
$ 6&+(0( 72 62/9( 121�/,1($5 &21'8&7,21 3+(120(1$

%$6(' 21 $ 6(48(1&( 2) /,1($5 352%/(06

6uHUJLR )UH\

*UXSR GH (VWXGRV 7uHUPLFRV H (QHUJuHWLFRV �*(67(�

'HSDUWDPHQWR GH (QJHQKDULD 0HFADQLFD � 8QLYHUVLGDGH )HGHUDO GR 5LR *UDQGH GR 6XO

5XD 6DUPHQWR /HLWH� ��� ^ ��������� 3RUWR $OHJUH�56� %UD]LO

(�PDLO� IUH\#PHFDQLFD�XIUJV�EU � KWWS���ZZZ�PHFDQLFD�XIUJV�EU�SURI�IUH\�IUH\�KWP

0DULD /DXUD 0DUWLQV�&RVWD

/DERUDWuRULR GH 0HFADQLFD 7HuRULFD H $SOLFDGD �/07$�

'HSDUWDPHQWR GH (QJHQKDULD 0HFADQLFD � 8QLYHUVLGDGH )HGHUDO )OXPLQHQVH

5XD 3DVVR GD 3uDWULD� ��� ^ ��������� 1LWHUuRL�5-� %UD]LO

(�PDLO� ODXUD#FDD�Xm�EU

5RJuHULR 0� 6DOGDQKD GD *DPD

/DERUDWuRULR 1DFLRQDO GH &RPSXWDzFaDR &LHQWurnFD �/1&&�&13T�

5XD *HWuXOLR 9DUJDV� ��� ^ ��������� 3HWUuRSROLV�5-� %UD]LO

(�PDLO� UVJDPD#GRPDLQ�FRP�EU

$EVWUDFW�$EVWUDFW�$EVWUDFW�$EVWUDFW�$EVWUDFW� 7KH SUHVHQW ZRUN SURSRVHV D VFKHPH WR VROYH QRQ OLQHDU KHDW FRQGXFWLRQ SURE�

OHPV EDVHG RQ D VHTXHQFH RI OLQHDU SUREOHPV� $Q RSDTXH WKUHH�GLPHQVLRQDO SODWH ZLWK

D QRQ�OLQHDU WHPSHUDWXUH�GHSHQGHQW VRXUFH GRPLQDWLQJ WKH FRQGXFWLYH RSHUDWRU LV VWXG�

LHG E\ HPSOR\LQJ D FRQYHUJHQW VHTXHQFH RI OLQHDU SUREOHPV ZKRVH VLPXODWLRQ WHFKQLTXH�

EDVHG RQ D nQLWH HOHPHQW PHWKRGRORJ\� LV NQRZQ� 6LQFH WKH FODVVLFDO *DOHUNLQ PHWKRG

SUHVHQWV LQVWDELOLWLHV ZKHQ VXEMHFWHG WR YHU\ KLJK VRXUFH�GRPLQDWHG UHJLPHQ� D *UDGLHQW�

*DOHUNLQ�/HDVW�6TXDUHV IRUPXODWLRQ LV SUHVHQWHG IRU D OLQHDU SUREOHP � DQ HOHPHQW RI

WKH FRQYHUJHQW VHTXHQFH�
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SULQFLSOH� )LQLWH HOHPHQW PHWKRG� 6WDELOL]HG PHWKRGV�
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,Q PRVW FDVHV� DQ DFFXUDWH PDWKHPDWLFDO PRGHOOLQJ RI UHDO SUREOHPV LQYROYLQJ WUDQV�

SRUW SKHQRPHQD JLYHV ULVH WR QRQOLQHDU V\VWHPV RI SDUWLDO GLmHUHQWLDO HTXDWLRQV� 1XPHU�

LFDO VWUDWHJLHV WR GHDO ZLWK WKHVH SUREOHPV� VXFK DV nQLWH HOHPHQW DQG nQLWH GLmHUHQFH

PHWKRGV� DIWHU SHUIRUPLQJ D FRQYHQLHQW GLVFUHWL]DWLRQ OHDG WR DOJHEUDLF V\VWHPV RI HTXD�

WLRQV� $ JUHDW YDULHW\ RI QXPHULFDO VROXWLRQ PHWKRGV IRU OLQHDU V\VWHPV LV DYDLODEOH EXW



LI WKH V\VWHP LV D QRQOLQHDU RQH �XQIRUWXQDWHO\ WKH PDMRULW\ RI FDVHV� WKHUH LV QHLWKHU

JXDUDQWHH RI H[LVWHQFH QRU XQLTXHQHVV RI VROXWLRQ� 6RPH QXPHULFDO VFKHPHV WR VROYH

WKHVH SUREOHPV �H�J� TXDVL�1HZWRQ PHWKRGV� DUH DYDLODEOH LQ WKH OLWHUDWXUH� $ GLVWLQFW

SURFHGXUH LV SURSRVHG LQ WKH SUHVHQW ZRUN� D QHZ PDWKHPDWLFDO GHVFULSWLRQ IRU D ODUJH

FODVV RI QRQOLQHDU KHDW FRQGXFWLRQ SUREOHPV ZKLFK DUH WUHDWHG DV D FRQYHUJHQW VHTXHQFH

RI FRQWLQXRXV OLQHDU SUREOHPV� $ YDULDWLRQDO IRUPXODWLRQ LV WKHQ LQWURGXFHG� VLQFH HDFK

HOHPHQW RI WKH VHTXHQFH LV D IXQFWLRQ WKDW PLQLPL]HV D FRQYH[ TXDGUDWLF DQG FRHUFLYH

IXQFWLRQDO� $ QXPHULFDO GLVFUHWL]DWLRQ� VXFK DV nQLWH HOHPHQWV� PD\ EH XVHG WR WUHDW

HDFK OLQHDU SUREOHP�

)LQLWH HOHPHQW PHWKRGV DUH XVXDOO\ EDVHG RQ *DOHUNLQ DSSUR[LPDWLRQ� RULJLQDOO\

LQWURGXFHG IRU VWUXFWXUDO SUREOHPV ZKLFK� DVVXPLQJ VRPH UHVWULFWLRQV XVXDOO\ SUHVHQW

LQ HQJLQHHULQJ SUDFWLFDO DSSOLFDWLRQV �)UDQFD HW DO�� ���� DQG UHIHUHQFHV WKHUHLQ�� JLYHV

ULVH WR V\PPHWULF HOOLSWLF RSHUDWRUV DQG JHQHUDWHV UDWKHU RSWLPXP FRQYHUJHQFH UDWHV�

+RZHYHU� QXPHULFDO SDWKRORJLHV LQ WKH *DOHUNLQ DSSUR[LPDWLRQV VXFK DV WKH ORFNLQJ RI

WKH YHORFLW\ nHOG DQG VSXULRXV RVFLOODWLRQV LQ WKH SUHVVXUH nHOG PD\ RFFXU LI *DOHUNLQ

PHWKRG LV DSSOLHG WR oXLG SUREOHPV� 7KHVH XQGHVLUDEOH SDWKRORJLHV PD\ EH SUHVHQW

HYHQ LQ VXFK NLQHPDWLFDO FDVHV ZKHQ D WHPSHUDWXUH�GHSHQGHQW KHDW VRXUFH GRPLQDWHV

WKH FODVVLFDO GLmXVLYH RSHUDWRU�

7KH SUHVHQW ZRUN VWXGLHV WKH KHDW WUDQVIHU SURFHVV LQ DQ RSDTXH WKUHH�GLPHQVLRQDO

SODWH �6DOGDQKD GD *DPD� ����� ZLWK D QRQ�OLQHDU WHPSHUDWXUH�GHSHQGHQW VRXUFH GRP�

LQDWLQJ WKH FRQGXFWLYH RSHUDWRU� 7KH DGRSWHG PHFKDQLFDO PRGHO LV REWDLQHG DVVXPLQJ

WKH H[LVWHQFH RI D KHDW WUDQVIHU IURP�WR WKH SODWH IROORZLQJ 1HZWRQ
V ODZ RI FRROLQJ�

%HVLGHV� DQ LQWHJUDWLRQ RI WKLV PRGHO RQ SODWH WKLFNQHVV GLUHFWLRQ SURGXFHV D WZR GLPHQ�

VLRQDO PRGHO LQ WHUPV RI D PHDQ SODWH WHPSHUDWXUH� 7KH UHVXOWLQJ QRQ�OLQHDU FRQGXFWLRQ

SUREOHP LV WUHDWHG DV WKH OLPLW RI D FRQYHUJHQW VHTXHQFH RI OLQHDU SUREOHPV� $ YDULD�

WLRQDO IRUPXODWLRQ LV WKHQ SURSRVHG� VLQFH HDFK OLQHDU SUREOHP RI WKH DERYH PHQWLRQHG

VHTXHQFH KDV DQ HTXLYDOHQW PLQLPXP SULQFLSOH� $ nQLWH HOHPHQW VWUDWHJ\ LV WKHQ HP�

SOR\HG WR DSSUR[LPDWH HDFK OLQHDU HOHPHQW RI WKH DERYH PHQWLRQHG VHTXHQFH� 6LQFH

QXPHULFDO VLPXODWLRQV KDYH DWWHVWHG WKH LQVWDELOLW\ LQKHUHQW WR *DOHUNLQ IRUPXODWLRQ LQ

WKH SUHVHQFH RI YHU\ KLJK VRXUFH�GRPLQDWHG UHJLPHQ �)UH\ HW DO�� ������ D VWDELOL]HG IRU�

PXODWLRQ EDVHG XSRQ *UDGLHQW�*DOHUNLQ�/HDVW�6TXDUHV� IURP QRZ RQ UHIHUUHG DV **/6

PHWKRGRORJ\ �)UDQFD 	 'XWUD GR &DUPR� ������ ZKLFK LV DEOH WR JHQHUDWH VWDEOH DS�

SUR[LPDWLRQV HYHQ IRU YHU\ KLJK VRXUFH�GRPLQDWHG UHJLPHQ �+XJKHV� ������ LV SUHVHQWHG

�)UH\ HW DO�� ������ 7KH WHFKQLTXH HPSOR\HG DOORZV WR SHUIRUP FRPSOH[ VLPXODWLRQV E\

PHDQV RI ZHOO VWDELOLVKHG WRROV� HYHQ IRU SUREOHPV SUHVHQWLQJ VSXULRXV RVFLODWLRQV� DULVLQJ

IURP GRPLQDQW QRQ OLQHDU WHPSHUDWXUH GHSHQGHQW KHDW VRXUFHV�

�� 0(&+$1,&$/ 02'(//,1*

/HW XV FRQVLGHU D ERG\ UHSUHVHQWHG E\ WKH ERXQGHG RSHQ VHW % GHnQHG E\

%  I�[� \� ]� � 5�
VXFK WKDW �[� \� � l | 5

�
�b/ � ] � /J ���

LQ ZKLFK l LV D ERXQGHG RSHQ VHW RI 5� DQG / LV D SRVLWLYH FRQVWDQW� 7KH VHW % LV FDOOHG

D SODWH �VHH )LJ��� DQG� IRU IRU VPDOO YDOXHV RI /� WKH KHDW WUDQVIHU SURFHVV LQ WKH SODWH %
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$ WHFKQLTXH HQDEOLQJ WR UHSUHVHQW WKH QRQ�OLQHDU FRQGXFWLRQ SUREOHP SUHVHQWHG LQ
(TV�������� DV WKH OLPLW RI D FRQYHUJHQW VHTXHQFH RI OLQHDU SUREOHPV LV QRZ SURSRVHG�
(DFK HOHPHQW RI WKH VHTXHQFH� ZKLFK PD\ EH REWDLQHG IURP WKH PLQLPL]DWLRQ RI D
FRQYH[ TXDGUDWLF DQG FRHUFLYH IXQFWLRQDO� UHSUHVHQWV D WKUHH�GLPHQVLRQDO SODWH ZLWK
WHPSHUDWXUH GHSHQGHQW KHDW VRXUFH�
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GD *DPD� ������ VLQFH � DQG x
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DUH SRVLWLYH YDOXHG IXQFWLRQV� ,Q RWKHU ZRUGV� WKLV

IXQFWLRQDO DGPLWV RQO\ RQH PLQLPXP ZKLFK LV UHDFKHG ZKHQ � z tL� EHLQJ tL WKH VROXWLRQ

RI (T������ WKH (XOHU�/DJUDQJH HTXDWLRQ RI IXQFWLRQDO �����

$IWHU SHUIRUPLQJ WKH PLQLPL]DWLRQ RI HDFK IXQFWLRQDO ,L��>�@� WKH FRHpFLHQWV wL DQG
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��� )LQLWH HOHPHQW GLVFUHWL]DWLRQ RI D OLQHDU SUREOHP

,Q WKLV VHFWLRQ D nQLWH HOHPHQW PHWKRG LV HPSOR\HG WR DSSUR[LPDWH HDFK HOHPHQW RI

WKH FRQYHUJHQW VHTXHQFH RI OLQHDU SUREOHPV ZKLFK UHSUHVHQWV WKH HQHUJ\ WUDQVIHU LQ WKLQ

SODWHV VXEMHFWHG WR QRQOLQHDU WHPSHUDWXUH�GHSHQGHQW KHDW VRXUFHV �(TV���������� 7KH
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ZKHUH WKH VWDELOLW\ SDUDPHWHU ~ DQG o DUH GHnQHG IURP HUURU DQDO\VLV �9DOHQWLQ 	 )UDQFD�
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5HPDUNV

�� *ODQFLQJ WKURXJK WKH **/6 IRUPXODWLRQ GHnQHG E\ (TV������ ZH PD\ QRWH WKDW
ZKHWKHU WKH VWDELOLW\ SDUDPHWHUV ~ DQG o DUH WDNHQ WR EH ]HUR� *DOHUNLQ IRUPXODWLRQ
ZRXOG EH UHFRYHUHG IRU (TV���������

�� ,Q )UH\ HW DO� ������ WKH VWDELOLW\ SDUDPHWHUV DUH SUHVHQWHG� EDVHG RQ WKH HU�
URU DQDO\VLV REWDLQHG IRU WKH **/6 PHWKRG IRU DQ DGYHFWLYH�GLmXVLYH PRGHO ZLWK
WHPSHUDWXUH�GHSHQGHQW VRXUFH E\ 9DOHQWLQ 	 )UDQFD ������� GHULYHG IRU WKH SDUWLFX�
ODU FDVH RI RI DEVHQFH RI DGYHFWLYH YHORFLW\ nHOG� 6LQFH HDFK HOHPHQW RI WKH FRQYHUJHQW
VHTXHQFH WKDW UHSUHVHQWV WKH FRQGXFWLRQ LQ D SODWH ZLWK D QRQOLQHDU VRXUFH VWXGLHG
LQ WKH SUHVHQW ZRUN LV D OLQHDU SUREOHP� OLNH WKH RQH FRQVLGHUHG E\ )UH\ HW DO� �������
WKH VDPH VWDELOLW\ SDUDPHWHUV HYDOXDWLRQ KROGV IRU WKH SUHVHQW FDVH�

��� 5HVXOWV IRU HDFK OLQHDU SUREOHP

,Q WKLV VHFWLRQ ZH SUHVHQW VRPH WZR�GLPHQVLRQDO VLPXODWLRQV RI WKH KHDW WUDQVIHU

SURFHVV LQ D UHFWDQJXODU SODWH VXEMHFWHG WR D WKHUPDO GRPLQDQW KHDW VRXUFH� 7KH JH�

RPHWU\ DQG ERXQGDU\ FRQGLWLRQV RI WKH SUREOHP DUH VNHWFKHG LQ )LJ��D� WKH GRPDLQ LV

D ELXQLW\ SODQH SODWH VXEMHFWHG WR ERWK 'LULFKOHW DQG 1HXPDQQ ERXQGDU\ FRQGLWLRQV�

t  �

|
[  b��� � b��� � \ � �����

\  b��� � b��� � [ � �����
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�D� t  � RU �E� Ut c Q#l  �|
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����

WKH GLmXVLYLW\ LV �  ��
b�

� ZKLOH WKH WKHUPDO VRXUFH w DQG WKH FRHpFLHQW x RI WKH

]HUR�GHULYDWLYH WHUP RI HT���� ZHUH WDNHQ HTXDO WR RQH� 7KH FRPSXWDWLRQDO GRPDLQ l

ZDV GLVFUHWL]HG E\ D XQLIRUP PHVK FRQVLVWLQJ RI ��� ELOLQHDU HOHPHQWV ZLWK ��� GHJUHHV�

RI�IUHHGRP�



)LJXUH � � �D� 3UREOHP VWDWHPHQW� �E� *DOHUNLQ IRUPXODWLRQ � 'LULFKOHW FRQGLWLRQV�

7KH *DOHUNLQ DSSUR[LPDWLRQ RI (TV�������� VXEMHFWHG WR 'LULFKOHW ERXQGDU\ FRQ�

GLWLRQV� ZKHQ WKH GLmXVLYH WHUP LV ODUJHO\ GRPLQDWHG E\ WKH WHPSHUDWXUH�GHSHQGHQW

VRXUFH WHUP � LQ ZKLFK WKH ODWWHU LV ��
�
WLPHV JUHDWHU WKDQ WKH IRUPHU � LV VKRZQ LQ )LJ�

�E� ,Q WKLV nJXUH *DOHUNLQ VSXULRXV RVFLOODWLRQ IRU D YHU\ KLJK ]HUR�RUGHU�GRPLQDWHG

VLWXDWLRQ ZHUH REVHUYHG DQG QHLWKHU DQ DOWHUQDWLYH 1HXPDQQ ERXQGDU\ FRQGLWLRQ QRU D

KLJKHU RUGHU LQWHUSRODWLRQ QRU D PHVK UHnQHPHQW ZHUH DEOH WR GHDO ZLWK WKHVH RVFLOODWLRQV

�)UH\ HW DO�� ������

7KH UHVXOWV RI WKH **/6 IRUPXODWLRQ GHnQHG E\ (TV���������� DUH SUHVHQWHG LQ )LJ��

RQFH DJDLQ IRU YHU\ KLJK VRXUFH�GRPLQDWHG VLWXDWLRQV ��  ��
b�
DQG w  x  ��� 7KH

VDPH PHVK GLVFUHWL]DWLRQ RI WKH *DOHUNLQ VLPXODWLRQ KDV EHHQ HPSOR\HG LQ WKLV VWDELOL]HG

VLPXODWLRQ RI (TV��������� VXEMHFWHG WR ERWK 'LULFKOHW ERXQGDU\ FRQGLWLRQV �)LJ� �D� DQG

1HXPDQQ ERXQGDU\ FRQGLWLRQV �)LJ� �E��

)LJXUH � � **/6 IRUPXODWLRQ �D� 'LULFKOHW FRQGLWLRQV �E� 1HXPDQQ FRQGLWLRQV�

$V LW FDQ EH VHHQ IURP )LJ�� DQG IURP DOO VLWXDWLRQV FRQVLGHUHG LQ )UH\ HW DO� �������

WKH **/6 IRUPXODWLRQ ZDV DEOH WR GHDO SUHFLVHO\ ZLWK YHU\ KLJK ]HUR�RUGHU�GRPLQDWHG

VLWXDWLRQV DQG LWV UHVXOWV DUH VLPLODU WR WKH KRPRJHQHRXV 'LULFKOHW SUREOHP FRPSXWHG

LQ )UDQFD DQG 'XWUD GR &DUPR �������



�� ),1$/ 5(0$5.6

,Q WKLV DUWLFOH D VFKHPH WR VROYH D FRQGXFWLRQ KHDW WUDQVIHU SURFHVV LQ DQ RSDTXH

WKUHH�GLPHQVLRQDO SODWH ZLWK QRQ�OLQHDU WHPSHUDWXUH�GHSHQGHQW KHDW VRXUFH ZDV SUR�

SRVHG� 7KH QRQ�OLQHDU UHVXOWLQJ SUREOHP ZDV UHJDUGHG DV WKH OLPLW RI D VHTXHQFH ZKRVH

FRQYHUJHQFH KDV EHHQ SURYHQ DQG ZKRVH HOHPHQWV ZHUH REWDLQHG IURP WKH PLQLPL]DWLRQ

RI D FRQYH[ TXDGDWLF IXQFWLRQDO� ,Q VKRUW� D QRQOLQHDU SUREOHP KDV EHHQ WUHDWHG DV D

FRQYHUJHQW VHTXHQFH RI OLQHDU SUREOHPV� 6XFK D WHFKQLTXH DOORZV WR FDUU\ RXW FRPSOH[

VLPXODWLRQV E\ PHDQV RI ZHOO VWDELOLVKHG QXPHULFDO WRROV� VXFK DV **/6 nQLWH HOHPHQW

DSSUR[LPDWLRQV� HYHQ IRU SUREOHPV ZLWK GRPLQDQW QRQ OLQHDU WHPSHUDWXUH�GHSHQGHQW

KHDW VRXUFH � ZKLFK PD\ OHDG WR VSXULRXV RVFLODWLRQV LQ D FODVVLFDO *DOHUNLQ DSSURDFK�

$FNQRZOHGJHPHQWV$FNQRZOHGJHPHQWV$FNQRZOHGJHPHQWV$FNQRZOHGJHPHQWV$FNQRZOHGJHPHQWV

7KH DXWKRUV 6� )UH\ DQG 0�/� 0DUWLQV�&RVWD JUDWHIXOO\ DFNQRZOHGJH WKH nQDQWLDO

VXSSRUW SURYLGHG E\ WKH DJHQF\ &13T WKURXJK JUDQWV QR ����������� DQG ������������

5()(5(1&(6

$GDPV� 5�$�� ����� 6REROHY 6SDFHV� $FDGHPLF 3UHVV� 1HZ <RUN�

%HUJHU� 0�6�� ����� 1RQOLQHDULW\ DQG )XQFWLRQDO $QDO\VLV� $FDGHPLF 3UHVV� /RQGRQ�

&LDUOHW� 3�*�� ����� 7KH )LQLWH (OHPHQW 0HWKRG IRU (OOLSWLF 3UREOHPV� 1RUWK�+ROODQG�

$PVWHUGDP�

)UDQFD� /�3� 	 'XWUD GR &DUPR� (�*�� ����� 7KH *DOHUNLQ�*UDGLHQW�/HDVW�6TXDUHV

0HWKRG� &RPSXW� 0HWKRGV $SSO� 0HFK� (QJUJ� YRO� ��� SS�������

)UDQFD� /�3�� )UH\� 6� DQG +XJKHV� 7�-�5�� ����� 6WDELOL]HG )LQLWH (OHPHQW 0HWKRGV�

,� $SSOLFDWLRQ WR WKH $GYHFWLYH�'LmXVLYH 0RGHO� &RPSXW� 0HWKRGV $SS� 0HFK�

(QJUJ� YRO� ��� SS� ��������

)UH\� 6�� 0DUWLQV�&RVWD� 0�/� DQG 6DOGDQKD GD *DPD� 5�0�� ����� &ODVVLFDO *DOHUNLQ

6KRUWFRPLQJV RQ 6WHDG\ +HDW 7UDQVIHU &RQGXFWLRQ 6LPXODWLRQ LQ D 3ODWH ZLWK 7KHU�

PDO 6RXUFH� 0HFK� 5HVHDUFK &RPP�� YRO� ��� Q��� SS� ��������

)UH\� 6�� 0DUWLQV�&RVWD� 0�/� DQG 6DOGDQKD GD *DPD� 5�0�� ����� 6WDELOL]HG )LQLWH

(OHPHQW $SSUR[LPDWLRQ IRU +HDW &RQGXFWLRQ LQ D ��' 3ODWH ZLWK 'RPLQDQW 7KHU�

PDO 6RXUFH� WR DSSHDU LQ &RPSXW� 0HFK��

+XJKHV� 7�-�5�� ����� 7KH )LQLWH (OHPHQW 0HWKRG� /LQHDU 6WDWLF DQG '\QDPLF )LQLWH

(OHPHQW $QDO\VLV� 3UHQWLFH�+DOO� 6LQJDSRUH�

0D]
MD� 9�*�� ����� 6REROHY 6SDFHV� 6SULQJHU�9HUODJ� %HUOLQ�

6DOGDQKD GD *DPD� 5�0�� ����� 0DWKHPDWLFDO 0RGHOOLQJ RI WKH 1RQ�/LQHDU +HDW 7UDQV�

IHU 3URFHVV LQ D *UHDW 6KHOO 6XUURXQGHG E\ D 1RQSDUWLFLSDWLQJ 0HGLXP� ,QW� -� 1RQ�

/LQHDU 0HFK�� YRO� ��� Q� �� SS� ��������

6DOGDQKD GD *DPD� 5�0�� ����� $ )LQLWH (OHPHQW $SSUR[LPDWLRQ IRU WKH +HDW 7UDQVIHU

3URFHVV LQ D 3ODWH ZLWK D 1RQXQLIRUP 7HPSHUDWXUH�'HSHQGHQW 6RXUFH� WR DSSHDU

LQ -� %UD]� 6RF� 0HFK� 6FL��

9DOHQWLQ� )�*�&� 	 )UDQFD� /�3�� ����� &RPELQLQJ 6WDELOL]HG )LQLWH (OHPHQW 0HWKRGV�

&RPS� $SS� 0DWK�� YRO� ��� Q� �� SS� ��������


