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��¦HF�R� �HSD����  D RF R�H ��R�F��D ¥�S�R �® �H¢R�R� ��R� R�R FRF¢D� R�R ���SD¢RSD� ¡SH��
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8ID 6WDWH $YLDWLRQ 7HFKQLFDO 8QLYHUVLW\

8O\DQRYVN 6WDWH 8QLYHUVLW\

7KH LQYHVWLJDWLRQ RI WKH EDFNSUHVVXUH HIIHFW GXULQJ HTXDO�FKDQQHO DQJXODU SUHVVLQJ �(&$3� RQ IRUPDWLRQ

RI XOWUDILQH�JUDLQHG �8)*� VWUXFWXUH LQ SXUH FRSSHU KDV UHYHDOHG WKDW WKH LQFUHDVHG K\GURVWDWLF SUHVVXUH

FDQ FRQWULEXWH WR IRUPDWLRQ RI D PRUH KRPRJHQHRXV PLFURVWUXFWXUH ZLWK ILQHU JUDLQV� (&$3 ZLWK EDFN�

SUHVVXUH DOVR H[HUWV D IDYRUDEOH HIIHFW RQ VWUHQJWK DQG GXFWLOLW\ FKDUDFWHULVWLFV RI WKH 8)* PDWHULDO�

3$&6� ������.]

��%� �HSF¢H  ��R�
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¢H�¡HSD¢£Sª SDFF�RH �® �� DS R�R F¡�D�D ¡S� �ªFR�R� �D��H ��� 3DF¦H¢ª �ª¡R� H ª ��® F�F¢H�

7L−0R� =U−1E� 7L−:� 1L−$X� �R�D�D R� ¦¢R ��® ¬¢�[ F�F¢H� �S�¢�¦HF�D® ¢H�¡HSD¢£SD ¡R� �D��

�H �H� F ��DH¢F®�
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��(.732�����(&.�( ;$3$.7(3�&7�.�
02+2.3�&7$��2% $�0$�$�
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� F¢�¢£¢ F�HS[¢�HS�ª[ �D¢HS�D�R� ��� %�+� �D�£�® +$+ ��SD� ª
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D��D�D� �ªSD¨H  ª[ �H¢R�R� ¢H�¡HSD¢£S R�R �SD��H ¢D� �R�D�D R� ¦¢R �ª�H�H �H �� �R R�S��
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*�<D� $NLPRY� <D�(� %HLJHO]LPHU� (�9� &KDLND

&203$&7,21 3(&8/,$5,7,(6
)25 7+( $**5(*$7(' &(5$0,& 32:'(56
'85,1* 7+( ,6267$7,& 35(66,1*

7KH SURFHVV RI FRPSDFWLRQ RI WKH DJJUHJDWHG FHUDPLF ]LUFRQLD DQG PDJQHVLXP R[LGH SRZGHUV XQGHU WKH

FROG LVRVWDWLF SUHVVLQJ KDV EHHQ FRQVLGHUHG� 3HFXOLDULWLHV RI WKH SURFHVV KDYH EHHQ LQYHVWLJDWHG� SURSHU�

WLHV RI DJJORPHUDWHV� JUDQXOHV� DJJUHJDWHV� DQG SDUWLFOHV RI WKH SRZGHUV KDYH EHHQ GHWHUPLQHG�

3$6&� ������/[

$OH[H\HY $�'�� 6KDWDORYD *�(�� 8O°\DQRYD (�9��
0ROFKDQRY $�1� 3LV°PHQRYD 1�(�

6758&785( 3(&8/,$5,7,(6 2) 0(7+$1(�&2$/ 6<67(0

0HWKDQH GHVRUSWLRQ IURP VROLG PHWKDQH�FRDO VROXWLRQ KDV EHHQ VWXGLHG E\ 105 DQG ;�UD\ GLIIUDFWLRQ

DQDO\VLV PHWKRGV� ,W LV VKRZQ WKDW WKH IRUP RI LWV H[LVWHQFH LQ WKH VWUXFWXUH RI FRDO VXEVWDQFH GHILQHV WKH

GHJUHH RI WKH PHWKDQH PROHFXOH PRELOLW\� 7KH SKDVH FRPSRVLWLRQ RI IRVVLO FRDO KDV EHHQ H[DPLQHG� WKH

FRPSRVLWLRQ RI K\GURFDUERQ SKDVH KDV EHHQ GHWHUPLQHG� $ PRGHO KDV EHHQ SURSRVHG WR GHVFULEH

FKDQJHV LQ FRDO VWUXFWXUH IRU WKH FDVH RI VDWXUDWLRQ ZLWK PHWKDQH XQGHU SUHVVXUH DQG GXULQJ WKH GHVRUS�

WLRQ�

3$&6� ������.]� ������(W� ������&U

)�1� %XNKDQNR� 1�$� 'RURVKHQNR� 9�3� '\DNRQRY�
9�,� .DPHQHY� 9�$� %RURGLQ

,1)/8(1&( 2) &5<67$/�/$77,&( /2&$/ '()250$7,216
21 0$*1(7,60 2) '23(' /D�−[&D[0Q2� &203281'6
:,7+ -$+1�7(//(5 ,216

,Q WKLV SDSHU� WKH PDJQHWLF 7−[ SKDVH GLDJUDP RI GRSHG /D�−[&D[0Q2� FRPSRXQGV ZDV LQYHVWLJDWHG

E\ WKH PHWKRGV RI ;�UD\ GLIIUDFWLRQ� PDJQHWL]DWLRQ LQ VWDWLF PDJQHWLF ILHOG 0�7� [� DQG D KLJK�

IUHTXHQF\ VXVFHSWLELOLW\ ��� [7DFχ′ IRU WKUHH FRQGLWLRQV RI WKH FDOFLXP GRSLQJ� ORZ �� ≤ [ � [F�� RSWL�

PXP �[F � [ ≤ ���� DQG KLJK ���� ≤ [ ≤ ��� �� ZKHUH [F  ��� LV WKH FULWLFDO FRQFHQWUDWLRQ RI &D LPSX�

ULW\� ,W KDV EHHQ HVWDEOLVKHG WKDW IRU [ � [F WKH FRRSHUDWLYH -DKQ�7HOOHU �-7� ODWWLFH GLVWRUWLRQ DW ��� .

FRUUHVSRQGV WR WHWUDJRQDO FRPSUHVVLRQ RI D XQLW FHOO DORQJ WKH F�D[LV� ZKHUHDV IRU [ ! [F WKH LQFRKHUHQW

GLVRUGHUHG VWUDLQV RI R[\JHQ RFWDKHGURQV DUH SUHGRPLQDQW� 7KHUH LV WKH FRQFHQWUDWLRQ SKDVH WUDQVLWLRQ

IURP RUGHUHG GLVWULEXWLRQ RI WKH -7 GLVWRUWLRQV WR D GLVWULEXWLRQ ZLWK WKH GLVRUGHUHG ORFDO GLVWRUWLRQV RI

WKH 0Q��2� RFWDKHGURQV� ZKLFK LV DFFRPSDQLHG ZLWK VKDUS FKDQJHV RI WKH WHPSHUDWXUH DQG FRQFHQWUD�

WLRQ GHSHQGHQFHV RI PDJQHWLF SURSHUWLHV RI WKH /D�−[&D[0Q2� VDPSOHV� 7KH REWDLQHG H[SHULPHQWDO

UHVXOWV DUH HYLGHQFH RI D FORVH UHODWLRQVKLS EHWZHHQ WKH PDJQHWLF SURSHUWLHV RI WKHVH FRPSRXQGV DQG WKH

-7 GLVWRUWLRQV G\QDPLFV�
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7(&+12/2*< 2) 352&(66,1*
7+( &20326,7( 32/<0(5 678))6
%< $ 0(7+2' 2) &2(;67586,21

