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$EVWUDFW�É�7KLV�SDSHU�SUHVHQWV�D�QHZ�PHWKRGRORJ\�IRU
GHVLJQLQJ� FRQWURO� RI� LQGXVWULDO� SURFHVVHV�� 7KH
PHWKRGRORJ\� KDV� EHHQ� GHYHORSHG� MRLQWO\� E\� WKH
'HSDUWPHQW�RI�0HDVXUHPHQW�DQG�,QIRUPDWLRQ�6\VWHPV
DW� WKH� 7HFKQLFDO� 8QLYHUVLW\� RI� %XGDSHVW�� WKH
'HSDUWPHQW� RI� WKH� ,QIRUPDWLRQ� 7HFKQRORJ\� DW� WKH
6]pFKHQ\L�&ROOHJH��DQG�WKH�'HSDUWPHQW�RI�,QIRUPDWLRQ
6\VWHPV�DW�WKH�%XGDSHVW�8QLYHUVLW\�RI�(FRQRPLFV�
7KH� REMHFWLYH� RI� WKH� V\VWHP� LV� WKH� GHYHORSPHQW� RI
DXWRPDWHG� V\QWKHVLV� RI� PDWKHPDWLFDO� PRGHOV� RI
SURGXFWLRQ� RSWLPL]DWLRQ� SUREOHPV�� ZKHUH� WKH
UHTXLUHPHQWV� VSHFLILFDWLRQ� LV� GHVFULEHG� E\� PHDQV� RI
VWDWH�RI�WKH�DUW�REMHFW�RULHQWHG�&$6(�WRROV�
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2QH� RI� WKH� PRVW� LPSRUWDQW� FKDQJHV� GXULQJ� WKH� ODVW
GHFDGHV� LQ� WKH� GHVLJQ� PHWKRGRORJLHV� RI� LQIRUPDWLRQ
WHFKQRORJ\� V\VWHPV� KDV� EHHQ� WKH� VXEVWLWXWLRQ� RI� WKH
WUDGLWLRQDO� VROXWLRQ� RULHQWHG� LPSOHPHQWDWLRQ� ZLWK� WKH
PRGHUQ�SUREOHP�IRUPXODWLRQ�EDVHG�KLHUDUFKLFDO�GHVLJQ�
7KH�&$6(�WRROV�FRQVLVW�RI�YDULRXV�UHTXLUHPHQW�FDSWXUH

IRUPDOLVPV�� 7KH� GHVLJQHU� KDV� WR� SURYLGH� D� JUDGXDOO\
UHILQHG�GHVFULSWLRQ�RI�WKH�SUREOHP��DQG�WKH�ILQDO�VROXWLRQ�LV
VLPSO\�WKH�VRIWZDUH�WKDW�LPSOHPHQWV�D�PRGHO�RI�WKH�WDUJHW
V\VWHP��7KH�PRVW�DGYDQFHG�&$6(�WRROV�XVH�80/��8QLILHG
0RGHOLQJ� /DQJXDJH�� DV� D� GHVFULSWLRQ� ODQJXDJH�� 80/� LV
DOUHDG\� D� VHPLIRUPDO� HQWLW\� KDYLQJ� D� ZHOO�GHILQHG
PDWKHPDWLFDO�V\QWD[�DQG�VHPDQWLFV�>�@���>�@�

2QH� RI� WKH� PRVW� LPSRUWDQW� DGYDQWDJHV� RI� XVLQJ� VXFK
PRGHUQ� WRROV� LV� WKHLU� DGYDQFHG� YLVXDOL]DWLRQ�� 7KH� VLPSOH
GLDJUDPPDWLF�GHVFULSWLRQ� IHDWXUHV� HQDEOH� WR�XVH� WKLV� WRROV
QRW�RQO\�E\�LQIRUPDWLRQ�WHFKQRORJ\�H[SHUWV��EXW�H[SHUWV�LQ
WKH� WDUJHW� WHFKQRORJ\�� DV� ZHOO�� 7KLV� ZD\� WKH
LQWHUGLVFLSOLQDU\�FRPPXQLFDWLRQ��DV�D�VRXUFH�RI�FRQFHSWXDO
GHVLJQ�HUURUV�FDQ�EH�HOLPLQDWHG�
$GGLWLRQDOO\�� WKH� PDMRULW\� RI� 80/� WRROV� SURYLGHV� D

GLUHFW� VXSSRUW� IRU� WKH� DXWRPDWLF� LPSOHPHQWDWLRQ� RI� WKLV
NLQG� RI� UHTXLUHPHQW� GHVFULSWLRQ�� /HDGLQJ� HGJH� WRRO
SURYLGHUV�RIIHU� IRU� WKH�HQG�XVHUV�&���FRGH�JHQHUDWRUV� IRU
JHQHUDO�SXUSRVH�WRROV��-$9$��IRU�GLVWULEXWHG�V\VWHPV��64/
IRU�GDWDEDVH�GHVLJQ��9+'/�IRU�KDUGZDUH�GHVLJQ�>�@���>�@�
+RZHYHU�� GHVSLWH� DOO� RI� WKH� DWWUDFWLYHQHVV� RI� 80/�

FXUUHQW�V\VWHPV�GR�QRW�VXSSRUW�D�WKRURXJKJRLQJ�DQDO\VLV�RI
WKH� FRQFHSWV�� ,Q� WKLV� ZD\� ERWK� D� ZURQJ� UHTXLUHPHQW
FDSWXUH�� DQG� WKH� FUHDWLRQ� RI� D� V\QWDFWLFDOO\� FRUUHFW�� EXW
VHPDQWLFDOO\�IDXOW\�GHVLJQ�FDQ�RFFXU�
$V� SDUWLFLSDQWV� LQ� WKH� +,'(� (635,7� /RQJ� 7HUP

5HVHDUFK� SURMHFW�� WKH� UHVHDUFKHUV� DW� WKH� 8QLYHUVLW\� RI
7HFKQRORJ\� DQG� (FRQRPLFV� ZRUN� RQ� WKH� DXWRPDWLF
WUDQVIRUPDWLRQ� RI� 80/� PRGHOV� LQWR� D� YDULHW\� RI
PDWKHPDWLFDO� GHVFULSWLRQV� >�@� �� >�@�� 7KH� PDLQ� LGHD� LV� WR

JHQHUDWH�PDWKHPDWLFDO�FRGH�IURP�WKH�80/�GHVFULSWLRQ��LQ
DFFRUGDQFH� ZLWK� WKH� LQSXW� VSHFLILFDWLRQ� RI� WKH
FRUUHVSRQGLQJ� PDWKHPDWLFDO� DQDO\VLV� WRRO�� $GGLWLRQDOO\�
WKH� UHVXOWV� FDQ� EH� EDFN�DQQRWDWHG� WR� WKH� RULJLQDO� 80/
PRGHO�� 7KLV� ZD\� WKH� GHVLJQHU� REWDLQV� DQ� LPPHGLDWH
IHHGEDFN� RI� WKH� SRWHQWLDO� HUURUV� PDGH� E\� KLP� GXULQJ� WKH
GHVLJQ�SURFHVV�
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2EMHFW�RULHQWHG�VRIWZDUH�WHFKQRORJ\�LV�D�YHU\�SURPLVLQJ
DSSURDFK� LQ� WKH�PRGHOLQJ� RI� LQGXVWULDO� SURFHVVHV�� VLQFH� LW
UHOLHV� RQ� VXFK� ZLGHO\� XVHG� SDUDGLJPV� DV� KLHUDUFKLFDO
FRQVWUXFWLRQ�RI�PRGHOV��DQG�XQLILHG�KDQGOLQJ�RI�REMHFWV�DQG
PHWKRGV�
7KH�XVH�RI�REMHFW�RULHQWDWLRQ�SURPLVHV�WKH�JHQHUDWLRQ�RI

DOO� WKH� LPSRUWDQW� FRPSRQHQWV�ZLOWK� FRPSOHWH� VROXWLRQ� IRU
DOO� WKH� LQGXVWULDO� FRQWURO� WDVNV�� VWDUWLQJ� IURP� D� VLQJOH
V\VWHP�PRGHO�
å� 'DWD�DFTXLVLWLRQ���E\�GHULYLQJ�D�GDWDEDVH�PRGHO�DQG�LWV

LQWHUIDFHV�
å� 'DWD�SURFHVVLQJ��E\�DGGLQJ�WR�WKH�GDWDEDVH�WKH�SURFHVV

VSHFLILF�SURFHVVLQJ�DOJRULWKPV�
å� 'HULYDWLRQ�RI�PDWKHPDWLFDO�PRGHOV�E\�PHDQV�RI

PDWKHPDWLFDO�FRGH�JHQHUDWLRQ�IRUP�WKH�SURFHVV�PRGHO�
å� 3DUDPHWHUL]DWLRQ�RI�WKH�PDWKHPDWLFDO�PRGHO�E\

H[WUDFWLQJ�WKHP�IURP�WKH�GDWDEDVH�
å� )LQDOO\��RSWLPL]DWLRQ�RI�WKH�SURFHVV�FRQWURO�E\�DQ

H[WHUQDO�WRRO��E\�SURFHVVLQJ�WKH�GHULYHG�PDWKHPDWLFDO
PRGHO�DQG�WKH�SDUDPHWHUV�
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(VSHFLDOO\� LQ� WKH� FDVH� RI� GHVFULSWLRQ� RI� LQGXVWULDO
SURFHVVHV��REMHFW�RULHQWDWLRQ�FDQ�EH�H[WUHPHO\�XVHIXO��7KH
PDLQ�LGHDV�EHKLQG�WKLV�DSSURDFK�DUH�WKH�IROORZLQJ�RQHV�
å� $�KLHUDUFKLFDO�UHILQHPHQW�RI�WKH�V\VWHP�GHVFULSWLRQ�

ZKHUH�HDFK�OHYHO�FDQ�EH�D�PRUH�GHWDLOHG�VSHFLILFDWLRQ
RI�WKH�OHYHO�DERYH�LQKHULWLQJ�WKH�DWWULEXWHV�LQWURGXFHG
DW�WKH�KLJKHU�OHYHO�RU�D�PXWDWLRQ�KDYLQJ�VRPH
SURSHUWLHV�GLIIHULQJ�IURP�WKH�SDUHQW�FODVV�

å� 7KH�XQLILHG�KDQGOLQJ�RI�DWWULEXWHV�DQG�PHWKRGV�GHDOLQJ
ZLWK�WKHP�

,Q� WKH� FDVH� RI� LQGXVWULDO� SURFHVVHV�� WKLV� IRUP� RI
GHVFULSWLRQ� LV� YHU\� FORVH� WR� WKH� WKLQNLQJ� RI� WHFKQRORJ\
H[SHUWV�� )RU� LQVWDQFH�� LQ� WKH� PRGHO� RI� D� PDQXIDFWXULQJ
SODQW�WKDW�SURGXFHV�PRXQWHG�SULQWHG�FLUFXLW�ERDUGV��WKLV�WRS
OHYHO�GHVFULSWLRQ�DOUHDG\�GHILQHV�WKH�EDVLF�DWWULEXWHV�RI�WKH
WHFKQRORJ\�� :H� FDQ� EH� DZDUH� RI� WKH� IDFW� WKDW� WKLV
WHFKQRORJ\�KDV�VRPH�IDFLOLW\�IRU�VROGHULQJ�WKH�FRPSRQHQWV
RQWR�WKH�3&%¶V�



7KLV�JHQHUDO�DWWULEXWH�FDQ�EH� IXUWKHU�GHILQHG�GHSHQGLQJ
RQ�WKH�DFWXDO�WHFKQRORJ\�LQWR

å� PDQXDO�VROGHULQJ�RU
å� DQ�DXWRPDWHG�VROGHULQJ�

%RWK�RI� WKHVH� DSSURDFKHV� KDYH� VRPH�FRPPRQ�PHWKRGV
WR�KDQGOLQJ�SUREOHPV��OLNH�WKH�LQVHUWLRQ�RI�FRPSRQHQWV�LQWR
WKH�3&%�YHUVLRQ�ZKLFK� FDQ� EH� IXUWKHU� GHILQHG� GHSHQGLQJ
RQ� WKH�DFWXDO� WHFKQRORJ\� LQWR�60'�SODFHPHQW�� RU�PDQXDO
RU�DXWRPDWHG�LQVHUWLRQ�RI�',3�LQWHJUDWHG�FLUFXLWV�

7KLV�ZD\�WHFKQRORJLHV�FDQ�EH�ZHOO�GHVFULEHG�LQ�WKH�IRUP
RI� DQ� REMHFW�RULHQWHG� GHVFULSWLRQ�� 0RUHRYHU�� WKLV� NLQG� RI
PRGHO��DV�LW�DOORZV�WKH�LQWURGXFWLRQ�RI�WKH�DWWULEXWHV�DW�WKH
WRSPRVW�OHYHO�WR�ZKLFK�WKH\�DUH�UHODWHG��LV�H[WUHPHO\�XVHIXO
LQ� DGDSWLYH� SURGXFWLRQ� SURFHVVHV�� ZKHUH� VRPH� FRQVWUDLQW
RULJLQDWLQJ� IURP� WKH� SURGXFWLRQ� LQIUDVWUXFWXUH� FDQ� EH
LQWURGXFHG� DW� WKH� WRSPRVW� OHYHO�� DQG� WKH� DFWXDO

PDQXIDFWXULQJ�FRQILJXUDWLRQ�FDQ�EH�GHVFULEHG�DV�PXWDWLRQV
RI�WKLV�EDVLF�WHFKQRORJ\�
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0DWKHPDWLFDO� PRGHO� JHQHUDWLRQ� LV� VWLOO� RQH� RI� WKRVH
FKDSWHUV�RI�WKH�YHU\�SURPLVLQJ�VFLHQWLILF�UHVXOWV��ZKLFK�KDV
QRW� DFKLHYHG� DQ� DSSURSULDWH� LQGXVWULDO� XVH�� LQ� VSLWH� RI� LWV
LPSRUWDQFH�� 7KH� PDLQ� EDUULHU� LQ� XVLQJ� PDWKHPDWLFDO

PHWKRGV� RULJLQDWHV� IURP� WKH� KXPDQ� IDFWRU�� VLQFH� WKH
FUHDWLRQ� RI� D� PDWKHPDWLFDO� PRGHO� UHTXLUHV� VSHFLDO� VNLOOV
RIWHQ� PLVVLQJ� LQ� WKH� LQGXVWULDO� VSKHUH�� DQG� WKH� PDQXDO
WUDQVODWLRQ� RI� SUDFWLFDO� SUREOHPV� LQWR� D� PDWKHPDWLFDO
ODQJXDJH�LV�VWLOO�D�YHU\�WHGLRXV��WLPH�DQG�HIIRUW�FRQVXPLQJ
DQG�HUURU�SURQH�DFWLYLW\�
)RU� WKLV� UHDVRQ�� WKH� WUDGLWLRQDO� DSSURDFK� GHSLFWHG� LQ

)LJXUH����KDV�RQO\�D�OLPLWHG�VFRSH�IRU�LQGXVWULDO�XVH�
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�)LJXUH�����7KH�WUDGLWLRQDO�DSSURDFK�RI�PDWKHPDWLFDO�PRGHO�JHQHUDWLRQ
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,PSOHPHQWDWLRQ

'HVLJQ�RI�DQ�,7�V\VWHP 0DWKHPDWLFDO�DQDO\VLV
0DQXDO�PRGHOLQJ�
SURJUDPPLQJ

0RGHOOLQJ

,QWHUSUHWDWLRQ

3URJUDPPLQ
J

)LJXUH�����7KH�QRYHO�DSSURDFK�IRU�PDWKHPDWLFDO�PRGHO�JHQHUDWLRQ



$�QHZ� WHFKQRORJ\� GHYHORSHG� DW� WKH�%87(� DLPV� DW� WKH
DXWRPDWLRQ�RI�WKH�FUHDWLRQ�RI�PDWKHPDWLFDO�PRGHOV�VWDUWLQJ
IURP� REMHFW�RULHQWHG� GHVFULSWLRQV�� 7KH� PDLQ� LGHD� RI� WKLV
DSSURDFK� LV�� WKDW� WKH� PDWKHPDWLFDO� GHVFULSWLRQV� FDQ� EH
JHQHUDWHG� LQ� D� YHU\� VLPLODU� IDVKLRQ� DV� DQ� LQIRUPDWLRQ
WHFKQRORJ\� UHODWHG� LPSOHPHQWDWLRQ� RI� D� FRGH� LQ� D
SURJUDPPLQJ�ODQJXDJH��IRU�LQVWDQFH�&���
0RUHRYHU�� VLQFH� WKH� NQRZ�KRZ� IRU� FUHDWLQJ� D

PDWKHPDWLFDO�PRGHO�IURP�DQ�REMHFW�RULHQWHG�GHVFULSWLRQ�RI
DQ�LQGXVWULDO�SURFHVV�FDQ�EH�FRPSOHWHO\�KLGGHQ�EHKLQG�WKH
WRRO� SHUIRUPLQJ� LW�� WKLV� DSSURDFK� HOLPLQDWHV� WKH� QHFHVVLW\
IRU�GHHS�PDWKHPDWLFDO�VNLOOV�RI�WKH�HQG�XVHU�LQ�WKH�LQGXVWU\�
,I� D� SURSHU� PHFKDQLVP� DVVXUHV� EDFN�DQQRWDWLRQ� RI� WKH

UHVXOWV� JDLQHG� GXULQJ� PDWKHPDWLFDO� DQDO\VLV� LQWR� WKH
RULJLQDO�REMHFW�RULHQWHG�PRGHO�� WKH�XVHU�KDV� WR�EH� IDPLOLDU
RQO\�ZLWK�WKH�EDVLF�FRQFHSW�RI�REMHFW�RULHQWHG�PRGHOLQJ�
7KLV�NLQG�RI�DQDO\VLV�URXQG�WULS�LV�GHSLFWHG�LQ�)LJXUH���
2QH� RI� WKH� PDLQ� DGYDQWDJHV� RI� XVLQJ� 80/� LQ� VXFK� D

PRGHOLQJ� HQYLURQPHQW� LV� WKDW� 80/� SURYLGHV� QXPHURXV
GLDJUDPPDWLF� WHFKQLTXHV� WR� GHVFULEH� D� PRGHO� SURFHVV
FRQIRUWDEOH��WKLV�ZD\�WKH�PRVW�H[SUHVVLYH�WHFKQLTXH�FDQ�EH
VHOHFWHG�E\� WKH�HQG�XVHU�� WR�HDFK�DVSHFW�RI� WKH�SURGXFWLRQ
WKDW�LV�WR�EH�PRGHOHG�
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,Q�WKH�IUDPHZRUN�RI�WKH�UHVHDUFK�DFWLYLW\� WKH�DXWKRUV�RI
WKH� SUHVHQW� SDSHU� GHYHORSHG� D� WHFKQRORJ\� DOORZLQJ� ILQH
SURJUDPPLQJ� RI� LQGXVWULDO� SURFHVVHV� YLD� 80/�� 7KLV
DSSURDFK� ZDV� WHVWHG� IRU� D� SUH�LQVWDOODWLRQ� YHUVLRQ� RI� D
SURGXFWLRQ�SURJUDPPLQJ�SUREOHP�DW�DQ�HOHFWULF� OLJKW�EXOE
PDQXIDFWXUHU�
+HUH� WKH� EDVLF� SUREOHP� ZDV� WR� RSWLPL]H� WKH� GDLO\

SURGXFWLRQ� FRQVWUDLQHG� E\� WKH� VHW� RI� RUGHUV�� XQGHU� WKH
FRQGLWLRQ�WKDW�WKH�FKDQJHRYHU�IURP�RQH�SURGXFW�WR�DQRWKHU
RQH� GHSHQGV� RQ� ERWK� SURGXFWV�� )RU� LQVWDQFH�� ZKHQ
VZLWFKLQJ� WKH� SURGXFWLRQ� IURP� ���:DWW� EXOEV� WR� ���:DWW
EXOEV��RQO\�WKH�JODUH�KDV�WR�EH�H[FKDQJHG��+RZHYHU��ZKHQ
EXOEV�SURGXFLQJ�VXEVHTXHQWO\�RI�GLIIHUHQW�VKDSHV��WKHQ�WKH
HQWLUH� SURGXFWLRQ� FHOO� KDV� WR� EH� FRPSOHWHO\� UHFRQILJXUHG
ZKLFK�UHVXOWV�LQ�ORQJHU�JDSV�LQ�WKH�SURGXFWLRQ�SURFHVV��$Q
RSWLPL]HG� VFKHGXOLQJ� RI� WKH� SURGXFWLRQ� FRXOG� VDYH� WKLV
SURGXFWLRQ�JDSV��DQG�DVVXUH�D�IDLUO\�FRQWLQXRXV�SURGXFWLRQ�
,Q� WKH� SUDFWLFDO� LPSOHPHQWDWLRQ�� D� PRGHO� RI� WKH

SURGXFWLRQ�SURFHVVHV�DQG�WKH�SURGXFW�IDPLO\�KDV�EHHQ�EXLOW
LQ� 80/�� )URP� WKLV� PRGHO�� ������� OLQHDU� HTXDWLRQV� ZHUH
DXWRPDWLFDOO\� JHQHUDWHG�� GHVFULELQJ� ERWK� WKH� FRQVWUDLQWV
DQG�D�FRPSRVLWH�REMHFWLYH� IXQFWLRQ�� LQFOXGLQJ� WKH�SULRULW\
RI� WKH� RUGHUV�� WKH�PLQLPL]DWLRQ� RI� WKH� FKDQJHRYHU�UHODWHG
WLPH� ORVVHV�� DQG� VRPH� WHFKQRORJLFDO� SDUDPHWHUV� RQ� WKH
FKDQJHRYHU��DV�ZHOO�
7KLV� HTXDWLRQ� V\VWHP� ZKLFK� FRUUHVSRQGV� WR� D� W\SLFDO

SUREOHP�RI� WKH� GDLO\� VFKHGXOLQJ� RI� WKH� SURGXFWLRQ� E\� WKH
GLVSDWFKHU�KDV�EHHQ�JHQHUDWHG� LQ���PLQXWHV� DQG� VROYHG� LQ
���VHFRQGV�E\�D�SURIHVVLRQDO� OLQHDU�RSWLPL]DWLRQ�SDFNDJH�
7UDGLWLRQDOO\��D�YHU\�VXERSWLPDO�VROXWLRQ�ZDV�JHQHUDWHG�E\
WZR�SDUWLFLSDQW�FRZRUNHUV�LQ�RQH�GD\�

9,��)857+(5�5(6($5&+�:25.

2XU�FXUUHQW�ZRUN�IRFXVHV�RQ� WKH�GHULYDWLRQ�RI�DQ�80/
GLDOHFW�E\� LQWURGXFLQJ�VXFK�GLDJUDPPDWLF�QRWDWLRQV�ZKLFK
SURYLGH� DQ� HDV\�WR�XQGHUVWDQG� VXEVHW� IRU� WKH� WHFKQRORJ\

H[SHUWV� DQG� WR� DVVRFLDWH� WKLV� ZLWK� GLIIHUHQW� PDWKHPDWLFDO
RSWLPL]DWLRQ�VRIWZDUH�
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>�@� 0DUWLQ� )RZOHU�� .HQGDOO� 6FRWW�� � 80/� 'LVWLOOHG�
$SSO\LQJ� WKH� 6WDQGDUG� 2EMHFW� 0RGHOLQJ� /DQJXDJH�
$GGLVRQ�:HVOH\�/RQJPDQ��,QF���86$�������

>�@� 0DUN�3ULHVWOH\��3UDFWLFDO�2EMHFW�2ULHQWHG�'HVLJQ�ZLWK
80/�� 0F*UDZ�+LOO� 3XEOLVKLQJ� &RPSDQ\�� *UHDW
%ULWDLQ�������

>�@� 5LFKDUG� 6�� :LHQHU�� /HZLV� -�� 3LQVRQ�� 7KH� &� ��
:RUNERRN�� $GGLVRQ�:HVOH\� 3XEOLVKLQJ� &RPSDQ\�
,QF���86$�������

>�@� =��1DYDEL���9+'/���$QDO\VLV�DQG�0RGHOLQJ�RI�'LJLWDO
6\VWHPV�� 0F*UDZ�+LOO� 3XEOLVKLQJ� &RPSDQ\�� ,QF��
86$�������

>�@� .iURO\� .RQGRURVL�� =ROWiQ� /iV]Oy�� /iV]Oy� 6]LUPD\�
.DORV�� 2EMHFW�2ULHQWHG� 6RIWZDUH� 'HYHORSPHQW�� �,Q
+XQJDULDQ��� &RPSXWHU� %RRNV� 3XEOLVKLQJ� /WG�
%XGDSHVW�������

>�@� $��%RQGDYDOOL��0��'DO� &LQ�� '�� /DWHOOD�� $�� 3DWDULF]D�
+LJK�OHYHO� ,QWHJUDWHG� (QYLURQPHQW� IRU� 'HSHQGDELOLW\
�+,'(���3URFHHGLQJV�)LIWK�,QWHUQDWLRQDO�:RUNVKRS�RQ
2EMHFW�RULHQWHG� 5HDO�WLPH� 'HSHQGDEOH� 6\VWHPV
�:25'6���������0RQWHUH\��&DOLIRUQLD

>�@� $��3DWDULF]D���3URGXFWLRQ�&RQWURO�E\�0HDQV�RI�0RGHUQ
,7�7RROV� �LQ�+XQJDULDQ��� )LIWK� \HDUV� RI� WKH�%XGDSHVW
8QLYHUVLW\� RI� 7HFKQRORJ\� DQG� (FRQRPLFV�� 6FLHQWLILF
:RUNVKRS��9ROXPH����%XGDSHVW�������


