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$EVW U DF W � ,W LV VK RZ Q WK DW D VWDWH�IHHG E DFN WLP H�LQ Y DU LDQ W OLQ HDU V\ VWHP K DV
LWV E X LOW�LQ V�0DWU L[ ,Q Y HU VLRQ /HP P D Z K LFK U HVX OWV G LU HFWO\ LQ WK H V\ VWHP
WU DQ VIHU P DWU L[ _ Z LWK RX W X VLQ J WK H VWDQ G DU G 0DWU L[ ,Q Y HU VLRQ /HP P D LWVHOI�

�� ,QW U RGXF W LRQ

7KLV QRWH GHDOV ZLWK WKH ZHOO�NQRZQ0DWUL[ ,QYHUVLRQ /HPPD �VHH H�J�� >�� 6HFWLRQ
���@� >�� $SSHQGL[ $@� >�@� >�@� DQG WKH UHIHUHQFHV WKHUHLQ�� 7KLV LV D FODVVLFDO DQG
H[WUHPHO\ XVHIXO UHVXOW� ZLWK DQ HOHPHQWDU\ SURRI� ZKLFK� LQ LWV VLPSOHVW IRUP� UHDGV
DV IROORZV� /HW / DQG 7 EH OLQHDU WUDQVIRUPDWLRQV RI D OLQHDU VSDFH LQWR LWVHOI� ,I
, b /7 LV LQYHUWLEOH� WKHQ VR LV , b 7/� 0RUHRYHU� LQ WKLV FDVH�

�, b 7/�b�  , � 7 �, b /7 �b�/�

,Q IDFW� WKLV KROGV LQ DQ\ ULQJ ZLWK LGHQWLW\ �VHH H�J�� >�� 3UREOHP ����@�� 7KH DERYH
UHODWLRQ FDQ EH HDVLO\ H[WHQGHG DV IROORZV� /HW ; DQG < EH OLQHDU VSDFHV �RYHU WKH
VDPH pHOG�� DQG OHW 6 � ; � ; � 7 � < � ; � DQG / � ; � < EH OLQHDU WUDQVIRUPDWLRQV
�LQ SDUWLFXODU� OHW 6 EH D VTXDUH PDWUL[ DQG 7 DQG / EH PDWULFHV ZLWK FRPSDWLEOH
GLPHQVLRQV�� ,I 6 DQG 6 b 7/ DUH LQYHUWLEOH �VR WKDW , b /6b�7 LV LQYHUWLEOH�� WKHQ

�6 b 7/�b�  6b� � 6b�7 �, b /6b�7 �b�/6b��

7KH SURRI LV HVVHQWLDOO\ WKH VDPH DV WKDW RI WKH VLPSOHVW IRUP� FRQVLVWLQJ RI PHUH
DOJHEUDLF PDQLSXODWLRQV� ,QGHHG DQG WDXWRORJLFDOO\� E\ VHWWLQJ 6  , DERYH� ZH JHW
WKH IRUPHU VLPSOHVW IRUP� &RQYHUVHO\� E\ VHWWLQJ /  /�6b� LQ WKH IRUPHU VLPSOHVW
IRUP DQG PXOWLSO\LQJ LW IURP WKH OHIW E\ 6b� ZH JHW WKH ODWWHU IRUP _ DQG WKHUH�
IRUH� DV WKH LQYHUWLELOLW\ RI , b /7 LPSOLHV WKH LQYHUWLELOLW\ , b 7/� WKHQ VR WKH
LQYHUWLELOLW\ RI 6 DQG 6 b 7/ WRJHWKHU LPSO\ WKH LQYHUWLELOLW\ RI , b /6b�7 �

7KH 0DWUL[ ,QYHUVLRQ /HPPD �0,/� KDV EHHQ XVHG LQ PDQ\ SUREOHPV LQFOXGLQJ
FDOFXODWLRQ RI WKH WUDQVIHU PDWUL[ RI D VWDWH�IHHGEDFN V\VWHP �VHH H�J�� >�@�� ,W LV
QRW WKH SXUSRVH RI WKLV QRWH WR RoHU PDQLSXODWLRQV RQ KRZ WR FRPSXWH� IRU D pQLWH�
GLPHQVLRQDO OLQHDU V\VWHP� WKH FORVHG ORRS WUDQVIHU PDWUL[ DIWHU VWDWLF VWDWH IHHGEDFN
DQG VWDWLF RXWSXW IHHGEDFN� QRU WR RoHU DQRWKHU SURRI RI WKH ZHOO�NQRZQ 0DWUL[
LQYHUVLRQ /HPPD� ZKRVH DOO SURRIV DUH FHUWDLQO\ YHU\ HOHPHQWDU\� 7KH DLP RI WKLV
QRWH LV WR VKRZ WKDW D VWDWH�IHHGEDFN V\VWHP KDV LWV RZQ EXLOW�LQ 0DWUL[ ,QYHUVLRQ
/HPPD �FDOOHG V�0,/�� ZKLFK UHDGLO\ UHVXOWV LQ DQ H[SUHVVLRQ IRU LWV WUDQVIHU PDWUL[
ZLWKRXW XVLQJ WKH RULJLQDO 0,/� 7KLV LV VKRZQ LQ 7KHRUHP � �6HFWLRQ ��� D VWDWH�
IHHGEDFN WLPH�LQYDULDQW OLQHDU V\VWHP JHQHUDWHV D YHUVLRQ RI WKH 0DWUL[ ,QYHUVLRQ
/HPPD �WKH V�0,/�� &RQVHTXHQFHV RI 7KHRUHP � RQ WKH WUDQVIHU PDWUL[ RI VWDWH
DQG RXWSXW IHHGEDFN V\VWHPV DUH FRQVLGHUHG LQ &RUROODULHV � DQG � �6HFWLRQ ���

,Q RWKHU ZRUGV� WKH RXWFRPH RI WKH IRUWKFRPLQJ 7KHRUHP � LV D YHUVLRQ RI WKH
0DWUL[ ,QYHUVLRQ /HPPD ZKRVH SURRI ZDV FDUULHG RXW� RI FRXUVH� ZLWKRXW XVLQJ
WKH RULJLQDO 0DWUL[ ,QYHUVLRQ /HPPD� $FWXDOO\� ZKDW 7KHRUHP � RoHUV LV TXLWH

' DW H� 0DU FK ��� �����
���� 0DW KHPDW LFV 6 XEMHFW & ODVVLpFDW LRQ � 3 U LP DU \ ��$ ��� 6 HFRQ G DU \ ��& ���
. H\ Z RU GV� 0DWU L[ ,Q Y HU VLRQ /HP P D� VWDWH DQ G RX WS X W IHHG E DFN � WLP H�LQ Y DU LDQ W OLQ HDU V\ VWHP �
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QHDU WKH RULJLQDO 0DWUL[ ,QYHUVLRQ /HPPD �ZLWK UHVSHFW WR WKH PDWULFHV XQGHU
FRQVLGHUDWLRQ�� 7KH IRUWKFRPLQJ 5HPDUN � H[KLELWV WKH RULJLQDO 0DWUL[ ,QYHUVLRQ
/HPPD �DJDLQ ZLWK UHVSHFW WR WKH PDWULFHV XQGHU FRQVLGHUDWLRQ�� ZKLFK WULYLDOO\
OHDGV WR WKH UHVXOW RI 7KHRUHP � �E\ PXOWLSO\LQJ WKH H[SUHVVLRQ RI 5HPDUN � RQ WKH
ULJKW E\ %�� 7KH FRQYHUVH KROGV LQ WKH VHQVH WKDW LI % LV� IRU LQVWDQFH� LQYHUWLEOH�
WKHQ WKH H[SUHVVLRQ RI 7KHRUHP � OHDGV WR WKH H[SUHVVLRQ LQ 5HPDUN �� 6HFWLRQ �
SUHVHQWV D FRXSOH RI UHVXOWV WKDW DUH REWDLQHG YLD 7KHRUHP �� 7KHUHIRUH� DQG XQOLNH
WKH XVXDO SUDFWLFH� WKHVH UHVXOWV LQ &RUROODULHV � DQG � DUH QRZ YHULpHG ZLWKRXW
UHTXLULQJ WKH RULJLQDO 0DWUL[ ,QYHUVLRQ /HPPD�

6XPPLQJ XS� ,Q 6HFWLRQ � ZH GHULYH DQ DOWHUQDWH IRUP RI WKH 0DWUL[ ,QYHUVLRQ
/HPPD IRU WLPH�LQYDULDQW OLQHDU V\VWHPV �ZKRVH SURRI GRHV QRW XVH WKH RULJLQDO
0DWUL[ ,QYHUVLRQ /HPPD�� DQG LQ 6HFWLRQ � WKLV LV DSSOLHG WR UHFRYHU D FRXSOH RI
UHVXOWV E\ SUHVHQWLQJ QHZ �DQG VWLOO HOHPHQWDU\� YHULpFDWLRQV WKDW XVH 7KHRUHP �
LQVWHDG RI XVLQJ WKH RULJLQDO 0DWUL[ ,QYHUVLRQ /HPPD�

�� V�0 DW U L[ ,QYHU VLRQ /HP P D

)URP QRZ RQ ZH SURFHHG IRUPDOO\� &RQVLGHU WKH VWDWH�VSDFH GHVFULSWLRQ RI D
WLPH�LQYDULDQW OLQHDU V\VWHP 6�

B[�W�  $[�W� �%X�W�� \�W�  &[�W�������

IRU W y �� ZKHUH [�c�� X�c�� DQG \�c� DUH VWDWH� LQSXW DQG RXWSXW� YHFWRU�YDOXHG IXQF�
WLRQV� UHVSHFWLYHO\ �LQ DQ DSSURSULDWH VSDFH RI pQLWH�GLPHQVLRQDO�YDOXHG IXQFWLRQV
RQ >������ ZKLOH $ LV D VTXDUH PDWUL[� % DQG & DUH SRVVLEO\ UHFWDQJXODU ZLWK
FRPSDWLEOH GLPHQVLRQV� 7KH WUDQVIHU PDWUL[ *�c� RI 6 LV JLYHQ E\ �VHH H�J�� >�@�

*�V�  &�V, b$�b�%

IRU HYHU\ V  � ��$� _ HTXLYDOHQWO\ IRU HYHU\ V � ~�$� _ ZKHUH ��$� VWDQGV IRU WKH
VHW RI DOO HLJHQYDOXHV RI $ �L�H�� IRU WKH VSHFWUXP RI WKH pQLWH�GLPHQVLRQDO RSHUDWRU
$�� DQG ~�$�  &Q��$� LV WKH UHVROYHQW VHW RI $� VR WKDW V, b$ LV LQYHUWLEOH LI
DQG RQO\ LI V � ~�$�� �([WHQVLRQV WR V\VWHPV DFWLQJ RQ LQpQLWH�GLPHQVLRQDO QRUPHG
VSDFHV ZLWK ERXQGHG OLQHDU WUDQVIRUPDWLRQV DUH VWUDLJKWIRUZDUG��

$ FORVHG�ORRS �IXOO� VWDWH�IHHGEDFN V\VWHP 6. LV GHULYHG IURP 6 E\ VHWWLQJ LWV
LQSXW X�c� WR EH RI WKH IHHGEDFN IRUP�

X�W�  U�W�b.[�W��

IRU W y �� ZKHUH U�c� LV DQ DUELWUDU\ UHIHUHQFH LQSXW WR 6. � DQG . LV D JLYHQ VWDWH�
IHHGEDFN JDLQ PDWUL[� 7KXV� SOXJJLQJ WKLV IHHGEDFN LQSXW X�c� LQWR ������ ZH JHW WKH
IROORZLQJ VWDWH�VSDFH GHVFULSWLRQ IRU 6. �

B[�W�  $[�W� �%U�W�b%.[�W�  �$b%.�[�W� �%U�W�������

\�W�  &[�W��

IRU HYHU\ W y �� 7KH WUDQVIHU PDWUL[ *.�c� RI 6. LV WKHQ >�@

*.�V�  &>V, b �$b%.�@b�%�



�

IRU HYHU\ V  � ��$b%� �L�H�� IRU HYHU\ V � ~�$b%.��� 7KLV LV WKH SODFH ZKHUH� LQ
JHQHUDO� WKH RULJLQDO 0DWUL[ ,QYHUVLRQ /HPPD FDQ EH XVHG WR FRPSXWH WKH PDWUL[
>V, b �$b%.�@b�� +RZHYHU� DV ZH QRZ VKRZ� WKLV LV QRW QHFHVVDU\�

/HW WKH /DSODFH WUDQVIRUP RI D IXQFWLRQ I�c� EH GHQRWHG E\ ) �c�� VR WKDW ;�c�
DQG 5�c� VWDQG IRU WKH /DSODFH WUDQVIRUPV RI [�c� DQG U�c�� 6HW� IRU HYHU\ V � &�

$�V�  V, b$�

DQG WDNH WKH /DSODFH WUDQVIRUPV RI ������ ZLWK [���  �� VR WKDW

$�V�;�V�  �V, b$�;�V�  %5�V�b%.;�V�

RU� HTXLYDOHQWO\�

>$�V� �%.@;�V�  >V, b �$b%.�@;�V�  %5�V��

7KXV� LI V � ~�$�� WKHQ

;�V�  $�V�b�%5�V�b$�V�b�%.;�V�������

DQG� LI V � ~�$b%.�� WKHQ

;�V�  >$�V� �%.@b�%5�V��

7KHUHIRUH� LI V � ~�$� ? ~�$b%.� �L�H�� LI V  � ��$� > ��$b%.��� WKHQ

>$�V� �%.@b�%5�V�  $�V�b�%5�V�b$�V�b�%.;�V�������

7KH DERYH HTXDWLRQ ZLOO \LHOG DQ LGHQWLW\ IRU >$�V� �%.@b�%� DV VRRQ DV WKH YHFWRU
.;�V� RQ WKH ULJKW FDQ EH H[SUHVVHG LQ WHUPV RI WKH YHFWRU 5�V��

7KHRUHP �� 7KH VWDWH�IHHGEDFN V\VWHP 6. ZLWK VWDWH�VSDFH GHVFULSWLRQ

B[�W�  �$b%.�[�W� �%U�W�� \�W�  &[�W��

IRU HYHU\ W y �� KDV LWV RZQ EXLOW�LQ V�0DWUL[ ,QYHUVLRQ /HPPD� YL]��

>V, b$�%.@b�%

 �V, b$�b�% b �V, b$�b�%>, �.�V, b$�b�%@b�.�V, b$�b�%�

HTXLYDOHQWO\� E\ VHWWLQJ $�V�  V, b$ IRU HYHU\ V � &�

>$�V� �%.@b�%  $�V�b�% b$�V�b�%>, �.$�V�b�%@b�.$�V�b�%�

IRU HYHU\ V  � ��$� DQG V  � ��$b%.� �L�H�� IRU HYHU\ V � ~�$� ? ~�$b%.���

3URRI� )LUVW� DFWLQJ . RQ ERWK VLGHV RI ����� ZH REWDLQ� IRU V  � ��$��

.;�V�  .$�V�b�%5�V�b.$�V�b�%.;�V��

7KHUHIRUH� LI V  � ��$� DQG V  � ��$b%.�� WKHQ
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.;�V�  >, �.$�V�b�%@b�.$�V�b�%5�V��

ZKHUH WKH LQYHUWLELOLW\ RI , �.$�V�b�% LV HQVXUHG E\ WKH LQYHUWLELOLW\ RI $�V� DQG
$�V� �%.� DV ZH VDZ LQ 6HFWLRQ �� 7KH SUHFHGLQJ H[SUHVVLRQ DQG ����� OHDG WR

>$�V� �%.@b�%5�V�

 $�V�b�%5�V�b$�V�b�%>, �.$�V�b�%@b�.$�V�b�%5�V��

6LQFH WKH DERYH H[SUHVVLRQ KROGV IRU HYHU\ DGPLVVLEOH UHIHUHQFH LQSXW VLJQDO U�c��
DQG VLQFH ZH PD\ FKRRVH LW VXFK WKDW 5�V�  ,� ZH JHW WKH FODLPHG UHVXOW�

5HPDUN �� ,I $�V� DQG $�V� �%. DUH LQYHUWLEOH �L�H�� LI V � ~�$� ? ~�$b%.���
WKHQ WKH RULJLQDO 0DWUL[ ,QYHUVLRQ /HPPD RI 6HFWLRQ � HQVXUHV WKDW

>$�V� �%.@b�  $�V�b� b$�V�b�%>, �.$�V�b�%@b�.$�V�b��

ZKLFK OHDGV WR WKH LGHQWLW\ VWDWHG LQ 7KHRUHP � �E\ PXOWLSO\LQJ WKH DERYH LGHQWLW\
RQ WKH ULJKW E\ %�� &RQYHUVHO\� LI % LV ZHOO�EHKDYHG �H�J�� LI % LV LQYHUWLEOH�� WKHQ
WKH LGHQWLW\ WKDW ZDV GHGXFHG LQ 7KHRUHP � ZLWKRXW XVLQJ WKH RULJLQDO 0DWUL[
,QYHUVLRQ /HPPD OHDGV WR WKH DERYH LGHQWLW\� ZKLFK LV SUHFLVHO\ WKH RULJLQDO 0DWUL[
,QYHUVLRQ /HPPD �IRU WKH PDWULFHV XQGHU FRQVLGHUDWLRQ�� ,W LV LQ WKLV VHQVH WKDW ZH
VD\� D VWDWH�IHHGEDFN WLPH�LQYDULDQW OLQHDU V\VWHP JHQHUDWHV D YHUVLRQ RI WKH 0DWUL[

,QYHUVLRQ /HPPD �WKH VR�FDOOHG V�0DWUL[ ,QYHUVLRQ /HPPD RI 7KHRUHP ���

�� & RQF O XGLQJ 5HP DU N V

6WUDLJKWIRUZDUG FRQVHTXHQFHV RI 7KHRUHP � DUH VWDWHG LQ &RUROODULHV � DQG �
EHORZ� 7KXV� DV DSSOLFDWLRQV RI 7KHRUHP �� ZH FDQ JHW QHZ �DQG VWLOO HOHPHQWDU\�
YHULpFDWLRQV RI WKHP� IROORZLQJ GLUHFWO\ IURP 7KHRUHP �� DQG VR QRW UHTXLULQJ WKH
XVH RI WKH RULJLQDO 0DWUL[ ,QYHUVLRQ /HPPD�

&RUROODU\ �� 7KH WUDQVIHU PDWUL[ RI WKH VWDWH�IHHGEDFN V\VWHP 6. LV

*.�V�  &>V, b �$b%.�@b�%�

 *�V�b*�V�
d

, �.�V, b$�b�%
e

b�
.�V, b$�b�%�

7KH DERYH VXJJHVWV WKH H[LVWHQFH RI D IHHGEDFN�OLNH VHW�XS EHKLQG WKH 0,/� ,Q�
GHHG� FRQVLGHU WKH IROORZLQJ VHW�XS�

$[  %X� X  U b.[�

7KXV

$[  %U b%.[������

DQG VR�

�$�%.�[  %U������

,I $ DQG �$�%.� DUH LQYHUWLEOH� WKHQ ����� OHDGV WR�

[  $b�%U b$b�%.[�����



�

DQG� IURP ������

[  �$�%.�b�%U������

+HQFH� DV LQ WKH SURRI RI 7KHRUHP �� HTXDWLQJ ����� DQG ����� ZH JHW

�$�%.�b�%U  $b�%U b$b�%.[������

7KH pQDO VWHS LV� DV EHIRUH� WR VXEVWLWXWH IRU .[ RQ WKH ULJKW E\ WKDW REWDLQHG IURP
DFWLQJ . RQ ERWK VLGHV RI ������ 7KDW LV�

.[  .$b�%U b.$b�%.[�

VR WKDW

�, �.$b�%�.[  .[�.$b�%.[  .$b�%U�

DQG KHQFH

.[  �, �.$b�%�b�.$b�%U������

:H pQDOO\ JHW WKH 0,/ IURP ����� DQG ������ DV H[SHFWHG�

�$�%.�b�%  $b�% b$b�%�, �.$b�%�b�.$b�%�

:H QRZ FRQVLGHU WKH RXWSXW�IHHGEDFN YLD VWDWH�IHHGEDFN� *LYHQ DQ RSHQ�ORRS
V\VWHP 6 ZLWK WKH LQSXW�RXWSXW GHVFULSWLRQ LQ WKH V�GRPDLQ >�@�

< �V�  *�V�8�V�

IRU V � &� ZKHUH� DV EHIRUH� 8�c� DQG < �c� GHQRWH WKH /DSODFH WUDQVIRUP RI WKH
LQSXW X�c� DQG RXWSXW \�c�� UHVSHFWLYHO\� ZKLOH *�c� LV WKH V\VWHP WUDQVIHU PDWUL[�
7KH DVVRFLDWHG FORVHG�ORRS RXWSXW�IHHGEDFN V\VWHP 6( LV FKDUDFWHUL]HG E\

< �V�  *(�V�5�V�� 5�V�b( < �V�  8�V�������

IRU V � &� ZKHUH 5�c� WKH /DSODFH WUDQVIRUP RI D UHIHUHQFH LQSXW U�c� WR 6( � DQG
( LV D IHHGEDFN JDLQ PDWUL[� ZKLOH *(�c� LV WKH WUDQVIHU PDWUL[ RI 6( � 1RZ VLQFH
WKH RSHQ�ORRS V\VWHP 6 DOVR KDV D VWDWH�VSDFH GHVFULSWLRQ FKDUDFWHUL]HG E\ ������
ZH KDYH� LQ DGGLWLRQ WR ������

< �V�  &;�V��

IRU V � &� 7KLV DQG ����� UHVXOW LQ D VWDWH�IHHGEDFN FKDUDFWHUL]DWLRQ LQ WKH V�GRPDLQ�

8�V�  5�V�b(&;�V�

IRU V � & RU� HTXLYDOHQWO\� LQ WKH WLPH�GRPDLQ�

X�W�  U�W�b( &[�W�

IRU W y �� &RPSDULQJ WKLV ZLWK WKH LQSXW LQ WKH IHHGEDFN IRUP RI 6HFWLRQ �� QDPHO\�

X�W�  U�W�b.[�W�
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IRU W y �� ZH FRQFOXGH WKDW DQ RXWSXW�IHHGEDFN V\VWHP _ ZLWK WKH IHHGEDFN JDLQ
PDWUL[ ( _ LV DOVR D VWDWH�IHHGEDFN V\VWHP _ ZLWK WKH IHHGEDFN JDLQ PDWUL[
.  ( &� 7KH QH[W UHVXOW WKHQ IROORZV HDVLO\ IURP 7KHRUHP ��

&RUROODU\ �� �L� 7KH V�0,/ UHVXOWLQJ IURP DQ RXWSXW�IHHGEDFN V\VWHP 6( _ ZLWK

WKH JDLQ PDWUL[ ( _ LV

>V, b �$b%(&�@b�%  �V, b$�b�% b �V, b$�b�% c

 >, �( &�V, b$�b�%@b�( &�V, b$�b�%�

�LL� 7KH WUDQVIHU PDWUL[ *(�V� RI 6( LV WKHUHIRUH

*(�V�  &
d

V, b �$b%( &�
e

b�
%  *�V�b*�V�>, �(*�V�@b�(*�V��

ZKHUH

*�V�  &�V, b$�b�%

LV WKH WUDQVIHU PDWUL[ RI WKH RSHQ�ORRS V\VWHP 6�

:H KDYH VKRZQ WKDW D VWDWH�IHHGEDFN V\VWHP KDV DQ V�0DWUL[ ,QYHUVLRQ /HPPD
ZKLFK UHVXOWV GLUHFWO\ LQ WKH WUDQVIHU PDWUL[ RI WKH V\VWHP _ ZLWKRXW XVLQJ WKH
RULJLQDO 0DWUL[ ,QYHUVLRQ /HPPD� 7KHUH DUH YDULRXV SURRIV RI WKH 0DWUL[ ,QYHUVLRQ
/HPPD� DOO RI WKHP UDWKHU HOHPHQWDU\� +RZHYHU� RQO\ %R\G DQG 9DQGHQEHUJKH >�@
FRQVLGHU WKH IROORZLQJ VHW�XS IRU GHULYLQJ LW IRU WKH PDWUL[ $�%&�

�$�%&�[  E� \  &[�

7KLV FDQ EH LGHQWLpHG ZLWK WKH IROORZLQJ RXWSXW�IHHGEDFN VHWXS�

$[  X� \  &[� X  Eb%\�

$F N QRZ O HGJP HQW

7KH DXWKRUV WKDQN 2�/�9� &RVWD ZKR GLG D FDUHIXO UHDGLQJ RI WKH PDQXVFULSW�
UDLVLQJ PDQ\ VHQVLEOH UHPDUNV� DQG VXJJHVWLQJ LPSRUWDQW PRGLpFDWLRQV�

5HI HU HQF HV

�� 6 � % R\ G DQ G /� 9 DQ G HQ E HU JK H� & RQ YH[ 2SW LPL] DW LRQ � & DP E U LG JH 8 Q LY HU VLW\ 3 U HVV� & DP E U LG JH�

�����
�� - �% � % X U O� / LQ HDU 2SW LPDO & RQ W U RO � $ G G LVRQ : HVOH\ � 0HQ OR 3 DU N � �����
�� : �: � + DJHU � 8 SGDW LQ J W KH LQ YHU VH RI D PDW U L[ � 6 ,$ 0 5HY LHZ �� ������� ���^����
�� + �9 � + HQ G HU VRQ DQ G 6 �5� 6 HDU OH� 2Q GHU LYLQ J W KH LQ YHU VH RI D VXP RI PDW U LFHV� 6 ,$ 0 5HY LHZ

�� ������� ��^���
�� $ �6 � + RX VHK ROG HU � 7 KH 7 KHRU \ RI 0DW U LFHV LQ 1 XPHU LFDO $ Q DO\ VLV� % ODLVG HOO� 1 HZ < RU N � �����
�� & �6 � .X E U X VO\ � 7 KH ( OHPHQ W V RI 2SHU DW RU 7 KHRU \ � % LU N K �DX VHU �6 S U LQ JHU � 1 HZ < RU N � �����
�� $ �3 � 6 DJH DQ G - �/� 0HOVD� ( VW LPDW LRQ 7 KHRU \ Z LW K $ SSOLFDW LRQ V W R & RPPXQ LFDW LRQ V DQ G

& RQ W U RO � 0D*U DZ �+ LOO� 1 HZ < RU N � �����

'HSDU W P HQW RI (O HF W U LF DO (QJLQHHU LQJ� 8QLYHU VLW \ RI & DO LI RU QLD LQ /RV $QJHO HV� /RV

$QJHO HV� & $ � � � � � �� � � � � 86$

( � PDLO DGGU HVV� OHYDQ#HH�XFOD�HGX

& DW KRO LF 8QLYHU VLW \ RI 5LR GH -DQHLU R� � � � � � �� � � � 5LR GH -DQHLU R� 5-� %U D] LO

( � PDLO DGGU HVV� FDUORV#HOH�SXF�ULR�EU