7KH PDVWHU VFKHGXOH RI SURFHVVLQJ WKH FRPSRVLWH VHFRQGDU\ SRO\PHU VWXIIV E\ SUHVVXUH LV GHVLJQHG

SHUPLWWLQJ WR UHILQH WKH ZDVWH RI SRO\PHU VWXIIV LQ QHZ TXDOLWDWLYH LWHPV E\ XVLQJ D PHWKRG RI FRH[VWUX�

VLRQ RI IUDPH� 7KH PHWKRG RI WKH DQDO\VLV RI MRLQW IORZ RI SRO\PHU PHOWV XQGHU SUHVVXUH LQ PRXOGLQJ

FKDQQHOV RI FRH[VWUXVLRQ KHDG LV ZRUNHG RXW� WKH PRGHO RI FDOFXODWLRQ RI LQGLVSHQVDEOH SURGXFWLYLW\�

WHPSHUDWXUH VFKHGXOH� SUHVVXUH GLIIHUHQWLDO IRU HDFK OD\HU LV EXLOW IRU D JLYHQ GHSWK RI OD\HUV LQ D PXOWL�

OD\HU SRO\PHU VWXII�

3$&6� �������S

2�/� .REHOHYD� $�1� %DEXVKNLQ

3523(57,(6 2) &203/(; &+$/&2*(1,'(6
2) 6,/9(5 ,19(67,*$7(' $7 +,*+ 35(6685(

7KH HIIHFW RI VWDWLF SUHVVXUH RQ HOHFWULFDO SURSHUWLHV RI $J*H$V6�� $J*H6E6� DQG $J�5E,� ZDV

LQYHVWLJDWHG E\ WKH PHWKRG RI LPSHGDQFH VSHFWURVFRS\� 7KH KRGRJUDSKV RI WKH LPSHGDQFH ZHUH REWDLQHG

DW SUHVVXUH RI ��−�� *3D� WKH IUHTXHQF\ GHSHQGHQFHV RI FRQGXFWLYLW\ ZHUH VWXGLHG� 7KH LQIOXHQFH RI

HOHFWURGH−VDPSOH ERXQGDU\ ZDV DQDO\]HG DW GLIIHUHQW SUHVVXUH� 7KH K\VWHUHVLV RI FRQGXFWLYLW\ RFFXUULQJ

DIWHU D JUDGXDO SUHVVXUH GHFUHDVH LV LQYHVWLJDWHG� 7KH EDURPHWULF K\VWHUHVLV RI FRQGXFWLYLW\ IRU WKH

LQYHVWLJDWHG FRPSRXQGV DQG GHSHQGHQFH RI HOHFWULF SURSHUWLHV RQ WKH SUHKLVWRU\ RI ORDGLQJ DUH GHWHFWHG�

$ SKDVH WUDQVLWLRQ WDNHV SODFH DW GHILQLWH SUHVVXUH LQ WKH VDPSOHV�

3$&6� ������-L� ������/N

9�9� 0DODVKHQNR

'<1$0,& '()250$7,21 2) ',6/2&$7,21�:$// (/(0(176

7KH PRWLRQ RI WKUHH HGJH GLVORFDWLRQV ORFDWHG LQ WKH SODQH SHUSHQGLFXODU WR WKHLU VOLS SODQHV KDV EHHQ

LQYHVWLJDWHG IRU D FU\VWDO FRQWDLQLQJ FKDRWLFDOO\ GLVWULEXWHG SRLQW GHIHFWV� $Q H[SUHVVLRQ KDV EHHQ RE�

WDLQHG IRU WKH YDOXH RI GLVORFDWLRQ GLVSODFHPHQW IURP WKDW SODQH GXULQJ WKHLU PRWLRQ� D FRQGLWLRQ RI

GLVORFDWLRQ VHSDUDWLRQ IURP WKH GLVORFDWLRQ V\VWHP KDV EHHQ GHWHUPLQHG�
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<X�9� 0HGYHGHY� 1�,� 0H]LQ� <X�0� 1LNRODHQNR� $�(� 3LJXU�
1�9� 6KLVKNRYD� 9�0� ,VKFKXN� ,�1� &KXNDQRYD

02',),&$7,21 2) 6758&785( $1' /2:�),(/' 0$*1(725(6,67$1&( 2)
/D����&D����0Q2� ),/06 21 )(552(/(&75,&
&(5$0,&6 68%675$7(6

7KH JDOYDQRPDJQHWLF SURSHUWLHV RI /D����&D����0Q2� PDQJDQLWH ILOPV ZLWK D WKLFNQHVV RI ��� µP RQ

WKH 3E���%D����6U�����=U���7L����2� IHUURHOHFWULF FHUDPLFV VXEVWUDWHV KDYH EHHQ LQYHVWLJDWHG� :H KDYH

IRXQG WKH LUUHYHUVLEOH LQFUHDVH RI ILOP UHVLVWLYLW\ ρ GXULQJ WKH DFWV RI LQYHUVLRQ RI GLUHFWLRQ RI VXEVWUDWH

SRODUL]DWLRQ� 7KH QDWXUH RI WKH HIIHFW LV FRQQHFWHG ZLWK D PHFKDQLFDO VWUHVV DQG ORFDO HOHFWULFDO FXUUHQWV�

$ ZLGH UDQJH RI PRQRWRQLF LQFUHDVH RI UHVLVWLYLW\ ρ  ���¶��−�−��� Ω¶FP ZLWKRXW WKH YLRODWLRQ RI

PDFURVFRSLF KRPRJHQHLW\ RI ILOP FRQGXFWLYLW\ LV H[SODLQHG E\ DSSHDUDQFH RI D QHZ ERXQGDULHV LQ WKH

VWUXFWXUH DQG E\ GHFUHDVLQJ RI VL]H RI UHJLRQV ZLWKRXW ILOP GHIHFWV� 7KH PD[LPDO VL]H RI WKH UHJLRQ

��−�� µP� LV SURYLGHG E\ WKH JUDLQ VL]H RI FHUDPLF VXEVWUDWH� 7KH PLQLPDO VL]H LV RI WKH RUGHU RI

��� QP� 7KH ILOPV GHPRQVWUDWHG WKH QHJDWLYH ORZ ´ ILHOG PDJQHWRUHVLVWLYH HIIHFW ZLWK WKH VDWXUDWLRQ

ILHOG DERXW +  ��� N2H DW 7  ���−��� . DQG WHPSHUDWXUH GHSHQGHQFH RI OLQHDUO\ GHFUHDVLQJ W\SH�

3$&6� �������L

9�9� 7RNLL� ,�.� 1RVROHY� 1�*� 7DUDVHQNR

,1(/$67,& 3+(120(1$ ,1 7+( 02'(/
2) '28%/< %281' +<67(5(6,6 /223

$ SKHQRPHQRORJLFDO PRGHO GHVFULELQJ WKH LQHODVWLF SKHQRPHQD E\ WKH GRXEO\ ERXQG K\VWHUHVLV ORRS RI

WZR W\SHV KDV EHHQ SURSRVHG IRU WKH WKH SURFHVVLQJ RI H[SHULPHQWDO UHVXOWV IRU ]LUFRQLD�EDVHG QDQRF�

U\VWDOOLQH FHUDPLFV E\ WKH PHWKRG RI GRXEOH FRPSRVLWH YLEUDWRU� $QDO\WLFDO H[SUHVVLRQV IRU WKH LQWHUQDO

IULFWLRQ �,)� DQG GHIHFW RI WKH PRGXOXV RI HODVWLFLW\ �'0(� KDYH EHHQ REWDLQHG� ,) YDOXH�WR�'0( UDWLR

KDV EHHQ DQDO\VHG IRU K\VWHUHVLV ORRS RI GLIIHUHQW NLQGV�

3$6&� �������]

*�,� 5DDE� 1�$� .UDVLOQLNRY� 5�=� 9DOLHY

%$&.35(6685( $7 (&$3 $6 $ :$< )25 '(&5($6,1* *5$,1 6,=(
$1' ,1&5($6,1* '8&7,/,7< 2) 8)* 0$7(5,$/6

8ID 6WDWH $YLDWLRQ 7HFKQLFDO 8QLYHUVLW\

8O\DQRYVN 6WDWH 8QLYHUVLW\

7KH LQYHVWLJDWLRQ RI WKH EDFNSUHVVXUH HIIHFW GXULQJ HTXDO�FKDQQHO DQJXODU SUHVVLQJ �(&$3� RQ IRUPDWLRQ

RI XOWUDILQH�JUDLQHG �8)*� VWUXFWXUH LQ SXUH FRSSHU KDV UHYHDOHG WKDW WKH LQFUHDVHG K\GURVWDWLF SUHVVXUH

FDQ FRQWULEXWH WR IRUPDWLRQ RI D PRUH KRPRJHQHRXV PLFURVWUXFWXUH ZLWK ILQHU JUDLQV� (&$3 ZLWK EDFN�

SUHVVXUH DOVR H[HUWV D IDYRUDEOH HIIHFW RQ VWUHQJWK DQG GXFWLOLW\ FKDUDFWHULVWLFV RI WKH 8)* PDWHULDO�
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<X�9� 6KHUVWHQQLNRY

7+( &5,7,&$/ 32,17 2) %,12'$/
81'(5 7+( 81,)250 35(6685(

$ SKHQRPHQRORJLFDO WKHRU\ IRU FDOFXODWLRQ RI WKH FULWLFDO FRQFHQWUDWLRQ DQG FULWLFDO WHPSHUDWXUH RI

ELQDU\ DOOR\ GHFRPSRVLWLRQ DW KLJK SUHVVXUH LV SURSRVHG� 7KH FDOFXODWLRQV DUH GRQH IRU WKH V\VWHPV

7L´0R� =U−1G� 7L−:� 1L−$X� ,W LV VKRZQ WKDW IRU WKHVH V\VWHPV WKH FULWLFDO WHPSHUDWXUH LV UHGXFHG

XQGHU SUHVVXUH�

3$&6� ������−K� ������−L� ������−N

6�1� 6KHYFKXN� /�$� 5RPDQNR

(/(&7523+<6,&$/ &+$5$&7(5,67,&6
2) ',$021' 6,1*/( &5<67$/6
*52:1 %< 7(03(5$785( *5$',(17 0(7+2'

7KH SRVVLELOLW\ RI XWLOL]LQJ ODUJH ERURQ�GRSHG V\QWKHWLF GLDPRQG VLQJOH FU\VWDOV DV KLJK�WHPSHUDWXUH

VHPLFRQGXFWRUV KDV EHHQ VWXGLHG� 7KH PHDVXUHPHQWV RI HOHFWULFDO FRQGXFWLYLW\ DQG FRQGXFWLYLW\ DFWLYD�

WLRQ HQHUJ\ RI V\QWKHWLF GLDPRQG VLQJOH FU\VWDOV JURZQ E\ WHPSHUDWXUH JUDGLHQW PHWKRG ZHUH SHU�

IRUPHG� ,W LV SUHVHQWHG WKDW WKH DOORFDWLRQ RI DUHDV RI WKH VDPH JURZWK S\UDPLGV IURP D GLDPRQG VLQJOH

FU\VWDO DOORZV UHFHLYLQJ D PDWHULDO ZLWK KRPRJHQHRXV SK\VLFDO FKDUDFWHULVWLFV�

3$&6� ������(Y� �������]

$�9� 6SXVNDQ\XN

675$,1 ',675,%87,21 ,1 $ %,//(7
$)7(5 7:,67 (;7586,21

$QDO\VLV RI WKH VWUDLQHG VWDWH RI WKH ELOOHW DW WZLVW H[WUXVLRQ KDV EHHQ SHUIRUPHG XVLQJ WKH ILQLWH

HOHPHQWV PHWKRG� 6WUDLQ UDWH GLVWULEXWLRQ ZLWKLQ WKH UHFWDQJXODU ELOOHW FURVV�VHFWLRQ KDV EHHQ REWDLQHG� ,W

LV VKRZQ WKDW WKH PDJQLWXGH RI FRPSXWHG VWUDLQ UDWH LV ORZHU WKDQ WKH RQH REWDLQHG E\ RWKHU NQRZQ

UHODWLRQVKLSV�

3$&6� ������'F� ������−N

*�3� 6WDULNRY� 7�$� 9DVLOHQNR� 1�,� 9RORVKLQD� =�*� 3DVWHUQDN

7+( (1(5*< 2) 0(7+$1( ',))86,21 $&7,9$7,21
$6 $ &+$5$&7(5,67,& 2) 7+( *(20(&+$1,&$/ 67$7(
2) &2$/ 6($06
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$ SURFHGXUH IRU FDOFXODWLRQ RI GLIIXVLRQ FRHIILFLHQW DQG DFWLYDWLRQ HQHUJ\ KDV EHHQ ZRUNHG RXW� ([�

SHULPHQWV KDYH EHHQ GRQH DQG YDOXHV RI WKH DERYH SDUDPHWHUV KDYH EHHQ FDOFXODWHG E\ XVLQJ WKH H[�

SHULPHQWDO GDWD� :LWK WKH KHOS RI GDWD RQ PHWKDQH GHVRUSWLRQ WKH GLIIXVLRQ FRHIILFLHQWV KDYH EHHQ HVWL�

PDWHG IRU HYHU\ ORDGLQJ VFKHPH� WKH DFWLYDWLRQ HQHUJ\ RI PHWKDQH UHOHDVH ( IURP WKH FRDO KDV EHHQ

GHWHUPLQHG� 7KH YDOXH RI ( LV VKRZQ WR EH KLJKO\ GHSHQGHQW RQ WKH PHFKDQLVP RI FRDO IUDFWXUH� ZKLFK

FUHDWHV FRQGLWLRQV IRU VXEVWLWXWLRQ RI WKH FORVHG SRUHV E\ FUDFNV�

3$&6� ������−S� �������K� �������W

(�9� =DURFKHQWVHY � (�3� 7URLWVND\D� 9�9� &KDEDQHQNR

(/(0(17$5< 26&,//$7,216 ,1 7+( ,1(57�*$6 &5<67$/6�
�� .�%� 72/3<*2′6 02'(/ $1' 3+2121 )5(48(1&(6
,1 7+( *5281' 67$7(

6RPH HOHFWURQ�LRQ VXPPDQGV RI WKH HQHUJ\ RI LQHUW�JDV FU\VWDOV �,*&� DUH GLVFXVVHG ZLWKLQ WKH

IUDPHZRUN RI .�%� 7ROS\JR′V PRGHO DQG LWV PRGLILFDWLRQV� 7KH SKRQRQ IUHTXHQFHV RI FU\VWDOV IURP WKH

1H−;H VHULHV DUH FDOFXODWHG IRU 7  S  � DQG FRPSDUHG ZLWK WKH H[SHULPHQW� 7KHUH LV D JRRG

DJUHHPHQW EHWZHHQ WKHRU\ DQG H[SHULPHQW�

3$&6� ������−Y� ������−]

*�,� =KLURY� 9�$� *ROWVRY� *�(� 6KDWDORYD

),1( 6758&785( &+$1*(6 2) 3$//$',80
$1' ,76 +<'5,'( $7 +<'52*(1�3+$6(�1$./(3

7KHUH DUH LQYHVWLJDWHG FKDQJHV RI SDOODGLXP DQG SDOODGLXP K\GULGH ILQH VWUXFWXUH XQGHU WKH K\GURJHQ�

SKDVH�QDNOHS �+31� �FROG ZRUN� E\ PHWKRGV RI ;�UD\ GLIIUDFWLRQ� ,W LV VKRZQ WKDW WKHVH FKDQJHV DV D

UHVXOW RI K\GULGH SKDVH DUH IRUPHG E\ D GLIIHUHQFH RI α� DQG β�SKDVH VSHFLILF YROXPHV� +\GULGH SUR�

GXFHG ZLWK K\GURJHQ VDWXUDWLRQ RI DQQHDOHG SDOODGLXP E\ WKH ZD\ lRXW RI WKH WZR�SKDVH VWDWH FXSRODV{

RQ WKH 3G−+ GLDJUDP� GRHV QRW XQGHUJR K\GULGH WUDQVIRUPDWLRQV DQG +31� 7KLV K\GULGH LV ORZ�GHIHFW

RQH� LWV ILQH VWUXFWXUH NHHSV RQ WKH OHYHO RI LQLWLDOO\ DQQHDOHG PHWDO�


