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$EVWUDFW

$IWHU WKH PDMRU XQFRYHULQJ RI IDXOWV RQ UDLOLQJV DORQJ WKH URDGV LQ ����� 7KH 1RUZHJLDQ
3XEOLF 5RDGV $GPLQLVWUDWLRQ DFNQRZOHGJHG WKH ODFN RI LQVSHFWLRQ URXWLQHV� L6L VWDUWHG
DQ LQQRYDWLRQ�SURMHFW VKRUWO\ DIWHU WR VWUHDPOLQH DQG LPSURYH WKH LQVSHFWLRQ URXWLQHV�

7KLV WKHVLV SURYLGHV DQ LQVLJKW WR WKH DSSURDFK DQG PHWKRG IRU WKH GHYHORSPHQW RI
WKH ZHEVLWH XVHG WR YLVXDOL]H L6L¶V SURFHVVHG GDWD�

7KH PDLQ REMHFWLYH WLHG WR WKH SUREOHP LV GHYHORSLQJ D ZHE�EDVHG LQWHUDFWLYH PDS WR
GLVSOD\ WKH GDWD L6L KDV JDWKHUHG� 6RPH RI WKH NH\ IHDWXUHV LQFOXGH ILOWHULQJ� VHDUFKLQJ
DQG DQ DGYDQFHG SUHVHQWDWLRQ RI WKH DFWXDO GDWD� 7KH PDLQ XVHUV RI WKH ZHEVLWH DUH
URDG RZQHUV DQG 7KH 1RUZHJLDQ 3XEOLF 5RDGV $GPLQLVWUDWLRQ� (DVH RI XVH KDV EHHQ
D ELJ SULRULW\� WKLV DOORZV IRU D PRUH HIILFLHQW SURFHVV� DFFHVVLEOH IRU HYHU\RQH�

7R FUHDWH WKH ZHEVLWH ZH HPSOR\HG WKH 6&580 SURMHFW PDQDJHPHQW� PHDQLQJ EL�
ZHHNO\ PHHWLQJV ZLWK WKH FOLHQW� DQG GDLO\ VWDQGXS�PHHWLQJV ZLWK WKH JURXS� 7KH
ZHEVLWH ZDV GHYHORSHG ZLWK $QJXODU XVLQJ WKH 7\SH6FULSW ODQJXDJH� 7KH OLEUDU\ /HDI�
OHW ZDV XVHG WR GLVSOD\ WKH LQWHUDFWLYH PDS�

'XULQJ EL�ZHHNO\ PHHWLQJV� WKH FOLHQW SURYLGHG XVHIXO IHHGEDFN DQG D EHWWHU LQVLJKW
DV WR ZKDW WKH XVHUV ZLOO QHHG LQ WHUPV RI IXQFWLRQDOLW\� 7KLV KHOSHG LQ JXLGLQJ WKH
ZHEVLWH LQ WKH ULJKW GLUHFWLRQ� DQG OHW XV HQJDJH ZLWK WKH XVHU¶V DFWXDO QHHGV�

6WUXFWXUHG WHVWV ZHUH SODQQHG ZLWK PXOWLSOH SDUWLFLSDQWV IURP 7KH 1RUZHJLDQ 3XEOLF
5RDGV $GPLQLVWUDWLRQ� DV ZHOO DV DQRWKHU JURXS WHVWLQJ WKH XVHU H[SHULHQFH�

7KLV VROXWLRQ ZLOO KDYH SRVLWLYH LPSDFW RQ ERWK WKH HQYLURQPHQW DQG VRFLHW\ LQ PDQ\
ZD\V� %\ XVLQJ RXU VROXWLRQ� WKH TXDOLW\ FRQWURO RI UDLOLQJV ZLOO EH D PRUH FRVW�HIIHFWLYH
SURFHVV� 7KLV VROXWLRQ ZLOO DOVR EHQHILW WKH HQYLURQPHQW� EHFDXVH RI WKH UHGXFHG QHHG
RI FDUV DQG KXPDQ UHVRXUFHV� 5HOHYDQW 81 JRDOV DUH JRDO �� JRDO � DQG JRDO ���

7KH WHDP ZDV DEOH WR FUHDWH DQ LQWHUDFWLYH PDS E\ XWLOL]LQJ WKH IUDPHZRUN� OLEUDU\
DQG ODQJXDJH PHQWLRQHG SUHYLRXVO\� 2QH RI WKH PDLQ WDNHDZD\V IURP WKLV SURMHFW KDV
EHHQ WKH LPSRUWDQFH RI D VWUXFWXUHG 6&580�WHDP� 7KH SODQQHG PHHWLQJV DQG VSULQW
UHYLHZV KDYH EHHQ YHU\ XVHIXO IRU WKH SURJUHVVLRQ RI WKH ZHE�VLWH�

�



6DPPHQGUDJ

(WWHU GHQ VWRUH DYGHNNLQJHQ DY IHLO Sn UHNNYHUN ODQJV YHLHQH L ����� HUNMHQWH 6WDWHQV
YHJYHVHQ PDQJOHQGH WLOV\QVUXWLQHU� .RUW WLG HWWHU VWDUWHW L6L $6 HW LQQRYDVMRQVSURVMHNW
IRU n HIIHNWLYLVHUH RJ IRUEHGUH LQVSHNVMRQVUXWLQHQH�

'HQQH RSSJDYHQ JLU HW LQQEOLNN L WLOQ UPLQJHQ RJ PHWRGHQ IRU XWYLNOLQJHQ DY QHWWVLGHQ
VRP EUXNHV IRU n YLVXDOLVHUH L6L VLQH EHKDQGOHGH GDWD�

+RYHGPnOHW NQ\WWHW WLO RSSJDYHQ HU n XWYLNOH HW QHWWEDVHUW LQWHUDNWLYW NDUW IRU n YLVH
GDWDHQH L6L KDU VDPOHW LQQ� 1RHQ DY Q¡NNHOIXQNVMRQHQH LQNOXGHUHU ILOWUHULQJ� V¡NLQJ
RJ HQ DYDQVHUW SUHVHQWDVMRQ DY GH IDNWLVNH GDWDHQH� +RYHGEUXNHUQH DY QHWWVWHGHW HU
YHJHLHUH RJ 6WDWHQV YHJYHVHQ� %UXNHUYHQQOLJKHW KDU Y UW HQ K¡\ SULRULWHW� GHWWH JLU
PXOLJKHW IRU HQ PHU HIIHNWLY SURVHVV� WLOJMHQJHOLJ IRU DOOH�

)RU n ODJH QHWWVLGHQ DQYHQGWH YL 6&580�PHWRGLNN� VRP EHW\U P¡WHU PHG NXQGHQ
DQQHQKYHU XNH RJ GDJOLJH VWDQGXS�P¡WHU PHG JUXSSHQ� 1HWWVWHGHW EOH XWYLNOHW PHG
$QJXODU YHG n EUXNH 7\SH6FULSW�VSUnNHW� %LEOLRWHNHW /HDIOHW EOH EUXNW WLO n YLVH GHW
LQWHUDNWLYH NDUWHW�

8QGHU GH EL�XNHQWOLJH P¡WHQH JD RSSGUDJVJLYHU Q\WWLJH WLOEDNHPHOGLQJHU RJ EHGUH
LQQVLNW L KYD EUXNHUQH ¡QVNHU DY IXQNVMRQDOLWHW� 'HWWH ELGUR WLO n OHGH XWYLNOLQJHQ DY
QHWWVWHGHW L ULNWLJ UHWQLQJ� RJ ORW RVV HQJDVMHUH RVV L EUXNHUHQV IDNWLVNH EHKRY�

'HW EOH SODQODJW VWUXNWXUHUWH WHVWHU PHG IOHUH GHOWDNHUH IUD 6WDWHQV YHJYHVHQ� VDPW
HQ DQQHQ JUXSSH VRP WHVWHW EUXNHURSSOHYHOVHQ�

'HQQH O¡VQLQJHQ YLO KD SRVLWLY LQQYLUNQLQJ Sn EnGH PLOM¡ RJ VDPIXQQ Sn PDQJH PnWHU�
9HG n EUXNH YnU O¡VQLQJ YLO NYDOLWHWVNRQWUROOHQ DY UHNNYHUN EOL HQ PHU NRVWQDGVHIIHNWLY
SURVHVV� 'HQQH O¡VQLQJHQ YLO RJVn Y UH WLO IRUGHO IRU PLOM¡HW� Sn JUXQQ DY UHGXVHUW
EHKRY IRU ELOHU RJ PHQQHVNHOLJH UHVVXUVHU� 5HOHYDQWH )1�PnO HU PnO �� PnO � RJ PnO
���

*UXSSHQ YDU L VWDQG WLO n ODJH HW LQWHUDNWLYW NDUW YHG n EUXNH UDPPHYHUNHW� ELE�
OLRWHNHW RJ VSUnNHW QHYQW WLGOLJHUH� (W DY KRYHGWUHNNHQH IUD GHWWH SURVMHNWHW KDU
Y UW YLNWLJKHWHQ DY HW VWUXNWXUHUW 6&580�WHDP� 'H SODQODJWH P¡WHQH RJ VSULQWJMHQ�
QRPJDQJHQH KDU Y UW VY UW Q\WWLJH IRU XWYLNOLQJHQ DY QHWWVWHGHW�

�



3UHIDFH

:H ZDQWHG RXU EDFKHORU WKHVLV WR PDNH D GLIIHUHQFH� KDYH D SRVLWLYH LPSDFW RQ WKH
VRFLHW\� $IWHU UHDGLQJ DOO WKH GLIIHUHQW EDFKHORU WKHVLV RQH LPPHGLDWHO\ FDXJKW RXU
DWWHQWLRQ� ³0DS GLVSOD\ RI URDG UDLOLQJV´� :H OLNHG WKH LGHD RI VWUHDPOLQLQJ D WLPH DQG
UHVRXUFH FRQVXPLQJ SURFHVV IURP D ODERU LQWHQVH VHFWRU WR LQFUHDVH WKH WUDIILF VDIHW\�
%\ FUHDWLQJ WKH LQWHUDFWLYH PDS� ZH FRXOG EH D SDUW RI WKH VROXWLRQ ZKLFK LQFUHDVH
WUDIILF VDIHW\ DQG URDG LQIUDVWUXFWXUH� DV ZHOO DV SRWHQWLDOO\ VDYLQJ OLYHV LQ WKH WUDIILF
ZKHQ DQ DFFLGHQW RFFXUV�

$FNQRZOHGJHPHQWV

:H ZRXOG OLNH WR DFNQRZOHGJH DQG H[WHQG RXU VLQFHUH WKDQNV WR RXU VXSHUYLVRU 'L :X�
+HU JXLGDQFH DQG DGYLFH KHOSHG XV WKURXJK DOO VWDJHV RI GHYHORSPHQW� $ ELJ WKDQNV WR
,GD .M¡UKROW DQG 1LOV 7DUMHL +MHOPH IRU SURYLGLQJ WKH WRSLF IRU RXU EDFKHORU WKHVLV DQG
WKH EDVLV IRU WKH DSSOLFDWLRQ GHYHORSPHQW� 7KHLU IHHGEDFN DQG JXLGDQFH WKURXJKRXW
WKH SURFHVV KDV EHHQ SKHQRPHQDO�

:H ZRXOG DOVR OLNH WR WKDQN *LUWV 6WUD]GLQV IRU EHLQJ WKHUH IRU XV WKURXJKRXW WKH
EDFKHORUV GHJUHH� $ ELJ WKDQNV IRU SURYLGLQJ XV ZLWK KHOS DQG JXLGDQFH ZKHQ FUHDWLQJ
WKH VHUYHU WKDW KRVWV RXU DSSOLFDWLRQ�

/DVWO\ ZH ZRXOG DOVR OLNH WR H[WHQG D KHDUWIHOW WKDQNV WR DOO WKH SURIHVVRUV LQYROYHG LQ
WKH FRPSXWHU VFLHQFH SURJUDP�

+DJHQ� 0DWKLDV 7LPH 	 3ODFH

5DMDQ� $SLPDQMX 7LPH 	 3ODFH

(LNnV� 8OULN $XIOHP 7LPH 	 3ODFH

1DXI� +HUPDQ 6YDH 7LPH 	 3ODFH

�



7DEOH RI &RQWHQWV

� ,QWURGXFWLRQ ��

��� %DFNJURXQG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 2EMHFWLYHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� /LPLWDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 0RWLYDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� +LVWRU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� *RDOV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7KHVLV VWUXFWXUH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 7KHRUHWLFDO EDFNJURXQG ��

��� *XDUGUDLO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RGH GRFXPHQWDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 'RFXPHQWDWLRQ LQ FRGH � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 'RFXPHQWDWLRQ $ERXW FRGH � � � � � � � � � � � � � � � � � � � � � � ��

��� $FFHVVLELOLW\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &OLHQW 6HUYHU &RPPXQLFDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � ��

����� +773 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5(67 $3, � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &,�&' DQG 'HSOR\PHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &RQWLQXRXV ,QWHJUDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &RQWLQXRXV 'HSOR\PHQW � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &RQWLQXRXV 'HOLYHU\ � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'HVLJQ SDWWHUQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 2EVHUYHU 'HVLJQ 3DWWHUQ � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6WDQGDUGV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6WDQGDUG UHSUHVHQWDWLRQ RI JHRJUDSKLF SRLQW ORFDWLRQ E\ FRRUGLQDWHV ��

����� :HOO�NQRZQ WH[W UHSUHVHQWDWLRQ RI JHRPHWU\ � � � � � � � � � � � � ��

����� *HRVSDWLDO GDWD LQWHUFKDQJH IRUPDW EDVHG RQ -621 � � � � � � � � ��

�



��� 7HFKQRORJLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� +70/ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &66 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6&66 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� -DYD6FULSW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 7\SH6FULSW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 9HUVLRQ &RQWURO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 6RIWZDUH 'HYHORSPHQW 7RROV � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ 6RXUFH &RGH (GLWRU � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ &RGH )RUPDWWHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ /LQWHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 7HVWLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ 8QLW 7HVWLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ %HKDYLRU�GULYHQ 'HYHORSPHQW � � � � � � � � � � � � � � � � � � � � ��

���� 6RIWZDUH 3URMHFW 0HWKRGRORJLHV � � � � � � � � � � � � � � � � � � � � � � � ��

������ 6&580 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ 6&580 5ROHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ 6&580 (YHQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 0HWKRG ��

��� 5HVHDUFK PHWKRG � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3URMHFW PDQDJHPHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� *URXS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HVSRQVLELOLWLHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6XSHUYLVRU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� &OLHQW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 3ODQQLQJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 5HTXLUHPHQW VSHFLILFDWLRQ � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6SULQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

�



����� -LUD � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 6WDQG�XSV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ %DFNORJ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������ %LWEXFNHW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7RROV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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� 7\SH6FULSW H[DPSOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
� ([DPSOH XQLW WHVW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
� 3LSHOLQH &RGH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��



*ORVVDU\

/$7(; VRIWZDUH IRU GRFXPHQW SUHSDUDWLRQ� 8QOLNH WH[W HGLWRUV ZKHUH ´\RX JHW ZKDW
\RX VHH´ VXFK DV 0LFURVRIW :RUG� \RX ZULWH SODLQ WH[W� 7KH ZULWHU XVHV PDUNXS
WDJJLQJ WR GHILQH WKH VWUXFWXUH RI WKH GRFXPHQW� ��

EDFNHQG %DFNHQG LV XVXDOO\ WKH SDUW RI D V\VWHP WKDW LV QRW VKRZQ WR WKH XVHU�
W\SLFDOO\ VWRUHV DQG FDOFXODWHV GDWD�� ��

FORXG FRPSXWLQJ DQ RQ�GHPDQG DYDLODEOH UHVRXUFH WKDW FDQ VHUYH DV FORXG VWRUDJH
DQG FRPSXWLQJ SRZHU� ZLWKRXW WKH XVHU DFWLYHO\ PDQDJLQJ LW� ��

FURVV�SODWIRUP VRIWZDUH WKDW FDQ UXQ RQ PXOWLSOH W\SHV RI FRPSXWHU V\VWHPV� ��

(&0$6FULSW LV D SURJUDPPLQJ ODQJXDJH VSHFLILFDWLRQ WKDW (FPD ,QWHUQDWLRQDO KDV
VWDQGDUGL]HG LQ WKH VWDQGDUGV (&0$���� DQG ,62 � ,(& ������ 7KH VSHFLILFD�
WLRQ ZDV LQLWLDOO\ EDVHG RQ -DYD6FULSW� EXW WKLV KDV QRZ EHHQ UHYHUVHG VXFK WKDW
-DYD6FULSW QRZ IROORZV WKH GHYHORSPHQW RI WKH (&0$6FULSW VWDQGDUG� ��

IUDPHZRUN IUDPHZRUN LQ SURJUDPPLQJ LV D WRRO WKDW SURYLGHV DOUHDG\ PDGH FRP�
SRQHQWV RU VROXWLRQV LQ RUGHU WR VSHHG XS WKH GHYHORSPHQW� ��� ��

*LW VRIWZDUH XVHG WR WUDFN FKDQJHV LQ D FROOHFWLRQ RI ILOHV� 3URYLGLQJ GHYHORSHUV ZLWK
VSHHG� GDWD LQWHJULW\ DQG VXSSRUW IRU GLVWULEXWHG ZRUNIORZV� ��

,QWHOOL6HQVH LV D FRQWH[W�DZDUH FRGH FRPSOHWLRQ WRRO WKDW KHOSV WR VSHHG XS WKH
FRGLQJ SURFHVV E\ HOLPLQDWLQJ W\SRV DQG RWKHU W\SLFDO HUURUV� ��

ODWLWXGH DQ DQJOH ZKLFK UDQJHV IURP �� DW WKH (TXDWRU WR ��� DW WKH SROHV� ��

OLEUDU\ LV D FROOHFWLRQ RI IXQFWLRQV DQG FODVVHV ZKLFK E\ LWVHOI XVXDOO\ LV QRW D FRPSOHWH
SURJUDP� EXW WKH\ FDQ EH XVHG WR VDYH GHYHORSPHQW WLPH E\ XVLQJ H[LVWLQJ FRGH�
��� ��

ORQJLWXGH D JHRJUDSKLF FRRUGLQDWH WKDW GHVFULEHV D SRLQW¶V HDVW�ZHVW ORFDWLRQ RQ WKH
(DUWK¶V VXUIDFH� ��

0RQJR'% D VRXUFH�DYDLODEOH GWDEDVH SURJUDP EDVHG RQ 1R64/� ��

RSHQ VRXUFH VRIWZDUH ZLWK SXEOLF VRXUFH FRGH� ,W LV GLVWULEXWHG XQGHU D OLFHQVH ZKHUH
WKH FRS\ULJKW KROGHU JLYHV LWV XVHUV ULJKWV WR XVH� FKDQJH DQG GLVWULEXWH WKH VRIW�
ZDUH IRU DQ\ SXUSRVH� ��� ��� ��� ��

UHSRVLWRU\ $ FRGH UHSRVLWRU\ LV DQ DUFKLYH WKDW VWRUHV DOO WKH GRFXPHQWV RI D SURMHFW�
VXFK DV FRGH� GRFXPHQWDWLRQV� QRWHV HWF�� ��

VLQJOH�SDJH DSSOLFDWLRQ LV D ZHE DSSOLFDWLRQ RU ZHEVLWH WKDW LQWHUDFWV ZLWK WKH XVHU
E\ G\QDPLFDOO\ UHZULWLQJ WKH FXUUHQW ZHE SDJH ZLWK QHZ GDWD IURP WKH ZHE
VHUYHU� LQVWHDG RI WKH GHIXDOW PHWKRG RI D ZHE EURZVHU ORDGLQJ HQWLUH QHZ SDJHV�
��

��



66+ 6HFXUH VKHOO� $ SURJUDP DQG QHWZRUN SURWRFRO WR DFFHVV FRPPDQG OLQH RQ DQ�
RWKHU FRPSXWHU� � ��

VWULFW D SURJUDPPLQJ ODQJXDJH WKDW RQO\ DOORZV VWULFW IXQFWLRQV� 7KLV PHDQV WKH
SDUDPHWHUV RI WKH JLYHQ IXQFWLRQV PXVW EH HYDOXDWHG FRPSOHWHO\ EHIRUH WKH\ FDQ
EH FDOOHG� ��

VXSHUVHW JLYHQ VHWV $ 	 %� LI $ FRQWDLQV DOO HOHPHQWV RI VHW %� $ LV D VXSHUVHW RI %�
7\SH6FULSW FRQWDLQV DOO HOHPHQWV RI -DYD6FULSW� DQG LV WKHUHIRUH D VXSHUVHW� ��

WUDQVFRPSLOHG 7UDQVFRPSLOH LV WKH SURFHVV RI WUDQVODWLQJ VRXUFH FRGH IURP D SUR�
JUDPPLQJ ODQJXDJH WR HTXLYDOHQW VRXUFH FRGH LQ WKH VDPH RU D GLIIHUHQW SUR�
JUDPPLQJ ODQJXDJH� ��

ZHE GHYHORSPHQW WKH SURFHVV RI FUHDWLQJ ZHEVLWHV� ,QFOXGLQJ GHVLJQ� SXEOLVKLQJ
DQG PDLQWDLQLQJ WKH ZHEVLWH� ��

ZHOO�NQRZQ WH[W LV XVHG WR ERWK FRQVWUXFW QHZ LQVWDQFHV RI WKH W\SH DVZHOO DV WR
FRQYHUW WKH H[LVWLQJ LQVWDQFH WR PRUH UHDGDEOH WH[W IRUP� ��� ��

ZLUHIUDPH LV DQ LOOXVWUDWLRQ RI D SDJH¶V LQWHUIDFH DQG OD\RXW WR KHOS YLVXDOL]H WKH
FRQFHSW� ��

$FURQ\PV

$3, $SSOLFDWLRQ 3URJUDPPLQJ ,QWHUIDFH� ��� ��� ��� ��� ��±��

%'' %HKDYLRU�GULYHQ GHYHORSPHQW� ��� ��

&' &RQWLQXRXV 'HOLYHU\� ��

&' &RQWLQXRXV 'HSOR\PHQW� ��� ��

&, &RQWLQXRXV ,QWHJUDWLRQ� ��� ��

&66 &DVFDGLQJ 6W\OH 6KHHWV� ��� ��

+70/ +\SHU7H[W 0DUNXS /DQJXDJH� ��� ��� ��

+773 +\SHUWH[W 7UDQVIHU 3URWRFRO� ��

,DD6 ,QIUDVWUXFWXUH DV D 6HUYLFH� ��

,'( ,QWHJUDWHG GHYHORSPHQW HQYLURQPHQW� ��

-6 -DYD6FULSW� ��� ��� ��� ��

-621 -DYD6FULSW 2EMHFW 1RWDWLRQ� ��

093 0LQLPXP 9LDEOH 3URGXFW� ��� ��

5(67 5HSUHVHQWDWLRQDO 6WDWH 7UDQVIHU� ��

6&66 6DVV\ &66� ��
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7&3 7UDQVIHU &RQWURO 3URWRFRO� ��

76 7\SH6FULSW� ��� ��� ��

:.7 :HOO�NQRZQ WH[W� ��� ��

��



� ,QWURGXFWLRQ

��� %DFNJURXQG

$ ZHOO�PDLQWDLQHG URDG LV DQ LPSRUWDQW IDFWRU ZKHQ WU\LQJ WR LPSURYH WUDIILF VDIHW\�
DQG LW LV IRU WKDW UHDVRQ UHTXLUHG LQ 1RUZD\ WR FRQWURO WKH TXDOLW\ RI DOO UDLOLQJV DORQJ
DOO URDGV RQFH HYHU\ \HDU� 7RGD\¶V PDQXDO SUDFWLFH RI FRQWUROOLQJ UDLOLQJV LV ERWK WLPH�
DQG UHVRXUFH�FRQVXPLQJ� DW WKH VDPH WLPH DV LW LQFUHDVHV WKH WUDIILF GDQJHU DORQJ WKH
URDG� 7KLV LV GXH WR WKHUH EHLQJ RQH YHKLFOH GULYLQJ VORZO\ ZLWK RQH SHUVRQ LQVLGH WKH
FDU PDQXDOO\ LQVSHFWLQJ WKH UDLOLQJ�

,Q ���� 7KH 1RUZHJLDQ 3XEOLF 5RDGV $GPLQLVWUDWLRQ XQFRYHUHG D VHULHV RI IDXOWV RQ WKH
UDLOLQJV� 7KLV FDXJKW ERWK WKH PHGLD¶V DWWHQWLRQ DQG 7KH 2IILFH RI WKH $XGLWRU *HQHUDO
RI 1RUZD\¶V DWWHQWLRQ� 7KH\ FDOOHG IRU D PRUH HIIHFWLYH VROXWLRQ WR FDUU\ RXW WKHVH
TXDOLW\ FRQWUROV WR LPSURYH WKH URDG VDIHW\� ,Q ���� L6L $6 VWDUWHG DQ LQQRYDWLRQ�
SURMHFW WR VWUHDPOLQH DQG LPSURYH WKLV SURFHVV�

L6L¶V VROXWLRQ LV EDVHG RQ PDVV�FROOHFWLRQ RI LPDJHV DQG WDLORUHG PDFKLQH OHDUQLQJ
PRGHOV IRU LPDJH UHFRJQLWLRQ� 7KHVH PRGHOV DXWRPDWLFDOO\ GHWHFW ZKDW W\SH RI UDLOLQJ
LV GHSLFWHG DQG DQ\ YLVLEOH HUURUV� WKH\ DOVR SURYLGH DQ DFFXUDWH SRVLWLRQ RI WKH UDLOLQJV�
,PDJH GDWD LV FROOHFWHG XVLQJ D FXVWRP ULJ ZLWK KLJK�WHFK FDPHUDV� LQIUDUHG IODVKHV
DQG *36� 7KLV ULJ LV PRXQWHG EHKLQG D FDU� WKH GDWD FROOHFWLRQ FDQ EH GRQH LQ UHJXODU
GULYLQJ VSHHG� XS WR �� NLORPHWHUV SHU KRXU� 7KLV PDNHV WKH SURFHVV RI FROOHFWLQJ GDWD
IDVW DQG HIIHFWLYH� ZKLOH PDLQWDLQLQJ URDG VDIHW\�

����� 2EMHFWLYHV

:H FROODERUDWH ZLWK D FRPSDQ\ FDOOHG L6L ORFDWHG LQ cQGDOVQHV� L6L LV DQ ,7 FRPSDQ\
WKDW ZRUNV ZLWK GLJLWDOL]LQJ RI ZRUN SURFHVVHV� DQG VSHFLDOL]H RQ VROXWLRQV ZLWK IRFXV
RQ HOHFWURQLF LQWHUDFWLRQ� GRFXPHQWDWLRQ DQG PDFKLQH OHDUQLQJ�

7KH LPDJH�GDWD L6L KDV FROOHFWHG LV VWRUHG LQ D GDWDEDVH� DQG WKH DFWXDO LPDJHV DUH
VWRUHG LQ D FORXG VWRUDJH�VHUYLFH� (YHU\ PHWHU RI WKH UDLOLQJ LV SKRWRJUDSKHG ZLWK
WKUHH FDPHUDV� RQH XSSHU DQG WZR ORZHU�

L6L KDV FKDOOHQJHG XV WR SUHVHQW WKH GDWD LQ DQ LQWHUDFWLYH PDS� ZKHUH \RX FDQ ILOWHU
EDVHG RQ WKH FULWLFDOLW\� JURXS FULWLFDOLW\ RQ D VWUHWFK RI URDG DQG GLVSOD\ WKH LPDJHV LQ
D ZD\ WKDW DOORZV XVHUV WR JHW DQ XQGHUVWDQGLQJ RI WKH ULVN WLHG WR GLIIHUHQW VWUHWFKHV
RI URDG�

����� /LPLWDWLRQV

)URP 1718

+DYLQJ D SDUDOOHO VXEMHFW LQ FRQMXQFWLRQ ZLWK WKH EDFKHORU SURMHFW KDV EHHQ D ELJ
OLPLWLQJ IDFWRU� 7KH VXEMHFW KDV WDNHQ D ELJ SRUWLRQ RI RXU WLPH GXH WR WKH QDWXUH RI
WKH VXEMHFW� DV LW LV DQ LQWHQVLYH VXEMHFW WKDW UXQV RYHU D VSDQ RI �� ZHHNV�

��



7KH DIRUHPHQWLRQHG VXEMHFW KDG LWV H[DP GDWH LQ WKH HQG RI 0DUFK� DQG XS WR WKDW
SRLQW LW ZDV LQFUHDVLQJO\ WLPH FRQVXPLQJ GXH WR H[DP SUHSDUDWLRQV� $IWHU WKH FRXUVH
ILQLVKHG� WKH JURXS ZDV DEOH WR DOORFDWH PRUH KRXUV� DQG VKRZ LQFUHDVHG SURJUHVV DQG
HIIHFWLYHQHVV�

)URP SURMHFW SURYLGHU

6LQFH WKH GHYHORSPHQW RI WKH EDFNHQG ZDV DQ RQJRLQJ SURFHVV RQ L6L¶V VLGH ZKLOH ZH
ZRUNHG RQ WKH SURMHFW� WKLV KDV DOVR EHHQ D OLPLWLQJ IDFWRU� 7KHUH KDV EHHQ IXQFWLRQ�
DOLW\ ZH KDG WR GHOD\ EHFDXVH ZH GLG QRW KDYH WKH EDFNHQG GDWD WR XVH� 6LQFH WKH
EDFNHQG ZDV QRW UHDG\� ZH JRW WHVW GDWD WR XVH� EXW VRPH RI WKHP KDG EXJV DQG
PLVVLQJ GDWD ZKLFK PDGH IRU H[DPSOH WKH LPSOHPHQWDWLRQ RI WKH JUDSK KDUG VLQFH LW
JDYH WKH ZURQJ LPSUHVVLRQ RI WKH GDWD GLVSOD\HG LQ WKH JUDSK�

��� 0RWLYDWLRQ

7KH SULPDU\ PRWLYDWLRQ RI WKLV SURMHFW KDV EHHQ WR EH DEOH WR FUHDWH DQ LQWHUDFWLYH
SODWIRUP WKDW URDG RZQHUV FDQ XWLOL]H WR JDLQ D JRRG RYHUYLHZ RYHU WKH UDLOLQJV RQ WKH
GLIIHUHQW URDGV WKH\ DUH LQ FKDUJH RI� %\ GRLQJ WKLV ZH FDQ DFKLHYH VDIHU URDGV DOO
WKURXJKRXW 1RUZD\ E\ HVWDEOLVKLQJ WKLV ZHESDJH ZLWK JRRG IXQFWLRQDOLW\ WR ILOWHU RQ
GLIIHUHQW GHIHFWV DQG GHWHUPLQH WKH FULWLFDOLW\ RI WKH VWDWH RI WKH URDG UDLOLQJV� 7KLV
ZHEVLWH ZLOO EH D WRRO WKDW FDQ EH XVHG WR PDNH WKH URDGV LQ 1RUZD\ VDIHU DQG FDQ
SRWHQWLDOO\ SUHYHQW OHWKDO FRQVHTXHQFHV ZKHQ DQ DFFLGHQW DORQJ WKH URDG RFFXU�

��� +LVWRU\

$V SUHYLRXVO\ VWDWHG� L6L EHJDQ WKLV LQQRYDWLRQ�SURMHFW LQ ���� DQG KDV EHHQ ZRUNLQJ
RQ WKH PDVV�FROOHFWLRQ RI LPDJHV DQG WKHLU PDFKLQH OHDUQLQJ PRGHOV VLQFH WKHQ� L6L
FXUUHQWO\ KDV PLOOLRQV RI LPDJHV RI URDG UDLOLQJV� LQFOXGLQJ D ODUJH DPRXQW RI LPDJHV
ZLWK GLIIHUHQW IDXOWV DQG HUURUV RQ WKH UDLOLQJV� 2XU JURXS ZDV FRQQHFWHG WR WKLV SURMHFW
LQ WKH EHJLQQLQJ RI ���� DQG PDGH WKH ZHE SDJH WR GLVSOD\ DOO WKLV GDWD LQ D FOHDQ
DQG XVHU�IULHQGO\ ZD\ EDVHG RQ WKH JRDOV EHORZ�

��� *RDOV

� ,QWURGXFWLRQ WR WKH GDWD� DQG WKH FRUUHVSRQGLQJ $SSOLFDWLRQ 3URJUDPPLQJ ,QWHU�
IDFHV �$3,V�

� $JUHH WR D IUDPHZRUN�

� 'HYHORS D ZHE�EDVHG PDS�VROXWLRQ IRU GLVSOD\LQJ DQG ILOWHULQJ RI GDWD�

� 6KRZ LPDJHV LQ WKH PDS� ZLWK IXQFWLRQDOLW\ WR VFUROO WKURXJK LPDJHV� DQG FKRRVH
WKH XSSHU RU ORZHU FDPHUD�

� /RRN DW WKH SRVVLELOLW\ RI FODVVLI\LQJ VHFWLRQV�

��



��� 7KHVLV VWUXFWXUH

6HFWLRQ � � 7KHRUHWLFDO EDFNJURXQG� 'HVFULEHV WKH UHTXLUHG WKHRUHWLFDO EDFN�
JURXQG IRU WKLV WKHVLV�

6HFWLRQ � � 0HWKRG� 3URYLGHV DQ LQVLJKW WR SURMHFW PDQDJHPHQW� WRROV DQG WKH VWUXF�
WXUH RI ERWK IURQWHQG DQG EDFNHQG�

6HFWLRQ � � 5HVXOWV� 3UHVHQWV WKH UHVXOWV IURP WKH SURMHFW�

6HFWLRQ � � 'LVFXVVLRQ� 'LVFXVVLRQ RI WKH UHVXOWV SUHVHQWHG LQ WKH UHVXOWV VHFWLRQ�

6HFWLRQ � � 6RFLHWDO LPSDFW� 'HVFULEHV WKH VRFLHWDO LPSDFW LQ UHODWLRQ WR D V\VWHP
SHUVSHFWLYH ZLWK WHFKQRORJ\ HWKLFV DQG VXVWDLQDEOH GHYHORSPHQW JRDOV LQ PLQG�

6HFWLRQ � � &RQFOXVLRQ DQG IXWXUH ZRUN� &RQWDLQV D FRQFOXVLRQ RI WKH WKHVLV DORQJ
ZLWK UHFRPPHQGDWLRQV IRU IXWXUH ZRUN�

��



� 7KHRUHWLFDO EDFNJURXQG

��� *XDUGUDLO

*XDUGUDLOV DUH LQVWDOOHG DORQJ WKH URDG WR JLYH SURWHFWLRQ IURP SRWHQWLDOO\ KD]DUGRXV
VXUURXQGLQJV� 7KH\ VHUYH WR SUHYHQW VHULRXV LQMXULHV LQ DQ DFFLGHQW� DQG WKH FHQWHU�
JXDUGUDLO WR SUHYHQW VHULRXV FROOLVLRQV� :KHQ D JXDUGUDLO LV GDPDJHG� LW PXVW EH
LGHQWLILHG VR WKDW LW PD\ EH UHSODFHG RU UHSDLUHG� ,W LV SRVVLEOH WKDW VRPHRQH KDV
GDPDJHG LW ZLWKRXW QRWLFH� D EROW KDV FRPH ORRVH RU WKDW WKH SRVWV PRYHV ZLWK WKH
WHUUDLQ� %\ DOZD\V UHSODFLQJ DQG UHSDLULQJ GDPDJHG JXDUGUDLOV� ZLOO WKH QDWLRQ EH
RQH VWHS FORVHU WR DFKLHYH WKH ´QXOOYLVMRQ´ WKH 1RUZHJLDQ 3DUOLDPHQW GHFLGHG LQ �����
>��@

��� &RGH GRFXPHQWDWLRQ

&RGH GRFXPHQWDWLRQ LV WH[W WKDW JRHV ZLWK VRIWZDUH FRGH WR H[SODLQ ZKDW LW GRHV� ZK\
LW¶V ZULWWHQ LQ D FHUWDLQ ZD\ DQG�RU KRZ WR XVH LW� 7KHUH DUH WZR W\SHV RI GRFXPHQWD�
WLRQ� GRFXPHQWDWLRQ FRQWDLQHG LQVLGH WKH FRGH DQG VXSSRUWLQJ GRFXPHQWDWLRQ DERXW
WKH FRGH�

����� 'RFXPHQWDWLRQ LQ FRGH

1RWHV SXW LQ WKH VDPH ILOH DV \RXU FRGH DUH UHIHUUHG DV WKLV IRUP RI FRGH GRFXPHQW�
DWLRQ� :KHQ FRGH LV UXQQLQJ� \RXU SURJUDPPLQJ ODQJXDJH LJQRUHV WKHVH QRWHV� EXW
WKH\ DUH XWLOL]HG E\ ERWK GHYHORSHUV YLHZLQJ WKH FRGH DQG VRPH WRROV WKDW FDQ FUHDWH
LQIRUPDWLRQ EDVHG RQ WKH FRPPHQWV�

,I \RX QHHG WR FRPPHQW WR H[SODLQ ZKDW \RXU FRGH LV GRLQJ� LW PD\ EH ZLVHU WR FKDQJH
VRPH RI LW WR PDNH LW PRUH DSSDUHQW� 0DNLQJ PRGLILFDWLRQV WR PDNH WKLQJV FOHDUHU�
RQ WKH RWKHU KDQG� PLJKW WDNH WLPH RU EH GLIILFXOW� ,Q VRPH FLUFXPVWDQFHV � KDYLQJ D
FRPPHQW LV SUHIHUDEOH WR KDYLQJ QRWKLQJ� $QRWKHU UHDVRQ WR LQFOXGH GRFXPHQWDWLRQ
LQ \RXU FRGH LV WR SURYLGH LQVWUXFWLRQV IRU WKLUG�SDUW\ WRROV� >��@

����� 'RFXPHQWDWLRQ $ERXW FRGH

'RFXPHQWDWLRQ DERXW FRGH LV QRQ�FRGH GRFXPHQWV WKDW DUH XVHG WR VXSSOHPHQW SHRSOH¶V
NQRZOHGJH RI WKH FRGH� 7KLV FDWHJRU\ PLJKW LQFOXGH D YDULHW\ RI W\SHV RI GRFXPHQW�
DWLRQ� 7KH PRVW SRSXODU DUH 5($'0(� GHYHORSHU GRFV DQG FRGH H[DPSOHV�>�@

��



��� $FFHVVLELOLW\

7KH WHFKQLTXH RI PDNLQJ \RXU ZHEVLWH DFFHVVLEOH WR DV PDQ\ SHRSOH DV SRVVLEOH LV
NQRZQ DV DFFHVVLELOLW\� :H W\SLFDOO\ WKLQN DERXW WKLV LQ WHUPV RI SHRSOH ZLWK LPSDLU�
PHQWV� EXW PDNLQJ VLWHV PRUH DFFHVVLEOH DOVR EHQHILWV RWKHU JURXSV VXFK DV WKRVH
ZKR XVH PRELOH GHYLFHV RU KDYH VOXJJLVK QHWZRUN FRQQHFWLRQV� >��@ >��@

<RX PD\ DOVR FRQVLGHU RI DFFHVVLELOLW\ DV WUHDWLQJ HYHU\RQH WKH VDPH DQG SURYLG�
LQJ HTXDO FKDQFHV WR HYHU\RQH� UHJDUGOHVV RI WKH DELOLW\ RU FLUFXPVWDQFH� ([FOXGLQJ
VRPHRQH IURP D SK\VLFDO VWUXFWXUH EHFDXVH WKH\ DUH LQ D ZKHHOFKDLU �PRVW FRQWHP�
SRUDU\ SXEOLF EXLOGLQJV LQFOXGH DFFHVVLEOH UDPSV RU HOHYDWRUV� LV MXVW DV XQMXVW DV
H[FOXGLQJ VRPHRQH IURP D ZHEVLWH EHFDXVH WKH\ KDYH D YLVLRQ KDQGLFDS� :H DUH DOO
XQLTXH� \HW ZH DUH DOO KXPDQ� DQG DV VXFK� ZH DOO VKDUH WKH VDPH EDVLF ULJKWV� >��@
>��@

$FFHVVLELOLW\ LV WKH ULJKW WKLQJ WR GR� ,Q FHUWDLQ FRXQWULHV� SURYLGLQJ DFFHVVLEOH ZHE�
VLWHV LV UHTXLUHG E\ ODZ� ZKLFK FDQ RSHQ XS KXJH PDUNHWV WKDW ZRXOG RWKHUZLVH EH
XQDEOH WR XWLOL]H \RXU VHUYLFHV RU SXUFKDVH \RXU SURGXFWV� >��@

��� &OLHQW 6HUYHU &RPPXQLFDWLRQ

&OLHQWV DQG VHUYHUV H[FKDQJH PHVVDJHV LQ D UHTXHVW UHVSRQVH PHVVDJLQJ SDWWHUQ� 7KH
FOLHQW PDNHV D UHTXHVW� DQG WKH VHUYHU UHVSRQGV� 7R FRPPXQLFDWH� WKH FRPSXWHUV
PXVW XVH D FRPPRQ ODQJXDJH DQG IROORZ UXOHV WR HQVXUH ERWK WKH FOLHQW DQG WKH
VHUYHU NQRZ ZKDW WR DQWLFLSDWH� $ FRPPXQLFDWLRQ SURWRFRO GHILQHV WKH ODQJXDJH DQG
SULQFLSOHV RI FRPPXQLFDWLRQ�

����� +773

+\SHUWH[W 7UDQVIHU 3URWRFRO �+773� LV D FRPPXQLFDWLRQV SURWRFRO� ZKLFK LV PDLQO\
XVHG WR WUDQVIHU +70/ GRFXPHQWV EHWZHHQ WKH FOLHQW DQG VHUYHU ZLWK WKH KHOS RI WKH
WUDQVSRUW SURWRFROV� 7KH PRVW XVHG WUDQVSRUW SURWRFRO LV 7UDQVIHU &RQWURO 3URWRFRO�
>��@

����� 5(67 $3,

5(67 $3, RU 5(67IXO $3, LV DQ $SSOLFDWLRQ 3URJUDPPLQJ ,QWHUIDFH WKDW XVHV WKH 5HS�
UHVHQWDWLRQDO 6WDWH 7UDQVIHU �5(67� DUFKLWHFWXUDO VW\OH� ,Q HVVHQFH� 5(67 LV D VHW RI
JXLGHOLQHV WKDW FDQ PDNH WKH $3, IDVWHU DQG PRUH OLJKWZHLJKW >��@� $Q H[DPSOH RI WKLV
LV ZKHQ ZH PDNH D UHTXHVW WR JHW LQIRUPDWLRQ DERXW D VSHFLILF UDLOLQJ DORQJ D URDG�
WKH $3, ZLOO UHWXUQ WKH VWDWH RI WKDW UDLOLQJ� VXFK DV KHLJKW� SROH�W\SH� UDLOLQJ�W\SH DQG
DQ\ IDXOWV�

��



��� &,�&' DQG 'HSOR\PHQW

����� &RQWLQXRXV ,QWHJUDWLRQ

&RQWLQXRXV ,QWHJUDWLRQ �&,� LV WKH PHWKRG RI DXWRPDWLQJ WKH LQWHJUDWLRQ RI FRGH
FKDQJHV IURP YDULRXV FRQWULEXWRUV LQWR D VLQJOH VRIWZDUH SURMHFW� 7KLV HQDEOHV GH�
YHORSHUV WR PHUJH FRGH FKDQJHV LQWR D FRPPRQ UHSRVLWRU\� IURP ZKLFK EXLOGV DQG
WHVWV PD\ EH H[HFXWHG� %HIRUH LQWHJUDWLQJ WKH QHZ FRGH� DXWRPDWHG WRROV DUH HP�
SOR\HG WR YHULI\ LWV YDOLGLW\�

����� &RQWLQXRXV 'HSOR\PHQW

&RQWLQXRXV 'HSOR\PHQW �&'� DXWRPDWHV HYHU\ VWDJH DIWHU WKH FRGH LV ZULWWHQ� ZKLFK
PHDQV WKH FRGH LV EXLOW ZLWK D FRQWLQXRXV LQWHJUDWLRQ WRRO� DQG WKHQ LW LV GHSOR\HG WR
D IHZ WHVW HQYLURQPHQWV DQG DOO DXWRPDWHG WHVWV DUH H[HFXWHG� :KHQ DOO RI WKH WHVWV
SDVV� WKH FRGH LV WKHQ SXW LQWR SURGXFWLRQ� 7KLV LPSOLHV WKDW WKH HQWLUH SURFHGXUH LV
DXWRPDWHG DQG QR SHUPLVVLRQ LV UHTXLUHG EHIRUH WKH FRGH LV GHSOR\HG�

����� &RQWLQXRXV 'HOLYHU\

&RQWLQXRXV 'HOLYHU\ �&'� EXLOGV RQ WKH VDPH SULQFLSOHV DV &RQWLQXRXV 'HSOR\PHQW
�&'� EXW GLIIHUV LQ WKH VHQVH WKDW &RQWLQXRXV 'HOLYHU\ IRFXVHV RQ DXWRPDWLQJ DV PXFK
RI WKH SURFHVV DV SRVVLEOH� LQVWHDG RI WKH ZKROH SURFHVV� :KLFK PHDQV WKDW DQ DS�
SURYDO LV QHHGHG IURP D GHYHORSHU EHIRUH WKH FRGH FDQ EH VHQG WR SURGXFWLRQ�

��� 'HVLJQ SDWWHUQV

$ VRIWZDUH GHVLJQ SDWWHUQ LV D JHQHUDO� UHXVDEOH VROXWLRQ WR D FRPPRQO\ RFFXUULQJ
SUREOHP LQ VRIWZDUH GHVLJQ ZLWKLQ D JLYHQ FRQWH[W� ,W LV QRW D ILQLVKHG GHVLJQ WKDW
FDQ EH GLUHFWO\ WUDQVODWHG LQWR VRXUFH RU PDFKLQH FRGH� ,W LV� UDWKHU� D GHVFULSWLRQ
RU WHPSODWH IRU KRZ WR VROYH D SUREOHP WKDW FDQ EH XVHG LQ D YDULHW\ RI VLWXDWLRQV�
'HVLJQ SDWWHUQV DUH EHVW SUDFWLFHV WKDW KDYH EHHQ IRUPDOL]HG WKDW D SURJUDPPHU FDQ
XVH WR VROYH FRPPRQ SUREOHPV ZKHQ GHVLJQLQJ DQ DSSOLFDWLRQ RU V\VWHP� >��@>��@

����� 2EVHUYHU 'HVLJQ 3DWWHUQ

2EVHUYHU GHVLJQ SDWWHUQ LV D EHKDYLRUDO GHVLJQ SDWWHUQ WKDW DOORZV \RX WR GHILQH D VXE�
VFULSWLRQ PHFKDQLVP WR QRWLI\ PXOWLSOH REMHFWV DERXW HYHQWV WKDW RFFXU WR WKH REMHFW
EHLQJ REVHUYHG� >��@

��



��� 6WDQGDUGV

����� 6WDQGDUG UHSUHVHQWDWLRQ RI JHRJUDSKLF SRLQW ORFDWLRQ E\ FRRUGLQDWHV

$FFRUGLQJ WR ,62 ���� ZKLFK LV WKH LQWHUQDWLRQDO VWDQGDUG UHSUHVHQWDWLRQ IRU ODWLWXGH
DQG ORQJLWXGH� WKH ODWLWXGH FRPHV EHIRUH WKH ORQJLWXGH LI WKHUH DUH QRW DQ\ RWKHU GHILQL�
WLRQV WKDW VD\V RWKHUZLVH� 1RUWK ODWLWXGH LV SRVLWLYH DQG (DVW ORQJLWXGH LV SRVLWLYH >��@�

+RZHYHU� JHRVSDWLDO VRIWZDUH KDV D LQFRQVLVWHQF\ RI ZKLFK RUGHU WKH\ SXW ORQJLWXGH
DQG ODWLWXGH LQ� 7KHUH DUH VRPH DJUHHPHQW RQ ORQJLWXGH DQG ODWLWXGH RUGHU IRU JHR�
VSDWLDO IRUPDWV� EXW LW LV VWLOO D PHVV IRU OLEUDULHV DQG VRIWZDUH� ,W LV WKH GHYHORSHU¶V
UHVSRQVLELOLW\ WR EH DZDUH RI WKLV LVVXH� UHDG WKH QHFHVVDU\ GRFXPHQWDWLRQ� DQG IOLS
FRRUGLQDWHV LI QHFHVVDU\ WR WUDQVODWH EHWZHHQ GLIIHUHQW V\VWHPV� >��@

����� :HOO�NQRZQ WH[W UHSUHVHQWDWLRQ RI JHRPHWU\

:HOO�NQRZQ WH[W �:.7� LV D WH[W PDUNXS ODQJXDJH XVHG WR UHSUHVHQW YHFWRU JHRPHWU\
REMHFWV� :.7 FDQ UHSUHVHQW WKH IROORZLQJ JHRPHWULF REMHFWV� SRLQWV� OLQHV� SRO\JRQV�
PXOWL�JHRPHWULHV �ZKLFK UHSUHVHQWV PRUH WKDQ RQH JHRPHWU\ RI WKH VDPH GLPHQVLRQV
LQ D VLQJOH REMHFW�� DQG JHRPHWU\ FROOHFWLRQV �ZKLFK VWRUH JHRPHWULHV RI GLIIHUHQW
GLPHQVLRQV�� >��@

([DPSOHV RI :.7 RI JHRPHWU\ DUH VKRZQ LQ WDEOH ��

*HRPHWU\ 7\SH 7H[W /LWHUDO 5HSUHVHQWDWLRQ &RPPHQW

3RLQW 3RLQW ��� ��� D 3RLQW

/LQH6WULQJ /LQH6WULQJ � �� ��� �� ��� �� ��� D /LQH6WULQJ ZLWK � SRLQWV

0XOWLSRLQW 0XOWL3RLQW ���� ���� ��� ���� D 0XOWL3RLQW ZLWK � SRLQWV

7DEOH �� ([DPSOH :HOO�NQRZQ 7H[W 5HSUHVHQWDWLRQ RI *HRPHWU\ >��@

����� *HRVSDWLDO GDWD LQWHUFKDQJH IRUPDW EDVHG RQ -621

*HR-621 LV DQ RSHQ VWDQGDUG IRUPDW IRU UHSUHVHQWLQJ VLPSOH JHRJUDSKLFDO IHDWXUHV
DV ZHOO DV QRQ�VSDWLDO DWWULEXWHV� ,W LV EXLOW RQ WKH -621 GDWD IRUPDW� *HR-621
UHSUHVHQWDWLRQV RI LQVWDQFHV RI WKH IROORZLQJ JHRPHWU\ W\SHV�

��



�D� *HR-621 3RLQW �E� *HR-621 0XOWL3RLQW

)LJXUH �� *HR-621 3RLQW DQG 0XOWL3RLQW >��@

�D� *HR-621 /LQH6WULQJ �E� *HR-621 0XOWL/LQH6�

WULQJ

)LJXUH �� *HR-621 /LQH6WULQJ DQG 0XOWL/LQH6WULQJ >��@

�D� *HR-621 3RO\JRQ �E� *HR-621 0XOWL3RO\JRQ

)LJXUH �� *HR-621 3RO\JRQ DQG 0XOWL3RO\JRQ >��@

��



([DPSOH RI D *HR-621 REMHFW�

� {
� "type": "Feature",
� "geometry": {
� "type": "Point",
� "coordinates": [125.6, 10.1]
� },
� "properties": {
� "name": "Dinagat Islands"
� }
�� }

&RGH H[DPSOH �� *HR-621 H[DPSOH

��� 7HFKQRORJLHV

����� +70/

+\SHU7H[W 0DUNXS /DQJXDJH� RU PRVWO\ NQRZQ DV +70/ DQG LV WKH PRVW EDVLF EXLOGLQJ
EORFN RI :HE� 7DJV DUH XVHG LQ WKH ODQJXDJH WR LQGLFDWH WKH PHDQLQJ DQG VWUXFWXUH RI
WKH FRQWHQW WKDW WKH\ HQFORVH� $ WDJ RIWHQ LQVWUXFWV WKH WH[W WR EH UHDG DV D KHDGOLQH�
SDUW RI D QXPEHUHG OLVW� RU D OLQN WR DQRWKHU ZHEVLWH� 7DJV FDQ DOVR EH XVHG WR UHIHU
WR RWKHU UHVRXUFHV� VXFK DV LPDJHV�

+70/ LV RQO\ LQWHQGHG WR WHOO WKH EURZVHU ZKDW W\SH RI FRQWHQW WKH SDJH¶V GLIIHU�
HQW SDUWV FRQWDLQ� 7KH EURZVHU RIIHUV DQ H[WUD HIIHFW WR WKH WH[W WR PDNH WKLV IXQFWLRQ
REYLRXV� VXFK DV LQFUHDVLQJ WKH IRQW VL]H RI KHDGOLQHV RU PDNLQJ OLQNV EOXH DQG KLJK�
OLJKWHG�

����� &66

&66 RU &DVFDGLQJ 6W\OH 6KHHWV LV D VW\OHVKHHW ODQJXDJH XVHG IRU WKH SUHVHQWDWLRQ RI
D +70/ GRFXPHQW� ,W GHVFULEHV KRZ WKH HOHPHQWV VKRXOG DSSHDU RQ D VFUHHQ� &66 LV
DPRQJ WKH FRGH ODQJXDJHV LQ :HE GHYHORSPHQW�

&66 LV LQWHQGHG WR VHSDUDWH DSSHDUDQFH IURP FRQWHQW� LQFOXGLQJ OD\RXW� FRORUV� DQG
IRQWV� 7KLV VHSDUDWLRQ FDQ LPSURYH FRQWHQW DFFHVVLELOLW\� SURYLGH PRUH IOH[LELOLW\ DQG
FRQWURO LQ WKH VSHFLILFDWLRQ RI SUHVHQWDWLRQ FKDUDFWHULVWLFV� DOORZ PXOWLSOH ZHE SDJHV
WR VKDUH IRUPDWWLQJ E\ VSHFLI\LQJ WKH UHOHYDQW &66 LQ D VHSDUDWH �FVV ILOH� UHGXFLQJ
FRPSOH[LW\ DQG UHSHWLWLRQ LQ WKH VWUXFWXUDO FRQWHQW� DQG DOORZ WKH �FVV ILOH WR EH FDFKHG
WR LPSURYH SDJH ORDG VSHHG EHWZHHQ WKH SDJHV WKDW VKDUH WKH ILOH DQG LWV IRUPDWWLQJ�
>��@

��



����� 6&66

6&66 RU 6DVV\ &66 LV D SUHSURFHVVRU WR &66 DQG LV VLPLODU� EXW DOORZV DGGLWLRQDO
IXQFWLRQDOLW\ DQG LV DQ H[WHQVLRQ RI WKH V\QWD[ RI &66� 7KLV PHDQV WKDW HYHU\ YDOLG
&66 VW\OHVKHHW LV DOVR D YDOLG 6&66 ILOH ZLWK WKH VDPH VHPDQWLFV� 7KH �VFVV H[WHQVLRQ
LV XVHG IRU ILOHV WKDW XVH WKLV V\QWD[�

����� -DYD6FULSW

-DYD6FULSW RU -6 LV D KLJK�OHYHO SURJUDPPLQJ ODQJXDJH� ,W LV RQH RI WKH SLOODUV RI PRG�
HUQ ZHE GHYHORSPHQW� DORQJ ZLWK +70/ DQG &66� DQG DOO PRGHUQ EURZVHUV FDQ UXQ
-DYD6FULSW DSSOLFDWLRQV ZLWKRXW WKH QHHG IRU H[WHQVLRQV� 7KH ODQJXDJH FDQ EH XVHG
IRU ERWK ODUJH ZHE DSSOLFDWLRQV DQG EDVLF VFULSWLQJ� 7KH (&0$6FULSW VSHFLILFDWLRQ LV
XVHG WR VWDQGDUGL]H -DYD6FULSW�

-DYD6FULSW LV DQ LQWHUSUHWHG ODQJXDJH WKDW DOORZV IRU SURWRW\SH�EDVHG REMHFW RULHQWD�
WLRQ DV ZHOO DV IXQFWLRQDO SURJUDPPLQJ� 7KH ODQJXDJH LV ZHOO�NQRZQ IRU LWV ILUVW�FODVV
IHDWXUHV� LQFOXGLQJ G\QDPLF GDWD W\SHV WKDW DUH LPSOLFLWO\ WUDQVIRUPHG ZKLOH UXQQLQJ�

7KH ODQJXDJH ZDV LQLWLDOO\ LQWHQGHG IRU RQOLQH XVDJH� EXW IURP WKH HQG RI WKH ����V�
-DYD6FULSW KDV EHHQ ZLGHO\ HPSOR\HG DV D VHUYHU�VLGH ODQJXDJH� HVSHFLDOO\ WKURXJK
WKH 1RGH�MV SODWIRUP� >��@ >��@

����� 7\SH6FULSW

7\SH6FULSW RU 76 LV DQ RSHQ VRXUFH SURJUDPPLQJ ODQJXDJH GHYHORSHG DQG PDLQWDLQHG
E\ 0LFURVRIW� 76 LV D VWULFW V\QWDFWLFDO VXSHUVHW RI -DYD6FULSW� 76 LV LQWHQGHG IRU ODUJH�
VFDOH DSSOLFDWLRQ GHYHORSPHQW DQG FDQ EH WUDQVFRPSLOHG LQWR -DYD6FULSW� ([LVWLQJ
-DYD6FULSW SURJUDPV DUH DOVR YDOLG 76 SURJUDP VLQFH 76 LV D VXSHUVHW RI -DYD6FULSW�
>��@ >��@

��� 9HUVLRQ &RQWURO

7KH PHWKRG RI WUDFNLQJ DQG PDQDJLQJ FKDQJHV WR VRIWZDUH FRGH LV NQRZQ DV YHUVLRQ
FRQWURO� VRPHWLPHV NQRZQ DV VRXUFH FRQWURO� 9HUVLRQ FRQWURO V\VWHPV DUH VRIWZDUH
WRROV WKDW DVVLVW VRIWZDUH GHYHORSPHQW WHDPV LQ PDQDJLQJ FKDQJHV WR VRXUFH FRGH
RYHU WLPH� 9HUVLRQ FRQWURO WHFKQRORJLHV DVVLVW VRIWZDUH WHDPV LQ ZRUNLQJ TXLFNHU DQG
VPDUWHU DV GHYHORSPHQW HQYLURQPHQWV KDYH DGYDQFHG�

,Q D VSHFLILF W\SH RI GDWDEDVH� YHUVLRQ FRQWURO VRIWZDUH PDLQWDLQV WUDFN RI HYHU\
FKDQJH WR WKH FRGH� ,I D PLVWDNH ZDV PDGH� GHYHORSHUV PD\ JR EDFN LQ WLPH DQG
FRPSDUH SUHYLRXV YHUVLRQ RI WKH FRGH WR DVVLVW DGGUHVV WKH SUREOHP ZKLOH PLQLPL]LQJ
GLVWXUEDQFH WR RWKHU WHDP PHPEHUV�

��



���� 6RIWZDUH 'HYHORSPHQW 7RROV

6RIWZDUH GHYHORSPHQW WRROV DUH FRPSXWHU SURJUDPV WKDW VRIWZDUH GHYHORSHUV XVH WR
EXLOG� GHEXJ� PDLQWDLQ� RU RWKHUZLVH DVVLVW RWKHU SURJUDPV DQG DSSOLFDWLRQV� 7KH
PRVW IXQGDPHQWDO WRROV DUH D VRXUFH FRGH HGLWRU DQG D FRPSLOHU RU LQWHUSUHWHU� ZKLFK
DUH XWLOL]HG RQ D GDLO\ EDVLV� 2WKHU WRROV� VXFK DV D GHEXJJHU RU SURILOHU� DUH XWLOL]HG
LQ YDU\LQJ GHJUHHV EDVHG RQ WKH ODQJXDJH� GHYHORSPHQW WHFKQLTXH� DQG LQGLYLGXDO
HQJLQHHU� 7RROV FDQ EH VWDQGDORQH SURJUDPV WKDW DUH UXQ IURP WKH FRPPDQG OLQH� RU
WKH\ FDQ EH FRPSRQHQWV RI D ODUJHU SURJUDP WKDW LV UXQ DV D ZKROH�

������ 6RXUFH &RGH (GLWRU

$ VRXUFH FRGH HGLWRU LV D WH[W HGLWRU GHVLJQHG VSHFLILFDOO\ IRU FUHDWLQJ VRIWZDUH� $
VRXUFH FRGH HGLWRU FDQ EH D VWDQGDORQH DSSOLFDWLRQ RU D FRPSRQHQW RI DQ ,'(� 7KH\
PDNH FUHDWLQJ DQG YLHZLQJ VRXUFH FRGH HDVLHU E\ GLVWLQJXLVKLQJ EHWZHHQ HOHPHQWV
DQG URXWLQHV� DOORZLQJ SURJUDPPHUV WR PRUH UHDGLO\ H[DPLQH WKHLU FRGH�

������ &RGH )RUPDWWHU

$ FRGH IRUPDWWHU LV D WRRO XVHG LQ VRIWZDUH GHYHORSPHQW WKDW FKDQJHV WKH DSSHDUDQFH
RI VRXUFH FRGH LQ D VRXUFH�FRGH HGLWRU� $ FRGH IRUPDWWHU LV QRW D UHTXLUHPHQW IRU WKH
VRXUFH FRGH WR IXQFWLRQ SURSHUO\� UDWKHU� LW LV D WRRO WKDW PDNHV WKH VRXUFH FRGH PRUH
UHDGDEOH DQG FRQVLVWHQW�

������ /LQWHU

/LQWLQJ LV WKH DXWRPDWLF GHWHFWLRQ RI SURJUDPPDWLF DQG VW\OLVWLF IODZV LQ WKH VRXUFH
FRGH� 7KLV LV DFFRPSOLVKHG E\ XVLQJ D OLQW WRRO� /LQW WRROV DUH VLPSOH VWDWLF FRGH DQD�
O\]HUV� /LQWLQJ LV HVVHQWLDO IRU UHGXFLQJ PLVWDNHV DQG LPSURYLQJ RYHUDOO FRGH TXDOLW\�
/LQW WRROV FDQ KHOS \RX VSHHG XS GHYHORSPHQW E\ GHWHFWLQJ SUREOHPV HDUO\�

���� 7HVWLQJ

7HVWLQJ LV D SURFHVV ZLWKLQ VRIWZDUH GHYHORSPHQW WKDW YHULILHV WKH FRUUHFWQHVV� TXDOLW\�
DQG SHUIRUPDQFH RI VRIWZDUH� 6RIWZDUH WHVWLQJ HQVXUHV WKDW V\VWHPV DQG SURGXFW IHD�
WXUHV SUHIRUP DV LQWHQGHG� 7HVWLQJ FDQ EH GRQH PDQXDOO\ RU DXWRPDWLFDOO\� $ WHDP RU
LQGLYLGXDO OHDGV PDQXDO VRIWZDUH WHVWLQJ� ZKLFK LQYROYHV RSHUDWLQJ D VRIWZDUH SURGXFW
WR YHULI\ LW RSHUDWHV DV LQWHQGHG� 0DQ\ GLIIHUHQW WHFKQRORJLHV DUH XVHG LQ DXWRPDWHG
WHVWLQJ� ZLWK FDSDELOLWLHV UDQJLQJ IURP LVRODWHG FRGH TXDOLW\ FKHFNV WR HPXODWLQJ D IXOO
KXPDQ�GULYHQ PDQXDO WHVWLQJ H[SHULHQFH� >�@

��



������ 8QLW 7HVWLQJ

$ XQLW WHVW LV D PHWKRG RI WHVWLQJ D XQLW� ZKLFK LV WKH VPDOOHVW DPRXQW RI FRGH LQ
D V\VWHP WKDW FDQ EH ORJLFDOO\ VHSDUDWHG� ,Q PRVW SURJUDPPLQJ ODQJXDJHV� WKLV LV
UHIHUUHG WR DV D IXQFWLRQ� D VXEURXWLQH� D PHWKRG� RU D SURSHUW\� >��@

������ %HKDYLRU�GULYHQ 'HYHORSPHQW

%HKDYLRU�GULYHQ GHYHORSPHQW �%''� LV DQ $JLOH VRIWZDUH GHYHORSPHQW PHWKRGRORJ\
LQ ZKLFK DQ DSSOLFDWLRQ LV GHILQHG DQG GHYHORSHG DURXQG WKH H[SHFWHG EHKDYLRXU RI
WKH XVHU ZKLOH LQWHUDFWLQJ ZLWK LW� %'' KHOSV WR PLQLPL]H EORDW� H[WUD FRGD� XQQHHGHG
IHDWXUHV� DQG ODFN RI IRFXV E\ SXVKLQJ GHYHORSHUV WR IRFXV H[FOXVLYHO\ RQ WKH LQWHQGHG
EHKDYLRUV RI DQ DSS RU SURJUDP� >��@

���� 6RIWZDUH 3URMHFW 0HWKRGRORJLHV

7R EHWWHU GHVLJQ DQG SURGXFW PDQDJHPHQW� VRIWZDUH SURMHFWV DUH W\SLFDOO\ EURNHQ LQWR
VPDOOHU� SDUDOOHO� RU VHTXHQWLDO VWHSV RU VXE�SURFHVVHV� 7KH DSSURDFK PD\ LQFOXGH WKH
SUH�GHILQLWLRQ RI FHUWDLQ GHOLYHUDEOHV DQG DUWLIDFWV WKDW D SURMHFW WHDP FUHDWHV DQG
FRPSOHWHV LQ RUGHU WR GHYHORS RU PDLQWDLQ DQ DSSOLFDWLRQ� 6&580 LV D ZLGHO\ XVHG
DSSURDFK IRU RUJDQL]LQJ VRIWZDUH GHYHORSPHQW SURMHFWV QRZDGD\V� >�@

������ 6&580

6FUXP HQFRXUDJHV WHDPV WR OHDUQ E\ GRLQJ� WR VHOI�RUJDQL]H ZKLOH ZRUNLQJ RQ D FKDO�
OHQJH� DQG WR UHIOHFW RQ WKHLU VXFFHVVHV DQG PLVWDNHV LQ RUGHU WR FRQWLQXDOO\ LPSURYH�
$OWKRXJK VFUXP LV PRVW FRPPRQO\ XWLOL]HG E\ VRIWZDUH GHYHORSPHQW WHDPV� LWV LGHDV
DQG OHVVRQV PD\ EH DSSOLHG WR DQ\ W\SH RI WHDP� 2QH RI WKH UHDVRQV VFUXP LV VR SRS�
XODU LV EHFDXVH RI WKLV� 6FUXP LV D FRPELQDWLRQ RI PHHWLQJV� WRROV� DQG UHVSRQVLELOLWLHV
WKDW ZRUN WRJHWKHU WR KHOS WHDPV VWUXFWXUH DQG PDQDJH WKHLU ZRUN� ,W LV VRPHWLPHV
WKRXJKW RI DV DQ DJLOH SURMHFW PDQDJHPHQW IUDPHZRUN� >�@ >��@ >��@

������ 6&580 5ROHV

6&580 KDV WKUHH UROHV� SURGXFW RZQHU� 6&580 PDVWHU� DQG PHPEHUV RI WKH GHYHO�
RSPHQW WHDP� %HFDXVH WKH HVVHQFH RI VFUXP LV HPSLULFLVP� VHOI�RUJDQL]DWLRQ� DQG
FRQWLQXRXV LPSURYHPHQW� WKH WKUHH UROHV GHILQH D PLQLPXP UHVSRQVLELOLWLHV DQG DF�
FRXQWDELOLW\ WR DOORZ WHDPV WR GHOLYHU ZRUN VXFFHVVIXOO\� 7KLV HQDEOHV WHDPV WR WDNH
DFFRXQWDELOLW\ IRU KRZ WKH\ DUUDQJH WKHPVHOYHV DQG WR FRQWLQXDOO\ LPSURYH� >�@

'HYHORSPHQW 7HDP
7KH GHYHORSPHQW WHDP DUH WKH SHRSOH LQ WKH 6FUXP 7HDP WKDW DUH FRPPLWWHG WR FUH�
DWLQJ DQ\ DVSHFW RI D XVDEOH ,QFUHPHQW HDFK 6SULQW� >��@

��



3URGXFW 2ZQHU
7KH 3URGXFW 2ZQHU LV UHVSRQVLEOH IRU PD[LPL]LQJ WKH YDOXH RI WKH SURGXFW FUHDWHG
E\ WKH 6FUXP 7HDP� +RZ WKLV LV GRQH YDULHV JUHDWO\ EHWZHHQ RUJDQL]DWLRQV� 6FUXP
7HDPV� DQG SHRSOH� >��@
6&580 0DVWHU
7KH 6FUXP 0DVWHU LV UHVSRQVLEOH IRU LPSOHPHQWLQJ 6FUXP PHWKRGRORJ\� 7KH\ DF�
FRPSOLVK WKLV E\ DVVLVWLQJ HYHU\RQH� ERWK LQVLGH WKH 6FUXP 7HDP DQG WKURXJKRXW WKH
EXVLQHVV� LQ XQGHUVWDQGLQJ 6FUXP SKLORVRSK\ DQG SUDFWLFH� >��@

������ 6&580 (YHQWV

6SULQW
$ VSULQW LV D VKRUW� WLPH�ER[HG SHULRG ZKHQ D VFUXP WHDP ZRUNV WR FRPSOHWH D VHW
DPRXQW RI ZRUN� >��@
6WDQG�XS
7KH GDLO\ VFUXP PHHWLQJ LV QRW XVHG WR VROYH SUREOHPV RU UHVROYH LVVXHV� (DFK WHDP
PHPEHU DQVZHUV WKH IROORZLQJ WKUHH TXHVWLRQV DW WKH GDLO\ VFUXP�

�� :KDW GLG \RX GR WKH GD\ EHIRUH"

�� :KDW DUH \RXU SODQV IRU WRGD\"

�� $UH WKHUH DQ\ URDGEORFNV RQ \RXU SDWK"

7KH WHDP GHYHORSV D JUHDW NQRZOHGJH RI ZKDW ZRUN KDV EHHQ FRPSOHWHG DQG ZKDW
ZRUN UHPDLQV E\ FRQFHQWUDWLQJ RQ ZKDW HDFK LQGLYLGXDO SHUIRUPHG \HVWHUGD\ DQG ZLOO
GR WRGD\� >��@
6SULQW 3ODQQLQJ
6SULQW SODQQLQJ LV DQ HYHQW LQ VFUXP WKDW NLFNV RII WKH VSULQW� 7KH SXUSRVH RI VSULQW
SODQQLQJ LV WR GHILQH ZKDW FDQ EH GHOLYHUHG LQ WKH VSULQW DQG KRZ WKDW ZRUN ZLOO EH
DFKLHYHG� 6SULQW SODQQLQJ LV GRQH LQ FROODERUDWLRQ ZLWK WKH ZKROH VFUXP WHDP� >�@
6SULQW 5HYLHZ
$ VSULQW UHYLHZ LV DQ RSSRUWXQLW\ WR VKRZFDVH WKH HIIRUWV RI WKH ZKROH WHDP� LQFOXGLQJ
GHVLJQHUV� GHYHORSHUV� DQG WKH SURGXFW RZQHU� >�@
6SULQW 5HWURVSHFWLYH
5HWURVSHFWLYHV SURYLGH DQ RSSRUWXQLW\ IRU WKH DJLOH WHDP WR HYDOXDWH LWVHOI DQG SUHSDUH
IRU IXWXUH DUHDV RI LPSURYHPHQW� %\ VWHSSLQJ RXWVLGH WKH ZRUN F\FOH WR UHIOHFW RQ WKH
SDVW� WKH UHWURVSHFWLYH HPEUDFHV WKH FRQFHSW RI FRQWLQXDO SURJUHVV ZKLOH SURWHFWLQJ
DJDLQVW WKH WUDSV RI FRPSODFHQF\� >�@

��



� 0HWKRG

��� 5HVHDUFK PHWKRG

6RIWZDUH GHYHORSHUV WHQG WR LQWXLWLYHO\ IROORZ D VFLHQWLILF DSSURDFK ZKHQ ZULWLQJ FRGH�
XVXDOO\ ZLWKRXW UHDOLVLQJ LW� :KHQ VROYLQJ D SUREOHP� WKH ILUVW LPSRUWDQW VWHS LV WU\LQJ
WR XQGHUVWDQG ZKDW TXHVWLRQ \RX DUH WU\LQJ WR DQVZHU� >��@

7KHQ \RX PXVW H[SUHVV WKH K\SRWKHVLV WKDW PD\ SURYLGH DQ DQVZHU WR WKH TXHVWLRQ�
7KHUH ZLOO DOZD\V EH VHYHUDO K\SRWKHVHV� VR XVH \RXU H[SHUWLVH WR VHOHFW WKH PRVW
SODXVLEOH RQH� ,W GRHVQ¶W PDWWHU LI LW WXUQV RXW WR EH LQFRUUHFW� \RX ZLOO XOWLPDWHO\
XQFRYHU WKH FRUUHFW VROXWLRQ�

7KHQ SUHGLFW WKH RXWFRPH DIWHU \RX KDYH GHYHORSHG \RXU K\SRWKHVLV� 7KLV VWHS ZLOO
WHOO \RX LI \RXU H[SHULPHQW ZDV VXFFHVVIXO RU QRW� 2QFH \RX NQRZ ZKDW WR H[SHFW� GR
DQ H[SHULPHQW WR SXW \RXU K\SRWKHVLV WR WKH WHVW� 7KLV LV WKH VWHS DW ZKLFK \RX ZULWH
FRGH�

)LQDOO\� WKH FRPSXWHU ZLOO UHVSRQG ZLWK VRPH UHVXOWV� LW ZLOO SHUIRUP ZKDW \RX ZDQW�
RU LW PD\ GLVSOD\ DQ HUURU PHVVDJH RU QRWKLQJ DW DOO� (YHQ WKH ODFN RI D UHVXOW LV DQ
RXWFRPH WKDW VKRXOG EH LQYHVWLJDWHG� :KHQ DQ HUURU RFFXUV� LW LV FULWLFDO WR WKRURXJKO\
VWXG\ WKH HUURU PHVVDJH DQG SDXVH WR FRQVLGHU ZKDW FDXVHG LW� $QG LI \RX GRQ¶W
UHFHLYH WKH H[SHFWHG UHVXOW� \RX PXVW FRQVLGHU ZK\ DQG GHYHORS D EHWWHU K\SRWKHVLV�
>��@ >��@

��� 3URMHFW PDQDJHPHQW

����� *URXS

7KH JURXS DFWV DV WKH FRQWUDFWRU LQ WKLV SURMHFW� 7KH JURXS FRQVLVWV RI IRXU FRPSXWHU
VFLHQFH VWXGHQWV IURP 1718 LQ cOHVXQG� $SLPDQMX 5DMDQ� +HUPDQ 1DXI� 0DWKLDV
+DJHQ DQG 8OULN (LNnV�

����� 5HVSRQVLELOLWLHV

:H GUDIWHG D FROODERUDWLRQ DJUHHPHQW EHIRUH ZH VWDUWHG ZRUNLQJ RQ WKH SURMHFW� LQ
ZKLFK ZH RUJDQL]HG WKH UROHV IRU HDFK PHPEHU� 7KH VFUXP PDVWHU LV 0DWKLDV� WKH
GRFXPHQW PDQDJHU LV 8OULN� WKH TXDOLW\ DVVXUDQFH PDQDJHU LV $SLPDQMX� DQG WKH
FRPPXQLFDWLRQV PDQDJHU LV +HUPDQ� 7KHVH UROHV ZHUH PHDQW IRU HYHU\RQH WR KDYH
DQ RYHUDUFKLQJ UROH� ZLWKRXW KLQGHULQJ WKH FRQWULEXWLRQ WR WKH SURMHFW ZRUN�

����� 6XSHUYLVRU

7KH VXSHUYLVRU¶V UROH LQ WKH SURMHFW LV WR VXSHUYLVH WKH SURJUHVV DQG DVVLVW WKH JURXS
ZLWK WHFKQLFDO DQG WKHRUHWLFDO NQRZOHGJH� 7KH VXSHUYLVRU IRU WKLV SURMHFW LV 'L :X�

��



ZKR LV D DVVRFLDWH SURIHVVRU DW 1718 LQ cOHVXQG�

����� &OLHQW

L6L $6 LV WKH FOLHQW RI WKLV SURMHFW� WKH\ ZLOO UHFHLYH WKH ILQDO SURGXFW IURP WKH JURXS�
,GD .M¡UKROW DQG 1LOV 7DUMHL +MHOPH DUH WKH UHSUHVHQWDWLYHV IURP L6L $6�

����� 3ODQQLQJ

7KH LQLWLDO VWDJH RI WKH SURMHFW ZDV SODQQLQJ� $ URDGPDS ZDV GHYHORSHG DQG DJUHHG
ZLWK WKH FOLHQW WR HQVXUH HYHU\RQH ZDV RQ WKH VDPH SDJH� %HIRUH FRGLQJ� D ZLUHIUDPH
RI WKH WRRO¶V LQLWLDO GUDIW ZDV DOVR SURGXFHG� 7KH ZLUHIUDPH FDQ EH IRXQG DW SDJH ��
7KH JURXS WKHQ GHFLGHG WR KROG VWDQG�XS PHHWLQJV HYHU\ PRUQLQJ DW ���� WR GLVFXVV
FKDOOHQJHV DQG WLPH PDQDJHPHQW� )ROORZLQJ WKH VWDQGXS� WKH JURXS ZRUNHG XQWLO
����� EHIRUH ZUDSSLQJ XS WKH ZRUN GD\ E\ UHYLHZLQJ WKH SURMHFW¶V SURJUHVV�

����� 5HTXLUHPHQW VSHFLILFDWLRQ

7KH HQG�XVHU RI RXU DSSOLFDWLRQ LV SULPDULO\ WKH URDG RZQHUV DQG WKH PDLQWHQDQFH
FRQWUDFWRUV� 7KH PRVW FHQWUDO URDG RZQHUV DQG XVHUV RI RXU DSSOLFDWLRQ ZLOO EH 7KH
1RUZHJLDQ 3XEOLF 5RDGV $GPLQLVWUDWLRQ� 7KH UHTXLUHPHQW VSHFLILFDWLRQV KDV EHHQ FUH�
DWHG DIWHU PDQ\ ZRUNVKRSV DQG FRQYHUVDWLRQV EHWZHHQ WKH HQG�XVHU DQG L6L $6� DQG
LV DV IROORZV�

� 7R EH DEOH WR SUHVHQW DQ RYHUYLHZ RYHU W\SHV� IDXOWV DQG FULWLFDOLW\ RQ WKH LQVSHF�
WHG DUHD LQ D ZHE�EDVHG PDS

� 7R EH DEOH WR ILOWHU RYHU W\SHV DQG IDXOWV LQ WKH UDLOZD\� DV ZHOO DV WKH FULWLFDOLW\
RQ D URDG VWUHWFK

� 7R EH DEOH WR ORRN FORVHU DW FRQFUHWH W\SHV DQG IDXOWV ZLWK WKH KHOS RI LPDJHV
DQG PHWDGDWD �%H DEOH WR FOLFN EHWZHHQ GLIIHUHQW DUHDV RQ WKH PDS� DQG FKDQJH
LPDJH GLVSOD\ EHWZHHQ XSSHU DQG ORZHU FDPHUD�

� 7R EH DEOH WR GLVSOD\ GLIIHUHQW OHYHO RI GHWDLO�GDWD EDVHG RQ ]RRP DQG VHFWLRQ RQ
WKH PDS�

����� 6SULQWV

7KH VSULQWV ODVWHG IRU WZR ZHHNV� 7KLV ZDV GHFLGHG EDVHG RQ WKH IDFW WKDW ZH ZHUH
KDYLQJ D SDUDOOHO VXEMHFW� ZKLFK KHOG EDFN SURJUHVVLRQ� 7KH EL�ZHHNO\ VSULQW PHHW�
LQJV SHUVLVWHG DIWHU WKH FRXUVH ZDV ILQLVKHG GXH WR WKH IDFW WKDW PHHWLQJV ZHUH PRUH
SURIRXQG DV D UHVXOW RI KDYLQJ PRUH WR GLVFXVV�

:H KHOG RXU UHYLHZ DQG UHWURVSHFWLYH RQ WKH ODVW )ULGD\ RI WKH VSULQW� 7KH JURXS� WKH
FOLHQW DQG WKH VXSHUYLVRU SDUWLFLSDWHG LQ WKH UHYLHZ� ZKLOH WKH UHWURVSHFWLYH ZDV RQO\

��



IRU WKH JURXS� 7KH WLPH IUDPH IRU WKH UHYLHZ YDULHG EDVHG RQ WKH SURJUHVV WKDW ZDV
GRQH LQ WKH VSULQW�

����� -LUD

7R RUJDQL]H WKH VSULQWV ZH GHFLGHG WR XVH -LUD� -LUD KHOSV WKH JURXS VWD\ RUJDQL]HG
VKRZLQJ HYHU\RQH ZKLFK WDVNV QHHGV WR EH GRQH LQ WKH VSULQW� ZKR LV ZRUNLQJ RQ
ZKLFK WDVNV DW WKH PRPHQW� ,Q DGGLWLRQ WR WKHVH IHDWXUHV� -LUD DOVR SURYLGHV D EDFNORJ
ZKHUH ZH VWRUH DOO WKH LVVXHV� D URDG PDS IRU WKH WLPHOLQH RI WKH ZKROH SURMHFW� DQG
ODVWO\ PDQ\ GLIIHUHQW W\SHV RI UHSRUWV VXFK DV ´6SULQW %XUQGRZQ�GLDJUDP´ DQG ´%XUQXS
GLDJUDP´ WR KHOS XV XQGHUVWDQG DQG LPSURYH RXU SURGXFWLYLW\ DQG SURJUHVV�

����� 6WDQG�XSV

6WDQG�XSV ZHUH KHOG RQ WKH VWDUW RI HDFK ZRUNGD\� ,Q WKH VWDQG�XS WKH WHDP FRXOG
GLVFXVV SUREOHPV WHDP�PHPEHUV KDG� RU GHFLGH LI WKHUH ZHUH VRPH WDVNV WKDW UHTXLUHG
PRUH DWWHQWLRQ� 7KH VWDQG�XSV ZHUH KHOG LQ D 'LVFRUG FDOO RU SK\VLFDOO\ DW WKH FDPSXV�

������ %DFNORJ

7KH EDFNORJ FRQWDLQV DQ\ IHDWXUHV� EXJV RU RWKHU WDVNV UHSRUWHG DV LVVXHV RQ -LUD�
7KH JURXS FDQ WKHQ PRYH LVVXHV IURP WKH EDFNORJ WR D VSULQW�

������ %LWEXFNHW

%LWEXFNHW LV DQ $WODVVLDQ DSSOLFDWLRQ ZKLFK DOORZV IRU FRPSOHWH FRGH DQG YHUVLRQ FRQ�
WURO� %LWEXFNHW PDQDJHV *LW UHSRVLWRULHV DQG LPSURYHV FRGH VKDULQJ� PDNLQJ OLIH HDVLHU
IRU GHYHORSPHQW� ,W LQWHJUDWHV ZHOO ZLWK -LUD� ZKLFK FDQ OLQN LVVXHV WR SXOO UHTXHVWV
DQG EUDQFKHV�

��� 7RROV

����� 7HDPV

7HDPV LV D SODWIRUP IRU FRPPXQLFDWLRQ DQG FROODERUDWLRQ� DQG SURYLGHV VXSSRUW IRU
YLGHR�PHHWLQJV� FKDW EHWZHHQ PHPEHUV DQG ILOH�VWRUDJH� 7KH JURXS KDYH XVHG WKLV
WR FRPPXQLFDWH DQG DUUDQJH PHHWLQJV ZLWK WKH VXSHUYLVRU DQG FOLHQW�

����� 2YHUOHDI

2YHUOHDI LV D FORXG�EDVHG /$7(;�HGLWRU IRU ZULWLQJ DQG SXEOLVKLQJ VFLHQWLILF GRFXPHQWV�
,W FDQ SURYLGH FRXQWOHVV WHPSODWHV� DQG HQGOHVV FXVWRPL]DWLRQ RI WKH GRFXPHQW�

��



VWUXFWXUH� 2YHUOHDI LV WKH HGLWRU WKLV WKHVLV LV ZULWWHQ LQ�

����� 3RVWPDQ

3RVWPDQ LV D SODWIRUP IRU EXLOGLQJ DQG XVLQJ $3,V� 7KH SODWIRUP DOORZV WKH XVHU WR
ZULWH UHTXHVWV WR D JLYHQ VHUYHU� DQG VWXG\ WKH UHVSRQVH JLYHQ EDFN LQ DQ HDV\ ZD\�

����� 9LVXDO 6WXGLR &RGH

9LVXDO 6WXGLR &RGH LV D VRXUFH�FRGH HGLWRU IRU D UDQJH RI SURJUDPPLQJ ODQJXDJHV�
,W FRPHV ZLWK PLQLPDO VXSSRUW IRU WKH PDMRULW\ RI SRSXODU SURJUDPPLQJ ODQJXDJHV
RXW RI WKH ER[� 6\QWD[ KLJKOLJKWLQJ� EUDFNHW PDWFKLQJ� FRGH IROGLQJ� DQG FXVWRPLV�
DEOH VQLSSHWV DUH DOO SDUW RI WKH EDVLF IXQFWLRQDOLW\� 9LVXDO 6WXGLR &RGH DGGLWLRQDOO\
LQFOXGHV ,QWHOOL6HQVH IRU -DYD6FULSW� 7\SH6FLSW� -621� &66� DQG +70/� DV ZHOO DV
1RGH�MV GHEXJJLQJ VXSSRUW� $GGLWLRQDO ODQJXDJH VXSSRUW LV DFFHVVLEOH WKURXJK IUHHO\
GRZQORDGDEOH H[WHQVLRQV RQ WKH 96 &RGH 0DUNHWSODFH� 6LQFH LW VXSSRUWV ,QWHOOL6HQVH
DQG FRGH QDYLJDWLRQ IRU $QJXODU SURMHFWV RXW RI WKH ER[ DQG PDQ\ JUHDW H[WHQVLRQV�
9LVXDO 6WXGLR &RGH LV D JUHDW FKRLFH ZKHQ ZRUNLQJ ZLWK $QJXODU DQG RWKHU ZHE GHYHO�
RSPHQW SURMHFWV�

����� 3UHWWLHU

3UHWWLHU LV D FRGH IRUPDWWHU ZKLFK HQIRUFHV D FRQVLVWHQW VW\OH GHILQHG E\ D UXOHVHW�
3UHWWLHU VXSSRUWV ODQJXDJHV OLNH 7\SH6FLSW� +70/� 6&66 DQG PRVW RI WKH RWKHU ODQ�
JXDJHV XVHG LQ ZHE�GHYHORSPHQW�

����� (6/LQW

(6/LQW LV D VWDWLF FRGH DQDO\VLV WRRO WKDW GHWHFWV SUREOHPDWLF SDWWHUQV LQ -DYD6FULSW DQG
7\SH6FULSW FRGH� ,W PD\ EH FXVWRPL]HG WR SURYLGH ZDUQLQJV RU HYHQ FRPSLODWLRQ IDLO�
XUHV ZKHQ OLQWLQJ UXOH VHWV DUH QRW IROORZHG� (6/LQW FDQ DOVR EH VHW XS WR DXWRPDWLFDOO\
FRUUHFW WKH PDMRULW\ RI SUREOHPV ZKHQ \RX VDYH \RXU ZRUN�

����� &RPSRGRF

&RPSRGRF LV D GRFXPHQWDWLRQ WRRO IRU $QJXODU DSSOLFDWLRQV� ,W SURYLGHV FOHDU DQG
XVHIXO GRFXPHQWDWLRQ IRU WKH DSSOLFDWLRQ LQ D VLPSOH ZD\� 7KLV PDNHV LW HDVLHU IRU WKH
WHDP WR XQGHUVWDQG WKH FRGH� DV ZHOO DV IXWXUH GHYHORSHUV XQGHUVWDQG WKH IHDWXUHV
RI WKH DSSOLFDWLRQ�

��



��� %DFNHQG

����� 'HSOR\PHQW

7R GHSOR\ WKH ZHE�DSSOLFDWLRQ ZH XVHG %LWEXFNHW SLSHOLQHV� 3LSHOLQHV LV %LWEXFNHW¶V
&,�&' WRRO DQG DOORZV IRU DXWRPDWLRQ RI VRPH FRGH� 7KH FRGH IRU WKH SLSHOLQH LWVHOI
FDQ EH IRXQG DW WKH IROORZLQJ OLVWLQJ� 3LSHOLQH &RGH� 7KH SLSHOLQH JRHV WKURXJK WKH
IROORZLQJ VWHSV�

� 130 ,QVWDOODWLRQ

± 8VHG WR EH DEOH WR EXLOG RXU DSSOLFDWLRQ RQ WKH UHPRWH VHUYHU

� /LQW

± &RGH DQDO\VLV WRRO

� 7HVWLQJ

� %XLOG

± %XLOGV WKH DSSOLFDWLRQ� DQG XVHV WKH EXLOG ILOHV LQ WKH QH[W VWHS

� 'HSOR\

± 2SHQV DQ 66+ FRQQHFWLRQ WR RXU UHPRWH VHUYHU� DQG XSGDWHV WKH ROG ILOHV
ZLWK QHZ RQHV�

7R HQDEOH WKH SLSHOLQH� ZH DUH UHTXLUHG WR XVH NH\ SDLUV WR FRQQHFW XVLQJ 66+� 7KLV
LV VHQVLWLYH GDWD WKDW VKRXOG QRW EH YLVLEOH WR RWKHU SHRSOH� 6HQVLWLYH LQIRUPDWLRQ
OLNH WKLV LV VWRUHG LQ %LWEXFNHW GLUHFWO\� ZKHUH RQO\ DGPLQLVWUDWRUV RI WKH SURMHFW KDYH
DFFHVV�

����� 2SHQ6WDFN

2SHQ6WDFN LV D IUHH FORXG FRPSXWLQJ SODWIRUP� 0RVWO\ XVHG IRU ,QIUDVWUXFWXUH DV D
6HUYLFH �,DD6�� 2SHQ6WDFN LV WKH SODWIRUP XVHG WR UXQ WKH PDFKLQH RXU ZHEVLWH LV
KRVWHG RQ�

����� 1*,1;

1*,1; LV D IUHH RSHQ VRXUFH ZHE VHUYHU� ,W FDQ DOVR EH XVHG DV D UHYHUVH SUR[\� ORDG
EDODQFHU� PDLO SUR[\ DQG +773 FDFKH� 1*,1; LV VLPSOH WR VHW XS LQ RUGHU WR VHUYH
VWDWLF ZHE FRQWHQW� DQG LV WKHUHIRUH D SRSXODU FKRLFH RI ZHE VHUYHU�

��



����� 6HUYHU

7KH JURXS ZDV SURYLGHG ZLWK D VHUYHU IURP 1718 RQ 2SHQ6WDFN UXQQLQJ 8EXQWX
6HUYHU ����� �)RFDO��

7KH VHUYHU KDV � Y&386� �*% 5$0 DQG ��*% RI GLVN VSDFH� 7KH VHUYHU LV XVHG DV D
ZHE VHUYHU IRU WKH DSSOLFDWLRQ�

����� $PD]RQ 6�

$PD]RQ 6� LV D VHUYLFH WKDW DOORZV REMHFW�VWRUDJH� $Q REMHFW LV DQ\ ILOH DQG PHWDGDWD
WKDW GHVFULEHV WKH ILOH� ,W SURYLGHV VFDODELOLW\� VHFXULW\ DQG SHUIRUPDQFH� L6L XVHV WKLV
VHUYLFH WR VWRUDJH DOO WKHLU LPDJHV�

����� 0RQJR'%

0RQJR'% LV D VRXUFH�DYDLODEOH FURVV�SODWIRUP GRFXPHQW�RULHQWHG GDWDEDVH SURJUDP�
&ODVVLILHG DV D 1R64/ GDWDEDVH SURJUDP� 0RQJR'% XVHV -621�OLNH GRFXPHQWV ZLWK
RSWLRQDO VFKHPDV >��@�

��� )URQWHQG

����� 6LQJOH 3DJH $SSOLFDWLRQ

7R DFKLHYH WKH UHTXLUHPHQWV DERYH ZH KDYH FUHDWHG D 6LQJOH�SDJH DSSOLFDWLRQ �63$��
7KH PDLQ SXUSRVH ZLWK WKLV PHWKRG LV VR WKDW WKH ZHE DSS RQO\ ORDGV D VLQJOH ZHE GRF�
XPHQW� DQG WKHQ XSGDWHV WKH ERG\ FRQWHQW RI WKDW VLQJOH GRFXPHQW XVLQJ 7\SH6FULSW
$3,V VXFK DV +WWS5HTXHVW ZKHQ GLIIHUHQW FRQWHQW LV WR EH VKRZQ� %\ GRLQJ LW WKLV ZD\
ZH FDQ DFKLHYH SHUIRUPDQFH JDLQV DQG D PRUH G\QDPLF H[SHULHQFH�

����� 1RGH-6

1RGH-6 LV D RSHQ VRXUFH FURVV�SODWIRUP VHUYHU HQYLURQPHQW� 1RGH-6 OHWV WKH WHDP
GHYHORS E\ UXQQLQJ VFULSWV VHUYHU�VLGH WR SURGXFH WKH ZHE SDJH FRQWHQW ORFDOO\�

����� /HDIOHW

/HDIOHW LV DQ RSHQ VRXUFH -6�OLEUDU\ IRU LQWHUDFWLYH PDSV� ,W LV WKH PRVW FHQWUDO OLEUDU\
LQ WKLV SURMHFW� DV DOPRVW HYHU\ IHDWXUH GHSHQGV RQ WKH PDS LWVHOI� /HDIOHW SURYLGHV
IXQFWLRQV DQG IHDWXUHV WR FXVWRPL]H WKH ZD\ WKH PDS LV GLVSOD\HG� DQG \RX FDQ IRU
H[DPSOH DGG JHRPHWU\�VKDSHG RXWOLQHV WR KLJKOLJKW VSHFLILF SDUWV RI WKH PDS�

��



����� '��MV

'��MV LV D -DYD6FULSW OLEUDU\ IRU GDWD�GULYHQ GRFXPHQW PDQLSXODWLRQ� '� DOORZV \RX
WR YLVXDOL]H GDWD E\ XWLOL]LQJ +70/� 69*� DQG &66� '� LV SUHWW\�IDVW� ZLWK PLQLPXP
RYHUKHDG� DQG LW VXSSRUWV ODUJH GDWDVHWV DV ZHOO DV G\QDPLF EHKDYLRUV IRU LQWHUDF�
WLRQ DQG DQLPDWLRQ� '�¶V HPSKDVLV RQ ZHE VWDQGDUGV RIIHUV \RX FRPSOHWH DFFHVV WR
FRQWHPSRUDU\ EURZVHU IHDWXUHV ZLWKRXW W\LQJ \RX WR D SURSULHWDU\ IUDPHZRUN� FRP�
ELQLQJ VRSKLVWLFDWHG YLVXDOL]DWLRQ FRPSRQHQWV ZLWK D GDWD�GULYHQ DSSURDFK WR '20
PDQLSXODWLRQ�

����� $QJXODU

7R GHYHORS WKH DSSOLFDWLRQ LQ $QJXODU ZDV D UHTXLUHPHQW IURP WKH FOLHQW� $QJXODU LV
D SODWIRUP DQG IUDPHZRUN WKDW DOORZV \RX WR FUHDWH VLQJOH�SDJH FOLHQW DSSOLFDWLRQV LQ
+70/ DQG 7\SH6FULSW� ,W SURYLGHV HVVHQWLDO DQG RSWLRQDO IXQFWLRQDOLW\ DV D FROOHFWLRQ
RI 7\SH6FULSW OLEUDULHV WKDW \RX FDQ LQFRUSRUDWH LQWR \RXU DSSOLFDWLRQV�

7KH FRGH�VQLSSHWV EHORZ VKRZFDVHV WKH GLIIHUHQFH EHWZHHQ 7\SH6FULSW DQG -DYD6�
FULSW� DQG ZKDW WKH UHVXOW RI HDFK DFWLRQ ZLOO EH >�@�

� var myFunc = function(userObj){
� console.log(userObj.FirstName); // display first name
� }
�
� var user = {
� FirstName: 'Alex'
� };
� myFunc(user); // FirstName is displayed
�
�� var stringName = 'Alex';
�� myFunc(stringName); // undefined is displayed

&RGH H[DPSOH �� -DYD6FULSW H[DPSOH

� class User {
� FirstName: string
� constructor (fName: string) {
� this.FirstName = fName;
� }
� }
�
� // expecting a variable of type User
� var myFunc = function(userObj: User) {
�� console.log(userObj.FirstName);
�� }
��
�� var user = new User('Alex');
�� myFunc(user); // FirstName is displayed
��
�� var stringName = 'Alex';
�� myFunc(stringName); // compilation error

&RGH H[DPSOH �� 7\SH6FULSW H[DPSOH

��



����� 8QLW WHVWLQJ

8QLW WHVWV ZHUH ZULWWHQ IRU WKH FRPSRQHQWV DQG VHUYLFHV RI WKH $QJXODU DSSOLFDWLRQ�
7KHVH WHVWV ZRXOG YHULI\ WKH EDVLF IXQFWLRQDOLW\ RI WKH XQLW XQGHU WHVW� 7KH WHVWV ZHUH
UXQ LQ WKH ORFDO GHYHORSPHQW HQYLURQPHQW DQG RQ PDLQ EUDQFK FRPPLWV�

� it('should call getStretchById and return stretch details', (done: DoneFn) => {
� httpSpy.get.and.returnValue(of(mockStretch));
�
� backendService.getStretchById('62189309f77014463c4f70d3').subscribe({
� next: (data) => {
� expect(data).withContext('expected stretch').toEqual(mockStretch);
� done();
� },
� error: done.fail,
�� });
��
�� expect(httpSpy.get.calls.count()).withContext('one call').toBe(1);
�� });

