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6HFWLRQ�0HGLHYDO 	�5HQDLVVDQFH�6WXGLHV�

7+(�3+(120(121�$1'�7+(�352727<3(�2)�$/&+(0<

$VVRFLDWH�3URI��'U��9ODGLPLU�9LQRNXURY

$VVRFLDWH�3URI��'U��0DULQD�9RURQWVRYD�

/RPRQRVRY�0RVFRZ�6WDWH�8QLYHUVLW\��5XVVLD

$%675$&7

,Q� WKH�PRGHUQ�ZRUOG�� YDULRXV� SURMHFWLYH� LPDJHV� RI� DOFKHP\�� RI� WKH� DOFKHPLVW�� RI� WKH�
µJUHDW�ZRUN¶�DQG�RI�WKH�SKLORVRSKHU
V�VWRQH�ZHUH�IRUPHG��

7KH�DLP�RI�WKH�ZRUN�LV�WR�VHDUFK�IRU�WKH�SURWRW\SH�RI�DQ�DOFKHPLF�RSHUDWLRQ�DQG�WR�SURYH�
WKDW�LW�LV�DQ�RSHUDWLRQ�WR�FUHDWH�D�PHDVXUH�IRU�PHDVXULQJ�DQ�XQNQRZQ�TXDQWLW\�WKDW�FDQ�
EH�FKHPLFDO��JHRPHWULF��SV\FKRORJLFDO�RU�RI�VRPH�RWKHU�QDWXUH��

7KH�PHWKRG�RI�LQYHVWLJDWLRQ�LV�D�UHSUHVHQWDWLYH�PHDVXUHPHQW�WKHRU\�EDVHG�RQ�DVVLJQLQJ�
QXPEHUV� WR� WKLQJV�� LQ� WKLV�FDVH�� WKLQJV� DUH� WKH� OHWWHUV� WKDW�PDNH�XS� WKH�ZRUG� µDOFKLP¶��
7KH�DVVLJQPHQW�RI�ILJXUHV�WR�WKLQJV�LQ�DOFKHP\�KDSSHQHG�VR�WKDW�WKH\�EHJDQ�WR�SUHVHQW�
IDFWV��7KLV� UHSUHVHQWDWLRQ� LV�GXH� WR� WKH�IDFW� WKDW� WKH�VHTXHQFH�RI� OHWWHUV� IRUPHG�D�ZRUG�
KDYLQJ� KLVWRULFDO� RULJLQV�� DQG� WKH� QXPHULFDO� VHTXHQFH� IRUPHG� D� GLJLW� KDYLQJ� D�
PDWKHPDWLFDO�PHDQLQJ�

7KH� DUWLFOH� GLVWLQJXLVKHV� EHWZHHQ� WKH� ZRUG� DQG� WKH� WHUP� µDOFKLP¶�� $V� WKH� WHUP�
µDOFKHP\¶� LV� QRW� WKH� JHQHVLV� RI� D� ZRUG� IURP� VRPH� ODQJXDJH� EXW� DQ� DUWLILFLDO�
FRQVWUXFWLRQ��RQH�RI�WKH�UHSUHVHQWDWLRQ RI�WKH�QXPEHU�µʌ¶��/XGROSK
V�QXPEHU���7KH�VLGH�
UHVXOW�ZDV�WKH�VHDUFK�IRU�DSSUR[LPDWLRQV�WR�WKH�YDOXH�RI�WKH�QXPEHU�µʌ¶��7KH�DOFKHPLVWV�
DFKLHYHG�D�QXPHULFDO�DSSUR[LPDWLRQ�RI�WKH�QXPEHU�µʌ¶�DQG�FRQVLGHUHG�µʌ¶�WR�EH��������
RU��������

.H\ZRUGV� DOFKHP\��DOFKHPLF�RSHUDWLRQ��DOFKHPLF�WHUP��DOFKHPLVW

,1752'8&7,21

1RZDGD\V�WKH�WRSLF�RI�DOFKHP\�LV�ZLGHO\�UHSUHVHQWHG�LQ�DUW�DQG�SRSXODU�VFLHQFH�ILFWLRQ��
0RGHUQ� DUWLVWLF� DQG� VFLHQWLILF�SXEOLFLVW� OLWHUDWXUH� DWWUDFWV� DWWHQWLRQ� QRW� VR�PXFK� WR� WKH�
SKLORVRSKHU
V� VWRQH� DV� WR� WKH� SURWDJRQLVW� VHDUFKLQJ� IRU� LW�� WR� WKH� DOFKHPLVW�� ,Q� RWKHU�
ZRUGV�� PRGHUQ� SURVH� HPSKDVL]HV� QRW� WKH� REMHFW� RI� WKH� *UHDW� :RUN� EXW� LWV� VXEMHFW��
$OFKHP\� DQG� WKH� SKLORVRSKHU
V� VWRQH� DUH� SUHVHQW� LQ� WKH� SRSXODU� VHULHV� RI� QRYHOV� IRU�
FKLOGUHQ�DQG�\RXQJ�SHRSOH�E\�-RDQQQH�5RZOLQJ�DERXW�+DUU\�3RWWHU��µWKH�ER\�ZKR�OLYHG¶��
7KH� ILUVW� ERRN�� ZKLFK� EURXJKW� WKH� ZULWHU� ZRUOG� IDPH�� ZDV� GHYRWHG� WR� KLGLQJ� WKH�
SKLORVRSKHU
V� VWRQH�± WKH� FHQWUDO� REMHFW� DQG� SXUSRVH� RI� DOFKHP\� ± IURP� WKH� IRUFHV� RI�
HYLO��7KH�DOFKHPLVW��KLV�IRUPDWLRQ��VHDUFK�DQG�µWUDQVPXWDWLRQ¶�LV�WKH�VXEMHFW�RI�D�VHULHV�
RI�DOFKHPLFDO�QRYHOV�E\�*XVWDY�0H\ULQN��������������,W�PXVW�EH�VDLG�WKDW�WKH�ZRUN�RI�
0H\ULQN� VWDQGV� RXW� DPRQJ� RWKHU� ZRUNV� RQ� WKH� WRSLF�� 7KH� YHU\� VHTXHQFH� RI� QRYHOV�
UHSURGXFHV�WKH�RUGHU�RI�WKH�RSHUDWLRQV�RI�WKH�*UHDW�:RUN��QLJUHGR�ĺ�DOEHGR�ĺ�UXEHGR�
�EODFN��ZKLWH��UHG���

$OFKHP\�LQ�PRGHUQ�FRQVFLRXVQHVV�FHDVHG�WR�EH�SHUFHLYHG�DV�D�VFLHQWLILF�IDOODF\�ZKLFK�
OHG� WR� D� PDVV� RI� IUXLWOHVV� DWWHPSWV� WR� REWDLQ� WKH� SKLORVRSKHU
V� VWRQH�� WKDW� LV�� VRPH�
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�WK ,QWHUQDWLRQDO�0XOWLGLVFLSOLQDU\�6FLHQWLILF�&RQIHUHQFH�RQ�6RFLDO�6FLHQFHV�	�$UWV�6*(0�����

VXEVWDQFH�WKURXJK�ZKLFK�RQH�FDQ�WXUQ�OHDG�LQWR�JROG�DQG�ZLWK�WKH�KHOS�RI�WKH�ODWWHU�JDLQ�
GRPLQLRQ�RYHU�WKH�ZRUOG��,Q�DOO�WKH�DERYH�ZRUNV��DOFKHP\�LV�SUHVHQW�DV�D�SKHQRPHQRQ�
WKH�HVVHQFH�RI�ZKLFK� LV�P\VWHULRXV�DQG� LQFRPSUHKHQVLEOH��RU� LV� ORVW��$OFKHP\�DQG� WKH�
3KLORVRSKHU
V� 6WRQH� WRGD\� LQ� VRFLHW\� LV� SHUFHLYHG� DV� 0DJQXP� LJQǀWXP� �WKH� *UHDW�
8QNQRZQ��

7RGD\� WKH� WRSLF� RI� DOFKHP\� LV� ZLGHO\� UHSUHVHQWHG� LQ� WKH� DUWLVWLF� DQG� SKLORVRSKLFDO�
OLWHUDWXUH��,Q�WKH�SKLORVRSK\�RI�WKH�WZHQWLHWK�FHQWXU\��WKH�DOFKHPLFDO�WKHPH�FRQWLQXHV�LQ�
WKH� ZRUNV� RI� 5HQp� *XpQRQ�� -XOLXV� (YROD�� 0LUFHD� (OLDGH�� /XGZLJ�:LWWJHQVWHLQ� DOVR�
WRXFKHV� XSRQ� WKH� WRSLF� RI� DOFKHP\�� �2QH� FDQ� VSHDN� RI� D� NLQG� RI� DOFKHP\� LQ�
PDWKHPDWLFV�� >�@�� 3V\FKRORJLFDO� LQWHUSUHWDWLRQ� LV� JLYHQ� E\� WKH� GHHS� SV\FKRORJ\�RI�&��
-XQJ�DQG�KLV�IROORZHUV��

',6&866,21�$1'�5(68/76

$FFHQWXDWLQJ� WKH� LPDJH� RI� WKH� DOFKHPLVW� DQG� KLV� VHDUFK�� PRGHUQ� OLWHUDWXUH� RIIHUV� DQ�
XQXVXDO� WZLVW� RI� WKH� VWRU\�± WKH� VHDUFK� LV�PRUH� LPSRUWDQW� WKDQ� WKH�6WRQH�� DQG�ZKDW� LV�
PHDQW�E\�WKH�6WRQH�ZLOO�EH�UHYHDOHG�RQO\�DW�WKH�HQG�RI�WKH�VHDUFK��7KH�LPDJH�RI�DOFKHP\�
XQIROGV� LQ� WKH� ZRUNV� LQ� WKH� IROORZLQJ� VHTXHQFH�� WKH� DOFKHPLVW�� DOFKHP\�� WKH�
SKLORVRSKHU
V�VWRQH�RU�WKH�HOL[LU�RI�LPPRUWDOLW\�

8QGHUVWDQGLQJ� WKH� SODFH� RI� WKH� DOFKHPLVW� LQ� WKH� DOFKHPLF� SURFHVV�PDNHV� SRVVLEOH� WKH�
SV\FKRORJLFDO� LQWHUSUHWDWLRQ� RI� DOFKHPLFDO� WH[WV�� VWDUWHG� LQ� WKH� ;;� FHQWXU\ LQ�
SV\FKRDQDO\VLV�E\�+HUEHUW�6LOEHUHU��������>�@�DQG�FRQWLQXHG�LQ�WKH�GHSWK�SV\FKRORJ\�RI�
.��-XQJ��(UDQRV�,,,�������>�@��DQG�LQ�WKH�ZRUNV�RI�SRVW� DQG�QHR�-XQJLDQV�>�@�

-XQJ
V�DSSURDFK�HPSKDVL]HV�WKH�VXEMHFWLYH�FRPSRQHQW��XQGHUVWDQGLQJ�LW�DV�D�FRPSRQHQW�
RI�WKH�SV\FKRORJLFDO��7KH�ODWWHU��LQ�WXUQ��LV�UHSUHVHQWHG�E\�WKH�LQGLYLGXDO�DQG�FROOHFWLYH�
SURSHUWLHV� RI� WKH� VXEMHFW�� ZLWKLQ� ZKLFK� WKH� DUFKHW\SDO� RQHV� DUH� GLVWLQJXLVKHG�� ZKLFK�
UHSUHVHQW� WKH� REMHFW� ZLWKLQ� WKH� VXEMHFW�� 7KH� VXEMHFW� RI� DOFKHPLF� GRLQJ� µ7KH� 6SLULW�
0HUFXULXV¶� LQ� WKH� HSRQ\PRXV� ZRUN� RI� -XQJ� LV� UHJDUGHG� DV� D� VSLULW� HQFORVHG� LQ� DQ�
DUWLILFLDO�ERG\�± D�ERWWOH��DQG�WKLV�IRUHLJQ�ERG\�LV� LQFRUSRUDWHG�LQWR�WKH�KXPDQ�SV\FKH�
DQG�IRU�WKH�WLPH�EHLQJ�LV�XQGHWHFWHG�DQG�XQNQRZQ�WKHUH�

7KH�SUHUHTXLVLWHV�RI�KLV�FRQFHSW�-XQJ�VDZ�LQ�WKH�LPDJLQDWLYH�DSSURDFK�WR�WKH�VHDUFK�IRU�
WKH�SKLORVRSKHU¶V�VWRQH�LQ�DOFKHP\��$Q�DSSURDFK�OLQNLQJ�WKH�DFWLYLW\�RI�WKH�LPDJLQDWLRQ�
ZLWK�WKH�VHDUFK�IRU� WKH�SKLORVRSKHU¶V�VWRQH�RU�WKH�HOL[LU�RI�LPPRUWDOLW\�ZDV�IRUPHG�E\�
3DUDFHOVXV�� $OFKHP\�� DFFRUGLQJ� WR� WKLV� SRLQW� RI� YLHZ�� LV� EDVHG� RQ� WKH� DELOLW\� RI� WKH�
LPDJLQDWLRQ��2QH�RI�WKH�QDPHV�RI�WKH�SKLORVRSKHU¶V�VWRQH�LV�µSURMHFWLRQ�SRZGHU¶��$W�D�
FHUWDLQ� VWDJH� RI� DOFKHP\�� WKH� DGHSW�PXVW� SURMHFW� D� VXEVWDQFH� LQ� D� KHUPHWLF� YHVVHO�� DQ�
LPDJH�IURP�WKH�GHSWKV�RI�KLV�LPDJLQDWLRQ�DQG�PHPRU\��3DUDFHOVXV�SDLG�DWWHQWLRQ�WR�WKH�
IDFW�WKDW�WKH�LPDJLQDWLRQ�SHQHWUDWHV�WKH�ERG\��WKXV��WKH�SLFWXUHV�RI�WKH�LPDJLQDWLRQ�RI�WKH�
IXWXUH� PRWKHU� LQIOXHQFH� WKH� FKLOG�� �$V� LQ� YLWULROR� �KHUH�� FRSSHU��� WKH� LPDJLQDU\�
�LPSULQWHG��LV�LPSULQWHG��PLQWHG��ZLWK�WKH�KHOS�RI�LPDJLQDWLRQ��7KLV�LV�WKH�LPSULQW�RI�WKH�
OLJKW�RI�QDWXUH� �OXPLQLV�QDWXUDH��DQG� WKHUH� DUH� UD\V� �UDGLDQFH���ZKLFK�DUH� LPSULQWHG� LQ�
\RX�� LPSULQWHG� ZLWK� WKH� SRZHU� RI� LPDJLQDWLRQ�� >�@�� 7UXH�� LPDJLQDWLRQ� VKRXOG� EH�
GLVWLQJXLVKHG� IURP� IDQWDV\�� LQ� WKH� ODWWHU� FDVH� LPDJLQDWLRQ� LV� VXEMHFW� WR� UHDVRQ��
,PDJLQDWLRQ� E\�3DUDFHOVXV� LV� WKH� SRZHU� RI� WKH� VRXO� SURGXFHG�E\� DFWLYH� FRQVFLRXVQHVV�
DQG�ZLOO�

+RZHYHU�� ZKHQFH� WKH� SRZHU� RI� LPDJLQDWLRQ� DULVHV� UHPDLQHG� LQFRPSUHKHQVLEOH��
$OFKHPLVWV� EDVHG� WKHLU PHWKRGRORJ\� RQ� WKH� SULQFLSOH� RI� VLPLODULW\�� IRUPXODWHG� LQ� WKH�
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6HFWLRQ�0HGLHYDO 	�5HQDLVVDQFH�6WXGLHV�

�7DEXOD� 6PDUDJGLQD��� ZKLFK� ZDV� DWWULEXWHG� WR� WKH� OHJHQGDU\� +HUPHV�� +RZHYHU� DV�
VKRZQ� E\� -��5XVND� ������� >�@�� WKH� WH[W� LV� RI�$UDE� RULJLQ�� ,Q�(XURSH�� LW� LV� XVHG� LQ� DQ�
DOFKHPLFDO�FRQWH[W��ZKLOH�WKH�$UDE�DSSOLFDWLRQ�RI�WKH�(PHUDOG�7DEOHW�UHIHUV�WR�WKH�DUHDV�
RI�WDOLVPDQLF�PDJLF�DQG�DVWURORJ\��5HJDUGLQJ�WKH�SHQHWUDWLRQ�RI�WKH�WH[W�LQWR�(XURSH��5��
5DVKHG�REVHUYHV� ³7KHUH�LV�WKXV�D�FRQWLQXLW\�RI�WUDGLWLRQ��DQG�LW�KDV�EHHQ�VXJJHVWHG�WKDW��
RQ�WKHLU�UHWXUQ WR�$QGDOXVLD��WKH\�PD\�KDYH�LQWURGXFHG�WR�WKDW�FRXQWU\�ERWK�WKH�ZRUNV�RI�
7KDELW�E��4XUUD�DQG�WKH�WHFKQLTXHV�RI�WDOLVPDQLF�PDJLF�ZKLFK�ZHUH�WR�EORVVRP�LQ�6SDLQ�
LQ�WKH�HOHYHQWK�FHQWXU\�ZLWK�WKH�*KD\DW�DO�KDNLP��3LFDWUL[��RI�$EX�0DVODPD�DO�0DMULWL��
,Q�WKH�WHQWK�FHQWXU\�DOVR�,EQ�-XOMXO�XVHG�/DWLQ�DQG�$UDELF�VRXUFHV�WR�ZULWH�KLV�7DEDTDW�
DO�DWLEED¶��DQG�DPRQJVW� WKH� ODWWHU� LV� WKH�.LWDE�DO�XOXI�E\�$EX�0DǥVKDU��7KH� LQWHUHVW� LQ�
WKLV� W\SH� RI� DVWURORJ\� LV� DOVR� DSSDUHQW� LQ� WKH� LQWURGXFWLRQ� RI� WKH� /LEHU� 8QLYHUVXV� RI�
ǥ8PDU�E��)DUUXNKDQ�DO�7DEDUL�WR�&yUGRED�WRZDUGV�WKH�HQG�RI�WKH�WHQWK�FHQWXU\��'XULQJ�
WKLV�FHQWXU\�WKH�5DVD¶LO�RI�,NKZDQ�DO�6DID¶�DQG�WKH�7DEXOD�6PDUDJGLQD´�>�@�

7KH�WDOLVPDQ�PDJLF�XVHG�ZRUGV�DQG�QXPEHUV�LQ�FRPELQDWLRQ�ZLWK�JHRPHWULF�ILJXUHV�WR�
FUHDWH� VSHOOV�� WKDW� LV�� LW� XVHG� VLPXOWDQHRXVO\� DOSKDEHWLF�SKRQHWLF� DQG� LGHRJUDPPDWLF�
�SLFWRULDO�� OHWWHU� $FFRUGLQJ� WR� WKH� KLVWRULDQ� RI� ZULWLQJ� V\VWHPV�� ,JQDFH� *HOE�� ³WKH�
SLFWXUH�ZULWLQJ� SHU� VH� FDUULHV� D�PDJLF� LPSRUW�� RU� WKDW�� VR� WR� VSHDN�� WKH� YLUWXHV� RI� WKH�
PHGLFLQDO� LQFDQWDWLRQV� DUH� HQKDQFHG� E\� WKH� IDFW� RI� WKHLU� EHLQJ� H[SUHVVHG� LQ� SLFWXUH�
ZULWLQJ´�>�@�

:LWWJHQVWHLQ� QRWHG� LW� LV� QRW� WKH� GUDZLQJ� LQ� JHQHUDO� WKDW� DIIHFWV�� EXW� WKH� SRZHU� RI�
SHUFHSWLRQ�OLHV�LQ�JHRPHWU\� 7KH�SRZHU�RI�ORJLFDO�SURRI�OLHV�LQ�WKH�SRZHU�RI�D�JHRPHWULF
SURRI�DQG LV�GHVWUR\HG�DORQJ�ZLWK�LW��³7KH�UHODWLRQ�RI�ZKDW�ZH�H[SHULHQFH��RXU�ILHOG�RI�
FRQVFLRXVQHVV��WR�WKH�VXEMHFW�RI�H[SHULHQFH�LV�DQDORJRXV�WR�WKDW�RI�WKH�YLVXDO�ILHOG�WR�WKH�
H\H�� QRW�WKH�VHQVH�RUJDQ��EXW�ZKDW�KH�ODWHU�FDOOHG�WKH�
JHRPHWULFDO�H\H
��7KLV�VHOI�LV�DQ�

H[WHQVLRQOHVV� SRLQW
�� DQG� WKH� KXPDQ� LQGLYLGXDO� D� 
PLFURFRVP
�� $UJXDEO\�� WKLV�
PHWDSK\VLFDO�VXEMHFW�LV�LGHQWLFDO�ZLWK�WKH�
ZLOOLQJ�VXEMHFW
��ZKLFK�LV� WKH�EHDUHU�RI�JRRG�
DQG�HYLO´�>�@�

7KH��JHRPHWULF�H\H��RI�WKH�VHHLQJ��H[SHULHQFLQJ��ZLOOLQJ�DQG�FRQVFLRXV�VXEMHFW�FUHDWHV�
WKH�SURWRW\SH�RI�WKH�ZRUOG��7KH�FORVHG�VSKHULFDO�VXUIDFH�RI�WKH�ILHOG�RI�YLHZ�LV�D�IRUP�RI�
D�JHRPHWULF�SURWRW\SH��7KH�FUHDWLRQ�RI�VSHOOV�LV�RQH�DVSHFW�RI�WKH�SUDFWLFH�RI�WDOLVPDQLF�
PDJLF��*LYLQJ� VSHOOV� VRPH� JHRPHWULF� IRUP� �WKHLU� ORFDWLRQ� LQ� D� FLUFOH�� VTXDUH�� HWF���� LV�
DOWKRXJK�VWUDQJH��EXW�UDWLRQDOO\�H[SODLQDEOH�DSSOLFDWLRQ�RI�JHRPHWU\�


5LSOH\�6FUROOV


7KLV� UROH� RI� WKH� DOFKHPLVW� LV� HPERGLHG� LQ� 
6FUROOV
 RI� WKH� 7UHDWLVH� DWWULEXWHG� WR� 6LU�
*HRUJH� 5LSOH\� �G������� ± 
5LSOH\� 6FUROOV
 �;9 ± ;9,,� F��� ³7KH� 6FUROOV¶� VL]H� YDULHV�
IURP� WKDW�RI�D� ODGLHV¶� VLON� VFDUI� WR� WKDW�RI� D�GLQQHU� WDEOH� WKDW�ZRXOG�VHDW�DERXW� WZHQW\�
SHRSOH²WKH�VPDOOHVW�6FURO O� �%RGOHLDQ�/LEUDULHV�8QLYHUVLW\�RI�2[IRUG�06�$GG�������
�����PHDVXUHV������P�î����FP��WKH�ODUJHVW �&DPEULGJH��)LW]ZLOOLDP�0XVHXP�06������
H[WHQGV� WR� ����P� î� ��� FP� 7KH� TXHVWLRQ� RI� WKH� RULJLQDO� SXUSRVH� DQG� IXQFWLRQ� RI� WKH�
6FUROOV�KDV�EHHQ�DVNHG�YDULRXVO\�EXW�QRW�\HW�VXFFHVVIXOO\�DQVZHUHG�LQ�H[LVWLQJ�OLWHUDWXUH��
2QH� WKHRU\� VWDWHV� WKDW� WKH� 6FUROOV� ZHUH� LQWHQGHG� WR� EH� RQ� SHUPDQHQW� GLVSOD\� LQ� DQ�
DSRWKHFDULHV¶�VKRS� KRZHYHU��VLQFH�WKH�ROGHVW�VXUYLYLQJ�6FUROO��%RG�%RGOH\�5ROOV����LV�
VR�ODUJH�WKDW�LW�FDQ�RQO\�EH�XQUROOHG�JUDGXDOO\��DOORZLQJ�WKH�UHDGHU�WR�VHH�RQO\�D�VLQJOH�
VHFWLRQ� DW� D� WLPH�� WKLV� LV� XQOLNHO\�� $QRWKHU� SURSRVHV� WKDW� WKH� 6FUROOV� ZHUH� XVHG� IRU�
HGXFDWLRQDO� LQVWUXFWLRQ� LQ� ODERUDWRULHV�� WKLV� SRVVLELOLW\� LV� FDOOHG� LQWR� TXHVWLRQ� E\� WKH�
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�WK ,QWHUQDWLRQDO�0XOWLGLVFLSOLQDU\�6FLHQWLILF�&RQIHUHQFH�RQ�6RFLDO�6FLHQFHV�	�$UWV�6*(0�����

VRSKLVWLFDWLRQ�RI�WKH�DUWZRUN�RQ�PRVW�RI�WKH�6FUROOV�DQG�WKH�HQWDLOHG�FRVW�RI�SURGXFWLRQ´�
>��@�

)LJ����� � 
5LSOH\�6FUROOV
�� ,OOXVWUDWLRQ� �$��RI� WKH�5LSOH\�VFUROO�RI� WKH�%RGOHLDQ�/LEUDULHV�
8QLYHUVLW\�RI�2[IRUG��;9,,�FHQWXU\ >��@� ,OOXVWUDWLRQ��%��RI�VHFWLRQ�RI�WKH�5LSOH\�VFUROO�
RI� WKH� 5R\DO� &ROOHJH� RI� 3K\VLFLDQV� RI� (GLQEXUJ�� ������� >��@� ,OOXVWUDWLRQ� �&�� � WKH
PRGHUQ�UHFRQVWUXFWLRQ�RI�WKH�IUDJPHQW�RI�WKH�5LSOH\�VFUROO�

7KH�DGHSW�RI�DOFKHP\�KROGV� LQ� WKHLU�KDQGV�D�VHDOHG�YHVVHO�VLPLODU� WR�D�ZRPDQ�RQ�RQH�
VLGH��DQG�WR�D�O\UH��PXVLFDO�LQVWUXPHQW��RQ�WKH�RWKHU��7KH�LQVFULSWLRQ�RQ�WKH�KDQGOHV RI�
WKH�YHVVHO�JRHV��³<2:�0267�0$.(�:$7(5�2)�<(�(57+(�$1'�(57+(�2)�<(�
$<(5�$1'�$<(5�2)�7+(�),5(6�$1'�),(5�2)�<(�(57+(´��)LJ��$���

7KH�LQVFULSWLRQ�VKRXOG�EH�UHDG�DV���6R�VKDOO�LW�EH��ZDWHU�RI�WKH�HDUWK�LV�HDUWK�RI�WKH�DLU��
DQG� DLU� RI� WKH� ILUH� LV� ILUH� RI� WKH HDUWK��� 7KH� LQVFULSWLRQ� UHSUHVHQWV� D� ORJLFDO� SX]]OH��
EHFDXVH� LW� LV� LQVFULEHG� LQ� DQ� LQFRPSOHWH� JHRPHWULF� ILJXUH�� 7KH� ILJXUH� FDQ� EH� FORVHG�
WKURXJK�/LQH�����DQG�WKURXJK�WKH�FHQWHU��E\�/LQHV�����DQG������)LJ��$���&RQWLQXLQJ�WKH�
ORJLF�RI�WKH�WH[W�DQG�WKH�JHRPHWU\�RI�WKH�ILJXUH�DORQJ�/LQH������ZH�JHW�WKH�PLVVLQJ�SDUW�
�LWDOLFV����:DWHU�RI�WKH�HDUWK�ĺ�HDUWK�RI�WKH�DLU��DLU�RI�WKH�ILUH�ĺ�ILUH�RI�WKH�HDUWK��HDUWK�
RI� WKH�ZDWHU�ĺ�ZDWHU� RI� WKH� HDUWK��� 7KH� VSHOO� �DOFKHPLFDO� GRLQJ�� LV� F\FOLFDO� DQG� FDQ�
FRQWLQXH�LQGHILQLWHO\�DV�D�PRYHPHQW�DORQJ�WKH�FLUFXPIHUHQFH�

+RZHYHU�� FRQWLQXLQJ� WKH� PRYHPHQW� DORQJ� WKH� JHRPHWU\� RI� WKH� ILJXUH� DORQJ� VWUDLJKW�
/LQHV�����DQG������ZH�JHW�QRW�D�ORJLFDO�EXW�D�JHRPHWULFDO�FRQFOXVLRQ���ILUH�RI�WKH�ZDWHU��
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6HFWLRQ�0HGLHYDO 	�5HQDLVVDQFH�6WXGLHV�

DQG� �ZDWHU� RI� WKH� ILUH� ��� ,Q� WKH� FHQWHU� RI� WKH� ZKROH� SLFWXUH� LV� D� FORVHG� ERRN� ZKLFK�
FRQFHDOV� WKH�P\VWHU\�RI� WKH� �ILUVW�PDWWHU�RI� DOFKHPLVWV��� WKH� VHFUHW� RI�REWDLQLQJ� �ILHU\�
ZDWHU���)LJ���%���&���7KH�JHRPHWU\�RI�WKH�GUDZLQJ�KHOSV�VHH�DQG�UHFRQVWUXFW�WKH�KLGGHQ�
SDUW�RI�WKH�DOFKHPLFDO�VFUROO�

ɌKH�LQWHUSUHWDWLRQ�RI�RQH�RI�WKH�JHRPHWULF�UHFLSHV�RI�0LFKDHO�0DLHU
V��FLUFD������������
DOFKHP\

$Q� RGG� UHIHUUDO� WR� JHRPHWU\� FDQ� EH� IRXQG� LQ� 0LFKDHO� 0DLHU¶V ZRUNV�� ,Q� $WDODQWD�
IXJLHQV��������KH�JLYHV� WKH�IROORZLQJ�UHFLSH�IRU� WKH�SKLORVRSKHU
V�VWRQH���3XW� WKH�PDQ�
DQG�WKH�ZRPDQ�LQ�D�FLUFOH��WKHQ�LQ�D�VTXDUH��WKHQ�LQ�D�WULDQJOH��WKHQ�DJDLQ�LQ�D�FLUFOH��DQG�
\RX� ZLOO� REWDLQ� WKH� SKLORVRSKHU
V� VWRQH��� 7KHVH� ZRUGV� DFFRPSDQ\� WKH� FRUUHVSRQGLQJ�
GUDZLQJ�E\�0LFKDHO�0DLHU �)LJ������7KLV� LV�QRW�RQO\�D�GUDZLQJ�EXW�DQ� LGHRJUDPPDWLF
OHWWHU��7KH�QXPEHUV�WR�ZKLFK�WKH�JHRPHWULF�ILJXUHV�FRUUHVSRQG�DUH�DV�IROORZV��D�FLUFOH�LV�
����D�VTXDUH� LV����D� WULDQJOH� LV���� ,I�ZH�UHGXFH�]HUR�DW� WHQ��ZH�JHW� WKH�IROORZLQJ�VHW�RI�
QXPEHUV��������������,W�VHHPV�WKLV�LV�QRW�D�UDQGRP�VHW�RI�QXPEHUV��VLQFH�WKH\�DUH�DOO�SDUW�
RI�WKH�ILUVW�IRXU�GLJLWV�RI�WKH�QXPEHU�ʌ��ZKLFK�FRQQHFWV�WKH�GLDPHWHU��VWUDLJKW�OLQH��DQG�
WKH�FLUFXPIHUHQFH�RI�WKH�FLUFOH��WKDW�LV��VROYHV�WKH�SUREOHP�NQRZQ�DV�WKH��TXDGUDWXUH�RI�
WKH�FLUFOH���7KH�QXPHULF�H[SUHVVLRQ�IRU�ʌ LV��������7KH�GUDIWVPDQ�VWDQGLQJ� LQ� IURQW�RI�
WKLV�JHRPHWULF�SX]]OH�LQ�WKH�GUDZLQJ�KROGV�DQ�RSHQ�ERZ�FRPSDVV��RQH�HQG�SRLQWLQJ�WR�
WKH� VTXDUH�� WKH� VHFRQG� WR� WKH� FLUFOH�� +RZHYHU�� LW� VKRXOG� EH� QRWHG� WKDW� WKH� RUGHU� RI�
UHDGLQJ�WKH�QXPEHU�ʌ LV�QRW�GHILQHG�KHUH��+RZHYHU��WKH�HSLJUDP XQHTXLYRFDOO\�OLQNV�WKH�
VHDUFK�IRU�WKH�SKLORVRSKHU
V�VWRQH�ZLWK�WKH�SUREOHP�RI�WKH��TXDGUDWXUH�RI�WKH�FLUFOH���,Q�
WKH�DUJXPHQW�WR�WKH�HSLJUDP�DQG�WKH�GUDZLQJ��0LFKDHO�0DLHU�GLVFXVVHV�3ODWR
V�WHDFKLQJ�
DERXW�FRJQLWLRQ�DV�D�UHPHPEUDQFH�DQG�QRWLFHV�WKDW�WKLV�NQRZOHGJH�LV�OLNH�D�GUHDP�

)LJ�� ��� (PEOHPD�;;,�� ³)DF� H[�PDUH�	� I°HPLQD� FLUFXOXP�� LQGH� TXDGUDQJXOXP�� KLQF�
WULDQJXOXP���IDF�FLUFXOXP�	�KDEHELV�ODS��3KLORǕRSKRUXP´���0DNH�RI�WKH�PDQ�DQG�ZRPDQ�
D�&LUFOH��RI�WKDW�D�4XDGUDQJOH��RI�WKLV�D�7ULDQJOH��RI�WKH�ǕDPH��D &LUFOH�DQG�\RX�ZLOO�KDYH�
WKH�6WRQH�RI�WKH�3KLORǕRSKHUV� >��@�

7KH�GUDIWVPDQ�VWDQGLQJ�LQ�IURQW�RI�WKLV�JHRPHWULF�SX]]OH�LQ�WKH�GUDZLQJ�KROGV�DQ�RSHQ�
ERZ� FRPSDVV�� RQH� HQG� SRLQWLQJ� WR� WKH� VTXDUH�� WKH� VHFRQG� WR� WKH� FLUFOH�� VXJJHVWLQJ�
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�WK ,QWHUQDWLRQDO�0XOWLGLVFLSOLQDU\�6FLHQWLILF�&RQIHUHQFH�RQ�6RFLDO�6FLHQFHV�	�$UWV�6*(0�����

FRQQHFWLQJ� WKHVH� ILJXUHV� RU� WKHLU� QXPHULFDO� YDOXHV�� 7KH� GUDIWVPDQ� QRW� RQO\� GUDZV�
ILJXUHV� EXW� DOVR�PHDVXUHV� WKH� UHODWLRQVKLS� EHWZHHQ� WKHP�� 7KH� GUDIWVPDQ�PRYHV� IURP�
GUDZLQJ�WR�PHDVXUHPHQW��,I�ZH�LJQRUH�]HURV��WKH�FRQQHFWLRQ�ZLOO�JLYH�XV������� ����,Q�
DGGLWLRQ��WKH�ILJXUH�DOVR�LQFOXGHV�WKH�QXPEHU����REWDLQHG�E\�DGGLQJ�WKH�QXPHULFDO�YDOXHV�
RI� WKH� ILJXUHV� RI� WKH� FLUFOH�� VTXDUH�� WULDQJOH� DQG� FLUFOH� VKRZQ�� 7KLV� QXPEHU� H[DFWO\�
FRUUHVSRQGV� WR� WKH� ILIWK� VLJQ� LQ� ʌ ����������� 7KH� JHRPHWU\� RI� WKH� SDWWHUQ� UHVHPEOHV�
V\PEROV�IURP�WKH�5LSOH\�VFUROO�

7KH�ZRUG�DQG�WKH�QXPEHU��³$/&+,0´�

7R�FODULI\�WKH�SKLORVRSKLFDO�FRPSRQHQW�RI�DOFKHPLFDO�UHVHDUFK��RQH�FDQ�WXUQ�WR�WKH�YHU\�
ZRUG� �DOFKHP\�� DQG� WR� WKH� ODQJXDJH� RI� LWV� ZULWLQJ�� $OFKHPLFDO� WUHDWLVHV� XVHG� WKUHH�
VDFUDO�ODQJXDJHV��+HEUHZ��$QFLHQW�*UHHN�DQG�/DWLQ��

)LJ�� ��� � $WKDQDVLL� .LUFKHU� 7DGXOD� &RPELQDWRUD��7DEOH� RI� OHWWHU� FRUUHVSRQGHQFHV� RI�
+HEUHZ��6\ULDQ��6DPDULWLF��$VV\ULDQ��$UDPDLF�DQG�/DWLQ�DOSKDEHWV���������>��@��,Q�WKH�
WDEOH�� WKH� +HEUHZ� DOSKDEHW� �WKH� ULJKW� URZ�� VHWV� WKH� VHULDO� QXPEHU�� WKXV� DVVLJQLQJ� D�
QXPHULFDO�YDOXH�WR�WKH�OHWWHUV�RI�WKH�/DWLQ�DOSKDEHW��WKH�OHIW�URZ��

7KH�DOSKDEHWV�RI�WKH�WKUHH�ODQJXDJHV�DUH�JHQHWLFDOO\�UHODWHG��DOWKRXJK��DV�VWXGLHV�RI�WKH�
KLVWRU\� RI� ZULWLQJ� VKRZ�� WKH� GHYHORSPHQW� WRZDUGV� D� IXOO�IOHGJHG� DOSKDEHW� IURP� WKH�
6HPLWLF�V\OODEDULHV�UHTXLUHG�D�FKDQJH�LQ�WKH�QXPEHU�RI�OHWWHUV�IURP�3KRHQLFLDQ�WR�*UHHN��
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6HFWLRQ�0HGLHYDO 	�5HQDLVVDQFH�6WXGLHV�

7KH�QXPEHU�RI�OHWWHUV�LQ�WKH�DOSKDEHWV�RI�WKH�LQGLFDWHG�ODQJXDJHV�LV�GLIIHUHQW�� +HEUHZ�
FRQWDLQV����OHWWHUV��*UHHN�����DQG�/DWLQ�����)L[HG�RUGHU�RI�VLJQV�LQ�WKH�DOSKDEHW�LV�GXH�WR�
QXPEHULQJ� WKH� SODFH� RI� HDFK� VLJQ� LQ� WKLV� VHTXHQFH�� (DFK� OHWWHU� UHFHLYHG� D� QXPHULFDO�
YDOXH�LQ�WKH�DOSKDEHWLF�VHTXHQFH��DQG�VR�WKH�OHWWHUV�FRXOG�GHQRWH�QXPEHUV��DQG�QXPEHUV�
FRXOG�GHQRWH�OHWWHUV��,Q�+HEUHZ�WKHUH�ZHUH�QR�VSHFLDO�VLJQV�IRU�QXPEHUV��WKH�VDPH�VLJQV�
GHQRWHG�ERWK�OHWWHUV�DQG�QXPEHUV��)LJ�����
7KH�SUREOHP�LV�WKDW�LQ�WKH�ZRUG�µDOFKHP\¶�WKH�VRXQG��N��LV�UHSUHVHQWHG�E\��FK��LQ�/DWLQ��
ZKLFK�FRUUHVSRQGV�WR�WKH�*UHHN�[��ZKLFK�LQ�WXUQ�JRHV�EDFN�WR�WKH�3KRHQLFLDQ��ʧ��ZKLFK�
FRPHV� WKH� HLJKWK� LQ� WKH� DOSKDEHW�� +RZHYHU�� D� YDULDQW� RI� WUDQVOLWHUDWLRQ� WKURXJK� �ʤ��
ZKLFK�FRPHV� WKH� ILIWK� LQ� WKH�DOSKDEHW� LV� DOVR�SRVVLEOH�� LQ� WKLV� WDEOH��RQH�DQG� WKH�VDPH�
VLJQ�LV�XVHG�IRU�WKHP��7KHUHIRUH��WKH�OHWWHU��ʧ��LV�PRYHG�IURP�WKH�HLJKWK�SRVLWLRQ�WR�WKH�
ILIWK�DQG�LV�WXUQHG�LQWR��ʤ��

7KH� ZRUG� �DOFKLP��� FRQYHUWHG� LQWR� D� GLJLWDO� IRUP�� JLYHQ� WKH� RUGHU� RI� WKH� +HEUHZ�
DOSKDEHW��ZLOO�EH�ZULWWHQ�DV���������

,Q� FDVH� RI�ZULWLQJ� WKH� QXPHULFDO� YDOXHV� RI� OHWWHUV� LQ� D� FLUFOH� DQG� VWDUWLQJ� UHDGLQJ� WKH�
ZRUG� �DOFKLP�� IURP� �O���ZH� REWDLQ� ������� UHVSHFWLYHO\��+HUH� WKH� YDOXHV� RUGHU� RI� WKH�
QXPEHU�ʌ�LV�REVHUYHG��7KH�ZRUG�µDOFKHP\¶�LV�D�KLGGHQ�LGHRJUDP�RI�D�FLUFOH�

7KH� YHU\� ZRUG� µDOFKHP\¶� LV� ILUVW� H[SOLFLWO\� XVHG� LQ� WKH� WH[W� RI� D� IRXUWK�FHQWXU\�
DVWURORJHU��)LUPLFXV�0DWHUQXV��+RZHYHU��WKH�IDPRXV�/HRQDUGR�3LVDQR��ZKR�HQWHUHG�WKH�
KLVWRU\� RI� PDWKHPDWLFV� XQGHU� WKH� QDPH� )LERQDFFL� RQO\� LQ� ����� GHWHUPLQHG� WKH�
DSSUR[LPDWH�YDOXH�RI�ʌ�§��������� ,Q�������DIWHU� WKH�GHDWK�RI�/XGROSK�YDQ�&HXOHQ��KLV�
FDOFXODWLRQV� RI� WKH� QXPEHU� ʌ� ZHUH� SXEOLVKHG� WR� WKH� ��QG� VLJQ�� KHQFH� WKH� QDPH� �WKH�
/XGROSKLQH� QXPEHU�� >��@�� 7KH� PRYHPHQW� RI� VLJQV� LQ� WKH� 7DEXOD &RPELQDWRULD� E\�
$WKDQDVLXV� .LUFKHU� LV� FRQQHFWHG� WR� WKLV�� 7KH� ZRUG� �DOFKHP\�� LV� DQ� DUWLILFLDO�
FRQVWUXFWLRQ��DQ�DOSKDEHWLF�SKRQHWLF��SX]]OH��

&21&/86,21�

7KH�IDFW� LV� WKDW� WKH�SKHQRPHQRQ�RI�DOFKHP\�H[LVWHG�KLVWRULFDOO\��DQG�WKH�HYDOXDWLRQ�RI�
WKH�VLJQLILFDQFH�RI�DOFKHP\�IRU�D�FXOWXUH�LQ�ZKLFK�WKLV�SKHQRPHQRQ�H[LVWHG�DQG�IRU�WKH�
PRGHUQ�ZRUOG�IOXFWXDWHV�LQ�D�ZLGH�UDQJH��2QH�RI�WKH�LPDJHV�RI�DOFKHP\�ZDV�WKH�QXPEHU�
RI�/XGROSK �ʌ��
6LQFH�/XGROSK¶V�QXPEHU��ʌ��UHSUHVVHQWV�WKH�FURVV�VHFWLRQ�EHWZHHQ�WKH�DUHDV�RI�SRO\JRQV�
LQVFULEHG�DQG�FLUFXPVFULEHG�DURXQG�WKH�FLUFOH�DQG�LV�FDOFXODWHG�DV�DQ�HPSLULFDO�VHTXHQFH�
RI� WKH� GLIIHUHQFH� LQ� WKHLU� DUHDV� LQ� WKH� DOFKHPLFDO� SURFHVV�� WKUHH� HOHPHQWV� FDQ� EH�
GLVWLQJXLVKHG�� D� FKHPLFDO� UHDFWLRQ�FRUUHVSRQGLQJ� WR� WKH� LQVFULEHG�SRO\JRQ�� D�KHUPHWLF�
YHVVHO�FRUUHVSRQGLQJ�WR�WKH�FLUFXPIHUHQFH��DQG�WKH�DOFKHPLVW�KLPVHOI�FRUUHVSRQGLQJ�WR�
WKH�GHVFULEHG�SRO\JRQ��

7KH�TXHVWLRQ�RI�WKH�SURWRW\SH�RI�DOFKHP\�DULVHV�± WKLV�LV�WKH�LPDJH�RI�WKH�EHJLQQLQJ�RI�
WKH�DOFKHPLFDO�RSHUDWLRQ��,Q�PRVW�ZRUNV�WKH�RULJLQ�RI�DOFKHP\�LV�FRQVLGHUHG�SURFHHGLQJ�
IURP�WKH�ZRUG�µDOFKHP\¶�ZKLOH�LW�FDQ�EH�UHJDUGHG�DV�DQ�DUWLILFLDO�WHUP�

$V�D�UHVXOW��LW�LV�MXVWLILHG�WKDW�WKH�DOFKHPLVWV RI�WKH�SDVW�IRUPHG�D�PDWKHPDWLFDO�FRQFHSW��
DVVLJQLQJ� QXPEHUV� WR� OHWWHUV�� UHVXOWLQJ� LQ� D� QXPEHU� RI� GLJLWV� EXW� GLG� QRW� FUHDWH� D�
PDWKHPDWLFDO� YDOXH�� WKDW� LV�� D� FODVV� RI� REMHFWV� WKDW� DUH� PHDVXUHG� ZLWK� WKLV� QXPEHU��
DOWKRXJK�WKH\�WULHG�WR�GR�WKLV�
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�WK ,QWHUQDWLRQDO�0XOWLGLVFLSOLQDU\�6FLHQWLILF�&RQIHUHQFH�RQ�6RFLDO�6FLHQFHV�	�$UWV�6*(0�����

5()(5(1&(6

>�@�:LWWJHQVWHLQ��/���$QVFRPEH��*���5KHHV��5���	�:ULJKW��*��������� %HPHUNXQJHQ��EHU�
GLH�*UXQGODJHQ�GHU�0DWKHPDWLN��)UDQNIXUW�DP�0DLQ��6XKUNDPS��S������

>�@�6LOEHUHU��+���	�-HOOLIIH��6��(�� ������� +LGGHQ�V\PEROLVP�RI�DOFKHP\�DQG� WKH�RFFXOW�
DUWV��1HZ�<RUN��'RYHU�

>�@�-XQJ��&��*����������'UHDP�6\PEROV�RI�WKH�,QGLYLGXDWLRQ�3URFHVV� ���3DSHUV�IURP�WKH�
(UDQRV�<HDUERRNV��(UDQRV��� 86$��3DQWKHRQ�%RRNV��SS������± ����

>�@� )UDQ]�� 0�� 9�� ������� $OFKHP\�� $Q� LQWURGXFWLRQ� WR� WKH� V\PEROLVP� DQG� WKH�
SV\FKRORJ\��7RURQWR��,QQHU�&LW\�%RRNV�

>�@�3DUDFHOVXV����������/DELULQWXV�PHGLFRUXP�HUUDQWLXP� 9RP�/LFKW�GHU�1DWXU�XQG�GHV�
*HLVWHV���8QWHU�0LWDUEHLW�YRQ�.DUO�+HLQ]�:HLPDQQ�KHUDXVJHJHEHQ�XQG�HLQJHOHLWHW�YRQ�
.XUW�*ROGDPPHU�� 6WXWWJDUW���3KLOLSS��5HFODP��MXQ��������� S�����

>�@�5XVND��-�� ������� 7DEXOD�VPDUDJGLQD�HLQ�%HLWUDJ�]XU�*HVFKLFKWH�GHU�KHUPHWLVFKHQ�
/LWHUDWXU��+HLGHOEHUJ��&DUO�:LQWHUV�8QLYHUVLWlWEXFKKDQGOXQJ�

>�@�5DVKHG��5��������� (QF\FORSHGLD�RI�WKH�KLVWRU\�RI�$UDELF�VFLHQFH �9RO������/RQGRQ��
5RXWOHGJH��S������

>�@�*HOE�,�-����������$�VWXG\�RI�ZULWLQJ� &KLFDJR�	�/RQGRQ��7KH�8QLYHUVLW\�RI�&KLFDJR�
3UHVV��������S������

>�@�*ORFN��+��������� $�:LWWJHQVWHLQ�GLFWLRQDU\��2[IRUG��%ODFNZHOO��S������

>��@� 7LPPHUPDQQ�� $�� ������� 9HUVH� DQG� WUDQVPXWDWLRQ�� $� FRUSXV� RI� 0LGGOH� (QJOLVK�
DOFKHPLFDO�SRHWU\��FULWLFDO�HGLWLRQV�DQG�VWXGLHV���/HLGHQ��%ULOO��S������

>��@�%DWWLVWLQL��0��������� $VWURORJLD��PDJLD�H�DOFKLPLD��0LODQR��0RQGROLEUL��S������

>��@�6WUDWIRUG��-��������� $�GLFWLRQDU\�RI�:HVWHUQ�DOFKHP\��:KHDWRQ��,/��4XHVW�%RRNV��
S� LL�

>��@�0DLHU��0��������� $WDODQWD�IXJLHQV��KRF�HVW��(PEOHPDWD�1RYD�GH�6HFUHWLV�1DWXUDH�
&K\PLFD�� $FFRPPRGDWD� SDUWLP� RFXOLV� HW� LQWHOOHFWXL�� ILJXULV� FXSUR� LQFLVLV�� DGMHFWLVTXH�
VHQWHQWLLV�� (SLJUDPPDWLV� HW� QRWLV�� SDUWLP� DXULEXV� HW� UHFUHDWLRQL� DQLPL� SOXV� PLQXV� ���
)XJLV�0XVLFDOLEXV� WULXP�9RFXP��TXDUXP�GX �DG�XQDP�VLPSOLFHP�PHORGLDP�GLVWLFKLV�
FDQHQGLV�SHUDSWDP��FRUUHVSRQGHDQW��QRQ�DEVT���VLQJXODUL�MXFXQGLWDWH�YLYHQGD��OHJHQGD��
PHGLWDQGD��LQWHOOLJHQGD��GLMXGLFDQGD��FDQHQGD�HW�DXGLHQGD� 2SSHQKHLPLL��7\SRJUDSKLD�
+LHURQ\PL�*DOOHUL��6XPSWLEXV��-RE��7OLHRGRUL�GH�%U\��S�����

>��@�.LUFKHU��$��������� $WKDQDVLL�.LUFKHUL�H�6RF��-HVX�7XUULV�%DEHO��VLYH�$UFKRQWRORJLD�
TXD�SULPH�SULVFRUXP�SRVW�GLOXYLXP�KRPLQXP�YLWD��PRUHV�UHUXPTXH�JHVWDUXP�PDJQLWXGR�
VHFXQGR� WXUULV� IDEULFD� FLYLWDWXPTXH� H[VWUXFWLR�� FRQIXVLR� OLQJXDUXP�� 	� LQGH� JHQWLXP�
WUDQVPLJUDWLRQLV�� FXP� SULQFLSDOLXP� LQGH� HQDWLUXP� LGLRPDWXP� KLVWRULD�� PXOWLSOLFL�
HUXGLWLRQH� GHVFULEXQWXU� 	� H[SOLFDQWXU�� $PVWHORGDPL�� ([� RIILFLQD� -DQVVRQLR�
:DHVEHUJLDQD��S������

>��@�)ROWD�<D���1RY\�/��1DWXUDO�+LVWRU\� LQ�GDWHV� >,VWRUL\D� HVWHVVWYR]QDQL\D�Y�GDWDK@�
Ɇ�� 3URJUHVV��������S����������
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