âkÓ�Õ�Ü¶Ø²Ü�â>èûÓ�Õ��¤Ô�×{æ�Ü�ß>èO�nm�æçè�â>Ô�èµÓ4óKÜ�ß�éoæ«ï ÓoïoÕµÓ�ó>Ùxä�Ó�è�æç×µè�èµÔ�å�î>Û�Óv�¤Ô�Õµæ�Ô�ß>ä�Óoï
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� �kaM`_P¡Êk��ÂK?ono= y �Mno=@:<Æ87�Ì·?oC Ä nS?:9 u Ì Ä Ì w nS=@:qÆÏ�Qn-n m Ì��À;>:<C*pÏÃªÌÏ^qÌ Ä4s
�	; è =>; è �«ßxó>æ��Gï �«ß>óxæY�±ï

ë�Ô�èµæ�ä æçßxä�Û�Ù>ó>Ó4ó æ�ß>ä�Û�Ù>óxÓ�ó Ü�î>î[Ü¶Õµ×¤ï ×µÕµÓ�Ô�×{å¡ï
ä�Ü�èµ×µè Ó?�kÓ4ä�×µè

ã<èû×{æ�å�Ô�×µÜ¶Õµè ü � þ ü_�kþ ü � þ ü � þ ü � þ
ù�ÕµÙxÓ�Ó?�[Ó�ä�× ?<@CA<A	A ?<@CA<A<A D<@C?<?	D D<@C?<?	? D<@CX<F	E

ü � ï ����� þ ü � ï ���y� þ ü � ï ���y� þ ü � ï ���y� þ ü � ï ����� þ

GIHKJMLINMJMO�N*PRQSHKTBUVJMHKWMO�Q
Þ²ÕµÜ¶èûèµ÷_èûÓ�ä�×µæçÜ�ß ?<@CY<`	E ��?<@C?<_	a ��?<@C?	_<E ?<@C?<_	A D<@CD<`	_

ü � ï ��� � þ ü � ï � ���kþ ü � ï � � � þ ü � ï � ���kþ ü � ï ����� þ\ � ï � � � ] \ � ï � � � ] \ � ï � ���[] \ � ï � � �[] \ � ï �����[]
��ä�Ü�ßS×µÕµÜ�ÛçÛ�Ó�ó¨ØàÜ¶Õux D<@C?<?	D ?<@CY<`<a ?<@CY	A<E ?<@CX<_	` D<@CY<_	a

ü � ï ����� þ ü � ï � � � þ ü � ï � � � þ ü � ï � ��� þ ü � ï � � � þ\ � ï ����� ] \ � ï � �y� ] \ � ï � � � ] \ � ï � ��� ] \ � ï � � � ]
ë�Ó�ØàÜ�ÕµÓ�÷_Ô�ØÚ×µÓ�Õ ?<@CA<A	A ?<@CA<A<` D<@C_	?<X D<@Ca<F	` D<@CA<D	A

ü � ï � Z � þ ü � ï � Z � þ ü � ï � ���kþ ü � ï � � � þ ü � ï � � � þ\ � ï � Z � ] \ � ï � Z � ] \ � ï ��� � ] \ � ï Z ��� ] \ � ï ��� � ]
ë�Ó�ØàÜ�ÕµÓ�÷_Ô�ØÚ×µÓ�Õ¤éoßxÜV� Ñ ?<@CA<A	A ?<@CA<A<a D<@C_	?<X D<@C`<a	E D<@CA<E	D

ü � ï � ���kþ ü � ï � ���kþ ü � ï �/� �kþ ü � ï �y� � þ ü � ï �/� � þ\ � ï � ���[] \ � ï � ���[] \ � ï ��� � ] \ � ï � ��� ] \ � ï �^Z � ]
ú�æC�[Ó�ÕµÓ�ßxä�Ó�÷_æ�ß>÷_óxæC�[Ó�ÕµÓ�ßxä�Ó�è ?<@CA<A	A D<@C?<?<? D<@C?<?	D D<@C_<E	` D<@CE<a	_

ü � ï � � � þ ü � ï � ���kþ ü � ï � � � þ ü � ï ����� þ ü � ï � � � þ\ � ï � � � ] \ � ï � ���[] \ � ï � � � ] \ � ï � � � ] \ � ï � � � ]
��ä�Ü�ßS×µÕµÜ�ÛçÛ�Ó�ó¨ØàÜ¶Õux D<@C?<?	? D<@C?<?<? D<@C?	?<D D<@CF<E	` D<@CE<a	_

ü � ï � ��� þ ü � ï ��� � þ ü � ï ����� þ ü � ï � ��� þ ü � ï � � � þ\ � ï � ��� ] \ � ï ��� � ] \ � ï ����� ] \ � ï ��� � ] \ � ï � � � ]
b LIQSHKO�cdUfe�LIHKJMg>h	JMO�TiJMj�gke�QlPRQSHKTBUVJMHKWMO�Q
�nm�> ¢ D<@C?<E	D D<@CD<?<D D<@C?	F<` D<@C?<F	_ D<@C?<?	?

ü � ï � ���kþ ü � ï � ��� þ ü � ï � � � þ ü � ï � � �kþ ü � ï ����� þ\ � ï � � � ] \ � ï � �y� ] \ � ï � � � ] \ � ï � � �[] \ � ï � ��� ]
��ä�Ü�ßS×µÕµÜ�ÛçÛ�Ó�ó¨ØàÜ¶Õux D<@C?<?	E D<@C?<`<A D<@C?	E<A D<@CD<?	E D<@C?<X	a

ü � ï ����� þ ü � ï �[Z � þ ü � ï ��� � þ ü � ï Z�� � þ ü � ï ����� þ\ � ï ����� ] \ � ï �[Z��[] \ � ï ��� � ] \ � ï Z �y� ] \ � ï ���y� ]
�¡Þ²Ü¶ÕµÕ¤ü;> ¢ <��¯þ ?<@CX<?	a ?<@CY<A<_ ?<@CX	?<Y ?<@CY<`	` ?<@CX<?	F

ü � ï � � � þ ü � ï � � � þ ü � ï � � � þ ü � ï � � � þ ü � ï � � � þ

Ppo�qre�O�TiUfe�LIHKJMgdPRs�JMgkcdJMHKTBWMLIQ
ãI�oîkÓ�Õµæ�å�Ó�ßo× ?<@CA<A	` D<@C?<?<a D<@C?	?<F D<@C?<?	F D<@CX<F	Y

ü � ï � � � þ ü � ï �y� � þ ü � ï ��� Zkþ ü � ï ��� �kþ ü � ï � � � þ\ � ï � � � ] \ � ï �y� �[] \ � ï ��� Z[] \ � ï ��� �[] \ � ï � � � ]
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