
,QWURGXFLQJ�'LVWULEXWHG�2EMHFWV�LQ�D�+HDOWKFDUH�,QVWLWXWLRQ�
7KH�+RVSLWDO�GDV�&OtQLFDV�&RUED/DE�3URMHFW

)DELDQH�%L]LQHOOD�1DUGRQ��06F��/LQFROQ�0RXUD��06F��3K'�
-XOLDQR�&ODXGLR�=DQDUGR��%6F��$PpULFR�&RUGXOD�7HL[HLUD��%6F�

5HJLQD�&ODXGLD�&DQWHOH��%6F
+RVSLWDO�GDV�&OtQLFDV�±�8QLYHUVLW\�RI�6DR�3DXOR�0HGLFDO�6FKRRO�+RVSLWDO��6DR�3DXOR��63���%UD]LO

$EVWUDFW

7KLV� SDSHU� GHVFULEHV� WKH� H[SHULHQFH� RI� WKH
8QLYHUVLW\� RI� 6DR� 3DXOR�0HGLFDO� 6FKRRO� +RVSLWDO
�+RVSLWDO� GDV� &OtQLFDV� �� +&�� LQ� LQWURGXFLQJ
'LVWULEXWHG� 2EMHFWV� WHFKQRORJ\� LQ� D� ODUJH
KHDOWKFDUH� LQVWLWXWLRQ�� +&� KDV� VL[� LQGHSHQGHQW
LQVWLWXWHV� XVLQJ� GLIIHUHQW� LQIRUPDWLRQ� V\VWHPV
UXQQLQJ�RQ�GLIIHUHQW�SODWIRUPV��$LPLQJ�DW�SURYLGLQJ
D� KLJKHU� OHYHO� RI� LQWHJUDWLRQ� DPRQJ� WKHVH
KHWHURJHQHRXV� V\VWHPV�� WKH� KRVSLWDO� FUHDWHG� D
GLVWULEXWHG� REMHFW� SURMHFW�ZKLFK� KDV� EHHQ� UHIHUUHG
WR�DV�WKH�&RUED/DE�SURMHFW��7KH�JRDO�RI�WKDW�SURMHFW
LV�WR�LQWURGXFH�GLVWULEXWHG�REMHFWV�WHFKQRORJ\�LQ�WKH
LQVWLWXWLRQ�� 7KH� SURFHVV�� GLIILFXOWLHV� DQG� UHVXOWV� RI
WKLV�SURMHFW�DUH�SUHVHQWHG�LQ�WKLV�SDSHU�

.H\ZRUGV�
'LVWULEXWHG� 2EMHFWV�� 6RIWZDUH� &RPSRQHQWV�
&25%$��+RVSLWDO�,QIRUPDWLRQ�6\VWHPV

,QWURGXFWLRQ
8QLYHUVLW\� RI� 6DR� 3DXOR�0HGLFDO� 6FKRRO� +RVSLWDO
�+&��LV�WKH�ODUJHVW�KRVSLWDO�LQ�/DWLQ�$PHULFD�DQG�LV
DPRQJ� WKH� ODUJHVW� LQ� WKH�ZRUOG�� ,W�KDV�DERXW������
EHGV�� SURYLGHV� FDUH� IRU� PRUH� WKDQ� ������
RXWSDWLHQWV� HDFK� PRQWK�� DQG� SHUIRUPV� DERXW
����������ODERUDWRU\�H[DPV�SHU�PRQWK��+&�KDV�VL[
LQGHSHQGHQW� LQVWLWXWHV� XVLQJ� GLIIHUHQW� LQIRUPDWLRQ
V\VWHPV�UXQQLQJ�RQ�GLIIHUHQW�SODWIRUPV�
&XUUHQWO\�� +&� LV� UHQHZLQJ� LWV� LQIRUPDWLFV
LQIUDVWUXFWXUH�� EXLOGLQJ� D� QHZ� LQIRUPDWLRQ� V\VWHP
WKDW�ZLOO�LPSURYH�WKH�LQIRUPDWLRQ�PDQDJHPHQW�DQG�
FRQVHTXHQWO\��LPSURYH�WKH�SDWLHQW�FDUH�
7KH� QHZ� V\VWHP� � KDQGOHV� WKH� FRUSRUDWLRQ
LQIRUPDWLRQ��PDQDJLQJ�DQ�HQWHUSULVH�ZLGH�GDWDEDVH�
$W� WKH� VDPH� WLPH�� WKH� QHZ� LQIUDVWUXFWXUH� LV� JLYLQJ
VWUHQJWK�DQG�IUHHGRP�WR�WKH�LQVWLWXWHV��HQFRXUDJLQJ
WKHP�WR�WUDQVODWH�LQWR�WKHLU�QHHGV�WKH�EHQHILWV�JLYHQ
E\� WKH� FRUSRUDWH� LQIRUPDWLRQ� V\VWHP�� � 7KLV
DSSURDFK�GHFHQWUDOL]HV�WKH�LQIRUPDWLFV�VHUYLFHV�DQG
OHW� WKH� LQVWLWXWHV� WR� FKRRVH� WKH� ZD\� WKHLU� VSHFLILF
V\VWHPV� ZLOO� EH� REWDLQHG�� WKURXJK� LQWHUQDO
GHYHORSPHQW� RU� WKURXJK� EX\LQJ� WKH� EHVW� SURGXFW
IURP�WKH�EHVW�YHQGRU�

7KLV�SURFHVV�RI�UHQRYDWLRQ�LV�FRPPLWWHG�WR�WKH�XVH
RI�RSHQ�VWDQGDUGV�LQ�DOO�OD\HUV�RI�WKH�LQIUDVWUXFWXUH�
0RUHRYHU�� WKHUH� LV� D� SDUWQHUVKLS� ZLWK� RWKHU
KHDOWKFDUH� LQVWLWXWLRQV� ZLWK� WKH� VDPH� SUREOHPV�
ZKLFK�PDNHV�WKLV�SURMHFW�D�PXOWL�LQVWLWXWLRQDO�RQH�
7KXV�� WKH�8QLYHUVLW\�RI�6DR�3DXOR�0HGLFDO�6FKRRO
+RVSLWDO� LQIRUPDWLRQ� V\VWHP� HPHUJHV� DV� D� WRWDOO\
GLVWULEXWHG� V\VWHP�� ZKHUH� WKH� H[FKDQJH� RI
LQIRUPDWLRQ�DPRQJ�GLIIHUHQW�KHDOWKFDUH� LQVWLWXWLRQV
DOORZV� LPSURYLQJ� SDWLHQW� FDUH� DQG� LQIRUPDWLRQ
PDQDJHPHQW�
7KLV� GLVWULEXWHG� DQG� KHWHURJHQHRXV� HQYLURQPHQW
UHTXLUHV� WKH� XWLOL]DWLRQ� RI� WHFKQRORJLHV� WKDW� SHUPLW
WR� LQWHJUDWH� V\VWHPV� UXQQLQJ� RQ� D� ZLGH� YDULHW\� RI
KDUGZDUH� DQG� VRIWZDUH� SODWIRUPV�� 'LVWULEXWHG
REMHFWV� WHFKQRORJ\�>�@�KDV�EHHQ�SRLQWHG�RXW�DV� WKH
RQO\� ZD\� WR� SURYLGH� WUXH� LQWHJUDWLRQ� >�@� DPRQJ
KHWHURJHQHRXV�V\VWHPV�
,QWURGXFLQJ� 'LVWULEXWHG� 2EMHFWV� WHFKQRORJ\� LQ� D
ODUJH� LQVWLWXWLRQ��KRZHYHU�� LPSOLHV� LQ� FKDQJLQJ� WKH
ZD\�V\VWHPV�DUH�PDGH�DQG�LQ�OHDUQLQJ�D�QHZ�ZD\�RI
WKLQNLQJ��7KLV� QHZ�SDUDGLJP�KDV� WR� EH� LQWURGXFHG
JUDGXDOO\�DQG�D�JUHDW�GHDO�RI�WLPH�KDV�WR�EH�VSHQW�LQ
WUDLQLQJ� GHYHORSHUV� DQG� GLVVHPLQDWLQJ� NQRZOHGJH�
7R� DFKLHYH� WKLV� JRDO�� 8QLYHUVLW\� RI� 6DR� 3DXOR
0HGLFDO� 6FKRRO� +RVSLWDO� FUHDWHG� WKH� &RUED/DE
3URMHFW�� 7KLV� SURMHFW� DLPV� WR� LQWURGXFH� GLVWULEXWHG
REMHFWV� WHFKQRORJ\� LQ� WKH� KRVSLWDO� WKURXJK� SLORW
SURMHFWV��WUDLQLQJ�DQG�NQRZOHGJH�DFTXLVLWLRQ�
7KLV�SDSHU�GHVFULEHV�+&�H[SHULHQFH�LQ� WKH�SURFHVV
RI� LQWURGXFLQJ� GLVWULEXWHG� REMHFWV� LQ� D� YHU\� ODUJH
DQG�FRPSOH[�KHDOWKFDUH�LQVWLWXWLRQ�

'LVWULEXWHG�2EMHFWV�LQ�+HDOWKFDUH
$ORQJ�WKHLU�OLYHV��SHRSOH�UHFHLYH�WUHDWPHQW�LQ�PDQ\
GLIIHUHQW� KHDOWKFDUH� LQVWLWXWLRQV�� (DFK� LQVWLWXWLRQ
VWRUHV�WKH�SDWLHQW¶V�LQIRUPDWLRQ�LQ�LWV�RZQ�GDWDEDVH�
XVLQJ� LWV� RZQ� GDWD� VWUXFWXUHV� DQG� D� VSHFLILF
KDUGZDUH� DQG� VRIWZDUH� SODWIRUP�� (YHQ� LQVLGH� D
VLQJOH� LQVWLWXWLRQ�� WKH� LQFUHDVLQJ� QXPEHU� RI
VSHFLDOL]HG� XQLWV� KDV� FDXVHG� LQFUHDVHG
IUDJPHQWDWLRQ� DQG� GLVWULEXWLRQ� RI� SDWLHQW� UHFRUGV�



7KLV� VFHQDULR� PDNHV� KHDOWKFDUH� LQIRUPDWLRQ
V\VWHPV�DQ�LQKHUHQWO\�GLVWULEXWHG�DSSOLFDWLRQ�
7KH�JURZWK�RI�,QWHUQHW�FRQQHFWLRQV�DQG�WKH�QHHG�WR
SURYLGH� EHWWHU� FDUH� DW� ORZHU� FRVW� KDYH� PDGH� LW
LQFUHDVLQJO\� LPSRUWDQW� WR� DFFHVV� WKH� FRPSOHWH
KHDOWK�FDUH�UHFRUG�RI��SHRSOH�
7R�PDNH�LW�SRVVLEOH�WR�UHFRYHU�WKH�FRPSOHWH�SDWLHQW
KHDOWK� UHFRUG� LW� LV� QHFHVVDU\� WR� SURYLGH� PHDQV� RI
LQWHURSHUDELOLW\� DPRQJ� WKH� YDULRXV� H[LVWLQJ
VRIWZDUH�DQG�KDUGZDUH�SODWIRUPV��,W� LV�ZHOO�NQRZQ
WKDW� ZH� DUH� QRW� JRLQJ� WR� KDYH� D� FRQVHQVXV� RI
KDUGZDUH�� VRIWZDUH� RU� GDWD� VWUXFWXUHV�� 'LIIHUHQW
LQVWLWXWLRQV�ZLOO� FHUWDLQO\� FRQWLQXH� WR� XVH� GLIIHUHQW
DUFKLWHFWXUHV�
7KH� VROXWLRQ� WR� SURYLGLQJ� LQWHURSHUDELOLW\� DPRQJ
GLIIHUHQW� V\VWHPV� LV� WR� XVH� DQ� DUFKLWHFWXUH� WKDW
SHUPLWV� GLIIHUHQW� VRIWZDUH� DSSOLFDWLRQV� UXQQLQJ� RQ
GLIIHUHQW�SODWIRUPV�WR�FRPPXQLFDWH�ZLWK�HDFK�RWKHU�
'LVWULEXWHG� REMHFW� DUFKLWHFWXUHV� KDYH� EHHQ� SRLQWHG
RXW� DV� WKH� RQO\� ZD\� WR� SURYLGH� WUXH� LQWHJUDWLRQ
DPRQJ�KHWHURJHQHRXV� V\VWHPV� >�@�� ,Q� D�GLVWULEXWHG
REMHFW� DUFKLWHFWXUH� >�@�� LQGHSHQGHQW� SLHFHV� RI
VRIWZDUH� FDQ� EH� DFFHVVHG� E\� UHPRWH� FOLHQWV� YLD
PHWKRG� LQYRFDWLRQ�� 8VLQJ� D� VWDQGDUG� WKDW� PDNHV
WUDQVSDUHQW� WKH� FRPPXQLFDWLRQ� LVVXHV� DPRQJ
GLVWULEXWHG� REMHFWV�� GLIIHUHQW� DSSOLFDWLRQV� UXQQLQJ
RQ� GLIIHUHQW� SODWIRUPV� FDQ� LQWHURSHUDWH� ZLWKRXW
ZDVWLQJ� WLPH� LQ� EXLOGLQJ� SURSULHWDU\� VROXWLRQV� RI
LQWHURSHUDELOLW\�
1RZDGD\V�� &25%$� ���� >�@� LV� WKH� VWDQGDUG� WKDW
RIIHUV� WKH� QHFHVVDU\� LQIUDVWUXFWXUH� WR� DFKLHYH� WKLV
LQWHURSHUDELOLW\��&25%$��&RPPRQ�2EMHFW�5HTXHVW
%URNHU� $UFKLWHFWXUH�� LV� WKH� PRVW� LPSRUWDQW
PLGGOHZDUH�SURMHFW�HYHU�XQGHUWDNHQ�E\�WKH�LQGXVWU\
>�@�� &25%$� ZDV� GHILQHG� E\� WKH� 20*� �2EMHFW
0DQDJHPHQW� *URXS��� D� FRQVRUWLXP� RI� PRUH� WKDQ
���� FRPSDQLHV� DURXQG� WKH� ZRUOG�� 7KURXJK
&25%$�� GLVWULEXWHG� REMHFWV� FDQ� GLVFRYHU� HDFK
RWKHU�DQG�FRPPXQLFDWH�UHJDUGOHVV�RI�WKH�KDUGZDUH�
RSHUDWLRQDO� V\VWHP�RU�SURJUDPPLQJ� ODQJXDJH�XVHG
E\�WKH�LQYROYHG�DSSOLFDWLRQV�
2QO\� WKH� &25%$� LQIUDVWUXFWXUH�� KRZHYHU�� LV� QRW
HQRXJK� WR� LQWHJUDWH� VXFFHVVIXOO\� KHDOWKFDUH
DSSOLFDWLRQV�� ,W� LV� DOVR� QHFHVVDU\� WR� XVH� GRPDLQ
VWDQGDUGV� DQG� WR� GHILQH� DQ� HIILFLHQW� PHWKRGRORJ\
IRU�FUHDWLQJ�WKH�GLVWULEXWHG�REMHFWV�WKDW�DUH�JRLQJ�WR
EH�XVHG�LQ�WKH�KHDOWKFDUH�LQGXVWU\�
7KH� 20*� +HDOWKFDUH� 'RPDLQ� 7DVN� )RUFH�� DOVR
NQRZQ� DV� &25%$PHG�� KDV� PDGH� DQ� HIIRUW� WR
VWDQGDUGL]H�VHUYLFHV�LQ�WKH�KHDOWKFDUH�GRPDLQ��8QWLO
QRZ��&25%$PHG� KDV� WZR� DGRSWHG� VSHFLILFDWLRQV�
WKH� 3HUVRQ�3DWLHQW� ,GHQWLILFDWLRQ� 6HUYLFH� �3,'6�
DQG� WKH� /H[LFRQ� 4XHU\� 6HUYLFH� �/46��� 7KH� ILUVW
SURYLGHV� D� VWDQGDUG� PHWKRG� IRU� ORFDWLQJ� SHUVRQ

LGHQWLILHUV� DQG� WKHLU� DVVRFLDWHG� UHFRUGV� DFURVV
IDFLOLWLHV� DQG� HQWHUSULVHV�� 7KH� VHFRQG� VXSSRUWV
TXHULHV� RYHU� PXOWLSOH� YRFDEXODULHV� LQ� D
KHWHURJHQHRXV� DSSOLFDWLRQ� HQYLURQPHQW�� 7KHUH� DUH
RWKHU� &25%$PHG� VSHFLILFDWLRQV� XQGHU� ZD\�� EXW
PXFK� PRUH� LV� QHHGHG� WR� SURYLGH� WKH� OHYHO� RI
VWDQGDUG� LQWHURSHUDELOLW\� DPRQJ� KHDOWKFDUH
DSSOLFDWLRQV�ZH�QHHG�
(YHQ�ZLWK�D�JRRG�OHYHO�RI�DFFHSWDQFH�RI�GLVWULEXWHG
REMHFWV� WHFKQRORJ\�� WKH�SURFHVV�RI� LQWURGXFLQJ� WKLV
QHZ� SDUDGLJP� LQ� D� ODUJH� LQVWLWXWLRQ� LV� QRW� WULYLDO�
)LUVW� RI� DOO�� WKHUH� DUH� QRW� HQRXJK� H[SHULHQFHG
GLVWULEXWHG� REMHFW�RULHQWHG� GHVLJQHUV� DYDLODEOH�
6HFRQG�� WKHUH� DUH� EXW� D� IHZ�JRRG� WRROV� WR� VXSSRUW
WKLV� ZRUN�� 7KLUG�� LW� LV� QHFHVVDU\� WR� GHVLJQ� HDFK
GLVWULEXWHG� REMHFW� LQ� D� ZD\� WR� DOORZ� PD[LPXP
UHXVH�� 7KH� PRVW� GLIILFXOW� LVVXH� LV�� KRZHYHU�� WR
FKDQJH� WKH�PLQGV� DQG�KHDUWV� RI� D� KXJH�QXPEHU� RI
GHYHORSHUV� XVHG� WR� WUDGLWLRQDO� WHFKQLTXHV� RI
EXLOGLQJ�DSSOLFDWLRQV�

7KH�&RUED/DE�3URMHFW

7KH� HQYLURQPHQW� RI� WKH� 8QLYHUVLW\� RI� 6DR� 3DXOR
0HGLFDO� 6FKRRO� +RVSLWDO� LV� GLVWULEXWHG� DQG
KHWHURJHQHRXV�� (DFK� LQVWLWXWH� FRXQWV� RQ� � DQ
LQGHSHQGHQW� WHDP�RI� LQIRUPDWLFLDQV� � DQG� LV� IUHH� WR
FKRRVH� WKH� ZD\� LWV� VSHFLILF� V\VWHPV� � DUH
LPSOHPHQWHG�� 7KH� &HQWHU� RI� ,QIRUPDWLRQ� DQG
$QDO\VLV� �&,$�� LV� WKH� GHSDUWPHQW� LQ� WKH� +RVSLWDO
UHVSRQVLEOH� IRU� PDQDJLQJ� DQG� FRRUGLQDWLQJ
FRUSRUDWH� SURMHFWV�� &,$� LV� DOVR� UHVSRQVLEOH� IRU
LQWURGXFLQJ�QHZ�WHFKQRORJLHV�LQ�WKH�LQVWLWXWLRQ�DQG
IRU� SURYLGLQJ� WKH� QHFHVVDU\� WUDLQLQJ�� DOORZLQJ� WKH
LQGHSHQGHQW� WHDPV�RI�GHYHORSHUV� WR�KDYH�DFFHVV� WR
QHZ�WHFKQRORJLHV�DQG�LPSURYLQJ�WKH�JHQHUDO�TXDOLW\
RI�WKH�V\VWHPV�SURGXFHG�LQ�WKH�KRVSLWDO�
(QYLVLRQLQJ� WKDW� GLVWULEXWHG� REMHFWV� LV� WKH
WHFKQRORJ\� WKDW� ZLOO� SURYLGH� WKH� OHYHO� RI
LQWHURSHUDELOLW\� ZH� QHHG�� &,$� VWDUWHG� LQ� ����� WKH
&RUED/DE�SURMHFW��7KLV�SURMHFW�KDV�DV�PDMRU�JRDO�WR
FUHDWH�D�FXOWXUH�RI�XWLOL]DWLRQ�RI�GLVWULEXWHG�REMHFWV
LQ�WKH�KRVSLWDO�

7KH�HQYLURQPHQW� WKH�&RUED/DE�SURMHFW�KDV� WR�GHDO
ZLWK� LV� H[WUHPHO\� FKDOOHQJLQJ�� 0RVW� RI� WKH
GHYHORSHUV� KDYH� QR� H[SHULHQFH� LQ� DQ\� REMHFW�
RULHQWHG� WHFKQLTXH�� 6\VWHPV� XVHG� E\� WKH� LQVWLWXWHV
DUH� PDGH� LQ� D� ZLGH� YDULHW\� RI� SURJUDPPLQJ
ODQJXDJHV��%RUODQG�'HOSKL��0LFURVRIW�9LVXDO�%DVLF�
2UDFOH�)RUPV��&����)R[�SUR��&OLSSHU��0DJLF��HWF��
UXQQLQJ�RQ�GLIIHUHQW�RSHUDWLRQDO�V\VWHPV��:LQGRZV
���� :LQGRZV� 17�� 8QL[�� 6RODULV�� DQG� GLIIHUHQW
KDUGZDUH�SODWIRUPV��,QWHO�3&��6XQ��'LJLWDO���$V�WKH
LQVWLWXWHV� DUH� LQGHSHQGHQWV�� WHFKQRORJ\� FDQ� QRW� EH



LPSRVHG��QRU�ZRXOG�LW�EH�GHVLUDEOH�� �2XU�WDVN�LV� WR
RSHQ�ZD\� WR� WHFKQRORJLHV� DQG�PHWKRGV� WKDW� DWWUDFW
LQVWLWXWHV�WR�LQWHJUDWH�ZLWKRXW�ORVLQJ�WKHLU�LQGLYLGXDO
FKDUDFWHULVWLFV�DQG�LQGHSHQGHQFH�

7KH� VXFFHVV� RI� WKH� &RUED/DE� 3URMHFW� GHSHQGV� RQ
WKH� OHYHO� RI� DFFHSWDQFH� GLVWULEXWHG� REMHFWV
WHFKQRORJ\�ZLOO�DFKLHYH��7KH�VWUDWHJ\�RI�WKLV�SURMHFW
LV� WR� SURPRWH� WKH� EHQHILWV� RI� XVLQJ� GLVWULEXWHG
REMHFWV��SURGXFLQJ� WKH�QHFHVVDU\�NQRZOHGJH� LQ� WKH
SURFHVV�� 7KH� SURMHFW� LV� EDVHG� RQ� WKH� IROORZLQJ
WDVNV�

��� 3URPRWH� VHPLQDUV� DQG� SUHVHQWDWLRQV� WR
LQWURGXFH�WKH�WHFKQRORJ\�LQ�D�KLJK�OHYHO�

��� 3URPRWH�WUDLQLQJ�DW�YDULRXV�OHYHOV�RI�GHSWK�
��� 3DUWLFLSDWH� LQ� � QDWLRQDO� DQG� LQWHUQDWLRQDO

LQLWLDWLYHV� RI� VWDQGDUGL]DWLRQ� RI� GLVWULEXWHG
REMHFWV�VHUYLFHV�

��� &UHDWH� D� SLORW� SURMHFW� WR� LPSOHPHQW� &25%$�
EDVHG�VHUYLFHV�

��� 6WLPXODWH� WKH� LQGHSHQGHQW� WHDPV� WR� XVH
VRIWZDUH�FRPSRQHQWV�LQ�WKHLU�GHYHORSPHQW�

��� 6XSSRUW�PDVWHU�DQG�3K'�WKHVLV�LQ�WKH�ILHOG�
��� 0DNH� SDUWQHUVKLSV� ZLWK� RWKHUV� KHDOWKFDUH

LQVWLWXWLRQV� WR� LQWHUFKDQJH� VSHFLILFDWLRQV�
GHVLJQ�SDWWHUQV�DQG�VRIWZDUH�FRPSRQHQWV�

:KHQ�VWDUWLQJ�WKH�LQWURGXFWLRQ�RI�D�QHZ�WHFKQRORJ\
LW� LV� YHU\� LPSRUWDQW� WR�PDNH� SHRSOH� EHOLHYH� LQ� � LW�
6HPLQDUV� DQG� SUHVHQWDWLRQV� SURPRWHG� E\� WKH
&RUED/DE� SURMHFW� KDYH� EHHQ� XVHG� WR� VKRZ� RII� WKH
EHQHILWV� RI� GLVWULEXWHG� REMHFWV� DQG� WKH� LPSRUWDQFH
RI� XVLQJ� VWDQGDUGV� DQG� ZHOO� GHVLJQHG� VRIWZDUH
FRPSRQHQWV�� 7KHVH� VHPLQDUV� DUH� SUHVHQWHG� WR
KHWHURJHQHRXV� DXGLHQFHV�� LQFOXGLQJ� GHYHORSHUV�
PDQDJHUV�� SK\VLFLDQV� LQWHUHVWHG� LQ� LQIRUPDWLFV� DQG
3K'� VWXGHQWV�� :KLOH� WKH\� GLGQ¶W� JLYH� D� VROLG
IRUPDWLRQ� RQ� WKH� VXEMHFW�� VHPLQDUV� LQFUHDVHG� D� ORW
WKH� OHYHO� RI� DFFHSWDQFH� RI� GLVWULEXWHG� REMHFWV
WHFKQRORJ\��7RGD\��WKH�ZRUN�RI�WKH�&RUED/DE�WHDP
LV� ZHOO� NQRZQ� ZLWKLQ� WKH� KRVSLWDO� DQG� WKHUH� LV� D
JURZLQJ� H[SHFWDWLRQ� DERXW� WKH� SRVVLELOLW\� RI
DSSO\LQJ�WKH�UHVXOWV�RI�WKH�SURMHFW�LQ�WKH�KRVSLWDO�

7UDLQLQJ� RI� GHYHORSHUV� LV� IXQGDPHQWDO� LQ� RXU
HQYLURQPHQW�� $V� WKH\� GRQ¶W� KDYH� NQRZOHGJH� RI
GLVWULEXWHG�REMHFWV� WHFKQRORJ\��D� ORW�RI� WLPH�KDV� WR
EH� VSHQW� LQ� FRXUVHV� DQG� WUDLQLQJ�� 8VXDOO\�� WKH
LQVWLWXWHV� FKRRVH� RQH� RU� WZR� GHYHORSHUV� WR
SDUWLFLSDWH� RI� WKH� WUDLQLQJ�� 7KHVH� SHRSOH�ZLOO� ODWHU
PXOWLSO\� WKH� NQRZOHGJH� DFTXLUHG� LQ� WKHLU
HQYLURQPHQWV�� ,Q� WKLV� WUDLQLQJ�� GHYHORSHUV� DUH
HQFRXUDJHG� WR� XVH� VWDQGDUGV� DQG� WR� SURGXFH

VRIWZDUH� FRPSRQHQWV� GHVLJQHG� WR� EH� UHXVHG� LQ
GLIIHUHQW�FRQWH[WV�

7KH� SDUWLFLSDWLRQ� LQ� QDWLRQDO� DQG� LQWHUQDWLRQDO
HIIRUWV� RI� VWDQGDUGL]DWLRQ� JLYHV� XV� WKH� FKDQFH� RI
LQIOXHQFLQJ� WKH� QHZ� VWDQGDUGV� EHLQJ�PDGH� DQG�� DW
WKH�VDPH�WLPH��WKH�FKDQFH�RI�EHLQJ�XSGDWHG�ZLWK�WKH
ODVW�HPHUJLQJ�VWDQGDUGV��$W�D�QDWLRQDO�EDVLV��+&��LV
RQH�RI�WKH�IRXQGHUV�RI�WKH�%UD]LOLDQ�&RQVRUWLXP�RI
6RIWZDUH� &RPSRQHQWV� LQ� +HDOWKFDUH
�ZZZ�VELV�HSP�EU�FFVVXV���� 7KLV� FRQVRUWLXP
UHXQLWHV� %UD]LOLDQ� KHDOWKFDUH� LQVWLWXWLRQV�� YHQGRUV
DQG� JRYHUQPHQW� RUJDQL]DWLRQV�� DLPLQJ� WR
VWDQGDUGL]H�VRIWZDUH�FRPSRQHQWV�LQ�KHDOWKFDUH�DQG
WR�EH�D�UHSRVLWRU\�RI�VRIWZDUH�FRPSRQHQWV�WKDW�FDQ
EH� H[FKDQJHG� DPRQJ� WKH� LQVWLWXWLRQV�� $W� DQ
LQWHUQDWLRQDO� EDVLV�� +&� � SDUWLFLSDWHV� LQ� � 20*
&25%$PHG�� EHLQJ� RQH� RI� WKH� +HDOWKFDUH� 'DWD
,QWHUSUHWDWLRQ� )DFLOLW\� VSHFLILFDWLRQ� VXEPLWWHUV� DQG
RQH� RI� WKH� FRRUGLQDWRUV� RI� WKH� &25%$PHG� /DWLQ
$PHULFDQ�&KDSWHU�

.QRZOHGJH� LV� WKH� PRVW� LPSRUWDQW� SURGXFW� RI
&RUED/DE�SURMHFW��+RZHYHU��WR�SURGXFH�NQRZOHGJH
DQG� WR� SURYH� WKH� DGHTXDF\� RI� WKH� WHFKQRORJ\�� ZH
QHHG�D�SLORW�SURMHFW�ZKHUH�D�XVHIXO�LPSOHPHQWDWLRQ
LV�GRQH��,Q�&RUED/DE��ZH�FKRVH�DV�WKH�SLORW�SURMHFW
DQ� LPSOHPHQWDWLRQ� RI� WKH� &25%$PHG� 3,'6
VSHFLILFDWLRQ��7KLV�FKRLFH�ZDV�PDGH�EDVHG�RQ�WKUHH
IDFWRUV��ILUVW��3,'6�ZDV�REYLRXVO\�H[WUHPHO\�XVHIXO
LQ� RXU� HQYLURQPHQW�� VHFRQG�� LW� ZDV� WKH� ILUVW
&25%$PHG�DGRSWHG�VSHFLILFDWLRQ�DQG�WKH�RQO\�RQH
FRPSOHWHO\�ILQLVKHG�E\�WKH�EHJLQQLQJ�RI�WKH�SURMHFW�
DQG� WKLUG�� � WKHUH� ZDV� D� KXJH� LQWHUHVW� RI� PDQ\
KHDOWKFDUH� LQVWLWXWLRQV� LQ� %UD]LO� LQ� XVLQJ� 3,'6� WR
LGHQWLI\�WKHLU�SDWLHQWV��DQG�WKLV�ZDV�RQH�RI�WKH�JRDOV
RI�WKH�&RQVRUWLXP�RI�6RIWZDUH�&RPSRQHQWV�

:KHQ�WKH�3,'6�LPSOHPHQWDWLRQ�VWDUWHG��WKHUH�ZDV�D
SUHRFFXSDWLRQ�RI�PDNLQJ�DYDLODEOH�VPDOO�DQG�XVHIXO
VRIWZDUH�FRPSRQHQWV�WR�VWLPXODWH�WKH�YDULRXV�WHDPV
RI� GHYHORSHUV� WR� XVH� WKHVH� FRPSRQHQWV� LQ� WKHLU
DSSOLFDWLRQV�� VWDUWLQJ� WKLV� ZD\� D� FXOWXUH� RI
PRGXODUL]DWLRQ� DQG� UHXVH�� 7KXV�� ZH� LGHQWLILHG
VHYHUDO� LQGLYLGXDO� FRPSRQHQWV� LQ� WKH� PRGHOLQJ� RI
RXU�3,'6�LPSOHPHQWDWLRQ��7KH�LGHD�LV�WR�LPSOHPHQW
WKHVH�FRPSRQHQWV�JUDGXDOO\��PDNLQJ�WKHP�DYDLODEOH
DV� LQGLYLGXDO� SLHFHV� RI� VRIWZDUH�� DQG� WKHQ� SXW� DOO
WKHP� WRJHWKHU� WR� EXLOG� WKH� 3,'6� VHUYLFH�� :H
SULRULWL]HG� WKH� LPSOHPHQWDWLRQ� RI� WKRVH� VRIWZDUH
FRPSRQHQWV�WKDW�FRXOG�EH�XVHG�UDSLGO\�LQ�WKH�ODUJHU
QXPEHU� RI� DSSOLFDWLRQV�� 7KXV�� WKH� ILUVW� FRPSRQHQW
LPSOHPHQWHG� ZDV� WKH� RQH� WKDW� GLG� WKH� SKRQHWLF
WUHDWPHQW� RI� D� SHUVRQ¶V� QDPH�� XVHG� LQ� WKH
,GHQWLI\3HUVRQ� LQWHUIDFH�RI� WKH�3,'6� VSHFLILFDWLRQ�
7KHUH� ZDV� D� SUHRFFXSDWLRQ� RI� PRGHOLQJ� WKH
FRPSRQHQWV�LQ�D�ZD\�WR�DOORZ�PD[LPXP�UHXVH��7KH



FRPSRQHQWV� KDG� WR� EH� FRQWH[W� LQGHSHQGHQW�� ZKDW
PHDQV�WKDW�WKH\�FRXOG�EH�XVHG�LQ�PDQ\�XQH[SHFWHG
GLIIHUHQW� FRQWH[WV�� KDG� WR� XVH� GHVLJQ� SDWWHUQV� >�@
ZKHQHYHU� SRVVLEOH�� DQG� KDG� WR� EH� GHSOR\HG� LQ� D
ZD\� WR� SHUPLW� WKHLU� UDSLG� LQFRUSRUDWLRQ� LQ� D� ODUJH
QXPEHU� RI� DSSOLFDWLRQV�� $V� D� UHVXOW�� WKH� SKRQHWLF
FRPSRQHQW�FDQ�EH�XVHG�QRW�RQO\�IRU�SHUVRQ¶V�QDPH�
EXW�DOVR�IRU�DGGUHVVHV��GLVHDVH�QDPHV��DQG�VR�RQ��7R
SHUPLW�UDSLG�LQFRUSRUDWLRQ�RI�WKH�FRPSRQHQWV�LQ�WKH
LQVWLWXWHV¶� DSSOLFDWLRQV�� WKH� FRPSRQHQWV�ZHUH� EXLOW
LQ� MDYD� DQG� GHSOR\HG� DV� -DYD%HDQV�� &25%$� DQG
$FWLYH;�FRPSRQHQWV��7KLV�ZD\��D�ODUJH�QXPEHU�RI
DSSOLFDWLRQV� FRXOG� XVH� WKH� FRPSRQHQWV� ZLWKRXW
GUDPDWLF�DUFKLWHFWXUH�FKDQJHV�LQ�WKLV�ILUVW�PRPHQW�

%HLQJ� DQ� DFDGHPLF� KRVSLWDO�� +&)0863� KDV
VXSSRUWHG� PDVWHU� DQG� 3K'� WKHVLV� LQ� PHGLFDO
LQIRUPDWLFV�� 7KHVH� WKHVLV� DUH� LPSRUWDQW� EHFDXVH
WKHLU� UHVXOWV� FDQ� EH� DSSOLHG� WR� WKH� KRVSLWDO� DQG
EHFDXVH�WKH�VWXGHQWV�FDQ�KHOS�LQ�WKH�GHYHORSPHQW�RI
RXU� SLORW� SURMHFWV�� &XUUHQWO\�� ZH� KDYH� ILYH� 3K�'�
WKHVLV�XQGHU�ZD\��DOO�RI�WKHP�LVVXLQJ�WKH�DSSOLFDWLRQ
RI�GLVWULEXWHG�REMHFWV�LQ�KHDOWKFDUH�
2XU� LQVWLWXWLRQ� LV� QRW� WKH� RQO\� RQH� ORRNLQJ� IRU� D
EHWWHU�LQIRUPDWLRQ�V\VWHP�DQG�LW�LV�QRW�WKH�RQO\�RQH
ZRUNLQJ� RQ� GLVWULEXWHG� REMHFWV�� ,Q� DQ� HUD� ZKHUH
KHDOWKFDUH� LQVWLWXWLRQV� KDYH� WR� H[FKDQJH
LQIRUPDWLRQ�WR�SURYLGH�D�EHWWHU�FDUH�DQG�WR�GHFUHDVH
FRVWV�� LW� LV� DOVR� QHFHVVDU\� WR� H[FKDQJH
VSHFLILFDWLRQV�� GHVLJQ� SDWWHUQV� DQG� VRIWZDUH
FRPSRQHQWV� WR� LQFUHDVH� WKH� SURGXFWLYLW\� LQ� WKH
SURFHVV�RI�PDNLQJ�VRIWZDUH��7KXV��SDUWQHUVKLS�ZLWK
RWKHUV� KHDOWKFDUH� LQVWLWXWLRQV� LV� D� YHU\� LPSRUWDQW
LVVXH� LQ� WKLV� SURMHFW�� 7RGD\�� ZH� KDYH� ZLWK� RXU
SDUWQHUV�D�IRUXP�ZKHUH�ZH�FDQ�GLVFXVV�RXU�PRGHOV�
SDWWHUQV�DQG�WHFKQLFDO�LVVXHV�
:LWK� WKH� &RUED/DE� 3URMHFW� DFWLQJ� DV� DQ
HQYLURQPHQW� WR� WHVW�� OHDUQ� DQG� WHDFK� GLVWULEXWHG
REMHFWV� WHFKQRORJ\�� LW� ZDV� QHFHVVDU\� WR� VWDUW
JUDGXDOO\� WKH� LQWURGXFWLRQ�RI� WKHVH�FRQFHSWV� LQ� WKH
UHDO� V\VWHPV� XVHG� LQ� RXU� KRVSLWDO�� 'HVSLWH� WKH
FXUUHQW�FRUSRUDWLRQ�V\VWHPV�EHLQJ�EXLOW� �XVLQJ�QRQ
REMHFW�RULHQWHG� PHWKRGRORJLHV�� WKHUH� KDV� DOZD\V
EHHQ� � D� FRPPLWPHQW� WR� � HYROXWLRQ� WRZDUGV� D
GLVWULEXWHG�REMHFWV�DUFKLWHFWXUH��7R�LQWURGXFH�3,'6
DQG� FRPSRQHQWL]DWLRQ� FRQFHSWV� LQ� WKH� FRUSRUDWH
LQIRUPDWLRQ� V\VWHP�� ZH� GHVLJQHG� DOO� SDWLHQW
LGHQWLILFDWLRQ� LVVXHV� DFFRUGLQJ� WR� WKH� 3,'6
VSHFLILFDWLRQ�� FUHDWLQJ� SURFHGXUHV� WKDW� SHUIRUPHG
WKH� 3,'6� IXQFWLRQV�� UHFHLYLQJ� WKH� VSHFLILHG
SDUDPHWHUV�DQG�JLYLQJ� WKH� VSHFLILHG�RXWSXWV��7KXV�
GHVSLWH�WKH�IDFW��WKDW�WKH�FXUUHQW�V\VWHP�LV��QRW�EDVHG
RQ�D�GLVWULEXWHG�REMHFW�DUFKLWHFWXUH��LW��LV�FRPSOLDQW
ZLWK� � WKH� FRUH� RI� WKH� 3,'6� VWDQGDUG�� :KHQ� RXU
3,'6�LPSOHPHQWDWLRQ�LV�UHDG\��WKH�WUDQVLWLRQ�ZLOO�EH
VPRRWKO\� GRQH�� %HVLGHV� WKDW�� WKH� FRPSRQHQWV

SURGXFHG�DUH�EHLQJ�LQWURGXFHG�LQ�WKH�V\VWHP�DV�WKH\
DUH�EHLQJ�FUHDWHG��7KLV�KDSSHQHG��IRU�H[DPSOH��ZLWK
WKH�SKRQHWLF�FRPSRQHQW��ZKLFK�LV�EHLQJ�XVHG�QRW�DV
D� GLVWULEXWHG� REMHFW�� EXW� DV� D� VLPSOH� FRPSRQHQW
HPEHGGHG�LQ�WKH�V\VWHP��7KLV�DSSURDFK�SHUPLWV�WKH
LQWURGXFWLRQ�RI�D�FXOWXUH�RI�XWLOL]DWLRQ�RI�VWDQGDUGV
LQ�GLVWULEXWHG�REMHFWV�DQG�FRPSRQHQWV��7KLV�FXOWXUDO
EDFNJURXQG�ZLOO�EH�IXQGDPHQWDO�LQ�WKH�IXWXUH��ZKHQ
ZH� GR� WKH� WUDQVLWLRQ� WR� D� IXOO\� GLVWULEXWHG� REMHFWV
DUFKLWHFWXUH�

&RQFOXVLRQV�DQG�3HUVSHFWLYHV
7KH� &RUED/DE� WHDP� LV� FXUUHQWO\� ZRUNLQJ� RQ� WKH
SLORW� SURMHFW�� 6RPH� LQGHSHQGHQW� FRPSRQHQWV� DUH
IXOO\� LPSOHPHQWHG� DQG� ZH� EHJDQ� WR� ZRUN� IRU
PDNLQJ�WKHP�HDVLO\�DYDLODEOH�LQ�WKH�ZKROH�KRVSLWDO�
8VLQJ�VRIWZDUH�FRPSRQHQWV� LQ� WKH�GHYHORSPHQW�RI
V\VWHPV� JLYH� XV� PDQ\� EHQHILWV�� KLJK� OHYHO� RI
FRQFXUUHQF\� LQ� WKH� GHYHORSPHQW� SURFHVV�� VPDOOHU
QXPEHU�RI�HUURUV��UHXVH�RI�FRGH��HDVLHU�FRGLILFDWLRQ�
WHVWLQJ� DQG�PDLQWHQDQFH�� DQG� IOH[LELOLW\��+RZHYHU�
EXLOGLQJ� VRIWZDUH� FRPSRQHQWV� DUH� QRW� HQRXJK� WR
JDLQ� WKH�EHQHILWV�SRVVLEOH�ZLWK� WKLV� WHFKQRORJ\��7R
UHDOO\� DFKLHYH� D� SURGXFWLYLW\� EUHDNWKURXJK�� LW� LV
QHFHVVDU\� WR� SD\� DWWHQWLRQ� LQ� VRPH� GHVLJQ� LVVXHV�
)LUVW�� LW� LV� QHFHVVDU\� WR� UHXVH� QRW� RQO\� VRIWZDUH
FRGH��EXW�DOVR�UHXVH�VRIWZDUH�PRGHOV��$V�RQO\�IHZ
SHRSOH� DUH� UHDOO\� H[SHULHQFHG� REMHFW�RULHQWHG
GHVLJQHUV�� UHXVLQJ� ZHOO� GRQH� GHVLJQV� LQ� VLPLODU
SUREOHPV�LV�IXQGDPHQWDO�WR�SURGXFH�JRRG�VRIWZDUH
FRPSRQHQWV�� ,Q� WKH� &RUED/DE� 3URMHFW�� DOO� RXU
PRGHOV� DUH� ZHOO� GRFXPHQWHG� WR� DOORZ� GLIIHUHQW
GHYHORSHUV�ZLWK� VLPLODU� SUREOHPV� WR� XVH� WKH� VDPH
GHVLJQ� VROXWLRQ�� 7KLV� ZD\�� ZH� LQWHQG�� LQ� WKH� ORQJ
WHUP�� WR� KDYH� DQ� H[WHQVLYH� OLEUDU\� RI� KHDOWKFDUH
GHVLJQ�SDWWHUQV��6HFRQG��WKH�FRPSRQHQWV�KDYH�WR�EH
GHVLJQHG�IRU�UHXVH��7KLUG��LW�LV�QHFHVVDU\�WR�KDYH�DQ
HDVLO\� VHDUFKDEOH� UHSRVLWRU\� RI� VRIWZDUH
FRPSRQHQWV�� 7KLV� ZRXOG� DOORZ� GHYHORSHUV� WR� ILQG
HDVLO\� WKH� FRPSRQHQWV� WKDW� VROYH� WKHLU� SUREOHPV�
DYRLGLQJ� UHGXQGDQW� LPSOHPHQWDWLRQV�� 7KLV
UHSRVLWRU\� LV� D� QRW� VROYHG� LVVXH� LQ� WKH� &RUED/DE
SURMHFW�� :H� H[SHFW� WR� ZRUN� RQ� LW� LQ� WKH� IXWXUH�
)LQDOO\�� LW� LV� QHFHVVDU\� WR� XVH� VWDQGDUGV� WKDW� DOORZ
KLJK� OHYHO� RI� LQWHURSHUDELOLW\� DPRQJ� GLIIHUHQW
DSSOLFDWLRQV�� DQG� EHFDXVH� RI� WKDW�� ZH� FKRVH� WKH
&25%$�VWDQGDUG�
,Q� WKH�SURFHVV�RI� LQWURGXFLQJ�GLVWULEXWHG�REMHFWV� LQ
RXU� KRVSLWDO�� ZH� KDYH� WR� GHDO� ZLWK� D� QXPEHU� RI
GLIILFXOWLHV�� 7KH� ELJJHVW� GLIILFXOW\� LV� FKDQJLQJ
PLQGV��0DQ\�DQ�HIIRUW�LQ�WKH�&RUED/DE�SURMHFW�KDV
EHHQ�GLUHFWHG�DW�PDNLQJ�SHRSOH�EHOLHYH�DQG�DFFHSW
WKLV� QHZ� SDUDGLJP�� 7KH� VHPLQDUV�� GHPRQVWUDWLRQV
DQG�FRXUVHV�ZH�PDNH�KDYH�WKH�REMHFWLYH�RI�WHDFKLQJ



D� QHZ� ZD\� RI� WKLQNLQJ� DQG�� XQWLO� QRZ�� ZH� KDYH
EHHQ�VXFFHVVIXO�
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