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:� UDPDFK� WHPDWX� SUDF\� PDJLVWHUVNLHM�0RGHORZDQLH� QXPHU\F]QLH� VWURSyZ� ĪHOEHWRZ\FK�

SU]HSURZDG]RQR�DQDOL]Ċ�SRUyZQDZF]ą�F]WHUHFK�PRGHOL�REOLF]HQLRZ\FK�VWURSyZ�ĪHOEHWRZ\FK��
UyĪQLąF\FK� VLĊ�PLĊG]\� VREą�JHRPHWULą� L� VSRVREHP�SRGSDUFLD��:�SUDF\� VNXSLRQR� VLĊ�SU]HGH�
ZV]\VWNLP�QD�DQDOL]LH�XJLĊü�Sá\W�ĪHOEHWRZ\FK�Z�VWDQLH�]DU\VRZDQ\P��PRQLWRUXMąF�SU]\�W\P�
VWRSLHĔ�Z\]QDF]DQHJR�]EURMHQLD�L�V]HURNRĞü�UR]ZDUFLD�U\V��3URJUDP\�EDGDQH�E\á\�SRG�NąWHP�
LFK� PRĪOLZRĞFL�� QLH]EĊGQ\FK� Z� SUDF\� ZVSyáF]HVQHJR� LQĪ\QLHUD� EXGRZQLFWZD�� WDNLFK MDN�
PRGHORZDQLH� UHRORJLL� EHWRQX�� Z\]QDF]DQLH� ]EURMHQLD� U]HF]\ZLVWHJR�� ]PLHQQRĞü� VLDWNL�
HOHPHQWyZ� VNRĔF]RQ\FK�� XZ]JOĊGQLDQLH� ]PLDQ\� V]W\ZQRĞFL� SU]HNURMX� ]DU\VRZDQHJR� LWS��
=ZUyFRQR� WDNĪH� XZDJĊ� QD� PHWRG\� REOLF]HQLRZH� VWRVRZDQH� Z� RSURJUDPRZDQLX�� Z� W\P�
PRĪOLZRĞü� SU]HSURZDG]HQLD� DQDOL]\� QLHOLQLRZHM� �JáyZQLH� SU]\� QLHOLQLRZRĞFL�PDWHULDáRZHM���
DNWXDOL]DFMĊ� PDFLHU]\� V]W\ZQRĞFL� �PHWRGD� QLHVSUĊĪ\VWD��� F]\� XZ]JOĊGQLHQLH� HZHQWXDOQHJR�
XV]W\ZQLHQLD� EHWRQX� SU]\� UR]FLąJDQLX�� .DĪG\� ]� PRGHOL� REOLF]DQ\� E\á� ]� XZ]JOĊGQLHQLHP�
VNXUF]X� RUD]� EH]� MHJR� DQDOL]RZDQLD�� FR� Z\PDJDáR� GRGDWNRZHM� LQWHUSUHWDFML� VSRVREyZ�
PRGHORZDQLD�UHRORJLL�EHWRQX�SU]H]�SURJUDP\�NRPSXWHURZH�

,GHą� SU]\ĞZLHFDMąFą� DXWRURZL� WHNVWX� E\áR� SU]HSURZDG]HQLH� DQDOL]\� SRUyZQDZF]HM��
Z\QLNyZ�REOLF]HĔ�Z�SURJUDPLH� QDMEDUG]LHM�SRZV]HFKQ\P�Z�ELXUDFK� SURMHNWRZ\FK�RUD]� QD�
XF]HOQLDFK�Z�3ROVFH� $XWRGHVN�5RERW�6WUXFWXUDO�$QDO\VLV�3URIHVVLRQDO�]�LQQ\PL�GRVWĊSQ\PL�
SURJUDPDPL�� :� W\P� FHOX� GREUDQR� GZD� GRGDWNRZH� V\VWHP\� R� SURVWV]HM�� Z� VWRVXQNX� GR�
RSURJUDPRZDQLD� $XWRGHVN�� EXGRZLH� $%&� 3á\WD ILUP\� 352�62)7 RUD]� V\VWHP� ]QDF]QLH�
EDUG]LHM�]DDZDQVRZDQ\�LQĪ\QLHU\MQLH� 5)(0�ILUP\ 'OXEDO�6RIWZDUH�

3U]HG� RSUDFRZDQLHP� Z\QLNyZ� SU]HSURZDG]RQ\FK� EDGDĔ�� Z� UDPDFK� QLQLHMV]HM� SUDF\�
RSLVDQR� SRGVWDZ\� WHRUHW\F]QH� PRGHORZDQLD� QXPHU\F]QHJR� VWURSyZ� ĪHOEHWRZ\FK�� :�
SLHUZV]\FK�GZyFK�UR]G]LDáDFK�SU]HGVWDZLRQR�LQIRUPDFMH�SRGVWDZRZH�GRW\F]ąFH�QDMEDUG]LHM�
SRSXODUQHM� PHWRG\� REOLF]HQLRZHM�� MDNą� MHVW� PHWRGD� HOHPHQWyZ� VNRĔF]RQ\FK� RUD]� RSLVDQR�
JáyZQH� DQDOL]\� VWRVRZQH� SU]H]� SURJUDP\� NRPSXWHURZH� DQDOL]Ċ� OLQLRZą� RUD]� QLHOLQLRZą�
1DVWĊSQLH�VWRVXMąF�]DOHFHQLD�QRUPRZH�SU]\MĊWR�ZVSyOQH�]DáRĪHQLD�PDWHULDáRZH�L�REOLF]HQLRZH��
WDNLH� MDN� NODVD� HNVSR]\FML�� NODVD� EHWRQX�� RWXOLQD�]EURMHQLD�� SU]\MĊWH�PDNV\PDOQH� V]HURNRĞFL�
UR]ZDUFLD�U\V\��GRSXV]F]DOQH�XJLĊFLD�L�LQQH��:\]QDF]RQR�WDNĪH�REFLąĪHQLD��MDNLH�EĊGą�PXVLDá\�
SU]HQLHĞü�DQDOL]RZDQH�Sá\W\�VWURSRZH��=H�Z]JOĊGX�QD�GXĪ\�ZSá\Z�UHRORJLL�EHWRQX�QD�NRĔFRZH�
Z\QLNL� XJLĊü� L� ]DU\VRZDĔ� Sá\W� VWURSRZ\FK� SRĞZLHFRQR� QDVWĊSQ\� UR]G]LDá� ZáDĞQLH� W\P�
]DJDGQLHQLRP��VNXSLDMąF�VLĊ�JáyZQLH�QD�VNXUF]X�RUD]�SHá]DQLX�L VSRVREDFK�LFK�PRGHORZQLD�Z�
SURJUDPDFK� NRPSXWHURZ\FK�� RGQRV]ąF� VLĊ� GR� ]DOHFHĔ� QRUPRZ\FK� L� OLWHUDWXURZ\FK�� 3R�
]DNRĔF]HQLX� F]ĊĞFL� WHRUHW\F]QHM�� Z� GDOV]\P� SRVWĊSRZDQLX� SU]HGVWDZLRQR� UH]XOWDW\�
SU]HSURZDG]RQ\FK�EDGDĔ�Z�]DNUHVLH�Z\]QDF]DQLD�]EURMHQLD��]DU\VRZDQLD�L�XJLĊü��SRSU]HG]DMąF�
MH� RSLVHP� DOJRU\WPyZ� Z\]QDF]DQLD� V]XNDQ\FK� ZDUWRĞFL� Z� NDĪG\P� ]� DQDOL]RZDQ\FK�
SURJUDPyZ� NRPSXWHURZ\FK�� 6NXSLRQR� VLĊ� SU]\� W\P� JáyZQLH� QD� RGQLHVLHQLDFK� GR� ]DSLVyZ�
QRUPRZ\FK� RUD]� UyĪQ\FK� PHWRGDFK� REOLF]HQLRZ\FK� VWRVRZDQ\FK� SU]H]� XĪ\WH�
RSURJUDPRZDQLH�� 3UDFĊ� ]DP\ND� SRGVXPRZDQLH� X]\VNDQ\FK� Z\QLNyZ� RUD]� ZQLRVNL�
Z\FLąJQLĊWH�Z�WUDNFLH�MHM�UHDOL]DFML�
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3U]HSURZDG]DMąF� V]HUHJ� REOLF]HĔ� WU]HPD� ZLRGąF\PL� SURJUDPDPL� NRPSXWHURZ\PL��
GRVWĊSQ\PL�QD�SROVNLP�U\QNX�Z�ELXUDFK�SURMHNWRZ\FK�L�XF]HOQLDFK�Z\ĪV]\FK�QD�WHUHQLH�FDáHJR�
NUDMX�� MDNLPL�Vą�5RERW�6WUXFWXUDO�$QDO\VLV��$%&�3á\WD�RUD]�'OXEDO�5)(0 ]DXZDĪRQR�ZLHOH�
SUREOHPyZ�Z\QLNDMąF\FK�]�XĪ\WNRZDQLD�Z\ĪHM�Z\PLHQLRQ\FK�QDU]ĊG]L��3RPLPR�RSDUFLD�QD�
MHGQDNRZHM� PHWRG]LH� Z\]QDF]DQLD� SRV]XNLZDQ\FK� ZDUWRĞFL� PHWRG]LH� HOHPHQWyZ�
VNRĔF]RQ\FK� �0(6��� D� QDZHW� MHGQDNRZ\P� DOJRU\WPLH� LWHUDF\MQ\P� LFK� RNUHĞODQLD�� D� ZLĊF�
SU]\URVWRZHM� PHWRG]LH� 1HZWRQD�5DSKVRQD�� X]\VNLZDQH� Z\QLNL� UyĪQLą� VLĊ� RG� VLHELH� QDZHW�
NLONXNURWQLH�� 5H]XOWDW\� WH� PRJą� ]DVNDNLZDü� W\P� EDUG]LHM�� LĪ� SU]HSURZDG]RQH� DQDOL]\�
VWRVRZDQR� ]JRGQLH� ]� SURFHGXUą� RSLVDQą� Z� RERZLą]XMąF\FK� REHFQLH� QRUPDFK� NUDMRZ\FK� ±
HXURNRGDFK��

-HGQą�]�SU]HV]NyG��NWyUD�SRMDZLáD�VLĊ�Z�WUDNFLH�PRGHORZDQLD�Sá\W\�VWURSX�ĪHOEHWRZHJR�E\á�
VSRVyE� RSLV\ZDQLD� ]MDZLVN� UHRORJLF]Q\FK� RUD]� LFK� XZ]JOĊGQLDQLD SU]H]� UyĪQH� SURJUDP\�
NRPSXWHURZH�� 2� LOH� UR]SDWU\ZDQLH� ZSá\ZX� SHá]DQLD� RND]DáR� VLĊ� ]JRGQ\� GOD� ZV]\VWNLFK�
Z\NRU]\VWDQ\FK�QDU]ĊG]L��SROHJDáR�QD�Z\]QDF]DQLX�ZVSyáF]\QQLND�SHá]DQLD��NWyU\�QDVWĊSQLH�
UHGXNRZDá� PRGXá� VSUĊĪ\VWRĞFL� EHWRQX��� WDN� SU]\MPRZDQLH� HIHNWyZ VNXUF]RZ\FK� E\áR�
]GHF\GRZDQLH�UyĪQH�GOD�ZV]\VWNLFK�WU]HFK�SURJUDPyZ�
x $%&� 3á\WD� XZ]JOĊGQLD� ZSá\Z� VNXUF]X�� MHGQDN� MHG\QLH� SU]\� Z\]QDF]DQLX� OLQLL� XJLĊFLD�

HOHPHQWyZ�x 5RERW�6WUXFWXUDO�$QDO\VLV�QLH�XZ]JOĊGQLD�ZSá\ZX�VNXUF]X�SU]\�Z\PLDURZDQLX�HOHPHQWyZ�
ĪHOEHWRZ\FK�� QDZHW� Z� ]DNUHVLH� VWDQX� JUDQLF]QHJR� XĪ\WNRZDOQRĞFL�� D� MHJR� ZSá\Z� Z�
NRQVWUXNFMDFK�ĪHOEHWRZ\FK�PRĪQD�SU]\MPRZDü�]D�UyZQRZDĪQ\�]�REQLĪHQLHP�WHPSHUDWXU\�
R����&�x 'OXEDO�5)(0�Z�SHáQL�XZ]JOĊGQLD�ZSá\Z�VNXUF]X�QD�SURMHNWRZDQ\�HOHPHQW�EHWRQRZ\��
]DUyZQR�Z�]DNUHVLH�DQDOL]\�OLQLRZHM��MDN�L�QLHOLQLRZHM�
5yĪQLFH�Z�Z\QLNDFK�SRMDZLá\� VLĊ� WDNĪH�SRGF]DV�Z\]QDF]DQLD�]EURMHQLD�PLQLPDOQHJR�Z�

SURJUDPDFK�REOLF]HQLRZ\FK��:\QLNDáR�WR�]�UyĪQHM�LQWHUSUHWDFML�]DOHFHĔ�QRUPRZ\FK��JG]LH�QLH�
VSUHF\]RZDQR��NLHG\�GRNáDGQLH�QDOHĪ\�XZ]JOĊGQLDü�]EURMHQLH�PLQLPDOQH�SU]\�DQDOL]RZDQLX�
VWDQX� JUDQLF]QHJR� XĪ\WNRZDOQRĞFL��$%&�3á\WD� WUDNWXMH�� ĪH� NDĪGH� REOLF]HQLD� QXPHU\F]QH� Vą�
DQDOL]ą� GRNáDGQą�� SU]\� F]\P�'OXEDO� 5)(0� ]D� WDNLH� XZDĪD� GRSLHUR� WH� Z\NRQDQH� PHWRGą�
QLHOLQLRZą��

1D� SRGVWDZLH� SU]HSURZDG]RQ\FK� EDGDĔ�� ZLHORNURWQ\FK� REOLF]HĔ� RUD]� VWXGLRZDQHM�
OLWHUDWXU\�Z\FLąJQLĊWH�]RVWDá\�QDVWĊSXMąFH�ZQLRVNL�
x &]\QQLNLHP� LVWRWQ\P� MHVW� NV]WDáWRZDQLH� RGSRZLHGQLHM� VLDWNL� HOHPHQWyZ� VNRĔF]RQ\FK��

3URSR]\FMH�QDVXZDQH�SU]H]�SURJUDP\�F]ĊVWR� Vą� ]E\W�GXĪ\P�SU]\EOLĪHQLHP� L Z\PDJDMą�
VNRU\JRZDQLD�� FKRüE\� Z� PLHMVFDFK� QHZUDOJLF]Q\FK� GOD� GDQHM� NRQVWUXNFML�� WDNLFK� MDN�
SXQNW\� SRGSRURZH�� F]\� SU]\áRĪHQLH� VLá� VNXSLRQ\FK�� =DQLHGEDQLH� WHJR� IDNWX� PRĪH�
VNXWNRZDü� ]QDF]Q\P� QLHGRV]DFRZDQLHP� ZDUWRĞFL� Z� PLHMVFDFK� SRPLĊG]\� ZĊ]áDPL�
HOHPHQWyZ� VNRĔF]RQ\FK�� EąGĨ� ZUĊF]� SU]HFLZQLH�� SU]\MĊFLHP� ]E\W� GXĪHJR� REV]DUX�
RGG]LDá\ZDQLD�GDQHJR�]MDZLVND�

x àDWZRĞü� L� LQWXLF\MQRĞü� PRGHORZDQLD� Z� SURJUDPDFK� NRPSXWHURZ\FK� XPRĪOLZLD�
]UH]\JQRZDQLH�]H�VFKHPDWyZ�XSURV]F]RQ\FK��D�Z�]DPLDQ�ZSURZDG]DQLH�V\WXDFML�]JRGQHM�
]�U]HF]\ZLVWRĞFLą��']LĊNL�WHPX�MHVWHĞP\�Z�VWDQLH�RWU]\PDü�Z\QLNL�Z�ZLĊNV]\P�VWRSQLX�
]EOLĪRQH�GR�UHDOQ\FK�ZDUXQNyZ�SUDF\�NRQVWUXNFML��D�FR�]D�W\P�LG]LH�V]XNDQLD�UR]ZLą]DĔ�
HNRQRPLF]Q\FK�
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x :� FHOX� ZLHUQHJR� RGZ]RURZDQLD� PRGHOX� REOLF]HQLRZHJR� QDOHĪ\� V]F]HJyOQą� XZDJĊ�
SRĞZLĊFLü�SU]\MPRZDQLX�ZVSyáF]\QQLNyZ�L�]DáRĪHĔ�PDWHULDáRZ\FK��'RP\ĞOQH�SDUDPHWU\�
F]ĊVWR� QLH� RSLVXMą� Z� VSRVyE� Z\VWDUF]DMąF\� LQG\ZLGXDOQ\FK� PRGHOL�� :DĪQH� MHVW�� DE\�
SU]\Mąü ]DáRĪHQLD ]JRGQH ]� SyĨQLHMV]ą� UHDOQą� NRQVWUXNFMą�� GODWHJR� QDOHĪ\� RGSRZLHGQLR�
GRELHUDü�SDUDPHWU\�VWDOL��EHWRQX� L�XĪ\W\FK�ZVSyáF]\QQLNyZ��DE\�XQLNQąü�HZHQWXDOQ\FK�
DZDULL�Z�SU]\V]áRĞFL�

x :�SU]\SDGNX�HOHPHQWyZ�ĪHOEHWRZ\FK� LVWRWQH� MHVW� WDNĪH�ĞZLDGRPH�GRELHUDQLH�]EURMHQLD
U]HF]\ZLVWHJR�QD�SRGVWDZLH�Z\QLNyZ�SRWU]HEQHJR�VWRSQLD�]EURMHQLD��5H]XOWDW\�REOLF]HĔ�
SRGDZDQH�SU]H]�SURJUDP\�Vą�PLQLPDOQ\PL�LORĞFLDPL�VWDOL�QLH]EĊGQ\PL�GR�SU]HQLHVLHQLD�
Z\VWĊSXMąF\FK�VLá�ZHZQĊWU]Q\FK�L�VSHáQLDMąF\PL�ZDUXQNL�VWDQX�JUDQLF]QHJR�QRĞQRĞFL�RUD]
XĪ\WNRZDOQRĞFL�� 5ROą� SURMHNWDQWD� MHVW� QD� LFK� SRGVWDZLH� GREUDü� RGSRZLHGQLH� ĞUHGQLFH� L�
UR]VWDZ\� SUĊWyZ�� DE\� ]DSHZQLü� ]JRGQRĞü� ]� Z\QLNDPL�� MHGQRF]HĞQLH� ]DSHZQLDMąF� MDN�
QDMZLĊNV]ą�PRGXODUQRĞü�VLDWNL�]EURMHQLRZHM��$QDOL]LH�QDOHĪ\�SRGGDü��NWyUH�PLHMVFD�QDOHĪ\�
Z]PRFQLü��DE\�EH]SRGVWDZQLH�QLH�]ZLĊNV]Dü�VWRSQLD�]EURMHQLD�QD�FDáRĞFL�Sá\W\��D�MHG\QLH�
Z�PLHMVFDFK�QHZUDOJLF]Q\FK�

x 3U]HSURZDG]RQH� EDGDQLD� Z\ND]Dá\�� ĪH� Z\MąWNRZH� ]QDF]HQLH� PD� RGSRZLHGQLH�
NV]WDáWRZDQLH� UHRORJLL� EHWRQX�� :Sá\Z� VNXUF]X� L� SHá]DQLD� PD� ]QDF]Q\� ZSá\Z� QD�
]DU\VRZDQLH�L�XJLĊFLD�HOHPHQWyZ�EHWRQRZ\FK��:�FHOX�]DFKRZDQLD�XVWDORQ\FK�V]HURNRĞFL�
UR]ZDUFLD� U\V\�� F]\� PDNV\PDOQHJR� XJLĊFLD� QLHMHGQRNURWQLH� QDOHĪ\� ]ZLĊNV]\ü� JUXERĞü�
Sá\W\�� EąGĨ� GRáRĪ\ü� SRWU]HEQH� ]EURMHQLH� SU]HFLZVNXUF]RZH�� 3U]\� Sá\WDFK� R� GXĪHM�
UR]SLĊWRĞFL� PRĪQD� ]DSHZQLü� VZRERGĊ� RGNV]WDáFHĔ� SRSU]H]� VWRVRZDQLH� RGSRZLHGQLHJR�
V\VWHPX� G\ODWDFML�� 1RUPRZD� VXJHVWLD� NV]WDáWRZDQLD� VNXUF]X� MDNR� UyZQRPLHUQHJR�
REQLĪHQLD� WHPSHUDWXU\� Sá\W\� R� ����&� Z\GDMH� VLĊ� ]QDF]Q\P� SU]HU\VRZDQLHP� V\WXDFML��
]ZáDV]F]D�� ĪH� PD� WR� ZLGRF]Q\� ZSá\Z� QD� ]DU\VRZDQLH�� DOH� QLH]QDF]Q\� SU]\� XJLĊFLX��
0RGHORZDQLH�]MDZLVN�UHRORJLF]Q\FK�QDOHĪ\�SU]HSURZDG]Dü�Z�VSRVyE��LQG\ZLGXDOQ\��DE\�
EH]SRGVWDZQLH�QLH�]ZLĊNV]Dü�SU]\MĊWHJR�]EURMHQLD�� MHG\QLH�]H�Z]JOĊGX�QD�VNXUF]��NWyU\�
PRĪQD�áDJRG]Lü�WDNĪH�SRSU]H]�RGSRZLHGQLą�SLHOĊJQDFMĊ�EHWRQX�

x ,VWRWQ\P� F]\QQLNLHP� ZSá\ZDMąF\P� QD� MDNRĞü� REOLF]HĔ� MHVW� VWRVRZDQLH� DOJRU\WPyZ�
SU]\EOLĪRQ\FK�RUD]�XSURV]F]RQ\FK��6\WXDFMD�WD�E\áD�Z\UDĨQLH�ZLGRF]QD�SU]\�VWRVRZDQLX�
PHWRG�LWHUDF\MQHM�L�SDVPRZHM�Z�$%&�3á\WD �EąGĨ�VSUĊĪ\VWHM�L�QLHVSUĊĪ\VWHM�Z�SURJUDPLH�
5RERW���:\QLNL�RWU]\P\ZDQH�PHWRGą�SU]\EOLĪRQą�E\á\�]GHF\GRZDQLH�ZLĊNV]H�L�PRĪQD�MH�
SU]\MPRZDü� MHG\QLH� GR� RV]DFRZDQLD� HIHNWyZ� GDQHJR� ]MDZLVND�� D� QLH� MDNR� ZDUWRĞü�
REOLF]HQLRZą�L�RF]HNLZDQą�Z�U]HF]\ZLVWRĞFL��

x 3URJUDP\� NRPSXWHURZH� Z\NRU]\VWXMą� DQDOL]\� OLQLRZH� RUD]� QLHOLQLRZH� GR� RNUHĞODQLD�
HIHNWyZ� RGG]LDá\ZDĔ� GDQ\FK� F]\QQLNyZ�� 1DOHĪ\� MHGQDN� E\ü� ĞZLDGRP\P� UyĪQ\FK�
URG]DMyZ�QLHOLQLRZRĞFL�L�SRVLDGDü�ZLHG]Ċ��NWyUH�Vą�Z\NRU]\VW\ZDQH�Z�GDQ\P�QDU]ĊG]LX��
=D�SU]\NáDG�PRĪH�WXWDM�VáXĪ\ü�SU]\MĊW\�SURJUDP�ED]RZ\�5RERW�6WUXFWXUDO�$QDO\VLV��NWyU\�
SRPLPR� ]DVWRVRZDQLD� DQDOL]\� QLHOLQLRZHM� ]ZLĊNV]\á� ZDUWRĞFL� VLá� ZHZQĊWU]Q\FK� QD�
SR]LRPLH�����:\QLND�WR�IDNWX��Z\NRU]\VWDQLD�MHG\QLH�QLHOLQLRZRĞFL�JHRPHWU\F]QHM��NWyUD�
MHVW�VSRZRGRZDQD�]PLDQą�NV]WDáWX�PRGHOX�NRQVWUXNFML�Z�WUDNFLH�Z\NRQ\ZDQ\FK�REOLF]HĔ��
1DWRPLDVW� SU]\� DQDOL]LH� Sá\W� ĪHOEHWRZ\FK� GHF\GXMąF\� ZSá\Z� PD� WXWDM� QLHOLQLRZRĞü�
PDWHULDáRZD�XZ]JOĊGQLDMąFD�]DFKRZDQLD�NRQNUHWQ\FK�PDWHULDáyZ�SRGF]DV�LFK�REFLąĪDQLD�
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:Sá\Z�]DVWRVRZDQLD�DQDOL]\�QLHOLQLRZHM�XZLGRF]QLá�VLĊ�G]LĊNL�SURJUDPRZL�'OXEDO�5)(0�
L� MHJR�PRGXáyZ�5)�&21&5(7(�'()/(&7�RUD]�5)�&21&5(7(�1/��NWyU\� MDNR� MHG\Q\�]�
DQDOL]RZDQ\FK� SURJUDPyZ� SRVLDGDá� DOJRU\WP\� Z� SHáQL� Z\NRU]\VWXMąFH� DQDOL]Ċ� QLHOLQLRZą�
�WDNĪH� ]� XZ]JOĊGQLHQLHP� VNXUF]X��� =DVWRVRZDQLH� WHJR� URG]DMX DQDOL]\� SRZRGRZDáR�
]GHF\GRZDQLH� ZLĊNV]H� ZDUWRĞFL� ]DU\VRZDQLD� RUD]� LQQ\� UR]NáDG� L� NLHUXQHN� SRZVWDá\FK� U\V�
�URWDF\MQ\� PRGHO� ]DU\VRZDQLD� NRQVWUXNFML��� 5yĪQLFH� Z� VWRVRZDQ\FK� DQDOL]DFK� PRĪQD�
]DREVHUZRZDü� WDNĪH� SU]\� Z\]QDF]DQLX� XJLĊü�� JG]LH� SU]\� UR]SDWU\ZDQLX� QLHOLQLRZRĞFL�
RWU]\P\ZDQR�Z\QLNL�PQLHMV]H��]H�Z]JOĊGX�QD�XZ]JOĊGQLHQLH�XV]W\ZQLHQLD�SU]\�UR]FLąJDQLX�]�
UHV]WNRZą�Z\WU]\PDáRĞFLą�EHWRQX�
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6800$5<
:LWKLQ�WKH�VXEMHFW�RI�WKH�0DVWHU�7KHVLV�³1XPHULFDO�PRGHOLQJ�RI�UHLQIRUFHG�FRQFUHWH�

VODEV´� D� FRPSDUDWLYH� DQDO\VLV� RI� IRXU� FRPSXWDWLRQDO�PRGHOV� RI� UHLQIRUFHG� FRQFUHWH� IORRUV��
GLIIHULQJ� LQ� JHRPHWU\� DQG� VXSSRUW� V\VWHP��ZDV�SHUIRUPHG��7KH�ZRUN� IRFXVHG�RQ� UHLQIRUFHG�
FRQFUHWH�VODE�GHIOHFWLRQ�DQDO\VLV�LQ�VFUDWFKHG�VWDWH��ZKLOH�PRQLWRULQJ�WKH�GHJUHH�RI�DSSRLQWHG�
UHLQIRUFHPHQW�DQG�ZLGWK�RI� WKH�FUDFNV��'LIIHUHQW�SURJUDPV�ZHUH� WHVWHG� IRU� WKHLU�FDSDELOLWLHV�
QHHGHG� LQ� WKH� ZRUN� RI� PRGHUQ� FLYLO� HQJLQHHU�� VXFK� DV� PRGHOLQJ� RI� FRQFUHWH� UKHRORJ\��
GHWHUPLQDWLRQ�RI�UHDO�UHLQIRUFHPHQW��YDULDELOLW\�RI�ILQLWH�HOHPHQWV�PHVK��FRQVLGHUDWLRQ�RI�WKH�
VWLIIQHVV�FKDQJH�LQ�VFUDWFKHG�FURVV�VHFWLRQ��HFW��$WWHQWLRQ�KDV�DOVR�EHHQ�SDLG�WR�WKH�FDOFXODWLRQ�
PHWKRGV�XVHG�LQ�WKH�VRIWZDUH��LQFOXGLQJ�WKH�DELOLW\�WR�SHUIRUP�QRQOLQHDU�DQDO\VLV��PDLQO\�IRU�
PDWHULDO� QRQOLQHDULW\��� XSGDWLQJ� RI� WKH� VWLIIQHVV�PDWUL[� �QRQ�HODVWLF�PHWKRG�� RU� FRQVLGHULQJ�
SRVVLEOH�VWLIIHQLQJ�RI�FRQFUHWH�LQ�WHQVLRQ��(DFK�PRGHO�ZDV�FDOFXODWHG�ZLWK�UHVSHFW�WR�VKULQNDJH�
DQG�ZLWKRXW� LWV� DQDO\VLV�� ZKLFK�ZRXOG� UHTXLUH� DQ� DGGLWLRQDO� LQWHUSUHWDWLRQ� RI� WKH�PRGHOLQJ�
PHWKRGV�RI�FRQFUHWH�UKHRORJ\ E\�FRPSXWHU�SURJUDPV�

7KH� LGHD�RI� WKH�0DVWHU�7KHVLV�DXWKRU�ZDV� WR�FDUU\�RXW�D�FRPSDUDWLYH�DQDO\VLV�RI� WKH�
FDOFXODWLRQ�UHVXOWV�LQ�WKH�PRVW�FRPPRQ�SURJUDP�LQ�GHVLJQ�RIILFHV�DQG�XQLYHUVLWLHV�LQ�3RODQG�±
$XWRGHVN�5RERW�6WUXFWXUDO�$QDO\VLV�3URIHVVLRQDO ZLWK�UHVXOWV�IURP�RWKHU�DYDLODEOH�SURJUDPV��
)RU�WKLV�SXUSRVH��WZR�DGGLWLRQDO��VLPSOHU��ZLWK�UHVSHFW�WR�$XWRGHVN�VRIWZDUH��V\VWHPV�KDYH�EHHQ�
VHOHFWHG�± $%&�3á\WD IURP�352�62)7 DQG�PXFK�PRUH� VRSKLVWLFDWHG� HQJLQHHULQJ� V\VWHP� �
5)(0�IURP�'OXEDO�6RIWZDUH��

%HIRUH�WKH�HODERUDWLRQ�RI�WKH�UHVHDUFK�UHVXOWV��WKHRUHWLFDO�EDVHV�RI�QXPHULFDO�PRGHOLQJ�
RI�UHLQIRUFHG�FRQFUHWH�IORRUV�ZHUH�GHVFULEHG��7KH�ILUVW�WZR�FKDSWHUV�SURYLGH�EDVLF�LQIRUPDWLRQ�
DERXW�WKH�PRVW�SRSXODU�FRPSXWDWLRQDO�PHWKRG�± WKH�ILQLWH�HOHPHQW�PHWKRG�± DQG�GHVFULEH�WKH�
PDLQ� DQDO\]HV� XVHG� E\� FRPSXWHU� SURJUDPV� ± OLQHDU� DQG� QRQ�OLQHDU� DQDO\VLV�� � $IWHUZDUGV��
VWDQGDUGV�ZHUH�XVHG�WR�GHWHUPLQH�FRPPRQ�PDWHULDO�DQG�FRPSXWDWLRQDO�DVVXPSWLRQV��VXFK�DV�
H[SRVXUH� FODVV�� FRQFUHWH� FODVV�� UHLQIRUFHPHQW� FRYHUDJH�� PD[LPXP� FUDFN� ZLGWKV�� SRVVLEOH�
GHIOHFWLRQV� DQG� RWKHUV�� 7KH� ORDGV� WKDW� KDG� WR� EH� WUDQVIHUUHG� E\� WKH� IORRUV� KDYH� DOVR� EHHQ�
GHWHUPLQHG��'XH�WR�WKH�KLJK�LPSDFW�RI�FRQFUHWH�UKHRORJ\�RQ�WKH�FRQFOXVLYH�UHVXOWV�RI�GHIOHFWLRQ�
DQG�FUDFNV�RI� WKH� VODEV�� WKH�QH[W� FKDSWHU�ZDV�GHGLFDWHG� WR� WKRVH� LVVXHV�� IRFXVLQJ�PDLQO\�RQ�
VKULQNDJH�DQG�FUHHS�RI�WKH�FRQFUHWH�DQG�WKHLU�PRGHOLQJ�PHWKRGV�LQ�FRPSXWHU�SURJUDPV��ZLWK�
UHIHUHQFH�WR�QRUPDWLYH�DQG�OLWHUDWXUH�UHFRPPHQGDWLRQV��$IWHU�FRPSOHWLRQ�RI�WKH�WKHRUHWLFDO�SDUW��
WKH� UHVXOWV� RI� WKH� FRQGXFWHG� UHVHDUFK� LQ� PDWWHU� RI� UHLQIRUFHPHQW�� FUDFNV� DQG� GHIOHFWLRQV�
GHWHUPLQDWLRQ�ZHUH�SUHVHQWHG��SUHFHGHG�E\�GHVFULSWLRQ�RI�DOJRULWKPV�XVHG�IRU�DSSRLQWPHQW�RI�
WKH�YDOXHV�VRXJKW�LQ�HDFK�DQDO\]HG�FRPSXWHU�SURJUDP��7KH�IRFXV�ZDV�PDLQO\�RQ�UHIHUHQFHV�WR�
VWDQGDUG�UHFRUGV�DQG�GLIIHUHQW�FDOFXODWLRQ�PHWKRGV�XVHG�E\�WKH�VRIWZDUH�XVHG��0DVWHU�7KHVLV�
FORVHV�ZLWK�D�VXPPDU\�RI�WKH�UHVXOWV�DQG�FRQFOXVLRQV�GUDZQ�GXULQJ�LWV�UHDOL]DWLRQ����

%\�FDUU\LQJ�RXW�D�QXPEHU�RI�FDOFXODWLRQ�ZLWK�XVH�RI�WKUHH�OHDGLQJ�FRPSXWHU�SURJUDPV�
DYDLODEOH RQ�WKH�SROLVK�PDUNHW��DW�GHVLJQ�RIILFHV�DQG�XQLYHUVLWLHV�DOO�RYHU�WKH�FRXQWU\��VXFK�DV�
5RERW�6WUXFWXUDO�$QDO\VLV�3URIHVVLRQDO��$%&�3á\WD DQG�'OXEDO�5)(0��PDQ\�SUREOHPV�KDYH�
DULVHQ�DV�D� UHVXOW�RI�XVLQJ� WKH�DIRUHPHQWLRQHG� WRROV��$OWKRXJK�EDVHG� LQ� WKH�VDPH�HVWLPDWLRQ�
PHWKRG� WKH� VRXJKW� YDOXHV� ± ILQLWH� HOHPHQW� PHWKRG� �)(0�� DQG� HYHQ� WKH� LGHQWLFDO� LWHUDWLYH�
DOJRULWKP� RI� WKHLU� GHILQLWLRQ�� ZKLFK� ZDV� WKH� LQFUHPHQW� 1HZWRQ�5DSKVRQ�PHWKRG�� REWDLQHG�
UHVXOWV�GLIIHU�HYHQ�D�IHZ�WLPHV��7KHVH�UHVXOWV�PD\�EH�VXUSULVLQJ��VLQFH WKH�DQDO\]HV�ZHUH�FDUULHG�
RXW�DFFRUGLQJ�WR�WKH�SURFHGXUH�GHVFULEHG�LQ�WKH�FXUUHQW�QDWLRQDO�VWDQGDUGV�± (XURFRGHV��
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2QH�RI�WKH�REVWDFOHV�WKDW�HPHUJHG�GXULQJ�WKH�PRGHOLQJ�RI�WKH�UHLQIRUFHG�FRQFUHWH�VODE�
ZDV�WKH�ZD\�RI�GHVFULELQJ�WKH�UKHRORJLFDO�SKHQRPHQD�DQG�WKHLU�LQFOXVLRQ�E\�YDULRXV�FRPSXWHU�
SURJUDPV��:KLOH�WKH�FRQVLGHUDWLRQ�RI�WKH�FUHHS�HIIHFW�SURYHG�WR�EH�FRQVLVWHQW�DFURVV�DOO�WRROV�
XVHG��LW�FRQVLVWHG�LQ�GHWHUPLQLQJ�RI�WKH�FUHHS�FRHIILFLHQW��ZKLFK�WKHQ�UHGXFHG�WKH�PRGXOXV�RI�
HODVWLFLW\�RI�FRQFUHWH���WKH�DGRSWLRQ�RI�VKULQNDJH�HIIHFWV�ZDV�VLJQLILFDQWO\�GLIIHUHQW�IRU�DOO�WKUHH�
SURJUDPV�x $%&�3á\WD FRQVLGHUV�WKH�HIIHFW�RI�WKH�VKULQNDJH��EXW�RQO\�ZKHQ�GHILQLQJ�WKH�GHIOHFWLRQ�

OLQHV�RI�WKH�HOHPHQWV�
x 5RERW�6WUXFWXUDO�$QDO\VLV GRHV�QRW�FRQVLGHU� WKH� VKULQNDJH�HIIHFW�ZKHQ�GLPHQVLRQLQJ�

UHLQIRUFHG�FRQFUHWH�HOHPHQWV��HYHQ�ZLWKLQ�WKH�OLPLW�RI�VHUYLFHDELOLW\��DQG�LWV�HIIHFW�RQ�
UHLQIRUFHG� FRQFUHWH� VWUXFWXUHV� FDQ� EH� DVVXPHG� WR� EH� HTXLYDOHQW� WR� D� WHPSHUDWXUH�
UHGXFWLRQ�RI�����&�

x 'OXEDO� 5)(0 IXOO\� FRQVLGHUV� WKH� HIIHFW� RI� VKULQNDJH� LQ� WKH� GHVLJQ� RI� WKH� FRQFUHWH�
HOHPHQW��ERWK�LQ�OLQHDU�DQG�QRQOLQHDU�DQDO\VLV�
'LIIHUHQFHV�LQ�UHVXOWV�DOVR�HPHUJHG�ZKHQ�GHWHUPLQLQJ�WKH�PLQLPXP�UHLQIRUFHPHQW�LQ�

FRPSXWDWLRQDO� SURJUDPV�� 7KLV� ZDV� GXH� WR� WKH� GLIIHUHQW� LQWHUSUHWDWLRQV� RI� WKH VWDQGDUGV�
UHFRPPHQGDWLRQV�� ZKHUH� LW� ZDV� QRW� VSHFLILHG�ZKHQ� WKH�PLQLPXP� UHLQIRUFHPHQW� VKRXOG� EH�
FRQVLGHUHG� ZKHQ� DQDO\]LQJ� WKH� XOWLPDWH� OLPLW� VWDWH�� $%&� 3á\WD WUHDWV� WKDW� HYHU\� QXPHULFDO�
FDOFXODWLRQ�LV�DQ�DFFXUDWH�DQDO\VLV��ZKHUHDV�'OXEDO�5)(0 FRQVLGHUV�VXFK�RQO\�FRQGXFWHG�LQ�
QRQOLQHDU�PHWKRG�

%DVHG� RQ� WKH� UHVHDUFK�� PXOWLSOH� FDOFXODWLRQV� DQG� OLWHUDWXUH� VWXGLHG�� WKH� IROORZLQJ�
FRQFOXVLRQV�ZHUH�GUDZQ�x $� FUXFLDO� IDFWRU� LV� WKH� VKDSLQJ� RI� WKH� ILQLWH� HOHPHQW� PHVK�� 3URSRVDOV� VXJJHVWHG� E\�

SURJUDPV�DUH�RIWHQ�WRR�DSSUR[LPDWH�DQG�QHHG�WR�EH�FRUUHFWHG��HYHQ�LQ�VHQVLWLYH�SODFHV�
RI�D�JLYHQ�VWUXFWXUH��VXFK�DV�VXSSRUW�SRLQWV�RU�SRLQWV�RI�FRQFHQWUDWHG�IRUFHV��1HJOHFW�WR�
GR�VR�PD\�UHVXOW�LQ�VLJQLILFDQW�XQGHUHVWLPDWLRQ�RI�YDOXHV�DW�WKH�QRGHV�EHWZHHQ�WKH�ILQLWH�
HOHPHQW�QRGHV��RU� RQ�WKH�FRQWUDU\��WKH�DGRSWLRQ�RI�WRR�ODUJH�LPSDFW�DUHD�RI�WKH�HIIHFW�

x 7KH�VLPSOLFLW\�DQG� LQWXLWLYHQHVV�RI�FRPSXWHU�PRGHOLQJ�PDNHV� LW�SRVVLEOH� WR�DEDQGRQ�
VLPSOLILHG� VFKHPHV� DQG� LQVWHDG� LQWURGXFH� D� VLWXDWLRQ� WKDW� LV� FRQVLVWHQW� ZLWK� UHDOLW\��
7KDQNV� WR� WKDW� ZH� FDQ� JHW� UHVXOWV� FORVHU� WR� WKH� UHDO� ZRUNLQJ� FRQGLWLRQV� RI� WKH�
FRQVWUXFWLRQ��DQG�FRQVHTXHQWO\�WR�VHHN�HFRQRPLF�VROXWLRQV�

x 7R�DFFXUDWHO\�UHSURGXFH�WKH�FRPSXWDWLRQDO�PRGHO��VSHFLDO�DWWHQWLRQ�VKRXOG�EH�SDLG�WR�
WKH�DGRSWLRQ�RI�FRHIILFLHQWV�DQG�PDWHULDO�DVVXPSWLRQV��'HIDXOW�SDUDPHWHUV�RIWHQ�GR�QRW�
DGHTXDWHO\� GHVFULEH� LQGLYLGXDO�PRGHOV�� ,W� LV� LPSRUWDQW� WR� DGRSW� DVVXPSWLRQV� WKDW� DUH�
FRQVLVWHQW�ZLWK�WKH�ODWHU�UHDO�FRQVWUXFWLRQ��VR�WKH�SDUDPHWHUV�RI�WKH�VWHHO��FRQFUHWH�DQG�
WKH�FRHIILFLHQWV�XVHG�PXVW�EH�DSSURSULDWHO\�FKRVHQ�WR�DYRLG�SUREDEOH�IXWXUH�EUHDNGRZQV�

x )RU� UHLQIRUFHG� FRQFUHWH� HOHPHQWV�� LW� LV� DOVR� LPSRUWDQW� WR� EH� DZDUH� RI� WKH� DFWXDO�
UHLQIRUFHPHQW� EDVHG� RQ� WKH� UHVXOWV� RI� WKH� UHTXLUHG� UHLQIRUFHPHQW�� 7KH� UHVXOWV� RI� WKH�
FDOFXODWLRQV�JLYHQ�E\�WKH�SURJUDPV�DUH�WKH�PLQLPXP�TXDQWLWLHV�RI�VWHHO�UHTXLUHG�WR�FDUU\�
WKH� LQWHUQDO� IRUFHV� DQG� PHHW� WKH� FRQGLWLRQV� RI� WKH� OLPLW� RI� EHDULQJ� FDSDFLW\� DQG�
VHUYLFHDELOLW\��7KH�GHVLJQHU
V�UROH�LV�WR�VHOHFW�WKH�ULJKW�GLDPHWHUV�DQG�VSDFLQJ�RI�WKH�URGV�
WR�HQVXUH� FRQVLVWHQF\�ZLWK� WKH� UHVXOWV��ZKLOH�SURYLGLQJ�PRGXODULW\� LQ� WKH� UHLQIRUFLQJ�
PHVK�� 7KH� DQDO\VLV� VKRXOG� EH� JLYHQ� IRU� VLWHV��ZKLFK� VKRXOG� EH� VWUHQJWKHQHG�� VR� WKH�



�

GHJUHH�RI�UHLQIRUFHPHQW�ZLOO�QRW�EH�LQFUHDVHG�RQ�WKH�HQWLUH�VODE��EXW�RQO\�LQ�VHQVLWLYH�
DUHDV�

x 7KH�UHVHDUFK�KDV�VKRZQ�WKDW�LW�LV�SDUWLFXODUO\�LPSRUWDQW�WR�SURSHUO\�VKDSH�WKH�UKHRORJ\�
RI�FRQFUHWH��7KH�HIIHFW�RI�VKULQNDJH�DQG�FUHHS�KDV�D�VLJQLILFDQW�HIIHFW�RQ�WKH�FUDFNLQJ�
DQG� GHIOHFWLRQ� RI� WKH� FRQFUHWH� HOHPHQWV�� 7R� SUHVHUYH� WKH� VSHFLILHG� FUDFN� ZLGWK� RU�
PD[LPXP�GHIOHFWLRQ��LW�LV�QHFHVVDU\�WR�LQFUHDVH�WKH�WKLFNQHVV�RI�WKH�VODE�RU�WR�DGG�WKH�
QHFHVVDU\�DQWL�VKULQNDJH�UHLQIRUFHPHQW��,Q�ZLGH�VSDQ�VODEV��IUHHGRP�RI�GHIRUPDWLRQ�FDQ�
EH� HQVXUHG� E\� XVLQJ� D� VXLWDEOH� H[SDQVLRQ� MRLQW� V\VWHP�� 7KH� QRUPDO� VXJJHVWLRQ� RI�
VKULQNDJH�VKDSLQJ�DV�D�XQLIRUPO\�ORZHULQJ�RI�VODE�WHPSHUDWXUH�E\�����&�VHHPV�WR�EH�D�
VLJQLILFDQW�RYHU�LQWHUSUHWDWLRQ��HVSHFLDOO\�DV�LW�KDV�D�QRWLFHDEOH�LPSDFW�RQ�WKH�VFUDWFK�EXW�
VOLJKWO\� RQ� GHIOHFWLRQ�� 0RGHOLQJ� RI� UKHRORJLFDO� SKHQRPHQD� VKRXOG� EH� FDUULHG� RXW�
LQGLYLGXDOO\�VR�DV�QRW WR�LQFUHDVH�WKH�DGRSWHG�UHLQIRUFHPHQW�RQO\�EHFDXVH�RI�VKULQNDJH��
ZKLFK�FDQ�DOVR�EH�PLWLJDWHG�E\�SURSHU�FDUH�RI�WKH�FRQFUHWH�

x $� NH\� IDFWRU� LQIOXHQFLQJ� WKH� TXDOLW\� RI� FDOFXODWLRQV� LV� WKH� XVH� RI� DSSUR[LPDWH� DQG�
VLPSOLILHG� DOJRULWKPV�� 7KLV� VLWXDWLRQ� ZDV� HYLGHQW� ZKHQ� XVLQJ� LWHUDWLYH� DQG� EDQGLQJ�
PHWKRGV�LQ�$%&�3á\WD �HLWKHU�HODVWLF�RU�QRQ�HODVWLF�LQ�5RERW���7KH�UHVXOWV�REWDLQHG�E\�
WKH�DSSUR[LPDWLRQ�PHWKRG�ZHUH�FRQVLGHUDEO\�ODUJHU�DQG�FDQ�RQO\�EH�XVHG�WR�HVWLPDWH�
WKH�HIIHFWV�RI�D�JLYHQ�SKHQRPHQRQ�DQG�QRW�DV�D�FDOFXODWLRQ�YDOXH�DQG�H[SHFWHG�LQ�UHDOLW\�

x &RPSXWHU�SURJUDPV�XVH�OLQHDU�DQG�QRQ�OLQHDU�DQDO\VLV�WR�GHWHUPLQH�WKH�HIIHFWV�RI�WKH�
IDFWRUV� LQYROYHG�� +RZHYHU�� LW� LV� LPSRUWDQW� WR� EH� DZDUH� RI� WKH� VHYHUDO� W\SHV� RI�
QRQOLQHDULW\� DQG� WR� KDYH� WKH� NQRZOHGJH� WKDW� LV� XVHG� LQ� WKH� WRRO�� )RU� H[DPSOH�� WKH�
DFFHSWHG�5RERW�6WUXFWXUDO�$QDO\VLV�EDVH�SURJUDP��ZKLFK�GHVSLWH�WKH�QRQ�OLQHDU�DQDO\VLV��
KDV� LQFUHDVHG� WKH� YDOXH� RI� LQWHUQDO� IRUFHV� E\� ���� 7KLV� LV� VLQFH� RQO\� JHRPHWULF�
QRQOLQHDULW\�LV�XVHG��ZKLFK�LV�GXH�WR�D�FKDQJH�LQ�WKH�VKDSH�RI�WKH�VWUXFWXUH�PRGHO�GXULQJ�
WKH� FDOFXODWLRQV�� 2Q� WKH� RWKHU� KDQG�� ZKHQ� DQDO\]LQJ� UHLQIRUFHG� FRQFUHWH� VODEV�� WKH�
PDWHULDO�QRQOLQHDULW\�KDV�WKH�FUXFLDO� LQIOXHQFH�RQ�WKH�EHKDYLRU�RI�SDUWLFXODU�PDWHULDOV�
GXULQJ�WKHLU�ORDGLQJ�
7KH�HIIHFW�RI�XVLQJ�QRQ�OLQHDU�DQDO\VLV�ZDV�HYLGHQW�WKURXJK�WKH�'OXEDO�5)(0 SURJUDP�

DQG�LWV�5)�PRGXOHV��&21&5(7(�'()/(&7�DQG�5)�&21&5(7(�1/��ZKLFK�ZHUH�WKH�RQO\�
RQHV� LQ� WKH� DQDO\]HG� SURJUDPV� WR� KDYH� IXOO\� QRQ�OLQHDU� DQDO\VLV� DOJRULWKPV� �DOVR� LQFOXGLQJ�
VKULQNDJH���7KH�XVH�RI�WKLV�W\SH�RI�DQDO\VLV�UHVXOWHG�LQ�VLJQLILFDQWO\�KLJKHU�VFUDWFKLQJ�YDOXHV�
DQG�RWKHU�GLVWULEXWLRQ�DQG�GLUHFWLRQ�RI�WKH�UHVXOWLQJ�FUDFNV��URWDWLRQDO�VFUDWFKLQJ�SDWWHUQ���7KH�
GLIIHUHQFHV�LQ� WKH�DSSOLHG�DQDO\]HV�FDQ�DOVR�EH�REVHUYHG�LQ�WKH�GHWHUPLQDWLRQ�RI�GHIOHFWLRQV��
ZKHUH�WKH�UHVXOWV�IRU�WKH�QRQOLQHDULW\�ZHUH�OHVVHU�IRU�WKH�FRQVLGHUDWLRQ�RI�WHQVLOH�VWLIIQHVV�ZLWK�
UHVLGXDO�FRQFUHWH�VWUHQJWK�


