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3URYLGLQJ�PDWHULDO�DQG�VSLULWXDO�QHHGV�LV�QHFHVVDU\�IRU�KXPDQ�JURZWK�DQG�
SHUIHFWLRQ��DQG�SD\LQJ�DWWHQWLRQ� WR� WKH�ERG\�DQG�PHHWLQJ� LWV�QHHGV� LV� DOVR D�
SUHUHTXLVLWH� IRU� UHYLYLQJ� WKLV� JURZWK� DQG� VHHNLQJ� SHUIHFWLRQ�� 6LQFH� WKH�
VWUXFWXUH�RI�KXPDQ�H[LVWHQFH�LV�WZR�GLPHQVLRQDO�DQG�WKH�GLPHQVLRQV�RI�ERG\�
DQG�VRXO�DIIHFW�HDFK�RWKHU��SD\LQJ�DWWHQWLRQ�WR�WKH�KHDOWK�IDFWRU�RI�WKH�ERG\�KDV�
D�VSHFLDO�LPSRUWDQFH�DQG SODFH���)RU�WKLV�UHDVRQ��ERG\�QXWULWLRQ�LV�RI�D�VSHFLDO�
YDOXH� DQG� LPSRUWDQFH� DV� WKH� PRVW� VLJQLILFDQW� IDFWRU� LQ� HQVXULQJ� KHDOWK��
,JQRULQJ� RU� QRW� NQRZLQJ� HQRXJK� DERXW� WKH� YDOXH� RI� KHDOWK\�� JRRG�� TXDOLW\�
IRRG��SD\LQJ�DWWHQWLRQ�WR�IRRG�GLYHUVLW\�DQG�XVLQJ�GLIIHUHQW�IRRG�JURXSV��QRW�
RQO\� FDXVH� SK\VLFDO� LOOQHVV�� EXW� DOVR� D� ZDUQLQJ� VLJQDO� IRU� WKH� RQVHW� RI�
LQDSSURSULDWH�PRRGV�VXFK�DV�PRRG�VZLQJV��QHUYRXVQHVV�DQG�GHSUHVVLRQ��

7KLV�DUWLFOH��ZKLFK�XVHV�D�GHVFULSWLYH�DQDO\WLFDO�PHWKRG��KDV�EHHQ�ZULWWHQ�
ZLWK�WKH�DLP�RI LQWURGXFLQJ�DQG�H[SODLQLQJ�WKH�YDOXH�RI�QXWULWLRQ�LQ�UHOLJLRXV�
WHDFKLQJV�DQG�SUHVHQWLQJ�GLIIHUHQW�IRRG�JURXSV�LQ�WKHVH�WHDFKLQJV��7KH�UHVXOWV�
RI� WKH� UHVHDUFK� LQGLFDWH� WKH� VSHFLDO� SODFH� RI� QXWULWLRQ� LQ� UHOLJLRXV� RUGHUV��
3D\LQJ� DWWHQWLRQ� WR� WKH� EDODQFH� LQ� HDWLQJ� DQG� GULQNLQJ� DQG� GLVWLQJXLVKLQJ�
YDOXDEOH�QXWULWLRQ�IURP�LPSURSHU�RQHV�DFFRUGLQJ�WR�WKH�FULWHULD�RI�WKH�QXWULWLRQ�
V\VWHP� PRGHO� LQ� ,VODP� FDQ� KHOS� PDQ� LQ� WKH� SDWK� RI� ULJKWHRXV� DFWLRQ� DQG�
JXDUDQWHH� KLV� DOO�URXQG� JURZWK� DQG� VXUYLYDO�� LQ� DGGLWLRQ� WR� EULQJ� FORVHU� WKH�
GLYLQH�VRFLHW\�WR�LWV�KXPDQ�SHUIHFWLRQ��)LQDOO\��WKH�JURXS�RI�EUHDG�DQG�FHUHDOV��
PLON�DQG�GDLU\�SURGXFWV��IUXLWV�DQG�YHJHWDEOHV�DQG�PHDWV�DUH�DPRQJ�WKH�PRVW�
LPSRUWDQW�IRRG�JURXSV�LQ�WKH�UHOLJLRXVO\�KHDOWK\�QXWULWLRQ�V\VWHP�

.H\ZRUGV� )RRG� *URXSV�� 5HOLJLRXV� 1XWULWLRQ�� 1XWULWLRQDO� 9DOXH�� )RRG�
3\UDPLG�

��'DWH�RI�UHFHLYLQJ� ���-XQH�������'DWH�RI�DSSURYDO� ��-XO\������
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˨µ˨ä˙ŋķ˨ŔŊʭńŎäĤŕŗÚÏ

ġěęùġěęùğʭŒģğʭŒģääˮŗĚáˮŗĚáʭŕʭŕããùĘĻùĘĻäŰäŰùŗę˨ŗ˨ŏíĚŃ˨ęĕùŗę˨ŗ˨ŏíĚŃ˨ęĕāʭŰāʭŰ

ÊËZÀ�Á���Ì^»Z¯��Á¾�Á��¾�u��ÁÊ¼�Z§�¦�ÂËZÌ¿�

ˮĖŞÞ×

ŐŞŎðăãʭŕěʭŞőãĕʭŎŗʯãŘŒĸŎŔŎěťĖģęŗŉʭµ˙ÝäőʭµĠőùĂµğù
ŔµċŘăŔµýōµĠċŗ˫ĕęŗíĚµýĚµÝŏĕ

ãʭŕěʭŞőŏíĜŞőĢŞÏěʭŞőãʭŞďùŐŰùĖģęŗŉʭ˙ÝäŰŘċĂğù
ŔÝʭČőíěùęʭĄēʭµğãĕŘµċŗŏʭµĠőùŗĕãĖµĸýˏ

ĂğùŗĕʭĸýùōĠċŗčŗęĚýōŕʯĖőęùĘáĚŞćðăŔċŘăŔý˛ŎʭķäĄŎŦµğōµĠċěùĂµŞ˙ŕùŗ˫ʭµâŰʭċ˫ÚµŰŗãù

ęùĕęŘēĚýĂğù
ŐŰùěùĂğŗęŔÝŔŰĘļăōĠċŔµýŏùŘŒķŐŰĚµĄ˙ŖŎ˛µŎʭķŐŞŎðµăŦµğĂŎōµĠċŗʯčŗęěù

ġěęùŗĂŞ˙ŕùĥʭēęùĕęŘēĚýäŎĕŘģ
˫ĖŰĕʭőŐĄĿĚáʭŰŌĖķĂēʭŒģäĿʭÝěùġěęùĕùŘŎäŰùĘĻʯōŊʭµğ

ʯüŞįʯĂŞŀŞÝʭýŔċŘăŔýĵŘŒăäŰùĘĻŗĚ˫ŖýãĚŞáěù˫ŗĚáãʭŕľŋĄĔŎʯäŰùĘµĻŔµőʭŖŒăŔŒŞŎěěʭµğŦĄµýùŔµý

ĩùĚŎùäőʭ˙ĠċʯŔĄĤáŔÞŋýàőěãĚİēãùĚýŌŘČŕāťʭďęäďŗʯüğʭŒŎʭőĖŒőʭŎĊÝʯäµńŋēľĸµī

ûʭĨķùŗäáĕĚĠĿùäŎĕŘģ
ġŗęŐŰùĢŕŗÚÏäŀŞħŘă	ŏí˰ĽĖŕ˰ŗ˰Ăğù˰äŋŞŋĐăäµĿĚĸŎŗŐŞµŞþăġěęù

äĄēʭŒģŔŰĘļăęĕě˫ŘŎíãʭŕäŒŰĕŗŔ÷ùęù˫ŗĚáãʭŕľµŋĄĔŎäŰùĘµĻęĕŐµŰùě˫ŘŎíĂµğʭŕ
ĊŰʭµĄőĢŕŗÚµÏ

äÝʭďěùŏíĂğùŔÝŔŰĘļăęĕġęʭŀğãʭŕäŒŰĕěùʭċ˫ʭâŰ˫ÚŰŗãùęùĕęŘµēĚýĂµğù
ŔµċŘăŔµýŉĕʭµĸăęĕ

ŏĕęŘēŗŏĖŞŎʭģíŗĦŞĔĤăŔŰĘļăĖŒ˙ģěęùěùŔŰĘļăĎŞĐħʭőĚµýłµþįęʭµŞĸŎãŘµâŊùŌʭµĴőŔµŰĘļăęĕ

ŌŦğùäŎĖőùŘăŏʭĠőùùęęĕĚŞĠŎŌʭČőù˛˙ķĎŊʭħãęʭŰĖŕĕŗĖģęŗãʭńýŔ˙ŕŔþőʭċĕʭµĸýùãĕŘµċŗŗùùę

ŐŞ˙ĬăĖŰʭ˙őŗŔĸŎʭċäŖŊùùęŔýŉʭ˙ÝäőʭĠőùĢŰŘēÜŰĕĜőĚăĖőùĕĚá
ʯŐŞŒØ˙ŕ˫ŗĚáŏʭőŗʯāŦĻĚŞģ

ŗʯāʭŞŒþŊ˫ŘŞŎŗāʭČŰĜþğŗĂģŘáʭŕěùŐŰĚĄ˙ŖŎ˫ŗĚáãʭŕäŰùĘĻęĕŌʭĴőŔŰĘļăōŊʭğäŒŰĕĂğù


˫ÙùŗĖŞŋÝʭŕʲě˫ŘŎíãʭŕʯäŒŰĕ˫ŗĚáãʭŕʯäŰùĘĻŔŰĘļăʯäŒŰĕġěęùʯŔŰĘļăŌĚŕäŰùĘĻ


˰
ʲĂĿʭŰ ęĕ˨ĒŰ ęʭăʿʽ�ʽˀ�ʾˀˆ˅˰ŗ˨ĒŰ ęʭăġĚŰĘÏʲʾˆ�ʽˁ�ʾˀˆˆ


ʾ˰
ĕʭĄğùęʭŰĸŎʭċĀŀİĨ˙Ŋùä˙ŊʭĸŊùŞʲĀHOPYDDNKODJK#\DKRR�FRP


ʿ˰
ŘČĤőùĕãĚĄÝĕãĸŎʭċ˰ĂŎŦğ˰ŗ˰ĂģùĖŖý˰ĢŰùĚá˰ŌŘŋķ˰ŗ˰ŏíĚŃĀŀİĨ˙Ŋùä˙ŊʭĸŊù˕˰ĀŞŘő˫ĖŒĠŰŉŘøĠŎʲ˔HOPYDDPDO#\DKRR�FRP


