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(UGR̀V� 3DXO� +DMQDO� $QGUgDV� 0gDWgH� $WWLOD� 5DGR� 5LFKDUG
&RPELQDWRULDO VHW WKHRU\� 3DUWLWLRQ UHODWLRQV IRU FDUGLQDOV� �,Q (QJOLVK�
6WXGLHV LQ /RJLF DQG WKH )RXQGDWLRQV RI 0DWKHPDWLFV� ����
$PVWHUGDP�1HZ <RUN�2[IRUG� 1RUWK�+ROODQG 3XEOLVKLQJ &RP�
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&RQVWLWXWLYH SDUWV RI WKH SUHVHQW ERRN DUH� 3UHIDFH �SS� ����� &RQWHQWV ���
��� &KDSWHU ,� ,QWURGXFWLRQ ������ VHFWLRQV ����� ,,� 3UHOLPLQDULHV ������� ��
��� ,,,� )XQGDPHQWDOV DERXW SDUWLWLRQ UHODWLRQV ������� ������ ,9� 7UHHV DQG
SRVLWLYH RUGLQDU\ SDUWLWLRQ UHODWLRQV �������� ������� 9� 1HJDWLYH R�S�U�
V DQG
WKH GLVFXVVLRQ RI WKH zQLWH FDVH ��������� ������� 9,� 7KH FDQRQL]DWLRQ OHPPDV
��������� ������� 9,,� /DUJH FDUGLQDOV ��������� ������� 9,,,� 'LVFXVVLRQ RI
WKH R�S�U� ZLWK VXSHUVFULSW � ��������� ������� ,;� 'LVFXVVLRQ RI WKH R�S�U�
ZLWK VXSHUVFULSW { � ��������� ������� ;� 6RPH DSSOLFDWLRQV RI FRPELQDWRULDO
PHWKRGV ��������� ������� ;,� $ EULHI VXUYH\ RI WKH VTXDUH EUDFNHW UHODWLRQ
��������� ������� %LEOLRJUDSK\ ��������� ��� LWHPV�� $XWKRU LQGH[ ����������
6XEMHFW LQGH[ ����������
7KH 3UHIDFH EHJLQQV OLNH WKLV� �5DPVH\
V FODVVLFDO WKHRUHP LQ LWV VLPSOHVW IRUP�
SXEOLVKHG LQ ����� VD\V WKDW LI ZH SXW WKH HGJHV RI DQ LQzQLWH JUDSK LQWR WZR
FODVVHV� WKHQ WKHUH ZLOO EH DQ LQzQLWH VXEJUDSK DOO HGJHV RI ZKLFK EHORQJ WR
WKH VDPH FODVV� 7KH SDUWLWLRQ FDOFXOXV KDV EHHQ GHYHORSHG DV D FROOHFWLRQ RI
JHQHUDOL]DWLRQV RI WKLV WKHRUHP�� 7KH R�S�U� �RUGLQDU\ SDUWLWLRQ UHODWLRQ� ���
D � �EK�

U
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$ LV DQ\ VHW RI FDUGLQDOLW\ D� WKHUH DUH K � + DQG %K VXFK WKDW >%K@
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6LPLODUO\� ��� LV GHzQHG LI D� EK DUH RUGHU W\SHV� (�J� � � ���PQ IRU DQ\ LQWHJHUV
P�Q �5DPVH\�� WKLV LPSOLHV WKH zQLWH 5DPVH\
V 7KHRUHP� )RU DQ\ SRVLWLYH
LQWHJHUV N� U�P WKHUH LV DQ LQWHJHU Q VXFK WKDW Q � �P�UN� $Q\ LQzQLWH FDUGL�
QDO � VDWLVzHV � � ��� ��� �(UGR̀V�'XVKQLN� 0LOOHU� ������ DQG �� � ���� ����

>FI� :� 6LHUSLgQVNL� $QQ� 6F� 1RUP� 6XSHU� 3LVD� ,,� 6HU� �� ������� ������
=EO ����������@ E\ VROYLQJ DlUPDWLYHO\ D .QDVWHU
V SUREOHP� DV %� .QDVWHU
�LQ UHYLHZLQJ 6LHUSLgQVNL
V SDSHU >ORF� FLW�@� ZURWH� �)bXU KbRKHUH 0bDFKWLJNHLWHQ
EOHLEW GDV 3UREOHP RhHQ�� 7KH SUHVHQW UHYLHZHU IRXQG LQGHSHQGHQWO\ WKH UH�
TXHVWHG SDUWLWLRQ LQ ����� DQG SXEOLVKHG LW LQ 5HYLVWD &L� ��� ������� ������
=EO ����������� ��� ������� ������ =EO ����������� KLV PHWKRG LV WUDQVIHUDEOH WR
KLJKHU FDUGLQDOV VXEVWLWXWLQJ ~+� E\ ~+z � IRU DQ\ RUGLQDO z � +z LV WKH +DXVGRUh
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6RPH RWKHU S�U�
V DUH FRQVLGHUHG� SRODUL]HG� VLPXOWDQHRXV� IRU UHDOV HWF� 7KH
ERRN FRQWDLQV PDQ\ SURSRVLWLRQV RQ S�U�
V LQ GHSHQGHQFH RI YDULDEOHV LQ FRU�
UHVSRQGLQJ V\PEROV� ,W LV LQVWUXFWLYH WR FRPSDUH �SRVLWLYH� RU � UHVXOWV DQG
�QHJDWLYH� ��� RQHV� H�J� WKH VWHSSLQJ XS ����� WKH QHJDWLYH VWHSSLQJ XS �����
SVHXGR�VWHSSLQJ XS ����� $ JUHDW PDMRULW\ RI UHVXOWV ZHUH SXEOLVKHG SUHYL�
RXVO\ EXW H�J� %DXPJDUWQHU
V 7KHRUHP ���� ZDV QRW SXEOLVKHG HOVHZKHUH� $V
WR DSSOLFDWLRQV� WKH\ FRQFHUQ� WRSRORJ\� VHW PDSSLQJ WKHRUHPV �)RGRU� +DM�
QDO�� SRZHUV RI FDUGLQDOV ZLWK QXPHURXV LQHTXDOLWLHV JDWKHUHG DURXQG 6LOYHU
V
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7KHRUHP WKDW *&+ FDQQRW zUVW IDLO DW D VLQJXODU FDUGLQDO RI FRzQDOLW\ ! ���

7KH ERRN LV DOPRVW VHOI�FRQWDLQHG� 7KH PDLQ PHWKRG RI SURRIV DUH WUHH FRQVLG�
HUDWLRQV� 7HFKQLFDOO\� WKH ERRN LV DW D KLJK OHYHO�
5HYLHZHU
V UHPDUNV� �� ,Q FRQQHFWLRQ ZLWK WKH TXRWHG SDUW RI WKH 3UHIDFH�
LW LV D SLW\ WKDW WKH ERRN FRQWDLQV QR WUDFH RI WKH IDFW WKDW WKH UHYLHZHU DU�
ULYHG DW 5DPVH\ UHVXOWV DQG SDUWLWLRQ FDOFXOXV LQGHSHQGHQWO\ RI 5DPVH\� (UGR̀V�
5DGR���� YLD KLV �UHODWLRQ IRQGDPHQWDOH� �FI� S� ���� RI WKH UHYLHZHU
V SDSHU
LQ &� 5� $FDG� 6FL�� 3DULV ���� ��������� ������ =EO ����������� WKH SURRI RI
ZKLFK ZDV SXEOLVKHG LQ &� 5� 6RF� 6FL� 9DUVRYLH� &O� ,,, ��� ����� �������
UHSULQWHG LQ 3HULRGLFXP 0DWK��3K\V� $VWURQ�� ,,� 6HU� ��� ������� ������ =EO
����������� DQG UHYLHZHG E\ (UGR̀V LQ 05 ���$����� FI� DOVR WKH UHYLHZHU
V
SDSHU LQ &RQIHUHQ]H 6HP� 0DW� 8QLY� %DUL ��� �� S� ������ =EO ����������
DQG WKH UHYLHZHU
V UHYLHZ RI D SDSHU E\ :�*�)OHLVVQHU LQ =EO �����������
�� 7KH SURRI RI 7K����� LV QRW FRPSOHWHO\ FRUUHFW EHFDXVH WKH RUGHULQJV �s

�s � #�� DUH QRW LQGHSHQGHQW� FRPSOHWHO\ LQGHSHQGHQW DUH WRWDO RUGHULQJV �Q

�Q � 1 � 1 GHQRWLQJ WKH V\VWHP RI DOO QRGHV RU NQRWV RI WKH WUHH FRQVLGHUHG�
QRGH SDUWLWLRQ RI DQ\ JLYHQ WUHH LV PLVVLQJ LQ WKH SUHVHQW ERRN� WKLV QRWLRQ LV
LPSRUWDQW IRU WKH �QDWXUDO RUGHULQJ� RI �7��� DV WRWDO RUGHU H[WHQVLRQ RI ���

'�.XUHSD

&ODVVLzFDWLRQ�
��(�� &RPELQDWRULDO VHW WKHRU\ �ORJLF�
��&�� *HQHUDOL]HG 5DPVH\ WKHRU\
��$�� &RPELQDWRULDO VHW WKHRU\
����� 5HVHDUFK PRQRJUDSKV �PDWKHPDWLFDO ORJLF�
����� 5HVHDUFK PRQRJUDSKV �VHW WKHRU\�
����� 5HVHDUFK PRQRJUDSKV �FRPELQDWRULFV�
��(�� /DUJH FDUGLQDOV

.H\ZRUGV�
EUDFNHW DUURZ� SDUWLWLRQ WUHH� FRzQDOLW\� SDUWLWLRQ UHODWLRQV� LQzQLWH JUDSK� LQ�
DFFHVVLEOH FDUGLQDOV� *&+
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