&RGH H[DPSOH �� ([DPSOH XQLW WHVW

����� -DVPLQH

-DVPLQH LV D SRSXODU -DYD6FULSW %HKDYLRU�GULYHQ GHYHORSPHQW XQLW WHVWLQJ IUDPHZRUN
WKDW FDQ WHVW ERWK V\QFKURQRXV DQG DV\QFKURQRXV -DYD6FULSW SURJUDPV� ,W DWWHPSWV
WR GHVFULEH WHVWV LQ D KXPDQ�UHDGDEOH ODQJXDJH VR WKDW QRQ�WHFKQLFDO SHRSOH PD\
FRPSUHKHQG ZKDW LV EHLQJ WHVWHG� (YHQ LI \RX DUH D WHFKQLFDO SHUVRQ� UHYLHZLQJ WHVWV
LQ -DVPLQH PDNHV LW PXFK HDVLHU WR JUDVS ZKDW LV JRLQJ RQ� -DVPLQH LV DOUHDG\ FRQ�
ILJXUHG ZKHQ FUHDWLQJ D QHZ $QJXODU SURMHFW ZLWK WKH $QJXODU &/,� DQG ZDV WKHUHIRUH
DQ HDV\ FKRLFH�

����� .DUPD

0DQXDOO\ H[HFXWLQJ -DVPLQH E\ UHIUHVKLQJ D EURZVHU WDE LQ GLIIHUHQW EURZVHUV HYHU\
WLPH ZH FKDQJH VRPH FRGH PLJKW JHW WHGLRXV� .DUPD LV D FRPPDQG�OLQH WRRO WKDW
ODXQFK EURZVHUV DQG H[HFXWH -DVPLQH WHVWV LQVLGH RI WKHP� 7KH WHVW UHVXOWV DUH DOVR
SUHVHQWHG RQ WKH FRPPDQG OLQH� .DUPD PD\ DOVR PRQLWRU \RXU GHYHORSPHQW ILOHV IRU
FKDQJHV DQG DXWRPDWLFDOO\ UH�UXQ WHVWV� .DUPD HQDEOHV XV WR H[HFXWH -DVPLQH WHVWV
DV SDUW RI D GHYHORSPHQW WRRO FKDLQ WKDW UHTXLUHV WHVWV WR EH UXQQDEOH DQG UHVXOWV WR
EH LQVSHFWHG IURP WKH FRPPDQG OLQH�

��



� 5HVXOWV

��� 6FLHQWLILF UHVXOWV

:KLOH DWWHPSWLQJ WR EXLOG WKH LQWHUDFWLYH PDS� ZH VRPHWLPHV UDQ LQWR LVVXHV DQG EXJV�
7KHVH LVVXHV DQG EXJV ZHUH QRW REYLRXV PRVW RI WKH WLPH� DQG WKH ZD\ ZH SURFHHGHG
WR VROYH WKHP FRXOG UHVHPEOH WKH VFLHQWLILF PHWKRG� )ROORZLQJ WKH VFLHQWLILF PHWKRG
H[DFWO\ ZDV QRW DOZD\V QHHGHG� KRZHYHU WKHUH DUH VWHSV WKDW ZHUH PRUH UHOHYDQW
WKDQ RWKHUV� 6SHFLILFDOO\ DVNLQJ D TXHVWLRQ DV WR ZK\ D EXJ KDSSHQHG� WKHQ SURFHHG
WR FRQVWUXFW DQ LGHD RI ZKDW FRXOG UHVROYH LW� 2QFH ZH KDG DQ LGHD RI ZKDW FRXOG FDXVH
WKH LVVXH� ZH SURFHHGHG WR WHVW LW� ,I LW IDLOHG ZH ZRXOG FRQVWUXFW DQRWKHU LGHD� DQG
WHVW LW DJDLQ� ,I LW ZDV VXFFHVVIXO� WKH EXJ ZDV JRQH�

7KH VFLHQWLILF PHWKRG ZDV DOVR HPSOR\HG LQ WKH ZHE SDJH GHVLJQ SURFHVV� ,W ZRXOG
DOZD\V EHJLQ ZLWK WKH TXHVWLRQ� ´+RZ FDQ ZH SUHVHQW WKLV IXQFWLRQ LQ DQ HDV\�WR�
XQGHUVWDQG PDQQHU ZLWKRXW UHVWULFWLQJ LW"´ 7KHQ� OLNH LQ WKH VFLHQWLILF PHWKRG H[DPSOH
DERYH� FRQWLQXH WKH SURFHGXUHV�

��� (QJLQHHULQJ UHVXOW

����� *RDOV

7KH JRDOV DV PHQWLRQHG SUHYLRXVO\ DUH

� ,QWURGXFWLRQ WR WKH GDWD� DQG WKH FRUUHVSRQGLQJ $3,V

� $JUHH WR D IUDPHZRUN�

� 'HYHORS D ZHE�EDVHG PDS�VROXWLRQ IRU GLVSOD\LQJ DQG ILOWHULQJ RI GDWD�

� 6KRZ LPDJHV LQ WKH PDS� ZLWK IXQFWLRQDOLW\ WR VFUROO WKURXJK LPDJHV� DQG FKRRVH
WKH XSSHU RU ORZHU FDPHUD�

� /RRN DW WKH SRVVLELOLW\ RI FODVVLI\LQJ VHFWLRQV�

*RDO � � 2YHU WLPH� DOO JURXS PHPEHUV JRW LQFUHDVLQJO\ FRPIRUWDEOH UHDGLQJ WKH GDWD
SURYLGHG WR XV E\ L6L DQG H[HFXWLQJ WKH $3,�FDOOV WR SURYLGH UHOHYDQW GDWD WR WKH XVHU�
:H PDLQO\ XVHG WZR $3,V� 1DWLRQDO 5RDGV 'DWDEDVH� DQG L6L¶V RZQ $3,�

*RDO � � 7KH IUDPHZRUN L6L VXJJHVWHG XVLQJ ZDV $QJXODU� :H GHFLGHG WR FKRRVH
$QJXODU DV WKH\ KDG PDGH SUHYLRXV ZHE DSSOLFDWLRQV XVLQJ $QJXODU� DQG WR FKDOOHQJH
RXU VHOI�

*RDO � � 2XU ZHE�EDVHG PDS�VROXWLRQ PHHWV WKH VSHFLILFDWLRQ� DQG DFFRUGLQJ WR L6L
VRPH H[SHFWDWLRQV ZHUH H[FHHGHG� :H ZHUH JLYHQ D YHU\ RSHQ VSHFLILFDWLRQ� WKDW
DOORZHG XV WR UHIOHFW XSRQ ZKDW ZH VDZ DV D XVHIXO DQG XVHU�IULHQGO\ ZHE�VLWH ZKLOH
VWLOO PDLQWDLQLQJ LPSRUWDQW IXQFWLRQDOLW\� 7KH ZHEVLWH JRW FRQWLQXRXVO\ LPSURYHG DIWHU
KHDULQJ IHHGEDFN IURP L6L DQG RXU VXSHUYLVRU�

��



*RDO � � 6KRZLQJ WKH LPDJHV� VFUROOLQJ WKURXJK WKHP� DQG VZLWFKLQJ DQJOH LV RQH RI
WKH PDLQ IHDWXUHV RI WKH ZHE�DSSOLFDWLRQ� 7KLV LV KRZ WKH XVHU ZLOO EH DEOH WR WDNH D
FORVHU ORRN DW WKH UDLOLQJ DQG JHW DQ RYHUYLHZ RI WKH VWDWH RI WKH UDLOLQJ� ,W ZDV WLPH
FRQVXPLQJ DQG GLIILFXOW DW WLPHV WR PDNH WKHVH IXQFWLRQV TXLFN DQG UHOLDEOH�

*RDO � � &ODVVLI\LQJ WKH VHFWLRQV PHDQV GLVWLQJXLVKLQJ WKH VWUHWFKHV� 7KLV ZDV LPSOH�
PHQWHG E\ JLYLQJ HDFK VWUHWFK RQ WKH PDS D VSHFLILF FRORU FRUUHODWHG WR WKH VHYHULW\
RU FULWLFDOLW\ RI HDFK VWUHWFK� ,Q RXU ILQDO VROXWLRQ WKLV LV EDVHG RQ WKH DYHUDJH KHLJKW
RI WKH UDLOLQJ� &UHDWLQJ DQ DGYDQFHG FDOFXODWLRQ RI WKH FULWLFDOLW\ LV KDUG� DQG WKHUH
DUH PDQ\ YDOXHV ZH FRXOG EDVH WKLV FDOFXODWLRQ RQ� KRZHYHU IRU SHUIRUPDQFH¶V VDNH
ZH GHFLGHG WR OHDYH LW DW DYHUDJH KHLJKW�

����� 8VHU WHVWLQJ UHVXOWV

:KHQ FRQGXFWLQJ XVHU WHVWLQJ� ZH ZDQWHG WR PDLQO\ IRFXV RQ WZR WKLQJV� :H ZDQWHG
WKH SURGXFW WR EH ERWK XVHU IULHQGO\ DQG UHOHYDQW IRU WKH PDLQ XVHUV RI WKH LQWHUDFWLYH
PDS� 7HVWLQJ WKH XVHU�IULHQGOLQHVV KDV EHHQ GRQH WKURXJKRXW WKH HQWLUH SURFHVV� E\
JHWWLQJ IHHGEDFN IURP SHHUV DQG ERWK L6L DQG RXU VXSHUYLVRU�

:H KDYH FRQGXFWHG VWUXFWXUHG WHVWV VSHFLILFDOO\ WHVWLQJ XVHU H[SHULHQFH� DQG WKH IHHG�
EDFN ZH UHFHLYHG IURP WKHVH WHVWV ZHUH PRVWO\ SRVLWLYH ZKLOH VWLOO FRQWDLQLQJ LGHDV IRU
LPSURYHPHQW�

7R VSHFLILFDOO\ WHVW WKH UHOHYDQF\ RI WKH SURGXFW ZH ZDQWHG WR WHVW LW GLUHFWO\ ZLWK
WKH URDG RZQHUV� (DUO\ RQ WKHUH ZDV GLVFXVVLRQV ZLWK L6L UHJDUGLQJ FRQGXFWLQJ WHVWV
ZLWK 7KH 1RUZHJLDQ 3XEOLF 5RDGV $GPLQLVWUDWLRQ� DQG WKH\ KDYH UHFHLYHG D OLQN WR WKH
ZHEVLWH�

��� $GPLQLVWUDWLYH UHVXOWV

:KLOH ZRUNLQJ RQ WKH SURMHFW� WKH 6FUXP DSSURDFK ZDV HPSOR\HG WKURXJKRXW WKH HQ�
WLUH SURFHVV� $ PHHWLQJ ZLWK L6L ZDV KHOG DW WKH EHJLQQLQJ RI WKH SURFHVV� ,W ZDV
DJUHHG WR KDYH VSULQWV HYHU\ WZR ZHHNV� $W WKH HQG RI HDFK VSULQW� ZH PHW ZLWK L6L
DQG RXU VXSHUYLVRU WR GLVFXVV WKH JRDOV RI WKDW VSULQW� ZKDW KDG EHHQ DFFRPSOLVKHG� D
TXLFN GHPR� DQG ILQDOO\ IHHGEDFN RQ ZKDW KDG EHHQ GRQH� )ROORZLQJ WKH PHHWLQJ� WKH
JURXS KHOG D VSULQW UHWURVSHFWLYH� GXULQJ ZKLFK ZH UHYLHZHG D IHZ DVSHFWV UHJDUGLQJ
KRZ WKH VSULQW ZHQW� 7KH SURMHFW PDQXDO DWWDFKPHQW FRQWDLQV DOO RI WKH UHSRUWV� UH�
YLHZV� UHWURVSHFWLYHV� DQG PHHWLQJ QRWHV�

$W WKH VWDUW RI HDFK VSULQW� WKH JURXS PHW DQG DGGHG DV PDQ\ LWHPV IURP WKH EDFN�
ORJ DV WKH\ GHHPHG ZHUH QHFHVVDU\ IRU WKH VSULQW� 7KHQ HDFK SDUWLFLSDQW FKRRVH WKH
WRSLFV WKH\ ZDQWHG WR ZRUN RQ� 7KH WLPH VKHHW IRU HDFK VSULQW� GHWDLOLQJ ZKR ZRUNHG
RQ ZKLFK WDVNV� FDQ EH IRXQG LQ WKH SURMHFW PDQXDO DWWDFKPHQW�

��



��� 3HUIRUPDQFH

����� 5HQGHULQJ

/HDIOHW UHQGHUV WKH PDS LQ IL[HG VL]H WLOHV� WLOHV WKDW DUH RXWVLGH RI \RXU FXUUHQW YLHZ
ZLOO QRW EH UHQGHUHG� 7KLV PHDQV WKDW HYHQ LI WKHUH DUH D ODUJH DPRXQW RI SRO\JRQV
RU SRO\OLQHV SUHVHQW RQ WKH PDS� WKH SHUIRUPDQFH ZLOO QRW QHFHVVDULO\ JR GRZQ� :KLOH
WHVWLQJ WKH ZHE�DSSOLFDWLRQ� SHUIRUPDQFH KDV QRW EHHQ DQ LVVXH�

����� $3,

&XUUHQWO\ PRVW RI WKH $3,V DUH IDVW� WKH XVHU UDUHO\ KDV WR ZDLW IRU WKH FDOOV UHWXUQLQJ
LQIRUPDWLRQ� :KHQ ZDLWLQJ IRU $3,�UHVSRQVHV WKH XVHU ZLOO VHH D ORDGLQJ�FLUFOH WR OHW
WKHP NQRZ WKH\ KDYH WR ZDLW IRU VRPH GDWD WR DUULYH�

����� )XQFWLRQV

7KH PRVW WLPH�FRQVXPLQJ IXQFWLRQ ZH FXUUHQWO\ KDYH LV WKH IXQFWLRQ UHVSRQVLEOH IRU
FUHDWLQJ WKH SRO\OLQH� DQG DGGLQJ HYHQW�KDQGOHUV WR LW� 7KLV SURFHVV WDNHV DURXQG
��� PLOOLVHFRQGV �EDVHG RQ FRQVROH�WLPH���� 7KH FRXQW\ ZLWK WKH PRVW SRO\OLQHV LV
9HVWODQG ZLWK ��� VWUHWFKHV� PHDQLQJ WKLV IXQFWLRQ WDNHV DURXQG ��� PLOOLVHFRQGV LQ
WRWDO WR FRPSOHWH�

��



� 'LVFXVVLRQ

��� 6FLHQWLILF UHVXOWV

7KH PDLQ GLIIHUHQFH EHWZHHQ DQ LQWHUDFWLYH PDS DQG D VWDWLF PDS LV WKH SRVVLELOLW\ RI
WKH XVHU WR FOLFN� SDQ DQG ]RRP� $V ZHOO DV DOORZLQJ WKH XVHU WR VKRZ ORFDWLRQ�VSHFLILF
GDWD� DQG WKH XVH RI OD\HUV WR GLVSOD\ PXOWLSOH GDWD VHWV >��@�

7KH XVH RI DQ LQWHUDFWLYH PDS DOORZV IRU HDV\ GHPRQVWUDWLRQ RI KRZ DQ LVVXH DIIHFWV
GLIIHUHQW JHRJUDSKLF DUHDV� DQG WKH QDWXUH DQG GLVWULEXWLRQ RI D SUREOHP LV PDGH
FOHDUHU E\ XVLQJ GLIIHUHQW PDS OD\HUV WR JLYH QHZ LQVLJKWV DQG FRPSDULVRQV >��@�

,Q WKH DSSURDFK RI GHVLJQLQJ WKH ZHE SDJH� WKH NH\ZRUGV XVDELOLW\ DQG XVHU�IULHQGO\
ZDV DOZD\V OLQJHULQJ LQ WKH EDFN�

��� (QJLQHHULQJ UHVXOW

����� *RDOV

*RDO � � 7R EH DEOH WR SURYLGH D ZHE�EDVHG LQWHUDFWLYH PDS VROXWLRQ WKDW SUHVHQWV
L6L¶V GDWD LQ D XVHU�IULHQGO\ DQG HDV\�WR�XQGHUVWDQG IRUPDW� 7KH JURXS QHHGHG WR
FRPSUHKHQG L6L¶V GDWD DV ZHOO DV RWKHU $3,V WKDW PD\ DVVLVW XV LQ GLVSOD\LQJ LW�

*RDO � � 7KH WHDP KDV QR SULRU H[SHULHQFH ZLWK $QJXODU� 7KLV LV WKH ILUVW WLPH ZH¶YH
XVHG WKLV IUDPHZRUN WR EXLOG D ZRUNLQJ DSSOLFDWLRQ� 7KHUHIRUH� LW ZDV GHFLGHG WR
GHGLFDWH WKH ILUVW VSULQW WR OHDUQ DV PXFK DV SRVVLEOH DERXW $QJXODU DQG 7\SHVFULSW�
2QH VSULQW ZDV QRW HQRXJK WR OHDUQ D QHZ IUDPHZRUN� VR ZH KDG WR WU\ DQG IDLO�
DQG LPSURYH DORQJ WKH ZD\� :KLOH JHWWLQJ LQWR $QJXODU ZDV TXLWH KDUG DW ILUVW� WKH
UHVXOWV VWDUWHG WR VKRZ DIWHU D ZKLOH� DOWKRXJK WKH WHDP SUREDEO\ GLG QRW KDYH HQRXJK
EDFNJURXQG WR XWLOL]H $QJXODU WR LWV IXOO SRWHQWLDO�

*RDO � � $V PHQWLRQHG DERYH� WKH UHTXLUHPHQW VSHFLILFDWLRQV SURYLGHG ZDV YHU\ RSHQ�
7KLV UHTXLUHG UHIOHFWLRQ XSRQ GHVLJQV DQG IXQFWLRQDOLW\ WR GHFLGH KRZ WR VROYH SUREOHPV
DQG ZKLFK IXQFWLRQDOLW\ WR DGG DQG UHPRYH� 7KLV ZDV ERWK D EOHVVLQJ DQG FXUVH�
7KH RSSRUWXQLW\ WR GHFLGH XSRQ ZKLFK IXQFWLRQDOLW\ WR DGG� KRZ LW VKRXOG ZRUN� DQG
KRZ PXFK ZRUN VKRXOG EH SXW LQWR WKLV IXQFWLRQDOLW\� PDGH LW VR PXFK PRUH IXQ DQG
HQJDJLQJ ZRUNLQJ ZLWK WKH ZHEVLWH� ,W DOVR DOORZHG IRU IXUWKHU WKLQNLQJ� UDWKHU WKDQ
KRZ WR FUHDWH WKDW VSHFLILF IXQFWLRQDOLW\� 2Q WKH RWKHU HQG� LW ZDV UHDOO\ GHPDQGLQJ WR
EH DEOH WR GLVSOD\ DOO WKH GDWD LQ D ZHEVLWH� VLQFH GHVLJQLQJ D UHVSRQVLYH DQG LQWHUDFWLYH
ZHEVLWH LV FKDOOHQJLQJ� 7KH GHVLJQLQJ SURFHVV UHTXLUHG VHYHUDO LWHUDWLRQV DQG IHHGEDFN
IURP ERWK VXSHUYLVRU DQG FOLHQW EHIRUH ILQDOL]LQJ WKH GHVLJQ�

*RDO � � 7KH PDLQ LVVXH IDFHG ZKHQ LPSOHPHQWLQJ DQ LPDJH YLHZ� ZLWK DOO WKH LPDJHV
LQ D VWUHWFK� ZDV WKH VSHHG RI WKH $3,� ,W FRXOG WDNH XS WR D IHZ VHFRQGV EHIRUH
WKH GLVSOD\HG LPDJH ZDV ORDGHG� DQG DOO WKH LPDJHV IURP WKH VHOHFWHG VWUHWFK ZRXOG
VKRZ� 0DQ\ GLIIHUHQW VROXWLRQV ZDV WHVWHG DV VROXWLRQV WR WKH SUREOHP� EXW LW ZDV QRW
DQ\WKLQJ WKDW FRXOG EH IL[HG� VR D ORDGLQJ ZKHHO WR GLVSOD\ WKH GHOD\ ZDV DGGHG�

��



*RDO � � 7KH LPSOHPHQWDWLRQ RI FULWLFDOLW\ ZDV WR EH DEOH WR VHJPHQW HDFK VWUHWFK�
WKH UHDVRQ IRU LWV VLPSOLFLW\ LV WKDW LI LW ZHUH PDGH PRUH FRPSOH[ ZLWK PDQ\ DGGLWLRQDO
SDUDPHWHUV� WKH VROXWLRQ¶V VSHHG ZRXOG VXIIHU VLJQLILFDQWO\ DV D UHVXOW RI KDYLQJ WR
PDNH WRR PDQ\ $3,�FDOOV� $ JRRG VROXWLRQ WR VROYH WKLV SUREOHP LV WR OHW WKH EDFN�HQG
KDQGOH FDOFXODWLQJ WKH FULWLFDOLW\� EXW VLQFH L6L GLG QRW SURYLGH DFFHVV WR WKHLU EDFN�HQG
WKLV ZDV WKH RQO\ SRVVLEOH VROXWLRQ�

����� )HHGEDFN

L6L SURYLGHG IHHGEDFN RQ WKH HQG SURGXFW DQG WKH FROODERUDWLRQ� ZKLFK LQFOXGHG GLV�
FXVVLRQV DERXW VRPH RI WKH PDLQ IHDWXUHV� WKH RSSRUWXQLW\ IRU XV WR GHPRQVWUDWH
LQQRYDWLRQ� DQG RXU FRQWULEXWLRQ WR WKHLU ILQDO VROXWLRQ�

´7KH SURMHFW GHVFULSWLRQ LV UHODWLYHO\ RSHQ� ZKLFK JLYHV VWXGHQWV WKH RSSRUWXQLW\ WR
VKRZ ERWK FUHDWLYLW\� SUREOHP�VROYLQJ DQG LPSOHPHQWDWLRQ VNLOOV� :H KDYH KDG UHJXODU
VSULQW PHHWLQJV DQG NHSW LQ WRXFK XVLQJ 7HDPV GXULQJ WKH DVVLJQPHQW SHULRG� DQG ZH
WKLQN WKH FROODERUDWLRQ ZRUNHG H[FHOOHQWO\�´ � 2QH SDUDJUDSK SDUDSKUDVHG IURP L6L¶V
IHHGEDFN IRXQG RQ SDJH ��

,Q PDQ\ DVSHFWV� WKH FRRSHUDWLRQ� GLVFXVVLRQV� DQG ILQDO SURGXFW KDYH LQVSLUHG L6L�
7KH JUDSK WKDW GLVSOD\V WKH KHLJKW RI UDLOLQJ LQ D VSHFLILF VWUHWFK LV DQ H[DPSOH RI D
IHDWXUH LQ WKH ILQDO SURGXFW WKDW WKH\ IRXQG LQVSLUDWLRQ IURP DQG LPSOHPHQWHG LQ WKHLU
VROXWLRQ�

2XU DSSURDFK ZHQW WKURXJK VHYHUDO VWDJHV LQ ZKLFK VROXWLRQV ZHUH WHVWHG DQG HLWKHU
SXUVXHG� DOWHUHG� RU UHMHFWHG HQWLUHO\� $Q H[DPSOH ZRXOG EH WKH SLFWXUH YLHZ� ZKLFK
ILUVW GLVSOD\HG WKH LPDJHV YHUWLFDOO\ EHIRUH VZLWFKLQJ WR WDE GLVSOD\ EDVHG RQ FOLHQW
LQSXW�

$FFRUGLQJ WR L6L¶V UHVSRQVH� WKH\ DUH VDWLVILHG ZLWK WKH RXWFRPH� 7KH\ PHQWLRQ WKDW
ZH KDYH EHHQ DEOH WR IRFXV RXU PDLQ IXQFWLRQDOLW\ RQ WKH QHHGV RI WKH HQG XVHU�
WKH\ DOVR SURYLGHG VRPH LQVWDQFHV RI KRZ ZH KDYH GRQH VR� 7KHVH� DORQJ ZLWK WKH
UHPDLQGHU RI L6L¶V IHHGEDFN� PD\ EH VHHQ RQ SDJH ��

����� 8VHU WHVWLQJ

$IWHU FRQGXFWLQJ XVHU WHVWLQJ ZLWK IRFXV RQ XVHU�IULHQGOLQHVV ZH UHFHLYHG IHHGEDFN
ZKLFK ZDV PDLQO\ SRVLWLYH� ZLWK SRWHQWLDO LPSURYHPHQWV� 7KH JHQHUDO SRVLWLYH LP�
SUHVVLRQV RI WKH ZHEVLWH LQFOXGHV HDVH RI XVH� LQWXLWLYH QDYLJDWLRQ DQG QR FOXWWHU� 2Q
WKH RWKHU KDQG� WKH XVHUV VXJJHVWHG D EXWWRQ LQ WKH LQIR�ZLQGRZ WR EH DEOH WR PLQLPL]H
RU FORVH WKH ZLQGRZ�

:H KDYH UHFHLYHG IHHGEDFN UHJDUGLQJ IXQFWLRQDOLW\� 0RVW RI WKH IXQFWLRQDOLW\ KDV EHHQ
LPSOHPHQWHG� EXW GXH WR WLPH FRQVWUDLQWV DQG RWKHU IDFWRUV� VXFK DV WKH EDFNHQG� ZH
SULRULWL]HG WKH PRVW LPSRUWDQW IXQFWLRQV�

,W ZDV QRW SRVVLEOH WR FRPSOHWH WKH DSSURSULDWH DPRXQW RI XVHU WHVWLQJ� :LWK WKH
VXSSRUW RI L6L� D UHODWLRQVKLS ZLWK WKH 1RUZHJLDQ 3XEOLF 5RDGV $GPLQLVWUDWLRQ ZDV

��



IRUPHG ZLWK WKH SXUSRVH RI KDYLQJ WKHP XVHU WHVW WKH VROXWLRQ� %HFDXVH WKH SURGXFW
ZDV GHVLJQHG ZLWK 7KH 1RUZHJLDQ 3XEOLF 5RDGV $GPLQLVWUDWLRQ DV RQH RI WKH NH\ HQG
XVHUV� WKH REMHFWLYH ZDV WR KDYH WKHP WU\ RXW DQG WHVW QRW RQO\ WKH XVDELOLW\ RI WKH
SURGXFW� EXW DOVR WKH IXQFWLRQDOLW\� :H VXSSOLHG WKHP WKH ,3 DV VRRQ DV ZH KDG DQ
093 VR WKDW WKH\ FRXOG GR DW OHDVW WZR URXQGV RI XVHU WHVWLQJ EHIRUH VXEPLWWLQJ�
8QIRUWXQDWHO\� WKHLU SUR[\ VHUYHUV SUHYHQWHG WKHP IURP WHVWLQJ WKH ZHEVLWH VLQFH
XQNQRZQ $3, UHTXHVWV ZHUH EDQQHG� :H DWWHPSWHG WR FRQWDFW WKHP VHYHUDO WLPHV WR
JHW IHHGEDFN� EXW ZH KDYH QRW UHFHLYHG D UHVSRQVH�

��� $GPLQLVWUDWLYH UHVXOWV

'HVSLWH WKH IDFW WKDW VSULQW PHHWLQJV ZHUH RQO\ KHOG IRUWQLJKWO\� L6L ZDV DOZD\V DYDLO�
DEOH IRU D EULHI WHDP FKDW RU D ODUJHU PHHWLQJ LI LW ZDV HVVHQWLDO IRU GHYHORSPHQW� 7KLV
PDGH LW VLPSOH IRU XV WR FRQVWDQWO\ DFTXLUH WKH KHOS ZH QHHGHG ZKHQ ZH JRW VWXFN
DQG PDLQWDLQ VWURQJ SURJUHVVLRQ WKURXJKRXW WKH SURMHFW�

,W ZDV SRVVLEOH WR DGG H[WUD LVVXHV IURP WKH EDFNORJ GXULQJ HDFK VSULQW LI DQ\WKLQJ
ZDV GLVFRYHUHG GXULQJ WKH VSULQW� VXFK DV D EXJ RU DQ HVVHQWLDO IHDWXUH� RU LI DOO RI
WKH SUHYLRXV LVVXHV IRU WKDW VSULQW ZHUH FRPSOHWHG� ,I DQ LVVXH FRXOG QRW EH ILQLVKHG
ZLWKLQ WKH JLYHQ VSULQW GXH WR D ODFN RI WLPH RU GDWD� LW ZDV SRVVLEOH WR WUDQVIHU LW RXW
RI WKDW VSULQW DQG EDFN WR WKH EDFNORJ� RU WR FDUU\ LW RYHU WR WKH QH[W VSULQW WR FRQWLQXH
ZRUNLQJ RQ WKH LVVXH�

��� 5HVXOW

����� 3HUIRUPDQFH

&XUUHQWO\� WKH PD[LPXP QXPEHU RI SRO\OLQHV YLVLEOH RQ WKH /HDIOHW PDS LV URXJKO\ ����
,I VSHHG EHFRPHV D FRQFHUQ� IRU H[DPSOH� ZKHQ WKH QXPEHU RI SRO\OLQHV GLVSOD\HG
GUDPDWLFDOO\ JURZV� D VROXWLRQ ZRXOG EH WR JURXS XS FOXVWHUV RI SRO\OLQHV ZKHQ WKH
XVHU ]RRPV RXW WRR IDU�

7KHUH LV RQH $3,�FDOO WKDW WDNHV VRPH WLPH IURP WKH $3,� WKH $3,�FDOO WR UHWULHYH DOO
VWUHWFKHV LQ D FRXQW\� ZKLFK LV VKRZQ LQ WKH WDEOH 5(67 $3, UHVRXUFHV� 7KH EDFNHQG
PXVW TXHU\ DQG UHWXUQ D KXJH TXDQWLW\ RI GDWD� ZKLFK PLJKW FDXVH WKLV WR EH VOXJJLVK�
7KLV PD\ EH UHPHGLHG E\ LQVWDOOLQJ D FDFKH RQ WKH EDFNHQG RU RSWLPL]LQJ WKH TXHU\�

,I WKH IXQFWLRQ UHVSRQVLEOH IRU GUDZLQJ SRO\OLQHV QHHGV WR GUDZ D ODUJH QXPEHU RI
SRO\OLQHV� LW FDQ EHFRPH VOXJJLVK� %\ FRPELQLQJ WKH SRO\OLQHV LQWR VPDOOHU JURXSLQJV�
VXFK DV PXQLFLSDOLWLHV� WKH WLPH FDQ EH PLQLPL]HG� $QRWKHU RSWLRQ LV WR GHFUHDVH WKH
TXDQWLW\ RI GDWD LPSRUWHG E\ FRQYHUWLQJ *HR-621 WR 7RSR-621 RU WR UHQGHU LWHPV RQ
WKH PDS XVLQJ DOWHUQDWLYH ZD\V�

��



����� 6WUHQJWK

7KH VWUHQJWKV RI WKLV VROXWLRQ LV WKH DELOLW\ WR FRPSDUH GLIIHUHQW W\SHV RI GDWD DQG WR
HIILFLHQWO\ DQDO\]H WKH VWDWH RI D JXDUGUDLO� L6L $6 SURYLGHG DFFHVV WR D ODUJH GDWD VHW�
ZKLFK ZH KDG WR ILJXUH RXW KRZ WR XVH DQG YLVXDOL]H� %\ XVLQJ DQ LQWHUDFWLYH PDS
WKH XVHU JHWV D ORW RI IOH[LELOLW\ WR GLVSOD\ H[DFWO\ WKH LQIRUPDWLRQ WKH XVHU LV ORRNLQJ
IRU� $W ILUVW WKH PDS LV HPSW\ VR WKH XVHU GRQ¶W JHW D ORW RI LUUHOHYDQW LQIRUPDWLRQ MXVW
GLVSOD\HG RQ WKH VFUHHQ� WKLV ZLOO DOVR PDNH WKH ZHE SDJH ORDG DOPRVW LQVWDQWO\ ZKHQ
YLVLWHG�

$IWHU VHDUFKLQJ IRU VRPHWKLQJ LQ WKH VHDUFK EDU� WKH DUHD RQ WKH PDS ZLOO EH PDUNHG
DQG WKH XVHU ZLOO EH WDNHQ WR WKDW DUHD DXWRPDWLFDOO\� $OO WKH UHOHYDQW VWUHWFKHV ZLOO
EH GLVSOD\HG ZLWK FRORUV WKDW LQGLFDWH WKHLU FULWLFDOLW\ SURYLGLQJ WKH XVHU ZLWK D TXLFN
DQG FOHDU RYHUYLHZ� ,Q WKH WRS ULJKW FRUQHU WKHUH DUH WKUHH EXWWRQV UHSUHVHQWLQJ WKH
WKUHH GLIIHUHQW FULWLFDOLWLHV� ZKLFK QRZ GLVSOD\ WKH DFWXDO QXPEHU RI VWUHWFKHV LQ WKH
GLIIHUHQW FDWHJRULHV IRU WKDW DUHD� :KHQ WKH XVHU SUHVVHV WKLV EXWWRQ� D OLVW RII DOO WKH
VWUHWFKHV ZLOO EH GLVSOD\HG DQG WKH XVHU FDQ WKHQ VHOHFW D VSHFLILF VWUHWFK DQG SUHVV
JR WR PDS� 7KH XVHU ZLOO WKHQ EH WDNHQ WR WKDW H[DFW VWUHWFK DQG WKH LQIRUPDWLRQ
ZLQGRZ ZLOO RSHQ LQ WKH ERWWRP OHIW� 7KH XVHU FDQ DOVR RSHQ WKH LQIRUPDWLRQ ZLQGRZ
E\ SUHVVLQJ D VWUHWFK GLUHFWO\ IURP WKH PDS� 7KLV ZLOO NHHS WKH PDS FOHDQ DQG DOORZ
WKH XVHU WR ORRN DURXQG RQ WKH PDS XQWLO KH ILQGV WKH VWUHWFK KH ZDQWV WR LQVSHFW
EHIRUH FOLFNLQJ LW DQG VHH PRUH UHOHYDQW LQIRUPDWLRQ DERXW WKH VWUHWFK�

$QRWKHU VWUHQJWK LV WKDW ZKHQ D VWUHWFK LV VHOHFWHG� WKH XVHU ZLOO NQRZ H[DFWO\ ZKHUH
KH LV RQ WKH VWUHWFK DW DOO WLPHV� :KHQ SUHVVLQJ D VWUHWFK IRU WKH ILUVW WLPH� D PDUNHU
ZLOO DSSHDU DW WKH VWDUW RI WKH VWUHWFK� LQ WKH LQIRUPDWLRQ ZLQGRZ WKH XVHU ZLOO DOVR VHH
WKH ILUVW LPDJH RQ WKH VWUHWFK DQG WKH JUDSK ZLOO VKRZ WKH H[DFW KHLJKW IRU WKDW SRVLWLRQ
ZLWK D PDUNHU� :KHQ WKH XVHU VWDUW VFUROOLQJ WKURXJK WKH OLVW RI URDG UHIHUHQFHV WKH
PDUNHU RQ WKH PDS ZLOO PRYH� WKH LPDJH ZLOO XSGDWH� WKH PDUNHU RQ WKH JUDSK ZLOO
PRYH DQG WKH LQIRUPDWLRQ LQ WKH DGGLWLRQDO LQIRUPDWLRQ ER[ ZLOO DOVR XSGDWH� 7KLV LV
LPSRUWDQW VR WKDW DOO WKH LQIRUPDWLRQ ZKLFK LV GLVSOD\HG WR WKH XVHU LV UHOHYDQW DQG
DFFXUDWH DW DOO WLPHV ZKHQ WKH XVHU LV SHUIRUPLQJ D TXDOLW\ FRQWURO�

7KH VROXWLRQ ZLOO DOVR PDNH LW HDV\ WR ILOWHU WKH GLVSOD\HG VWUHWFKHV EDVHG RQ FULWLFDOLW\�
JXDUGUDLO DQG SROH W\SH� 7KH XVHU FDQ FKHFN DQG XQFKHFN WKH GLIIHUHQW FKHFNER[HV
WKDW DUH UHOHYDQW WR WKH WKLQJV WKH\ ZDQW WR ILOWHU RQ DQG WKH LQWHUDFWLYH PDS ZLOO EH
XSGDWHG LPPHGLDWHO\� ,W LV DOVR LQWXLWLYH DQG GHVLJQHG ZLWK XVDELOLW\ LQ IRFXV� 7KH
VROXWLRQ GLVSOD\V DV PXFK LQIRUPDWLRQ DV SRVVLEOH RQ WKH ZHE SDJH ZLWKRXW EHLQJ
FOXWWHUHG�

����� :HDNQHVVHV

7KH PDLQ ZHDNQHVV RI RXU VROXWLRQ ZDV WKH ODFNLQJ EDFNHQG LQ WKH EHJLQQLQJ� 7KH
ILUVW LWHUDWLRQ RI GLVSOD\LQJ OLQHV RQ WKH PDS ZDV GRQH XVLQJ ORFDO -621�ILOHV H[WUDFWHG
IURP L6L¶V GDWDEDVH� 7KHLU $3, ZDV DOVR OLPLWHG WR VXSSO\LQJ WKH PHWDGDWD DQG LPDJHV�
7KLV PHDQW WKDW VRPH RI WKH IXQFWLRQV ZH FUHDWHG SUREDEO\ EHORQJV EDFNHQG DQG
WKURXJK WKHLU $3,� )RU H[DPSOH VSHHG OLPLW� WUDIILF YROXPH DQG VRPH IRUP RI FULWLFDOLW\

��



FDOFXODWLRQ� 7R JHW WKH VSHHG OLPLW ZH QHHG WR PDNH D FDOO IRU HDFK OLQH RQ WKH PDS�
ZKLFK PDNHV LW KDUG WR XVH LQ WKH FDOFXODWLRQ RI WKH FULWLFDOLW\� VLPSO\ EHFDXVH WKHUH
ZRXOG EH QHHGHG WRR PDQ\ $3,�FDOOV ZKLFK PDNHV RXU VROXWLRQ VORZ� 7KH VDPH DSSOLHV
WR WUDIILF YROXPH�

%RWK VSHHG OLPLW DQG WUDIILF YROXPH LV H[WUDFWHG IURP 19'% $3,� 7KLV $3, DOVR SURYLGHV
WKH OLVW RI DOO FRXQWLHV� DQG WKH :.7 WR GUDZ RXWOLQHV RI HDFK FRXQW\� 7KH $3, XVHG
IRU DOO WKHVH IXQFWLRQV DOVR VXSSO\ DGGLWLRQDO LQIRUPDWLRQ WKDW LV QRW QHHGHG� DQG WR
FRQVWUXFW DQ $3,�FDOO WKDW ILOWHUV RXW WKH OHVV QHHGHG LQIRUPDWLRQ ZDV TXLWH FRPSOH[�
6RPH RI WKHVH $3,�FDOOV DUH WKHUHIRUH OHVV HIILFLHQW WKDQ WKH\ SRWHQWLDOO\ FRXOG EH�
ZKLFK UHVXOWV LQ ORQJHU ZDLWLQJ WLPHV LQ VRPH FDVHV� 7KH VSHHG RI WKHVH FDOOV DUH
RIWHQ QHJOLJLEOH� DQG GRHV QRW LPSDFW WKH VROXWLRQ DV RI QRZ�

��



� 6RFLHWDO LPSDFW

��� 6\VWHP SHUVSHFWLYH

7KLV VROXWLRQ ZLOO KDYH SRVLWLYH LPSDFW RQ ERWK WKH HQYLURQPHQW DQG VRFLHW\ LQ PDQ\
ZD\V� $V PHQWLRQHG HDUOLHU� WRGD\¶V PDQXDO SUDFWLFH RI FRQWUROOLQJ WKH UDLOLQJ LV ERWK
WLPH DQG UHVRXUFH FRQVXPLQJ� DW WKH VDPH WLPHV DV LW LQFUHDVHV WKH WUDIILF GDQJHU
DORQJ WKH URDG� %\ GLVSOD\LQJ DOO WKH GDWD WKDW L6L KDV FROOHFWHG XVLQJ WKHLU ULJ LQ D
JRRG ZD\ RQ RXU VLQJOH SDJH DSSOLFDWLRQ� ZH FDQ JLYH WKH URDG RZQHUV D PXFK EHWWHU
RYHUYLHZ RI WKH VWDWH RI WKH UDLOLQJV DORQJ WKH URDGV� 8VLQJ WKH GLIIHUHQW IXQFWLRQDOLW\
OLNH IRU H[DPSOH WKH GLIIHUHQW ILOWHUV� WKH XVHU ZLOO EH DEOH WR VHH ZKLFK URDGV DUH WKH
PRVW FULWLFDO DQG FDQ IURP WKDW LQIRUPDWLRQ SULRULWL]H URDGV ZLWK D ORW RI IDXOWV WR PDNH
WKRVH URDGV VDIHU DQG LPSURYH WKH WUDIILF VDIHW\� :KHQ WKH UDLOLQJ DUH LQVSHFWHG RQ
RXU ZHE SDJH DQG WKHQ LPSURYHG LW ZLOO UHVXOW LQ D SRVLWLYH VRFLHWDO LPSDFW LQ WKH ZD\
WKDW LW PDNHV WKH URDGV VDIHU� 7KH KHDOWK LPSDFW RI WKLV LV VLJQLILFDQW EHFDXVH LW FDQ
SUHYHQW IDWDOLWLHV LQ WKH WUDIILF�

%\ XVLQJ RXU VROXWLRQ� WKH TXDOLW\ FRQWURO RI UDLOLQJV ZLOO EH D PRUH FRVW�HIIHFWLYH
SURFHVV� 7KLV EHFDXVH WKH URDG RZQHUV FDQ VLW LQ WKH RIILFH XVLQJ WKH ZHE SDJH WR
FDUHIXOO\ FRQWURO WKH UDLOLQJV RQ WKHLU URDGV� 6LQFH DOO WKH GDWD LV RQ WKH ZHE SDJH WKH\
FDQ ORRN DW LW ZKHQHYHU WKH\ ZDQW� XQOLNH WRGD\V VROXWLRQ ZKHUH WKH\ KDYH WR VLW LQ
WKH FDU DQG LQVSHFW WKH UDLOLQJV ZKLOH DQRWKHU SHUVRQ LV GULYLQJ WKH FDU LQ ����� NP�K�
,W LV QR ORQJHU QHFHVVDU\ WR KDYH WZR FDUV DQG WKUHH SHRSOH ZLWK WKH QHZ VROXWLRQ
ZKLFK ZLOO PDNH LW PXFK PRUH FRVW�HIIHFWLYH DQG ZLOO VDYH UHVRXUFHV WKDW FDQ EH XVHG
RQ RWKHU WKLQJV�

7KLV VROXWLRQ ZLOO DOVR EHQHILW WKH HQYLURQPHQW� ,W LV QR ORQJHU UHTXLUHG WR KDYH WZR
FDUV LQ WKH SURFHVV RI LQVSHFWLQJ WKH UDLOLQJV EHFDXVH WKH RQH SHUVRQ LQVSHFWLQJ WKH
UDLOLQJV ZLOO QRZ GR LW LQ WKH RIILFH� 7KLV PHDQV WKDW WKH FDU¶V HPLVVLRQV KDYH DOUHDG\
EHHQ FXW LQ KDOI� L6L ZLOO DOVR ORRN LQWR WKH SRVVLELOLW\ RI FROOHFWLQJ DOO WKH GDWD XVLQJ DQ
HOHFWULF YHKLFOH� ZKLFK ZRXOG PDNH LW SRVVLEOH WR HOLPLQDWH DOO WKH HPLVVLRQV RI IRVVLO
IXHOV IURP GULYLQJ�

��� 7HFKQRORJ\ HWKLFV

:KDW LI D IDWDO DFFLGHQW RFFXUV EHFDXVH WKHUH ZDV D FULWLFDO IDXOW WKDW WKH PDFKLQH
OHDUQLQJ PRGHOV GLGQ¶W FDWFK DQG WKHUHIRUH D ZURQJ LPSUHVVLRQ RI WKH VWDWXV RI WKH
UDLOLQJ LV GLVSOD\HG LQ RXU ZHE SDJH� 7KHUH DUH D ORW RI GLIIHUHQW SHRSOH LQYROYHG IRU
WKLV ZKROH VROXWLRQ WR ZRUN� WKH RQH FROOHFWLQJ WKH GDWD� WKH RQH ZKR ZRUNV RQ WKH
PDFKLQH OHDUQLQJ PRGHOV� WKH RQH FDOFXODWLQJ WKH FULWLFDOLW\� WKH RQH GLVSOD\LQJ DOO WKH
GDWD DQG WKH RQH ZKR XVHV WKH GDWD IRU LQVSHFWLQJ WKH UDLOLQJ DQG SULRULWL]H ZKLFK
UDLOLQJV QHHG WR EH LPSURYHG�

6LQFH WRGD\¶V PDQXDO LQVSHFWLRQ LV GRQH E\ KXPDQV WKLV SURFHVV ZRQ¶W XQFRYHU ����
RII WKH IDXOWV RQ WKH UDLOLQJV DFURVV WKH URDGV� +XPDQV DUHQ¶W SHUIHFW DQG DOO KXPDQV
PDNHV PLVWDNHV VR ���� ZRQ¶W EH DFKLHYDEOH� WKH PDFKLQH OHDUQLQJ PRGHO ZRQ¶W

��



XQFRYHU ���� RI DOO IDXOWV HLWKHU� 7KH JRDO LV WR PDNH WKH SURFHVV EHWWHU WKDQ WKH
PDQXDO LQVSHFWLRQ�

��� 6XVWDLQDEOH GHYHORSPHQW JRDOV

7KH PDLQ EHQHILW RI WKLV VROXWLRQ� LV WR LQFUHDVHG WUDIILF VDIHW\ DQG EHWWHU URDG LQIUD�
VWUXFWXUH� 7KLV LV UHOHYDQW IRU 81¶V JRDO QXPEHU �� ³,QGXVWU\� LQQRYDWLRQ DQG LQIUD�
VWUXFWXUH´� $IWHU FUHDWLQJ WKLV ZHE SDJH WR GLVSOD\ DOO WKH GDWD� ZH DUH LQYROYHG WR
DFKLHYH WKLV�

$QRWKHU LPSRUWDQW JRDO LQ WKLV SURMHFW LV WKH 81¶V JRDO QXPEHU � ³3URPRWH VXVWDLQHG�
LQFOXVLYH DQG VXVWDLQDEOH HFRQRPLF JURZWK� IXOO DQG SURGXFWLYH HPSOR\PHQW DQG GH�
FHQW ZRUN IRU DOO´� 0RUH VSHFLILF WKH ��� ³$FKLHYH KLJKHU OHYHOV RI HFRQRPLF SURGXFWLYLW\
WKURXJK GLYHUVLILFDWLRQ� WHFKQRORJLFDO XSJUDGLQJ DQG LQQRYDWLRQ� LQFOXGLQJ WKURXJK D
IRFXV RQ KLJK�YDOXH DGGHG DQG ODERU�LQWHQVLYH VHFWRUV´� 5RDG ZRUN DQG LQIUDVWUXF�
WXUH LV DQ ODERU LQWHQVLYH VHFWRU DQG E\ VWUHDPOLQLQJ WKH WLPH DQG UHVRXUFH FRQVXPLQJ
SURFHVV RI TXDOLW\ FRQWURO RI UDLOLQJV E\ GLJLWL]LQJ LW� ZH FDQ SXW RII VRPH ZRUNORDG LQ
WKLV VHFWRU ZLWK RXU VROXWLRQ�

81¶V VXVWDLQDEOH GHYHORSPHQW JRDO QXPEHU �� VD\V ³3DUWQHUVKLSV IRU WKH JRDOV´� 7R
PDNH WKLV EDFKHORU SRVVLEOH ZH KDYH SDUWQHUVKLS ZLWK L6L DQG WKH 1RUZHJLDQ SXEOLF
URDGV DGPLQLVWUDWLRQ� L6L DV RXU HPSOR\HU DQG WKH 1RUZHJLDQ SXEOLF URDGV DGPLQLV�
WUDWLRQ DV SRWHQWLDO FOLHQW IRU IHHGEDFN DQG XVHU WHVWLQJ�

��



� &RQFOXVLRQ DQG IXWXUH ZRUN

7KH SULPDU\ SXUSRVH RI WKLV SURMHFW ZDV WR FUHDWH DQG GHSOR\ D XVHU�IULHQGO\ IURQW�
HQG ZHE�EDVHG LQWHUDFWLYH PDS IRU GLVSOD\LQJ UDLOLQJV� ,Q WKLV UHSRUW� ZH DWWHPSWHG
WR GHVFULEH DQG GHIHQG WKH GHFLVLRQV ZH PDGH LQ RUGHU WR FRPSOHWH WKH ZRUN�

7KH WHDP ZDV DEOH WR FUHDWH DQ LQWHUDFWLYH PDS E\ XWLOL]LQJ WKH $QJXODU IUDPHZRUN�
7\SH6FULSW� /HDIOHW� DQG 1RGH DV WKH SULPDU\ WHFKQRORJ\ VWDFN� 7KH OHDUQLQJ FXUYH
ZDV KLJK DW WLPHV� EXW WKH OHDUQLQJ RXWFRPHV ZHUH H[FHOOHQW� 7KLV LV WKH JURXS¶V ILUVW
WLPH XVLQJ $QJXODU� VR WKH IXOO SRWHQWLDO RI WKH IUDPHZRUN PD\ QRW KDYH EHHQ UHDOL]HG�
EXW LW¶V HVVHQWLDO WR QRWH WKDW ZH DWWHPSWHG ORRNLQJ DW� DQG LPSOHPHQWLQJ� WKH PDQ\
FDSDELOLWLHV WKH IUDPHZRUN RIIHUHG XV�

2QH RI WKH PDLQ WDNHDZD\V IURP WKLV SURMHFW KDV EHHQ WKH LPSRUWDQFH RI D VWUXFWXUHG
6&580�WHDP� 7KH SODQQHG PHHWLQJV DQG VSULQW UHYLHZV KDV EHHQ YHU\ XVHIXO IRU WKH
SURJUHVVLRQ RI WKH ZHE�VLWH� :RUNLQJ RUJDQL]HG ZLWK VSHFLILF WDVNV PDQDJHG LQ -LUD
KDV EHHQ HVVHQWLDO WR HQVXUH ERWK WKH TXDOLW\ DQG VSHHG RI ZKLFK ZH ZHUH DEOH WR
LPSOHPHQW WKH GLIIHUHQW IHDWXUHV�

��� )LQDO SURGXFW

7KH SURMHFW KDV SURJUHVVHG EH\RQG WKH 0LQLPXP 9LDEOH 3URGXFW �093� VWDJH� 7KH
SURMHFW GHVFULSWLRQ ZDV RSHQ� ZLWK QRW PXFK GHWDLOHG VSHFLILFDWLRQV� DOWKRXJK WKH
FOLHQW VWLOO KDG D JRDO LQ PLQG IRU WKH SURJUHVVLRQ� 7KHUHIRUH� UHFRPPHQGDWLRQV WR
HQKDQFH WKH SURMHFW ZHUH VWLOO LQFOXGHG LQ DOO VSULQWV� $OO LQ DOO WKH ILQDO SURMHFW HQGHG
XS ZLWK PHHWLQJ DOO WKH FULWHULD DQG HYHQ H[FHHG VRPH� $W WKH HQG RI WKH EDFKHORU¶V
SURJUDP� D IXOO\ IXQFWLRQDO ZHEVLWH ZLWK D ORW RI IHDWXUHV ZDV SURGXFHG� 2YHUDOO�
HYHU\RQH LV SOHDVHG ZLWK WKH UHVXOW�

��� )XWXUH ZRUN

'XH WR WKH WLPH FRQVWUDLQWV� WKH PRVW LPSDFWIXO IHDWXUHV ZHUH SULRULWL]HG� 7KHVH
DVSHFWV� DV ZHOO DV ZKDW WKH\ HQWDLO� ZLOO EH RXWOLQHG LQ WKH IROORZLQJ VHFWLRQV� DORQJ
ZLWK VXJJHVWLRQV DV WR ZKR FRXOG KHOS GHYHORS WKH SURMHFW IXUWKHU� DV ZHOO DV VRPH
SRLQWHUV RQ ZKHUH WR EHJLQ�

����� 5HFRPPHQGDWLRQV

7R GHYHORS WKLV SURMHFW IXUWKHU LW LV UHFRPPHQGHG WR HVWDEOLVK D QHZ UHSRVLWRU\ ZLWK
WKH PRVW UHFHQW YHUVLRQ� 7KH IROORZLQJ VWHS ZRXOG EH WR EHFRPH DFTXDLQWHG ZLWK WKH
WHFKQRORJLFDO VWDFN� ,W¶V HVSHFLDOO\ FUXFLDO WR XQGHUVWDQG $QJXODU� /HDIOHW� DQG KRZ WR
ZRUN ZLWK JHRVSDWLDO GDWD� ,W ZRXOG DOVR EH QHFHVVDU\ IRU WKHP WR EHFRPH IDPLOLDU
ZLWK WKH $3, DQG GDWDW\SHV VXSSOLHG E\ L6L DQG 19'%� DV WKH\ SURYLGH DOO RI WKH GDWD
YLVXDOL]HG LQ WKLV SURMHFW� $FFRUGLQJ WR &RPSRGRF� ��� RI RXU VRXUFH FRGH LQ WKLV

��



SURMHFW LV H[WHQVLYHO\ GRFXPHQWHG� PDNLQJ LW HDV\ WR XQGHUVWDQG DQG LPPHGLDWHO\
EHJLQ GHYHORSLQJ RQ WKH VROXWLRQ�

7R IXUWKHU GHYHORS WKH SURMHFW ZLWKRXW KDYLQJ WR VWDUW IURP VFUDWFK� FRQWDFW L6L� ZKR
RZQV WKH %LWEXFNHW UHSRVLWRU\� 7KH\ PD\ JUDQW DFFHVV WR WKH UHSRVLWRU\ DV ZHOO DV
RWKHU LQIRUPDWLRQ QHHGHG WR FRQWLQXH GHYHORSLQJ WKH SURMHFW� 1LOV IURP L6L KDV EHHQ
NHSW XS WR GDWH RQ WKH SURJUHVV RI WKH ZHEVLWH ZLWK HDFK VSULQW� LQ DGGLWLRQ WR EHLQJ
NQRZOHGJHDEOH ZLWK WKH HQWLUHW\ RI WKH WHFKQRORJLFDO VWDFN XVHG LQ GHYHORSPHQW�

)RU DQ\RQH LQWHUHVWHG LQ GHYHORSLQJ VRPHWKLQJ VLPLODU RU FRQWLQXLQJ WR ZRUN RQ WKLV
SURMHFW� :H VWURQJO\ VXJJHVW DGRSWLQJ 6&580 DJLOH GHYHORSPHQW IRU GHYHORSPHQW�
DV ZHOO DV *LW DQG %LWEXFNHW�*LW+XE IRU FROODERUDWLRQ�

����� 3RWHQWLDO

'HVSLWH WKH IDFW WKDW WKH ZHEVLWH LV IXQFWLRQDO DQG SURYLGHV WKH QHFHVVDU\ LQIRUPDWLRQ
WR SURYLGH XVHIXO LQVLJKW WR WKH VWDWH RI HDFK UDLOLQJ� LW¶V IXOO SRWHQWLDO KDV QDWXUDOO\
QRW EHHQ UHDFKHG� 7KLV LV GXH WR WKH IDFW WKDW FUHDWLQJ D SURGXFWLRQ�UHDG\ ZHE�VLWH
WKDW LV IXOO\ IXQFWLRQDO RQ DOO GHYLFHV LV D YHU\ WLPH�FRQVXPLQJ SURFHVV� DQG LW LV RXW RI
WKH VFRSH IRU WKLV SURMHFW� ,W¶V KDUG WR SLQSRLQW H[DFW IHDWXUHV WKDW VKRXOG EH DGGHG�
KRZHYHU ZH KDYH FRPSLOHG D OLVW RI IXWXUH IHDWXUHV WKDW FRXOG EH XVHIXO� VRPH PRUH
WKDQ RWKHUV�

� 6HDUFK IRU D VSHFLILF URDG �H�J� (��

± 7KLV IHDWXUH UHOLHG RQ WKH EDFNHQG DW ZKLFK SRLQW ZDV QRW UHDG\

� 6XSSRUW IRU PRELOH DQG VPDOO WDEOHW

± 7KH WHDP DJUHHG ZLWK WKH FOLHQW DQG VXSHUYLVRU WR IRFXV RQ FUHDWLQJ D ZHEVLWH
PDLQO\ IRU 3& XVH

� 6DYH VHDUFKHV �H�J� ´5HFHQW VHDUFKHV´ LQ WKH VHDUFKILHOG�

± 7KLV LV D VXJJHVWLRQ WKDW KDV QRW EHHQ EURXJKW XS LQ DQ\ PHHWLQJV� DQG ZDV
QRW SULRULWL]HG GXH WR LWV ORZ�LPSRUWDQFH� KRZHYHU LW FRXOG EH D XVHIXO IHDWXUH
IRU IUHTXHQW XVHUV RI WKH ZHEVLWH

� $ ZD\ WR GLVSOD\ WKH WLPH DQG GDWH ZKHQ WKH SLFWXUHV DQG PHWD�GDWD ZDV XSGDWHG

± 7KH VXJJHVWLRQ ZDV EURXJKW XS YHU\ ODWH LQ WKH SURFHVV� DQG DW WKH WLPH LW
ZDV DJUHHG XSRQ WR MXVW ILQLVK ZKDW ZDV FXUUHQWO\ VWDUWHG� DQG FRQVLGHU WKH
SURGXFW DW WKDW WLPH ILQLVKHG�

��
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$SSHQGL[

$ 5HTXLUHPHQWV GRFXPHQWDWLRQ

$�� ,QWURGXFWLRQ

7KH SXUSRVH RI WKLV UHTXLUHPHQWV VSHFLILFDWLRQ LV WR HODERUDWH RQ WKH VFRSH DQG FRQWHQW
RI WKH EDFKHORU WKHVLV ©0DS GLVSOD\ RI URDG UDLOLQJVª� ZKLFK LV D FROODERUDWLRQ EHWZHHQ
L6L $6 DQG IRXU 1718 VWXGHQWV LQ WKH VSULQJ RI ����� L6L $6 SURYLGHG DQ H[DPSOH RI D
VHUYLFH WKDW ZDV IDLUO\ FRPSDUDEOH WR WKH RQH WKH\ ZDQW� DV \RX FDQ VHH RQ )LJXUH ��

)LJXUH �� 3LFWXUH RI D VLPLODU VROXWLRQ

$�� 2EMHFWLYHV RI WKH SURMHFW � 8VHUV DQG XVHU QHHGV

7KH HQG XVHUV RI WKH PDS GLVSOD\ IRU URDG UDLOLQJV DUH PDLQO\ URDG RZQHUV DQG RSHUDW�
LQJ FRQWUDFWRUV� 7KH PRVW FHQWUDO URDG RZQHU DQG XVHU RI WKH VROXWLRQ LV WKH 1RUZHJLDQ
3XEOLF 5RDGV $GPLQLVWUDWLRQ� $IWHU SLORW SURMHFWV� ZRUNVKRSV DQG FRQYHUVDWLRQV ZLWK
WKHP� L6L $6 KDV PDSSHG WKH IROORZLQJ XVHU QHHGV DQG ZLVKHV IRU PDS YLHZ�

� 7R EH SUHVHQWHG ZLWK DQ RYHUYLHZ RI WKH W\SH� HUURU DQG FULWLFDOLW\ RI WKH LQVSHFWHG
DUHDV LQ D RQOLQH PDS

� 7R EH DEOH WR ILOWHU LQ WKH PDS RQ WKH W\SH DQG HUURUV RI WKH URDG EDUULHU� DV ZHOO
DV WKH FULWLFDOLW\ RI URDG VHFWLRQV

� 7R EH DEOH WR ORRN PRUH FORVHO\ DW VSHFLILF W\SHV DQG HUURUV XVLQJ LPDJHV DQG
PHWDGDWD �DPRQJ RWKHUV� RSWLRQV WR FOLFN EDFN DQG IRUWK LQ WKH PDS DQG VZLWFK
LPDJH GLVSOD\ EHWZHHQ XSSHU DQG ORZHU FDPHUD�

� 7R EH DEOH WR GLVSOD\ GLIIHUHQW GHWDLO OHYHOV � GDWD EDVHG RQ ]RRP OHYHO DQG VHFWLRQ
LQ PDS
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$�� *HQHUDO GHFLVLRQV DQG GHOLPLWDWLRQ

7KH VROXWLRQ WKDW WKH %DFKHORU VWXGHQWV ZLOO GHYHORS LV OLPLWHG WR D PDS DQG LPDJHV
GLVSOD\LQJ WKH UDLOLQJ GDWD� )RU H[DPSOH� LW ZLOO QRW EH QHFHVVDU\ WR GHYHORS WKH IHDWXUH
WR JHQHUDWH UHSRUWV RU ILOWHUV RWKHU WKDQ W\SH� HUURU DQG FULWLFDOLW\� $Q\ DPELJXLWLHV
LQ FRQQHFWLRQ ZLWK WKH GHOLPLWDWLRQ FDQ EH GLVFXVVHG E\ WKH FOLHQW DQG WKH %DFKHORU
VWXGHQWV DW VWDUW�XS DQG GXULQJ WKH SURMHFW�

$�� 0DS

7R GLVSOD\ WKH JURXS ZHUH DGYLVHG WR XVH /HDIOHW� DQ RSHQ VRXUFH -DYD6FULSW�OLEUDU\�
7KLV LV D OLJKWZHLJKW OLEUDU\ IRU LQWHUDFWLYH PDSV�

$�� 6HDUFK DQG ILOWHU

$ ZLQGRZ IRU VHDUFKLQJ DQG ILOWHULQJ RI WKH GDWD WKH DSSOLFDWLRQ GLVSOD\HG ZDV UHTXLUHG�
,W¶V PDLQ ILOWHULQJ RSWLRQV ZLOO EH W\SH� IDXOW DQG FULWLFDOLW\�

$�� *UDSK GLVSOD\LQJ KHLJKW OHYHOV RQ D JLYHQ VWUHWFK

'LVSOD\LQJ D JUDSK WR EHWWHU YLVXDOL]H VRPH GDWD KDV SURYHG YDOXDEOH� ,W OHWV WKH XVHU
JHW D TXLFN ORRN DW VRPH RI WKH GDWD IRU D URDG LQ LW¶V HQWLUHW\�

$�� &KRLFH RI JUDSK�W\SH

7KH JUDSK�W\SH XVHG LQ WKH DSSOLFDWLRQ LV D OLQH JUDSK� ZKLFK LV XVHG WR GLVSOD\ LQ�
IRUPDWLRQ WKDW FKDQJHV FRQWLQXRXVO\ RYHU WLPH� RU LQ WKLV FDVH GLVWDQFH�

:LWKLQ WKLV JUDSK WKH JURXS KDYH DGGHG VRPH FRORUV WR GLVSOD\ WKH DSSURSULDWH KHLJKW
OHYHO RI WKH UDLOLQJV� 7KH DFFHSWHG KHLJKW RI UDLOLQJV LV FXUUHQWO\ EHWZHHQ �� FHQWL�
PHWUHV DQG �� FHQWLPHWUHV� $Q\WKLQJ EHORZ RU DERYH UHVSHFWLYHO\ LV FRQVLGHUHG D
SRWHQWLDO KD]DUG� DQG VKRXOG EH UHPHGLHG�
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)LJXUH �� *UDSK GLVSOD\ DV RI ����������

$�� 'DWD

7KH GDWD WKH DSSOLFDWLRQ GLVSOD\V LQ WKH JUDSK LV WKH KHLJKW RI WKH URDG DW D JLYHQ SRLQW�
ZLWK � PHWHU LQWHUYDOV� 2Q D VWUHWFK WKDW LV ��� PHWHUV� WKHUH ZLOO EH ��� SRLQWV RQ
WKH JUDSK�

$�� ,PDJH GLVSOD\

:KHQ VKRZLQJ WKH LPDJHV� LW PXVW FRYHU WZR GLVWLQFW SHUVSHFWLYHV� 2QH IURP WKH
PRXQWHG ULJ¶V OHIW VLGH DQG RQH IURP WKH WRS� ,QLWLDOO\� WKHVH LPDJHV ZHUH SODFHG RQ
WKH WRS RI HDFK RWKHU� EXW ZH UHDOL]HG WKDW LW WRRN XS IDU WRR PXFK VSDFH RQ WKH VFUHHQ�
VR WDEV ZHUH DGGHG WR VZLWFK EHWZHHQ WKH WZR LPDJHV�

)LJXUH �� ,PDJH GLVSOD\ DV RI ����������
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$��� &ULWLFDOLW\

7KH WRWDO FULWLFDOLW\ LV GHWHUPLQHG E\ D YDULHW\ RI IDFWRUV� VXFK DV WKH DYHUDJH KHLJKW
RI WKH UDLOLQJ� WKH VSHHG OLPLW� WKH YROXPH RI WUDIILF DQG PXFK PRUH� ,W LV HVWLPDWHG
LQ WKLV PDQQQHU WR SURYLGH WKH XVHU ZLWK D EURDG SLFWXUH RI ZKLFK URDGV DUH WKH PRVW
FULWLFDO DQG VKRXOG EH SULRULWL]HG�

$��� 8VH &DVH GLDJUDP

)LJXUH �� 8VH FDVH GLDJUDP

$��� 8VHU 6WRULHV

7KLV LV XVHU VWRULHV IURP WKH FOLHQW SHUVSHFWLYH�

$V D XVHU� , ZDQW WR FOLFN RQ D VWUHWFK VR WKDW , FDQ JHW PRUH LQIRUPDWLRQ DERXW
WKH VHOHFWHG VWUHWFK�

$V D XVHU� , ZDQW WR EH DEOH WR VHDUFK IRU DQ VSHFLILF DUHD OLNH IRU H[DPSOH FRXQW\
VR WKDW , FDQ VHH DOO WKH VWUHWFKHV ZLWKLQ WKDW DUHD�

$V D XVHU� , ZDQW WR VHH WKH LPDJHV IURP DOO WKH DQJHOV VR WKDW , FDQ LQVSHFW WKH
UDLOLQJV SURSHUO\ DQG EH DEOH WR ILQG YLVLEOH IDXOW�

$V D XVHU� , ZDQW WR ILOWHU WKH GLVSOD\HG VWUHWFKHV EDVHG RQ FULWLFDOLW\� JXDUGUDLO DQG
SROH W\SH VR WKDW , FDQ HDVLO\ ILQG WKH VWUHWFKHV WKDW , ZDQW WR LQVSHFW�
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$V D XVHU� , ZDQW WR VHH WKH KHLJKW RI WKH UDLOLQJ RQ WKH HQWLUH VWUHWFK ZKHQ LW LV
VHOHFWHG VR WKDW , FDQ JHW D TXLFN RYHUYLHZ WR VHH LI DQG ZKHUH LW LV DERYH RU EHORZ
DFFHSWHG KHLJKW�
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$��� 6HTXHQFH GLDJUDPV

)LJXUH �� *HW LPDJHV IURP ERWK DQJOHV

)LJXUH �� )LOWHU RQ FULWLFDOLW\ KLJK
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$��� 3URWRW\SHV

)LJXUH ��� :LUHIUDPH
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% 6\VWHP GRFXPHQWDWLRQ

%�� ,QWURGXFWLRQ

7KLV GRFXPHQW ZLOO GHVFULEH WKH WHFKQLFDO DVSHFW RI WKH V\VWHP� ,W ZLOO DOVR GHVFULEH
WKH VHWXS DQG LQVWDOODWLRQ VWHSV WR JHW WKH V\VWHP XS DQG UXQQLQJ DQG UHDG\ WR ZRUN�

%�� $UFKLWHFWXUH

7KLV DSSOLFDWLRQ¶V FRUH DUFKLWHFWXUH LV GLYLGHG LQWR WKUHH VHFWLRQV� 7KH EDFNHQG DQG
$PD]RQ 6� VWRUDJH DUH SURYLGHG E\ L6L $6� :LWK D 1RGH-6 5(67 $3, DQG D 0RQJR'%
GDWDEDVH VHUYH DV WKH EDFNHQG� $OO RI WKH LPDJHV� ZKLFK DUH GHOLYHUHG DV OLQNV WKURXJK
WKH 5(67 $3,� DUH VWRUHG LQ $PD]RQ 6�� 7KH ODVW FRPSRQHQW LV WKH $QJXODU DSSOLF�
DWLRQ¶V ZHEVHUYHU� 1718 KRVWV WKLV VHUYHU RQ 2SHQ6WDFN� )XUWKHUPRUH� WKH V\VWHP
PDNHV XVH RI VRPH RI WKH UHVRXUFHV VXSSOLHG E\ WKH 19'% $3,� ZKLFK GHOLYHUV GDWD
IURP WKH 1RUZHJLDQ 1DWLRQDO 5RDG�'DWDEDVH�

)LJXUH ��� $UFKLWHFWXUH

%�� 3URMHFW VWUXFWXUH

7KH ZRUNVSDFH¶V WRS OHYHO FRQWDLQV ZRUNVSDFH�ZLGH FRQILJXUDWLRQ ILOHV� URRW�OHYHO DS�
SOLFDWLRQ FRQILJXUDWLRQ ILOHV� DQG VXEIROGHUV IRU URRW�OHYHO DSSOLFDWLRQ VRXUFH DQG WHVW
ILOHV�
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:RUNVSDFH FRQILJXUD�
WLRQ ILOHV

3XUSRVH

�HGLWRUFRQILJ &RQILJXUDWLRQ IRU FRGH HGLWRUV�

�JLWLJQRUH 6SHFLILHV LQWHQWLRQDOO\ XQWUDFNHG ILOHV WKDW *LW VKRXOG LJ�
QRUH�

5($'0(�PG ,QWURGXFWRU\ GRFXPHQWDWLRQ IRU WKH URRW DSSOLFDWLRQ�

DQJXODU�MVRQ &/, FRQILJXUDWLRQ GHIDXOWV IRU DOO SURMHFWV LQ WKH ZRUN�
VSDFH� LQFOXGLQJ FRQILJXUDWLRQ RSWLRQV IRU EXLOG� VHUYH�
DQG WHVW WRROV WKDW WKH &/, XVHV� VXFK DV .DUPD� DQG 3UR�
WUDFWRU�

SDFNDJH�MVRQ &RQILJXUHV QSP SDFNDJH GHSHQGHQFLHV WKDW DUH DYDLODEOH
WR DOO SURMHFWV LQ WKH ZRUNVSDFH�

SDFNDJH�ORFN�MVRQ 3URYLGHV YHUVLRQ LQIRUPDWLRQ IRU DOO SDFNDJHV LQVWDOOHG
LQWR QRGHBPRGXOHV E\ WKH QSP FOLHQW�

VUF� 6RXUFH ILOHV IRU WKH URRW�OHYHO DSSOLFDWLRQ SURMHFW�

QRGHBPRGXOHV� 3URYLGHV QSP SDFNDJHV WR WKH HQWLUH ZRUNVSDFH�
:RUNVSDFH�ZLGH QRGHBPRGXOHV GHSHQGHQFLHV DUH YLVLEOH
WR DOO SURMHFWV�

WVFRQILJ�MVRQ 7KH EDVH 7\SH6FULSW FRQILJXUDWLRQ IRU SURMHFWV LQ WKH
ZRUNVSDFH� $OO RWKHU FRQILJXUDWLRQ ILOHV LQKHULW IURP WKLV
EDVH ILOH�

7DEOH �� ([SODQDWLRQ RI ZRUNVSDFH FRQILJXUDWLRQ ILOHV

7KH VRXUFH ILOHV �DSSOLFDWLRQ ORJLF� GDWD� DQG DVVHWV� IRU WKH URRW DSSOLFDWLRQ DUH VWRUHG
LQ WKH ZRUNVSDFH¶V VUF VXEIROGHU� 7KH ILOHV DW WKH WRS OHYHO RI VUF� KHOS \RX WHVW DQG
UXQ \RXU DSSOLFDWLRQ� 7KH DSSOLFDWLRQ VRXUFH DQG DSSOLFDWLRQ�VSHFLILF FRQILJXUDWLRQ DUH
VWRUHG LQ VXEIROGHUV�
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$SSOLFDWLRQ VXSSRUW
ILOHV

3XUSRVH

DSS� &RQWDLQV WKH FRPSRQHQW ILOHV LQ ZKLFK \RXU DSSOLFDWLRQ
ORJLF DQG GDWD DUH GHILQHG�

DVVHWV� &RQWDLQV LPDJH DQG RWKHU DVVHW ILOHV WR EH FRSLHG DV�LV
ZKHQ \RX EXLOG \RXU DSSOLFDWLRQ�

HQYLURQPHQWV� &RQWDLQV EXLOG FRQILJXUDWLRQ RSWLRQV IRU SDUWLFXODU WDUJHW
HQYLURQPHQWV� %\ GHIDXOW WKHUH LV DQ XQQDPHG VWDQGDUG
GHYHORSPHQW HQYLURQPHQW DQG D SURGXFWLRQ �´SURG´� HQ�
YLURQPHQW� <RX FDQ GHILQH DGGLWLRQDO WDUJHW HQYLURQPHQW
FRQILJXUDWLRQV�

IDYLFRQ�LFR $Q LFRQ WR XVH IRU WKLV DSSOLFDWLRQ LQ WKH ERRNPDUN EDU�

LQGH[�KWPO 7KH PDLQ +70/ SDJH WKDW LV VHUYHG ZKHQ VRPHRQH YLVLWV
\RXU VLWH� 7KH &/, DXWRPDWLFDOO\ DGGV DOO -DYD6FULSW DQG
&66 ILOHV ZKHQ EXLOGLQJ \RXU DSS� VR \RX W\SLFDOO\ GRQ¶W
QHHG WR DGG DQ\ �VFULSW! RU �OLQN! WDJV KHUH PDQXDOO\�

PDLQ�WV 7KH PDLQ HQWU\ SRLQW IRU \RXU DSSOLFDWLRQ� &RPSLOHV
WKH DSSOLFDWLRQ ZLWK WKH -,7 FRPSLOHU DQG ERRWVWUDSV
WKH DSSOLFDWLRQ¶V URRW PRGXOH �$SS0RGXOH� WR UXQ LQ WKH
EURZVHU� <RX FDQ DOVR XVH WKH $27 FRPSLOHU ZLWKRXW
FKDQJLQJ DQ\ FRGH E\ DSSHQGLQJ WKH ±DRW IODJ WR WKH &/,
EXLOG DQG VHUYH FRPPDQGV�

SRO\ILOOV�WV 3URYLGHV SRO\ILOO VFULSWV IRU EURZVHU VXSSRUW�

VW\OHV�VDVV /LVWV &66 ILOHV WKDW VXSSO\ VW\OHV IRU D SURMHFW� 7KH H[WHQ�
VLRQ UHIOHFWV WKH VW\OH SUHSURFHVVRU \RX KDYH FRQILJXUHG
IRU WKH SURMHFW�

WHVW�WV 7KH PDLQ HQWU\ SRLQW IRU \RXU XQLW WHVWV� ZLWK VRPH
$QJXODU�VSHFLILF FRQILJXUDWLRQ� <RX GRQ¶W W\SLFDOO\ QHHG
WR HGLW WKLV ILOH�

7DEOH �� ([SODQDWLRQ RI DSSOLFDWLRQ VXSSRUW ILOHV

7KH DSS IROGHU� ZKLFK LV ORFDWHG ZLWKLQ WKH VUF IROGHU� FRQWDLQV WKH ORJLF DQG GDWD IRU
\RXU SURMHFW� 7KLV LV ZKHUH \RX¶OO ILQG $QJXODU FRPSRQHQWV� WHPSODWHV� DQG VW\OHV�
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VUF�DSS� ILOHV 3XUSRVH

DSS�DSS�FRPSRQHQW�WV 'HILQHV WKH ORJLF IRU WKH DSSOLFDWLRQ¶V URRW FRPSRQHQW�
QDPHG $SS&RPSRQHQW� 7KH YLHZ DVVRFLDWHG ZLWK WKLV
URRW FRPSRQHQW EHFRPHV WKH URRW RI WKH YLHZ KLHUDUFK\
DV \RX DGG FRPSRQHQWV DQG VHUYLFHV WR \RXU DSSOLFDWLRQ�

DSS�DSS�FRPSRQ�
HQW�KWPO

'HILQHV WKH +70/ WHPSODWH DVVRFLDWHG ZLWK WKH URRW $S�
S&RPSRQHQW�

DSS�DSS�FRPSRQ�
HQW�FVV

'HILQHV WKH EDVH &66 VW\OHVKHHW IRU WKH URRW $SS&RP�
SRQHQW�

DSS�DSS�FRPSRQ�
HQW�VSHF�WV

'HILQHV D XQLW WHVW IRU WKH URRW $SS&RPSRQHQW�

DSS�DSS�PRGXOH�WV 'HILQHV WKH URRW PRGXOH� QDPHG $SS0RGXOH� WKDW WHOOV
$QJXODU KRZ WR DVVHPEOH WKH DSSOLFDWLRQ� ,QLWLDOO\ GH�
FODUHV RQO\ WKH $SS&RPSRQHQW� $V \RX DGG PRUH FRP�
SRQHQWV WR WKH DSS� WKH\ PXVW EH GHFODUHG KHUH�

7DEOH �� ([SODQDWLRQ RI WKH $QJXODU FRPSRQHQWV� WHPSODWHV DQG VW\OLQJ ILOHV�

7KH URRW DSSOLFDWLRQ¶V DSSOLFDWLRQ�VSHFLILF FRQILJXUDWLRQ ILOHV DUH ORFDWHG DW WKH ZRUN�
VSDFH URRW OHYHO�

$SSOLFDWLRQ�VSHFLILF
FRQILJXUDWLRQ ILOHV

3XUSRVH

�EURZVHUVOLVWUF &RQILJXUHV VKDULQJ RI WDUJHW EURZVHUV DQG 1RGH�MV YHU�
VLRQV DPRQJ YDULRXV IURQW�HQG WRROV�

NDUPD�FRQI�MV $SSOLFDWLRQ�VSHFLILF .DUPD FRQILJXUDWLRQ�

WVFRQILJ�DSS�MVRQ $SSOLFDWLRQ�VSHFLILF 7\SH6FULSW FRQILJXUDWLRQ� LQFOXGLQJ
7\SH6FULSW DQG $QJXODU WHPSODWH FRPSLOHU RSWLRQV�

WVFRQILJ�VSHF�MVRQ 7\SH6FULSW FRQILJXUDWLRQ IRU WKH DSSOLFDWLRQ WHVWV�

7DEOH �� ([SODQDWLRQ RI DSSOLFDWLRQ�VSHFLILF FRQILJXUDWLRQ ILOHV

0RUH LQIRUPDWLRQ DERXW $QJXODU VSHFLILF ZRUNVSDFH DQG SURMHFW VWUXFWXUH FDQ EH IRXQG
LQ WKH RIILFLDO $QJXODU GRFXPHQWDWLRQ�

,Q )LJXUH �� \RX FDQ VHH D GLDJUDP RI KRZ WKH IROGHU VWUXFWXUH ORRNV OLNH ZLWK WKH
FXUUHQW PRGXOHV DQG FRPSRQHQWV�

��



)LJXUH ��� )ROGHU VWUXFWXUH

%�� 0RGXOH GLDJUDPV

7KH PRGXOH GLDJUDPV GLDJUDPV GHVFULEH KRZ WKH GLIIHUHQW PRGXOHV GHSHQG RQ HDFK
RWKHU� ,W DOVR GHVFULEHV ZKDW WKH PRGXOHV FRQWDLQV� 7KH $SS FRPSRQHQW LV WKH URRW
FRPSRQHQW RI WKH DSSOLFDWLRQ�

��



)LJXUH ��� $SS PRGXOH GLDJUDP

)LJXUH ��� &RUH PRGXOH GLDJUDP

)LJXUH ��� 0DS PRGXOH GLDJUDP

)LJXUH ��� 6KDUHG PRGXOH GLDJUDP

��



%�� 6HUYHU VHUYLFHV

7KH 5(67 $3, UHVRXUFHV OLVWHG EHORZ LV SURYLGHG E\ L6L $6�

3DWK �JXDUG5DLOV�I\ONH�^FRXQW\,G`

'HVFULSWLRQ *HW DOO JXDUGUDLO VWUHWFKHV LQ WKH VSHFLILHG FRXQW\

0HWKRG *(7

3DWK SDUDPHWHUV

FRXQW\,G 8QLTXH LGHQWLILHU RI FRXQW\�

3DWK DSL�JXDUG5DLOV�^LG`

'HVFULSWLRQ *HW PRUH GHWDLOV RI WKH VWUHWFK

0HWKRG *(7

3DWK SDUDPHWHUV

LG 6WUHWFK LG

3DWK V�XUO�����F�I�HFII�^QDPH`

'HVFULSWLRQ *HW LPDJH 85/ IURP WKH QDPH RI WKH LPDJH VSHFLILHG LQ VWUHWFK
GHWDLOV

0HWKRG *(7

3DWK SDUDPHWHUV

QDPH ,PDJH QDPH

3DWK ILOH"ILOHQDPH ^QDPH`

'HVFULSWLRQ *HW �' GHWHFWLRQ REMHFW IURP LPDJH QDPH

0HWKRG *(7

3DWK SDUDPHWHUV

QDPH ,PDJH QDPH

7DEOH �� 5(67 $3, UHVRXUFHV

'RFXPHQWDWLRQ RI WKH 19'% $3, XVHG LQ WKLV SURMHFW FDQ EH IRXQG RQ WKHLU ZHEVLWH�

%�� ,QVWDOODWLRQ

7R UXQ WKLV SURMHFW� \RX DUH UHTXLUHG WR KDYH LQVWDOOHG QRGH� QSP DQG $QJXODU &/, RQ
\RXU V\VWHP�

,Q WKH SURMHFW IROGHU� UXQ µQJ VHUYHµ IRU D GHY VHUYHU� 1DYLJDWH WR µKWWS���ORFDO�
KRVW������µ� 7KH DSS ZLOO DXWRPDWLFDOO\ UHORDG LI \RX FKDQJH DQ\ RI WKH VRXUFH ILOHV�

5XQ µQJ EXLOGµ WR EXLOG WKH SURMHFW� 7KH EXLOG DUWLIDFWV ZLOO EH VWRUHG LQ WKH µGLVW�µ
GLUHFWRU\�

/LVW RI WKLUG SDUW\ OLEUDULHV XVHG LQ WKH SURMHFW�

��



3DFNDJH QDPH 'HWDLOV

/HDIOHW /HDIOHW LV WKH OHDGLQJ RSHQ�VRXUFH -DYD6FULSW OLEUDU\ IRU PRELOH�
IULHQGO\ LQWHUDFWLYH PDSV�

G��MV '��MV LV D -DYD6FULSW OLEUDU\ IRU SURGXFLQJ G\QDPLF� LQWHUDFWLYH
GDWD YLVXDOL]DWLRQV LQ ZHE EURZVHUV�

ZHOONQRZQ :HOONQRZQ LV XVHG WR SDUVH DQG VWULQJLI\ :HOO�.QRZQ 7H[W LQWR
*HR-621�

7DEOH �� 7KLUG SDUW\ OLEUDULHV

%�� 7HVWLQJ

8QLW WHVWV DUH XVHG WR YDOLGDWH WKLV SURMHFW� 8QLW WHVWV DUH XVHG WR YDOLGDWH WKH FRP�
SRQHQWV DQG VHUYLFHV� -DVPLQH DQG .DUPD DUH WKH WHVWLQJ IUDPHZRUNV XWLOL]HG� 7KH
FRPPDQGV WR UXQ WKH WHVWV FDQ EH IRXQG LQ 7DEOH ��

&RPPDQG 3XUSRVH

QSP WHVW 5XQV WKH WHVWV LQ D &KURPH EURZVHU�

QSP UXQ WHVW�FL 5XQV WKH WHVWV LQ D KHDGOHVV &KURPH EURZVHU� 7KLV LV
XVHG LQ WKH GHSOR\PHQW SLSHOLQH WR UXQ WHVWV XQLQWHUUXS�
WHG�

7DEOH �� &RPPDQGV WR UXQ WHVWV

%�� 'RFXPHQWDWLRQ RI FRGH

7KLV SURMHFW LV XVLQJ FRPSRGRF WR JHQHUDWH GRFV RI WKH $QJXODU DSSOLFDWLRQ� 7KH WRRO
JHQHUDWHV GRFXPHQWDWLRQ IRU DOO WKH FRPPRQ $3,V RI $QJXODU� PRGXOHV� FRPSRQHQWV�
LQMHFWDEOHV� URXWHV� GLUHFWLYHV� SLSHV DQG FODVVLFDO FODVVHV� &RPSRGRF DOVR DGGV WKH
-6'RF FRPPHQWV IURP WKH VRXUFH�FRGH WR FODVVHV� PHWKRGV DQG HWF� LQ WKH GRFX�
PHQWDWLRQ�

5XQ µQSP UXQ JHQHUDWH�GRFVµ WR JHQHUDWH GRFV ZLWK WKH FRPSRGRF WRRO� 5XQ µQSP
UXQ VHUYH�GRFVµ WR VHUYH WKH JHQHUDWHG GRFXPHQWDWLRQ RQ µKWWS�����������������µ�

&RPSRGRF FDQ DOVR JHQHUDWH DQ RYHUYLHZ RI KRZ PXFK RI WKH FRGH LV GRFXPHQWHG DV
\RX FDQ VHH RQ WKH ILJXUH RQ SDJH ���

��



)LJXUH ��� 'RFXPHQWDWLRQ FRYHUDJH DFFRUGLQJ WR &RPSRGRF

��



%�� &RQWLQXRXV 'HSOR\PHQW

7KHUH DUH ILYH VWDJHV LQ WKH SUHVHQW SLSHOLQH DUFKLWHFWXUH� 7KH ILUVW VWHS LV WR LQVWDOO
WKH QRGH PRGXOHV WKDW ZLOO EH XVHG WR EXLOG WKH DSSOLFDWLRQ� %HFDXVH WKH PRGXOHV
DUH FDFKHG� WKLV SKDVH FDQ EH VNLSSHG LI WKHUH DUH QR QHZ XSGDWHV WR WKH PRGXOHV�
/LQWLQJ DQG WHVWLQJ DUH WKH QH[W WZR SKDVHV� (6/LQW GRHV WKH OLQWLQJ� ZKLOH .DUPD UXQV
WKH WHVWV LQ D KHDGOHVV &KURPH EURZVHU� 7KH ILQDO VWDJHV DUH WR FUHDWH DQG GHSOR\
WKH DUWLIDFWV� 7KH DUWLIDFWV DUH DXWRPDWLFDOO\ GHSOR\HG WR DQ 2SHQ6WDFN ZHEVHUYHU
KRVWHG E\ 1718� DQG WKH ZHEVLWH LV SXEOLFO\ DFFHVVLEOH DW ���������������� /LVWLQJ
� FRQWDLQV WKH SLSOLQH FRGH XVHG LQ WKLV GHSOR\PHQW�

� LPDJH� QRGH���
�

� SLSHOLQHV�
� EUDQFKHV�
� PDLQ�
� � VWHS�
� QDPH� ,QVWD O ODW LRQ
� FDFKHV�
� � QRGH
�� VFULSW�
�� � QSP LQVWDOO
�� DUWLIDFWV�
�� � QRGHBPRGXOHV # Save modules for next steps
�� � VWHS�
�� QDPH� /LQW
�� VFULSW�
�� � QSP UXQ OLQW
�� � VWHS�
�� QDPH� 7HVW
�� VFULSW�
�� � !
�� ZJHW íT í2 � KWWSV��� GOíVVO � JRRJOH �FRP� OLQX[ �

OLQX[BVLJQLQJBNH\ �SXE _ DSWíNH\ DGG � 		 ?
�� VK íF 'echo "deb [arch=amd64] http://dl.google.com/

linux/chrome/deb/ stable main" >> /etc/apt/sources.list.d/google.
list' 		 ?

�� DSWíJHW XSGDWH 		 ?
�� DSWíJHW LQVWDOO í\ JRRJOHíFKURPHíVWDEOH [YIE SURFSV
�� � QSP UXQ WHVW�F L
�� � VWHS�
�� QDPH� %XLOG
�� VFULSW�
�� � QSP UXQ EXLOG�SURGXFWLRQ
�� DUWLIDFWV�
�� � GLVW # Save build for next steps
�� � VWHS�

��



�� QDPH� 'HSOR\
�� GHSOR\PHQW� SURGXFWLRQ
�� VFULSW�
�� � HFKR "$(ls -la)"
�� � HFKR "$(ls -la dist)"
�� � VVK XEXQWX#��������������� UP íUI �YDU�ZZZ�KWPO�
�� � VFS íU GLVW�EDFKHORUíNDUW XEXQWX#�����������������YDU�ZZZ

�KWPO�

&RGH H[DPSOH �� 3LSHOLQH &RGH

%��� 6HFXULW\

7KH 66+ NH\ XVHG WR GHSOR\ WKH DUWLIDFWV WR WKH ZHEVHUYHU LV VWRUHG DV D VHFUHW LQ WKH
%LWEXFNHW UHSRVLWRU\� 7KLV VHFUHW FDQ RQO\ EH YLHZHG RU FKDQJHG E\ XVHUV ZLWK DGPLQ
DFFHVV WR WKH UHSRVLWRU\�

��
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1. Mål og rammer  
1.1 Orientering 
Vi fikk tak i denne oppgaven via ͞Prosjektforslag ʹ DĂƚĂ�sϮϮ͟ som var en liste med oppgaver som går 
gjennom NTNU. Vi valgte denne oppgaven fordi den virket spennende og relevant. Vi har nylig 
jobbet med kart i ett annet emne og tenkte vi kunne bruke den kunnskapen vi hadde opparbeidet 
oss der i denne oppgaven. Oppgaven virket givende i den forstand at vi er med på å lage noe som vil 
forbedre trafikksikkerheten og som i det store bilde kan redde liv. Vi synes også det er motiverende 
å kunne lage noe som vil gjøre jobben til andre mindre tidkrevende og som kan gjøre at de kan jobbe 
på en mer effektiv måte.   

1.2 Problemstilling / prosjektbeskrivelse og resultatmål 
iSi sitter på millioner av bilder av vegrekkverk, deriblant en god del bilder med ulike feil på 
rekkverket. Dataene for hvert bilde ligger i en egen MongoDB-database, mens bildene ligger på 
Amazon S3. Hver meter av rekkverket er fotografert med to kamera, ett øvre og ett nedre. Vi ønsker 
å vise disse dataene i et interaktivt kart, der man kan filtrere på feiltyper, gruppere feil på 
strekninger og vise bilder på en måte som gjør at brukere får forståelse av risiko på ulike 
vegstrekninger. 

Resultatmål: 

ͻ Innføring i datagrunnlag og API for data 

ͻ Sette opp nettbasert kartløsning for visning og filtrering av data 

ͻ Vise bilder på kart, bla. muligheter fram og tilbake og skifte mellom øvre og nedre kamera 

ͻ Se på mulighet for klassifisering av strekninger 

1.3 Effektmål  
Målene for gruppa: 

x Bli gode på å jobbe i Scrum og bruke agile metoder 

x Få erfaring i å jobbe med prosjekt med en ekstern oppdragsgiver 

x Utvikle en løsning som vil bli brukt av oppdragsgiver 

1.4 Rammer 
Behov for penger, utstyr og tid. Spesialbehov materialer og rom. 

Ikke aktuelt. 

2. Organisering 
Utviklerteamet: Apimanju Rajan, Herman Svae Nauf, Mathias Hagen, Ulrik Auflem Eikås 

Oppdragsgiver: iSi AS 
Kontaktperson: Ida Kjørholt 
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Veileder: Di Wu 
Medveileder: Ottar L. Olsen 

3. Gjennomføring 
3.1. Hovedaktiviteter  
Arbeidsoppgaver fordeles i Jira, og vi vil sørge for lik fordeling av oppgaver blant alle 
gruppemedlemmene. Hvordan det gjøres og hvorfor vil være en vurdering vi tar før oppgaven blir 
lagt inn i Jira. Når det gjøres vil være avhengig av i hvilken grad fullføring av oppgaven er kritisk for 
fremtidige gjøremål. 

3.2. Milepæler 
Opplisting av kritiske datoer. 

28. Januar ʹ Innleveringsfrist for forprosjektrapporten 

22. April ʹ Muntlig presentasjon på engelsk 

6. Mai ʹ Levere rapport til veileder senest 2 uker før innleveringsfrist 

18. Mai ʹ Poster 

20. Mai ʹ Innleveringsfrist for rapporten 

4. Oppfølging og kvalitetssikring 
4.1 Kvalitetssikring 
En utnevnt student har overordnet ansvar for kvalitetssikring, løsninger gjennomgås i sprint review 
og sprint retrospective, men alle i gruppa plikter til sikre god kvalitet på arbeidet. 

 

4.2 Rapportering 
Rapportering vil skje ved sprint review ukentlig eller bi-ukentlig. Det vil skje i et møte med 
oppdragsgiver og veileder. I møtet vil det bli rapportert om produktet og prosessen.  

5. Risikovurdering 
Risikoanalyse som vurderer sårbarheter i prosjektet (hendelse, sannsynlighet, konsekvens og tiltak). 

 

Hendelse  Innvirkning  Sannsynlighet Tiltak 
Corona virus (COVID-

19)  Middels Middels Smittevern 

Sent oppmøte Lav Lav  Fraværsrapport 

Uenigheter Lav Middels Skikkelig planlegging. 
 Diskusjon ved uenigheter 
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For stor arbeidsmengde  Høy  Lav 
Planlegge tidsbruk og 
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' )HHGEDFN

%DNJUXQQ

L6L $6 KROGHU Sn n XWYLNOH HQ EUXNHUYHQQOLJ NDUWYLVQLQJ IRU VLQ GLJLWDOH UHNNYHUNVNRQ�
WUROO� L6L LQ6LJKW� 'HWWH HU HW LQQRYDWLYW SURGXNW VRP EUXNHU PDVNLQO ULQJ IRU ELOGH�
JMHQNMHQQLQJ IRU n LQVSLVHUH UHNNYHUN� , GHQ IRUELQGHOVH VNULYHU ILUH VWXGHQWHU IUD
1718 EDFKHORURSSJDYH L VDPDUEHLG PHG RVV YnUHQ �����

2SSJDYHWHNVWHQ HU UHODWLYW nSHQ� QRH VRP JLU VWXGHQWHQH PXOLJKHW WLO n YLVH EnGH
NUHDWLYLWHW� SUREOHPO¡VQLQJV� RJ JMHQQRPI¡ULQJVHYQHU� 9L KDU KDWW MHYQOLJH VSULQW�
P¡WHU RJ KROGW NRQWDNW Sn 7HDPV XQGHU RSSJDYHSHULRGHQ� RJ YL V\QHV VDPDUEHLGHW
IXQJHUHU XWPHUNHW�

9nU WLOEDNHPHOGLQJ Sn O¡VQLQJHQ L6L HU VY UW WLOIUHGV PHG O¡VQLQJHQ VRP VWX�
GHQWHQH KDU NRPPHW IUHP WLO� 'H KDU NODUW n VHWWH VHJ LQQ L EHKRYHW WLO VOXWWEUXNHU�
QRH VRP HU KHOW HVVHQVLHOW IRU n O\NNHV� RJ KDU XWYLNOHW IOHUH EUXNHUYHQQOLJH IXQNVMRQ�
DOLWHWHU L ZHESRUWDOHQ� +HU HU QRHQ HNVHPSOHU YL YLO WUHNNH IUHP�

.DUWYLVQLQJHQ JM¡U GHW HQNHOW IRU EUXNHUHQ n In RYHUVLNW RYHU VWUHNQLQJHQH VRP HU
LQVSLVHUW� , WLOOHJJ IUHPJnU NULWLNDOLWHW Sn GH XOLNH YHJVWUHNQLQJHQH W\GHOLJ YHG EUXN
DY IDUJHNRGHU�

%LOGHYLVQLQJHQ KDU IOHUH IXQNVMRQDOLWHWHU YL WURU EUXNHUHQ YLO VHWWH SULV Sn� IRU HNVHPSHO
]RRP�IXQNVMRQHQ RJ DW PDQ HQNHOW NDQ E\WWH PHOORP WR XOLNH NDPHUDYLVQLQJHU� 'HW
HU RJVn Q\WWLJ DW NDUWHW DXWRPDWLVN IRUIO\WWHU VHJ VOLN DW NDUWPDUN¡UHQ VHQWUDOLVHUHV
Sn VLGHQ GHUVRP Q\H YHJUHIHUDQVHU YHOJHV�

*UDIHQ XQGHU ELOGHYLVQLQJHQ HU KMHOSVRP IRU EUXNHUHQ YHG DW GHQ JLU JRG RYHUVLNW
RYHU GHQ JHQHUHOOH WLOVWDQGHQ Sn KHOH YHJVWUHNQLQJHQ� +ROGHU PDQ PXVHSHNHUHQ RYHU
JUDIHQ� YLO PDQ In \WWHUOLJHUH GHWDOMHUW LQIRUPDVMRQ� QRH VRP HU JXQVWLJ�

6WXGHQWHQH KDU LQWHJUHUW GDWD YLD $3, IUD 1DVMRQDO YHJGDWDEDQN RP EnGH IDUWVJUHQVH
RJ WUDILNNPHQJGH Sn VWUHNQLQJHQ� 'HQQH NRQWHNVWHQ ELGUDU WLO n IDVWVOn L KYLONHQ JUDG
HQ HYHQWXHOO IHLO HU NULWLVN� 6OLN LQIRUPDVMRQ YLO NXQQH KMHOSH EUXNHUHQ n SULRULWHUH
KYLONH IHLO VRP E¡U XWEHGUHV UDVNHVW L HQ EHVOXWQLQJVSURVHVV�

/¡VQLQJHQV ELGUDJ WLO L6L

L6L KDU GUDWW P\H LQVSLUDVMRQ IUD EnGH VDPDUEHLGHW RJ GLVNXVMRQHU PHG VWXGHQWHQH
RJ GHW HQGHOLJH UHVXOWDWHW GH KDU XWYLNOHW� 1RH DY IXQNVMRQDOLWHWHQ KDU YL JnWW YLGHUH
PHG n LPSOHPHQWHUH L YnUW HJHW SURGXNW� (W HNVHPSHO Sn GHWWH HU JUDIHQ XQGHU ELOGH�
YLVQLQJHQ VRP LOOXVWUHUHU UHNNYHUNVK¡\GHQ RYHU KHOH YHLVWUHNQLQJHQ�
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