ˀ˰
ŘČĤőùĕãĚĄÝĕãĸŎʭċ˰ĂŎŦğ˰ŗ˰ĂģùĖŖý˰ĢŰùĚá˰ŌŘŋķ˰ŗ˰ŏíĚŃĀŀİĨ˙Ŋùä˙ŊʭĸŊùŞʲĀHIKBHQJOLVK#\DKRR�FRP

ˈäőùĕęĖŃˇ

þŎʭÝ˰ĕʭĄğù˰ěùĜŞäŰʭŒģŗęʭŃí˰ŗãľğŘŰ˙įʭĿäőʭŞùĚýãĸŊʭİŎũ˛Þģ˰Ŕý˰Ü˙Ý˰ŗ˰ŔŊʭńŎáãĚŞŎĚÞĤă˰ŐĄŎäōŒÝ
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ŔŎĖńŎ

ě˫ŘŎíʭŕãŐŰĕãŘâĔğʭÏŌʭ˙ăãʭµŕěʭŞőãĕʭµŎŗãŘµŒĸŎŏʭµĠőùęĕĚŞµĠŎĖµģęŗŉʭµ˙ÝŗĶŎʭµċ

ŔŎʭőĚýʭŕŗ˛˙ĸŊùęŘĄğĕäŰʭŕĂğùŔÝęĕŘăĚÏŏíäŎŏùŘăÜþğäáĖőěŔĄĠŰʭģãùäŕĖőʭŎʭµğĕĚµÝŗŔµý

āĕʭĸğãŘŞőĕŗãŗĚēù˛÷ʭőĖŎí
ŐŰùěùʯŗęęĕęʭŒÝŏʭŞýŌʭÞďùŗÜğʭŒŎʯãĕʭþķäăùęŘĄµğĕęĕŔµİŞď

äáĖőěãĕʭŎęĕě˫ŘŎíãʭŕäŒŰĕŔýōĤ×äŎĕęŘēŔÝŔýŏùŘŒķŔµŎĖńŎŗãęùĜµýùōµŖŎęĕĂµŖċłµńĐă

ĽĖŕĢŒŰĚĿíŗŉʭ˙ÝãĕʭŎŗãŘŒĸŎŏʭĠőùäĿĚĸŎ˫ĖģĂğù


ěùãŘğĚâŰĕŏʭĠőùãùęùĕŗĕĖĸýäďŗęŗä˙µĠċĂµğùŔµÝĚµýĚâŰĖµ˙ŕĖµőęùĘáĚŞćðăŗĖµģęŗ

äŰʭĿŘÞģŌùĖÝĚŕŔýĚâŰĕãŔĄĠýùŗĂğù
ŐŰùĚýʭŒýʯĲµŀďĂŎŦµğĢµĔýʯãĕʭµŎãęùĜµýùĖŒ˙µģěęùęĕ

ĂŖċŉʭ˙ÝäőʭĠőùĂğù
ŔŰĘļăŔýŏùŘŒķŐŰĚĄ˙ŖŎ˛ŎʭķäĄŎŦğʯĚŞćðă˫ÚŰŗãùęĕĖőŗę˛ŎʭÞăōĠċŗ

čŗęŏʭĠőùĕęùĕ
ŐŰùěùʯŗęŔŰĘļăęĕě˫ŘŎíãʭŕŐŰĕěùġěęùŗ˫ʭâŰʭċ˫ÚŰŗãùęùĕęŘēĚýĂğùŗãęʭŞµĠý

ěùōŞŊʭĸăŗę˫ùĜáãʭŕäŒŰĕŔýŐŰùġěęùŗ˫ʭâŰʭċę˫ʭģùĖőęùĕ


ŌʭĴőĘļăŰŔŌŦğùęĕŏŗęĕŌʭĴőĕʭþķãčĚİŎ˫ĖģÝŔŋŎʭķäùĚýãùŰĕʭµČâőùµŞ˫ĜęĕĕĚµĿĂµğù
˰ęĕ

ŌʭĴőĘļăŰŔŎŦğùäüŊʭİŎķŘŒĄŎäŔŋ˙ċěùĚħʭŒķùĘĻäŰʯĘļăŰŔʯüğʭŒŎŏěùŘăùĘµĻäŰŗĵŘµŒăÙęµŰō

ùĘĻäŰčĚİŎĂğù
ğĚĄğĕäŔýĚħʭŒķùĘĻäŰěʭŞőĕęŘŎęĕŌʭĴőĘļăŰŔùãŌŦğù
ˍ
ŦŎʭµÝʭķęµŰĂ˫Ėµģŗ

˫ŗŦķĚýŔċŘăŔýŐŞŎðăĘļăŰŔùʯãĂŎŦµğōµĠċŗŏùŗęŏʭµĠőùőµŞĜĚĴőĖµŎęùĚµŃŔµĄĿĚáĂµğù
őÞŔµĄ

üŊʭċŔċŘăęĕùŰŐŌʭĴőĘļăŰŔùʯãŘŊŗùŰĂĖŒýãĕùŘŎùĘĻäŰĚýĝʭğùġěęùùĘµĻäŰĕùĚµĿùŗüµğʭŒăʭµý

ęʭĄēʭğŗĂģĚğďŗęäŗĠċ˙äŏíĂğʭŕ˕ʯãĖ˙ĐŎęŘőʾˀˆ˃˔


ęĕŌʭĴőŔŰĘļăōŊʭğŗüŞįŗĂŞŀŞÝʭýŗęʭģĚğěùĕùŘŎäŰùĘĻěʭŞőĕęŘŎʯŏĖýŔċŘăŔýĵŘŒăäŰùĘĻŗ

Ě˫ŖýãĚŞáěù˫ŗĚáãʭŕľŋĄĔŎäŰùĘĻěùġěęùŗĂŞ˙ŕù˫ÚŰŗãùęùĕęŘēĚýĂµğù
˫ŗĚáãʭµŕľµŋĄĔŎ

äŰùĘĻˉäŒĸŰĚ˫ŖýãĚŞáěùŔ˙ŕŌʭĠŃùŗŔőŘáãʭŕľŋĄĔŎĕùŘŎäŰùĘĻŔÝęĕŔēĚ×äĄĠŕĖŞŊŘăäŎĕŘģ

ŗęĕ˫ʭâĤŞÏŏʭĠőùęùĚŃŔĄĿĚáʭăěùŏíĚ˫ŖýĖŒŎĕŘģ
ŔŞħŘăʭŕŗāʭģęʭŀğĵŘŒĄŎŗĕĖµĸĄŎęĕě˫ŘŎíãʭµŕ

äŒŰĕĜŞőʭŎùęŔýŐŰùōŖŎŏŘ˙ŒŕęäŎĕěʭğ
ŐŰùěùʯŗęęĕŐŰùęʭĄģŘőęĕäµÏŏíĄµĠŕōŞʭµăĞµÏěùŐŞµŞþă

ġěęùãęùĘáŗùĂŞ˙ŕäğʭŒģŔŰĘļăęĕě˫ŘŎíãʭŕʯäŒŰĕ˫ŗĚáãʭŕľŋĄĔŎäŰùĘĻŔÝęĕġęʭŀµğãʭŕ

äŒŰĕĕŘċŗĕęùĕùęäĿĚĸŎ˫ĕĚÝʭăŔŒŞŎěãĕĚýęʭÝãěʭğŐŰùě˫ŘŎíŕʭęĕŔŰʭğäµĿĚĸŎŌʭµĴőŔµŰĘļăōŊʭµğ

äŒŰĕōŕùĚĿĖŰí
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ʾŌŘŖŀŎ˨
äğʭŒģ

ùĘĻ˨
ÜŰŗŔŰĘļă

˫ÙùŗˈŔŰĘļăˇęĖĨŎûʭý˛ŞĸŀăʯěùŔĤŰęˈŗĘĻˇʭŰˈ´ùĘĻˇĂğù
ŐŰù˫ÙùŗěùĚĴőãŘļŊęĕäőʭµĸŎ

äŀŋĄĔŎýŔÝęʭŔĄĿęĂğù˰ʲŔőŘáĚŕŌʭĸįěùäőĕęŘēŗäőĖŞģŘőʭŕ˕ĞŞŰŘµŊʯĽŘµŋĸŎĖµČŒ˙ŊùäµýĚķŔµý

ʯäğęʭĿʾˀ˅ˆ�˂ˁ˃ˉʯãĚŕŘČŊùčʭĐĨŊùʯʾˁʽˁʲˀ�ˁˁ˂˔ˉŔØőíĖģęŗŘ˙őōµĠċŔµýŏíäâĄµĠý

ĕęùĕ˕ŐýùʯęŘĴŒŎŏʭĠŊʯûĚĸŊùʾˁʽ˂ʲʾ˂�ʾʾˆˉäŀħʯãęŘÏäŖĄŒŎûęťùäĿāʭļŊʯûĚµĸŊùʾʿˆ˃ʲ

ˀ�ʾʽˆ˔ˉġęŗĚÏŏĕùĕ˕ŏʭ˙ŕ˔


ùĘĻŗŔŰĘļăĜŞőŏŘØ˙ŕĚâŰĕŏʭáÙùŗęĕľŰęʭĸăʯäďŦİħùŔµýāęŘµħãʭŕäµŀŋĄĔŎľµŰĚĸăŗ

ľŞħŘă˫ĖģˉĖőùʭŎùŔċŗĶµ˙ċŔµ˙ŕŐµŰùľŰęʭµĸăŔµýŐµŰùāęŘµħĂµğùŔµÝ˛ŎʭµģäőĕęŘēʭµŕŗ

äőĖŞģŘőʭŕŎäĕŘģʯýŔŔőŘáãùŔÝĚŕ˫ĕʭŎãùŔÝŉŘŋğãʭŕŏĖýěùŏíĚ˫µŖýĖµőĚŞâýùę˛ŎʭµģĂµğù
ęĕ

ŏùĕŔŎʭŒģãʭŕä˙ŋķŗäÞģĜÏʯŔŰʭÏŔŰĘļăùęŐŞŒ×ľŰĚĸă˫ĕĚÝʲĖőù
ęĕōŋķʯŔŰĘļăěùùĘĻŔýŏùŘŒķ˫ĕʭŎãùĖŎʭċʭŰĶŰʭŎĕʭŰäŎĕŘģŔÝĞÏěù˫ĕęŘēŏĖģŗōµĬŕŏíŗ
ĞÏŒŰùěùŔÞěùłŰĚį˫ĕŗęʭŕûĘċŏĖýäŎĕĕĚá˕ŗʭŰŔýŁĚįĚâŰĕ˛ĈŎłµŰęĜăĕęùŗŏĖµý˫Ėµģ˔ʯãùĚµý

ãęùĖŖâőʯĉŘĠőĖģęŗŘ˙őŗ˛ĈŎĖŞŊŘăʯäŊŘŋğōŞĴŒăĢŒÝùŗãʭŕäăʭŞďŗĕʭČŰùāęùĚďŗãÙĚµőùęĕ
ʯŏĖýŔýĽĚĨŎäŎĖğę
ŉŘÞŊŘŎãʭŕûĘċ˫Ėģ˛ħʭďěùĕùŘŎʯäŰùĘĻ´ĜċùĘĻʭµŰ˫ĕʭµŎã

˒
ĘµļŎŌʭµő

Ėőęùĕ˕ʯãĖŞŀŎĿàŒŕĚ˫ĕĚĤĿäÞģĜÏʯĕęŘŀĠÝ íʾˀ˄˂ʲˀʿ˄˔


ĘļăŰŔāęʭþķĂğùěùŔķŘ˙ČŎ˛ĸĿäăťʭĸŀőùŗÝŔüċŘŎäŎʯĕĕĚáŘĬķ˫ĖőěŗŉŘŋğãʭŕʯŏíĕùŘŎ

ĘļŎãùęâýŞĖőĚŗŏíʭŕùęŔýĽĚĨŎĖģęŗŘ˙őŗěʭğŘőãŗęùĖŖâőãŘĬķĖŒőʭğĚýŗāęùĚďŗÙĚµőùã

ŌěťùęùĚýãŌʭČőùŉʭ˙ķùďŞăʭäŎðăŞŐÝŒŒĖ
ŔýāęʭþķĚâŰĕʯĘļăŰŔāęʭþķĂğùěùʲĭʭþăęùĕùŘŎùĘĻäŰʭý

˫ŘĐő˫ĕʭŀĄğùÝŏĕĚŏĖýěùŏíʯĕùŘŎùĚýãùŰŒÞŔŏĖýĖőùŘĄýęĕĚĄŖýŰŐĸīŗŞĂĂŎŦğęùĚŃáŞĕĚ
ʭµýùµŰŐ

īŘăŞʯĎōŋķĘļăŰŔ˛ŎʭģğęĚýäċŞĚ˫ʭŕãùĘĻäŰŗãęʭ˙ŞýãʭŕÝĕŘþ˙ĘļăµŰŔĜµŞőäŎĕŘµģ˕ŏʭµ˙ŕ˔


ŌěťŔýĚÝėĂğùŔÝęĕŐŰùĢŕŗÚÏęŘĴŒŎěùʯùĘĻōķùěùäőĕęŘēʭŕŗäőĖŞģŘőĂğʭŕ


ŐŰĕ˨
ŗĕŗˬěŘŎíãʭŕäŒŰĕ

ŐŰĕʯęĕĂļŊęĕäőʭĸŎʯĢŞÝʯŏùĖċŗʯŏŘőʭŃʯłďʯãęŗùĕŐŞµŰíŗġŗęŔµýęʭµÝäµŎĕŗę˕ʯŐŞµĸŎ

àŒŕĚĿʯŐŞĸŎʾˀ˅ˀʲʿ�ʾ˂ˆ˄˔ˉŗęĕäýĚķŔýãʭŒĸŎʯùĜċʯûʭĠďʯĂķʭįùʯōŞŋĠăōµÞďŗµķāĕʭ

ŔýŔĄĿęęʭÝĂğù˕ŐýùʯęŘĴŒŎŏʭĠŊʯûĚĸŊùʾˁʽ˂˰ʲ˂�ˀˀ˅	ˀˀˆ˔
äēĚýěùĂļŊŏʭğʭŒģŏʭýěýĚķäʯ

ĂķʭįùŗĕʭŞńőùùęãʭŒĸŎãęŘĐŎŗäŋħùŐŰĕŔĄĠőùĕŗŔŞńýäőʭĸŎùęěùāʭķŗĚĿŗłŰĕʭµĨŎŏí˫ĕĚ˙µģ

Ăğù˕ŐýùʯĝęʭĿōČĸŎĞŞŰʭńŎʯĀļŋŊùʾˁʽˁʲŁʿ�ˀʾˆ˔




˙ŋķ˨ŔŎʭŒŋĨĿ˨ŗĕäōŋķ˨ŗ˨ŏíĚŃ˨ŉʭğ˨ʯōŕĕęʭŖ×˨ˬęʭ˙ģ˨ʯʵʺ˨ʯ˨ŏʭĄĠŎě˨ŗ˨ĜŞŰʭÏʴʶʼʼĥ˨ʯʲʵʶʴ	ʵʸʳ
ġěęùğʭŒģäˬŗĚáʭŕãùĘĻäŰùŗę˨ŗ˨ŏíĚŃ˨ęĕāʭŰ

ŏùęʭÞ˙ŕ˨ŗ˨äŰʭŒģŗę˨ĜŞþŎʭÝ
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ʵʶʸ

˫ÙùŗŐŰĕęĕŏíĚŃŞýĢěùĕŘőęʭý˫ĖŎíĂğùŗęĕāʭµŰíĕĖµĸĄŎãęĕäőʭµĸŎäőŘáʭµőŘáĚµŞĴőùĜµċŗ

ġùĕʭÏ˕˛Đő�ʾ˃˔ʯĂķʭįŗʯāĕʭþķ´ʭĬŃŗʯōÞď˫ĖµŞńķ˕ęŘµő�ʿˁ˔ʯōŞŋµĠă˕ĞőŘµŰ�ʾʽ˂˔ʯŗŐŞµŰí

˕ŉíŏùĚ˙ķ˰�ˀ˔ŔýŔĄĿęęʭÝĂğù


ęĕāʭŰùŗęŐŰù˫ÙùŗŔýäőʭĸŎʯŐŞŰíĂķʭįùŗäáĖŒýŗŐŰĕãęùĕýŔęʭÝŔĄĿęĂğù


ĕùĚŎěùŐŰĕŏíě˫ŘŎíäŰʭŕĂğùŔÝěùłŰĚįäďŗäŖŊùŔýŏʭĠőùäŎĖğęʭŰŏʭŒĔğäőʭĠÝŔÝðµĤŒŎ

ęʭþĄķùŏʭģęʭĄŀáĭʭþăęù˫ÚŰŗãùĂğùŔÝʭýōŊʭķāŘÞŋŎĖőęùĕŗĢőùĕĕŘēùęěùłŰĚį˫ÚŰŗãùŔýĂµğĕ

äŎˉĖőęŗíŔýāęʭþķĚâŰĕĕùĚŎěùäďŗě˫ŘŎíäŰʭŕĂğùŔÝðĤŒŎęʭþĄķùŗďĂŞČŏíʭµŕĂµŃʭćŗĦĔµģ

ĂğùŔő˛ńķŗĕĚēŔÝěù˫ùęãʭŕäőʭâ˙ŕüĠÝĂēʭŒģŗäŕʭá íʯĂğùŔµ×ŐµŰùŐĔµğěùĕŘµēŏí

ĦĔģĖģʭýʭŰŏíĦĔģŔİğùŗęĕĹŦýùŏíĖģʭýŔÝäďŗäďŦİħùĂµğù˕ʯä˙ŊʭµķŔµİýùęŐµŰĕŗ

ʯŁŦēùʾˀ˂˃�ˁˀ˔


ˬŗĚá˨
ŔğãʭŕäŰùĘĻ

ęĕōŞĴŒăŉŘħùŔŰĘļăōŊʭğŗŐĄģùĕÙęōŰäŰùĘĻĕʭģŗčĚĿĢĔýʯĚ˫ŖýãĚŞáěùŔ˙ŕĵùŘµőùʭŕùĘµĻ

ęĕęʭŒÝŉĕʭĸăäŰùĘĻěùġěęùŗĂŞ˙ŕùęùĕęŘēĚýĂğù
ęĕĢőùĕʯŔŰĘļăŌĚŕäŰùĘĻˉäµŒĸŰ˫ŗĚáãʭµŕ

ľŋĄĔŎäŰùĘĻŔÝęĕĊŒÏ˫ŗĚáōŞĠńă˫ĖģĖőùʯäĿĚĸŎ˫ĖģĂğù
˛Ŏʭģ˫ŗĚáŐŞøăŗĚÏʭŕʯŏʭőŗʯāŦµĻ

ʯāʭŞŒþŊ˫ŘŞŎŗČŰĜþğāʭŗ˫ŗĚáāʭŃĚŀĄŎĂµğù
ęĕŌʭµĴőŔµŰĘļăěùĚµĴŒŎě˫ŘŎíãʭµŕŌŦµğùĜµŞőŐµŰù

˫ŗĚáãʭŕäŰùĘĻ˛ýʭŃäýʭŞĄğĕŗäĿĚĸŎĂğùŔÝęĕŐŰùĢŕŗÚµÏġŦµă˫ĖµģĂµğùʭµăŐµŰù˫ŗĚáãʭµŕ

ľŋĄĔŎäŰùĘĻäĿĚĸŎĕŘģ
ʭăęĕŘăĚÏŏíŗĚ˫ŖýãĚŞáěùĵùŘµőùľµŋĄĔŎŐµŰù˫ŗĚáãʭµŕäŰùĘµĻŔµŒŞŎě

ĂŎŦğŗʭĸăŉĕäŰùĘĻęĕĕĚĿōŕùĚĿĕŘģ



ęʭŖ×ĂŞ˙ŕùŗˬʭâŰʭċŔŰĘļă

ùĘĻŏĕęŘēäÞŰěùãʭŕěʭŞőäăùėŗä˙÷ùĕĚŕĕĚĿĂğùŗŐŰĚĄ˙ŖŎ˛ŎʭķãʭńýäáĖőěŗŉŘµįĚµ˙ķ

ûŘĠĐŎäŎĕŘģ
ĚŕĕŘċŘŎ˫ĖőěĂŖċĲŀďāʭŞďĕŘēãùĚýŔýĂµğĕŏĕęŗíùĘµĻġŦµăäŎĖµŒÝ


ãùĚýŏʭĠőùŔŰĘļăŗûʭĔĄőùùĘĻĢŞýěùĚŕĕŘċŘŎ˫ĖőěãùĂŞ˙ŕùùĖŞÏäŎĖŒÝˉŔÝùĚ×ŔµŰĘļăʯĎŞĐµħ

˫ĖŰĖÏĖģęùęãùĚýŗùōŕùĚĿäŎĕěʭğŗüċŘŎĂŎŦğōĠċŗŏùŗęŗùĖŕùŘēĖµģ
ŐŞķęĕʯŉʭµďùĘµĻ

üċŘŎŐŞŎðăãÙĚőùãùĚýŏĖý˫ĖģŗĲŀďäĄŎŦğĂĿʭýʭŕŗĕŘþŖýĕĚÞŋ˙ķŏʭáęùãʭŕľŋĄĔŎŏĖµýùę

ĆķʭýäŎĕŘģ
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ŔŰĘļăãùŔÝĚýĝʭğùŉŘħùä˙ŋķŗʭýęĕĚĴőŐĄĿĚáŔŞŋÝãʭŕěʭŞőŏĖýōŞĴŒă˫ĖµģĖµģʭýʯüµċŘŎ

ŐŞŎðăĂŎŦğŏʭĠőùäŎĕŘģŗäăęŘħęĕŔÝŔýŐŰùěùĚŞĻ˛˙ķĕŘµģʯüµċŘŎŉŦĄµēùęĕĕĚµÞŋ˙ķ˛µÝ

ōĄĠŞğãʭŕŏĖý˫ĖģŗĆķʭýěùĂğĕŐĄĿęãùŘŃä˙ĠċŗäőùŗęęĕŏʭĠőùĖŕùŘēĖģ
ĂµŰʭķęŔµŎʭőĚý

äŰùĘĻŘēûŗŉĕʭĸĄŎʯĆķʭýĢŰùĜĿùŉŘįĚ˙ķŏʭĠőùĂğùŗĚýäýùĕʭģĕĚĿĜŞőęùĘáĚŞćðăĂğù


ʿ˨
ŔŒŞĤŞÏĢŕŗÚÏ

ġěęùŔŰĘļăęĕäáĖőěŏʭĠőùŗĚŞćðăĥʭēŏíĚýʯĂŎŦğŔŋøĠŎãùĂµĠŞőŔµÝĚµýäµĠÝ˫ĖŞµģŘÏ

Ėģʭý
ěùŏʭ˙ŕäőʭŎěŔÝʯĚĤýęĕãŘČĄĠċľĤÝĂµĸŞþįäőŘµŎùĚŞÏŌùĖµŃùĕĚµÝŗʭµýĵùŘµőùĄĔŎľµŋ

ŏʭŕʭŞáŗāʭăʭþőŗāʭőùŘŞďʭŒģíʯĂĤáŔýĚÞĿüĠÝĚ˫ŖýãùĂþĈŎěùŐŰùĶýʭŒŎęĕäáĖőěĕŘµēĕʭµĄĿù


ŐŞ˙ŕŔŞďŗęãĚáŘČĄĠċŗãŗʭÞČŒÝŗùĕŘýŔÝŔýäğęĚýŐŰùĶýʭŒŎŗĚŞćðăŏíʭŕĚýãŗęĂŎŦğōĠċ

ŗŏùŗęĕŘēōĄēĖģ
ʭýĂĿĚĤŞÏōŋķŗęùĜýùʯãÙŘŊŘŒÞăŏʭĠőùĂĠőùŘăŕĚŞćðăãʭĶýʭŒŎäŰùĘĻùęęĕĚŰě

ŔăŘýĢŰʭŎěíŔýÜĐŎĕęùĘáŗŔýĊŰʭĄőäĄŀâģĖğĚý
äČŰʭµĄőōµķùěùŔµÞŒŰùäµēĚýʭŕùĘµĻäŎĖµŒőùŘă

äâĄĠēʭŕŗľĸīãʭŕäőʭ˙ĠċŗùùęŐŞÞĠăĖŒŕĕʯʭŰäēĚýʯĚµâŰĕĶýʭµŒŎäµŒĻŗęùĕŗŏʭµŎęĕãùĚµý

ĩùĚŎùŗùûŘĠĐŎäŎĖőŘģ


ŔýęŗĚŎʯŔŒŎùĕāʭńŞńĐăŏʭĠőùýĚãŗęġěęùäğʭŒģʭŕùĘµĻ˫ĕĚĄµĠáĖµģ
ʭµýęŘµŖĳŐµŰĕʯŌŦµğù

ŔþŒċäŰʭŕěùŐŰùġěęùäğʭŒģãùĚýŏʭĠőùŔĄĠċĚýĖŰĕĚáŔÝäĄďʭăŏŘŒÝùĜŞőĂĿĚĤŞÏãʭŕä˙ŋķʯĚĤý

ęĕäŰŗęʭŰŗęʭýŐŰùäĄŀâģʭŕęĕăüČĸĂğù
ŔÞŒŰùʭŞþőùŗŔ˙÷ùęʭŖįùōŖŞŋķ˕ʯŌŦĠŊùęĕÜþğŗĚ˫Şµğ

˰äáĖőěʯĕŘēęùġěãĕʭŰěãùĚýĵŘőäŰùĘĻŔÝäŎʯĖőĕęŘē˛÷ʭŃĖőĕŘýˉäÝʭďěùŏíĂğùŔÝŏʭµĠőùŔµý

äŰùĘĻŔÝäŎʯĕęŘēĖŰʭýŔċŘăĥʭēŔĄģùĕĖģʭýŗęĕōŞ˙ĨăĕŘēĚýĚµğĵŘµőʯùĘµĻ˫ŘµĐőŔµŞŖăŏíŗ

ûùĕíŉŗʭŒăŏíʯŌěťĂğùʯĂŃĕãĚĄĤŞýŔýĉĚē˫ĕùĕŗŐŰùŏʭáęĜýùęãŘâŊùĕŘēęùĚŃĖŕĕ


ŘŎùĚŞÏŏäÝùęŘēʭŕŗäőĖŞŎʭģíʭŕŗûùĕíŏíęĕāʭŰíŏíĚŃōŰĚµÝŗġęʭŀµğʭŕŗě˫ŘŎíãʭµŕäµŰùŗę

ŐŞŎŘĨĸŎEʯŏùŗùĚĿŐĔğŔýŏʭŞŎ˫ĖµŎíĂµğù
ŔýŔµőŘáãùŔµÝŐµŰùŔµċŘăŗŌʭµ˙ĄŕùŔµŒŞŎěĢŰùĖµŞÏŗ

ĉŗùãĚŞáĢőùĕüįŗŌʭĴőĂŎŦğěùĚĴŒŎʯŐŰĕĂþĠőŔýĚ÷ʭğŌʭĴőãʭŕäÞģĜÏĚħʭĸŎĕŘēĖŰĕĚá


ŐŞŒØ˙ŕŔŒŞŎěŐŰŗĖăüĄÝŗę˫ʭâőäŰʭŕęĕŏʭŞŎŏʭâĄĔŞŕĚĿŗŏùĖŒ˙ĤŰĖőùŏʭŖċŌŦğùōŕùĚĿ˫ĖŎíŔµÝ

ěùŏíŏʭŞŎŔýûʭĄÝãʭŕˈü˒įŔ˙÷ťùˇʯˈüįäþŒŊùˇʯˈü˒įŁĕʭĨŊùˇʯˈü˒įʭīĚŊùˇŗüĄÝüįäĄŒµğ

ęĕę˫ŗĕãʭŕľŋĄĔŎę˫ʭģùĕĚÝ




˙ŋķ˨ŔŎʭŒŋĨĿ˨ŗĕäōŋķ˨ŗ˨ŏíĚŃ˨ŉʭğ˨ʯōŕĕęʭŖ×˨ˬęʭ˙ģ˨ʯʵʺ˨ʯ˨ŏʭĄĠŎě˨ŗ˨ĜŞŰʭÏʴʶʼʼĥ˨ʯʲʵʶʴ	ʵʸʳ
ġěęùğʭŒģäˬŗĚáʭŕãùĘĻäŰùŗę˨ŗ˨ŏíĚŃ˨ęĕāʭŰ

ŏùęʭÞ˙ŕ˨ŗ˨äŰʭŒģŗę˨ĜŞþŎʭÝ

ĀŞ˙ŊʭĸŊù˨äŀİĨ˙Ŋù˨ĀĸŎʭċ
$O�0XVWDID�,QWHUQDWLRQDO�8QLYHUVLW\

ĆŰĖď˨ŗ˨ŏíĚŃ˨äŊʭķ˨ġěŘŎí˨Ķ˙ĄČŎ

ʵʶʺ

ęĕŏʭŞŎŏʭÞģĜÏʯŏʭ˙ŋĠŎŐýĖµ˙ĐŎãʭµŰĚÝěãěùęŗŐýùʭŒŞµğŗùĚŰʭµğʯŏěùŏʭŎʭâµĤŞÏ˫ĕʭŀĄµğùěù

ãʭŕĜŰŘČăäŰùĘĻãùĚýŏʭŎęĕŏùęʭ˙ŞýûŘĠĐŎäŎĖőŘģ
ęĕ˫ĖğãʭŕʯĚŞēùāʭĸŊʭİŎãĕʭµŰěĚµýãŗę

ĚŞćðăŌĚŕäŰùĘĻŗġěęùäğʭŒģŔŰĘļăĚýĂŎŦğŏʭĠőùāęŘħŔĄĿĚáĂğù
ãùĚýʯŔőŘ˙őęĕŔµĸŊʭİŎãù

äŋŞŋĐă˰µʯäŀŞħŘăĖŒýěĚŎŗäŋĬĿù˕ʾˀˆʿ˔ŔýäŰʭğʭŒģĂµŖċãĚŞáĂµģùĖŖýŔµŰĘļăęĕĭʭµþăęùʭµý

ĂŎŦğʭýĖŞÝ ðăĚýĕĚÞŰŗęőíĚŃäĖŒĄēùĕĚÏ
ŔĄĿʭŰãʭŕŏʭőíäÝʭďěùŐµŰùĕŘµýŔµÝě˫ŘŎíãʭµŕʯäőʭµŞďŗ

ŔċŘăŔýĂŎŦğōĠċùęʭýęĕĚĴőŐĄĿĚá˛ħùĵŘŒăʯäŰùĘĻäŒ˙ŰùŗüŞįŏĕŘýùĘĻŔċŘăĕęŘŎęùĚŃ˫ĕùĕ

ĂğùŗʭýāŘķĕŔýãùĘĻŉŦďŗĜŞŕĚÏěùŌùĚďŗĜŞőġĚŰĘÏĖőŗùĖēŔýŏùŘŒķŁěùęʯäµńŞńďĂµŰŘŒĸŎ

ęĕĂŎŦğùęŘČĄĠċäŎĖŒÝ
ŐŰùġĚâőãŘŒĸŎãŗʭďĦēʭģäŰʭŕĚµŞĴőĢµŎùęíʯŁŦēùãęùĖµŎŗ

˛˙ķĎŊʭħĂğùŔÝęĕŏíĚŃ˫ĖŎíĖőùŗŔýŉʭþőĕłńĐăĂŎŦğĶŎʭċĚâőĢŞÏäŎĖőŗę


ęĕŔĸŊʭİŎãùʯĚâŰĕÝùŏùĚŗäŋá˕ʾˀˆ˃˔ʯÜþğŔŰĘļăōŊʭğùęĚýĝʭğùāʭµŰíŗāʭµŰùŗęäµğęĚý

ĖőĕĚÝ
ŏíʭŕŔýŐŰùŔČŞĄőĖőĖŞğęŔÝŔŰĘļăĎŞĐħŗʯōŊʭğŔŰĘļăãùĂğùŔÝĚĴőěùãĚŕʭµĳěùŔµőŘáĚŕ

˛ŎùŘķ˫ĕŘŊíŗãęʭ˙ŞýùěŔýęŗĕ˫ĕŘýŗĚĴőěùäŀŞÝŗĚħʭŒķäőĖĸŎŗãÙĚőùùěĜŞőäŒĻĖģʭýˉŔýãęŘįŔÝ

ĖőùŘĄýãʭŕěʭŞőŏĖýùęŔýāʭċʭŞĄďùäŰùĘĻęĕĮŰùĚģľµŋĄĔŎĖµģęŗĂŎŦµğŗãęʭµ˙ŞýŐŞŎðµăĖµŒÝ


ŔýāęʭþķʯĚâŰĕŔŰĘļăãùĂğùŔÝęĕŏíĵŘŒăŗŉĕʭĸăĂŰʭķęĕĕĚµá
ěù˫ʭáĖµŰĕŏíĚµŃŗʯāʭµŰùŗęÜþµğ

ŔŰĘļăĎŞĐħŗōŊʭğüþğäŎʯĕŘģĕùĚĿùěùĂŎŦğä˙ĠċŗäőùŗęŌěťęùĕęŘēĚýĖőŘģŗŐµŰù´Ĝµċ

ōŖŎŐŰĚăŔŎʭőĚýãʭŕäĄŰùĖŕŗäĄŞýĚăŏíĚŃŗāʭŰùŗęĂğù


ãĕùĕùĖēŗŏùęʭÞ˙ŕ˕ʾˀ˅˃˔ʯęĕŔĸŊʭİŎãùäńŞþİăŔýäğęĚýŔŞħŘăãʭŕŔŰĘļăãùŌŦğùŗĚþŎʭµŞÏ

ōĴķùŗŏùĜŞŎäőùŘĔ˙ŕŏíʭýŌŘŋķäÞģĜÏĖŒĄēùĕĚÏ
ŏíʭŕʭý˛ŞŋĐă˫ĕùĕãʭµŕŔµýĂµğĕ˫ĖµŎíěùŏíĚµŃ

ʯōŰĚÝÝüĄäŰùŗęŗĚŞğʭŀăŗŔĠŰʭńŎŏíʭŕʭý˫ĕùĕãʭŕüĄÝĚþĄĸŎʯäÞģĜÏŔýŐŰùŔČŞĄőĖőĖŞğęŔÝŌʭ˙ă

ě˫ŘŎíãʭŕäŒŰĕʭýŔċŘăŔýŉŘħùʯä˙ŋķŐŰŗĖăŗŔ÷ùęù˫ĖģŗʭýĊŰʭĄőä˙ŋķĂńýʭİŎĖµőęùĕ
ŔýãęŘįŔµÝ

ęĕāęŘħ˛˙ķŔýʯŏíŏʭĠőùŔýäĄŎŦğûŘŋİŎĂğĕäŎĖýʭŰ


ˀ˨
ŔĄĿʭŰãʭŕÚÏĢŕŗŗ˛ŞŋĐă

ęĕě˫ŘŎíãʭŕőíĚŃäŗäŰùŗęŏŘŎùĚŞÏŏĕęŘēŗŏĖŞŎʭģíŗĂŰʭķęĂģùĖŖýùĘµĻŗʯŔµŰĘļăŔµċŘăŔµý

˛ħù˫ĕʭŀĄğùŗĚ˫ŖýãĚŞáěùŁěęŗäÝùęŘēʭŕʯŌŗĜŊŉŦµďŗüµŞ˒įŏĕŘµýʯŔµŰĘĻù˫ŗĚáãʭµŕľµŋĄĔŎ

ʯäŰùĘĻŔċŘăŔýĕĚþŕùęäáĖŒýŗüĠÝ˛÷ʭĬĿŗĂŋŰėęãʭŕäŃŦēùŏʭŎěĚ˫ŖýãĚŞáěùĂ˙ĸőãʭŕäŖŊù

ŗŏʭŞýûùĕíŏĕęŘēŗŏĖŞŎʭģíěùġěęùŗĂŞ˙ŕùĥʭēęùĕęŘēĚýĂµğù
ŐµŰùě˫ŘŎíãʭµŕäŎŦµğùęĕ

üŊʭŃ˛Űė˛ýʭŃŔőŘáäğʭŒģ
ĖŒĄĠŕ



ʵʶʻ

�ĐĂĚĞŵŝĐ�:ŽƵƌŶĂů�ŽĨ�ƚŚĞ�YƵƌ͛ĂŶ�ĂŶĚ�^ĐŝĞŶĐĞ͕��ƵƚƵŵŶ�ĂŶĚ�tŝŶƚĞƌ�ϮϬϮϭ͕�ϭϰ;ϮϳͿ͕ W͗ϮϯϭͲϮϱϬ
�s�>h�d/KE�K&�d,��&KK��'ZKhW^�/E�d,��YhZ�E��E��,��/d,^�

��������������� �����

ĀŞ˙ŊʭĸŊù˨äŀİĨ˙Ŋù˨ĀĸŎʭċ
$O�0XVWDID�,QWHUQDWLRQDO�8QLYHUVLW\

ĆŰĖď˨ŗ˨ŏíĚŃ˨äŊʭķ˨ġěŘŎí˨Ķ˙ĄČŎ


ľŊùŁěęäŖŊù˕äőĕęŘēŗäőĖŞģŘő˨˔ęĕĂŎĖēˬĚŖýãĚŞáŏʭĠőù

ŔØőíěùęĕŐŞŎěĂğùŗŉŦďŗüŞįʯĂğùĖŰęŘĔý˕Ě˫ńý�ʾ˃˅˔ˉěùäÝùęŘēãʭŕŉŦµďŗüµŞį

ŔÝŁěęĂğʭ˙ģʯĖŰęŘĔý˕˫Ė÷ʭŎ˰�˅˅ˉĽùĚķù˰�ʾ˃ʽˉ˛Đő˰�ʾʾˁˉŔį˰�˅ʾ˔ˉěùāťŘĨĐŎŗĚ˫˙ćãʭµŕ

ĹʭýʭŕĖŰęŘĔý˕Ŕį�ʾˁʾ˔



ûŔċŘăŔýĕĚþŕùęŉŦďŗüŞ˒įŏĕŘýäÝùęŘēʭŕŗäőĖŞģŘőʭŕ

ŔØőíěùęĕŐŞŎěĂğùŗŉŦďŗüŞįʯĂğùĖŰęŘĔý˕Ě˫ńý˰�ʾ˃˅˔ˉěùÝùęŘēäãʭŕŉŦµďŗüµŞį

ŔÝŁěęĂğʭ˙ģʯĖŰęŘĔý˕˫Ė÷ʭŎ˰�˅˅�ˉĽùĚķù˰�ʾ˃ʽˉ˛Đő˰�ʾʾˁˉŔį˰�˅ʾ˔ˉŔŞħŘăäŰʭŕäŒþŎĚý˛µÝù

üŞįŗŉŦď˕ʯä˙ŋŰĕĕʭģęùʯûŘŋńŊùʾˁʾʿʲŁʿʽˀ˔



ĉĵŘŒăäŰùĘĻŗˬĚŖýãĚŞáěùŔ˙ŕˬŗĚáãʭŕäŰùĘĻ

ěùāťŘĨĐŎŗĚ˫˙ćãʭŕĹʭýʭŕĖŰęŘĔý˕Ōʭĸőù�ʾˁʾ˔ˉĖőŗùĖēŏʭŰʭÏęʭ×ùęĖŰĚĿíʭăěùĂģŘáŏíʭŕ

ĖŰęŘĔý˕Ōʭĸőù�˄ˆ˔ˉĖőŗùĖēěù˛ĔőŗŏŘĄŰěŗęʭőùʯ˫ŘŞŎãʭŕäķŘŒĄŎãùĚýŏĕęŘēŏʭĠőùʭŕōŕùĚĿĕŘ˙ő

˕Ōʭĸőù�ʾˁʾ˔ˉŗĖőŗùĖēęĕäēĚýāʭőùŘŞďãĚŞģęùĚŃĕùĕʭăěùŏíʭŕĖŞģŘŒý˕˛Đő�˃˃˔



ĕŏʭŞýûùĕíŏĕęŘēŗŏĖŞŎʭģí

ŔØőíěùĎýėķĚģä˫ĖģĂğùʯĖŰęŘĔý˕Ōʭĸőù�ʾʾ˅˔ˉûùĕíŏĕęŘēŗŏĖŞŎʭģí˕ĚďäŋŎʭķʯ˛Űʭµğŗ
ʯŔĸŞĤŊùʾˀ˅ˆ˰ ʲŁʾ˃˰�ʿˀʾ˔ˉĂŰʭķęãùĘĻüğʭŒŎ˕ʯãęŘőÛęĖĄĠŎ˛÷ʭµğŗʯŔĸŞµĤŊùʾˁʽ˅˰ ʲŁʾ˃˰�
ʿʿʽ˔ˉ˫ĖķŗãʭŕäŰùĘĻ˕ʯäŒŞŋÝŉŘħùʯäĿʭÝʾˀ˅˅˰ʲġ˃˰�ʿ˅ˆ˔ˉûùĕíŏĖŞµģŘő˕˛µĬĿʯäµğĚþį
ŌęʭÞŎʯŁŦēťùʾˀˆʿ˰ ʲġˁʿˁ˔ˉĜŞŕĚÏěùãęŘēĚÏ˕ŏʭ˙ŕ˰ʲʾ˂ʽ˔ˉŗäŖőěùŏĕęŘēŗŏĖŞŎʭµģíŔµý
˫ŘŞģŏʭâőʭâŞý˕ʯäŃĚýʯŐğʭĐ˙Ŋùʾˀ˄ʽʲġˁʾʽ˔


ŐŞŒØ˙ŕŔċŘăŔýĕĚþŕùęüĠÝ˛÷ʭĬĿäŃŦēùŗĶĿĕ˛÷ùėęŏʭŎěĚ˫ŖýãĚŞáěùĂ˙ĸőãʭŕäŖŊù3¸BĀ
¸ PüĀ

P
*Qñ QÑSQÎɎ..ý

Q
ǕP÷RõR1¸P»ā SPÞò..ý

Q
ó Pö Tȭ.PJ¸M RŁ¸ P×R,

S
RŔ¸ PöR º

PHý
Q
ó Pö TäPȩNôāRó Pã2˕ŏŘµŒŎŘŎ�˂ʾ˔ˉŗŏʭµŞýęʭµćíãŘµŒĸŎŗ

äŃŦēùãùĚýäēĚýěùäőĕęŘēʭŕŗäőĖŞģŘőʭŕŗĜŞŕĚÏěùäĬĸýʭŕùĘĻŔýĚįʭµēĖµŞŊŘăęʭµćíäµőùŗęŗ
łŋēãŘēŗʯĖŒĠÏʭőĚâőʭĤőĂŞ˙ŕùŗ˫ʭâŰʭċ˫ÚŰŗŔŰĘļăĚýŁŦēùŗĂŰŘŒĸŎĂğù


ĢµµĔýĚµµâŰĕě˫ŘŎíãʭµµŕŎŦµµğùʯäʯāʭµµŰùŗęę˫ùĜáʭµµŕʯŉŘµµħùŗäŰʭµµŕęʭÞŕùęĂµµğùŔµµÝěùĽĚµµį
ŐŞŎŘĨĸŎEŔýʭŎ˫ĖŞµğęĂµğù
ęĕŐµŰùě˫ŘŎíãʭµŕʯäµŒŰĕŏĕęŘµēŗŏĖŞŎʭµģíˉäµŒĸŰĚ˫ŖýãĚµŞáěù

Ă˙ĸőãʭŕäŖŊùęĕĚŞĠŎäáĖŒýùĖēŗŐŰùäŒĸŰĕĚþŕùęäŋħùęĕŏĕęŘēŗŏĖŞŎʭģíęĕě˫ŘŎíãʭŕʯŐŰĕ
üĠÝ˛÷ʭĬĿŗĶĿĕĂŋŰėęãʭŕäŃŦēùŗŌʭČőùĚğŉʭ˙ÝûŘŋİŎŗäŰʭŖőäőʭµĠőùĂµğù
ŐŰùěùĂµğŗę

ŔÝęĕŐŰùě˫ŘŎíʭŕʯŐŰùʯĕĚþŕùęŏùŗùĚĿ˫ĖŰĕäŎĕŘģŗŐŰùĜŞőĕŘēŏʭµĤőěùŔµċŘăŔµý˫ʭµâŰʭċŔµŰĘļăęĕ
ě˫ŘŎíãʭŕäŰùŗęŐŰĕĂğù




˙ŋķ˨ŔŎʭŒŋĨĿ˨ŗĕäōŋķ˨ŗ˨ŏíĚŃ˨ŉʭğ˨ʯōŕĕęʭŖ×˨ˬęʭ˙ģ˨ʯʵʺ˨ʯ˨ŏʭĄĠŎě˨ŗ˨ĜŞŰʭÏʴʶʼʼĥ˨ʯʲʵʶʴ	ʵʸʳ
ġěęùğʭŒģäˬŗĚáʭŕãùĘĻäŰùŗę˨ŗ˨ŏíĚŃ˨ęĕāʭŰ
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Ŕ×ęĕʭŞőĕŗŔ×ęĕāĚēíʯĂģŘáŗĊőĚýĂğù
˕˰ˇ˛ĬĿğĚþįʯäŌęʭÞŎʯŁŦēťùʾˀˆʿʲġʾ˄˅˔
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˓
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ŐŰĕŗě˫ŘŎíãʭŕ

ŏíŗ˛˙ĸŊùęŘĄğĕãʭŕäŎŦğùäÞþğěùŔŰĘļăōĠċŗčŗęùęōµŃęĖµŒŕùŘēĕěŔµÝŔŒŞŎěěʭµğāĕʭĸµğ

ãŘŞőĕŗãŗĚēùĕĚĿùęōŕùĚĿäŎĕęŗí
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ĢńőōŖŎùĘĻŗŔŰĘļăŗĚŞćðăŏíęĕĂģùĖŖýōĠċŗŏʭµċŗŁŦµēùŗęʭµĄĿęŏʭµĠőùʯʭŕäķŘµīŘŎ

ĂĠŞőŔÝęĕě˫ŘŎíãʭŕäŒŰĕŗäőùĕŗʭċʯŌŦğùġŘŎùĚĿŗʭŰàőĚ˙Ý˫ĖģĖģʭý
ŐŰùěùŗęʯęĕŐ˙īŔµ÷ùęù

ŔŎʭőĚýŔŰĘļăãùʯōŊʭğŔýĵùŘőùäÝùęŘēʭŕŗäőĖŞŎʭģíʯő˫ŘĐŏĕęŘēŗŏĖŞŎʭģíŗŏùĜŞŎŏíʯŔŞµħŘăãʭŕ

ãĖŒ˙ģěęùŏʭŞý˫ĖģĂğù
ĖŞÝðăŗŐŞŞþăãŘâŊùŔŰĘļăʭýŌʭĴőãęʭĄēʭğĕŘµċŗäőʭµĠőùŗŔŒŞŎěãěʭµğ

ŐŰùŌʭĴőĂŎŦğęĕãʭĄğùęŉʭ˙ÝäőʭĠőùŗäýʭŞĄğĕŔýāĕʭĸğãŘµŞőĕŗãŗĚµēùäµÞŰĚµâŰĕěùĕʭµĸýù

ŌʭĴőŔŰĘļăōŊʭğäŒŰĕĂğù


ŁěęäŖŊù˕äőĕęŘēŗäőĖŞģŘő˔ęĕĂŎĖēĚ˫ŖýãĚŞáʯŏʭĠőùŔċŘăŔýĕĚþŕùęŉŦµďŗüµŞ˒įŏĕŘµý

äÝùęŘēʭŕŗäőĖŞģŘőʭŕʯĵŘŒăäŰùĘĻŗĚ˫ŖýãĚŞáěùŔ˙ŕ˫ŗĚáäŰùĘĻŗŏʭŞýûùĕíŏĕęŘµēŗŏĖŞŎʭµģíʯ

ěùŔőŘáãʭŕōŖŎŗĂŞ˙ŕùĚÏě˫ŘŎíãʭŕőíĚŃäŗäŰùŗęŔŒŞŎěęĕĂµģùĖŖýùĘµĻŗŔµŰĘļăĂµğù
ęĕŔµ÷ùęù

˫ŗĚáãʭŕľŋĄĔŎʯäŰùĘĻ˫ŗĚáŏʭőŗʯāŦĻĚŞģŗʯāʭŞŒþŊ˫ŘŞŎʭŕŗʯāʭČŰĜþğŐŞøăŗĚÏʭŕ˕ĂµģŘáʭŕ

ŗōĔăŏʭáĖőĚÏ˔ęĕęʭŒÝ˫ŗĚáʯāʭýŘþďäŒŰĚŞģʯāʭċʯŔÝĚğûíŗÜ˙őʯĂğùĕęŘŎŔŞħŘăŗġęʭŀµğ

ęùĚŃŔĄĿĚáĂğù


ʭýŔ÷ùęùäģęùĜáäŀŞħŘăěùę˫ùĜáãʭŕʯäŒŰĕ˫ʭâŰʭċ˫ÚŰŗŗġěęùŗĂŞ˙ŕùŔŰĘļăęĕě˫ŘŎíãʭŕäŒŰĕ

ŗŔċŘăŗĖŞÝðăġęʭŀğãʭŕäŒŰĕ˛ýʭŃōŖĿĂğù
ŐŞŒØ˙ŕĖŞÝðăŗŐŞµŞþăŐµŰùãŘµâŊùŔµŰĘļăʭµýŌʭµĴő

ãęʭĄēʭğĕŘċŗäőʭĠőùŗŔŒŞŎěãěʭğŐŰùŌʭĴőĂŎŦğęĕãʭĄğùęŉʭ˙ÝäőʭĠőùŗäýʭŞĄğĕŔµýāĕʭĸµğ

ãŘŞőĕŗãŗĚēùäÞŰĚâŰĕěùĕʭĸýùŌʭĴőŔŰĘļăōŊʭğäŒŰĕĂğù


ŐŞŎðăĂŎŦğäőʭ˙ĠċŗãęùĘáĚŞćðăŏíĚýĂŎŦğčŗęŗŏùŗęęĕŘăĚÏŐŰŗĖăŌʭĴőŔŰĘļăōŊʭğŔÝ

äÞŰěùę˫ùĜáãʭŕŏíŐŞŞþă˫ŗĚáãʭŕľŋĄĔŎäŰùĘĻʯĂğùěùĚâŰĕĊŰʭĄőĢŕŗÚÏĚīʭďĂğù


ěùęĘâŕęĂēʭŒģġěęùʭŕùĘĻęĕŌʭĴőŔŰĘļăŌŦğùŗ˛˙ķŔýŔŞħŘăʭŕããĕĚýęʭÝŔŒŞŎěęĕʯĵùŘµőù

˫ŘĐőŗŏùĜŞŎŏĕęŘēŗŏĖŞŎʭģíʯäŎŏùŘăĂŎŦµğŔ˙ŕŔµþőʭċōµĠċĂµğĕĂĿʭŰŗĕŘµēùęěùĩĚµĸŎ

üŞğíãʭŕäďŗęŗäőùŗęęĕŏʭŎùĂģùĕ
äŖŰĖýĂğùʯŐĄµģùĕōµĠċŗŏùŗęʯōŊʭµğĚŞµĠŎäŰʭµŰŘÏŗ

ĖģęãĕĚĿŗäķʭ˙ĄċùŗãŘŒĸŎŏʭĠőùùęŏʭğíĚăäŎĖőùĕĚá
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ġěęùğʭŒģäˬŗĚáʭŕãùĘĻäŰùŗę˨ŗ˨ŏíĚŃ˨ęĕāʭŰ
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ʵʷʺ

ĶýʭŒŎ

ʾ
ŏíĚŃʯōŰĚÝŔµ˙ċĚă˰ʲäŋķĖµ˙ĐŎäŰʭµīęäőʭŖŀµħùŗäµĸ˙ċěùĖŞăʭµğùĀµĸŎʭċʯäŀİµĨ˙Ŋù

āùęʭĤĄőùʯäŀİĨ˙ŊùōŃʲÍʭ×ʯŌŗĕʾˀ˅˅


ʿ
ŐýùʯĝęʭĿäýùŐŞĠĐŊùʯĖ˙ďùōČĸŎĞŞŰʭńŎʯĀļŋŊùłŞńĐăŌŦĠŊùĖþķĖ˙ĐŎüµĄÞŎ˰ ʯŏŗęʭŕ

ŌŦķťùʯäŎŦğťù˰ʲōŃʾˀˆˆŁ


ˀ
ŐýùʯęŘĴŒŎäýù˛ĬŀŊùŉʭ˙ċŐŰĖµŊùĖµ˙ĐŎŐýʯŌĚµÞŎŏʭµĠŊʯûĚµĸŊùĚµĤőûĕùʯ ě˫Řµď˰ʲōµŃ

ʾˁʽ˂Ł


ˁ
ʯãĖőŘēíʯäŀİĨŎùĘĻŗŔŰĘļăęĕě˫ŘŎíãʭµŕäµŒŰĕŗŔµĄĿʭŰãʭŕʯäµ˙ŋķŌĜµŎěʯĂŰùĖµŕ˰ʲōµŃ

ʾˀ˅˅ġ


˂
ʯŏùĚÝùʯäŋá˰ ʯŔþŞįʯěʭőĚŖŎÜþğŔŰĘļăęĕĂŎŦğŏʭĠőùěù˫ʭáĖŰĕāʭŰíŗʯāʭµŰùŗęāʭµĸŊʭİŎ

ʯäőíĚŃġˀʿʯʾˀˆ˃


˃
ʯäŃĚýĖ˙ďùŐý˙ĐŎĖŐýĖŊʭē˕ʿ˄ˁ˫˔ʯʯŐğʭĐ˙ŊùęùĕüĄÞŊùʯŔŞŎŦğťùʲŏùĚŖăʾˀ˄ʽġ


˄
ÛʭÏʯĕùÚőĖŞğʯʭīęŐŞŊŗù˫ʭâĤőùĕŗŐŰĚēíʯĚþŎʭŞÏÍʭ×ʯŔŞŎŦğù˰ʲŏùĚŖăʾˀˆ˅Ł


˅
ä˙Ş˙ăʯäýĚļŎŏʭ˙ĸőŐýʯĖ˙ĐŎō÷ʭķĕʯŌŦğťùʯĽęʭĸ˙Ŋùęùĕ˰ʲōŃʾˀ˅ˀŁ


ˆ
ʯãĚŕŘČŊù˛Şķʭ˙ğùŐýʯĕʭ˙ďčʭĐĨŊù˰ʲĉʭăŔļŋŊùŗčʭĐħʯŔŞýĚĸŊùłŞńĐăĖ˙ďùęŘŀļŊùĖµþķ

ʯęʭİķōŋĸŊùęùĕ˰ʲāŗĚŞý˰ʯŐŞŰŦ˙ŋŊʾˁʽˁŁ


ʾʽ
ĚďʯäŋŎʭķŐýĖ˙ĐŎʯŐĠď˛÷ʭğŗʯĀĸŞĤŊùłŞńĐăōŞďĚŊùĖµþķäőʭµýęʯãěùĚŞµģüµĄÞŊùęùĕ

ʯŔŞŎŦğťù˰ʲŏùĚŖăʾˀ˅ˆŁ


ʾʾ
ʯãĕùĕùĖēʯŐĠďãĕùĕùĖēʯ˫ĕùěʯäŋķʯęŘÏĖğùʯĖµ˙ĐŎʯäµĸŞĿęʯōŰĚµŎäŎĚÝʯęŘµÏʯùĚµŕě

ýäğęĚŔŞħŘăãʭŕŔŰĘļăãùŌŦğùŗĚþŎʭŞÏōĴķùŗŏùĜŞŎäőùŘĔ˙ŕŏíʭýŌŘŋķʯäÞµģĜÏŔµŋČŎ

˫ʭâĤőùĕŌŘŋķäÞģĜÏʯŏʭČŒĠĿęę˫ŗĕ˰ʯōĤģʾˀ˅˃
ġ

ʾʿ
üŞİēʯãĕùĖļýŐýĖ˙ďùʯäŋķĒŰęʭµăĕùĖµļý˕ŗùŔµŒŰĖŎŌŦµĠŊù˔ʯʲłµŞńĐăʭµİķäŀİµĨŎ

ʯęĕʭńŊùĖþķüĄÞŊùęùĕ˰ʲāŗĚŞý˰ʯŔŞ˙ŋĸŊùʾˁʾ˄Ł


ʾˀ
ʯä˙ŋŰĕĠďŐŐýʯĖ˙ĐŎĕʭģęùûŘŋńŊùäŊùʯûùŘĨŊùľŰĚĤŊùʯäīĚŊù˰ʲōŃʾˁʾʿŁ


ʾˁ
äŀħʯãęŘÏōŞďĚŊùĖþķŐýʯōŰĚÞŊùĖþķäŖĄŒŎûęťùäµĿāʭµļŊʯûĚµĸŊùŔµķʭþİŊùęùĕĕʭĄµğù

ä÷ŦýĚÝŐŞĠďĖ˙ĐŎ˰ʲŏùĚŖă˰ʯäőùĚŖİŊùʾʿˆ˃Ł




ʵʷʻ
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ʾ˂
ʯäŰʭþįʭþįʯŐŞĠďĖ˙ĐŎ˰ ĖŞğŔ˙ċĚăĚŞĠŀăʯŏùĜŞ˙ŊùʲōċĚĄŎĚŃʭýĖµ˙ĐŎãŘµğŘŎőùĖµ˙ŕʯä

ŔĸŎʭċŐŞğęĖŎě˫ŘďŔŞ˙ŋķ˰ʲōŃ˰ʯōŃʾˀ˃ˀġ


ʾ˃
ʯäğĚþįäīęŐŰĖŊùŐµĠďŐµýʯ˛µĬĿŌęʭµÞŎʯŁŦµēťùāùęʭµĤĄőùľŰĚµģʯäµīę˰ʲōµŃ

ʾˀˆʿġ


ʾ˄
ʯä˙ŊʭķʯĖ˙ĐŎ˰ĖŞğŔİýùęŐŰĕŗŁŦµēù˕äµğęĚý˫ʭáĖµŰĕʭŕęĕāʭþµğʭŒŎŐµŰĕŗŁŦµēù˔ʯ

ŏʭĄğŘýʯûʭĄÝ˰ʲōŃʾˀ˅ˆġ


ʾ˅
äŋķŐýäğŘŎʭīĚŊùMʯüįʭīĚŊùM˕ʭğęŔŊŔŞþŕė˔ʯʲłµŞńĐăãĖµŖŎĖ˙ĐŎʯľµČő˰ʲōµŃ

ʾˁʽʿŁ


ʾˆ
ʯäŒŞŋÝŐýĖ˙ĐŎʯûŘńĸýŉŘħùʯäĿʭÝüĄÞŊùęùĕʯĀŞŎŦğťùÍʭ×˰ʲŏùĚŖăʯŌŘğʾˀ˅˅ġ


ʿʽ
ʯäŋáˉěʭőĚŖŎʯãęʭŰĚŖģʯ˫ĖŞďŗĚ˫ŖýãĚŞáěùäēĚýě˫ŘŎíãʭŕäŎŦğùęĕŔŒŞŎěûùĕíŔµŰĘļă

ʯōŊʭğŔŎʭŒŋĨĿä˙ŋķäĤŕŗÚÏüįŗʯŔŞÝĜăę˫ŗĕʿˁʯġˁʯʾˀˆˁ


ʿʾ
ʯäĠŋČŎĚŃʭýĖ˙ĐŎŐýʯäńăĖ˙ĐŎęùŘőťùęʭĐýĀĸŎʭČŊùęęĖŊęʭþēùʯŔ˙÷ťùʲĎŞĐĨăäĸ˙ċ

ěùʯŏʭńńĐŎęùĕ´ʭŞďùąùĚĄŊù˰ʲāŗĚŞý˰ʯäýĚĸŊùʾˁʽˀŁ


ʿʿ
ãĖ˙ĐŎãęʯãĚŖģʯĖµ˙ĐŎŔµķŘ˙ČŎĆµŰĕʭďùʯäÞµģĜÏʲŔµ˙ċĚăŐŞµĠďʯãĚýʭµħĜµÝĚŎ

āʭńŞńĐăʯĆŰĖĐŊùęùĕ˰ʲōŃʾˀ˅˂ġ


ʿˀ
ʯĖŒýěĚŎĂ˙ďęʯŔŋŊùʯäŋĬĿùʯäŋķĖ˙ĐŎĢńőŔŰĘļăęĕĂŎŦğʭýĕĚÞŰŗęě˫ŘŎíʯäőʭµŞďŗ

ŔŋČŎüįäĄŒğŌŦğùŗʯŏùĚŰùŉʭğʯŌęʭŖ×ġʯŌęʭŖ×ʾˀˆʿ


ʿˁ
ʯĽŘŋĸŎʯĞŞŰŘŊĖČŒ˙ŊùäýĚķŔýʯäğęʭĿʲŔµ˙ċĚăĖµ˙ĐŎʯäâŰęęĖµŒýĚµĤőʯŏùĚµŰù˰ʲŏùĚµŖă

Íʭ×ʯōĤģʾˀ˅˃ġ


ʿ˂
ʯŐŞĸŎʯĖ˙ĐŎàŒŕĚĿʯŐŞĸŎàŒŕĚĿʯđĚŕʭŎŏʭĄğŘýďŘă˰ʲŏùĚŖă˰ʯĖŞʾˀ˅ˀġ


ʿ˃
ʯãĖŞŀŎʯäŀİĨŎàŒŕĚĿ˫ĕĚĤĿäÞģĜÏʯĕęŘŀĠÝ íāùęʭĤĄőùʯŏʭŞâŒŕĚĿ˰ʲŏùĚŖăʾˀ˄˂ġ


ʿ˄
ʯãĖ˙ĐŎęŘőʯʭīĚŎŦĻãĖŎíęĕĚýŌʭĴőĶŎʭċĂŎŦğŌŦğù˰ʲĂŎŦğä˙Ġċ˕ĚµĄĿĕŉŗù˔ʯ

ŏʭŞőùĚŰùʯüįʲŏùĚŖăʾˀˆ˃ġ


ʿ˅
ãęŘőʯäğĚþįùěĚŞŎʯŐŞĠďÛęĖĄĠŎ˛÷ʭğŗʯŔĸŞĤŊùŔĠğòŎŉíŊù˰ʲōŃ˰ʯĂŞþʾˁʽ˅Ł
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5HIHUHQFHV
�� 7KH� +RO\� 4XUDQ�� 7UDQVODWLRQ�� 0XKDPPDG� $OL� 5H]DHL� ,VIDKDQL� DQG� $� *URXS� RI�

3URIHVVRUV� RI�$O�0XVWDID�8QLYHUVLW\��$O�0XVWDID� 3XEOLFDWLRQV��4RP�� 6HFRQG� (GLWLRQ��
�����

�� ,EQ�)DULV��$EL�$O�+XVVHLQ�$KPDG��0R
MDP�RI�0DTD
LV�DO�/RJKDK��5HVHDUFKHG�E\�$EGXO�
6DODP�0XKDPPDG�+DUXQ��0DNWDE�DO�$DODP�DO�,VODPL��4RP�������

�� ,EQ� 0DQ]RRU�� $EL� DO�)DGO� -DPDO� DO�'LQ� 0XKDPPDG� LEQ� 0XNNDUDP�� /LVDQ� DO�$UDE��
4RP��3XEOLFDWLRQ�RI�WKH�$GDE�RI�+DZ]DK��������$+�

�� $NKRRQGL��0XVWDID��)RRG�DQG�1XWULWLRQ�LQ�5HOLJLRXV�7HDFKLQJV�DQG�6FLHQWLILF�)LQGLQJV��
4RP��=DP]DP�+LGD\DW�������

�� (NUDQ��7D\HEHK��*ROL��0HKUQD]��1XWULWLRQ�6W\OH�LQ�+XPDQ�+HDOWK�IURP�WKH�3HUVSHFWLYH�
RI�4XUDQLF�9HUVHV�DQG�+DGLWKV��4XUDQLF�6WXGLHV��9RO�����������

�� %DUTL�� $KPDG� LEQ� 0XKDPPDG� LEQ� .KDOLG� ����� $+��� $O�0DKDVLQ�� 7HKUDQ�� ,VODPLF�
%RRNV�3XEOLFDWLRQV�������

�� 3DNQHMDG��6H\\HG�5H]D��7KH�)LUVW�8QLYHUVLW\�DQG� WKH�/DVW�3URSKHW��7HKUDQ�� ,VODPL\HK�
3UHVV�������$+�

�� 7DPLPL� 0DJKULEL�� 1X
PDQ� ELQ� 0XKDPPDG�� 'DD
LP� DO�,VODP�� 4RP�� 'DU� DO�0D
DULI��
�����

�� $O�-DZKDUL�� ,VPDLO� ,EQ�+DPPDG��$O�6DKDK��7DM�$O�/XTKDK�DQG�$O�6DKDK�$O�$UDEL\D��
5HVHDUFKHG�E\�$KPDG�$EGXO�*KDIRRU�$WWDU��%HLUXW��'DU�(O�,OP�/LOPDOD\LQ�������$+�

��� $O�+XUU� $O�$PLOL�� 0XKDPPDG� ,EQ� +DVVDQ�� :DVD
LO� DO�6KL
DK�� 5HVHDUFKHG� E\� $EGXO�
5DKLP�5DEEDQL�6KLUD]L��7HKUDQ��,VODPLF�%RRNV�3XEOLFDWLRQV�������

��� .KRGDGDGL�� +DVVDQ�� .KRGDGDGL]DGHK�� $OL�� $VDGSRXU�� 0XKDPPDG�� 5DILHL�� 0DU\DP��
.DUDPLSRXU��=DKUD��$�6WXG\�RI�WKH�1XWULWLRQ�5HFRPPHQGDWLRQV�RI�,VODP�DQG�WKH�*UHDW�
3URSKHW�DQG�,WV�&RPSDWLELOLW\�ZLWK�0HGLFDO�6FLHQFHV��-RXUQDO�RI�5DIVDQMDQ�8QLYHUVLW\�
RI�0HGLFDO�6FLHQFHV��9ROXPH���������

��� .KDWLE� %DJKGDGL�� $KPDG� ,EQ� $OL�� +LVWRU\� RI� %DJKGDG� �RU� 0HGLQD� DO�6DODP���
5HVHDUFKHG�RI�$WWD�0XVWDID�$EGXO�4DGLU��%HLUXW��'DU�DO�.RWRE�DO�,OPL\DK�������$+�

��� 'D\ODPL��+DVVDQ� ,EQ�0XKDPPDG�� ,UVKDG� DO�4ROXE� LO $
6DYDE��4RP��6KDULI�$O�5DGKL��
�����$+�

��� 6DILSXUL��$EG�DO�5DKLP�ELQ�$EG�DO�.DULP��0XQWDKL�DO�$UDE�IL�/RJKDW�DO�$UDE��7HKUDQ��
'DU�DO�7DED
D��8VWDG�.DUEDODL�0XKDPPDG�+XVVHLQ�DO�7HKUDQL�������$+�

��� 7DEDWDEDL��6H\\HG�0XKDPPDG�+RVVHLQ��7UDQVODWLRQ�RI�7DIVLU�$O�0L]DQ��7UDQVODWHG�E\�
0XKDPPDG�%DTLU�0RXVDYL�+DPDGDQL��4RP��-DPL\D
�$O�0RGDUUHVLQ�RI�4RP�+DZ]DK�
$O�(OLPL\DK��������

��� 7DEUDVL�� 5D]L� DO�'LQ� +DVVDQ� ,EQ� )DGO�� 0DNDUHP� DO�$NKODT�� 4RP�� 6KDULI� 5D]L�
3XEOLFDWLRQV�������

��� $ODPL��6H\\HG�0XKDPPDG��7KH�5HODWLRQVKLS�EHWZHHQ�5HOLJLRQ�DQG�(WKLFV��3HUVSHFWLYHV�
RQ�WKH�5HODWLRQVKLS�EHWZHHQ�5HOLJLRQ�DQG�(WKLFV���4RP��%XVWDQ�H�.LWDE�������

��� $OL�LEQ�0XVD�DO�5H]D��7LE
�DO�5H]D���5LVDOD�$O�=DKDEL\DK���5HVHDUFKHG�E\�0XKDPPDG�
0DKGL�1DMDI��4RP�������$+�

��� .XOHLQL�� 0XKDPPDG� ,EQ� <DTXE�� 8VXO� DO�.DIL�� 7HKUDQ�� ,VODPLF� %RRNV� 3XEOLFDWLRQV��
7KLUG�(GLWLRQ�������

��� *ROL�� 0HKUQD]�� 6KDKULDUL�� 9DKLGHK�� 8WLOL]LQJ� 6RPH� ,VODPLF� 7HDFKLQJV� LQ� WKH� )LHOG� RI�
+HDOWK\�(DWLQJ�(WLTXHWWH��-RXUQDO�RI�0HGLFLQH�DQG�&XOWLYDWLRQ��9ROXPH�����,VVXH���������

��� 0DMOLVL��0XKDPPDG�%DTLU�ELQ�0XKDPPDG�7DTL��%DKDUD�DO�$QYDU�$O�-DPL��OL�'RUDU�DO�
$NKEDU�RI� WKH� ,PDPV��(GLWHG� E\�$�*URXS�RI�6FKRODUV��%HLUXW��'DU� ,K\D� DO�7XUDWK� DO�
$UDEL�������$+�
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��� 0XKDPPDGL� 5H\VKDKUL�� 0XKDPPDG�� &ROOHFWLRQ� RI� 0HGLFDO� +DGLWKV�� 7UDQVODWHG� E\�
+RVVHLQ�6DELUL��4RP��'DU�DO�+DGLWK�5HVHDUFK�&HQWHU�������

��� 0DU]EDQG��5DKPDWROODK��$I]DOL��0XKDPPDG�$OL��7KH�5ROH�RI�1XWULWLRQ�LQ�+HDOWK�ZLWK�
WKH� $SSURDFK� RI� 5HYHODWRU\� 'RFWULQH�� -RXUQDO� RI� ,VODPLF� DQG� ,UDQLDQ� 7UDGLWLRQDO�
0HGLFLQH��)RXUWK�<HDU��6HULHV���������

��� 0DORXI��/HZLV��$O�0XQDMMLG�$UDELF� WR�3HUVLDQ��7UDQVODWHG�E\�0XKDPPDG�%DQGDUULJL��
9RO�����6L[WK�(GLWLRQ��7HKUDQ��,UDQ�3XEOLVKLQJ�������

��� 0RLQ��0XKDPPDG��)DUKDQJ�0RLQ��9RO�����)DUKDQJ�0DKURNK��7HKUDQ��%XVWDQ�H�7DZKLG��
�����

��� 0RILGL��0RVWDID��2[IRUG�,QWHQVLYH�0HGLFDO�&XOWXUH��7HKUDQ��)DUKDQJLDQ�3XEOLFDWLRQV��
�����

��� 1RXU�0XKDPPDGL��*KXODPUH]D��$Q�,QWURGXFWLRQ�WR�WKH�&RPSUHKHQVLYH�,VODPLF�+HDOWK�
6\VWHP��3K\VLFDO�+HDOWK��%RRN�����7HKUDQ��,UDQLDQ�0HGLFLQH�������

��� 1RXUL� 7DEDUVL�� 0LU]D� +XVVHLQ�� 0XVWDGUDN� DO�:DVD
LO� DO�6KL
DK�� 4RP�� $O�%D\W�
)RXQGDWLRQ��)LUVW�(GLWLRQ�������$+�


