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��$EVWUDFW�
:H SUHVHQW &5DIW '16� D UHSOLFDWHG '16 QDPH VHUYHU� � � � � � � � �
DUFKLWHFWXUH ZLWK KLJK DYDLODELOLW\� IDXOW WROHUDQFH� DQG� � � � � � �
WUDQVSDUHQW VWRUDJH VFDODELOLW\� 7KH NH\ WR &5DIW¶V GHVLJQ� � � � � � � �
LV WKH XVH RI FRQVLVWHQW KDVKLQJ WR VKDUG ]RQH UHFRUGV� � � � � � � � � �
DPRQJ LQGHSHQGHQW FOXVWHUV RI 5DIW QRGHV� FRQVLVWHQW� � � � � � �
KDVKLQJ VHUYHUV GLUHFW UHDG DQG ZULWH UHTXHVWV WR WKHVH� � � � � � � � �
VWRUDJH FOXVWHU PHPEHUV� ZKLFK WKHQ SURFHVV UHTXHVWV DQG� � � � � � � �
UHSOLFDWH WKHP DPRQJ SHHUV WKURXJK WKH 5DIW SURWRFRO� :H� � � � � � � � �
VKRZ WKDW &5DIW FDQ EH VFDOHG RXW WKURXJK WKH DGGLWLRQ RI� � � � � � � � � � �
H[WUD FOXVWHUV RU RI QHZ QRGHV WR H[LVWLQJ FOXVWHUV� WROHUDWHV� � � � � � � � � �
QRQ�%\]DQWLQH IDLOXUHV� DQG LV XVHIXO IRU UHDO ZRUOG '16� � � � � � � � �
TXHU\ ZRUNORDGV� :H YDOLGDWHG RXU GHVLJQ DVVXPSWLRQV� � � � � � �
ZLWK�FRQFUHWH�EHQFKPDUNV�RQ�$:6�(&���

��,QWURGXFWLRQ�
7KH 'RPDLQ 1DPH 6\VWHP �'16� UHSUHVHQWV D� � � � � � �
IXQGDPHQWDO SLOODU RI WKH LQWHUQHW� WUDQVODWLQJ KXPDQ� � � � � � �
UHDGDEOH GRPDLQ QDPHV ZLWK ,3 DGGUHVVHV� DPRQJ RWKHU� � � � � � � �
LQIRUPDWLRQ� WKDW FDQ EH XVHG WR ORFDWH FRPSXWHU VHUYLFHV� � � � � � � � �
DQG GHYLFHV RQ WKH ,QWHUQHW� %HFDXVH RI WKLV YLWDO UROH� '16� � � � � � � � � � �
VHUYHU RXWDJHV FDQ FDXVH ZHE SDJHV DQG HPDLO WR EH� � � � � � � � � �
XQUHDFKDEOH� UHQGHULQJ WKHVH LQWHUQHW VHUYLFHV XQXVDEOH�� � � � � �
)XUWKHUPRUH� VORZ '16 ORRNXS VORZV GRZQ WKH HQWLUH� � � � � � � �
H[SHULHQFH RI XVLQJ DQ\ ZHE VHUYLFH� UHJDUGOHVV RI WKH� � � � � � � � �
QXPEHU�RI�ORDG�EDODQFHUV�RU�ZHE�VHUYHUV��
�
7KH PRVW FRPPRQ SURYLGHU RI '16 VHUYLFHV DUH ,63V� EXW� � � � � � � � � �
EHFDXVH '16 LV RQO\ D SHULSKHUDO� QRQ�ELOODEOH SDUW RI WKHLU� � � � � � � � � �
VHUYLFH� ,63V RIWHQ GR QRW SULRULWL]H WKH DYDLODELOLW\� DQG� � � � � � � � �
,63�EDVHG '16 LV VXEMHFW WR UHJXODU RXWDJHV DQG WKH\ RIWHQ� � � � � � � � � �
WDNH D ORQJ WLPH WR UHFRYHU� 7KHUH DUH WKLUG SDUW\ '16� � � � � � � � � � �
VHUYLFH SURYLGHUV VXFK DV '\Q WKDW WU\ WR DGGUHVV VRPH RI� � � � � � � � � � �
WKH LVVXHV >�@� +RZHYHU� WKHLU VROXWLRQV DUH SURSULHWDU\� DQG� � � � � � � � �
VXFK QDWXUH PHDQV WKDW WKHLU PLWLJDWLRQ VWUDWHJLHV ZLOO QRW� � � � � � � � �
EHFRPH DYDLODEOH LQ WLPH IRU RWKHU SURYLGHUV WR IROORZ� � � � � � � � �
ZKHQ�D�QHZ�SUREOHP�LV�XQFRYHUHG��
�

,Q WKLV SDSHU ZH SUHVHQW &5DIW '16� D WUDQVSDUHQWO\� � � � � � � � �
VFDODEOH� KLJKO\ DYDLODEOH� IDXOW�WROHUDQW '16 VHUYHU� � � � � �
DUFKLWHFWXUH ZLWK RSHQ�VRXUFHG LPSOHPHQWDWLRQ� &5DIW� � � � �
'16 DFKLHYHV WKLV WKURXJK WKH XVH RI VKDUGHG VWRUDJH RI� � � � � � � � � �
'16 UHFRUGV LQ 5DIW FOXVWHUV ZLWK FRQVLVWHQW KDVKLQJ� � � � � � � �
VHUYHUV GLUHFWLQJ WUDIILF WR WKHVH FOXVWHUV� 7KHVH FRQVLVWHQW� � � � � � � �
KDVKLQJ VHUYHUV XVH UHVSRQVHV IURP FOXVWHU PHPEHUV DV� � � � � � � �
LPSOLFLW KHDUWEHDW PHVVDJHV LQ RUGHU WR YHULI\ WKHLU� � � � � � � �
OLYHQHVV� :LWK WKHVH SURSHUWLHV� &5DIW '16 FRXOG VHUYH D� � � � � � � � �
YDULHW\ RI XVH FDVHV� ,Q SDUWLFXODU� LW FRXOG EH YDOXDEOH LQ� � � � � � � � � � �
DQ ,R7 QHWZRUN� ZLWK LQFUHDVLQJ QXPEHUV RI VPDUW GHYLFHV�� � � � � � � � �
D ODUJH QXPEHU RI '16 UHFRUGV ZLOO EH QHHGHG WR DGGUHVV� � � � � � � � � � �
HDFK GHYLFH LQVWDQFH� ,R7 GHYLFHV DOVR WHQG WR KDYH D� � � � � � � � � �
KLJKHU IDLOXUH UDWH� PHDQLQJ D PRGHUDWH DPRXQW RI UHFRUG� � � � � � � � �
XSGDWHV DUH QHFHVVDU\ GXULQJ UHSODFHPHQW� :H H[SHFW WKDW� � � � � � � �
&5DIW�'16�FRXOG�WDFNOH�WKHVH�WZR�UHTXLUHPHQWV��
�
7R YHULI\ WKH YLDELOLW\ RI &5DIW '16� ZH EHQFKPDUN ERWK� � � � � � � � � �
WKURXJKSXW DQG IDXOW�WROHUDQFH� DQG GHPRQVWUDWH WKDW &5DIW� � � � � � �
'16 IXQFWLRQV ZHOO DOVR RQ D UHDO ZRUOG ZRUNORDG� :H� � � � � � � � � �
VKRZ WKURXJK RXU WKURXJKSXW EHQFKPDUN UHVXOWV WKDW RXU� � � � � � � �
XVH RI FOXVWHUV IRU VKDUGV DOORZV RXU PD[ WKURXJKSXW WR� � � � � � � � � �
VFDOH FORVH WR OLQHDUO\ ZLWK WKH QXPEHU RI QRGHV LQ RXU� � � � � � � � � � �
FOXVWHUV� PHDQLQJ WKDW RXU V\VWHP FDQ EH VFDOHG RXW LQVWHDG� � � � � � � � � �
RI VFDOHG XS� 2XU IDXOW WROHUDQFH EHQFKPDUN UHVXOWV VKRZV� � � � � � � � �
WKDW RXU KDVK VHUYHU GRHV SURYLGH PRUH KLJKHU DYDLODELOLW\� � � � � � � � �
E\ DOORZLQJ RXU VHUYLFH WR UHFRYHU IURP IDXOW\ QRGHV�� � � � � � � � �
)LQDOO\� WKURXJK RXU LQYHVWLJDWLRQ RI UHDO ZRUOG '16� � � � � � � �
WUDIILF� ZH VKRZ WKDW RXU VHUYLFH FDQ DOVR EH XVHIXO LQ D UHDO� � � � � � � � � � � � �
ZRUOG�VHWWLQJ��

��5HODWHG�ZRUN�
2XU V\VWHP LV GHVLJQHG DQG LPSOHPHQWHG EDVHG RQ VHYHUDO� � � � � � � � �
DOJRULWKPV DQG PHWKRGV� :H XVH WKH 5DIW DOJRULWKP WR� � � � � � � � �
DFKLHYH UHSOLFDWLRQ FRQVHQVXV RQ PXOWLSOH VWRUDJH QRGHV� � � � � � �
WKDW IRUP D FOXVWHU� DQG XVH FRQVLVWHQW KDVKLQJ WR VKDUG� � � � � � � � � �
UHVRXUFH�UHFRUGV�DPRQJ�GLIIHUHQW�FOXVWHUV��
�



5DIW FRQVHQVXV DOJRULWKP� ಠ5DIW >�@ LV DQ DOJRULWKP� � � � � � � �
GHVLJQHG WR DFKLHYH FRQVHQVXV RI D UHSOLFDWHG VWDWH� � � � � � � �
PDFKLQH� SURYLGLQJ KLJK DYDLODELOLW\ DQG IDXOW WROHUDQW� � � � � � �
SURSHUWLHV LQ GLVWULEXWHG V\VWHPV� ,W LV D SURWRFRO HDVLHU WR� � � � � � � � � �
XQGHUVWDQG WKDQ DOWHUQDWLYHV VXFK DV 3D[RV� DQG KDV LWV NH\� � � � � � � � � �
HOHPHQWV FOHDUO\ LOOXVWUDWHG� OHDGHU HOHFWLRQ� ORJ UHSOLFDWLRQ�� � � � � � �
PHPEHUVKLS FKDQJHV� HWF� :H DGRSW WKH 5DIW DOJRULWKP LQ� � � � � � � � �
RXU V\VWHP WR JDLQ FRQVHQVXV EHWZHHQ PXOWLSOH VWRUDJH� � � � � � � �
QRGHV�WKDW�VWRUH�'16�UHFRUGV�DQG�PDLQWDLQ�FOXVWHUV��
�
(WFG 5DIW OLEUDU\� (WFG LV DQ RSHQ�VRXUFHG� GLVWULEXWHG� � � � � � � �
DQG UHOLDEOH NH\�YDOXH VWRUH DGRSWHG E\ SRSXODU� � � � � � �
IUDPHZRUNV OLNH .XEHUQHWHV DV D EDFNHQG� ,W LPSOHPHQWV� � � � � � � �
WKH 5DIW DOJRULWKP DV D OLEUDU\ ZLWK VWDELOLW\ DQG IXOO� � � � � � � � � �
IHDWXUH� ,Q ����� WKLV 5DIW OLEUDU\ LV FODLPHG WR EH WKH PRVW� � � � � � � � � � � �
ZLGHO\ XVHG RQH LQ SURGXFWLRQ >�@� :H XWLOL]H WKLV OLEUDU\� � � � � � � � � �
DV�WKH�5DIW�DOJRULWKP�LPSOHPHQWDWLRQ�IRU�RXU�V\VWHP��
�
&RQVLVWHQW KDVKLQJ� ಠ&RQVLVWHQW KDVKLQJ >�@ LV D GLVWULEXWHG� � � � � � � �
KDVKLQJ PHFKDQLVP WKDW LV ZLGHO\ XVHG IRU GLVWULEXWHG� � � � � � � �
FDFKLQJ� ,W SDUWLWLRQV GDWD DFFRUGLQJ WR WKH KDVK YDOXH RI� � � � � � � � � �
WKH NH\ WR VRPH SODFHV RQ D ULQJ� DQG OHWV HDFK PDFKLQH� � � � � � � � � � � �
WDNH FKDUJH RI GDWD RQ WKH VPDOO SRUWLRQ RI WKH ULQJ� 7KH� � � � � � � � � � � �
DOJRULWKP SURYLGHV VFDODELOLW\ IRU VWRUDJH DQG IOH[LELOLW\� � � � � � �
IRU FOXVWHU FRQILJXUDWLRQ FKDQJHV� :H XVH LW WR SDUWLWLRQ� � � � � � � � �
'16�UHFRUGV�DPRQJ�GLIIHUHQW�5DIW�FOXVWHUV��

��'HVLJQ�
2XU GHVLJQ LV PDLQO\ DURXQG D VLQJOH FRQFHSWXDO '16� � � � � � � � �
QDPHVHUYHU� ,W EHKDYHV MXVW OLNH D QRUPDO '16 QDPHVHUYHU� � � � � � � � �
WKDW FDQ EH LQVWDOOHG LQWR WKH '16 UHVROXWLRQ IORZ� ZKLFK� � � � � � � � � �
SRWHQWLDOO\ PDLQWDLQV LWV RZQ ]RQH� ZKLOH DOVR DOORZLQJ� � � � � � � �
UHFRUGV SRLQWLQJ WR RWKHU VXE]RQHV LQ WKH KLHUDUFK\� ,W� � � � � � � � �
VXSSRUWV�ERWK�LWHUDWLYH�DQG�UHFXUVLYH�UHVROXWLRQ��

�
7KH FRQFHSWXDO QDPH VHUYHU FRQVLVWV RI � PDMRU W\SHV RI� � � � � � � � � �
FRPSRQHQWV� YDU\LQJ QXPEHU RI ಠVWRUDJH FOXVWHUV ಠ� HDFK� � � � � � �
VWRULQJ D SDUWLWLRQ RI DOO ORFDO UHFRUGV� DQG D VHW RI� � � � � � � � � � �
FRQVLVWHQW KDVKLQJ VHUYHUV DW ZKLFK H[WHUQDO TXHULHV DQG� � � � � � � �
XSGDWHV�DUH�VHUYHG��
�
(DFK VWRUDJH FOXVWHU WDNHV WKH UHVSRQVLELOLW\ WR VWRUH D� � � � � � � � �
SDUWLWLRQ RI UHVRXUFH UHFRUGV� :H UXQ 5DIW SURWRFRO LQVLGH� � � � � � � � �
RI HDFK FOXVWHU� HQVXULQJ UHFRUGV DUH UHOLDEO\ UHSOLFDWHG DQG� � � � � � � � �
FRQVLVWHQW DPRQJ FOXVWHU PHPEHUV� ZKLOH WROHUDWLQJ� � � � � �
PHPEHU IDLOXUHV� ([FHSW IRU GXULQJ UHVKDUGLQJ DQG� � � � � � �
PLJUDWLRQ� WKHUH DUH QR FRPPXQLFDWLRQV EHWZHHQ WKH� � � � � � �
FOXVWHUV� DQG WKH SUHVHQFH RI HDFK LV XQNQRZQ WR SHHU� � � � � � � � � �
FOXVWHUV��
�
7KH FRQVLVWHQW KDVKLQJ VHUYHUV UHFHLYH DQG UHVSRQG WR� � � � � � � �
LQFRPLQJ '16 TXHULHV DQG XSGDWH UHTXHVWV� (DFK RI WKHP� � � � � � � � �
DUH SUHVHQW DV 16 DQG JOXH UHFRUGV LQ WKH ]RQH DERYH�� � � � � � � � � � �
7KHVH VHUYHUV DUH DZDUH RI WKH 5DIW FOXVWHUV� DQG XVH� � � � � � � � � �
FRQVLVWHQW KDVKLQJ WR DVVLJQ NH\ UDQJHV WR HDFK RI WKHP�� � � � � � � � � �
WKXV DOORZLQJ VFDODELOLW\ RQ D ODUJH DPRXQW RI UHFRUGV�� � � � � � � � �
'HSHQGLQJ RQ ZKHWKHU WKHUH DUH IUHTXHQW FKDQJHV WR WKH� � � � � � � � �
VWRUDJH FOXVWHUV FRQILJXUDWLRQ� WKHVH KDVKLQJ VHUYHUV FDQ� � � � � � �
RSHUDWH LQGHSHQGHQWO\� RU IRUPLQJ D FOXVWHU WKHPVHOYHV�� � � � � � �
6LQFH WKH\ PDLQWDLQ YHU\ OLWWOH VWDWH �RQO\ FOXVWHU� � � � � � � �
LQIRUPDWLRQ�� D FUDVKHG FRQVLVWHQW KDVKLQJ VHUYHU FDQ� � � � � � �
UHFRYHU�DOPRVW�LQVWDQWO\��
�
(DFK PHPEHU QRGH LQVLGH RI D VWRUDJH FOXVWHU PDLQWDLQV �� � � � � � � � � �
VHSDUDWH LQWHUIDFHV� WKH 5DIW SURWRFRO LQWHUIDFH� '16 8'3� � � � � � � �
LQWHUIDFH� DQG D '16 XSGDWH LQWHUIDFH �FXUUHQWO\� � � � � � �
LPSOHPHQWHG DV +773 UHTXHVWV�� 7KH 5DIW SURWRFRO� � � � � � �
LQWHUIDFH KDQGOHV PHVVDJHV DERXW WHUP OHDGHU HOHFWLRQV DQG� � � � � � � �
ORJ UHSOLFDWLRQ� 7KH '16 8'3 LQWHUIDFH VLWV RQ WKH� � � � � � � � �

�



FRQYHQWLRQDO SRUW �� IRU '16 QDPHVHUYHUV� DQG LV� � � � � � � �
H[SHFWHG WR UHFHLYH '16 TXHU\ PHVVDJHV DV GHILQHG E\� � � � � � � � �
5)&���� >�@� 7KHVH PHVVDJHV DUH H[SHFWHG WR EH UHDG RQO\� � � � � � � � � �
DQG WKXV FDQ EH KDQGOHG ORFDOO\ E\ WKH UHFLSLHQW QRGH� ,Q� � � � � � � � � � �
WKH FDVH RI UHFXUVLYH TXHULHV� ZH PLJKW RSWLRQDOO\ PDLQWDLQ� � � � � � � � �
D FDFKH� IRU ZKLFK ZH FRXOG HLWKHU FKRRVH WR KDYH WKLV� � � � � � � � � � �
FDFKH SULYDWH RU DOVR UHSOLFDWHG� WKH ODWWHU UHTXLULQJ XV WR� � � � � � � � � �
SRWHQWLDOO\ LVVXH ZULWHV LQVLGH RI WKH FOXVWHU� 7KH '16� � � � � � � � �
XSGDWH LQWHUIDFH UHFHLYHV UHTXHVWV IRU DGGLQJ DQG GHOHWLQJ� � � � � � � �
UHFRUGV� 8VLQJ DQ +773 5(67 $3,� WKH FXUUHQW� � � � � � � �
LPSOHPHQWDWLRQ VXSSRUWV DGGLQJ D UHFRUG LQ WKH IRUP RI� � � � � � � � �
VXEPLWWLQJ D WH[W UHSUHVHQWDWLRQ RI WKH UHVRXUFH UHFRUG� DQG� � � � � � � � �
GHOHWLQJ�D�OLVW�RI�UHFRUGV�IRU�D�QDPH�RI�D�FHUWDLQ�W\SH��
�
,QVWHDG RI H[SOLFLWO\ PDLQWDLQLQJ D PDVWHU ]RQH ILOH� WKH� � � � � � � � �
'16 UHFRUGV DUH XVXDOO\ VWRUHG LQ�PHPRU\ LQ PHPEHU� � � � � � � �
QRGHV IRU HIILFLHQW ORRNXS �WKH UHFRUGV FDQ EH HDVLO\� � � � � � � � �
H[SRUWHG DV ]RQH ILOHV�� ,Q WKH FDVH ZKHUH ZH ZDQW WR OLPLW� � � � � � � � � � � �
WRWDO PHPRU\ XVDJH� DQ RSWLRQDO VLPSOH OHDVW�UHFHQWO\ XVHG� � � � � � � �
�/58� SDJLQJ SROLF\ LV LPSOHPHQWHG� ZKLFK DOORZV� � � � � � �
UHFRUGV WR EH RUJDQL]HG DV SDJHV DQG FDQ EH SDJHG RXW WR� � � � � � � � � � � �
WKH ILOHV\VWHP ZKHQ QXPEHU RI SDJHV SUHVHQW LQ PHPRU\� � � � � � � � �
H[FHHGV D XVHU GHILQHG OLPLW �VRPH PHWDGDWD� VXFK DV ODVW� � � � � � � � � �
DSSOLHG FRPPLW ORJ LQGH[� DUH WUDFNHG SHU SDJH WR DOORZ� � � � � � � � � �
UHDSSO\LQJ FRPPLWV LGHPSRWHQWO\ GXULQJ FUDVK UHFRYHU\��� � � � � �
:ULWH DKHDG ORJV DUH PDLQWDLQHG DV GLFWDWHG E\ WKH 5DIW� � � � � � � � � �
SURWRFRO� DQG SHULRGLF VQDSVKRWV DUH WDNHQ WR DOORZ IDVWHU� � � � � � � � �
UHFRYHU\ RQ QRGH IDLOXUH� 2Q UHDG�RQO\ TXHULHV� WKH QRGH� � � � � � � � �
FDQ GLUHFWO\ UHVSRQG XVLQJ LWV ORFDO UHFRUGV LI DYDLODEOH� RQ� � � � � � � � � �
UHFRUG DGGLWLRQ DQG GHOHWLRQ UHTXHVWV� WKH UHTXHVWV DUH� � � � � � � �
VHULDOL]HG DQG IRUZDUGHG WR WKH OHDGHU DQG WKH FRPPLW ZLOO� � � � � � � � � �
EH SURSDJDWHG WR DOO SHHUV� DFWXDO XSGDWH WR ORFDO UHFRUGV LV� � � � � � � � � � �
GRQH�RQO\�DIWHU�WKH�UHTXHVW�LV�FRPPLWWHG��
�
&RQVLVWHQW KDVKLQJ VHUYHUV DOVR PDLQWDLQ D VLPLODU '16� � � � � � � �
8'3 LQWHUIDFH DQG DQ XSGDWH LQWHUIDFH� EXW GR QRW VDYH DQ\� � � � � � � � � � �
UHVRXUFH UHFRUGV WKHPVHOYHV� 8VLQJ WKH FOXVWHU LQIRUPDWLRQ� � � � � � �
DQG FRQVLVWHQW KDVKLQJ� WKHVH VHUYHUV GHFLGH ZKLFK FOXVWHU� � � � � � � �
VKRXOG WKH\ IRUZDUG WKH UHTXHVW WR DQG REWDLQ WKH UHVSRQVH� � � � � � � � � �
IURP� ,W PLJKW VHHP UHGXQGDQW IRU VWRUDJH FOXVWHUV WR� � � � � � � � �
LPSOHPHQW QRUPDO '16 TXHU\ VXSSRUW HYHQ ZKHQ WKH\ DUH� � � � � � � � �
QRW IDFLQJ WKH SXEOLF� 7KLV LV KRZHYHU LQWHQWLRQDO� LW DOORZV� � � � � � � � � �
WKH VWRUDJH FOXVWHUV WKHPVHOYHV WR IXQFWLRQ DV D VHW RI� � � � � � � � � �
IXOO\�ZRUNLQJ QDPHVHUYHUV� VXFK WKDW ZH FDQ FRPSOHWHO\� � � � � � �
GURS WKHVH FRQVLVWHQW KDVKLQJ VHUYHUV ZKHQ D VLQJOH FOXVWHU� � � � � � � � �
LV�DEOH�WR�VDWLVI\�VWRUDJH�UHTXLUHPHQWV��
�
2Q UHFHLYLQJ DQ H[WHUQDO '16 8'3 PHVVDJH IURP WKH� � � � � � � � �
LQWHUIDFH� WKH FRQVLVWHQW KDVKLQJ VHUYHU FRPSXWHV WKH� � � � � � �
SDUWLWLRQV WR ZKLFK WKH UHTXHVW VKRXOG EH URXWHG WR� EDVHG� � � � � � � � � �
RQ WKH GRPDLQ QDPH RI WKH TXHVWLRQ� 7KLV PLJKW LQYROYH� � � � � � � � � �
PRUH WKDQ RQH FOXVWHU LQ FDVH RI PXOWLSOH '16 TXHVWLRQV� � � � � � � � � �

ZLWK GLIIHUHQW GRPDLQ QDPHV �QRWH WKDW VXFK TXHULHV DUH� � � � � � � � �
UDUH LQ SUDFWLFH�� ,W WKHQ GHFLGHV RQ D OLVW RI SUHIHUUHG� � � � � � � � � � �
PHPEHU QRGHV LQ HDFK UHOHYDQW FOXVWHU� DQG LVVXHV EDWFKHG� � � � � � � � �
UHTXHVWV WR WKHLU FRUUHVSRQGLQJ LQWHUIDFH LQ SDUDOOHO� 7KH� � � � � � � �
SUHIHUUHG OLVWV DUH RUGHUHG EDVHG RQ WKH ODVW NQRZQ� � � � � � � � �
WLPHVWDPS ZKHUH WKH QRGH LV FRQVLGHUHG DOLYH� ZLWK� � � � � � � �
UDQGRPQHVV LQWURGXFHG WR DYRLG KRW QRGHV� 7KH ILUVW QRGHV� � � � � � � � �
RI WKHVH OLVWV DUH IRUZDUGHG WKH TXHULHV� DQG RQO\ RQ� � � � � � � � � �
UHVSRQVH WLPHRXW DUH VXEVHTXHQW QRGHV WULHG� ,I WKH TXHULHG� � � � � � � � �
FOXVWHU PHPEHU QRGH GRHV QRW UHVSRQG LQ WLPH� WKH VHUYHU� � � � � � � � � �
FRQVLGHUV WKH QRGH WHPSRUDULO\ XQDYDLODEOH� DQG XSGDWHV LWV� � � � � � � �
DOLYH WLPHVWDPS WR VRPH PRPHQW LQ WKH IXWXUH� HIIHFWLYHO\� � � � � � � � �
PDNLQJ WKH QRGH QR ORQJHU SUHIHUUHG XQWLO WKH WLPHVWDPS LV� � � � � � � � � �
SDVVHG� DVVXPLQJ WKDW LW ZLOO WDNH VRPH WLPH IRU WKH QRGH WR� � � � � � � � � � � �
UHFRYHU� ,I VRPH RI WKH GHVLJQDWHG SDUWLWLRQV UHSOLHV WR D� � � � � � � � � �
'16 TXHVWLRQ ZLWKRXW WKH H[SHFWHG UHFRUG� LW LV OLNHO\ WKDW� � � � � � � � � �
WKH UHFRUG GRHV QRW H[LVW� ZKLOH LW LV DOVR SRVVLEOH WKDW D� � � � � � � � � � � �
ZLOGFDUG UHFRUG FRYHULQJ WKH QDPH LV SUHVHQW LQVWHDG� ,Q� � � � � � � � �
WKDW FDVH� WKH XQDQVZHUHG TXHVWLRQ ZLOO EH EURDGFDVWHG WR� � � � � � � � �
DOO FOXVWHUV� :KLOH WKLV LV REYLRXVO\ QRW WKH PRVW HIILFLHQW� � � � � � � � � �
VWUDWHJ\� ZH H[SHFW TXHULHV WKDW GR QRW \LHOG D UHVXOW �RU� � � � � � � � � � �
\LHOG D ZLOGFDUG UHVXOW� WR EH UDUH FRPSDUHG WR RXU PDMRU� � � � � � � � � � �
XVH FDVHV �IRU VRPH VSHFLILF XVH FDVH� ZH FDQ DOVR FKRRVH� � � � � � � � � � �
WR GLVDOORZ ZLOGFDUG UHFRUGV LQVWHDG�� $IWHU UHFHLYLQJ WKH� � � � � � � �
UHSOLHV IURP FOXVWHUV� WKH FRQVLVWHQW KDVKLQJ VHUYHU� � � � � � �
FRPELQHV WKH DQVZHUV DQG UHSOLHV WR WKH H[WHUQDO FOLHQW� LQ� � � � � � � � � �
D ZD\ VXFK WKDW WKH SUHVHQFH RI VWRUDJH FOXVWHUV LV� � � � � � � � � �
FRPSOHWHO\�WUDQVSDUHQW��

��,PSOHPHQWDWLRQ�
:H XVH *R WR LPSOHPHQW &5DIW '16� :H SUHIHU *R RYHU� � � � � � � � � � �
VFULSWLQJ ODQJXDJHV RU SODWIRUPV VXFK DV 1RGH�MV� ZKHUH� � � � � � � �
FRRSHUDWLYH PXOWLWDVNLQJ SUHFOXGHV &38 SDUDOOHOLVP >�@�� � � � � �
DQG 3\WKRQ� ZKHUH *OREDO ,QWHUSUHWHU /RFN SUHYHQWV WUXH� � � � � � � �
SDUDOOHOLVP� :H DOVR SUHIHU LW WR &�&�� GXH WR LWV� � � � � � � � � �
VLPSOLFLW\� EXLOW�LQ PHPRU\ PDQDJHPHQW WR DOORZ IDVWHU� � � � � � �
GHYHORSPHQW� DQG HIIHFWLYH OLJKW�ZHLJKWHG JUHHQ WKUHDG� � � � � �
LPSOHPHQWDWLRQ �JRURXWLQHV�� :H DOVR FRQVLGHUHG 5XVW GXH� � � � � � �
WR LWV HOHJDQW GHVLJQ DQG VWURQJ VDIHW\ JXDUDQWHHV� EXW� � � � � � � � �
HYHQWXDOO\ GLG QRW GR VR VLQFH LW LV D KDUGHU ODQJXDJH IRU� � � � � � � � � � � �
HYHU\RQH�RQ�WKH�WHDP�WR�SLFN�XS�TXLFNO\��
�
:H PDLQO\ XVH � RSHQ VRXUFH OLEUDULHV� ಠPLHNJ�GQV IRU� � � � � � � � �
'16 PHVVDJH VHULDOL]DWLRQ DQG GHVHULDOL]DWLRQ �ZH� � � � � �
LPSOHPHQWHG EDVLF '16 LWHUDWLYH DQG UHFXUVLYH UHVROXWLRQ� � � � � � �
RXUVHOYHV VLQFH LW LV QRW SURYLGHG E\ WKH OLEUDU\��� � � � � � � � �
EXUDNVH]HU�FRQVLVWHQW IRU EDVLF FRQVLVWHQW� � � �
KDVKLQJ� DQG (WFG IRU 5DIW SURWRFRO� $V GLVFXVVHG DERYH�� � � � � � � � �
(WFG LV D ZHOO�ZULWWHQ GLVWULEXWHG DQG UHOLDEOH NH\�YDOXH� � � � � � � �
VWRUH WKDW LV DGRSWHG LQ SRSXODU V\VWHPV VXFK DV� � � � � � � � �
.XEHUQHWHV� +RZHYHU� LQVWHDG RI GLUHFWO\ XVLQJ (WFG� ZH� � � � � � � �

�



FKRRVH WR ULS RXW RQO\ LWV 5DIW SURWRFRO LPSOHPHQWDWLRQ�� � � � � � � � �
VLQFH ZH UHDOL]HG WKDW ZKLOH '16 UHFRUGV DUH IHDVLEOH WR� � � � � � � � � �
VWRUH DV SXUH NH\�YDOXH SDLUV E\ SURSHU VHULDOL]DWLRQ� VXFK� � � � � � � � �
LPSOHPHQWDWLRQ ZRXOG LQWURGXFH H[WUD SHUIRUPDQFH FRVW� � � � � �
GXH WR FRQVWDQW SDUVLQJ� $OVR� E\ GLUHFWO\ XVLQJ WKH 5DIW� � � � � � � � � �
$3,V� ZH KDYH D EHWWHU FRQWURO RI LWV VQDSVKRWWLQJ XWLOLWLHV� � � � � � � � � �
DQG ZULWH�DKHDG ORJ IRUPDW� WKHUHIRUH DOORZLQJ XV WR WZHDN� � � � � � � � �
WKHLU�FRQILJXUDWLRQ�SDUDPHWHUV�ZKHQ�GHHPHG�QHFHVVDU\��
�
7ZR LQGHSHQGHQW ELQDULHV DUH JHQHUDWHG� ಠGQVBVHUYHU� � � � � �
IRU VWRUDJH FOXVWHU QRGHV� DQG ಠKDVKBVHUYHU IRU� � � � � � �
FRQVLVWHQW KDVKLQJ VHUYHUV� $V GLVFXVVHG EHIRUH� WKHLU� � � � � � �
LQGHSHQGHQFH DOORZV SDUWLDO EHQHILW IURP RXU GHVLJQ� � � � � � �
ZLWKRXW XVLQJ DOO FRPSRQHQWV� ಠGQVBVHUYHU FDQ DOVR� � � � � � �
RSHUDWH XQGHU WKH RSWLRQDO SDJHG PRGH WKDW WDNHV� � � � � � � �
DGYDQWDJH�RI�GLVN�VWRUDJH�WKURXJK�WKH�ಠ��SDJH ಠ�IODJ��
�
��%HQFKPDUN�
7R�YDOLGDWH�RXU�GHVLJQ�GHFLVLRQV�DQG�VKRZ�WKH�
SUDFWLFDO XVDELOLW\ RI RXU '16 VHUYLFH� ZH H[SODLQ LQ WKLV� � � � � � � � � �
VHFWLRQ WKH EHQFKPDUNV FRQGXFWHG RQ RXU VHUYLFH WKDW� � � � � � � �
PHDVXUH WKURXJKSXW� IDXOW�WROHUDQFH� DQG WKH ODWHQF\� � � � � �
DJDLQVW�UHDO�ZRUOG�'16�WUDIILF��
�
����6FDODELOLW\�RI�D�5DIW�FOXVWHU�
�
:H ILUVW YDOLGDWH RXU GHVLJQ FKRLFH RI XVLQJ D 5DIW FOXVWHU� � � � � � � � � � �
WR KROG '16 GDWD DQG VHUYH '16 TXHULHV WR LPSURYH UHDG� � � � � � � � � � �
WKURXJKSXW� :H PHDVXUH WKH PD[LPXP WKURXJKSXW RI D� � � � � � � �
VLQJOH 5DIW FOXVWHU ZLWK D YDU\LQJ QXPEHU RI QRGHV� (DFK� � � � � � � � � �
5DIW QRGH LV DQ LQVWDQFH RI DQ $PD]RQ (&� W��PHGLXP� � � � � � � � � �
QRGH ZLWK � Y&38 DQG �*% RI 5$0� :H XVH � W���[ODUJH� � � � � � � � � � � �
QRGHV ��Y&38� DV RXU FOLHQW QRGHV WR VDWXUDWH WKH VHUYHUV� � � � � � � � � �
ZLWK '16 TXHULHV� :H ILUVW SRSXODWH WKH FOXVWHU ZLWK �� � � � � � � � � �
PLOOLRQ '16 UHFRUGV� ZKLFK WDNHV PRUH WKDQ KDOI RI WKH� � � � � � � � � �
PHPRU\ �HDFK QRGH LV XVLQJ DERXW ���*% RI PHPRU\�� 7KH� � � � � � � � � �
QHWZRUN GHOD\ EHWZHHQ DQ\ WZR QRGHV LV VXEPLOOLVHFRQG�� � � � � � � �
7KH QHWZRUN EDQGZLGWK RI HDFK QRGH LV �*E�VHFRQG� ,Q� � � � � � � � �
WKLV H[SHULPHQW� HDFK FOLHQW LVVXHV DV PDQ\ UHTXHVWV� � � � � � � �
�XQLIRUPO\ DW UDQGRP� DV SRVVLEOH WR REWDLQ WKH PD[� � � � � � � � �
WKURXJKSXW��7KH�H[SHULPHQW�UHVXOW�LV�LQ�)LJXUH�����

�
)LJXUH����ಠ5HVXOWV�RI�WKH�VFDODELOLW\�H[SHULPHQW��7KH�SHUIHFW�OLQH�
UHSUHVHQWV�SHUIHFW�VFDODELOLW\�ZLWK�VORSH����2XU�FOLHQW�QRGHV�

EHFDPH�QHWZRUN�ERWWOHQHFNHG�LQ�WKH�FDVH�RI�WKH���QRGH�FOXVWHU��

�
$W WKH EDVHOLQH ZLWK D RQH�QRGH FOXVWHU� WKH PD[� � � � � � � � �
WKURXJKSXW LV DERXW �� WKRXVDQGV TXHULHV�VHFRQG� 7KH� � � � � � �
WZR�QRGH FOXVWHU DQG WKH WKUHH�QRGH FOXVWHU JLYH DERXW� � � � � � � �
���[ DQG ���[ EDVHOLQH WKURXJKSXW UHVSHFWLYHO\� ZKLFK DUH� � � � � � � �
FORVH WR WKH SHUIHFW VFDODELOLW\ �WKH UHG OLQH LQ )LJXUH ���� � � � � � � � � � �
:LWK D QLQH�QRGH FOXVWHU� RXU FOLHQW QRGHV EHFDPH� � � � � � � �
QHWZRUN�ERWWOHQHFNHG DQG WKH WKURXJKSXW LV DERXW ���[ WKH� � � � � � � �
EDVHOLQH� 7KLV UHVXOW PDWFKHV RXU H[SHFWDWLRQ WKDW WKH PD[� � � � � � � � �
UHDG WKURXJKSXW VKRXOG LQFUHDVH DOPRVW OLQHDUO\ DV ZH DGG� � � � � � � � �
QRGHV WR WKH 5DIW FOXVWHU� VLQFH LQ RXU GHVLJQ UHDG� � � � � � � � � �
RSHUDWLRQV GR QRW JR WKURXJK WKH 5DIW SURWRFRO DQG HDFK� � � � � � � � � �
QRGH�LV�DEOH�WR�DQVZHU�TXHULHV�E\�FKHFNLQJ�LWV�RZQ�GDWD��
�
���ಠ�ಠ7KURXJKSXW�ZLWK�KDVK�VHUYHUV�
:H WKHQ H[SHULPHQW DQG PHDVXUH KRZ FRQVLVWHQW KDVKLQJ� � � � � � � �
VHUYHUV DIIHFW WKH SHUIRUPDQFH� :H XVH WKH UHVXOW RI D� � � � � � � � � �
WKUHH�QRGH FOXVWHU IURP 6HFWLRQ ��� DV RXU EDVHOLQH DQG� � � � � � � � �
FRQVLGHU WKH IROORZLQJ VHWWLQJV� RQH KDVK VHUYHU � RQH� � � � � � � � �
WKUHH�QRGH FOXVWHU� WKUHH KDVK VHUYHUV � RQH WKUHH�QRGH� � � � � � � �
FOXVWHU� DQG WKUHH KDVK VHUYHUV � WZR WKUHH�QRGH FOXVWHUV�� � � � � � � � �
7KH PDFKLQH W\SHV IRU KDVK VHUYHUV DQG FOXVWHU QRGHV DUH� � � � � � � � � �
DOO W��PHGLXP� 1RWH WKDW LGHDOO\ WKHUH VKRXOG EH D� � � � � � � � �
FRQVHQVXV SURWRFRO EHWZHHQ KDVK VHUYHUV WR HQVXUH D� � � � � � � �
FRQVLVWHQW YLHZ RI FRQILJXUDWLRQV� :H GLG QRW LPSOHPHQW� � � � � � � �
WKLV LQ RXU EHQFKPDUN GXH WR WLPH FRQFHUQ� EXW WKH HIIHFW� � � � � � � � � � �
RQ WKURXJKSXW VKRXOG EH PLQLPDO VLQFH WKH FRQILJXUDWLRQV� � � � � � � �
DUH IL[HG GXULQJ HDFK H[SHULPHQW� :H XVH WKH VDPH WKUHH� � � � � � � � � �
FOLHQW QRGHV DV LQ 6HFWLRQ ��� WR PHDVXUH WKH PD[ UHDG� � � � � � � � � � �
WKURXJKSXW�LQ�HDFK�VHWWLQJ��7KH�UHVXOWV�DUH�LQ�7DEOH�����
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7DEOH����ಠ0D[�UHDG�WKURXJKSXW�RI�GLIIHUHQW�VHWWLQJV�7KH�UDWLRV�DUH�
FRPSDUHG�ZLWK�EDVHOLQH��WKH�FROXPQ�ZLWK���QRGH�FOXVWHU���7KH�

ERWWOHQHFN�LV�WKH�&38�DW�KDVK�VHUYHUV���
�

,I ZH FRPSDUH WKH UHVXOWV LQ WKH FROXPQ RI ³��QRGH� � � � � � � � � �
FOXVWHU´ DQG WKH FROXPQ RI ³� KDVK VHUYHUV � RQH ��QRGH� � � � � � � � � � �
FOXVWHU´� ZH VHH D �[ GRZQJUDGH LQ SHUIRUPDQFH FRPSDUHG� � � � � � � � �
WR WKH EDVHOLQH� 6R LQWURGXFLQJ KDVK VHUYHUV WR GLUHFW '16� � � � � � � � � �
TXHULHV UHGXFHV DERXW ��� RI WKH PD[ WKURXJKSXW� 7KLV� � � � � � � � �
FDQ EH DWWULEXWHG WR WKH H[WUD SURFHVVLQJ ORJLF DW WKH KDVK� � � � � � � � � � �
VHUYHUV� H�J�� FRPSXWLQJ KDVK IXQFWLRQV DQG SDUVLQJ TXHU\� � � � � � � �
TXHVWLRQV DQG UHVXOWV� ,Q DGGLWLRQ� VLQFH KDVK VHUYHUV VHUYH� � � � � � � � �
DV D ³SUR[\´ WR GLUHFW '16 TXHULHV DQG DQVZHUV� WKH� � � � � � � � � �
ODWHQF\ LV DOPRVW GRXEOHG LQ RXU VHWWLQJ ZKHUH DOO QRGHV DUH� � � � � � � � � � �
LQ WKH VDPH $:6 DYDLODELOLW\ ]RQH� 7R UHWDLQ WKH VDPH� � � � � � � � � �
WKURXJKSXW ZLWK WKLV LQFUHDVHG ODWHQF\� WKH KDVK VHUYHUV� � � � � � � �

�



QHHG WR KDQGOH D ODUJHU QXPEHU RI FOLHQW WKUHDGV ZKLFK� � � � � � � � � �
PD\�DOVR�LQWURGXFH�VRPH�&38�RYHUKHDG���
1RWH WKDW WKLV ODWHQF\ RYHUKHDG VKRXOG EH PLQLPDO LQ� � � � � � � � �
SUDFWLFDO VHWWLQJV ZKHUH WKH ODWHQF\ LV GRPLQDWHG E\ WKH� � � � � � � � �
PHVVDJH�GHOD\�EHWZHHQ�FOLHQWV�DQG�VHUYHU�QRGHV��
�
7KLV WKURXJKSXW UHGXFWLRQ PDWFKHV RXU SUHGLFWLRQ� DQG ZH� � � � � � � �
H[SHFW WKDW WKLV RYHUKHDG FDQ EH UHGXFHG E\ RSWLPL]LQJ WKH� � � � � � � � � �
LPSOHPHQWDWLRQ RI WKH KDVK VHUYHUV �H�J�� XVH PRUH HIILFLHQW� � � � � � � � �
GDWD VWUXFWXUHV�� FDFKLQJ '16 TXHU\ UHVXOWV� DQG SURSHUO\� � � � � � � �
EDWFKLQJ '16 TXHULHV� ,W LV ZRUWK QRWLQJ WKDW E\� � � � � � � � �
LQWURGXFLQJ KDVK VHUYHUV� ZH FDQ KDYH PXOWLSOH FOXVWHUV RI� � � � � � � � �
5DIW QRGHV DQG WKLV HQDEOHV RXU VHUYLFH WR VWRUH PRUH� � � � � � � � � �
UHFRUGV LQ PHPRU\ IRU IDVW VHUYLFH� ,Q IDFW� LQ WKH VHWWLQJ RI� � � � � � � � � � � �
WKH ODVW FROXPQ RI 7DEOH �� ZH VWRUHG � PLOOLRQ UHVRXUFH� � � � � � � � � � �
UHFRUGV ZKLOH WKLV LV QRW SRVVLEOH WR EH VWRUHG LQ PHPRU\ LQ� � � � � � � � � � � �
D VLQJOH FOXVWHU IRU DOO RWKHU VHWWLQJV LQ 7DEOH �� :H H[SHFW� � � � � � � � � � � �
D VLPLODU UHVXOW XQGHU WKH SDJHG YHUVLRQ RI VWRUDJH FOXVWHU� � � � � � � � � �
QRGHV��
�
����)DXOW�WROHUDQFH�DQG�DYDLODELOLW\�
7KLV SDUW WHVWV WKH IDXOW WROHUDQFH RI RXU V\VWHP� )RU ZULWH� � � � � � � � � � �
RSHUDWLRQV� ZH UHO\ RQ 5DIW IHDWXUHV� LW FDQ WROHUDWH IDLOXUH� � � � � � � � � �
HYHQ ZKHQ D PLQRULW\ RI QRGHV LQ D FOXVWHU IDLO� ZKLOH IRU� � � � � � � � � � � �
UHDG UHTXHVWV� ZH DSSO\ ORFDO UHDGV VR WKDW DV ORQJ DV WKH� � � � � � � � � � � �
TXHULHG QRGH LV DOLYH� UHDG RSHUDWLRQ FDQ VXFFHHG� :H� � � � � � � � �
IXUWKHU DGG D KDVK VHUYHU OD\HU ZKLFK HQDEOHV KLGLQJ PRUH� � � � � � � � � �
IDLOXUHV� PDLQO\ GXH WR WKH KDVK VHUYHU¶V VWUDWHJ\ RI� � � � � � � � �
QRGH�TXHU\LQJ�SULRULW\ LQVLGH RQH 5DIW FOXVWHU WKDW LW WHQGV� � � � � � � �
WR�TXHU\�DQ�DOLYH�QRGH��
�
:H GHFLGH WR GR DOO H[SHULPHQWV RQ SXUH UHDG UHTXHVWV� IRU� � � � � � � � � � �
WKLV LV WKH PRVW SUHYDOHQW XVH FDVH RI '16 VHUYLFH� ,Q WKH� � � � � � � � � � � �
ILUVW H[SHULPHQW� WKHUH LV QR KDVK VHUYHU UXQQLQJ LQ WKH� � � � � � � � � �
V\VWHP� 0XOWLSOH FOLHQW WKUHDGV RQ D VLQJOH PDFKLQH� � � � � � � �
GLUHFWO\ VHQG '16 UHDG UHTXHVWV WR RQH UDQGRP VHUYHU LQ� � � � � � � � � �
WKH 5DIW FOXVWHU� DQG WKDW VWRUDJH VHUYHU UHSOLHV EDFN WR WKH� � � � � � � � � � �
FOLHQW� ,Q WKH VHFRQG H[SHULPHQW� RQH KDVK VHUYHU LV VHW XS�� � � � � � � � � � �
7KHUH LV RQO\ RQH 5DIW FOXVWHU� WKHUHIRUH WKH KDVK VHUYHU� � � � � � � � � �
MXVW GRHV WKH IRUZDUGLQJ RI UHTXHVWV DQG UHSOLHV� 7KH FOLHQW� � � � � � � � � �
WKUHDGV VHQG DOO '16 UHDG UHTXHVWV WR WKH KDVK VHUYHU� DQG� � � � � � � � � � �
UHFHLYH UHVSRQVHV IURP LW� :H XVH WKH IROORZLQJ� � � � � � � �
FRQILJXUDWLRQV IRU WKLV SDUW� RQH FOLHQW PDFKLQH RI W��PLFUR� � � � � � � � �
W\SH� RQH 5DIW FOXVWHU FRPSRVHG RI � VWRUDJH PDFKLQHV RI� � � � � � � � � �
W��PLFUR W\SH DQG RQH KDVK VHUYHU RI W��PLFUR W\SH �LI� � � � � � � � � �
XVHG���
�
,Q ERWK H[SHULPHQWV� ZH GR D WLPH � WKURXJKSXW� � � � � � � � �
PHDVXUHPHQW� DV VKRZQ LQ ILJXUH �� ,Q WKH EHJLQQLQJ� HYHU\� � � � � � � � � �
VHUYHU LV DOLYH� $W �� VHFRQG� ZH NLOO D VHUYHU LQ WKH 5DIW� � � � � � � � � � � � �
FOXVWHU� $W �� VHFRQG� ZH NLOO DQRWKHU VHUYHU LQ WKH 5DIW� � � � � � � � � � �

FOXVWHU� $W �� VHFRQG� WKH ILUVW VHUYHU LV UHVWDUWHG DQG� � � � � � � � � �
ILQDOO\��DW�����VHFRQG�WKH�VHFRQG�VHUYHU�LV�UHVWDUWHG���
��

�
�
)LJXUH����ಠ5HVXOWV�RI�WKH�IDXOW�WROHUDQFH�DQG�DYDLODELOLW\�WHVW���
�
7KH UHVXOWV DSSHDU DV H[SHFWHG� 7KH UHG OLQH �ILUVW� � � � � � � � �
H[SHULPHQW� UHSUHVHQWV WKH ORFDO UHDG SURSHUWLHV RI WKH� � � � � � � �
EDVLF 5DIW FOXVWHU� ZKHQ NLOOLQJ RQH RI WKUHH VHUYHUV� WKH� � � � � � � � � �
V\VWHPV FDQ VWLOO KDQGOH UHDG UHTXHVWV DQG WKH WKURXJKSXW� � � � � � � � �
GURSV WR ���� :KHQ WZR RI WKUHH VHUYHUV DUH NLOOHG� LW� � � � � � � � � � �
FDQQRW KDQGOH ZULWH UHTXHVWV �QRW VKRZQ KHUH�� ZH VWLOO� � � � � � � � �
DOORZ UHDG UHTXHVWV WR KDSSHQ ORFDOO\� DQG WKH WKURXJKSXW� � � � � � � � �
GURSV WR ���� $IWHU UHVWDUWLQJ WKH WZR VHUYHUV� WKH� � � � � � � � �
WKURXJKSXW�JRHV�EDFN�WR�WKH�RULJLQDO�YDOXH���
�
7KH JUHHQ OLQH LV IRU WKH H[SHULPHQW ZLWK D KDVK VHUYHU� ,W� � � � � � � � � � � �
VWDUWV ZLWK WKH VDPH WKURXJKSXW DV WKH UHG OLQH� EXW� � � � � � � � � �
JHQHUDOO\ LW KDV KLJKHU WKURXJKSXW WKDQ WKH EDVLF 5DIW� � � � � � � � �
FOXVWHU OLQH ZKHQ VHYHUDO VHUYHUV DUH GHDG� 7KDW LV GXH WR� � � � � � � � � � �
WKH VWUDWHJ\ DGRSWHG E\ WKH KDVK VHUYHU� DIWHU IDLOLQJ� � � � � � � � �
TXHU\LQJ VRPH QRGHV LQVLGH WKH KDVKHG 5DIW FOXVWHU� LW ZLOO� � � � � � � � � �
SULRULWL]H RWKHU QRGHV LQ WKDW FOXVWHU GXULQJ D SHULRG RI� � � � � � � � � �
WLPHRXW� 7KHUHIRUH� RQH RU WZR RI WKUHH VHUYHUV¶ GHDWK� � � � � � � � �
GRHVQ¶W KDYH WRR PXFK LPSDFW RQ WKH GHFUHDVH RI� � � � � � � � �
WKURXJKSXW� WKH KDVK VHUYHU ZLOO WU\ WR TXHU\ WKH DOLYH� � � � � � � � � �
VHUYHU� 7KH GLYH RI WKH ILJXUH LV UHODWHG WR WKH WLPHRXW� � � � � � � � � � �
PHFKDQLVP RI WKH KDVK VHUYHU ZKHQ LW RFFDVLRQDOO\ UHWULHV� � � � � � � � �
D SUHYLRXVO\ GHDG QRGH WR VHH LI LW EHFRPHV UHDFKDEOH� � � � � � � � � �
DJDLQ� :KLOH WKH GLVUXSWLRQ LV QHJOLJLEOH LQ SUDFWLFH� LW� � � � � � � � �
ZRXOG EH DQ LQWHUHVWLQJ H[SHULPHQW WR HOLPLQDWH UHFXUULQJ� � � � � � � �
GLYHV E\ VHQGLQJ VHSDUDWH H[SOLFLW KHDUWEHDW PHVVDJHV� � � � � � �
EHIRUH�UHWU\�LI�UHYLYLQJ�D�QRGH�WDNHV�D�ORQJ�WLPH��
�
7KH H[SHULPHQWV VKRZ WKDW RXU V\VWHP SRVVHVVHV KLJK IDXOW� � � � � � � � �
WROHUDQFH SURSHUWLHV� DQG HYHQ EHWWHU DYDLODELOLW\ GXH WR WKH� � � � � � � � �
H[LVWHQFH�RI�KDVK�VHUYHUV���
�
����([SHULPHQW�ZLWK�5HDO�:RUOG�7UDIILF�

�



,Q RUGHU WR YHULI\ WKH SUDFWLFDOLW\ RI &5DIW '16� ZH DOVR� � � � � � � � � � �
QHHG WR YHULI\ WKDW LW FDQ KDQGOH UHDO ZRUOG TXHULHV� � � � � � � � � �
JHQHUDWHG LQ D SUREDEOH FOLHQW QHWZRUN� :H PXVW HQVXUH� � � � � � � � �
WKDW &5DIW '16 FDQ UHVSRQG WR '16 TXHULHV JHQHUDWHG LQ D� � � � � � � � � � �
UHDO ZRUOG VHWWLQJ DV TXLFNO\ DV RWKHU KLJK DYDLODELOLW\� � � � � � � � �
'16 QDPHVHUYHUV� 7KLV H[SHULPHQW ZLOO KHOS WR YDOLGDWH� � � � � � � �
RXU GHVLJQ E\ HQVXULQJ WKDW UHDO ZRUOG '16 WUDIILF GRHVQ¶W� � � � � � � � � �
KDYH D FHUWDLQ SDWWHUQ WKDW LV KDUG IRU &5DIW '16 WR GHDO� � � � � � � � � � � �
ZLWK� )XUWKHUPRUH� WKHUH PD\ EH D GLIIHUHQFH LQ WKH� � � � � � � � �
LQWHUDFWLRQ EHWZHHQ &5DIW '16 DQG D KRPH QHWZRUN� � � � � � � �
GHYLFH YHUVXV &5DIW '16 DQG D VHUYHU UXQQLQJ LQ D� � � � � � � � � �
GDWDFHQWHU��
�

�
�

7DEOH����ಠ7DEOH�VKRZV�WKH�PHDQ�UHVSRQVH�WLPH�IRU�������'16�
TXHULHV��7KH�H[SHULPHQW�ZDV�UXQ����WLPHV��

�
7R UXQ WKLV H[SHULPHQW� ZH ILUVW QHHGHG WR JDWKHU D ODUJH� � � � � � � � � � �
VDPSOH RI '16 WUDIILF� 7KLV ZDV GRQH XVLQJ :LUHVKDUN�� � � � � � � � �
7KURXJK ZLUHVKDUN� ZH ZHUH DEOH WR JDWKHU D VDPSOH RI �� � � � � � � � � � �
KRXUV RI '16 TXHULHV IURP YDULRXV GHYLFHV FRQQHFWHG WR D� � � � � � � � � �
KRPH ZLUHOHVV /$1� � FRPSXWHUV DQG � VPDUWSKRQHV ZHUH� � � � � � � � �
FRQQHFWHG WR :LIL DW VRPH SRLQW GXULQJ WKLV VDPSOLQJ� 7KLV� � � � � � � � � �
PRQLWRULQJ�DOORZV�XV�WR�FROOHFW�������'16�TXHULHV��
�
$IWHU JDWKHULQJ WKHVH TXHULHV� ZH WKHQ SRSXODWHG D� � � � � � � �
QDPHVHUYHU UXQQLQJ &5DIW '16 ZLWK WKH UHVSRQVHV WR WKLV� � � � � � � � �
UHDO ZRUOG '16 WUDIILF� 7KLV VHUYHU ZDV UXQQLQJ RQ �� � � � � � � � � �
FOXVWHUV� HDFK ZLWK � QRGHV HDFK� ZLWK HDFK QRGH EHLQJ DQ� � � � � � � � � � �
(&��W��PLFUR�LQVWDQFH��
�
7R WHVW WKH SHUIRUPDQFH RI &5DIW '16 RQ WKLV UHDO ZRUOG� � � � � � � � � � �
WUDIILF� ZH WKHQ VHOHFWHG *RRJOH¶V ������� QDPHVHUYHU DQG� � � � � � � �
&ORXGIODUH¶V ������� QDPHVHUYHU WR FRPSDUH DJDLQVW� )URP� � � � � � �
D KRPH QHWZRUN� DOO ����� ZHUH VHQW LQ �� VHSDUDWH WKUHDGV� � � � � � � � � � �
WR HDFK QDPHVHUYHU DQG WKH WLPH LW WRRN IRU HDFK WR UHVSRQG� � � � � � � � � � � �
WR DOO UHTXHVWV ZDV UHFRUGHG� 7KLV H[SHULPHQW ZDV LWHUDWHG� � � � � � � � �
���WLPHV�DQG�WKH�UHVXOWV�DUH�LQ�>WDEOH��@���
�
:H ILQG WKDW &5DIW '16 KDV FRPSDUDEOH UHVSRQVH WLPH WR� � � � � � � � � �
WKHVH WZR RWKHU ODUJHU '16 QDPHVHUYHUV� WKRXJK WKH� � � � � � � �
VWDQGDUG GHYLDWLRQ RI UHVSRQVH WLPH LV TXLWH KLJK� :H� � � � � � � � �
K\SRWKHVL]H WKDW WKH PRUH LPSRUWDQW IDFWRU GULYLQJ� � � � � � �
UHVSRQVH WLPH DUH DUWLIDFWV RI WKH QHWZRUN DV RSSRVHG WR WKH� � � � � � � � � � �
QDPHVHUYHU LWVHOI� 7KLV UHVXOW VWLOO YHULILHV WKDW RXU '16� � � � � � � � �
QDPH VHUYHU LV XVHIXO LQ WKH ZLOG DQG WKDW HYHQ RQ UHDO� � � � � � � � � � � �

ZRUOG '16 WUDIILF LW SHUIRUPV FRPSDUDEO\ ZHOO DV D UHDO� � � � � � � � � �
ZRUOG�'16�QDPHVHUYHU��

��)XWXUH�:RUN�
6LQFH RXU WHDP PHPEHUV KDYH IHZ SULRU H[SHULHQFH ZLWK� � � � � � � � �
GLVWULEXWHG V\VWHPV� ZH VSHQW D ORQJ WLPH XQGHUVWDQGLQJ� � � � � � � �
WKH SURWRFROV� OHDUQLQJ *R� VHHNLQJ OLEUDULHV� DQG ILJXULQJ� � � � � � � �
RXW KRZ WR XVH 'RFNHU DQG $:6 IRU ORFDO DQG UHPRWH� � � � � � � � � � �
GHSOR\PHQW DQG WHVWLQJ� 7KHUHIRUH WKHUH DUH VRPH SRLQWV� � � � � � � �
ZH UHDOL]HG GXULQJ GHYHORSPHQW \HW XQDEOH WR HYDOXDWH�� � � � � � � �
JLYHQ WKH WLPH OLPLW� :H DUH OLVWLQJ VRPH RI WKHVH EHORZ DV� � � � � � � � � � � �
IXWXUH�ZRUN�LGHDV�LI�ZH�ZHUH�JLYHQ�PRUH�WLPH�WR�H[SORUH��
�
:H UHDOL]HG HDUO\ RQ WKH QHFHVVLW\ RI VWRUDJH SDUWLWLRQLQJ� � � � � � � � �
WR DYRLG IXOO UHSOLFDWLRQ RI WKH UHFRUG GDWDEDVH� :H ZHQW WR� � � � � � � � � � �
XVH FRQVLVWHQW KDVKLQJ ZLWK YLUWXDO QRGHV WR DFKLHYH VXFK�� � � � � � � � �
+RZHYHU� DV SRLQWHG RXW E\ V\VWHPV VXFK DV &RUDO >�@ DQG� � � � � � � � � � �
'\QDPR >�@� WKHUH DUH RWKHU DOWHUQDWLYHV WR EXLOG D� � � � � � � � �
GLVWULEXWHG KDVK WDEOH VXFK DV .DGHPOLD� &$53� RU WKH� � � � � � � � �
VLPSOH HTXDO VL]HG SDUWLWLRQ WDEOHV� 0RUH FDUHIXO� � � � � � �
H[SHULPHQWV ZLWK GLIIHUHQW VWUDWHJLHV PLJKW KHOS WR UHYHDO� � � � � � � �
LQWHUHVWLQJ�SROLFLHV�WKH�SXEOLF�IDFLQJ�VHUYHUV�FDQ�DSSO\��
�
&RQVLVWHQW KDVKLQJ VHUYHUV LQ RXU FXUUHQW LPSOHPHQWDWLRQ� � � � � � �
WUHDWV HDFK LQFRPLQJ UHTXHVW DV LQGHSHQGHQW DQG IRUZDUGV� � � � � � � �
TXHULHV LQGHSHQGHQWO\ WR VWRUDJH FOXVWHUV� +RZHYHU� LW LV� � � � � � � �
DOVR SRVVLEOH WR EDWFK TXHVWLRQV IURP GLIIHUHQW RXWVLGH� � � � � � � �
TXHULHV LQWR D VLQJOH '16 PHVVDJH IRU IRUZDUGLQJ� WKXV� � � � � � � � �
UHGXFLQJ WRWDO PHVVDJH H[FKDQJH FRXQW DQG E\WH DPRXQW� � � � � � � �
�PHUJLQJ PXOWLSOH 8'3 SDFNHWV�'16 PHVVDJHV LQWR RQH� � � � � � �
LPSOLHV RQO\ � KHDGHU LV QHHGHG� EHWZHHQ FRPSRQHQWV� :H� � � � � � � � �
ZHUH KHVLWDQW WR LPSOHPHQW VXFK D VWUDWHJ\� VLQFH EDWFKLQJ� � � � � � � � �
PHDQV ZH QHHG WR GHWHUPLQH WKH OHQJWK RI DQ DSSURSULDWH� � � � � � � � � �
WLPH IUDPH GXULQJ ZKLFK ZH ZLOO ZDLW IRU PRUH SDFNHWV WR� � � � � � � � � � �
FRPH LQ EHIRUH IRUZDUGLQJ WR LQWHUQDO FOXVWHUV� $ IL[HG� � � � � � � � �
WLPH IUDPH PLJKW HLWKHU EH WRR ORQJ WR KDYH WHUULEOH� � � � � � � � � �
ODWHQF\� RU WRR VKRUW WR HYHQ VHH D VHFRQG SDFNHW FRPLQJ� � � � � � � � � � �
LQ� DQG V\QFKURQL]DWLRQ FRVWV PLJKW EH WRR KLJK EHWZHHQ� � � � � � � � �
RULJLQDOO\ LQGHSHQGHQW WDVNV H[HFXWHG� +RZHYHU LW LV VWLOO� � � � � � � �
DQ LQWHUHVWLQJ LGHD WR HYDOXDWH ZLWK PRUH FRQFUHWH� � � � � � � �
H[SHULPHQWV��
�
:H LPSOHPHQWHG D VLPSOH PLJUDWLRQ VWUDWHJ\ IRU WKH� � � � � � � �
LQ�PHPRU\ YHUVLRQ RI WKH VWRUDJH FOXVWHU QRGHV�� � � � � � �
WHPSRUDULO\ ZLWKKROGLQJ ZULWH UHTXHVWV LQ FRQVLVWHQW� � � � � �
KDVKLQJ VHUYHUV� FRS\LQJ PLJUDWHG UHFRUGV IURP H[LVWLQJ� � � � � � �
FOXVWHUV WR WKH QHZ FOXVWHU� UHHQDEOLQJ ZULWH UHTXHVWV DQG� � � � � � � � �
WULJJHULQJ PLJUDWHG UHFRUGV FOHDQXSV LQVLGH HDFK FOXVWHU� � � � � � �
XVLQJ D GHGLFDWHG JDUEDJH FROOHFWLQJ WKUHDG� 7KLV DOORZV� � � � � � � �
FOXVWHUV WR FRQWLQXH VHUYLQJ ZLWK ]HUR UHDG GRZQWLPH ZKLOH� � � � � � � � �
PLJUDWLQJ LQ WKH EDFNJURXQG� +RZHYHU� LW PLJKW EH� � � � � � � �

�



SRVVLEOH WR ILQG DQRWKHU VWUDWHJ\ WKDW FDQ DOORZ ZULWH� � � � � � � � �
UHTXHVWV GXULQJ PLJUDWLRQ� :H DOVR GLG QRW KDYH WLPH WR� � � � � � � � � �
LPSOHPHQW WKH VWUDWHJ\ IRU WKH SDJHG YHUVLRQ RI VWRUDJH� � � � � � � � �
FOXVWHU QRGHV� +RZHYHU� RQH VLPSOH GHVLJQ LQYROYHV� � � � � � �
VLPLODU VWHSV DV DERYH� ZLWK VRPH WZHDNV� WKH KDVKLQJ� � � � � � � � �
VHUYHUV HQWHU UHDG�RQO\ PRGH� WHPSRUDULO\ VWRS IRUZDUGLQJ� � � � � � �
ZULWH UHTXHVWV WR FOXVWHUV �WR DYRLG WKH FRPSOH[LW\ RI� � � � � � � � �
FRQFXUUHQW XSGDWHV�� DQG VLJQDO WKH H[LVWLQJ VWRUDJH� � � � � � �
FOXVWHUV WR IOXVK RXW DOO SDJHV� 7KH QHZ FOXVWHU FDQ QRZ� � � � � � � � � � �
UHWULHYH WKHVH SDJHV �SRVVLEO\ XVLQJ VRPH QHWZRUN ILOH� � � � � � � �
V\VWHP� DQG PRYH HQWULHV WKDW KDVKHV WR WKH NH\ UDQJH� � � � � � � � � �
FRQWUROOHG E\ LWVHOI� DQG OHDYH PDUNHUV DERXW ZKLFK HQWULHV� � � � � � � � �
DUH PLJUDWHG� DQG FDQ WKXV EH GURSSHG E\ WKHLU ROG RZQHUV� � � � � � � � � � �
ZKHQ SDJHG LQ DJDLQ� :KHQ FRPSOHWH� WKH FRQVLVWHQW� � � � � � � �
KDVKLQJ VHUYHUV DUH QRWLILHG DQG FDQ ILQDOO\ VZLWFK WR XVH� � � � � � � � � �
WKH QHZ PHPEHUVKLS DQG UH�HQDEOH ZULWH UHTXHVW� � � � � � �
IRUZDUGLQJ� 7KLV HQVXUHV WKDW WKH H[LVWLQJ UHFRUGV FRQWLQXH� � � � � � � �
WR EH DYDLODEOH IRU '16 TXHULHV� DQG NHHS UH�VKDUGLQJ� � � � � � � � �
FRPSOHWHO\�WUDQVSDUHQW�WR�WKH�XVHU��
�
5DIW LV LQWURGXFHG WR HQVXUH VWURQJ JOREDO FRQVLVWHQF\� � � � � � � �
JXDUDQWHHV IRU XSGDWHV� +RZHYHU� DV UHYHDOHG E\ '\QDPR� � � � � � � �
DQG &236� WKHUH DUH ZHDNHU PRGHOV WKDW FDQ VWLOO ILW WKH� � � � � � � � � � �
XVH FDVH RI '16� )RU H[DPSOH� FDXVDO� >�@ PLJKW DOVR EH� � � � � � � � � � �
HIIHFWLYH� VLQFH '16 KDV� IRU H[DPSOH� &1$0( W\SHV IRU� � � � � � � � �
QDPH DOLDVLQJ� LW KDV WKH ULVN RI XQVDWLVILHG GHSHQGHQF\ LI� � � � � � � � � �
XSGDWHV DUH UHRUGHUHG E\ QHWZRUN� WKHUHIRUH FDXVDO� FDQ� � � � � � � �
WDFNOH WKHVH SRWHQWLDO LVVXHV� DQG ZH ZRQ¶W QHHG WR SD\ WKH� � � � � � � � � � �
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