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$EVWUDFW��2QH�RI�WKH�NH\�DFWRUV�LQ�LPSOHPHQWLQJ�WKH�WHFKQRORJLFDO�LQQRYDWLRQV�FHQWHUHG�DURXQG�WKH
SURJUHVV� LQ� LQIRUPDWLRQ� WHFKQRORJ\� LV� D� VRIWZDUH� HQJLQHHU� ZKR� DQDO\VHV�� GHVLJQV�� LPSOHPHQWV� DQG
PDLQWDLQV� YDULRXV� NLQGV� RI� LQIRUPDWLRQ� V\VWHPV� RI� EXVLQHVVVHV�� RUJDQL]DWLRQV�� HWF�� 7KHUH� DUH�� DPRQJ
RWKHU�WKLQJV��DW�OHDVW�WZR�LPSRUWDQW�DVSHFWV�RI�WKH�VRIWZDUH�HQJLQHHULQJ�UHODWHG�HGXFDWLRQ�WR�EH�WDNHQ�LQWR
DFFRXQW�� WKH�FRQWH[W��ERWK�WKH�FXUUHQW�RQH� DQG� WKH�KLVWRULFDO�EDFNJURXQG�RI� WKH�GHYHORSPHQWV�� DQG� WKH
FRQWHQWV� RI� WKH� HGXFDWLRQ�� :H� SUHVHQW� FRQWHQWV� RI� RXU� FXUULFXOD� DQG� H[SODLQ� KRZ� LW� UHVSRQGV� WR� WKH
SDUWLFXODU� FRQWH[W�� ([SHULHQFH� RI� GHYHORSLQJ� 6RIWZDUH� (QJLQHHULQJ� HGXFDWLRQ� ZLWKLQ� LQWHJUDWHG
,QIRUPDWLFV� FXUULFXOD� GHVLJQHG� DV� D� EOHQG� WR� FRYHU� WKH� ILHOGV� RI� 6RIWZDUH� (QJLQHHULQJ�� &RPSXWHU
(QJLQHHULQJ�DQG�7HOHFRPPXQLFDWLRQV�(QJLQHHULQJ�LV�DOVR�UHSRUWHG�

.H\ZRUGV��VRIWZDUH�HQJLQHHULQJ�HGXFDWLRQ��FRQWH[W�RI�HGXFDWLRQ��FRQWHQW�RI�HGXFDWLRQ��LQWHJUDWHG
,QIRUPDWLFV�FXUULFXOXP�

�� ,QWURGXFWLRQ
7KHUH�LV�D�ELJ�−�DQG�VWLOO�JURZLQJ�−�GHPDQG�RI�QRW�RQO\�VNLOOHG��EXW�DOVR�KLJKO\�HGXFDWHG

VRIWZDUH�HQJLQHHUV�LQ�DOO�EUDQFKHV�RI�LQGXVWU\��SXEOLF�VHUYLFH�� UHVHDUFK�DQG�GHYHORSPHQW�HWF�
7KH�VWDWHPHQW�LV�SUREDEO\�WUXH�LQ�JHQHUDO��DQG�LW�KROGV�LQ�SDUWLFXODU�DOVR�IRU�D�W\SLFDO�&HQWUDO
(XURSHDQ�FRXQWU\�OLNH�6ORYDNLD�ZKLFK�KDV�EHHQ�JRLQJ�VLQFH������WKURXJK�D�SHULRG�RI�VRFLDO
DQG�HFRQRPLF�WUDQVLWLRQ�ZLWKRXW�D�SUHFHGHQW�LQ�LWV�KLVWRU\�

,W�LV�EHFRPLQJ�FOHDU�WKDW�WKHUH�DUH��DPRQJ�RWKHU�WKLQJV��DW�OHDVW�WZR�LPSRUWDQW�DVSHFWV�RI
WKH�VRIWZDUH�HQJLQHHULQJ�UHODWHG�HGXFDWLRQ�WR�EH�WDNHQ�LQWR�DFFRXQW��2QH�RI�WKH�DVSHFWV�LV�WKH
FRQWH[W��ERWK�WKH�FXUUHQW�RQH�DQG�WKH�KLVWRULFDO�EDFNJURXQG�RI�WKH�GHYHORSPHQWV�LQ�WKLV�UHJLRQ
GXULQJ�WKH�ODVW�ILIW\�\HDUV��,W�LV�UDWKHU�GLIIHUHQW�IURP�ZKDW�KDV�EHHQ�WKH�GHYHORSPHQW�LQ�WKH�UHVW
RI�(XURSH�RU�LQ�1RUWK�$PHULFD�� WR�QDPH�MXVW� WZR�UHJLRQV�ZLWK� WKH�JUHDWHVW� UHOHYDQFH�IRU� WKH
UHJLRQ�RI�&HQWUDO�(XURSH�

7KH�RWKHU�DVSHFW�LV�WKH�FRQWHQWV�RI�WKH�HGXFDWLRQ��5RXJKO\�VSHDNLQJ��LW�KDV�EHHQ�VLPLODU�WR
D�FRPSDUDEOH�HGXFDWLRQ�RIIHUHG�HOVHZKHUH��(YHQ�PRUH��LQ�VRPH�VHQVH�LW�FRXOG�QRW�KDYH�EHHQ
DQ\�UDGLFDOO\�GLIIHUHQW��'HVSLWH�WKDW��QDWXUDOO\�DOVR�KHUH�VRPH�GLIIHUHQFHV�FDQ�EH�REVHUYHG��:H
����������������������������������������������������������
∗�6ORYDN�8QLYHUVLW\�RI�7HFKQRORJ\��'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH�DQG�(QJLQHHULQJ��,ONRYLþRYD���
�������%UDWLVODYD��6ORYDNLD��^QDYUDW�ELHOLN`#HOI�VWXED�VN��ZZZ�HOI�VWXED�VN�a^QDYUDW��ELHOLN`



VKDOO�SUHVHQW�FRQWHQWV�RI�RXU�FXUULFXOD�DQG�H[SODLQ�KRZ�LW�UHVSRQGV�WR�WKH�SDUWLFXODU�FRQWH[W��,Q
FRQFOXVLRQV��ZH�VKDOO�LQGLFDWH�VRPH�SRVVLELOLWLHV�RI�IXUWKHU�GHYHORSPHQW�RI�RXU�FXUULFXOD�

�� 7KH�&RQWH[W
&HQWUDO�DQG�(DVWHUQ�(XURSH�VKDUHG�IRU�GHFDGHV�D�UDGLFDOO\�GLIIHUHQW�FRQWH[W�FKDUDFWHUL]HG

E\� WKH� ODFN� RI� IUHHGRP�� VWULYH� IRU� FROOHFWLYLVP�� DQG� DQ� RYHUDOO� UHVSRQVLELOLW\� RI� WKH� VWDWH�
$OWKRXJK� QR� VLQJOH� XQLILHG� V\VWHP� RI� KLJKHU� HGXFDWLRQ� H[LVWHG�� WKH� 6RYLHW� LQIOXHQFH� ZDV
GRPLQDQW�DOVR� LQ� WKLV�DUHD�VR� WKHLU�PRGHO�ZDV� UHIOHFWHG� LQ� WKH�SDUWLFXODU�QDWLRQDO� V\VWHPV�RI
KLJKHU�HGXFDWLRQ��:H�GR�QRW�SRVVHVV�HQRXJK�GDWD�QRU�NQRZ�DERXW�DQ\�FRPSUHKHQVLYH�VWXG\�WR
EH�DEOH�WR�VSHDN�DERXW�WKH�VLWXDWLRQ�LQ�WKH�UHJLRQ�LQ�JHQHUDO��2Q�WKH�RWKHU�KDQG��WKH�VLWXDWLRQ�LQ
6ORYDNLD�ZDV�YHU\�VLPLODU�WR�RWKHU�FRXQWULHV�LQ�WKH�UHJLRQ��IRU�WKH�UHDVRQV�LQGLFDWHG�DERYH��VR
LWV�FRQWH[W�FDQ�EH�FRQVLGHUHG�UHSUHVHQWDWLYH�LQ�VRPH�VHQVH�

,Q� 6ORYDNLD�� WKHUH� ZHUH� QR� FUHGLWV� XVHG� DQG� WKHUH� ZHUH� RQO\� WZR� OHYHOV� RI� KLJKHU
HGXFDWLRQ�� 7KH� ILUVW� RQH� ZDV� PDVWHU¶V� OHYHO� LQ� KXPDQLWLHV�� VRFLDO�� QDWXUDO�� HWF�� VFLHQFHV�� RU
HTXLYDOHQWO\� HQJLQHHU¶V� �,QJ��� OHYHO� LQ� HQJLQHHULQJ�� WHFKQRORJ\�� HFRQRPLFV�� WUDQVSRUW�
DJULFXOWXUH�HWF��,W�WRRN�W\SLFDOO\�ILYH�WR�VL[�\HDUV�WR�FRPSOHWH�DQG�LQFOXGHG�HODERUDWLQJ�D�WKHVLV�
7KH� VHFRQG� OHYHO� ZDV� FDOOHG� VRPHZKDW� REVFXUHO\� DQG� PLVOHDGLQJO\� FDQGLGDWXV� VFLHQWLDUXP
�&6F���DV�LW� WRRN�DW� OHDVW� IXUWKHU� WKUHH�\HDUV�RI�VWXG\�� LQFOXGHG�HODERUDWLQJ�D�GLVVHUWDWLRQ�DQG
ZDV�WKXV�FRPSDUDEOH�WR�WKH�3K'��OHYHO�NQRZQ�HOVHZKHUH�

$�PDMRU�FKDQJH�WR�KLJKHU�HGXFDWLRQ�LQ�6ORYDNLD�VXFFHHGHG�LQ�������,W� LV�SHUKDSV�ZRUWK
PHQWLRQLQJ� WKDW� RQH� RI� WKH� WZR� PRVW� LPSRUWDQW� GHPDQGV� RI� WKH� GHPRFUDWLF� PRYHPHQW� −
EHVLGHV�DEDQGRQLQJ�WKH�³OHDGLQJ�UROH´�RI�WKH�FRPPXQLVW�SDUW\�−�ZDV�DQ�LPPHGLDWH�KDOW�RI�WKH
0DU[LVW�LQGRFWULQDWLRQ�LQ�WKH�HGXFDWLRQ��ERWK�RI�ZKLFK�KDG�EHHQ�HQIRUFHG�E\�WKH�FRUUHVSRQGLQJ
FODXVHV�RI� WKH�FRQVWLWXWLRQ��6XFFHVV� LQ� WKHVH� WZR�GHPDQGV�� L�H��GHOHWLQJ� WKH� FODXVHV� IURP� WKH
FRQVWLWXWLRQ��PDUNHG�WKH�DFWXDO�PRPHQW�RI�FROODSVH�RI�WKH�UHJLPH��7KH�FKDQJH�DOORZHG�WR�SDVV
D� QHZ� KLJKHU� HGXFDWLRQ� ODZ� LQ� ������ 7KH� QHZ� ODZ� KDV� HVWDEOLVKHG� DQ� HQWLUHO\� QHZ� DQG
GLIIHUHQW�FRQWH[W�IRU�WKH�KLJKHU�HGXFDWLRQ��7KH�ODZ�JXDUDQWHHV�DFDGHPLF�OLEHUWLHV�DQG�UDGLFDOO\
ZLGHQV�WKH�H[WHQW�RI�DFDGHPLF�DXWRQRP\��7KH�ODZ�LQWURGXFHV�WKUHH�OHYHOV�RI�KLJKHU�HGXFDWLRQ�
KRZHYHU��LW�OHDYHV�WKHLU�LQWURGXFWLRQ��DQG�LQGHHG�WKHLU�GHILQLWLRQ�ODUJHO\�XS�WR�WKH�GHFLVLRQ�RI�D
SDUWLFXODU�XQLYHUVLW\�

3UDFWLFDOO\��SUREOHPV�DULVHQ�ZLWK�WKH�XQGHUJUDGXDWH��EDFKHORU¶V��OHYHO�ZKLFK�KDV�QRW�EHHQ
EDFNHG� E\� DQ\� ZLGHO\� VKDUHG� LQWHUSUHWDWLRQ� QRU� H[SHULHQFH� QRU� VXEVHTXHQW� OHJLVODWLRQ� WKDW
ZRXOG� GHILQH� WKH� VWDWXV� RI� WKH� JUDGXDWHV�� $V� D� FRQVHTXHQFH�� VRPH� XQLYHUVLWLHV� GHFLGHG� WR
PDLQWDLQ� WKH� ³ROG´� PDVWHU¶V� FRXUVHV� EXW� WR� LQWURGXFH� QHZ� EDFKHORU¶V� FRXUVHV� UXQQLQJ� LQ
SDUDOOHO�� 7KH� LGHD� ZDV� WR� PDNH� WKHP� ODUJHO\� LQGHSHQGHQW� DQG� QRW� WUDQVIHUDEOH� ZLWK� WKH
PDVWHU¶V�FRXUVHV� LQWHQGHG�DV� WHFKQLFDO��QRQ�VFLHQWLILF�HGXFDWLRQ�SUHSDULQJ� IRU�GLUHFW� HQWU\� WR
LQGXVWU\�SRVLWLRQV��7KHUH�VHHPV�WR�EH�WKH�SUREOHP�RI�LQWHUSUHWDWLRQ�VWLOO�SUHVHQW��7KH�LQVWLWXWLRQ
WKDW�ZDV�RIIHULQJ� VXFK�FRXUVHV�ZDV� DQ� XQLYHUVLW\�� RU� DQ� XQLYHUVLW\� RI� WHFKQRORJ\�� DQG� QRW� D
FROOHJH�� RU� D� SRO\WHFKQLF� RU� D� )DFKKRFKVFKXOH�� 7KH� VWXGHQWV� ZHUH� H[SHFWLQJ� WR� UHFHLYH� D
FRPSOHWH� KLJKHU� HGXFDWLRQ� IURP� LW� DQG� ZHUH� QRW� SUHSDUHG� WR� H[FKDQJH� RQH� RU� WZR� \HDUV
³VDYHG´�IRU�VRPH�QHZ�WLWOH�WKDW�LV�ODUJHO\�XQNQRZQ�DQG�ODFNV�DQ\�WUDGLWLRQ�

2WKHU�XQLYHUVLWLHV��RQ�WKH�RWKHU�KDQG��VHL]HG�WKH�RSSRUWXQLW\�RIIHUHG�E\�WKH�QHZ�ODZ�DQG
VWDUWHG�WR�RIIHU�EDFKHORU¶V�FRXUVHV�WKDW�ZHUH�LQ�VHULHV�ZLWK�WKH�VXEVHTXHQW�PDVWHU¶V�DQG�3K'�
FRXUVHV��7KLV�LQYROYHV�D�IDU�UHDFKLQJ�FRQFHSWXDO�FKDQJH�DOVR�LQ�WKH�PDVWHU¶V�FRXUVHV��7KH\�GR



QRW�FRYHU� WKH�ZKROH� LQWHUYDO�RI� WKH�KLJKHU�HGXFDWLRQ��DSDUW� IURP�WKH�3K'��VWXGLHV��DQ\PRUH�
EXW�FRQWUDFW�WR� WKH�VHFRQG�OHYHO�RQO\�� ,PSOHPHQWDWLRQ�RI� WKLV�PRGHO�KDV�RSHQHG�� IRU� WKH� ILUVW
WLPH�LQ�GHFDGHV��GRRU�IRU�VWXGHQWV�WR�GHVLJQ�WKHLU�HGXFDWLRQ�ZLWK�PXFK�PRUH�IUHHGRP�EHFDXVH
RI�WKH�LQKHUHQW�IOH[LELOLW\�RI�WKH�VFKHPH��7KH\�VWDUW�UHDOL]LQJ�WKDW�WKH\�FDQ�UHFHLYH�WZR�GHJUHHV
IRU�H[DPSOH�LQ�WZR�GLIIHUHQW�ILHOGV��EXW�ZLWKLQ�D�SHULRG�WKDW�ZRXOG�EHIRUH�VXIILFH�IRU�MXVW�RQH�
HYHQ�LI�WKH�KLJKHU�RQH�RI�WKHP��2U��WR�SXW�DQRWKHU�ZD\��EHIRUH�WKLV�VFKHPH�KDV�EHHQ�DGRSWHG��LW
WRRN� WZLFH�DV� ORQJ� WLPH� WR�DFTXLUH� WZR� VSHFLDOL]DWLRQV��+RZHYHU�� WKH�SURFHVV�RI� VKLIWLQJ� WKH
DWWLWXGHV� RI� VWXGHQWV� DSSHDUV� WR� EH� D� UDWKHU� VORZ� RQH�� EHFDXVH� RI� VWURQJ� LQIOXHQFH� RI� WKH
WUDGLWLRQ�

2WKHU�PDMRU� EHQHILW� RI� WKH� LQFUHDVHG� JUDQXODULW\� RI� WKH� KLJKHU� HGXFDWLRQ� VFKHPH� LV� WKH
RSWLRQ�WR�ILQLVK�WKH�VWXGLHV�DIWHU�QR�PRUH�WKDQ�IRXU�\HDUV��ZLWK�WKH�EDFKHORU¶V�GHJUHH���$W�WKH
PRPHQW��WKH�SUREOHP�ZLWK�WKLV�RSWLRQ�LV�RQFH�DJDLQ�WKH�ODFN�RI�WUDGLWLRQ��WKHUH�LV�QR�H[SHULHQFH
ZLWK� VXFK� JUDGXDWHV�� DQG� WKH� SXEOLF� ZLOO� QHHG� VRPH� WLPH� WR� ILQG� D� MXVWLILHG� DQG� DGHTXDWH
LQWHUSUHWDWLRQ��:LWK� WKH� ILUVW� EDFKHORUV� JUDGXDWHG� ODVW� \HDU�� LW� ZLOO� VRRQ� EH� SRVVLEOH� WR� VWDUW
JDWKHULQJ�H[SHULHQFH�

2QH� FRPPHQW� LV� SHQGLQJ� RQ� IXUWKHU� GHYHORSPHQWV� RI� WKH� OLEHUDO� KLJKHU� HGXFDWLRQ� ODZ�
2EYLRXVO\��WKH�DFFXPXODWHG�H[SHULHQFH�ZDV�HYDOXDWHG�DQG�UHVXOWHG�LQ�LGHQWLI\LQJ�WKH�QHHG�RI
FHUWDLQ�DPHQGPHQWV��$ODV��WKH�DPHQGPHQW�WR�WKH�ODZ�WKDW�ZDV�SDVVHG�LQ������UHVXOWV��EHVLGHV
FRUUHFWLQJ� VRPH� LQDFFXUDFLHV� RI� WKH� RULJLQDO� ODZ� DQG� LPSURYLQJ� VRPH� VROXWLRQV�� LQ� DFWXDOO\
UHGXFLQJ�WKH�H[WHQW�RI�DFDGHPLF�VHOI�UXOH�E\�VKLIWLQJ�VRPH�SRZHUV�EDFN�WR�WKH�JRYHUQPHQW�

)URP�WKH�DERYH�RXWOLQH�RI�WKH�FRQWH[W�RI�KLJKHU�HGXFDWLRQ��WKHUH�DUH�VRPH�FRQFOXVLRQV�WR
EH�GUDZQ��7KH�GHYHORSPHQW�LQ�&HQWUDO�DQG�(DVWHUQ�(XURSH�KDV�EHHQ�XQ�QDWXUDO��IRUFHG�E\�WKH
FRPPXQLVW� UXOH�DQG� IRUFLQJ� VHYHUH�FRPSURPLVHV� LQ� IRUP�DQG�FRQWHQWV��7KH� FRPSURPLVHV� LQ
HQJLQHHULQJ��QDWXUDO�DQG�D�IHZ�RWKHU� VFLHQFHV�ZHUH�DPRQJ�DOO� WKH� ILHOGV� WKH� OHDVW� VHYHUH�DQG
ZHUH� ODUJHO\� UHGXFHG� WR� WKUHH�RU� IRXU� VRFLDO� DQG�SROLWLFDO� VFLHQFHV� VXEMHFWV� WKDW�ZHUH� WXUQHG
LQWR�0DU[LVW�SURSDJDQGD��7KH�UHVW�RI�WKH�FXUULFXOD� L�H��� WKH�DEVROXWH�PDMRULW\�ZDV� ODUJHO\�QRW
FRQWDPLQDWHG�� +HUH�� WKH� ELJJHVW� SUREOHP� ZDV� WKH� LQVXIILFLHQW� KDUGZDUH� DQG� VRIWZDUH
HTXLSPHQW�RI� WKH� ODERUDWRULHV��FDXVHG�E\� WKH�H[SRUW� UHVWULFWLRQV�RI� WKH�ZHVWHUQ�FRXQWULHV�DQG
WKH�WHFKQRORJLFDO�EDFNZDUGQHVV�RI�WKH�HDVWHUQ�FRXQWULHV�

�� 7KH�FRQWHQWV
7KH�FRQWHQWV�RI�WKH�KLJKHU�HGXFDWLRQ�UHODWHG�WR�VRIWZDUH�HQJLQHHULQJ�KDV�EHHQ�GHYHORSLQJ

EDVLFDOO\� DORQJ� VLPLODU� OLQHV� DQG� WRZDUGV� VLPLODU� UHVXOWLQJ� FXUULFXOD�� 2EYLRXVO\�� WKHUH� DUH
GLIIHUHQFHV� FDXVHG� E\� GLIIHUHQW� QHHGV� RI� WKH� UHVSHFWLYH� LQGXVWULHV�� E\� GLIIHUHQW� OHYHOV� RI
GHYHORSPHQW�RI�WKH�WHFKQRORJLHV��RU�E\�GLIIHUHQW�DPRXQWV�RI�VXSSRUW�IRU�VFLHQFH�DQG�HGXFDWLRQ
LQ� WKH� UHVSHFWLYH� FRXQWULHV�� ZKLFK� LQ� WXUQ� PD\� KDYH� FDXVHG� YDU\LQJ� UHODWLYH� WLPH� GHOD\V� LQ
DGRSWLQJ�WKH�IXQGDPHQWDO�QHZ�VFLHQWLILF�UHVXOWV�RU�PHWKRGRORJLHV�LQWR�WKH�FXUULFXOD�

%HVLGHV� WKDW�� WKH� FRQWH[W� DV� RXWOLQHG� DERYH� KDV� EHHQ� LQIOXHQFLQJ� WKH� GHYHORSPHQW� RI
FXUULFXOD�� ,Q� 6ORYDNLD�� WKHUH� KDV� EHHQ� D� UDWKHU� VKDUS� GLVWLQFWLRQ� EHWZHHQ� ³FODVVLFDO´
XQLYHUVLWLHV�DQG�XQLYHUVLWLHV�RI�WHFKQRORJ\��7KH�IRUPHU�WUDGLWLRQDOO\�QHYHU�RIIHU�DQ�HQJLQHHULQJ
GHJUHH�� ZKLOH� WKH� ODWWHU� QHYHU� RIIHU� RWKHU� EXW� VXFK� GHJUHHV�� 7KHUHIRUH�� WKH� FRQWHQWV� RI� WKH
UHODWHG� FXUULFXOD� KDYH� EHHQ� DW� WKH� IRUPHU� W\SH� RI� XQLYHUVLWLHV� YHU\� FORVH� WR� SXUH� FRPSXWHU
VFLHQFH��DQG�DW�WKH�ODWWHU�W\SH�D�EURDGHU�FRPSXWHU�VFLHQFH�DQG�HQJLQHHULQJ�FRPELQDWLRQ�



7UDGLWLRQDOO\� DW� 6ORYDN�8QLYHUVLW\� RI� 7HFKQRORJ\�� WKH� ,QIRUPDWLFV� FXUULFXOD� KDYH� EHHQ
GHVLJQHG�DV�D�EOHQG�WR�FRYHU�WKH�EURDG�ILHOG�RI�&RPSXWHU�(QJLQHHULQJ��&RPSXWHU�6FLHQFH�DQG
7HOHFRPPXQLFDWLRQV� (QJLQHHULQJ�� $� UHODWLYHO\� PDMRU� UHYLVLRQ� LQ� ����� LQYROYHG� D� IRUPDO
LQWHJUDWLRQ� RI� &RPSXWHU� 6FLHQFH� �UHVKDSHG� DQG� UHQDPHG� WR� 6RIWZDUH� (QJLQHHULQJ�� DQG
&RPSXWHU�(QJLQHHULQJ�WUDFNV�ZLWK�7HOHFRPPXQLFDWLRQV�(QJLQHHULQJ��EXW�ZDV�DW�WKH�VDPH�WLPH
DFFRPSDQLHG�E\�LQFUHDVLQJ�WKH�FXUULFXOD¶V�LQWHUQDO�IOH[LELOLW\�DQG�E\�LPSOHPHQWLQJ�WKH�FRQFHSW
RI�HOHFWLYH�VXEMHFWV�DQG�EORFNV�LQ�D�IDU�JUHDWHU�VFDOH�WKDQ�EHIRUH�>��@�

$V�PHQWLRQHG�DERYH��WKH�,QIRUPDWLFV�FRXUVH¶V�UHYLVLRQ�RI������DOVR�UHIOHFWHG�WKH�VKLIWLQJ
IRFXV� RI� LQWHUHVW� RI� WKH� LQGXVWU\� E\� FKDQJLQJ� WKH� QDPH� RI� WKH� &RPSXWHU� 6FLHQFH� WUDFN� WR
6RIWZDUH� (QJLQHHULQJ�� 2I� FRXUVH�� FKDQJLQJ� D� QDPH� GRHV� QRW� PDNH� DQ\� GLIIHUHQFH� LQ� WKH
FRQWHQW�� EXW� WKH�PHDVXUH�ZDV� DFFRPSDQLHG� E\� VHWWLQJ� D� JRDO� RI� JUDGXDOO\� LQWURGXFLQJ�PRUH
VXEMHFWV� VXSSRUWLQJ� WKLV� VKLIW�� 'HYHORSLQJ� DQG� LQWURGXFLQJ� VRIWZDUH� HQJLQHHULQJ� UHODWHG
VXEMHFWV� UHTXLUHV� IDFXOW\� ZLWK� VXIILFLHQW� H[SHUWLVH� DQG� H[SHULHQFH�� 7R� DFKLHYH� WKLV�� ZH
IROORZHG�VHYHUDO�SDWKV��)LUVW��ZH� UH�RULHQWHG�RXU�GHYHORSPHQW�DFWLYLWLHV� IRU� ORFDO� LQGXVWU\� WR
EHFRPH�PRUH�LQYROYHG�LQ�W\SLFDO�VRIWZDUH�HQJLQHHULQJ�SURMHFWV��3UHVHQWO\��VHYHUDO�PHPEHUV�RI
WKH� IDFXOW\� UHJXODUO\�ZRUN� RQ� GHYHORSPHQW� SURMHFWV� IRU� LQGXVWU\� >�@�� 6HFRQG��ZH� WU\� WR� KLUH
H[SHULHQFHG�SURIHVVLRQDOV�IURP�LQGXVWU\�DV�H[WHUQDO�OHFWXUHUV��WKHVLV�VXSHUYLVRUV�HWF��ZKHQHYHU
SRVVLEOH��/DVW�EXW�QRW�OHDVW��ZH�PDGH�HYHU\�SRVVLEOH�XVH�RI�(XURSHDQ�8QLRQ�SURMHFWV��XQGHU�WKH
7(0386�SURJUDPPH�DLPLQJ�WR�IRVWHU�(XURSHDQ�WUDQVIHU�RI�H[SHUWLVH�LQ�WKH�HGXFDWLRQDO�DUHD�
WKDW� ZHUH� IRFXVHG� RQ� ,QIRUPDWLFV� >��� �@� WR� DFTXLUH� H[SHULHQFH� IURP� RXU� SDUWQHUV� ZKR� ZHUH
DOUHDG\� WHDFKLQJ� VRIWZDUH� HQJLQHHULQJ� UHODWHG� VXEMHFWV�� PRVW� QRWDEO\� IURP� WKH� 6KHIILHOG
8QLYHUVLW\�>�@�

7KH� ODVW� PDMRU� UHYLVLRQ� RI� RXU� FRXUVH� WRRN� SODFH� LQ� ������ ,W� ZDV� FRQQHFWHG� WR� WKH
8QLYHUVLW\¶V� GHFLVLRQ� WR� PDNH� XVH� RI� WKH� SRVVLELOLW\� RI� LQWURGXFLQJ� WKH� EDFKHORU¶V� OHYHO� RI
HGXFDWLRQ�� ,QWURGXFLQJ� WKH� EDFKHORU¶V� OHYHO� LQWR� D� �WKHQ�� VLQJOH� ,QIRUPDWLFV� FRXUVH� RSHQHG
VHYHUDO�TXHVWLRQV�WKDW�ZHUH�FRQFHUQHG�DOVR�ZLWK�WKH�FRQWHQW�RI�WKH�FXUULFXOD��WKXV�JRLQJ�EH\RQG
WKH�VLPSOH�DFFHSWDQFH�RI�WKH�QHZ�VLWXDWLRQ�RI�KDYLQJ�WZR�,QIRUPDWLFV�FRXUVHV��:KDW�DSSHDUHG
LQLWLDOO\� WR�PDQ\�WR�EH�PHUHO\�D� IRUPDO�VSOLW� LQWR�EDFKHORU¶V�DQG�PDVWHU¶V� OHYHOV�� LQGXFHG�RQ
VHFRQG�WKRXJKW�VHULRXV�TXHVWLRQV�

,W�TXLFNO\�WXUQHG�RXW�WKDW�WKH�VSOLWWLQJ�UHYLVLRQ�PXVW�ILUVW�LGHQWLI\�WKH�GLIIHUHQW�JRDOV�DQG
REMHFWLYHV� RI� WKH� UHVSHFWLYH� FRXUVHV� DQG� FRQVHTXHQWO\� WR� GHVLJQ� WKH� FXUULFXOD� DV� FDUHIXO
WUDQVIRUPDWLRQV�RI�WKH�RULJLQDO�RQH��:H�VKDOO�GHVFULEH�RXU�HIIRUWV�WRZDUGV�WKLV�DLP��WKH�SUHVHQW
VKDSH�RI�WKH�FRXUVHV�DQG�RXU�H[SHULHQFH�JDLQHG�VR�IDU�

�� 6RIWZDUH�(QJLQHHULQJ�(GXFDWLRQ�ZLWKLQ�,QWHJUDWHG
,QIRUPDWLFV�&XUULFXOD
2QH� RI� WKH� FUXFLDO� TXHVWLRQV� FRQFHUQV� WKH� IXQGDPHQWDO� VNLOOV� DQG� NQRZOHGJH� WKDW

FKDUDFWHUL]H�WKH�SURIHVVLRQDO�VRIWZDUH�HQJLQHHU�>��@��7KH�LPSRUWDQFH�RI�LW�LV�EHVW�GRFXPHQWHG
E\�WKH�HVWDEOLVKLQJ�RI�D�MRLQW�$&0�,(((�7DVN�)RUFH�WR�LGHQWLI\�WKH�ERG\�RI�NQRZOHGJH�RI�WKH
VRIWZDUH� HQJLQHHULQJ� SURIHVVLRQ�� ,PSOLFLWO\�� WKH� DVVXPSWLRQ� EHKLQG� WKH� HIIRUW� LV� WKDW� D
FRPSOHWH�DQG�FRPSUHKHQVLYH�DQVZHU� WR� WKH�TXHVWLRQ� LV�QRW�NQRZQ�WR�GDWH�� ,GHDOO\��KRZHYHU�
WKH�ERG\�RI�NQRZOHGJH�VKRXOG�EH�LGHQWLILHG�EHIRUH�D�FXUULFXOXP�FDQ�EH�GHVLJQHG�WKDW�DLPV�WR
WUDQVIHU�WKH�NQRZOHGJH�WR�WKH�OHDUQHU��/XFNLO\��WKHUH�DUH�RWKHU�VRXUFHV�WKDW�GHVFULEH�WKH�ERG\�RI
NQRZOHGJH� −� KHUH� EHORQJ� REYLRXVO\� PRQRJUDSKV�� EXW� DOVR� H�J��� WKH� )RUG� UHSRUW� >�@� ZKLFK



SURYLGHV� D� GHWDLOHG� PDSSLQJ� RQWR� D� WHFKQLFDO� FRQWHQW� RI� DQ� XQGHUJUDGXDWH� FXUULFXOXP�� +LV
RWKHU�UHSRUW�>�@�GHDOV�H[WHQVLYHO\�ZLWK�WKH�SRVWJUDGXDWH�HGXFDWLRQ�

6R� WKH� VLWXDWLRQ� LQ� NQRZLQJ� ZKDW� WR� WHDFK� LQ� 6RIWZDUH� (QJLQHHULQJ� LV� QRW� VR� HQWLUHO\
SHVVLPLVWLF��+RZHYHU��WKH�SUREOHP�LV�RI�D�PRUH�IXQGDPHQWDO�QDWXUH��YL]��WKH�ILHOG�LWVHOI�LV�QRW
PDWXUH� HQRXJK� WR� KDYH� LWV� RZQ� WKHRU\�� VFLHQWLILF� SULQFLSOHV� DQG� HQJLQHHULQJ� SUDFWLFHV
IRUPXODWHG�DQG�VWDQGDUGL]HG�WKH�ZD\�DV�WKH�RWKHU��³ROGHU´�HQJLQHHULQJ�GLVFLSOLQHV�KDYH��6RPH
ZRXOG�SUHIHU�WR�VWUHQJWKHQ�WKH�XQGHUJUDGXDWH�&RPSXWHU�6FLHQFH�FXUULFXOXP�LQVWHDG�RI�VSOLWWLQJ
DQG�FUHDWLQJ�WKH�XQGHUJUDGXDWH�6RIWZDUH�(QJLQHHULQJ�FRXUVH�>��@��6RPH�HYHQ�GHQ\�6RIWZDUH
(QJLQHHULQJ� LV�D�VHULRXV�GLVFLSOLQH� >�@��6RPH�HQYLVDJH� VRIWZDUH�DV�DQ�HQJLQHHULQJ�GLVFLSOLQH
>�����@��:H�DUH�VWURQJO\�FRPPLWWHG�WR�GHYHORSLQJ�WKH�GLVFLSOLQH�RI�6RIWZDUH�(QJLQHHULQJ��QRW
OHDVW�EHFDXVH�LW�TXLWH�QDWXUDOO\�ILWV�WKH�FKDOOHQJHV�RI�D�XQLYHUVLW\�GHVLJQDWHG�WR�WHFKQRORJ\�

1HYHUWKHOHVV�� HOHPHQWV� IURP� WKH� FRPSXWLQJ� FXUULFXOD� >��@� DUH� VWURQJO\� SUHVHQW� LQ� RXU
XQGHUJUDGXDWH� ,QIRUPDWLFV� FXUULFXOXP�� 7KLV� EXLOGV� D� VWURQJ� VFLHQWLILF� DQG� HQJLQHHULQJ
IRXQGDWLRQ��EXW�OHDYHV�UHODWLYHO\�OHVVHU�URRP�IRU�VXEMHFWV�VSHFLILF�IRU�VRIWZDUH�HQJLQHHULQJ�LQ
LWV�³QDUURZ´�VHQVH��GHVSLWH�WKH�IDFW�WKDW�LW�W\SLFDOO\�WDNHV�IRXU�\HDUV�WR�FRPSOHWH��

)LJXUHV� �� DQG� �� JLYH� DQ� RYHUYLHZ� RI� WKH� XQGHUJUDGXDWH� DQG� SRVWJUDGXDWH� FXUULFXOD� RI
,QIRUPDWLFV��6RIWZDUH�(QJLQHHULQJ�6SHFLDOL]DWLRQ�7UDFNV�DUH�RXWOLQHG�LQ�PRUH�GHWDLO�

:H�RIIHU�DW�OHDVW�D�IHZ�VXEMHFWV��VXFK�DV�3ULQFLSOHV�RI�6RIWZDUH�(QJLQHHULQJ��WKDW�SURYLGH
D� GHWDLOHG� LQWURGXFWLRQ� WR� VRIWZDUH� OLIH�F\FOHV�� VSHFLILFDWLRQ� WHFKQLTXHV�� DQDO\VLV� DQG� GHVLJQ
PHWKRGV�� LPSOHPHQWDWLRQ� DSSURDFKHV� LQFOXGLQJ� YHULILFDWLRQ� DQG� YDOLGDWLRQ�� SURMHFW

)LJ�����8QGHUJUDGXDWH�VWXG\�LQ�,QIRUPDWLFV�



PDQDJHPHQW�LVVXHV��DQG�FRYHU�VWUXFWXUHG�V\VWHP�DQDO\VLV�DQG�GHVLJQ�LQ�D�FRQVLGHUDEOH�GHSWK
WR�HGXFDWH�WKH�VWXGHQWV�VXIILFLHQWO\�LQ�WKH�VRIWZDUH�HQJLQHHULQJ�SURIHVVLRQ�VR�WKDW�WKH\�DFTXLUH
QHFHVVDU\� NQRZOHGJH� WR� EH� DEOH� WR� DVVXPH� DGHTXDWH� MREV� LI� WKH\� GR� QRW� FRQWLQXH� LQ
SRVWJUDGXDWH�VWXG\�

0RUHRYHU�� WKH� FRQWH[W� LV� VXFK�−� DV� H[SODLQHG� DERYH�−� WKDW� PRVW� RI� WKH� JUDGXDWHV� ZLOO
FRQWLQXH�WR�VWXG\�WKH�VXEVHTXHQW�PDVWHU¶V�FRXUVH�

)RU�ERWK�RI�WKH�DERYH�UHDVRQV��ZH�FRQFHQWUDWH�WKH�VRIWZDUH�HQJLQHHULQJ�HGXFDWLRQ�PDLQO\
WR�WKH�SRVWJUDGXDWH�,QIRUPDWLFV�FRXUVH��,W�LV�D�WKUHH�VHPHVWHU�FRXUVH�ZLWK�RQH�VHPHVWHU�GHYRWHG
HQWLUHO\�WR�D�WKHVLV�SURMHFW��7KH�ILUVW�WZR�VHPHVWHUV�LQFOXGH�RQH�0DWKHPDWLFV��RQH�&RPSXWHU�RU
7HOHFRPPXQLFDWLRQV�(QJLQHHULQJ�VXEMHFW��D�WZR�VHPHVWHU�WKHVLV�SUHSDUDWLRQ�SURMHFW��DQG�D�WZR
VHPHVWHU�WHDP�SURMHFW��2QH�KXPDQLWLHV��VRFLDO�VFLHQFHV�HOHFWLYH�PXVW�EH�LQFOXGHG��DQG�WKHUH�LV
DOVR�RQH�IUHH�HOHFWLYH��7KH�UHVW�DUH�ILYH�6RIWZDUH�(QJLQHHULQJ�HOHFWLYHV�

)URP� WKH� DERYH� RXWOLQH� RI� WKH� VSHFLILF� EDFNJURXQG� RI� RXU� UHYLVLRQDO� HIIRUWV� WRZDUGV
VWUHQJWKHQLQJ�WKH�VRIWZDUH�HQJLQHHULQJ�HGXFDWLRQ�RIIHUHG�E\�RXU�XQLYHUVLW\��LW�FDQ�EH�VHHQ�WKDW
LW�LV�UDWKHU�FRPSOLFDWHG�DQG�LQ�VRPH�DVSHFWV�TXLWH�GLIIHUHQW�IURP�WKH�QRUPDO�GHYHORSPHQWV�LQ

)LJ�����3RVWJUDGXDWH�VWXG\�LQ�,QIRUPDWLFV�



UHJLRQV�QRW�JRLQJ�WKURXJK�VXFK�D�WUDQVLWLRQ��2Q�WKH�RWKHU�KDQG��PDQ\� IXQGDPHQWDO�TXHVWLRQV
DUH�WKH�VDPH�

2QH� VXFK� TXHVWLRQ� DVNV� DERXW� UHODWLRQVKLSV� EHWZHHQ� VRIWZDUH� HQJLQHHULQJ� DQG� RWKHU
UHODWHG�HQJLQHHULQJ�GLVFLSOLQHV��,Q�SDUWLFXODU��WKH�UHODWLRQVKLS�WR�FRPSXWHU�HQJLQHHULQJ�LV�LQ�RXU
YLHZ�TXLWH� FORVH��0DQ\� IXQGDPHQWDO� SUREOHPV� DUH� VLPLODU� DQG� VR� DUH� WKH�PHWKRGV� WR� WDFNOH
WKHP��+DUGZDUH�RU�VRIWZDUH�VSHFLILFDWLRQ�DQG�GHVFULSWLRQ�ODQJXDJHV�DUH�RQH�H[DPSOH��+XPDQ
FRPSXWHU�LQWHUDFWLRQ�VHHPV�WR�EH�D�PDWWHU�RI�VRIWZDUH��EXW�KRZ�IXQGDPHQWDOO\�GLIIHUHQW�LV�WKH
WRSLF� RI� SHULSKHUDO� GHYLFHV� LQ� FRPSXWHU� HQJLQHHULQJ"�5HFHQWO\�� WKH� DUFKLWHFWXUH� RI� VRIWZDUH
V\VWHPV� LV� EHFRPLQJ� RQH� RI� WKH� FRUH� VXEMHFWV� LQ� VRIWZDUH� HQJLQHHULQJ�� IXOO\� SDUDOOHOLQJ� WKH
ORQJ�DJR�HVWDEOLVKHG�LPSRUWDQFH�RI�DUFKLWHFWXUH�RI�FRPSXWHU�V\VWHPV��$Q�LQWHUDFWLRQ�EHWZHHQ
WKH� GLVFLSOLQHV� RI� WKH� WZR� HQJLQHHULQJV� WDNHV� SODFH� ZLWKLQ� RXU� FRPPRQ� GHSDUWPHQW�� DQG� LW
RIWHQ� SURYHV� WR� EH� IUXLWIXO�� )RU� WKH� VWXGHQWV�� WKH� GLVFLSOLQHV� SURYLGH� GLIIHUHQW� SHUVSHFWLYHV�
DOORZLQJ�XV�WR�JHQHUDOL]H�DQG�WR�GHHSHQ�XQGHUVWDQGLQJ�DW�WKH�VDPH�WLPH�

7KH� GLVWDQFH� RI� ERWK� WR� 7HOHFRPPXQLFDWLRQV� (QJLQHHULQJ� LV� ELJJHU�� EXW� HYHQ� KHUH� WKH
FRPPRQ� VFLHQWLILF� WRSLF� L�H��� FRPPXQLFDWLQJ�� SURFHVVLQJ� DQG� VWRULQJ� LQIRUPDWLRQ� MXVWLILHV
GHVLJQLQJ� RQH� FRPPRQ� LQWHJUDWHG� FRXUVH� RI� ,QIRUPDWLFV� ZLWK� HQRXJK� IOH[LELOLW\� WR� DOORZ
UHODWLYH�DXWRQRP\�RI�WKH�WKUHH�HQJLQHHULQJV�ZLWKLQ�LW��6R�DW�WKH�PRPHQW��ZH�KDYH�DQ�LQWHJUDWHG
XQGHUJUDGXDWH� FRXUVH� RI� ,QIRUPDWLFV�� DQG� VLPLODUO\� D� SRVWJUDGXDWH� RQH�� 2I� FRXUVH�� ZH� DUH
DZDUH�RI�WKH�SRVVLELOLWLHV�RI�RWKHU�VROXWLRQV��DQG�WKH�FRQILJXUDWLRQ�PD\�HYROYH�LQ�WLPH�

2XU� VWUDWHJ\�RI� WHDFKLQJ�6RIWZDUH�(QJLQHHULQJ� LV� VWURQJO\�EDVHG� RQ� SUDFWLFDO�ZRUN��$V
FDQ�EH� VHHQ� IURP� WKH�RYHUYLHZ�RI� WKH� FXUULFXOD�RI� ,QIRUPDWLFV�� DQG�SDUWLFXODUO\�RI� 6RIWZDUH
(QJLQHHULQJ�VSHFLDOL]DWLRQ�WUDFNV��VWXGHQWV�KDYH�WR�FRPSOHWH�VHYHUDO�SURMHFWV�GXULQJ�WKH�VWXG\�
D�\HDU�SURMHFW�LQ�WKH�XQGHUJUDGXDWH�VWXG\��D�WHDP�SURMHFW�LQ�WKH�SRVWJUDGXDWH�VWXG\�DQG�D�WKHVLV
SURMHFW�LQ�WKH�SRVWJUDGXDWH�VWXG\�

3URMHFWV�DUH�GHYRWHG� WR� VRIWZDUH�V\VWHPV�GHYHORSPHQW�DQG�RU�DQDO\VLV�DQG�PDLQWHQDQFH
RI� WKH� H[LVWLQJ� V\VWHPV�� 7HDP� SURMHFWV� LQ� 6RIWZDUH� (QJLQHHULQJ� VSHFLDOL]DWLRQ� WUDFNV� DUH
SDUWLFXODUO\�WR�EH�VWUHVVHG��0RUHRYHU��VWXGHQWV�SDUWLFLSDWH�LQ�VPDOOHU�SURMHFWV�ZKLFK�DUH�OLQNHG
WR�SDUWLFXODU�VXEMHFWV�

�� &RQFOXVLRQV
:H�DWWHPSWHG� WR�GHVFULEH� WKH�FRQWH[W�DQG� WKH�FRQWHQWV�RI�KLJKHU�HGXFDWLRQ� LQ�6ORYDNLD�

ZKLFK� FDQ�EH� FRQVLGHUHG� UHSUHVHQWDWLYH�ZLWK� UHVSHFW� WR�&HQWUDO�(XURSHDQ� FRXQWULHV� LQ� VRPH
VHQVH� QRW� OHDVW� EHFDXVH� LW� LV� D� W\SLFDO� FRXQWU\� LQ� D� WUDQVLWLRQ� SHULRG� DQG� WKLV� IDFW� KDV
FRQVHTXHQFHV� WR� WUDQVIRUPDWLRQ� RI� FXUULFXOD� >��@�� :H� QRWHG� WKDW� FRQWUDU\� WR� WKH� FRPPRQ
SUDFWLFH� LQ�FRXQWULHV�ZLWK�D� ORQJ� WUDGLWLRQ�RI�D� WZR� OHYHO� KLJKHU�HGXFDWLRQ� �OHDYLQJ�DVLGH� WKH
WKLUG� 3K'�� OHYHO��� ZKHUH� WKH� PDMRULW\� RI� JUDGXDWHV� GR� QRW� FRQWLQXH� WRZDUGV� WKH� PDVWHU¶V
GHJUHH�� RXU� WUDGLWLRQ� GLFWDWHV� −� DW� OHDVW� IRU� VRPH� WLPH� −� WR� DQ� RYHUZKHOPLQJ� PDMRULW\� RI
JUDGXDWHV�WR�SURFHHG�WRZDUGV�WKH�PDVWHU¶V�GHJUHH��$V�D�FRQVHTXHQFH�WR�VRIWZDUH�HQJLQHHULQJ
HGXFDWLRQ��WKHUH�LV�QRW�IHOW�DQ\�VWURQJ�QHHG�RI�PRUH�VSHFLDOL]LQJ�DOUHDG\�DW�WKH�EDFKHORU¶V�OHYHO�
5DWKHU��ZH�SUHIHU�DQ�LQWHJUDWHG�VFKHPH�FRPSULVLQJ�D�EURDGHU�ILHOG�RI�,QIRUPDWLFV�

2XU� VFKHPH�� KRZHYHU�� FOHDUO\� LGHQWLILHV� DQG� GLVWLQJXLVKHV� WKUHH� VSHFLDOL]DWLRQ� WUDFNV
ZLWKLQ� LWVHOI��ZLWK�RQH�RI� WKHP�EHLQJ�6RIWZDUH�(QJLQHHULQJ�� ,Q�VXFK�D�ZD\��ZH�KDYH�SXVKHG
PRUH� IRUZDUG� WKH� LGHD� RI� SURYLGLQJ� D� VHOI� FRQVLVWHQW� EDFKHORU¶V� OHYHO� VWXG\� LQ� 6RIWZDUH
(QJLQHHULQJ� WKDQ� H�J��� -DFNVRQ��0DQDULV� DQG�0F&DXOH\� >�@� ZKR� UHSRUW� RQO\� RQ� LQWHJUDWLQJ



VRIWZDUH� HQJLQHHULQJ� FRQFHSWV� DQG� WHFKQLTXHV� LQWR� DQ� XQGHUJUDGXDWH� &RPSXWHU� 6FLHQFH
FXUULFXOXP�

:H� UHSRUW� RQ� DQ� LQWHUHVWLQJ� H[SHULHQFH� RI� GHYHORSLQJ� 6RIWZDUH� (QJLQHHULQJ� HGXFDWLRQ
ZLWKLQ�LQWHJUDWHG�,QIRUPDWLFV�FXUULFXOD��7KLV�VROXWLRQ�DYRLGV�PDNLQJ�6RIWZDUH�(QJLQHHULQJ�WRR
QDUURZ�RU� WRR� ORRVHO\�GHILQHG�GXH� WR� WKH� ODFN�RI� VXIILFLHQWO\�FRPSUHKHQVLYH�RZQ� WKHRU\�DQG
PHWKRGRORJ\��,QVWHDG��D�ILUP�EDVH�LV�FUHDWHG�E\�ZLGHQLQJ�&RPSXWHU�6FLHQFH�IRXQGDWLRQV�ZLWK
VRPH�IXQGDPHQWDO�SULQFLSOHV�DQG�WKHRULHV�RI�&RPSXWHU�DQG�7HOHFRPPXQLFDWLRQV�(QJLQHHULQJV
ZLWK�UHIHUHQFH�WR�FRPPRQ�VFLHQWLILF�SUREOHP�RI�DOJRULWKPLF�LQIRUPDWLRQ�SURFHVVLQJ��%XLOGLQJ
RQ�WKDW��VSHFLILF�VRIWZDUH�HQJLQHHULQJ�PRGHOV��DUFKLWHFWXUHV�DQG�PHWKRGV�DUH�GHYHORSHG��)URP
DPRQJ� WKH� WZR� ,QIRUPDWLFV� FXUULFXOD�� WKH� SRVWJUDGXDWH� RQH� RIIHUV� PRUH� EUHDGWK� DQG� GHSWK
VSHFLILFDOO\� ZLWK� UHVSHFW� WR� 6RIWZDUH� (QJLQHHULQJ�� ZKLOH� WKH� XQGHUJUDGXDWH� RQH� LV� PRUH
JHQHUDO�LQ�RIIHULQJ�EUHDGWK�LQ�,QIRUPDWLFV�DQG�JRLQJ�GHHSHU�LQWR�6RIWZDUH�(QJLQHHULQJ�RQO\�WR
D� UHODWLYHO\� OHVVHU� H[WHQW��:LWK� UHVSHFW� WR� ERWK� RI� WKHP�� KRZHYHU��ZH� FDQ� FRQFOXGH� WKDW� WKH
FRQWHQWV� RI� WKH� FXUULFXOD� GRHV� QRW� GLIIHU� LQ� DQ\� VLJQLILFDQW� ZD\� IURP� WKRVH� RIIHUHG� DW� RWKHU
LQVWLWXWHV�LQ�RWKHU�UHJLRQV�

�� $FNQRZOHGJHPHQWV
7KH�ZRUN�UHSRUWHG�KHUH�ZDV�VXSSRUWHG�E\�WKH�6ORYDN�0LQLVWU\�RI�(GXFDWLRQ��SURMHFW�1R�

3/������6����&RPPLVVLRQ�RI�WKH�(XURSHDQ�&RPPXQLWLHV��SURMHFW�,1&2��������

�� 5HIHUHQFHV
��� %LHOLNRYi��0���*DOEDYê��0���.DSXVWtN�� ,���0ROQiU������1iYUDW��3���8VLQJ�D�&$6(�WRRO� LQ

GHYHORSLQJ� DQ� LQIRUPDWLRQ� V\VWHP� IRU� 6ORYDN� 7HOHFRP�� ,Q�� ,QIRUPDWLRQ� 7RROV� DQG
7HFKQRORJLHV��YRO�����,QW��$FDGHP\�RI�$XWRPDWLRQ�����������������

��� 'LMNVWUD��(��:���2Q�WKH�FUXHOW\�RI�UHDOO\�WHDFKLQJ�FRPSXWLQJ�VFLHQFH��&RPPXQLFDWLRQV�RI
WKH�$&0�������������������������

��� )RUG��*���6(,�UHSRUW�RQ�JUDGXDWH�VRIWZDUH�HQJLQHHULQJ�HGXFDWLRQ��7HFK��5HS��&08�6(,�
���75����&08�6RIWZDUH�(QJLQHHULQJ�,QVWLWXWH��������

��� )RUG��*���$�SURJUHVV�UHSRUW�RQ�XQGHUJUDGXDWH�VRIWZDUH�HQJLQHHULQJ�HGXFDWLRQ��7HFK��5HS�
&08�6(,����75�����&08�6RIWZDUH�(QJLQHHULQJ�,QVWLWXWH��������

��� +ROFRPEH��0���6RIWZDUH�HQJLQHHULQJ��,Q��/LQNHQV��'��DQG�1LFROVRQ��5�,���HGV��7UHQGV� LQ
,QIRUPDWLRQ�7HFKQRORJ\��FKDSWHU����3��3HULJULQXV�,((�8.���������������

��� -DFNVRQ�� 8��� 0DQDULV�� %�=��� 0F&DXOH\�� 5�$��� 6WUDWHJLHV� IRU� HIIHFWLYH� LQWHJUDWLRQ� RI
VRIWZDUH� HQJLQHHULQJ� FRQFHSWV� DQG� WHFKQLTXHV� LQWR� WKH� XQGHUJUDGXDWH� FRPSXWHU� VFLHQFH
FXUULFXOXP�� ,Q�� 7ZHQW\�HLJKWK� 6,*&&6(� 7HFKQLFDO� 6\PSRVLXP� RQ� &RPSXWHU� 6FLHQFH
(GXFDWLRQ��YRO����������������������

��� /HLEIULHG�� 7�)��� 0DF'RQDOG�� 5�%��� :KHUH� LV� VRIWZDUH� HQJLQHHULQJ� LQ� WKH� WHFKQLFDO
VSHFWUXP"�,QW��-RXUQDO�RI�(QJLQHHULQJ�(GXFDWLRQ���������������������

��� 0ROQiU�� ���� 1iYUDW�� 3��� 9RMWHN�� 9��� 3$5/$%� �� ODERUDWRU\� IRU� SDUDOOHO� FRPSXWLQJ� DQG
SURJUDPPLQJ�� ,Q�� 3URF�� 7(0386� :RUNVKRS� RQ� (QJLQHHULQJ� DQG� 5HODWHG� 6FLHQFHV�
%UDWLVODYD��678�DQG�1DWLRQDO�7HPSXV�2IILFH���������������



��� 0ROQiU�� ���� 1iYUDW�� 3��� 9RMWHN�� 9��� 3URPRWLQJ� HGXFDWLRQ� LQ� WKH� ILHOG� RI� VRIWZDUH
HQJLQHHULQJ�� ,Q�� 3URF�� 7(0386� :RUNVKRS� RQ� (QJLQHHULQJ� DQG� 5HODWHG� 6FLHQFHV�
%UDWLVODYD��678�DQG�1DWLRQDO�7HPSXV�2IILFH���������������

���� 1iYUDW�� 3��� ,QWHOOLJHQW� VXSSRUW� IRU� VRIWZDUH� FRQVWUXFWLRQ�� DQG� KLJKHU� HGXFDWLRQ� LQ
LQIRUPDWLFV�DW�WKH�6ORYDN�78��WKH�'(&�FRQQHFWLRQ��,Q��3URF��'(&6<0����/DWHVW�7UHQGV
LQ�&RPSXWLQJ��6LGH�$QWDO\D�����������������
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