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=EO ���������
(UGR̀V� 3DXO� )DEHU� 9DQFH� /DUVRQ� -HDQ
6HWV RI QDWXUDO QXPEHUV RI SRVLWLYH GHQVLW\ DQG F\OLQGULF VHW DOJHEUDV RI GLPHQ�

VLRQ �� �,Q (QJOLVK�
$OJHEUD 8QLYHUV� ��� ����� ������� >���������@

$PRQJ RWKHUV� WKH UHSRUWHG SDSHU VROYHV VRPH IXQGDPHQWDO SUREOHPV RI 8ODP
FRQFHUQLQJ SURMHFWLYH DOJHEUDV� 7R WKLV� WKH SDSHU XVHV DQG LPSURYHV WKH WKHRU\
RI F\OLQGULF VHW DOJHEUDV DQG WKHLU JHQHUDOL]DWLRQV� 6LQFH WKH UHSRUWHG SDSHU
LQYHVWLJDWHV VWUXFWXUHV WUHDWHG V\VWHPDWLFDOO\ DQG H[WHQVLYHO\ LQ WKH WH[WERRN
E\ /�+HQNLQ� -�'�0RQN� $�7DUVNL� +�$QGUgHND DQG ,� 1gHPHWL &\OLQGULF VHW
DOJHEUDV� /HFW� 1RWHV 0DWK� ��� ������ =EO ���������� RQ F\OLQGULF�UHODWLYL]HG
VHW DOJHEUDV DQG WKHLU JHQHUDOL]DWLRQV� ZH VKDOO XVH WKH QRWDWLRQ DQG WHUPLQRORJ\
RI WKLV ERRN� 7R WKLV ERRN ZH VKDOO UHIHU DV +07$1�
7KH EURDGHVW JHQHUDOL]DWLRQ RI F\OLQGULF VHW DOJHEUDV RI GLPHQVLRQ h�&Vh r V�
LV WKH FODVV &UVh RI F\OLQGULF�UHODWLYL]HG VHW DOJHEUDV� VHH 'HI� ,���� LQ +07$1
S��� 7KH UHSRUWHG SDSHU LQWURGXFHV WZR VSHFLDO FODVVHV RI &UVh r V ZKLFK
ZH VKDOO GHQRWH E\ &UVUFh DQG &UVUFGh � 'HzQLWLRQ� $ &UVh$ LV VDLG WR EH
UHFWDQJXODU LI LWV XQLW �$ LV D &DUWHVLDQ SURGXFW� WKDW LV LI �$  3h

L�,:L IRU VRPH
IXQFWLRQ :  K:L � L � ,L� :H OHW &UVUFh � I$ � &UVh � $ LV UHFWDQJXODUJ�
$ &UVh � $ LV VDLG WR EH GLVMRLQWO\ UHFWDQJXODU LI �$  3L�,:L IRU VRPH
IXQFWLRQ K:L � L � ,L VXFK WKDW ��L� M � ,�>L � M � :L ? :M  �@� :H OHW
&UVUFGh � I$ � &UVUFh � $ LV GLVMRLQWO\ UHFWDQJXODUJ� 7KH WZR QHZ FODVVHV
LQWURGXFHG LQ WKH UHSRUWHG SDSHU DUH &UVUFh DQG &UVUFGh �
7KH UHSRUWHG SDSHU XVHV D WHUPLQRORJ\ GLhHUHQW IURP WKH RQH LQWURGXFHG KHUH
ZKLFK ZH XVH LQ RUGHU WR DYRLG FRQIXVLRQ ZLWK WKH VWDQGDUG WHUPLQROR\ RI F\OLQ�
GULF VHW DOJHEUD WKHRU\� 7KH UHSRUWHG SDSHU FDOOV &UVUFh r V ?F\OLQGULF VHW
DOJHEUDV ZLWK GLDJRQDO� DQG &UVUFGh r V ?F\OLQGULF VHW DOJHEUDV�� 6LQFH LQ WKH
VWDQGDUG OLWHUDWXU WKHVH WZR WHUPV DUH DOUHDG\ UHVHUYHG IRU RWKHU SXUSRVHV� ZH
SURSRVH WKH DERYH WHUPLQRORJ\ IRU WKH WZR YHU\ LQWHUHVWLQJ FODVVHV LQWURGXFHG
LQ WKH UHSRUWHG SDSHU� :H QRWH WKDW ,&UVUFh DQG ,&UVUFGh DUH QRW FORVHG XQ�
GHU GLUHFW SURGXFWV LI � ! h ! � ZKLOH +63&56h  &UVh ZDV SURYHG IRU DOO
h ! � E\ ,� 1gHPHWL
V SDSHU� &RQQHFWLRQV EHWZHHQ F\OLQGULF DOJHEUDV DQG LQLWLDO
DOJHEUD VHPDQWLFV RI &) ODQJXDJHV >0DWKHPDWLFDO /RJLF LQ &RPSXWHU 6FLHQFH�
3URF� 6DOJgRWDUMgDQ ����� &ROORT� 0DWK� 6RF� -DQRV %RO\DL ��� ������� ������
=EO ����������@� VHH 7KP� �� RQ S� ��� WKHUH� 7R VHH WKH DERYH� REVHUYH
WKDW &UVUFh M �[>�d[  �� � �[  � B [  ��@ ZKLOH WKLV IRUPXOD LV QRW
YDOLG LQ 3&UVUFGh � /HW h { �� 7KHQ 3&UVUFh � ,&UVUFh EHFDXVH RI WKH IROORZ�
LQJ� /HW 7K  IFLGLM  � � L� M � hJ� 7KHQ �� &UVUFh ? 0RG�7K�  &Vh�
%\ ����LL� RI +07$1 R����� ,&V LV QRW FORVHG XQGHU GLUHFW VTXDUHV� ,�H�
�$ � &Vh�

�$ �� ,&Vh� 7KHQ $ � &UVUFh ZKLOH �$ �� ,&UVUFh IRU WKLV $�
E\ ��� %\ ,���� RQ S� �� RI +07$1 ZH KDYH &UVUFh  8I8S&UVUFh DQG WKH
VDPH IRU &UVUFGh LI h ! �� 7KDW LV� IRU zQLWH h WKH FODVVHV ,&UVUFh DQG ,&UVUFGh

DUH zUVW RUGHU D[LRPDWL]DEOH� ,I h { � WKHQ 8S&UVUFh � ,&UVUFh DV WKH IROORZLQJ
DUJXPHQW VKRZV� %\ ,����� RI +07$1 WKHUH LV D &Vh$ DQG DQ XOWUDSRZHU %
RI $ ZLWK % �� ,&Vh� %XW VLQFH % M 7K� E\ ��� WKH DVVXPSWLRQ % � ,&UVUFh
ZRXOG LPSO\ % � ,&Vh� $ FRQWUDGLFWLRQ� :H QRWH WKDW &Vh � &UVUFh EXW
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*Vh � ,&UVUFh g ,&UVUFGh � :Vh� VHH )LJ� � RQ S� ��� RI ,� 1gHPHWL
V SDSHU
�ORF�FLW�� WRJHWKHU ZLWK )LJ�V ��� DQG ,���� RQ SDJHV ��� DQG � RI +07$1
UHVSHFWLYHO\�
7KH IRORZLQJ LV SURYHG LQ [� RI WKH UHSRUWHG SDSHU� /HW . �
I&V�� &UVUF� � &UVUFG� J� 7KHQ WKHUH LV D FRXQWDEOH / �� . QRW HPEHGGDEOH LQWR
DQ\ zQLWHO\ JHQHUDWHG PHPEHU RI .� )XUWKHU� WR HDFK zQLWHO\ JHQHUDWHG $ � /
WKHUH LV D �� JHQHUDWHG % � 6�/ VXFK WKDW $ � %� 6RPH RI WKH DQQRXQFHG
UHVXOWV DUH WKH IROORZLQJ� 7KH QXPEHU RI QRQ�LVRPRUSKLF ��JHQHUDWHG &UVUFGh LV
� LI h  � DQG �� LI � � h � �� 7KH QXPEHU RI QRQ�LVRPRUSKLF ��JHQHUDWHG
&UVUVh r V LV �� LI � � h � �� $W WKH HQG RI WKH SDSHU D UHVXOW RI FRPHU LV
TXRWHG LQ D IRUP ZKLFK LV QRW WUXH� 1DPHO\� WKH UHVXOWV LV TXRWHG IRU &Vh r V

ZLWKRXW GLDJRQDO� EXW WKHUH DUH &Vh r V ZLWKRXW GLDJRQDO DQG ZLWK EDVH h

ZKLFK FDQQRW EH JHQHUDWHG E\ D VLQJOH HOHPHQW LI h � �� �)RU h  � WKH TXRWHG
IRUP RI WKH UHVXOW LV WUXH�� $Q LPSURYHPHQW RI &RPHU
V TXRWHG UHVXOW LV VWDWHG
LQ ,���� RI +07$1 S���� LQ WKH IRUP RI DSSUR[LPDWLQJ WKH IXQFWLRQ T �� � � �

GHzQHG WKHUH� ,Q SDUWLFXODU� DQ\ &Vh ZLWK EDVH � h � � FDQ EH JHQHUDWHG E\
D VLQJOH HOHPHQW LI h � �� 7KLV XSSHU ERXQG h�� LV VWDWHG WR EH VKDUS LQ WKH
IRUPXODWLRQ RI SUREOHP � RI +07$1 S���� IRU h � �� 7KDW LV� LI h � � WKHQ
WKHUH LV D &Vh ZLWK EDVH h�� ZKLFK FDQQRW EH JHQHUDWHG E\ D VLQJNH HOHPHQW�
7KH H[LVWHQFH RI D &Vh ZLWK EDVH h� � ZKLFK FDQQRW EH JHQHUDWHG E\ D VLQJOH
HOHPHQW LV VWLOO DQ RSHQ SUREOHP IRU h  � DV ZHOO DV IRU � � h � �� VHH WKH
SDUWV FRQFHUQLQJ WKH IXQFWLRQ T� � � � � RI 3UREOHPV � DQG � RI +70$1
RQ S���� DQG S���� UHVSHFWLYHO\ �KHUH WKH SDJH QXPEHUV DUH LPSRUWDQW EHFDXVH
WKHUH LV D 3UREOHP � RQ S���� DV ZHOO DV RQ S���� LQ +07$1�� $Q LPSURYPHQW
RI WKH UHVXOWV RI +HQNLQ TXRWHG DW WKH HQI RI WKH UHYLHZHG SDSHU LV VWDWHG LQ ,����
RI +07$1 S��� LQ WKH IRUP RI VWDWLQJ SURSHUWLHV RI WKH IXQFWLRQ T� 1RWH WKDW
+HQNLQ
V TXRWHG UHVXOW LV D ORZHU ERXQG IRU T VWDWLQJ WKDW T�h�h d z�� 3DUWLDO
VROXWLRQV IRU WKH SUREOHP RI PRQN TXRWHG DW WKH HQG RI WKH UHYLHZHG SDSHU DUH
LQ ,���� RI +07$1 DQG 6WDWHPHQW �� LQ WKH IRUPXODWLRQ RI 3UREOHP � RQ S����
RI +07$1� ,Q WKLV FRQQHFWLRQ ZH QRWH WKDW WKH IXQFWLRQ GHQRWHG E\ I LQ WKH
UHYLHZHG LV GHQRWHG E\ T LQ +07$1�
$ UHODWHG UHVXOW LV LQ WKH SDSHU E\ +� $QGUgHND DQG ,�1gHPHWL� :KLFK zQLWH F\OLQ�
GULF DOJHEUDV DUH JHQHUDWHG E\ D VLQJOH HOHPHQW >)LQLWH $OJHEUD DQG PXOWLSOH�
9DOXHG /RJLF� 3URF� &ROO� 6]HJHG ����� &ROORT� 0DWK� 6RF� -DQRV %RO\DL ���
����������� =EO ����������@�
7ZR zQDO UHPDUNV� 7KH UHYLHZHU KDV WKH LPSUHVVLRQ WKDW LQ DOO UHIHUHQFHV RQ
S� ��� >�@ VKRXOG EH UHSODFHG ZLWK >��@� 7KH SUHFLVH YHUVLRQ RI UHIHUHQFH >�@ LV
*� 0� %HUJPDQ� 7KH � � � DOJHEUD >8QLYHUVDO DOJHEUD� &ROORT� 0DWK� 6RF� -�
%RO\DL 9RO� ��� ������������@�

+�$QGUgHND

&ODVVLzFDWLRQ�
��*�� &\OLQGULF DQG SRO\DGLF DOJHEUDV� HWF�
��$�� &ODVVLFDO FRPELQDWRULDO SUREOHPV
��%�� 6SHFLDO VHTXHQFHV RI LQWHJHUV DQG SRO\QRPLDOV
��8�� &RQQHFWLRQV RI QXPEHU WKHRU\ ZLWK ORJLF
��%�� )LUVW�RUGHU ORJLF
��*�� 2WKHU DOJHEUDV UHODWHG WR ORJLF
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��$�� *HQHUDO UHODWLRQDO V\VWHPV

.H\ZRUGV�
UHSUHVHQWDEOH F\OLQGULF DOJHEUDV� QXPEHU RI JHQHUDWRUV� DOJHEUDV RI UHODWLRQV�
QXPEHU RI QRQ�LVRPRUSKLF DOJHEUDV� SURMHFWLYH DOJHEUDV

Fc(XURSHDQ 0DWKHPDWLFDO 6RFLHW\ 	 ),= .DUOUXKH 	 6SULQJHU�9HUODJ


